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IH TROD (J 0 TIOH *
Exactly two hundred years ago the German chemist Marggraf 

demonstrated the presence of sucrose in beet by drying the roots 
and then extracting the sucrose by alcohol.

Since his time there have been numerous attempts to perfect 
a process of desiccation with the main object of preserving the 

beet and thus allowing extension of the extraction season from 
the three months of the harvest to the full year*

The work here presented is a record of research carried out
on various problems arising from the desiccation process of beet 
sugar manufacturers follows

1.The composition of fresh and dried sugar beets s

2.The desiccation of sugar beets :
3.The design of a suitable apparatus for extracting sucrose from 

dried sugar beets;
4•Purification of the raw sugar juice thus extracted s
5.Methods of Analysis, with particular reference to the estimation 

of water in sugar products*

The problems arising in a desiccation process for sugar
manufacture can be ascribed to a number of causes* There is first
of all the concentration effect on other constituents due to the 
elimination of water $ there are the physical and chemical 
changes occurring during the drying process both naturally and by 
the use of furnace gases in the drying air ; and there is the 
danger of fracture and powdering of the dried cossettes if they 
are over-dried. Then there is the danger of deterioration during
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storage over a period of 3 to 9 months.
In the extraction process^ s everal difficulties appear,necessit
ating radical changes in the apparatus fcsed. There is excessive 
frothing in the diffusion battery due to high concentrations of 
saponins, and there is often undue compression unless the amount 
of cossettes filled per cell is carefully regulated. The main 
difficulty in extraction however, is the risk: of caramelisation 
and inversion,causing dark juices and loss of sucrose# This risk: 
is even more evident in the ensuing purification process,which is 
further complicated by the high density and viscosity of the raw 
diffusion juice.

It was therefore necessary to make analyses of the various 
constituents of the fresh beets, the dried cossettes, and the raw 
diffusion juice, and to constrast these results with analyses of 
juices after purification. It will be clear that many of the 
methods of analysis used had to be modified to suit these concen
trated products.

One of the most important of these analytical operations is 
the determination of water in material© sensitive to heat, and 
the latter part of this work deals with this problem.

v *?■G
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Detailed analyses have been made of fresh sugar beets and 
of the dried slices (cossettes) derived from them.

A spectroscopic examination has been made of the mineral 
matter in dried beets.

The dried beets analysed included samples dried -
(a) by direct furnace gases, (b) by pure air, and (c) by air 
containing known quantities of sulphur dioxide.

Special attention was directed to the ..determination of 
harmful (“noxious") nitrogen in sugar beets.

SxuPT 10M 2
Txi£ DESICCATION OE SUG-Axl BEETS.

SLICING ;- An analysis has been made of the size distribution
of fresh beet slices and dried cossettes, and from this Study
the profile of an "ideal” cossette has been drawn.
DkflNGr The process of drying has been described, and details
given of the drier dimensions and the conditions of drying*

Analyses made by the author of the drying air and of the
coal used have been of service in tracing the development of
acidity in the dried beet cossettes. Analyses have been made of 
the beets in the various stages of drying.
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ChSi&ICAL COUPITIOiilII:4u OP Da XKI) hEAI OQSSjyl'f&S t- A • summary is 
given of an extensive series of tests carried out by the author 
on the use of various neutralising agents in the drying process.

It was found that there was a wide choice of reagents with 
which the fresh slices can be treated so that neutral or slightly 
alkaline dried cossettes can be produced.

This avoidance of low pH values has important repercussions 
on the loss by inversion of sucrose during the extraction of the 
dried cossettes in a diffusion battery.

SSdl'IOi* 3 ĵ Part 1,
Iiifi ilHiSIdh A h ii OPhhAx ioii 0? A Ell'l1 JSluh B A iT.fa.hX -EOh i’iiE

/

litAx hAO 11 Oh 01 I)h  Ih P  o li UAi'i h E A l o «

DhS 13th :- The standard cell type of diffusion battery having 
failed to give even moderately satisfactory results when operating 
on dried beet slices, the author carried out a series of 
experiments to determine :-
(l) a suitable design of diffusion battery for this purpose :
(ii) the percentage extraction obtainable with such a battery :
(3) the bahaviour of the constituents of the dried beet cossettes 

during extraction, and
(4) the effect of chemical conditioning of the cossettes in the 

diffusion battery.
After experience with six different pilot plant and large scale 
batteries the author has given a survey of the desirable features 
in a diffusion battery for the extraction of dried beet cossettes.



5

jptTRAClIOff .'Detailed results of extraction tests devised and 
controlled by the author are shown. They indicate that in a proper
ly designed battery an extraction of over 97 per cent is possible 
when extracting dried beet cossettes, and that the inversion loss 
can be reduced to aboot 0.5 per cent on sugar.

SECTION 5 : PART 2
COMPOSITION OF DIFFUSION JUICES Detailed analyses made by the
author are given for diffusion juices obtained from dried beet
cossettes dried with (a) direct furnace gases, and (b) with pure

air.
INVERSION DIFFUSION TRIADS s-

A series of diffusion trials made by the author sought to 
determine the conditions necessary to keep to a minimum the loss 
by inversion of sucrose in the diffusion of dried beets.

In thes&tests the effects of temperature and time of contact 
upon the extraction were also studied.

CONCLUSIONS
It was found that with pure-air dried cossettes there is some 

inversion of sucrose during diffusion, but much less than that 
occurring with cossettes dried by direct furnace gases.

Temperature increase caused an immediate rise in the rate of 
inversion.

The addition of alkali to reduce inversion was successful, but 
required exact control and careful wupervisioh.

The author has discussed in this section some considerations 
regarding the formation of invert-sugar during the drying of sugar 
beets. The control of this loss by inversion of sucrose can be



regarded as the key to the technical success of a heet desiccation 
process.

SECTION 4 » -Part 1.
JUICES OF HIGH EENSITf EKOM 

 i)RIE-D BEETS«

Introduction The general methods used in the purification of 
sugar juices are discussed in relation to the composition of these 
juices.

Special attention has heen given to the colloidal matter in 
the juices* and the use of an electrophoresis method of estimating 
colloid content is described, and the experimental results 
obtained are recorded. The method has also been used to trace the 
removal of colloids from the juices in the several stages of 
purification. The relation between colloid content and the rate of 
filtration has also been studied.
PARI 2 ; Experimental A method developed by the author for the 
purification of diffusion juices of high density from dried beets 
is described. It involves the addition of alkali, afod an electro
lyte, such as aluminium sulphate in separate stages, followed by 
neutralisation with an acid reagent such as carbon dioxide or 
sulphur dioxide,the latter preferably in liquid form.

A comprehensive study has been made of the variable factors 
in this purification process especially in regard to quantities of 
reagents used, times of contact, temperatures, times of filtration, 
and improvement of colour and purity. The experiments were contr
olled primarily by purity, colour, arc! pH value determinations.
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In the final testing of the process, more complete analyses 
were made of all the products derived from a pilot plant working 
of the process, and from tnis scheme a balance of ash and invert- 
sugar was drawn up. The elimination of impurities in the stages 
of this process is shown by these analyses.

S&CTIOU 5
I'hy-XuS Of AAAI f3IS i PAKX I

DjuT K x iiH i^ iT  10M Off T M  P JLA h lS A T IO iJ  AAA libhJcJCliiCf GUdAh. C O ii lA h l OP

JtT J-VXkol i  i i .'A.LXv3 jxijjJ i i h j j sh j  l l l» A  X OUh t j i i t i  l A o  .

Methods developed for the analysis of dried beet cossettes 
from the work described in Part 2 of the present Section are 
given in detail.
PAM' 2 The experimental work carried out by the author on the 
perfection of suitable methods for determining polarisation and 
reducing sugars is described. The tables shown here record this 
experimental work. . -
The factors investigated included :-
(a) Adsorption of sucrose by the insoluble marc :
(b) The influence of temperature upon digestion s
(c{ A "comparison of polarisation methods- e.g., alcoholic and . _

aqueous digestion % cold and hot digestion ; comminution of
\the sample by saw, mincer, rasp, or special mills 

(d) The influence of concentration of solutions ?
The methods evolved for dried beet analysis as a result of 

this work were used throughout the investigations recorded in 
Section 1 to 4,(composition, extraction, and purification).
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The determination of reducing sugars forms Subject 4 of the 
Research agenda of the Internal'.ional Commission for Uniform 
Methods of Sugar Analysis, under the Presidency of Dr* PredericJc 
Bates, U.S. National Bureau of Standards* The author is an 
Associate Referee for Subject 4 •* hfs hopes to present the results 
here recorded at the Tenth Session of the Commission.

S ii iC I I u U  5  : P iu ' i f  5

'i tLb*  I j i ' j  T A T  i. s j i i  U T  i uiijT*' 1  j&ij O b i it >T § j ' i x ' i jJ  P b * R 4-A.fR 1 »

The specific gravities of fresh beets, dried beet cossettes, 
and dried marc have been determined by the author*

An investigation has been made of the problem of determining 
insoluble marc in dried beets, and the results are here presented, 

The presence of raffinose in dried beets does not appear to 
have been investigated previously j the author’s experimental 
figures are recorded with the reservation that they merely 
indicate that raffinose may provide the largest proportion of 
the percentage here called ”raffinose".

Bibliographies are included for marc and for rhffinose.

PREVIOUS WORK
So far as the author is aware little or nothing 

has been published on the composition and methods of analysis of 
dried beets.

^SiMlarly no detailed research on the problems of extracting 
dried beets has appeared, and there is little or no recorded data 
regarding the purification of beet juices of nigh density.
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_ G-UioTIOxv 5 i P ii- t t ' i  4._
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A survey has been made of the literature relating to -
(a) the presence of water in solid materials ; (b) its determina
tion 5 (c) oven methods in general.

The influence of humidity on moisture determinations has been 
discussed, and the importance of the determination of water has 
been recognised.

A general comparison of methods has revealed a multiplicity 
of these, often very diverse in character and accuracy.

A summary has been made of various reasons for discrepancies 
and poor agreement in oven methods of determining water.

A graph has b(3en constructed showing the solubilities of 
Various carbohydrates

piiBT 5  : - QVBla iaLt TdODS ffOK Xda j)h IjSjuffjiTAT I Off Off VrAlhR.
This part serves as an introduction outlining the scope of 

the work.
Detailed consideration has been given to the a&ny factors

involved in the use of the various types of oven-drying, and it
has been shown that, on account of these factors, oven drying is
far from being the simple operation it appears to be.

An attempt was made to establish s-
The best type and quantity of absorbing medium and its prepara

tion,
2. The best type and dimensions of drying dish ;
3. The optimum time and temperature of drying i
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4, The best type of oven s
5, The influence of atmospheric pressure %
6, The effect of drying at a pre-determined pH value.

S H O T IP iM  5  ; P A i i T 6 .

THE RATli 01’ EVAPOKaTIOH Id Txiai DPfaj.uf I a Af 1 uii UF tiA'i'Mk.
The rate of evat>oration of water from open vessels in "still51 

air has been investigated by several workers, but the conditions 
of evaporation of water in a closed compartment of a steam or 
vacuum oven are markedly different from those in open evaporation 
systems.

The experimental work of the author on this subject is 
summarised on page .

It has been shown that the rate of evaporation of water in a 
ventilated closed compartment of an oven*’is very much lower than 
the rate of evaporation from an open pan in *’still" air, and ttat 
the rate of supply of heat to the vessel is probably the most 
important factor influencing this rate.

S E C T IO N  5  :  P A h T  7 .

THE 3XB TEilMI HAT I OH Ok wATEE IM dOhfSE SYKil-P.
On account of its very high content of reducing-sugars and 

its very low proportion of mineral matter, golden syrup is very 
sensitive to heat, and it therefore forms an excellent test-materi
al in comparing methods of determining wate^.

Factors influencing this determination in golden syrup have 
been studied, and several methods have been compared,
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A full analysis of two samples of golden syrup has been made.
An acid-washed kieselguhr (Gelite) has been found suitable 

as an absorbent for the syrup, yielding more concordant results 
than sand.

A method is recommended for the estimation of water in such 
thermally sensitive substances as golden syrup.

SECTION 5 s PAiu’ 8 .
X --U.J ijja ihHiiliSlAi. iD-ffi CM vV Ail!* -d Ihi -Vj-'i vj<> oJ.Uui iUjiS UJ? '■UijlUp *■> U CHuL-iii

A1MD iihVlJjLiOS.lt.
In these experiments the solutions were dried on sand, delite, 

paper, and asbestos. Crushed pumice was also used.
Analyses were made of various acid-washed kieselguars.

Much of this experimental work was conducted at pre-determined 
pH values. 
c pjj c ij u s x on £> »~
Levulose in Vacuum pven Levulose can be dried without appreci
able loss in the vacuum oven at ?0°C., at pH values of 4, 5, or 6 
for periods up to 4 hours. Drying at pH values above 7*0 is 
slower, and there appears to be mare decomposition.of the sugar.

Drying on pumice gave good results : drying on sand and 
delite gave slightly low results.

For vacuum oven drying, 6G^C. is definitely preferable to 
?0°C., but the optimum time of 4 hours at ^00C. becomes 7 to 9 
hours at 60°C.

When drying on paper rolls taere is danger at this lower 
temperature that water will not be expelled from hydrated, forms
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of the sugars,
LevulQBe In Bteim Oven In all the atearn-oven tests there was 
considerable loss of solids even after only 3 hours heating at 
approximately 98°C.

Glucose in vacuum oven i- Ho decomposition was seen after 28 hours 
heating at 70°C. In tests with regulated pH values, drying at 2, 5 
and 11 pH was satisfactory at 7Q°c., with faster drying in the 
acid region.
Glucose in steam oven s- Results were good : the rate of drying
appears to he faster than for levulose. Glucose was relatively
stable at 98°C. with an optimum heating period of just over 3

_____________ :_________  hours.
Sucrose in vacuum oven i -  Drying on Celite or on paper rolls gave
remarkably constant results at 70°c. Sand gave slower drying, the
known percentage solids being reached in 28 hours, compared with
3*6 hours for Celite or paper rolls. Drying with buffer solutions
gave good results/at 5 to 12 pH, but not below 5 pH.
Sucrose in steam oven Very consistent results were obtained,
but in no case was the known percentage of water reached.
Sucrose seems to be very reluctant to part with the last trace of
water*. This may be due to very close atomic binding of part of the
water, or it is possible timt partial inversion ocburs, taking up
C a n u t e  quantity of water» and tints increasing the apparent
s o l i d s
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 SJSGXXUU S s PART 9
THE DETifiKMIliATlOit UP WaIEK IM RAW SUGARS.
In this work the factors investigated included a study of 

replication, of optimum time and temperature of heating, of the
influence of the weight of sugar taken, and of the type of dish
used* The effect of position in the oven was also studied* 
Analyses are given of the various raw sugars tedted.

The effect of heat on the reducing sugars was also observed 
by determining the reducing sugars in the dried residues,

SUMMARY OF COHGHUSIOHS. (See cage A l l  ) .

Time of Heating s- There is higher apparent loss as the time of 
heating is increased j the vacuum oven gives lower results than 
the steam oven.
Weight taken It is recommended that not less than 5 g, nor 
more than 20 g, of sample be weighed for each determination, 
Rffect of Dishes Glass dishes and nickel dishes give somewhat 
higher results than aluminium dishes. The bottom of the dish must 
maintain good contact with the >even bottom. Aluminium dishes of 
small diameter tend to give higher results than those of larger 
diameter.
Replication Similar dishes have similar results * the pp&ltlaa 
of the dish it* the oven was a much more important factor. 
Temperature of Heating In the vacuum oven there was little 
difference in results at 50, 60, or 70®0.

In the steam oven a departure of one or two degrees from 
10©*C. had considerable effect on the moisture content recorded.
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composition of Reducing Sugars This was found to occur even 
after only 30 minutes heating in the steam oven* There is a likeli- 
hood that inversion of sucrose, oxidation of organic matter, and 
actual destruction of reducing sugars - in particular of levulose-* 
are going on simultaneously during the heating*

SBCTIQff 5 : PARI 10*
DETER^MATIOti OF WATER USTMQ THE SM M GEH QVEM.___
In this oven air heated electrically is continously drawn

t
through the sample to he dried. Four series of tests were carried 
out.

SU-^ARf OF TESTS AMD COMGLUSIOMS.
(1) Drying of a known levulose 30lutian__j_- Using a 38,27 per cent 
solution of levulose at average temperatures of 53, 66, 77, 80,
and 85°C. the following results were obtained r-

At 53°C* it was found that the temperature was too low for i

the driving off of the last traces of water from the levulose*
At 66°C* the drying was completed in about 4 hours, and there

was little change in 16 hours. !
.  iTemperatures above 75°C* should not be used in the Spencer 

oven when drying a sensitive sugar like levulose.
..m a i  i i t e a a  o v e n  f o r  j

In the Spencer oven at 70°C. 0,78 per cent, at 770C.f 0*73 
per cent, and at 91°C*, 0,75 per cent water was found compared 
with an average of 0.84 per cent in the steam oven at 99°C.

The differences found were not signifieantly great.
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rediicing sugars : - 
JJsing a Cuban raw sugar, heating above 115°C. for over ZO 

minutes caused a progressive decrease in the reducing sugar content.

in routine testing, but it cannot be regarded as an accurate means 
of determining water in thermally sensitive substances.

A note is appended on the Serbia drying oven.

TiffS PETEIiill̂ AYlQJSr Off ^ATi^E BI m&lQQATIGM MaXitoDS., 
introduction s- Various types of drying agents and their mode of 
action are discussed, and factors which the author found signifi
cant in chemical desiccation methods are described.

Solutions of sucrose, glucose and levulose were dried at 
room temperature, (a) in a static atmosphere, (b) in a stirred 
atmosphere, using concentrated sulphuric acid as drying agent.

Celite and sand were used as dispersing and absorbing media* 
Similar tests were made using golden syrup, and vacuum drying 
was also used for this material, both at room temperature and 
within the temperature range 36«50°G.

The moisture content of a raw sugar was estimated at room 
temperature with stirring i this served as a contrast to the 
estimations made on solutions as above.

The Spencer oven can yield comparable results

SEC1XQM 5 s PAiiX 11.

See summary on page 469
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 COH PLUS IlHsTS KKuAiGJllfG Ti'iii* ii&SIC uAl‘ 1OM M&TxiuD.
Time, of Jurying s- This was found to be excessively long, and only 
in a few tests was a satisfactory result obtained.
Stirring s- This considerably shortened the drying time when "free** 
water was present, but the effect of stirring was much less marked 
when the sample was nearly dry.
Vacuum i- The drying time was greatly reduced in vacuum conditions 
at room temperature, but the vacuum oven at 50°C. was found to 
give satisfactory results in much less time. 
p CQJCilB&DATIOif

(a) The use of stirring and vacuum is recommended when desicc
ation at room temperature is found desirable. Adequate ratios of 
absorbing medium to sample must be maintained.

(b) The use of a vacuum oven at low temperature is generally 
more satisfactory than desiccation at rvom temperature, and should 
be preferred when conditions permit.

i 5 mi toe method' he a d h b t i ^ r  ?> n£ ^  .,-.»•* - miv^

the. m tb r ta l 'e .  &'■&&&, nmm'm 'sen- ■ ' :Vv'

. t,The ofv:tgnitsd C e l i te  in. - , i l i& t i p * !  I t .  

••blmmfcet*-. the -frem t -le



17

Ai’< A I<1 BIS
,THE DKYBHMIUAYI OH Off WAXBK BY BISXILJUATIOiJ. iitta ilODS. 

Introduction A critical surrey of the literature has been made 
The advantages and disadvantages of the distillation’ method are 
reviewed. The types of liquids used, in the method are discussed, 
and a description is given of the various types of apparatus used*

Summary of Experimental results s-
(1) Irevulose Solution Tests were made on a 48.16 per cent 
levulose solution with three diverse.types of apparatus using 
ben&ene, heptane* toluene, and xylene* and with one type of 
apparatus using carbon tetrachloride and tetrachlorethylene. 
Conclusions The results that the distillation method with the 
types of apparatus used is not suitable for the determination of 
water in thermally sensitive media like levulose solution.
There was progressive decomposition as the distillation proceeded.
(2) Gqlden Svruo s- Ten different types of apparatus were tested 
with golden syrup using a wide range of solvents.

solution in series (1), but showed that with careful standardisa
tion the method might be adapted for routine comparison purposes 
whf*© the materials being tested are not unduly sensitive to heat. 

The use of ignited Celite in the distillation flask to

The results bore out those obtained with levulose

of heat
*blanket" the solution from the source/is recommended



13

i_5J.JCnown sugar aolut 1 orb : - A comparison was made between the 
Bean and Stark distillation method, the vacuum and steam oven 
methods, and the refractometric method of determining water in 
known solutions of sucrose, glucose, and levulose.

The Bean and Stark method gave comparable results for these 
sugars only after 8 hours heating, and tended to give low results
for sucrose and levulose.
U )  Leyulose Solution with special apparatus and mixed ligvtia....;-

Various mixtures of solvents were made of suitable boiling 
points and densities, and these were used in testing levulose 
solutions in various types of apparatus.

In some of these tests the recovery of water was slightly
lower than the amount of water known to be present, but in several 
cases the recovery was very satisfactory.

It seems clear that for levulose the temperature of distilla- 
tion should be kept below 100°C., and that the time required for I 
complete distillation of the water present is between 2 and 3 hours. 
Special types of Apparatus ;- Several types of distillation appara
tus were devised by the author which could be used with solvents 
both lighter and heavier than water. This type of apparatus was 
found useful in finding a mixture of solvents which was of 
suitable density and boiling-point, and also non-inflammable. I
(.5). PiBtlllfttloB Tlth Buffer Solutions of known pH TftlBO .,..?-

/

The object of these tests was to find (a) the best conditions 
for a clear meniscus, and (b) the variation in pH caused by the 
solvents.
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It was found that in general toluene gave less emulsification 
than benzene or xylene.

The most permanent emulsions occurred with alkaline buffer 
solutions, but paradoxically, the two oases found of a perfect 
meniscus were from alkaline solution.

The acid buffer solutions caused a greater clinging of water 
to the condenser walls.
(6) Vacuum Distillation s- A series of tests was made using & vac
uum technique with the object of preventing the destruction of 
the more heat-sensitive sugars such as levulose.

The vacuum method was found to be difficult to apply owing 
to the surging and ’'bumping” properties of the mixtures involved, 
and the results obtained were not considered to be sufficiently 
accurate to justify the extra care and time necessary.

THE DlSTlLLATIuif mi'dQI) : FIMAL SUMM&Rf.
A technique is recommended for the distillation method 

with the use of electric hot plate heating by radiation, and the 
employment of a dispersing medium (Celite) in the flask.

For satisfactory results all apparatus used should have glass 
joints and stoppers.

The washing-down of water from the condenser is most 
important.

' Three types of dual purpose apparatus are described*
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 SECTION 5 ; PART f 3,
--^^:_PSXEKMIlj^TlON OP WATER BY CHEMICAL METHODS.

A s u m r y  is given of methods for determining 
water, including a note on the carbide method.

The experimental work deals with the Fischer method, which 
is described in detail.
Exoeriraen tal :- Two series of tests were made - one on refined 
white sugars and samples of solid sugars other than sucrose, the 
other oh golden syrup.
(if Solid sugars :«» These were found to require up to 3 hours 
contact time at 18°C., compared with 1 hour at 60°C.

In general the results were lower than those obtained in the
o ovacuum oven at ?Q 0., or the steam oven at 99 C.

(2,V Golden 5vrup :«■» In twenty tests made at 60°C., the previously 
discovered contact time of 10 minutes was given.
The results again tended to be lower than those found by vacuum 
oven or steam oven methods.
Cqncjusion ;« The i?i sober method is well adapted for use where a 
large number of moisture estimations is to be performed daily. 
Otherwise the frequent standardisation and care required to 
exclude water render the method tedious. It is not necessarily 
more accurate than other methods, as side-reactions may occur.

BIBLIOGRAPHIES.
Extensive selected bibliographies for the determination of 

water have been compiled and are given in the form of an appendix,
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i S^Cl XOi\i 1,

X i i K  C O M P O S I T I O N  O F  F R F S d  A M l t  b h l h i )  S U C r A R  B U T S .

A knowledge of the nature of the non-sugar constituents of th® 
sugar beet is important with regard to the subsequent purification 
of beet juices which will contain at least part of these non-sugars.

Analyses have been made using well-known methods and modifi
cations of these* both of fresh beet slices and of the dried slices 
(cassettes) derived from them.

The methods of analysis used for the dried beet have been 
modified to suit this concentrated product 2 a spectroscopic 
examination has been made of its mineral matter.

1. Introduction :
2. Composition of the Sugar Beet :
3. Constituents of plants 2
4. Objects of the present work 2

5. Methods of analysis :
6. Analyses of fresh and dried beet Cossettes j

7. Spectrodcopic examination of the ash 2

8. Hitrogen in the Sugar Beet 2

9. References and Bibliography.; •,
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IHTROLUC TI OH *-
Scientific methods of plant improvement are well illustrated 

"by the modern sugar beet. By methods of modifying the conditions 
og growth of the plant and breeding new varieties the sugar content 
of the beet has been raised from 5 to 7 per cent to 15 - 20 per cent. 
The yield of sugar per acre and the disease^resistance of the plant 
have also been substantially improved,
00M20b 1JL̂ 10iii 0i< -1 xi-Lu 8 u\jrAh Biiii.** X » —

The soluble solids of the beet are dissolved in about 80 per 
cent of water, giving approximately 95.5 per cent of juice.
The remaining 4 . 5 - 5  per cent consists of cellulose with other 
carbohydrates and is known as the 1 m&rcj

There has been a progressive change in the non-sugar content 
of the plant as the sugar percentage has increased s this is shown 
in the table below

 TABLE 1'. Per cent
Source Water Sucrose

(apparent)
Ash Organic 

Hon-sugars
Pibre

Voslcker1 83,0 9.3 1.1 2.3 4.3
Herlot^ 78.0 15.0 1.0 1.5 4.5
Present work 76.5 16.7 0.7 1.3 .4.8

^Pe^cfnt on dr:v basis
Voelcker 54*7 54,7 6.5 13.5 ,25,3 ,, , _
Heriot &S-" 68.2 4%6 6.8 20.4
Present work - - - . 71.1 3.0

V * 5.5 .
11 ........ ...

20.4
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CONST IT  JiiiijTS OP PLANTS WATNH^j^

Water is present in all plants,&nd the exact amount present 
is not easily found, since it may be held very tenaciously, and 
the organic matter of the plant may decompose at a temperature 
well below that necessary to drive off all the water.
Protein :- Protein is usually calculated as total nitrogen multi
plied by the factor 6.25. Since the nitrogen may be present partly 
in non-protein form, and since the nitrogen content of vegetable 
proteins ranges from 15 to over 19 per cent, this calculation can I? 
only BE approximate.
Pats and Oils s- These consist mainly of the glycerides of fatty 
acids, with small amounts of free fatty acids, and are often 
referred to as "ether extract”. Ether will also dissolve chloro
phyll, lecithin, cholesterol, and some alkaloids! substances, so 
that this extract may vary widely in nature and may be most unlike 
fat or oil.
Crude Fibre The fibre content of a plant is taken to mean that
part of the structure which defies solution on boiling with 
dilute acid and/or dilute alkali. This estimation can have great 
error, particularly when the fibre content is high due to suwh 
substances as the lignin of sclerenchym&tous fibres, the subenin 
of cork, or the cutin of cuticles.
Ash i* The ash is usually taken as the residue obtained, when the 
Material is ignited ti whiteness at a temperature Just below red- 
heat, Relatively volatile substances such as sulphue and chlorine
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may escape in part during the ignition, and there is scant know
ledge of how mineral bodies are bound up in plant tissues, so that 
the ash figure thus obtained is only approximate, and efforts to 
re-combine the elements in ash analyses are therefore difficult. 
ffiitrogen-free Extract s- Winton refers to this as a numerical 
expression of our ignorance and errors. In cereals it consists 
principally of starches, sugars, and dextrin® : with non-starchy 
vegetables a large proportion is composed of substances not yet 
thoroughly investigated. Organic acids, glucosides, and tannins 
will also appear in this extract.
Pentosans The pentose sugars in plants occur mainly as poly
saccharides. Pentosans for example, may be present as gums such as 
araban or xylan. These sugars are also present in the nucleic acids 
and seem to be of vital physiological importance. They are intensely 
hydrophilic, having a major part in the water relations of many 
plants. In the sugar cane, pentosans are the principal constituents 
of e&ne-gum.
Pectins i- These are colloidal carbohydrates of high molecular i 
weight and rather complex composition. At present three of these 
substances are generally recognised - protopectin, pectin, and 
pectic acid. Pectin itself is a mixture of polysaccharides includ
ing an araban, a galactah, and a polygalacturonide known as peetic 
acid.The proportions of these constituents vary widely with the 
source of the pectin. Protopectin is regarded as the mother - sub
stance of the group : it occurs in the cell walls of most plant 
tissues. It was formerly named pectose.
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The protopectin of sugar beet juice has been shown by Ehrlioh 
and ^ommerfeld4 to consist of an araban togetner with the Ca-Mg 
salt of pectin combined with the cell wall. This protopectin can be 
freed from the cell wall by hydrolysis and converted to hydro-pecti 
which pass into colloidal solution in the extracted beet juice.

It is evident that the average composition of vegetables such 
as sugar beets is merely suggestive, and should not be considered 
to be anything more than an approximation for individual samples.
All comparisons should be made on the basis of dry matter, or on 
the basis of a calculated uniform water content.
Objects of the present worJc

In the purification of beet sugar juices the behaviour of the 
constituents other than sugar is of the greatest importance, espec
ially if these are of colloidal character. It is thus necessary to 
have a comprehensive knowledge of the composition of the original 
beets. This knowledge is also essential for adequate understanding 
of the process of drying sugar beet slices, which aims to extend the 
manufacturing season from the three months of the normal harvesting 
period to the full year. Analyses were therefore made of fresh beet 
samples and of dried cossettes which had been dried (a) with direct 
furnace gases, (b) with hot air without adulteration, and (c) with 
air containing & known amount of sulphur dioxide. The results are 
shown in Tables II. to Vh
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MIiiiilQPu Oil1 j-ii'iiiiJ.iXoXS,
Polarization * Fresh beet slices s-

The hot digestion method was used at 88°C. taking a nomal 
weight of 26 g. in a ;-,00 c.c. flasks and digesting for 30 minutes 
with 160*170 o.c, water, and for a further 30 minutes after com
pleting to the mark without cooling. Basic lead acetate solution 
(5*7 c.c) is added before digestion. The marc volume allowance is 
1.2 c.Co per normal weight of fresh bbets.
Polarization - Dried cassettes ;■
As for fresh beet, using 13 g. in 200 c.c.
Determination of Reducing Sugars s-'

.For fresh beets 60 g. are taken and for dried cossettes 15 g, 
in 200 c.c, flasks? and digestion, is carried out as for the polar* 
Ization and preferably at the same time, but using neutral lead 
acetate solution as required, The marc volume allowances are 2,8 
c.c, for fresh beets, and 0.7 c,c. for dried cossettes.
The filtrate is de-leaded with dry potassium oxalate and filtered. 
For the estimation, 50 c.c. of this de-leaded filtrate is placed 
in a 150 c.c, conical flask, 20 c.c, of mixed Bertrand-Saillard^ 
copper reagent added, and the flask heated for exactly 22 minutes 
in a water bath maintained at 62-63°C. The cuprous oxide is filt
ered off, and after washing, dissolved in ferric sulphate solu
tion, and is finally titrated against a standard potassium per* 
manganate solution 1 c,e. of which is equivalent to 2,5 mg, 
copper. The percentage of reducing sugars is found from specially 
prepared tables. Mote The marc volume allowances are based on 
experimental average figures for both fresh beets and dried- * d M W  LL c1$ m
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Total Nitrogen iCjeldahl method : digestion with cone, H4 SO4

and iodine catalyst in presence of CuSG4 # followed bj? distillation 
in presence of MgO into il/lO ^ 3 0 4 , and titration with H/lO HaOH 
using methyl red as indicator,
Amraoniacal Nitrogen Distillation in presence of excess MgO into 
N/lO H2 SO4  and titration with a/lG MaOH.
Soluble Nitrogen ;-CoId ;■ The cossettes were extracted with cold 
water and an aliquot portion digested by hjeldahl method as above. 
Soluble nitrogen Hot ;* The cossettes were extracted with hot
water followed by Kjeld&hl digestion.
Protopectin Finely ground cossettes (1 g.) were heated on a 
boiling water bath with 1 0 0  c.c. H./aG HOI under reflux for two 
hours. The mixture was filtered through cloth, and 40 c.c. N/lO 
NaOH added to 50 c.c. of filtrate. After 2 hours (or preferably 
overnight), 25 c.c. of N-acetic acid were added, followed by 25 c.c, 
M-c&lciura chloride, and the solution boiled. The calcium pectate 
precipitated was filtered through'a sintered glass crucible and 
dried at 1 0 0 °C. I

j

Soluble pectin Finely ground cossettes (2-3 g.) were diffused j

with 100 c.c. cold water and. filtered. An aliquot portion of the j
• rfiltrate was treated as for protopectin using only 35 c.c. M/10

NaOH. (For these pectin estimations see Farne.ll }.
Pentosan TollenB-JCrober method , the distillation being made from;
0.5 - 1.0 g. material* The method converts the pentose sugars into j
(fuffural by distillation with HC1. The furfural is then converted j
to phloroglucide by precipitation with phloroglucinol and weighed. I
pH values;- By glass electrode {(Cambridge Instrument Co.) j
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Ash :- Tfy direct incineration in platinum capsules.
Moisture :* Vacuum drying at 70°C. for 5 hours was the method most 
commonly used.

j \h i~ o X G uF X j.lllf AGh^
Insoluble matter Acid extraction arid baking at low temperature 
followed by weighing.
Carbonaceous matter :«■ Free carbon was estimated by igniting the 
aoid*extracted insoluble matter and was found to be negligible* 
in most cases below 0.0A per cent.
Sulphate :- Gravimetric estimation as J3aS0 4 «
Chloride ?* Vo1hard titration®.
Aluminium and Iron;* Gravimetric estimation by ammonia precipita* 
tion and weighing.
Phosphate Colormetrically by coeruleo blue - molybdate method9. 
Calcium Precipitation as calcium oxalate and ignition to calcium
carbonate.
Magnesium :■ Precipitation as magnesium ammonium phosphate and 
ignition to magnesium pyrophosphate.:

TOSulphite :- Monier-Williams distillation method 
Alkalis By difference. .
Preparation of Ash for Spectroscopic Analysis :*■
(l) Fifty grams of dried cossettes were ashed below red*heat in a 
large silica basin, 3.59 per cent ash resulting.
(h) Fifty grams of dried cossettes were 3 lowly ashed as in (l)» 
with the addition of "Aiialar” sulphuric acid. In this way the loss 
of volatile salts was minimised : the sulphated ash was 3.77 per 
cent.



29
___ t a b l r _ i i ._

Ilmc o a g o s i i J.oL Q-X .1 -'ixii A  3  i i 0. 7 ,:f : -V Ailj.iu X

p a h 0 L L X _ a M_A S  A

C O L S  X  i-» 
T U L L T

XilkxUS 1 9 3 3 1
1 J | U K  I C X

i)Ad.L
L L K v i
1 9 2 Q

A i x L A ulix, . - 1 2 f i s £

1 . 2 . 3 . 4 . 1 . 2 . 1 . 2 .

P U H I T Y 9 0 . 7 8 9 . 4 3 7 . 8 8 5 . 9 - — —

3  U  Gr All 1 8 . 2 8 1 8 .  2 2 1 7 . 2 3 1 4 . 9 7 ----- 1 5 . 7 12.8 1 8 . 2 8 1 7 . 1 4

A S x i 2 . 7 5 3 . 2 7 ' 3 . 3 1 4 . 4 5 ----- ----- mrn mm mm

S I L I C A 0 . 9 2 0 . 4 6 0 . 5 4 0 . 3 3 2 . 6 4 — . . .

R 2O 3 0 . 5 7 0 . 3 2 0 . 5 0 0 . 3 8 2 . 6 7.6 4 . 2 4 . 5

F e 2 Q 3 0 . 2 0 0 . 1 4 0 . 1 4 0 . 1 0 1 . 8 4 ----- — —

K a o 0 . 1 2 0 . 1 6 0 . 1 2 0 . 1 3 ----- ----- — ™

C a O 6 , 0 2 4 . 6 2 3 . 9 8 3 . 6 8 0 . 5 9 1 5 . 4 12.3 1 5 . 2 1 4 . 8

K g O 1 0 , 6 5 1 0 . 8 7 9 . 2 1 8 ,  5 2 2 . 0 5 1 2 . 6 8 . 8 1 0 . 8 1 0 . 7

K o O 3 3 . 1 8 3 4 . 2 1 3 6 . 9 2 3 7 . 7 7 3 0 , 3 5 2 0 . 4 1 7 . 3 3 7 . 9 3 6 . 1

U a g O 1 1 . 2 2 1 5 , 0 0 1 4 , 9 0 1 5 . 0 2 1 1 . 2 8 ■!> n  n
£*> I . 1 3 3 . 4 7 . 2 1 1 . 2

C l ' 5 . 7 4 1 2 . 6 5 7 . 8 8 1 7 . 1 6 6 . 8 7 2 . 6 7 . 6 1 . 0 1 . 1

3 0 3 " 2 . 7 9 2 . 4 1 3 . 2 0 2 .  o 2 3 . 6 1 6 . 5 6.-6 6 . 7 6 . 3

P 2 0 5 8  . 0 8 7 . 4 3 7 . 0 5 6 . 5 8 7 . 4 2 1 7 . 5 1 6 . 7 1 6 . 4 1 4 . 8

% ° 4 2 . 6 2 2 . 2 3 3 . 7 1 3 . 9 6 -

C 0 3  11 ----- ----- ----- 3 0 . 9 8 ----- ----- ----- .

O H D S T E R -

m m a _______

--- --- — m - m 2 . 1 7 --- . •— ^mrnrnm

1
Ind. Bng. Chem., 25, 426, 1933.2
Chem. Metb.Sng., 23, 421. 1920

3
0. Wohryzek,wCheiaie der Zuckerindustrie", p. 170, 1914.



JTABLE^IIJU

ANAIi '/SXS OP if'liiiiGii BhiiiuJL pi.tXG.iijS AND D h l * U 0 ooX' i .

Piĥ Sii RI&'iT ]_>h JLjhlJ V/OoBiiiX li&ib
Beat

Quality Average Quality

Method of Drying
2 .

Direct gases
3.

Direct gases
4.

Direct
.g&J&es_

C Ui» 3 TIT US NT S 
Dry Substance 23.56 92.74 92.16 91.73
Sucrose 70.91 68.58 68.14 69.34
Reducing Sugars 1.27 1.43 0.87 0  • 82
Ash 2.91 2.56 3.18 4.44
Albuminoid Nitrogen 2.19 2 . 38 7.31 4.19
Ammoniacal Nitrogen 0.29 0.18 0 . 2 0 0.19
Pentosans 9.13 12.51 6.51 8.18
Protopectin 4.67 6.51 5.59 5.41
Soluble pectin Nil 0 . 2 0 0.33 0 . 6 8

Other Organic Matter 
(By difference) 8.63 5.65 7.87 6.75

ASH CONSTITUENTS s- 
Insoluble Matter Ot 33 0.24 0.32 ■ 0.50
Sulphate - as SO^ 0 . 2 0 0.54 0.49 0.84
Chloride « Cl^ 0.16 0 . 0 2 0.03 0.04
Phosphate ■* as PgQg 0.34 0.15 0 . 1 1 0.38
AI2 O3 0 . 2 1 0.26 0.35 0.71
CaO 0.17 0.39 0.55 0.28
MgO 0.©8 0 . 2 1 0.24 Q. 2 1

Alkalis (By diffee.) 1.42 0.75 1 . 1 2 1.57
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Pure Air

93.57
70.33
1.07
4.65
3.06
0.25
9.62
5.77
1.39

3.86

0.56
0.60
0.03
0.39
1.03
0.16
0.17
^ 7^

 §Ljl--
Pure Air

92.47
71.15
1.17
3.72
2.90
0.22
7.79
5.41
1.51

6.13

0.57 
0.67 
0.04 
0.19 
0.76 
0.13 
0.15 
1 .21

 1m___
Pure Air

9 0 , 5 6

6 7 . 4 7

0.59
3.76
3.94
0.19
9.83
5.30
0.22

8.72

0.77
0.22
0.05
0.35
0.75
0.09
0.01
1.52

 Slm___

Air with

93.12
6 9 . 4 9

0.96
5.22
3.31
0.30
8.81
5.26
1.07

5.58

0.53
0.36
0.03
0.37
1.39
0.28
0*13
2 .1 3

 'JL__
Air with

93.18 
68.69
0.77 
3.93
5.06
0.17 
8.48
5.58 
0 . 54

6.86

0.46
X .16

0.04
0.11
0.73
0 .1 5

0.16
1.13
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TABLE IV.

COMPOSITION OP THE ASH OF FRESH BEET SLICES AMD DRIED COSSETTES
PER CELT ON ASH.

Fresh Dried Cossettes
Beets

1 . 2 . 3. 4. 5. 6 . 7. 8 . 9.
Mode of Dry

ing
m Di:rect giises Pu:re Air

(
Air W 3 
1 • 016/?

uth SOg 
0 •028A

Per cent ash 
(on dry) 2.91 2.56 3.18 4.44 4.65 3.72 3.76 5.22 3.93

Insoluble
Matter 11*34 9.38 10.07 11.27 12.04 15.32 20.42 10.15 11.70
Sulphate 
as SO3  " 6.87-2 1 * 1 0 15.48 18.82 12*80 17.96 5.85 6.90 29.26
Chloride-
C1‘ 5.49 0.78 0.94 0.90 0.65 1 . 0 8 1.33 0.57 1 . 0 2

Phosphate- 
as PgOg 11.69 5.86 3.46 6.76 8.41 5.11 9.31 7.09 2.80
AI2 O3

PegOs 7.22 10.16 10.13 15.90 22.15 20.38 19.95 26.63 18.58
CaO 5.84 15.24, 17. 30 6.31 3.44 3.49 2.39 5.36 3.82
MgO 2.75 S. 2 0 7.55 4.73 3.57 4.03 0.27 2.49 4.07

Alkalis, 
etc.»
By diffce.

48*80 29.28 35.07 35.31 36.94 32.63•r 40.48 40.83 28.76

y
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Spectroscopic examination of the Ash of Dried Cossettea
Samples of the ash obtained with and withobt sulphation were 

removed from the silica "basins, talcing care not to include ash 
adhering to the sides of the dish.

Spectrograms were taken using a HilgerkMe&iMar quartz 
spectrograph, the samples being placed in a bored graphite cathode. 
Pure iron and graphite spectra were included for comparison.

After the standard checking of th® iron speotruai, the unknown 
lines were obtained by compa'ison with standard plates of the 
elements, and the^raies ultimas^of the elements were checked from 
wave-length tables for spectrum analysis-*-*.

The results are summarised below
\Slemeht&■■■; . Elements:' Inconclusive Absent
present probably ividenee

oresent
A1 As Co Ag
B : Ba La Ah
Ca Cu Mo Be
Be Rb Mb Bi

: K Sr Mi Gb
Li V Hh . Gdm W Sir Ce
m rt Cr •

Zn 1 Cs
Zt ■ Gesi in

ti Ir
Os

•- ; - . sv ■ ' •. • ••*** P d ; .
pt’

________ _
Sb
Tl



figure i : Hilger S.498 Medium Quartz Spectrograph*

i

Figure 2 * Positive Spectrogram of Ash of Dried Beet
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UITROGr&M .Ifl T m  SUflAK hail.
Certain non-sugars occurring in the sugar beet are known to 

hinder the crystallisation of sugar and thus increase the amount 
of molasses produced. Among these are chlorides, organic potassium 
salts, and various compounds of nitrogen. Protein nitrogen is not 
considered to he detrimental since it is almost completely precipi
tated by the reagents used in the purification process, but all 
forms of nitrogen not thus eliminated have been termed 'noxious1 or 
'harmful nitrogen.

Such compounds of nitrogen include the decomposition products 
of proteins, betaine, glutamine, asparagine and aspartic acid, 
xanthine, adenine, hypoxanthine, guanine, allantoin^, arginine and 
vicine, with many other related compounds. This objectionable 
nitrogen varies in amount in the sugar beet depending upon many 
factors such as the soil, its cultivation, the method of manuring, 
the length of the season, and the time of harvesting. These factors 
can be controlled to some extent, but others, such as the choice of 
a situation, the climate, or the local weather conditions, cannot 
be controlled. Dry warm weather and small rainfall are known to 
cause great increase in the content of harmful nitrogen.

About 90 per cent of the harmful nitrogen in the beet passes 
over almost unchanged into the molasses. In addition, the protein 
nitrogen normally precipitated during purification be 
r«»iissolved unless the conditions for working are rigidly
fo llow ed. •: V*

The determination of harmful nitrogen in the beet is
thus of importance from the technological standpoint.
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^irrmhatiqh off ^noxious* u n m a m .

It has bean commonly accepted that hamful nitrogen is to be
as

considered/the amount found by subtracting the protein an^Lmmonia 
plus amide nitrogen from the total nitrogen found in the beet by 
the iCjeldahl method. In Stutzer1 s1^ original method, the substances 
not precipitated by cupric hydroxide - mainly ammonia, amides, and
nitrates * were called objectionable nitrogen.

13Xndrlik precipitated the protein with copper sulphate and 
sodium hydroxide solutions, leaving the ammonia and amide nitrogen 
in solution together with the harmful nitrogen. Since the ammonia 
and amide nitrogen are not considered harmful, the nitrogen present 
in amide form is converted to ammonia in an aliquot portion and 
distilled from ignited magnesia along with the original ammonia.
The harmful nitrogen is then the residue left by subtracting the 
protein, amide, and ammonia amounts from the tptal nitrogen.
This method is lengthy, and has been replaced byja, procedure due to 
Friedl14, based on the colour intensity produced by the copper 
sulphate and sodium hydroxide. This method was used in the present 
work, in conjunction with a modification of Andrlik*a method.

It has been pointed out by Hart and Bentley1s that all the 
protein is not precipitated by cupric hydroxide, so that tjte 
results obtained for albuminoids will tend to be low.

Friedl (ibid) holds that amide nitrogen is harmful on the 
basis that the amides break up and form salts, and there is thus 
hs yet no definit# information regarding the exact role of hitro* 
genpiis substances as mo lasses-former s in sugar manuf acture.
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BISTRXBUTION Off JfflYRQOaJff III' Td& SUGAR. BEET.
Results for nitrogen in continental sugar beets are shown

in the following table TABLE VI.
jQeinwanzleben3-6  Dr, S. Bosenbluh3,7

(Germany) XCzechoSlovakia)
1121 lisa liM z M

fforn of Nitrogen Mia*. *te«. Min., Max, Min. ' Max.
Total Nitrogen 0.145 0.180 0.133 0.179 0.150 0.287
Nitrogen not
pptd. by Cu( 0 1 1 ) 2 0,04k? 0.078 0.035 0.067 0.067 0 . 2 1 0

Albuminoid N^ 0,092 0.113 0,096 0.118 0.014 0.132
(NH3  & Amide 

Nitrogen) 0,006 0.114 0.003 0 . 0 1 0 0*005 0*038
Noxious
Nitrogen 0.041 0.064 0.031 0.060 0.040 0.130

The results obtained by the author are here summarized t»
^SLE__VII^

Nitrogen Content of Fresh Beets Itrown in Southern 
Dried Cossettes derived from them t~
]?RE31i BELTS s- Average Water Content 76,45 oer cent
NO. Total

Nitrigen
Nitrogen 
not pptd. 
by 0 u(OH) 2

Protein
Nitro
gen

Ammonia
and
Amide
Nitrogen

Noxious
Nitrogen

Noxious 
Mitrogen 
% of Total 
Nitrogen

1 . 0.150 0.093 0.057 0.007 0.086X 57.3
2 . 0.223 0.129 0.094 0.015 0.114* 51.2
3. 0.195 0.072 0.123 0.019 0.053 27.2
4. 0.163 0.081 0.082 0.027 0.054 33.1
5. 0.190 0.069 0 . 1 2 1 0 . 0 2 0 0.049 25.8
x Harvested in nearly September s others in mid-October.
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inued
.lEINO UOSSNTIBS:- Average water content g- 7.5 oer cent
No. Total

Nitrogen
Nitrogen 
not pptd. 
by Cut OH ) 2

Protein
Nitrogen

Ammonia
and
Amide
Nitrogen

Noxious 
Nitrogen

Noxious 
Nitrogen 
>  of 
Total N£

1. 0.74 0.41 0.33 0.17 0.24 32.5
2. 0.91 0.52 0.39. 0.21 0.31 34.1
3. 0.63 0.36 0.27 0.16 : 0.20 31.8
4. 1.26 0.73 0.43 0. IB 0.55 43.6
5. 0.96 o«o 0.56 0.16 0.24 25.0
Note These samples dc not correspond exactly to the Fresh Beet 

above
samples/ although they were from the same harvesting period.

The variability of the noxious nitrogen content shown by these 
samples emphasises the need to know more about the non-sugars in 
the sugar beet, and their behaviour during the manufacturing process.

It is evident that of two beets giving equal yield per acre and 
of equal sugar content, the one with a higher content of noxious 
nitrogen will be less valuable since this nitrogen will lower the 
potential yield of sugar. Similarly beets with more nitrogen and 
other non*sugars present generally have less natural alkalinity and 
lower,purity!. .

-• ! /

•X : ' ’ ’: »• ’ v ■’ i -vh'h'lS 0; - ' '• i - -'I: '1
Vol ; - ■

. hh .tmblh for Sm^trum li'H.ipig?
■ % - ; v h  -'4b l-a.* dh ' '
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SECTION 2*

THE DESICCATION OF SCTGAK BEETS.

1* The Desiccation Process in Sugar Manufacture t
2. Bibliography of Drying Processes s
3* The Slicing of Sugar Beets s
4* The behaviour of Sugar Beets during Drying *
5* Description of the Drier for Sugar Beet Cossettes t
6 * Typical Results of Beet Drying s
7* The Chemical Conditioning of Dried Beet Cassettes*
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THE DPSICCAT10K PROCESS III SPGiS al«kK'UFACTURiii»
The German cherriist Marggraf can be credifceG with the firfet

mention of the extraction of sucrose from the sugar beet. In 164V
he described the drying of two pounds of beet cut into small pieces
yielding half a pound of dry matter from which he obtained by
extraction with alcohol a half-ounce of good sugar.

jF.C.Achard, a pupil of Marggraf s, erected the first beet 
•sugar factory at Cunern in Silesia In 1799,and in the same year a 
well-known chemist,Gotting,of Jena,conceived the idea of drying the 
beets and extracting the sugar with cold water*.

Schxltxenbach in 1836 improved a cold maceration process due to 
Pelletan, and In 1837 proposed the preliminary drying of the beet 
and its ©traction with water at 90°C. Pumas exhibited in Paris In 
1838 dried beet and refined sugar obtained from it by the methods 
of Sehutzefabaeh. M» Lirac of Carpentras had employed sun-drying for 
beets in Prance in the same year.

A paper by Gotting in 1811 described a scheme for drying and 
storing beets for subsequent extraction of sugar, and patents with 
similar objects were taken out by Crossly (7469,1837),and Hewton in 
1818 (12053). Daubree Imported dried sugar can© In Paris In 1850 
and reported little effect on the sugar content during transit.

Premy gave a full account of Sch&tzenbach?s work In his book 
published in Farid in 1875* Schutzenbaeh put his process into prac-* 
tice at a large factory in Galieia,comprising a Central factory 
with fourteen small drying statlomaplaced at moderate distances 
from it. In thes frying stations the beet from the neighbourhood 
was dried in large kilns. The resultant dried cossettes were
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carried to the central factory and extracted in closed vessels.
The juices reached 42aBrix. They we re treated wi th lime and then 
with boneblack,filtered, and passed to the evaporators. In the 
campaign of 1849-50, 1,116,000 hundredweights of beets were 
treated in this way. The lime treatment took place in the macer
ating vessels,using 6 per cent of lime on dried beets.

The next large scaletests on beet drying were made by J.C.F. 
Lafouille {1901-5} who experimented in Egypt, Spain, Italy, and 
France,and tried several methods of drying such as sun drying, 
drying with heated air, and drying with carbon dioxide. His tests 
were not satisfactory, mainly due to invert sugar formation and 
the very dark juices produced. Lafeu.ille has since engaged in beet 
drying for other purposes,but in 1924 wrote to the Journal des 
Fabricants de Sucre saying he had confirmed De Yecchis* results#
His patents included 301,206 and 147,576 (U.S.),and Fr.pat.326,055, 

Daubreband (French patent 414,329,25/3/1910) described the 
drying of whole beets ; this was not primarily for sugar making#

In 1908 g fw.MeMnllen of Chicago took out British patent Ho. 
18237 to shred and dry sugar cane, extract the sugar and use the 
bagasse for paper manufacture. He also worked with beet but con
sidered cane drying to be more economical on account of the paper 
manufacture*
G» EU Benjamin (1914) proposed drying beet at fairly low temperatu
re until 90 per cent of the water had been removed with the object 
of coagulating albuminoid substances without causing cell rupture.

The sugar was then extracted in diffusion vessels.



Benjamin male the claim that his proceSvS actually increased the 
amount of sucrose present, by stimulating enzyme action.

he Vecchis conducted large scale tests of beet drying and 
extraction for the Romano sugar Company at Viterbo in Italy,comm-, 
encing in 1923• He claimed diffusion juices of 45-5Q°Brix and of 
86-88.3 Purity Quotient. The juices were treated with powdered lime 
and superphosphate and gave massesuites of 89.9-90.2 Purity.

Weichmann stated in 1915 that beets could'be dried without the 
formation of reducing sugars, and mentioned the advantages due to 
dehydration of a longer running season and the high purity juices 
of higher density*

Haseltine (1919) estimated the cost of drying a ton of beets 
by his process at 75 cents.

The De Vecchis process was investigated by a Commission from 
the Institute of Agricultural Engineering under British Government 
auspices in 1925-6, and this enquiry resulted in the setting up of 
an experimental drying station and sugar factory at Eynsham,near 
Oxford. The process was ultimately transferred to the commercial 
scale,and factories using this process were erected in France and 
in Russia. Those in Russia appear to be still in active operation 
as the geographical conditions in the northern portions of European 
Russia are peculiarly favourable for the development of a Central 
factory surrounded by feeder drying stations.

The desiccation process was investigated by practically every 
country in Europe during the experimental work at Oxford, and the 
literature of the period deals fairly fully with the process.
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THE SLIQITO 0? SUGAR BEETS.

HIMEHSIOHS OF COSSUITES :-
Type of Knife :- knives of various types and sizes were tested 
and the optimum dimensions were found with a knife 9 mms. deep 
containing 20 divisions in a length of 14 cms.
This type oi knife cuts a cassette which is considerably larger 
than is usual for the ordinary wet beet diffusion process, but 
this larger slice has been found necessary owing to the difficulty 
of drying a mass of small slices which tend to cling together*
This problem is particularly apparent when the beets have been 
damaged by frost, or are insufficiently washed. Smaller cossettes 
also lead to more fine particles and dust.

To facilitate drying and diffusion each cossette should 
present as large a surface area as possible in proportion to its 
volume ; the ideal cossette therefore would seem to be one 
resembling a thick WV W in cross-section. The ?roof-ridgef or 
* Splitter* knife appears to be the only type which will produce

a large proportion of cossettes of this shape, and was adopted 
as the standard type. Experiments were made using specially 
constructed filnigsfeld knives producing square-section slices.
It was found that these knives had to be changed more frequently 
and that square-section cossettes could not be dried as efficient
ly as the Y-shaped cossettes. Unfortunately the * roof-ridge* 
knives cannot be sharpened in one operation, but this drawback is 
more than balanced by the better drying and the less frequent
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changing of the knives. These V-section cossettes ere sometirnes 
called butterfly section cossettes. They favour free circulation 
of the ^cell flux, since the slices lie loosely one over the other, 
so that the circulating liquid is able to flow around them and 
can thus more easily penetrate the walls of the cells.

The ’Splitter1 knives have a dividing rib under each
ieI 11corrugation of the cutting edge, wheres Konigsfelder and Golfer 

knives merely have a corrugated edge. The knives are made with
varying pitches, the pitch being the distance between the centres

nof the corrugations. The Konigsfelder end G-oller knives in general 
use are 6 or 7-2 mms. pitch ; pitches of 5 or 8 mras. are less 
frequently used. ’Splitter* knives are used with widely varying 
pitches-e.g. 8 ,7 ,6 ,5,5,5,4.5, 3.5, and 3  aims.,the wider pitches 
being used for poor quality or ’woody* beets. Pitches of 5 and 
5 . 5  mms. are most generally used with an edge depth of 9 mms. 
Below 4 mms. pitch, the edge depth is usually 7 mms.
Typical beet knives are shown in Figures 1 and 2.
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KONIGSFELDER KNIFE

F i g . a  G O L L E H  K N I F E .

V W W W W V W V S A A A

G E E T  K N I V E S .

Pi g*4-
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DIMSfflSIOtfS OF COSSETTES.
Rangeof 
Length 
mm.

Eresh
Beet
-AX*.

1*
Dried Cos
—2.*,

settes
-2a. . 4̂ ,

0)-10
11-20
21-30
31-40
41-50
51-60
61-70
71-80
81-90
91-100

101-110
111-120
121-130
131*140
141-150
151-160

15
6
9

18
48
53
32
56
25
31
4 
3
5
6 
6 
3

3
36
62
74
59
51
22
18
11
14
3
1
<■»
m
m

24
56
44
98
65

136
■22
15
2
3
3
0
1

2
25
42
81
88
62
30
21
20
18
12
9
6

4
15
31
69
90
60
34
17
15
14
9
6
3

Max. Length, mm* 160 126 112 132 129
Min* * mm* 5 8 12 7 9
Average rt mm* 74 45 57 49 47
Width mm* 3-5 3-6.5 3— 6.5 3-6.5 3-6*5
Av. Width mm. 4 5 5 5 5
Residue (dust) 

gm. Sil ' 0.39 0.82 0.46 0.36
Thickness mm. 2-3 3-4 3-4 3-4 3-4
Gibs. taken 165 100 100 100 100
Mo* of pieces 320 355 440 416 367

■PROCEDURE : - a  random sample was taken and wei||hed in the case of 
the fresh beets * The dried cossettes sample s represented the average
of cossettes in storage* Each piece was measured for length»width, 
and thickness*
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Dimensions of Beet Knives used in noraal ■■■Q£a£iiga_aad-in-tM present 
Experimental work

TYPE DEPTH APPROX. .A EIO iil . LISTALOE
MM. D IV IS IO N S  OP AXilFE FROM EDOE 

PER 1.4 ABOVE wF -XNIiTi*
CMS. PLATE to pla te
D E L  vjT H  . • ■ ■ . ■

Standard wet diffusion knives 9 26 & 2-j
As used for Dried Cossettes 9 20 5i 1*
Special iCdnigsfelder knives 7 16 5-5| 0-2
normal Kdnigsfelder knives 7.2 20 6 3

THH> IDEAL 0OSSe T IE,„
As seen in Figure la the cossettes produced by the "Splitter’'

type of knife are tent-shaped in section : they tend to be of the
two shapes shown,in about equal proportions.
From the figures*the total surface area of cossette R is 7.27 sq. 
cm* while that of cossette A is 8.26 sq. cm. The volumes are 0.673
eu. cm. for A, and 0.625 cu. cm. for B.

Claassen ("Beet-Sugar Manufacture",Wiley, 1911, p. 7.) states 
that the average diameter of the beet ceils in the plant is 0.04 mm., 
and the volume 0.000033 cu, mm* with a proportion of 2 to 5 per cent 
of broken or ruptured cells.

It is clear that the ideal cossette would offer considerable 
surface area for contact with the circulating liquid, and that it

*.*. v': IT * ^
would have a long smooth surface with uniform section throughout its 
length. In practice about one-fourth of the cassettes, will ha^e t/ . 
about this ideal shape and size,the remainderbeing irregulardue 
mainljr to non-uniformity of the roots and defects in the knives.
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Behaviour of Sugar Beets during Drying;
The success of the drying process as app

lied to layers of vegetable matter in relatively small layers is 
primarily affected by the temperature and time of treatment.
Ignoring exothermic reactions occurring within the beet slices, the 
drying efficiency will depend upon certain specific factors which 
arise from the composition and properties of the beet itself.
These factors are s-
1.Consolidation and porosity or penetrability s
2.Volume and pressure of the drying air i
3.Time of Drying s
4.Thickness of the layer of material :
5.Temperature of the air at varying ranges of moisture.

Tests showed that to avoid caramelisation and inversionthe 
moist material must not be heated above 220°F.
The rate of formation of invert sugar is a product of temperature 
and moisture* and the amount of invert sugar formed is a product 
of temperature, moisture, and time.

It was found that so long as the beet slices contained more j
than 20 per cent of water the temperature of the drying air (100 to ; 
260°F.) had little effect on the sugar in the beet, but above 
235°F. there was a loss of sugarwith slices containing lessthan 
20 per cent of water. v j

The normal acidity of the beet Which is largely due to part
ially dissociated organic acids, increases during the drying period 
due to concentration of the juice present, and high temperature is
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then much more harmful. It is evident that the reactions occurring 
within the slices during the temperature rise from 50°P* to 15G°F. 
are of an involved nature and will include oxidation and enzyme 
action. The moist faintly acid material offers, at the lower 
ranges of temperature at least, a favourable medium for such 
enzyme action and bacterial metabolism with their accompanying 
sugar loss.

luring drying, the resistance offered by the material to the 
drying air is greatly affected by the shrinkage of about 50 per 
cent in the bulk of the slices. The penetrability of the material 
is further increased by slicing the beets into cossettes of 
cross-section.

Summary of desirable conditions for Drying.
1.The layer of slices to be dried must have a pre-determined

thickness*
2.The beets must be dried in a limited time.
3-The layer of beet must not be broken or interrupted during the 

period.
4*The velocity and volume of the drying air must be exactly deter

mined so that the beet is not disturbed or blown away during 
drying.

j
5*The layer must pass through definite heat zones within definite 

ranges of moisture content and humidity, since the exothermic 
effect has a critical point above which destruction of sugar 
occurs. This point must be properly determined and controlled*

The Drying of Sugar Beets.
The beet cossettes are treated in a mass 7 to 8 inches deep,

which remains undisturbed during the whole course of drying,but
passes in continuous progression through a multi-stage drier; the
temperature,volume,and velocity of the drying air are controlled.
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.Rescription of the Drier for Beet Cossettes._
The oect eocscttec are treated la aa undisturbed mass which is 

in continuous motion on a conveyor belt. The furnace gases and hot 
air which form the drying medium are passed through the material so 
that it is dried progressively in three stages, separated from one 
another by air locks. In each of these stages the material is sub
jected to a temperature constant for that stage.(Figure 2a).

The first air enters the drier at a temperature of 190°F. at 
the end where the beet is undergoing its third stage of* drying.
It then passes upwards through the cossettes and is afterwards 
reheated b y  the addition of furnace gases to 2 3 0 ° F . ,  and by moans 
of a second fan is forced through the material in stage two,and is 
then in turn reheated to 250°F* by the addition of more furnace 
gases.This reheated drying air then passes through the fresh beet 
cossettes in the first stage of the drier, and is finally exhausted 
to the atmosphere.

In the first stage (fresh beet cossettes) about 65 per cent of 
the water is removed in 15 to 20 minutes. Owing to the cooling 
effect due to evaporation, an air temperature of 260°F. is not 
harmful in this stage. (Figure 2b).

In the second stage a further 25 per cent of the water is 
removed i the remainder is lost in the third stage* The time of 
passage through the drier varies slightly according to the initial 
moisture content of the beet.For beets containing 74—78 per cent 
water the drying time varies from 150 to 6 0  minutes,the final pro
duct containing 5-10 per cent waters
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The exact temperatures used in each stage are obtained by easily 
regulated dampers controlling the flow of furnace gases.
The air passing through the fresh cossettes has been .used three 
times, having passed upwards through the material in each of the 
three stages. It is discharged corap 1 -etely saturated with water at 
a temperature of 110-120°b\ The volume of air at each stage is so 
regulated that it 1b sufficient to rempve the required amount of 
water ; it is greatest for the fresh coss v tt.e s  in the first stage.

The- length of conveyor exposed at each stage diminishes from 
the fresh cossette stage to the dried cossette stage, the velocity 
of the air likewise diminishing,since too high a velocity in the 
dried stage would blow the material off the conveyor. The veloc
ity of the drying air is also limited by economic considerations 
since an increase in velocity involves a disproportionately 
greater increase in the power required.

The conveyor belt is an endless perforated steel band driven
through a four-speed gear box and worm reduction gearing by a
variable speed electric motor, this permitting a wide variation of
the conveyor speed. The three drying compartments consist of a
steel framework covered with steel plates :each compartment has a
separate fan. A levelling device is provided at the feed end to
distribute the material evenly before it enters the first drying
compartment. At the discharge end the dried material falls on to
a conveyor or elevator and passes to the storage warehouse*

The correct size and condition of the material entering is
vitally important for drying #ffict«ncy,involviag the factors of
reduction of air resistance, uniform drying* and exit air satura
tion.



FIGURE 4c.

SUGAR BEET DRIER - THERMAL DIAGRAM.
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PABIICiJLAKS 0? DAIE.US /OK SJGAn BEET COSSETTES. 
D I ^ E SIQES ?-
Drying Area of 3elt...61T x 10* s- 610 square feet

” ” '• Stage 1...21* x 10* 310 , M
" M rt 2. . .19* x 10* s- 190 " M
,f M * " x 10' 210 •

Centres of Belt. ..*• 76' 9"
Area'Of Orate.......... Ill 31' ,x 5* 3fH t- 59 square feet.

STAGE 1. JL. 3.
Velocity of Gases : ft./rain. 350 345 ; 270
Inches water ffauare: -
Discharge side : static 1.77 0.92 0.25

M '* z dynamic 0.76 0.71 . 0.91
Suction side ; static 0.80 0.65 . 0.40

M " : dynamic 0.42 0.38 0.45
.Total. 3.75 2.66 2.01

Gas volume,cu.ft. at 250°F. 73,400 65,625 44,200
« n m ii « 40°F. 51,420 47,250 34,600

Theoretical H.P. at 50/ Fan 60.5 39.1 32.5
Efficiency

Equivalent amps. at 105 volts 400 j; , ; ■■■■■■■ 14T
Average amps, recorded •390 270 160

Total Horae**Power estimated from volume and water-»gauge s- 122.1
Equivalent amps. )- 812

- Average amps recorded  : - 820



U^STITOE^T J U ‘ O-.but. -JLe. -54. 6. 7.
C0 o & so,.. 2 <, 1.2 0.8 1.5 1.4 1.2 1.5 0.8
Oo 19.6 19.7 19.5 19.7 18 • 6 19.5 19.7
CO 'J«0 0.1 0.0 u.O 0.0 0.0 0.1 . . :
Ng (Diffce.) 79.2 79.4 79.0 . r; r>. ot w • 79.2 79.0 79.4
so2 .023 .014 • 026 .037 .015 .039. .009

TLMEIRAl J M S  ;
1st, Stage

Inlet 245 240 235 245 240 225 240
End. Stage

Inlet 230 230 220 n fi r/O Ai O 225 215 200
Discharge 145 140 145 150 150 165 140
3rd. Stage

Inlet 180 180 180 190 190 180 180
Discharge 170 165 170 180 185 170 165

Drying Belt 
Speed :ft./ra. 0,8 0.8 0.8 1.02

1 
CM 

t 
O

1 
/ 

il

0.7 0.8

PAHS A ill)  AIK ViALGCIl IES: -
Stage Pan Speed Total Air Lbs. sases uar ain.

Capacity 
Cu.ft./min

r.p.m.
i Watergaugew Velocity Ft./rain.

&ir Furnace Total

1 54520 450/620 2.9" 350 2212 105 2317
2 46620 300/475 i.9» 345 2156 56 2^12
3 26160 425/625 1.75" 270 1724 190 1914

Total :Furnace Oases 351 lbs. per minute.



The absorption of Sulphur Dioxide by Beets during Drying.
1• Analysis of Goal used In Drier Furnaces

Screened Nuts of 1/2 to 1 1/2 inch size s hard, with a bright 
splintering resinoid fracture 5 the volatile matter burned with a 
long smoky flame and the coke was dark grey,hard, compact, and dull*

Analysis
Sulphur - combustible 
Sulphur - incombustible 
Volatile Matter 
Coke
Ash
Fixed Carbon 
Free Moisture 
Hygroscopic Moisture
Thermal Values
Calorific Value Cross B.Th.Os*

Nett
Carbon .Equivalent 
Evaporative Power 
(Lbs* of water from and at 212°F. 
per lb. of coal).

As Received
0.75
0*06

35*91
57.38 
A . 04 

53.34
8*71

12,539
12,029

18.45

As Dried
0.82 
0.07

37.15 
62.85 
4.42

58.43

13,735
13,807
14.21

Peculation of Theoretical Amount of Sulphur Dioxide in Drier Air* 
Assuming 0.75 per cent combustible sulphur in the coal used, 

and a coal consumption of 10 per cent on beets with., a drier capacity 
of 5 tons beets per hourj also that all the sulphur enters the driei 
as SO* and that the air passing through the drier is 4000 lbs* per 
minute•~

The coal burned per hour will be 1120 lbs.,and the sulphur
burned per hour. 0.75 x 1120* 8*40 lbs.

100
Then lbs. S08 per minute,(S : S0a * 1 • 2), 38 8.40 « 0.28 lb*

60
and per cent S08 in the drier air * 0.29 x 100 * 0.007.

4000
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DKxIUG ffACT0R3.

The drying factor represents the weight of wet material
required to produce one part of dried material at the given moisture
contents - that is, it is the ratio (Solids in Dried material) .

(Solids in wit ^material)
Per cent Moisture in Dried material

Per cent Moisture
in Wet material 4 5 6 7 8 9 10

70 3*20 3.17 3.13 3.10 3.07 3.03 3.00
72 3*43 3.39 3.36 3.32 3.28 3.25 3.22
74 3.69 3.65 3.82 3.58 3.54 3.50 3.46
75 3.84 3.80 3.76 3.72 3.68 3.64 3.60
76 4*00 3.95 3.92 3.88 3.83 3.79 3.75
78 4.36 4.31 4.27 4.22 4.18 4.14 4.09
80 4.80 4.75 4.70 4.65 4.60 4.55 4.50

It is seen in the above table that in the drying of sugar beets
with average moisture content of.the fresh beet at 76.5 per cent, and
dried cossettes at 7*5 per cent moisture the drying factor will be
92*5 or 3.94* For most purposes the factor 4*0ris satisfactory*
23.5
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Typical Results in the Drying of Beet Cassettes.
The amount of water to be removed in drying a substance will 

naturally vary with the water content of the substance and the 
curve shown in Figure 4d shows the amount of water in cwts. that 
must be removed to produce 1 ton of finished material of 10 per 
cent water content from any state of wetness.

The heat required to evaporate 1 lb. of water at a temperature 
of 100°F. is 1093 75. Til. :is. made up of 1033 B.Th.Us. as latent 
heat of vaporisation and 60 B.Th.Us. for heating the moisture from 
say 40°f. to IOC0?. This figure does not include the heat absorbed 
in heating the dry matter of the material. In general in manufact
uring processes 1,500 to 1,900 B.Th.Us. per lb. of water are , 
required. Any leakage of air and the exit of air not completely 
saturated will decrease the efficiency of drying. Coal or coke 
may be regarded as the cheapest form of fuel for direct utilisa
tion. in Chain Grate Stoker furnaces. Gas Producers or Oil-burning 
furnaces may also be used. In these direct systems the gases from 
the main source of heat are mixed with the air and high thermal 
efficiency is thus obtained. Any external sources of waste heat
such as exhaust steam, boiler flue gases, or the exhaust products 
from Gas or Oil engines should also be incorporated in the heat
ing system. Assuming 1,700 B.Th.Us. per lb. required per lb. of 
water removed, and taking coal at 13,500 B.Th.Us. per lb. each lb. 
of coal will evaporate approximately 8 lbs. of water.

Some typical figures for a 5 ton per hour Brier with coal 
furnace, exhaust steam heaters, and arrangements for utilisation oi 
Boiler flue gases are here shown s-
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drying Results over three months drying of .Beet 2pspcttes
The fuel used was coal nuts of 13,500 B.Th.Us. per lb. 

Calorific Value.
Average Moisture Content of fresh Beet Cossettes = 77.64 per cent 
Average Capacity of the Brier for Fresh Beet = 5.03 Tons/ Hour. 
Average Hoi store Content of .'Dried Beet » 8.20 per cent
Average Hourly evaporation of Water = 8,530 lbs.
Average Coal Consumption,per cent on Fresh Beet * 6.38 per cent 
Dqual to 143 lbs. fuel per ton of Fresh Beet.
Lowest Coal Consumption in any 24 hours « 6.10 per cent
Equal to 137 lbs. fuel per ton of Fresh Beet.
Average Power Consumption per ton of Fresh Beet = 15 k.w.

The complete utilisation of Boiler flue gases brought this
fuel consumption down to -5.0 per cent on the weight of Fresh Beet.

In this 5 ton Drier the first and second stages are divided 
underneath the conveyor band into a number of separate cells by- 
steel partitions with air locks.This offsets the variable resist
ance encountered by the drying air from one end of each of these 
stages to the other due to the varying moisture content of the 
material in its 7-8 inches thick layer. 'Without this cellular eontii: 
rol the greater part of the air entering these stages would take 
the line of least resistance, thus reducing the effective area of 
the drying band. The material in the third stage is nearly dry, so 
that resistance to the air is fairly even all over this stage and 
cellular control is not necessary. The three stages are separated 
by air locks, and the divisions or cells below stages 1 and 2 have 
separate controls for admission of air.
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Analyses of Cossettes from the three stages of a multi-stage Drier*
U ii »i hi ii— i. ■ i i ti I I w w >i*i.u iii !■!»*— 1 —  iiwwi    ■■■m ini ■■■.*■■!*■      .......... .. ................ — . *>*%,■   ,„,„.i..W i»— w w ii— — — w »

The samples were taken by inserting a wire mesh basket 12 
inches square and 10 inches deep in the bed of cossettes at the 
feed end of the drier, Three such baskets i\ere- used across the 
width of the drying belt* one being removed at the end of each 
stage* 1* Test on first drying Stage.

Hour Fresh Beet Entering 
Drier

Cossettes from 
End of first 

Stage
Cossettes from Discharge
End oi Drier

C:'PSugar
tf;;

Bed.
Sugar

CfpWater
eipSugar

aPBed.
Sugar

water
r//«Sugar pBed.

Sugar
A®ater

1st. 16.6 0.15 75.4 1 P O RX O •  !■ jKJ 0.31 70.8 63 • 6 0 • 88 9.0
2nd. 16.9 0.15 75.4 17.30 0.24 74.4 62 • 8 0.88 9.0
3rd. 14*5 0.27 75.4 17.10 0.36 70.3 61.0 1. 40 9.0
4 th. 14.8 0.27 75.4 17.30 0.34 70.7 59.2 1.40 9.0

2 . Test on Second Drying Stage1 *

1st. 15.3 0.19 76.2 37.90 0.60 54.9 64. 6 0.71 10.6
2nd* 15.8 0.20 76.2 39.90 0.63 2o « 4 63.9 0.82 10.6
3rd. 17.8 0.16 76.2 41.2 0 • 65 23.2 64.0 0.77 10.6
4 th. 15.3 0.20 76.2 38.6 0.63 24.2 62.4 0.88 11.4

Dried cossettes sampled from discharge end of Drier

Top of Belt 
Bottom of Belt

Sugar

64*2
65.0

Keducing 
Sugars
0.45
0.64

%«lat©r

6*8
4.1

See Figure
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DRYING CURVE FOR SUGAR BEET SLICES

figure
4ea*

TIME IN MINUTES

The moisture content of dried beet slices during drying when 
measured as a function of time gave a curve of the type shown in 
Figure 4ea, It appears that the moisture content diminishes as a 
linear function of time in eaeh of three stages*The curves have been 
constructed on the basis of the experiments with sample baskets 
passing through the 5 tons per hour driers*

It is probable that in the beginning evaporation takes place 
at the surface, and saturated sugar solution gradually deposits 
crystals which may wholly or partially close the pores through 
which the solution has been reaching the external surface. In the 
final stages the drying from the interior may take place by 
diffusion of water vapour through the crystal film.

30 602 Q
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EQUILIBRIUM MOISTURE IN DRIED B EE TS
40

Figure
4eb.

O
q:

50 6 0  70 8 0  9 0  IOO

PERCENT RELATIVE HUMIDITY I

JlttgXUiBl-ail MOIST UBE Iff BR1SI) :MKTS^_
This figure is of obvious importance in the storage ©f dried 

beets. Some data obtained by the author using air currents of 
known humidities are shown in the graph,Figure 4eb.

A critical point occurs at about 83 per cent relative 
humidity when there is a very sharp rise in the amount of water 
absorbed &y the dried cossette© as the air humidity increases.

The time required for attainment of the equilibrium exceeded 
24 hours at the humidities used in the experiments.

The temperature of the material ranged from 15 to 180G. 
at a barometric pressure of 758 mm.



One oi' the main problems arising in the extraction of dried 
beet cassettes is the loss ceased, by inversion of sucrose during 
diffusion. In the ordinary wet beet process this loss is negligible 
cue to the greater speed of working, and to jshe fact that fresh 
beet slices are only faintly acid, having a pH value of 6.4 to 6.6.

The cause of this inversion is the higher acidity of dried 
beet cossettes, the pH value of which ranges from 4.5 to 5.5, end 
this acidity is reflected in the low pH value of the diffusion 
juice, at about 4.5 pH.

It was at first thought that this increase in acidity due 
to concentration of acidity during drying with possibly decompositi

on of some of the salts present, ijp was soon realised, however, that 
the acid gases present in the furnace air were much more likely to 
be the cause. The sulphur dioxide formed during combustion of the 
coal will probably be transformed to sulphurous acid in contact with 
the wet cossettes, and may even be partially oxidised to sulphuric 
acid which has a high inverting power.

experiments were made using hot air without furnace gases 
present, and the beet thus dried was found to undergo practically 
no fall in pH value. This appeared to show that the greater part of 
the acidity developed during dxying with furnace gases was due to 
the sulphur dioxide in these gases.

The next step was the attempted production of neutral dried 
cossettes by treatment of the fresh beet slices with a suitable 
reagent.
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EXPERIMENTAL DRIER

njjCPRftiaBHTAL BEET' hKi.BR..
The trays used were wade of stout wire gauze and were 9 laches 

long hy 3*“ wide by 1” deep. The fan was out from tin plate and
had 16 wanes. It was coupled directly to the motor.

It was found that without haffles in the drier the hot air
rose to the top of the drier giving uneven temperatures an the
trays. The first arrangement of haffles shown ahove as"faUlty 
gave dry slices in trays 1 and 3,hut damp slices in tray 2.

The seeond haffle system shown was satisfactory. Each tray
i

was loaded with 100 gm®. ef fresh slices.
The average drying condition® maintained in the drier after

some preliminary adjustments were s- Temperatures - A. 132®C.,
B* 83°G.f C» 73®C.» and air veloeity 380 feet per minute.
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The results of trials made with, various reagents are summar
ised below
1. Ordinary drying oven with no air circulation

Treatment PH Inver; ion Bemarks
After 1 on sugar
i m %

Untreated Treated

Ammonium
Carbonate 4.0 0.77 0.73
lime 0.75$ 7.7 0.03 0.86 Results very vari

able.
lime 1.0$ 7.4 0.86 0.92
Lime + S0o 2.0 Very high inversion

-----
lose

2. Small experimental fan drier
Treatment

After
Treat
ment

pH

m i

1. lime 0.2$

2. Lime 0.5$ * 
GOg and S02

3. Caustic soda
0.025$

6.2

7.4

7.2

6.9

4. Trisodiusi
phosphate 0.5$ 7.0

c;j  . Powdered chalk
2$ 6.8

6. Sodium carb
onate 0.2$ 7.0

Inversion 
$ on sugar 
Un~treated

@r05

0.13

0.2S

0.2B

0.06

0.02

0.16

Treated

0.11

0.26

0.13

0.01
o.og

nil

Remarks

pH of fresh beet 
~ 6.4

Tendency here to 
destroy reducing 
sugars.

Slightly greenish 
Cossettes after 
Soda
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Small Experimental fan drier (continued) •

Tree tment pH
After
Treat
ment

Inversion
y> on Sugar
Untreated

Bemarks

Treated

7. Bleaching 
Powder G.4a 7.0 0.25 0.03

8. Ammonia
Solution,2N 6.7 0.10 0.01 Cossettes very 

hygroscopi«*
9. Borax 0.4^ 7.4 0.40 O .64

10. Ammonium
Chloride 5.9 nil 0.13

CONOLITSIONS :- Pura air was used in all these tests so that the

inversion occurring without treatment is a measure of the effect of 

heat and internal changes in lowering the pH value* These results 

can therefore be taken as giving a true reflex of the influence of 

the various reagents on inversion. There woullcl seem to be a w$de 

choice of reagents with which the fresh cossettes can be treated 

so that a neutral dried cossette results. This might have the effect 

of yielding a diffusion juice which was almost neutral, and in this 

way the diffusion battery inversion loss might be kept to a minimum.

A similar result might on the other hand, be achieved by the 

neutralisation of the furnace gases before they reach the slices.
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lH^CMMiCA|^,gs)IDIYIOiriiia OF BKiST SLICES 1M THE BRUffG PROCESS
ji,X7BHIj^llTAL RESULTS . DRUiDl IX A G U L L  OVER.

Beagent used 
for treatment

Amount 
% on 
F.beet

}?*beet

invert
Untr.
I).C.

, ratio
7 rented 
B.C.

7,33
J&iL.
.Treated 
. B.C.

Increase in 
iiaX££tU£&M& 
Untr.[Treated 
D •0 I D.C.

Ammonium
Carbonate

0.28 0.81 1 • 20 1.49 6.4! 4.5 0.39 0.68

a
0 • 0.68 1.47 1.49 6.4 4.0 0.79 0. @1

ti 0* 28 0.85 1.96 1.56 6.4 3.5 l.ii 0.71

Lime
Water

0.022 
g. lime

0.66 1.17 1 • 20 6.4 6.6 0.51 0.54■

f? 0.030 
g. lime

1.20 2.15 1.73 6.4 6.5 0.95 0.53

Milk of 
Lime

ifi£aiix______
1.12 
g.lime

1.10 1.10 0.39 6.7 7.6 0.00 •0.71

» 0,75 0.9.9 1.85 0.96 6.3 7.7 0.86 -0.03

Dry lime 
Drying to 
£2/L.3ugar

1.0 0.99 1.85 1.91 6.5 7.4 0.86 0.92

Dry lime 
Drying to 
£8|L Sugar

1.0 1.57 1.40 1.06 6.6 7.4 •0.17 -o|n

Dry lime 
Drying to 
6m.... Sugar

0.5 1.5? 1.40 0.46 6.6 7.3 • 0.17 -1,11

Dry lime
Drying to 
£8$ 'Sittear

0.3 1.63 1.72 1.20 6.4 7.3 -0.09
. 7L .
-0.43

To 6-5̂  Sugar 0.15 1.63 1.72 1.05 6.4 7.1 •0.09 -0.58
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CHEMICAL CORD 1TI Oif I NO - DKYIUG Ilf A A I R CURRL1T.
i  n Increase inReagent used Amount F. Untr. Treated F.B. Treate< Invert Ratiofor treatment % on Beet D.C. D.C. D.C. Untr. I TreatedF.Beet J»l>i D.C.__

Lime powder 0.5 0.80 0.37 0.40 6 . 6 7.6 -0.43 -0,40« 0.25 ! 0.80 0.37 0.39 6 . 6 7.4 -0.43 -0 . 41
0.125 | 0. 67 0.29 0.50 6,4 7.4 -0.38 -0.17»i '» 0.0625 10.67 0.29 0.40 6.4 7.2 — 0  , 38 -0.27

Ditto,dryitog 1
to 5?^ Sugar 0 , 2 0 | 0.67 0.57 0 , 6 8 6,4 7,5 -0 . 1 0 0 . 0 1
Ditto,drying
to 56/o Sugar 0 , 1 0 0 .6 ^ 0.57 0.70 6.4 7.3

1
01—! 

! 
• 

1
0 

1
1 

1

0.03
Lime powder 0 . 2 0 ~0767~- o ^ T 0.80 6.4 7.4 0 . 1 1 0.13If w 0.25 0.60 0 . 8 6 0 . 8 8 6.4 6 . 6 0.26 0.28

ft M 0,50 0.60 0 . 8 6 0.89 6.4 7.2 0.26 0.29
Caustic soda — ----— — ———————— —  - -— * -u-ra-rw —. 1.. 1 n - 1111..

Soln,0.2$ 0.008 0.60 0.74 0.70 6.4 6 . 6 0.14 0 , 1 0»« 0.016 0.60 0,74 0 . 6 8 6.4 6 . 8 0.14 0.08tl 0.018 0.71 0.70 0.72 6.4 6.7 -0 . 0 1 -0 . 0 1W 0.024 0.71 0.70 0.74 6.4 6.7 -0 . 0 1 0.03
HaOH 0.5;?: 0.025 0.60 0.73 0 . 8 8 6.4 6.9 0.13 0.28tl 0.015 0.60 0.73 0.79 6.4 6 , 8 0.13 0.19
Sa3 (PO4 ).12
2% H 2 0 0 . 2 0 0.73 0.92 0.91 6.5 6.4 0.19 0,18H 0 . 1 2 0.73 0.92 0.93 6.5 6 . 6 0.19 0 . 2 0
(Solution)
Ha3 (P04).12 !■

iis
h 2o 0,5 0,73 0.67 0.74 6.5 7.0 — 0  • 06 0 . 0 1

(Solid) 1 . 0 0.73 0.67 0,72 6.5 7.1 -0.06 - 0 . 0 1
H

0 . 5 0.73 0 . 6 6 0.99 6.5 6 . 8 -0.07 0.26
n 0.25 0.73 0 . 6 6 0 . 8 8 6.5 6.5 -0.07 0.15 E

CaC( > 3 powder 1 . 0 0 0,62 0 . 8 0 0 . 8 8 6.5 6.7 0.18 0.26
0.30 0.60 0.80 0,92 6.5 6.7 0.18 0.30 \\
2 . 0 0 0.62 0.60 0.57 6.5 6 . 8 - 0 . 0 2 - 0 . 0 5  f« 0,50 0.62 0.60 0.60 6.5 6 . 6 - 0 . 0 2 • 0 . 0 2  ' f

i f a s C O j .  I O I I2O 0 . 2 0 0.59 0.7ET~0759~~ 6.4 7 . 0 0.16 0.00 \w 0 . 1 0 0.59 0.75 0*59 6.4 6 . 8 flULfi..._0 *OQ !;|
Bleaching 0.70 0.59 0.82 0.90 6.4 6.9 0.23 0.31 *
Powder_______ JL,Aa-_ 0.59 0.82 jLjya_ 6.4 0.03 __
Ammonia Soln. 0 . 2 1 0.72 0.82 0.81 6 . 6 6.7 0 . 1 0 0.09 :|?
Borax (solid) 0.40 0.70 1 . 1 0 1.34 6 . 6 7.4 0,40 0.64
HH4 CI ( " ) 1 . 0 0 0.83 0.83 0.97 6.7 5 * 9 0 . 0 0 0.13



SECTION 5*

THE DESIGN ARD OPERATION OF A DIFFUSION BATTERY FOR THE

EXTRACTION OF SUCROSE FROM DRIED SUGAR BEETS.

PART 1 ; GENERAL :
1. The Diffusion Process :
2. General Principles of Design for Diffusion Apparatus 
3* The Control of the Working of a Diffusion Battery t 
4* Factors in the Diffusion Prooess j
5* Trials with an Experimental Diffusion Battery*
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T.tixu BXTKACT Xuis' Gif' SUCrAR FROM M R  SUGrAH -diM I

The first method used (c, 1796) for the extraction of sugar 
from the sugar beet was hydraulic pressing of the rasped roots in 
one or more stages. In 1831 de Bombas!e (French Patent 7981, 1831) 
introduced the process of slicing the heet and treating the slices 
with liquors of gradually decreasing sugar content, de used wooden 
vats open at the top, in the first of which the slices were heated 
with live steam. In the remaining four vats the leaching proper 
took place. A sixth vessel contained the cold water supply.Pumps 
were provided to circulate the liquors, and the leaching vats were 
fitted with false bottoms of perforated wood.
From his experiments de Dombasle concluded that cold water would 
only leach out a small quantity of sugar from the cossettes no 
matter how small the slices were. Boiling temperature should be 
avoided however, and only enough heat used to destroy the vegetable 
principle and prevent decomposition of the sugar by bacterial 
action.

Duquesne ( F.P. 697* 1845) was responsible for the intro
duction cf closed diffusion cells made of sheet iron, but it was 
not until 1864, and after many years of work that Robert et Cie 
made warm leaching successful on the plant scale ( F.P 65,607,1864: 
see Brit.P. 594, 1866)*

The work of Fremy ( Sitzber. 1C. Akad.Wiss.Wien,50,442*1864) 
on pectose had led to an observation by Wiesner that 80°C. was too 
high a temperature for extraction. He advised 5G°C., whic h was 
low enough tp prevent swelling of the pectose in the cell walls. 
This swelling greatly hindered diffusion. There was also risk at
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80°C. of partial solution of the pectose with resulting impure 
juices which were more difficult to purify.

To-day the optimum temperature at the head of the battery is 
considered to lie between 72° and 80°C., since it has been found 
that coagulation of albuminoid substances is aided between these 
temperatures. The spedd of diffusion is also much greater so long 
as actual des ruction of the cell walls is avoided. At lower temp
eratures bacterial action is promoted and the enzymes diastase 
(60 -68°C.) and peptase (38 - 49°C.) are active.

In the early diffusion cycles the time taken was often very 
prolonged. Thus Bonald (T.I. Chem.E.,1b,86,1937) states that the 
average cycle time was 8 hours in 1874, which had been reduced to 
48 minutes, and even as low as 18 minutes by 1880. At present many 
factories work 2.5 to 3.0 cells per hour, although as many as 7.0 
cells per hour are filled in certain factories.

The velocity of the circulating liquids has been the subject 
of several studies. Thus Bouchon (Bull, assoc, chim. sue.,II,32, 
1893) investigated the effect of the height to diameter ratio of 
a diffusion cell, and found that with the height small there was 
more rapid circulation since the slices did not pack so tightly.
It is clearly of advantage,however, from the factory output point 
of view, to pack as much beet as possible into each cell.

results were obtained with a juice velocity of 18 cms. per minute, 
and the poorest results at 40 ems. per minute.

Lizeray (Alcool et Sucre,2, 75 & 105, 1894) showed that with

( Deut. Zuckerintf.,18, 539, 1894) found that good
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4 ram. cossettes, the resistance of the cossettes was about equal 
to that of the "battery, while with 3.0 - 3.5 mm. cossettes, the 
resistance became two and a half times that of the battery.

Donald (loc. cit.) has reviewed the diffusion process in beet
sugar manufacture, and has given an extensive bibliography.

ThuORhTICAL CODSIDLRATIohS,
In the fresh beet the plant cells are full of liquor holding

the soluble matter in solution. After drying these cell walls coll
apse, and the water removal leaves the precipitated soluble matter 
inside the cells.

In diffusion of such material, the speed of solution will 
depend on tne extent of rupture of the cell walls. If the walls 
remained unbrotren, the solvent will have to diffuse into the cell, 
dissolve the soluble material, and then pass out again with this 
material in solution. There is thus diffusion through the cellulose 
membraneas well as through the film at the liquid / solid inter
face. With ruptured cells there is only normally diffusion through 
the filter at the liquid / solid interface.

It has been shown by Gayley (J. Amer. Leather Chem. Assoc.,15, 
344, 1920) that tannins from chestnutwood tend to diffuse prefer
entially along the fibres of the wood instead of across them, this 
being in accordance with expectation from a consideration of the 
structure of the wood* By analogy, it is probable that sugar will 
diffuse more readily from beet slices along the grain than across 
it.
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_  'Mi. PKocjy--
The diffusion process or extrac 

consists in heating the sliced beet cossettes with hot juice and 
slowly lixiviating the mass with water in a systematic manner.

The liquor is displaced forward through a series of diffusion 
vessels filled with cossettes by additions of water to the first 
vessel until the extracted juice has a concentration of about 
15°Brix.
During this process three different actions are takLug place 
simultaneausly-
1. The washing out of the cell contents from broken cells,
2. The diffusion by dialysis of the soluble matter contained in 

the dead but otherwise uninjured vegetable cells,
3. The gradual solution of the difficultly soluble constituents 

of the beets.
The last of these is undesirable and must be restricted, since 
increase in the extraction of such impurities gives a lower purity 
juice which causes trouble in later stages of manufacture.

if diffusion could be carried out with beet reduced to the 
thickness of thread, an alraost ideal extraction would result, but 
the diffusion battery would soon choke with this fine materiel, 
which in any case would be difficult to prepare.

The time tot complete diffusion is regulated by the dimen
sions of the largest cossettes, but it must be remembered that 
the smaller chips are already over-exhausted when this time has
elapsed, and considerable amounts of nnnoi non-sugars may thus have

/ °ftion/sugar from beetroots
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passed into the juice. It is thus apparent that uniform smooth 
slices are especially desirable* and that the smaller and more 
nearly perfect are the cossettes, the better is the diffusion work, 
and the better are the operating conditions in the succeeding parts 
of the process.

The diffusion process can be regarded as consisting of FOUR 
operations
1. Sixe reduction of the solid :
2<. Contact with a solvent for diffusion to take place s
3, Separation of the liquid and solid phases s
4. Recovery of the solvent (if necessary).

Theoretically this process may be represented by a modified 
Noyes-Whitney equation in which are included as constants all the 
resistances to mass transfer the interface reaction ; the solid y 
the cell wall % the stagnant film \ and the bulk of the solvent.

The theoretical calculation is best based on the number of 
equilibriums occurring rather than on the number of cells filled.

If simple decantation is practised, the number of ceils M, 
required will equal the number of contacts. In diffusion work such 
as that used for sugar beets, the number of eells Mb will bear the 
relation(2llb - 1) to the number of contacts, i.e. s- 
Decantation - say 19 cells required, then Number of contacts is 19 : 
Diffusion - « 10 « H , M * a •* *

(20 - 1),or 19



General principles of de sign for d i f f tin j on apparatus.
The general plan will include 

A. The diffusion cells ; 3. The calorisators t 0. Accessories, 
end the design problem will oe concerned with
E. Type of apparatus chosen :T. Its general design : G.Structural 
details.

A diffusion battery may be regarded as a chemical engineering
iunit process system : the particular example selected is the k

• h
extraction of sugar from dried beet cossettes by water in a ten-
cell diffusion unit. Many of the factors involved are common to
design problems for other unit processes, and are given in detail.

This system aptly illustrates two well-known axioms in cheiai- 
cal engineering - that what goes in must come out, and that the 
ideal effluent from an industrial plant is distilled water or pure 
air.*

A basic problem here was the di ference of behaviour of the 
dried material from that of ordinary fresh beet slices, while a 
subsidiary difficulty was the familiar one of translating a qual
itative laboratory performance to the necessarily quantitative 
extraction required for economic work in a large size unit.

Earlier work on a large scale had shown that a diffusion 
battery of standard pattern did not work efficiently on dried 
beet cossettes# The main troubles were channelling and short- 
circuiting of the juice giving uneven extraction, production of 
excessive amounts of foam, and choking of the pipes by accumulat
ions of fine co&sette dust.
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Losses oi ' sugar were very heavy, the extraction seldom reaching 
85 per cent.

It was therefore decided to conduct experiments to determine 
the following :-

1. A design of diffusion battery suitable for this material

2. The percentage extraction obtainable with such a battery

3. The behaviour of the constituents of the dried beet cossettes 
during extraction.

4. The effect of conditioning the cossettes before or after drying 
to influence their subsequent extraction*

Six diffusion batteries in all were operated : these were 

1* A large scale battery of standard wet beet design, giving not 
above 85 per cent extraction with dried beet cossettes

2. A seven cell pilot plant experimental battery, capacity 25^3* 

of dried cossettes per cell.
3* A ten cell pilot plant battery of special design, capacity 28 

lbs. dried cossettes per cell 
4* A laboratory ba.ttery with 14 cells,, capacity 200 gms. per cell

5. A continuous diffusion battery of large pilot plant scale, 

total capacity, 80 lbs. dried cossettes, per hour.
6. A large scale battery, designed on the performance of Ho. 3 

battery above : cell capacity 896 lbs. dried cossettes (8 cts.)
Of these systems, Nos. 3*4, and 6, were successful : the 

designs for these were evolved from the less successful work with 

the remainder.
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The Control of the Working of a Diffusion Battery,
A reliable method for determining the conditions existing in

&. diffusion battery is not easily obtained. The only method which 
gives even an approximation is that of taking samples from diff- j 
erent parts of each vessel simultaneously and analysing them, 
when the analytical results are plotted on a graph a curve is

- i!
obtained which should have a determined shape when based on 1
rational rules. Irregjilar working of the battery will be revealed j 

by an irregular curve. This method of testing the performance of j 

a battery was proposed by Battut (La Sucrerie Indigene,27,414,188$! 
: some of the Battut Diagrams are shown in Figures 8,9,10fandll. 
Similar curves due to Stammer and Saillard are shown in Figures 3 i 

4, and 5, and a curve illustrating American practice (private 
communication) is given in Figure 7.

Curves obtained in the work on Dried Beet Cossettes are 
shown in Figures 18 to 25- In these curves the decrease in pH 
value as the juice density increases is well evident* The Brix0

t
ttex cell” represents the density of a random sample taken from
the cell while the battery was in operation : the final Brix0 is
that of the mixed contents of the cell when run off at the end of
each test* When working with dried beet cossettes it was found |

othat the absolute temperature maximum permissible was 90 0* : this 
is the maximum generally taken for fresh beet diffusion also*

Battut Concluded from his graphical results that the maxi
mum exhaustion of cossettes takes place at 65 0*, and not 75 0., ij. 
as had been commonly supposed* The coagulation of albumen is more 
complete at the higher temperature,however,and the juices purer.
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The diffusion Process in Beet Sugar manufacture

The factors Influencing the extraction of sugar from the beet 

by the diffusion process may be conveniently classified as follows 

!• Design and construction of the system,
2 f Materials entering, circulating, and issuing,

5. Operation and Control, including Economics.

This general scheme may be expanded under each of the above 

headings :-
1. Design and Construction of the system- General Plan 
— --- --------- — --------  (a) Type

(b) General design
(c) Structural details 

Under these headings will be included, the number, shape, and

size of the vessels, their capacity for beets, the ratio of height

to diameter of the cells, the screening area provided in the vessels

with its ratio of screening surface to total surface, and its

efficiency. The arrangement of the cells-e,g. in two lines or in a

circle, and the total length of the diffusion coitumn will also be

considered here.
Structural details These include the actual materials of constr

uction, the types of valves and the&r positioning, the pip/es and 

their dimensions, length and gauge of chains used for supporting 

the beet slices, the calorisators and their heating capacity , the 

steam traps, and the gaskets for cell closure. Other important 
points in general design are the position of the pipelines, the 
ease of access to the cells and calorisators, and the overall water
tight ness of the system.
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Graphical Representation of the Diffusion Process*
(M.J.Proffitt).
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Posture. No.

% Extraction RESIDUE OUT 
&  o f T e rm  or Column

CHIPS IN EXTRACT OUTfoConcentratlon 0
(a) COLUMN CONCEPT

(b) BATTERY CONCEPT
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D IFFU SIO N APPARATUS - CELLS
S’l'RtJOTCRAL DETAILS ■
Materials of Construction :- Cast iron is preferable for the cell 
bodies* and can be recommended for all piping except vertical pipes, 
which should be of forged iron. Copper is expensive, and is liable 
to attack by the juices.
Pipes :- Th© pipe joints should not be cast with the vessel. All
piping should be of adequate diameter for the flow of liquid, and. 
should be as short in length as possible, thus avoiding dilution 
of the juice. Bends are preferable to ©lbows, which impede the 
juice flow. The internal dimensions of the oipes should bear a
ratio to the cell diameter of about 1 to 12 for efficient circula
tion.
Valves These should be flat-seating and independent. They should 
be easy of access, and by preference situated at the working front 
of the vessels. The valve seatings should be of soft rubber which 
lasts longer than fibre if carefully handled. (Hard fibre leaks if 
the valve stem position moves).
Bye-passing arrangements :- This is very convenient in case of
serious mishap such as a cracked cell, or for severe choking of a■t
cell. The pipes used should be short with valves very close to the 
cell walls. Alternatively two standard pipes may be provided which 
can be joined up.
Mechanical tightness It Is clearly essential that the system 
should be as free as possible from leaks or potential sources of 
leaks.
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3TKUCTUBAL DETAILS : - These should have adequate heating power, and 
should have heating tubes of dimensions such that the battery 
circulation is never slowed down in them. Access to the aalorisat- 
ors .should be easy for cleaning, or in case interior choking occurs. 
Each calorisator should be provided with a steam-trap, and these 
should in turn lead to a main steam-trap.
flaskets s- Cell closure should be preferably by pressure joints, 
water inflated.
Ammonia pipes and gas ejection There should be a gas blow-off 
cock on the top of each vessel, and also on both the juice and 
steam sides of each calorisator at the top.
Control devices 1. Thermometers There should be a themo
rn ter attached to each vessel, placed in a position where the bulb 
is in direct contact with the flux. These instruments should be of 
mercury type, with bold figures, and should be placed where they 
can be easily read. Central thermometers of the recording type may 
be provided for average daily returns of head and tail temperatures. 
Since temperature is such an important factor in battery operation, 
every care should be taken to maintain regular temperatures, and to 
record them properly.
.Pressure gauges :- These should be of automatic type.
3. lujce measurement ;- Wherever possible the juice should be 
weighed on automatic recording scales - i.e. in a weigh-tank*
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g. Materials entering;, circulating, and issuing
(a) Entering Factors to be considered are the size and quality of
the slices, their packing in the cells, and their freedom from small 
particles and large uncut fingers. The filling apparatus and its 
operation are likewise important.
Cb) Circulating The water entering will be considered under the
heading solvent. The flux or circulating liquids in the cells must be 
controlled for velocity and temperature* and the draw-off juice for 
volume, density (Brix°), and purity.
(c) Issuing t- The draw-off juice has been mentioned above. The other 
materials issuing are the waste water and the exhausted or waste pulp. 
The arrangements for discharge of these will require attention* and 
the discharge temperature and sugar content of both products are of 
vital importance*
Gaseous interference and foaming There should be a minimum of air 
trapped while filling the cells* and arrangement must be made for 
release of gases evolved during extraction,e.g* by ammonia pipes.
5. Operation, Control* and Economics There must be adequate sampl- ■ 
ing and chemical control of the various products, including testing 
of condensates for sugar traces. The labour should be w e l l - trained 
assuring efficiency in actual manipulation of the flow, There Is also j 

variation possible in the actual formation of the cells worked, that 
is, in the cycle of filling, extracting, and emptying the cells.
The steam consumption and the balance of materials in and out of the 
system should be worked out for average working conditions.
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The Haw Material :- In considering the diffusion of wet or dried 

beet cossettes the properties which are significant Include i~ 1
The porosity : the relative ease of diffusion : The percentage of

broken cells present ; the quality of the beets- whether sound, 

bolted, or frosted roots: the dimensions of the slices- length, 

breadth, thickness, and surface area : the general physical propert

ies of the slices : the sugar content and other analytical data for 

the cossettes ( careful selection of analytical methods Is important 

here) : the percentage of small particles, dust and large,badly

sliced pieces present ; Freedom from dirt- i.e. the washing efficiency

the mechanical strength of the slices : and in the case of dried 

beet slices, the reducing sugars content, the per cent water present, 

the ash percentage, and the content of harmful nitrogen#

General arrangement of the battery The operating platform should 

be placed high up on the cells. The pipe-lines must be placed at 

least parallel to the bottoms of the cells to ensure proper drainage 

when emptying the cells. The calorisators should be placed similarly# 

Care must be taken that there is no excessive resistance to the flow 

of juice through the calorisator tubes# The calorisator bodies should 
be insulated# Throughout the system there should be a total absence 

of juice and water pockets. The clamping valve-dosrrs at the cell tops 
should be of the single action wheel type# The best arrangement of the 
battery for say twelve cells is In two rows of six, so that the 

return line from no. 12 to no. 1 is not abnormally long* The screen
holes should be made so that there is maximum screening area per 
unit of total area.



Section 5. SOLVENT USED:-
In most cases the solvent used will be water, although certain

advantages are claimed for the use of alcohol. The alcohol process 
was largely developed by the French , and was used about 1860 for 
the removal of gums from sorghum juice. It was later elaborated to 
give nearly complete precipitation of the sugar, so eliminating 
several stages in the water extraction process. This process is 
feasible, but has proved to be either too expensive or too much 
restricted by Government legislation.

The factors requiring consideration for the solvent may be 
grouped as below
1. Supply i 2. Quantity used s 3. Quality of supply 4.Temperature 
at entrance,S.Pressure available, 6. Economy of use, 7. Treatment of 
waste solvent : 8. Possible re-circulation of used solvent,
9. Corrosion factors.
Volume of water entering This determines the juice density, the 
rate of extraction, and the evaporator economy. The supply of fresh 
water should be adequate and continuous, and it should be of suitable 
quality. A hard water may not necessarily be a disadvantage, since 
diffusion juice Is always acid. The pressure used on the battery Is 
a key factor In circulation s it Is normally kept within the limits 
7-15 lbs. per square Inch. A meter should be provided to measure the 
total amount of water used, and careful control should be made of the 
water amount used for washing out the cells after emptying.

Corrosion problems are also directly affected by the quality of 
the water supply.
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General- points on battery operation The timing of the cycle must
foe controlled- i.e., for filling the cell, going through the flow-
cycle, and discharging. The battery working must not foe hindered by
allowing the waste pulp sump to become too full : similarly the
pumping away of waste water must foe co-ordinated with the treatment
given to this water in the effluent plant. A comprehensive reporting
system is necessary for the proper control of the battery working.

The lagging of the cells ma$ be practised for heat economy :
for the same reason the battery should be kept as free as possible
from cold air currents. The size of the pulp discharge door should
foe arranged to give gravity emptying of the waste pulp, although
this is seldom complete where chains are used in the cells.
Scohomlcs of the system This can foe stated to include 
l.~ the Capital cost : Fuel and Steam costs : Labour costs :
Overhead costs : Running costs, and Depreciation.
Type of Apparatus The type of apparatus used is a primary consid
eration, involving the following general factors :~
1. The daily amounts of material to be treated,
2. Whether operation is to be by batch or in a continuous system,
3. Whether the material is to be treated while static or is to be
stirred or otherwise-moved during extraction.
Location of apparatus :- The placing of the battery in the factory 
will have regard to:- 1. Access to raw materials, steam, power, and 
water ; 2. Waste disposal,S.Adequate control, 4. Minimum labour,
5. Relation to the other stages of the process, 6. Proper working 
conditions for the operators.
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Experimental Diffusion Battery,
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Trials with Improved Experimental Diffusion Battery*
1Test Mo. :- ! 1. 2. 3.

Duration of test, hours j 24 24 24
Mo. of vessels in battery j 10 10 10
V/t. Cossettes per cell, lbs. i 28 28 28
% Dust in Cossettes 9.5 6.4 6.8
Juice Draw-off, lbs. 4b 45 38-42
Draw-off, % on cossettes 160 160 136-150
Theoretical Draw-off, lbs. 42.6 43.0 41.1
Theoretical Draw-off,? on Cossettes
- ........- - ......................_ .......... ..-........ ...-...-....|

152 153 147
ANALYSES' i
<3os set ties, Sugar% 61.28 61.63 61.12
Juice, BrixS 48.06 46.71 47.78

Sugar% : 38.90 37.96 39.17
Purity ! 80.94 81.27 82.00

Waste Pulp Bugar$ 0.33 0.16 ! 0.32
Waste Water Sugar^ 0.20 0.08

\ ..... . „.r.n_

0.12

Lbs. Sugar Entering 821.29 770.90 j 822.00

Extraction, % on Sugar 97.07 97.65 95.54
Waste Pulp, % on Sugar 1.67 0.74 1.62
Waste Water, % on Sugar 0.74 0.29 0.50
Inversion, % on Sugar 2.25 0.51 0.58
Circulating pipe, % on Sugar — 0.63 1.44
Total Extraction, (including
Circulating p!pe,)?o on Sugar 98.28 96.98
Unknown Loss, % on Sugar . 0.18 0.32

% Waste Pulp on Cossettes 314 311 315
% Waste Water on Cossettes

. .............. ..............

233 248 . 246

Cells drawn off 45 44 50
Cells Pilled 55 50 56
Cells Emptied 47 42 48
Average Cells per hour 1.87 2.08 2.33

The analytical figures represent the average results of the
analyses made for each cell.
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TRIALS WIT& EXPERIMENTAL DIFPOSIOM BATTERY:
Test No. s- 1

Duration of test
Hours 

No. of vessels in 
Battery 

Wt. Cossettes per
Cell,lbs. ; 

Per cent Dust in 
Cossettes

1 1
t

84

7 \
28.5
5.7

2
27 
7

28 
4.25

3 j
18 ;

i

10 
28 
5.1 ;

4
1

12

10 \
!

08
8.05 j
... -

5
24 
10 ; 
28
5.4

Presoaking
15
7

28
2.9

Draw-off Juice lbs. 32.4 4§ 50 40 43 27.3
Draw-off per cent 

on Cossettes
i

114 ! 175 178 143 |160 98
Theoretical draw- s 

off, lbs.
i

40.5 41.7 45.1 43.1 w  « •

ditto,!'on Cos s. ;142 149 161.- . . . 154 i — —
ANALYSES ; 
Cossettes, Sugar^ 62.37 ! 63.39 60.38 62.34 62.14 61.91
Juice Brix° 4<; * 89 42.18 38.61 46.82 46.30 —

Sugarf 41.63 34.51 31.20 39.05 38.20 39.18
Puri ty 183.45 81.82 80.81 '83.41 88 .30

Waste Pulp Sugar! 2.02 1.18 0.39 0.73 0.38 1.30
haste water Sugar!' 0.95 0.49 ; 0.13 0.24 0.19 1.07
Lbs. Sugar entering 904.0 j 1195.47 770.5 593.6 929.09 357.8
Ail % on Sugar 
Extraction %

r". —
S 86.1 90.63 ! 94.4 81.73 96.06 76.08

Waste Pulp % !10.34 5.83 2.02 3.61 1.94 8.34
Waste water^ j 3.51 1.71 0.50 0.93 0*68 5.08
Inversion % 1.33 1.17 1.75 1.57 1.09 1.20
Unknown Los's % 0.66 1.35 12.16 0.23 9.30
Cells filled 61 74 53 42 61 30
Cells drawn-off 56 64 46 31 53 24
Cells emptied 56 67 44 33 52 24
Cells filled per 

hour 23?54 2.74 2. 94 3.50 2.54 2.00
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iPlSCUSSIQH Of RESULTS.
TRIAL I ,a_.....?....Q&LL3 The holes in the screens used in this test 
were in diameter and this caused poor circulation and? in one 
case complete choking* Prior to Trial 2 these holes were increased 
to 5/16 -inch diameter and no further difficulty in circulation was 
encountered.
TRIAL 2 : 7 CELLS ,»». A draw-off varying from 143 per cent to #13 
per cent on Dried Cossettes was taken during this trial, and it was 
found that the sugar content of the waste pulp and water, and the 
concentration of the juice were in direct relation to the draw-off. 
It was also evident that 7 cells were not enough and that a battery 
of at least 10 cells would be necessary for extracting dried beet. 
TRIAL 3 Three cells were added to the seven of the previous tests 
and a uniform draw-off of 178 per cent on Dried Cossettes was main- 
tained.This trial gave much improved extraction.
Uxi li?1 jRAiT I pi* EXTRACT I UP ; - The following analyses, made during -this 
trial, indicated fairly uniform extraction conditions 

■ SAMPLE PROM ■ - PER CERT..SUOAR
-i.n ̂ I ■*■ —X U .,..—Top of Vessel 0.79 0.54 0.40

Middle of Vessel 0.96 0.76 0.49
Bottom of Vessel 1.69 1.50 QjJkiL_
Average 1.15 0.93 0.45
Actual average content by

analysis 1.09 0.77 0.40
TRIAL. 4 .s LOWER ■ .BliAW-Offff t - The draw off 1 n this’ trial was" kept -
constant at 143 per cent on Dried Cassettes, and a corresponding
rise in the sugar content of the waste pulp and water was observed.
The abnormally low extraction recorded was found to be due to the
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juice remaining in the return circulation pipe containing 16 per 
cent of sugar. Allowing for this, the extraction hecomes 93.5 per 
cent.
TRIAL b i - A draw - off of 160 per cent on Dried Cossettes was 
taken in this test with satisfactory results. With allowance for 
certain known leaks, it was considered possible to obtain a 98 per 
cent extraction with this battery.
TRIALS WITH IilPjROVLL BATTSRf The battery designed as a result 
of the above trials had a ratio of height to diameter of unity with 
increased screening area and minimum lengths of piping,Ten cells 
were used and a draw-off of 160 per cent od Dried Cossettes was 
taken. The three trials made gave satisfactory results. In the third 
test,the influence of the lower draw-off on the extraction is clear
ly seen.

This experimental battery was used as the basis for the design 
of a lafcge scale battery to deal with 85 tons of Dried Cossettes 
per day (equivalent to 100 tons of fresh beets).
Dli&i&SXOHS -t- Diameter 4* 5” by 4* 5M high : area of bottom 15.3 
sq, ft. with a circumferential screen 6 inches deep. Total screen 
area per cell 2D.2 sq. ft. Screen perforations at §” pitch equal j 
to 35,4 per cent of total area i circular holes. Screening area j 
equivalent to t sq. ft, per cu. ft, of cell volume.

!Cells filling 825 lbs. of Dried Cossettes per vessel, or 18,5 lbs. |
j

per cu. ft. Recommended draw-off 150 per cent on Dried Cossettes* j
.!

giving 1237 lbs. juice per cell at 48°3rix, or 315 gallons juice 
per hour. I
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THEORETICAL DBA'; - OFF OF IMPROVED EXPERIMENTAL DIFFUSION BATTERY

Purii 1 y ? -
$Suc ro s o 
In Dried 
Cossettes’

56

Jji:1ce at 46°Brix 
80

Juice at 48°Brix

\ .r

a
11
or:

J *

I §1
I Glbs. a
i nons

42*4 o • oo

lbs
88
G
d
11
oris

lbs •

OO  •  D

80
G
a
11
ons

lbs.
84
G
a
11
ons

• 1 o

lbs
88
G
a
11
ons

3.00

lbs.

36.7

60

6*’

8.31 18.7 ’1.8 50.7 «■ . 4 o 41.0 3« 37 40.0 8.18 38*2

3.74 45.8 8.56 45.1 5.40 41.2 i.64 45.8 •I’/; 41.2 3.22 V,„*o .

Juice at 50°Brix Juice at 52°Brix
Puri ty *» -
^Sucrose 
in Dried 
Cossettes

80
G
a
11
ons

lbs*
84
G
a 1’ 
11 
ons

3S *
86
G
a 1
11
ons

bs*
80
G
a
11
ons

lbs.
a  '

a
11
ons

lbs
88
G
a
11
ons

lbs.

58 3.15 8§» 8 3.00 37.0 2.87 35.4 5.00 37.3 2.87 55.7 2.74 34*0

60 3,27 40*3 3*11 38.3 2.99 36.8 3 • 11 38.7 2.96 36.8 2.83 35*2

68 3, 38 41.6 ^ or:
XJ • £*0 40.0 3.07 37.8 3.21 *>; u G

%J 4  *S 5.00 87.3 2,92 36.3

Calculation
Lbs. draw-off

Gallons draw-off

Dried Cossettes filled x ;tS. in D.G
x % Extraction x 1 0 0 ________

% Sugar in juice x 100

X
lbs. wt per gallon
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A..UV.0X1 -IaTj , 8TLWU gERCI h*A •,!:?, PER HOUR 8QD All EDPEtl EHTAL
DIJPUSION BaTTERY*

BASIS ;- 100 lbs* Brie i Cossettes per hour containing 60 per cent
Sucrose* Per cent Draft)=189 lbs* Haw Juice at 35°Brix per hour* 

189# )
Assuming 97 per cent Extraction of sugar

313 per cent Wet Pulp on weight Dried Ooseettes
242 per cent Waste Water on M M M

Specific Heats Dried Cossettes, Wet Pulp and Waste Water taken
as approximately equal to 1 s Hs.w Juice at 35°Brix * 0*806*
Radiation Loss assumed to be approximately 15 per cent of total
heat supplied*

Heat Supplied per hour :-
(a) Heat in Dried Cossettes (100 lbs. at 590P*)j-

» 100 x (59-32) x 1 - 2,700 B.Th.Us.
(b) Heat in Battery Supply Water (68 gallons at 113°P*)- :-

=680 x (113-32) x 1 = 55,080 B.Th.Us.
(c) Heat in steam to Battery Calorisators "X**

Heat Leaving per Hour
(d( Heat in Raw Juice :-(189 lbs. per hour at 122°F. s~

= 189 x 0.806 x (122-32) * 13,710 B.Th.Us.
(e) Heat in wet Waste Pulp : 313 lbs* at 90# water and 131 • —

a 313 x 1 x (131-32) * 30,987 B.Th.Us.
(f) Heat in Battery Waste Water : 242 lbs. at 131°F. s-

= 242 x (131-32) x 1 » 23,958 B.Th.Us.
(d) 4- (©) + (f) “ 68*655 B.Th.Us. Q

(g) Radiation Loss (15 #) * (d) » (e) » (f) x 15 * 68 y655 ,x 1_5
85 85

= 12,116 B.Th.Us.
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The a * b * c « d  + e + f + g, or 57,780 + x * 80,771 
and x * 22,991 B.Th.Us. per hour to Oalorisators

Approximate lbs* steam required per hour for Oalorisators s- 
Steam Pressure « 20 lbs./sq.inch
Temperature of Condensate = Temp. Head 0alorisator+Temp.Tail Calr.-~2

= 176 + 113 * 145°F. 2------
B.Th.Us* per lb. steam at 20 lbs./sq.inch pressure condensing at
145°F. - 1 . 145-32 x h _

212=3? t S  x 227 " 1078

Lbs. steam required per hour at 20 lbs./s..inch pressure
* 22,991 _ on **~ o 78~ 21.33 lbs.

Taking Conductivity Efficiency of Oalorisators at 80 per cent s-
Lbs. Steam per Hour to Battery Oalorisators » 26.67 at 20 lbs./sqw.

* say 27 lbs*

Lbs. Steam per Hour to Battery Feed Water
B.Th.Us. Required per Hour,(b), * 55,080
Using steam at 60 lbs./sq.inch and condensing to 113°F.
B.Th.Us. per lb. steal? « 1180 : so lbs. steam per hour * 55^080

* 46.68 or say 47 Ibau steam per hour at
60 lbs./ sq. inch pressure.



104

GOflTimjJUS DIFFUSION.
Several British beetsugar factories employ a modifieation of 

the diffusion battery - the continuous diffuser. This consists of 
a long cylinder about 9 feet in Seameter and 82 feet in length, 
inclined at an angle of 4° to the horizontal. The cylinder is 
partitioned into 22 chambers in each of which paddles are fitted. 
The paddles lift the cossettes by stages from the lower to the 
higher end of the diffuser. A flow of hot water from the higher 
end gives continuous extraction, the raw diffusion juice leaving 
at the lower end. The water from the pulp presses is returned to 
the diffuser to recover the sugar which it contains.

Sugar losses in this type of diffusion apparatus are somewhat 
higher than in the cell diffusion battery.

This Raabe-Paschen diffuser is made by the Maschinen und Werk- 
zeugf&brik A.G. vorm A. P&schen s it is shown in various stages of 
development in Figure 19a ( due to M.3.Donald, T.I.Chem. £*, 15, 94, 
1937).

The first design provided separate weirs and overfalls (German 
patent 267,133, 1912 s U.S. patent 1,077,296). It was found that 
sand and other foreign matter collected in the non-perforated part* 
To prevent this the weir was enclosed by a perforated cover and the 
liquors were caused to converge to keep the exit clear (German 
patent 331,129,1919). In later designs circular screens a l l w  the 
liquor to flow through them, the cassettes being advanced by a side 
spiral (German patent 612,092, 1932), or by a bucket-shaped device 
in the circular screen itself (German patent 616,054,1933).
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Figure 19a,. .The Raabe~?ase>ien Continuous Diffuser.. .
Evolution s (iff.B.Donald,T.X.C!ieB.E. 195?*}
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Th Z o u - O  VEX. /?x*rS

TriGQW- OY£&

Figure 19b... The Raabe-Paschen Continuous Diffuser.

SECTION OF CONTINUOUS DIFFUSER

Figure 19c... Section of Experimental Continuous Diffuser.
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__M- EXHERIM&j>ITAL CQifTIffUQJS DIFFUSER. f

The continuous diffusion battery operated by the author was 
specially constructed for experimental work with dried beet slices.

The cylinder was 22 inches in diameter by 48 feet long, the 
lower half of the body being cast iron, and the upper half mild 
steel plate.

As shown in Figure 19b the lower part was divided into 17 
chambers by partitions extending up to near the centre line.
A shaft in two parts passed through the centre, each part being 
driven separately from the end of the diffuser ( lower part 10 
r.p.m., and higher part 8 r.p.m.). In each chamber there were four 
sets of arms. Scraping arms B kept the strainer A of the throw* 
over chamber free of pulp* and conveying arms C,G, propelled the 
pulp towards the comb-shaped arms D which lifted the pulp into the 
succeeding chamber.

The dried beet cossettes entered at the lower end of the 
diffuser, where they mixed with the liquid, and were thrown over 
into each succeeding chamber, passing from the top chamber to a 
conveyor carrying them to the pulp press. Fresh water entered at 
chamber F or G, while thenwater returned from the pulp press 
entered about half-way along the diffuser.Thus the fresh hot 
water met exhausted cossettes* p a s s e d  through the strainer plat© 
in the top chambers* over the weir lip of the partitions A, and 
then down between the partition plates to the next chamber* so 
meeting richer cossettes in succession until it left as concen
trated Juice at the lower end of the diffuser.
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The dried cosset fces were heated in a small pre-soaking tank and 
mixed with some previously obtained diffusion juice before enter
ing the continuous diffuser. *

The total fresh water required in such a diffuser even for 
fresh beets is, less than half that necessary for the battery diffu
sion process. On fresh beets the cycle time is approximately 30 
minutes» and fresh slices are normally only steamed at the 
slicing machines to raise their temperature to a point suitable 
for diffusion.

 BXJBBHIMBHTAL RESULTS.
Preliminary tests s- The pre-soaking tank as originally constr
ucted would not discharge cossettes* and the discharge chute was 
lowered 3 inches and a baffle plate inserted with satisfactory 
results. In the first test the cossettes were exhausted to 0.46 
per cent sugar* but a high density juice was not obtained.

In the second test juice of 2?°Brix was obtained with pulp at 
1.8 per cent sugar* but the juice purity was very low due to the 
prolonged soaking of the cossettes in the pre-soaking tank with 
consequent softening of the slices and choking of the diffuser 
screens. Considerable difficulty was found in maintaining suffic
ient heat for correct diffusion. Little water is necessary to 
produce a juice of 35-SG°®rix» and since the qiantity of slices 
treated was small in relation to the length of the diffuser, the 
heat loss was excessive# and it was necessary to carry high temp
eratures at bothe ends* with adverse effect on the juice purity.
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The diffuser required a good deal of attention mechanically.
The fine dust in the pulp was not carried forward through the 
diffuser and tended to accumulate in the chambers and either choice 
the screens or emerge with, the juice. The advantage claimed that 
the pulp press water could be returned to the diffuser is not 
obtained with dried cossettes owing to the lowering of the juice 
purity due to the pulp press water.

Although the temperature could not be raised to the desired 
level* the third test gave an extraction of 86,5 per cent with 
waste pulp containing 2.1 per cent of sugar and juice at 48°Brix.

Results
Duration of test, hours.,,..  .... ...... *. 10*5
Wt. cossettes entering per hour, lbs......... .... ... 80
Per cent dust in dried cossettes...........   5.1
Juice drawn off, lbs. per hour............... ........161
Draw-off, per cent on cossettes per hour,.............200
Theoretical draw-off,................    per cent.......133
Analyses Dried cossettes Raw Juice .Jaste,.Pul.p.
Brixo -- 44.71
Sugar, per cent 64,0 36.05 2.11
Purity *—  80.63
Balance

Lbs. sugar entering in dried cossettes.........537.60
840 Ibe. at 64.0 per cent sugar

Lbs. sugar entering in Stock juice...      .114.20
Total ; 651.80

Lbs. sugar in battery at end...........  ...190.70
Lbs»sugar cutering, total 461 • 10

Extraction,. per cent op sugar*................,.... * *.. 86.56
Known loss, including 1.3 per cent inversion loss...., 11*82
Unknown loss...,.............per cent on sugar*..... . *#

100.00
Lbs. juice drawn off 
Lbs. waste pulp.

1173
2558
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The juice was very dirty and contained a large amount ©f 

suspended pulp particles, A double clarification was given, the 
juice being passed through a high speed Sharpies ej&rifier to 
remove the pulp a n d  then limed to pH 7.2 and re-clarified.
The clear juice was boiled to grain in a vacuum pan.
ANALYSES BRI,i° PER CENT SUGAR PURIl i pH VALUE
Raw Juice 44,71 36.05 80.63 4.5
Double Clarified

Juice 46.30 38.70 83. 51 7.2
Massecuite 90.92 75.40 82.93 7.0
Green Syrup 79.90 60.20 75.36 6.9
Unwashed sugar 95.10 m •
Per cent yield of crystals from massecuite.. ,..36.4

CONCLUSIONS-.
The continuous diffuser would require to be provided with an 

efficient heating and screening system specially designed for use 
with dried cossettes.

It is apparent that there is greater room for losses to 
occur in a diffuser where both the slices and the juice are in 
motion. The average purity of the juice obtained and the average 
loss in the pulp are both less favourable then results easily 
maintained in a cell diffusion battery.

The maintaining of a continuous diffuser in good working 
order was found to be much more difficult than the maintenance 
of a cell battery, even in the short working periods of these 
tests.
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The me in factors controlling the extent of inversion of sugar 
in the diffusion process are the temperature, the time of contact, 
the pH value of the cossettes ana the juice, the density of the 
final raw juice drawn off, aftd-.the percentage extraction which is

required. Subsidiary factors are the size of the beet slices, their 
chemical composition, ana their compression in the battery.

Catalytic action due to the iron vessels or to the occluded 
gases of the battery may also be significant, The method of heating 
the circulating flux of the s/:U; ill undoubtedly be most vital 
in determining the extent of inversion, or even destruction of 
sugar. Incidental factors such as spasmodic working or local over
heating must be ignored in a general survey of the causes of this 
inversion.

The increase in the reducing sugars / sucrose ratio which is 
observed in diffusion may be occasioned in pert by the formation of 
other reducing substances during extraction, to general errors in 
the i&ethods of analysis, to the under-extraction of sucrose with 
complete extraction of reducing sugars, or to the influence of other 
bodies present in the dried c o b settea on the determination of either 
sucrose or reducing sugars, but it i$ probable that the bulk of the 
rise is caused by inversion of sucrose.

Two problems which are of interest may be answered by the 
experimental work which was carried out on extraction with special 
reference to the behaviour of the reducing sugars. These are

1. Is the invert ratio increase greater when the initial amount of



113

reducing sugars present i n  the coeeettes l&  high- in other words

does invert-sugsr catalyse the formation of more invert-eager?
2. Doer th e  invert ratio rise as the percent - ce extraction of
sucrose is increased?
EXPERIMENTAL WORK
1. The ci:i :i usion battery : - This oonsLsted of twelve iron vessels 

each holding approximately 200 gms. of dried cossettes. Each vessel 
was provided Vvith copper screens top end bottom, and the connecting 
pipes were of copper. The outsides of t;e vessels' and pipes were 

lagged, and the cells were arranged one above the other for conven
ience in warning.

The trials were mad© (a) on ordinary ♦acid-dried1 cossettes-
l.e. dried with furnace gases ; (b) 6n  ’neutral’ cossettes dried 

with pure air; and (c) on ’acid-dried’ cossettes with chemical

treatment in the battery. Sixteen teste were made in all.
Dimensions of the battery

Bach ceil was 6.1 inches long by 3.6 inches diameter : the 
effective length between screens being 5.6 inches. This gave a screen 
of 10.18 square .inches, and a capacity of 57 oubic inches which was 
equivalent to 0.934 litre. The 2 0 0 gms. fill of dried cossettes per 
ceil therefore amounted to 214 gms per litre or 21.4 Kgs. per Hecto
litre.
Reagents used From the tests made on addition of reagents curing 
beet drying, it was decided to try the effect of conditioning the 

water used for the battery with 1, Sodium hydroxide, 2. sodium carb

onate, 3. Ammonium Carbonate, and 4. Lime.
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All ALY 3 Hi OF DIFFUSION JUICES FAQ A DAI.ED COSSETTES
DESC 'lIPTION FROM B • • DRIED 

WITH FURNACE 
GASES

FROM D.O 
WITH ?Uv'

. DRIED 
3 AIR

FROM BEST DRIED 
COSSETTES 

(SELECTED)
ON WET

,9 ON DRY
■<___... ..

ON WET
-f

.. . /c: ____
' 

1
■P
vJ

S3° 
J ON WET

of. /L.....
ON DRY

P

WATER 63*73 66.19 — 42.30

SUCROSE 31.40 86.70 29.10 86.07 50.20 86.90

Reducing
SUGARS 0.82 2.86 0.67 1.98 1.05 1.82

ASH 0.73 2.02 0.93 2.75 1.21 2.10
OTHER QlG- 
anlC EATTER 
(By Differern 3.27

e)
9.03 3.11 9.20 5.30 9.18

BRIX0 36.22 — 33.81 — 57.70 —

TOTAL HITCOG;IN 0.28 0.77 0.20 0.59 0.36 0.63
MMONIACAL
NITROGEN 0.07 0.20 0.05 0.15 0.10 0.18

P30T0PJ2CTIN 0.50 1.38 0.56 1.66 0.42 0.73

SOLUBLE
PECTIN 0.04 0.11 0.05 0.11 0.07 0.12

PENTOSAN 0.14 0.39 0.26 0.77 0.32 j 0.55

INVERT RATIO — 2.61 — 2.30 — 2.09

pH VALUE 4.70 — 6.30 — 5.10 —

PURITY 86.70 86.07 — 86.90 —

ALBUMINOID
NITROGEN 1.75 ^3.56 1.25 2.75 2.25 2.81

The &Ibuminoid nitrogen wr s t&K.en es 6.25 tiines( total nitrogen less 

ammoniacel nitrogen.
J •



DESCRIPTION /ROM D.C. DRIED 
WITH FURNACE 

GASES
FROM D.C. DRIED 
WITH PURE AIR

FROM D.C. DRIED 
COSSETTES 
(SELECTED)

ON WET 
D «J .

ON DRY 
ASH

ON 'ART 
j j * tj«

ON DRY
ASH

ON W ET 
D.J.

ON DRY 
ASH

INSOLUBLE
MATTER
SULPHATE

s<y
so,'f

CHLORIDE
Cl'

P2°5 

AlpO«2 +"E
CaO
MgO
ALKALIS
BY DIFFERENCE
so3
LIME SALTS 
(AS CaO)

0.34

0.18

0.04

0.06

0.22
0.16

0.09

0.93

0.004

0.16

16.73

8.91
7.43

2.10
2.96

10.71 
7.92 

4.60

46.07

0.41

0.57

14.96

20.80

0.03

0.10

0.17

0.05
0.08

1.34

0.0005

1.26

3.74

6.07

1.87
3.05

48.25

0.22

0.33

0.04

0.10

0.11
0.03
0.09

1.18

10.36

15.73

1.82

4.65

5.37
1.50
4.12

56.45
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IKTCRSIOH~BIFirUSlQH TRIALS.

1 , Diffusion at 15°C.;acid-dried eossettes 5 15 rains* contact*

2. " ” 15°G. jpure-air-dried eossettes j 15 mins. contact.

3 * " ” 15°C.;pure-air-dried eossettes ; water made alkaline.

4* Repeat of Ho. 1 Trial, using different dried coasettes.

5. Gold diffusion of puie-air-dried eossettes ; 15 mins. contact.

6. As in Ho. 5 Trial, with only 5 minutes contact time.

7. Gold diffusion of acid-dried eossettes with 5 mins. contact time.

8 . Hot Diffusion'(60°G.) of pure-air-dried eossettes s 5 mins.cont
act.

9. Hot Diffusion (60°C.) of acid-dried eossettes with only 5 mins. 
contact-time.

10.Hot Diffusion (75°C.) of pure-air-dried eossettes with 5 minutes 
contact-time.

11.Hot Diffusion (75°G.) of acid-dried eossettes with 5 minutes 
contact-time.

12.Hot Diffusion (73°0.) of pure-air-dried eossettes with 5 minutes 
contact-time.

13.Hot Diffusion (7B°C.) of acid-dried eossettes t 5 mins. contact.

14.Hot Diffusion (78°C.) of pure-air-dried eossettes treated with 
Ammonium Carbonate to pH 7*1 5 5 minutes contact time.

15.As in Ho. 14 Trial, using acid-dried eossettes.
16.As in Ho. 14 Trial, but eossettes treated with 0.5 per cent lime-
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IlTOBSIOff DIFFUSION TRIALS 
h o * l:.?fii i us ion r ■ t .15°0.
Pondit ions : — Fi11=200 gms. fecid-dried* eossettes of analysis - 

later, 8.50 : Sugar, 62.40 : 1 invert sugar, 1.14 : h Invert
Sugar on dry, 1.25 : Invert Batio, 1.85.
Fifteen minutes contact in each cell - 12 cells filled
Cell
ho.

ins
Con
tact

 ̂ °hx
e x  
cel i

Bx°S t.
end

b Ug
h r

j 
, ■}i

Ins.
Inv
ert
}{P % io

u/> Inv. 
on 
dry

pH
Gms. 
Jce.

Gins.
Pulp Purity

1. 15 1.19 1.10 0.23 20.9 19.33 7.5 210 610 92.45
2. 30 8.8 1.44 l.3o 0.11 8.46 7.64 7.4 225 •C f .c 90.26

3. 45 16.3 2.64 2.30 0.23 10.00 8.71 7.3 180 650 87.12

4. 60 25.4 3.69 3.50 0.29 8.29 7.86 7.1 205 640 94.86

5. 75 27.8 5.59 5.10 0.21 4.12 3.76 7.0 205 640 91.24
6. 90 31.9 7.39 7.00 0.22 3.14 2.58 6.9 210 635 94.73
7. 105 32.5 9.59 8.60 0.29 3.37 3.02 6.7 215 630 89.69
8. 120 33.1 12.74 12.00 0.45 3.75 3.53 6.5 230 blO 94.19
5. 135 37.2 16.88 16.00 o. 65 4.06 3.85 6.3 315 590 94.77
10. 150 38.9* .22.88 20.5o 0.81 3.95 3.54 5.9 355 595 89.62

11. 165 41.9 31.36 28.50 0.76 2.67 2.39 5.6 325 615 90.88
12. 180 43.5 42.84 38.50 0.4B 1.25 1.12 5.3 385 605 89.89

Sugar in Pulps Cell 1 * 2.4 : cell 2 = 5.0 : cell 3 * 4.6

Bemsrks The most noteworthy feature in this test is the high 
purity of juice obtained by cold extraction. There is also a steady 
drop in the pH value ox the juice as it concentrates from cell to 
cell. See Figures 20 and 21.
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D W t i K S I O M  H I F F O H I O R  P H I A L S  

Ho* 2 .Dili as ion a t 1 5 Q0» usl yir c o b s  e ttes d r i e d  w i t h  * pare* air.

Gona.ltions :- Pill = 100 gras. Goscettes analysis - ■ later,.12.0 :

>' Cuger, 60.8 : •/> Invert Bugn.r, 0.71 : 1 Invert Ouger on dry,0.80 :

Invert Ratio, 1.16. 15 minutes contact ineach ox' 12 cells filled.
Cell
ho.

Mins
Con
tact

•n O.B x
e x
cell

~  Q
six
at
end

p - -------
i

; ' •' *“h.> 
ar

Inv
ert

Inv
ert
Ratio

.f

Inv
ert 

o n  dry
p H

Gras, 
J c e .

Gais.  

Pulp.
Pur
ity

1 . 1 9 — . 0.40 0.20 0.45 ci 2 5 . 0 112.5 6.9 520 370 50.0

2. 30 7.53 0.45 0. 30 0.62 207.0 137.8 6.8 525 360 66.67
3. 49 9.13 0.60 0.50 0.33 66.0 55.0 6.8 530 370 83.33
4. 60 11.33 1.15 1.00 0.12 12.1 10.52 6.6 545 350 86.96
3 . 75 13.23 2.05 1.80 0.22 12.22 10.73 6.4 540 370 87.80
6. 90 14.48 3.35 2.90 0.32 11.03 9.55 6.3 510 380 36.58

7. 105 Iq • 14 4.05 3.60 0.18 5.08 4.52 6.2 520 405 88.88

8. 120 16.29 5.40 4.80 0.21 4.29 3.81 6.1 530 t?  *** r r:o5 88.88

9. 135 19.89 7.73 7.00 0.16 2.33 2.11 6.0 530 350 90.55
10. 150 20.49 11.33 10.1 0.23 2*28 2.03 6.0 520 360 69.15
11. 165 21.19 15.34 14.o 0.15 1.04 0.95 5.9 595 270

■\
91.26

12. 180 23.14 20.84 19.2 0.21 1.07 0.99 6.3 715 210 92.12

Total water used :- 9 litres. f> Sugar in pulp in last vessel *=0.6

Remarks It is clear from the above results that the drying with

pure air has had a marked effect on the invert ratio during extrac

tion. In the last few cells worked there has been little or no incrc 
ase in this figure, gee Figures 22 and 23*
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TEST So. 2 - C0SSEITB3 DRIED WITH PUKE AIR
CELL No

4-5

3rJẐ

Pig.22
*

CELL Bo.

5̂-

Inver b

C e l l  1 225.0 invert Ratio
2 207.03̂ 55.n

i!
Pig.23



Conditions :- Fill * 

^ftoter,8.5 : s' Sugar, ( 

on dry, 0.66 : Invert 1 
Twelve cells 11 lied, e.r

gms./abivsdried eossettes analysis - 

2.8, : Invert Sugar, 0.6 : '?> invert Sugar

etio, 0.96 : 19 mine, contact in each cell, 
u then 13 : samples taken after 25 cells.

Cell10. i/:ins
Don
tact

Bx°
ex
cell

■jn

G © 11 
Sugar

■ i  
?

Inv
ert

In v 
ert
Ratio

4 e g  / '
Inv
ert
on dry

pH
Gas.
Joe.

- . 1
Pulp

Pur
ity

X « 210 1,86
below

0.80 0.12 14.38 12.23 9.0 360 450 — .

2. 225 2.70 0.1b 6.08 5.74 8.95 365 460 ■mm

3. 240 3.70 0.27 7.30 5.68 8.50 450 410
m mmm

4. 255 5.49 0.19 3.56 3.50 8.05 320 420 --

5. 270 7.90 0.21 2.61 2.57 7.7 365 410 ~
6. 285 8.50 0.25 2.94 2 .88 7.5 380 390
7. 500 13.60 0.22 1.62 1.51 7.3 410 365 93.46

8. 515 15 #1© ;0*25' 1.66 1.57 7.1 460 360 94.66

9. 330 17.70 0.29 1.61 1.43 7.0 540 355 92.68

10. ;.45 . 22..40 0.„28 1.̂ :3' 1.1,5 6...8-: 585 370 93.33
11. 360 30.20 0.22 0.73 0.69 6.6 585 365 94.14
12. 375 38.90 0.48 1.23 1.13 6.4 590 360 91.68

Remarks :- The sodium hydroxide was added to the battery water supply 
to give 0.084 per cent in solution. It is seen that the invert ratio 

has not greatly increased in these conditions, but that a slight 
amount of inversion is still occurring. See Figures 24 and 25.
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INVERSION DIJfFUSIOH THIALS 
&o. 3 Brix0 Of each cell fitter 15 minutes contact 
Cell Ho, Brlx° Briac° at end Minutes Contact

1 —  —

2 4.95 —  30
3 6.93 —  45
4 11.33 —  60
5 12.58 —  75
6 12.88 —  90
7 15.49 —  105
8 17.99 —  120
9 19.19 —  135

10 21.64 —  150
11 22.39 —  165
12 24.04 —  180
13 27.36 ~  195
14 27.48 0.94 210
15 29.26 2.84 225
16 30.31 4.04 240
17 31.91 5.49 255
18 34.84 8.02 270
19 36.59 8.69 285
2Q 38.44 14.55 300
21 38.94 15.95 315
22 39.92 19.10 330
23 40.32 24.00 345
24 42.06 32.08 360
25 45.52 42.42 375
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mnzihim dipftjbiqh trials
Ho. 4 - Repeat ox ho. 1 trial - ,t,df fusion of "acid-dried* eossettes 
at 15°C.
Conditions :- Filling 200 gas. eossettes of analysis later,9.3 ep :
<P Luger, 62.4 /» : fnvert-Luger, 0.6 /■ ; Invert Ratio, 0.96 : 15 mins. 
contact in each cell: 12 cells filled.
Ceil
Ho.

ilina.
Con
tact

Bx?
ex
cell

r» 0Bx. , 1
Sug
ar

Inv
ert

Inv
ert 

Rat io
/’ Inv 
-eit 

on dry
pH

Grins. 
<J00 .

Bras. 
Pulp

Pur
ity

J. 15 7.38 0.44 0.30 0.26 85.0 58.0 6.9 330 575 —
2 30 12.73 0.59 o.50 0.18 36.5 31.0 6.7 310 590 —

3 45 16.99 1.39 I • 10 0.18 1 b. 6 13.2 6.5 290 580 —

4 6 0 22.99 2.54 2.20 0.32 14.6 12.6 6.3 3 6 0 550 —

5 75 26.86 4.25 3.70 0.29 7.7 6.6 6 ? ■V « c~. 230 625 —

6 90 29.56 5.79 5.20 0 • 2.2 4.23 3.3 6.1 330 590 —

7 105 30.71 7.84 7.30 0.25 3.42 3.2 5.3 300 6 0 0 —

8 120 33.99 11.2? 10.30 0.29 2.77 2.5 5.7 285 630 91r41
9 135 3 o. 4 4 14.2? 12.90 0.34 2.64 2.4 5.5 3 6 0 580 90.42
10 150 38.79 19.93 18.00 0.50 2.78 2.5 5.3 440 540 90.33
11 165 39.84 27.31 24.20 o.6o 2.48 2.2 5.0 550 475 88.59
12 180 41.84 .54 33.90 0.90 2.65 2.3 4.7 690 420 87.94

Vmste pulps $ Bugar — Cell 1 — 1 ,3 i cell 2 * L.9 : cwll 3 » 2.5:
9.2 litres of weter used in test.

Remarks :- comparing this trial with Ho. 1, it ie seen at once that 
there is considerable divergence in the results : the initial invert 
sugar content may be the cause ox this.
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XIV -hit -b 1 QI<I .u XI* X1JC.[ uls j.'ii, IAIjB
Hq . 5 ~ Cola diffusion. of pure-air dried eossettes: )-
Gcmditions

Filling 200 gms. eossettes of analysis Water,9*2 f> \
Buga. 3 62.8 :h : Invert-8ugnr, 0.6 * : Invert Ratio , 0 .96 ; 15 mins.
contrict in 6&on ce11 : 12 cells f i 11 id.

CellMo.
jil Ins.. 
Con
tact

Bx? '
ex
cell

Rx? 4

Bug 
-a r

d,

Inv
ert

Inv
ert 
Ra fcio

d
Inv
ert
on dry

pH
Gras. 
Jce.

0-ms . 
Pulp

Pur-
ity

1 13 6.55 26o 635
oc. 30 7.20 1.14 1.10 0.16 16.3 — 6.9 250 640 —
3 45 13.19 265 635
4 60 16.99 260 640
5 75 19.73 5.09 4.90 0.14 2.9 — 6.8 270 630 --
6 90 22.84 290 620

7 105 26.3 6 270 610
8 120 28.56 11.27 10.7 0.19 1.79 8 . 4 290 620 94.97

9 135 31.11 320 580

10 150 34.89 19.68 IB. 8 0.25 1.33 6.0 430 520 95.52

11 165 35.09 26.31 24.4 0.43 1.76 — — 5.9 470 470 92.72
12 ibO 36.14 35.29 33.20 0.45 1.36 6.3 640 340 94.08

b
Waste pulp fro. cell Mo. 1 :- $ Sugar « 1.6 : total water used * 8.9 1

litre
Remarks :- This test again showed that even with pure-air dried coss
et tes of low acidity and with cold diffusion, the invert ratio rises,
but is much less than with acid-dried eossettes.



in ve r s i o n d i ff us ion tr ia ls
pure

No. 6 s- C old diffusion of/air-dried eossettes with shorter contact 
time
Conditions s- Filling 200 gms. per cell of eossettes of analysis 
Water, 10.3 /• : Sugar, 59*2 ; Invert-sugar, 0.61 j ,  % Invert Ratio,
1.03 s 5 minutes contact inneach cell % 12 cells filled.

Cell
No.

.ins,
Con
tact

i3x
ex
cell

!ix°
bug
-ar

Inv
ert

Inv
e r t
Ratio

■f
Inv-
gKWry

pH
fens.
Jce.

G-ms. 
Pulp

Pur
ity

1 5 5.93 2.25 2.1 .0.21 9.8 6.9 250 620
2 10 10.18 260 630 —
3 15 11.33 280 620

4 20 12.03 270 640
5 25 13*23 5.35 5.1 0.18 3.49 — 6.6 280 640 —
6 30 15.04 290 635

7 35 16.84 300 630
8 40 19.29 9*53 9.00 0.18 2.03 -- 6.3 370 580
9 45 20.49 350 555

10 50 21.09 14.74 13.40 0.27 2.01 6.2 400 490 90*89
11 55 22.24 18.54 17.30 0.16 0.94 — 5.7 560 430 93*30
12 60 24.09 22.99 21.60 Q.26 1.18 -- 5.9 620 390 93.97

Cell No. 1 $  Sugar in waste Pulp = 4.7

Remarks :— There appears to be a slight reduction in the invert 
ratio by the speeding up of the contact time.
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i n ve rs ion n  elusion tr ia ls
NQ* 7 «— Bold diffusion of yacid—dried1 eossettes with shorter 
contact time ;-
Conditions ;- billing 200 gms. per cell of eossettes,of analysis :— 
Water, 8.6 f- : Sugar, 60.0 $ : Invert-sugar, 0.88 $ % Invert Ratio, 
1.47 : 5 minutes contact in each cell % 12 cells filled.

Cell
Ho.

Mins • 
Con
tact

Bx.
ex
cell

Bx° 4f*Bug
-ar

fj
inv
ert

Inv
ert
Ratio

. . ..........

pH
Gms.
Jce.

G-ms.
Pulp

Pur
ity

1 5 7 . 4 220 625
2 10 12.1 3.25 2.90 0.14 4.9 6.5 220 630 —
3 15 16.24 200 635

4 20 20.64 200 640 ■
5 25 2 4.64 6.75 6.2 0.19 3.1 6.1 210 645 —

6 30 25.96 220 650

7 35 29.11 230 650
8 40 30.11 14.0 12.7 0.29 2.26 5.7 290 640 90.72
9 45 32.06 250 695

10 50 33*46 23.44 20.6 0.57 2 , 7 7 5.4 380 580 87.72
11 55 35.60 29.71 26.4 0.80 3.01 5.3 400 630 88*86
12 60 35.85 3$.70 34.3 1.10 3.21 4 . 8 510 570 88.63

Cell No. 1 fo Sugar in Waste Pulp :- 4.3 f>

Remarks :- There has again been a large increase in the invert ratio 
and acidity with the use of eossettes dried with furnace gases.
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IITOHoION DIFFUSION TRIALS 
No* 8 : — Hot diffusion at 60 °C. of pure—air dried eossettes with 
shorter contact time s-
Conditions Filling 200 gms. per/cell of eossettes , of analysis |' j
Water, 11.8 ; Sugar, 63-2 % Invert-Sugar, 0.58 $ : Invert Ratio, ]
0.92 : 5 minutes contact in each cell % 12 cells filled.

Cell
Mo.

iins.
Con
tact

Bx.
ex
cell

Bx°
Sag
-ar

I nv 
ert

Inv
ert 
aatr 0

pH
Oms.
Jce.

Gms.
Pulp

Pur
ity

1 5 8.05 270 570
2 10 12.23 1.75 1.40 0.15 10.6 h . 6 260 590 —

3 15' 15.24 300 605

4 20 15.99 300 610
5 25 17.34 6.95 6.20 0.27 4.27 6.5 320 600 —

6 30 17.89 240 640

7 35 18.19 240 645
8 40 22.99 15.29 14.10 0.27 1.88 6.2 230 640 92.21

9 45 24.04 310 600

10 50 28.56 23.09 21.60 0.31 1.41 5.9 310 610 93.56
11 55 29.11 29.86 28.00 0.66 2.36 5.6 370 640 93.78
12 60 31.31 34.01 32.00 0.62 1.94 5.9 520 570 93.97

Cell Mo. 1 s- /'■' Sugar in Waste Pulp 1.6

Remarks :— This test shows very clearly the increase in inversion
increase

caused by even a moderate/in temperature.
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INVERSION D l?  U.>K)H TRIALS 
 9 .s.— Hot; diffusion at 60Q0. of 1 acid—dried.* eossettes with

shorter contact time ;-
6Qnditi.Qas _ • Filling 200 gms. per cell of eossettes of analysis :- 
Water, 9*9 f> : Sugar, 61.6 f, : Invert-Sugar, 0.61 / s Invert Ratio,
0.99 : 5 minutes contact in each cell s 12 cells filled.

Cell
No.

bins.
Con
tact

Bx?
ex
cell

Bx? p.
dUg
-ar

/'vInv
ert

Inv
ert
Ratio

pH
Gms.
Joe.

Gms • 
Pulp

Pur
ity

1 5 11.32 215 540
2 10 13.65 1.15 1.00 0.16 16.0 6.4 210 560 —
3 15 200 590

4 20 20.60 205 645

5 25 23.48 5.45 5.lo 0.25 4.9 6.1 210 630 —

6 30 24.98 250 640

7 35 25.73 245 665

8 40 26.43 12.58 11.60 0.29 2.46 5.5 250 655 92.23

9 45 28.68 350 640

10 50 33.93 21.59 1 j. 60 0.46 2.35 5.3 420 600 90.59

11 55 36.72 28.46 25.90 0.79 3.03 4.7 540 520 91.01

12 60 37.67 39.75 34.40 0.74 2.15 4.8 600 470 88.08

Cell No. 1 :- f. Sugar in Waste PUlp 5 - 1.8

Remarks ;- Using * acid-dried* eossettes, the purity of the juice

obtained is seen to be appreciably 3„ower than with the pur-air dried 

eossettes.
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INVERSION BIB1 FUSION TRIALS 
flo* ffP'fc diffusion at 75 °C. of pure-air dried eossettes with
short contact time
Conditions :- Filling 200 gms* per cell of eossettes, of analysis :- 
Water, 10#0 f  i Sugar, 62.0 J  % Invert-Sugur, 0.58 J  \ Invert-Ratio,
1.04 : 5 minutes contact in each cell : 12 cells filled.

Cell
No.

Mins. 
C on- 
tact

Bx?
ex
Cell

0i3x;
Sug
-ar

J
Inv
ert

inv
ert
Ratio

pH
Oms.
Jce.

Gms • 
Pulp

Pur
ity

1. 5 6.98 290 630
2 10 9.38 1.95 1.50 0.15 10.2 6.5 275 635 —

5 15 11.33 290 625

4 20 13.33 285 640
5 25 14.59 5.55 5.00 o.23 4.6 6.3 290 645 —

6 30 17.49 290 640

7 35 20.49 12.53 11.60 0.37 3.15 6.1 300 630 92.60
8 40 24.61 310 635
9 45 28.06 320 630

10 50 31.31 22.84 21.50 0.44 2.05 5.9 325 650 94.14
11. 55 32.66 29.56 27.80 0.45 1.62 5.5 400 620 93.04
12 60 36.90 36.10 33.20 0.51 1.54 5.7 590 530 91.96

Cell Ho. 1 :- ;£ Sugar in Waste Pulp 1.8

Remarks :- As far as was possible, the temperature in the head 
cell of the battery was kept at 75°C. fhere has been little varia- 
tion in the invert ratio from the results at 60 G*
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INVASIO N 131 ^FUSION' TRIALS

2.0• 11 : — Hot diffusion at 75^0. of *acid-dried* eossettes with
short contact time :-
Conditions : — Filling 200 gms. per cell of eossettes, of analysis s — 
Water, 11.0 °f> : Sugar, 61.6 : Invert-Sugar, 0.64 : Invert Ratio,
1.04 s 5 minutes contact in each cell : 12 cells filled.

Cell
No.

id ins« 
Con
tact

Bx?
ex
cell

Bx?
bug
-ar

/vInv
ert

Inv
ert
Ratio

PH
Gms*
Jce.

Gms.
Pulp

Pur
ity

1 5 10.83 265 625
2 10 12.73 1.60 1.10 0.16 14.8 6.5 260 630 —

3 15 15.79 275 615

4 20 20.49 265 640
5 25 22.84 6.20 5.70 0.25 4.39 6.2 270 620 —

6 30 25.16 275 610

7 35 29.06 15.34 14.10 0.28 1.95 6 * o 280 610 91.91
8 40 33.21 300 580

9 45 33.46 335 565

10° 50 35.60 25.91 23.60 0.47 1.99 s-s 320 560 91.07
11 55 36.65 33.01 29. 9 0 0.56 1.92 S3 490 580 90.59
12 60 38.30 41.60 36.80 1.01 2.74 4*7 530 630 88.45

Cell No* 1 fo Sugar in Waste Pulp ?- 1.4

Remarks :- The rise in invert-sugar content in the last cell (ho. 12), 
seems abnormal, and may be due to local over—heating*



132

INVERSION DIFFUSION TRIALS 
No, 12 : — Hot diffusion at 78°Q. of pure-air dried eossettes 
treated with Ra^CQ  ̂to pH 7.1 t short contact time.
Conditions :- 200 gms. eossettes per cell. Analysis ;- Water, 11.8 fo\ 
Sugar, 60.4 f s Invert-Sugar, 0.53 p  s Invert Ratio, 0.88 : 5 mins. 
contact per cell : 12 cells filled: NagCO^ used-0.2 ;£ on D.C. weight

Cell
NO.

Mins.
Con
tact

10
15

Bx.
ex
cell

8.03
8.38

13.09

Bx?

1.90

fi
3 tig-ar

1.70

Inv
ert

0.16

Inv
ert
Ratio

9.59

;:>H

7.1

Gas • 
Jce.

Gms.
Pulp

280
285
275

635
640
625

Pur
ity

20
25
30

13.24
13.24 
14.29

7.75 7.00 0.27 3.79 6.6
280
290
295

630
620
605

7
8 
9

35

45

18.09
20.79
21.34

15.24 14.10 0.24 1.70 6.7

10
11
12

50
55
60

24.64
27.01
30.31

22.84
28.01
33.61

21.30
26.10
30.40

0.23
i

0.19
0.38

300
305
330

625

630
615

92.53

1.08
0.74
1.25

6.8
6.9
7.2

340
410
580

620
600
520

93.26
93.15
92.58

Cell No. 1 s- i> Sugar in Waste Pulp 2.0

Remarks ;- It is evident that inversion still occurs despite the 
treatment with alkali, hut is considerably lessened*
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I iV^.RSI OH IIPPUSIOH TRIALS 
îio. 13 i - Hot diffusion at 7S°C. of f acid-dried1 eossettes treated 
with NagOO^ to pH 7*1 : short contact time. %
Conditions; 200 gms. eossettes per ceil. Analysis Water,10.6 f»i
Sugar, 59.2 ft : Invert-sugar, 0.94 a * Invert Ratio, 1.59 ; 5 mins. 
contact per cell : 12 cells filled : Na^CO^ used-0.2 on B.C. weight

Cell
Ho.

A ins. 
Con
tact

Bx?
ex
cell

Bx? 't'Sug-
6r

Xnv 
—ert

Inv
ert
Ratio

pH
G-ms.
Jce.

Gms.
Pulp

Pur-
ity

1 5 8.73 260 635
2 10 13*94 1.85 1.70 0.14 7.9 7.1 270 620 --
3 15 20.19 275 610

4 20 21.54 260 625
5 25 ,25.16 9.38 8.30 0.31 3.7 6.5 280 610 .--

6 30 26.81 275 620

7 35 27.41 290 600
8 40 29.26 20.29 17.80 0.33 1.85 6.4 305 585 87.72

9 45 32.36 340 565

10 50 33.41 29.94 26.80 0.50 1.87 6.3 345 545 89.50
11 55 35.05 37.70 33.00 0.6 4 1.94 6.0 330 560 87.54
12 60 39.40 42.35 37.40 0.995 2.66 6.4 495 590 88.35

Cell Ho. 1 :- f su,gar in Waste Pulp 1.6

Remarks These acid-dried eossettes would require a larger dose
of sodium carbonate to ensure that the diffusion went on at 6.9-7.1 

pH.
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invasion DlaWSIOff TRIALS 1 
£•.?.*— &t 7Q°Gm of pure-air dried eossettes treated 
El5 5 lQiH4 . 1 _ 2  to pH 7.1 ; short contact time.
^0Alttlons :- 200 gms. eossettes per cell t Analysis :- Water, 9.0 
Sugar 1 61.2 ,o s Invert—Sugar, 0.31 s Invert Ratio, 0*83 s 5 Bains.
contsict per cell. ; 1 2  cells filled :  ̂n ) 2 QO3  *"■ 0.4 "jo 011 3) . 1). wt.

Cell
Ho.

M'ins.
Con
tact

Bx?
ex
Cell

Bx? r f

Sag
-ar

/■>Inv
ert

Inv
ert
Ratio

pH
Gms.
Jce.

Gms.
Pulp

Pur
ity

1 5 7.03 280 635
2 1 0 12.19 3.25 2.50 0.15 5.92 7.1 270 630 —

3 15 285 625

4 2 0 14.44 295 635

5 25 14*89 8.83 7.60 0.18 2.34 6.7 280 640 —

6 30 15.79 295 620

7 35 19.44 300 615
8 40 19.79 17.34 16.10 0.19 1.92 6.9 315 625 92.85
9 45 20.49 330 640

1 0 50 22.24 24.04 2 2 . 1 0 0.19 0.87 7.3 390 6 0 0 91.94
1 1 55 22.99 26.66 23.80 0.18 0.75 7.5 410 590 8 9 . 2 8

1 2 60 25.71 29.66 26'. 80 0.30 1 . 1 2 7.7 565 635 90.33

Cell Ho. 1 $ Sugar in Waste Pulp :- 1.6

Remarks :- The waste pulp was greener than with soda treatment, and 
the juice was slightly darker than usual.
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INVERSION DIFFUSION TRIALS 

4Q...jj— Lr..Jl diffusion at 78°C. of 1 acid-dried* eossettes treated 
)2QQ3 PH 7*1 s short contact time*

Conditions 200 gias * eossettes per cell s Analysis s- Water, 11.2 
per cent s Sugar, 58.4 # • Invert-Sugar, 1.32 # : Invert Ratio, .2.26: 
5 minutes contact per cell : ( R H ^ C O ^  0.4 v  on P.O. weight.

Cell
Ho.

Mins.
Con
tact

Bx?
ex
Cell

Bx? V°Sug
-ar

Inv
ert

Inv
ert
Ratio

pH
6...S.
Jce.

Gms.
Pulp

Pur
ify

1 5 4.04 270 620
2 10 10.77 2.74 2.00 0.16 8.2 7.0 260 625 —  .

3 15 15.45 280 610

4. 20 18.90 270 630
5 25 20.60 8.91 7.60 0.17 2.24 6.6 265 620 —
6 30 21.90 285 610

7 35 24.15 305 590
8 40 26.53 16.35 15.10 0.27 1.75 6.3 330 560 92.37
9 45 30.33 325 555

10 50 30.43 25.98 23.30 0.16 0.70 6.2 495 570 89.69
11 55 31.03 33.33 29.80 0.81 2.70 6.1 490 560 89.41
12 60 37.27 33.37 33.70 0.94 2.79 6.1 510 620 87.82

Cell No. 1 fo Sugar in Waste Pulp 1.9

Remarks s — 1'he juice here was dark, and the pH was too far on the 
acid side to keep inversion down. As a whole, however, this test 
and Ho.14 gave the best results obtained in inversion—reduction.
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INVERSION hlffPIJSION TRIALS 
Ho. 16 s- Hot diffusion at 78°G. of pure-air dried eossettes

treated with 0.5 f Lime ; short contact time*
Conditions 200 gms* eossettes per cell ; Analysis Water., 10.9$$

i

Sugar, 58*4 '■ : Invert-Sugar,0.48 $ % Invert Ratio,0*82: 5 minutes
contact per cell : 12 cells filled.
Cell
No.

Mins.
Con
tact

Bx°
ex
Cell

- .Bx°
Sag
-ar

p
Inv
ert

Inv
ert
Ratio

pH
Gms.
Jce.

Gms • 
Pulp

Pur
ity

1 5 3.35 280 620
2 10 5.75 3.65 2.9 0.15 5.0 7.3 285 630 —
3 13 10.03 290 625
4 20 10.18 295 620
5 25 12.38 8.03 7.4 0.15 2.1 6.9 280 640 —

6 30 12.88 300 625

7 35 15.64 310 620
8 40 16.24 14.59 13.4 0.32 2.35 7.0 315 640 91.85

9 45 17.34 325 605
10 50 18.09 19.89 18.4 0.58 3.13 7.1 325 610 92.51
11 55 26.34 23.14 21.8 0.44 2.02 7.5 390 595 94.23
12 60 26.36 26.31 24.7 0.58 2.35 7.7 54° 565 93.87

-Tm-nm r™  n r - i r r r r w r 1 -  J I ” M > ....... ~ ^  ”  . r - - n ~ in  . .n l  ~t-ri~ . t   -  f i t  - X ,,-  ■ » ■ .........................L  ..  - .. -  , Jmu . ..........  >Mg

Cell Mo. 1 yi Sugar in Waste Pulp 2.6 /

RemsT L u The lime was made into a cream with water and well mixed
with the total bulk of eossettes before the test. The above results 
show a considerable increase in the invert ratio with conditions 
almost completely alkaline throughout the system.
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summary of iimmsioH yxmraioy triaTjS
OURBIIXQRS Tiller, Ho.

1 2 3 4 5 6 7 8
Gms. Fill 200 100 100 200 200 200 200 200
Contact time 
mins,per eel.1 15 15 15 15 15 5 5 5
Temp. °c. 81 
Heed 15 15 15 15 15 15 15 60

Oossettes Acid He ut. Beat. Acid Heut. Rent. A d d Beat.
Invert Ratio 
Cossettes 1.83 1.16 0.96 0.96 0.96 1.03 1.47 0.92
Invert Ratio 
3rd, Head 
Vessel 3.95 2.28 1.23 2.78 1.33 2.01 2.77 1.41
Invert Ratio 
2nd. Head 
Vessel 2.71 1.04 0.73 2.48 1.76 0.94 3.01 2.36
Invert Ratio 
Heed Vessel 1.25 1.07 1.23 2.65 1.36 1.18 3.21 1.94
Tail Pulp 
$ Sugar 2.4 0.6 3.7 1.3 1.6 4.7 4.3 1.6
Highest
Brix 42.8 20.8 42.4 38.5 35.3 23.0 38.7 34.0
Purity ©t 
Head 89.9 92.1 91.7 87.9 94.1 94.0 88.6 94.0
pH Value
at Head 5.3 6.3 6.4 4.7 6.3 5.9 4.8 5.9

Tree tment — — sod©
water

— — — —
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S IJMMAliY OF IIIVERSION RIFF ITS I:0B TRIALS

QQNjHIlQBS
PORTINNM i

Thlf-Jj No.
9 10 11 1 2 13 14 15 16

G im . Fill 200 200 200 200 2oo 200 200 200
Contact Time
Mins, per ce:. 1 5 5 5 5 5 5 5 5
Tei(ip.°C. Pt
Head 60 75 75 78 78 78 78 78
eossettes Acid Beat. Acid Beat. Acid Beat. Acid Neat.
Invert Ratio
Gossettes 0*99 0.94 1.04 0.88 1.59 0.83 2.26 0.82

Invert Ratio
3rd. Head 
Vessel 2.35 2.05 1.99 1.08 1.87 0.87 0.70 3.13
Invert Ratio 
2nd. Head 
Vessel 3*03 1.62 1.92 0.74 1.94 0.75 2.70 2.35
Invert Ratio 
Head Vessel 2.15 1.54 2.74 1.25 2.66 1.12 2.79 2.35

Tail Pulp 
lP Sugar 1.8 1.8 1.4 2.0 1.6 1.6 1.9 2.60

Highest
Brix 39.8 36.1 41.6 33.6 42.4 29.7 3S.4 26.3

Purity at 
Head 88.1 92.0 88.5 92.6 88.4 90.4 87.8 93.9

pH Value at 
Head 4.8 5.7 4.7 7.2 6.4 7.7 6.1 7.7

Treatment — — — Seda
ABh

Soda
Ash Amin.

Garb,
Amia.
Garb.

CaO

$ Reagent on 
Cossettes — — — 0.2 0.2 0.4 

- _____ _

0.4 0.5
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0 0 A 01BBI AT X Oil 3 RAGa ADIHQ TQ . KHMATlOg Pi? I??Y3?T- SUGAR DUtlBG 
T i l i ' i  L  v T ( J  O f  A J G A A  B A 3 T .

The invert ratio = 4 Invert-sugar x 100
"***"*■" |)   1---------- M rrtniar i iui- - m i i n# ...jR Sucrose

Let FI = / Invert-Sugar in fresh beet : F3 * / Sucrose in fresh
beet

Let LI « / Invert-Sugar in Dried eossettes, and 
Let BS * / Sucrose in dried eossettes
Then Increase in Invert Ratio =(100111 - 100FI )

( DS F3 )
Example FI = 0.127 i FS * 17,05 : DI * 0.858 s BS * 64.53
so increase in Invert Ratio =(100 x 0.858 - 100 x 0.127)

— TTToT” )

which equals 0.585.
The increase of invert- sugar only represents 342/360 parts of 
sucrose, i.e. 0.95 of sucrose . So for the above example the 
formula becomes t- ( 85#Q x Q#95 _ 12#? } _  ̂ _

( 6 4 7 5 3  iTTof ) ~ 0.518
Formula on tonnage s-
FI : FS ; DI : B3, as before ; TI) = tons dried eossettes and Tf * 
tons fresh beet. The per cent Inversion on beets during drying is 
given by | TB x DI x 0.95 - 11/x FI )

?   100 ? = say, _A_
 ̂ TJ? j TP

Then Loss of Sucrose due -to Inversion expressed as a per cent on 
Sucrose present in the original beet

=(____________A____________ )
Tff x FS 

- 100 }
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an example is given to show the application of this formula during !
a. day's run 5 - TD * 52.7161 tons : TP * 201.419 tons (in 24 hours ).
SO formula becomes j-, KO 0,.0 ,, _  ,v x( 52. Mol x J.BoB x 0.9*? - 201.419 x 0.127 )

J ,w, ww«i imi i , m »rrm\u»,H wii«W i« . n ----------------------------------i | -  irmmini "IfTi “ — in —r —m   hum i m.i mi f( iuo To3 )
( 2 0 1 . 4 1 9  \

Which woris out to 0.086 per cent loss of sucrose by inversion on 
weight of fresh beet entering.
.Per cent on Sugar entering =_____ 0.173 x 100   )

I 201.419 X  17.35 j = °*504
( Too : )

The final difference between the increase in the Invert Ratio and 
the per cent Loss on sugar due to inversion represents the inaccurae

yin the actual analyses and in the weighing and sampling.
In order to obtain an accurate figure for the amount of sugar 

as sucrose lost by formation of invert-sugar during drying it is 
necessary to have ;-
1. Accurate weighings, and no "mechanical” losses,
2. iio alteration of the polarisation during drying except that due 

to inversion.
3. Ho formation of dextro-rotatary matter capable of concealing 

loss of sugar and polarisation.
4* Assurance that the original invert-sugar, as also that formed by 

inversion is not destroyed during the drying process.
It is at once apparent that there is no guarantee that any of the 
points mentioned can. be assumed $ on the contrary it is certain 
that most of these errors occur.

If we consider that destruction of sucrose is small enough, we



cun assume that "fcii© Polarisation of the dried cosssttss is ecjusl 
to 1 n' times the Polarisation of the fresh beet where *n* is the

instead, of being(Dl x 100) is ( 1)1 x 100 ) .
( 00 ; ( nFB )

it will be seen that the increase in Invert Ratio or the destruct
ion of sucrose luring drying,calculated in this way,will be 5-

= 17.05 x 0.0058S = 0.0997. This does not allow for the 0.95 
factor for conversion of sucrose to invert-sugar,$0 allowing for th 
this the calculation becomes more complicated.

The essence of the calculation is that 1)1 -the invert-sagar 
found in the dried cossettes consists of the original invert in 
fresh beet multiplied by the drying Ratio plus the invert formed 
by inversion again multiplied by the drying Ratio? i.e. say there 
is 0.1 invert in fresh beet and a drying Ratio of 4, this will 

be 0.4 >> invert in the dried cossettes. Thus if we finfi 0.6 inv
ert in the dried cossettes the difference 0.2 will be due to suc
rose inverted if no other change has taiten placet and this amount 
of sucrose inverted will be (0.2 x 0.95) or 0.19 per cent. If we 
take fresh beet at 15*0 polarisation and dried cossettes at 60.0 

polarisation the T.B. invert Ratio will be 0.619 ano the b. w  inv

ert ratio will be 1 • 0 J> and. the inc? ease in invert ratio 0.3o«

bryin he Invert Ratio of the dried material

Taking the figures of the,previous
example this will give:-

Increase in Invert Ratio » 17.05 ( 0.858
( U 7 W 5

0 . 1 2 7  )
17.05 }
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however taking ( H I  - nPX) x 0.95 as the true increase in invert- £

sugar the amount is (0.6 — 0.4) x 0.95 * 0*19 per cent increase in' j:
invert9 an$ therefore the true increase in invert ratio will be j— i:
(>6.19 x IjO) « 0.317 (instead of 0.33)•

50
Drying Ratio s- This may be variously defined., as
1. The proportion of dry material to wet material by (a) weight j 

(b) volume.

2. The proportion of' wet material required to produce one unit of , 
dried material.

■ 5The percentages of moisture, polarisation, fibre, and ash should jJ 

agree for the wet and dry materials after correction by this !■
factor.

This drying ratio is clearly important, and if a true average
! <

figure is known it would be possible to obtain a correct balance j -

of the sucrose and weight of cossettes produced by multiplying the j
/ sucrose in the fresh beet by this drying ratio.
The following excerpt shows campaign averages over 50 days s-
Tons fresh beet sliced » 9538.8910 j
/£ Polarisation * 18.21 ■■
/ later » 73.47 : so / Solids - 26*55 • •]
g later in Dried Cossettes = 8.16 % / Solids » 91.84 j
The Drying Ratio » 91.84 * 3.4617 I]

If / polarisation is 65.44 and the theoretical weight of Dried

The theoretical /■ Polarisation in Dried Cos 
Actual percentage in P.O. from lab. average 
Tons Tried Cossettes recorded

Polarisation in Dried Cossettes * 63.04 
in P.O. from lab. average * 65.44
es recorded * 2636.1642

uood is 2753.551 tons ( 9338.8010/3.4617) the loss



65*44
difference from the recorded weight (2636.1642) being 18.33 tons. 

The loss from the recorded weights and analyses is shown below s — 

Tons sucrose (polarisation) in fresh beet = 1737*032
tons sucrose (polarisation) in dried coss.= 1725*118

Tons Loss of sucrose (polarisation) = 11*914

lummarising

Tons sucrose in fresh beet * 9538.39U  x j•1821 = 1737•032(Actual)
Tons sucrose in dried coss.= 2755*5510 x 63*04 » 1737.099(Theory)
Tons sucrose in dried eoss.« 2636.1642 x 65.44 * 1725•118(Actual)
It is clear that the theoretical sucrose in the dried cossettes

takes no account of inversion or destruction losses.
The key figure in these analyses is the per cent polarisation

in the fresh beet. In drying control this is estimated by a hot

digestion method, and such methods are known to give almost always 
a slightly higher polarisation (0.1-0.2) than the cold digestion 

practised in the tare house, and it may therefore be possible that 
the loss in drying as recorded may be due in part to errors in the 

method of analysis and to differences in the sampling.
A balance such as that above is only a check on the overall 

accuracy of the chemical control of the drying process.
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SECTION 4.
THE PURIFICATION Off RAW BEET DIFFUSION JUICES 

Off HIGH DENSITY PROM PHIED BEETS *
BaRT I : (1EHERAL :

1. Sugar Manufacture :
2. Definitions of Technical Terms used s 
3* The Purification of Sugar Juices s
4* The Composition of Raw Juices from the Cane and Beet * 
5 • The Composition of Products in Beet Sugar Manufacture*
6. Colloids in Beet Sugar Juices and their removal *
7. The Determination of Colloids in Sugars and Sugar 

Products.
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BUG-AH • i l  Ah GFAO TUHK

The process of sugar manufacture can be divided into three parts-
1. Attraction of the sugar from the plant yielding a raw juice,
2. Purification of the raw juice
3. Crystallise!ion of sugar

On the efficiency of the extraction depend the quantity and
purely °* raVv and on the purification process depend
the quality and yield of the final sugar. These two processes ©re 
more important than the crystallisation process, which, while 
relatively skilled, is essentially mechanical.
Beet Bugar Aianufacture : - Synopsis

The washed beets which have been ’topped* end ’tailed* ©re 

cut into slices called cossettes, of inverted V-section.
The cossettes are pecked into the cells of a diffusion battery 

where the sugar, with soluble impurities, is extracted by water at 

carefully regulated temperature. The raw juice thus obtained is 
purified by chemical treatment, and the precipitated impurities 
are femoved by filtration.

The sugar is recovered from the purified juice by evaporation 
and fractional crystallisation. V.hen the mother-liquor can no 
longer be profitably treated it is discarded ( as molasses).

Premises fundamental in other industries are equally applic
able to the sugar industry, i.e., the impurities should be removed 
and the final product obtained in the minimum time and at the mini
mum cost,'ana there should be maximum yield of the final product.
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IKXTX l.TXjftis 0 TXOIOITOAL TTBMS U BTD :

jirix'

Direct
Polaris
ation

Purity

Masse-
cuite.

Mol
asses

Coss
ettes

.the Brix hydrometer gives directly the percentage of 
sucrose in pure sucrose solutions* Then impurities are 
present in a solution the Brix0 shown is higher than the 
true sucrose content*
This is the sum of the readings due to all sugars present 
in a given sugar solution, in. raw sugars containing only 
about 1 per cent of reducing sugars the direct polarisa
tion is very close to the true percentage of sucrose*
The approximate amount of sucrose as shown by the direct 
polarisation,when multiplied by 100 and divided by the 
Brix0 of a solution is known as the apparent purity : it 
is also known as the purity coefficient or quotient.
This term,(literally a "eooked mass")* refers to the 
mixture of crystals and raother-liquor resulting from the 
boiling and crystallisation of sugar liquors in a vacuum 
pan.
This term is applied to the syrup spun off from a masse- 
cuite in centrifugals. The final molasses is the syrup 
from the lowest purity massecuite, and the impurities in 
this syrup are sufficiently great in amount to make it 
uneconomical to recover further sucrose from it by ord-* 
inary means.
These are the slices into which the sugar beets are cut
by revolving knives. They are about three inches long, a

anquarter of an inch wide, and/eighth of an inch thick*



■ TiiS FUHXPICATlOif Off 3UTAH JUIOBSE 
The raw juice extracted from the sugar cane or from the sugar 

beet is a complex mixture of organic and inorganic substances, some 

in suspension, some in colloidal solution, and some in true solution, 
Many of these compounds exert a harmful effect on the cryst

allization of sugar from the juices, causing slow working in the 
evaporation and boiling pans, and in the subsequent separation of 
the crystals. If allowed to remain in the juice they will increase 
the amount of molasses fwirmed.

The amount of sugar produced will depend on how efficiently 
these impurities can be removed.

Over twelve centuries ago in Egypt- the use of lime and heat 
was practised for making raw sugar, and this is largely the process 
used to-day, when it is probable that about 90 per cent of the 
world’s cane sugar is made with lime as the sole chemical eraployed.

This is undoubtedly due to the small difference of profit to 
be expected by changing existing methods, since there are many 
suitable reagents available for purification. Thus Von Lippmann, 
(Dmit. Zuckerinfi.,34, 9, 1909) listed 622 proposed processes for 
sugar manufacture, and many others have been described since then.

Few of these have persisted, mainly because of the low price 
of sugar, and the small margin of profit in its manufacture.

Recent work on purification of sugar juices by ion exchange 
'Using synthetic resins has so far proved uneconomic owing to the 
high cost of the resins and their regenerating chemicals, and to
the need to keep temperatures below 20°C., which is difficult in the 
tropics.
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The Purification of Sugar Juices.

In beet sugar manufacture and in the making of cane plantation 
white sugars, lime and sulphurous acid, or lime, sulphurous acid, 
and carbonic acid are used, and these three agents are those 
mainly used in current processes, ; odium carbonate finds occas
ional use in eliminating lime-salts. .miraal charcoal is used .only 
in sugar refineries, and decolorising carbons are used to a 
limited extent in the direct manufacture of white sugars.

The purification by lime and heat appears to be largely an 
inorganic reaction in which the flocculent precipitate traps the 
coarse suspensions of the juice, occludes the finer suspensions', 
and. adsorbs some of the colloids : fern- ,if any, of these reactions 
can be quantitative. The colloids removed aremainly irreversible-
i.e. they do not re-aisperse when taken up again with water.
Reversible colloids appear to pass through the process almost

i fswithout change. Paine, i-',eane, end iAcCalH^Cl.h.O.,p . 2 6 2 , 1 9 2 8 ) ,  

showed that an escess of lime over the optimum amount required 
for defecation probably converts irreversible colloids into the 
reversible type, and may enter into direct chemical combination 
with these reversible coSf0^ ®  : it also appears to have a p©p— 
tising effect on the pectLaous substances in the juice. We thus 
have a scientific basis for the avoidance of excess lime, which 
has long been known ip cause poor after-working, and to produce 
dark sticky sugars.

Many workers have shewn that the phosphate content of cane 
juice is a vital factor in efficient purification. Walker (I.E.G., 
164, 1923), found that 0.02 gm. P^0^ per ml. of juice was the



minimum requirement lor good clarification. K.H.Iiing, (The Plant
er, 287, 1927), found that the ferric, aluminium, and silicate ions 
of the juice formed a very gelatinous precipitate when lime was 
added, tnd that much organic matter was occluded in this precip
itate and thus removed, from the juice : he agreed that phosphate 
ion had a major influence in proper clarification.

Paine and his co-workers showed that colloid elimination 
was directly proportional to the amount of lime added and the 
amount of present at a controlled pH valjje. They found that
added phosphate had the same effect as that naturally present in 
the juice. Koel heerr ("Pane Sugar", London, 1920) found that 
filtration through asbestos would remove 75 per cent of the total 
non-sugars eliminated by a lime and heat treatment.

ChhPQBlf lOh OF ih-Jig AIL') LKLT RAW dlTOLS,
The sugar cane and the sugar beet vary greatly in composition 

depending on the country of origin, the climate, the locality, and 
the particular year. The character of the soil, the age of the 
plant and its variety, the manner of fertilisation end the mode 
of cultivation have also considerable effect on its composition. 
This variation is naturally reflected in the composition of the ! 
raw juices extracted, but the non-sugars of these juices can be 
classified qualitatively as follows :-
1. Mineral Matter:- this generally consists of salts of sodium, 
potassium, calcium, magnesium, aluminium, iron and ammonium which 
have been acquired from the soil during the growth of the plants. 
These bases are combined with acids as chlorides, sulphates,
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nitrates, phosphates, and etc.
fLi— o Salts; - composed of the same mineral elements combined 
with organic acids such, as acetic, oxalic, citric, tartaric, malic 
and succinic acids.

; / 
3* Nitrogenous organic compounds;- such, as albuminoids.

These bodies occur more.abundantly in beet juice, which contains
among others, asparagine, betaine, glutamine, legumine, leucine,
trimethylamine, and tyrosine, with compounds derived from these*
4* Ifon-nitrogenous organic compounds These include glucose
and levulose, Raffinose (in beet), waxes, aromatic substances,
pectin and related bodies, mannite, dextran, cellulose, gums,
essential oils, arabinose, vanillin, and colouring matter.
5. Enzymes ;- These include soluble ferments, acting for the
most part by hydrolysis as colloid catalysers. Diastase, invert-
ase, maltase, lactase are the chief sugar-splitting enzymes known
to be present. Smuisin, which attacks glucosides is present, and
there are several proteo-splitting enzymes, and also oxidase,

reductase, and catalase, which effect biological oxidations and 
reductions.
Oane-wax, a complex mixture of alcohols or esters of high-boiling 
point, has bben found to be mainly responsible for the objection
able colloidal properties of cane juices, particularly that part 
of the wax soluble in acetone* Much of the wax is removed in 
defecation, but part may re-enter the juice during the washing 
and steaming of the filter-press cake.(Bardorf,1.E.G.,20,258,1928*

i21,366,1929).
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In organic combination, silica appears to affect tie 
milling qualities and the ease of clarification of the cane.
The milling would seem to be mainly influenced by the “encrusting” 
silica, usually abundant in the peripheral tissues of grasses, j 

(Hardy, I.S.J~., 120, 1945). Phosphate and silica in the soil are | 
mutually replaceable in certain chemical combinations (Branchley, | 
Maskell, and Waringt&n, Ann Appl. Biol.,45,1927),so that the j
silicate status of soil may be closely connected with its status j 
as regards phosphate, and Hardy suggests that suitable soil treat-j 
ments may reduce clarification trouble in the factory due to I
colloidal inorganic compounds, particularly silica.
OTHB \ ORGrABIO MATTER It is beyond doubt that pentosans, gums, 
pectine, and various products of carbohydrate oxidation may inter
fere with purification and filtration processes. Phosphate seems 
to be concerned in this oxidation (Pickens, Nature,1057f 1936). 
Preliminary studies of uronic acid and methoxyl content of cane | 
juices have been made (Browne and Phillips, I .3.J.,430*1939).

PROTElMS Proteins are thought to aid clarification, presumab
ly because they form stable floes when the juice is heated and 
limed. Theymay possibly hydrolyse into peptones and amino-acids 
during these processes.
A3H It has been suggested that juice quality may in some cases 
be due to the presence of traces of manganese in the plant. It is ; 
known that sulphates and chlorides are often harmful, and that 
the calcium intcsxe of the plant is uniform, regardless of the 
lime status of the soil.
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jPfe® ComppBition of Products in Beet Sugar Manufacture*
The ordinary process of Beet Sugar Manufacture by the rouble 
Carbonatation Process generally gives a purfcty rise of 3 to 3.5 
degrees. The figures shown diagrammatically in Figure 26 portray 
clearly the gradual increase in purity ss defecation prodeeds,and 
the decrease in density due to the various ftitrations*

The pressed juice sample is one obtained by hydraulic press
ure in the laboratory,when more impurities are extracted than by 
diffusion. The fluctuation of density is important from the heat 
economy standpoint : excessive dilution must be avoided for 
obviou3 reasons. The Melter Solution consists of Second Product 
Sugar dissolved in thin juice and returned to process*
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c o l l o i d s  xk  b l l t  su g a k  m a jw p a c tu k e  am  t h k i r  re m o v a l.

Colloid chemistry is important in beet sugar technology as has 
been emphasised by Kruyt ( Arch. Suike rind., 2v;, 1102,1921) and by 
Berge (Bull*Soc*Chim.Belg.,58,31,1929). The organic matter assoc
iated with the sugar in beets is largely of colloidal character : 
with diffusion processes there is a purer juice than where extrac
tion is made by pressure. The colloids flocculate In diffusion juic 
at pH 4.5 and pH 10*5, and at these values hot water diffusion is 
not possible because of inversion loss in the acid range or very 
slow diffusion in the alkaline range*

The raw diffusion juice is usually purified by double carbonat- 
ation, this consisting of the addition of lime (2 Kgs* per 100 Kgs. 
beets) and passage of CQa at 75 °C. After filtering, this operation 
Is repeated at 90°C.,using 0*25 to 0*50 Kgs. lime per 100 Kgs. beet, 
The filtered juice should now be brilliant and free from colloids, 
teat coagulates the colloids, and their flocculation is total at 
10*5 - 11*5 pH (Aten,Rec» Trav*Chem* , , / v , 1 2v») , co r r © s ponding to
the addition of 0*1 gm. CaO per 100 Kgs. beets. The excess carbonate 
acts as an adsorbent and as a filtcr-aid : this may be shown by use 
of a Sharpies Centrifugal which shows two layers,one of almost pure 
CaCOs,an& one One of CaC08 plus organic matter of a bluish tint* 
Baiss&c (Planter and Sugar Manufacturer,7b,b*o,lv2a) found that 
the most desirable swelling of cane juice colloids occurs at circa
7.0 pH, and that further liming causes greater swelling and much 
reduced filtration rates.

Concentration of the purified juice causes the appearance of 
colloids escaping removal in the previous process : these are
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lalnly of emulsoid type (Paine and Balch, I.E.Chem.,lo,1255,1924). 
rhls colloidal matter strongly retards sugar crystallisation * thus 
Berge (loc.cit.) reports tests, with three sugar solutions «- 1.Blank 

Containing added colloids from molasses, and 5. Treated with 0.25 
per cent Norit and filtered. All were seeded with sucrose and evapor 
ated under identical time/temperature conditions : the yields of 
sugar were 53,8 , 4*8, and 34.2 gms. respectively.

BEHAVIOUR OF JUICES V«ITH LIME.AND HEAT.
Addition of lime to hot juice yields a precipitate which 

becomes optimum in quantity and properties with correct lime control 
The precipitate sweeps down colloidal impurities a n d  remove the 
colloidal matter both by adsorption and mechanical action.
The exact pH value necessary for maximum defecation has been hotly 
disputed • Paine and Balch (loc.cit) state that maximum clarifica
tion and minimum inversion loss occurs when cane juices are limed 
(hot or cold) at pH 8-9, the pH varying with individual juices.
Roxas (I.S.J.,26,486,1924) mentions that limiing cold and then heat
ing to boiling point gave two points of maximum clarity, at pH 5.22 - 
8.50 and pH 11-12. Honig and Khainovsky (Arch. Sulks rind.,35,639, . 
1937) obtained maximum defecation when the pH of the treated juice

•t
was 7.2-7.6. Britton has studied pH limits in defecation (Hydrogen 
Ions,** London,p. 397 seq.,1929). He found that sucrose acted as a 
buffer against decrease In pH value in the reaction between calcium 
hydroxide and aqueous solutions of phosphoric acid. At 20°C. precip
i t a t i o n  of calcium is delayed until pH 6.7 is r e a c h e d  and 1.5 equiv
a l e n t s  o f  calcium hydroxide are added.



155

T at i o n of__C.olio ids in, sugars and sugar pro ducts.
The removal of colloids is one of the principal aims in the 

clarification oi impure sugar juices. Colloids increase the visco-. 

city of the products and hinder crystallisation. ; they are adsorbed 
on sugar crystals during their growth and cause the production of 
dull off-coloured sugars.

Methods proposed for the determination of colloids in .sugar 
products include direct methods such as dialysis, ultra-filtration, 

and arid centrifuging, and other methods such as the determination 
of thefGoId number*or of the*Bye number1.

Dialysis is tedious,and difficult to control and standardise, 
and has not been much used. Centrifuging requires very high speeds 

and expensive equipment and for these reasons has not been widely 
adopted. TJltru2filtration, however, has been used with considerable 
success by Paine, Gertler, and Lothrop ( I . E . C . , 2 6 , 7 3 , 1 9 3 1 ) , who 

used a method due to Dawson. Paine, Bado 1 let, ana Keane (IJ.C., 1 5 ,  

1 2 5 2 ,  1 9 2 4 )  made determinations of the Gold numbers of granulated 

sugars and of beet molasses. The Dye number method was devised by 
Bado llet and Paine,(I.S.J,,vol.23, 25,. 9 7 ,  1 3 7 ,  4 9 7 , ( 1 9 2 6 )  : Louis- * 

iana Planter,7 9 ,  1 2 1 ,  ( 1 9 2 7 ) ,  and has been fairly extensively used 

in the cane-sugar industry.
The Dye Dumber This method is based on the fact that the colloid

substances in cane and beet juices carry a negative charge,and that

this charge can be neutralised by the addition of a known amount of

a positively charged colloid causing complete flocculation of the
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colloid complex when the isoelectric point is reached.
The dye Hight Blue has been found satisfactory as the positive 
colloid, giving rapid flocculation and settling of the precipitate. 
It is used as a 0.1 per cent solution, not more than a week old.
The pH value of the produ ct to be tested must be adjusted to a 
uniform figure, choosing a fairly low value as standard : values of 
5.2pH and 6.0 pH have been used in work with cane products.
The adjustment of pH value is made with 0.05 IT HC1 and 0,05 JTaOH.
For approximate measurements, portions of 25 ccs. each of the pro
duct, containing about 100 mgms. solids, are placed in tall tubes, 
and varying amounts of Night Blue solution ( made up to 2 5  ccs.) 
are added. After shaking and allowing to settle for a few minutes 
the tubes are examined in transmitted light ; those showing the 
largest floes and the most rapid settling indicate the range of the 
isoelectric point.
Cataphoresis apparatus In order to determine the exact isoelectric- 
point the migration of the Colloidal particles under the influence 
of an electric current is observed by means of an ultramicroscope. 
Particles with negative charge travel to the positive electrode, and 
vice versa. Addition of a colloid of opposite charge reduces the 
migration velocity of the particles, and at the isoelectric point 
migration stops. Excess of the oppositely charged colloid then 
reverses the direction of the migration. See Figures Z7 and Z 8 . 
E x a m p l e Five gms. of a raw sugar was made up to 100 ccs. after 
filtering and adjusting the pH value to 6.0. It required 20 ccs. of
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Fight Blue solution, equal to 20 mgms. of dye*
Hence 20 x 100 = 400* is the Dye Humber of the sugar.

5
Where the water content of the sugar is over 2 per cent, the Dye 
lumber should be based on the sugar solids. If possible a dilution 
is chosen such that the quantity of dye solution required for 100 
ccs, lies between 15 and 25 ccs. The procedure should be closely 
standardised as regards the time consumed, in mixing and reading,to 

obtain comparable results.
The Dye method w&s applied to the raw diffusion juice and to 

the clarified juices at various stages of the lime/aluminium sul
phate process. A typical determination of isoelectric point is shown 
below

Milligrams 
of Dye.

Order of Magnitude 
of flocculation.

r.. t i, " i ., n i ... ..
Migration of 
Colloidal 
Par tides

pH at Iso
electric Point.

4,o X negative a#
4,5 XX negative -
5.0 XXX negative
5.5 xxxx Slowly negative -
5.7 xxxx Positive and 

negative 4.93
5.9 xxxx Slowly Positive **-
6.5 XXX Positive -
7.0 XX Positive -
7.5 X Positive .
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The work of Badollet and Paine has been criticised by Mattson 
(J,Phys« Chem., 32, 1532, 1928), who states that since the presence 
of different electrolytes and a difference in reaction modifies 
the electrical neutralising power of colloiL dal material, an 
exact proportion between the amount of dye required and the 
colloid content should not be expected. This does not detract 
from the value of the method for comparative purposes.

Mattson appears to have been the first to apply a dye 
(methylene blue) to indicate the proportion of colloidal matter 
present in raw sugars and molasses.
Control of pH It has been pointed out that to obtain compar
able results all the products in a series must be adjusted to the 
same pH value, and since the use of alkali is liable to cause 
partial flocculation of the colloids, it is best to select a pH 
value below 7.0 as standard, A figure of 5.2 pH has been found 
satisfactory for cane sugar products, Wtj&pO pH has also been 
used, particularly for refinery products.
Direct determination of Colloids :- Dumanski and Charin have 
devised a method of precipitation for estimation of colloidal 
matter in sugar products.(Bee Ounderaann, p.276, 1933).
As applied to diffusion juice 25 g. of the juice are treated with 
7 ccs. of N/lG oxalic acid, 30 ccs. of ether, and 240 ccs. of 96> 
alcohol under reflux in a water-bath for 30 minutes in a conical 
flask. The residue is filtered, washed with 9 0  alcohol, and 
dried to constant weight at 100°C. Ounderraann found from 3.454 to 
4.736 g. per 100 polarisation of colloids in beet diffusion juice.
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Ida i^LlimiAXIOg Off COLLOIDS IM THE ALimjilUM SULPliATii: PKOCaSS
Off PURlg'flUG DIFFUSION JUICE PR03 DRI3U BHIFT COSSKTTBS __

PRODUCT D O  VALUE
X . i"i3>w Diffusion Ju x c ®»»• « » • • « • * •.»«:»»»»»•»•«*.* 1890
2. -Filtered Limed Juice (Q.5percent on "beets). 303
3. Filtered Juice after Lime and AIHCSO^)^  112
4. * " " " w w and S02 86
5. " rt '» ’• « » M C02 46
6. First Massecuite ............................ 52 1
7. First Sugar......... V. ............ :*-V. .1.. / ?l!7-:-
8. First fyrup. ........'.__ . . ...,t T.. . . . 7 7
9. First fyrup after 0.2 per cent Suehar carbon 30

10. Second Massecuite.     *Xf * •

11. Gecond Sugar.......................     25
12. Second Syrup     > . 123
13. Third (Final) massecuite.................... 186
14. Third Sugar..........     39
15. Third Syrup (Molasses) « 406-990
16. .Beet Pulp extracted with water, at -100°C. for

•30 minutes...Dye Value of extract........... 11>210
 -- -oOo-----

These results are average figures except for molasses where a 
range is shown. They clearly indicate the removal off colloid® in 
the process of purification.
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Apparatus for the dye test.

Figure ZV a tfltramicroscopic Qataphoresis Apparatus for 
Letermiuatidfi of the Isoelectric Point*

Figure 5 Oajaphoresis Tube from above Apparatus.
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TiiE ALUMIEIUM SULPHATE PROCESS OF DEFECAllOM.

1 . outline of the Process s
2. Stages in the Process :
3. Experimental :
4.Balance of Ash and Reducing Sugars in Experiment*! o 

Defecation j

5. The Stammer Colorimeter.
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Outline of the Process*
Aluminium Sulphate Process of Defecation for Diffusion Juices ;

J
from Dried. Beet Cossettes* i  —’         ------ -   -:|r| '$

Salts of aluminium in the presence of alkalis produce a very 
bulky precipitate of the hydroxide, which carries down much co&loid 
and colouring matter* Such a reaction was used at least a century \ 

a n d  a  half ago in the cane sugar industry, being described in a 
treatise by the Marquis de Casaux in 1778 (Essai sur 1 art de culti-____:____ ,________   i5 Iver la canne,Paris)• The property is also included in Howard s S

—  . ,

patent 3754 of 1813, and the alumina so prep■red was for lung known i
?as Hoi^ard s Finings. A number of other patents have been granted 

for the use of aluminium compounds in sugar defecation % these are I
listed on the next page. Patent 244,924 (U.K.*), by Ma;]ith.la and 
Singh (1924) describes a treatment of the juice (or other liquid) 
whereby aluminium hydroxide is precipitated therein b y  adding alumv 
inium sulphate or other soluble aluminium salt, then adding the 
requisite amount of alkali, such as caustic soda, sodium carbonate, 
or milk-of-lime to give a slightly alkaline reaction, and heating, 
preferably to 100°C., afterwards separating the precipitated matter*

A new principle in the purification of sugar juices was embod
ied in Belgian patent 367,847 (15/2/30) by Dario Teatini of Houga- 
erde, in the addition to the hot alkaline juice of liquid sulphur 
dioxide* Teatini claims a large reduction in the amount of lime 
required as compared with the carbonatation process, and several 
other advantages.

Arising out of the use of aluminium salts and liquid SO®,a 
process was devised by the author, and Is described on page/6-5"*
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The Stance in the Process* ■;
Aluminium Sulphate Process of Defecation for Diffusion Juices j

from Dried Beet Cossettes* ]
The process consists of the following stagess-
1. Haw Juice Extraction in diffusion battery at approximately 36-37° 
Brix (preferably not higher than 40*Brix). The concentration 36-37° \

Brix is an optimum for defecating efficiency.
£• Llinings- Approximately 0,5 per cent lime, calculated on the weigh '

j
of fresh beets, is added at low temperature (say 4Q-50°C.),and jiifollowed by rapid heating. Fifteen minutes contact at 75°C. gives I 
favourable results. The lime is added in the form of a cream of 
composition 50/50 Buxton hydrated lime and water, or in any other 
suitable manner. This has proved to be the optimum amount for ’
precipitation of impurities without causing difficulty in filtration. 
3.Secondary Reagent a- The juice is now treated with approximately 
0.3 per cent of an electrolyte (for example,aluminium sulphate), 
which by reason of its electrical charge is able to fix and disperse j  

some of the colloidal and colouring matter which remains after 
limimg, Contact is maintained for about 5 minutes at 75°C. The juice
is brought by this treatment to a pH value of 7.8-6.0 or thereby.
4. Pinal Reagent s- The juice with its precipitate is now treated, 
either with or without an intermediate filtering #with approximately 
0,09 per cent of a suitable acid reagent,using the quantity neeessar; 
to obtain the requisite pB value In the final filtered juice.

This acid treatment is preferably carried out before the juice is 
filtered,as this will accelerate the whole process and a better 
final juice is obtained. The acid substance added may be acid
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calcium phosphate,carbon dioxide, or sulphur dioxide, hut is pref

erably sulphur dioxide in liquid form. The addition may be suffic

ient to give a pH value of 7.3-7.4 where there is a further sulph- 

itation after concentration. Whore the juice is not to be further 

sulphited, or where it is to be treated with carbon, the pH. value* 

may be brought down to 6.9-7.0. This acid treatment is carried out 
at approximately 75°C*» although a tempers,ture between the range 

85-9b°C. may be used in special cases.

5. F i l t r a t i o n The solids precipitates are now separated in any 

suitable manner : as the precipitate is copious, the mud chamber 

of the filter should have ample capacity. The temperature can bo 

raised at this stage,but the colour of juices containing invert - 
sugar is hotter when 75°C. is maintained, and filtration is rapid 
at this temperature. The cake is easily sweetened off, and leaves 
a hard compact cake which falls readily from the cloths of the 

filter. Ho extra filter aid. was found necessary in the trials of 

this method*
6. Multiple Effect Evaporation The juice is concentrated to a

density rao t suitable for boiling,say 65-6S°Brix.

7 # Thick Juice Treatment Wlien the juice is sulphited after 

concentration, the pH before the initial filtration should be kept 
at 7.3-7.4,and reduction to 6.9-7.0 pH effected on the thick juice 
Alternatively, the thick juice may be treated with-decolorising 
carbon, when 6*9-7.0 pH is required in the thic$ juice.

8 * ^  treated thick juice is filtered through

gravity filters.
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9 * After-treatment of filtered thick juice .FIRST PA5S :~

The two-nsssecuite system is used, charging the first boil

ing with the carbon-treated remelt sugar, and building, up the 
crystals with thick juice,.with the possible addition of treated 
high wash or high green syrup to bring purity conditions to' the 

correct proportions.

3SC0T.TD PARS s~ A proportion of high Wash syrup is used to grain- 
the second boiling, and the high green syrup is used to build up 

the crystals* The pan is completed with low wash syrup to the 
requisite purity.

10. ReneIt Sugar The remelt sugar (from the second boiling)- 

is washed to the required colour in the centrifugal machines,and 

dissolved in t,eater' juice of about 35°Briz to make a syrup of 
55-60°Briwi, This syrup is treated with 0.3 per cent decolorising 
carbon on the weight of sugar solids in the re m e 1 t an d filtered. 
'M & t& The method outlined for after-treatment may be replaced

by any suitable jrrocess,
RBCAPimATIOH 

STEPS i- BXXrUCTIOH - S6-40°Brix.
®Rias nCTBCATIOJf TR̂ ATJEFT
FILTRATIOH
3VAP0HATI0B - 65-6S°Brix.
B0LBHITATIO1T OK CARBOIf ffiEATUEHT.
GRAVITY m.TRATIOIf 
AVTSR-TTSATSBHT

Advantages By this process defecation is accomplished at 36° 

Brix instead of lQ~15°Brix ; there is only one main filtration ;

manufacture is speeded up ; and there is saving of steam.
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List of Patents for the us© of aluminium salts in defecation.
Year Humber Ham©
1861 1856 W.E.Gedge

1867 5405 W.R.Lake

1871 2090

1880 861 

1886 3196

1893 14373

1916 108303 

1918 134607

Duncan &
Hewlands

1874 1389 J. Duncan

1874 3532 Gill and
Martinoan

1875 4264 Duncan &
Hewlands

1876 4433 Geistodt k
Flicque

1877 1902 Loewig

1879 1078 Loewig

Gawalo?»rski 
& Teichmann
Englert k 
Becker
Evans

1878 4861 Hunt

1879 3195 Loewig

1903 16750 Hlavatl

Hayashl & 
Emura
Hood,Clark, 
& Clark

Description
Alumina jelly by pptg. alum with HH3

(Abridgeraents,p•23)
Heutral A1 sulphate on soln* of sugar in 
lime-water (Abr* p. 4)
Formation of alum to ppt. H and M s 
salts from sugar solns.(Abr. p.26)
Acidification of limed juice by A! sulph 
-ate. (Abr. p. 39)
Use of alumina after tannin (Abr* p.41)
Al.Sulphate,30 su contact ord. temp., 
then limes or vice-versa.(Abr.p.54)
Use of aluminates of barium,etc.

(Abr. p. 68)
Use of gelatinous Al hydrate with lime.

(Abr. p. 3)
Lime-water and gelatinous Al hydrate.

(Abr. p.17)
Phosphite or phosphate of Al prepared 
from the sulphate. (Abr.p.25)
Bout* or basic Al or Fe sulphite or 
hydrosulphites. (Abr*p.18)
Aluminium hydrate, alone or mixed*

(Abr.p.3)
Us© of basic aluminium sulphate*(Abr.p*25)(1897)
Basic chloride of Al, prepared from 
gelatinous Al hydrate (Abr.p.26) (1897)
Al. polysilicates : Al sulphate during 
diffusion. (Abr. p. 16)
Clarifying matter made from char and 
HsP0* with Al salts* (Abr.p.2)
Granular alumina or magnesia- Al salts 
may be used, (Abr*p.6)
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Analyses of the reagents used in the Purification tests on raw
Diffusion Juices,

Hydrated Lime
4.

Calcium Hydroxide 96.17
Ca1c1urn Carbonate 1.19
Calcium Sulphate 0.58
Magnesium Carbonate 0.4?
Ferric Oxide 0.02
Alumina 0.10
Insoluble in HC1 0.55
later 1.10
Sieve Test
Through 50 mesh 100.00

100 0.00
150 94.00
200 94.00

17/18 % Aluminium Sulphateif
A120W 17 - 18
Fe«Os 0.001-0.007
SO5 (combined) 39.6-42.0
SOa '(free) Nil-0.20
Insoluble matter Ml-fcrace 
Cater 40-43.4

Sulphur Dioxide Gas.
The purity of the gas as 
supplied in cylinders was 
99 - 100 per cent,the press
ure being between 30 and 45 
lbs.,(2-3 atmospheres}•

Analysis of Mono-calcium ohosnhate

Mono-Calcium Phosphate, OaH^PC^-g 
Calcium Oxide, Ca.0
Ma gne s i um,0xide, MgO
Phosphorus pentoxide P205
Ferric oxide k Alumina Fe203 4 A1S0S
Ignition Loss (with ZnO)
Sulphur trioxide,30s
As20s, 0.5 part per million 
Pb, 5.0 parts per million

Per cent
&  ̂0
24.00 
0.03 

55.74 
0.03 
20.03
0.0? ^ 0.12 C&SO^

99.90

Interaction of lime and aluminium sulphate( as In defecation). 
Al**{S04)a + 3 Ca(OH)^ = 3:-CaSO* + 2 AllGH}*
342.4 + 222.27

That Is, 1 part Al2(80^)s requires 0.65 part Ga(0H)s

TTsing the hydrated compound s-
Al* (SG^g.lSHsO * 666.8 requires 222.27 of 0a(0H)2
or 1 part of hydrated Al. sulphate requires 0.33 part Ca(0H)a.
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List of Experiments on the Defecation of Dried Beet Juices.
1. Determination of the Optimum amount of Lime,
2. Neutralisation by sulphuric acid,
3. Treatment with lime and calcium phosphate.
4. Optimum for temperature and for time of contact.
5* Effect of decolorising carbon.
6. Effect of variation of amount of calcium phosphate used.
7. Trials with various grades of alumina.
8. After-treatment of limed juices with SO2  and with GOg *
9. Treatment of limed juice with aluminium sulphate.
10.Effect of Temperature on clarified filtered juice.
11.Solid and fractional addition of lime.
12.Further tests on fractional limimg.
13.Defecation of juice from cossettes dried with pure air.
14.Effect of higher density of juice upon defecation.
15.Settling rates of precipitated defecating agents.
16.Behaviour of reducing sugars during the defecation process.
17.Determination of the amount of aluminium sulphate for defecation,
18.Use of S02 and of GOg after defecation with lime and Al.sulphate.
19.Use of calcium phosphate in the aluminium sulphate process .
20.Effect of juice density in the aluminium sulphate process.
21.Variations in the method of applying reagents in the Al.S.processc
22.The use of other aluminium salts in the defecation of dried beet 

juices.



Raw

1. lip termination of t  e optimum amount of hydrate' liiao requires' »
I n  these t e r .  t o  5 0 0  coo. of r a w  < 1  if f u r  i o n  juice mm token for 

ouch experiment. The line was m a d e  into a  mi He in 10 c c s .  of water
and a/1 decI in  tho cole-Vtho t r a i l -raised volume of limesX Juice being
then ho: ;©d to 6 mint nineci there for 3*5 minutes wit!i «44r»«#

ring* It uc:/' then flits:rod and the tireo of Xhiltrati'in no ted.

ho. I' (# •— , , *
Lima

fllae 
on XL

Try* 4 A"
h u g a r

Pur
ity

|}o lour
•>.* VtAi-4 —

Wit.
Hate

Put* 
i ty p n

... ■'- • 1
Piffe.e.

1 0 • i 0 , 0 3 51. . 5 3 1 .0 3 9 *> 3L
ivl .f s eo.

( ♦ 0 .9 6 .7

1 .7 0 n i  it •./ Of . o 3 0 .7 3 9 .5 1 6 .7 8 i c  ***> •■•" | +1.3 7 . 6

*fcw •"> P'S■ . ft 0 * 3 4 3 4 .4 5 5 9 .  9 5 9 .7 1 0 .  C 5 10 4 I etJLc 4t 7 . 9

4 • el 0 . 5 3 3 5 «1 3 1 .7 3 0 .5 G • 8 6 0 5 + O 1 * <3 # 3.6
5 4 .3 9 0 . 3 8 3 4 *3 o» t  <■?.\ V* &.. w* 3 0 .  > 5 .5 0 00 + 1 .7 9 , 2

6 5 .3 6 0 .4 ? /; *a j 3C .6 3 9 .3 5 .5 0 00 *  1 .1 1 0 .0

7 6 .1 4 0 .5 5 a O 50»5 " V te 5 .6 4 40 * 0 . 7

O 7 .0 3 0  .6 3 5'; . 8 3 1 .0 ■■ :i J . X 5 .7 4 15 +• 0 , 9 *#

9 7 .9 0 0 .7 0 3 5 .9 0 0 .  m . r 3 ) .  X 0 . 3 4 60 * 0 . 9 —

1 0 . 8 .7 8 0 .7 8 3 2 .9
3 4 .7

2 8 .8
3 0 .6

8 7 .5
8 8 .2

6 . 3
> vm*i m M iM»

6 50 - 0 . 7
4 .7

The optimum amount of ime appears to ho 0.5-0.6 per cent fcydr&ted 
liiao(on froo!i beete)»thit- ;mmnb giving the palest Juice and a satis 
-factory rteo in purity, Much after-settling out of solid was scan 
in tubes of Juice leapt for 5 days, except in Bo. 10 which had not 
then precipitated, The & tamer colour degrees were read at !0°Br3pu 
The filtration rate was taken in a standard filter by stop-clock,
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2• TIi© Effect of sulphuric acid neutralisation of limed .juice*

A typical limed juice was taken in 500 ccs» portions and the 
influence of sulphuric acid was observed.at 20,75, and 95 °C.
The contact time was 15 minutes in each test* The lime used was 6

gras* per 500 ccs. juice,equal to 0*54 per cent on fresh beets*
NcuI1mlng 

Contact 
Time 
mins.

Liming
Temp.•c.

Si.
HsS04
added

% on 
F.B*

Con
tact
Time
mins.

Temp. 
°C.

Briz® ySugar Purft^ Colour 
6Stammer 
10*Brix

T 15 75 0.5 ; 0.05 5 20 56.7 32.5 88*5 9.1

2 15 75 0*5 0.05 5 75 37.4 33.3 89 • 0■ 10.0■
5 15 75 0.5 0.05 5 95 58.6 34.2 65. 6 12.1
L.i *15 75 - - - 59.4 34.7 88*1 5.9

Ho. Filtration 
Hate for 50 ccs*

Purity
Diffce*

pH
Value Remarks *_

i mins. secs* While the purity has risen in
JL

9 15 4* 0 *4 7.1 each case, the increase In

2 2 15 40.9 7.0 colour makes this method of

5 1 45 4 0*5 7.0 little value*

L.«T* * Limed Juice.
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3 * The effect of lime and phosphate treatment of diffusion juice* 
This best aimed to find the optimum point of application of 

calcium phosphate* The temperature used was 75 0C, for both liming 
and phosphating,500 ccs. of juice being used in each test. The 
contact time was 15 minutes for lime and 5 minutes for phosphate : 
the quant'ties required of lime and phosphate were added each in 10 
ccs. of water*

No • Grins • /bLime Qms • %on Brix® /fcSugar Purity
Lime on F.B. Ca F.B.

Phos.

Raw
Jul< - - - mm 33.2 29.5 86.9
1 5.51 0.32 0 - 00.1 29.8 90.0
o£•* 5.51 0.32 4 0.36 32.2 89*2 90.4
KJ 3.51 0.32 4 0.36 32.3 29.1 90.1

^Stamm
er : 
10°Brix

Filtration
Hate
mi Eta. secs.

—
7.1
5.1
7.1

1 
4

ex 10

50
00
00

Raw 
Juice

Puri ty 
Diffce,

+1.1
+1*5
+1.2

pH
Value

4.7

8.7
6.8 
7.5

Remarks

Lime alone added
Lime added first,followed by phosphate. 
Phosphate added first, followed by lime,

The most striking feature of the above test was the effect of 
adding the phosphate before the lime (No*3). Filtration was slowed 
up at once, and the pH value did not fall as in No. 2. The colour 
was also darker in No.3, and the filtrate hazy. It is clear that 
lime must be added first.
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4« P®termination of optimum temperature and contact time of liming*
(a) Temperature 500 ccs. juice per test,adding 5 gms. of lime in 1 

10 ccs. water in each case (= 0.44 per cent on fresh, beets).
To. Te.rp.°C. 

15 mins.
contact
time

Brl.x° $Sugar Pur
ity

Colour
•Stammer
10° BRIX

Filt
tion
mins.

ra~
rate
secs.

Pur
ity
Diffoe.

pH
Value

Raw
Jui
1

cc
50

40.4

38.4

55 • 8 
34.5

88.6
89.8 8.0 3 ♦1.2

4.6
9.8

2 40 58.5 54.7 90.1 5.4 5 00 +1.5 9.9
5 50 o0 . 2 34.4 90.0 5.7 9 30 +1.4 10.0
4 60 37.4 33.7 90.1 6.25 7 10 +1,5 10.0
5 70 39.3 35.5 90.3 7.55 3 45 +1.7 9.9
6 80 39.4 35.5 9©.l 8.0 4 55 +1.5 10.0
7 90 39.3 35.2 89.6 8.3 4 30 +1,0 9.9
8 100 41.6 37.7 90.6 11.1 3 00 +2.0 9.7
9 70 38.3 34.5 90.1 6.7 1 00 +1*5 10.0

(b) Gontaet Time :- a temperature of 75*C. was used throughout.
Raw
Jui

Mins, 
se - 37.7 33.4 88.6 *» 4.8

l 5 35.3 31.4 88.9 8.8 2 10 +0.3 10.0
2 10 35.7 31.9 89,3 7.7 2 20 +0.7 9.9

3 15 36.0 32.2 89.4 7.7 3 10 +0.8 9.8
4 20 36,4 32,6 89.6 8.5 4 00 +1.00 9.9
5 25 36*8 32.8 89.1 8*9 4 30 +0.5 9.7
6 30 37.3 33.3 89.3 9.1 4 55 +0.7 9.6
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5. Determination of the effect of decolorising carbons on diffusion 
Juice after limingbut without neutralisation#

A diffusion juice limed, with 6 gms. hydrated lime per 500 ccs.^ 
equal to 0.54 per cent lime on fresh "beets, was treated with three 
different decolorising carbons using 500 ccs, juice for each test 
at 75*0. The lime was allowed 15 minutes contact at 75*C. and the 
carbon contact time was also 15 minutes : carbon and line were each 
added in 10 ccs. of water.
'No. Brix*" %Sugar Purity Colour

°Stammer
lO^Brix

1‘iltr
tion
Hate 
mins •

a- 1 Pur
ity 
|Diff • 

secs.

"pH”
Value

L.J. 37.1 33.2 89.5 8.7 2 30 - 7.8
1 38.9 35 • 2 90.5 9.1 2 10 +1.0 7.7

2 38.1 34 . 6 90.8 8.7 1 30 +1.3 7.7

3 37.8 34.0 89.9 9.1 2 00
*

+0.4 7.6

"Carbon
Gm s  •
and type

Williams 
1 gm. 

0.09% on Fti 
Esbit Igm. 
09% on F.B.

0.25 Gm.

This test demonstrated that it is not satisfactory to apply 
carbons to juices above the neutral point. While a juice may be 
decolorised at say 6.9-7.3 pH, it is difficult to decolorise It if 
its pH value is above say 7.3 pH. The purity riso and rate of filt-* 
ration were satisfactory in these tests.

The pH value should be reduced to near the neutral point before 
using eafrbon s this can be dome by means of GO*, SQs or an acid 
phosphate. It Is well known that the decolorising power of carbons 
is greater, in general, in contact with acid juices.
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The effect of varying amounts of acid phosphate on limed juice,
Ho. Gms.Lime ContactTime

Mins.
Temp.
*0.

Gras.
Phos
phate

0/J°Lime
on
F.B.

c//°Phos.
on
F.B.

Contact 
Time for
Phosphate
mins.

Temp.
*c.
for
Phos.

1 CCS. 
water 
for 
Lime & 
Phos.

Haw
Joe.

mm mm - mm -
{each) «■»

1 5 15 75 0 0. 43 - - - 10
2 5 15 75 . 1 0.43 0.09 5 75 10
3 5 15 75 2 0.43 0.17 5 75 10
4 5 15 75 3 0.43 0.27 5 75 10
5 5 15 75 4 0.43 0.36 5 76 10
C5 5 15 75 5 0.43 0.43 5 75 10

Ho. Brix° $Sugar Purity ' Colour 
-er
10*Brix

Piltrs 
Ra

mins •
xtion
se
secs.

Purity 
PIffee.

pH
Value

Raw
«Fce.

39.8 34.9 87.7 - • mm 4.8

1 37.9 % v AOut O 88.6 7.9 5 10 ♦0*9 9.9
2 eo.8 32.7 88.9 10.6 10 10 ♦1.2 8.8
3 37.9 53. 8 89.2 17.0 6 30 ♦1.5 7.8
4 39.7 35.3 88.9 19.0 4 45 ♦1*2 7.5

40.0 35.8 89.5 9.5 5 10 ♦1.8 7.0
6 40.4 36.2 89.6 5.7 5 10 ♦1.9 6* 8

This test showed satisfactory purity rise and filtration rate : 
the colour did not improve until the juice was acid.
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7* Effect of various grades of alumina on limed diffusion juice,
The juice was limed in 500 ccs* quantities with 5 gms. of 

hydrated lime* equal to 0*43 per cent on fresh beets, allowing 15 
minutes contact time at 75°C•, and was then treated with 3 gms* of 
the aluminium compound for 5 minutes at 75 °C. fills was equal to 0*27 
per cent on fresh beets* Each reagent was added in 10 ccs* of water*

H'o * Erix° % Sugar Puri ty Colour 
0Stammer 
10° Brix

Filt
ration
Hate
minsJsecs.

Purity 
biffce.

pH
Value

Remarks

Haw
Jce, 35.2 31.2 88.6 M mm mm 4.7

1 35.2 51 * 4 89* 2 8.9 2 20 4-0.6 9.8 Lime alone
2 54 «  9 31.4 90.0 9.5 2 00 +1.4 7.8 Dry A1(0H)-*
3 54 • 5 31.0 89.9 6.5 2 00 41.8 7.8 99^ Calcinec 

alumina
4 3 4 . 8 31.2 89.7 10 * 6 2 30 43.. 1 7.8 98^;

5 55*0 31.5 90.0 11.3 3 10 41.4 7.8 Crude
alumina

6 35.2 31. 6 89.8 5.7 2 50 41.2 7,5 Calcined
alumina

7 35.1 31.5 89.7 9.5 2 50 41.1 7.8 Crude
Bauxite

The purifying action of these grades of alumina appears to be 
in direct ratio to their own purity* Ho attempt was made to render 
these alumina samples active by ignition or other treatment*

Filtration rate and purity rise are very satisfactory in all 
the tests,but only Hos. 3 and 6 gave satisfactory reduction of 
colour*
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® -9.̂  ,Xlined juice with acid reagents — use of sulphur 
dioxide, and of carbon dioxide.

A litre of raw diffusion juice was taken. for each, experiment# 
This was treated with 10 gms. of lime, equal to 0.43 per cent on * 
fresh beets, with 15 minutes contact at 75°C., and filtered.

The acid reagent was then applied to the filtered limed juice from 
a cylinder at a temperature of 65 °0. to approximately pH 7.0. The 
neutralised juice was filtered.
(a) Sulphur dioxide treatment s-
MO. Brix0 c/3ugar Purity C olour 

0Stammer 
10°3rix

Filt:
at i Oi 
Rate 

mins •

r-
i

secs.

Pur
ity
Biff.

.— .pH
Value

.—  -----
Remarks

Raw
Joe.
1
2

35.8
36.7
37.1

31.4
32.7
33.0

87.7
89.1
88.9

5.3
7.7

7
0

00
55

+1.4
+1.2

4.7
9.9
7.2

lime alone
Filtered 
Juice*SOp

(b) Carbon dioxide treatment

3 36.7 32.7 89.1 5.3 7 05 +1*4 9.8 Lime alone
4 37.0 33.0 89.6 7.5 2 10 +1.9 7.0 Filtered

Juice+COg

An important result in these tests is the great increase in the
spedd of filtration. The colour is slightly darker in both finished 
juices,but the purity is substantially the same after SOg treatment.: 
With C02 it was observed that it was much easier to control the j
reaction than woth S02i the •gassing1 with 002 was not so fast. j
It is probable that some of the colouring matter is not affected by 
the acid reagents,which suggests the use of a third reagent to fix j

i;hi r  f i n l a i i T .
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9• -i-fre of aluminium sulphate as a defecating agent.
The aluminium sulphate reagent was made "by dissolvin^lO gms, 

of hydrated salt in 500 ccs. of distilled water and filtering hot. 
This gave a solution of about 70°Brix which crystallised out below 
30°C. It therefore represented saturation at ordinary temperatiire. 
The following tests were made
(a) k gms. lin^ .followed by 5 ccs. 41.3. soln. s filtered.
(b; 3 ces. Al.S. soln. followed by 5 gms* of lime s filtered*
(c) 5 ccs. of 41.3* soln. followed b y  5 gms* sodium carbonate,
i d )  5 gms. of soda-ash,followed by 3 ccs. of Al. H* soln.
In each test 500 ccs. of juice was taken, heating for 15 minutes 
with the alkaline reagent, and for 5 minute© with the 41. S. soln* 
The temperature used was 75°0* The 5 gms. alkaline reagent repress 
ents 0*44- per cent on fresh beet % the Al.S. 5 cos. soln.,0.22 $*

ho.

Maw
dee

(a)
(b)
(°)
(a)

Brix0
Sugar

Purity Colour
°8tanm@r
10°Brix

Purity
liffce.

Pilti 
atior 
Eat© 
mins.

I

secs

PH
Value
•

Remark©

33.6 31.4 88.2 - „ 4.7 -

36.3 32.4 89.2 2.2 +1 . 0 3 * 30 5.5 Tory acid
36.9 32.7 88.6 3.9 +■0.4 4 00' 7.7 GrOOd

36.0 32.0 88.9 12.7 +0.7- 49 00 7.4 Very slow
37.0 33.0 89.1 9.0 +0.9 38 00 7.0 Slow

There is obviously s great difference in the reaction obtained by 
the reverse method of additions the soda gives darfc juice and slow
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10« i*he effect of tempemture on Clarified filtered juice* 
additions of reagents are shown, as per cent on weight of fresh beet 
Lime was added to give pH 7*4 using 0*17 per cent; this was foll
owed by Aluminium sulphate solution (0,27 per cent). Lime was again 
added (0,27 per cent) and the juice was then treated with sulphur
dioxide to give a, final pH value of 7,5 The first liming was at 
75°C, for 15 minutes, the Al,3, solution was for 5 minutes at 75oG#

Aand the final liming was for 5 minutes at 75'G,

j. s e p a r a t e  500 ccs. lots of the treated filtered juice
were heated for 15 minutes at 80, 85# 90, 95# and 100 0.

BrixMo PuritySugar our
Value

87.7 7.2

6,7
6*3 7.5

5.940.8
105.787.942.0

The original treated juice was now 1 gassed* with SO^ ih the 
cold, heated to 75°G.# and filtered* 50 ccs. filtered in 10 secs.
Brix0 io Sugar Purity i» Ash fo Seducing 

Sugars
Colour
°Stammer
10°Brix,

P H
Value

37.3 32.9 88.2 0.$Q 1.08 5.0 6.9
The juice has bleached as the temperature increased ; the 

second sulphitation has markedly improved the juice.
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11* Investigation of Solid and fractional’ addition of lime in the 
Purification of Diffusion Juice*
Various tests were made comparing addition of lime-cream with 

solid liming, and also with fractional llraing,hoth liquid and solid*

All heating was at 75°C. ; 500 ecs* of juice used for each test*

MO* Gms • 
Lime 
added

Form
added

Gms • 
Al # c> *
added

Form
added

Conditions of test

1 5 liquid - 15 ains. heating at 75 °C*
2 5 solid - - ft ft II fl

3 5 solid - - 1 gm* added each min* for 15 mins*

4 5 liquid 3 liquid Lime 15 mins.: Al.S* 5 mins. at 75^C
5 5 solid 3 solid »♦ »»

6 5 solid 3 solid 1 gm. Lime each3mins*forl5 mins 
1 « Al.S. * 1 * " 3 M
Al•3• 5 mins contact in all

7 5 liquid - Lime in 2 lots of 2.5 gms. each; 1st 
lot 7 mins. 2nd. lot 8 mins. contact

8 5 solid • - As in No* 7,but using solid lime*

9 5 solid — — First added 2 gms. lime at 75 C* the 
rest added 1 gm. at a time each 3 
mins. thereafter. 15 mins.total time

Mote : — Special care was taken to ensure that the lime added solid 
was in very finely divided form, and a mechanical stirrer was used 
to give thorough mixing of the juice and reagents*
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11 • Continued g~ Analytical Results
i'4 0 . lrix°1/Ougar Purity ■golour 

v Otamrae: 
10•Brix

Purity 
r liffee.

m t r
at ion
Kate
Kins.

it lim

o e c © *

PH
Value

Form of 
Addition

Raw
Jce.

36.8 31.7 86.2 - -• - - 4.8 . j -

1 37 • 4 32.5 86.9 9.1 +0.64 8 50 9.9 liquid
2 37.8 '33.0 87.3 8.3 + 1.04 7 30 9.8 solid
3 38.2 33.2 87.0 5.6 +0*8 8 20 9.3 solid
4 37.3 33.0 88.0 6.7 +1.8 5 20 7.6 liquid
5 39.6 34.3 Bo.7 7.1 +0.5. 7 0 0 8.0 solid
6 41.0 53.7 87.1 5.1 +0.9 9 10 7.8 solid
7 37.2 32.4 87.0 . 6.3 +0.8 9 45 9.6 liquid
8 38.3 33.4 87.3 6.6 +1.1 5 0 0 9.4 solid
9 39.1 33.7 86.3 6.0 ■ +0.1 17 5 0 9*a solid

'The most noteworthy feature of this series of tests is the 
great variation in the colours, the purity increases, and the rates 
of filtration. In ft os. 3 and 6 a very good juice has been produced 
by fractional addition of the lime, nitration was remarkably slow 
in ho. 9 test. The general conclusion is that the addition of the 
reagents is a matter requiring great care as to the actual condi
tions and method of addition. In every case the colour of the final 
juice was lighter where the lime had been added fractionally as 
compared with tests 1 and 2 where it was added in one lot.
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2. Further tests on fractional liming of diffusion jaice.
mmmm* m ..u i....■u.................................... .................... .. i i.  n ■■■ *...—t » iw  <wn tw—HMiPtiiMPiawi n—»i»m» iw  mu i m <mm»iw«hi—iiH'm.i iWlBii. mi   i.n up h mm—«.«  n—mu iihiiwmwC— «■— I fa ■■■ lm«n»»wiw»w—>

Tests made using 3 JO ccs, juice.

'AO,

X
2
3
4
5
6

Gms.
Lime

3
5
6
6

Gms.
a X . S.

Form
added

Lime 
Contact 
Cirne 
Sins •

liquid
solid
solid
solid
liquid
solid

liquid

/il . b • 
Contact 
Time 
Mins.

15"
15
15
15
20
15

15

Temp. o.
T975“

75
73
75
BO
75

75

Conditions of test

Normal defecation
1 gm. lime added every 3 mins;
Lira© added as in No.2,then Al.S.

in bulk*
Lirae as in No.2,then Al.S* added 
1 gm. at a time during 5 mins# 
Normal defecation
Lime placed in vessel and 100 ccs. 
raw juice added every 3 mins. to 
total of 500 ccs.,all at 75°C»
Normal bulk additions,completed 
by adding 1.25 gms. Oa phosphate 
and giving 5 mins. at 75°C.

No.

R&W
Jce.

Brix

Raw
Jce.
5
6 
7

35.9

34.2
37.7
37.9 
38.1
36.6
37.2
37.3 
36.5

Sugar

30.0

29.6
32.5
32.6 
32.9
31.7
32.6
32.8 
32.3

Pur
ity-

85.5

86.6
86.2
86.2
86.3
86.6
87.7
87.8
88.5

Colour Purity
°3tam:aer biff. 
IQOBrix

6.3
4*4
4.1
4.3

11.1
7.1
4.6

+1.1
+0.7
+0.7
+0.8

+1.1 
+1.2 
+1.9

Filtr
at'd on 
Rate
.[ins. Secs,

6
8
6
10

3 
5
4

00
20
40
30

30
20
40

pH
Value

4*8

9.9
7.9 
7.6
7.9
4.7
9.7
9.8
7.0
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13. Tests9& defecation of diffusion juice from cossettes 
dried by pure air*

o iThese tests were made at 75 0# using 500 ccs* of raw juice,and
allowing 15 minutes contact time for liming*and 5 minutes for Al. 
sulphate where it was used. The lime and Al.sulphate were each added 
in 10 ccs. of water

Mo. Gms. 
Lime

Gms.
a . s.

Brix0 jSdugar Purity Colour
°8tamoie
10°Brix

Pil 
r atj 

Eai 
Min,

.tr-
lou
J t?
Sec.

Purity
Diffce.

pH
Value

Haw
Jce. - - 32.9 29.0 88 • 0 - - - - 6.0
1 5 - 34.0 30.6 89.9 5.8 3 10 4*1.9 9.9
2 7.5 - 33.6 30.3 90.1 5.1 3 50 4-2.1 * 11.3
3 10 . 0 <*» 33.0 29.3 90.2 8.8 5 40 4*2.2 e:c 12.0
4 5 3 33.0 29.8 90.2 4.8 3 50 4*2 . 2 7.8
5 7.5 3 33.2 29.9 90.2 4.1 3 00 +2 . 2 8.6
6 10.0 3 33.5 30.1 90.0 5.6 9 20 +2.0 11.0
7 5 5 32.9 29.4 89.4 4.5 5 40 +1.4 7.2
8 7.5 5 33.2 30.0 90.5 4.4 6 10 +2.5 8.0
9 ■ 10.0 5 32.1 28.9 90.0 4.2 3 10 +2.0 9.8

hiscussion of results in Tests 12 and 15
The addition of more lime at a higher temperature and time darkens 
the juice. The method of adding the juice to the lime offer© no 
great advantage over the usual procedure. The filtration rate when 
using solid lime is slower* and this slowing down is also seen with
more heavily limed juices.
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14. Tej3ts_on the defecation of diffusion juices at higher QBrix«
]j iff as ion j aioes at 44° and 55° Brix were prepared and treated 

by the normal lime/aluminium sulphate process developed in the 
previous tests, the quantities of reagents used being corrected 
for the increased density s 500 ccs. of juice were used in each 
test,with 15 minutes contact time for lime and 5 minutes for alum-

ing a temperature of 75°C.

Sugar Purity Colour TPurity Piltr-
1

pH
°StammerDiffce.ation Valus
10^Brix Hate

1 M. 3.

33.6 87.8 - _ - 4.7
38.8 88.3 11.1 +0.5 4 40 9.6
38.7 88.1 8.6 +0.3 4 10 9.6
38.2 88.0 7.5 +0.2 7 05 8.1

49.3 86.4 - - - mt* 4.7
50.4 86.9 17.1 +0.5 150 00 9.7
49.9 86.5 11.5 +0.1 185 00 8.5
49.4 86.9 14.9 +0.5 230 00 10.9
48.8 85.5 18.0 -0.9 260 00 j 8.3

No Gms. Gms. Brix
Lime Al

Raw 
Jce. 
1
2
3

9
6.7
6.7

Raw - 
Jce.
4 9
5 9
6 13.5
7 13.5

4

5.4

8.1

43.9
43.9
43.9 
43.4

57.2
58.2 
57.9 
56.8 
57.1

Remarks :- These tests show clearly the impracticability of treat
ing raw juices for a major removal of impurities by ordinary defe
cation methods when the Brix0 is above about 35^* The rate of filt
ration is very slow, the purity increase small, and the colour 
poor in all the ab&ve trials. The times of filtration given in
tests 4-7 are only approximate.
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Qn settling rate of reagents as used in the lime/alum
inium sulphate process of defecation.

The usual amounts of reagents were allowed to interact in water 
and the settling rate noted,with the time for complete settling* 
Distilled water was used,500 ccs. per test, and the precipitates 
were settled in a litre cylinder at 20°C* The internal diameter of 
the cylinder was 6 cms. and the length of each column of liquid was 
18 cms#

Mo*

1

Conditions of Experiment Settling
Time
Mins*

Ppt.
Voluipd Remarks 
Ccs.

5 gms. of hydrated lime 
alone 3

24 hrs.
35 Complete and 
34 rapid settling

2 § gms* hydrated lime and 
3 gms aluminium sulphate

1 19 130 Complete settl*- 
24 hrs. 80 -ing very slow

3 10 gms. of hydrated lime 4 60 
24 hrs. 56

Compares well 
with Mo. 1

4 10 gms* of hydrated lime 
and 6 gms.of aluminium 
sulphate.

8
18

450
380

Settling very 
much slower.

5 1 gm. lime and 3-3 gms al 
Sulphate-these are the th<
reaction quantities

iminium
soretical

10
20
30
40

490
473
455
435

This produced 
aluminium hydr
oxide which 
settled very M 
slowly.■■ ' . ■ |

floc<
lime

Where there was an excess of the large lime particles the 
2ulation was rapid, and this would indicate that an excess of 
is desirable over that amount necessary to interact with the

aluminium sulphate, and the amount required to combine with the 
impurities in the raw juice*
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16. Test following the behaviour o f reducing-sugars during the 
lime/aliminium sulphate process of defecation.
The tests were conducted at 75°C.,using 15 minutes contact 

time for the lime and 5 minutes for the aluminium sulphate ; each 
reagent was added in 10 ccs. water | 500 ccs. raw juice were used 
in e SL ch test.

Mo.

1
2
3
4
5
6

7

Gms. Gms.
Al.Sjuime

Conditions of Experiment

normal addition of lime alone.
Normal lime/aluminium sulphate process,
5 ccs. 1.16 s.g.HCl added,15 mins. contact s then the
As in No.3 * with after-addition of 3 gms.Al.S. 5m»/75° 
.Normal process with after-addition of SO^.

r. u  n  »« H  C 0 2
Lime, aluminium sulphate, and SOp added together.
15 minutes total contact time.I

Mo. Brixc$3ugar
m -

Colour
°Stam.
lO°Bx.

Pur
ity
iiff.

Pi]
at:
Rai
M.

Ltr-
uon
:e
S.

PH
Value

A
jo

Redu
cing
Sugars

Invert
Ratio

D.C, - 63.2 - - - - - 5.0 0.54 0.85
Raw
Jce. 36.2 31.7 87.7 - - - - 4.7 0.79 2.49

1 36.2 32.2 89.1 7.9 .+1.3 2 50 9.9 0.47 1.46

2 36.9 33.2 90.0 6.9 +2.3 3 10 8.6 0.44 1.33

3 36.8 32.0 87.0 5.0 -0.7 15 00 7.3 -

4 36.9 32.7 88.6 6.3 +0*9 5 50 7.8 0.62 1.90

5 36.8 32.6 88.7 6*7 +1*0 9 20 8.1 0.50 1.53

6 37.0 33.5 90.4 5.9 +2.7 9 30 8.0 0.61 1.51

7 35.6 32.0 89.3 4.4 +2.1 4 30 7.7 0.35 1.09
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17. Lime/aluminium sulphate process of juice defecation i~
£_gtgrmf **at 1 on of optimum amount of aluminium sulphate*
In these tests 500 ccs, of raw diffusion juice was used and 

the lime was kept at the optimum amount of 5 gms* except where 
mentioned,,giving 15 minutes contact time at 75°0. The aluminium 
sulphate was given 5 minutes contact at the same temperature* 
Each reagent was added in 10 ccs. of water.

0ho. Gms« 
Lime

(has • 
Al * b •

Brix fo Sugar Purity Pur
ity 
Liff.

Colour 
S fc am. 

10°Bx.
Pi 3 
tic 
Ra‘ 
M.

.tra- 
m  
:e 
S .

pH
Value

Raw
Jce, * - 34.2 30.3 88.6 - - — 4*6
1 5 - 33.5 29.8 89.0 +0 • 4 5.6 3 10 9.9
2 5 1 33.2 29.6 89.2 +0.6 4.8 2 00 9.1
3 5 2 33.6 29.9 89.0 +0.4 5.3 2 45 8.5
4 5 3 32*8 29.3 89.3 +0.7 4.9 3 50 7.9
5 3.51 4 34.2 30.5 89.2 +0.6 4.7 3 20 7.8
6 5 4 33.6 30.0 89.3 +0.7 5.0 3 10 7.7
7 5 5 34.0 30.3 89*1 +0.5 4.9 4 20 7.6
8 5 6 33.6 30 .0 39.3 +0.7 j 4.7 3 30 7.6

It seems probable that the optimum amount of aluminium sulph
ate required is 3 gms* P©r 500 ccs* of raw diffusion juice when 
using lime at the rate of 5 gms* per 500 ccs* juice* These amounts 
correspond to 0*43 per cent on weight of fresh beets for lime and 
0.26 per cent for aluminium sulphate.
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18. gheJise_of Sulphur Dioxide ar.d Carbon Dioxide in the lime/ 
alum iti I am sulphate process of defecation#

These reagents were used to reduce the pH value of the treated 
juice to just above 7*0; the normal 5 gms.of lime and 3 gms. of 
aluminium sulphate were used on 500 ccs. of juice.

No. Oms. 
Lime

Time of 
Contact 
Tins.

Temp.
o n

C C S  •
Juice After -"-Treatment

1 10 15 75 1000 Filtered _
2 3oo if.J. from rfo.I treated with 30^ at

65°C.to 6.0 pHj then added 3 gms. Al* 
S. with 3 mine, contact at 75°C.

3 500 F.J. fi*om no.l treated withSOg until 
just colourless to phenolphthalein.

4 10 15 75 1000 Filtered

5 F.J# from no.4 treated with 3 gms, 
Al.S. with 5 mins.contact at 75°C,

6 500 F.J. from no.4 treated with SOg at
65°0. to faint pink to’phtiial ein. ■ 
Then added 3 gms. Al.S. * 5 mins,75

7 250 F.J. from no.5 treated with S02 at 
65°C.to 6.9 pH.

8 20 15 75 2000 Filtered

9 ' . 500 F.J. from no.8 treated with Q0o at€»
65 °C. to 8.5 pH*then 3 gms. AITS, for 
5 mins. at 75°G*

10 500 F.J. from no.8 treated with 3 gms. A 
Al.S. for 5 mins. at 75°G. Then OOg 
to pH 7-0
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18* Continued :- Analytical_resuits.
Bo. Brix0 A Sugar Purity golour

Stamm.
10°3ria

Purity
biff.

PiJ 
tic 
A a ! 
M.

.tra
in
:e
S.

i P-H 
Value

Remarks
.

Raw
Jce,

37-4 32.8 87.7 - - - - 4.8 -
1 36# 4 32.1 88.2 5.9 +0.5 7 00 9.3 Lime alone
2 37.2 33.0 88.7 2.4 +1.0 0 40 5.5 302 + Al.S
3 37.7 '33.8 89.7 2.4 +2.0 0 55 5.5 S02 + Al.S
4 37.3 33.3 89.3 6.7 +1.6 7 15 9.9 Lime alone
5 37.7 33.6 89.1 4.4 +1.4 0 30 7.9 Lime + Al.
6 38.2 33.8 88.5 3.6 +0.8 0 25 7.3 S02 + Al.
7 37.9 33.7 88.9 3.3 +1.2 0 25 6.7 Lime+Al.S.

so
Lime alone8 37.8 33.7 89.1 6.7 +1 # 4 7 00 9.9

9 38.2 34.1 89.3 3.7 +1.6 0 35 7.2 00^ + Al.

10 37.1 33.2 89.5 3.7 +1.8 0 30 7.0 Al.S. + CO

11 37.1 32.8 88.4 3.5 +0.7 0 30 6*9 Repeat of

12 36.5 32.6 89.3 4.4 +1.6 0 25 7.3 Repeat of

The filtered juices produced by the above methods were very
satisfactory in comparison with those from previous tests# The use 
of carbon dioxide gives juices almost as good as those from sulphur 
dioxide treatment# It was noticed that with the carbonated juices 
there is always a dark shadow in the ftuice when viewed in a boil
ing tube, whereas wita sulphited juice the tint seems to be more
a monochromatic yellow#
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fes fc with 1 iltra,t.1 on rate ot v^ater and a pure sucrose solution
standard filter used in. the purification tests*

A solution of pure sucrose was made at 36.57°Brix,and 500 ccs. 
of this solution was heated to different temperatures and the time 
of filtration of 50 ccs, noted.

Sugar solution s 

Results :—

Brixo
36.57

(1) Water

35.90

o,Temperature G

Purity
98.17

30 40 50 60 70 80 90

Time of (a) 50 40 35 33 31 28 25
Filtration,(b)
for 50 ccs.

48 42 35 31 31 28 25

Average 49 41 35 32 31 28 25

(2) Sugar Solution
a,

30 40 50 60 70 80 90
Time of (a) 30 24 22 20 18 17 15
Filtration,. * (b)
for 50 ccs.

32 24 22 18 19 18 15

Average 31 24 22 19 18.5 17.5 15

This test was designed to serve as a basis for comparison 
with the raw juices used in the defecation experiments as regards 
rate of filtration. It was found that the sugar solution Brix0 had

risen tp 41.2 after the test at 100 Go
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„ . filtration in a gunnel.
X Consider & funnel of cone angle 2cL , 

and height h from cone apex.
An element ds will have area zTTy&s,
where ds c -sec

dx v \dx)
xThus ds=- ̂ Tlanatsecfetdx 

The force on the elements p.ds wuere 
p*/*(h~x), and the total force on the cone

s f  /’(h-x) .iTTtanotsecocxdx where /> (rho) ^density

aT/T^tanoisec^lhx^ - x
k

of liquid being filtered.

l ' T f h  tanotsecc< 
3~*

Total surface area of the cones / ds * 277t&n©i©@<bUi
*4 3

Thus the ajean pressure per unit area, p ±s- 1 /°h.

Example In a 6 inch funnel .(diameter) with 60osid@s :
h * 4.5", and in filtering 30QSrix juice

(3f>-fy. **hf3)

the pressure* p a l  x 1.13 x 4.5 % 0*0361
3

. *  0.061 lbs. per sq. inch.
( A 1 inch column of waters.0*036.1 lbs./ per sq. inch )
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1 9  •  n e e  o f  c a l c i u m p h o s p h a te ’ rtg neat rallying a g e n t  i n  the lime/
a l u m i n i u m  s u l p h a t e  p r o c e s s  of: defecation.
Lime was applied at the rate of 5 gms. p e r  500 ccs# r a w  diff

usion juice with- 15 minutes contact at 75°C* tand aluminium sulphate 
at 3 grns# per 50..) ccs* at the same temperature9 a l l o w i n g  5 minutes 
contact# The varying quantities of phosphate were allowed 5 minutes 
contact at 75°C.* the treated juice then being filtered*

H O . L* OiS •
<& s)iiO<W •

a d d e d

B r i x 0 z? s u g a r P a r i t y

***«_ <W»

C o l o u r  
S t a m m 
e r :  1 0 ° i f c

r 1 1 t r 
a i l  cm  

. .  i i s t e

P u r i t y

i i f f c e .

pH
V a l u e

IVi . C1*

Raw
Jce# K-? 1 x. 4 0* Jt- 39# B 34.9 87.7 • - - 4.8
1 H - 37.9 33.6 88.6 7.9 5 10 +0*9 9.9
2 1.,) 39.3 35.4 88«9 P •  vj 12 00 *1.2 7.8
3 1.5 39.8 35*5 89.2 4.2 17 0 0 . +1.5 7.7
4 2.0 40.5 33.9 88«5 4.0 17 15 +0.8 7*6
5 1.0 39 #9 35.3 88# 5 4.7

-
19
.

00 +0 • s 7.9

In all tests the lisie was added in 10 ccs® of water $ i n  Hoe#
2 and 5 the difference lay in adding the A1.8L and phosphate solid 
in- Mo# 2 and in 10 c c s #  water each i n  Ho# 3.

These results were satisfactory with regard to colour and pur
ity of the final juices* but the filtration rates were slow* and the 
phosphate.-is-a relatively expensive reagent# The same results are 
achieved by sulphur dioxide or carbon dioxide with very much better
filtration# This test emphasises the well-known tendency of the

slow-
phosphate defscants to give close-grained,slow-settling, and/filtering

precipitates#



20• The effect of juice density in defecation by the lime/aluminium 
sulphate process.
The effect of lime,and of lime and aluminium sulphate were 

observed on the same raw diffusion Juice diluted from 4G°Brix to 30° 
20°,and. 10°Brix, the weights of reagents used being calculated in 
proportion to the amounts of solids in 500 ccs.,for each Jui.ce.

Brix° Lbs.Sol ids Gms. Lime Gms• A1.S. Example
per Gallon used used 30® Brix

40 4.72 5.00 ' 3.00 Lime =
30 1- 3.38 3.58 2.15 5 x 3.38

4.72
20 2.17 2.30 1.40 A1.S.=

3 x 3.38
10 1.04 1.10 0.67 4.72

All tests were mad© at 75°C. with 15 minutes contact time for lime, 
and 5 minutes for aluminium sulphate : the reagents were added each 
in 10 ccs. of water.
No. Gms.

Lime
Gms.
Al.-'S.

Brix® % Sugar Pur
ity

Colour
®Stam.
10°Bx.

Pi]
ati
Ra1
M.

Ltr-
Lon
:e
S.

Pur
ity
Diff.

pH
Value Remarks

Raw
Jce, ft 11 Nil 40.1 35 . 3 88.0 _ — «. • • 4.7 Origigj^
1 : ■ Nil,

2.16
41.0, 36 • 5 89 • 0 6.8 14 00 4-1.0 y * 3 Lime

2 3.58 40.6' 36.1 89.0 5.6 9 10 ♦1.0 7.2
alone 

Lime &
3 , Nil i Nil

i
o0 . 4 26.7 87.8 - - - - 4.7

A1.S. 
Raw Jce

4 5.68 Nil 31.9 28.3 88.7 6.8 4 50 ♦0.9 9.6 Lime
5 3.58 2.16 31.5 28.0 88. S 7.3 4 10 ♦1.1 7.1

Alone 
Lime &

6 Nil Nil 20.7 18.3 88.4 - 4.7
Al.S.
Raw Jce

7 2.30 Nil 20.9 18.5 88.6 9.3 1 10 ♦0.1 b .0 Lime
alone
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2 0. Continued :-

•o 
1I

3 ms. 
Line

Gms. 
Al* S.

Brix° fSugar Pur
ity

Colour
®Sfcam.
10°Bx.

Fi]
at"
HaJ
M.

Ltr-
ton
;e
S.

Pur
ity
Diff.

pH |
Value Remarks 

1

8 2 * 30 1 « 40 21.4 19.0 88.8 7.3 1 50 +0 • 4 7.1 Lime & 
A1. S .

9 iiil Nil 10.5 9*5 86. 5 - - 4.7 Haw Jce.
10 1.10' Nil 11.4 10.2 88. 6 9.3 1 00 +0.1 6 . / Lime

alone
11 1.10 0.67 10.9 9.7 SO. s 4.8 0 40 +0.5 7.7 Lime & 

Al.S.
12 10.00 3.00 41.3 2 (\  ̂W ft KJ 88.4 6.3 6 30 +0.4 9.7 Lime & 

Al.S.

The raw juice used in this test was of poor quality : even with the
lime quantity doubled the result wag not good, the colours being
darker than usual. The filtration rat© increases apparently in 
direct ratio to the dilution, but the colour was better at 40wBrix 
than at 20 or 30°.
Comparison of Filtration Rates s- 
The apparatus used was similar to that 
shown in Fig.35• The paper filter a is 
held fast at its upper edge by the 
covers b and £. The jacket d serves as 
heat insulator. The juice to be filter
ed is placed in vessel e whicn is 
closed by stopper f on rod jg.This rod
is surrounded by a hollow spindle h to 
which two stirrers i and if are fixed. 
The cone k serves to distribute the 
liquid.

Z. Ver.Kiiott from 
, 83,1078.)'■)

A ppara tus fo r  deter
m in ing  fi lte ra b il ity  o f sugar juices.

Figure 29
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21 • Vari&ti onsi** the method of application of aluminium sulphate 
in the lime/aluminium sulphate process of defecation*
The juice used in this test was dark and of poor quality* 500 

ccs. were used for each test with 10 gms. of lime added in 20 ccs, 
of water and 15 minutes contact time. This gave 0,89 per cent lim< 
on fresh beets, and aid not give a finished juice of better 
colour. The aluminium sulphate was given 3 minutes contact time,

Remarks
Ho. Gms.

Al
Temp.
°G.

Brix0 /Sugar Pur
ity

o0olotir
Stammer
10°Brix

Pi:
at
Ra'
M.

Ltr-
Lon
be

pH
Value

Raw
<Jce« - - 31.8 28.0 88. 1 - - - 4.5
1 .Mil 73 31.3 27.8 88. 8 6.2 4 30 10.9
2 3 75 30.8 27.4 89.0 3.9 4 00 8.3
3 3 95 32.5 28.7 88. 4 5.3 5 20 7.7
4 3 75 31.6 28.0 88. 6 5.1 5 00 7.6
5 3 95 32.1 28.5 88.8 5.4 4 55 7.4
In test Mo. 5 the lime and aluminium sulphat e were ad

Lime alone
Standard 

procedure 
Limed at 75
Lime & Al.S. 

added together

95 °C.

It is clear from these tests that this beet juice containing 
relatively large amounts of reducing sugars cannot be treated at a 
temperature much above say 80°0. without attack on the reducing 
sugars and consequent darkening of the colour. The addition of the 
reagents together has not given so good a result as the usual method 
of separate additions. The increased lime used in this test was 
necessary with the poor quality juice, and this saows the need for 
cautious regulation of the .amounts of reagents used in proportion to 
the quality of the juice.
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22. Use of aluminium salts in defecation after liming*-
lu this series of tests 500 ees. of raw diffusion juice 

used for each test,and 5 gms.. of lime was added giving 15 minutes 
contact at 75°C. Three gms. of each aluminium salt was used with 5 
minutes contact at 75°C.,except in the case of the powdered metal 
where 10 minutes contact was allowed.

No.

Eaw 
Jce, 
1 .

2

3

6

7
8
9
10 
11

Salt added

56.1
Lime alone|34.0 

36.3 
37.0
36.2

Al.sulph- 
a te 

n metal 
(powder) 
Al.
acetate
Al.
Carbonate
Al.Bitrat
Al.Oleate
Al* rl108 -phate
Al Sili

cate 
Al.Silico 
-fluoride 
Al. Tann- 

ate

3rix° sugar

e36
36.0 

.6
37.3
37.2
36.2 
36.7 
35.6

31.6
30.0
32.0
33.0
32.1

32.2
32.6
33.5
33.1
32.2
32.6 
31.4

P ur:i ty

87.5
88.2
88.1
89.2
88.7

89.4
89.1
89.8
89.0
89.0 
88.8

88.2

Colour
Stammez

10°Brix
Pur
ity

Filtr
ation

Biff. Rate

7.1
5.4
7.7
6.3

5.3 
8.3-
9.1 

14.3
7.7
7.5
8.3

+0.7 
+0.6 
+1.7 
+1.2

+1.9
+1.6
+2.3
+1.5
+1.5
+1.3
+0.7

.

10
25
15
15

30
30
10
30
50
00
10

pH
Value

4.7 
9.9
7.4
7.1
7.5

7.5
7.1
7.7
7.7 
7.0
7.5 
7.3

The best result was obtained with the carbonate, but in gen
eral no great advantage is visible with any of these salts in 
comparison with aluminium sulphate. The juice from silicate treat
ment was dim, and that from nitrate very dull in appearance.

A
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analysis3 of p r o d u c t s prom e x p e r i m e n t a l c l a r i f i c a t i o n
PRODUCT RELATIVE 

YIELD ' 
LBS.

SOLIDS SJO-
R03B

ttBOU’
OIMGr
SUGAR

$AaH
{
\

. ̂

(Jthea 
ORG ABI a 
BAT TB R 
by diff.)

*4
LIMB
SALTS

Fresh Beet 400 23.55 70.91 1.27 2.91 7 . 1 2 0.17
Dried Cossettes 1 0 0 9 2 . 1 6 68.14 0.87 3.18 8.07 0.55
Diffusion Juice 1 6 0 3 6 . 2 2 87.10 1.56 2 . 0 2 9.32 0  • 44
Filtered Limed Jce .158 3 6 . 1 2 87.50 1.41 2.13 3.96 0.94
Filtered Juice 
after Alg(8 8 4 ) 3
Filtered Juice 
after Sulphitation

1 6 0

1 6 0

35.79

3 5 . 7 9

87.80

87.44

1.42

1.29

2.79

2.71

7.99

8.56 •

0.78

0.39

Filtered Juice 
after Carhonatain. 160 35.86 89.82 1.33 2.68 6.17 0.75
First Massecuite 63.5 91.00 89.80 1.46 2.65 6.09 0.43
First Syrup 31.1 82.00 79.49 3.63 4.98 11.90 0.97

First Sugar 32.4 0.02x 99.85 0.02 0.07 0.04 —

Second Massecuite 27.2 93.20 84.49 3.92 3.17 8.42 —

Second Syrup 15.0 82.00 67.24 6.98 6.20 19.58 —

Second Sugar 12.2 1.0QX 97.00 0.75 0.80 1.45

Third Massecuite 94.00 76.20 5.73 16.60 11*47 —

Third Syrup 
(Final Molasses)
Third Sugar

86.80
98.00

58.80
94.20

7.80
1.33

10.20
1.43

23.20
3.04 --

Waste Pulp 350 12.25 3.51 — — ■ —

Dried Pulp 88.80 2.25 — 7.23 —

Dried Pulp (Ordi
nary Process) 
Filtered Juice 
(Solid liming)
F.Jee.(Dble. Lime)

155
160

86.52

37.00
35.92

0.92

87.30
87.14

1.49
1.42

4.32

2.24
4.09

8.97
7.35

0.65
2 . W
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AN AL fSi-IS OF P:5.0DUCT3 i’ROM EXjPKRIMBNTAL OLAAIPICATION
PRODUCT

sp
• / 0LUI3IL 

AjTIJJ
*PixO'L'O)

x’iiOi'XH PEFTO
ot/° ,, T •<--/ -U .Lituj
tl2

P,rj
a.l qcI »•ST
*2

sog
P.P.M.

sg5
P.P.M.

Fret;*;. Beet trace 4.67 f? * 1- 0 0.64 2.19 below 1 5.75
Dried .-usset 

-•t e s 0.33 =5.59 ^ . - 1.37 7.31 90 21.2
Diffusion Jce. 0.11 1.58 0.39 0.77 3.56 110 7.4
filtered 
L inied J uio e 0.019 0.27 0.80 5.00 69 0.4
filtered Jce 
after a 1o (S0

c.

0

4 )5 Nil Nil 0.20 0.75 4.69 56 0.9
Filtered Jce 
after SOg

•
Nil Nil 0.31 0.6? 4.19 (0.33/) 0.8

Filtered Jce 
After Carbn.

0
Nil Nil 0.26 0.67 4.19 110 0.8

First M/cuite. trace Nil 0.11 0.68 4.25 75 0.9
First sugar Nil Nil Nil — — 16 —

First Syrup trace Nil trace 1.10 6.88 42 1.6
Second M/cuite trace Nil 0.20 1.20 7.50 20 1.4
Second Syrup Nil Nil 0.33 1.63 10.18 4 6 2.1
Second Sugar Nil Nil Nil — 22 —

Third M/cuite Nil Nil 0.15 73 2.0
Third Syrup 
(Final molasse

trace
s)

Nil 0.22 60 3*6

Third Sugar Nil Nil Nil 21 0*4
waste Pulp 2.69 13.53 17.96 1.06 6.63
Dried Pulp 0.44 17.57 18.47 1.98 6.13 15 —
Dried Pulp 
(Ord.process) 1.96 21.84 23.58 1.96 12.25 1*4
Filtered Jce. 
(Solid Liming) Nil Nil 0.51 0.70 4.38 135 0.5
Filtered Jce. 
(Double Lime) Nil Nil 0.36 0.6? 4.19 84 0.6

Ammoniacal Nitrogen. Fresh Beet, 0.29 $ t Dried Cossettes,0.20 fo i 
Diffusion Juice, 0.20
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BaLaN 0 iu OR ASH AND INVERT SUG-AJI IN E>IPERIMSNTAL DEFECATION..

PRODUCT DP o • PER LBS. PER PER LBS. LBS.
'RET CENT DRY CENT CENT DRY DRY

SOLIDS ASH REDUCING ASH ADDUCING
ON DRY SUG-A IS 

ON DRY
SUGARS

DRIED 00;.;> jijf i’ ES
100 92.16 92.16 3.18 0.87 2.93 0.80

M I ce 160 36.22 58.0 2.02 1.56 1.17 0.90
PCk.U'I VI
JJ1C.R 160 35.86 57.4 2.68 1.33 1.54 0.76
FIRST 63.5 91.00 57.8 2.65 1.46 1.53 1.06
M/C UIT.fi
Fiji ST

31.1 82.00 25.5 4.98 3.63 1.27 0.93
FIRST
SUGAR
p i T i f l  / ' V i ' T T i

32.4 99.98 32.3 0.07 0.02 0.02 0.01
oJjSOi-i j J

f.l/jUI'1'E 37.2 93.2 34.7 3.17 3.92 1.10 1.36
Second
SYRUP 20.5 82.00 16.8 6.20 6.98 1.04 1.17
SECONDSUGAR 16.7 99.00 16.5 0.80 0.75 0.13 0.12

This balance shows some discrepancies, but on the whole is 
probably as close as could be expected for the experimental condi
tions in a pilot plant using relatively small quantities of material* 
Part of the second crop sugar was used as a footing for the final 
boiling made, so that the balance is not complete. The yield from 
the first raasseeuite was approximately 51 per cent crystals, and.

from the second massecuite 45 P©r cent.



FIGURE 30 - ” SjggiQSR" PHOTOELECTRIC ABSORPTIQJETER

Stammer’s
colorimeter.

FIGURE 31.
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The Stammer Colorimeter, 
th-..- Oxiginal stammer colorimeter was described inSiaffimer*s 

"ziUCfcerfabrikation", p. 747,lt>87• Ibises of coloured glass were used 
"to give a reproducible colour standam,and a value ox 100 was given 
by Stammer to a solution which, matched the standard disc for a 
scale reading of 1 mm. The colour value of any liquid in Stammer 
degrees is found by dividing 100 by the reading of the scale in mm* 

This colorimeter was used in all the defecation tests descri
bed in this work,and the stammer glasses were checked by a method 
due to Sandera (Z .Zuckerind.ceohoslovak. Hep.,57,44,1932/33)*
This consists of comparing the glass discs with a standard solution 
which has practically the same absorption curve as the glass.
The solution is made by dissolving 1 gm. nickel ammonium sulphate,

1.2 gms. cobalt ammonium sulphat@,CoSO^. 
(SH^JgSO^.GlIgOf and 0.019 gm.potassium diohrornate in dust-free 
distilled water, and diluting to 100 ccs. The hi and Co salts are 
first recrystallised from water and dried in dust-free air on a 
glass plate. The recrystallised potassium dichromate is dried at 
150°0. These salts are stored in glass stoppered bottles, and made 
fresh as required. The standard solution has a colour of exactly 
5°Stammer, that is, l°3tammer is defined by a thickness of 20 mm* 
of the solution. If a normal glass to be checked is found to be 
matched in tae colorimeter by say, 22.8 mm. of the solution, then
all results obtained with this glass must be multiplied by ,
or 1*14 to convert the observed degrees into standard Stammer

9
degrees. A complete speetrophotometric analyses of the normal 
Stammer glass is given by Spengler and Landt
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:• S&CTiiQiM 5. 

apparent sucrose (polarizationV and' ’reducing
£U£S£3. Jj2_lresH Jbftfiji.oM

1 . sampling s

2. Polarization s

3. Reducing sugars.

HOTS s- TRe methods of analysis for polarization and reducing 
sugars in fresh beets arid dried eossettes have already:been given 
in brief oiftine in section 1 (Composition of the Sugar Beet).

In the present section these methods are described in detail.
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METHODS OF ANALYSIS 
Analysis of fresh beet slices s- Sampling:-

In a plant working over the full 24 hours of the day the perfect 
method of sampling would be the taking of a sample almost continuous
ly, about every 3 minutes, with removal of the average sample to the 
laboratory every two hours. Properly carried out, this method is 
beyond criticism. In practice, the sample may be taken every quarter 
of an hour, and removed to the laboratory at once. These samples are 
composited and analysed every hour, taking care to mix thoroughly 
and to take smaller lots from different parts of the pile. i
The average sample Is passed through a mincer of the Russwin or I
Universelle type (Gillet) with exterior knives, taking care that no ; 
juice is expressed from the sample.
Polarisation The normal weight, 26 gms. Is weighed out in a tared 
nickel capsule and transferred to a 200 ccs. Kohlrausch flask with 
distilldd water. The necessary volume of neutral lead acetate solution 
(or of Lead subacetate solution) is added to the flask before adding 
the cossettes. Usually 5-7 ccs. will be sufficient* The volume in the 
flask is made to 160/170 ccs. with warm sugar-free water, and the 
flask Is transferred to a thermostatically controlled water^bath 
regulated in advance to 88°G. The flask is left in for 30 minutes, 
and then withdrawn and the volume completed to the mark without 
cooling. The flask is replaced in the bath and digested for a further 
30 minutes. It is now cooled, froth removed by application of ether 
vapour, and the volume completed. After shaking well the liquid is 
filtered with addition of a drop of glacial acetic acid if neceessar'



Analysis of Dried Cossettes : - Sampling 
banples are collected along the breadth of the discharge end of the 
Drier (for drying control), taking care to sample the depth of the 
layer as well* These samples should be taken at quarter-hour inter
vals « During extraction control the samples are taken from the 
conveyor belt bringing the cossettes from storage*
The sample is thoroughly mixed and a representative portion ground in 
in impact type mill with a 3/8 inch screen to yield about 200 gms* as 
sample* The Harrison-Carter mill with four beater arms is satisfact
ory.
Polarisation The estimation is carried out exactly as described 
for fresh beet, but taking a half-normal weight (13 gms.) 
Determination of Reducing Sugars in Fresh beet and. Dried cossettes* ■

The weights used are 60 gms* for fresh beet and 15 gms. for- 
dried cossettes,taking marc volume at 2.8 ccs. and 0*7 ee» respect
ively. If the marc volume allowance be Included in the weight the 
amounts taken will be 59.2 for fresh beet, or 14*8 gms for dried 
cossettes. Digestion is made in each case exactly as for the polar
isation and preferably at the same time, but with the use of neutral 
lead acetate as required • The final filtrate obtained is used for 
the reducing sugar determination by the Bertrand-Saillard method# 100 
ccs. being deleaded with potassium oxalate (dry), and filtered.

For the actual estimation 50 ccs* of the deleaded filtrate is i 
placed In a 150 ccs. conical flask , 20 ccs. of mixed Bertrand- 
Salllard Copper reagent added, and the whole heated for 22 minutes 
exactly in a water bath maintained at 62-63°C.
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The filtrate,which must be perfectly elear, Is polarised in a 400 
mm. tube at close to 20°C.

Digestion bath used should be cylindrical, preferably of copper, 
and fitted with a constant level device arranged so that the 'water 
level is always a little above the gauge mark of the flasks, The 
bath should hild atleasfc five flasks,and will have a perforated tray 
in the bottom, on which the flasks rest. The thermostatic control 
should keep the temperature of t&e bath within * 0.5°C. of 88*C.
Marc Volumes- This was taken as 1.2 ccs. per Normal weight of fresh 
beet. The final volume in the flask must therefore be 201*2 ccs. 
Alternatively this allowance may be mad© in the Normal weight and 
the volume made to 200 ccs.-1i.e. 25.? gms. weighed instead of 26 
gms. or 12.85 in place of 13, or 51.4 in place of 52 gms. according 
to the weight required for a particular estimation. 
botes ;- The saccharimeter zero point should be checked frequently 
with a standard quartz plate reading around 35°, and the instrument 
should be accurate to 0.G5*. It is not recommended to use tubes 
longer than 400 mm., as in practice the reading errors will outweigh 
the additional accuracy due to the longer tube.
The first few drops of filtrate should be thrown away and all the 
remaining liquid filtered and mixed before filling the tube, taking 
every precaution to avoid evaporation. A very little Analytical 
grade Celite (kieselguhr) may be used to aid clarity in difficult 
filtrations : this must be added after completion to volume.
The use of Haynes special volumetric flasks carrying a lateral tub© 
of small diameter is convenient for making to volume when there lr
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PART 2

SECTION 5 *

METHODS OF ANALYSIS.

j Determination of Major Constitueats stheag 
than Water.

Polarisation
Sucrose
Reducing Sugars
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of Major Constituents other than Water :
METHODS OF PQLARI S ATI QH
Expression s Extraction s Digestion s

- Application to Dried Beet Cossettes.
Adsorption of Sucrose by the Marc.

EXfERIHDET AL
Tests on polarisation of fresh Beets and Dried Cossettes s
Experiments on the influence of temperature in hot digestion of 

1. Fresh Beets s 2. Dried Cossettes 5

Comparison of Metnods for the Polarisation of Sugar Beets ;
Consideration of Results.

Experiments on the determination of the Polarisation and Reducing- 
Sugar content 0 f LriedJ3 eet Cossettes :-
1. Effect of size of material and mode of Digestion s
2. Cold v. Hot Digestion for Deducing Sugars estimation :
3. Influence of concentration on Polarisation ;
4. Extended Tests on the influence of concentration on polarisation s

The Bertrand-Saillard Method for Determination of Reducing Sugars ? 
Application to Dried Beet Cossettes ;
Experiments on the Determination of Reducing Sugars 1
1. Digestion with U/28 Sodium Hydroxide :
2.Variation of Digestion c onditions :
3. Use of different filtering media :
4. Check of method using Standard Invert Sugar Solution 1
5. Use of Neutral and Basic Lead Acetate :
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Tip? .POLARISATION OF 3UG-A.R BBETS A UP SUGAR
piolitcts.

The readings of the saccharimeter scale indicate percentage 
of sucrose ohly if other constituents are without effect upon the 
reading, and results obtained with impure materials are thus more 
correctly expressed as degrees "polarisation".

The clarifying agents used may have considerable influence 
upon the reading and must be selected -with great care and used in 
minimum amount which will ensure sufficiently rapid filtration, a 
bright filtrate, and the smallest possible error due to^its use. 
methods of polarisation;-

In polarising plant materials the methods in general use are 
expression, extraction, or digestion. The material should be in a 
very finely divided condition for all of these.

In prinsiple the method of expression is the most accurate 
since it eliminates errors due to the uneven nature of the juice,
the presence of colloid water, or the adoption of a fixed figure
for marc content. ?he main difficulty with this method is to ensure
that the same pressure is used in all cases.

Tile extraction method using hot water is liable to cause 
solution of optically active gums, hemi-celluloses, and pectic 
acid, leading to considerable error© in the polarisation taken as 
sugar. This particular error is eliminated by alcoholic extraction, 
since these substances are relatively insoluble in ethyl alcohol. 
The alcoholic method has been regarded as giving an accurate esti
mate of the sugar in a plant substance, but Herzfeld long ago
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admitted that its absolute accuracy had not been proved. It is not 
now regarded as the standard method. The principal errors which 
may arise in alcoholic extraction are the effect of alcohol on the 
polarisation of the non-sugars present, and the effects on both the 
sugars and the non-sugars of the prolonged period of heating,and of 
the excess lead and acetates formed in the clarification of the 
solution. Alcoholic extraction normally gives lower results than 
obtained by expression of the juice, and it is also tedious and long 
requiring fragile apparatus. Its use as a standard for judging the 
results by other methods has been abandoned on these grounds by 
some continental countries, i

Digestion method These may be regarded as a combination of the 
methods of extraction and expression, and are generally rapid.
The principle is to digest a weighed amount of pulp with a large 
excess of water or alcohol for a time long enough to ensure complete 
diffusion of the sugar throughout the liquid. The volume is then *ad 
made up at standard temperature after clarifying, and the solution 
filtered and polarised. With hot digestion a coarser pulp may be 
used but the time required is greater s this method is often used 
in routine control* Cold digestion methods are well adapted for 
rapid testing — e,g* in beet selection trials or the polarisation 
of beets entering the factory when hundreds of samples may have to 
be analysed each day.
Dried Beets s- These are high in both sugar and marc content. 
Spengler, Paar, and Mtick (Z* verein Deut. ZucA, Ind* ,87,594,1937)
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have found that the stare volume of dried beets upon digestion with 
water is 4,5 ccs. per formal weight, and the marc volume for dried 
cossettes from the Steffen hot juice extraction process is 9.6 ccs.

Extraction or digestion methods are probably not suited for 
accurate work with dried products, since caramelisation and inver
sion of sucrose may occur during the drying process.

The method adopted for dried beet polarisation should employ 
not more than a half-normal weight in a 200 ccs. flask with allow
ance for marc volume,and making the reading in a 400 mm. tube 
Using Spengler’s figures (ibid.) for marc volume, the volume would 
be made to 202.25 ccs. It is generally more convenient to take a 
smaller normal weight (12.86 gms. in place of 13 gms.) rather than 
have flasks marked specially at 202.25 ccs.
APS OK PTI Off Off SUCROSE 31 THE i&ARC s- Martraive, (Bull. Assoc. Chi®., 
52, 775,1935 : 53,609,1936 : 55,441,1938) has shown that hot aqueous 
digestion of a beet pulp with and without added sucrose gave a lower 
result than that expected where sucrose had been added,and ascribed 
this to adsorption of sucrose by the marc. It is also possible that 
this may be due, at least in part, to the dehydrating effect of 
sucrose on the marc. It has also been suggested that the lead sub
acetate added causes shrinkage of the marc hydrate by withdrawing i
colloid water. Beets with 3.96 per cent dry marc were found to have
0.12 gm. colloid water,and beets of 5.47 per cent marc contained
0.20 gm. colloid water. It would appear therefore that a normal 
weight of average beet pulp will contain about 0.15 gm.(or cc.) of 
colloid water.
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Q--ion of the polarisation of fresh beet and 
Bl£jL® *L..̂.̂ £§̂ jLt.£El...l?,n ^si^g various weights and volumes, the standard 
hot digestion procedure was followed#

FRESH BEi:t .weight Volume Marc Volume Reading 4taken of flask Allowance 400 mm. PolarisationOms. Ocs. Ccs. tube
6.5 100 0.3 7.8 15.615*0 100 0.6 15.6 15.626.0 100 1.2 31.2 15.626.0 200 1.2 15.8 15.8 x52.0 200 2.3 31.4 15.726.0 300 1.2 10.6 16.852.0 300 2.3 21.0 15.7 x

hRXEL 000 SIiXTES.
6.5 100 1.2 30.4 60.813.0 100 2.3 60.2 60.2
6.5 200 1.2 15.3 61.2

13.0 200 2.3 30.7 61.4 x26.0 200 4 * 6 61.1 61.1
13.0 300 O Td* J 20.4 61.2 x
26.0 300 4.6 40.4 60*6
39.0 300 6.9 60.2 60.2
The test s marked *x ' appear to give the most satisfactory results
there is much wider discrepancy. in the dried cossettes, and the
ratio of water to cossettes in the flask is obviously important.
Test on the inclusion of the marc allowance in the weight taken*

gBBSH BVWjii-4.;t . .

Weight Volume Marc Neutral Reading $taken of flask Allowance Lead Acetate 400 mm. Polar
Gms. Cos. per N wt. added Ocs. tube isation
12.85 200 1.2 3 11.2 22.4
12.85 * 200 1.2 3 11.2 22.4
25.70 200 1.2 5 21.2 21.2
25.70 200 1.2 5 20.8 20.8
51.40 . 200 1.2 9 42.2 21.1
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IXPIEIHBITS OH THE IHFLUEHCE OF TEMFSRATUIIS XI THE HOT DIGBSTIGH
uETHQD 10 R TitR POL/dl IS ATIO IT 0 : BEIT JkMD DRIED COSSKTTBS* .
1. Fresh Beet ; Series (l) 3 ITormal weights in 300 ccs. flash

1Tempe:
ature
°c.

.’*• %

Sugar
(Polarisation)

%
Reducing
Sugars

Average
%Polarisation

Average
AReducing Sugars

.11 • • 1 ■ ■ ..... .
30 14.8

15,0
0.150
0.155 14.90

:
0.152

S 
I

| 
tO 

I 
CO 

i
i 

!

15.0
15.1

0 .105 
0.167 15.05 0.166

.......................................................................

90 15.1
15.15

0.181
0.134 15.12 0.182

Q ̂i# U 15.2
15.3

0.190
0.192 15.22 0.191

Series (2) ^ Sugar (Polarisation)
Temp.°c; Sample 1 Sample 2 Sample 3 Sample 4

Alcoholic 15.0 14.7 16.3 16.0
70 15.0 '14.3 16.2 16.2
75 15.4 15.1 16.3 16.1
80 13.3 15.0 lo . O 16,2
35 15.3 - 15.0 16.4 16.3
90 15.4 15.1 lb. 6 16.4
95 15.4 15.3 16 .4 16.4

The alcoholic method was used as comparison for series (2) employ
ing the standard Seheibler alcohol extraction process (see Browne 
and Zerban,"Sugar Analysis* 3rd* Ed. 1941., p.353.)
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2. Dried Cossettes i~  A three-quarter 5T v/t. In 300 ccs.
Temp.
vc.

tSugar
(Polarisation)

%
Reducing
Sugars

Average Average
f  * 'Pg larisationjReducing Sugars

80 ■60.2
6 0 . 0

1. a 1'1 *2*0 i> f U «»v̂ 60.10 1.35

35 60.3
6 0 . 2

JL *
' 1.38

60.25 1.36

90 60.0 
60. o

- 1.40
: 1.36 60.0 1.38 ■

95 60.4 
GO.4

1 ,'42 
1.41 60.4 1.41

Conclusions and notes The ae1;hod used was the standard hot
digestion method (see p • The reducing sugar content tends to
increase as' the tempernture is rai.see.3 and there is a similar
tendency to incree.se in tlie polarisation. A temperature of ?0°c. 
.appears to be too low : there is m axim um extraction at 95°C.

Comparison of methods for the •polarisation of sunar beets i
■ ’ I'Proved methods of preparing samples for analysis have shown j

that provided there is thorough disintegration of the cellular II

tissue and no lo-ss- by leakage of juice or by evaporation, almost |

any of the numerous raspers, shredders or .graters may he used. j
The Keil-Dolle segment rasp is the standard machine used in beet 

sugar factories in this country, the U.S.A., and much of continen

tal Surope. So me comparisons of methods of preparation and analysis 
are here shown
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ConsMe.r_a.tion of results s- The method of simple polarisation for-

the dotermination of sucrose in beets assumes that the only materi
al present wllich is optically active is the sucrose, and also 

assumes that the sucrose rotation is unaltered, by accompanying 

impurities. These assumptions are both incorrect* normal beets . -■

contain small amounts of invert sugarj r&ffinose, asparagine* glut- 

£ii-»iii.c* gums* and. otncr optically ac Give suestances*wH.ich by tnom— 
selves may cause a quite appreciable plus or minus error.
In addition the rotation of some of these is considerably affoctedi
/'

/by the addition of basic lead acetate.For example* asparagine,which 

is slightly levorotatory in aqueous solution becomes strongly 
dcxtrorctatory in presence of lead subacstate, while with glutamine 
the reverse is true.It is evident that there will be errors which 
nay or may ndt be mutually compensating. The extraction of highly 

dextrorotatory gums is also likely to occur even with the cold 
water digestion methods, if l£e hosts are .ŷ Lh ripe, frosted, disea
sed, or otherwise abnormal. The alcohol method eliminates this 

particular error, since these gume are insoluble in alcohol.'
Usually agreement between the water and alcohol methods is. very 

close. The! cold-water method is only suitable where, the pulp, can be
prepared in adequate fineness : the hot water method is generally

preferred for factory loss-control routine.
Many of the other optically bodies present may change rotation 

under the influence of heat, and some substances may be hydrolysed 

by heat producing optically active bodies when acids,alkalis, or 
enzymes are present. In general the tendency is towards dextro



rotation,g o  that the.apparent polarisation is always higher than the 

true sucrose content* As a rule a plant containing a glucoside has 

also present a corresponding enzyme capable of hydrolysing it* the 

enzyrac being also present in similar species which do not contain 

the enzyme i Glucoside and enzyme do not exist in the same cell, but- - 

are brought together if the cell structure is damaged* Thus the finer 
the pulp the more the cells ruptured and. the more intimate the con- - 

tact of enzyme and glucoside, producing dextrose usually and increas
ing the polarisation*

*

The Strohlein mill produced a pulp which was extremely finely
divided, and which yielded in general appreci.a^iJ highor results than 
other methods i  The sampling by means of a saw also seems to give high
results, while preparation of the sample by passing through an ordin

ary mincer, gave abnormally low results, apparently due to incomplete 

extraction* The samples done by the Sacbe-Le-Boete method were prap-- 

ared by the standard beet rasping method, and this pulp was also used 

for the alcoholic extraction*
Cumulative experience of these methods has shown that the Sachs- 

Le-Bocte method,where a constant volume of water and le Cod ac 0 tate is 
added, gives a fair and. relatively accurate estimate of the sugar 

present in the beet,particularly where the cycle of analysis is arra
nged so that each capsule is allowed to stand for at least 20 minutes 

before polarising. In addition it is probably the only feasible method 

where a very large number of samples have to be analysed each day*

It is the standard method in this country for commercial valuation of 

sugar beets.



222

Figure 35a...The Keil-Dolle Segment Rasp

Figure 35b...Mill for reduction of beet samples
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Experiments on the determination of the polarisation and reducing* 
sugar content of dried beet cassettes.

1* Effect of size of material and mode of digestion
(a) Hot, water digestion ; 55 minutes at 88°G,
Gms, taken 
in 200 ccs. 

flask
Mare
allow
-anee

(A) Hand 
ground in 
mortar 

% Sucrose
6.5 1.2 64.8

16 * u 1.7 64. 8
26.0 3.4 63.8

(B) Through 
mill; holes 
20 per sq.In. 
% Sucrose

65.6
64.8
64,0

(C) Through mill 
holes; 144 

per sq* inch.
% Sucrose

65. 6
64 . 8
64*2

6.5
*

1.2 60.2 62*4 62.4
13.0 1.7 61.6 63.2 63.2

o• 5.4 60.0 63*6 63.8

Reducing sugars by Bertrand-Saillard method :•
(a) Hot digestlon : 35 mlns.

1.18 1.40 1.43
(b)Cold dig sstion s2 hours

1.07 1.13 1.12

It Is clear from the above results that cold digestion Is not 
sufficient to bring all the sucrose into solution from the plant 
cells : the reducing sugars are similarly affected* The fineness of 
grinding would appear to make little difference once a certain size 
has been reached. The use of 8.5 gms. is not advisable.
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A contrast of cold and h.ofc digestion methods for the estimation of 
reducing sugars by the Bsrfcrand&iaillard method,

    * .n. i .   »,  ,---------  -r  , Tn. w-n, Hi m i ,., . ,j.. r i m-m nr. , , rrr r  ni . . .  i . . nm r  tJiinv t-ri___hi,in   I *'

Test (a) t- 15 gms* in duplicate, using 5 cos* neutral lead acetate 
solution (102) ,20 ccs* mixed copper solution and 100 cos* water 
2 hours digestion in cold s~ Reducing sugars)1( 0*C6f& i )2( 0,6? %*
Test (b ) t 15 gms*in duplicate, otherbd©tails as aba ire with 30 mlns*
digestion at 88 aC* ;• Reducing sugars (1) 1.0? % i (2) 1,10 %*
Sucrose in eossefctes 62,0 per cent*

This one© again brings out the necessity for hot digestion.

5, The influence of concenfcx*atlon on the polarisation found,

In this test all .marc volumes were allotted for at 1.2 ecs* per _ normal 
weight■of fresh beet, and calculated bade.from the polarisations*

In 20u ccs, flasks
tea,

After 30 mins, digestion
6,5 13*0. 26*0

66.10 65*80 6-3.45

After GO mins, digestion 6? *35 65*40 65*30
Lead acetate used, ecs. 4 7 10

After 30 mins, digestion 64*0 8t,5 @3*2

After 60 mins, digestion 8? *3 64*6 05*2

The results show that 6*5 gras, introduces too largo- a multiplier, 
while up gms does not allow sufficient liquid for complete extraction 

of the sucrose* The use of 13 gms* would seem best.



4, Extended tests on the influence of concentration on the polarisa
tion of dried beet cossettes.

With marc allowance calculated at 1.2 ccs. per Bormal weight of fresh 
beet. & All in 200 cca. flasks.   _ ______

Polarisations
U s in g  6 . 5  gins

64. 0 
61 .0
63.6
3 4 .8  
64 . 0
57.2
64.0
Gv - • iO
5 8 .4
64.0
63.6
6 1 .6  
68 • 4
6 4 .0
64.0
8 0 .8
59.2
6 1 .0  gO A 
/*’» "1 r*o± • 5 
60.8
60.0
64.6
65.2 
60.0 
65»0 
60.8 
6 2 .0
61.6 
31.6 
64.0
65.2 
.65*2

Using 15 gms. | Using 6.5 gms. Using 13 gms
64.2 56.8 56.4
62.4 66.0 64.4
62.8 64.4 65.0
6 n . 2 56.4 53.6
61.6 53.2 52.8
58.4 62.4 60.8
62.8 o4 . 4 63.8
61.2 60.0 57 . 6
56.0 64.0 64.0
62.0 61.2 59.0
65.2 64.0 62. §
60.0 64.0 61,6
62.4 61.6 61.2
60.4 62.4 57.2
63.2 60.4 63.2
57.2 61,6 61.2
60.6 64.6 64*0
62.0 64.0 61. 6
62.0 56. 8 56.4
59.2 59.2 57.2
60.0 64.8 64.0
59.2 60.4 58.4
62.4 62.4 62.0
61.2 64. 8 62.4
59.2 61.6 61. 6
63.2 59.2 58.6
57.6 63.2 62.8
61.4 62.4 60 * 4
58.-0 81*6 61.2
6o*8 62.4 61.2
63.2 02.4 61.6
61.2 61. 6 57.6
60.2 62.8 61.6

(66 results)
Averages 62.09 60.74
Difference
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tinned) Influence of concentration on the polarisation of 
beet eossettes. Details as in previous test. 

Polarisations.
6.5 gins. Using 26 gms. Using 6.5 gms. Using 13 g
62.8 63.0 64.0 58.6£>1.6 58.7 58.4 58.961.6 56.2 58.4 57.262.0 58.8 58.8 57.861.2 60.6 57.2 54.663.6 55.9 64.8 61.963.6 54.8 64.0 55.663.6 60.4 64 • 4 61.559.2 58.7 60.8 57.258.0 51.5 62.0 50.560.5 6 0 . 8 64.0 61.8
60.0 57.8 64*4 62.8
66.0 58.5 62.0 55.0
60.0 57.8 60.8 60.7
58.0 57.5 62.4 57.8
61.6 54.6 65.2 60.8
59.2 58.2 58.8 57.6
59.6 55.6 58.8 54.8
59.6 57.6 59.2 54.9
62.0 59.1 60.8 57.1
59.2 57.5 63.6 57.7
60.4 55.2 60.8 57.0
64.0 62.0 66.4 63*6
58.4 56.3 58.8 55.8
57.6 55.1 61.2 58.8
65 • 6 61.0 64.0 61.5
64.0 57.2 64.0 51.1
64.0 62.0 65.2 61.0
63.2 59.9 64*0 61.9
64.4 60.7 64*4 62.2
62.3 61.0 64.8 61.5
65.6 63.4 (63 results)

Averages 61.89 58.32
Difference 3.57

The first series of tests using 6.5 and 13 gm-s. cossettes show 
considerably less difference than the second series using 6*5 and 
26 gins. There is not enough liquid present when 26 gms. are taken, 
The adoption of 13 gifts, would seem the best compromise* since 
with 6.5 the reading must be multiplied by 4*
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BREi'HaH-D -  SAILLAKD IOTHOD FOE THE bBTBRMI NAT I  OH Of EEDUOIM-
Su(filR3 — APPLICATION TO Lti.1T) BEET OO-RiETTES :tM ,M   , —  „,............ ................ .. , ..........................................   ,

The precipitated cuprous oxide is filtered through a sintered glass
crucible,, washed with water and dissolved in 10 ccs. of ferric
sulphate solution* This solution is titrated against a standard
potassium permanganate solution until faintly pink* The amount of
reducing sugars present is found from specially prepared tables*
Solutions Fehling s solution as modified by Bertrand-Saillard s*

A* COPPER SOLUTION * 69.3 gms. CuSQ4*5H80 per litre
B* ALKALINE SOLUTION - 346 gms. Sodium Potassium. Tartrate

(Rochelle Salt), per litre*
130 gms. HaOH per litre.

A and B mixed in equal volumes just before use.
The alkalinity of this solution is very much reduced from that of the 
normal Fehling s solution,which minimises the effect of alkali on 
the sucrose,and gives results nearer the truth than would be possible 
with say,the methylene blue method of titration.
POTASSIUM PERMANGANATE SOLUTION

6.75 gms. KMnO* in 5 litres solution 
1 cc. « 2.5 mgms. Copper 

This solution is standardised by titration against 125 mgms. of 
ammonium, oxalate which is dissolved in water in a conical flask with 
addition of 2 or 3 ccs. of 5 I sulphuric acid, heated to 70*0.,and 
the KMnO* solution added to a faint pink colour. This should require 
22 ccs.
FERRIC SULPHATE SOLUTION Sulphuric acid - 200 gms.

Ferric sulphate - 50 gms.
This is made up with water tp just under 1 litre, filtered through p
sintered glass funnel, and completed to volume.
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Further cheek on the Bertrand-Salllard method
In addition to the titration with ammonium oxalate, the follow

ing check should be made :«*
A solution of 9.5 gms. of pure Sucrose in slightly less than 100 ccs* 
of approximately 0.6 N hydrochloric acid is kept lb r a week at room 
temperature ( or heated for 7 minutes at 67-7Q°C. as in the Clerget** 
Herzfeld conditions of inversion) and is then diluted accurately to 
1 litre and bottled. This acid 1 per cent solution of invert sugar 
will keep unchanged for many months. For standardisation it may be 
neutralised with sodium hydroxide solution and suitably diluted.
The neutralised solution does not keep for more than a day or two.
A volume of the solution corresponding to 25 mgms. of invert sugar 
is placed in a conical flask with 20 ccs. of the mixed Bertrand- 
Saillard solution and made up to 100 ccs. with water. The reduction 
and titration with permanganate are carried out in the standard way 
and comparison made with the figure shown in Saill&rd* s table for 
sucrose =0.
The burette used for the permanganate should read to 0.05 cc. each :
division being at least 1.5-2 mms. broad. It must have a glass stop- _____________ “_____  __________________ ___________ _______ :— — co ck •
REFERENCES i-
The so-called Bertrand method was first proposed by Schwarz { Ann. 
84,84,1852),who dissolved the cuprous oxide in FeCi3 solution made 
acid with Hel, and titrated the ferrous iron formed with KMnO*.
Saillard Betterave et Suereries des betteraves,Faris, 1915. |
Lane and Eynon,J:SiC:I., 32T*,1923
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on the determination of reducing sugars
I. Drxeu oossettes digested with x/28 sodium hydroxide by standard 
digestion method, using neutral lead acetate and dry deleading 
witn potassium oxalate. Compared with ordinary method used simult
aneously. Both tests in duplicate. Av.

Reducing
Sugars pH (after

Value digestion)
7.5 j(I
5.4

Alkaline digestion 1.00
Ordinary method 1.10

1 1This test was an attempt to prevent inversion of sucrose during 
digestion. The results show very little difference between the 
t#™ methods, in any ease not enough to make the change desirable.

2. Further tests were made using different conditions of digestion.
Digestion using $ Reducing Sugars

(Bertrand-Saillard method)

10 ccs, neutral lead acetate 0.76 ) gfo
i!

10 ccs. H310 Sodium carbonate 0.75 I 7.2|
Water alone 0.76 5.3
1.5 gms. Calcium carbonate , 0.74 I 6.5!

Each test was made in duplicate. Filtration was very slow where 
lead was not used. The calcium carbonate gave the next best filt
ration. The usual method of adding neutral lead acetate before 
digestion appears to be the most satisfactory. *

3. Test on the use of different filtering media in J3ertrand-Saill- 
, Asbestos (Gooch) Paper pulp Sintered glass

8- 3T ( I H i 0  TJ 111 O Q J mm ■ _ . ",1— "-1 "

i> Seducing Sugars 0.57 : 0.58 0.58 : 0.58 0.58 :0.58

J
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It is seen that the filtering medium has no influence oh the
results and its choice is therefore a matter of individual prefer
ence.
4. Check on the Bertrand—Saillard method using standard invert— 
sugar solution.

Five gms* of specially purified white sugar was inverted by 
standing for a week with 0,6 H HOI and made to 1 litre after neut* 
ralising. 1 cc. therefore contains 5*26 mgms. invert-sugar<
KMnO^ solution 1.035 factor against ammonium oxalate.
Invert Titration Mgms. Mgms,
Soluti on C C S . Copper Invert-taken

C C S .
KMnO^ Cugar

Theoretical 
content 

(18.4 ccs.)
~9"2".0 ' “5Y.6'.

10 18,3 91.5 52.3
10 18.4 92,0 52.6
10 17.6 88,0 50.3
10 18.7 93.5 53.4
10 18.4 92.0 52*6
10 18.4 92.0 52.6
10 18.5 92.5 52.8
10 18.6 93.0 53.1
10 13.4 92.) ' 52.6

AV€irage 18.37 91.83 52.48
A check was made on this invert solution using the gravimetric
method for estimating the coppey 
(a) Reduction to Cu by alcohol (b) Weighing direct as GUgO

 -----  1# 0.203 gm.' GufO
_ ^ #S -» f- It It <-•1. 0.185 gm. CU

2. 0.185 " "
M II3. 0.185 

Theoretical 0.184 gm.

2. 0.215 
3 . 0 . 2 1 0  g m .  C u 2 0  

Theoretical 207 mgms,



xhese results indicate that the Bertrand-Satllard method can be 
considerea reliable for the estimation of small amounts of reducing! 
sugars in presence of excess of sucrose. j
5. xh.e effect of neutral and of basic lead acetate in the Bertrand- 

oaillard method for reducing sugars.

This test was carried out on raw diffusion juice from dried j

cassettes, using varying quantities of the two lead solutions for j 
defecation. d.t° %

Lead solution 
used, ccs. Reducing sugars 

using Basic Lead
Acetate solution

Reducing Sugars 
Using Neutral Lead
Acetate solution

2 0.68 0.704 0 *74 0.778 0.85 0.6710 0.75 0*7012 0.69 0.5816 0.78 0.8617 0.76 0.72

Average 0.750 0.714
These results are rather inconclusive. Possibly precipitation of 
reducing non-sugars may occur in some cases, while invert-sugar 
or its components may be precipitated in other eases.

The effect of lead acetate on the polarisation was found in the
following test 13 gms. dried cossettes in 200 ccs. flask with
2.3 ccs. allowance for marc volume : digestion by standard method.
1. + 6.5 ccs. Basic 

Lead Acetate

fntrtr 
64.6

2. + 6.5 ccs. Neutral | 3. + 6.5 ccs.
Aiamoniacal Lead 

Acetate
Lead Acetate 

 n6476--
64.8 j 64.8

There is apparently no difference : These results are all within 
experimental error.
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SSCTIOH 5,

M T E O m  Off ANALYSIS

Density of Freeh Beets, .and-Dried Cossette© ,s~? 
Determination of ’marc* in the beet :
The estimation of Rmffinose.

lQTR;g- ■-Th^density-of-fresh 'beets ■ and -dried ̂ boss^t£&s>i:s 
-■Included1 in this-section for-;ccn¥eRieh6e.
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XQILOF m s  SPECIFIC GRAVITY OF DiilSD COSUBT
A&.JjS±§£L.y P.s £ ®&.tes ;- The eossettes tested contained7.5 per eon 
of wtifcei ciiict 64*<i per cent polarisation. ’The op* gr • was 'taken by- 
sighing 3 gas. of the fine cossette ^flour* in petroleum ether of

sp. gr. 0*79216 at 20 C. The average of six tests gave 1.4300 at 
20°C.
2. .Pried marc The shove method gave 1.19012 sp
.verage of six determinations
Dote The sp. gr. of Sucrose is ,1.388 at 20°C

Check from Composition of Pried Cossettes:-
Assuming 64-lper cent sucrose at 1*5877 density in the dried eoss- 
ettes and 7.5 per cent water, this leaves 28.5 per cent marc and 
Boluble non-sugars which can be assumed to have density 1.19.
On this basis:- 64 at 1.5877/100 - 1.016

Loose Dried Cassettes vary ratner widely in weight per cubic 
foot according to the conditions of packing of the slices.

7.5 at 1.00 
Total

8.5 at 1.19 0.339
0.075
1.430

foot, of fresh beets and Dried ..Cosset.tc.fi—in.

DRIED COSSETTBS
Composite sample over 7 days
Average from storage bins
Stanek and Bandera^
Fresh Beets (cossettes)

Lbs, per cu.ft. 
14.9

Cu. ft. per ton
150.8

19.0 120.0
25.0 89*6
26*2 85.5
34-37

1Zeit. Zuckerind. csechlslov.,525,1929 :I.S.J*,501,19^9 



Olaassen defines mare as tfce residue remaining after complete 
ixtraetion of the sugar from the beet, and of the easily soluble non- 
jugars under conditions similar to those in factory operations,working
is rapidly as possible to prevent the formation of soluble substances i1|
>y the decomposition of hemicelluloses, pectin, and like bodies.

This marc, or insoluble cellular matter,is sometimes assumed to be j  

present ata constant percentage of 5.0 or 4.75 per cent. This cannot j 

>e axact since the percentage of cellular matter varies considerably 
vith locality and climatic conditions,and also with other conditions 
such as the age of the plant and the soil fertility. |i

It is apparent from the indefinite nature of Claassen* s attempt 
it definition that marc cannot necessarily be considered the water- 
Lnsoluble portion of the beet, since this figure will vary with the 
particle size of the beet pulp, the length and mode of treatment
adopted, and in particular the temperature and the quantity of water-
aged. The temperature must be at least 60°C. to destroy the protoplasm.

The corrections generally accepted for the volume error due to
aarc in determinations of sugar in the beet by digestion are those of
Rapp and legener (Z. V’E.l. DETJT. ZUCK IND., 32,786,1882) who assumed 4.8 
as the average dry marc content of the beet, and 2.0 as the density of j 
the marc, giving a. correction of 0.6 cc. per normal weight.

cHeint.z ( Z. snalyt. ehem. 262,1874) found that dry sugar beet marc 
would adsorb water from sugar solutions, and 3chiebl.er.y (^l&id., 176,256, 
.879) later showed the presence of colloid water in beet marc, 
le found an average of 2.5 ccs. volume for the hydrated marc per normal



weight of beet, this being much higher than the volume occupied b£ 
the dry marc.

A summary of the principal conclusions regarding marc volume is 
shown below;-
Year

1882

1916

1882

1906

1926

1930 

1927

1931

1933 

1937

1934 

1934

Authority

Stammer 
Claassen

Rapp and 
hegener

Iribourg

Pellet

Sidersky
Spengler 
and Brendel

Mtiller and 
Pucherna
Stan6k and 
Vondr&k

Kopeck^

Spengler
and Paar
Spengler, 
Paar, and 
Mfick
Bachler

Osborn
Stan&K and 
Pavlas

’Reference

Z. V .I)eut • 2uck. T nd.,
32.634.1882 

ibid.,
66,359,1916

ibid,32.786.1882
“Analyse Chimique” 
p.253

2.V.Leut.Suck.Ind., 
56,903,1906
,fManuel" p.241
2.7.Deut.Zuck.Ind. 
76,880,1926

Gorree
-tion 
per h wt

0.6
0.75

0.80

1.35

Z.Z.C.&. (Czecho- 
Slovakia),54,99,1929/30 1.7

ibid.,51,101,113, 
1926-27

Z .v.isut.Suck.Ind.,
81,447,1931 
ibid.,83,342,1933

ibid.,87,594,1937

Facts about Sugar,
29.191.1934
X .jX.0.,anal. s d •
6.37.1934
2.2.0. A * ? _ trm,,62,357,365,1937/38

1.54

1.30

0.83

2.1

2.31
1.00

1.06

Remarks

Original method 

Improved method

Density,2.0 s 
/ dry marc,4.8

Density,1.13 s
/ dry marc,3-0-4.5 
av. 3*5 fc-

In presence of 
Lead acetate

In presence of
Lead acetate

In presence of 
Lead acetate
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AETHQDS Qg ESTIMATING- AARQ IN : SUGAR BKET 
Stamiiaer1^ method g- Twenty gms. of the finely divided sample are 
digested in a beaker with 300-400 ocs. water for 30 aiins.
The solution is removed by suction and the digestion and filtration 
repeated until the filtrate is free from sucrose as indicated ■by 
i-naphthol. The residue is treated with boiling distilled water and 
collected on a dry weighed filter-paper and washed with alcohol and 
then with ether. It is then dried first at low temperature and 
finally at 100-110°C. to constant weight. The marc is then ignited 
and the ash weight deducted from the total weignt first obtained. 
The per cent of dry marc is then five times this figure.
Claassen's method s- Twenty-five gms. of ground pulp is placed in 
a beaker marked at 40) ccs. and boiling water is poured in up to 
the mark. The pulp is digested for 2 mine, and rapidly filtered 
through a B&chmer funnel. .The pulp is returned to the beaker and 
the process repeated thrice. After the fourth digestion the marc is 
collected on a ta^ed filter-paper, washed with a few ccs. of 
alcohol and dried for 6-8 hours at 105-110°G. The calculation is
made as in the above method.

It is clear from a study of these methods that the marc result 
obtained will depend on the temperature of digestion primarily. 
During exhaustive hot water ext&action certain normally insoluble 
pectins are known to hydrolyse and pass into solution* and it may 
well be that other cell constituents will behave similarly.
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HX^ItIMK,nT3 Off MAtiO
1# Quantities of 6,5, 13, and 26 gms. of dried cossettes ground in 
the standard way in an impact mill were digested in a beaker with 
water at 5Q°S., transferred to a tared filter-paper, and washed 
with water at 50°G, until there was no reaction with the alpha- 
naphthol test for sucrose. The residue was dried at 105°C. for 6 
hours and weighed.(It was then ashed and re-weighed - not reported).
Cosset tes
taken gms.

Occupied 
Volume 

ccs
Apparent 
Volume occupied,ccs

Wt. of 
Marc
arms

^er 
cent 
Mare

Marc

2.081.3123.37 1.191.5190
1.5950
3.2240
3.2170
6.0790
6.3190

1.1924. 54
6.402.711.1924 . 8013.0

1 • 1924.7513.0
7.805.2123.38 1.1926.0

24.30 1.1926.0

The occupied volume was found by dividing the gms. weight of 
marc by the specific gravity of the marc. The apparent volume 
occupied was found by pu ting the dry marc into a dry 100 ccs. 
flask in each test and adding water from a standard burette up to 
the 100 ccs. volume at 15°G. This took no account of occluded air.
2. Indirect estimation of marc error s- Amounts of 100 gms. of 
dried cossettes were washed free froxa sugar as above, and the mass 
was semi-dried so that it would wet easily. Half-normal weights of 
dry sugar were then taken and varying amounts of this semi-dried 
pulp added.The sugar was dissolved in a little water, and the volume
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r f ^ r i e  v>p t o  2 o o  c c s *  a t  2 0 ° C • T h e  1*0 a c t i n g s  w e r e  t h e n  t a k e n *  

% ’ l o t s t w o  i n  t h e  s e m i - d r i e d  p a l p  »  4 0 * 6

Palp
taken
gms •

ThTr.lv*
D r y

’ " e i g h t
%

P o l a r -
1 nation

Differ
-ence

B.1 f f CQ. 
per gm. 
vet ri\’lp

Biffce. 
per gm* 
Dry pulp

Nil 0 24.5 CHS —
0  r.ts.A + Xr 1 * 0 2 25.0 1  *  4 0*56 1 . 5 7

5.0 2.05 2 6 . 7 2.2 0 * 44 0 . 8 0

7 . 5 5.05 28*1 0  * 6 0 . 4 8 1 . 4 0

• . • 0 ..u j. 5 Q*TxG. 100 CC w • 01 CiiX£

'...• X  1*- u  *i* b- i %*.. «.v t l  u  i  \j cfcC- i i .  U w* >*• v  •  is. v  a., o i l  ^  J- LrcV 0  J- s J- X  OC?- C  0  t  ■ C* v  i?G£> \h clfcS

Continu, ously extracted . ith cold v/ater for 9 hours until sugar
free to ;.• Igh-n&phtto 1 ? the resultant pulp being dried for 5

hour:; at IC5°C.
3 u l r (5?/

i
D i f f e r e n c e

g m s .
P o l a r i s a t i o n D i f f e r e n c e p e r  g in .  c f

T* C

u w - > « J- - •

1 5 8 , 5 0 . 8 0 0.20
U' 3 8 . 8 C . 8 0 0 . 4 0
l) 3 9 . 5 1 . 4 0 0 . 4 7

4 4 0 . 2
-? **■» <0 • i v 0 . 5 2

& 4 0 . 9 2 . 8 0 0 . 5 6

6 4 1 . 2 3 . 1 0 0 . 5 1
7 4 1 . 5 3 . 4 0 0 . 4 9
0 4 1 . 9 3 . 8 0 0 . 4 8

Discounting the result rith 1  g m .  o f  the p u l p ,  the average 

is 0.45-i.e. roughly 0.5 difference per gnu o f  marc . p r e s e n t .

A  r e p e a t  e x p e r i m e n t  s a s  c a r r i e d  out w i t h  a  d i f f e r e n t  s u g a r  

s o l u t i o n ,  b u t  w i t h  d e t a i l s  o t h e r w i s e  as above



Pulp
Jm

v <«h« j. W  A A

gmc.

" T ”
0.5
1.0 
9 nW  * V

<9*0
4.0 
5 .0
6.0
7.0
8.0

Polarisation

36.9
37.5 
37 .3
9'}* RW  I 4 V

37.8
38.2
38.6
33.8
39.3
39 • 9

Difference

u . o
0.4 0 .6 
0.9
1.3 
1.7 
1.9
2.4 
3.0
Average

Dlff eronce 
per gm. of 

Marc

0.60 
0.40 
0.30 
0.30 
0 • 33 
0.34 
0.32 
0.34 
0.38 
0.363

This teat lias given results differing rather widely from those in 
the previous test : the dried cossettes in this case were not the 
sane which probably had some influence.
4. Direct Estimation of marc

In this test a finely ground * flour1 was made from the dried coss

ettes sample. Smaller amounts were used in each test than in lest 

ITo. 1, the produet,after washing free from sugar,being ashed. The

details were otherwise as in Ho 1 test.

Weight Weight . Oms. 7° % %
Cossettes Pulp ash Marc Marc Ash
taken ; g m s. found found (ash-free)

3 0.625 07062 20783” 18.76 2307
3 0.636 0.073 21.20 13.77 2 .4o
4 0-.862 0.097 21.30 id. 87 2.43
4 0.859 0.036 21.48’ 19.08 2.40
4 0.869 0.104 21.73 13.13 2.60

Average5 21.31 T O  Q  Q  Ji 59 £ \J dh 2.33

2 19.60 17.00 2.60
20 20.61 18.11 j 2.50

The results of various similar estimations on fresh beet and dried

cossettes are summarised below
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FRESH BEET
¥/o

Haro
4*2
4.0
5.4
5*4
5.2
5*1
4*9
4*8
4*6
4.7
4.8 
5*0 
4*0
5.0 
4*6' '
£ . W

RANGES- 4.0 - 5*4
At say 78$ water » 22.00{$Marcon dry)

B.C. RANGE 19.6-26.7 
At 8$ Water a 20.24 i Mare

BRITO COSSETTES
Sample

2
5 
4 
B

6 
7
a
9
if

it

4 *%' * 
i , u

14
15
16
17
18
19
20
a v e r a g e

$
dry MareF-.nvnii i  ■.  --

22.4
22.7
23.4
24.5

' 24.8
24.8 
25.4
24.3
26.7
21.4
11.7
22.4
20.8 
21.2

;>2tl.3:
21.5
21.7 
1 9 * 6

20.6
19.7 
22.45
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The trisaccharide raffinose was obtained by Loiseau-^ in 1876 
from beet sugar. It was first described by Johnston^, who isolated it
from eucalyptus manna in 1843, and it was then named melitose by

 ̂ •*Bertaelot'. Raffinose occurs normally in the sugar beet in very small 
amount : it accumulates in the molasses and is recovered in large 
quantities as a by-product of the Barium Process for the recovery of 
sucrose from the molasses. It is commercially available from the 
Great Western Sugar Company, Denver, Colorado.

Haffinose crystallises in long needles of composition
C18H320l6•5î 20, an<i 105.2°in 10 per cent aqueous
solution, without mutarotation. It is,not readily oxidised and does 
not reduce Pehling’s Solution. On hydrolysis it yields first a 
mixture of levulose and melibose, and further hydrolysis of the 
melibiose gives glucose and galactose.

Saillard^has observed progressive formation of raffinose in the 
sugar beet as the season advanced, due to the gradual lowering of 
temperature, and has pointed out that in the south of Prance where 
the temperatures are higher, the raffinose content of the beet is 
much less than in the colder north. He also states that the raffinose 
is higher in wet seasons, and believes that raffinose may form while 
the roots are lying in silos before entering the factory.

Dahlberg& found that where the roots are not exposed t© frost 
no raffinose accumulated in the molasses,and Hungerford and Hees6 
report an inexplicable variation in the raffinose content of beet 
grown in the Rocky Mountain region, U.S.A.,from 0.01 to 0.10 per



cent in different years.
Estimation of Haffinose

Since raffinose nearly always occurs in association with, 
sucrose, it is necessary when these two sugars are present to use a 
method which combines their hydrolysis equations. With two unknown ' j 
quantities two equations are sufficient, but complication is caused 
by the presence in the sugar beet of other optically active bodies 
mainly nitrogenous in character. The nature of these substances 
varies with the soil and growing conditions among other factors, for j

rj jexample Pain® and Balch mention a preponderance of dextro-rotatory | 
non-sugars in beets grown in Idaho, while in beets from Utah, Colorado]i
and Nebraska, the non-sugars were lev©-rotatory. j

The well-known Creydt® formula for the estimation of raffinose j 
uses the relation that raffinose has 1.852 times as great a rotatory 
power as an equal weight of sucrose (anhydrous raffinose, 123.2°: 
sucrose, 66.5°). One of Creydt*s equations states that the direct 
polarization is the sum of the rotations of the sucrose and raffinose, 
and the other states that the invert polarization is the sum of the 
rotations of the products ©f hydrolysis. The Creydt formula is thus j  

only valid in the absence of other optically substances than sucrose j 
and raffinose. Owing to the presence of the optically active non- j 
sugars mentioned above, the precision of the Creydt method may appear | 
good but its accuracy is doubtful, and for this reason the double j 
enzyme method9, or, in some localities, the double acid method of 
Osborn and Ziech10is required. Browne and Zerb&n3-3- suggest that n© 
greater accuracy than 0.5 per cent can be expected by any of the
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methods for determining raffinose in mixtures# since caramelization 
products# gums, and organic acids may indicate raffinose when none is 
present. They suggest that even the two-enzyme procedure of Paine and 
Balch9, while much more reliable than Creydtts method, should be used 
only in the investigation of substances in which raffinose is likely 
to occur# and should never be used as a test for raffinose in unknown 
mixtures. For unknown products, the raffinose should be isolated in 
crystalline form, and its physical and chemical properties confirmed.

■ luXPilRIME^TAL tsuiiif. .

With the above limitations in view an attempt was made to apply 
both the double enzyme method9# and the Osborn and Zisch method*^ to 
the analysis of fresh beet slices and dried cassettes. It was thought 
that the fourfold sucrose content of the dried cassettes afforded an 
excellent opportunity &© secure a positive result for raffinose.

The results found are,of course#difficult to assess,since other 
optically active bodies are still present and may in fact have altered 
their optical properties during the drying process.

It is thus necessary to regard the figures with reserve, as they 
merely indicate that raffinose may provide the largest proportion of 
the percentage called ’’Raffinose”.
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PBTERMIHATIOB OF RAffEIHOSB I'M PEE SB BRETS GROW M IB SOUTnERM jsHGLARD -
(a) Seed., Beets ..and beet a from Trial Pields : -
Mo. Direct 

Pol n.
% Suc
rose

% Haf 
Acid
let hod

finose
Double
jSnzyme
•let hod

Ho. Direct
Poln.

% Suc
rose

% Raffi 
Acid
Method

nose 
Double 
Enzyme 
Method....

1 13.4 13.20 0.08 0.01 13 17.1 16.98 0.06 0.09
2 13.7 13.45 0.13 0.06 14 17.3 16.86 0.34 0.27
3 14.4 14.10 0.16 0.14 15 17.5 16.99 0.35 0.19
4 14.8 14.27 0.28 0.27 16 17.6 16.79 0.41 0.37
5 15.1 14.82 0.22 0.31 17 17.6 17.37 0.12 0.10
6 15.6 15.40 0.06 0.02 18 17.8 17.59 0.11 0.27
7 16.2 15.77 0.19 0.23 19 18.0 17.49 0.29 0.38
8 16.35 15.91 0.23 0.26 20 18.0 17.90 0.01 0.18
9 16.7 16.12 0.36 0.47 21 18.2 17.72. 0i21 0.23

10 16.7 16.21 0.49 0.24 22 18.2 .18.15 0.03 0.07

11 17.0 16.72 0.15 0.19 23 19.0 18.42 0.39 0.33
12 17.1 16.70J 0.25 0.24 24 19.7 18.71 0.27 0.19

f: f £k a * MkjaSSjt.” Qrv s ..
1 16.0 15.77 0.11 5 15.5 15.49 '<■* ' Hil
2 15.9 15.81 - 0.04 6 15.7 15.49 - 0.11
3 15.7 15.64 - 0.03 7 15.8 15.62 - 0.03
4 15.9 15.72 «■» 0.09 8 15.6 15.61 m Mil

Range Hil to 0*49 per cent raffinose; it Is clear that part of 
this apparent raffinose is due to the rotation of non-sugars.
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DAXiiRMIHATIQH OF HAFF1WSF IM PRIMP COSSflTTJSS.
AViitHAG-A WATER CQHTjsliT s« 7.5 per cent.
Ho. Direct

Polariz
ation

Sucrose
per
cent

■..-.... r-. )BTm n  ff..mmiiir

Sucrose 
per cent 
on dry

Raff inose 
per cent

Remarks

1 66.0 65. 31 70.62 0.69 These samples do not
2 64.2 62.81 67.92 1.48 correspond to the
3 63.4 63.25 68.37 0.15 fresh beet samples
4 62.8 61.95 66.99 0.85 in the previous table
5 62.0 60,05 64.94 1.95
6 64.0 63.17 68.29 0.83
7 64.2 63.75 68.92' 0.45
8 64.8 64.62 69.85 0.18
9 69.2 67.75 73.24 1.49

10 64.8 64.13 69.36 0.67 '

11 65.6 64.83 70,03 0.47
12 64.0 63.65 68.82 0.18

Range 0.15 to 1.95 per cent s this figure is acre correctly named 
’apparent Raffimese*.    ;..

i
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IWERSIOH
The action of an inverting agent such as an acid or the enzyme- 

invertase on the sucrose molecule gives rise, -by the .-addition of one 
mo tocule oi water to one molecule each of glucose and. fructose, the 
mixture being known as invert sugar.

°12 % 2 ° U  +  H2° = *  06 h 12°6 +  C6H12°6
Sucrose (342) Glucose(l30) Fructose (180)

Invert Sugar 360
Inversion by acid follows the uniaolocular reaction law, by which the

rate of the reaction d x  m k(a-x), where a is the amount of sucrosedt «~
originally present, x  the quantity inverted at the end of time j: • *

after the start of the inversion, dx the infinitesimal quantity inv
erted during the infinitesimal time interval dt» and k a constant - 
termed the velocity constant of the Inversions Integration gives the

following value for lg.m 1 log nat. a , or changing to common
*t a - x

logarithms
k «* 1 gt

0743431 los10

from the above 1 part of sucrose is converted into 360 or 1,05,263
342

parts of invert sugar. Talcing the specific rotation of sucrose as 
o— 66.5 at 20 C.:,and that of the half normal weight of invert sugar 

as -20,28 at 20°C. the relation of the optical activity of one part 

of sucrose before inversion to that after inversion is given by
66.5 : 1,65263( - 20.23) *  66.5 : -21.3473*87.8473 decrease

in specific rotation, for 1 degree of the saccharineter scale the-

decrease Is 37_.|473 or i.32xo. Tims the total decrease in the
0  0 . 5

saccharimeter readingat 20°g# of the half normal weight of product
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a f t e r  i n v e r s i o n , d i v i d e d  toy  1 * 3 2 1 0  a n d .  t h e n  m u l t i p l i e d  toy  2 ,  g i v e s

t h e  p e r c e n t a g e  o f  s u c r o s e  i f  n o  o t h e r  o p t i c a l l y  a c t i v e  c o m p o n e n t  i s -

h y d r o l y s e d  a n d  t h e r e  i s  n o  c h a n g e  o c c u r r i n g  i n  t h e  s p e c i f i c  r o t a t i o n

o f  o t h e r  o p t i c a l l y  a c t i v e  " b o d i e s  p r e s e n t .

C l o r g e t  s y s t e m a t i z e d  t h i s  p r o c e s s  a n d  g a v e  t h e  f o r m u l a

8  *  1 0 0 D  , w h e r e  S i s  t h e  p e r  c e n t  s u c r o s e ,  D ?  t h e  a l r e t o r a i c  c i f  f  -
1 3 4

e r e n c e  " b e t w e e n  t h e  d i r e c t  a n d  t h e  i n v e r t  p o l a r i s a t i o n s , a n d  1 3 4  i s -

t h e  f a c t o r  c o r r e s p o n d i n g  t o  1 . 3 2 1 0  a b o v e ,  a n d  s i m i l a r l y  d e r i v e d ,  f o r -

3 0 q G .  H e r e f e l d  ( Z . ’ V e r .  d e u t . • Z u c h o r - I n d . * 3 3 , 6 9 9 , 1 8 8 8 )  a n d  S c h r e f e l a

( i b i d  . , 7 0 , 4 0 2 , 1 9 2 0 - )  , h u v e  f u r t h e r  m o d i f i e d  t h e  o r i g i n a l  C l c r g e t

f o r m u l a , a n d  t h e  c u r r e n t  f o r m  a c c e p t e d  toj^ t h e  A m e r i c a n  A s s o c i a t i o n  o f

O f f i c i a l  A g r i c u l t u r a l  c h e m i s t s  i s  S  -  1 0 0 ( P  ~ P *  ) ,  w h e r e  T a n d  P *
1 4 3 - 0 . 5 1

a r e  t h e  d i r e c t  a n d  i n v e r t  p o l a r i s a t i o n s ,  a n d  t  i s  t h e  t e m p e r a t u r e .  • 

T h i s  m e t h o d  i s  e s s e n t i a l l y  o n e  r e q u i r i n g  s t r i c t  a d h e r e n c e  t o  

d e t a i l  i n  o r d e r  t o  g e t  c o m p a r a b l e  r e s u l t s .

A p p l i c a t i o n  o f  t h e  m e t h o d  t o  t h e  d o  t e r m i n a t i o n  o f  H a f f i n o s e

T h e  h y d r o l y s i s  o f  r a f f i n o s e  w i t h  h y d r o c h l o r i c  a c i d  u n d e r  t h e  - 

c o n d i t i o n s  o f  t h e  C l a r g e t  m e t h o d  p r o c e e d s  - a c c o r d i n g  t o  t h e  e q u a t i o n ;

Cl,WlC -I- H2P *  +  Cl2\ 2°ix
R a f f i n o s e  , d « ? r u c t o s e  M e l i t o i o s e

( © 0 ; D  * *  - f - 1 0 4 . 5  -  9 2  - f - 1 4 3
f o r  r a f f i n o s e  h y d r a t e
b e f o r e  h y d r o l y s i s  **■ - f *  S 3 . 5  f o r  r a f f i n o s e

h y d r a t e  a f t e r  h y d r o l y s i s .

The n o r m a l  weight f o r  r a f f i n o s e  f o r  t h e  Y e n t z k e  s c a l e , c o r r e s p o n d i n g

t o  2 6 , 0 2 6  gffis. of s u c r o s e  ( a ^  6 6 . 5  a t  2 0 ° 0 . )  i s  16.562 g m s . :  for t h e

- y d i o . t e  ( « n  1 0 4 . 5  a t  2 0 °  )  , a n d  1 4 . 0 5 1  g m s .  f o r  tho a n h y d r i d e  ( a ^ l 2 3  .
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B y  n c a r e f o l a *  a  m e t h o d ,  thoscjweight s  of raffinose, polarising 1 0 0 °

V e n t she, s h o w  after h y d r o l y s i s  a  p o l a r i s a t i o n  o f  —  51.40^/sntake at 

2 0 o € . , o r  a  d e c r e a s e  o f  4 3  * 6 0 ° ? . , o r  0 . 4 3 S ° Y .  f o r  t h e  w e i g h t  of r a f f 

i n o s e  reading X°V» T h e  c a l c u l a t i o n  o f  p u r e  r a f f i n o s e  m a y  t h e n  h e

e x p r e s s e d  j- R »  ?-Py . w h e r e  R  «  p e r  c e n t  r a f f i n o s e .  and |  a n d
0 « o e

P ’  t h e  .. olaricationa of t h e  normal w e i g h t  before and. a f t e r  i n v e r s i o n . 

f o r  t h e  s c a l e  u s i n g  26 g a s .  n o r m a l  w e i g h t  f o r  s u c r o s e  t h e  w e i g h t s  o f  

raffinose t a k e n  a r e  16*545 gmo. for the hydrate or 14.03?...gas. f o r  

r a f f i n o s e  a n h y d r i d e .

T h i s  i s  p r o b a b l y  t h e  c o m m o n e s t  a p p l i c a t i o n  o f  t h e  O l e r g e t  inver

s i o n  principle apart f r o m  s u c r o s e ,  since raffinose occurs in beets 
t i n s  b o o t  products. S u c r o s e  i s  t h e n  i n v a r i a b l y  p r e s e n t  in a d d i t i o n  to 

raffinose.and the f o r m u l a  a b o v e  is t h e r e f o r e  o f  l i t t l e  p r a c t i c a l  

value• Creydt (S.Ver. dent. 2ueker-Xnd.# 3 ? »  153,188?) combined the - 
e q u a t i o n s  for the calculation o f  sucrose a n d  raffinose, a n d  w a s  a b l e  

t o  e s t i m a t e  t h e  t w o  s u g a r s  i n  m i x t u r e s .  Thus i f  a  s u b s t a n c e  c o n t a i n s  

£  per cent sucrose and. R per c e n t  raffinose,and the sucrose normal 

weight in IOC c c s .  is p o l a r i s e d  in a  200 ras. tube, the sucrose pol

a r i s a t i o n  will be £ *  but the r a f f i n o s e  p o l a r i s a t i o n  v i l l b B  1.852 R, 
s i n c e  1.858 is the ratio of the normal weights of sucrose and raffin

ose anhydride, The direct polarisation. P w i l l  be s h o w n  b y  t h e  formula-

P se» s  +  1.352 R ,  w h e n c e  R »  /|j - S \ . If t h e  s u c r o s e  n o r m a l  w e i g h t
[ 1 . 3 5   ̂ ^

is now inverted 1y Schrefold1 s method, its polarisation•• at 20 0. will

b e  represented b y  - 0 , 3 3 8  (since I 0 ? ,  s u c r o s e -  b e f o r e  inversion r e a d s

- 0 . 3 5 ° y .  a f t e r  I n v e r s i o n ) .  S i m i l a r  .-.y t h e  r a f f i n o s e  o f t e r  hydrolysis
w i l l  b e  1 . 3 5 2  R x  0 . 5 1 4 .
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This a r i s e s  s i n c e  f o r  a  r a f f i n o s e . s o l u t i o n  r e a d i n g  1 G 0 ° V . ? e a c h  1 ° Y *

b e f o r e  h y d r o l y s i s ^  r e a d s  - ( - 0 , 5 1 4 ° ? *  a t  2 0 ° C r a f t e r  h y d r o l y s i s  b y  . -

S c h r e f e l d * s  m e t h o d s  T h e  i n v e r t  p o l a r i s a t i o n  f * ( t h e  s u m  o f  t h e  r a f f * .

i n o . s e  a n d  s u c r o s e  i n v e r t  p o l a r i s a t i o n s )  i s  s h o w n  t h e n  "by t h e  f o r m u l a

P *  =  * 0 * 3 3 3  4 -  1  * 8 5 2  B  x  0 * 5 1 4  ( 2 )

B y  s u b s t i t u t i n g  t h e  g u a h t l t y / p  S \  o f  e q u a t i o n  ( l )  f o r  B  in
l l r f S 5 2 /

e q u a t i o n  ( 2 )  w e  g e t  : ~

p f  - 0 * 3 3  +■ 0  *■514 (P -  S),w h e n c e  S g = r / 0 . 5 l 4 ( B - 3 ) )
[  0 * 8 4 4  ) ( 3 )

R  i s  t h e n l g o t  f r o m  R  » / P  *  S V. B y  s u b s t i t u t i n g  t h e  Quantity 
r U.852;

P  -  1*352 R o f  e q u a t i o n  ( 1 )  f o r  S i n  e q u a t i o n  ( 2 )  w e  o b t a i n  t h e

f o r m u l a  P *  * *  - 0 * 3 3  ( ?  -  1 . 3 5 2 R )  +  0 . 9 5 1 9  R ,  a n d  f r o m  t h i s

R ss 0.33 P - B*
1 . 5 6 3  ( 4 )

11/ f o r m u l a .  ( 4 )  t h e  r a f f i n o s e  m a y  h e  c a l c u l a t e d  f r o m  t h e  d i r e c t

a n  i n v e r t  p o laric a t i o n s  i m m e d i a t e l y .  T h e  r e s u l t s  a r e  n o t  q u i t e  e x a c t

a s  f o r m u l a e  ( 3 )  a n d  ( i )  d o  n o t  c o r r e c t  f o r  v a r i a t i o n s  in P *  d u e  t o

c h a n g e s  i$ t h e -  c o n c e n t r a t i o n s  o f  s u c r o s e  a n d  r a f f i n o s e . *

B x a m p l e  i l l u s t r a t i n g  t h e  u s e  o f  t h e  f o r m u l a e  i -

A b e e t  m o l a s s e s  f r e e  f r o m  r e d u c i n g  s u g a r s  g a v e  a d i r e c t  p o l , . .  of
- f - 4 9 * 7 5 ° ¥ , , a n d  a n  i n v e r t  p o l .  o f  -  1 4 * 8 0 ° ? , .

B y  f o r m u l a  ' ( 3 ) , p e r  c e n t  s u c r o s e  a  ( Q . 5 1 4  x  4 9 . 7 5 )  -  { - 1 4 * 8 0 1
■0.844

■m47..83
B y  f o r m u l a  (if, p e r  c e n t  r a f f i n o s e  *= 4 9 . 7 5  - 4 7 , * 3 5  «= 1.04

1 . 8 5 2

B y  f o r m u l a  ( 4 ) ,  p e r  c e n t  r a f f i n o s e  as ( 0 * 3 5  x  4 9 . 7  5 ) - ( - ( - 1 4 . 8 0 )
1 . 5 6 3
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PART 4 : PBTEMIBa TIQE Off WATER A M D TOTAL SQMi/S i

 ILIROLU^IIuL__
THE iTiLSLiifCE OF WATER IE SOLlL SUBSIaLOLS;

1. Adsorbed and sorbed water ; the states of water in solid 
materials s

2. The mode of retention of water in a colloidal material :
3. The removal of water from biological materials :

XUH Of v< iT..i.hi i. u OEILHI...,
4* Methods of determination :
5. The importance of moisture determinations i

G uRVL x OF i iia julxjXxvAT •Jhiii OR -&QlSTUBaii L̂ lriiRiyLliiAT XOjS »

6. Oven methods in general z
7. Method of the Chicago Malt Standardization Committee ;
S. Ovens and oven temperature :
9. The influence of humidity on moisture determinations :

10. The determination of water in organic materials i
Tiiiii Dj£TEKMXEAT 1011 Of ^aILR I a liJu-Anb AEL OTiiKh ffuQBSiUTij

11. Behaviour of heat-sensitive materials on drying ;
12. Reasons for discrepancies in results by oven methods : 

THE .SOLUBILITIES OF CAKBOHYBHATJSS.
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—Txiiit FKBSBBCB OF wATiiiii IB  3 U.LIjj S.OBSXABCisS•

,_ABSQRiiy&j) ABb  SORjiiliiij WAIi£R.

Water vapour is generally adsorbed by substances exposed to 
the atmosphere. This adsorption takes place on their surface and 
is relatively large at small pressures, changing rapidly in this 
region with the vapour pressure. The relation between the amount 
adsorbed and the tension of aqueous vapour is given by the adsorp
tion isotherm ; the effect of temperature is adsorption decrease 
as temperature rises.

If glass is heated to a temperature above 15Q°C, it is wetted /
by water only with difficulty, and this effect is also apparent
at 110°C, Thus the weight of a dish may slowly increase as the j

i

water film returns after heating ; final equilibrium is reached
!

more rapidly from the wet side than from the dry. By reason of thisj 
water film also, changes of atmospheric humidity and temperature j 
will cause change in the weight of a glass container.

Finely divided substances attract water from the atmosphere 
and hold it on their surfaces s equilibrium is usually reached in

. ii5 to 10 minutes. Such water is called hygroscopic water, and will jj
increase in amount with increasing sufface area, and with inere&s- j 
ing humidity of the air. Many substances of a colloidal nature 
have a very large internal surface development and can adsorb very 
large amounts of water. In such cases equilibrium is very slowly 
attained and the process is called a sorption process.

;

This water is often called water of imbibition. Thus starch, agar, 
cellulose, and silica-gel in air-dried condition may contain 20-30 1i
per cent ofi water and still appear to be perfectly dry powders.
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The water content of such substances changes with 
humidity,for example,potato starch may have 10 per cent of water 
at relative humidity 0*20,and 21 per cent water when the relative 
humidity changes to 0.70. It is not easy as a rule to determine the 
water content of such materials. At 1Q0-115°C. the 'water is given 
off very slowly ; moreover it is Impossible to remove the last 
traces of water since there is humidity in the surrounding air, 
and the sorption at very low aqueous vapour pressures Is still 

relatively large. If heating Is taken to 180-2QG°C, there Is grave 
danger of decomposition occurring, especially with organic materials.

It is therefore necessary to use a vacuum oven at 70-100°C., 
removing the water vapour given off, or drying must be done by a 
current of perfectly dry air.

THE STATES OF WATER 11 SOLID MATERIALS.
1. Hon-essential or adventitious water Hygroscopic water Is 
usually very small in quantity after a substance has been heated.
The water taken up by a substance in this mechanical way can be 
very large indeed since it is adsorbed at both the external and the 
internal surfaces. Internal surfaces arise from say,the precipita
tion of extremely fine particles from relatively concentrated solu
tions at room temperature. The very fine crystals thus formed have 
come into being so rapidly that they may have a discontinuous 
structure and consist of microscopic units containing few Ions or 
molecules and fitted together like the bricks in a wall.
These discontinuities give rise to an internal surface and the total 
surface of such c ystals is much larger than that measured by the 
microscope



Adsorbed water is not always removed quantitatively at 100-130*0. 
since the adsprption and desorption processes are reversible.

Occluded water :- This can be present in almost any solid,and 
Is not usually removed by heating at 100°C. but disappears contin
uously at much higher temperatures. Water may be occluded In 
cavities containing mo the r-1i quo r in the solid,or may occur at 
the Internal surfaces. It is also possible for 'water to be distri
buted homogeneously throughout a solid,e.g., natural glasses may 
contain several per cent of water.
3. Water of Imbibition or Colloidal water s- This may be taken up 
In various ways :-
(a) The water is sorbed without changing the lattice of the orig
inal materials-This may be due to the presence of vacant spaces in 
the dry lattice which are easily accessible to water or other 
vapour,and water may condense In thes^spaces,e.g.,zeolites.
Again-, th© crystallites in lyophilic organic colloids such as 
starch and agar may absorb water at their surfaces, and a swelling 
results.
(b) The sorbed water changes the lattice of the material s- 
This* can be caused by water penetrating into the/lattice,giving 
rise to a continuous increase of the distance between th© planes 
of a layer lattice,and therefore resulting in a swelling,e.g., 
Graphitic acid,, (gats and I)€rksen,Rec. Trav. Ghisu,53,©68,1934).
A second way In which the lattice changes is by formation of a 
definite hydrate.
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4.Essential Water:* This may be (a) Water of Crystallisation,
(b) Water of Constitution*
hater of crystallisation occurs in hydrated salts which are stable 
in air between certain humidity limits*
v/ater of Constitution is not present as water* but in the form of 
hydroxyl or hydrogen, chemically bound in the compound.
On heating, decomposition takes place with the formation of water 
which may be called water of constitution.
Occurrence of non-essential water s- W.P.Hillebrand,discussing the 
analysis of silicate and carbonate rocks (U.S.Geol•Survey Bulletin 
700,p.64,l9l9), gives the following classification of the occurr
ence of non-essential water :-
1. In liquid solution : (deliquescent powders, amorphous materials, 

and supercooled liquids.
2. Held by surface fbrces -

(a) Adsorbed on surfaces In films of monomolecular thickness •?
(I) On walls of cavities within grains of aggregates
(II) On exteriors of grains.

(b) Held by Capillarity, in liquid form - 
(1) In colloids with mesh structure
(ii) In definite openings within grains of aggregates
(iii) In spaces between separate grains*

3. Included -
(a) As liquid droplets In cavities
(b) As Included grains of minerals belonging to one of above 

classes.
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M01M Off K&xTiialllUM OS' toAThh lii A GOLhQljJAl, MATERIAL : -
The water in a colloidal material is held in part relatively 

loosely by capillarity in the fine pores of the structure (absorbed) 
while the remainder is held much more tenaciously in very thin 
layers on the surface® (adsorbed). There is no fixed division 
between these processes, which merge gradually into each other.

The most firmly held water on such surfaces is in the form of 
a monomolecular layer, in which each molecule is necessarily in 
direct contact with the adsorbing surface, and is bound to it by 
strong inter-atomic forces comparable with: the forces binding the 
constituent atoms in ordinary compounds. The water layers immedi
ately above this first layer are not quite so firmly held, and a® 
further water layers form, the forces of adsorption rapidly become 
less, until they are no greater than the capillary absorption 
forces which hold most of the water.

When attempt is made to remove this water it i® probable that 
various compounds, particularly hydrated substances where the water 
is loosely held will release water before the last surface-adsorbed 
water is driven off. It cannot therefore be said precisely how 
much of the water removed fro® a colloidal material was adsorbed, 
how much absorbed, and how much truly combined.

It is therefore clear that the water content of a colloidal 
material can be stated only in terme of the result given by a 
-specified, method.

Water which has been adsorbed into the colloidal structure of 
a material is of slightly higher density, slightly lower specific
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heat, and of much lower vapour pressure than free water.
This last difference is important since it means that the amount 
of water vapour contained in an atmosphere in equilibrium with the 
colloidal material is always less thaii that of an atmosphere in 
equilibrium with a free water surface at the same temperature.

The lower the water content of the material, the more tightly 
the water molecules are bound, and hence the less free they are to 
escape to the atmosphere. Thus the relative humidity of an atmos
phere in equilibrium with a colloidal material is lowest at low 
water contents, and may approach 100 per cent as the water content 
increases.

If the temperature of the colloidal material be increased, 
the vapour pressure of its contained water will.-.also increase 
almost exactly as does that of a free water surface, so that the 
relative humidity remains almost constant. The effect of tempera
ture for wheat at constant relative humidity is about 0.6-0.7 per 
cent decrease of water content for each 1Q°C. temperature increase.

Results obtained by various workers for the relation between 
the water in gr&in and atmospheric relative humidity are shown in
the combined graph in Figure 35a» due to Oxley (”?he Scientific
Principles of Grain Storage,"Northern Publishing Co.,1948,p.18).

In spite of the diversity shown here, the ge&eral for® is a 
sigmoid curve rising steeply above 80 per cent relative humidity. 
There is reasonable agreement around 78-80 per cent relative humi
dity, but as Oxley points out,all the workers started with grain
near this humidity and conditioned it upwards and downwards with,
greater or less success.
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 REMOVAL OF iAlAIi. FROM ■dIULOuXOAL MArldhlAl3 ._
Water is held with great tenacity upon surfaces, and if the 

surface is that of a colloid gel, appreciable amounts of water may 
remain in the material after it has been heated to a fairly high 
temperature* Kelson and Hulett (I.E.G., 12, 40, 1920) showed that 
water is retained by biochemical products at least to temperatures 
as high as 365°C,, the critical temperature of water.

The purely empirical process of determining the moisture in a 
biological substance is thus governed by the three variables * time, 
pressure, and temperature. As R.A.Portlier has remarked ("Outlines 
of Biochemistry’S 2nd. Ed., J o h n  Wiley,p.231, 1938)
* The removal of water from a.bioco-lloid is merely shifting one 
equilibrium between a colloid surface and water to a now equili
brium, and the extent to which the equilibrium is shifted is 
determined by these three variables. "

R .Kewton (J.Agr. Sci.,12, 1, 1922) in a study of the winter 
hardiness of the wheat plant, concluded that under the stimulus of 
cold, the water in the tissues of the wheat plant is*bound* on the 
surface of the hydrophilic colloids.

There is considerable experimental evidence to show tiiat there 
is a hydration shell connected with hydrophilic colloids, and that 
the water molecules in this shell differ from the state which 
characterises th® water molecules in ordinary liquid water.
Heat of hydration, dielectric constant measurements, and the 
contraction of the system *colloid-water*, all indicate that the
water molecules in bound water are rather more closely packed andare
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probably sx>ecif ically oriented in relationship to each other, 
possibly in a more or less true crystal lattice which is more 
densely packed than the crystal lattice of ice. It has been shown 
that such oriented molecular films may be many molecular diameters 
in thickness. Experimental data shows also that 1 gm. of dry gela- 
tine carries 0,5 gm. of closely bound water. One molecule of gela
tine (mol. wt. 34,500) is therefore closely bound to 960 of water, 
a figure very close to the calculated number of possiole co-ordin
ation centres. It can be concluded therefore that the forces which 
bind water on the surface of lyophilic colloids are of the same 
nature as the forces which cause the association of water in bulk, s 
although the actual magnitude of these forces is probably greater 
in the colloidal system. Similar forces immobilise water in the 
ice crystal lattice. The presence of colloidal matter appears to 
induce sorae change in the water molecule from the condition which 
characterises water in bulk.
Two hypotheses are current for bound water
1. The orientation of water molecules at the interface s j
2. Selective adsorption of oriented layers of hydrogen and hydroxyl 

ions to form a shell surrounding the micelle,
Presumably under (1) for a positively charged colloid we 

should have an orientation with the oxygen end of the water molecule! 
oriented towards the particle, and the hydrogen end oriented toward 
the body of the liquid. The reverse orientation would occur if the 
micelle were negatively charged. Hutting has shown that the water 
film thickness at a silica-water interface represents a layer of
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water from 100 to 120 molecular diameters 
deep , and that the energy of adsorption is by no means confined 
to the first molecular layer# It is not yet possible tosay whether, 
this corresponds with what the biologist calls ’bound* water?
It is, however, logical to think that bound water consists of an 
oriented shell, a layer or layers of water molecules or hydrogen 
and hydroxyl ions more or less firmly bound a t  the interface of the 
colloid particle,and that hydration is closely connected with the 
orien.tati.on of the water dipoles* The solubility of a particular 
compound may be zero in completely orientated water,whereas in the 
non-orientated water it will be normal, and between these limits we 
probably have the case of partly orientated water* It is possible 
that after orientation of dipoles a shifting of the equilibrium 
between HgO and (HgO)n occurs when water is ’bound**

Gortner (loc*cit) sums up the position by saying- ’’The present 
evidence available points strongly to the conclusion that biochem
ical products in general contain appreciable quantities of water 
which cannot be removed by the ordinary methods of drying.*, no 
biological material can be completely dried without destroying the 
organic structure. I do not believe there is any sharp line of 
demarcation between free and bound water, but that we must postu
late an insensible gradation between molecules of water having the

rnormal activity of pure water, and moleculeslof water where this j 

activity has been so reduced that such molecules have become to all j
j

intents and purposes a part of the solid upon which they are 
adsorbed* il He emphasises that different methods for determining 
bound water will show different results since they draw the divid
ing line at different activity values for the water molecules*
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\

_ _Ti'ilit B lTBjtiM IHATXO iJ Off WATER COIiTEU T^

Most methods are based on either of two assumptions
1. That all the water can he removed by some process (e.g. heating 
or chemical combination), and that the amount removed can be estim
ated directly or by loss in weigit % or,
2. That some other property of the sample (e.g. dielectric constant,or 
equilibrium water vapour pressure) can be correlated with the water 
content.

The difficulty of removing or attacking All the water in a sample 
makes assumption 1 faulty, while assumption 2 is often rendered 
inaccurate by variations in different samples.

It is apparent that the term ’water content* is itself an 
indefinite concept, but the practical utility of its determination 
outweighs the inherent defects of the methods used.

Oxley cites as criteria for a good method
1. Its precision ;
2. Its ability to show accurately known amounts of water added to or
subtracted from the sample.

' ' IfcTxiQDS' Off ESTIMATION. • : '
1. QVki* METHODS these are the most popular/ since the;-resulta are 
reproducible. They are laborious as a rule, and require grinding of 
the sample and careful standardisation of the procedure.
2* DISTILLATION MSlhODS These have the same faulty assumption of 
the oven sethdd that heating for a certain time will remove substan
tially all the water from a sample : there may be less oxidation with 
many samples.
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3*  fflSUIitSR- RKiU/KiST The basic assumption of this method is
that all the water present in a sample can be removed by treatment 
with dry alcohol* a n d  this is just as erroneous as the assumptions 
underlying the o v e n  and distillation methods,
4. j i l h h C T E IG A h  ilETliODG ;■ These methods involve the assumption that 
the physical c o n d i t i o n  a n d  d i s t r i b u t i o n  of the water in the sample 
is always the same f o r  a given water content, irrespective of the 
previous history or variety of the sample. The main advantage here 
is that of speed. The methods have been largely developed for grain, 
and they differ in the property measured. Thus the Tag Happenstall 
meter measures pure resistance, while other systems use alternating 
current and measure various combinations of resistance and dielec
tric constant.
5. ffiSTHOJPS BASED uh HUMIDITY iiigAS ss- Thfcse can only give very
approximate results since the relation between water conhent and 
relative humidity of the atmosphere in contact with a sample is 
far from constant. It must be remembered that relative humidity 
largely determines the liability of vegetable substances and food
stuffs generally to attack by fungi or insects, and is thus a very 
important figure in the study of storage conditions.
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fhe importance of moisture determine! ion.g*WW»X»Wl»W«W*>*IW «am .i«*. »P ^ ------, r -r , -fl.-..̂,...-- r. , .r. T -—  nir n. t c  ■ —Tf—-

1. In drugs exact content import ant striae if exoess ive mould growth
«M» ̂ «» *»■»■ I niiw— NdV I w * M — ■»*— «»■>

and enzyme action are favoured, and these are both injurious 
to the drug.

2. Water increases the weight of a substance and decreases its value
m wM »m»,»u + m  ■» I ' ouwi *m*  i .<* »>«»• h— i> ■■■ ii h i w i i u m  w ii i w w i

so that commercially the buyer does not want to pay for useless 
voter end for its transport.

$a In maleing estimates of stoukln process water content is
important for raw material entering, materiels in process and 
finished products leaving.

if. Moisture absorbing power of eleofcrioa 1 insulittion is also
import ant since it influences the insulating qualities of the 
materials,

5 . A process may be held up until a moisture figure is determined, 
hence rapid estimation Is often necessary* More efficient 
control is possible by cutting down the time of estimation.

£>« Moisture estimation is essential in dehydration and drying 
processes generally.

7• For hygrosoopi o subs tano es.
3. For prui* r interpretation of legal definition of buying and 

selling standards*
9. The moisture content of a commodity is closely related to its 

intrinsic value, its keeping quality, and its transportability.
10. Hui3fc methods lessen cost of testing.
U. For beet sugar work small errors in purity determinations cause 

large variations in calculating per cent dLIMUJiVl? K)B.



12. For evaluation of reseeroh data.
13. Control of plant operations, and of the Intermediates and 

finished products.
11).. In interpreting manufacturing oosts.
Fairbrother , (Ind. Ghem. p,2i0, (I9 2 9 )) points out the importance
of the moisture content of wheat and flour. If wheat is too dry it
&  ■

mills ’flinty*and the flour is contaminated with much offal. If, on
the other hand, it is too damp, it mills ’sticky* and the mills get
clogged and the yield of flour is reduced.

The moisture content of flour has also great influence on
the keeping properties of the flour. Low moisture is essential
for prevention of mildew and prevention of the development of mites.
Refs; shuey:- Collaborative study of Moisture Methods,

------  Cereal Chemistry Vol. II, p.^19
L.H. Bailey ; : Vol. I, p.18?
Fisher and Halton : : Vol. V,
Fisher and Jones J, science. Vol. 18, part IV. p*4^.

Summary - Importance of the estimation of moisture.
1. For buying raw materials - water increases weight and decreases 

value.
2. For stock in process - rapid estimation neoesssry for routine 

purpose - exact estimation necessary for stock balance.
5. Finished products and their keeping Qualities - high moisture

content favours mould growfth, enzyme action, and the development 
of mites in foodstuffs, drugs, etc.
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)+.. T h e  h y g r o s c o p i c i t y  o f  e l e c t r i c a l  i n s u l a t o r s  a n d  m a n y  o t h e r  

m a t e r i a l s  m u s t  b e  estimated a n d  c o n t r o l l e d .

5 .  Legally d e f i n e d  m o i s t u r e  l i m i t s  m u s t  b e  c o n t r o l l e d  b y  a n  e x a c t  

m e t h o d .

Figure 36 s Vacuum Oven used in tests : the switchboard with 
rheostats is in left h a n d  upper corner ; the drying tower is used
when ’breaking* vacuum#
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_™_Pg'JBRMINATION OF WATER CONTENT- 

SURVEY OF THE LITERATURE.
Forms in which wet or occurs.
;nifder and wullivan (1^24.) re cognise a the term moisture or i?ater in 
foods to mean all the water present in a free state, i.e. not 
combined in any form with the ingredients of the material, and other 
substances volatile at the temperature of drying.

For example, the main part of the free water of flour is 
given off in wator-oven drying, much of that expelled at higher 
temperatures being in a different form. Many investigators supposed 
that wster-ovan temperature was the dividing line between free water 
and water in other forms. Water is still held tenaciously at higher 
temperstures as physically bound water, and some may be held as 
water of hydration of the carbohydrates and proteins.
Qoleman and snider (1?35) again define moisture as the water which 
may be added to or taken from a product without changing the chemical 
composition of the product, and does not therefore include water of 
crystallisation or water of constitution.
Q.B. Morison (lg2b ) pointed out that the inherent difficulties in 
making an accurate determination of the total water content of foods 
composed largely of w a t e r w e l l  recognised.
Nelson and Hulett (1^20) emphasised one of these difficultiess- 
The layer of water a d so rb e d  on the surface of colloids has quite 
different properties from ordinary water. Its vapour pressure is 
much lower, and if this layer is of molecular dimensions it cannot be 
removed by the best desiccating agents in a vacuum desiccator.
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>;ctoe\‘ler. (19^6 I in a comparison of drying, densimetrio, and refracto- 
metric methods of determining water in sugar products containing 
invert-su er stat u that apparent agreement of results vws due mainly 
to compensation of errors such as persistent retention of moisture 
by film formation; oxidation; inversion of sucrose; and decomposi
tion of invert-sugar especially levulose. Ho found that vacuum 
drying on sand at J0 °G did not give constant weight after a week;
30“36 hours heating, however, gave a result which agreed fairly 
closely with the densimetrio reading. Distillation v/ith toluene 
was not found better than the drying method, as the end-point was not 
sharp and much time was required.
de Whalley (1936) stated that drying at room temperature in vacuo can 
be said to give true solids, which when corrected for combines water 
in dextrose gave solids which differ only 1 *J2 per cent from ref Tacto
meter solids corrected for invert sugar: Whereas drying at 60°G in
vacuo gives solids which differ 3.49 P<*r cent from refr&etometer

sugar.
solids corrected for invert/ This work was carried out on golden 
syrup and molasses and led to the conclusion that all the advantages 
lie with the refraotometer as a practical method of determining water. 
Gustavsonand^pierce (1924) carried out tests on the volatile com
pounds evolved by beet molasses at 104°0# They found an acid 
fraction at 90° and a strongly alkaline distillate at 104°0. point
ing to decomposition of an amido component of the molasses at this 
temperature . The analyses of Wiley and Browne had shown the pre
sence in molasses of such amido bodies (see Sherman, p.421,427* a^d 
431.)
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Ooleiaan and Snider (1935) carried out an extensive investigation
!of methods of determining water in barley malt. As a preliminary i

step a sample was sent to about twenty laboratories connected with jI
brewing and malting. The figures returned showed differences as 
high as 2.5 per cent in moisture content, and there were wide j
variations in the temperatures, apparatus, and methods used. |
Thus the amounts weighed varied from 2 to 10 grams, temperatures 
from 98° to 1 32.5°C., and drying time from 10 minutes to 5 hours.

In consequence the authors set out to test ten existing 
methods, with the aim of selecting and standardising any likely 
procedure. They mention that the ideal moisture method is the one 
which least disturbs water of constitution or water of crystallis
ation while removing all the hygroscopic water. This they believe 
to be possible with vacuum desiccation at room temperature,

They found that a large difference was caused in oven methods 
by even 1° lowering of the oven temperature. The water oven was 
found to give low results compared with vacuum desiccation.
High results were obtained where the temperature was about 130°C*, 
these being ascribed to caramelisation, and decomposition of amino 
acids. The vacuum oven yielded low results.

Their final conclusion was that low temperature vacuum 
desiccation and an oven method such as that carefully standard
ised by the Chicage Malt Standardisation Committee, were the best 
procedures. This Chicago method is worth quoting in full as an 
attempt to standardise the heat of a drying oven.
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Oven method for moisture recommended by the Chicago Melt
Standardisution OoSfttee.

1. The oven should be provided with automatic temperature control 
to iceep within 0.p°C. temperature.

2. The oven should accommodate all the samples on one shelf, and so 
that no sample is outside the area indicated by test to give 
comparable results in duplicate samples.

3. The oven is to be standardised at the lowest temperature below 
106°C. which will give a moisture content which after 3 hours of 
drying will be within 0.1 per cent of that attainable at the same 
temperature within ^ hours.

i*.. The weighing bottles are to bo of glass or aluminium with tight- 
fitting cover - IfO mms. diam. for a 3 gms. sample, and 33 mms. 
for 10 gms.

5. The ventilators of the oven shall be open during the whole drying 
period, and the door is on no account to be opened during the 3 
hours of drying.

6. The sample shall be of the same fineness as finely-ground malt 
for the determination of extract,

7. The sample shall be weighed as soon as cold.
8. Results shall be r e p o r te d  to the nearest l/lOth per cent.
Coleman and snider found that their oven was at lOV* 103°G* while
under load, but when empty, the temperature rose to lo6*5°C.
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Coleman and Hnlder finally plot tod moisture contents by the various 
methods including the standard method, and thus got a basis for 
obtaining the true moisture content when the determination had been 
made by any method not standard.
Nowak and tnders ( 1-936) also state that the only absolute method is
vacuum desiccation using PS0S • They found that the water content by
hefting J hours at 105°C. was on the average l.ifif- times the water by
vacuum desiccation over P30fi, the material tested being hops.
Anderson (1956) paid special attention to water estimations in the
vacuum oven. He woifced out the energy requirements for the operation*
showing that twice as much heat was necessary to raise the sample to
oven temperature as for the actual removal of water from it. The
conduction of heat to the sample was limited by the thickness of the
metal shelves and by the area of the shelf which was in contact with
the dish: the heat conductivity of the brass in a vacuum chamber is
approximately 5,600 times as great as that for air. He found that
samples still showed loss after hours heating in the vacuum oven,the true
The same author comments that if the sample is ground/loss of water 
cannot be established owing to mechanical loss,
Srissinger (Greet T'estern sugor Co.) states that experiments have 
indicated that glass and aluminium vessels give identical results in 
oven methods.
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•Bafrvm, Sharp, and heea (I.B.C.,945,1928) tried to devise a method

for the accurate determination of dry substance in beet house syrup 
using absorption on sand at 9Q°C. in a vacuum oven with an atmos
phere of OO2 » and heating for 72 hours. Individual desiccators with 
fresh -̂ 2 ^ 5  were used, allowing the sample to stand 3  days or more 
before weighing. They found that the weight obtained after cooling 
say, 3 hours in a desiccator is invariably higher than that after 
3 days or more. The drop after 3 days is usually 0.6 to 0.8 mgm. 
and the weight remains constant within + 0.2 mgm. This difference 
they believed to be due to the slow dispersal of static charge from 
the aluminium dishes used.
’•If a thoroughly dried dish after 3 days in the desiccator is 
weighed, replaced in the desiccator for three hours and re-weighed, 
it is found to have gained 0 . 5  mgm. or more s after three more days 
the weight goes back to the original value”. These investigators 
state that the dish may piok up 1  mgm. of water during weighing.
They used i>p° 5  slnce sulphuric acid allowed the dried material to 
increase in weight. In this connection Mellor and Thompson (”Text- 
book of Inorganic Quantitative Analysis”,Srtffin,London,1938,p.6 ) 
state that large glass and porcelain vessels and platinum crucibles 
and basins are particularly liable to condense wateron their 
surfaces while being weighed. Ostwald held the opinion that rapid 
weighing would minimise error by absorption, but J.l*. Smith recomm

ended leaving the dish in the balance—case for 2 0  minutes after
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removal from the desiccator so that it may regain its normal 
film of moisture* Mellor also comments on the remarkable facility 
with which some substances,e.g. clays, will absorb the dry gases 
in an ordinary desiccator, as much as 1*5 per ce mt being absorbed 
in some cases.

0VEN3 AND OVEN TEMPERATURE.
It is important to place the thermometer In an oven very close 

to the samples being dried or a false idea is easily obtained as to 
the temperature of drying* Thus L.H.Bailey (I.E.C.,6,585,1914,see
also R.G. Grimwood,J.S.G.I., 32, 1040,1913) tested a number of diff 
erent ovens and found a very marked variation of temperature s-

TYPE OP OVEN THERMOMETER MAX. M ,  RANGE
r IHJiW  to p BJimM shIelf

1. Electricallyheated and 
controlled

2. Gas-heated,porcelain lined
3. Gas-heated, air-jacket
4* Gas-heated,steam-jacket, 

constant water lewdl

°c. °G. °C.
107 99-114 90-108
90 88-92 92-102

100 94-96 105-118
98 96-99 95-98

The atmosphere in some air-baths and sream ovens is quite
humid and contaminated with sulphurous gases arising from the pro-*
ducts of the gas burning beneath the oven. Dust from corroded metal
walls in the oven may also fall on to the materials being dried *
this may be prevented by lining the oven with tiles or smooth
asbestos board. Bailey comments!- "Elaborately designed and expensi
ve ovens are no more reliable than the more simple and inexpensive
types ; only those surrounded by boiling water and steam were 

 ̂ *■,foinint; an approximately uniform temperature."



In any analytical estimation the natural trend is to prefer 
methods which, are either more convenient, more accurate, or more 
rapid than the standard methods, and if all three criteria dan be 
found then the operator is indeed fortunate.

In the attainment of rapid drying in moisture determinations 
there must be rapid transfer of heat to the sample, and rapid 
removal of the Vapour driven off, and the sample should be heated 
to the highest possible temperature without causing decomposition,

Data obtained by a committee for Methods of Analysis of the
American Association of Cereal Chemists in 1926, showed that a
tolerance of 0,6 per cent between results could be reasonably 
expected from different laboratories working on cereal products 
such as flour. The limits allowable between duplicates in ths same 
batch of samples with the same operator varied from 0,1 to 0,5 
with an average of 0,2 5 per cent. This committee recommended that
the methods should specify a definite time of heating rather than
a heating to constant weight, and also advocated a specific time 
of cooling in the desiccator,
Snyder and. Sullivan (1924-26) criticised the vacuum-oven method 
on the grounds of fluctuations of pressure and inequality of 
temperature in the oven. They were unable to obtain satisfactory 
results by drying at room temperature using sulphuric acid or 
phosphorus pentoxide,
Spencer (1925) working with wheat flour found fair agreement
between duplicates on any one day, but irregularity on different 
days when weighings were made under different atmospheric humidity
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Smith end Mitchell using: the steam, vacuum, « ncl electric ovens
on flour studied the effect of different positions in the same oven, 
and the effect of different, cooling; conditions prior to weighing.
Their duplicates shov ed as high as 0,1*7 per cent difference for 
identical conditions. The vacuum oven gave higher and more uniform 
results for different da/s and positions than the electric oven and 
much more so than the water-oveu. They emphasised the care necessary 
to avoid re-absorption of water during transfer from the oven and <
while weighing*
Mitchell and Alfend (192^1 showed that flour dried with covers left 
loosely over the sample gave higher and better agreeing results than 
with covers off, and noted that it was apparently not material j
whether the covers were under the dishes or removed from the oven, 
Bailey and collaborators reported that the temperature of the interior j 
of the vater-oven was recorded by two collaborators as 9^*6° an<*
95.5° respectively. It oust be remembered that water oven drying ;

-will show a boiling— point according to the altitude, j
Leavitt (1910) working on grain studied drying at temperatures j
carefully regulated to 97% 9&% 99% 100° and 10l°G,» found j

differences up to 1.75 per cent on moisture content of 8-10 per cent. 
Anderson (195b) reduced the time taken by the sample to reach the 
oven temperature from JO to 10 minutes by circulating steam through 
the brass plate on which the ..sample was placed.



Tanning (195b ) studied the temperature changes in & small oven operat
ing at 1 5 0 °G. and concluded that there was considerable difference of 
temperature at various locations in the oven, that the position of the 
thermometer was important, that the time taken for the oven to regain 
its tomnerature after introduction of the sample?s should be definitely 
fixed, and that the maximum and minimum number of samplf-s to be dried 
at one time should also be controlled.
Davisg studied the effect of forced draught in ovens as an aid
to moisture determination* and concluded that different oven ventila
tion conditions had very little effect on results in the air-oven 
method (150°0 ) . Ho pointed out that variability of results appeared 
to be caused by' low results m  ar the oven door. This could be due to 
radiation, lack of convection currents at that part of the oven or 
recovery of water by the sample when the door was opened,
Leatherock (1 9 2 2 ) sent sealed samples of flour to 6 9  operators.
The average result was Ilf. 19 per cent water and the range was from 
15,22 to 15.00 per cent, Air-ovens showed llj.,15 per cent average and 
vacuum ovens Ilf.50 per cent average. The investigation showed that 
the results were affected by the type of oven used, the weight of 
sample taken, and the shape and dimensions of the container. The 
gain in the vacuum oven results was put down to the relative absence 
of oxidation as compared with the air oven. There is also the 
possibility of the loss of fine particles of flour by the suction. 
Leatherock also states that water-jacketed ovens give regular results
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it attention is paid to the size, lagging and fitting of the door*
He mentions an inside oven temperature of 9 8 .5 0 0., and thinks the 
largest variation likely is 98-99°0. at sea-level. Distilled water 
should he used in the jacket since there may be a steady increase 
with tap-water through time duo to the concentration of soluble salts.

In IJSfc fc*10 referee on Cereal foods for the A.O.A.Q. 
reported the results of a collaboration on determination of water by 
three methods viz. vacuo at 70°G.f vacuo at 100°C.# and air-oven at 
105-105*0• Vacuo at 100°G. showed consistently higher results than 
the air-oven, while the results at 7o°0* were lover and less concor
dant than those by the other methods. It was also reported that 
the copper water-jacketted oven is less efficient than the electric 
type of oven and gave lower results even when the samples were dried 
to constant weight at the same temperature. experimental work 
indicated that errors due to mechanical loss by suction were 
impro bable.
0*W. Ofelt (Cereal Ohem. p.6 ft0 * 1%0) compared the official air-oven 
moisture method and the rapid aluminium plate method* (Sandstedt, 
ibid* 813, 1958). 1*he official method was interpreted to mean 1 hour
of total time in the oven. The two methods when used on flour 
samples gave results which are in agreement well within the limits of 
error of either method. There is a lesser tendency for variation 
due to oven position with the rapid Al. plate method than with the 
official method. samples must not be placed too near the front of 
the oven when using the official method. With Ground Wheat the Al.



plate method requires more than the stipulated 20 minutes heating*
JfO rains, seem necessary for comparable results. (The official A.O. 
A.O. method is drying for 1 hr. at 150°C.).
Putnam and Jolitz Oereal Ghera. p.8 5 3 (191*01 recorded the results from 
2 6  collaborators on comparisons of the Al plate and official methods 
on flour and ground wheat. ;;even samples of flour and six of ground 
wheat \ ere tested. fa oh oven load was 8  samples only on the
assumption that speed is loss when a larger number of samples is 
accumulated before drying is started. .general precautions used:- 
All oven vents open* avoiding large temperature drops by loading the 
oven quickly; avoiding placing of samples under the pilot light; 
placing lids atilt on the dishes while drying; placing lids on before 
removal from oven; 2 0  minutes in desiccator, (above for a! plate 
method).
For the official method 150° plus or minus 5° wus maintained; no 
So reed draught or Al plate was used. The thermometer was placed 
with the bulb tip level with the top of the dishes but not directly 
over a sample. For the Al plate method directions were;- place the 
i inch (or more) thick Al plate on the lowest shelf support of the 
oven; keep Al plate temperature at 11*0° plus or minus 1°; place 
thermometer bulb in a small can filled withflne sand; dry 1 5  minutes 
for flour and 2 0  rainutes for ground wheat.
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Flour Results ►Sample Ho.
■i- 6 . I- 2- 10. 11.

ii.O.A.). Method 9 . 7 1 12.61 12.15 12.10 15.06 Q.55 1 1 .7 V
Al Plate Method 9 .t>6 1^.55 12.08 12.0^ 12.99 3.92 11.70

Ground Y;heat Results
A.O.A.■:). Method 
Al Piete Method

12*6.6b
8.57

.1 2 - lit.. 15.mmmrn 1 6 . il-mwrnrnrn8.32 6.53 8 .6 )+ 15.71 6 . 5 0

8 . 7 1 6 . 1 9 8 . 5 0 15.5^ 6 . 1 2

The chief advantage of the j»1 plate method is the even distribution 
of heat over the shelf area; its chief trouble is the difficulty of 
measuring its temp. accurately.
Probable fouroes of 'rror in Ovens.

Bailey (l̂ llj.) spoke of non-uniformity of drying-oven 
temperatures; Leaning (1955) a ho wed that a poorly designed thermo
stat gave uneven temperatures. Davis (1955) found that different 
oven ventilating? conditions hod little influence on results by the 
official method (1 hr. at 150°C. } Putnam and Jolitz reoomnend 
The one hour period of drying begins when the oven temperature 
regains 150°C* It should be stated where the tip of the thermometer 
shall be placed in relation to the samples.
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IPhs Influence of Humidity on Moisture determinations.
T utiwig Papp (I931*) studied the effect of humidity on 

moisture determinations on flour. He instanced limits of 3 0 $ 
relative humidity on a bright cold Bint or day at a temperature of 
1 5 °C.* and 6 5 $ relative humidity at 2 5 °G. in hot damp summer weather. 
The possible variation for the same sample with these conditions were 
from 1 5'2G in winter to 12.66 in summer. The absolute humidity is 
lower in winter than in summer so that in the winter higher moisture 
results are obtained. The figures cited relate to the oven method 
at 105*0.» and Papp points out that the influence of the humidity is 
even greater at temperatures below 1 0 5 °C## since the pressure of 
saturated water vapour is lower, which gives a higher absolute 
humidity in a room than the humidity at the drying temperature. For 
example 50$ relative humidity at 20°G. corresponds at lo5°C. with a 
relative vapour pressure of 0.97/̂ t ant* Qk 95°G- with a relative 
vapour pressure of 1 .3 8 $* the corresponding water percentages being 
13.00 and 12*73# Papp used p8oa in order to determine the water 
left in his samples after oven-drying at 105*0# He found that a 
sample first dried at 105°C. end then placed in a container with 
P20a and re-dried had 0.53 per cent of residual water. On drying at 
20SC. O . 2 5  per cent of water remained after months of exposure. He 
concludes that materials with a gel-struoture cannot be dried com
pletely when water-vapour is present in the atmosphere. similarly 
if air is bled through a vacuum oven the vapour tension is decreased 
in proportion to the vacuum, and higher values are got for moisture
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content, the effect of humidity and temperature being reduced.
Meson (1959) comments on the wide diversity of opinion as to which 
method should be considered the standard in moisture determinations, 
end considers that there is some weight of opinion in favour of the 
vacuum oven method even with all the varied conditions advocated.
His ovn experience indicated that the vacuum oven method gave higher 
results than the electric oven method.
The following advantages of the vacuum oven are enumerated by Masons-
(1) Economy of time for each determination.
(2) Less risk of aerobic oxidation due to prolonged heating in air.
(5, Lower temperatures may be employed, thereby reducing the dangers

of thermal decomposition. 
ik) The effects of varying conditions of humidity are reduced to a 

minimum.
(5) The liberated moisture is removed speedily from the heating 

chamber.
Shuey (1 9 2 5 ) using a vacuum oven at 98-100*0* and a maximum pressure 
of 2 5  mms. also obtained slightly higher results than by air-oven 
method at 1 2 5 %  1)0°, anci 155°G#
Davies (19)5) stated that forced air-draught did not materially 
improve the air-ovun method, and argued that as ventilation conditions 
were not of vital importance'this'favoured the use of the air oven 
method as a standard.
Koster (1936) defended the use of 1 3 0 *0 . for 1  hour on the grounds 
that temperature and humidity fluctuations hove less influence than 
they have while heating ot 1 0 5 *0 . for 5  to 8  hours.
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, THE DETERMINATION OF WATER IN ORGANIC MATERIALS.
Methods for Determination of titer or Total Solids 

from 0 ry mm ere e t liewne a . 195VfT9$ j.

Ho. Material Weight 
usod 
gms.

Temperature
°0.

Type of 
Oven

Details

1. Balsams -- Hoorn Vac. Ha80* 
desiccator

Cocking, p*3X2 
Time - ij.8 hours.

2. Butter 3-5 100 Electric --  p M kTime -rain.2 hours

?•
*Brewer s 

Malt 5 Boiling
water

Bath Oliver, p.5^7 
Time - 5 hours

k* Cacao
Beans

3 ; >t aam- 
oven

;-jt ©a rn- 
oven

p.1582
Time - 5 ®n(i constant weight.

5. Ghooolate . — 100-105 iiir-oven
— - p. 158 .̂ 

Time - 5 hours.

6. Casein
plastics

100 wel 1- 
designed 
air oven

Hand, p.597 Time - to constant c eight*

7. Coal 5 105-110 double-called
oven

Mills, p. II78 
Time - i hour.

8. Corned Beef 
and Meat 
Pastes

5 100 Cellular
v/ater-
bath

Gross, p, 585 Time - 18 hours.

9. Flour 10 150 fwheat ) 
120 (Flour)

Electric Fairbrother p.955 Time - 2 hours
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No.

10.

11.

12.

13.

H .

15.

16.

17.

•;.«torla

Flour

Weight
used

Olyoorol 1 Room
(absorbed 
on asbestos)

Temperature
aQ

a.96-100
b. 1 ^ 0

Inks

Leather

Meat
xtreet

Milk

Milk

Pigment s

18. Pigment s

19. Rubber

small

5  Q«s

5-10

10

1 0 5

98.5-100

1 0 0

Room

X )0-102

105

100 (1 Hr. ) 82 ( 2  hrs.

100

Type of 
Oven

a, electric
b. vacuum

You. H«i 0 4, 
ti ̂a locator

double* 
\ailed

Water or 
S3 team-even

Cellular
water-
bath

Vacuum
Desiccator

an oven

an oven

Details

Thomas. p.lljPl
a.to constant vt.
b, 1 hour
(A.O.A.C. methods)

Davis, p. 573 
Time % about 1*8 

hours.

Harman, p. 1050 
Time - 5 hours.

Hepburn, p.922 
Time - 5*4 Hrs. 
then to constant 
weight.

Bross. p. 1 0 1*. and
105.  T i m e  -  22-56 
h o u rs  •

Hawley,''p. 1058 
Tima - 18 hours.

P.‘193Time - av. 2 -

Bryson, p. I065 
Time - 2  hours.

Wilson, p.1553 
Method dependent 
on nature of sampli
Toott, p.^16 
Time - to constant 
weight.
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lo. Materiel eight
used 
ms.

20.

21.

22,

25

2 If,

25.

Rubber
Mixings

shellac

ugar

St laky
Sugars

Drugs

General

2-5

10

10with sand 
admixed.

Tempera ture 
°C.

110

Room

100-105

100-105

Type of 
oven.

an oven

Details

3oott, p . 1500 
Time - 2 hours

Vac.H^iO* I Bryson, p.l5/if 
Desiooator Time - 2*8 hours.

’loctric

Klectric

Oven me t hod not re uomraended. 
Distillation with tetra- 
chlorethylene suitable.
!lectrometric method 
(dielectric constant) for routine.

Description of the oven method, 
distillation method and chemical 
methods*

de Whalley,
P . 1278
Time w 5 hours.

de vhalley,
P.I278Time - 5 hours.

Middleton, p.̂ llf,

Hepburn, p.115.



285

C0NCLUSI0g5_
The Determination of later in Organic Materials. 

a study of the methods described above reveals that there 
is no greet liking for the vueuum oven, practically all the operators 
preferring the steam-oven or the electric oven. in some cases 
official methods are used, and with some products the method of 
vacuum desiccation is employed (balsams, glycerol, milk and shellac). 
The dishes used include clock and watch glasses, porcelain crucibles, 
aluminium or nickel flat dishes or basins, stainless steel dishes 
without lids,flat porcelain dishes, and tall or squat glass weighing 
bottles. Petri dishes and silica dishes have also been recommended, 
several operators take to constant weight; solenoid weighing is 
specified by one worker and the use of a ehainoraatic balance by 
another. In one case the open dish is covered by a watch-glass 
while weighing. With flour and sugar it is stated that higher 
results are obtained in the vacuum oven. Chocolate is dried in thin
flakes, and caoao beans are roughly broken up. Sand and asbestos 
are specified in certain instances as absorbing media. sulphuric' 
acid desiccators are used by several analysts, and the usual time of 
cooling (where mentioned) is 20 minutes.

With such a wide diversity of dishes, ovens, times, weights 
taken, temperatures, cooling times, and weighing directions, it is 
apparent that uniformity between different observers is hardly possible 
and it must be remembered that in many instances it is never required. 
It is also evident that no one method could be expected to be appli
cable to all the products listed.
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J ie a t * s e n s i t i ve ia a t e r ia ls  on d r y in g : -  

Oc c u r re n c e  o f  wat e r  A l l  c o m m o d itie s  and c h e m ic a l sys te m s  con t a i l  

w a te r  u n le s s  s p e c ia l  c a re  has been ta k e n  to  p re v e n t  i t s  e n tra n c e .  

The d e te r m in a t io n  o f  w a te r  i s  one o f  th e  m ost f a m i l i a r  and f r e 

q u e n t o p e r a t io n s  i n  a n a l y t i c a l  la b o r a t o r ie s ,  and th e  mode o f

e s t im a t io n  has been a m a jo r  p ro b le m  a lm o s t s in c e  th e  in t r o d u c t io n

o f  th e  b a la n c e .

W a te r may o c c u r  as f r e e  o r  m e c h a n ic a l w a te r  w h ic h  i s  o f te n  an 

e q u i l ib r iu m  am ount re m a in in g  c o n s ta n t  a t  c o n s ta n t  a tm o s p h e r ic  

h u m id i t y .  I t  majr o c c u r  as w a te r  o f  c r y s t a l l i z a t i o n  o r  as w a te r  o f  

c o n s t i t u t i o n ,  w h ic h  l a s t  i s  u s u a l ly  te rm e d  com bined  w a fe r .

F i n a l l y ,  i n  o rg a n ic  compounds o f  n a t u r a l  o r i g i n  o r  fro m  l i v i n g  

t i s s u e s ,  bound w a te r  may be p re s e n t .

W a te r re m o v a l : -  F re e  w a te r  i s  e a s i l y  rem oved by h e a t ,  b u t w a te r  

o f  c o n s t i t u t i o n  and bound w a te r  p r o v id e  th e  m a in  d i f f i c u l t y  i n  th e

a c c u ra te  e s t im a t io n  o f  w a te r .  The te m p e ra tu re  may be r a is e d  to

remove t h i s  ty p e  o f  w a te r ,  b u t th e  d e g re e  to  w h ic h  t h i s  i s  p e r 

m is s ib le  i s  n a t u r a l l y  g o v e rn e d  by th e  ty p e  o f  m a te r ia l  u n d e r t e s t .

The d ilem m a  i s  t h a t  i f  th e  te m p e ra tu re  i s  n o t r a is e d  s u f f i c 

i e n t l y  a l l  th e  w a te r  i s  n o t  d r iv e n  o f f ,  and i f  i t  i s  r a is e d ,  much 

more th a n  w a te r  may be d r iv e n  o f f .

O x id a t io n  W ith  th e r m a l ly  s e n s i t iv e  s u b s ta n c e s  o x id a t io n  i s  an 

im p o r ta n t  f a c t o r ,  and th e  e n d - p o in t  in  an oven m ethod  f o r  m o is tu re  

i s  o f te n  th e  p o in t  a t  w h ic h  th e  lo s s  due to  th e  l a s t  t r a c e  of 

w a te r  i s  b a la n c e d  by  th e  g a in  by o x id a t io n  o r  o th e r  cha nge s .
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Oxidation is minimised by vacuum oven drying# the maintenance of 
the vacuum removing water vapour from the neighbourhood of the 
sample and hastening the drying of the sample, particularly when 
a small air leak is allowed.

Water may be retained very persistently due to the formation 
of surface films# or to the high surface tension of concentrated 
syrups# even when absorbent substances such as >and or pu/aice are 
used to disperse the sample.
Sources of error Variations between observers are usually due 
to differences in the details of methods# especially when oven 
methods are used.

Relative humidity variations and differences in atmospheric 
pressure are particularly liable to cause discrepancies in results 
from different laboratories# and even in those from the same 
laboratory*
Choice of method Drying over desiccating agents at room tempera
ture has been proposed as an absolute method for standardising 
other methods# but the process is extremely slow, and there is the 
usual difficulty when a time factor is involved, of deciding when 
to stop. With acid desiccating agents# absorption of acid vapours 
may occur. As with many other methods# the removal of the last 
traces of water is difficult, generally taking about 90 per cent of 
the total drying time. The nature and freshness of the desiccating 
agent are important in this method# as they are also in the process 
of codling oven-dried samples
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In many cases the method of desiccation at room temperature will 
show alternate loss and gain from day to day, as the water passes 
back and forth from sample to desiccating agent.

Similarly, drying to constant weight does not ensure accuracy; 
since constant weight is limited by the conditions of drying, and 
also by the conditions of desiccator cooling and subsequent weigh
ing. The necessity of having fresh desiccating agent in the desicc
ator is thus apparent ; dry sand as well as the dried sample will 
absorb appreciable amounts of water from many desiccating agents, 
and are in fact, better drying agents in many instances than that 
in the desiccator.

Ideally, the same percentage of water should be found in a 
given sample by any number of analysts who adhere rigidly to the 
conditions laid down by the method. In choosing a suitable method 
for any material many factors must be taken into account, and some 
of these are described below.
Factors in oven drying The time factor in a method should be 
kept as low as possible. This can be aided by taking as small a 
sample as is consistent with accuracy. Errors in weighing may 
become unduly large when less than 0.5 g. of sample is used.

It is doubtful whether the reduced pressure in the vacuum oven 
is an important factor in rapid drying, since the rarefied atmos
phere acts more like an insulator than a conductor of heat.
On the other hand, the removal of water vapour by the pump is an 
advantage over steam-oven drying.
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The time necessary for drying rapidly decreases with .increase of 
drying temperature. It may be expected that removal of moisture 
from solids will cease when the vapour pressure of the remaining 
water is in equilibrium with the vapour pressure of the atmosphere 
in the hot oven. It seems certain that drying to say 105°C. or to 
constant weight can only give comparative results at best and often 
not particularly quickly. Some substances have not lost all their 
moisture at such a temperature, and others have already started to 
decompose ~ for example, the caramelization of sugars begins near 
their melting points, and this is dangerously close to 105°C.

Among the many factors influencing the results obtained by 
oven drying are the state of division of the substance, the amount 
of water used to mix absorbent and substance, the ratio of absorb
ent to substance, the pressure, and the time and temperature of 
heating. The size, shape, and material of the dish are also signi
ficant, and the rate of evaporation may vary from dish to dish 
even when the dishes appear to be uniform. The position of the 
dish in the oven, the closeness of its contact with the oven 
bottom, and the continuity of the heating in the oven will also 
influence results. The ventilation conditions in the oven are 
important with regard to removal of water vapour expelled from 
the sample.
Chemical methods t- These have been advocated for substances which 
decompose easily, which oxidise readily, or which are very volatile 
The usual errors in these methods are caused by combination of the 
reagent used with constituents other than water in the sample.
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Various reasons for discrepancies and poor agreement in 
the Determination of molsture by oveyT feying. '

1. >tnte of division of substance.
2. Usual errors of weighing - carelessness* etc.
5. Adsorption o f  gases either while in oven or in desiccator,
ij.. Ratio of adsorbent to sample.
5. Amount of water added to mix sample and adsorbent.
6. Time : temperature : piv ssure.
7. Ventilation of oven.
8. Atmospheric humidity.
9. Rate of evaporation from dish to dish whether of the same 

material or of different materials.
10. Nature of substance, e.g., iish/Reduoing sugars ratio.
11. Difference between ovens.
12. Closeness of contact with oven bottom.
1). ize of dish : height, diameter, shape, knobs. 
l|f. Position in Oven.
15. Continuity of heating in oven.

In vacuum drying the rarefied atmosphere is an insulation.
The heat conduction to a sample in an oven is limited by the thickness 
of the met al shelves (note effect of perforated shelves ), and by th© 
area of the shelf which is in contact with the shelf.

Heat transmission may vary from dish to dish - this varia
tion is likely to be more between glass dishes than for say metal 
dishes of uniform thickness*
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Vogel, uantitative analysis, 1939* '% ^09.
s

’leotrifi cation of the surface of a weighing vessel due to [I
rubbing may cause a comparatively large error, particularly if both the! 
atmosohere and the cloth are dry. It is slowly dissipated on stand

ing, but is best removed by placing a piece of pitchblend or other 
rsdioaotive material in the balance case to ionise the air.

The time of cooling in a desiccator will depend on the 
temperature and the size of the dish, as well as upon the material 
of which it Is composed and the nature and mass of the sample within.
Pt. crucibles should be left 2$ minutes, and crucibles of other

materials for 35 to ifO minutes before being weighed.
oQ© •

O a l s L  on tfoq lietprmination of Water in Coal
In Methods of A n a ly s i s  of Coal and Coke ( F u e l  R e s e a rc h  Board* 

Survey Paper Ho* 44, 1940), St is recommended that the weight
of eaal taken and the diameter of the dish should he arranged to gi¥« 
a layer of coal weighing mot more than 0*3 gnu per 8d* GJa* exposed 

surface*
Coals which oxidise readily should be dried in a bath through wh 

which a slow current of hitrogen is being passed*
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In the experimental work on the estimation of water it was 

necessary to prepare solutions of various sugars. The solubilities 
of the principal sugars are conveniently grouped in Figure 37 j-

90
II*V «vi*>I
VI 0.I

70

SOLUt ILlTlgS
CAeBOHVDfkftTKS

SO
ocrrgp a /*/£s a‘«r*/fAn.*7a
ftLvcose 44 <f>? AT" /f*C.

*r 'fec.40

“7 3 ------ 3 3 ------73-------Zo-------9  7 4TO&£ °C. to

Figure 37 j
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SCOPE OF THE WORK 031 THE OYSII DRYIfffG OF SUGAR 
SOLUTIONS.

I n  t h e  p r e l i m i n a r y  w o r k  o n  d r y i n g  s u g a r  s o l u t i o n s  i n  t h e  s t e a m  o v e n  

i t  w a s  a t t e m p t e d  t o  e s t a b l i s h  t h e  f o l l o w i n g  p o i n t s  : •

1 .  T h e  b e s t  t y p e  o f  a b s o r b i n g  m e d iu m  t o  u s e .

2 .  A c o m p a r i s o n  o f  t h e  u s e  o f  g l a s s  a n d  m e t a l  d i s h e s  o f  v a r i o u s  

s h a p e s  a n c l s i  s e e *

3 .  T h e  o p t i m u m  d e p t h  o f  m i x e d  s u b s t a n c e  i n  t h e  d i s h .

4 .  T h e  a g r e e m e n t  o f  d u p l i c a t e s *  a n d  t h e  r e p r o d u c i b i l i t y  o f  r e s u l t s .

5 .  T h e  o p t i m u m  a m o u n t  o f  a b s o r b i n g  m e d iu m  t o  u s e  i n  r e l a t i o n  t o  t h e  

a m o u n t  o f  t h e  s a m p l e  t a k e n .

6 .  T h e  a m o u n t  o f  w a t e r  n e c e s s a r y  f o r  m i x i n g  t h e  s a m p l e  w i t h  t h e  

a b s o r b i n g  m e d iu m *  a n d  t h e  e f f e c t  o f  t h i s  w a t e r  o n  d e c o m p o s i t i o n  

a n d  o n  d r y i n g  t i m e .

7 .  T h e  o p t i m u m  t i m e  o f  h e a t i n g .

8 .  T h e  o v e r a l l  t i m e  r e q u i r e d  f o r  e a c h  e s t i m a t i o n .

9 .  T h e  p r o p e r  p r e p a r a t i o n  o f  t h e  a b s o r b i n g  m e d iu m *

1 0 .  T h e  e f f e c t  o f  d r y i n g  a t  a  p r e ~ d e t e r m i n e &  p H  v a l u e .

1 1 .  T h e  i n f l u e n c e  o f  e x t e r n a l  a t m o s p h e r i c  c o n d i t i o n s  o n  t h e  e s t i m a t i 

o n  w h e n  r e p e a t e d  d a y  a f t e r  d a y .

1 2 .  T h e  e f f e c t  o f  u s i n g  d i f f e r e n t  o v e n s .

A  c o m p a r i s o n  w a s  t h e n  m a d e  w i t h  t h e  v a c u u m  o v e n  m e t h o d  o f  d r y i n g  

u s i n g  t h e  d a t a  g a i n e d  a b o v e .  C o m p a r i s o n s  w e r e  a l s o  m a d e  u s i n g  t h e  

d i s t i l l a t i o n  m e t h o d *  t h e  E a r l  F i s c h e r  c h e m i c a l  m e t h o d ,  a n d  t h e  r e f r a c  

to m e  t e r  m e t h o d  o f  e s t i m a t i n g  w a t e r .
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Tl££ O V IST 1MTHQI3 O F D M T & m r i f f G  lA T B i l

Thermally-sensitive sugars may decompose giving off volatile, 
products5e,g,,aldehydes, esters, alcohols, organic acids, ammonia^ 

and carbon dioxide j this decomposition may proceed simultaneously 
wit ii. absorption of oxygen by the 'ciriecl material, Most impure sugar 
products contain acids, gums, protein, and mineral matter which 

again complicate the drying problem, apart frora decomposition of 

the sugar itself, —
The main variables stressed in the literature are Temperature 

Time, and Drying Surface, When the temperature is lowered to pro
tect the sugar, the time of heating lias to be increased, and this 
extra time in itself may give rise to decomposition of the sugars' 
or impurities present. The time of drying is much shortened by 
ex tend in g ... t h e drying surface.
Defects of steam-oven drying Uncertain results are mainly due 

to j-
1, Slow escape of air, the vapour from the samples being incom

pletely removed, The vapour pressure in the oven is thus higher 
than in the surrounding atmosphere,and this tends to give low 

results, with a slow continual rise.
2, The temperature of drying largely controls the rate of drying, 

both factors being dependent upon the intensity of heating,which 
may vary considerably in a multi-cellular oven,

Vacuum-oyen Drying $■» These are usually operated at 15 to 100 mms

pressure with a gentle air current passing,

Without the air current, the water vapour escaping from the samp le
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is not carried off so readily, and the results given will not 
give close agreement*.

enrx’Qnt the vapour tension is reduced in the oven . 
accoxc.ing to tue vacuum* The., results obtained are higher» varying 
riuii this pressure# The influence of temperature•.and of humidity 
are les sense- •

of S.amples i g Drying must not be disturbed by intro-*
dncing freon samples during the drying period# ..The number of 

samples placed in one compartment of an oven must be strictly 
controlled.

Detailed Consideration of even drying
m . ■    ------ ^ p|||| fr— till I WI1|W | *1 I ' f I I I 11 I Ilf I |* I, | Ml ■ 11 Pi fflMfci II! * , I > l i m

This will involvo. a study of the following factors :•
(a) The substance to be dried
(b) The drying dish

(c) The absorbing medium used | hence drying surface# 
t'd) OVen conditions and heating details
(e) Time

(f) Desiccator details
(g) Weighing details

(h) General factors
Ta} The Subs tcSic e •*—  —

1 Method, of sampling Is the sample representative of the bu3&?

2,General nature of the sample 
{a) State of sub-division -Is grinding possible or necessary?

•(b) How is the water distributed in the structure of the sample

(c) U n i f o r m i t y  of the sample.

*>
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(d
(e
3.
(*> \ w
(b
(c

(e
4 .

( E
(b
(c
(d
(e

Can water escape easily from the sample ?
Sample density, for estimation of a convenient weight to take. 
Behaviour of the sample on heating
Tendency to decompose - general resistance to heat and time of*

heating.Tendency to oxidise
Liability to formation of surface films occluding water,e.g., 
surface glazing, or formation of horn-like masses.
Liability to form viscous syrups from which water escapes slowly. 
Danger of loss by air-currents or suction {with light materials). 

Forms in which water is present in the sample
Mechanical or adventitious water 
Water of constitution 
Water of crystallisation 
Zeolitie water 
Bound water

(b) THE DRYI1TG DISH
1. Materials of cons truction Metals copper, nickel,aluminium!

alloys such as Monel metal or Stainless steel. Hon-metals glass 
silica, porcelain.
2. Properties
(a) Resistance to heat
(b) Resistance to corrosion by sample, by atmosphere, or by acid fumes
(c) State of surface : polished, dull ; smooth or rough.
(d) Co-efficient of heat transfer, controlling the rate of evaporation 

obtainable, and the rate of cooling in the desiccator.
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(e) Tendency to acquire static charge,and ease of removing this.
(f) Air-tightness,and general convenience in handling.
3. Pinions ions

(a) Ratio of height to diameter
(To) Shape - round, rectangular,’dished1 ,etc.
(c) Type of lid,e.g.,tight of loose-fitting, with or without- knob.
(d) We ight - in general preferably as light as possible.
(e) flatness of bottom surface - important for heat-transfer.
4. Preparations for weighing

Washing, drying, polishing, heating,handling, wiping, etc.

(c) The Absorbing Medium s-
i* T f i o s E.g., sand, pumice, kieselguhr or ceiite, asbestos,paper.
2, Preparation
(a) Gleaning and sieving (if necessary).
(b) Treatment by acid or alkali 
(c.) Washing with water
(d) Ignition tomremove water and volatile matter.
(e) Storage.
3, Properties
(a) Inertness : there should be no side-reactions between sample andmedium.
(b) State of sub-division.
(c) Porosity and weight per cubic foot.
(d) Colour : if white, decomposition of the sample can be seen.
(e) Hygroscopicity when dry.
(f) Surface area exposed : this controls the area of the film of sample
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4. Relation to Sample s-
(a) height required for optimum drying,!.e., ratio of absorbing 

medium to test substance.
(b) Thickness of layer in drying dish, controlling resistance to 

the escape of rater.
(c) Amount of rater required to mix the absorbing medium and the 

sample, if the use of water is necessary.

(cl) The Oven The main requirements are a uniform temperature 
and adequate ventilation,

1. General
(a) Type : size : shape : number of compartments.
(b) Sittings doors, shelves, thermostat, lagging,thermometer.
2. Heating, Ventilation, and Temperature Control, .
(a) Mode of heating - gas, steam, electricity, etc.
(b) Adequacy of temperature control - thermostatic regulation 

within 1°C, is desirable to ensure uniform heating.
(c) Yentilation there should be an ample inlet and outlet for 

air and water vapour ; fan ventilation is preferable. The 
system used should be capable of close regulation.

(d) Steam-heated shelves may be required in large ovens.
(e) The thermometer should be placed so that the bulb comes just 

over the samples.
(f) The oven should be screened from draughts.
(g) The outside of the oven, particularly the door, should b© 

properly lagged.
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3; to Oven.i*.„
(a) Position of Sample in Oven,
("b) Closeness of contact of sample dish and oven “bottom. iI
(c) Humber of samples in the oven at one time*
(d) Fluctuations in the oven conditions due to variations in 

humidity and temperature, or to the opening of the oven door 
during dryingi

(e) The use of inert gases to minimise decomposition or oxida- ‘ !
tion. ;

(f) The absence of conditions tending to cause oxidation*
(g) Continuity of heating,e*g; no samples should he addec^during 

a heating period,nor should the oven doors he opened until 
drying is thought to he complete*

4. The Vacuum Oven r* Ii
(a) Temperature and pressure employed* j

(b) The constancy of temperature*)These factors will depend on — !
and pressure; Ithe vacuum pump and the mode~of

heating*
(c) The degree of superheating in the oven Jacket;
(d) Introduction of air during drying -the use of an air-leak.
(e) Pre-drying of the air entering the oven,ie. air-leak or 

when breaking vacuum;
(f) Provision of efficient trap between oven and vacuum pump*
5* Placing of dishes :- Different workers recommend varied pro-

i— i       w in   — in.wnmM mm m * •

cedures,BUch as placing the lid beside the dish in the oven, 
covering the dish loosely or partially with the lid during 
drying,placing the lid under the dish,or leaving the lid
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outside tiie o ten. The "best procedure would appear to "be that of 
placing the lid alongside the dish in the oven*

(e) Time Pactors

(a) Time for preparation for the estimation * sampling,preparing
sample, assembling apparatus, heating oven.

(b) Time required for initial weighings.
(c) Tirae of heating in the oven, including time taken by sample 

to attain oven temperature*

(d) Time to cool, and total time in the desiccator*
(e) Time for final weighings*

(f) Total time taken 'for the estimation.

.(g) Exact time when the sample is completely dry*
(h) Rate of Evaporation for the given conditions*

(f) The, D$s#&oator s*
(a) Type3.shape* and sise of desiccatori material of construc

tion - glass, metal, etc*
(b) Suture and efficiency of the desiccating agent, its type,

and its physical state.
.(c) Ratio of the volume of the desiccating agent to the totP-1 

volume of the desiccator.
(d) Total amount of desiccating agent present.
(e) Use of cooling plate or cooling water.

(f) J*reshness of the desiccating agent.

(g) Hygroscopicity of the dried samples.
(h) Time in desiccator before weighing -l.to cool : 2. total.



(!) Humber of sauries in the desiccator at one time.,,
(j) Risk of loss during opening ox desiccator,* method of opening, 
(k) Difference he tween weighing immediately sample is cool,, and 

after sayr 24 hours, in the desiccator.,
(l) Danger with sulphuric acid of losing SO^ vapour-*especially 

when using vacuum desiccators,.
(m) The use of special modes of desiccation,e.,g*, evacuation, 

stirring of desiccator air,, etc*
(n) Distance of desiccating agent from the sample*
(0 ) Position of earn le in the desiccator -* above or below desicc

ating agent*
(p) General convenience of desiccator for carrying and handling*

(g) The Weighing

1. The Balance_
(a) Type The balance should he of short-arm* type. It may be 

an ordinary analytical balance,or preferably chainomatic, 
air-damped, or magnetically-damped to give quicker weighing, 

o>) S e n s i t i v i t y 0.1 mgm. should be readily detectable with 
average loads.

Speed The period of oscillation should be short ; a period 
of swing of 5 -10 seconds is satisfactory.

Î oud The. load at which the sensitivity becomes forty per 

cent of its maximum value should be the greatest load allowed. 

^  General :- The'balance should be level ; the doors should be
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the centre of the pans ; a desiccator should be placed in the bal
ance case ; weights should be handled with forceps.

(f) Weights :- Should be calibratedf and checked at least once each 

year. The same weights should be used in any one experiment.
2. Method of weighing «-

(a) The weight taken m y  be a round number ; where weighing by
difference is necessary it should be made rapidly.

(b) A definite sequence of operations in weighing will make for -

greater spedd, and lessen the chances of,error. The choice of 
the actual method.of weighing is also important; for example,- 

the'method commonly adopted of making the pointer-swing of the 
loaded balance equal to the rjointer swing of the-unloaded bal
ance may give rise to considerable error if the zero point 
changes within a short time. - - .

(c) Tongs may be used in handling dishes - to avoid finger-prints,etc
(d) Temperature differences should be avoided; there should be no- 

appreciable change of external humidity of temperature between 
weighings : the dishes must be adequately cooled.

(e) Constant Weight There is considerable difference of opinion 

as to what is meant by constant weight . This term should be 
rigidly defined for any given procedure.

(f) Weighing by difference usually gives slightly higher results, 

and is advisable if the operator cannot weigh quickly.

(g) The time intervals of re-heating to *constant weight*,should be 
strictly prescribed and adhered to.
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Furtlier notes on the Balance
1 .The balance should be on a firm foundation, as free as possible 
frcra vibration and shook# It should bo perfectly level, and should 
be in a room at even temperature and placed away from doors,ho-1 
pipes, draughts, etc* It should be as dust-free as possible.

2 . the balance must give consistent results-that is, it must give 
the same result in successive weighings of the same body.

3. The balance must be accurate - that is, the beam must be horiz
ontal when the pans are empty and when equal masses are placed 
on the pans.

4 . The balance must be stable,that is, the beam after being displaced
from its horizontal position must return to its horizontal i30si- "

tion.

(h) General Details :
1. Method of reporting results
(a) The extent of replication desirable should be determined.
(b) There should be a standard procedure governing the agreement of 

duplicate results.
(c) Analyses should be reported to the second decimal place only 

when justifiable, bearing in mind that the first decimal place 
may be accurate, and that the second is retained usually to keep 
the first place as accurate as possible when using the data in 
calculation.

(d) For oven drying methods the procedure adopted should be mentioned
when reporting results,e.g. *5 hours in steam-even at 95°C.% or 
• 6 hours in vacuum oven at 70°G.v/ith pressure 5 cms.®
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2. Agreement of duplicate results
(a) Results should agree within plus or sinus 2 per cent to "be 

accepted as duplicates.

3. Type of Method s- This will depend jipon the accuracy desired, and
factors such as the effect of slow drying versus quick drying on 

the decomposition of thermally sensitive materials.
In general the vacuum oven operating at temperatures below 100°C 
was found to give results much more variable than those by the- 
steam oven without vacuum. This is probably clue to the arrange-- 
ment of the heating element causing a regular convection current 
system through the water jacket,since certain areas of the oven 

consistently gave low results. 

ffssiccators A desiccator can be dispensed with if the sample- . 
is heated in a 1 Shield’ box with tightly fitting lid surrounding 

the sample dish. The two are cooled and weighed together.
Ttsto important factors with regard to desiccation are the surface 
area of the desiccating agent exposed to the sample, and the 
surface area of the sample exposed to the desiccating agent*



g e m u l  m o o m m s i t o r  this B B E t m m T i c m  op tat:sr x m  total solids 
Iff SUQAfl SOLUTIONS,< PY TIIII 0VE2T K3THDPS.*

The g la s s  d is h e s  u s e d ,s q u a t s h a p e ,60 mrna, d ia m e te r and 3 0 -mms . 

c lecp, w i t h  i n s i d e - f i t t i n g  g ro u n d - in  l i t is ,w a r e  c a r e f u l l y  s e le c te d  . 

to  ensure ' th a t  th e  h o t to n  s u r fa c e  was' p la n e ,a n d  th a t  t h e i r  w e ig h ts  

were a p p ro x im a te ly  th e  same, ffach  d is h  was p ro v id e d  w ith  a s m a ll 

g la s s  r o d ,  f l a t  a t  one end , and s u f f i c i e n t l y  s h o r t  • to. l i e  f l a t  in  

th e  d is h , '  The re q u ire d  amouht o f  f r e s h ly - ig n i t e d  a b s o rb e n t (s a n d , 

c e l i t e ,  p u m ic e ,e tc . )  was p la c e d  in  th e  d is h ,  and th e  w e ig h t ta k e n - 

w i t h  th e  l i d  and ro d *  The e s tim a te d  amount o f  'sy ru p  o r  sug a r s o lu 

t io n  was hoi? ru n  on to p  o f  f i le  a b s o rb e n t, u s in g  a s m a ll w ide  p ip 

e t t e ,  and' c o u n t in g  d rops to ’ g e t the- a p p ro x im a te ly  c o r r e c t  w e ig h t . .  . 

T h is  o p e ra t io n  was c a r r ie d  "out as r a p id ly  as p o s s ib le ,  and th e  l i d s  

o f  th e  d is h  and o f  th e  sam ples b o t t l e  were k e p t open f o r  th e  m in i 

mum t im p o s s ib le *  A f t e r  a c c u ra te  w e ig h in g , enough w a te r was added 

to  le a v e  th e  m a te r ia l  s a tu ra te d ,  b u t w ith o u t  excess w a te r*

T h e s jru p , sand , and w a te r w ere  now th o ro u g h ly  m ixed by means o f  

th e  r o d ,  w h ic h  was f i n a l l y  dropped on to p  o f  th e  sand ( o r  o th e r  

a b s o rb e n t ) . The d is h  was p la c e d  i n  th e  d r y in g  oven w i th  th e  l i d  

a lo n g s id e ,  p la c in g  one d is h  in  each com partm ent o f  a s ix  com part

ment c e l l u l a r  typ e  steam —ove n , w i t h  th e  v e n t i la t o r s  open, o r t f o r  

vacuum w o rk , p la c in g  fo u r  d is h e s  to g e th e r  i n  a s e m i- c i r c u la r  sec

t io n  vacuum oven ( sec i l l u s t r a t i o n ) . A t the  end o f  th e  h e a t in g  

p e r io d  (e .,g ., 5 h o u rs ) th e  l i d  was re p la c e d  on th e  d is h  w h i le  s t i l l  

in  the: o v e n , and tho  sample c o o le d  i n  a d e s ic c a to r  f o r  <sO m in u te s , 

a l lo w in g  more o r  le s s  tim e  a c c o rd in g  to  ta e  w e ig h ts  o f  mutex i« , l
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present and the nature of the dish (e.g. glass or aluminium). 
The weighing was made as rapidly as possible on an air-damped 
balance, using standard weights. The sample was returned to the 
oven for subsequent periods as desired, cooling and weighing as 
before.

fflSURS 38 s Aluminium, nickel, and 
glass dishes of various types as 
used in moisture determinations 
by the oven methods.
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Part 6

S3CTI0N 5* '

METHODS OP ANALYSIS*

: The Hate of Evaporation in the Determination of Water*

1. Introduction s
2. Experimental :
3* Discussion of Results*
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imuomoTioM.

In the constant rate period of evaporation which is the first stage 
in many drying processes, the rate of ©reparation appears to vary 
as the 0,8 power of the mass velocity of the air (see Marshall and 
Hougen,T.A,l.Chea.E.,p.91,1942), In the limiting ease where a 
liquid surface is exposed,Powell and Griffiths (T.I.Chem.E.,p.l75, 
1935) have shown that the rate of evaporation is affected by edge* 
effects which cause irregular turbulence of the air stream by 
protecting a proportion of the area from the currents of air*

Several formulae have been suggested for the expression of 
the rate of evaporation from open dishes both in * still* air and 
in currents of air* These are generally admitted to be empirical 
in nature. Thus Thomas and Ferguson (Phil.Mag.,34,308*1917) state 
"Evaporation from full circular dishes was not proportional to the 
radius as Stefan suggested, nor to the square of the radius(or first 
power of the area) as was commonly assumed, but followed an exactly 
intermediate,law - that of the three-halves power of the radius. 
Hinchley developed the well-known "Imperial College" formula 
W=s0.02(pe - pd)1‘^ where W is the rate of evaporation (kilos per
sq. m. per hour at 760 mms.pressure), pe is the vapour pressure of

_ _ _

the water in the pan (anas. Hg), and is the vapour pressure of 
the water in the air (mms. Hg). This formula has since been modi-' i
fied by Hiatus ( Hinchley, 2.S.C.I., 242T,1922 : Hinchley and Himus, 
T.I.Chem.E.,2,57,1924 : Himus, ibid. 7,166, 1929).
Powell (ibid.,13,36,1940) and Wade, (ibid.,20,1,1942) have given 
modified formulae of a dimensional character.
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In a closed compartment of a steam or vacuum oven, the condi
tions are markedly different from those in open evaporation systems* 
and the present tests were designed to investigate this difference. 

From Kinchley*s formula it was calculated that if evaporation 
takes place at 1Q0°C,, with the ambient air at 2G°C., the rate of 
evaporation of water from an open pan with natural convection alone 
operating, should be 255 gms. per 100 sq, cms, per hour.

The temperature in a single unit steam oven was found never to 
exceed 98°C, and to reach this temperature the ventilator had to be 
kept closed. With the ventilator open, the oven temperature fell to 
84-88°C. The introduction of a sample caused a drop of about 6°C. in 
the oven temperature. In most cases the sample dish temperature did 
not exceed 88°G., with an average of 86°G, On this basis, the rate 
of evaporation calculated from Hinchley*s open pan formula should be 
136 gms, per 100 sq, cms. per hour. In the tests made this figure 
was not approached, but it must be remembered that the rates Include 
here the period of heating up to 86°C., wljich usually lasted 5-7 
minutes. Even allowing for this, the rate would only be increased 
by about 20 per cent, and would still be well below the Hinchley 
figure.

Care was taken in the tests to have the copper bottom of the 
oven well cleaned, so that adequate thermal contact was assured for 
the dishes.

Of the various factors studied, that of heat maintenance 
seemed to be most important s the heat necessary to evaporate the 
liquid must be supplied t» the dish. Heglect of this simple fact 
probably accounts for many discrepancies in results for moisttaBe by
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1. Effect of dish material
2. ” M M diameter
3. Evaporation through sand and through celite
4. Effect of using deep containers
5. Variation of duplicates in different compartments of the oven
6. Evaporation Hate in the vacuum oven - effect of dish material1
7. Vacuum oven - effect of insulating the dish
8. Vacuum oven - evaporation through sand
9. Effect of presence of oven shelf
10. Evaporation Rates with silica, porcelain,and clipped watch-glass

es
11. Effect of high collar on the dish
12. Replicate tests in different compartments of the oven
13. Effect of having more than one dish per compartment
14. Effect of rate of boiling of the oven water jacket
15. Replicate tests using same dish on different days - Series 1

I

16. Tests in Single Unit oven - temperatures and conditions
17. Temperature Conditions in a Single Unit oven
18. Collected Results of Replicate Tests in same dish on different 

days and under different conditions. - Series 2.
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ÂPika.ItaliaTAL j- 1 Effect of Dish Material s»
irijGlasa * nci iHofcel Dishes

Procedure: - ivp-jrax. 20 gms. of water war. placed in each dish and
wei hed aooura tely. daoh dish was given a so par a to compartment in 
the stearn-oven at about 9 8  °0* In one comportment a nickel and a 
glass dish were placed together*

lickel .AlloyDish Dimensions rams. Glass 
<1) (2)

Diamet er 
Depth % 29

ho
1 6

Evaporation Hate gms. water per 100 sq* eras. per hour
( 1 1 (2) ■

Hiekel alloy dish alone 9 6 6 5

: • • when in with 
glass dish kh -

• • ; el one on shelf 2 9 ; «
Gla s s ol is b alo no ^ 2 33

; : when in with nickel
dish 2 6 -

* * alone on shelf 25 -

effect of Dish Dlemater.'tr'Timnr WPurrlMmvrr" ■|«t-nn‘atw n2.Evaporation dates gms. water per 100 s4 • cms. per hour*
Glassmm s. —

Dlamet er H e i gh date tnms.Diem
hi 2 5 44.6 37
58 31 >2 hO
82 13 33 6 9
9 2 12 28 -

B ideal Alloy Aluminium

19 
16
20

n o t e
1 UrliSiCS a

D i a m e t e r  H e ig h t Rate•mu+n++m*'t» |
b7 h9 13 6 5

fai 53 lh 2 7
" -y
jy hi 2if y*

1
72 18 22
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;vaooration Rate_ggs1 _j>er lOQ aq. cms. per hour. 
Mgldg .̂Q cos, v/41or - Xoo Bainiltes heatln^~w

Glass
33

Hlo/el Alloy 

6l

Aluminium (Basin shape) 
36 
72

3* Evaporation Hate through ^and_ and througn oellte.
In this ease 20 gins, of sand (or oolite) were ,just covered by w/ater 
end heated in the steam oven in various dishes*

Glass Illckel Alloy Aluminium (Basin .shape)
Sand 2 7 if8
Geli t e 23 30 35
Water
alone 32 5 6 3 6

4. Test using deep containers. 
Evaporation Hate gms. water per lOQ

Glass
(rrTT2)

mms.
Height
Diameter
Rate

k2 31
6 5

¥>

is. per hr* 
Aluminium

5 8

32

75 18

70 72
53 1 22

5, Variation of Duplicates in Steam-Qven separate 
~ Glass Vessels "S^mlnut es heatlagT

Test

1
2
3
k

Diameter

5 8

5 8

5 3

6 0

Depth

29 
31
30
27

HEvayration Rate 
m s  7lOOs Q * cms . /hr,

2 5

2 9

30 
33
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6. Evaporation Rate in Veouna-Qven In Various Dishes
yestia made at and ag♦oms/fcr.

Water
v m i iw ii>  >*1 ,1Alone 3a nd Gel

Glass 3* 30 33
Aluminium (Basin) k 8 56 k - 5

Hlekel Alloy 61 63 k . 3

Comparison - steam Oven 9 8 ° 0

Glass 32 27 25

Aluminium (Basin) 36 if6 35
Hickel Alloy 56 ifd 30

fhe surface area of the container bottom anti the closeness 
of contact between it ami the bottom of the oven appear to be the 
important factors in determining the evaporation rote for different 
materials*

It is clear that the results obtained In the oven method
of*

of determining moisture are dependent on the rat os/ conduct ion and 
evaporation. v
, fhis was demonstrated by placing dishes in the ovens on
glass triangles thus keeping the dish cX*u r of the metal surfaces 
of the ovens.

%  a po ret I on re t a s g ms /100 a *1 • opJl/h£ • aterjalone.
Steam
oven*"

Bormal 
Koto ~wmmni w

Vacuumw w  w »i' 1oven
IJormal
Hate

Glass lif 32 18 34-
Aluminium 10 36 11 k 8

Hiofcel Alloy 11 56 11 6l
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8. ■

Test

1
2
5

•yaj^rAfrion Hate In Vt.ouum Oven usin^ Sand in same Gitss Vessel 
20 gms. and b cos, water 7  Replicate Tents on Different Bays *

£>3 ^ 0  and JO-f2  cms. vacuum.

glass 
•■vap0 ratlon Hate 
Gms/ToQsq .cms/hr

27.8
2d. if
29.8

Kiokel Alloy

53
62
60

 ̂Effect of Oven dhelf:- a perforated metal shelf put in above the 
sample did not materially affeot the evaporation rate with a glass 
dish viz, 2 8 . 5  found as against the normal 2 8 . 6  gms/ 1 0 0  sq*ems/hr, 

evaporation Hates with other Materials;- ste^m-Oven
Rate

Silica Dish Mf
Porcelain 28

Clipped Watch Classes 32
Glass 32
Aluminium 36

Fickel Alloy 56

U. Effect of Collar on Dishes (Nickel AQllur^n^jj:ofcel_A31loyi Djjhl
Steam Oven ; normal Height of dish 2 cms.

Height with collar 15*25 cms*
Evaporation Rate (1)
gms/ 1 0 0  sq. etas./hr ^

(2)
k&

normal Rat© 
6l
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12. Ratos (fejlẐ OQ— sg ,oms ./hr. for a luminiurn Gepsules
l H  JSjcaw 0 v e n f pa ra  t  e Go mpaHme at* s .

Dimensions:- 6 9  mms. diam. x 20 mms. depth.
D is h

1
2
5

k-

5

6

e v a p o r a t io n  H a te s  
T e s t  1  ~~~TesV ~2~ 

>'»tearn Oven

57

55

58

k$

60

58

57 

66 «

bo

65

68
65

D ish  -  102 mms. d iam . x 1 9  mms. d e p th ,

1
2

58
if2

Vacuum Oven 
'SI 0.70 oms

76
6 if

(57
(65

78

90

85

if6
55

I t  i s  p o s s ib le  t h a t  a d is h  of low  c o n d u c t i v i t y  i s  b e t t e r  

f o r  t h e r m a l l y  s e n s i t i v e  m a t e r i a l s ,  as th e  te n d e n c y  to w a rd s  b u r n in g  

and d e c o m p o s i t io n  may be g r e a t e r  w i t h  v e s s e l  of h ig h  c o n d u c t i v i t y .  

M e ta l  d is h e s  a re  g e n e r a l l y  more p la n a r  th a n ' g la s s  ones w h ic h  o f t e n  

have a d is h e d  base so th a t  c o n ta c t  w i t h  th e  b o t to m  o f  th e  oven i s  

n o t  c o m p le te .

The r a t e  o f  e v a p o r a t io n  depends o n  th e  r a t e  a t  w h ic h  h e a t 

oan g e t t o  th e  sam p le  and a ls o  o n  th e  r a t e  a t  w h ic h  w a te r  v a p o u r  

can escape f ro m  t h e  sam ple  and f ro m  th e  o v e n .

B e p l i c a t e  t e s t s  on  D is h  1 (steam  Oven)
R ate

1
2
5

k5
6k
65

Rate
57 above 

57



E f f e c t  o f  H e a t in g  more t han o ne d is h  i n  '.’team Oven Comportments 
A lu m in iu m  O a nsu T e s^T ^ ’mms. d ia m . x  20 mms. deep .
■■M HHM M W  *M M » *—Hil—l li—t n aM «n»A i t O  • < 0 * * 3 *  HlW II M  t i W W m  <— ■ I , |W»» W« W U I  II ■ I 1  * <» I Mill 10 \ i m m  IW» IM IM I «■» « M > M l

D is h

A lo n e

T o g e th e r

T o g e th e r

(2
(5

( I f
( 5(6

:va pora t  io n  Rat e 
Gms/lOOsu.oras ,7!ir.

mt* a i i i n j f *  i ■■ »im'nm mm^rnmrnmm i  tm mt

5 k

( k k

i k l

(38
(32
(31

B o te  s y s te m a t i c  d e c re a s e  i n  w e ig h t  o f  w a te r  e v a p o ra te d .

T h is  f o l l o w s  th e  o r d e r  o f  w e ig h in g .  T h is  t e s t  b r i n g s  o u t th e  

e r r o r  w h ic h  may r e s u l t  f ro m  co m p a r in g  r e s u l t s  I ro ro  a s i n g l e  sam ple  

w i t h  r e s u l t s  o b ta in e d  w here  s e v e r a l  .samples have been h e a te d  t o g e t h e r .  

E v a p o ra t io n  R a te  w i t h  A lu m in iu m  C a p s u le s ,  u s in g  20 gms. s e n d ; -  

Vacuum Oven R ate  -  75

T e s t i n  s te a m -o v e n  w i t h  w a te r  j u s t  b o i l i n g  -  i . e .  steam e s c a p in g

a t t o p  b u t  no d i s t i l l e d  w a te r  b e in g  made 

D is h  Ho. 1 * Evapore t io n  R e to  £ I? j3 ^ / l0 0 s c j[ .c m s ^ /h r . 
irr^t^VenHIatoF Jhut M Ventilator Open

(1 ) I (2 ) | (5)
l i f 12 11

(if)
17

(5)
12

Gas tu r n e d  f u l l  on 6j 
a sam ple  exp ose d  on an  o r d in a r y  r i n g  w a te r  b a th  gave a r a t e  o f  191

gms/100 s q .e m s . / h r #

The above r e s u l t s  show t h e  e x tre m e  v a r i a t i o n  w h ic h  may

o e ou r  i n  e v a p o r a t i o n  r  . te  i n  a steam o ve n , and th e  l a r g e  d i f f e r e n c e

on an open w a te r  b a th  shows t h a t  th e  e v a p o r a t io n  p ro b le m  i s  * u i t e

d i s t i n c t  i n  a c lo s e d  steam  o v e n .
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15.

Test Ho,

1
2
3
b

5

6

7

8
9

10

H g B l lo b te  T e s ts  i n  Steata Oven on a L  Dish No. 1 .

V'vijporation H a t e . 
GasT/IBS sg9 c m s . / h r .

72
7 3  

7 b  

7 6  

78 
66 
6 9  

6 9  

78 

71

Series 1. 
Barometrla Pressure,

7 6 0 . 5

7 6 6

7 6 6

•

7 6 7 . 5

O V E / V  £ M P T V

10

£F££cr- O P  v£/*7-/£.£T'/oa/ /9 */£> /̂ VT-j€â >i/cr-/aA/

O p  S £ M  flt£ O a/ T-H£ & / ?  7~£ O P  W£/?77/V&
O F  £  S - r - E £ M - O V E N  (S/rtqt/.£ <=£t£. r > Y ’£').

no

bo

riFKlNMiNj/J'ES—
6 7 Z 9 /O  H 12, 13 14. IS  lb /7 IS  H  ZO t l  2Z2i * *  S.*2C. V7 ZS  2 9  30

Figure 39.
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16. gVAPOflATIOH 1UTE

Tests i n  single unit steara-oven. Aluminium capsules 69 mrn2 
diameter by 20 mms. deep.

Tempe r a t u r e s  and C o n d i t i o n s .

Ho. ( 1 ) ( 2 ) ( 2 ) (*►)
V e n t i l a t o r Shut Open s h u t sh u t

Temp, empty ° 0 . 96 82  ‘ 9 7 .5 9 7 .0

F a l l  t o  ( v i t h  sam ple  i n } ° 0 9 2 .5 77 9 2 .5 91.5
Temp. ° f l  a t  end - 79 9^ 9 2 .5

Pvaporation Kate 
gms. / lO O s q * cms. / h r .

69 72 67

Time o f  H e a t in g  m in s . 22 20 >6 20

Bo. (5 ) 1(6) (7 )

u

(3 ) (9 ) (10) (11) (12) (13)
Ventilator shut Shut shut Shut shut ; jhut Shut Shut shut
Time of Heating 
mins. 20 20 20 20 30 5 10 15 20
Evaporation Hate 
gms,/lOOsq*cms./hr 62 66

!
63 7 0 74 52 63 71 78

dk)

S h u t

7k

B a r o m e t r ic  P re s s u re  766 . 5766.3  766. 3767.5  7 6 7 .5  

H u m id i t y  (Atmospheric) -  75 p e r  c e n t .

766.5
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p/ciRIiuS 2 «— U u LLiii C1 jai I) H-is S ilL T 2 5-
18. 2 2 aporation Ret es in the ser.e iilumlrjium Qe psule.
Ho. "vaporetion Re to ; Barometric 

gms./100sq.cms.7nr Pressure
Is ime of 
HeatTSS
Mins.

Conditions

Multiple stearn-oven fullc®
do

Vacuum Ovon
7 6 5

7 6 5

7 6 5

7 6 9

7 5 ?
7 5 3

7 5 5

755

Multiple steam-oven full ox
do
do-

-do

12
dodoll

-do-
-do-do12 12

On Boiling Water Bath 
Multiple steara-oven full on 

-do-

7 5 9191

7£5 
7 61 

7 61 

7 6 1  

761 

761 

7 6 6  

7 6 6  

7 6 6

do-
-do
do

-do

do

22



No

2)
2k

25

26
27
23
29
30
51
52
53
3*
35
3 6

37
38

323

Evaporation Rates *n the subq iiluminiun japsulo (Oontd.)
Eva 00rat ion Rate 
gms2 7 1 » oms77hr»

69

72

Barometric
.Pressure

766
766

Time of 
Beating 
Mins.

30

Oondit ions

Single Unit ;:stearn Oven 
-do-

78 768 5 f̂ Multiple ;>teim-oven
full on

71 768 58 -do**
67 768 36 Single Unit. steam-oven
6Jv 768 30 Mo-
62 766 30 >do-
66 7b6 » -do-
65 766 50 -d 0-

7 1 768
•

50 -do-

7 6 768 30 -do-

5 3 767 5 -do-
68 767 10 -do-

7 1 767 15 -do-

7 8 787 y-
-do-

7 6  1 787 25 . 101
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OOiiCLUSIONS AMD DlSCdSSIoff Off RESULTS
1. The average rate of evaporation of water front an aluminium 

capsule 69 mais. diameter and 20 mats* deep was found to he 70 
gms. per 100 sq. cms. per hour. The rate was lower with glass* 
silica, and porcelain dishes.

2. The rate of evaporation of water through sand or celite was not
appreciably lower than for water alone.

3. Results were reproducible, allowing for atmospheric conditions.
4. In the vacuum oven the rate of evaporation was on the whole higher 

than in the steam oven s this appears to depend upon the better
withdrawal (by pump) of the water vapour from the vacuum oven.

5. Deep dishes caused a lowering of the rate of evaporation i the
velocity of escape is apparently reduced by the ’baffling* effect
of the high dish wall.

6. A very marked lowering of the rate of evaporation is observed 
when more than one sample is heated in the same compartment of 
the oven.

7. The normal fluctuations of barometric pressure have a small but 
distinct effect upon the rate of evaporation.

8. The results for oven temperature reveal surprisingly low figures
in a normal single unit steam oven. The effect of opening the 
ventilator is very marked.

9. The rate of evaporation of water in a closed compartment of a 
steam oven is very much lower than the rate of evaporation from 
an open pan in’still’air as calculated by Kinehley’s formula.

10. The rate of supply of haat to the dish is probably the most 
important factor in determining water by oven methods.



METHODS Off ANALYSIS 

The Determination of Water in Grolden Syrup.
Introduction :
Experimental
Effect of various types of Dishes and Absorbents. 
Effect of Ratio of Absorbent to Syrup.
Effect of Time of Heating.
Contrast of Steam and Vacuum Oven Methods.
Summary•
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ABSTRACT

Factors influencing the determination of water in the 
thermally sensitive material golden syrup have been studied, and
several methods have been compared.

An acid-washed kieselguur has been found suitable as an 
absorbent for the syrup, yielding more concordant results than 
sand.

A method is recommended for the estimation of water in such 
thermally sensitive substances.

/
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iaTRQDUGTIQJff.
Golden Syrup is a refinery product made by inverting the 

sucrose in a low grade product with acid, neutralising with liiae 
and chalk, and adding some of the uninverted product so as to 
reach a certain ratio between the sucrose and reducing sugars 
present. The process is completed by filtering,and concentrating 
the clear liquor in a vacuum pan. The finished syrup should be a 
light golden-yellow colour and should not crystallise out for at 
least six months. With such a high proportion of reducing sugars 
coupled with a very low ash content, golden syrup is very sensi
tive to heat, and is therefore eminently well suited as a test 
material in comparing methods for the determination of water in 
sugar produets.

The syrups used in the present work were stored in large 
airtight jars in the dark. They had the following composition s-

Per Gent Sample A B
Sucrose 33.91 32, 36
Reducing Sugars 46.50 45.83
Water (Refractometric) 17.50 17.93
Ash (Sulphated) 1.17 1.21
Other Organic Matter (Diffce.) 0.92 2.67

100 .00 100.00

Onsulphated' Ash 0.96 1.02

The composition of the ash of these two samples follows
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jsattftig... b
Silica 7.7 6.0
Ga0 3.1 3.6
M °  / 1.4 ■ ' 6 .6

^a2G 9.9 18.3
^20 38,1 28,5
S03 , 16,5 1.5
Cl 0,3 18.1
?2°5 Ip? 1.5
C02 18,2 14.2
F«203 0,5 0,4
AlgO^ 0,2 0,3
Unestimated_______________________2^4___ „__1*$^

100,00 100,00

The increased chloride in sample B i s  possibly due to added 
salt, Both ashes are alkaline.pointing to the absence of added 
organic salts. These samples kept well, there being no apparent 
crystallisation after a year.

The syrups were used to investAgate the effect of various 
types of dishes and absorbents on the moisture per cent.obtained, 
and also the effects of the ratio of absorbent to syrup, and ofl
time of heating. Comparisons were made of the steam and Tacuum 
ovens for heating.
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JSXBiRXj^¥TAL,

SETJSRMIKATIOM OF WATEft IM GOhbEh SIRUP 

X. Use of various types of dish and various absorbing media s 

2.Influence of ratio of absorbent to syrup -collected results i

3. Effect of thickness of layer of absorbent and syrup i

4. Effect of diameter of dish :

5. Effect of time of heating )- Series 1 and 2 8

6. Optimum ratio of oelite to syrup - vacuum oven s

7. Optimum ratio of celite to syrup - steam oven s

8* Use of various organic liquids for mixing syrup and absorbent 8

9. Use ©f sand as absorbent - experiments in steam and in vacuum
ovens*

10. Comparison of rate of loss in replicate dishes.
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Ea PERXJEITAL r e s u l t s .

Ff TXMAF10F OF V’ATT^ IF GOX,®T SYSttJF M  FfFAef-OlTBF BftYIBG -5 ROUES
lFFFTXM..MiM^.Aaxo0s :xim of v-mim mif st, t, is*.

Ratio absorbent 
to 1 of Syrup

% Water 
Found waiK

Dish Absorbent

s-j'O * 
11*2 
3? .7 
21*7 
£5*0
35.0 
1 5 *0

13.0
0 
4
1

3
6

4

4 .9 6  

16 * 9 9
M aSS
lii.99 
16.44 
1C .70 
17.05 
16.7? 
17.11 
14.71

I 2 U
16.74
17.02aww  tm u—>■»»<■»). «>»

21
17.14

17.16

7
?
7

7
20
20

5

10
5

Pi

10

Ola®?

wwftniwWMtim.

y&Ba

Oal-ite
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TIEA.TIOH OF W AT® IH GOLDISH SYRUP BY S TSAlt-OVBH DRYING - 5 HOURS
HBATXJTG USI'TG VARIOUS- TYPES OF DISHES AND ABSORBENTS
lio * - Batio absorbent 

to 1 of Syrup
r-y + fs. T* ytfi-i Ci» V V4.

Found
Mixing
Water
CCS ,

I Dish A dsorient

21 4 16,78 10 (11 o c* c; Celite

22 ■ 4 1;7.01 10 ft «

23 4 ■'17 >32 10 fl a

24 4 1 17*01 10 t» a

25 4 16.86 15 II a

26 4 , _ia.42 10 Aluminium a

27 4 16.97 10 w n

23 A 17.. 0,1 10 it a

29 o-ri 19,.02 10 Glass Sand

30 C')' O, 17.07 10 # a

31, o r>i2*\J 17.. 26 10 # a

32 25 17,30 10 » w

33 O6*0 17.28 10 i* a

34 25 ia.41 10 ti a
_____________ - -Trr-r.-w.Ty.waBr-.w».-=-:.̂airii—rrr-**:— -“!CCKWIW" ' ̂

36 25 16.63 10 Aluminium a

36 25 16.81 10 * a

37 25 17.08 10 n a

33 25 16.81 10 a a

39 25 16!,82: 10 a »

40 25 17.20 10

.........

« ■
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VRTW IK BCE

soon1;! 0?T:'IT Urn̂ TTOT) TOT-:. v K v m  itt ooi»iBir r »  ( S i s ^
îrrt̂ â e* A~s3 J?r

go. IMJliS Aia-arent; ;ier cent mo:t'" Tune after heatinor
J) Mgurc. Ip, ,IIourc jtp Aouro

1 4:1 Sand “*4*96 9.85 11.56. "TSF.8G

2 11 * 1 « 13.99 16.69 16,35 10.16

o 23 i 1 SB 16.85 16,85 17.61 17,66
A 11 r 1 n 15.99 16 ,31 1C. 83 17,14

6 38 : 1 «* 16*44 10.49 16.91 17.10

6 2 2 : 1 9 16.70 16.85 17.14 17.26
ni 25 j 3. 9 17 .03 17 *03 17.03 17.71
oo 25 ; 1 S? 10.77 10,04 17.28 17,52

9 15 t 1 11 17.11 16.33 17.27 17.27

10 15 * X « 14.71 14,53 15.01 16.05

11 5 :■ l Oolite 16.85 17.14 17 .93 13,65
1 ot 4 : 1 » 17.12 17,45 13.08 13.53

13 1 ! X Sf 16.74 - m «

14 2  s I ' « 17.02 ■09 -

15 3 t 1 17.10 ■«* ~ *

16 6 ; 1 » 17.10 • 0*

1? 4 ? X 17 .14 am - *

18 4 t 1 *» 17 02 m* ■m.

19 4 ; 1 w 17.17 m

ao 4. ! 1 «? 17 .16 •m wm

21 4 t 1 '* 16.78 - - ■ 0m

p A * 7 ?if 17.01 - -
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yAajoug-'JS.s'JS p it t ig ;  ih y x h g  og g o lb b k  s x ru p  ih b e  smii-ovsir
1 , Drying i n  n a rro w 11,11/: b o t t le s  on a c id -w ashe d  s and absorben •

D ry in g  tim e  
Hours

P iraeus ion s  o f  b o t t le s  30 rams, d ia m e te r by 75 mms* h ig h  : r a t i o  

o f  sand to  s y ru p  25 j 1 , H e ig h t o f  sand, la y e r  i n  b o t t le s *  14 mms* 

10 c c s « m ix in g  w a te r  used*

% W ater ffound

(i) (2 )
1 5 ,5o  I 16*10

15*31 16 .25

D ry in g  was evidently s low ed up by th e  thick la y e r  of m a te r ia l  t 
t h is  t e s t  i l l u s t r a t e s  th e  im p o rta n c e  of d ry in g  in  as t h in  a la y e r

as . 's o s s ib le *T h e re  is  a w ide  d i f fe r e n c e  in  the  two r e s u l t s *

2* Test, w i t h  a lu m in iu m  c o n ta in e rs  o f  d i f f e r e n t  d ia m e te rs

P ry in g  Time 
H ours 43 mias.

% 1
Pi oneter

ater Pound
55 m s *  Diameter 72 sms. Diame

t e r

( i ) (2) a ) (2 ) (1 )  (2)
3 16 .29 16 .44 15 .92 16 .03 16 .21  16,75

4 16 .51 16 .54 16 .94 16 .72 16.57 16*93

5 16 ,6 5 16 .81 17 .08 16 .81 16 .82  17 .20

6 16,77 16.90 17 .34 17 .09 16*92 17 .29

7 16 .85 16 .92 17 .44 17 .20 17*15 17 ,38

Approx «H eight:
Band, mms*, 5 4 ** 4 *5 3.
The s a n d /s y ru p  r a t i o  was 25 : l , w i t h  10 ccs*  m ix in g  w a te r used* 

T h is  t e s t  c le a r l y  shows the  in f lu e n c e  o f  the  d is h  d im e ns ion s  on

the  r e s u l t ,  -o b ta in e d .
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SSl'IKmOlT 0? T/ATKR IK GOLD'S; SYIUJF .nx 
jDISHSS 1-

crm dhyieg n< geass
tice :s?.?i;cT or t u k  g i.-  J

in t '*.rrt 
. .L Xj :{j 0 3'?p 

kXvjJ.k ISS I.
H o . T l i

____.JL.—

lie o f  1 

JLO.. ...

n r- -j- j ,-•> „W W-J Kj

.15 k, {A
: 

<■—«
0 

o £
j 

4

1

Gms a 
A b s o r b e n t

D e p t a  
i n  P i s

P e r  ceami i i.iu.Mjum ■ mil. nfc

1 1 . 9 6 •0 * (-* 0 1 x • 3 6 1 r; ~\r\ 20 7

t '12. tj « tJ P 10 .6 9 1 6 . 3 5 1 0 . 1 0 2 0 6

1 6 . 3 6 1 0 .  03 1 7 . 6 1 17' . 6 6 20 7

1 5 * 9  0 : . t_ ■ .• * J-
1 / • Q-iA,; • ••..< 1 7 . 1 4 15 5

0 1 ^ 9 1 0 . 9 1 1 7 * 1 0 4 0 j . 1 2

6 1 0 * 7 0 1 0 . 3 5 17 . 1 4 -i r 1 /.'! J- / i U 30 10

7 1 7 . 0 6 1 7 . 0 0 V ? . 0 S 1 7 * 7 1 1 4 . 7 5

3 1 6 . 7 7 l V  .00: : . i  « iwO 1 7 . 5 8 36.6 12

9 1 7 . 1 1 1 0 . 8 3 17  . 8 7 1 7 . 2 7 9*2 4

10 10 * 7 1 1 4 . 5 8 1 5 . 0 1 1 5 . 0 5 1 4 . 2
ALu

i  ~ 1 6  . 3 5 1 0 ' .  1 4 1 7  * 9 3 1 3 . 6 5 3*5 5

la 3.Y * la 1 7 * 4 5 1 8 . 0 8 1 0 . 5 3 4 * 2 6
(See figure 44.)

SERI333 2
Ho.

3

Time
ix

of Hea 

5

ting - 
6

Hours

7

Gras, 
Absorbent

Bepth of Layer 
in Dislx - mms*

Per Cent Water *

1 V, J. V-1 16.89 16.39 17.14 17 .20 17.13 rv -|u » 1 5-7

14 i6 . m 16.90 17.02 17.02 17.13 o  >7 & > .  {
«

15 - - 1 0 . 2 5 17.01 1 6 .57 ■'i o  r?
i - o  • 3  i 1.3 «

16 10.40 16.78 17 .17 17 .10 a. 1 n
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S..di-rAI.iHG ^ (̂ Con 1̂ X̂ 11113cl

ITO. T irao o f H e a t  in*

5

3 -  Hon T* <"!X ; J

7

G m s .
A b s o r b e n t

D e p t a  o f  L a y e r  
i n  D i s h  -  m m .

17 16 . 4 6 1 6 . 0 7 i-; 1 <■; a. f • X < 1 7 . 0 6 17 .1 7 W • X 5 - 7

18 1C . 6 3 1 6 . 7 4 1? . 16 1 7 . 5 0 1 7 . 4 6 '*7 •"/
Q • \J »

10 1 6 . 7  0 -J :•*, . » >s « 3- / . t... 17 .1 0 8 .7 »

80 - - '1 i'\ S 1>JL ft *"8 ttv 17 .0 1 1 7 . 2 3 1 7 . 0 3 2 . 0

v";s n 8.;. ,L — 1 s' '2 TiX 6v « O f 1 6 . 8 6 17 . 2 8 1 7 . 2 2 % % %„>. v »

1 /  • 96 X 3 • ‘\£ T ; ■: ;;;• ’-v \7 1 8 . 8 5 2 . 6 tt

85 16.0:7 1 6 . 9 7 17 .2 7 1 7 . 2 7 2 . 4c it ■

t-'-a •  - 1 !-J . -.J o 1 7 . 0 1 1 7 . 4 0 1? . 40 oJf-W* 0 ''rW' *

£r \J — 1 3 . 0 1 1 9 . 0 2 1 :*» n o•1 ft V f •** 1 8 . 6 1 2 1 . 7 6 - 7

o  ̂fkj o — 1 6 . 7 5 1 7 . 0 7 1 7 . 15 1 7 . 1 7 2 4 . 0 *

^  / 1 6 . 65 1 7 . 2 6 If* I u O 1 7 . 1 6 1 9 . 3 f?
.

88 — 1 6 . 5 1 1 7 . 30 17 . 99 1 7 . 4 1 1 0 . 9 a

89 — 1 0. A. ~•few# fe W* 1 7 . 7 3 1 7 . 7 8 1 7 . 5 6 . 2 2 . 1 «

30 — 1 7 . 1 0 1 8 . 4 1 1 8 . 0 5 1 7 . 9 ? 1 7 . 2 »

CSi 1 6 . 2 9 1 6 . 5 1 1 4* 71 J» {. / 0 ̂  KJ 1 6 . 7 7 1 6 . 3 5 1 3 . 5 «*

0 8 1 6 . 4 4 1 6 . 5 4 *7 /? O  1i {j * ->i 1 6 . 9 0 16  • 98 1 4 . 0 «

•2 ̂  tJuf 1 5 . 9 2 1 6 . 9 4 1 7 . 0 8 1 7 . 3 4 1 7 . 44 1 4 . 1 tt

34 1 6 . 0 3 1 6 . 7 2 T O, Q "I •i. JL 1 7 . 0 9 1 7 . 2 0 1 3 . 6 tt

35 Xo . 21 1 6 • 0 ? 1 6 . 8 8 1 6 . 9 2 1 7 . 1 5 1 4 . 2 a

36 1 6 . 7 5 1 6 « 9 3 1 7 . 2 0 1 7 . 2 9 T n «z q 
L f  . t jO 1 4 . 1 »



Determination of optimum ratio Oolite ; ;>yrup.
Vacuum oven at /0°d ana JO cms. vacuum. iiluminium capsules 
69 rams. diam« x 20 mms. depth.
Time of 
Heat in# 
Hoilrs

Capsulemnw>B< ylw mffn’wr- mi*W
1 1.. « 2 ,

j® ?sa t ar 
3. if* 5. 6.

1 1 1 . 0 xo. 9 13.3 15.^ 15*9 16. 2
2 7.2 .fa 1 ), 2 1 ^ . 2 16.3 16.2 le .if

5 13.5 U .  3 lt> „d 1 6 .4 . 16.2 16 ,lf

k it,. I 1 3 . 0 IJ.1 1.6 * if 1 6 . 3 16 . 5

5 1':.3 13*^ 17.i 16.6 16.if 16 . 6

Ratio yrup 
to Oolite 5tl *h ! ifil 2 : 1  . 1 : 1 1 : 2

Mult i piier 2 0 2 5 1 0 0 / 3 50 100 100
Wt. yrup (gr.sB. i 5 if 3 2 1 1
':t. Cellte(gms. I 1 1 1 1 1 2

oos. Water added 5 3 3 3 3 7
In Bo* 5 there was considerable sfeiofc:ing of syrup to the

bottom of the aapsule. Bos. if, 5 and 6 washed.oloan very easily. 
The high result in !?o. 3 is thus probably due to local over-heating 
of the syrup. From above results it would not seam advisable to 
exceed © ratio of syrup to oolite of 2:1
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Estimation of Wet or in Golden syrup in Vacuum Oven 
using Celite Absorbent In Aluminium" Capsuled*

Determinat ion of optimum ratio Celite : syrup*
Vacuum Oven at J0°Q and 68 cms. vacuum. Aluminium capsules 
6 9  mms. diam. x 20 mms. depth*
Time of 
Heal; ing 
Hours

Capsule | 
1. 2 .

;L

u

WaterMWIMMMM)*

hr* 5. 6.

1 l 6»6 16.9 16.6 l 6*8 16*6 16,6
2 16.8 16.8 16.9 16.9 16.3 16*9
5 16*7 16 *7 16*9 16.9 16*8 16.9
k- 16.8 16.3 16.9 16.9 16.8 17*0
3 16.3 16.8 16.9 16*9 16.8 17.0
10 16.8 16.8 17.0 17*0 17.0 17*1
Ratio syrup 
to Celite 1:1 1:2 2»1 ill 1:5 1 *2'

Multiplier kJO kO 20 20 ¥> 20

Gms. syrup 2.5 2.5 5*0 9.0 2,5 5*0

4ms. Celite 2.5 5»o 2.5 5*o 7*5 10*0

0 0 s. Water added 6 U 6 12 2 if 2 6

Atmospheric conditions 6 9 $ R.H*: l$o0.s75̂ * mms. Barometer*

(See figure 41)*
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Estimation of Water in Golden Syrup in Vacuum Oven 
using .Celite Absorbent in Aluminium Capsules.

Further test on optimum ratio of Celite to Syrup.
Vacuum oven a t 7 0 °c and 6 5 - 6 8  cms*. First hour s heating at J0°C
and lf5  cms*
Time of Hea?ingHours 1. 2. 1 - it* 1• k *

1 10.7 10.6 - - - -
2 16.8 16.8 16.9 16.7 16.7 16.8
3 16,8 16.8 16.9 16.8 16.8 16,8
k- 16.8 16.7 16.9 16 *8 16.8 16.9
5 16.7 16,6 j 16.8 16.7 1 16*7 16.9

Atmospheric Condition3 J — 61 'ye R.H.: 1A°G: 758 mms. Barometer.
Ratio Syrup to Celite 1 : 1 1 ; 2 1 : 1
Multiplier k o k o IfO 20 20
Sms. Syrup 2.5 2.5 2.5 2.5 5*o 5*0

Gms. Celite 2.5 2.5 5*0 5*o 5*0 5*°
00.s.Water 
added 6 6 13 13 12 12
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Estimation of water in Golden Syrup in Steam-Oven 
using QefXtribS^ r e S e ^

Duolio; to of Taouum-Ovan Test, using 8 team Oven.
Time ofWN*Wl ijmii mi* mrmtw*
Heat in g  
fours

Oa/psu'nil, 0m ... mtmmu*
1 .

le
2. 4*

^0 Eater
i- 5.*

1 1 5 . 8 15-8 lb .0 1 6 . 0

2 1 6 . 5 1 6 . 5 lb .if lb ,lf 6.5
3 1 6 . 1 1 6 . 1 1 6 . 7 1 6 . 7 U.7 llf* 0

k 1 6 . 5 16.5 1 6 . 9 1 6 . 9 U. 9 14.7
5 lb»b 1 6 . 6 1 6 . 1 1 6 . 2 1 5 . 8  | 15*7
6 .15.9 1 5 . 6 lb , 1 1 6 .x ib.i*. lb .if
7 1 5 . 6 15*9 1 5 . 7 lb . 2 lb . 2

Ratio Syrup 
to Celite 1 : 1 1  ; 2 1 : 1

Multipiier 1*0 40 IfO 4 0 2 0 2 0

Gms. syrup 2.5 2.5 2.5- 2 . 5 3*0 5.0
Gms, Celite 2.5 2.5 3*0 5 . 0 5*0 5*0
g o s. Water Added b 6 13 1 3 1 2 1 2

Atmos p h e r ic  Conditions 57$£ H.H. s 12° G: 7 6  0  RUGs, Barometer.
Heatim? Continuation:

8 Hr s.
9 13*6 15.5

15.9
1 6 . 7

15.8
1 6 . 7 - -

10 lb  .1*. 1 6 .4. l b #5 l#.5 - -

11 1 6 . 1 lb . 1 lb #3 1 6 . 5

(See figure 40).
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3£p.iL®s on. Optimum Jellte natlo Steam-Qven.
On washing out t ne dishes numbers  ̂and 6 were found to 

have little nodules of syrup on the bottom. Dishes > and ^ washed 
out cleanly but 1 and 2 were coated at the bottom with a thin film 
of syrup. This r o u M  indicate that, the ratio of celite to syrup 
must be over 1*1 i.e. that more celite is rei|uii*ed.

M S r i M A T l O H  o r  W A T C R  s y g t / p  tA/ T*f£- s r c s t  /\f (J s / V t f f
C M ttT W  A  S S O A iS E /S T - /,y A i.O K f / /O lc /w  C t H * S  c i c a l a

m

170

th-S

li-0
iS-S

ISO

H*

t+d\

JTEPttcr e *  VAEy//o<f c t i i .  i r e  D/VO QuD/VT-/7-/Sy
X 3 S

SyKoPctum£nnc ± ;±  x.‘Z  X : x ’Gms. •■yeaP-ntKto 2-S 3-S So

3
1

-HOURS H£*-r/*(t—/ b V~ S /o //

Figure 40'

/r-t

i h

/&■<}

IU-&

li-7

/U

Ji-So

E S T IM A T IO N  O S  W At E /Z  I N  <?o c t >e n  S N & O E *
U S / N &  C£t-/T£ R B S O / e S c c N r  tN A L U M I N I U M  CDPSOi.ES

VRCu u m - O vE N  r7Q °C . ■' (>fc.MS. VACUUM
DE7-£ie/vt/MDT~ioN U O P T / M U M  iSPT/O CEc/TS". SY£QP

fc)

0NS. SVEuP MS- e s n o  CEC/TE : SVPcP

2-S 2 X • '27
2-S 2, X ; 2
SO 3 2 : X
SO 4- X : 2
2.-S S X •• 3
S-o 6, X : 2

•h o u r s  h e a t i n g —
? S 5 T /o

Figure 41*
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Estimation of Water in Golden Syrup in Steam-Oven 
us lag Qelite absorbent in iiTumlniuia Capsules.

Variation of syrup - Oelitejlat io.
Time of Capsule % WaterHeating
Hours 1. 2 . 3. k. 9. 6.

2 15 .if Ilf.8 - - - -
5 15.6 lif. 9 13.if - 13.3 1 5 . 4

if H.7 Ilf. 2 15.7 15.9 1 3 . 6 1 5 . 2

5 - - - lif.8 -
7 lb. 5 15.7 - - - -
8 - - lb.3 Ib.l 16.3 lb ,0

Ret io Syrup 
to Celite 1:2 1:3 X:!f 1:5 1 . 2 5  :lf 1:2
Multiplier 100 1 0 0 100 100 8 0 100/15
Gms. Syrup 1.0 1.0 1.0 1 . 0 1.25 1 . 5 0  .
Gms. Celite 2 3 if 5 if 3
cos. Water 
added 5 6 10 13 11 7

Atmospheric conditions: R.H.: 13~lif°0s 732 mms. Barometer.

In this test the samples were weighed out and mixed with the celite 
at the week end and three days elapsed before they were dried. 7he 
olose settling and caking of the oolite syrup mixture has thus 
hindered drying and has resulted in very low figures for moisture 
content.
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Estimation of Water In Golden/Syrup in Steam Oven 
^ usTniT Oeltt'e ASsTorEenT" ’in' ilTii m I n i utfT ’ da psules "

Variation of Syrup: Celite Ratio (Repeat of Previous Test.)
Time of Capsule $ Water
Hours 1 . 2 . .3. 4. 5. fc>.

2 16.0 ■15.9 16.1 15.8 15.3 15.5

5 16. if 16.3 16 .if 16.2 16.1 15.6

4 15.3 1 5 . 7 15.8 ■15.5 15 *7 15.3

5 l6.6 16. if 16.7 16.3 16.5 15.7

8 lb. 5 16.2 16.5 16.2 16.1 15*6

Average of oapsules 1 - 5 at 5  r̂i3 . m 16. 46 $
Ratio Syrup 
to Celite 1:2 1*3 1:4 1:5 1.25:4 1:2
Mult iplier 100 100 100 100 80 100/15
Sms. Syrup 1 .1 1 1 1.25 1.5
Sms. Celite 2 3 4 5 4 . 3
acs. Water 
added ‘; ‘ 5: ; 8 11 ■; : 0 : V , 11

; >;;
7

Atmospheric conditions:-.6 5 $ &*H«::13°$ s 759-®mc« Barometer.

Imlov

s;c f
r .m  'Jj ■ y , . i C  l i  I  & :

vÛ rrr



Using liquids other than water for mixing sample and celite.

cos. Solvent 
added

Time of 
Heading ACETONE METHH, BTHYX

iJ, GO HO L jiT W W lHours steam Vacuum Steam Vacuum1—1 > iwtir ■ hihh Steam Taouum
1 15-5 15.1 19.2 15.^ 14-.1 15.2
2 15.8 15 A 19.5 15.6 H.5 lif .2
5 15.9 lif„9 15.6 15.0 lif, Y 15.2
7 16.5 15.0 20,0 15 #if 1 15.5 i k . o

15 12 12

Ratio Syrup to Oellte 
Multiplier 
Gms. syrup 
(Sms. Oelite

All 1 : if
All 100
1,0 gms. in each case. 
if.O gms. in each case.

Atmospheric conditions;- 6 3 $ R.H.s 11.5°C: Jkd g®«5. Barometer.
2nd Series Time Of ACETONE MEl’HTL BTH1X

Heating jJ.OOHOL a Cgohol
Hours Steam Vacuum Steam Vacuum Steam yacuum

lew 2 1 9 . 2 19.3 19.6 1 8 . 9 19.if - .

Syrup
Sample if 19.1 1 9 . 2 19.5 1 8 . 9 1 9 * 5

6 1 9 . 3 18 .Jf 19.6 18.2 1 19. if -
The general conclusion drawn from these tests was that there is no 
apparent advantage* in time of drying, to be obtained by the use of 
solvents such as those above, with B. Pts. below that of water. In 
general the results are not consistent and show that tho^oughe 
mixture is not possible with these solvents; in addition danger of

loss by spurting Is greatly Increased.
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Water In Golden syrup in Vacuum end 
Steam Ovens using Aluminium Capsules"

6l°C in bath* 70 oms. vacuum. Absorbent 20 gms. sand for each capsule
Time of 
Heating 
Hours

1
2
3
k

3
6

Per Cent WaterWteam
Oven
m
17.7

17.8
17.8

17.9
17.9 
17.7

7aounm
OvehT2T)
16
16.7

1 7.K

17.6

1 7 . 6

1 7 • 2  8 hrs*

Vacuum Oven 
Using ifO gas, a n d

6 0 0 s. water used for mixing in eaoh oass
Dishes: Diam.

Depth
6 9

20
Wt. syrup taken 0*7^

102
15

0 * 5 5

102

19

1*11

In test (5.)about 1.1 gms. of syrup was placed on ifO gms. of 
sand as absorbent and mixture was made very thoroughly. This mass 
of material refused to dry quickly and gave considerable trouble in 
the desiccator and while weighing due to re-absorption.

• E S T / M f i T / o t f  O F -  w f f r £ e  A V  S V / S U P  « ■
8y Tt/tY/rtQ. /a/ jiffs3 QAf94t>/B /v r<w grgyy ov£*/

E F F £ C ~ T  Q<V /eEPt./crt’T'o*/ 
of sygvF : SFryo F/?t~/q

_ T E S T  N U N S £ f <-

Time of Heating
5 Hrs« --

10 "    —1-----
15 "
Figures abstracted 
from Table on p.

Figure 44*
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Intimation of Water in golden syrup using: Aluminium 
~ Capsules in^Yeomira^Qven

6 l°C and 7 0  cms. Dishes 6 9  mms. diam, x 20 Dims, deep*
2 0  gms. sand as absorbent.

Time of Heat ing Hours’" Ho. (1 ) Dish 2.
Per 0 

(27 
3.

ant Water
~ r r r "

*Jb„
(V)
5. (ff) ■® #

1 17,0 17*5 l k *5 8.1 lif.2
2 17*1 17.5 - -
3 16,8 17.2 - - mm

% 17.6 18.5 lb.b 16*9 16*5
4-

5 - - 17^2 17.2 17*0

10 - - l6#if 16*6 16*3

1 5 - - 16,6 17.O l6*6
20 - - 17.5 17.6 17.2

Wt. of Syrup(gms. )0.65 0 0 3 0.62 0 «6lf 0*60
"vepn. Ret. of Dish (aporox. ) 53 gms/100 siq. oms. /hr. 59 62 6 ̂ 6l

There was a tendency for the dishes to lift as air ^es admitted to 
the oven; this should therefore be done very slowly.

Discussion s- ~ ' ~  " ' ~
'he evaporation rate given above is that for water alone from
each dish. It is clear that other factors have come in when the
syrup was dried, as Mo. 3 dish gives the quickest rate in the
above test. The mixing of the absorbent and sample is probably
the important factor in these results apart from the dish itself.

A comparison of the various results found by different
methods of estimation is given on the next page.
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CaMPAHIbO^ Off MSjJLTS BY YASIOIJS METHODS K H  THE BBTEEMIMATION OF

METHOD
WAThE IN aOLDM -6XiiUi>.

PEE G M T  WAT EE PEE Q M T  SOLIDS
1. Fischer’s Titrimetric Method
2. Eefractometer at 20 °C.
3. Steam-oven : glass dish,

Celite absorbent : 5 hours 
heating

4. Steam-oven s aluminium dish,
Celite absorbent : 5 hours 
heating

5* Steam-oven : glass dish, 
sand absorbent : 5 hours 
heating

Liam,
6. Steam-oven : aluminium dish, 43 mms. 

sand absorbent s 5 hours 55 "
heating 72 "

7m Vacuum-oven : aluminium dish,
Celite absorbent s 5 hours 
heating, 70 0. 68 cms. vac.

8. Vacuum-oven ; aluminium dish,, 
sand absorbent s 5 hours 
heating. 61°0. 71 cms. vac.

9. Vacuum-oven s glass dish, 
sand absorbent s 5 hours 
heating. 70 C. 70 cms. vac.

10.Vacuum-oven. : glass dish,
Celite absorbent : 5 hours 
heating. 70°C. 70 cms. vac.

11.Desiccator Method 
Oajwith stirring s Celite
(b)Circulating Pump s Band
(c)Vacuum Desiccation:Sand

12.Vacuum-oven s glass dish, 
sand absorbent : 72 cms. 
vac. 50 C.

Hours
526
520

Hours
3
5

16.62
17.93

17.07

17.03

17.35

16.92
16.95
17.01

16.89

17*14

17.27

17.18

1.6.38
16.0317.26

17.10
17.05

83*38
82.07

82.93

82.97

82.65

83.08
83*05
82.99

83.11

82.86

82.73

82.82

83.62
83*97
32.74

82.90
82.95
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THE ESTIMATION OF WATER Ilf GQLDBh SYRUP BY 3 TEAM-OVEH BHTIKG 

DISCUSS 10XI OF RESULTS :■» GEFEHAL ff AC TORS

.(a) The optimum ratio of absorbing medium to sugar solution 

Experiment showed that for sand this ratio must exceed 15 : 1*
In the case of celite a ratio above 1 1 should be satisfactory*

that finally selected was 4 : 1*
(b) The amount of mixing water used

This was found to be important. Very thorough mixing was necessary 
to get good agreement of duplicates. The amount used should not be 
so excessive as to lengthen unduly the. time of drying. For celite

an adequate amount was found to be 2.5 cco. per gm. of celite, and
for sand 1 cc. per 3.0 gms. of sand.
(c) Agreement of duplicates
On the whole, agreement was satisfactory, although occasionally a 
result appeared v,#ich wan well outside the usual range*
(d) Dish material
Aluminium dishes were found to have the advantage of rapid heating 
and cooling, and lack of fragility,this breakage problem being 
always present when using glass dishes. The rapid heating on the 
other hand, tends to local decomposition of the sample immediately 

above the dish bottom.
(e) Optimum time of heating s.
This proved to be the most difficult factor of all to assess ; the 
majority of the results cited show/ agreement at 5 hours heating 
for the given conditions, but it is clear that the correct result,
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(that is, about I’̂.O per cent for this oven method on this syrup), 
is given aî 4 time somewhere between 4 and 6 hours heating, the 
exact time depending upon such factors as the thickness of the 
layer in the dish, the amount of water used, the diameter and 
material of the dishes used, and the actual temperature of the oven 
on the particular day of the estimation.
(f) Optimum deoth of mixture in the drying dish ; -

The depth obviously depends on the amounts used, and on the 
diameter of the dish. The wider the dish the more rapid is the 
drying with other factors equal. The dish diameter is usually 
limited by the diameter of the balance pans.
(g} The use of Celite in place of sand

More consistent results are obtained with Celite than with 
sand. The low specific gravity of the Celite may cause error unless 
precautions are taken to prevent loss by dispersal of the material.
(h) Other factors

The oven method requires more time than that necessary for 
several other methods.

The start of the decomposition period is more easily seen 
against the nearly white Celite than against the darker sand. 
Unfortunately part of a sample is often dry while the remainder is 
still drying ; thus drying is normally quicker at the edges of the 
dish, and decomposition may commence in these dry portions before 
the other zones a^e dry. It is probable that decomposition is very 
small right up to the completion of drying of a sample.
During certain conditions of the atmosphere it was founa difficult
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to weigh out levulose solution sufficiently quickly to avoid 
evaporation when using an ordinary Bunge analytical balance.
An air-damped Oertling balance was therefore used for most of the 
work. Using the ordinary balance, rather more than 1 mgm. loss in 
weight by evaporation was detected on occasion in two minutes of
weighing time. _______________________
RigCQi&l&JhiBhD Q V m  M td O D  FOhi 1M S U i s D t i M  SXliU P  :~

The ratio of sand to sugar solution must exceed 15 : 1 ; for 
celite, a ratio of 4 s 1 is satisfactory. Aluminium dishes with 
close-fitting lids, approximately 70 rams, diameter by 20 mas. deep 
are suitable: the metal should be about 19 S.W.G. or about 1 mm. 
thick (0.04 inch). They should preferably have no knob.
With celite, up to 5 gms, of syrup can be used in such dishes.

Mixing water should be used in the proportion of 2*5 ecs. per 
gm. of celite, or 1 cc. per 3 gms. of sand. Very thorough mixing is 
absolutely essential.

Five hours heating is recommended for either steam or vacuus: 
oven. The vacuum oven should be operated at 70°C. andabout 70 cms* 
vacuum, with a small air leak. The dishes should be placed in direct 
contact with the clean metal surface of the oven bottom, and should 
not be placed on a shelf. If possible each dish should be placed in 
a separate compartment of the oven. When more than one dish is put 
in a single compartment, lower results should be expected, and the 
conditions of heating should be standardised to allow for this.
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METHODS OF ANALYSIS.

Part 8 ;■ The determination of later in Known Solutions
of UXucose# Fructose, and Sucrose# 

Introduction $
The drying of Levulose Solutions t 
The Drying of Glucose Solutions t

# -

The Drying of Sucrose Solutions *
Summary and Conclusions.
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The d e te r m in a t io n  o f  w a te r  in  g lu c o s e , le v u lp s e ,a n d  s u c ro s e  s o ln s .

INTRODUCTION
1. Decomposition of levulose and glucose s
2. The work of Matthews and Jackson s
3. Refractometric readings of various sugar solutions 5
4. Correction of refractometric solids for reducing sugars t
5. Note on the refractive index of glucose solutions t
6. Examination of kieselguhrs used as absorbents :
7. Technique of the paper roll method for total solids s
This DRYING OF LEVUDOSR SOLUTIONS
8. Carr and Sanborns experiments :
9. Modification of Carr and Sanborn’s experiments, using sand, 

celite, pumice, and paper as absorbents s
10.Shielding experiments - bottom of dish protected from direct 

heat of vacuum oven bottom :
11.Drying levulose solution at varying pH values : vacuum oven-60°C.
12.Drying levulose solution on sand and celite in the steam oven at 

approximately 98°C s
13.Drying of levulose solutions - steam and vacuum oven methods

contrasted :
14.Drying of levulose solution - control tests wothout buffer solu

tions in vacuum oven at 70°C. 1
15.Drying of levulose solution on paper rolls at varying pH values 

in vacuum oven at 7Q°C. :
16.Drying of levulose solution on paper rolls in vacuum oven at 60 C«
17.Drying of levulose solution on sand, celite, and pumice in the 

vacuum oven at 60°C. s
THE DRYING Off GLUCOSE SOLUTIONS .
18.Drying of glucose solution in glass and aluminium dishes in the 

steam oven using celite and sand : contrasted with the drying of 
sucrose solution under similar conditions s

19.Drying of Glucose solution - control tests in vacuum oven using 
sand, celite, and paper as absorbents s20.Drying of glucose solution in the steam oven on paper rolls 1

21.Drying of glucose solution in the steam oven on paper rolls atvarying pH values s
22.Drying of glucose soln.-vacuum oven on paper rolls with varying 

pH values at 70°C. :23.As in No. 22, using celite as absorbents 70°C. ;
THE DRYING OF SUCROSE SOLUTIONS
24.Drying of sucrose soln. -vacuum oven-70°C.-control tests :
25.Drying of sucrose soln.-vac. oven - 70°C.- using paper rolls 

with varying pH values.
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1. The Doeomogition of Lovuloso in solution
Levulose Is one of the more reactive sugars, and in aqueous 

solution is particularly unstable at the extreme ends of the pH - . 
scale. doi aas shown that t.ie prolonged action of relatively strong 

alkali leads to a Complete disintegration of the levulose molecule
with the p o s s ib le  x o rm a t io n  o f  abo u t  116 pro b uc GS

(Altaian,355,191,1904 : 357,2X4,1307 : 376,1,1910 : 403,204,1914). . .

Lobry de Brnyn and van Hkenotein shoved that the action of mild 
alkali leads to the formation of an equilibrium between levulose, 
dextrose, and mamxosc, by rearrangement of the common dienol,
(Rec. trav. Claim., 1 4 , 1 5 6 , 2 0 3 , 1 8 9 5  * 1 6 , 6 5 6 , 1 8 9 7 ). This is often 

referred to as the Lobry de Bruyn rearrangement.
Pictet and  Chav an (Belv. Chin. Acta., 9, 3 0 9 . , 1 9 2 6 )  found that 

strong, acid solutions yielded heterolevulosan as a primary product- - 
by dehydration. In the sane series of reactions this substance cond
enses in part to the dimer, diheterolevulcsan. More .prolonged action 
of acid solutions results in the formation of levulinie acid,formic - 

acid,o x y m othy1 furfural, and humus substances of high carbon content 
von Lipnmann.^Bie .Chenis der Zuckerartcn* ,vol.I. ,p.337,1904 ( Vi

und Solan, Brunswick),
While the inter-conversion .cf levulose, dextrose, end raannose

is a reversible process, true equilibrium is not obtained due to 

secondary irreversible changes which occur. .The transformation can 

be effected with weak alkalis, with weak bases such as. guanidine, 
and oven with neutral sodium phosphate solution. Wolfram and Lewis

(J.A.C.3.,337,1928),found that in saturated calcium hydroxide soln



solution glucose was converted into a mixture of 63.4 per cent 
glucose, 30.9 per cent levulose, and 2.4 per cent mannose,together 
with 3.3 per cent non-sugar substance,probably saccharinic acids.

Stronger alkalis cause more drastic degradation of sugars. 
Saccharinic acids are formed in the absence of oxidising agents, 
one part of the sugar molecule being reduced, and another simultan
eously oxidised. Twenty-four isomeric acids with six carbon atoms 
are possible theoretically, and a number of these have been 
prepared and studied (iCiliani,Ber.,41, 469, 1908 ; Jffef, Ann.,357, 
301, 1907).

Levulose always appears in large quantities in the final 
molasses in cane sugar manufacture, and this may not all be due to 
inversion of sucrose, but is often caused by the conversion of 
dextrose to levulose due to the action of alkalis and salts of 
alkalis with heat. Likewise under similar conditions levulose may 
be isomerised and converted into dextrose.

It is clear,therefore, that in sugar solutions containing 
large amounts of reducing sugars there is considerable scope for 
decomposition or change, depending upon the pH value of the medium. 
The work reported in the following pages was an attempt to find 
the effects of heat and pH value on the decomposition of solutions 
of glucose, levulose, and sucrose. In figures 45 and 46, the rate 
of inversion of sucrose is shown (after Sadtler) at 70°C. and 
100°C. from pH 4.7 to 7.1 i the two graphs bring out the marked 
increase in this rate between the temperatures mentioned. |
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2. THS BE COMPOS IT I OK Off LEVULOSE II SOLUTION
 JAC£SOB ; Bureau of Standards Journal of Researeh,Ho.5,

p. 619, 1933

These workers investigated the stability of levulose in aqueous 
solutions of varying pH value. Measurement were made of the initial 
rate of decomposition of pure levulose over the range of temperatures 
4° to 100°G. and from pH 14 to the activity of concentrated Hdlon the 
acid side. The reaction was found to "be independent of the concentra
tion of the levulose and of the nature of the buffering solution : 
the concentration range selected for this work was 2 to 10 per cent 
levulose. The course of the reaction was followed pol&rimetrically, 
and in selected cases with determination of reducing power and of 
levulose. Velocity constants determined by three independent methods 
agreed within experimental error.

The primary reaction in alkaline solution is the Lobry de Bruyn 
rearrangement, and in acid solution is dehydration to hetero-levulo- 
sen. The stability of the sugar was found to be maximum at 3.3 pH. 
Some of the results obtained are appended s-
Time for 1 per cent decomposition of levulose at various pH values*
pH Value ?0QC. 100°C.

1 5 hrs. 10 mins. 6.8 mine.
2 4? hrs. 78 *
3 141 M 27S
4 138 "• 280 *
5 §6 " 108 *
6 12 * 2b *
7 2 hrs. 6 mins. 4.1 *
8 18.S • 0.6 *
9 2.7 * ^ --
10 0.4 tt .
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Refractometer Readings of Various Sugar solutions at 20°Q.

Ho* OeBcristion 70 Solids 
as prepared

Refractometer 
* Reading 

aTTSTO
1 Levulose 1 58.937 57*90
2 2 17.029 1 7 .00
3 3 17.005 17.00
4 Slueose a **•9.96 (40.40)

5 B 1*4.105 43* 60
6 .sucrose 64.985 64.92
From Jackson and Matthews Levulose table:"

Refractive
IndexaTTo°C
1*4374
1.359214-th

(place 
1 *3 5 9 0 ) doubt 

ful.
1.4007
1*4069
1.4534

q]q from J. and M .

59.08
) approx.
(. 17.43$

The discrepancy in the lower concentration levulose solutions appears 
rather large ,
The refractometer was checked by the following liquids:-

Prepared 
Sol ids

R • I •
2 0 * 5

Levulose 1 58.937 1.4374
2 17.029 1*3592
3 17.005 1*3590

1/vat er
Benzene
Toluene
Bromo-naphthalene

R.I. at 20°0

1 . 5 0 1
1*497
1 . 6 6 0
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4. Reducing Sugars.
Be Whalley (I.S.J.,353* 1935) has shown that for materials 

containing a high percentage of invert sugar a correction should 
he mads of 0*022 for each per cent of invert. This work was done 
on golden syrup and gave close agreement "between refractometer 
solids corrected for invert and solids obtained by drying in a 
vacuum oven at 70°C.

When applied to the present work the following results were 
obtained :- Bolden Syrup - refract orae trie solids at 2Q°C*

82.07
Per cent Reducing Sugars 45*83
45.83 x 0*022 1*008
82.07 Hr 1.008 * 83.08 (True total Solids)

This figure agrees very closely with the results tabulated 
on page 3 4 7 .

Levulose The result - for Levulose solution 1 becomes 57.90
plus 1.27f or 59.17 when corrected. This agrees well with 59.08 
obtained from Jackson and Matthews table for Levulose (Browne and 
Zerban, "Sugar Analysis’S p. 1241). The result for the more dilute 
levulose solutions gives 17.37 in place of 17.43 from the table* 
but according to the make up of the ablutions* neither is correct* 
and there appears to be some discrepancy in this table at the lower 
concentration© of levulose.
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5, — Ijaie_^n_tJie_KeXra.Qti¥e Index of Glucose Solutions.
_ 5 r M ne_and Zerban “Sugar Analysis”.n.l03T 

Belial)le refractive index tables for glucose solutions are 
not yet available.

ftolle found refractive indices for glucose solutions at 17.5°Q, 
tobe lower than those for sucrose solutions of the same concentrat
ions, but Pu 1 v e r:aacher, working at 25°C., found the reverse, e.g.* 
Gtolle

% Sugar 5 15 2d
Glucose R.I. 17.5°C. 1.34C30 1.35555 1.37169
Sucrose R.I. 17.5°C. 1.34054 1.35594 1.37256

Pul veraia cher
& Sugar

Glucose R.I. 25°C. 
Sucrose R.I. 25°C.

1.36 
1.3401 
1.3388

15.72
1.3575
1.3562

24.03
1.3710
1.3700

This subject requires further investigation, and the work of 
Stolle and of Pulvermacner on galactose, lactose, maltose, and 
raffinose also needs revision.
References s*

Stftlle - Z. ?er deut Zucker Ind., 51, 469, 1901 ; 
Pulvermacher - Z. anorg. allgem. Che.®., 113, 141, 1920.
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6. Examination of Various Samples of £iesel*mhr
T«,*itt<n<a0Mi,fiiiiiaHMni*MiiilBiMiiii n ranit«trjw «i«tii anuiKn (̂ai4MRrwMi.T««>a ■» hbh—us an a s Absorbing Media.

Several samples of Johns Manvilie o el it a filter aids were 
examineu lor moisture, a poorent density, a7 a pH value (after boiling 
under reflux).

per eu.ft,
(a poar ont den si t y I
Descriptions

Oolite filter Aids.
Analytical 
filter-a Id

Oelite Hyflo
'W i l i i i m  in win;Mil per-
cel.

Lab.
7 M .
Filter-
SeTT

Atd.
;u per-
ilE*

filter
oelT

> Moisture
(Loss on 5^rs. 1.39 
heating at 
ll8°af

0  • 22 O.ifl 0 . 6 3 A.ifif 6 . 6 8

pH value after if.9 
2 hrs. reflux 8.3 8.0 6 . 5 8*5 7.1

Approx, lbs. 11*6 15*5 1 8 . 6 *7.7 12.5 15.1

Filter cel;- a natural diatomaceous silica filter aid of the finest
" pore si550.
,Standard Cvuper-cel;- a calcined filter aid of approx. twice the flow 

 ; r a W o f  filter-oel.
Hyflo super-cel;- a chemically oeloined pure white filter aid; flow 

rate approx. twice that of std. super-cel (i.e. with 
corres pondi ngly grea t er poros ity ).

Oelite Ho. pOl:- Similar to Hyflo super-cel with 40“50^ greater flow 
rate,

Lab.std.filter ceJL;- Specially prepared for standard laboratory'-“■■-“YHtration tes^s $0 give a uniform rate of filtration.
del it e analytical fUter-uid;- Highly purified to give the equivalent 

‘of'an a T h T ohemical for quantitative chemical work.

Analysis of a typical kieselga&g-S.- Loss on ignition - 0.32 s 
Silica - 94.42 ? Fe2 0 3  - 0.32 s AI2 O3  - 3.04 s Ti0 2  - 0.14 :
C&Q -  0 . 4 0  s MgO - 0 . 3 2  s Total Alkalis (as Na2 0)- 0.63 .‘SO3  - 0 . 1 0  s 
Ta+.i _ qq aq ner cent.
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7« Technique of Hiper Roll Method.

1, Preparation of Paper Rolls:-
Postlip English white fill nr paper sheets ware cut into strips

When required for pH experiments the paper was sou iced for 10-15 
minutes in the appropriate pH solution* and air dried on a string

paper are then rolled up together and a paper clip inserted to keep 
the roll together. The roll is now placed in a clean 
weighing bottle and heated in the vacuum oven at /0°0 for 5“6 hours 
at 68-70 cms. vacuum*

2. Weighing of .ample:-
Method (a);- The coil is removed from the bottle and the solution
weighed into it: 2 cos. of water are added and the coil replaced.
After 5 minutes standing to allow oven absorption of the liquid by 
the coil the bottle is placed in the oven and drying is started.
Method (b):- The coil is/.kept in the weighing bottle and the sample
solution is dropped on to it so that it is all absorbed. The 
diluting water is added similarly.

1.75 in* v ide and 20 iriches long (several sheets can be cut at once)

in a neutral atmosphere
S B  3 .1

gaugê /a lum 1 
pharc» , , . op ■ l~\
S B  3. hi-4-.
lum in i um foil ■% in. wiae by 18 inches long and the
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g Furthf?r experiments on the Carr and sanbom
Results using 17.Oj^f^valose Solution.

In the following tests celite, send, and pumice were used
as adsorbing media: approx. 5 r2 - 5  gras, solution was weighed out.

Flat bottomed glass weighing bottles provided with glass
rods were used in the vacuum oven at J0°0 and 6 0 - 6 5  cms. vacuum.

Mean Results (from triplicate estimations!
8/20 Mesh 

Pumice
1 7 . 1 1

17 . 0 6

1 7 . 0 2

1 6 .91*.
1 6 . 9 0

1 2

The 8 / 2 0  mesh pumice was prepared by digest ion with 2$> 
HaS0 . for 2k hours, followed by washing, drying, and ignition.
Bee official method of A.O.A.C. Browne and Zerban, p.28,

Hours of 
Hea t ing Oelite ^~ Sand •

if 1 6 . 9 2 1 6 . 9 8

6 16.95 1 6 . 9 8

8 1 6 . 9 2 16.97
1 2 1 6 . 9 1 1 6 . 9 6

17 1 6 . 9 0 1 6 . 9 2

Gras. Adsorbent 
used k 1 2



4 *

o>H O

o n

CO X 43« •H 43 0A 43 X 3ft © £ 43 •o © ft a«o X! 43 O 0c © 0 4393 93 43O', O 43 43 cXI CD X
d o o ©ft a o ft ft
CD •H X ©+3 43 d >ft O 0ft CO © COa S3 ft *H B-j) • r - i X ftd d 43 ft

© 0o 03 A s S3S3 •H 0 >+=* ftCO ft d i-i ©
© o 0 XP (D O d 43
© d ft COft X d d+3 ft X ft,—', ft © S3S3 V' CO X
*H 43 •N X 43+3 S3 i CO X■H cft Q © CO ft•r4 X 03 ®© ft SS ©a 03 2 (i.re O CO © 4-*3 r-i 02 X ©ft Xc > © cr•ri £ ft JW

r—! O TO 0d X© 43 X d .C4ft S3 o a *->X © •H cS3 ft X 0 •
43 © © CQ.o ft 50 ac ft c a© *rt ©02 NJ4-3 © © ©<—! ~Ci X 43ft 93 X CO
01 a X a© X © £ft o CO*H *4 ft 0© X $ X 43XI £ J* -J CO4-> S3 ©ft CO CO XX X 43 ft CO
o CO CO© © CO ftr" 03 43 03© O 03•H X © B{> 3 a 0 60> 0 43 ft
ft © CO 43 Xi-H H 0 02* X OX d ft43 © ft ft*H CO © 0is* CO 430) O ftJM ft Xft 0 Q)O 52 XSr •H 43 x

X X <0 000 0 ON 0O• ' • • •
N- N- VD VD
X X X X

•~CN cr\ ON ON
X c O O• ' 0 • ' •r̂. N- K-X X X X

_»0 CO cm *N
ON .CO oo ■0O• • • - •
VD VD VD vo
X X X X

366

C5| 00 KN X
d ON ON ON
X •  • • •

VO VD X
*ri X X XX!
:v

d f

ftQl W 51

CO5,7 CQ
«J<£X

(X eft

"31

d
4»|Xlot©!S3I*'X!

KN X  
CM CM 

© ■ « 
vD  X  
H  X

X
CM
•X

-rJl
® )d  I
i— * JCD] •HI X

X

CO-4♦
X
H

4*-4"
X

O
] f tw.M-m !djool©

m m

X  CO CM

COCO
•VO

r~1

si r-C ON CO h-.
F \ O ON ON ON43J X J • • • •0| <D| X VO XSSfxt f—4 X X X

VD VD 4 - KN
ON ON ON

• « ' • •
vo X ’X X
X X X X

d !
ON N ~ CM ON

d j ON ON ON CO43|xr • • . * ■ •of® X X X Xaf-Hf X r - ! X XXjcat
d l
CD UN CM X 4 *dj O O ON ON

X  r • • • 1 4sTS 1W 1 N - N- X X
• H I X X X X

H
CM

X
X

CM4"•VO
H

N -
X

JC
43 ft
«H ft

0
X

d ft
© 1»
ft ft
•43 X
p.
s 0
0 43
0

ft
CO d
GO ft

c
X &
NJ ft

• ft
X u
X u

0
ft

0
X

43 CM
X •
ft X
U1 X
0
ft ft

X
ft jd

cH
ft
©
i>
•ri ■ 4
6C d

©
ft ft
ft d
ft
ft w
Pi 43

ft
ft

O X
Dl

O 0
ft ft
ft d

ft
©

©
43 ©

D»
43 *c
ft 43
•ft
43 Hi

ft
ft £C’

43
© O
ft

©
to X3
•Hi 43
43 >*
X X

X
•

H
1
ON

•
vO
X

ft
O
<r143
©ft
X
X
X

43
03

&
o

Uo
ft
©

+3
S3
(5

<x
O

©
r !
P
a©

X
O

©

X<0
J3
+3



367

Asbestos - Levulose Solution * 17>01 t Solids
In vacuum oven at 70°Ci and 65 cms. vacuum - Aluminium dishes.
Hours Per cent Solids
Heating .

Paper Pulp Gooch Asbestos

Shielded Mot Shielded Shielded Mot Shielded
3 16.61 16.58 16.44 16.86
4 16.67 16; 52 16.46 16;88
8 16.66 16.63 1 o«' 4 3 16.84

The paper pulp was prepared from Swedish filter paper by 
maceration with water followed by thorough drying.

11. tJP mi 1M 1/iifIjS'j.G itSVULOSiii SOLUT 10ii
solution ( 41.1 ner cent water )

On glass dishea in vacuum oven at 60°C. and 68T?0 cms. vacuum.
Per cent water found on celite.

Heating 
Hours__ HLa MiI SlLJ! JL. -JL 5 6 J L 8

4 39.7 - 39.4 39.8 39.3 36.7
7 40.4 41.2

T
41.6

41 .0 40.7 41.0 40.6 40.0 39.1
9 40.7 41.1 41.0 41.1 40.9 40.3 39.3

12 40.6 41.4 41.1 41.0 41.2 40.9 40. 4 3914
15 40.3 41.4 41.3 41.1 41.3 41.0 40.6 39.4

See Figure 51,

The results underlined are within reasonable limit from 
the theoretical percentage of levulose.
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12 . THb llQtXBL OP... 39.92 per cent levulose solution in the steam overm

The prepared levulose solution was dried on sand, celite of 
commercial acid-washod prudo, and celite of analytical
in aluminium dishes, 45 suns, diameter.

al reagent farads
Temp. c.93 C.

Time of 
Heating

Soh'cLs
Per cent found

Hours
Sand Come rcial Celite A.R. CJelite

(l) (2) a) (2) (1) (2)
39.55 38,76 53.81 38,76 38.80 36.86
o 9. t-j 2 38.49 t-J *~4 • ;-w 33.33 33.45 36,51

5 33,95 a o . 1 \j 37.91 37.88 38.09 36.10
6 38.73 37.97 37.59 37.55 37.84 35,31
? o o, o 3 37 .35 37 .85 37.85 37,64 35.70

Loss per 100 cf 1 evulogo ; —
-- »1 OQ -1.15 -1.29 -1.18

•
-6.03

4 -0.13 -1,95 ■ -2.13 -2.85 -2.05 -6.90
5 oCO•01 -2.35 - o • 40 -8.48 ~2,.35 -7.93

6 -1.35 o • -4,20 -4.85 -u.58 -8.65

7 -1.73 -3.55 -4.80 -4.80 -4.08 -8.93

The results show that there is better agreement 'between the 
duplicates when using commercial celite than when using sand, 

in all cases there has been considerable loss of solids even after 
3 hours heating. The discrepancy between the duplicates for A.R.

celite ic probably cur to the exceedingly light nature of this 

absorbent.
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13. Deoomposjction of Levulose.
' team and vacuum ovens contrasted with weak: and concentrated 
levulose solutions.

5 0.69°/°Vacuum oven
Jolut ion. 17.003% ;idut ion.Hours

Heating
Vacuum oven 

7 0°G
Vacuum oven
IsIsL

Vacuum oven
7 0 *0

3 50.30 50 A3 16.76 16.96

5 50*27 50.26 16.74 16.89

7 50.28 - 16.74 -

9 50.28 - 16.71*- -

10 - 50.50 - 1 6 . 9 6

Hours 
fea'
1
2 
k 

» 6 
8 
10 
12 
1 6  

18 
22 
2k

.'iteum-Qven 98-100°g 
'solution 17.00’?! ,‘jolutioh

51.06
5 0 . 5 1

50.19 
4-9.90 
49-53 
49.37 
49.17
4 8 . 9 1

48.47
4 8 . 0 7

47.90

20.45
lb ,88
16.73
lb.62 
16.48
16.45 
16.53 
16.52 
16.14 
16.02 
15.97

In this oase immediate 
and progressive decom
position occurred after 
the material had become dry.

(See Figure 49.)
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14 Control Tests on estimation of water in a 58.9# LevuloseSolution in the vacuum oven using absorption on PacerRolls. on Sand, and On Celite-at 70°C and o-o cms, p're ssure
.Time of Absorbing Agents Untreated.Heating ifl.1% Water Present - % Water Found.Hours Sand Celite Paper Rolls
• 3 40.7 40.8 42.5

4- 40 . 8 40.9 42.7
6 40.9 iLtS 42.7
8 4 1 . 0 41.0 4 2 . 8

1 0 40.8 40.9 42.7
12 ¥>.9 41.0 42.9
2 8 4L*2 4 1 . 2 42.9

These results are satisfactory in the sand and celite drying 
but the paper rolls shov? a large increase in loss which is too high 
to be merely experimental error.

Drying of a 58.9# ( 41.1# water) Levulose solution on
Ia67 frfter-del with ^irylm PH in vacuum oven~af

76 dC~a nd~l>-Sr c ms. Pre s sure.
Time of $ Water Foundiipq w ■i.uftj
Hours £H 2m m m m 1 4. 1 6 I 8 Blank

5 4-2 . 0 4-1.7 41.5 41.5 41.8 40.4 40.6 41.5
1 1 4-3.5 4-3-3 45.0 42.5 4 2 . 7 41.6 41.8 42.0

Dish Glass Glass Class Class Al Al Class Al
These results were very erratic. The Lab.std. Filter-eel 

used was rather high in iron - i.e. was apparently not acid-washed.
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Time of

’Estimation of water in a 58-ffi Levulose solution 
( ^1.1% waterT in' tlie’*vacuum oven using gaper 
Rolls impregnated w'TtS'various pH Buxfer SalFs. 

Tem perature 70°0 at b-B oms. '’pressure.

pH Values
Hours. 1 2 1 it b I 8 1 A2 1 1 1 2

3 3if.l - - - if 1 . 5 if 1.3 î l.l itU2 ifl .if a.if ifi.if ifl.5
k ifl *b Ifl.l u . i 1*1 . 1 ifi. if ifl.5 ^ • 3 ifl. 2■■■■ pi ii i mm ifl.b ifl.7 ifl.5 ifl.7
b lf2 . 1 if 1.5 a . 5 ifi.if if 1.5 ifl .b hikjul iiil ifl.b ifl.7 ifl.5 ifl.7
8 lf2 . 0 ifi A if 1 . if if 1.3 ifl.5 ifl.5 ifi.if ifl.it- ifl .b ifl.b ifl .if•ifl.7
10 if2.3 ifi.if ifl.b ifi.if ifl.7 ifl .b ifl.5 U . 5 ifl .b i*x .7 ifl.5 ifl.9
12 if 2 . if ifl.b ifl.7 if 1.5 ifl.7 ifl.5 ifl .if ifl.it- ifl.b ill . 8 ifl.5 ifl. 9
28 if 2.1 if 2 .5 if 2 . 1 if 1.9 ifl. 8 ifl. 8 ifl.9 if 2 . 0 ifl.5 ifl .2 if2.3

The general tendency .is towards deeomposition: in no ease 
have accurate results been obtained throughout the period of heating. 
The closest results to the known water content are at J and 8 pH 
for 3, if, a154 6 hours heating. Results at 2, 3 and If pH for if hours 
heating are good, but deteriorate at once on further heating.
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16. Decomposition of Levulose 
Drying on Paper Holls dn~yaouum Oven at foQ°C 

and 65w70 otns. Vacuum; l7.QQ5 ^ 'Levulose Solution.
Paper rolls I . 7 5  in. broad by 20 inches long * 35 sq.ins. x 2

~ 7 0  sq.in. surface.

Hours Paper
alone

Paper ill .Separator Al Separator Gu separator 2n separatorHea t Ing ■fClip no Clip + Clip"" no clip no Clip 
17. 0 62 lb. 6 6 ■1 ?. 3* 17.50 18.97 1 6  .Jk

k 1 6 . 6 0 1 6 . 6 1 16. bif 1 6 . 6 0 1 6 . 6 6 lb. 6 5

6 1 6 . 5 8 1 6 . 5 8 1 6 . 6 0 16.57 1 6 . 6 2 1 6 . 6 1

8 1 6 . 6 2 1 6 . 6 0 1 6 . 6 if 1 6 . 6 1 1 6 . 6 8 16.6^.
12 1 6 ,6 ij. 16.6 0 1 6 . 6 5 1 6 . 6 0 1 6 . 6 6 lb. 6 3

*
1 7  j 16.6^ 1 6 . 6 0 1 6 . 6 3 1 6 . 6 0 16.66 1 6 . 6 3

This test demonstrated that the type of separator used and 
the presence or absence of paper clip or separator did not influence 
the results obtained.

A test was made under above conditions using 2 Swedish 
filter papers 1 1  ems. diameter per dish as adsorbing medium (in tall
glass weighing bottles).
Hours ' % solids
Heating I II

If 1 6 . 8 3 16.77
8 l6 .8 if 16.97

1 2 1 6 .8 1*. 16.77
1 6 1 6 . 8 2 16.75
2 0 1 6 .8 1,. l^.Tk

The two filter papers gave approx.
59 sq. in. surface as compared with 
7 0  sq. in. for the rolls. The filter 
papers were used without separators.
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Decomposition of Levulose In vacuum oven at 6q ”Q 
and 65-70 oms, yaouua; Leva1'ose'Tjolution l7.005&.

Hours PAP^H KQLLS 
Gla ss Disfies 0:5T, ITT

** * ▼ *-«- ►
t m v 1V  y  ̂ r #

HJMIGSHeating Aluminium Glass Aluminium Glass Aluminium Glass

If lb . 3 6 1 6 . 9 6 1 6 . 9 1 16.90 1 6 . 9 7 17.09 1 7  .«
6 1 6 . 3 6 1 6 . 9 8 1 6 . 9 1 1 6 . 9 2 1 6 . 9 5 1 7 . 1 2 17.03
8 1 6 . 3 7 1 6 . 9 8 16.93 1 6 . 8 8 1 6 . 9 7 1 7 . 1 2 1 7 .0 :
12 1 6 .31*- I6 . 9 3 16.90 16.88 1 6 . 9 5 17.07 1 6 . 9 7

17 16. 30 1 6 . 8 8 l6.8if 16.81 1 6 . 9 0 16.98 1 6 . 9 0

It was observed that the celite dishes were heated and
cooled more quickly than those fcith sand: pumice being intermediate. 
This is largely because of varying total mass required for these 
three adsorbents.

It is clear from above results that paper rolls give low 
results and pumice the best results. fith paper rolls the variation 
of apparent percentage error is 3.8-Jf.2, with celite 0.44*0.97> ^ith 
sand 0 .2 1 -0 . 6 2  and with pumice 0.03-0.62: over 1 7  hours heating.
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18 • i met ion of J ater in 40 >1 6$ glucose elution 
jof known oonoentrationT^97o%^aterTn Steam oven,

Per cent Water Found.Heat ing ‘ glass Dishes*” iluffii'niiim DishHours 1. 2. 5. 1 .
59.0 bO.O 59-7 59«̂  Absorbent

k 59.0 59.9 59.6 59*7 1 & 2- celite 3- sand
5 59.0 59.7 59.7 59.7 Al. 1- sand
6 53.9 59.9 59.7 59*7
7 59.4 59.9 ,59.7 59.7
10 58.8 59.7 59.7 59.8
15 53.9 59.3 59.7 59.7
20 59.1, 6o.l 59.9 59.8

differences are extremely small between 5 hours heating and 20
hours heating. (Bee Figure 52.)

Estimation of Water in k&.l&h morose solution in Steam Oven
M W a M M M ia iM n M a tM |M ^ a n ^ MMMP j__u»m w —  >i i «»!■■ i M ii»  in>^w iA iiiw i«^f » f « w l ii>ffTwrf ii^n « > t f  i nr — 111 i  ri— « m r t M » a M M W M « « a r a M a i » < M N W

■ Found.
"Huminium DishTime of Per Gent ffa'

Heating 01 ass Dish©s
Hours 1. 2. 5.
5 59.5 59*6 59-5
k 59.5 59.7 59.5
5 59.5 59.7 59.5
6 59.4 59.6 59*4
7 59.5 59.6 59-5
10 59.4 59.4 59.2
15 59.5 59.5 59.4
20 59.5 59.6 59.4 , and

T7
59.if
59.4
59.4
59.4
59.5
59.4
59.5
59.6

These results are very steady but have in no ease reached the 59.8 
per eent of water known to be present. (Sed figure 47.)
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1 9 . E s t im a t io n  o f  Y a t e r i n  a k-k.1% G lucose  Solution ( i . e .  5 7.9̂ > W a te r)  
J o n t r ^ l ^ S t s  i n  Vacuum Oven u s in g  v a r io u s  a b s o rb e n ts

without pH .solutions. 7o°c.( ZT-^oc^.^coc/m,.

Tim e o f  
H e a t in g  
H ou rs

Qn f-and 
A lu m in iu m  
IH sE e s ----- -- .

On Gel i t  e 
A lu m in iu m  
D is h e s "

P ape r
H arrow  G la ss  
B o t t le s1,1 M MltflUM IH1HIHI II l>

?a p e r
I,- id e  G lass  
B o t t le s

5 55-7 55.9 5b.0 5b.0
k 55.9 5fo.o 5b.1 5b.1
6 56.0 5b.2 5b. 2 5b.2
8 56 .̂ 5b .1 5b.2 5b.2
10 5b.5 56.1 5b .1 5b. 1
12 55.9 5b .1 5b. 2 5b.2
28 55.7 55.9 5b.2

■
5b.1

The d i f f i c u l t y  \ i t h  most oven r e s u l t s  i s  h e re well
exemplif ied -  t h a t  o f  kn o w in g  WHBH t o  ta k e  th e  re a d in g  as f i n a l .  

There has been u n i f o r m i t y  h a re  o v e r  2d h o u rs  b u t th e  r e s u l t s  do n o t  

ag ree  w i t h  th e  o r ig i n a l  s o l i d s .  The r e s u l t s  w i t h  p a p e r a re  lo w  

th ro u g h o u t w h i le  th o s e  u s in g  sand and c e l i t e  descend  and th e n  r e tu r n  

to  th e  o r i g i n a l  l e v e l  e.g. com pare r e s u l t s  f o r  5 and 28 h o u rs .
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20. a 49.96 aer cent glucose Solution
uslaR_Ab^>,£jaliQ.s _on aa-per HoIXs in Glass, diahes in the'Steam

Time of Per cent water found
~ Hours., JL* 2.

2 ' 5.5 8.5
3 49, 8 49.7
4 50 , 3 50.2
7 50.3 50.2

10 50. .4 50.3
12 50.5 50.4
IS 50.$ 50.5
17 SO *7 50.5
21 50.4 50.3
39 50.3 50.2

After 39 hours heating both papers were light cream in colour 
and light brown at the top edge.

The above results show that glucose is relatively stable to 
heat at approximately 98® 0.
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E s t im a t io n  o f  W a te r in  a ^9 .90%  g lu c o s e  S o lu t io n  u s in g  
A b s o lu t io n  on P aper R o l ls  i n  steam  oven in  G la s s p is h e s .

The paper r o l l s  w ere soaked in  s e le c te d  pH B u f f e r  ;• s o lu t io n s  and d r ie d .

Time o f  
Beating 
H ours PH 5.0 1

%  Wot e r  Found■O-r1-
pH b.o 1 pH 7*0

(1 ) (2 ) (1) (2 ) (1 ) ( 2 )

3 50.0 J*%3 49*^ i,9.5 3.8 7 «7

k ^9*7 W.9 50.3 50 .1 2t0.2 k l . k

5 >*9.8 50.1 50.2 5 0 .1 ^9*9 W .9

6 49.9 50.1 50.3 50.1 50 .1 30.2

7 if9*9 50.1 50.3 50-2 50.2 50.3
8 50.0 50.1 50. V* 90.2 50.5 50.3

9 50 .o 50.3 50,2 50.0 50.5 50.3

H 50.2 50.3 5 0 . 2 50.1 50.3 50 A
20 50. k- 50*5 50. fa 30.3 50.5 50.6

25 50,5 50.6 51.1 50.7 5 0 .8 50.9

I t  i s  seen  fro m  th e  above r e s u l t s  t h a t  th e re  i s  a t im e  zone 

d u r in g  v h i o h  t r u e  r e s u l t s  a re  o b ta in e d ,  t h i s  b e in g  5 to  8 h o u rs  

h e a t in g  a t 5 .0  pH and 5 6 h o u rs  h e a t in g  a t  J  pH.
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oo Estimation of water, in a ifif.l# (55.9% bat or) Glucose Solution
y  ^  1 ■'■■■ iim i. i—i. .~ ^-^ -i.m .. I , ------ - . tm m ^-^mmawfnnJflgnirmmi * ii^iwihhi.^ii <nii I* iwii* — winJfewm i m u y i y w  » w p w m w  mu i l j i i w i b j  .u j.i— iiu i-j— < W

u s ing A bsorption  on Paper R o lls  in  
Glass D ishes in  th e  VaouucToven.

Paper rolls dried after soulcing in selected buffer solutions 
ime of pH Values and ^ Water Found.

He a t m g
Hours 1 2 5 it- 5 b 7 a 9 10 11 12
5 58.2 -> 5.8 55.5 55 A 55.8 22x2 5b.1 5b.1 5b.a 5 b .011 ip 1 iw.il 55 *b 2SU&
*»• 58. J*.22x2 55.5 55.11- 22x2 5b.1 5b. 2E/b.5 57 a 5b.5 55.8 5 b .0
6 56.8 22x2 55.6 55.6 22x2 5b.1 5 b. if 5b • ) 57.1 5b .5 55.3 56.2
8 57.0 22x2 55.8 55.7 5b.0 5<>. 2 5̂ . if5b.if 57.2 5b.if•5,5,2 56.5
1.0 57.1 22x2 55.7 55.7 56.0 5b. 1 50. if5b.if 57. 2 pb. if 56.3
1 2 57-2 12x2 55.6 55.7 5 6 . 0iron w 1 ■itnirt 5b.2 5b.if,5b .if 57.3 5b.5 2iL2 58.lt-
2 8 57.6 55.9 55.7 55,9 Jb. 1 5b.2 5b.if 56.if 57.3 5b.b 5b.0 5 6 . 6

(See Figures 53, 54, and 55.)
ikt mo spheric conditions:**
Oven conditions:- J0°0 and 68 ems. vacuum.
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/ • Estimation of Water In a ifif.lg ( 55.9# water) Qluoose
23. Solution usinff Absorption onGelite^with addition of 

pH BufferSolutionsliî the Ê ouiim Oven at 70°0 and~5B~7Q~cin s. vacuum.

Time of pH Values and fa Ka' er Found
Heat in# 2 pH 5 PH 3 pH 11 PHHours. (D (2 ) (l) (2 ) a) (l) (2)

3 56.7 57.5 55.5 55 .2 55.7 - -
if 57 ?o 58.1 55.9 55.b 55.9 55.* 55.0
6 57.1 58.1 5b.0 55.8 5b.0 55..7 55.2
8 57.<2 58.5 5b.1 55.9 5b.2 55.3 55.*
10 57.0 58.2 5b.0 55.8 5t>.3 55.3 55.*
12 57.0 58.2 5b.0 55.8 5b.3 55-8 55.*
28 57.0 58.it- 5b. 1 55.9 5b.2 jb,0 55.6

Mean
Result s 2 pH 5 PH 8 pH 11 pH

5 57 .1 55.* 55.7 -

* 57-b 55.8 55-9 55.2
6 57.b 55.9 58.0̂ 55.5
8 57.8 5b.0 5b.2 55.b
10 57.b ' 55.9 5b.3 55.b
12 57.6 55.9 5b.3 55.b
28 57.7 5b.0 5b.2 55.8

From above tests the drying at 2 pH appears to be rapid, that at 
5 pH and 8 pH of medium speed, and that at 11 pH slow.
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24, ln  a m o r o se  S o lu t Innl~22ffTTQj£r) **8*nff_Qpjoration on Paper Bolls, on sand, and on O© 1 it e in Fhfl Uftrttnim ftTiow 7'SOrt ifi'i ■ n| ft .' I,,....,,.—I,, ,, , .„.,,.
T ime of 
Hea t in*c 
Hours

■2’Vt ̂  /4-SS oLisk,es
Per cent .absorbing Agents Untreated.
Water — ..iand Cel, ite paper Rolls

3 34-2 55-'i 3 4-7
k 3 h.J 33.3 3kp3t
6 34*8 35,1 1 M
8 15.1 35.0

10 H i !
12 ik.3 35.1 35.0
28 i i i f i 35.1 35.0

The results show that sand gives slower drying than celite 
or paper rolls, either of which gives remarkably constant results for 
sucrose over as much as 21*. hours heating in the vacuum-oven.

Kate on Duplication Sach result reported throughout this work 
represents the average value of two duplicate tests.

Bggjah SOLUTXOiiS These were made up according , to standard formulae 
with the usual precautions. They were checked by the glass electrode 
and this check was repeated at intervals. The results after 22 months
are here shown i-
KCl/HCl - pH 1.0 read 1.0 

" pH 2.0 " 2,0
Ha2HPO^/ci tric acid - pH

KHgPO,/Borax  ̂ (*

- P-i

3.0 read 3.04
4.0 h 4.16
5.0 H 6.26
6.0 11 5.91
7.0 H 6.805
8.0 « 7.805
9.0 11 8.81
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25 of. ̂ ater in a ;ju croce ;iolution (g 35$ W^ter)
H^na^^OllojL.on,,pojger rgil^lnJilass weighing bottles in ..the vacuum - oven atT̂ o*G and £-6 6ms ♦ pressure.

Time of
Paper impregnated with various pH Buffer la^tJ6-4JkValues.

5
1

54.5
2

37^0 1
.5-5-.Q,

it
.55.6

1
34. 1

£
54 .6

4 55.2 57.3 55.4 55-8 34. 4 94, 9
6 35.3 57-b 35.6 55.9 5 4.7 54.9
8-ii-l 3*>.2 57.9 35.3 56.1 54. 8 35.0

*10 5b. 3 57-9 35-3 56.1 98.0 35.1
12 35.6 33.1 55.9 56.1 3iUL 3,3 .,1
28 W>0 53.3 39.9 56.2 35.2 55.2

I
31$.. ̂
54.8 

.0

53.3 
53*5 
35.5

8
5 W
JlulL.35-3
,55.2
35.5
55.5

>5.7

10
55^0,194. b

55.6 

55-7 
55-7
55.7 
55-8

54.8

5iLi

u
54.5
54.7 
54,9

55 .0M 54,.g
llî Q,,. 55.01 55.1 
3JL£

12
54.4

54.7

34.9
iiLo

•53 . 0 [- 55.1 _ 
35.2

Estimation of er in a b5$ Sucrose ;3olution water\
us ini? absorption on Paper Hoi Is in Gtlass \sighing Bottles 

in the vaouup^oE^^^ T o ^  a n d p r e s s u r e .
Time of gaper Impregnated with various pH Buffer Salts - % Water Found.

Series 2 
pH 8

Series 3 
pH *Hours.

Ba2HK>* + citric ao id+ oitrioiC0I+ 
acid NaOHKHaP04 + Borax

It is evident from these results that the sodium phosphate 
and oitrio acid buffers are not suitable for this drying process* 
giving relatively slow drying.



384

THE LMIHG OF L&VULGSE. GLUCOSE. AMD SUCBOSE SOLUTIONS
SUMMARY AND COffCLPSIOKS 

LiiiVUXjOSjiI :- 1.Vacuum Oven
Levulose solutions ©an be dried without appreciable loss in the 

vacuum oven at 70°C. at pH values of 4, 5, or 6 for periods up to 4 
hours* drying at pH values above 7.0 is slower and there appears to 
be more decomposition of the sugar (Expt. 11). Drying on pumice gave 
good results : drying on sand and celite gave slightly low results.

For vacuum oven drying, 60GC. is definitely preferable to 70°C., 
but the optimum time of 4 hours at 70°C. becomes 7-9 hours at 6G°C. 
When drying on paper rolls, there is danger at this lower temperature 
that water will not be expelled from hydrated forms of the sugars, 
(e.g. compare results of tests 15 and 17.)
2. Steam Oven :■ In all tests made there was considerable loss of 
solids even after only 3 hours heating at approximately 98°C. (See 
tests 12 and 13.)
GLUCOSE 1. Vacuum Oven There was no decomposition apparent 
after 28 hours heating at 7Q°C. in the vacuum oven* In tests with 
regulated pH values, drying at 2, 5, and 11 pH was satisfactory at 
70°C.,with faster drying in the acid region.
2. Steam Oven Results were good • the rate of drying appears to be 
faster than for levulose. Glucose was relatively stable at 98aC. with 
an optimum heating period of just over 3 hours.
SUCROSE l. Vacuum Oven *- Drying on celite or paper rolls gave 
remarkably constant results at 70°C. Sand gave slower drying, reach
ing the known percentage after 28 hours, compared with 3-6 hours for 
celite or paper rolls. Drying with buffer solutions gave good results
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at 5 - 12 pH “but not below 5 pH.
2. Stearn Oven s- The results obtained were very consistent, but in 
no instance was the known percentage of water reached {test 18). 
Sucrose seems to be most reluctant to part with the last trace of 
water. It is possible that partial inversion occurs,taking up a 
minute quantity of water and thus increasing the apparent solids.



SECTION 5 .
METHODS OF ANALYSIS.

Part 9 5 The Determination of Water In Raw 3ugarg.
Introduction.

Experimental.

Summary.
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IKTKQjjUCTIOH.

THE naTaRXIIHATlQIT Qj? WATER IN RAW SUGARS
It is \7Qll known tlxat moist sugar or sugar products,syrups, 

and molasses resist drying with great obstinacy. Thus Circular C440 

of the U.S. national Bureau of Standardsf¥ashington, 1942,p. 797, 
states •- "An accurate determination of the moisture in sugar - 

products is frequently a matter of great difficulty, and the proper 
procedure has not been definitely established.«

Sometimes the material is hygroscopic, and at ordinary pressure 
moisture can only be removed by long heating at high temperature, 

and it is also known that high temperature exerts a destructive 
effect on many cf the solid sugars. A temperature, of 100UG. * for 
example, rill cause considerable decomposition of levulose, and rill 

q*v en t us,l 1 y affect such sugars, as sucrose and dextro.se.
It would therefore appear that the best conditions for drying

will be those where low temperature and high vacuum are employed.
With liquid products it is usual to mix the sample with dried sand
or pumice,which eido drying by exposing a larger surface and pre

venting the formation of a hard surface crust or film. Asbestos*'and 
rolls of fil ter-paper have also been used to secure a larger drying 

area. If levulose is present in other than very small amounts, the 

drying temperature should not exceed 70°G.
Eor the determination of moisture in raw sugars Circular C440 

recommends the use of polished aluminium dishes of diameter 55 mms. 

and height 15 mms. with tightly-fitting lids. Approximately 4 gas. 

of the sugar is dried for 2 hours at a temperature of 1C0°C., care 

being token that the dishes are not in close -proximity to the
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heating elements of the oven* Upon removal from the oven the dish 
ps wiped * covered* placed in a desiccator to cool* and finally 
weighed*

The methods recommended by the Association of Official Agricul
tural Chemists for the determination of moisture in sugars are still 

widely used* The most recant instructions for direct drying specify 

the drying of 2 * 5 gsas. of the prepared sample in a flat dish of 
nichel, platinum, or aluminium* at the temperature of "boiling water 
for 10 hours, followed by cooling in a desiccator and weighing*

A further heating is then given for 1 hour, or a heating until the 
change in weight after a further, period is not more than 2 mgms. . . 
for sugars of largo grain it is recommended to heat at 105-11G°C* to 
expel the last traces of occluded water*

In vacuum drying* 2 - 5  gms* of the sample is taken in a dish 
as above,but with a tightly-fitting cover and heated at a tempera-. > 

ture not exceeding 70°G* (preferably at 60°C*}, under a pressure not 
exceeding 50 mms* of mercury, for a period of 2 hours* The sample is 
removed from the oven, covered, cooled in a desiccator, and weighed-* 
Drying is then continued until the change in weight is not more than 

2 mgms* between successive weighings at 1 hour intervals* The oven 
should be ♦bled1 with a current of dry air during drying to ensure 

removal of water vapour*
Browne and Zerban {*Sugar Analysis*,1941,p*24) state that refi

ned sugars, raw beet sugars, and the superior grades of raw cane 

sugars can be’successfully dehydrated by heating 2 - 5  gms* of the

finely powdered sample in a thin layer for 2 - 3  hours in an oven
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heated by boiling water, and then beating in a special oven for 1 
hour at 105 - 110°C. Hie sample is re-heated at 105~110°C. until
successive heatings cause no further loss.

With lower grade- sugars it is recomended that the dish he covered 
during weighing.

factors Investigated in the present work.

Water estimation in raw sugars.
1. Effect of time of heating :* (a) Hourly weighings.

(b) Continuous heating periods!
2. Effect of weight taken*

3. Effect of dish used (.a) material : (h) diameter :
{c) Variation in similar dishes.

4. Study of replication.
5* Effect of oven temperature.
6. Comparison of steam and vacuum ovens.
7. Effect of position in the oven.
8. Effect of atmospheric conditions - temperature,humidity,pressure.

9. The effect of the heating in various ovens on the reducing sugars 

present.
10. The use of the Spencer oven for raw sugar moisture estimations, 

with special regard to the high temperature used in this oven.

11. The effect of grain size in the sugar on its moisture content.

12. A study of the rate of evaporation in a steam oven.



ANALYSES OF RAW SUGARS USED Iff
MOISTURE TESTS.

QRIGIJff J3aR RAD 0 S BRITISH
WEST
I1EDIBS

I.
ClISA

LI.
HAI'AI
I. * 11.,

SALTO
DOEljjiGO

SUCROSE 96,36 96.72 96.25 96.93 98,93 97.90 97.19

REDUCING
SUGARS 1.26 1,39

■
1.49 0.95 0.21 0.57 1.33

ASH 0.54 0.49 0,53 0.56 0. 33 0.59 0.41

Water 0.72 0.69 0.73 0.59 0.27 0.52 0.50

OTHER
ORGANIC
MATTER

1.12 0.71 1.00 0.97 0.73 0.42 0.57

RATIO
ASH
RED.SUGARS

0.43 0 . 35 /O • 35 0.59 1.57 1.03 0.31

pH VALUE 
(Glass 
Electrode)

' 5.97 5.85 5.86 j 5.93 6.05 5.80 6.08
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EST1MATIQB 01 WATER II RAW SUGARS..
In the experimental section which follows,various raw sugars 

were tested in the steam oven at 93-93°C., and in the vacuum oven.
The first tests made sought to establish the extent of the 

variation in moisture content recorded with time,and from sample to j_ 
sample• Aluminium dishes wore used, 41 mas. in. diameter,with tight 
lids.
Experiment (l) live gins. of the raw s t were weighed into
each dish,using six dishes. One dish was weighed each hour far three 
hours,and then pairs of dishes were weighed after 4, 5, and 6 hours.

Sugar

West

Indian 3
4

Weighings 5 
each hour) 6

Time of Heating 
Hours

Apparent
Moisture

%

0 *70 
0.70 
0.70 
0.73
0 *73 
0.72

Time of 
Heating 
Hours

Reulicates

0,75
0,75
0,72
0.73
0,74
0.72

Apparent
Moisture

%

0.75
0.73
0.73

Ho weighings for first two hours
West 2 0.71 0.76

3 0,72 5 0 . 7 6 0,76
an 4 0.73 0.76

5 0,76 0,79
. •samples6 0,79 6 0.30 0.79

0.78

Cuban
1
2

5 gm.samples 3
4-
5
6

:- Weighings each hour
0.46
0,43
0.47
0.52
0.51

0.50 
0.45 
0.43 
0.50 
0.52 
0.52

0.48

0.49

0. o 3
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ffotes^oiLexperiments i - 5 r- In Experiment (l) the oven door was 
opened each hour,and cold samples wete later returned to the oven j 

tale was a disturoing factor. On the whole the results were remark* 
aoly Uiiiionn.. All samples were in one compartment of the oven. • -- 
In Experiment (2) the first test was repeated with no weighings until 
two hours heating had heon given to all the samples : this treatment 
gave higher results.

Experiment (3) was conducted as in test (if using a different sugar. 

Apparent moisture figures here tended to increase as the time of 

heating was increased : there is a no table discrepancy between the
duplicates after 4 hours he&tinr*.— w

Experiment (4) .**» The samples were placed in duplicate pairs in • --
separate compartments of the steam oven and were not disturbed unt̂ -i
the full time of heating had elapsed.

Sugar Time of Heating 
Hours

Apparent
Moisture

%

Time of 
Cooling 
in Desiccator

Mean Apparent 
Moisture

.... ..JL. . .minutes
West

'' 4
0.744
0.746 20 0.745

Indian
5 0.714

0.728 20 0.721

6 0.772
0.792 20 0.782

Experiment (5) Using iodine, sugar '"^iTTaiier^aluiainium dishes _ t —  ---------------------------------------------- (55 x 14 mms.)
West
Indian

5} 0 .734 
6) 0.758
3) 0.743
4) 0.753 
(I} 0.783 
(2) 0.764 
(o) 0.752 
(6) 0.774

20

20
20
20

0.746
0.748
0.774

0.763



Sugar Time of Heating 
Hours

Apparent 
Hoisture 

%

Time of 
Coding, 
in Desiccator

Hean Apparent 
Moisture 

%

West
Trm r nr»

9 (3) 0.752
(4) 0,762

Minutes
20 0.757

10 (1) 0.770
(2) 0,790 20 0.730

Sxxierimont. (6) ,«■*. as in Exnt, f 4 K extending time ,of heating
West
Indian

4 (1) 0.738
(2) 0,723
(3) 0.730
(4) 0.732

20 0.732

6 (5) 0.606s
(6) 0.706 20 0.656

8 (IV 0.763 
(2) 0,764 20 0.766

9 (3) 0,764
(4) 0,758 20 0.761

10 (5) 0.634s
(6) 0,730

E 20
0.682

12 (X) 0.784 
(2/ 0,784 20 0.784

13 (3) 0.733
(4) 0.773 20 0.780

14 ' (5) 0.654 1 
(G) 0,746

i
20 0.700

$1e seaii^ie'mafhed *1 x n above had a low result to start with*

and tills did not disprove as the heating continued i it is therefore 
doubtful if it should he included in the average results*
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SUGAR : BXFi5RIBRl~TS 1-6. \ Ui&. IvO. 3) .
Tine of SzneriiaontHeating
Hours 1 Ofa 4 5 6 Mean Result

1 0,70 - - 0.70
2 0.73 0.71 — — 0.72
3 0,70 0,72 «... 0.71
A 0.73 0.73 0.75 0.75 0,73 0.74
5 1:0,73 0.76 0.72 0.75 0 *73 0.74
6 0.72 0.79 0.73 0.77 0,71 0,75
3 •M «», xwr'Mk 0.76 0.77 0,77
9 -- 0.76 0,76 0.76

10 *- 0.78 0.73 0.76

12 - - 0.73 — 0,78

13 •m ** 0,73 0.78

14 ' «« «* 0.75
R

0.75 

mge 0.70-0 .73

Factor Weighings Weighed Contin Cont Rxten Grand Average
Investi- 
gated.

each hour ax osr 
Z hours

-uous
heat
ing
periods

inuous
heat-
*5 *n o*^x*u
periods

-ded
heat
-ing

0.75

Gins *
t alien 5 5 5 10 5

Dish
diam
eter
SfTIS .

45 45 45 55 45



TEE EFFECT OF HSATIM OH THE REDUCING SUGAR COHTIIFT OF HAI
SUGARS : BSTEaEIHATIOIT OR EATER IE DISHES OF VAHYXFG DIAMETSR, .

t.7 ’̂ 13 raw sugar used. from San Domingo t tests were made in
duplicate in aluminium dishes of various diameters ,pQ,irs being 
placed in separate compartments of a cellular steam oven at 99.5(
Tlie atrno spheric ttemperature 24.7°C •,and tjienpressure 766 rams.
Ten grams sugar %mre taken in each dish, the reducing sugars hi3 in
estimated. before and after heating *

Time of Apparent per cent moisture
Heating

Hours Duplicates Mean Duplicates Mean Duplicates Me
1 0.50

0.47 0.49
0.48
0.44 0.4C

0.46
0.49

0.

O*** 0.51
0.50 0.51

0.50
0.46 0.48

0.48
0.50 0.

3 0.51 
0.43 0.50

0.45 0 .42 0 .44
0 .  47 
0.50 0.

4 0.56 
0.53 0.55

0 .50 
0.46 0.48

0.51
0.53 0.

Dish dimensions 
aims «■ S'cries 2. Series 3 Series 1

Height SO 19 13

Diameter 69'\ 102 45

Bottom surface 
area : sq.ems.; 37 » 4 81 15.-9

Depth of 
in dish ;

sugar 
■ isms.. 5 i5 8

After the heating period* the sugar in each dish was made up

to 1 litre and the reducing sugars estimated.
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Series Dish 
Di&sie ter 

rams*

45
69

102

To tal 
Hotirs 
Heating

4

4 . 5

Mean
Apparent
Moisture

0.52

0.55
0 . 4 8

Reducing 
Sugars 

%

X .32 
1.29 
1.26

Decrease in 
Reducing
Sugars %

0.14
0.17
0.20

Per cent reducing sugars in original sugar j- 1.46

1HKBFF3CT OB THE EEDOCIBG SUGaR COITSBT OF RAW SUGARS OF 1 AID 2
HOURS H1ATIITG i SIX REPLICATES II ADUHIFIUM DISHES II TH1 STBAM-OVEI.

Experiment 8In this test the conditions rere maintained as in the previous v 
experiment, using six 69 x 20 mss. aluminium dishes, and. placing each 
pair of dishes in a separate compartment of the steam-even. Reducing-

Ho

1 
2
3

4
5
6 
Per

arc v/ere e
Gras. 

Weighed

stimatod in
Apparent 
Moisture %

the residues
Av. Moisture 

%

•
Reducing
Sugars %

Mean %
Reducing
Sugars

Decrease 
Reducing 
Sugars %

10 0.45 .. 1,36
I hr.

10 in 0,4.9 0.47 . 1.35 1.36 oH•o

oven
10 0.47 1.36

10 2 hr* 0.50 1 • 3r
in

10 oven 0.50 0,53 1.33 1,32 0.14

10 0.59 1.31

cent reducing sugars' in original sugar f- 1.46,
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THE KFIIOT OB' THE R1DUCIIG SUGAR GOHT.BHT OF HAW SUGAR OF / 3,4» AMP
5 HOURS JIIATIHG IB TKK ST1AM - OTOM.

Expt* 9r?Thi.s tost was conducted as in the previous experiment,using six 

89 x 20 iruiis* dishes, and placing each pair of dishes in a separate- • 

compartment.oi the steam-oven* Reducing sugars were estimated in the 
residues* Ten gms* of sugar were weighed in each dish.
Ho, Hours

Keating
Apparent

%Moisture
Average

%
■ -Moisture

%
Reducing
Sugars

-

Mean
%Reducing

Sugars

Decrease 
in % 

Reducing 
Sugars

1 O 0*46 i r?..% JL *
o 0.46 0*46 1 rr-l•la ̂ «Jf> . 1.32 0.03
3 4 0*49 1*28

4 0*50 0*50 1*2 a 1*28 0.12

5 8 0*52 1*28
6 0*53 0*53 1*26 1.27" 0*13

Pei’ cent reducing suga-rs in original sugar 1*40

taen.t 10 As in previous test, using aluminium dishes of - 
larger diameter t 10 gms* sugar in dishes 102 mm* diara. x 19 mm* deep 

each dish placed in a separate compartment of the steam-oven.

Ho. Hours
Keating

Apparent
.% - Moisture

Average
%

Moisture
%Reducing

Sugars
Mean 

% Reducing
Sugars

Decrease in 
% Reducing 

Sugars

0-5 0*45 1*40

o-g 0 * 4-4. . 0*4-5 1*40 1*40 0*02

Per cent reducing sugars in original sugar 1.42
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LOSS OP RB'PUCIBG SUGARS PTBIIfS THR ESTIMATION Off 1ATHR 
I?] SAL DOMINGO RAF SUGAR M  STEAM-OVEM DRYIITG
a smcrAHY os EXPimiiRnTTs 7-xo.
Aluminium dishes used with XO gne. sugar.

T:?0 . Ho ur s 
Heating

Apparent 
Mo i s tur e 
per cent

Reducing 
Sugars 
per cent

Lora: of
Reducing
Sugars

Decrease 
Reducing 
Sugar:, 
per hour

Pish 
pi as.
mm s.

Ho. • 
of 

Repli
cates

1 0.5 0.44 1.40 0.03 102 2
o 1 0.47 1.36 0.07 0.07 63 3
o Ir'tJ 0 . U Kj 1.32 0.11 0.04 69 3
4 *7a 0.46 3.. *. j 0.11 69 ftf

5 4 0.49 1.23 0.15 o . o t - 69 <*
r*u 5 0.52 1.27 0.16 0.01 69 2
r;< 4 0.52 1.32 0.11 0.03 2

3 4.5 0.54 1.23 0 .1'i 0.03 69 2

9 4.5 0.43 1.26 0.17 : 0.04 . 102 2

Originiul Sugar 1,43

The reducing sugars were estimated■hy Lane and lynonfs method 

using methylene blue ̂ removing calcium salts as oxalate.
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. ohbak raw s u ga r in a shall steam-ovem
ffgP.Gg. I-1 *"* Ik this case a small steam-even 6.5 inches cube
internally was used. The temperature of the water in the jacket - -
was 99.o G • 5 t/io room temperature 17^0.,and the barometric pressure 
751 mas. The internal temperature was taken - on the shelf,33°C., 
and on a thermometer suspended over the sample,92.5°0.
?our replicates were weighed using £ gms. sugar ; two in aluminium 

dishes 69 rams, diameter by 20 ms. deep, end two in similar dishes 
45 mms. diameter by 12 nms, deep.
Hours
Heating

Pishes
Apparent per cent moisture
69 mms . diaa0 ter 45 m is. diameter1

P averawe 1 2 M3V.ajm

0.47 0.45 0.46 0.42 0.53 ■mm m*

0.50 0.50 0.50 0.49 0.54 0.52

0.51 0.54 0.53 0.51 0.56 0,54

The dishes to the .right hand, side of the bath showed greater loss-,, 
but there is little difference in the actual -drying rate. The dishe 

were placed on the oven bottom ; not on the shelf.

Experiment 12 As in Ho. 11, using a Ratal raw sugar
Room temperature*17,5°C. ,Barom. pressure,752 i®s. 2 gms. sugar.

Apparent per cent moistureHours
Keating

Dishes 69 rams.

1wn— iniiŵ

0.48

diameter 

2
0.50 0.49

45 nans, diameter

1

0.49

2
0.47

i a m
0.48
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ismm n  rat; sugar ugiHG fm yacuum oyeh
 ,kz Cuban raw sugar was usedfweighing 5 gms* in tripli- -

Ccioo iii aluminium capsules oi 45 mras * and 69 mms* diameter respectively
with a temperature of ?0°C* and 68 cms. vacuum.
Series (1)
Hours 
Heat in/? Apparent moisture per cent

Dish diameter 45 mms * r5 ,
1 2 % mScUi 1 2 3 Mean

1 0.43 0 « £i 4 0 , *£ fC 0.43 0*29 0 * 38 0.39 0.35
2 0*44 0.45 0*41 o * 4.4 0*34 0.41 0.42 0.39
3 0.45 0 *45 0*44 0.45 0.37 0.45 0.44 0.42
4 0*45 0.46 0.45 0.45 0.37 0*44 0.44 0,42
9 0*49 0.49 0*43 0.49 0,45 0,51 0.51 0.49

Series (2)

1 0*45 0*46 0 .43 0.46 0.4? 0.44 0.44 0.45
2 0*56 0*49 0.51 0.50 0.50 0.48 0.46 0.48

' 3 0*53 0*50 0 *52 0.52 0,50 0.47 0.46 0.48

4 0*54 0*51 0.53 0.53 0.52 0.49 0.47 0.49

9 0*57 0.53 0.55 0.55 0.57 0.52 0.51 0*53

In series (2) the oven was taken to 75°C.*inadvertently, for
n Oabout 20 minutes while the samples were in. It was cooked then to 66 C , 

re-heated to 70°Q«P and the samples replaced* This mishap is reflected 

in the higher average figures obtained in this series for the apparent 

moisture content.-
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OF III RAW SUGARS 111 THE VACUUM OVBH

Bnwerinsnt 14 -i- Tests were mac e usiiif: veriou© dish0 ̂ Q-P glass, - 
sighed innichol. and cilunlnium, Fiv e gns. of Cuban raw su: rj X!e v/

each caso ■* the oven was maintax cnet at ,-70 C, ami 63 CT.ls. vacuum.
Hours
Heating

Glass ¥ei 
Bottle

ghing
rf

Fateh
Glasses

Hiclcel
Dishes

Aluminium
Basin

(1) (2) Mean'lOWmiiiii /iWMi*i (i) s :t :'T0 ̂r* ("I) ’“(21 MeSJi
1 0*51 0 , 43 0.50 OV/igi WJl 0.36 0* 34 0,46 0,4G 0 .47 0,43
<■■2 0*53 0*49 0.51 0 . 35 0, 36 0.36 0.47 0,50 0 .49 0.50
3 0*54' 0*49 0.52 0,35 0,36 0.36 0,49 0,51 0 .50 0,50
4 0*56 0,51 0 * D 4 0,34 0,39 0.37 0,57 0,53 0 .55 0,52
9 0*55 0*51 0,54 0.37 0,35 0.36 0,58 0,53 0.56 0.52

Flat Aluminium Dishes I)iarn ft 7'*
'w . iw  V  W- -«W shown 3 .

Hours 45 m s s , 'diameter 69 ams, d'isirieter 102 mmb,
Heating

1, 2* 3. Mean 1. 2, 3, Mean 1 . a- • 2,

1 0.43 0,46 0,48 0.46 ■ 0 .35 0.45 0,39 0.40 0. o9 0,40 0 • 40

2 0 *44 0,50 0,50 0,48 0.39 0.48 0.43 0.43 0.41 0,44 0.43

3 0.45 0,52 0,51 0,49 0.42 0.48 0.43 0.44 0.46 0.47 0,47

4 0,45 0,53 0,50 0.49 0*42 0,49 0.42 0 .44 0.40 0,41 0*41

9 0.49 0,55 0,53 0.49 0.49 0,53 0*45 0.49 ;0 *46 0*46 0.4?
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0^ IIP IS TURK nr RAW SUGARS 111 THB VACUUM OVKlff

T!X$ UFFUCT 01 QVlUf TllPI^ATURE«

Hive gras* of Cutian raw sugar (now sample) in aluminium dishe; 
69 rams* diameter* Six replicates in each test*
Experiment 15

Hours Oven TearDenature 40°0. Oven Tenmerature 50°0*
Heat-*
ing 1 0 0 5 /*

O 1 2 3 4 5 6
1 0*39 0*41 0.4 o 0.43 0.41 0 *45 0.38 0*33 0*41 0.42 0*34 0*29
8 0*44 0 . 40 0.47 0.46 0.44 0*49 0*44 0*44 0*4? 0 • 46 0*39 0.33
o 0*40 0 *43 0 *45 0.44 0 * 3 0.47 0.43 0*43 0*47 0.4? 0*39 0 * a < L

4 0*48 0.49 0*50 0.49 0.4? 0.52 0*44 0.44 0.4? 0.49 0*40 0.33
9 0.48 0.49 0 * oo 0.50 0 • 48 0.52 0 . 54 0.52 0*53 0 *  54 0.44 0*33

Oven Temperature 60° C. Oven Temperatu;•o 7 0 ° C .

1 o
i»A 3 4 5 6 1 8 %

KS 4 5 6 -

1 0.50 0.45 0*49 0 *38 0 .52 0.50 0.43 0.48 0 . 3 7 0.41 0.46 0.48

2 0.4? 0.45 0.48 0.36 0.58 0.50 0.50 0.53 0.42 0.46 0.50 0.53

3 0.50 0.48 0*53 0.39 0*54 0*52 0.53 0.57 0 .59 G .48 0.52 0*53

4 0.50 0 . 4 9 0.52 0.40 0*54 0*53 0*49 0.52 0.55 0.44 0 . 4 9 0.52

9 0 * 5 0 0 * 4 0 0 > 5 3 0 * 3 8 0 * 5 4 0 * 3 2 0 * 5 7 0 * 6 1 0 * 6 3 0*62 0 * 5 5 0 * 5 8
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Experiment 15 (continued) »■»

Mean Results for the effect of oven temperature in the. vacuum oven 
determination of moisture in Cuban ravr sugar
Hours .Oven TemperatureHeating

4Q°0* 60°C* 60°0* 7O°0.

0*42 0*37 0*47 0 * 44
oc., 0*46 0*42 0*46 0*49
T 0*44 0*42 0*4-9 0.54
4 0*49 0*43 0*46 0.50
9 0*50 0*48 0.49 0*58
Total R ange 0.3? - 0*58

Atmospheric Conditions during the above tests s~
feet Ro om Temperature % Relative Barometric Pressure

Dry Bait
....C*....r,

Humidity mms*

40 C* 15.5 74 ■ 769

50° C. 16 81 743

60° C. 17 62 . 750

70°S, 19 69 765
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ETOCT Off THE P0SXTI0U OF TIPIS SAMPLE Iff THE 
VACUUM QVEff OH THIS APPARENT MQ IS TUBE COHTEFT OF

RAW SUGAR.

Experiment 16 Six replicates were placed in standard positions 
in the vacuum oven at 70°C. and. 68 cms. vacuum * using 5 gms. of 
Cuban raw sugar in each aluminium capsule.
These tests extended over 5 days with the 
oven and atmospheric conditions noted below.

Hours Meaii apparent per cent moisture.
Heating

1 ifC# 3 4 5 6 Average

1 0.50 0 .43 0.43 0.48 0.47 0-• 48 0.47

2 0.54 0.53 0.49 0.51 0. oO 0.51 0.51

3 0.54 0.53 0.52 0.52 0.50 0.51 0.52

4 0.54 0.52 0.52 0.53 0.51 0.52 0.52

9 0.60 0.56 0.55 0.55 tom•O 0.54 0.56

Average 0.54 0.52 0.50 0.52 0.50 0.51

Range of mean resuits 0.43 - 0 .60

Atoosfcherle and oven conditions

Day A too s.
Dry
Bulb

Temp. 0.
Wet

Bulb
% Rel.
Humid
-ity

Barom. • 
Press.
mms. Hg

Oven
Jacket
Temp.C.

Temp. 
Inside 
Oven °0.

Vacuum
mas.
Hg.

1 18 f0 14.5 68.5 765 70 69 680

2 19.5 16.5 74.2 759.5 70 69 680

3 19.0 16.5 76.0 763.7 70 69 680

4 19.5 17.0 82.0 769.3 70 69 680
5 20.0 17.0 82.5 765.0 70 69 630
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Experiment 16 (continued) ;~

RAEGES OF RESULTS*

Hour Tes t 1 Test 2 Test 3 Test 4 Test 5Min. Mass, Mm. Max. Min,. Max, Min. Max. kin. Max.
1 0.37 0.49 0.43 0.51 0 . 4 3 0.50 0.47 0.55 0.49 0.54
2 0 . 4*d 0.53 0.47 0.57 0.49 0.58 0.48 0.55 0.50 0.55
3 0.43 0.59 0.45 a  p - ; r .

\V  .  i j 0.4? 0.56 0.50 0. o5 0 .50 0.56
4 0.^4 0.55 0.47 0.5? 0.47 0 .53 0.51 0.57 0.53 0.62
9 0.52 0 . G 3 0.43 0.61 0.49 0.62 0.47 0.53 0.55 0.65
Ext]: ernes h  o.;37 (Ist. Ilour) to 0.65 (9th. Bour) ■•
Probable Mean Value 0*52 (so© previous table).

Experiment 17 s- Estimation of Moisture in Cuban ran sugar in the 
Vacuum oven with Continuous Periods of Heating.
The oven was at 70°C.. and 63 cms. vacuum : 5 gas* of sugar weighed 
in each of six aluminium capsules, 69 mms. diameter
Hours B1PLICATSS
Heating 1 2 .3. 4 5 6

2 0.52 0.61 0.61 0.55 0.58 0.62

3 0.53 0.61 0.59 0.57 0.59 0.54

4 0.50 0.54 0.56 0.50 0.56 0.58

5 0.55 0.56 0.60 0.56 0.58 0.59

Average
0.58
G.58
0*54

0.57

Th© avarag© results obtained in this test are rather similar to 

those obtained in Experiment 16. In general the vacuum oven appears 

to give slightly lower results than the steam oven.



jDITISIMXKAT10H Off APPARHHT MOIBTURB CQHTBHT OF RAW SUGARS

THE VAHIATXOH 13 IHPI7II)0Ah CAPSULES.

Experiment 17 Alnminii.ua Capsules 69. mms., diameter were used,

.weighing.5 gin,, samples of a Cuban raw sugar in each of six dishes., 
The vacuum oven was maintained at. 70°C.... and 68 cmo ..vacuum..
Hours Capsule Humber
Heating

1 2 3 A 5 6 Average

1 0*46 0.49 0.48 0.47 0.47 0.49 0.48

2 0*49 0.52 0.52 0.51 0.51 0.53 0.51

3 ' 0.50 0.53 0.55 0.50 0.51 0.53 0.52

4 0.49 0.53 0.55 0.50 0.52 0.53 0.52

0 0.53 0 • 55 0 • 58 0 .54 0.55 0 ,o5 0.55
{Per cent apparent aoi sture)

Mean Results for five series of tests:- six replicates in each 
Series Hours Heating and per cent apparent moisture

1 2 3 4 9

1 0.44 0.49 0,54 0,50 0.58

2 0.46 0.51 0.49 0.52 0.54

3 0.46 0.52 0.51 0.48 0,56

4 0.51 0.52 0.53 0.54 0.50

5 0.52 0,53 0.53 0.56 0.57

Average 0.48 0.51 0,52 0.52 0.55

■Ran̂ e 0 a 4 ft — 0.49- 0.49- 0.48- 0.50
0.52 0.53 0.54 o.56 0.58

Total Range 0.44 - 0.58
With 5 weighings for each replicate, this gave a total of 150 result



40?

.MTiSRMIMTIOH 01? IfOJSTIIRE IU RAW' CTJBA3T SUGAR IS  TIIS STEAM 
fiVPH AT 99.5°C. DST ALUMINIUM CAPSULES.

Experiment 18 six 5 gm. portions of the sugar weighed in 45 isms-,
diameter aluminium capsules : all samples in one compartment of the 
oven*

REPLICATESHours 
Heatin

SERIES 1
1 | | /dj 'ZM 4 fn.D 6 Average

1 0.59 0 .61 0.64 0.65 0,69

i
o•-o 0.63

2 0.64 0,65 0,68 0.70 0,73 0.62 0,6?
3 0, ol 0,63 0.66 0.6? 0.71 o ro 0.65
4 0.62 0.64 0.68 0,69 0.72 0.6^ 0,6?
9 0.63 0,66 0.69 0.70 0,74 o.eJS 0 ,68

SERIES 2

1 0,61 0.64 0,60 0,63 0.63 0.62 0.62

2 0.63 0.67 0,63 0.65 0,65 0,64 0,65
3 0,6? 0.71 • 0,66 0,68 0,68 0,67 0,68

4 0.69 0.73 0.69 0.71 0.71 0,69 0.70

9 0.71 0,75 o#O 0.72 0.72 0,71 0,72

Joint average for Series 1 and Series 2 (Steam-Oven), t~

1 0.63
2 0.66

3 0.6?
4 0.69

9 0.70

The probable Mean value is 0.6? s this 
compares with a Mean value of 0.52 for 

the vacuum oven.
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THB Ptrri’IRMXHA'I'IOH 03T iXIS'^UfC IH CUBAIT KAW SUGAR I1T THE
VACUUM OVjjjll USIEG 10 GM. SAMPLES

Sx-perimejit 19

vacuum. Six re 

in diameter.

Z The oven was mainlined at 70 C., and 68 cms. 

licates were weighed in aluminium capsules 69 mis.

Hours REPLICATES
Heating

1 2 3 4 5 6 Average
1 0.55 0.55 0.50 0.48 0.52 0.4? 0.51

■ 2 0.55 0.54 0.51 0.48 0.52 0.48 0.51
o 0 .58 0.53 0.54- 0.50 0.55 0.51 0.54
4 0.58 0.53 0.54 0.51 0.56 • 0.51 0.55
9 0.58 0 .58 0.55 0.51 0.5? 0.52 0.55

COMPARISON OF AVERAGE RESULTS FOR 5 M D  10 QMS.'SAMPLES Ilf TIPS 
VACUUM OVW.AIW 5 GMS • SAMPLES I1F TJIlu STB All OVEN .
Hour 
Heating

31

Vacuum Oven 
5 fms. Samples

40°C. 50 °C. 060 C . 70°C.
10 gms. 
Samples

Tests 
(5 0 ns.)

5 Gms

1 0.42 0.37 0.47 0.44 0.51 0.48 0.63

2 0.46 0 .42 0.46 0.49 0.51 0.51 0.66

3 » 0.44 0.42 0.49 0.54 0*54 0.52 0.67

4 0*49 0.43 0.46 0.50 0.55 0.52 0.69

9 0.50 0.48 0.49 0.58 0.55 0*55 0.70

Average55 Steam 
of 5 . oven

This average includes the results for 5 gm. sugar with continuous
periods of heating (Experiment 17).
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REPLICATE D1TERM1ITA'' WfflS OF'MOISTURE Iff CUB/JP RAW SUGAR W  THE 
STEAM OVER USIHG 5 CHS . II DUPLICATE ADD 2 HOURS HEATIffG PERIOD.

Experiment 20 The dishes used v/ere aluminium capsules 45 rams, .

in diameter' : They were placed alv/ays in the same relative positions
in tns middle bottom compartment of a cellular steam even for 2 hours

test
Each replieate/ms made on a different day or at a different time on
the some day.

Test Per cent moisture ef/a
Ho i

1 o Average
Rel.
Humid
-ity

1 0.67 0.62 0.65 769a* 0.60 0.61 0.61 82
3 0.60 0.61 0.61 SO
4 0.56 0.61 0.59 77
5 0*62 0.59 0.61 77
6 0.65 0.65 0.65 71
7 0.53 0.57 0.55 80
8 0.60 0.59 0.60 80
9 0.62 0.61 t* OU * o a# 74-
10 0.67 0.66 0.67 74
11 0.58 0.59 0.59 71
12 0.58 0.65 0.62 65.
13 0.62 0.61 0.62 65
14 0.62 0.62 0.62 71
15 0.56 0.57 0.57 67
16 0 *t>3 0.63 0 .63 82
17 O.BJ) 0.59 0.60 60
18 0.64 0*61 0.63 60
19 0.60 0 .62 0.61 74

Atmos- Baro 
lericl metr 
jiap. Press 
JG. hams.o,

20
17
18 
17
17
18 
16 
16 
16 
16
15
16 
15
14
15
16 
17
15
16

750 
762 
754 
756 
756
751 
743 
743 
756 
756 
766 
771 
771 
773 
775
759
760 
764 
758

Replicates on one 
Day for Comparison
2 Hours Heating

0.64
0.65
0.63
0.70 Series 
0.73 
0 >62 (1) 
oZS7 
c T M
0.67
0.63 series 
0.65
0.65 (2)

Av.

0.64 
Q.65 
0.52
0*61 Series 
0.61

Av.

0.55 
0 *58 
0*62 
0*58

(3)

RAITGE Min.
0 * 53

Max. Humidity Variation, 
0~67 ! 60 -“8 2 ^

Temperature Variation ;* 14 *• 20°G . Barom. pressure Variation 
-—  -------- -----— — —  743 - 775
ffote r- Series (l) and (2) above v/ere not in continuous heating 

periods : Series (3) was in continuous j)eriods of 2 hours.
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[IHaTI-JU OF NO I3TURN IN GTJBJlN R a W SUGAR.
VARIATION OP (E) Weight Taken : (b) Type of Dish used s

(c) Temperature : (d) Type of Oven used •

NO. MbTHOL Tiut-UP. GMS. DISH PER Oiim  lOSS--- °C. I 3 4 hours
1. Electri

Oven
e

65 10 Aluminium,
69 rams.diam. 0.39 0• 40 0.42

2. tf 65 5 51 « « 0.38 0.40 0.41
3. Steam

Oven 98 10 n ti (« 0.41 0.43 0.46
4. II 98 5 u it it 0.40 0.%45 0.47
5. Vacuum

Oven 70 10 W II If 0.28 0.32 0.34
t*. 70 5 It M tf 0.30 0.35 0.36

'No. METHOD TBiEP. GMS. Dish Per Gent Loss
G. TAKEN 4 Hours.

7. Steam
Oven 98 5 Watch-glass 0.37

8.
9.

»
tt

98
98

10
20

Al.S9mms•diam. (Sugar ground) 
Large Nickel Dish

0.37
0.44

•or-f n 98 10 Aluminium Basin 0.43

11.

12.

Vactluia
Oven

n
70
70

10
10

A1.69 mms.
it »*

diaa.)Sugar 
)ground 

n )

:

0.32
0.34

13. « 70 5 Watch-glass 0.34 !

14. n 70 20 Large Al. Dish,105 
Diameter.

mms. 0.35
;
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sum m c i  of qqiclusioib ok m s  otkm hbthob for the estimation og
WATER III RAW • SUGARS . ...

Effect of Time of Heating Weighing at Intervals of one hour give s 

lower results than weighing only after a continuous period exceed
ing x iiO nrs ;

there is an overall tendency towards higher apparent loss as the 
time of heating is increased;

The vacuum oven gives uniformly lower loss- figures than the steam 
oven, hut there is virtually the same order of increasing loss with 
increasing time*
Effect ox the weight taken The error due to multiplication may 
he come important; Thus 2 ,gms# taken means multiplication by 50 j 5 
gias, by 20 , and 10 gms. by 10.. It is not often practicable to use 
more than say 20 gms. of the sugar per estimation.
It is clear that too small a weight should be avoided, and for prac
tical convenience and rapid!ty a weight of not les-a than 5 gms, nor 

more than 20 gms. would seem to be.desirable for this method,

Sffect of dish material- Glass dishes appear to give somewhat - 

higher results than- aluminium capsules.' Nickel dishes gave the same* 
results ascglass dishes in these tests. The *dished* aluminium basin 

with only a small area in contact with the oven bottom gave a result 

intermediate between nickel and glass. The convex surface of ar watch 
glass similarly prevents sufficient transfer of heat to give evapor
ation of the water in a reasonable time.1

If feet of Dish Diameter Using aluminium dishes, the smaller diari- 

etor dishes tend to give Higher results -than those of larger diait
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Variation of results with similar dishes With a set of six 

dishes of identical dimensions it was found that there was little 

difference in the results given by any one dish,or between the 
results given by the six dishes. The actual position in the oven 

seemed to bo a much more significant factor.

Study of Replication A general conclusion from this part of the 

v/ork is that the apparent moisture percentage obtained is largely 
conditioned by the time of heating. The range in one test was from
0.37 per cent in the first hour to 0.65 per cent in the ninth hour, 
with a probable mean value of 0.52 per cent moisture after 150 

separate weighings. Contributing factors which disturb exact repli
cation include the temperature of the oven, the position of the 
sample in the oven, the type of dish used, the atmospheric condi
tions during the test, and the type of oven used.
Effect of Oven Temperature ) Temperatures of 40°,50°,60°,and 
70°C. were used in the vacuum oven, and did not appear to influence 
the results appreciably. In the ordinary oven, with a higher range-. 
of temperature, this factor was much more important, and. a departure 
of a few degrees from 100°C. had considerable effect on the moisture 

content found.
j- A Cuban raw

sugar gave an apparent water content of 0.67 per cent at 98°C. com

pared with 0.52 per cent water in the vacuum oven at 70°C.
E f f e c t  o f  position in the oven This was o f  definite importance.— nwimw   „........ m.i ‘smnntmrn-mn****— t     ■ 1      wn —  im - m w *nn-ir,*^.

Variations were recorded between dishes placed on the oven bottom, 

the oven shelf, and in positions close to the oven walls.



Effect of atmospheric conditions It seems probable that the
Atmospheric conditions of pressure, temperature, and humidity were, 

at least partly responsible for many of the variations found in the 
dsy by day replication of raw sugar moisture in the same sample. 

This effect has often been used as an argument against the use of 
the oven method.

Effect of Heating on the reducing sugars The results found 

show a decrease in the reducing sugar content on heating raw sugars 
in the steam oven, even after only 30 minutes heating.
It is possible that three actions are proceeding simultaneously 
during this heating, viz s- Inversion of sucrose ; increase in 
weight by oxidation ; and decrease in weight by .actual decomposi

tion of reducing sugars. ■
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SECTION 5 .
METHODS OF ANALYSIS>

PART 10 : Determination of Water in the Spencer Oven.

Introduction - The Spencer Oven s

T h e Drying of a known Lerulose Solution «
Application to Raw Sugars :
Effect on the Reducing Sugars in Saw Sugars.
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_jjgTgRi£IMlIQS Off WATER USIIsrs THE S^ffCBR'QVBff.
ABSTRACT .

In this oven, in which electrically heated air is drawn
through the sample being dried, four series of tests were made.
1. Known Levulose solution:- A temperature of 53°C. was too low* 
At 66°C. drying was satisfactory, and required 4 hours. 
Temperatures above 75°C. were unsuitable and should not be used. 
2.Spencer and Steam Oven Comparison on Raw Sugars s- In the steam

Qoven 0.84 per cent water was found, compared with 0.72 at 70 C.,
0.73 at 77°C, and 0.75 per cent water at 91°C. in the Spencer

oven.
3. Moisture in different siaes of Raw Sugar crysta 1 e__Lz.

The differences found were not significantly great*
4.Effect of Spencer Oven heating on 1'feducing_Sugartfsiag a 
Cuban raw sugar, heating above 115°C. for over ^0 minutes caused 
a progressive decrease in the reducing sugar content.
ftfneral ■. Conclusion t - ..

The Spencer Oven can yield comparable 
results in routine testing, but it cannot be regarded as m  

accurate means of determining water in thermally, sensitive 
substances.

 ».O0o«----
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rn?TTT FOR THE DETBRMIMTIQH OF. MOISTURE IN SUGARS 
MOLASSES, SYRUPS.JUI0133,Etc.'

The Spencer oven is a device for passing a large volume of air 
over a heating element and ..then through a capsule containing the 
material to be dried. The temperature is regulated by a rheostat.
The capsules are made of aluminium and have a metal mesh hot-com of 
Monel metal to permit air to pass. Solid sugars are weighed directly 
into the capsules, (See Spencer’s Cane Sugar Hand Book,7th, Ed,, 
p. 253,1929).
\\Tith liquid products the material is absorbed on asbestos. Several 
precautions are hecessary to ensure concordant results s- The asbes
tos should be freshly ignited and fluffy,only one test should be 
made a ija time and not more than 4 ecs* of the liquid used/ The oven 
should be brought to temperature of operation (about 1 1 0 ° C . )  before 
inserting the sample s liquids other than thin juices should be dil
uted 1 t 1 before weighing.
PROCEDURE The capsule is loosely filled with fluffy freshly -
ignited asbestos and heated in the oven at 110° C ,  for a few minutes,
cooled, and weighed. The liquid is then slowly added froiji a weighing 
bottle fitted with a dropping pipette,taking care that it is absor
bed by the asbestos,(The drops should be &ept to the middle of the
asbestos ; if there is any sign of liquid on the bottom gauge,start

0 *again.) The capsule is the^placed in the oven(at 110 C.),and suction 
applied for 20 minutes,keeping the temperature at 110 C, $ it is now 
cooled and. weighed. It has been founds that the air will not pass
evenly through two or more capsules, so one sample only should be

tested at a time*
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.JLfoft... drying of a Levulose Solution, in the Spencer Oven.

The levulose solution used contained 61.73 per cent water arid 
38.2 7 per cent levulose. It was absorbed on either Gooch asbestos
or 16/20 mesh pumice in the usual Spencer Oven capsules.

NO. Average Hours Apparent Per Cent Watergeinp. Heat-
ing 1 . 2 . 3. 4. Average

I 73-78 3 • 5 61.95 61.69 «*• —i 61.82
2 73-78 1.33 61.18 61.07 - - 61.13
3 77 2.5 61.37 61.27 - - 61.32
4 77 4.0 61.59 61.57 - - 61.58
5 75 6.0 61.64 61.60 - - 61.62
6 77 7.0 61.77 61.72 - - 61.75
7 77 9.0 61.74 61.72 - - 61.73
8 77 11.0 61.78 61.74 - - 61.76
9 76 13.0 61.82 61.76 - - 61.79
10 76 16.0 61.77 61.74 - - 61.76
1 53 2.0 61.12 61.12 61.14 61.05 61.11
2 54 4.0 61.13 61.11 61.14 61.07 61.11
3 52 8.0 61.23 61.20 61.21 61.19 61.21
4 . 54 10.0 61.28 61.26 61.29 61.26 61.27
5 53 14.0 61.34 61.31 61.34 61.30 61.32

6 52 19.0 61.16 61.12 61.16 61.06 61.13
7 53 26.0 61.19 61.17 61.20 61.14 61.18

1 65 2.0 61.56 61.58 61.61 61.59 61.59
2 67 3.0 61.67 61.69 61.73 61.73 61.71
3 68 5.0 61.71 61.74 61.77 61.74 61.74
4 64 1 6. 0 61.72 61.72 61.75 61.77 61.74
Wei*s.ot levu^Lose 3.0274 3.0740 3.0446 2.9953 *•

w asbestos 3.7979 3.8540 3.2051 3.8149 —
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of Levulose Solution in the Spencer Oven.
At the drying temperature of 6 6°G. drying appeared to be com

plete in aoout 4 hours,and there was little change after 16 hours
from the figure reached in 5 hours. The dishes which had a degree
or two higher temperature were highest in apparent per cent water.

At 53°G. the temperature appears to be too low for the levu
lose to part with its last traces of water.

Examination of the residues left in the capsules indicated 
that the solution remained in the top half of the asbestos absor
bent ,leaving the bottom part of the packing unused-i.e., about 3 
gms. of the levulose was absorbed in about 3 gms. of the asbestos.

At 90-95°0. there was a distinct odour of burnt sugar in the 
air j this is too high a temperature.

At a tempex’ature of 82.5°C. the correct result was obtained 
in 90 minutes, while at 8 3 .7 °0 . the correct result was exceeded in 
65 minutes. It seems probable that it is not wise to dry a sensi
tive sugar like levulose above 75°0. in the Spencer Oven. 
Temperatures *— The Spencer Oven, was fitted with four thermomet
ers and temperatures taken during the final experiment • some 
specimen results are here shown s-
At start Temperatures °0., after Thermometer
Oven empty Minutes Number

1 3 5 9 10 12 15 17 , 20

87.5 81.5 80.5 81 81 81 82 83 83 83 1

87.0 82.0 80.5 81 81 81 82 82 82 83 2

87.0 82.0 81.0 81 82 82 83 83 84 84 3

85.0 82.0 81.0 81 82 82 82 82 84 84 4
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Solution in the Spencer Oven (continued) s-
No. Average Hours

Heating

—  *-*’ M J ^ V U V V A  V / V ^ U  S
Apparent Per Cent WaterTemp.

o , ,
\y •

1 . g. 3. 4. Average

1 85 1 61.72 61.82 61.85 61.77 61.79
2 87 2 61.83 61.86 61.88 61.85 61.86
3 89 3 61.88 61.93 61.96 61.92 61.92
Average temperatares 86 85 86 87 —

1 80 1.5 61.77 61.74 61.74 61.77 61.76
2 85 2.5 61.76 61.72 61.76 61.77 61.75
3 78 3.5 61.79 61.72 61.77 61.77 61.77
4 95 4.5 62.03 61.96 62.01 62.00 62.00
Avei age 'i'emferatures 80 78.5 82.5 81.0

Mins,
1 78 20 39.86 33.95 40.19 42.87 39.22

82 40 59.43 54.64 59.20 61.19 58.62
3 82 60 61.51 61.46 61.51 6U54 61.51
4 84 80 61.62 61.62 61.64 61.63 61.63
5 87 120 61.6? 61.68 61.72 61.69 61.69
6 85 140 61.72 61.73 61.79 61.76 61.75
7 88 160 61.73 61.73 61.77 61.75 61.75
8 88 100 61.60 61.61 61.65 61* 64 61.63

SUMMAHT OF RESULTS#

Average Time to get Best Result (Levulose Solutior
Temperature Approx. correct 

Result,Hrs.
Obtained 61.73 $ Water)

75-77 7 61.77 and 61.72
53 14 61.34 (followed by less).
66 3 61.71 and 61.74
85 1 61.79 (Temperature too high).
80 1.5 61.76

. I
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of Steam Oven and Spencer Oven for Raw sugar Moistures. 
These tests were made using a Barbados Raw Sugars

Sp.g_Q.cgr Oven:- Av, Temp, 70°0., four samples in oven at once,5 gms, 
Test sugar in each capsule.
Hr s. 
Heat
-ing
...

Apparent Per Gent Moisture
1 . 2 . 3. 4. Mean

1 0.70 0.69 0.72 0.71 0.71
2 0.75 0.69 0.72 0.72 0.72
3 0.74 0.70 0.70 0.72 0.72
4 0.72 0 * 71 0.73 0.70 0.72

Test 2a:- Started with four capsules at 73°C.* and removed one 
each half-hour. Test 2b s- Repeated 2a at 8 8 °G. start# All on 5 gms»
Hr s. 
Heat 
-ing

Av.
©inp • 

On
\J •

Vessels
in
Oven

Apparent 
Per cent 
water

Test 3 s— 
Oven at 99

Same sugar in Steam-
°c.

Ho. Gms.
Taken

Hours Apparent 
Per Gent 
Water2a*0.5 73 4 0.69

Heating

1.0 77 3 0.69 1. 10 5 . 0.80

1.5 77 2 0.73 2 . 10 5 0.82

2.0 78 1 0.73 3* 5 2 0.83
2b.0,5

1.0
88
88

4
3

0.75
0.77

4-
5.

5
10

4
2

0.91
0.80

1.5 91 2 0.75 6 . 10 4 0.87

2.0 95 1 0.71

The effect of temperature, and the effect of the number of samples
in the oven at one time are clearly seen from these tests.
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petermination of Moisture in different sizes of crystals in 
jyarious Raw Sugars in the Spencer Oven.

Screen Analysis of Sugars used
Source of Colour Per Cent Retained on MeshSugar

10 20 30 40 50
l.San Domingo Dark 1.54 83.41 14.79 0.24 0.02
2 . M “ Light 5.72 89.72 4.56 - -
3. H Medium 0.0 1 65.57 32.90 1.42 0.10
4.Ratal — 0.23 53.53 45.35 - -

RESULTS:

Sugar Temperatures °C. UC.Temp.
Range

Pe
Start Middle End Normal

Sugar

1. 88 87 90 85-90.5 0.034

2 . 85 87 89 85-89 0.041

3 87 88 90 87-90.5 0.039

4. 85 87 89 85-89 0.027

Per Cent Moisture
Portion Retained on 

10 20 30 mesh

.0.059

0.024

0.040

0.042

0.025

0.034

0.026

0.041

0.024

The tests here recorded were carried out to see if there was 
any marked difference with small crystals where the surface of the 
molasses film on the crystals would be necessarily less in area, 
and where in consequence less water might be expected to be present 

The most notable difference is on 30 mesh with Wo.2 sugar, 
but this result is in direct contradiction to the result expected. 
In any case the differences are not significantly great.
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m  RTi QVKW VMjnm  ON THE REDUCINQ StJGARS

IN CUBAN RAW CAN!-; S (THAR , 
t ive grams ot the sugar were taken lor each test and the 

time factor was varied for temperatures of 110,115* and 12Q°C. 
Reducing sugars were estimated by the Lane and Eynon method,and a 
control test was run in the steam and vacuum ovens.

NO. Temp,of Time of Reducing Apparent decrease infie at ing Heating Sugars ISoisture Reducing°c. Llinutes. p of Sugars ^

1 120 40 1.02 1.72 0.2 2
2 II 35 1.08 1.67 0.16
3 It 30 1.13 1.62 0.11
4 II 25 1.17 1.57 0.07
5 II 20 1.20 1.52 0.04
6 II 15 1.22 1.47 0.02
7 If 10 1.22 1.44 0.02

8 115 40 1.08 1.69 0.16
9 it 35 1.13 1 . 6 4 0 * 11

10 »» 30 1.16 1.58 0.08
11 it 25 1.19 1.52 0.05
12 H 20 1.21 1.46 0.03
13 t l 15 1.22 1.41 0.02
14 ft 10 1.22 1.41 0.02

15 110 40 1.11 1.52 0.13
16 tl 35 1.14 1.50 0.10
17 II 30 1.17 1.49 0.07
18 I I 25 1.19 1.48 0.05
19
20

« 20 1.21 1.47 0.03
ft 15 1.22 1.46 0.02

21 11

.... .
io:. 1.23 1.44 0.01
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:Ok;̂ i£L Oft CUKAh HAW SJGaK IK S1KAM AMD VAQUU m  OVAm S 
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appakk^t
ifcOXSxJKK
■ -JL-.__

OKIOIKAL 
S U JrA:\ 1.24

Vacuum 60 4 1.24
1.24

1.40
M .70 4 1.48

Steam 98 4 1.16 1.49

<UQ|«CLdS|OliS This work shows thAt heating above i!5°C. for
over 20 minutes causes higher apparent moisture percentage to be 
recorded when using the Spencer oven system. There is at the same

It does not seem that there is appreciable inversion of 
sucrose under these conditions ? in fact, sucrose is probably 
stable in normal circumstances at this temperature dnless Jrhe 
medium is of low pH value.

The Spencer oven cannot be regarded as an accurate means of 
determining water in thermally-sensitive substances, but it will 
yield comparable results for routine testing when the oven is 
carefully controlled and standardised.The apparent increase in
moisture in a raw sugar would be reflected as an increase in the
Safety Factor of the sugar ( 5.F. - Moisture  ), where the( 100 - Foln, )
maximum allowable ratio is 0.33. The Factor would appear fictit
iously high. Kot much harm would result as a carefully watched
sugar of apparently high safety factor would in reality be quite 
safe.

time a progressive decrease in the reducing sugar content
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iii&  DRY lb  0 Qj? S UuiiiiS Ui\ix)i2tK YAOU uil

_ A— ON T iiiit SislKBlA D E f i l i3 OVdM

u. R. bhKBIA (Sugar, Aug. 1943, p. 19} has described a simple 
and inexpensive oven for determining raoisture in sugars.

It is a combination of the Spencer oven method of drying in a 
current of heated air and the Official vacuum oven method.
A thermostatically controlled electric drying oven supplies the 
heated air at the temperature required. The circulation of air 
within the oven is arranged so that it passes over the heating
elements, the thermometer and the thermostat, and thence goes 
through the sugar sample contained in a perforated capsule.
The capsule is itself placed in an airtight chamber with an easily 
removable cover. A manometer connection is provided and the rate of 
flow of air can be regulated from outside to give the desired 
pressure. It is possible to dry 10 gram samples of sugar in 30 
minutes at 75°C. with a vacuum of 25M after which the loss is less 
than 1 mgm. per hour. At higher vacua, lower temperatures can be 
used and the operation is completed in very much less time than 
that prescribed in the official methods.

^ bleedI

SERBIA'S D R Y I N G  

O V E N
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SSQTIOK. 5*

METHODS OF ANALYSIS.

Part 11 t The Determination of Water by Desiccation Methods#

Introduction s 
The Drying Agent :
Discussion of Factors influencing the Methods 
Experimental s 
Summary of Results.
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-^e ^termination of Water by Desiccation s- Introduction*- 
Pyl*Yg£_ M leif ( * Technology for Sugar Refinery Worker®* .Chapman and- 
Hall, London, 1941* ;p„ 304), states that 11 It is most unlikely 
that faulty estimation of water accounts for our unknown loss,hut 
the fact remains that the estimation of water in raw sugars, 
molar;sob,ana. golden syrup U  one of the parts of our analysis in 
which r/e cam put least faith, and is the on© estimation that can 
put all our lose figures entirely wrong."

Therejts a natural tendency in most experimental work on sugar 
moisture determination to tost the complex substance being invest
igated-© .g, golden syrup, starch, or glucose syrup, although its 
true water content is not and cannot be directly known.

On the other hand it is difficult, if not impossible to pre
pare a synthetic material'■ which will contain all the constituents 
of the natural material in their correct ratios.

The chief problem with most methods of determining water is - - 
in knowing when to stop - that is - the time at which the percent
age recorded is -the true amount of water present in the sample 

under test. -
A further difficulty is that different methods used for the 

estimation do not usually giire comparable results, for instance, 

one method may give both thefmechanical1 and the combined water, 

while another method say give only the fmechanical1 water.
The importance of adequate and correct sampling must also be 

emphasised i no analysis can be any better than the sample.
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states that the method of vacuum desiccation 
at, room temperature chows marked variations in the amounts of 

water aosorbee, tnis being clue principally to the difficulty of 
;̂aint<;„lining cons taut pressure in the desiccator and constant 
composition in the drying agent. He also noted that these tests 
are tine consuming, and require careful attention,

 d0 »ot consider this method any more
accurate than other methods, mainly because of the uncertainty of 
gauging the exact end-point of the 'estimation. They found that 
flour itself is a good desiccating agent .when dry, and will then 
absorb water from many reagents used for drying. In addition, 

particles of flour are often lost while evacuating the desiccator. 
Phosphorus pento&ide was found to give lower final results than 
sulphuric acid owing to the impervious gl&ae which soon forms on 
tho surface of the solid reagent.
Coleman and Snider (1935) take the contrary view that this method 
can reasonably be assumed to represent more nearly the true water 
content of a material than results by any other method largely on 
account of the absence of boating. Be Thailey*s views have already 
been mentioned in this connection.
Rice (1927) states that desiccation at room temperature will r m o m
water of crystallisation from some but not from all substances 

likely to occur in final sugar syrups.Such syrups reached constant 
weight in 48 hours in a Hempel desiccator with sulphuric acid at 
2.6 erne. pressure* and no further loss was found after 10 days.
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Desiccators showing stirring arrangements and Safety Box.

Figure 59*
ecMovtiL or w^rae f/Cq&i # 39- 92
CSA/T L£YUi-OJ£ 8o*-ur/o*/ 6*/ 2>^y//V(̂

—P £ £  C £ rfr Hr/jT£i£& Er*tovED—  '

Figure 60.
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DESICCATION AT ROOM TEMPERATURE -

THE DRYIHG AGENT
(Chem Hews, 1*50,340,1925) stated A satisfactory desicc

ating agent should have the qualities of high, capacity and high 
activity* and should show little change in efficiency with change 

of temperature* It should be capable of easy and repeated re-activ
ation and be cheap and obtainable in large amounts.

Other desirable qualities include absence of channelling through 
use, absence of volume change through water absorption, freedom 
from stickiness, and non-reactivity with the substance being dried* 
Booth and McIntyre (I.E.G., Anal* Ed., p. 12, 1930) pointed out 
that the use of desiccators in the analytical laboratory is frequ

ently faulty* and often led the chemist to form erroneous ideas in 
regard to its efficiency - In view of the moisture always inadvert
ently admitted, no matter how rapidly the desiccator Is opened and 
closed, it is useless to use a desiocan# of the highest drying

j

power such as Pa06, since the object cooling in the desiccator will
i

ordinarily be removed for weighing before the space can be dried j 

comoletely... •*.<•' Generally the air in the laboratory Is nearly

saturated with moisture**.*. j

The authors considered sulphuric acid to be satisfactory,apart from

advocated hydroxide-free calcium chloride as a neutral desiccant. 

Bower (Bur* Stands. Jl. Res.,id,241,1934) studied the comparative 
efficiencies of various dehydrating agents usea for drying gases.

,gor o f spilling, for use in ordinary analytical work, and

His results show the various dehydrating efficiencies to fall into 



430

four groups,in which the agents are arranged in order of effici
ency (most efficient first). The group headings show the mgma» 
water left per lifrre of ait after drying at 30.5*8. with the 
desiccants mentioned s-
CxHOOI 1 Residual water 0.00065 to 0.005 mgms.

Barium Oxide s Anhydrous Magnesium Perchlorate : Calcium Oxide : 
Calcium Sulphate.

GROUP 2 • — Residual water 0.01 to 0.02 mgms.
Potassium Hydroxide (sticks).

GROUP 3 8- Residual water 0*02 to 0.05 mgms.
Silica Gel : Magnesium Perchlorate trihydrate.

GROUP 4 im Residual water 0.1 to 0.3 mgms.
Calcium chloride (anhydride) s Sodium Hydroxide (sticks) $
Barium Perchlorate (anhydrous) : Zinc Chloride (sticks) i 
Calcium chloride (technical anhydrous) s Calcium chloride 
(granftlar) : Copper Sulphate (anhydrous).

It is clear that the only real dehydrating agents are to be fouM 
in the first three groups, those in group four being more correctly 
called dehumidifiers. The efficiency of calcium oxide will be 
greatly reduced if it contains even small amounts of silicates or 
aluminates which glaze its surface during the burning.

THE MODE OF ACTIOH OF DESICCATING AGENTS.
The removal of water from a system by a drying agent Is generally 
accomplished either by fixation of the water by chemical reaction 
with the agent, or by removal of the water by physical surface 
adsorption. Some drying agents combine these two mechanisms,drying



both by chemical combination and by contact adsorption.
When new chemical compounds are formed the capacity of the drying 
agent for water is dependent upon the number of co-ordinate valen
cies which come into play.

f
Drying agents which react through primary valence bonds 

include Pa05 and metallic sodium or potassium. With PsGg metaphos- 
phoric acid HPG0 is formed as a first product of the reaction with 
water,and finally orthophosphoric aeid H3PQ*. This type of reagent 
forms the largest group. The primary valence type shows the great
est number of perfect drying efficiencies, but as a rule they are 
not regenerative, and while exceedingly fast have often low capac
ity. The physical and chemical properties of the product are often 
undesirable in this class also. Bower (loc.cit.) divides drying 
agents into five classes with efficiencies depending upon physical 
and chemical reactions of the following types s- 
Glass 1 A(HsO)y ♦ xHsO « A(H80)x 4 y(solid) ; examples- 

Calcium chloride monohydrate 
CaCl2.H20 4 H20 = CaCls.2Hs0.

Glass 2 s- A(solid) 4 H20 =» Saturated solution,e.g.,couaaon salt.
Glass 3 • - A (liquid) 4 Hs0 » Solution, e.g., Sulphuric acid.
Glass 4 Adsorption drying agents, e.g., Silica-gel*
Glass 5 M + (Bs0)x * K(OH)x 4 x/2 Hs,where M « metal :

Examples metals and metal alloys such as the alkali 
and alkaline metals and their amalgams.

Thus class 1 gives solid reaction products, class 2 gives saturated 
solutions, class 3 gives solutions of low vapour pressure, class 4



hold water by capillary attraction, and class 5  absorb water through !
■ !its decomposition to form hydrogen* j

CO-ORDIHATIOH DRYING AGEKTS A W  PRIMARY VALBKCY RBACTATO5* |
Drying agents which form new chemical compounds in removing 

water from a system can he classified by the Werner system of j

co-ordination types* The eo-ordination numbers are usually 2,4, or 
6,1 : 5 and 5 are less common*

i
The water molecules and the parent substance are joined by i

secondary valence bonds, and the combination is generally less !
intense as the number involved decreases* I

The capacity of reagents of this type for water is dependent 
upon the number of co-ordinate valencies at work* Thes desiccants j

are usually less efficient than the primary valence reactants* 
Phosphorus pentoxide and the alkali metals are examples of the 
primary valence type of deslccan£, and anhydrous magnesium perchlor
ate is the most efficient of the co-ordinate valence desiccants* j

ISTJiHSIVii DSIIIG* j— .— — _ — —  p

The principal investigations of water catalysis due to Baker* j
(J.C*S.,ill, 1862,1907 5 101,2239,1912 I 121,568,1922), involved th© j
study of intensive drying,with a technique based on heating glass |
apparatus nearly to fusion in a vacuum, and the use of Ps0e as
drying agent over a period of several years* Many attacks have been ,
made on Baker’s results,with which we are not concerned here* but the;
experiments emphasise the difficulty of removing the last traces of !
water from a system* Smits has given a theory of dynamic allotropy,
where water catalyses the changes between two molecular species in 
the und-pied licmld*     r:



THE DRYING OF  • SUGAR - SOLUTIONS AT KOOAl TSMPiGItATiJKE.

■ Jiihii)iTAh

Solutions of sucrose, glucose, and levulose were dried at 
room temperature, (a) in a static atmosphere, (h) in a stirred 
atmosphere, using concentrated sulphuric acid as drying agent,

Celite of sand were used as dispersing and absorbing media. 
Similar tests were made using golden syrup, and vacuum drying 
was also tried with this material, both at room temperature and 

within the temperature range 36^50eG.
The moisture content of a raw sugar was estimated at room 

temperature with stirring : this was intended to serve as a 
contrast to the estimations made on solutions as above,

A detailed description of the various factors encountered, 

and of the precaution© found necessary^!© given on the following
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THE DRYIBG Off SUGAR SOLUTIONS AT ROOM ‘TBICPEEATDHB

1. Use of single desiccators :» It was quickly found that each 
sample must have a desiccator to itself. Thus, for example,with 

two samples in one desiccator it was found that the first sample 

taken out differed by 0.0004 gm. from the previous weighing (loss) 

The second sample which had suffered exposure during the opening- 
of the first weighing, was found to he 0.0039 gm. heavier, a gain 

of nearly 4 milligrams,, apparently clue to the double exposure.
2. * Pished1 Containers s- The ’dished aluminium containers used- - 
in one series of tests were found to be unsuitable for two reasons 

firstly the uneven thickness of the sample layer caused uneven 

drying, and secondly there was very poor contact with the oven 
surface when these dishes were used for oven drying : this also 
applies to the use of watch glasses which are frequently recomm

ended for moisture determinations.
3. Mixing water used:- The amount of water added had to be varied 
to suit the nature of the absorbing medium, the nature of the 
sugar dried, and the amounts of the sugar and absorbing medium 

weighed.
4. Use of stirring In tests involving stirring it was found 

necessary to have a shield over the sample to prevent glass or 
rubber dust from the stirrer falling into the sample. Care was 

also required to ensure that there was no blowing away of the 
sample as it become dry * this was more likely to happen where 
celite was used as absorbent .Regulation of the stirrer speed was 

thus important, with adjustment as the motor warmed up.
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5.»,§L1l̂iyLs n«,rgQ ff«* Is one or two tests loss was caused by static
charge induced by wiping the dishes,e.g. in one case particles of 
cellte flew to tne lid after its inner surface had been wiped*'
This charge must therefore be guarded against by the usual pre

cautions of micro-analysis when wiping the dishes *
6# Time factor in weighing and manipulation ;- Approximately 15 min

utes was required for the complete weighing of one sample,that is, 

for the weighing of dish,lid, and rod alone, then plus absorbent,and 

finally with the sugar solution,or three weighings in all,It took - 
about 5 minutes more to pipette the mixing water and mix it with the 
sample.

7. Precautions with Celite This material, especially the analyti

cal reagent grade, is very light a n d  ’ f l u f f y *  u n c i therefore liable 
to loss by blowing away unless care is taken. This loss is most 
likely when the mixing water is added. The commercial grade of cell te 

(acid-washod) was preferred as absorbent since it was not so light.
On the whole there was better agreement among the replicates when 

celite was absorbent than when sand was used. It is possible that 
the greater surface of the celite may render it more liable to absorb 

moisture while weighing, although no trouble was actually encountered 

from this in the course of this work. Static charge was much more 

noticeable with ignited sand than with celite or pumice.

8 , Advantages of Celite (a) Ho preparation is required except 
ignition ; (b) larger surface exposed than with sand or pumice :

(c) the weight is less :(d) it dries adequately at almost anŷ  ratio 

of celite to syrup : (e) it is almost white, hence decomposition is
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sTi07/h up;(f) lo;. s igniter i? required than with sand. Its main 

disadvantage is the risk of loss in air currents.

9-̂ .JUkQĵ ijy, ,,O.A..Jknfc&£...jioXuujon iQr_..s3rrun. to be weighed !•** Since 1 mgm, 
makes relatively a large difference in the moisture content when
small amounts of syrup are weighed, an amount equivalent to 0,5 gm.
solids is the minimum which should he taken. 

lQ.....h!he_,gaixirir-’.o.f. the....sample with the absorbent usin,7 water 

Host of the discordant results obtained in the earlier part of the 

work could he traced to incomplete mixing of the sample with the 
absorbent* Enough water must be added to ensure thorough mixture, 

without swamping the sample. It is possible that failure here is a 

frequent source of error in the determination of total solids, 
fOTSS APPLICABLE TO OVEH 33RYIBTG
1. Decomposition of levulose Levulose appears to start decompose 

ing immediately the last trace of water has been evaporated. It is • . 
also more liable to loss by evaporation while weighing, for instance, 
a loss of 1 mgm. in 2 minutes was found while weighing a 39 per cent 

levulose solution.
2. Metal dishes arc generally more uniform than glass ones, which 

often have a concave base, so that there is not complete contact of 

the bottom of the dish with the metal of the oven.
3. The rate of evaporation depends on the rate at which heat can get 

to the sample, and also on the rate at which water-vapour can escape 

from the oven. There may be danger however in having too good a rate 

of heat transfer, as the tendency to burn and decompose will be grsat

es A plane glass dish has - some advantage with heat-sensitive 
materials.
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LIST Oi,-i • ON 1jaYIMG Oj? StJGAR SOLUTIONS BY DESICCATION AT
LG”.V TLulPLRA'TlTHES .

No. SU'GAd SOLE. DBS10GANT METHOD
1

2

Levulose on 
Celite 4 : 1 

M 3 s 1
Sulphuric acid

9 tt
Static: 2 in one desicc

atorK 9
3 Sucrose on 

Celite 2.8:1 r» ti 9 ft
4 Glucose Soln. 

on Celite 2.8:1 « » * s in separate 
desiccators

5 Levulose on 
Celite 2.8:1 n n Vacuum desiccation

6

7
Levulose on 
Celite 2.8:1 
as in Ho.6

« tt 
n t« With Stirring9 ;»

8 As inNo. 6 
using sand tt t» With Stirring

9 As in No. 6 tt 9 H II

10 Sucrose on 
Celite ft 9 With Stirring

11 Glucose on 
Celite ft » 9 M

12
13
14

As in No. 11
Haw Sugar
Golden Syrup 
on Celite

» » 

9 9 

n »

9 »
" H(no Celite) 
« «

15

16
17

18

19
20

21
22

Sucrose on 
Celite
Golden Syrup
Golden Syrup 
on Sand 44 :  1
Golden Syrup on 
Sand 30 • 1
Golden Syrup on 
Sand 23 * 1
Golden Syrup on 
Sand 44 : 1
G.S.on sand
G.S.on sand

9 9

9 9

9 9

» «

9 « 

tt 9

t» 9

With Stirring and 
vacuum 

Circulating Fump & \ 
Vacuum Stirring
Static Drying 

Vacuum Desiccation

H »

0Vac.oven at 36-50 0.
» « 50°C.
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£^Q8£-^-^jSlQ.Q4yiOi!? Off :>9.92% levulosh; sq iu ti qn.
COIJDITI0H3.

ABRaNG m - i m

DliS IG 0aHT

ABSORBIMG MEDIUM
DISHES

:iAKPL3 SUk FACS SXPOSiSD 
HaS04, ; sURFACE .3XPQSRD

Two samples in one desiccator 
static desiccation.
1500 cc,s. I.81*. sp. gr. fresh H2 iO* 
followed in 1 case by KOH drying 
( k d k gras. J
Ignited celite 2.5 gms. per sample. 
Glass petri dishes' 82 rnms. diam. 
x 13 mms. deep.
82.8 sq. eras.
268.8 so. cms, 

RATIO ABSORB-W _s, :>UQAK SOLIDS Approx. it- : 1 
fUTIOJ^TtiR TO D^SICGABT Approx. 1 :■ 76
DlRTiUffC ' Siil IPL? TO D W I Q G j BT « Approx. 25 mms.
RATIO OF 3LJHFA0S GCPQOBB
saMpiS' :‘“d :i3s i85aS? Approx. 1 :

RESULTS The experiment was continued over nearly 33 days and
there was about 0*5 per cent of water still retained in the 
after that time. It is evident that the static drying of a sugar 
solution at room temperature is very slow.
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Drying of Levulose solution.
---- I d ( 2 )

ft. of T.evulose Solution l .5085 1.5680

ft. of Viter present in Levulose solution o .9061 0 .9 ^ 1

Water added 9.000 9.000

Water total present 2 M 9.9»21

No, Tiroe i.ater T,o;;t gtas . Hater Left gms.
Hours ill” (2) ill ( 2 )

1 67 6.9327 6 .2655 3.3534 3.6766

2 94 8.5035 8.9867 0.9194 1.4386

5 116 9.8867 9.9282 0.0194 0.0139

k 159 9.3939 9.9368 0.0122 0.0053

5 163 9S957 0.9395 0.0104 0.0026

6 256 9.8955 9 . 958I 0.0106 0,0040

7 239 9.8967 9.9403 0.0094 0,0018

8 261 9.8965 9..94XO 0.0096 0.0011

9a 265 1500 cos. Fresh HgSO*

9 285 9.8956 9.9425 0.0107 -0.0004

10 312 9.8951 9.9430 0.0112 - 0.0009

11 406 9 . 891.7 9.9435 0.0116 -0.0013

12 431 9.8969 9.9542 0.0114 +0.0079

15 450 9.8967 discarded 0.0116

I k 475 9.8971 - 0.0092 "
l^a
15
16

17
18 

19

No. 1 tram:
548
6x3
642

717
788

ferred  to de
9.8979 
9.9006
9.9005
9.8989
9.8992
discarded

sioootor with fresh KOH 
0.0084  
0.0057 
0.0056  
0.0072  

0.0069

-
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. ( continued) - j.’LaU O UlilD

Ho. Drying
Time
Hours

3 1x6

k 139

5 163

6 236

7 239

8 261

9a
9

265
295

10 312

11 1*06

12 i*31

13 i*50

llfS
Ik

Ho.
1*75

X5 51*8

16 618

17 61*2

18 717

19 788

% Wat or end 4> Total .10lids 
(1)

Difference from 
known Total Solids

H20 56 .76
7 . 3 .  a , 2 2

59.27
¥>.73

59.37¥> ,65
59.39¥>,61
59,¥*
¥>,56

59*^3
¥>.57

1500 ccs. Fresh Ĥ SÔ
59.36w .64
59.33 1*0.68
59.29  
14.0.71
59.30 
1*0.70

59.29  
1*0 .7 1

transferred to desiccator with fresh KOH
59A8 1*0.52

(21_____ ( ! ) ( 2. L  .

59.20
1*0 .8 0

+ 1.50 4- 0*88

59.75
1*0 .25

4- 0.81 + 0.55

59.92  
1*0.08

+ 0.71 + 0 .16

59.82
1*0.18

4- O.69 + 0.26

59.96
1*0 . 01*

+ 0 *6if + 0 .12

60.02
39.98

+ O.65 4- 0 .0 6

60 .12  
59.68

+ 0 .72 - O.Oii-

60.15
39.65

-4 0.76 -  0,07

60.17
59.65

+ 0.79 -  0.09

59.56
ko»k%

+ 0.76 4- 0.50

is carded + 0.79 •

59.51 
1*0.1*9
5 9 . 6 8
1*0.32
59 *fa7 
40.33
59.58 1*0.1*2
59.61
1*0.39

+ 0 .6 0  

+ 0.57  

+ 0*¥> 

+ 0 • ¥  

+ 0.50 

+ o.k7

i
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101 OF 39.?2^ imjLOSS SOIJDTIOH.
o o b d it long.

Two samples in one desiccator static 
desiccation.
1500 cos. fresh 1.8lf sp. gr. sulphuric 
acid.
Ignited celitel.5 &®s* per sample. 
Glass petri dishes 
82 mms. diam. x 15 mms* deep.

SAM FT 2 ..OiiFiiO GCBOSGD 52.8 Sq. oms.

HaV.O4 -Û Fi.U S a?uj,tP 268.8 sq. oajs. .
■(at) (2 )

RAT 10 iiBgOBB M  : SUGAR S O U . 1.21 : 1 1.18 ; 1
APPROX. 5 j 1 j

DISTANCE -iAMPT,.'] TO msiGG&M Approx. 50 mms.

RATIO W^TSR TO D SSIOOaBT Approx. 1*216.

HAflO O F jU W a O.5 EXPOSED
SSSfiLS": B ^ I GO U f  Approx. 1 : 5

In this experiment the amount of absorbent used was haired and in 
consequence the amount of water required for mixing was reduced frofci 
9 ccs. to 4 ccs. The result of this test was satisfactory,and it is 
clear that the water to he dried out should he kept to the minimum.

AjjUfoMgmBMT

DflSIC&.-Hf

A B S O R B IN G  I N D I U M

DISH ?3S
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J.'VUi o ULT

i&Elng of 39»9ff& Levulose solution as in 131 but less mj.ter added.
Oms. Wt. of Levulose Solution taken 
Wt. of water present 
Wt. of water added 
Total gms. veter present
Io7

1
2

3 

b

5

6

7

8

9

10

solids
0 .2*963

U A  ill1 . 2527 ! T7S2667
I solids

0 .72*62* .3053 0.7609
2*.0000 
2**71*62*1

1*.0000
if.7609

"“Drying
Time
Hours

~Wa¥er

. z n n

~T,0 St 
S.
11 ml n w y  i|Hj» < ■ 1—.nil.

— .inL.—

" Wtit er
pci

z n n

X,e?tQO »
aiipw Onyi wty

^ TA-^XT___

f> Wu¥<i 
$ Tota 

soli
~~rn~

r ana 
1
ds
r m

Difxire] 
from kn 
total s<
‘IZ1T1ZZ

ace~ 
own 
? lids
-jry

19 2.2611-9 2.2935 2.14.819 2.11.676 - - - - •
92 b.JkOJ 4.751)2 0.0057 0.0067 39. 53 1*0.1*2 59.5% 1*0 .1*6 + 0.50 +0.5*4

119 b.Jb 30 if.75W 0.0054 0.0060 59.30
1*0.20

59.30 
1*0.1*0

+0.28 +0U|3

12*1 2*.72*35 4.7575 0.0029 0.0021). 59.32*.1*0.16 59.3o
1*0.20

+0.21* +0.23

165 ^.7^3 4-7585 0.0021 0.0026 59.91
1*0.09

59.07
1*0.03

+0.17 +0.11

191 i*.7**50 4.7590 0.0014 0.0019 59.96
1*0.01* 59.91

1*0.09
+0.12 +017

287 ^.7^58 4.7584 0.0006 0,0025 60.03
39.97

59.37
w .15

+0.05 +aa

312 (lisoardfait-.75W - 0.00614 - 59.57
140.145

— +0.51

1*29 - 11-7632 - 0.0025 - 60.24.
59.76

— -016

500 « 4.7615 ** 0.0004 60.10
59-90

-o.es
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& XPjExi 1 ZtitiiI j)5 i ■»

M O M . J Y  DESICGiiTIOI Of %0.155j&_ jgglj03?S 30TJUTI0B.

G O H D I T I 0 H 3 .

ARHANGWHP Two samples in one desiocator .stat io 
desiccation.

desiccant 750 cos. fresh 1.8l* sp. gr. sulphurlc 
Acid.

Ignited Celite 1.5 gms. per sample.

DISHiSS Dished aluminium capsules 
J 2 ©ms. diaa. x 18 mms. deep,

3AMPT ; ,»!)'? EXPOSED 1*0.7 sq. cms.

HaSO* ' SUHJPavJB 3Xi?03.SP \J sq. oms.

(1.
hatio absohbjs®-s susab sou . 1.15 5 1— jfl̂ xas Approx. 2.86 1 1

(2) 1:0b S 1
2.78 s 1

DISTANCE SAMPh-S TO DBS 10 CAM.I approx. 50 mras.

R^O_W aT ER TO DESIOQaM
(I)approx. 1 : 157

(2)
1 2 15%

bat 10 of suhfacjl exposed 1 2 %*65

In this experiment, the drying of a sucrose solution at 
room temperature was found to be extremely slow. After 36 days there was 0.545 gm. of water left in one sample 1 while the other had come very near to the known water content in about 19 days# This difference 
seems to be caused by variation in the thoroughness of mixing.
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liiJh. R  .1 .A'iCijN J. 3 RESULTS

Drying by Desiccation of 40.155# '.morose solution.
Urns. Sucrose solution Taken 1.5080 J 1.4148

solids Solids
' t . o f Wat or Pro sent 0. 5 250 0 .78 50 0.5580 0 .<
Wt. of Wat er .added 4.0000 1 If. 0000
Total gms. 1 uter !?3resent. i*■.7830 !

!
if *8568

NoT'Crying'TimeHours
'• (it. er 
gms Lost•

Wat er gms~Left~«
ft Water and 
jo Total ijolids

Difference from known total solids
[IT 1-- ■~rn— ~ J 7]--- -“i n Cl) (21”

1 68 3.8217 *•.5*50 0,9613 0.3118 - 58.52 
61.48

- -

2 95 *■.7857 if .3200 0.0173 0.0308 58.56 
a .  44 57.95

42.05
+1.285 +1.395

3 118 W 7 * o *.8255 0.0090 0.0313 59.1940.81 58.5541.65
+0.655 +1.495

4 H i *■•7750 *.8295 0.0080 0.0273 59.27
1*0.75

58.64 
41.56 +0.575 +1.205

5- 168 *••7755 *•.8305 0.0075 0.0263 59.50
40.70

58.70
41.50 +0.545 +1.145

6 26if *.7788 *.3315 0.001f2 0.0233 59.55
40.45

58.78
41.22

+0.295 +1.065

7 289 *.7788 If.8305 0.00if2 0.0263 59.55 
40.45

58.70
41.50

+0.295 +1.145

8

9

308

38I

if .7800
Both ti 
*•.7780

*..8325
ansferre 
*.8338

0.0030
d to De*
0.0050

0.021f3
jiooator
0.0230

59,6k
40.56with fr
59.5040.50

58.34 
41.16 esh EOH 
58.92 
41.08

+0*205

+0*545

+1*005 

+0.923

10 *■.78*0 if. 8 355 0.0010 0.0213 59.9540.05
59.o6
40.94

+0.105 +0.783

li *75 if.837 2 0.0196 59.1740.85
dontd

+0 .67;!

■
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A-Au x'j. i.wtoi■ j.\| T ii3 ;, iiis.3Ul.TG { continued),

Ho. Drying
Time
Hours

• at er 
gm

“T I T "

~Xo£t~
8 .

Water Left 
gms.

70 Water and 
7b Total 

Dolids
Difference | 
from icnown 
total solids 1

Cl l (2) (1 ) (2 ) (I) (2 ) ...
12 549 - 4.8345 - 0.0205 - 59.1540.67 - +0.715

13 6X1 *■ 4..8582 - 0.0186 - 59* 24 
40.76

+0.605

lif 633 *• 4.3390 - O.OI78 - 59-50
40.70

- +0.545 ;

15 710 - 4.8407 - 0.0161 - 59.55
40.47

- +0.515

16 755 - 4.8398 - 0.0173 - 59.5440.66
- +0.505

17 778 - 4.8400 - 0.0168 - 59.3740.65
- +0.475

16 850 - 4.8400 - 0.0168 - 59.37
40.65

- +0.475■ j

19 870 mm 4.8390
'

O.OI78 59.50
40.70

+0.545

MOTii haii UaHD li.'i U
.........

4D&HI D? A
In these experiments there was loss by blowing away of the 

Celite in the air current caused by the fan in the desieoator,and
the tests were, abandoned.

This is obviously a danger when a process of dynamic absorption 
is adopted, and the rate of stirring must therefore be carefully
regulated.
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:. .. by MsiooATiaj} -; .

 C QUID I fluffs.
• • •..Static- desiccation.,? two , samples :in separate 
■ desiccators.

SiSi£hM3Lii. Sulphuric acid, 1 .8 4  sp. gr., 750 ccs. fresh
acid per desiccator

ABDURBIXIO MEDUiid Ignited Gelite : 1.5"gaas.per'sample '..

flIS.4&S Glass Petri-dishes sftps*. ■(5) ..(6)
Blame ter 92. 82

mm.' Depth 12 12
SihiilLh S JRFAGR OXPOSAD ~; • ;3q* c m s., 66.5"; u - 52.8
3URRaOR- OR. SULPiiUhlO • ACID BXBOSiLD ;«» 188.7 sq. cms. per desiccator
RATIO Oi* A'BGOKBEhT TO SUOAR OOLD. : •  1 .11  : i " 1 .1  .? '■!

8 . t? 8 >  : SOLIDS :•  ̂\z.%6 i ’ . 2.74 s X
L̂iit ,T0 .Dljtp,I0 y At[ 1 _ »x Approx. 50 imu•

RATIO 0.1 ffATBR TO DBS!0CART .?» 'Approx. •' 1 : 156 .1./ ? 156^

RATIO. OP, SJRffAGL RX;?QSBP : SAMPjLR. TO DBSIQCAjT.,!^, q;, r
I s 2i.8^:;c; 1 : .3.6

The samples were, finally.,..transferred 16_desicc^ e : & G Y l contai*1'’
ing 1 lb. of- fresh iCOH pellets. ■
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1ILG--.B.X miJI&S IOC/iT ION OF 4.0 .16 -Buuit G-&HT OltUCQSilt 
i»Qjj U Ti .vili •

Gms. Glucose solution taken
Weight of water present, gms.

w 11 solids " "

height of water added, gms. 
Total gras, water present

No. j Drying
1i Time
!
j
t

Hours (1)
il. ^ ' 21 1 . 3 7 9 0

m 43 0 . 0 2 3 6
3. 68 0.0123
4. 94 0.0101
5. 191 0.0081

!
6 . 216 0.0084
7. 235 0.0071

1 Transif erred
8. 307 0,0076
9. 377 0.0071

lu. 403 0 . 0 0 5 6

11. 475 0.0055
12. 547 0.0106
13. 5 6 9 0.0051
14. 644 0.0051

Water left 
Gms.

U)

1.0486
0.0197
0.0125
0.0112
0.0094
0.0089 
0.0082.
o fresh
0.0137
0.0096
0.0123
0.0089
0.0079
0.0071
0.007X

(1)
1.3505
0.8081
0.5424
4*0000
4.8081

Per cent 
water 

(1)

58.09 
58.92
59.09 
59,24
59.21 
59. 30

(2)
Per cent 
Solids

58.39
£8.92
59.02
59.16
59.20
59.26

(*)
1.3585
0.8129
0.5456
4.0000 
4.8129

Difference from 
known solids

KOH desiccators
59.28
59.30
59.43
59.43 
59.06
59.46
59.46

58.8 3 
59.14 
58.93
59.20
59.27
59.32
59.32

(i) u) (1) (a)

41.91 
41.08
40.91 
40.76

41. 61
41.08 
40.98 
40.84

+1.75
+ 0,84 
I'D. 75 
+0.60

+ 1.45 
+ 0.84 
+ 0.82 
+0.68

40.79
40.70

40.80 
40.74

+0.6 3 
+0 » 54

+•0, 64 
+0.58

•
40.72
40.70
40.57

41.17
40.86 
41.07

+0.56 
+0.54 
+0.41

+1.01 
+ 0.70 
+ 0.91

40.57 
40.94 , 
40. 54 
40.54

43) • 00 
40.73 
40. 68 
40.68

+0.41
+0.78
+0.38
+0.38

+ 0. 64 
+0.57 
+ 0.52 
+ 0.52

In this experiment there was a marked increase in water content 
when the samples were transferred to the fresh desiccators % the. 
known amount of water was not reached in either duplicate. The test 

extended over nearly 27 days.
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L* mtim Bt DESICCRXXOit Off A 39.92 RATZEMT SOLUTION
 Q-i? i i<aiii>YuLUSii*. Li'SlAO VAwliuil*

s~ On,e dish in Desiccator9 above desiceant : 
phSIQCAAT :.. Sulphuric acid s 750 ccs., 1.84 sp.gr.:
A3S OliAliji Ur AA.J.I 114. ; -> Ignited Celite ? 1.5 gms.:

2I§.£L-Ar. 31 as© Petri dish ; 92.ram. diem, by 12 aua, deep * 
i^S10oAX0H_T.:> 15.5 cm. diara. Dome type sample: 25 bm. from desiccant: 
Pxd£SSQIt& IH D.&S1U0RYQR i- 15 cm. Hg.
RAiIu SAAPLA CuRIAGA iU SULPHURIC QUKffAiL 66.48 sq. cm. to 188.7 sq.

I.e. approx. 1 to 3 :
. I Q J Jm JL «ill 1 \J w' ’>j \Jft£V-- i, Ju \J At al̂WJu. A -i-_J . *•»  ̂8 3 t O 1 J

HAY IQ WATLR TO 3ULP11UKIU ACID :- approx. 1 to 175 :

Levulose solution taken, m3.:- 1,3303 containing Q.7993 gm. water
and 0.5310 gm. solids : 3,5 gms. water added,making 4.2993 gms.total 
     ;   .    __

results

Ho, Drying
Time
Hours

Water
lost
gms.

.Water
left
gms.

Per cent' 
Water

Per cent
Total
Solids

Difference 
froia known 
Total Solids

X : 4 1.6435 ■2.6558 —
2 , 25 4.2835 G.0158 57.55 ■42.45 +- 2 • 55
3 29 4.291Q Q.Q083 .. .59,46 40.54 . f 0.62
4 123 4.2965, 0.0028 59.87 40.13 +•0.21
5 148 4.2965 0.0088 59.8? 40.13 +-0.21
6 167 4.2988 0.0005 60.03 39.97 WO. 05
7 192 4.2975 0.0018 59.95 40.05 -+G.13

In this test the use of vacuum brought a result ^rhich was very 
near the known amount of water present s a week was required*
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Pilling BY DESICUATIOL OF A 39.92 PAR CMMT SOLUTIQM .
pi? LRVULQSL W ITIi "ST 1 I'iKlDg'YQj?"'’Tltll DL31C C AT0.a AIR«

aKKAHoaAAAT s* See Figures 59 and 62 ; fan in desiccator :
DES100ALT_j,_ Sulphuric acid s 750 ccs., 1.84 sp. gr. $
ABSpHBIifo .AADIUiil Ignited Gelite : 1.5 gms. :
DISxi x» Glass Petri dish ;  92 mm. diam. by 12 mm. deep s
SAC OAR iliiiSiuCArOE s» Dome type, 15.5 era, diam. containing 500 gms. P^Og.
RATIO Sample SOUPaca TO SULPHURXO SJiiffAGL 66.48 sq. cm. to 188.7 sq.

cm.,' i.e. approx. 1 to 3 :
RA1 i0______CALITiii JL’0 z j UGAa _ YQTA ju  oOJuXDS i— • 2.82 to 1 *

RATIO WATER TO SULPHURIC ACID approx. 1 to 175 : sample 25 mm. from
desiccant :

PAL Approx. 50 mm. from sample j 270 r.p.m.

Levuluse solution taken, gms. s- 1.3363 containing 0.8029 gm. water

and 0.5334 gm. solids : 3.5 gms. water ad ed,making 4.3029 gms. total 
_____________    :___■________;________________________water.

Ho. Drying
Time
Hours

later
lost
gms.

Water
left

RESULTS

Per cent 
Water

Per cent
Total
Solids

Difference 
from known 
Total Solids

155 mine. 3.8471 
(89.4g)

94.5 hrs.4.2967 
118.5 V- 4.2971

0.4558
0.0062
0.0058

5.96
59.61
59.65

Transferred to second desiccator s PjgO'g,
166
308
332

4.2998
4,3013
4.3025

0.0031
0.0016
0.0004

59.82
59.95
60.10

74.04
40.39 f 0.47
40.35 1 R0.43
without stirring : 
40.18 I fQ.26
40.05 R0.13
39.90 -0.02

Hote the rapid removal of 89.4 per cent of the total water present
(in 155 minutes), due to the stirring of the desiccator air.
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BY.. BASIC CAT ION OF A 39.92 RSR CJSJBiT SOLUTION 
OF LEVJLOSE WITH STIRRING OF THE DESICCATOR AIR. 

AiircHjGE^BT i-m See Figures 59 and 62 s fan.in desiccator :
DBS£CCANT :- Fresh sulphuric acid j 750 ccs. s 1.84 sp. gr. :*
ABSORBING JE'DxUd Ignite sand i 9 gms. :

Glass Petri dish : 82 uim. diaia. by 13 mra, deep :
RATIO SAMPLE SURFACE 10 SULPHURIC SURFACE 5-2.8 sq. cm. to 188.7 sq.

cm., i.e. approx 3.6 to 1 of sample :
RaTIO SARD TO SUGAR TOTAL SOLIjuS i~ 16,85 to 1 •

RAT 10 WATER TO S ULPHUR i C . AC IB :- approx. 1 to 268 ; sample 25 mm. from
desiccant ;

FAN approx 50 mm. from sample ; 270 -'.p.m.

Levulose solution taken. :« 1.3383 gms. containing 0.8041 gm.
water and 0.5342 gm. solids s 2.0 gms. water added, making 2.8041 gms, 

total water.___

No.

1.
2 .
3.
4.5.
6.
7.
8 . 
9.10.

11.12.
13.
14.
15.16.
17.
18. 
19.

Time
Hours
T
2
3
4
5 

72 
96

118 
144 
218 
240 
262 
334 
379
527 
599 
692 
788 

2423

Water 
lost,gms
1.6998
2.5198
2.7373
2.7525
2.7578
2.7798
2.7838
2.7865
2.7873
2.7889
2.7943
2.7950
2.7955
2.7958
2.7926
2.7926 
2.7930 
2.7933
2.7958

left,gms.
1.1043 
0.2843 
0.0668 
0.0516 
0.o463 
0.0243 
0.0203 
0.0176 
0.0168 
0.0152 
0.0098 
0.00$1 
0.0086 
0.0083 
0.0115 
0.0115 
0.0111 
0.0108 
0.0083

RESULTS.
Per cent 
Water

39.02
55.09
56.22
56,62
58.25 
58.56 
58.76 
58.83 
58.93 
59,34 
59.40 
59.44
59.46
59.21
59.21
59.26 
59.28
59.46

Per centDiffer- 
Solids ence

60.98
44.91
43.78 
43,38 
41.75 
41.44 
41.24 
41.17 
41.07 
40.66 
40.60 
40.56
40.54
40.79
40.79 
40.74 
40.72
40.54

Per cent water 
removed

.

+21.06 
+ 4.99 
+ 3.86 
+ 3.46 
+ 1.83 
+-1.52 
+ 1.32 
+ 1.25 
+ 1.15 
+ 0.74 
+ Q. 68 
+ 0.64 
t-0.62 
+ 0.87 
+ 0.87 
+ 0.82 
+ 0.80 
+0,62

60. 61 
89.86
97.16
98.17 
98.58

60.61
29.25
7.30
1.01
0.41

The difference column shows the difference from the known total solids.
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MZMG M  DESICCATION OF A 39.92 PER cert solution
' - Off LB'VULOSB'-tfj’TH STIRRING OF THE 'DESICCATOR' A IR .'

Bee Figures 59 and 62 1 fan in desiccator :
SSICG^T^j^ Sulphuric acid, once used : 750 ccs* : 1.84 sp.gr. :
ABSORBING MEDIUM :» Ignited Celite s 1.5 gms* s

DIS^-Li- Glass Petri dish s 92 mm.. diam. by 12 mm, deep :
RATIO• Sa MPLB SURFACR TO SGjD?HiJRIC SORffACE .s- 66.48 s q , c iiis• to. 188,7 sq.

cm., i.e., approx. 1 to 3 :
RATIO GALITA'TO SUGAR TOTAL SOLIDS 2.78 to 1 :
HAl 10 WATAR i'Q SOLPHilRIG ACID approx. 1 to 178 ! sample 25, aim. from

desiccant :
FAB approx. 50 mm. from sample t 200 r.p.m.

Levulose solution taken 1.3467 gas, containing 0,8089 ga. water# and 
0.5378 gm. solids s 3.5 gms. water added, making 4.3089 gms. total water

No. Drying 
Time 
Hours

Water 
lost 
gms.

mt
Water
left
gms.

3ULTS 
Per cent 
Water

Per cent
Total
Solids

Difference 
from known 
Total Solids

1 4.5 4.3007 0.0082 59.44 40.56 * 0.64

2 22.0 4.3069 0.0020 59.89 40.11 +-0,19

3 26.0 4.3059 0.0030 59.82 40.18 •+■ 0.26

4 , 46.5 4.3069 0.0020 59.89 40.11 4-0.19

Ths results of experiments 08 and D9 show that there is a great 
acce1©ration of the rate of removal of water from the samples by the 
stirring of the desiccator air. There is risk in this stirring that the 
light Gelite may be blown from the dish ? for this reason the spedd of 

the fas was reduced to 200 r.p.m* from 270 r.p.m.
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j^SlCUATIQll OP A 4Q.lft6 MB. QPHI, SODUTIuD 
Ql̂ LUGOSE WITH STIRRING OF DRSiCQATQR AIR.

^ dl.„ljZL Stirring of desiccator air for the first 7 hours only : 
fan in desiccator as in Figures 59 and 62 :
Fresh sulphuric acid s 750 ccs. : -1*84 sp. gr, ;

A ^ O HBlJ(£,„iaEI)IUff Ignited Cellie s 1.5 gms. s
PISxi ;- Glass Petri dish ; 82 mm. diara. .by 13 mm. deep ; .
hAl;I.U_._3iU4-?LE , SURFACE IQ. SULPHURIC, SURFACE ;- 52.8 sq.* cia. to 188.7 sq.

cm.,, i.e., approx. 1 to 3.6 ?
RATIO CELIIE TQ: SUGAR- TOTAL. SOLIDS : 2.84 to 1 : ■

hAxlQ._wATi£ii TO SULPHURIC ; AC ID s- approx* 1 to 175 % sample 25 mra. from
desiccant :

FaN ,u approx, 50 mm. from sample % 20 r.p.m.

Glucose solution 1.3285 gms. taken, containing 0.7948 gm. water and 
0.5337 ga. solids s 3.5 gms. water added, making 4.2948 gms. total water

JiSSULTS
No. Drying Water Water left per cent Per cent Difference

Time lost gms. Water Total from known
Hours__

7
__  gms. Solids . Tp.t̂ l.,.Splids

1 2.1760 2,1188 . . .

2 22 4,-2800 0.0148 58.70 41.30 t- 1144
3 48 4.2855 0.0093 59.13 40.87 + 0,714
4 71 4.2825 0.0123 58.89 41.11 +0.954
5 146 4.2855 0,0093 59.13 40.87 +0,714
6 191 4.2860 0.0088 59.16 40.84 +0.684
7 315 4.2873 0,0075 59.27 40.73 +0.574
8 387 4.2880 0.0068 59.30 40.70 + 0 *544
9 .481 4.2866 0.0082 59.20 40.80 +0.644
10 577 4,2878 0.007.0 59*29 40.71 +0.554
11 2212 4.2873 0.0075 59.27 40.73 +0.574

It is clear from the above results that there is a very slow inter
change of water between the sample and the desiccant in the latter 
stages of drying • This sample did not dry down to its expected total 

solids.
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 P l %  , ? - PSSICCAllQXi OF A 4 Q , T S fi Palt C k H T___

O&G Wild STIhsilHQ Qi?‘ Idiu x^SICGAXUk AIK.
&i & M k iyi^3L,.,•„■*, Stirring of desiccator air for the first b -hours only. 

Fan .in desiccator as in Figures 59 and 62 s
Fresh sulphuric acid ? 750 ccs. : 1.84' sp. gr. :

Aî uHBliju_ .^Dl Oil :«. ignited Celite t 1.5 gms. ;
Digit :-. (Jlass . Jtetri dish s 92 mm* diam. by 12 mm* deep : '
ItA'i 10 SAai1LG SUltFAQ.2 TO BiihPiiLJK 1C 0 JkP AOa ;- 66.48 sq. cia." to 188*7

sq. era., i . e . ,  approx. 1 to 3 :
iwix«tQ PhD .ilk i.0 S5'jrj\xi 10j.jih SOiiXiJS *«* <̂ .38 to 1 s'
KATIO WaTAE TO S'iJL Pii UK IC AG X D i- approx, 1 to '175 : s&raple '2b mm.

from desiccant.
SKCOuaB DKSlCCATQRs- The samples were transferred to a iCOH desiccator

containing 500 gms.. fresh i'COH pellets'after 5 hours :
FAD i -  approx 50 ma. from sample t 140 r.p.ra.

Glucose Solution 1.2968 gms. taken, containing 0.7760 gm. water 
and 0.5208 gm. solids s 3,8 gm. water added making 4.2760 gm. total

no. Drying
Time
lours

" “7•
Water - 
lost 
srms.

_fthSi G’*u x
Water 
left 
■ cnas.

d

Per cent 
.Water

Per cent 
Total 
Solids.

— *- - - —
.

Difference 
from known

-1 5 • 4.2576 0.0185 58.41 41,53 f-1.434
2 . 25 4.2611 0.0149 58,69 41.31 -hi. 154
3 48 4.2630 0.0130 58.83 41.1? -hi ,014
4 123 4.2642 0.0118 ; 58.92 41.08 1-0,924
5 168 4.2652 0.0108 59.00 41.00 + Q, 844
6 195 4.2605 0.0155 '58.64 41.36 +1.204
7 289 4.2640 0.0120 58.91 41.09 +0.93*
8 . 361 4*2652'- 0.0105 59.00 4>I - QO +0.844
9 455 ' 4.2655 0.0095 59.2)3 4G.977 + 0.S44*
0 : 551 ■•■■■ 4.2665 0.0095 59.10 40.90 +0.744
.1 
■■■■MM 1 i ■■

2187 *. :4.■2695' 0.0065 59.33 '40.67'- fO,514

In this experiment there was considerable regaining of weignt 

after some of the time periods.
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LXPLR I ME MT DI3 : - DKiLMG Bf liCSIOOAllOU - D&liSMIMAT lOil UP PER C&M i' 
MOISTURE IN A .BRITISH WRSI IMDlAM HAW SUGAR. ■

ARRiU^&M&MT »» Stirring of desiccator air : no absorbing medium used; 
M S X C C M T Fresh sulphuric acid : 750 ccs. : 1.84 sp. gr.
jplSii Glass Petri dishes

Diameter,mm. 
Depth, mm.

SULMJKIC SURFall La POSLd * — **
RATIO OR SUTtFACL EXPOSED
SAMPLE TO DUS 1C CANT' ___ i-
iLi.il0 Viiiijiiii 10 DSSIGOaNT 2 *
PAM :- 50 mm. from sample:-
DISXAMGL SAMPLR TO DLSICwAMTj-

r.p.m<

Mo. (1)
92
■12
66.48

188.7

Is  3 
1 s 1316 
140

Mo.(2)
82
13
52.81

188.7

1 : 3.6 
1 s 1363
200

B. W. I. SUGAR ;■ £ gms. weigned into each dishs no water added :

Mo. Drying
Time
_HQ.urs_

1. RESULT'
Loss in weight 

Gms.
per cent 

;er
2.

Drying
Time
ijaaxa-.

Loss in 
weight

per
cent

1
2
3
4
5
6
78 
9

101112

3
7

24.5
100
146
174
270
342
366
435531

2167

0.0192
0.0202
0.0222
0.0215
0.0240
0.0240
0.0240
0.0244
0.0238
0.0246
0.0250
0.0285

0.384
0.404
0.444
0.430
0.480
0.480
0.480
0.488
0.476
0.492
0.500
0.570

4
7

76
122
150
244
317
338
410
506

2142

0.0195 
0 * Q&Q& 
0.0235 
0.0247 
0.0247 
0.0247 
0.0247 
0.0250 
0.0248 
0.0259 
0.0275

0.390 
0.404 
0.470 
0.494 
0.494 
0.494 
0.494 
0.500 
0.496 
0.518 
0.550

This sugar showed 0.802 per cent moisture by vacuum oven drying 
at 70°C. Mo attempt was made to grind the sugar. The absorptive power 
of sulphuric acid of this strength is apparently not enough to with
draw the occluded moisture from the sugar crystals. The tests lasted
90 days.
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IjMIIG BY MSICCATIOM OF GOLDEN SIRUP
„ OF IRE d s s i c q a x o r a x r .

Fan in desiccator as in Figures 59 and 62 :
Fresh sulphuric acid : 750 cos.; 1.84 sp.gr. :

:- Ignited Gel'ite j 1.5 gas. :
Glass Petri dish : 82 mm. diaia. by 13 mm. deep :

oJltEACE 10 SULPHURIC S Jj\FACl s — 52.8 sq. CM. to 188.7
sq. cm., i.e., approx. 1 to 3.6 :

RAX 10 Gr LIT E 10 101AL S (J GAR SOLIDS i - 2.45 to 1 :

RAIXU, .ffATER 10 SULPHURIC ACID approx. 1 to 182 s sample 25 mm. f ron
desiccant :

FAR i- approx. 50 mm. from sample ; 200 r.p.m.

Golden Syrup i- 0.7375 gm. taken, containing 0.1 <,54 gm. water and 
0.6121 gm. solids (at 17.00 per cent water in syrup) : 4 gms. water 
added, making 4.1254 gms. total water present.

Mo.

1
■2
3
4
5
6
78 
9
10

Drying
Time
Hours

7 S&Yrtĥ.24 s£~£>c
31
48 *Hl5 
77 

173
245338
434

2070

Water
lost
gras.

4.1023 
4.1110 
4.1113 
4.1126 
4.1130 
4.1153 
4.1158 
4.1170 
4.1182 
4.1208

RESULTS

Water
left
gms. ■

0.0231
0.0144
0.0141
0.0128
0.0124
0.0101
0.0096
0.0084
0.Q072
0.0046

per cent 
Water

13.87
15.05
15.09
15.26
15.32
15.63
15.70
15.86
16.03
16.38

per cent 
To tal 
Solids

86.13 
84.95 
84.91 
84.74 
84.68 
84.37 
84.30
84.14 
83.97 
83.62

Difference 
from known 
Total Solids

+• 3.13 
■h 1.95 
-f* 1 • 91 
4 1.74 
r 1.68 
•61.37 
*6 1 • 30 
■*-1.14 
•f-0.97 
*6 0.62

It is probable that the low result here is due to the inability 

of the desiccant to abstract the moisture in the interior of the 
dried syrup due possibly to the viscous films at the surface.



457

BT D&GJCGiiXlOisT Off -a AO r 155 Piatt V&jit StJVRQSx 
S O L U T I O N  w i l d  .DTlHkiiMir OJ^ JJMSiJA'IOii A x h *  •

3? an in desiccator as in Figures 59 and 62 s two sampl 
in separate desiccators s 

^ S I oga F̂..*- Fresh sulphuric acid ; 750 ccs. in each desiccator %
1.84 sp.gr.±)iZii&n Glass Petri dishes j- XIo.. (1)

Diameter, mm. 92
Depth, mav 12

CiA*i& < t u t i  0  Ui'VJ? i 'a A P O i'J  •£>.*> , C.A
>,i Lljujt .AiUi v 1C  a U .riF & h  X P Q Shi). 3^-<

66.48 
188.7

itAllO O F  3 U IiFAC.u. ilaPQSI&Jj
2 > / ... .J. 0  aJjXi -' X  4  .r k D  i  !

I'lii i i. \j si ji L i: X L) iiu5 jLv/C/i*s|l 175
iO mm. from samples s* r.p.m. 200

D ISlitftOl-u 7Ai4:.;>Ju2 TO DKSICCAJST z- approx. 25 mm. 
jkAli.0 ̂ OaDxiii 10 DUGAxi 20 aXDO t*» 2*8^ i 1

'ucro&e Solution
3.5 gms. water added 
to each sample

Gms. taken 1.3040
Water present, gms. 0.7805
Total solids, gms. 0.5235
Total water, gms. 4.2805'

Mo• ( 2 )  
82 
13
52 . 8

18ci, 7

1 t 3.6 
1 : 173
200

2.71 : 1

1.379B 
0.8256 
0.5542 
4.3256

so, Drying
Time
Hours

2
3
4
5
6
7
8 
9
10

B o t h  w i t hs-n/2&rf&. j
14 J 
4 S^W77̂ 
55 

124 
196 
280:

29.0'
386 

2022

Water
lost
gms.
4.2568
4.2685
4,2703
4.2720
4.2735
4.2747 
■4.2738 
4.2745 
4.2740
4.2748

(i)
Water
left
gms.-
0^0237
0.0120
0.0102
’0.0085
0.0070
0.0058
0.0067
0.0060
0.0065
0.0057

Per cent 
Water

58.05
58.95
59.06 
59.21-
59.33
59.41
59.34 
#f.40 ■ 
59.36
69.41

A*i» ALU X■: t
Per cent
Total
Solids
41.95
41.05
40.94
40.79
40.67
40.59 
40.66
40.60 
40.64 
40.59

The nearest approach to the known,total 
cent of water, in the sample. A

Water
lost
gms.
2.0248
4.2950
4.3100
4.3158
4.3168
4.3163
4.3173
4.3162

(*) Water 
left 
gms.
2•3008
0.0306
0.Q156
0.0098
0.0088
0.0093
0.0083
0.0094

Per c©nt 
Water

57.61
58.69
59.12 
59.19 
59.16 
"59.23 
59.14'

Per' 
cent 

IT.Solids

42.39
41.31
,40.88
40.81
40.84
40.77
40.86

solids still left 0.435 per
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, ?r. desiccation of aoLD&N strop using bqta*
CTIRKING AND VACUUM. TO AID DR/IN d. :

Fan in vacuum desiccator with mercury gland seal as 
shown in Figures 59 and 62 s

Sulphuric acid ; 1000 ccs. j 1.84 sp. gr. :
£L$Lil~.l.Z Glass Petri dish : 92 mm* diam. by 12 mm. deep ;

IIM.:- Ignited Celite s 1.5 gms. :
FAgJ,u__SAM?L&. SURFACE 10 SULPHURIC SURFACE 66.48 sq. cm. to 188.7 

sq* cm., I.e., approx 1 to 3 :
;.Ai IQ CELITa TO SuliAK Ivff aL SOLIDS :- 3• 28 to 1 s
■fciAlIO WAT&R TQ SULPHURIC ACII) :- approx 1 to 191 ; sample 25 mm. from

desiccanjr s
Fan :- Approx. 50 mm. from sample s 200 r.p.m. :
Vacuum 60 • 61 cm. mercury.

Holden Syrup 0.5518 gm. taken, containing 0.0938 gm. water, and 
0.4580 gm. solids ( allowing 17.00 per cent water in the syrup). 
Water added - 5.2505, giving a total of 5.3443 gms. water present.

No. Drying
Time
Hours

Water;• 
lost 
gms. .

______R

Water
left
/gms.

ESULTS•

Per. cent 
Water

Per cent
Total
Solids

Difference 
from average 
Total Solids

1 1 1.1168 4,2275 ■ -

2 2,3755 2.9688 - -
3 3 3,5106 1.8337 -
4 4 4.3088 1.0355 • •
5 5 5.0638 0,2805 - ' ■ ■- -  .

6 6 5.3098 0.0345 10.75 89.25 +-6.25
7 7 5.3121 0,0322 11.16 88.84 + 5.84
8 8 5.3210 0.0233 12.77 87.23 +4.23

One of the difficulties with golden syrup is the large amount 
of water necessary to mix the syrup thoroughly with the Gelite. Most 
of the work of the sulphuric acid is done in removing^this added 
water. It is probable that the difficulty of penetrating the surface 
film of the syrup at room temperature makes this method unsuitable 
for viscous syrups such as this.
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AIR CIRCULATING SYSTEM . (SifiE glOORH 62) .

The- air circulating system was connected to the 
desiccator containing the sample, and air was circulated in closed 
circuit at the rate of approximately 420 ccs. per minute.
The fan was .kept (going at the same time. The desiccant was 1000 ccs. 
fresh sulphuric acid with surface exposed of 188.7 sq. cm. The dish 
was a glass Petri dish 82mm. diameter by 13 mm. deep, and the 
absorbing medium was 20 gms, of ignited sand.Ratio water to sulph
uric was 1 s 161, and the ratio of absorbent to sugar was 44 s 1.
The combination of fan stirring (200 r.p.m.) and circulating pump 
was in operation for the first 51 hours of this test.
0olden PJt u q :- 0.5480 gm. taken containing 0.0932 gm. water and 
0.4543 gm so\ids s 6.1315 gm. water added : total water 6.2247 gms.

Ho. Drying
Time
Hours

Water' 
lost 
gms.

iih
Water
left
gms.

i SUITS
Per cent
later

Per cent
Total
Solids

Difference 
from estimated 
Total Solids

1 1 0.3389 5.8858 _
2 2 0.6850 5.5397 - -
3 26 0.7000 5.5247 - m -
4 27 1.7357 4.4890 - - -
5 28 2.8405 3.3842 - . -
e 29 4.1870 2.0377 - -
7 30 5.0449 1.1798 « - -
8 31 5.6740 0.5507 - -
9 49 6.1948 0.0299 11.55 68.45 A- 5.45

10 50 6.1935 0.0314 11.32 88.68 + 5.68
11 51 6.1893 0.0354 10.54 89.46 + 6 • 46
12 Oajm 65,:} .6.2002 0.0245 12.54 87.46 + 4.46
13 " • 6 ' 6.2013 0.0234 12.74 87.26 + 4.26

.

14 » 7 6.2026 0.0221 12.97 87.03 + 4.0 3
15 »♦ 8 6.2047 0.0200 13.36 86.64 + 3.64 I
16 « 11 6.2055 0.0192 13.50 * 86.50 + 3.50 1
17 « 13 6.2067 0.0180 13.72 8:6.28 + 3.28 !
18 « 28 6.2100 0.0147 14.32 85.68 +-2.68
19 » 47 6.2110 0.0137 14.51 85.49 +-2.49
20 " 182 6.2135 0.0112 14.96 85.04 + 2.04
21 «* 526 6.2193 0.0054 16.03 83.97 -h 0.97

—  !
22 « 1173 6.2053 0.0194 13.47 86.53 3.63 j

The conclusions already drawn are borne out in this test- i.e., 
that it is extremely difficult to dry Golden ...Syrup completely at 
room temperature. After 16 months of desiccation, 16.03 per cent 
water is shown compared with the estimated 1W.Q0 per cent.
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icoaxiqh. oe •jold&m smu? om û staiio.
Xu. AGIO AMD ?iiOS.j?iiOHJS. MMT d̂JLDĥ

Glass desiccator containing looo ccs. fresh sulphuric 
aciu of 1*84 Sjj.gr.*aed with 188.7 sq.cms.^ of surface exposed. The dish 
u s e d  was a glass Petri dish 82 mm* diameter by 13 mm. deep, and the 
absorbing medium was 20 gms. of ignited sand. Ratio of water to sulph
uric acid was 1 : 162, and !;he ratio of absorbent to sugar solids was 
30.4 5 1. The sample surface exposed was 52.8 sq. cas.giving a ratio 
to desiccant of 1 s 3.6.

S - a C Q g*SIC9.■ ATOH ;- This contained 500 gras, of phosphorus pentoxide 
mixed with an equal volume of ignited Celite.

Golden d; 
solids

0.7945 gm. taken containing 0.1.351 gm. water and 0.6594 
6.0215 gms. water added giving 6.1566 gms. total water.

Jffo • Drying
Time
Hours

Water
lost
gms.

Water
left-
gms.

RESJLT3

Per cent 
Water

Per cent
Total
Solids

Diif erence from 
Estimated 

Total Solids

1 1 0.1272 6.0294 -
2 2 0.2205 5.9361 m -
3 3 0.3505 5.8061 - -
4 4 0.477.3 5.6793 - - . -
5 5 0.5875 5.5691 - -
6 6 0.7078 5.4488 - - -
7 n 0.8428 5.3138 - - -
8 8 0.9445 5.2121 - -
9 <, M: 2.4235 3.7331 - -
10 46 4.5080 1.5486 - - - „
11 94 6.1128 0.0438 11.49 88.51 , -H 5. 51
12 166 6.1280 0.0346 12.65 87.35; „ , -t~ 4. 35 ?
13 Tr?-nnf isrred to PoOr desiccator

218 6.1257 0.0309 13.11 . • 8 6 .89 .. + 3.89
14 576 6.1325 0.0241 13.97 86.03 • + 3.03-
151)^ys46 6.1341 0.0255 14.17 85.83 +•2.83
16 11 181 6.1400 0.0166 14.91 85.09 *t 2.09
17 * 525 6.1455 0.0111 15.61 84.39 + 1.39
18 *1172 6.1285 0.0281 13.47

*""'1 ... .

86.53 , + 3.53 ... .

The best result was ooiamea a*, - '?* tr .T y — 7but there is a wide divergence from the estimated solids in the syrup.
( - 23-00 per- ce.rL.tr ■).

It is evident that static desiccation is far too slow a method, 
and that there isJSe&ns of judging when a particular drying may reason
ably be assumed to be complete.
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IQE OR GuLuaE SIRUP USILG Ya ÛR*.
Ulass desiccator with sample above desiccant i vacuum
pump kept running throughout : 67-70 ems. vacuum :
?resh sulphuric acid ? 1000 ccs. * 1.84 sp.gr. :

SiSii-J.2. 31 ass Petri dish : 92, mis. diameter by 12 mm. deep *
X04 s- Ignited sand : 20 gms. s
. SUBffACE TO SULPHURIC SURFACE »~ 66.48 sq. cia. to 188.7

sq. cm., i.e., approx. 1 to 3 j

nAT 10 oÂii) TO SUGAR TOTAL SOLIDS <-2.9 5 1 :

M£iQ-hA!S.ft 10 SULPHURIC ACID approx. 1 j 162 s sample 25 mm, from
_... „ desiccant- g

RATIO. OF SIRUP TO eKSIQCaET 1 - approx 19 s 1 .

Golden Syrup 1.0497 gm. taken, containing 0.17485 gm. water, and 
0.87485 gm. solids ( allowing 17.00 per cent water in the syrup). 
Water added 6.0248 gms., giving a total or 6.2032 gms. water present.

Uo. Drying Water
Time lost
Hours gms.

1 2 5.4350
2 O 6.0940
3 4 6.1180
4 i  j 6.1250
5 6 6.1280
6 7 6.1338
7 8 6.1365
833a;r&22 6.1630
9 ,r 42 6.1647

10 H 176 6.1755
11 M 520 6.2060

___.... ..... --

Water
left

RESULTS 
Per cent 
Water

0.7682 
.0.1092 
0.0852 
0.0782 
0.0752 
0.0684 
0.0667 
0.0402 
0,0385 
0.0277 
0.0028

Per cent
Total
Solids

Difference 
from estimated 
Total Solids

6.59 93.61 9-10.61
8 .8 8 91.12 + 8 .1 2
9.54 90.46 t 7.46
9.83 90.17 + 7.17

10.38 89.62 •f- 6.62
10.64 89.36 + 6.36
13.16 86.84 ■f- 3.84
13.32 66* 68 t- 3.32
14.35 85.65 4-4.35
17.26 82.74 -0.26

In this experiment there appeared to be complete absorption of 
all the water in the syrup, but 520 days were required to achieve this



BY DES'IC.CATICXS OF .GK)Li)£̂  SfRLf? US Iff G VjiQUod 
aAD 1HCREASLD RATIP OF SAffg.JIO JjfRGjh

. .as in Rxperiiaent 1)3.8, with increased amount of sand s 
ICCAIJT^^• Fresh sulphuric- acid ; 1000 ccs. : 1.84 sp. gr. s 

Glass Petri dish i 90 aim. diameter by 18 mm. deep :
AhoOKBIhii -aiiihluii i~ Ignited sand?80 gms. ;

RATIO SaiiPLE SURFACiS TO SGLPHliRIO 3.0KFAGB i - 63*6 sq. cms • -to. 188.7 
sq. cias., i.e., approx 1 to 3 :

KA’flu SAID TO SUGAR TOTAL SOLIDS 44.8 to 1 :
KAl 10 Wa 'ILR TO. GULPLuKIC AC ID. s ■ ipprox. I : 160 : sample 85 mm. from

desiccant ;
RATIO oP. 3,¥R JP TO LAG ICCAST approx 1 to 37
Va GUILK PULP 65.70 cms. vacuum : pump kept running throughout test.

Golden Syrup 0.5450 gm. taken, containing 0.09865 gm. water, and 
0.45835 gm. solids (allowing -17.00 per cent water in the syrup).
Wat <?r added, 6.1585 gms .,giving a total of 6.^512 gms. water,present.

RESULT
Ho. Drying Water lost Water left Per cent Per cent Difference

Time - gms. ■ gms. Water Total from estimated
Hours * Solids Total Solids

1 1 1.5080 4.7432 «»

2 2 ■5.2947 0.9565 <■*

3 3 ■6 .2100 0.0412 9.45 90.55 -A7.55
4 4 6.2173 0.0339 10.79 . 89.21 ■f 6 .21
5 ' 5 6 .2210 0.0302 11.47 8 8.53 +-5.53 i
6 21 6•2548 0.0036 17.67 82.33 -0.67 [
7 Static drying with<out vacuum I

21 Days 6.2555 0,0043 17.80 82.20. -0.80

This result is surprisingly good, and in view of the difficulty 
in the previous tests in getting down to the known composition of 
the sample it must be regarded with reserve the constant sack of 

the vacuum pump may have removed some solid matter.
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^ — t 'Z  ,0 V & N  DRi T AD OF GoLD&jii S x & Q j?  AX LOW

  1 A-ralPjl i.vA ■*■ UR&S «

Using vacuum*oven shown in Figure 36 ; one sample 
dried at 36°C.» and the other at 5Q°C.

«* Ignited sand - 40 gms, :
iji Glass Petri dishes j*

Diameter, mm. 
D e p t h ,  mm.

SAi&P-u.i.'j SUR3?AC A iihPOS.̂ D

No. (1)
9 2 
12
66*48

____________ 107 ; 1
VACuU.A im 70,72 eras. KO0A TEADhKAXuilD i-> 16°C. 
BAHOMiiiTRIC PRBISGUKS s.- 757.5 mm.

R-Ai 1 0  A Do Oii Sui h i  1 0  2 UGAK S Ol» iJdt

No. (2)
82
13
52.8

100 : 1

Golden -Syrup

Gms

Gins. Taken 
Water present,gms. 
Total Solids, gras. 
Water added, gms. 
Total water present,

0,4515
0*0768
0.3747

12.2903
12,3671

0,4800
0.0816
0.3984
12*1138
12.1954

No. Drying!
Time
Hours

36°C.
Water lost 
. gms.

RESULTS

Water left 
gms.

Per cent 
Water

Per cent
Total
Solids

Difference 
from Total 
Solids icnown 

present

1

3
5
7

10

12,3638
12,3653
12,3664

0.0033
0.0018
0.0007

16.28
16.62
16.86

83.72
83.38
83.14

+ 0.72 
+ 0.38
+ 0 .14

1 1

0SO c. 
11.8835 0.3119 •*

O 2 12.1950 0.0004 16.92 83.08 H  0 *08
3 3 12.1945 0.0009 16.82 83.18 + 0 * 18
4 4 12,1990 ~ 0.0036 17.75 82.25 -0.75
5 5 12.1983 — 0.0029 17 . 61

■ . ■ «• 'II ...w
82.39 — 0.61

i a e  r a x .e  o i  .l o » »  oj. v iav cx  - -  - -
satisfactory at 50°C., hut the per cent loss is decidedly high for 
this sample of syrup. The use of the vacuum-oven at 50 G. gives ramcn
quicker results.
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Paa-is Z4£MMj23!M..-PKyi^ of tijui&a smup at Rnon.

duplicateUsing vacuum*oven shown, in Figure 36 
samples dried on sand :

Ignited 'sand •: 20 gras. :
Glass Petri dishes

Diameter, mm. 
Depth, ram.

Z A dB lA l 3 U R F A 0 E  E X P O S E D , S g .  C2L  « .

Bo. (1)
82
13
52.8

49.7 i 1RATIO AhBOHJB&BT TO SUGAR SOLIDS s*

VACUUM/s- 72 cms. HOO’G TEMPERATURE j* 15.5°C. 
BAROM E T R IC  .Pi iEGSUIvIa 7 5 9 . 5  mm.

Ho.(2)
82
12
52.8

54.1 : 1

756 mm*

Golden Syrup s-

Gras.

Gms. taken 
Water present, gras. 
Total solids, gms. 
Water added, gms. 
Total water present.

0.4839 
0.0823 
0.4016 
6.1240 
6.2063

0.4457
0.0758
0.3699
12.0895
12.1653

RESULTS

Ho. Drying 
T ixae 
hours

Water lost 
gms,.

water left 
gras.

Per cent
Water

Per cent
Total
Solids

Difference 
from known 
Total Solids

1 1 6.1954
(i)

0.0109 14.76 85.24 + 2.24
rj 2 6.2053 0.0011 16.78 83.22 +~Q«2*i
3 3 - 6.2015 0.0048 16.02 83.9 a + 0.98
4 4 6.2037 0.0026 16.47 83.53 -f— 0 • 53
5 5 6.2065 -0*0002 17.05 82.95 -0.05
6 6 6.2088 -0.0025 17.53 82.47 "0.53
7 7 6.2070 0.0007 17.16 82.84 "0.16

1 1 12.1544
r  ~  -(2 ) ”
0.0109 14.55 35.45 + 2.45

<*
3

2 12.1675 - 0.0022 17.50 82,50 - 0,50
3 12.1657 *-0.0004 17.10 82.90 - 0 .10

4 4 12•1692 *-0,0039 17.88 82.12 —  0 .88

The results ■ approacn —-
fluctuate rather considerably from hour to hour i it seems probaule
that oxidation is also taking ’pl&G£*
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of J,evi?lose Solutions by Desiccation 
at room tembers tur tT~ Q. 7 ^OT. ~

(e ) n_sejgt,ra te cle^icQators_- j| solids found.
Hours
^contact on^ferlre 17.005 on $eTiTe Hours

confect
50.69onlilTte -17.005onuelfte

2I£*Ja£2* over £0H ov«r KOH over Ĥ SO*
21*. 52-15 60.49 168 84.70 1
90 51.20 17.31 285 51 .u 17 .Mi-
120 51.16 17.28 555 51.28 17.07
i k k - 17.26 if 5 5 51.23 17-Oif
265 - 17.22 578 51.15 17.07
311 - 17.21 l8l*.lf 50.79 .16.97
W l - 17.21 2823 50.76 16.98
956 - 17.14
1822 - 17.08 i

'
2801 - 17-01*.

7>fi'/CĈ r/OA' O/r !<7-q 3 C £ N T L E V U L O S E  SOi.t/r/Q/y/ oV 0/9P£/Z Got&S

too
— H O U G S  D G V / N & —

figure 63•
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Dryiflff of Levulosa 3olution& by Desiccation 
at ro om t am parature (17 °0)

• ■ m m m r n m h » m i « '  i m n ■ w w i  m ifcuwlgi. am i \imm

(b ) Sau;ples_paired in same desiccators (all on celite) - ft .solids Tow&
Hours Over HoSO*. Hou rs Ovar JC0BContact 5° 4 QbL" 17.00 5#miiiiiiwwmSmmtm

Contact 50.69%
mm mm.... <\wLmmm 17.005#

18 60.35 91-59 22 7 4-• 4-4- 60.79
a 56.75 20.17 kb 98.02 21.35
109 51.27 17.21 112 52*32 17.52
139 51.15 17. li*. 1*2 51.23 17.25
164 51.12 I7 .I5 166 51.21*. 17.33
231 50.91 17.10 285 51.09 17.21

329 50.37 17.09 333 51.06 17.20
449 50.87 17 .08 453 51.00 17.20

974 50.80 17.10 978 50 * 7 k 1 7 . I k

1340 50.69 17.06 1344 50.55 17.08

2819 50.76 17.08 2823 50.58 17.07

J
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Drying of Levulose Solutions by desiccation 
at room teraperature1'fl7tf0

(°) over 500 cos. H.SO^. all 50.691
Levulose solution. Ho i-w.ter 'atfJejTI % solids Founds

Hours On sand On Pumice
Contact Contact I II

29 67.50 71.15 blf 7 2.60 66,88
53 57.16 56.31*- 94- 61.00 62*11

171 54-.52 3it-.i1*. 118 55.85 54.29
195 5k. 22 53.90 VOCM 51.52 5i.ll
315 53.90 53.65 282*. 51.26 51.09
81*0 53.63 53.12 404 51.15 50.94.
1705 52.91 52.79 929 51.15 50*78
2681*. 52.59

'
52.66 1794 51.I8 50.65

2775 51.05 50.58

agent; here celite has proved better than sand or pumice in the same 
desiccator. The explanation possibly lies in occlusion by the 
sand or pumice and better porosity with the celite* The final 
figure 5 0.58# is below the 5 0.69$ of the original solution* 
probably water of crystallisation was then coming off* The whole 

process is too slow for ordinary routine work*
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Desiocation of 17.0 3̂4 Levulose solution 
on Paper Rolls' at room~tornperoture.

Two samples of gms. levulose solution without

addition of water was dropped on to paper rolls in 63 x 35 ®tns. 
glass weighing bottles. These were placed in desiccators - one 
containing 5°® cos. of concentrated sulphuric acid - the other with 

500 gms. of KOE pellets.
Hours Per oent solids Found.
Contact Over 5TbO«. Over KOH

150 17.51 17.87
173 17.20 17.37
21*5 16.97 17.18
651 16.72 17.01
797 16.70 16,88
966 16.65 16.76

1133 16.62 16.68
1501 16,60 16.67
14.72 16.60 16.63
1637 I6.60 16.51
l3o8 (discarded} 16.50
1873 «• 16.47

2518 - 16.43

3382 - 16.33

4-374 ~ 16.32



«wj? p'iTI^TG Qv SUOAH SOL!
ip * * * *# ®

I?0

1

4

6

8

10

Ilodo of 
Beoie cation

Static over
WJ10/. : - in| 
I i os icca to .-

.

.Xc utdVO

an above xuc:

Static in 
cepor&tc 
cloo locator

Tacuui •. 
Booiccatior

*»4 <8,$%
> ■ . i *  i i t .  i

& timing

[using sand)

■Sugar
Dried

-

tevul
OBO

go in •

m r t % r m  w /  TV -'*?  T f * f ?  ^ * P IO T ?  \ T  T ' * A f f  .< i

Jf Water 
ra’oce

■srn o*'>
!̂  • */lV

3o in.

9Xu~
f'-’f ‘>. .t'il

SC in.

uOVUl*
one 

Coin,

u c r *
ooo
" o ln ,

O'*9.9;.-

4 **** -• .niwvi*v <?•#*«,%». ••.

4 0 , 1 6

4 0 .1 6

39.92

3 9 . 9 0

W9' f «} i *j

3 9 .9 2

o9,03

40.1C

^ r'atei' 
fo u n d

f1) 40.30

(2) 30.03

(1 ) 30 .0?

(2) 30.90

( 1 ) 4 0 .0 5

( 2 ) 4 0 .47

(1) 0.54

( . j l  4 0 .0 0
N«V.-4JM»MRW

(1 )  3 0 .0 7

(1 )  39 .90

( i )  3 7 .0 3

(1 )  4 0 .5 4

(1 )  4 0 .1 1

(1 )  3 7 .1 0

After Srr 
Prying

7 3  1

•jfar,mOv

500

<t r **401

7X0

644

r..A A

or"» O

(Bice.'O’ . Un

B: bio \bcor1 f- « * **■ **; 0.i»X
Soli (Inmm* ..«•** •. .VMM 4A<imi<Mn>>WiMiMrhAp, r*A t  •• w  * *
: 1

( c o l i t o l  

V; rol:.’ " 

( c o l1 t o '

ii ..’.‘0-1 »•
;,..3 j 1
( c u l i t o )

2.3 : 1
( o o l i t e )

( c o l i t o )

a. 3 • 1 
(cellto)

t o oi by c a r  c u r”OHt)

16.9 : 1

fa (‘~J * •“ •!»« 1- *

•nr f.  ̂ _

O/t <9

° ri ♦ i

j .

( D is c a rd  o ' a f t e r  5 h o u r s )

* '**•**•** ■1 **• w*.;.\* ̂ imuwc. -
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': a t  io  
irater to 
D-:r recant

S u rfa c e s
R a t io

G as.
W ate r 
ac bed

}2US ..
l"bs o r  
-b e n t

De sic 
- c a n t
.ce.32S04r

D is h
d iam .
Earns.

Gas.
S o lid s
weighted

Gas.. 
Water 
n r e sent

1 : 76 1 : 5 .1 9
9

2 .5  
2 .o

1500 82 0 .6 0 2 4  
0 .,6259

0 .9 0 6 1  
0 .9 4 2 1

1 : 316
1 : 5 4

4
1.6
1 .5

1500 82 0 .4 9 6 3
0 .5 0 5 8

0 .7 4 6 4
0 .7 6 0 9

1 : 165 1 :4.6 4
4

1 .5
1 .5

750 72 
(A l)

0 .5 2 5 0
0 .5 5 8 0

0 .7 8 3 0  
0 .8 5 6 8

1 : 156 1 :2.8
1 :3 ,6

4
4

1 .5
1*5

750 92
82

0 .5 4 2 4  
0 .6 4 5 6

0.8081 
0.5029

1 : 175 1 : 3 3 .5 1 .5 750 92 0 .5 3 1 0 0 .7 9 9 3

1 : 175 1 : 3 3 .5 1*5 750 92 0 . a o 3 4 0.8029

— - 3 .5 1 .5 750

•

82 0 .5 9 4 0 0 .6 9 4 3

1 : 268 1 :3 .6 2.0 9 .0 750 82 0 .5 3 4 2 0.8041

1 : 173 1 : 3 3 .5 1 .5 750 92 0 .5 3 7 8 0.0089

- - - — 3 .5 1 .5 750 82 0 .5027 0.7491



Ho . Mode of 
Desiccation

Sugar
Dried

%  Water 
present

%  Water [ 
Found

After lirc.l 
Drying

Ratio Absorb
ent :■ Sugar 

Solids

11 with
Stirring

Gluc- 
0 3 e 
?aV',v

40.16 40.70 387 2.8 1
(col1to)

12 ti 40«16 40.67 2187 2.9 i 1
(oolite)

1 3 « Raisr
Sugar —

(1)0.57
(2)0.55

2167
2 1 4 2

14 »» GoIden 
Syrup

17.00 
(AV. )

16.38 2070 2.5 2 1
{oolite)

15 5? Sucr
ose 40*16

(1)40.53
(2)40.31

196
196

2 . 9  : 1 
2 . 7  : 1

( c e l i t e )

1 6 With Stir
ring and. 
Vacuum

G o ld e n
Syrup

17.00
(AV.)

11.16 7 3.3 : 1
(collto)

1 7 Circulat
ing. pump & 
7ac .Stir* ru?

17 .00 
(Av.) 16.03 5 2 6 4 4  : 1 

(Sand).

1 8 Static
JbV

« 17 .00 
,.. J vf

15.61 525 30 : 1 
....(Sand).

19 Vacuum
Desiccation n

I 7 .00 
(Av.)

17.26 5 2 0 23 : 1 

(Sand). .
20 ft a 17 .00 

(Av.)
1 7 . 3 0 5 0 4 4 4  :  1 

(Sand).

21
/

Vacuum Oven 
at Ion 
Temperature

» 17 .00 
(AV.)

( 1 ) 1 6 . 2 8  
( 2 ) 1 7  . 6 1

5
5

107 : 1 36° 
100 : 1 50°

(Sand)

2* « tt 1 7 . 0 0
(AV.)

( 1 ) 1 7 . 0 5
( 2 ) 1 7 . 1 0

5
3 50 : 1  ) 50 

54 2 1 ) 0
(Sand) 0

470

I Ratio of
W a t e r  to 
desiccant

S u r f a c e s
■p. J.. 4 m.X I C its 0 M

S 2 D 
:

G m a.
Water
added

G a s . ,

A  u t'O \J A
-bent

Desi-
C {,) ct'fi
cc J T ^S O *

Dish
diam,

Gms .
Solids
Wei ghed

Gms .
W a t e r
p r e s e n t

1 : 1 7 5 1 : 8 . 6 3 . 5 1 . 5 7 5 0 3 2 0 . 5 3 3 7 0 . 7 9 4 8

1 : 1 7 5 1 2 3 3 . 5 1 . 5 7 5 0 9 2

-
q p 
P O

0 . 5 8 0 8 0 . 7 7 6 0

JL .
J.. j J .  yJ -  O

j * rA

J. I O . KJ M i l Y  j. 1 7 5 0

. - • . .

1 • 1 8 2JL « L ■—

KWWBW.I B«l«

1 : 3 . 6 4 . 0 1 . 5 7 50 8 2 0 * 6 1 2 1 0 . 1 2 5 4

1 2 1 7 5  
1 : 1 7 3

. 0
1 : 3 . 6

5 • 5 
r<

1 . 5
"1 n,JL mis 7 5 0

9 2
8 2

0 . 5 2 3 5
0 . 5 5 4 2

0 . 7 8 0 5
0 . 3 2 5 6

1 : 1 9 1 1 : 2 . 8 \J .  £-j 5 "s r~L 1 0 0 0 9 2 0 . 4 5 8 0 0 0 9 3 8

1 : 1 6 1 1 : 3 . S 6 . 1 3 &Q 1 0 0 0 8 2 0 . 4 0 4 8 0 . 0 9 3 2

1 : 1 6 2 1 2 * c 6 . 0 8 20 1 0 0 0 3 2 0 . 6 5 9 4 0 . 1 3 5 1

1  : 1 6 2 1 2 8 . 3 >3.02 20 1 0 0 0 9 2 0 . .8 7 4 9 0 . 1 7 4 9

1 2 1 6 0 1 : 3 80 1 0 0 0 90 0 . 4 5 2 4 0 . 0 9 2 7

- - «**• 1 2 . 2 9 40 9 2 0 . 3 7 4 7 0 . 0 7 6 3

— - - 1 2 . 1 1 2 0 8 2 0 . 3 9 3 4 0 . 0 8 1 6

(3 .1 . : 20 . . . . 8 2 0 . 4 0 1 6 0 . 0 8 2 3

— L 8 . 0 9 P C ; - - 8 2 0 . 3 6 9 3 0 . 0 7 5 8
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I x ia  D U I i h R M I M A T l Q M  O F  M  S & S l Q C A T i O M  A T  R U u a  T a d P a i i A l H H m

' Q O M G L m i O U B

%±4&...Q& ifftiTfcij i«. The time required for drying has been found to be
greatly in excess of that reported in the literature*

In most of the tests the moisture content finally reacaed was
below the known percentage present, although constant weight and m  

satisfactory agreement was obtained in a few experiments* 
irihRiiid There was a marked shortening of the time of drying 
when the air in the desiccator was stirred. There seems little 
doubt that stirring is advantageous if precautions are taken 
against loss of sample in the air stream* The effect of stirring 
was. much less pronounced when the sample was nea:-ly dry - within 
about 1 per cent of its knows water content - that is, in the 
region where water of crystallization ©r * bound*-water has to be 
removed.
Y a Q U U m . The drying time was considerably lessened b y  using 
vacuus, particularly when the vacuum pump was kept running constant
ly so that, in fact, there was alight mot ion of the remaining air* 
The vacuus oven at 509C. was found to give .satisfactory .result* in
'3SI ch. less time.
Z-JLZ**uu>-uvAllvAZ  s~ (a) If desiccation at room temperature is found
is'dmtle, the use of vacuum and stirring Is recommended*
There must be a*equate ratios of absorbing medium to sample, and of 
•deelceaat i© sample.
tfcj The use of a vacuum oven at low temperature is generally more 
-a* *.factory than, desiccation at room te-v*'nature. I'he necessary
precautions assist ’be taken | see section on ©wen—drying)1 *
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SECTION 5»

METHODS Off ANALYSIS.

part 12 s- Determination of Water by Distillation Methods#

Introduction s
Survey of the Literature s
The Rate of Evaporation of Liquids *
General Notes on the Apparatus t .
Experimental s 
Summary.
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_£igij_..X?BTERMIIATXÔ  Off WATER BY DISTILLATION jM T xLQDS.

ABSTRACT. '
A survey has been made of the literature of the distillation 

method of determining water*
The distillation liquids normally used in these methods have 

been tested for stability and pH value.
Ten types of distillation apparatus have been used experiaent*

ally on golden syrup, and on solutions of sucrose, glucose# and#
in particular# levulose. ,

Trials have been made of distillation with pH bufifer sola* 
tions, and of distillation using a vacuum technique, i

The results show that the distillation method is not suit* 
able for the accurate determination of water in thermally 
sensitive sugars, but may be used for routine comparison 
purposes when the materials under test are not unduly sensitive 
to heat.

A method of prodedure is recommended : close attention to 
experimental details has been found necessary.

Three special types of apparatus have been devised and are
described. -

The most important factors in the method have been found to 
be - the use of glass joints and stoppers throughout 5 the use j
of a dispersing medium such as Celite in the flask ; the use of
electric hot plate heating* and the thorough washing down of j
water from the condenser.



474

B E T 5 R U X H A T  IQ IT O F  W A TE R  B Y  T H E  DISTILLATION M E T H O D .

T i l l s  p r o c e d u r e  c o n s i s t s  o f  h e a t i n g  t h e  s a m p le  w i t h  w o m e  

v o l a t i l e  a n d  i m m i s c i b l e  l i q u i d ,  t h e  w a t e r  f r o m  t h e  s a m p le  b e i n g  

c a r r i e d  o v e r  w i t h  t h e  d i s t i l l a t e  a n d  m e a s u r e d  d i r e c t l y  i n  a  s u i t 

a b l e  t u b e .

M a n y  m e t h o d s  b a s e d  o n  t h i s  p r i n c i p l e  h a v e  b e e n  p r o p o s e d ,  v a r y 

i n g  g r e a t l y  i n  e x p e r i m e n t a l  d e t a i l  a n d  i n  t h e  l i q u i d s  e m p lo y e d *

T h e  i d e a l  a im e d  a t  i s  t o  d i s t i l  o v e r  a l l  t h e  w a t e r  q u i c k l y  w i t h o u t  

d e c o m p o s i n g  t h e  s a m p le  a n d  l i b e r a t i n g  c h e m i c a l l y  f o r m e d  w a t e r .

I n  g e n e r a l  t h e  m e t h o d s  c a n  b e  d i v i d e d  i n t o  tw o  c l a s s e s ,  t h o s e  

u s i n g  l i q i d s  h e a v i e r  t h a n  w a t e r ,  a n d  t h o s e  u s i n g  l i q u i d s  l i g h t e r  - 

t h a n  w a t e r *  T h e  l i g h t  l i q u i d s  u s e d  i n c l u d e ,  b e n z e n e ,  t o l u e n e ,  x y l 

e n e ,  a n d  v a r i o u s  p e t r o l e u m  f r a c t i o n s ,  w h i l e  t h e  h e a v y  l i q u i d s  a r e  

u s u a l l y  c h l o r o - s u b s 1 1  t u t e d  h y d r o c a r b o n s  s u c h  a s  t r i c l i l o r e t h y l e n e ,  

c a r b o n  t e t r a c h l o r i d e ,  a n d  p e r e h l o r e t h y l e n e *

S U R V E Y  O ff Tim L IT E R A T U R E *

T h e  d i s t i l l a t i o n  m e t h o d  o f  d e t e r m i n i n g  w a t e r  a p p e a r e d  w i t h  t h e  

g r a n t  o f  a  G e r m a n  p a t e n t  i n  i b O l  w h i c h  c o v e r e d  tw o  m e t h o d s

1 ,  d i s t i l l :  t i o n  o f  t h e  t e s t  s a m p le  w i t h  a n  i m m i s c i b l e  l i q u i d  of
>■ 1

h i g h e r  b o i l i n g  p o i n t ,  a n d  2 .  h e a t i n g  of•the f^mpX.e a s  i n  1., foil-
J

o w e d  b y  d i s t i l l a t i o n  w i t h  a  l i q u i d  o f  l o w e r  b o i l i n g  p o i n t .  The d i s t 

i l l a t i o n  l i q u i d s  r e c o m m e n d e d  w e r e  t o l u e n e  a n d  p e t r o l e u m  f r a c t i o n s ,  

a n d  t h e  m e t h o d  w a s  f i r s t  a p p l i e d  t o  c e r e a l  p r o d u c t s - .

M a n y  v a r i a t i o n s  f o l l o w e d ,  u s i n g  a  w i d e  r a n g e  o f  l i q u i d s ,  a n d  

a p p l y i n g  t h e  m e t h o d  t o  f o o d s ,  c o a l ,  h o p s ,  a n d  c e l l u l o s e  p r o d u c t s  

a m o n g  o t h e r s .
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A  r e v i e w  o f  d i s t i l l a t i o n  m e t h o d s  u p  t o  1 9 0 8  i s  g i v e n  b y  Hoffmann,
(  Z .  a n g e w .  C l i e m ie ,  2 1 , 2 0 9 5 , 1 9 0 8 ) ,  w h o  d e s c r i b e d  t e n  v a r i a t i o n s  

o f  t h e  m e t h o d ,  a n d  c o m p a r e d  r e s u l t s  b y  d i s t i l l a t i o n  w i t h  t h o s e  

o b t a i n e d  b y  d r y i n g  i n  v a c u o  w i t h  B o 0 , -  o r  b y  d r y i n g  a t  3 0 ° C .

S c h w a l b e  u s e d  d i s t i l l a t i o n  i n  1 9 0 8  f o r  p l a n t  m a t e r i a l s ,  a n d  co m m 

e n t e d  o n  t h e  n e c e s s i t y  o f  h a v i n g  a  d i s t i l l a t i o n  l i q u i d  o f  b o i l i n g  

p o i n t  h i g h  e n o u g h  t o  d r i v e  t h e  b u b b l e s  o f  w a t e r  t h r o u g h  t h e  m a s s  

o f  m a t e r i a l .  T h i s  v i e w  i s  c o m m o n  i n  t h e  e a r l i e r  l i t e r a t u r e ,  a n d  ■ - 

l i t t l e  s u c c e s s  a t t e n d e d  t h e  u s e  o f  l o w e r  b o i l i n g  p o i n t  l i q u i d s  u n t i l  

a  m e t h o d  o f  s a m p le  d i s p e r s i o n  a p p e a r e d  t o g e t h e r  w i t h  i m p r o v e d  

a p p a r a t u s  a n d  t e c h n i q u e .

T e s t o n i  ( S t a s .  s p e r .  a g r a r . I t a l . , 2 7 , 3 6 6 , 1 9 0 4 )  f i r s t  a p p l i e d  t h e  

m e t h o d  t o  s u g a r - c o n t a i n i n g  m a t e r i a l s  u s i n g  t u r p e n t i n e  o f ' b o i l i n g  

p o i n t  1 6 G ° G .  or m o l a s s e s .

T a n  d e r  L i n d e n  d e s c r i b e d  a  m e t h o d  f o r  w a t e r  i n  m o l a s s e s  a n d  o t h e r  

s u g a r  p r o d u c t s  i n  1 9 1 7 .  H e  u s e d  x y l e n e  i n  a  c o p p e r  d i s t i l l a t i o n  

f l a s h  c o n n e c t e d  t o  a  v e r t i c a l  c o n d e n s e r  w h i c h  d i s c h a r g e d  i n t o  a  

2 5 0  o c s * m e a s u r i n g  c y l i n d e r  g r a d u a t e d  t o  0 . 0 5  e c .

A  g r e a t  i m p r o v e m e n t  o f  t h e  m e t h o d  r e s u l t e d  f r o m  t h e  i n t r o d u c t i o n  i n  

1 9 2 0  o f  t h e  B e a n  a n d  S t a r k  t u b e  e n a b l i n g  c o n t i n u o u s  r e f l u x  t o  t a k e  

p l a c e ,  a n d  f a c i l i t a t i n g  t h e  r e m o v a l  o f  t h e  l a s t  t r a c e s  o f  w a t e r .

T h e  B i d w e l l  a n d  S t e r l i n g  t y p e  o f  t r a p  ( 1 9 2 5 )  r e p r e s e n t e d  a  f u r t h e r  

a d v a n c e  i n  d e s i g n  w h i c h  h a s  b e c o m e  s t a n d a r d  e q u i p m e n t .

O t h e r  m o d i f i c a t i o n s  a n d  i m p r o v e m e n t s  o f  t h e  a p p a r a t u s  h a v e  

i n c l u d e d  t h e  i n c o r p o r a t i o n  o f  a  b u i l t - i n  c o n d e n s e r ,  t h e  u s e  o f
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s t a n d a r d  g l a s s  j o i n t s ,  t h e  s t a n d a r d i s a t i o n  o f  d i m e n s i o n s ,  a n d  t h e  - 

a d a p t a t i o n  o f  t h e  t r a p  f o r  d i s t i l l a t i o n  l i q u i d s  h e a v i e r  t h a n  w a t e r ,  

^ilU3 ^ o r m a n  ( 2 -  a n g e v .  C h e m . , 3 8 , 3 8 0 , 1 9 2 5 )  c l a i m e d  a c c u r a t e  r e s u l t s  

w i t h  a  b u i l t - i n  r e f l u x  c o n d e n s e r  u s i n g  b e n z e n e  w i t &  s u c h  m a t e r i a l s  

a s  f a t s ,  o i l s ,  a n d  s o a p s .

Y a m  d a  a n d  K o s h i t a k a  m o d i f i e d  B o r m a n 's  a p p a r a t u s  i n  1 9 2 7  b y  t h e  

i n s e r t i o n  o f  a n  i n v e r t e d  s e c t i o n  a t  t h e  e n d  o f  t h e  c o n d e n s e r , a n d  

c l a i m e d  t h a t  t h i s  p r e v e n t e d  a d h e s i o n  o f  w a t e r  o n  t h e  w a l l s  o f  t h e  

s t i l l - h e a d ,  ( J . . S o o . C h e m . l a d . ( J a p a n ) , 3 0 , 3 5 6 , 1 9 2 7 ) .

V a c u u m  d i s t i l l a t i o n  u s i n g  x y l e n e  f o r  m e a t  e x t r a c t s  w a s  u s e d  by 
D g c I Iq w  a n d  S m i t h  i n  1 9 2 6 ,  i n  a n  e f f o r t  t o  p r e v e n t  d e c o m p o s i t i o n  o f  

t h e  m a t e r i a l  b y  h e a t .  T h e y  u s e d  a  c o n d e n s e r  s p e c i a l l y  c o o l e d  b y  

b r i n e * ( I n d . I n g . C h e m . , 1 3 , 8 5 8 , 1 9 2 6 ) .

T h e  u s e  o f  a  d i s p e r s i o n  m e d iu m  T h e  a p p l i c a t i o n  o f  t h e  d i s t i l l a 

t i o n  m e t h o d  t o  s u g a r  p r o d u c t s  w a s  g r e a t l y  h e l p e d  b y  t h e  p r o p o s a l  

t o  u s e  a  d i s p e r s i o n  m e d iu m  b y  B i c e  i n  1 9 2 9 *  H e  u s e d  " F i l t e r -cel* - 
a  p r o p r i e t o r y  a c i d - w a s h e d ,  k i e s e l g u h r  w h i c h  w a s  p l a c e d  i n  t h e  f l a s k  

a n d  t h e  s a m p le  r u n  i n  o n  t o p *  ( i n d *  I n g *  C h e m * , 2 1 , 3 1 , 1 9 2 9 ) *

T h i s  t e c h n i q u e  w a s  f u r t h e r  s t u d i e d  b y  F e t z e r ,  E v a n s ,  a n d  Longeneeker
a n d  a p p l i e d  t o  v e r y  v i s c o u s  c o r n - s y r u p s * { I n d . B n g . G h e m , 1 3 , 8 5 5 , 1 9 4 1 ,

A n a l . E d . )
T h e  i n t r o d u c t i o n  o f  l i q u i d s  h e a v i e r  t h a n  w a t e r

T h e r e  a r e  tw o  m a i n  o b j e c t i o n s  t o  t h e  u s e  o f  l i q u i d s  l i g h t e r  

t h a n  w a t e r  i n  t h e  d i s t i l l a t i o n  m e t h o d ,  f i r s t l y  t h e  r i s k  o f  f i r e ,  

a n d  s e c o n d l y  t h e  f a c t  t h a t  m o s t  p r o d u c t s  t e s t e d  s i n k  i n  t h e s e  

l i q u i d s  a n d  a r e  i n  d i r e c t  c o n t a c t  w i t h  t h e  b o t t o m  o f  t h e  f l a s k
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w h e r g s u p e r h e a t i n g  a n d  d e c o m p o s i t i o n  m o r e  r e a d i l y  o c c u r *

T o  e l i m i n a t e  t h e s e  o b j e c t i o n s *  T h i e l e p a p e  a n d  ^ u i d e  f z *  v e r * D e u t ,  

Z u e k e r  t n d *  8 1 * 5 6 7  * 1 9 3 1 )  i n t r o d u c e d  t h e  u s e  o f  a l k y l  a n d  a l k y l e n e  

c h l o r i d e s *  A t  f i r s t  a m i x t u r e  o f  i r i c h l o r e t h y l e n e  ( l  v o l * )  a n d -  

t r i c h l o r e t h a n e  (2 v o ' l s * )  was u s e d ,  but this was later a b a n d o n e d  o n  

a c c o u n t  o f  i t s  t o x i c i t y ,  and t e t r a e h l o r e t h y  1  e n e ,  s p *  gr 1 * 6 2  a n d  .. 

B , P t *  1 1 9 ° C * *  w i t h  only slight t o x i c  a c t i o n ,  ? ;a s  a d o p t e d ,  T h e  a p p a r >  

a t u s  e m p lo y e d  w a s  t h a t  d u o  to L u n d i n  { Chem« Z t g ,  , 5 5 , 7 6 2 , 1 9 3 1 ) . *  jfhis 
i s  s h o w n - i n  M g * 6 7  *In this - a p p a r a t u s  the s a m p le  a n d  d i s t i l l i n g  

liquid are p l a c e d  i n  a  f l a s k  of 250-500 c c s ,  c a p a c i t y .  O n  d i s t i l l a 

t i o n  the v a p o u r  of t h e  t e t r a e h l o r e t h y  1 e n e  a n d . t h e  w a t e r  r i s e  i n  t h e  

vertical t u b e  a n d  are c o n d e n s e d  b y  t h e  worm c o n d e n s e r .  T h e  c o n d o m *  

s e d  l i q u i d s  f l o w  i n t o  t h e  graduated t u b e  w h e r e  s e p a r a t i o n  o c c u r s ,  

t h e  w a t e r  b e i n g  t r a p p e d  i n  t h e  t u b e ,  w h i l e  t h e  t e t r a c h l o r e t h y lene 
r u n s  b a c k  t h r o u g h  the s i d e  t u b e  ( w i t h  s t o x > c o c k K  S e v e r a l  m e a s u r i n g  

t u b e s -  m a y  b e  p r o v i d e d , o , g ,  2 ,  5 ,  and . 1 0  c c s ,  c a p a c i t y ,  t o  c o v e r  a- . 

w i d e  r a n g e  ' o f  w a t e r  c o n t e n t !  t h e y  a r e  u s u a l l y  g r a d u a t e d  i n  1 / 2 0  t h e ,  

e c .  T h i s  m e t h o d  u s i n g  h e a v y  d i s t i l l a t i o n  l i q u i d s  h a s  b e e n  u s e d  

b y  B u r k e  a n d  T u c k e r  ( A n a l y s t , 6 0 , 6 6 3 , 1 9 3 5 )  w h o  s u c c e s s f u l l y  d e t e r -  - 

m i n e d  m o i s t u r e  i n  c e r e a l s  u s i n g  t e t r a c h l o  r e  t h a n e .  T h e y  f o u n d , h o w e v e r  

t h a t  p r o g r e s s i v e  d e c o m p o s i t i o n  o c c u r r e d  w h e n  t h e  m e t h o d  w a s  a p p l i e d ,  

t o  c a n e  s u g a r  s y r u p s  a n d  m o l a s s e s , a n d  c o n c l u d e d  t h a t  t h e  m e t h o d  w a s  

u n s a t i s f a c t o r y  w h e n  a p p r e c i a b l e  a m o u n t s  o f  i n v e r t  s u g a r  w e r e  p r e s e n t  

A l e x a n d e r  ( I n d *  B n g *  C h e ® * , A n a l , I d . .  , 8 ,  3 1 4 , 1 9 3 6  ) u s e d  c a r b o n  t e t r a 

c h l o r i d e  w i t h  a  s w e c i a l  t u b e  f o r  r o u t i n e  m o i s t u r e  d e t e r m i n a t i o n s  o n



d y n a m i t e .  C l  e l a n d  a n d  f f e t z e r  ( i b i d - .  , 1 4 , 1 2 4 , 1 9 4 2 )  u s e d  A l e x a n d e r ’ s  

t u b e  f o r  c o r n  s y r u p s .  T h e y  f o u n d  a  h i g h " b l a n k "  f i g u r e  f o r  c a r b o n '  

t e t r a c h l o r i d e , a n d  a l s o  u s e d  a  s m a l l e r  a m o u n t  t h a n  u s u a l  o f  f i l t e r -  

c e l  a s  d i s p e r s i o n  m e d iu m .  T h e  w a t e r  w a s  r e c o v e r e d  m o r e  r a p i d l y  

t h a n  w h e n  u s i n g  b e n z e n e *

. H .  D a v i d  ( C e n t r *  Z u c k e r i n d *  , 4 1 , 4 4 , 1 9 3 6 ) ,  u s e d  p e r c h l o r e t h y l e n e  f o r  

b e e t  s u g a r  p r o d u c t s  i n c l u d i n g  r a w  s y r u p s ,  c o e s e t t e s ,  b e e t  p u l p ,  

a n d  f i l t e r  p r e s s  c a k e .

A d h e r e n c e  o f  w a t e r  t o  t h e  a p p a r a t u s  T h e r e  a r e  m a n y  r e f e r e n c e s  

i n  t h e  l i t e r a t u r e  t o  t h e  t r o u b l e  c a u s e d  b y  t h e  a d h e r e n c e  o f  f i n e  

d r o p s  o f  w a t e r  t o  t h e  u p p e r  p a r t -  o f  t h e  w a l l s  o f  t h e  t r a p  a n d  t o  

t h e  w a l l s  o f  t h e  c o n d e n s e r .  - >

d e  L o u r e l r o  { J . A . Q . A . O * ,  2 1 , 6 4 5 - 8 , 1 9 3 8 )  h a s  p o i n t e d  o u t  tw o  r e a s o n s  

f o r  t h e  a d h e r e n c e  s -  * T h e  f i r s t  i s  m e c h a n i c a l .  I n  a n  o r d i n a r y  

r e f l u x  c o n d e n s e r  i n  - w h ic h  t h e  v a p o u r  t r a v e l s  u p w a r d s ,  t o l u e n e ,  t h e  

l e s s  v o l a t i l e  l i q u i d ,  c o n d e n s e s  b e l o w  t h e  w a t e r ,  a n d  t h e r e  i s  n o n e  

l e f t  t o  s w e e p  d o w n  t h e  c o n d e n s e d  d r o p l e t s  o f  w a t e r .  T h e  o t h e r  

r e a s o n  i s  p h y s i c o - c h e m i c a l .  A t  n e u t r a l  o r  a c i d  r e a c t i o n  w a t e r  h a s  

m o r e  a f f i n i t y  f o r  g l a s s  t h a n  h a s  t o l u e n e  h e n c e  i t  t e n d s  t o  d e p o s i t  

a l o n g  t h e  w a l l s  o f  t h e  a p p a r a t u s  a s  s t u b b o r n l y  a d h e r e n t  d r o p l e t s .  

T h e  c o n d i t i o n  i s  r e v e r s e d  w h e n  t h e  a c t i o n  i s  s t r o n g l y  a l k a l i n e , *  

" T h e n t h e  g l a s s  i s  e a s i l y  m o i s t e n e d  b y  t o l u e n e ,  a n d  g r a v i t y  w i l l  

c a u s e  e v e n  t h e  s m a l l e s t  d r o p s  o f  w a t e r  t o  s l i d e  a l o n g  t h e  w a l l s , *  

T w o  m e t h o d s  a r e  s u g g e s t e d  b y  d e  X o u r e i r o  t o  s u r m o u n t  t h e s e  

d i f f i c u l t i e s .  O n e  i s  t h e  u s e  o f  a n  a p p a r a t u s  w h i c h  c h a n g e s  t h e  

d i r e c t i o n  o f  t h e  v a p o u r  f l o w  s o  t h a t  t h e  t o l u e n e  w i l l  w a s h  d o w n  t h e



w a t e r , a n d  t h e  o t h e r  i s  t h e  u s e  o f  5  p e r  c e n t  p o t a s s i u m  h y d r o x i d e  

s o l u t i o n  t o  r i n s e  t h e  a p p a r a t u s  s o  t h a t  t h e  g l a s s  s u r f a c e  i s  k e p t  

a l k a l i n e . -  M i s s  E .  K n i g h t  ( I I . S c ,  t h e  s i s , M c G i l l  U n i v e r s i t y )  d i d  n o t -  - 

f i n d  t h i s  a l k a l i n e  r i n s e  h e l p f u l ,  b u t  a d v o c a t e d  a l l o w i n g  t h e  c o n d e n 

s e r  t o  s t a n d  i n  a l k a l i n e  s o l u t i o n  ( e . g .  a l c o h o l i c  p o t a s h )  w h e n  n o t  

i n  u s e , r i n s i n g  w i t h  d i s t i l l e d  w a t e r  b e f o r e  u s i n g .  • -

M a i n  d e f e c t s  i n  e a r l i e r  m e t h o d s  T h e  a p p l i c a t i o n  o f  t h e  m e t h o d  t o

s u g a r  p r o d u c t s  n e c e s s i t a t e s  t h e  u s e  o f  l i q u i d s  o f  l o w  b o i l i n g  p o i n t  

a n d  i f  t h e  B .  P t ,  i s  m u c h  b e l o w  t h a t  o f  w a t e r  t h e  m e t h o d  m a y  b e c o m e  

t e d i o u s l y  l o n g .  E l i m i n a t i o n  o f  t h e  l a s t  t r a c e s  o f  w a t e r  f r o m  t h e  

s a m p le  i s  t h e  m a i n  d i f f i c u l t y  w i t h  a n y  o f  t h e  v a r i a t i o n s  o f  t h e  

m e t h o d .  T h e  e a r l y  t y p e s  o f  a p p a r a t u s  w e r e  p r o v i d e d  w i t h  c o r k s ,  a n d -  . 

t h i s  w a s  w i t h o u t  d o u b t  t h e  c a u s e  o f  m a n y  d i s c r e p a n t -  r e s u l t s .  A n o t h e r  

m o s t  i m p o r t a n t  f a c t o r  i s  t h e  m e a n s  o f  h e a t i n g  t h e  a p p a r a t u s .  

H e a t i n g  o v e r  a  n a k e d  f l a m e  o r  w i t h  a  g a u z e  i s  o b v i o u s l y  d a n g e r o u s  

w i t h  t h e  l i g h t  i n f l a m m a b l e  l i q u i d s ,  a n d  t h e  u s e  o f  a n  o i l - b a t h  o r  

o t h e r  t y p e  o f  i m m e r s i o n  b a t h  i s  m e s s y  a n d  t h e  t e m p e r a t u r e  i s  n o t  - 

e a s i l y  c o n t r o l l e d .  T h e  u s e  o f  e l e c t r i c a l  h e a t e r s  a p p e a r s  t o  b e  t h e  

o n l y  r e a l l y  s a t i s f a c t o r y  m e t h o d ,  i n  s h o r t ,  t h i s  d i s t i l l a t i o n  m e t h o d  

w h i c h  a t  f i r s t  s i g h t  a p p e a r s  s i m p l e ,  m u s t  b e  c o n d u c t e d  w i t h  e x a c t  

a t t e n t i o n  t o  t h e  c o r r e c t  t e c h n i q u e , p a r t i c u l a r l y  w h e n  d e a l i n g  w i t h  

t h e r m a l l y - s e n s i t i v e  m a t e r i a l s .  T h e  s o l v e n t  u s e d  m u s t  b e  p u r e  a n d  

o f  s u f f i c i e n t l y  l o w  b o i l i n g  p o i n t  ;  t h e  a p p a r a t u s  m u s t  h a v e  g l a s s  

j o i n t s  ;  a n d  t h e  m e t h o d  o f  h e a t i n g  m u s t  g i v e  a d e q u a t e  c o n t r o l  o f  

t h e  t e m p e r a t u r e .  O i l - b a t h s  a r e  n o t  s a t i s f a c t o r y .
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THI HATE OF EVAPORATION OF LIQUIDS*
The rate of evaporation for any given single solvent Is governed 
toy several factors
1* 'Ejfcie vapour-pressure of the liquid at the given temperature
2. The rate at which heat is supplied to the liquid
3. The conductivity for heat of the liquid 
4# The specific heat of the liquid
5* The latent heat of evaporation of the liquid
6. The degree of association of the molecules
7. The surface tension of the liquid 
8* The molecular weight of the liquid 
9* The humidity of the atmosphere
10. The rate at which the vapour adjacent to the liquid is 

removed.
With mixtures the rate of evaporation is further governed bys-
1. The molecular attraction of one component for another
2. The depression of the vapour pressure of one component by 

another.
3. Where dissolved colloids are present,e.g.,lacquers, viscosity 

is very important.
(See T.H.Durrans, Solvents, Ohapman & Hall,3rd. Ed.,p.30, 1933) 

Very little reliance can be placed on most of the published 
information on evaporation rates as the phenomenon is profoundly 
affected toy several factors which are difficult to control or 
standardise. Hofmann (I.E.C., 24,135,1932) has determined the 
r a t e s  for several solvents and has confirmed that approximate



4B1

results can be calculated from the formula
Rate * (Vapour Pressure x Molecular Weight) at 20°Cs

11 “

the rates being referred to butyl acetate * 100. (See De Seen,
J. chim. Phys.,11,205,1913).
De Been found that the evaporation rates of organic liquids ar® not 
proportional to their B.Pts. and that while the rate determined by 
weighing was satisfactory for practical purposes the results were 
not capable of numerical expression. For pure liquids the slope of 
the evaporation curves could be used to express the rate of evapora
tion; the rate is taken as the tangent of the angle the Tim©/ Evap
oration per cent makes with the horizontal, divided by the tan of 
the angle of the similar curve for n. butyl acetate x 100# The per 
cent evaporation line is obtained by evaporating the solvents in 
aluminium dishes of uniform size and shape. These were allowed to 
stand for 1 hour protected from draughts and were then weighed, 
continuing these weighings each hour for five hours.

Figure
64.
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LIQUIDS U S E D  F O R THE BISTILLATION METHOD FOR WATER.
T T A :  TTTi J-l 1 U x  JU B . P t .

Op 
Vy •

S p . G r  . PHYSIO
LOGICAL
P R O P E R T IE S

R E M A R K S

M e t h y l e n e  
Bichloride or 
L; i chi o r  oiae t h a i

CH2 C 1 2

40-42
xe

1.346 Hareotic Highly volatile = 
1 . 8  where ether =  1

Chloroform
CH01-3

61.2 1.49-l.’5Q
Acutely
toxic Solubility in water 

0.5 $ s turns acid ix 
presence of light

C a r b o n  Tetra
c h l o r i d e  
0C14

75-77 1 .6 0 0 -
1 . 6 0 8

May form 
phosgene

Should be free from 
chlorine & neutral 
M a x .Residue 0*01$

Tri c h i ore thy- 
lene
c2 hci3

8 6 - 8 8 1.469-
1.475

Narcotic Forms HC1 slowly in 
light or catalytic- 
ally :Insol.in water

Tetraehlor- 
ethane
CHG1 2*CHG12

140-150 1 .6 0 0 -
1 . 6 0 2

The most 
toxic of 
these 
liquids

Slowly liberates HC1 
in presence of water

Tetrachlor- 
ethyIene (Perchlorethy'
cci9 .cci2

1 1 9 - 1 2 1

.ene)
1.624-
1 . 6 3 2

Less toxic 
than ehloro 
-form or 
CC14

Stable to moisture t* 
Slightly narcotic & 
toxic j Sub-cutaneo)* 
usly more toxic than
e c u . .. .. .. 4

Benzene
° 6 H 6

80(m.Pt.
5°C.)

0.884 Very toxic Solubility in water 
0 .2 $ * volatile.

Toluene
C 6 H 5 .CI3

109-111 0.860-
0.871

Toxic,prob
ably less so 
than benzene

Solubility in water 
0.047 $ at 20 C.

Xylene
ch,.c6 h5 .ch3

135-145 0.862-
0.865

Toxic japprox. 
equal to benz
ene & toluene.

, witC,... .... .n.^Heptane 
C7HX6

99*5-
1 0 0 . 2

0.712 Toxic Very inflammable s 
the data relates to , 
"Technicaln heptane#

Diehloroett
CHC1.CH01,(B.I 
while Pentachl 
Reference f

xane (B.Pt. 80-85°0.) CHgCl.CflgCl,and Dichior©ethylene 
>t.)=|8 -6 QoC.) are both slowly hydrolysed by water, 
Lorethane,CHCl2 *CCl3 has B.Pt.l62°C.,which is too high,
"Toxicity of Industrial Solvents",H.M.S.0*,1937
(Report Ho.SO).
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Ml'X'.LMJRBS OF !I0lTJDS USB1) FOB THE DETERMINATION 3?
f  kvm BY TfIK BI3TILLA!? I ON M.5TH0D.

0 . By Volume 
Toluene Garb on 

Tetra 
Chloride

Bp. Gr. 
Calcul
ated

Sp.Gr.Actual
B.Pt.
Calcul
ated

B.Pt 
* Act

ual
. Remarks

1 10 90 1.510 1.523 79.7 77.5
rt£ 20 80 1.439 1.440 83.1 79.2
3 30 70 1.367 1.367 8 6.6 81.0
4 40 60 1.296 ■1.294 90.0 88.0
5 . 50 50 1.224 1.210 93.5 86*5 Satisfactory
6 60 40 1.152 1.147 96.9 87.8

7 70 30 1.081 1.047 100.4 93.5
8 80 20 1.009 1.005 103.8 95.0)*[Sp.Dr. too .near to 1.000
9 90 10 0.938 • 0.929 107.3 100.oj

Ko. 9 Mixture burned with difficulty : No. 8 burned when a taper 
was held to it but the flsuae went out when the taper was removed.

Other Mixtures By Volume
No- Composition B.Pt.°C.
1 Carbon tetraehloride 50 

Toluene 50 89.5
2 Carbon Tetrachloride 30 

Toluene 70 93.5

3 Carbon Tetrachloride 60 
Xylol 43 93.2

These mixtures dia not ignite with a taper, but burned when a 
burner flame was played on them* the flame went out when the
burner was removed.
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ACIDITY EFFECTS WITH THE LMISOIBLE LIQUIDS USED IN THE ESTIMATION
OF WATER BY DISTILLATION.

The liquids were steam-distilled where practicable,and then 
fractionally distilled, the fraction distilling within 1° of the 
listed boiling point being collected.

Thirty ccs. of each liquid were refluxed with 10 ccs. of twice- 
distilled water for one hour. The water was separated and cooled 
and its pH value determined by the G-lass Electrode. A sample of each 
liquid was allowed to stand over NaQH for a week s the results 
shown refer to the pH values of water extracts made from (a) the 
solvent decanted from the HaOH, and (b) the solvent distilled from 
the NaOH.

Liquid B.Pt.
°C. Untreated

pH Value 
After NaQH 
Undistilled

After NaOH 
Distilled

Oarbon Tetrachloride 76 4.7 9*6 8*4
Benzene 80 6.2 8*5 7*2
n-Heptane 100 6.8 0*4 4v6
Tetrachlorethylene 120 7.7 8*4 6.8
Toluene 110 6.4 9*0 6*8
Xylene 135-145 4.6 9.2 7.4
Tetrachlorethane 145 5.0 8.6 7.2
Trichiorethylene 86-88 6.0 8.3 6.7
Ohloroform 61 CO•KO 8.7 7.3
Original Water ——— 6.25
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^H^J)I3gILLATI0H METHOD FOR ESTIMATION OF WATER 
JjQT.SS ON THE VARIOUS TYPES OF APPARATUS 

He search Station type ("g.K.S." type) Figure 83 
Using benzene this apparatus gave rapid distillation at 115°G. 
temperature in the oil-bath. The speed was mainly due to the enclo
sure of the graduated trap and the shortness of the vapour pipes.
The enclosed tube was found to clog frequently with bubbles of 
benzene, and would be more efficient if a channel were provided so 
that a wire could be inserted to clear the bubbles.
At certain conditions of temperature and humidity in the atmosphere 
it was found that moisture tended to condense on the outside of the 
apparatus at the top : this water ultimately ran down into the 
moisture tube and vitiated the result.

A defect of this type is the condenser : the immiscible liquid 
channels on the large condenser surface and does not wash down the 
condensed water. This also applies to the sides of the upper portion 
of the apparatus. Elaborate washing down is thus necessary at the 
end, and with a large surface to wash, loss of water may result. j
With certain materials such as coal the apparatus "bumps" badly and 
the condenser may lift up and allow vapour to escape. Another diffi
culty with coal is that the very fine particles often entrain in the 
vapour and blur the meniscus reading.

Other points noted were the difficulty of reading the tube 
graduations through the rest of the apparatus, and the relative 
difficulty of cleaning the apparatus as compared with other types.
The short vapour travel is a good point in this design : 
tube can, of course be removed for reading._____________

the water
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2* The gate and Warren Tube (Figure
The calibrated tube la this apparatus is too narrow to permit of
easy cleaning,and for the same reason the water does not drop to thi 
bottom of the tube unless the liquid is stirred by a wire $ this is 
particularly troublesome at the start of the estimation* These
calibrated tubes are better when provided with a flat or rounded
bottom and not a point as in this design. The Tat© and Warren app&r 
-atus used in this work took much longer to start distilling, and 
distilled much more slowly than the lean and Stark type (Figure 70).

Heating the trap in an electric oven to 1 1 0 °G. before use did 
not materially help the settling of the water in the trap ; there 
was much ©milsificaiion and the water clung even more closely to 
the sides than in the previous tests* With all types of apparatus 
it w e s  found desirable to clean the glass with chromic acid mixture 
before each estimation.
3*. Tne This apparatus- is very similar to
the Tate and Warren type. A modification of the trap is described in 
British Standard Methods for Testing Goal 
and Coke 1016-1942* and is shown here.

The Fuel Keae&reh Station type of
apparatus is also described in this 
publication. The standard procedure 
recommends that the receiver and 
condenser be cleaned with a mixed 
die hr oma t e/M^S 0 4  before each test.

u c«HO£NSe&

Modified trap.
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ESTIMATION OF WATER BY THE DISTILLATION METHOD USING 48.16 PER 
CENT LEVULOSE SOLUTION WITH DIFFERENT IMMISCIBLE LIQUIDS. 
Levulose solution dispersed by addition of 10 gms* celite.
(a) Lean and Stark Apparatus;-

Time in minutes and per cent(solidsJfound*Distillation 
L i q u i d____

1 .BENZENE 0 15 35 70 150 195 240 360
Solids 71.6 60.7 53.3 49.8 48.4 48.4 47.9

2. n*-HEPTANE

540 
47*9

10 gms. celite added to 10.6 gms. levulose solution 
and 100 ccs. solvent used :no eharring apparent :
011 Bath Temperature = 125-130°C.

Time in minutes
B.Pt. 100^0. 15 30 60 90 120 180

Water 36*6 48.3 50.7 51.7 52.2 53.0
Solids 63*4 51.7 49.3 48.3 47.8 47.0

240 300
53.3 53*7
46.7 j 46*3

10 gms. celite used as dispersion agent t 100 ees* 
solvent s charring almost negligible.
011 Bath Temperature = 130-135°C.

TOLUENE Time in minutes
B.Pt. 11G0G« 35 60 90 270 450

Water 50.4 51.5 52.1 52.9 54.4
Solids 49.6 48.5 47.9 47.1 45.6

10 gms. celite used as dispersion agent t 1 0 0  ccs# 
solvent (toluene NaOH-treated) s charring very 
slightjmereljr a brown ring round flask at the

surface of the liquid. Oil Bath Temperature* 138 C
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Distillation Liquid
4* XYLENE

B.Pt. 135-140°C.
6 0 90 120 300 480 840

Water 39.6 52.3 53.9 54.5 57.7 59.3
Solids 60.4 47.7 46.1 45.5 42.3 40.7

10 gms. celite used as dispersion medium ; 100 
ccs. solvent : xylene residues were very muck 
discoloured and the celite formed hard brown 
lumps with the levulose.

(b) "E.R.S." Apparatus (Fuel Research. Station type)

1. BENZENE TIME IN MINUTES.

B.Pt. 80°C.
Water
Solids

60 ■ 300 480 840 m
43.8 50.3 " 50.7 66.9
56.2 49.7 49.3 33.1

2. n •-HEPTANE

10 gas. celite : 100 ccs. Solvent : residue 
white, no apparent charring. Oil Bath Tempers-
ture=124~130» and at 140°C. between 480 and 840

. later leaking in • minutes._____________c _________
TIME IN MINUTES.

B.Pt. 100°C. 3o 60 90 120 180 300
Water ■ 45.3 48.8 51.9 52.6 52.9 54 *6
Solids 54.7 51.2 48.1 47.4 47.! J 45.4

Conditions as for Benzene 5 very slight charrini 
Oil Bath Temperature** 130-135°C.___________ ___
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3, TOLUENE ME IN MINUTES
. Pt. 110°c. 35 60 90 270 450

$ Water 40.2 47.6 50.3 53.3 53.6
$ Solids 59.8 52.4 49.7 46.7 46.4

Oil Bath Temperatura* 141°C. 10 
100 ccs* solvent ; slight charring

celite t

- XYLENE
B.Pt, 135-140°C 

ft Water 
tfo Solids

TIME IN MINUTES
30 60 90 120 180 300
51.3 53.3 54.5 55.1 55.7 56.9
48.7 46.7 45.5 44,9 44.3 i 43.1
Oil Bath Temperatures: 150°C. 10 gms. celite used 
100 ccs. solvent : Considerable charring.

(c) Thielepape and guide Apparatus
1. CARBON

TETRAC HLOEIBE
TIME IN MINUTES

B.Pt. 76°C. 6o 120 180 300
i» Water 43.2 44.7 46.1 43.9
io Solidsu .  i. .r nr

56.8 55.3 53.9 51.1

600 
oO • 2 
49.8

100 ccs. solvent s no charring i distillation 
extremely slow.

2. TETRACHLORETHYLENE TIME IN MINUTES
B.Pt. 120 C, 60 120 180 300

^ Water 36.5 45.9 48.2 52.0
$>" Solids 63*5 54.1 51.8 48.0

600
54.4 
45.6

Oil Bath Temperature= I4Q°C. Conditions as for
oci4 .
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(a) Tate and Warren Apparatus! j •
TIME IN MINUTES

B.Pt. 80°C. 30 60 300 480
25.2 30.1 31.7 52,2
74.8 69.9 68.3' 67.8

0  a ter

& Solids
Oil Bath Temperatures 124°C.
10 gms. celite and 100 ccs. Solvent : no charring j

2. n.-HEPTAKS TIHE IN KINUTE3
B.Pt. 100°C. 60 120 360 480 1 720 1200 1700

Water 51.6 51.9 53.2 53.6 53.9 53.2 54.4
$ Solids 48. 4 48.1 46.8 46.4 46.1 46.8 45.6

Oil Bath Temperatures 125-130°C*
Conditions as for benzene svery slight charring*

3. TOLUENE TIME IN MINUTES
B.Pt. 110°C. 35 60 ' 270 450

Lfo later 51.2 52.0 53.8 54.1
f* Solids 48.8 48.0 46.2 45.9

Oil Bath Temperatures 138°C.
Conditions as for benzene i moderate charring,*

4. XYL3SN3 TIME IN MINUTES

B.Pt. 135-14®°G.
15 35 70 15o 195 240 360

Water' 39.4 56*6 56.9 58.2 58.5 59.3 1 64*1
$ Solids 60*6 43*4 43.1 41.8 41.5 #0.7 35.9

Oil Bath Temperature* 145°C.
Conditions as for benzene : considerable charring*
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LETvJLOGE SOLUTION BY THE
U X  JLil

distillation m e t h o d•
it ^OtiO y;>

A?"AKAIU3 11STILLING LIQUID B^Pt. $WATLR SOLIDS Till HOURS
Dean & Stark Benzene 80 51.6 48.4 4

n-Heptane 100 53.3 46.7 4
Toluene 110 52.9 47.1 4t
Xylene 135-140 54.5 45.5 5

Fuel Research 
Station Type Benzene 80 50.3 49.7 5

h » t,5 q «J? * .:,X • G . n-Heptane 100 54.6 45.4 5
Toluene 110 53.3 46.7 4f
Xylene 135-140 56.9 43.1 5

Thiclepape & 
Fulde Type

Carbon
Tetrachloride 76 48.9 51.1 5
Tetraehlor-

ethylene
120 52.0 48.0 5

Tate & Warren Benzene 80 31.7 68.3 5
n-Heptane 100 53.2 46.8 6
Toluene 110 53.8 46.2 4i
Xylene 135-140 59.3 40.7 4

It is evident that the distillation method with the types of 
apparatus used is not suitable for the determination of water in 
sugar solutions so thermally sensitive as those of levulose.
There is progressive decomposition Of the sugar as the distillation
proceeds.

The results shown by Golden Syrup by distillation methods 
bear out the conclusions reached above t the Syrup contained about 
46 per cent of reducing sugars, of which slightly less than half 
consists of levulps®.



No.

1
2

3

4  :

5  ■

6
7
8
9

10 ,

11
12
1 3

1 4

1 5

1 6

1 7

1 8

1 9

20
21
22
2 3
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Llation Method for Estimation of Water. 
f of Results using the Tacuum Distillation method,

i

Water
Present

5 . 0 9

5 . 0 9

5 . 0 9  

4 * 4 4

3 . 0 9  

0 . 5 6 8

4 . 8 0  

4 . 8 3  

7 . 9 9

7 . 5 6  

2 . 1 6

5 . 5 6

5 . 5 8

5 . 5 8  

5 . 5 5

2 . 7 1

2 . 7 1

1 . 8 0  

5.68 
5 * 5 6

4 . 7 5

4 . 7 5  

5.00

Water
Pound Apparatus

4 . 9 0 Hercules
5 . 0 0 Dean Stark
5 . 0 0 n n

4 . 1 0 n »

2 . 8 0 « n

0 . 3 0 5 Micro-tube
4 . 6 5 Dean & Stark
4 . 4 0 App.with f 

corks
7 . B O 11

6 . 4 0 n
2 . 1 5 Dean & Stark
5 . 2 0 App.with corks
5 . 2 0 Tate & Warren
5 . 4 0

h «

4 . 7 0 App.with corks
2 . 1 0 Dean & Stark
2.20 App.with corks
1 . 2 0 Tate & Warren
5 . 0 8

n m

5 . 5 0 Dean & Stark
4 . 1 5 Tate & Warren
4 . 2 2 Dean <1 Stark
- Tate & Warren

S'emarks 
Solvent,additions.

ethane

Benzol
w + 5g.Gelite

* & Glass wool
H alone 
n & Glass wool
l» »» w

Benzene + lOg.Cel.
II M tt

Tol4®ne alone
Benzene alone
Xylol alhne
Toluene + lOg.Na oxalate 
Benzene + Oelite 

10 gme• *« .+ Sand
20 gras 

« )+ 5g*Na Ox.5g.Celite 
** + 2 0 g.Pumice 

(Bumped violent
ly : spoiled).

. CQ
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Method for Moisture in Levulose Solution. 
£.g.g._.g— _gjrJlia...JfeljAgft Distillation liquids and Special apparatus
Levulose Solutions s- so. 7 * 6:. .73 l MO. 8 6l.R4.fi TXPT* lotan.
8 o • Gate.

Levulose
Solution

Distilling j 
Liquid 1

B.Pt.
o„D/ ♦

Gms.
Water
present

Gms. 
Later 
f ound

Time
Mins.

' w W4* v ** C* V •

Apparatus

1. 6.2941 n.-Heptane 100 3.90 3.90 50-14C 1‘ • cfc S •
2 6•3010 Benzol 86 3.92 3.90 40-115 T• & W. ■
3 6.2489 toluene 110 3.86 3.89

4.00
76
185

Dm 3c S •
4 6.3670 Xylol 144 3.93 3.954.22

16
191

Tm & W.

5 6.3794 CC14 76 3.94 3.90 36 L. & P.
6 6.4050 c 2014 120 3.95 3.90 9 Hercules
7 1.8692 Benzol 86 1.154 1.22 36 Micro tube 

with corAs
8 :6.2087 Benzol 86 3.83 3.80 60 Special 1
9 6.4049 001./Toluene4 ... try , 93.5 3.95 3*95 20 « 1
10 5.3708 nri J'Df (u 76 3.11 3.10 135 " 2
11
12

6.4177
6.4525

001./Xylol 
4 60/40

n.-Heptane
84.3
LOO

3.95
3.97

3.50
*3.95

140
105

11 2 
1

13 6.5303 001./Toluene 
4 10/90

LOO 4.02 3.97 190 » 2

14
15

16
17
IB

19

6.5140
6.4312
6.5155
6.5145
6.5086

6.5097

G01./Toluene 
4 20/80 

CO1*/Toluene 
4 40/60 

001./Toluene 
* 60/40 

OCX./Toluene 
4 70/30 C 01 ./Toluene 
4 80/20 

« ** 90/10

95 
87.8 
88.0 
81 • 0 
79.2 
77.5

4.01 
3.96
4.01
4.01
4.01
4.01

3.50
3.70
3.80 
3.90
3.80 
3.55

205
205
176
176
90

170

tt 2

• 1
" 1 
" 2 
H 1 
" 2

20
21
22
23
24
25

6.4775
6.5145
6.0370
6.56906.68306.3852

3 « 50/50 
Bensol/OpOli
” both90/10

001£ nBen^zol
« /eeu. 90

86.5
81.3
81.3

81

3.99
4.01
3.02

m
2.24

4.00
4.00
3.02

2.24

95
95

150
tae
100

L. & P.
Jim & S •w
L. dc P. D . A S .  
L. oc P.
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^Astillatian with Buffer Solutions of known pH Values*
f l O * Apparatus Liquid Buffer Time Water FinalUsed Sola.

5 ccs.
pH

Mins Recov
ered

C C S .

pH Remarks

1 . D.& S. Benzol 4.0 90 5.00 3.82 Some emulsifieation; 
Straight meniscus.

2. H « 8.0 1 2 0 5.0 8.35 Ho emulsifieation; 
Perfect meniscus.

3. II n Sat.Na
oxalate

120
i

5.0 6.71 Water part hazy; 
Straight meniscus.

4. It w 10.0 90 5.0 8.11 Much emulsifieation; 
Indistinct meniscus.

5. t .& w. t? Sat 11 90 5.0 7.05 Pistn. very rapid;
6.

Garb. Glean meniscus*D.& S. H 12.0 160 4.75 6.80 Ppt. in water layer; 
Meniscus "fuzzy”

7. T.& W... (I 6.0 160 5.00 8.36 Good clear separa’n.
160 Best meniscus obtd.8. Hercules It 2.0 ' 4.95 3.94 Much water on conden
160 4.95 5.48 ser walls.9. L.Jc P. 11 11.0 Permanent emulsion
40 3.29 at meniscus.10. D.& 8.Toluene Dist. 5.00 Much water on condenVater

5.87 ser; clear meniscus.11. T.& W. tt 2.0 40 5.00 C1ear menisems •

.CMr-» L • & 8 • If 4.0 100 4.95 6.94 Water globules in 
Condenser.1«*• J • T.& f . u 8.0 100 5 • 00 6.80 Clear meniscus.

14. B. & S. H 10.0 60 4.95 8.80 Maffiiifts&Kote8*-
15. r;̂X • & rt ♦ II, 6.0 60 4.95 7.10 Clean meniscus j  no

60 4.90 5.44 emulsifieation.
16. U • 5b D. Xylol 8.0 Clear meniscus
17. T. .& W.. H 2.0 60 4.95 2.50 Clear meniscus

?. & W. = Tate and Warren : P. & S. » Dean and Stark :
L. 1 P. = Langeland and Pratt.
In general toluene gives less emulsifieation than benzene or xylol# 
The worst emulsions occur with alkaline buffer solutions,but acid
buffers cause more clinging of water to the condenser walls.
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COMPARISON OP RESULTS BY YAKIOHS METHODS FOR THE DETERMINATION
OP NATES IN GOLDEN SYSOP.

DISTILLATION METHODS: - B.Pt. of LIQUID PER PENT T/ATSR
n _°C. & 4 HRS. 6 HRS.

1.Warren & Tate appar
atus"- n.-Heptane 100 17.36 18.21

2.Dean & Stark apparatus
Benzene ~ 80 17.27 18.36
Toluene 110 18.00 18.20
Xylene 135-140 18.42 19.18

3. -Fuel Research Station 
"apparatus MI  ViC sTir~typ eBenzene 80 17.06 17.47

Toluene 110 17.80 17.88
Xylene 135-140 18.39 18.96

4. Apparatus using corks
Dean <1 Stark pattern, ^Benzene 80 16.60 17.29

Toluene 110 17.55
Xylene 135—140 18.31 19*77

5. mgrculesfasj^atM^(Alexander) - 17 nRCarbon Tetrachloride 76 16.50 if .up
Tetrachlorethylene 120 rS’SHeavy Mixture 88 17.09 17.82

(40/60 Toluene/CCl^)
6‘ T.ang.lanfl * Pratt apper-atus- Garbon Tetrachloride fo

. , - *___ At-—** i o n

(40/60 Toluene/CCl^) 
7. Thlelepapei&

UO.’J “•» —---(40/60 Toluene/CCl.)
8. Special Apparatus &p.l

16.70 17.90
Tetractiloretiiylene 120 nl'lq 17*72Heavy Mixture 88 17.59 17.72

"Carboa Tetrachloride 76 17.63 17.87
Tetrachlorethylene 120 l|*0l ” .50
Heavy Mixture 88 17-56 l l . f i

il Appara^us jo*x 7 &  17.01 17.70
Carbon fetraobloride . 18.22 18.96
Tetrachlorethylene 120 17.55 18.21
Benzene 17*90
Toluene ijn 18.27 20.08Xylene I53-ieu

rt 1 7  f l lRefractometrie Brix°
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COMPARISON OP RESULTS BY \VARIOUS METHODS FOR THE DETERMINATION
OF WA1’KB IN HOLDEN SYRUP.

DISTILLATION METHODS I!.Pt.~;of LIQUID PUR GEN*]? WATERtTQ •— ........ HAS . 6 HRS.
9.Special Apparatus No.2-

Carbon Texracnlorlae 76 16.88 17.20Tetrachlorethylene 120 17.80 18.32Benzene 80 •17.50 18.12Toluene 110 18.06 19.30Xylene 135-140 18. 52 18.93
10..Special Apparatus No. 3

Carboh 'TetrachTorxSF* 76 16.71 16.80Tetrachlorethylene 120 18.00 18.60Benzene 80 17.72 17.99Toluene 110 17.22 17.54
Xylene 135-140 18.68 18.73

00fi! PA01 SDH OF RESULTS BY VARIOUS METHODS FOR THE DETERMINATION Off 
SATEH IN KNOWN SOLUTIONS OF SUGARS.

METHOD

K n o w  Composition, 
per cent

1.Vacuumorjen̂ j 60°C •, 
70 Gms. vacuum 
B hours heading

2 .Steam oven 9 B°C .,
8 hours heating

3.RefractometriG_ 
Brli^f20s0.

4 • Bi s t illat i on-Dean & 
Stark apparatus- 
Toluene t 4 hours
-ditto- s 8 hours

STJC BOSE 

40.21

40.27

40.08

40.22

37.35
39.70

SUGAR SOLUTION 
GLUCOSE

40.43

40.68

40.41

41.15

40.15 
40.50

LEVULOSE

40.01

40.00

40.78

40.75

38.15
39.80
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Off ft AT DR BY THE DISTILLATION METHOD

method s- These may be summarised as follows :- 
a* The water is estimated directly*
b. There may be considerable saving of time,depending on the sample 

under test*
c. There is little opportunity for oxidation to occur*
d. A much larger quantity of the sample can be taken, thus reducing,

Ithe error due to a large multiplier. j
e. In the use of chlorinated hydrocarbons as distilling liquids 

the fire risk is eliminated,and since the sample usually floats
on the surface of these liquids there is less risk of decomposi-I

|i
tion by local superheating* i

f• The water is measured free from other volatile substances unless j 
these are soluble in water.

Disadvantages :-
a.There is often great difficulty in getting all the water to dist

il over.
b. At the temperature necessarily used there is danger of decomposi

tion of thermally sensitive substances.
c. Inflammable liquids introduce considerable risk of fire.
d. Several of the liquids commonly used are dangerously toxic.
e. ft'ater may cling very tenaciously to the glass surfaces. ,
f. In some estimations much "bumping" of solutions is met with.
g. the actual temperature used requires very careful regulation.
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h. The cleaning and drying of the apparatus is troublesome* 
i* The water may disperse through the immiscible liquid ; there is 

also often a "hanging0 drop at the meniscus line* 
j. With glass-jointed apparatus ( the use of which is essential), 

there is sometimes trouble due to the joints "freezing" with 
viscous or sticky samples* 

k* In washing down the last traces of water, there is danger of the 
adhering droplets being washed back into the flask and not into 
the trap.

Precautions necessary for the distillation method for water
1. The use of glass-jointed apparatus is essential*
2* The amounts of sample and liquid used should be kept standard.
3* The apparatus should be scrupulously clean,in particular the 

lower portion of the condensing surface and the water trap®
4. The water trap should be calibrated, and the apparatus correc

tion factor should be checked periodically ( by distilling over 
known weights of water)*

5. The condenser water should be run at room temperature as far as 
p r a c t i c a b l e , * 5 «■>-<>'«<■ ou-es',^

6. The glass surfaces in contact with the water should be made 
alkaline to give the water less affinity for the glass than 
toluene has, and thus minimise the adherence of the water to the
glass.

7. The use of a spiral of copper wire serves to move bubbles of eit! 
either liquid, and also aids in clearing up the meniscus line 
and bringing it to the correct shape*



8. The final reading should not he taken for at least 15 minutes
after the final distillation period*

9* The source of heat should ensure constant conditions to keep the 
rate of distillation as constant as possible j the degree of 
superheat should be low enough to minimise "bumping"•

10.The immiscible liqid should be saturated with water before use t 
water is usually slightly soluble in these liquids.

11. The condenser top should be plugged with cotton wool.
12. Washing down of the last traces of water is definitely necess

ary s a spray tube with several small holes was found to be 
satisfactory in most cases, but use of a small brush may also 
be necessary.

13. lagging of the distillation neck aids distillation considerably.
14* The chlorinated hydrocarbons are prone to decomposition partic

ularly if of technical grade. This can be kept down by standing 
over borax for some days and re-distilling.

15. Owing to the sugar syrups and solutions e.g. levulose,sticking 
to the bottom of the flask,serious decomposition may occur by 
local heating. An attempt to add the solvent first and then 
weigh on the levulose by difference did not help matters with 
light liquids as the sugar stuck even more firmly to the flask 
and the mass was much more difficult to remove or break up than 
when the solvent was added after the sugar solution.

o-^ gugay So !u~b ton,

16. There appears to be much more clinging^ to the sides of the 
flask in the tests made with liquids heavier than water.
The solids tend to mass on the glass and charring then soon 
occurs sthis seems a disadvantage of this typecf
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testing ofnthe Distillation Method for Moisture#
„ Q j L K ....: ~ fhe oil-bath method was found to be extremely

messy and difficult to control. In seeking a substitute method of
heating various baths were tried, but the best method found was
suspension of the flasks over an electrical hot plate without
actual contact with the plate. With benzene for example it was
found adequate to heat with the flask suspended about three quarter

sof an inch above the hot plate. By adjusting this distance the 
rate of distillation is easily controlled# A trial was made with a 
metal container packed with asbestos wool in which the flask was 
bedded but this was found to be less satisfactory than naked heat
ing since the heating up of the system then took longer, and the 
rate of heating was then less easy to control. Flat-bottomed 
flasks were found more convenient for this work than round 
bottomed flasks, since weighing was easier with the flat base.
It was found possible to heat three flasks at once over a round 
hot plate of 8 inches diameter,although a tendency was present when 
using carbon tethachloride for the water floating on top to drift 
to the cobier parts of the flask at the edge just off the hot plate 
and this slowed the rate of distillation#
Vacuum Distillation s- tests were made using a vacuum technique 
with the object of preventing the destruction of the more easily 
destroyed sugars such as levulose.
Dual purpose apparatus «— Several types of distillation apparatus
—  - IT .. ft I .  I   —

were devised which could be used with solvents both lighter and 
heavier than water. This type of apparatus was found useful in 
enabling a mixture of solvents to be tried with a view to the
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production of a non-inflammable liquid of suitable density and 
boiling- point* ( see Figure 76 ) •

JLQQfetlque of the .Instillation Method,

1* -iseigh 1J gms*' of freshly—ignited celite in a counterpoised
nickel •sugar* basin and transfer to a dry stoppered distilling 
f la sic of 2 5 0 ccs* capacity, flat-bottomed*

2* Counterpoise flask ana celite on the balance,
3* Pipette into the flask 5 ccs* of the sugar solution as quickly 

as possible, avoiding disturbance of the celite, and distribut
ing the solution evenly over the celite surface,

4* Find weight of sugar solution added*
5* kdd 100 ccs* of the chosen solvent from a measuring cylinder

and •otate the flask carefully untill all adhesions are freed*
6. Fit up the apparatus with the flask bottom 30 mms, from the

hot plate, fill the trap with solvent through the condenser, and
start heating*

?* Use a copper wire spiral to send down adhering water*
itb. liquids lighter than water the reading can be taken . 

approximately while the apparatus is running ; with liquids 
heavier than water the hot plate can easily be removed for a few 
minutes while the approximate reading is taken*

It is convenient to have the measuring traps marked in ccs, 
both back and front, and to have the 0*1 oc, •rings* etched 
three quarters round the tube circumference*

Observation of the clinging of water droplets to the apparatuai- 
This was done by distilling over water from buffer solutions of 

known pH value#-'
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ESTM/fT/Ort OF" WfiTEg. 
IAJ Q u T T E / t  :  C . E . 0 & 1 ' ?

Z.QN<LeW. erf£M;S9Q, >9 0s

*100
ec»«

_L ew». 1*0 *■“

StiEHL-sreiEMUfM

THQGA/£/£:Z.flN4£tf. CH£»t.,2l, Uf,

D/sr/cL/tT/on m o/ stuhe 
t £HP  : fO -2eo <cs. X'/tQ/L

(pntecrPL#*rc) o a  b e v ^ ol.
/.fVyy

(W- HOGMflN, Z- FNCEW. CHSM.

3 uri‘-LAT!ari "ruBi

X IS TILLRTiqsl M E T H O D

F o e  w p T s e  : p  -rypitfn.

T O L U E N E  R P P R f Z P T U S

I

■rtm* tot. 1MHU. iMwrrt e*  >f * * *
tv *,triu*n»«l

Figure
65.

Figure
66.
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various forais of apparatus for the estimation of 
Water using toluene s Koa» 1 and 2 for very small 
amounts of viator, h o * 3 with wide bore for large 
amounts : all necessitating the use of corks♦____

Figure 69*



505

f o r  M o is tu r e E s t im a t io n .



S ta n d a rd  S p e c i f ic a t io n s  for th e  Dean and S ta rk  

A p p a ra tu s  f o r  th e  E s t im a t io n  o f  W a te r.

HlTBtMtlOMKl.

tieMKt.
IOOMM.

tSbmt.
turn.

Z tfMrt.

&SS.7f6-/131 7̂ ^rypEK
to ml. tteayea */th stopcoc,
7>tSrmJtT>0fi{ METHOD FOA W/TTEti

e x T . m w .  fJMM. -1mm,

e x t -

H o  m m .

peANVSTfttKlVPE- 8 .3 .s. 7-S'nJ.eEceiVtE 
-W snupnoH H erM tD FoP W H TZA

£  i  fn-nv.

Figure 72#
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'arren Apparatus for Moisture stimation

figure 73 figure 74*



508

xkiSxoyed Maaruge r.&&  
untteuMYr&irr
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M&e.
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K A-O-A-C.
Memos
fJ£L

0!DWELL AN2> srTg L /H (f.
tbl.</s.ke Disru-LVioN AWfigfrrus

hUiLJtES MOtSTOgg r u ts
h-sJ.AU*MOeg, Ti.S.C:
M L £D .. P.3I4-, JULY W *

121 171 
MMS. M*t$A

YRPcUR

FOg CCI4.—

Figure 75.

W o n T v g e  b y  » h -t u l l a -d o * /
\ ~ ' ;---------------------------' pgg/̂/yy rog use with

BtrHgg l / <fnT og Hsgyy
L! QUIDS ^ -^

8K>

~  3

~  2

 J. 4M3<j#t£3i
-t o o-oS ce.

_Z

~  4

£2 MMS.

~ 4

1ZMMS.
0-J>.

Figure 76.
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-Pkielepape arid Fulde type of Apparatus for Estimation of 
later by Distillation ; for use with liquids of high
density , e »g. f chiorinated hydrocarbons;

WE1/10WE
1/12

Regd. Design N o. 787260

Figure 77 Figure 78 : special arrange-
ment of_Stoicoc^



Hg£gaMHoigt!U3L£Sbg_l?), and aodifioatlon fll - _________ _
t>ot;‘1 lignter and heavier than water.

Figure 79*

1313



WE 5/20

7.5 ml

W E  5/25

511

APJ^gatiis for the Estimation . of Water by Distillation*

Type for use with 
Heavy Liquids.

Hael Research 
Station ("ff.R.S.”)

JEm*.



Special types of apparatus for estimation of moisture byfc. — — —  — fc/v .— .-.T—  — . ......  I. -    I... .... . — ffc» —

Distillation : applicable with both light and heavy density
Liquids.
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SEOTIQB 5,

METHODS OF ANALYSIS*

Part 15 t The Determination of later by Chemical Methods.

Summary of Methods for determining Water s 
Chemical Methods t-

The Carbide Method s 
The Karl Fischer Method t 

Conclusions.
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METHODS OF DKTBRMIKIm  WATER,
1* Oven Drying ;-

Methods 1. Alone
2. with sand,pumice,kieselguhr,or other adsorbent.
3. In thin films (Rice)
4. kith air current (e.g. Spencer oven)

■Temperatures s-
1. Below 1Q0°C. {usually vacuum oven type)
2. At or near 10G°C. (steam-oven)
3* Above 100°C# (Electric ovens : Simon-Carter oven). 

Usual dishes:-
"Glass, porcelain, silica : aluminium, nickel, silver, 
and platinum.

2m Physical methods
1. Specific Gravity bottle 1. Direct,2. Oil mixture,3. 50 per 

cent solution.
Hefractometers :■ Ordinary and Dipping types.

5. Hydrometers of various scales and types.
4, Viscoslmetvic methods•
5, Critical Solution Temperature:-' Phase separation of alcohol/ 

pctroleum mixtures.
6, Freezing point method (as for milk)

3. Electrical Methods
1. El © c t ro -magne t ic de ns i t y.
2. Dielectric constant.
3. Electrical Resistance,
i. Infra-red heating.
5. High Frequency heating* 
c. Dielectric heating.

4. Distillation Methods s-
1. Using liquids lighter than water. (Hormal boiling-point
2. Using liquids heavier than water. {range-7V~120®C. or higher,

5. Qhcmlcal methods s-
1. Selected chemical reactions 

F. Fischer s Iodine/S08 method.
2. Acetyl chloride method
3. Acetic anhydride method
4. Benzoic anhydride method
5. Haphthyl phosphorus oxychloride method
6. Ginnamyl chloride method
7. Sodium formate method
8. Methylene dichloride method.
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METHODS Off D'iTEFMIHIBQ-• WAfER (Continued).
5. Chemical Methods (Continued)

: ’* Methods involving Evolution of Gas
1* Acetylene methods - from Galcim carbide 
2# Hydrogen methods - Sodi/um amalgam, hydrides,etc. 
3* Ammonia - from MgsHa.

6. Desiccation Methods s- .. ■
IT foT~Evacuated :-

1. Ho stirring
2. Air in desiccator stirred
3* Heated above room temperature
4. Desiccator rotated
5. Desiccant stirred or circulated
6. Sample dish rotated
7. Air circulated round closed system by a circulating pump.
8. Sample stirred.
9. Both air in desiccator and desiccant stirred

2 • Evacuated __:~
1# Ho stfrring
2. Eesldual air stirred
5# Heated above room temperature
4. Desiccator rotated
v * Desiccant stirred or circulated
C. HarnrXe dish rotated
7. Sample stirred
0. Both residual air and desiccant stirred.

3. Methods of Stirring ;-
1. Fan Magnet system
2. Mercury seal
3. Gland
4* Circulating pump

7. Absorption Methods ?- For Water Vapour

1. Absorption tubes, e.g., Calcium chloride,
2m Volumetric method, using sulphuric acid.

jjote : - References for most of these methods will be found in the 

Bibliography.
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^HB^ICAL ...METHODS FOB THiS BKTimiffATIOl? OF WATER.
This method depends on the liberation of 

acetylene from finely divided calcium carbide by reaction with 
water. Several ways of recording the end-point of this reaction 
have been devised :-

Jhe pressure developed by the evolved acetylene is measured*
2* The volume of acetylene evolved is measured,
3* The loss of weigirt of the system due to loss of the evolved 

acetylene is measured,
4. The acetylene evolved is caused to combine chemically,and is 

then estimated in the compound farmed.
5* The rise of temperature caused by the reaction is measured*

The values obtained with this method are influenced by the 
state of division of the material and by the physical condition of 
the carbide,for example its state of division and its freshness, 
this last factor depending largely on the conditions of its stor- 
age* Fisher and Tomlinson (1932) state that :-,,rfhe reaction is 
rapid at first, but after a few minutes becomes very slow, and does 
not actually cease for many hours.”

In estimating water in flours by this method it was found that a 
proportion of the water in flour did not react with the carbide ; 
this proportion appears to be almost a constant percentage of the 
flour* A similar correction must be determined for each material 
tested by the carbide method. The above authors claim that the 
method takes only 20 minutes, and that it is subject to smaller
errors than the usual oven methods* Their special container has 

fftr. Pat. 365*247)*» rsv\ -n O  '



THE KARL FISCHER METHOD FOR MOISTURE DETERMINATION

The simple method of weighing, heating# and weighing again is by no 
means invariably applicable for determining water since many sub
stances are damaged by heat,since volatile materials other than 
water are expelled by heat, and since water is obstinately retained 
even at temperatures well above cits boiling point.

In 1935,Dr, Karl Fischer of the Edeleanu Company, Berlin, 
published a description of a very useful volumetric method which 
overcomes these difficulties (Angewandte Chemie,48,394,1935).
This procedure,although originally developed for finding the water 
content of liquid sulphur dioxide, has proved applicable in a much 
wider field and is now employed not only to determine water but

many other substances.
The fundamental principle involved is the oxidation of sulphur

dioxide by iodine In the presence of water,thus:- 
S02 + I2 + 2  E20 * H2S04 + 2HI

As this is a reversible reaction it is obviously necessary to 
convert it to an irreversible one by fixing the two acids formed. 
Fischer achieved this by adding pyridine together with anhydrous 
methyl alcohol. His reagent thus consists of a solution of iodine 
and sulphur dioxide in anhydrous pyridine mixed with anhydrous

methyl alcohol.
So long as it is kept entirely free from water, Fischer-s

r e a g e n t  has a distinct brown colour due to the free iodxne.it.
in nontact with water free iodine is used contains. When it comes m  contact wi

non onr is replaced by a distinct chrome yellow up and the brown colour is repi



colour due to the formation of the stabilised acid produets,
pyridine hydriodide and anhydro-B-pyridinium sulphonic acid j

ihe reagent is run from a burette into a flask containing the 
sample, when the colour imaiediately changes from brown to yellow* 
As soon as all the water to be estimated has been used up, the
brown colour of free iodine again appears in the flask. Bo indica
tor is therefore required. It is necessary to prevent interference 
from atmospheric or other adventitious moisture during the titra
tion. Small dry narrow-mouthed flasks are therefore used, and the

that the brown iodine colour formed in the flask when titration is 
complete can be destroyed by breathing gently into the mouth of the 
flask when the yellow colour of the spent reagent appears.

One-litre quantities of Fischer's reagent are prepared thus
Dissolve 84.7 gms. of resublimed iodine in a mixture of 269 ccs* of

.pyridine and 667 ccs. of synthetic anhydrous methyl alcohol $ cool j
in ice and cautiously add 64 gms. of liquid sulphur dioxide.
The water content of the me thy 1 alcohol and the pyridine should 
not exceed 0.1 per cent since the presence of as much as 6 gas. of 
water per litre will completely exhaust the reagent.
The reagent must be standardised daily to obtain its equivalent in 
terms of water : this is done against methyl alcohol containing a

Brown reagent + Water Yellow Derivatives

burette is provided with a ^2^5 tube. The reagent is so sensitive

known amount of water
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Extensive studies of the Fischer method have been made by P.M.Smith.

V# .NuB. .Bryant, ana J.M itch e ll (Ammonia Department, E.I. da Pont de 

Nemours & C .o . ) , ( J.A.C.3.  „ 61 ,.2407-2412,19.39 : 62 ,1 -3 ,4 -6 ,60 8 -6 09 , 

3504-3505,1940 : 63, 573-574,1700-1701,2924-2927,2927-2930,1941 * 
and I.E.G., A nal.E d ,,12,390-391,1940)• This group of workers th ink  

that while the reaction between the reagent and water cannot be 

d e f in ite ly  expressed s to ich io m etrica lly , i t  can be represented in  

two steps. In  the f i r s t  step the iodine, sulphur dioxide and p y r i

dine combine with the water to  give the 1:1 complex of pyrid ine and 

sulphur tr io x id e , and th is  the presets w ith the mathanol to give the 

pyrid ine s a lj  of methyl sulphuric acid. The second stage is  thus : -

C . I L J I C S L  . TT A T T  „  tT’5u5 ^ $ Q 2 + CH30H = C5H 5N< 3 0 4 .CH3 .

They have applied the method to  determine alcoholic hydroxyl, acid  

anhydrides, organic acids, carbonyl compounds, water in  the pres

ence of carbonyl compounds, water of hydration of s a lts , and the 

moisture content of native and processed ce llu lose.

The method requires m odifications of treatment fo r various m ateri

a ls  : the degree of fineness of grinding and the time of contact 

required vary w idely, and must bs determined fo r any sp ec ific  case.

One of the greatest advantages of the Fischer method is  the 

saving of time possible ; thus oven methods require 2*6 hours on 

the average, whereas the Fischer process is  completed in  10-60 min

utes, d e p e n d i n g  upon the time the m ateria l must remain in  contact

with the reagent to obtain complete extraction  of the water.
The estimations are unaffected by fluc tuations in  barometric

A
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pressure, and only one weighing is required as compared with three
for tile oven method.

oince there is a definite change of potential at the end-poini* 
tne Fisener reaction can be observed very satisfactorily by electro* 
metric measurement* Two methods have been proposed ; the first*by 
Almy* hriffin, and Wilcox,(I*E*C., Anal*Ed*,12 392,1940), uses one 
electrode of platinum and one of tungsten, and measures the change 
of potential with a sensitive galvanometer ; the second method, by 
Foulk and Bawden (J.A.C.S., 43,2045-51,1926),applied to the Fischer 
method by Wernimont and Hopkinson (I.E.G.,Anal.Ed.,15,272-4,1943), 
is the'dead-stop* end-point method,involving the use of two plati
num electrodes with an impressed voltage across them, the end-point 
being indicated by a sudden decrease of the current to zero*
The current flow may be measured with a galvanometer or with a 
cathode ray “Magic Eye'1 electronic tube. This adaptation has been 
described b# McKinney and Hall,(ibid* ,15,460-62,1943), and has been 
applied to cereal products by E.H.Fosnot and R*W*Haman^ Cereal 
Chemistry,22,41,1945)*

REAGENTS AND STANDARDISATION*
FISGHBH REAGENT :-. The original reagent has been modified by the
American workers : it is now prepared as below:-

A 1 litre conical flask is placed on a large balance and 700
ccs. of purified pyridine placed in it. The flask is tared and 
gaseous Sulphur dioxide is added through a rubber tube until 330 
gms. have been added. After cooling the solution is transferred to 
a 3-litre container and 1 litre of pyridine and 200 ccs. of meth
anol are added. The solution is cooled in an ice bath and 500 gms.



Tf resaolimea iodine added slowly with shaking.
Commercial methanol is allowed to stand over 

•Drier j.te’ ior several days. It is then distilled from 'hrierite* 
and colxecoe< in a receiver protected from atmospheric moisture by 
means od ’Drierite**
h ...V.alihf solution.;: — Five ccs. of distilled water are added to 
1 litre of anhydrous methanol. This solution is dispensed from an at 
automatic burette, protected from atmospheric moisture by ’Pri^rited 
Standardisation The following factors are needed:-
1. The relationship between the Fischer solution and the standard 
water solution is called factor R. This factor when multiplied by 
the ccs. of Fischer reagent gives equivalent volume of standard 
water solution. R is determined by titrating 15 or 20 ccs. of the 
Fischer reagent to § dead-stop end-point with the water solution,

R = Ccs. standard water solution 
Ccs* Fischer reagent.

2* Constant b gives the correction necessary for the amount of
water in the 25 ccs. of methanol used to dissolve the test sample.
It is determined by titrating 25 ccs. of the ’anhydrous* methanol
with Fischer reagent until the brown, iodine colour appears, and
then back-titrating with the standard water solution to a dead-stop
end-point. Then b * (ecs. Fischer reagent x R)- ccs. std.water soln
3. The water factor 1 may be defined as the gms. of water per cc.
of standard water solution. This factor, multiplied by the net
weight of standard water solution gives the weignt of water in the

V

sample.
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Storage of tne Reagent

Figure 84



THE FISCilKii METHOD pj.L WATEE LETBlttllNATION 

EXP TRIMPETAL

The reagent was prepared and standardised according to the detail; 
of Smith and co-workers (loc.cit.). The fresh reagent was found to 
have a water equivalent equal to about 75 per cent theoretical 
strength (By Fischer’s original equation 1 litre of solution is 
equal to 7*2 gms. water).

Various solid sugars were tested by the method covering the 
two vital factors of grain size and time of contact :-
No. Sugar Type Grain Size Moisture in Vacuum 

Oven- 10 hours at 70°C.

1 Sucrose A Caster rf/f ~f~t\
&o *n*sAs *  teve. 0.09

2 " B Std. Gran, 
(Cane) " v. **O o /  — o-ojZ 0.11

3 c •t u H
o a Z ~ o-o  3 0.16

4 * I) ii n -  n0 - 0 /  — o o Z . 0.13
5 " E Std. Gran 

(Beet) o-o Z "  — a  03" 0.21
6 Dextrose Anhydrous o o o 3 " ~  o oBSv 0.37
7 Levulose free" ,/

a - a O < o -  O'O&i* 2.59
8 Lactose "Biological"^' ao} ~ o oal H 0.46!
9 Maltose --- o  o s s  H —  o  's y 'o j 0.96

The sucrose samples B to E were standard granulated ’cane—sugar1 
from separate sources. The determinations in the vacuum oven were 
made on 10 gms."samples for the sucrose, 5 g®s. for the lactose, a 
2 gms.for m e  remaining sugars. The grain sizes were determined by



titration of very alkaline liquids will suffer similar interference. 
Acids which react with methanol liberating water also interfere e.g. 
borie acid, but acetic acid does not interfere*

In general it would appear that -Pisober»s method can be used 
for foodstuffs since in absence of a catalyst the reaction of iodine 
with the organic compound is slow in comparison with the reaction 
with water and sulphur dioxide. Richter (Angew. Chem., 48, 776,1935) 
syys H Bven with foodstuffs containing a high percentage of sugar 
such as marmalade the method gives results agreeing with xylol 
distillation : with substances in coarse division, such as cheese, | 
where occlusion occurs, low results are obtained.”

SUMMARY Off FISCHER REA&BST PREPARATION DERAILS * j
Methanol,pyridine, iodine, and sulphur dioxide useds- !

Constituent Original Pischer Reagent

Methyl Alcohol 1000 ccs, 
Pyridine 158 gms,
Iodine
Sulphur Dioxide

50.8 * 
38.4 "

Standard Water Solution
5 ccs* in 
500 ccs* Methanol

Smith and
BryantReagent

667 ccs.
269 ccs.
84*7 gms.
64 "
18 ccs. wgd. to 1 litre Methanol

Almy,Griffln,& Wilcox’s m  Reagent

496.3 gms.
313.9 *
126.2 "
63.6 ”

10 gms. water wgd. to 2 litres
Methanol.

Calculated on gms. basis.
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The heating of the sample with methanol before the period of con
tact was given was found to facilitate the dispersion of the matat- j 
ial and to help in the complete extraction of the water. The email '
loss of methanol had no effect on the results#

Ihe Fischer method has been applied to the determination of 
water in fats, butter, and margarine by Kaufmann and Funice,(Fette u»

Willits, ( k .0#,27,179-194,1944), to soya beans by Krober and
Collins ( Oil and Soap, 21, 1-5,1944),to pine oils and terpene sol
vents by Grotlisch and BursteinJ I.E.C., Anal.Ed. ,382,1945),and to 
Penicillin sodium salt (micro-determinations),by Levy, Murtaugh, 
and Rosenblatt ( ibid., 17*193*1945)• The authors last named com
pare the Fischer method with P2°5 vacua* desiccation for 6-9 days 
with at least 4 micro-balance weighings,which they characterise as
long and tedious, open to error by the hygroscopicity of the sample.
and giving a large scatter of results in replicate determinations# 
C.M.Johnson ( ibid., 17* 312,1945) used the method for water in
dried food materials such as carrots, peas, and beets, and found

Substances which react with free iodine cannot be dean. |
by the Fischer method, although if the reaction is slow with iodine 
a good approximation to the water content can be made by carrying , 
out a rapid determination. Inorganic oxides interfere by forming j

Seifen, 44, 386-390,1937), to potato starch moistures by Porter and

reults to be higher than those by the vacuum oven method (38 hours j 

at 70°C#). The main difficulty with the method lay in the 
contact necessary which he found to vary from 30 minutes

salts with the acids formed in the titration, and it is likely the

ji
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To determine W, 0.05-0-15 gm. portions of water are weighed into 
dry flasks containing 25 ccs. of anhydrous methanol. Fischer reag
ent is then slowly, added to these until excess is present ; this 
excess is at once back—titrated with standard water solution to a 
dead-stop end-point. Then,

yi Gms. water weighed
(Ccs. Fischer reagent x H)-(0cs. Std.Water Soln.)-b.

The final formula for per cent water in a test sample is then

fo Water =(Ccs.Fischer reagent x R)-Ccso Std. Water 3oln.)-b WxlQQ
Weight of Sample

Frequency of Checking Factors ;- The reagent gradually weakens in 
storage,so that factor R must be determined each working day.
It is desirable to check factor b for the methanol each day also. 
The standard water solution remains constant within the limit of
experimental error and need only be determined for each batch of
standard water solution.
PROCEDURE :- A sample containing 50-150 mgms. water is weighed 
into a dry titration flask, 25 ccs. of methanol added and the mix
ture brought to the boil in a water—bath. The solution is cooled
and Fischer reagent added to about 1—2 ccs. excess, shown by the
colour change from yellow to brown. Contact time is now allowed to 
ensure complete extraction of water,and on its expiry the flash is 

placed below the std. water burette, the'magic eye* adjusted to 
the completely Open position and the std. water added till the eye 

closes. To overcome reaction lag the final additions should be 

slow.
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Water by the Sari Fischer Method.
Qf sucrose of various grades and with pure 

Lact o s^_lal t ose, Dextrose, and Levulose.
Ho.

X

2

3

4

5

6
7

8 

9

1
2
3
4
56
78 
9

Gms.3 ugai 
T&Ken

10

10

10

10

10

5

2

5

0.5

Description Vacuum 
Oven at

oucrose A
(Caster) 
Sucrose B
(Standard 
Granulated] 
Sucrose C 
(Std. Gran.
Sucrose D 

(Std.Gran.)
Sucrose B 

(Beet White
Dextrose

Maltose

Lactose

Levulose

1 0  Iirs.

o * ii 
0.16

0*13

0*21
0.37

0*96

0.46

2*39

10
10
1010
10
52
5 . 
0.5

Sucrose A« b
•ft Q
» D
” ‘ E

Dextrose 
■Maltose 
Lactose 
Levulose

Steam 
Oven 
5 Hr s. 
at 99 C

0.10
0.13
0.16
0.150.21
0.42
1.01
0.52
2.96

Time of Contact at 1 8 C. 
Minutes

5

0.012
0.013

0.007

0.012
0.100

30

0.06

0.08
0.11

0.09

0.15
0.27

60

0.06

0.10
0.11

0.10

0.19
0.31

0.07

0.10
0.14

0.12

0.22
3.38

All dissolved with 34 ccs. 
reagent added.

I iVoluminous white precipitate

2.64 2.70 2.75 2.80

Time oi' contact at 60°C. 
Minutes

5 30 60

0.03
0.05
0.09
0.09
0.090.22

0.08
0.10
0.130.12
0.21
0.29

0.090.12
0.14
0.130.21
0.33

2.72 2.79 2.80

iiacrose samples A to D were of cane origin.
■ H B n



THE fflSGHBR METHOD FOE WATER DETERMINATION
Estimation of water in solid sugars:

HO. Sugar Time 

5 mins.

Per Gent Moisture 
of Contact 
at 18°C*
30 mins* 1 hr. 4 hrs.

at 60 °G 
5 mins*

•
30 m. 1 hr.

1 Sucrose A 0.007 0.06 0.06 0.07 0.03 0.08 o.os
2 « B 0.012 0.06 0.08 0.10 ©.05 0.10 0.12
3 ** 0 0.013 0.11 0.11 0.14 0.09 0.13 0.14
4 « D 0.007 0.09 0.10 0.12 0.09 0.13 0.14
5 w E 0.012 0.15 0.19 0.22 0.09 0.21 0.21
6 Dextrose 0.100 0.27 0.31 0.38 0.22 0.29 0.33
7 Levulose 2.64 2.70 2.75 2.80 2.72 2.79 2.8C
8 Lactose Voluminous white precipitate*
9 Maltose All dissolved at 34 ocs. reagent added - no !

visible end-point*

In the titration of lactose a voluminous white precipitate appeH 
ared which increased in Dulk as the reagent was added • this was j 
with 5 gms* lactose* Using 0*5 gm* lactose*the lactose first seemed | 
to dissolve and then was reprecipitated leaving a bulky precipitate , 
at the addition of 18*25 ccs. when an end-point appeared. This gave j 
an apparent water percentage of 5*04 which would indicate that the |;| 
reagent and the sugar are interacting in this case.
With levulose the sample dissolved completely in the 10 ccs. of 
methanol used, but the end-point was satisfactory. Maltose also 
dissolved completely but the end-point was not easily discerned.
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THB FISCHER METHOD FOR f ATKR D&T1RMX BM?XOH.

Test
Ho.

Oms. 
Syrup.
'Taken "

Time
of
Contact

Temp.
SSntaet

G.

Per
Gent
Water

1 0.3Q65 10 mins. 60 16.90
2 0.2595 10 » 60 16.80
3 0.4410 10 H 60 16.68
4 0.4790 10 tl 60 16.49
5 0.9275 10 II 60 17.10
6 0.1750 10 » 60 16.70
7 0.3180 10 II 60 16.78
8 0.1975 ■ 10 » 60 16.89
9 0.2260 . 10 ■n 60 16.29
10 0.3040 10 tt 60 16.58
11 0.2117 10 » 60 17.26
12 0.6630 10 M 60 16.66
13 0.2018 10 II 60 16.25
14 0.3510 10 « 60 16.89
15 0.2190 10 w 60 17.19
16 0.3310 ■ 10 II 60 17.00
17 0.3665 10 *1 60 16.84
18 0.3428 10 « 60 16.93
19 0.7880 10 w 60 16.73
20 0.3962 10 M 60 16.91

result
Minimum

16.79
.«**•••«••• 16.29 
........... 17.26

Remarks•

It was found particu
larly necessary with 
golden syrup to give 
ample time for the 
reaction to go to 
completion.

The optimum time 
lay between 25 and 17 
minutes.

There was a
general tendency with
this method towards
low results : the
large difference
between maximum and
minimum results is 

striking.

The persistence of the brown shade of the end-point was 
timed, and the final end-point was taken when the shade persisted
for 30 seconds by stop-watch.
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dTsso1 veSnTo'11 "3n in sugar syrups contg; invert sugar.
J .G . Davias, T ro p. Agr, 9, Ho. 7* p.218-229, 1 9,52. (I.R.J. Oct , 
p7Ml2,"*1 9 3 2 ). Relationship between the hydrometer and the refractomeiric Brix in final molasses.
B.O.F. de Whalley. I.8.J. p. 5^5 Pept. 1 9 5 6. Dot ermine t ion of the 
water content of mo lassos and syrup. Drying methods compared with 
refract oesefer results.
fVaiis. Patenport and Revukcs, Ind. dug. Cham. Vol. 11, Bo. lo,
Oct7 ^ 9 J5 {Reviews" previous methods ). Detn. of water in paper- 
insulated cables .-.and insulating oil.
J.J. Fox, Oil and Colour Trade Journal, 91, 995 and 9 9 9, 1957 (»« Hepfane*1m o t hod). Moisture deter mi motion by distillation drying and 
dielectric methods in the govsrnment laboratory.- 
T.tt. Fairbrother and
R7J7""looS7~,In^. Ghem, Vol. 6, p.Mf2, Nov. 1950. Rapid Determination 
of moisture. ( D i s t illation, Burton- p i t t  a J ] d  Hellan D.K*  methods).
Theo Markov Its La. Planter 7 6 , Bo. 5 , % - J l ,  1926 (l.R.J. p.lflf5,1 9 2 6 ) 
domparTsonoT^refraotometrie, drying and distillation methods.
G. Middleton, p.lflb, (Contr%3ts Oven and Distillation Methods -
B.D.H. ’Tmproved distillation apparatus. ). Moisture Content of Drugs.
C.F. Mawgals, Cereal Ghem. Vol, 1, u.27» 192^, Vol. 2, p.255» 1925 nummary of work on water determination in cereals by a .O.a .G,
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gy*. Mangels, Cereal Ohem. Vol* X, p.27, 192^, Vol. 2, p.233, I9 2 3. 
summary of work on water determination in cereals by A.O.ji.o, 
further report by p.a. Mhuey, go real Chem. Vol. 2, p.318, 1 9 2 5.
Recommendations of Commit t ee for moisture determination in ceres Is.
0areal Ghem. p.2 5 1,"Vol. II. May, I9 2 5.
D. A . Jo leman. Cereal Ghem. Vol. III. July, 1926. Re port of Committee
on meFFods of analysis A.O.A.C.
G.B. Mori son. Cereal Ghem. Vol. '7* P. 323* 1926, A he determine t ion 
of water in flours a review of recent work.
Max schneller J.A.0.A.C.,9, No. 2, 196-1 6 9, 1 9 2 6. (I.S.J. p. 443# 1926) 
Reports on drying, Densimetric Bllti ref ractomstric )in sugar products.

K Methods )
-F. ,Snyder and Betty Sullivan J .I . E .G., Vol. 16, Ho. 7, p*7^» July, 
192V. Detn. of IT20 i n  wheat aha flour.
H* Snyder and Betty Sullivan, J.I.B.O. Vol. 16, No.'ll, p . H 6 3 ,
Nov. 192A, Detn. of II20 m  wheat am flour Part II.
Smith and Mitchell, J.I.B.Q, Vol. 17f PP. 180-132, 1 9 2 9*
n iilim  .la w rn  w     11 up ■ 1 uni in mi mu mm  ..............................................................   *

A.O.A.G. Methods 3rd Ed. 1930 (V-ashington B.C.) drain and stock 
KeST’kethbdsT’" Drying without heat (over HgSO^) p.2 7 6.
Baker* s work on the effects of moisture, (drying over Pso5 P.203).
J . Ohem. Soo. 91, 1862 (1907): 101, 2239 U912): 121, pb8 (1922).
Ibid. G. Nowak and 0. Criders, lages 3tg. Bran. 9 May, 1956, Bran.
Malt 267 ‘237T53FT“ Reports of progress of apoliod ohem. p .635 (1 9 3 6). 
Vac. des. using P20 s sapporent II20 « 1.44 times H20 by vac. method.
G S m i t h , Dehydration studies using anhydrous magnesium perchlorate 
smith Method for humidification in desiccators. Br. Ghem. Abs. B*#
p 37^7T^53).
Frank J . Sink, J*I.E.G. Anal. Ed. Vol. 7, No. 6, p.4 4 2, 1935*
Stirring air within desiccators.
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Aa9:..AaOa, Methods 3rd Ed. 1930 (Washington D.G.).
Solids in millsp.2lM.
A .O.A.C. Met h pels 3rd Kd. 1930, p*365
Moisture in 'sugars and sugar product s. Preparation of .Samples.
&, Adio.fees J.y ith W, Brunoart and. 0, Luplcor. )Ber. 65B. 2755-60 (1930 ) 
Br. Onem. uibs,  V o I T ^ p . T f W ,  (1951”
Preparation of anhydrous alcohol and the detn. and estn. of water in 
alcohol.
K.£. Alber; Mikrochem., 25, M7"*56, 167-8 1, (193&), Analyst 6%, p.6 5 0, 
Aug. T959T.
pyrex glass tends to accumulate electrical charges.

B,Arkhangel* skil s - Spirto vodochnaya Prom.,14,So•14,14-16,1937 s 
CheruZentr*,,II.,3681-2,1937i Br.Chem Aba*,33,6200,1939*
Determination of Water in Alcohol,

L.R. Bishop. J. Inst, Brewing, MO, Ho. 5, pp.M2~MM (193^) through 
Analyst, 5 9, Ho. 701, p*57*>~7 U95M) (1.8*9. 193^, P.M9D. Electro
magnetic method of detg. sp. gr.
3. A. Browne. J.I.E.G. 1M, 712, 1922. Hygroscopioity of various

Carbohydrates. . .
Bouyonoos J.Am.0.3., 17, 203~6 (1933) Br. Ghem. Abs. B.p.823 (193$)
Evaporating mater with burning alcohol.applied to sands etc.
W. Carrier 3.T.B.G* 13, M32 (1921). Theory of Atmospheric Evaporation.
J.H. Dittmar. J.I.E.G. p.353. Vol. 27, Ho. 5., 1 9 3 5. Hygroscopioity 
oF*sugars and sugar mixtures.
Dolch, Poohrauller. and David, Ghem* Appar. XVI, 13“1M» P. 137“9 anc* 1^T~3 via IntlusTriaT Ohemlst May 1 930, Vol. 6 , p.216 (critical temp, c 
of solution method). Rapid and Exact Determination of Moisture in 
t ee h n i c a 1 pr oduc t s ,
T.H. Fairbrother, Ind. Ghem. April, Vol.7, P*169. 1931- Jritioal Solution Temp, mfethod, reGomraends isopropyl alcohol and benzene.
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S-^gaacion j ,a Revue Agricole, Mauritius* No. J 1# p.28, (1933). 
Comparison of* solids by spindle and Refractoaeter.

.Hayos ^ana_; TJ?. ffedley :;. Afr, sugar Technologists Ann.
Meeting CI.s.J. p.log May# 1 9 3 2*) Determination of the Density of Molasses.
T _,J. (i. Hep bur n. Vol. 1 o* Chemistry in Commerce articles. The
Determination of Moisture Content.
3..A-.tKA,_a_r 19, PP.399-W)C, 1936. (I..S.J. June, I957, p.231). Heport
on Ref raotometric method of determining dry substance.
Dean Q. Jackson Reports of H,;..?. a s s o c , p.171-1 7 3, 1 9 3 2.
Subst i tu ting’The Refrecj tome tor for the Brix Hydrometer.
A.C. Knlman. Savod. Lab. 7* 1̂ 3*>-7* *-938f Br. Ghem. abs, B.P.A90#1939 Ra'pTcf Deter mi na t io n of r.ater.
Macara, Analyst A. p. 353* 1931# Correction for lutroTt- sugar on solids
by Refraofcometer.
Mikulina and others. Br. Ghem. Abs. p.330# 193&. The cryohydrie 
meFFdd IT as acourate as distillation with CeH6 or C6H3Me3, or drying 
in I, *
Mitra and Vettkatarama 3.8.0. I* 57# 30*>«3l0f (193&). Vol. estimation 
water in~oot ton. ..Reflux with ac£0.
0. Muller^ I.S.J* p.6 3 5. 1922 (I.d.J.) Determination of True Brix 0 
0 ? moTssses by calculet ion.
A.R, Rees, J •I.H.G. vol. 2gf No. A* p.^2, (1933). Relation of 
Inorganic Constituents to sugar content and Purity of ‘lugar Beets. 
(Complete analyses of Beets).
James H ; Oliver. Br>e w i m  in ^tioles. The use of solids
FacTors. ' * *

H . Pflug.‘Ghem, Ztg. 51, 7*7-18* (1927). De?it*,.of H30 by heat of j
hydration. !
Pidgeon and Maotss* Gan. Jl. Research 2# 31^“^bt (1930)* Use of the |
quar5S""*?°i¥re-*^3T 8noe in determining water* jj
Ho sent he 1. Ohem. Ztg. 33, 1259 0909). Centrifuging method for detn. i
of_waterT
v*.o. sawyer. Jr. Facts about Sugar 30# Ho. (1935)* j
(I.S.J. Aug. P.315, 1935). **« Diatom (roes to Market. |
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S h u t t and Moloney, Trans. Roy. f oe. Oan. Vol.11* series 5, p.lOl-5.
Ox i da t Ton*oFTTour by drying in air. (Found no appreoiable oxidation)

, & rchlef Hi Ho. k Q t p.915-1007. 1 9 5 2. (I.S.J.Maron7 p.116, 1 9 5 5 )* Estimation of true dry'substance content of 
molasses from Brix and sulphate ash content.
A . G. Walker. Bell system Tech. J. 12# 1̂ 5 i, (I9 5 5 ). ̂ Asin
A«0. Walker. 3. Apol. Physics, U.3.3.R. 8# 2t>l-8,
BouncT Wat er.
Wood and Heale. J. Inst. Pet. Tech. IX, lf.71-^, (1929)* Determination 
of i iater^Fy^critica I solution in aniline.
E.Gr. Young. ?roc. Trans. Hov̂ a Beotian Inst. sei. (1/)# 2^8-55 (1950)
C.A. Vol. 2 5, p.179^ ( 1951)* Preparation of absolute Alcohol.
speagler Matthies and Todt, Z* ver. deut. Zueker. Ind. 81*., 9^1, 195*1-. 
Q&Lcium carbide methoHfTBeet Pulps* Absolut© Alcohol and their 
sp. gr. (neither satisfactory).
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Chemical Methods for the Determination of slater (See separate listlor"the Earl Flachey Method, > , V ; T,
l.Akorff-Petersen s- Zeit.fur Hygiene,75,236-44,1913 s Carbide method.
2*M.J.Bllsh and B,D,Hites Ceraal Chem.,7*99,1930,Carbide method 

applied to flour,
5.W.Boiler Ghem,Ztg*,50,537-8,1926, Carbide method for water,
I.A.Bunee :- Moisture tester for Carbide method, Chemistry in Glass 

Manufacture,p.397 .Made by T,Ashworth & Co*,Burnley. Method depends 
on measurement of pressure developed by the acetylene*

5,R,F*Bell s- J.C.S., 2903,1932, Water determination by alpha naphtha 
oxy dichlorophosphine,

Q.T.Bonifetsch Zeit•Zuckerlnd.ezeehdslov.Bep.47,59,1928,I. S. J.,161,
1925J'"' 'Carbldemethod applied to sugar solutions*

7 * Broche and Scheer Brenns toff-Chem., 13, 281 -5,1958, Am* Chem* Soc ♦ 26 *
Calcium hydride Method,  ̂ 14,408-9,1955, Abs. 5196*

S.M.Ohopin Goa^t.Rendus.,209,256-7,1959, Chem.Abs.,35,8141,1939 5
Ignition of acetylene method,

9*Cripps and Brown s- Analyst,34,519, Carbide method*
10 * JFVH * Campbell : - J,S.C.I#,67,1913 : Carbide method.
II.Panne Proc. Soe* Chem. Ind. Vic.,1900 : Carbide Method.
12.Pupre Analyst,51,213 s Carbide Method*
13.K*Fischbeck and B.Eckert Al. chloride used :HC1 formed titrated. 

Z , Anal .Chem. , 112,305-13,1938 : Br • Chem* Ab a*,A.I, 368,1938.
14. E. A*Fisher and J.Thomlinson s- J.S.C.I.,51,377T.,1932,Carbide  -----     8 1 ' method.
15.Food,11,261,1942 s general diseussion.
16.B.Graefe s- Petroleum,1,813-17,1906 t Evolution pf hydrogen by Ha.
17.F.Heule t~Beri©hte,53,7l9,1920 : Determination of water by Al.—  ---- —  ethylate,
IS.R.GfLarsen .«-•I,s,G.An.Ed., 10,195-8,1938,determination of water by 

“ Grignard reagents, producing Methane.
19.H*C.MacHeil ;- U.S.Bept.AgrIc.,Circ.97,l-8,1912jCarbide Method.
20.Orme Masson s-Proc.Ghem.Soc.Vie.,1909 s Carbide Method.
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21.1.0,Masson J.C.S, ,98,851 s Garbide Method#
gW.T.Eadeff .1- Archiv, i,wissenseh,von prakt.fierheilkun&e,223-242,

1926 : Calcium carbide Method,
25.Egberts and Fraser J.S.C.I.,197,1910 : Calcium Carbide Method#
24.P.M.Smith and W.M.D.Bryant ;- J.A.C.S, ,A,841,1935 : Estimation of 

Organic liquids using Acetyl Chloride and Pyridine.
25.J,Rosso s- Water determination usingBenzoic Anhydride, J.S.C.I., 

61,121T.,1932i
26.0.5pengler,Matthies, and Todt ;-Z.Ver.deut.Zuckerind•,84,941,1934, 

Carbide method on Beet pulp s found unsatisfactory.
27.G.Toennies and M.Elliott :- J.A.C.S.,57,2136-39,1933 s Titration 

Method for water and alcohols by acid-c&talysad reaction with 
acetic anhydride in organic media.

28.E.B.Weaver :- Cuprous Acetylide test for water (CaCs and Ammonia- 
cal CuCl ! J.A.C.S., 13,2462,1914.

29.K.M.West :<*■ A,1,B.C.,1916, ItO.l, 51-55 : Carbide method on syrups.
5Q.T.Ze2*ewitiBoff s- Zeit. anal,Chem*,50,680,1911 : uses pyridine soln 

ofMg methyl iodide and estimates methane liberated.

31.Lindner# Wirth, and Zaunbauer :- Aromatic Phosphorus Halides and i 
their use £or the volumetric determination of water ;
Monatsh.,70,1-19,1957 .Chem.Abs.il,901,1925. i

32.van Nieuwenberg 5- Chem Weekblad,34,217,1937 : see also Mikrochim.
Acta, 1,71-74,1937,and Chem.Abs.,A,260 & 630,1937 s use of 
Cinnaiuoyl chloride for water determination (titration of HC1 lib.) j

35.OvMotevafp i- Z.Ahal.Chem.,80,21-56,1950iBr.Chem.Abs.A,660,1930 « | I
Calcium Hydride method for water. 1
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cher Method for the Determination or Hater* 
H,A,Bredlanl *«► Water in oll8SX*£»G*An«£d*9?93f ■ 1985. 

2»0«T»Aopll and W,8» w,McCarter;-In liquid petroleum fractions,Ibid.»

4»|»H#Fosnofc and R,if,Hainan- Application to cereal products t
Cereal Gk©iid8ii^,ge,4l,i9fe * Am»Chem*Abs.,5y,X6uY,1^46,,

5»K'arl Fischer s- Original Method s Angew. Ch^em., 48,394-6,1935.
6.C.W.Foulk and A.T.Bawden :- J.A.C.S.,48,2045,1926: Dead-stop end
point Method,

7.H.Gilman and A.H.Blatt ;-Drying of Alcohol : Organic Syntheses,2nd. 
Ed.,vol.l,pp.219-49,John Wiley,New York,1941.

8.¥»£.Ore11 isch. and H.N.Burstein Application to Pine oils and 
Terpene solvents , I.E.G.An.Ed.,382,1945.

9.J.Hardy,W.D.Bonner,and iUlkNoyes.s- ibid.,751,1946 : Comparison of 
Fischer method with CGI* distillation,etc.,on solventless double- 
base powders,10.C.M,Johnson :- ibid.,312,1945:application to dried food materials.

11.H.P.Kaufmann and S. Punke :- Effect of humidity on moisture in 
Soyabeans S Fette und Selfen,44,386-390,1937. Fats,butter,margarine

lB.R.Kleselbach ibid.,726,1946 : improved apparatus.
IS.O.A.Krober and P.I.Collins Application to Soyabean Oil : Oil

and Soap,21,1-5,194A.
14.G-.B-.Levy, J.I.Murtaugh.and M.Rosenblatt Micro Fischer method :

I. E.G.,An.Ed.,193,1945. : ~
15 . C « D .McKinney and R.T.Hall :- ibid.,15,460-62,1943 : Cathode ray 

tube for end-point.
16.tlL,Porter and C.O.Wlllets J,A.0 .A.C.,27,179,1^44 • Chem.Abs., 

W A X ,  2840,1944.
17.A.B.Prater. P.M.Johnson.M.F.Pool,and Q.McKinney s- Determination of 

S0s In dehydrated f o o d s , An.Ed.,16,153-7,1944.
18.R.M.Reeve s- Food Research,8,128-36,1943 : Case-hardening and 

Gelation ofdehydrated foods.

C,Griffin,and S.C.Wilcox
IRdT,Tir~&2-386,1940.

3 1 6 ,1 9 4 5Application to technical
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— lZ. Application or Fischer method, to foods, Angew, Chem.,48.
ijryg 1935

20 »D*M* Sadth*V/*M*D*Bryant, j* Mitohell* and B* 0* Ashby s- *
©I© papers by these authors are here grouped together* the authors* 
names are indicated by a,B*M*or A*aIgo H>for ¥ .hawkins/ .
S.*B.Mt,J*A*C*S»» 1959, 61.2407-12*Mature of the reagent*
ILv¥.»A».jl 1940*62,1,Determination of alcoholic hydroxyl*
1*S«B**_ 1940*62j4,Determination of organic acids*
S.B.&f*, 1940*62*608-9,Detn* of acid anhydrides*
B*M*S*, lj!40* 62, 3504-5, 4£40*Detn* of water in presence of

Carbonyl compounds*
M*S*B*, 1941*63*573* Detn* of Carbonyl compounds*
S*,B*M*:, 1941*63*1700-1,Alternative method for detn* of

Acid Anhydrides*
B*M*S*A* * 1941*.63*2924-?27,Detn*of water of hydration of

salts*
M. A.B., , 1941,63,2927-30,Reactions employing inorganic

Oxides * Oxidation and Reduction reactions*
I,, I*E.C* , 1940*i2*.390#91*Detn* of moisture in native and

An*Ed* processed cellulose*
S.M.&W* Hawkins, 1944,J*A*C*a*, 66*715-16,Detn* of aliphatic

hydroxy amines (amino alcohols).
M.H* S* * 1944, <i * A* C. S* , 66,782-4,Detn* of primary ♦ second

ary amines*
H*3*M. a * 1944,1*A*C*3*, 66*1662-3,Detn* of primary Amines*
M*H*, 1945,I*A.G.S*, 67,777,Detn* of Ritriles*
Will*, 19i44, j*A*CUS*, 60*i797,Deth*HsQ in HC0sH*
M.A., 1945,J.A.C,S., 67#iei«*,Detm of unsubstituted acid amides*

21 »M*IUSwann Water in Paints and Varnishes* I*E*C*,An*Bd.*799,1946.
22,G, Weraiment and F.J.Hopklnapn . ibid,,16,272,1943tpead-s top^end-

23,F.VJ.Zerban and L.Sattler:- Water ln,Sugar Solns. : ibid. , 138,1946^
24,A.Zimmerman;-Fette u.Seifen,46,446,1939,Am.Chem Abs.,oi,4015,1940, 

lists substances analysable by Fiscber s le o .
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jjISTILLA T10K METHODS FOB THE DETBKMIRAT10H OF WATER, A '■ - f
I.e.,A,Allen and W.A.Jacobs :* Water in Petroleum products, 

BureaiTof Mines (U.S.A.), Technical Paper 25. 1912.
2 *2 ^ 1~rRE°n l 'm- Analysis of Spices,Schweiz. Apofch.Ztg. ,55,220,1915: 5hSETAbs.,971945, 1915.
5.Alexander,H.B., Use of CC1* : I.E.C.,An.ld.,8, 314, 1936.
a.C, Aschinann and J.P.Arend:- Water In Butter and other fats,' ■ 

Ohe$uZtg*, 30,953,1906 : Analyst, 1907.
£.A.S.IT.M. Standards,Part II.,1933 Hon-iaetallic materials :

Paue 351,A.S.T.M. D 95*30 : Page 827,A.8.T.M.,D120-27 ; Page 814, 
A. S. T.M. ,D158*28.

6.A.J.Bailey:* I.E.C.,An.Id.,9,568*9,1937 t I.S.J.,514,1938
V.C.Bakker and A.J.Stunhauer Water in Foods and 3t>ices,Chem.

Weekblad,19,285,1922.
8.6.Bakowskl' and E.TpqszczowIgzs* Przemysl Chem., 22,859,1930 l 

Br. Chem Abs., 14,1939 : 115, 1938.(Azeotropic method for organic 
liquids).

9.G.P.Barber :* Uses Sulphon&ted oils, paraffin,toluene,gasoline, 
xylenol and benzene.l.Soc Leather Trades Chem. ,3, 206,1919.

10.Beckel,Sharp, and Milner t* Speciai apparatus,I.E.C.,An.Ed•,
425, 1939.

II.Be3Son,A.A, :* Petroleum spirit on cheese and Soap : Schweiz.A • 
Apoth.Ztg.,.55,69,1917.

12. G . L .Bidwell and V*. P.Sterling ;* I.E.C.,17,147,1925. Improved 
precision trapse — ; _

15. J.H.Blythes—  l.Soe,Leather Trades Chem. Sulphoaated Oils
■ -3,101,1919.

14,W.H.Boilers* C h e m .Ztg.,52,721,1928. Using hydrocarbons.
15.Brown and Buvel :* Water Estimation by distillation with oil : 

U.S7 Patent Ho. 848,616,March 26,1S07.
16,H.I’M# aiderwood and R* J.PIechowski,I.E.C.,An.Ed., 9,320,1957 * 

Discussion of _technique!
17.W.Clacher :* New method for water determination;1.6.J.,126,1914.
i.uti. ̂ Coleman and E.G.Goerner:* Brown-Duvel method,Bulletin 1575,

0,S.I)epartment of Agriculture, 1926.
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I.E. W.R.
IJ.Cleland and Fetzer:- I.E.C..An.Ed..13.858.1941: Modified appara- 

tus and technique.
20.R.M.Uone and L.H.Davis s.-lbld..9,219,1937 :Tobacco.
21.A»Y.do Couto:* Ghimica Industria (Italy),3,462,1928:oil and tar.
22.E. D.Dean and D .D.Stark: * I.E.G.. ,12,486,1920 i Special receiver 

tube : extensive bibliography*
93.A.L.Dean :- Moisture In creosoted wood : Forest Service" Circular, 

U.S.A.,Ho. 134,1338.
2i,E.W.Dean I.E.C., 10,823, 1910.
29 .C.Decilow and D.T. Smith :* ibid. ,18,858,1926 : vacuum distillation
2G.D,e Louriero, J♦A., : - J. A sso.c. Official Agric. Chera. ,21, 645,1938 ;

Improvements in technique.
27. P. v;. Dr ohincr : - Z.Angew. Chem. , 51,725,1987 ;Gase-hardening material
91 .L.C.Drefahl,et al: * Proc. Am Wood preservers Assoc.,38.-77,1926 : 

Water in wood preservatives.
29.H.David Perchlorethylene Distillation, Centr. Zuckerind., 44,

1936 : I.S.J.,191, 1937. Application to Sugar products.
DQ.A.Degbomont :* Ann. Zymol., 3,72, 1936 : Toluene distillation 

method ; see Reports-of Progress of Appl. Chem.,638, 1936.
51. J. A.Evans and W.R.Fetzer : - I.E.C. , An.Ed. ,13, 85,6, 1941, j
32.Fats and Oils Standard methods of Analysis, I.E.C., 18,1348, 

1926 : See also Lefax Edition,A. Chem.Soc.,and Am.Oil Chem.Soc.
Do.E.Z.Feder lahr. Genuss.,37, 265-78, 1919 : Water in sausages. i
34.W.R.Fetzer,J.W.Evans,and J.B. Longenecker,I.E.G.,An.Ed.,5,81,

1253 : Improved method of dispersion. i
55.T.Folpmera :- Chem.Weekblad., 13,14,1916 : Toluene, benzene, and j

xylene on Spices. I
56.F.C.Fuchs Eng. Mining J.,106,357,1918 : Benzene method for ,

j,,j_,noral oils s Chem. Abs., 12, 2435, 1218, ;
57.E.Grafe :- Braunkohlc>,5, 581, 1806 : application to lignites. j
58.Gray>0.A., m- Z. Angev/. Chem., 21,880,1908 : various substances.
59. Gra.y,C.E.. s-Water in Butter, U.S. Dept, of Agric.,Bureau of 

Animal Industry,Circular 100.
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40.K.Hart Water in Soap. I.E.C. .10,5.98, TOT ft-
^ • P .Hoffmann * — Z. Angew.Chem.«, 21,2095,1908 : Resume of literature

: application to Hops.
4,2.K..J,11 o 11app.e1 : - Pharm. Tljdschr, Nederland Indie :4,247.-61.,192V. : 

Distillation of foods Using xylene. ■  ̂ T?r:
45.L.F»Hoyt and P.O.Clark:- Soap , 7,25,1931: Bidwell and Sterling 

rnetiiod using toluene ; applied to glycerine and soaps.
4s .11. W. Jayne,: — J.A.O.S., 25,814,1903 : Testing of Goal Tar.
45. J. At. Jones and T.Mchachlan:* Analyst, 52,563-/9X92Y : Toluene used.
48. W> A ♦Kingman : - I • B. G., 18, 93,1926 : Tetrachlorotliarie method used

for liquid glues and fats,
47.T.van der Linden t- with M. Kauffmann and F.Leistra, Archief*

Suikerind.Applied to molasses analysis, xylene preferred, 
25,951,1917/

48.H.K.Llndfors :- Distillation method, 660, 1923,
46. LundIn : - Using tetrachlorethylene in special apparatus i Chem. 

Ztg.,55,762,1931: Z, Ver. Deut. Zuckerind.,87, 338,1937.

5Q*C.Mai and E. Rheinberger:- Water In cheese,Nahr. {Xennasm.24,125,
1912 * Chom.A'bs., 6,8151,1912. "

31.M,Mannheimer s- Extraction of coal hy a hygroscopic liquid with 
subsequent determination of water i$ this: I. E.C.An.Sd.X,3,1929•

5 2 .f.Markov!ts i- La.Planter,76,90,1926,Comparison of toluene distn. , 
pith desiccation and refr&ctometrie methods.

55,J.Marcusson :~Mitt. Kgl.,Material Prufungssamt Gross-Lichterfelde 
dost,28,48,1&Q4 : 23,58,1905: Z*4ngev/.0hom. ,18,754,1905 soils, 
fats and .soaps using xylene and 'benzene.See also Die Untersuchung 
der Fette und Ole, Dritte auflage, Wilhelm Knappe,Halle,1927.

5 i.F. Michel Chem.Ztg.,37,555,1913 .: Water in Foods, • r;; . ‘
55.A.R.Mylalll. :-Cas 1., 150^21,1920, : Special apparatus coals with 

benzene, toluene, xylene.
56. ,, . •. ■ ■ , ; . - ' ; - -3 - 9-Norxnan,W.,:» Z.Angew. Chem. ,38,580,1825: special still-head: fats

Oils, and Scans ; preferred benzene,.
E7.P. .’.Prutzirun Dlstlllafc&ontest for water in petroleum : Chem.

Abs,,6,927,1912 .: Californian Derrick, 3,5,1210.
58.Prltsker and Jungkunz *-* 0hem,Ztg*,80,968,1286:X.3.9*,280,192i* 

SlenoTturbid distillate centrifuged:Internally suspended cooler.
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59.g.W.Rlce s- It£«C«.21.31.1929 ; Use o f celite and sodium oxalateas dispensing media. *
60.Rogers s- Bur. Ghem. Bull. 137,172, 1910 : Leather with toluene. j
61.R.M.Reed s-Qll and Soap,9,67, 1932 s Bidwell/sterling method on 

essential oils using toluene.
62.3.S.Sadtler 1- I.E.G.,2,66,1910 : Benzene f o r  cheese & egg albumen.
63.M.Schneller s-J.A.O.A.C.,156,1926i I.S.J.,443,1926 :Bean & Stark

method using toluene on sugar produsts snot considered a good methods 
since it needed much time, and the end-point was not sharp.

64.A.Scholl and R.Stroheeker s- Z.Nahr. Genus sm. .32.493.1916 s Chem.
Abs* 11,85 4 ,19*17.

65. C . G.Schwalbe : - Z.Angew.Chem.,21,2311,1908 : water in cellulose 
products : See also ibid.,125,1919 and Chem.Abs.3,406,1909, and j 
13,3315,1919. I
E.Senger Water in tar by distillation : Gasbel.45,841,1902 : 
J.S.G.I.,21,1475,1902.

W.Spalteholz 5- Water in tar i Chem. Weekblad, 15,1546,1918 : Chem. 
Abs.,13,1785,1919.

69.Splehl-Striemann ;- Refluxlng with high-boiling hydrocarbons s ;
Z.Angew.Ghem.,4 0 ,4 6 4 -6 ,  1927.

7 0 .Tate and Warren s- Water determination using n.-Heptane : Analyst, 
6 1 ,3 6 7 ,1 9 3 6 .  Special apparatus.

71.G.Testoni :- Staz. sper. Agr.Ital.,37,366s Ghem.Zentr.,2,75,562. j
Application to sugar molasses. 1904. j;

7 2 . E .Thielepape and A.guide s- Use of Perchlorethylene on sugar pro- j! 
duets J Zeit*Wirtsch.Zuckerind. ,87,3*1/3—542,1937 * I.S.U.,401,1937.

^ . yj/.Thorner s- Z.Angew.Chem.,21,148,1908 sApplication to foods.
74.R.B.Trusler I.E.C.,An.Ed.,12,509,1940 : Soaps,benzene,toluene,xylene.
7 5 .Tucker and Burke s- Application to grain products : Cereal Chem.. 

vol.13,378,1936, I

77.A.Urich Rapid method for moisture in bagasse, I.S.U.,80,1913.

6 6.

J.A.0.A.G.,2,197,1917 : kerosene on spices, 
ibid. ,'3,427-8, 1920 ;Chem.Abs., 11,1212,1917

76 L.Ubbelohde s-r. Handbuch der Ole und Pette, 1, 189,1908
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i ■ * * arnda and T.Koahltaka t- J* Soc*Chem Xnd# { Janan)f 30,5b8,1927 : 
Ho'rman s 'apparatusifbuad xylene preferable to benzene*
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7b»G«3»0rlffltha s- I*B.C.*,An,M*,394,1938 s Levelling device for
1)§si8 ”538" Stark method to avoid parallax!dissoluble dy© at meniscus
9.8. R I-

BO# Hal Is worth and Reid s- latur®, 1942,p*£24 s estimation of water In
1.1 v l t i f t , tissue* i£of
P.P. H.J.Bl*Holt, and Callow i* Haitir©,755, 1941: Special apparatus sbenzene*

ev.-:*Lakeland and Iratt I.E.G.,An.Bd*,4GC)# 1938 * Improved Moisture 
t ran^rTetFachlor © thylen© •

Lindsay 5ĵ  Ibid.,89, 1946 : Trap for small amounts of water
rig oerchlorethylone*

a.g/ "

84 . I.ovrr&ea t- Hatur©,148,6#4,1941 : bet examination of water in animal
and plant materials : uses xylol with an electric heater*

* » *~wbe©,s- j*A*Q.A*C*, 193, 646,1936 : modified Be Louriero
*»*. r*ratus u s i n g  toluene with electric heating#

08*Middleton,&*,s- Improved B.B.H# form of apparatus, Chemistry in 
Coraseree,vol * 1,p• 416, lewnes, 1954-5b.

0 # ,¥incent*R»S., and Simons, A-., s - Hature, 149,170,1942 : Proe* Phys. 
Soc.,52,489,1940 : Freezing method using solid CGS :equilibrium 
water vapour pressure measured.

66.1.G-.Q. Warne, : M ature, 14-8,756,1941 : Dean & Stark method using 
xylol and. toluene : latter preferred.

89. J.Hardy,W.M.Bonner,and R.M.Noyes :-9ater in solventless double
base powders,I.E.C.,An.Ed.,751,1946 : CC14 distillation comparea 
with desiccation Over HsS04,Karl Fischer method,and an oven method.

90.C.R.Churchward J.Proc.Austral.Chem Inst.,10,69B,1943 :111,118,
1943,Distillation using petroleum fractions of b.pt.l05-110jC.

See,Foods,E.B.Hughes,Reportos on progress of Appl. Chep.,405,1943.
91-.F#R#Johnston Ganad.Chem.27,100,1^43 : B.abstracts, 111,131,1943 :

Uses ehloroform with a specially narrow collecting tube.
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j i3.G1eland and Fetzer,1936 : 4.Scott s Standard Methods of Chemical i
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