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Ash,

Brix,

Curing.

D.S.

Purity.

Purging.

Reducing
Sugars.

GLOSSARY.

The residual mineral matter, after incinerating

the sugar, molasses or sSyrupe.

The percentage of solids present in solutions of
sugars, as found by using the Brix spindle.

This spindle or hydrometer is calibrated in
golutions of pure sucrose and in this case reads
directly the percentage of sucrose when floated
in the solution. The term "Brix." is used in

the sugar industry for "per cent. solids”.

The separation of sugar crystals from the mother

liguor by centrifuging.

Dry substance. - the Fesidue after drying.

The relation between the sucrose and the total
solids or D.S. present in impure sugar jJuices
OY Syrups. Sucrose x 100 = Purity.

D.S.

Synonymous with Curing.
Mixtures of dextrose and levulose in any propor-

tions: usually calculated, and referred to, as

Invert Sugar,



Refraotometer Brix.

Per cent. solids found by taking the
refractive index of the sugar product

and by reference to appropriate tables

converting to per cent. sugar.
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INTRODUCTIONR

Molgsses is a by-product of Sugar Factories and
Refineries. In some sugar-producing countries where its
disposal is a matter of great difficulty, it is literally
e waste product.e Where distilleries, however, are in
close proximity to the factory, or where facilities for
cheap transport to manufacturing centres are available, it
is a material of considerable value. Molasses is the main
source of industrial alcohol, and it is also used extensively
in the preparation of cattle foods.

The weight of molasses obtained as a result of the
manufacture of sugar from cane is about 24 per cent. of that
of the sugar produced: in beet suger mamifacture, the
corresponding quantity is about 20 per cent.

On the basis of a world production in 1934 of 16 million
tons of cane sugar and about 9 million tons of beet sugar,
the total quantity of molasses available for industrial
purposes is in the region of 5% million tons per annum.

The molasses represents a loss of sucrose sustained
in concentrating the juice, whether it be cane or beet, to
the finished crystalline product, and therefore it is

essential in order to draw up the factory balance sheet,
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or "Sucrose Recovery and Loss Account”, to know the exact
amounts present of certain of its constituentse If the
molésses is to be sold, or purchased, for manufacturing
purposes at a price based on analytical tests, these tests
become of paramount importance.

Ko standard methods for the ahalysis of molasses have
been univeraglly adopted as yete The determination of the
water content in particular, is a problem that remains unsolved.

At the 1933 Conferemce of the International Commission for
Uniform Methods of Sugar aAnalysis, Molasses was one of the
subjects under discussion, and the Testing of Molasses is to
be on the Agenda as subject Number 10 at the next Intermnationsl
Meeting to be held in London in August 1936.

The author hes been interested in this question for some
considerable time, and it is hoped that his investigations will
8ssist the deliberations of the Commission, of whose British

National Committee he is & members




Be

The term Molasses as used in this work refers to
"Exhausted" or "Final" Molasses, which mey be described
in general terms as the effluent from the centrifugal
machines during the purging of the lowest grade sugars
produced in the feactory.

In the cane sugar factory and in the refinery, it is
the mother liquor of the final crystallization, from which
no further quantity of sugar can be ohtained by re-boiling.
It is an extremely viscous materiesl, almost black in colour,
having a specific gravity of about l.4.

Geerligs (Cane Sugar and its Msnufacture, 1920) defines
Cane Molasses as follows:- "Ideal cane molasses is a hydrated
combination between sugar and salts which cannot be broken up
by dissociation when in a concentrated state, and therefore
cannot yield sucrose in a crystallized form."

Van den Linden (Archief, 1916) considered the material
from the phase rule aspecte He had observed that in the
presence of invert sugar, less sucrose was-fissolved by a
definite quantity of water than was the case when no invert
sugar was present. He concluded therefore that "ideal (cane)
molasses is a saturated solution of sucrose in which the

solubility of the sucrose is influenced by the presence of

invert sugar and of certain non-sugars."

Heldermen (Archief,1921) confirms this view.
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In "Cene Sugar Handbook,1929" Spencer gives the
following detailed ahalysis of a Louigiana cane molasses,
Per Cent. _ Per Cente.

Watereeecseeeeess 20,00 20,00
( S8ilica, S10gescatceccess 0450
Potash, K ,Oeevseeaseeseae 3.50
Lime, Caleceececcocacaes 1a5H0
Magnesj.a, MgO-.......... 0.10
ASHeceeaneesscen 8.00< PhOSphOI'iB ACid,Plasooo. 0.20
Sulphuric Acide SOqesees 1,60
Chlorine, Cl....o.l....‘ 0‘40
Sodsa,iron,etc.,Na,0,Ie, O
etc.IQOOOIOOOOIIOOODII.. 0020

..

SUCYOSECassvsosnasssssocse 3200

Sug&rS...;...-n. 62.00 Dextrose..............l. 142000
F LevUlOoSCeeeecsccsosssenee 16.00

[ A1buminoidSeeccecessseasee 0e30
Amids (as asparagin).... 0.30
Amido Acids(as saspartic) 1.70
Nitrogenous bodies. 3,00 ¢ Nitric Acide..ceeeessces 0415

(Total N O.5per cent) AMMONiGecsscsnosssnceaes 0.02
Xanthin bOdieSoo..--.... OOZO

L Other nitrogenous bodies 0.23

Soluble gumS...s.. 2.00 (Xylan,Araban,Pectin.etc) 2.00
Free 8CidSeeseseeas 2.00 Melassinic,Glutinic,Sacc-
Combined acidSeses 300 harinic acids,etCesscees 5.00

Tot8leeeeeeeeal00.00 100.00

Obviously an elaborate analysis such as the above would
be beyond the scope of any industrial sugar laboratory, and

from the point of view of both the manufacturer and the

purchaser provides & great deal of information which might be
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of no practical value. Only thq following items are of
commercial interest:- Water, Sucrose, Polarization, Reducing
Sugars and Ash. These constituents vary considerably,
according to the locus of production and the method of
clarification adopted in respect of the cane juice extracted
by the milling plant.

Geerligs (Cane Sugafﬁ mekes the following generel
statement as regards the composition of molasses:- "The
total amount of sugars i.e. sucrose, dextrose and levulose
is about 55 per cent., the relative proportions depending on
the ratio of reducing sugars to ash; water is about 20 per cent.
and ash about 9 per cent.” The reduc ing sugars vary between
such wide limits as 12 and 30 per cente.

The water content depends largely on the amount of water
used in washing the crystsls during "curing"; the reducing
sugars depend on the original purity of the cane juice and of
the amount of inversion taking place during the manufacturing
operations, while the ash is derived from the clarifying agents
and from ssline materisls which are originally present in the
juice but which have not been removed during clarification
because they form soluble salts as a result of the action of
the clarifying agents.

Deerr (Cane Sugar,l920) gives these limits for the

constituents of cane molasses.
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| Per Cent,
Water ‘ 15-25
Sucrose ‘ 4‘ - 25-40
Reducing sugsrs ‘ v ,  5-30
Ash . 7-15
Gums 3- 5
Organie Non sugsars 10-20.

Beet Molasses differs considerably from cane molasses
both in its composition and in the fact that it is not
"g@xhausted" in respect of its content of crystallizable sucrose.
Further crystals of sugar may still be obtained from it by
chemical methods, or by dilution followed by dialysis and
re-concentratione. The sucrose content is high, generally about
o0 per cent.; feduoing sugars are present only in traces, while
the saline contents are higher than in cane molasses. The
absence of reducing sugars is significant, and tyis is one of
the reasons Whylbeet molasses presents & somewhat different
anglyticdl problem.

The foilowing is a detailed analysis of a typical beet

Molasses :- ("Sugar" Montgomery, 1927)

Sucrose 46,50 ' - | 8104 0.074
Reducing sugars 0.03 Fg0g A1, Ox 0.080
Tater 20,34 C&CO; 0.103
Other organic matter 19.56 ) CasS0, 0.141
Mineral Ash 13.57 { MgCO 5 0.081
, ‘ MgSO0 4 0.116

- NalOx 2839

100.00 XC 3+609

K,PO, 0.139

K ;80 1.533

\ K, 50 5 4.864

134579
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A meterial of such complexity and such variability in
composition as molasses, contzining as it does substances
which readily undergo decomposition, is bound to present
serious difficulties in analysise. The necessity for
standardizing the metnods of testing hes long been recognized
and the various Suger Technologists' Associstions throuzhout
the world have reconmended certsin methods which unfortunately
have not yet been univsrsslly adopted.

In the cane sugar incustry, ths nmethods of analysis
recommended by the Association of American Oificial Agricult-

?

ural Chemists, the Hawaiian Sugar FPlanters Association, the
Cuban manufscturers and the Java Experimental Stetion sre
standard for their resvective countries and they dirffer only
slightly in detail. The chief methods in use are examined
in this work and compsred. The materials used were molasses
from cane sugar factories im Britigh West Indies, Cuba, Egypt,
Hawaii,,*Java, Hatal, etec., and from beet sugar factories and

refineries in this country.
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The examination of molasses for commercisl purposesd
is effected under these headings:-

l. Water, or conversely Total Dry Matter i.é.(loo-wate€ per
centale

2. Sucrose
3« Reducing sugars,calculated as Invert.

4, Ash.

The methods of estimation of items 1, 3 and 4 are studied
in this worke The determination of the sucrose content already
has been exhaustively treated by a large number of workers

in all perts of the world.
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PART I.

Estimation of Water,

The usual industrial methods are:-

1. Brix hydrometer, after dilution.

2+ Drying on sand, or on pumice, in steam oven.

3e " won " vacuum oven.

4, Distillation with immiscible liquids.

5+ Refractometer.

No. 1 is a factory method, useful for routine work, but
of doubtful value otherwisees Since the Brix spindle is
graduated in degrees sugar, and is calibrated in solutions of
pure sucrose, its accuracy depends on the absence of soluble
constituents other than sucrose from the solution under
examinatione Impurities are present in considerable amounts
in the molasses and as their specific gravities differ from
that of sucrose, the error from this source is appreciable.
Moreover, the high viscosity of molasses prevents the use
of the spindle unless the molasses is suitably diluted.
Contracetion in volume resultent upon dilution causes a

serious error which is multiplied, as shewn in the following

table:=-
Sample examined : Teble Treacle.
Concentration Degrees Brix Degrees Brix calcu-

lated back to
undiluted materisl

50 per cente 4342 8644
25 P“ " 22.8 91.2
1l2.5" " 12.1 96,.8
6025" " 601 9706
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This method is at best an approximation, emnd while it is
repid and gives a speedy indication of water content
sufficiently reliable for factory purposes, it is of little
use from the analytical point of view,

Methods Nos. 2 and 3 are in general uses The samples
are prepared in the same way for both steam and vacuum ovens.
In order to present the largest possible drying surface,
either broken pupice or fine sand is used. The former is
seldom found in commercisl sugar laboratories especially in
tropical factories, and a pure sand which is generally readily
obtainable provides a more suitable material, which is more
easily manipulated.

Phe standard methods for drying on sand are given

below:~
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Drying on Quartz Sand. A.0.A.C., Officigl ikiethod for

Molasses.

The sand shéuld pass 4:b mesh but be retained on 60 mesh.
It is digested with H Cl, washed acid free, dried, ignited
and stored in a stoppered bottle.

25-30 gms. of sand are placed in a dish about 40mm. in
depth x 55mm,in diameter and dried in the steam bath, together
with a short glass rod; after being cooled in a desiccator,
the covered dish is weighed quickly. Then sufficient of the
diluted,sample % to yield 1 gme dry matter is added and mixed
thoroughly with the sands. The dish is heated on the sand
bath for 15-20 minutes, the molasses being stirred at 2-minute
intervels until it becomes too stiff,

It is then dried at 70°C under a vacuum of not less than
60 cms  Trial weighings are made at 2-hour-intervals towards
the end of the drying period, until change in weight does not
exceed 2 mgms.

Por materiasls containing no levulose or other readily
decomposible substance, the drying is done at the temperature
of boiling water in 8-10 hours. The dish is cavered in
desiccator and weighed. The heating and weighing are
repeated until the loss per hour does not exceed Z mgms.

Loss of weight is reported as moisture.

L/}
#*¥ The diluted materisl shall contain 20-30 per cent. solid
matters"
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HeS.P.A. Method. "Total solids are determined by

drying, preferably in a vacuum oven at 100 C. If a vacuum
oven is not available the samples may be dried in an air
bath at 100 to 105 C.

Treat clean silica sand or cogrsely ground pumice with
hydrochloric acid, wash with distilled water and dry. Place
15 grams of sand or half this weight of pumice with a short
piece of glass rod in a 7 c.me. covered alumiﬁzm drying dish.
Dry at 150°C. and cool in a dessgccator. Welgh the covered
dish, add approximately 10 grams of juice or 2 to 3 grams of
molasses, replace cover and weigh. Mix the sample thoroughly
with the send or pumice using 1 or 2 ml. of hot water if
necessary. Dry until the mixture is in a friable condition,
stir with the glass rod &o that the meximum drying surface
is exposed, dry for 5 hours, replace the cover, cool in a
desiccator and weighe Temperature and drying time have been
specified rather than drying to constent weight becsause
samples continue to lose weight on prolonged heating due to

the destruction of organic matter at high temperatures."
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Drying upon Quartz Sand.(Bull.107, U.S. Bureau of Chem.,p.G@L

"Tn ? flat-bottom dish place 6 to 7 gms. of pure quartz
sand and & short stirring rod. Dry thoroughly, cool in a
desiccator, and weigh. Then add 3 or 4 gms. of the molasses,
mix with the sand, and dry at the temperature of boiling water
for from 8 to 10 hours. Stir at intervals of an hour, then
cool in g desiccator, and weigh. Stir, heat again in the water
oven for an hour, cool, and weigh. Repeat heating and weighing
until loss of water in one hour is not greater than 3 mgse.

"Before using, digest the pure quartz sand with strong
hydrochloric acid, wash, dry, ignite, and keep in & stoppered
bottle", ' |

«In order to prevent the occlusion or retention of water in

the dried residue, an hour of drying at 105°%0 110°C. is

advissble ss under the determination of moisture in sugar. "
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A1l these methods are open to criticism,.

In the A.0.A.C. method the end of the drying period is
mentioﬁed, yét this period is not defined. Additional 2-hourf
intervals to this period, whatever it might be, might extend
the duration of the estimation beyond the normal working day
in any ordinary laboratory. The 8-10 hour period for the
steam oven method plus hourly reheatings and re-weighings
also is impractisable, and as will be seen later does not
lead to the desired constancy of weight.

The H.S.P.A. at least fixes a time well ¥ithin the
limits of the ususl "shift", but vacuum at 100 C and air
bath at 100-105 C give totelly different results. Weighing
the molasses into the dish is not to be recommendeds It
s8hould be added from the weighing bottle and the weight
found by differences.

U. S.Buread method. Mixing viscous molasses of 80—85°Bx,
with sand is an extremely diffsSist matter: even warming it
does not make it sufficiently fluid for mixinge. It must be
diluted and as will be seen later this dilution does not
prolong the duration qf dryinge.

The same objection holds here as in the A.0.A.C. method
as regards the duration of the dryinge.

The advice to stir at hourly intervals cannot be

carried out as the molasses soon sets as solid as concrete.
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The methods adopted by the author were as follows:-

Steam oven. The sand was prepared according to the

foregoing directions; about 10 gms. were used wach time and
spread over the bottom of the dish of about 60mm. diem. The
molasses sample was kept in a weighing bottle with ground
stopper fitting on the outside. A small spoon for removing
the desired guantity was kept within the bottle. The material
belng extremely hygroscopic, the weight of it taken for each
estimation was found by difference after removal of the
necessary amount from the weighing bottle. The drying dishes
contgining the 10 gms, of sand were weighed covered, together
with a small glass rod, and after the sample had been added,
-3 cc. water were used to dilute it to enable it to be
thoroughly mixed with the sand. The dish was then placed in
the steam bath snd dried for stated periods.

When the vacoum oven method was used the sample was
brepared in the same waye. The oven was of the ordinsry type,
but a tiny hole was pierced in the door, so that a current of
air could be drawn through during’the dryinge It was considered
unnecessgry to go to the elabdrate precaution of drying this
current of gir ss has been recommended by some sugar chemists.
The vacuum was maintsined by a dry air pumpe. The difficulty
of keeping the temperature of the oven constant at 70 C was
finally overcome by fixing an electric element to the bottom

of the oven jacket, and controlling the temperature by means of
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o sliding resistance. When water was used in the jacket, this
was & simple matter. During drying, it was imperative that
the vacuum was kept a little below 45 cm. for the first hour,
otherwise violent spurting occurred which ruined the experiment.
After onme hour's heating, the vacuum was increased to 60 cm. at
which it was maintained for the remainder of the drying period.
It might be mentioned here that the choice of drying
dishes was a somewhat difficult matter. After many tests a
tin with a close fitting cover, in which a certain brand of
tobacco is marketed, was eventually selected. This was cleaned
up and tested by half filling with water, covering and shesking.
If no drops of water were shaken out, the tin was accepted as
tight. It was proved later, however, that this supposed
tightness was insufficient. Actually moisture was sbsorbed
by the extremely hygroscopic dried molasses in the covered tin
while it was being weighed, and even while it was in the
désiccator. Subsequently a squat glass weighing bottle with
ground glass stopper was used. This will be referred to later.,
Before the drying of the molasses was begun, it was
considered expedient to obtain some definite information as
to which of the sugars present in molasses was most liable to
decomposition under the conditions employed. Tests were
therefore made on solutions of pure sucrose, dextrose and

levulose.
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The solutions were made by weighing the sugar into a
dropping bottle with ground teat-stopper, and by adding the
water thereto. The solution was withdrawn by means of the
teat dropper, and dropped on to the sand in the previously
weighed dish. The weight of liquid thus taken was found
from the difference in the weight of dropping bottle. The
dish was dried for the specified times in the oven, covered
and cooled iﬁ the desiccator for thirty minutes and weighed
a8 rapidly as possible.

The results of these tests are as follows:-
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From the foregojng tables it will be noted that with
sucrose solutions constant weight is obtained in 6 hours in
the steam oven and in 8-10 hours in vacuo. No decomposition
on continued heating was observeds. In the case of dextrose,
drying by steam appears to be complete in 6-8 hours, dbut
possibly some slight decomposition occurs on further heating.
Irregularity in the weighings is noticeable and this is a
common experience when moisture in solutions of dextrose is
being estimated. In the vacuum oven, however, drying is
complete in 4-6 hourse This confirms the view of Rice
(JoI.E.C. 1933) that the water of crystallization of dextrose
is driven off under vacuum at 7000.

With regard to levulose in the steam oven, & result is
obtalned in 4 hours which might indicate that drying is
complete within that periog, but further heating produces
decomposition which is progressive during the whole period of
treatment. In the vacuum oven, constant weight is obtained
in 4 hours, and no decomposition occurs on continued heating.
Browne (Handbook, 1912) reports similarly on the drying of
solutions of honey in vacuo.

The mixture of solutions of dextrose and levulose dried
completely in vacuo in 4 hours.

It would appear from this, that the destruction of levulose
is the cause of the high results for water when syrups

containing it are dried by steam at ordinary pressure.
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Spencer (Hendbook, 1929) makes a definite statement to
this effects

The important fact emerging from these preliminsry
investigations is that vacuum drying is effective with
the three sugars commonly found in molasses, and that the
period necessary for complete dehydration is from 4 to 6
hours.

A1l the tests were made in duplicate so that for each
material the conditions were the seames It may be mentioned
that in commercial laboratories, duplicate analysés of these
meterisls are not generally mede. It requires considerable
skill in menipulation snd great attention to detail to get
corroborative results, despite the apparent simplicity of
the operation. (Reference is made later to "personal error").
When results were obtesined that were not sufficiently close,
the test was rereated in duplicate. All weighings of these
preliminary tests are given in detail. It is important to
observe the actual difference in the weight of the dish,
which indicates better than the calculated percentage, the
difficulty of obtaining constancy of weight even within the

limits recommended in the standard methodse
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Effect of diluting the Molasses on period necessary for drying.

To agcertain if the addition of dilution water to the
samples of molasses in order to facilitate mixing with the sand
affected the period of drying, tests were made with dry mixed
end wet mixed samples as shewn below:~

Refinery Molasses. ({Steam oven].

"Dry" test. "Wet" test.
I. II. I. II.
gms. of molasses taken. 3.8226 5.6984 4.2198 5.1367
Per cent.D.S.after 5 hmis o
drying. ' 73,14 73,58 7359 73,95
" LA T 9 " 72,85 72,98 73400 72,98

" nooom "33 " 72,52 72.35 72,77 72.73

Java Cane Molasses.

TDry"test. "Wet" test.
gms. of molasses taken 2.0820 2.4139
Per cent. solids after
4} hrs. 81.01 8l.14
" w " 6 " 80.47 80.47

] " " 9 n 80,00 79,98

Phe sbove tests prove conclusively that no prolongation
of the drying period is caused by the addition of 2-3 cc.water

for the purpose of rendering the molasses more fluid.




The examination of typical samples of molasses was then
undertaken. Refinery molasses, cene molasses, golden syrup

and beet molasses were examined in detail. The golden syrup

was selected as representing an slmost pure mixture of sucrose

and invert sugars, with a small percentage of ash (about 1 per

cent.)e The latter constituent was considered to be &

factor of some importance. The beet molagses was selected

ag it contained a mere trace of invert sugar and an appreciable

gmount of ashe (9-10 per cent.).
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An examination of the weighingé tabulated on pp. 22 - S35
shews that constant weight was obtained only in two cases,
namely with beet molasses after 20 hours drying in vscuo and
with Java molasses in the same time at 100°C at ordinary
pressure. In neither case did the duplicate tests made st
the same time afford corroboration.

These were the only two out of some 60 tests carried out
by the author but not all reported here, in which constant
weight was obtained after prolonged drying, and consequently
it cannot be accepted that the attainment of a constant weight
under the foregoing conditionsis & practicable possibility.

A grsdual but progressive decomposition is evident in all
the tests reported in both the steam and vacuum ovens, but to
& greater extent at the temperature of the former.

This is somewhat remarkeble in the case of beet molasses.
It contained no levulose, which the preliminary drying tests
shewed to be decomposed at 100°C. though stable at 70" in vacuo,
and consequently it would appear that the unstability of beet
molasses at these temperatures is due to the decomposition of

certain salts present and not to the destruction of sugar.

Spencer (Handbook) and others state definitely that the

destruction of levulose is the cause of high results for water

o
at 100 C.

With refinery molasses and cane molasses in which the

reducing sugars are present to a considerable extent,



decomposition would be expected at 100°but not at 7630. In
these cases also, the decomposition cannot be ascribed solely
to the levulose, otherwise the drying in vacuo at 7000. would
~have given constant results.

Similarly with Golden Syrup, feilure to obtain constant
weight at VOOC. in vacuo lends further support to the srgument
that levulose is not the cause of the progressive decomposition,
but it will be noticed in this case that the rate of the loss
in weight is less than in the others, especially when compared
with Java molasses. The ash from the Syrup was about 1 per cent.
es against 8-10 per cent. from the molasses, and this would
indicate that the minersl matter content exerts & most important
influence.

It must again be emphasized that solutions of sucrose and
mixtures of solutions of dextrose and levulose dried out
completely in the vacuum oven method. Golden syrup is a mixture
of these three sugars together with certain salts which give
about 1 per cent. of ash on incineration, and it must be inferred
from this either that the salts themselves decompose on heating
at 70°C. in vacuo or that their action on the reducing sugars
at this temperature causes the decomposition.

Beet molasses, giving as it does about 10 per cent. of
ash, shews similar decomposition, and appears to provide further
proof that this is due not to the sugars but to the salts,

Comparing the results obtained for any one of the samples



by the two methods, it will be observed that there is a
considerable difference between them, At 7090. in vacuo, less
water, or more correctly more residual "dry substance" is
obtained than with drying at ordinary pressure at 1oo°c.

The difference also is less marked with Golden syrup and
beet molasses than with cane molasses.

To find out which method gives & result more closely
approximating the actual water content of molasses is a problem
of some difficulty. Attempts to make up an "Artificial™®
molasses in which the amount of water present was known, were
not very successful. The sugars did not present the greatest
of the difficulties, although to prepare a solution of them
at 70-80 Brix without applying heat, which might cause decompo-
sition, is not any easy matter. Most of the salts mentioned
on pge 4 are only sparingly soluble, so that it is impossible
to obtain a mixture which could be considered analogous to
the complex natural producte.

In the cage of Golden Syrup, according to de Whalley
(I.S.J., 1935) the dry substance can be calculated from the

Refractometer Brix reading and a correction applied for the
invert sugar content. This correction is given as 0.02 for
every 1 per cent. of invert sugar present. In the case
reviewed, the Ref. Brix was 82.1l. Since the invert sugar
Present was found to be 47.76 per cent., the dry substance is

(4
83.15, Thig agrees with the figure found for drying at 100 C.
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for 5 hours, and points to the fact that vacuum drying &t 7000.
does not remove 2ll the water originally present, some being
retained by the salts at this temperature.

In the case of cene molasses the differemnce between the
two drying methods is greater, but it is not possible to use
the knowledge of the Refractive Brix to get at a possibly true
water content as in the former example. This is further

considered on pge 134.
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Notes on the use of glass and metsl dishes for drying.

During the early investigations in this work it was
obgserved that, when tinplate dishes were used for the drying
tests, the weight of the tightly covered dish with the dried
molasses inéreased to a slight but still apprecisble extent
during the actual period of weighing. Further, when these
dishes were left overnight in a desiccator over calcium chloride
or sulphurie .aeid,-an increase in weight was found on re-weigh-
ing them{ hefore continuing the test.

Accordingly, glass weighing bottles, squat shaped, sizes
50 mm. diam. x 30 mm. deep, and 60 mm. X 35 mm. were procured,
with ground glass covers fitting outside so as 1o ensure
absolute airtightnesse. Weighings were made on an air-damped
balance, on which the weights under 1 gm. could be applied by '
riders controlled from the outside of the balance case. This
ensured repid weighings and g minimum of disturbance during
the operation.

Despite these precautions, an increase in weight wes
observed after s finished sample had been left for a period over
Silica gel in an evacuated desiccator. and then re-weighed.

There was no possibility of a leek in the dish or in the
desiccator, and attention was therefore directed to the behaviour
of glass, tinplate, sluminium and nickel on being heated and

cooled,



The tests were made on empty dishes, and the results are

recordéd below. The sequence of operations will be followed from
the weighings, which are reported in chronological order,

Glass dishes. (1) 50 x 30 mm, and (II) 60 x 35 mm,

Wty,after heating fbr 2 hours at 1odb 1) (113
and cooling for 30 minutes in ams. ans
desiccator 29,0403 59,2557

" " leaving overnight in desice, 29,0433 59,2613

" " heating for 30 mins, and cool-
ing for 30 mins, in desiccr. 29,0396 59,2560

" " returnin% to desiccator for '
further 60 mins. 29.0419 59.2608

" " returning to desiccr. for further
60 mins., 29,0424 59,2608

These separate tests were carried out at different
times of the same day.

Similar results were obtained with the various metal dishes.

The increases in weight could be due only to changes in atmos-
pheric conditions in the balance room. The importance of keeping
strictly to standard times for cooling etc. and not delaying the

weighing of the finished sample cannot be over-emphasized. One dish

(empty) was weighed quickly after being cooled in a desiccator for
thirty minutes, and was allowed to remain on the pan of the bal-

ce for a similar period. An ihcrease of 1 mzm. was observed, after

which the weight remained constant,



After completing a drying test on molasses in a tightly cover-

ed aluminium dish, the latter was left on the pan of the balance

and the change in weight at thirty minute intervals was noted.

gms.,
Wt, of dish and dried molasses 31,5058
" J " " " " after 30 mins. 31.5072
u‘ " " " " " " 1 hour 31,5076
" " " " " " " 3 31.5086
" " " " " " " 2 " 31.5083
" " " " "o " " 44 31.5123
" " " " " " " 6% 31,5184

The above weighings shew the gradual but considerable
increases, most of which can be due only to the extraordinary
avidity for water displayéd by dried molasses. After the test,
the 1id of the dish could be removed only with some difficulty.
Although not actually airtight, this dish was the most closely
fitting of all those used in the whole series of drying experi-
ments. When glass weighing dishes were used, no such increases

were observed.,

The foregoing tests clearly demonstzate the fact that strict
adherence to standard conditions ds necessary, and that a standard
type of drying dish must be used if results are to be obtained

which are strictly comparative.
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Personal error in estimating moisture by drying,

Reference has been made earlier in this section of the
work, to the mnsed fqr careful manipulation in the apparently
simple operation of drying a weighed sample of the material
under examination.

It is recorded in the I.S.J., 1913, that samples of
molasses were sent to a number of eminent sugar technologists
in Hawaii for determination of water content.

Considerable variation in results was obtained. The
maximum difference by the steam oven method was over 3 per cent;
and by the vacuum oven method, over l.6 per cent, The
variations must be regarded more as an indication of the effect
of slightly different conditions during the estimation, than
a8 a reflection on the skill of the esnalysts. To - demonstrate
this personsl effect, and to shew how difficult it is to get
"oheck" results from different observers, a sample of molasses
was tested by the author and was then given to four other
sugar chemists, who used exactly the same procedure, the same

vessel and the same oven. Their results are given below:-

Steam_ Oven Method. DoLu A.o Bo Co DO
wt. of molasses taken. 1.8426 1,8588 1.8319 1.7974 1.5983

D.S. after 5 hourse. 84.87 84,98 85435 85.18 84.72
" w9 m 84.67 84.73 84,72  84.89 84.41
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Yacuum Oven Method. D.L. A. B. C. D.

wte of molasses taken. 1.7296 2,.,7299 1.5193 1.6564 2,0639
D.S. after 5 hourse. 86.50 87.89 86,42 86,04 -87.34
" " 9 " 85,60 86473 86.04 - 86440

It will be observed that the variations are more pronounced
in the vacuum oven method. The differences in weights of
sample taken do not account sltogether for the irregularities.

In all the drying tests done in the vacuum oven the
agreement between the duplicate was not so close as was the
case with those dried in the steam oven. It is possible that
the position of the dishes in the vacuum oven may have been the
cause of the difference, which was quite marked.

In view of the above observations, it gives one seriously
to0 consider if the complete standardization of a method subject

to such fluctuations is at all practicable.
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Method Ho. 4, The estimation of water in molasses by

digstillation appears to have been suggested originally by

Hoffman (Z.angew. Chem.,1902). His proposal was to distil the
gample to be tested with an organic immiscible liquid and to
collect the distillate in a calibrated receiver attached to a
condenser in such s way that the condensed liguid was returned

to the distillation flask, while the volume of water collected
could be read off directly and calculated to percentage of water
present in the original material. Xylol was the liquid proposed,
but as its B.P. is about 14070. it caused charring of the residue.

Clacher, (I.S.J.,1914) suggested the use of ordinary
kerosene as the distilling liquid, but the B.P. of the mixture
under trestment was about 170 C. and the risks of decomposition
of the sugar product were considerable.

Ven der Linden (Archief, 1917) stated that although the
problem of water estimation in cane molasses was as then unsolved,
a likely method appesared to be distillation with such liquids
as benzene, toluene, xylene and paraffin oil. Of all these he
recommended xylol as giving the best results.

Little further was heard of such proposals until Dean
and Stark published their method of estimating water in certain
substances including oil, coal and molasses, by means of

distillation with toluene.

In 1925, Bidwell and Sterling (Ind. and Eng. Chem.) gave

a detailed account of & modification of Dean and Stark'g method.'
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Using & special receiver, differing only in detail ﬁrom the
original, with toluene as the liquid, they obtained (from a
number of substances including molasses and similar syrups)
results which they stated closely agreed with the oven method
of drying on send.

The apparatus is shewn on page 67, and has been slightly
modified by the asuthor for the ensuing investigations. The
procedure also has been slightly altered and is as follows:=-

Between 10 and 15 gm. of molasses are quickly weighed into
the conical flask, a fairly rough balance sensitive to 0.005 gm.
being quite suitable, 75cc. of toluene are added and the flask
connected to the receiver. A further l5cc. of toluene are
added via the condenser in order to fill the receiver, and the
flask is then hesated in an o0il bath in which the temperature
can be controlled.

On completion of the distillation, the condenser tube is
washed down with a few cc. of toluene énd then brushed down with
& camel hair brush dipped in the same liquid, any tiny droplets
of water adhering to the receiving tube being dislodged with a
copper wire.

Bidwell and Sterling claim completion generally within one
hour "and st any rate within four hours". The present author's
experience is that while in the first hour about 90 per cent. of

the water present may be collected in the receiver, it takes
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several hours more to obtain the remainder, as will be seen from
the tabulated results. One great disadvantage of this method is
that, since toluene is much lighter than molasses, it floats on
the surface of the latter, which, as a result, is liable to bake
on the bottom of the flask. The use of the 0il bath prevents
this to some extent, but charring of the residue cannot wholly be
avoided.

Rice(Ind. and Eng. Chem., 1929) reports his difficulty with
this charring, end he finally resorted to adding 2-10 gms. of
sodium oxslate per 15 gm. of molasses before distilling. His
object at first was to precipitate any calcium chloride which was
present on the molasses and which was thought to be the cause of
the charring.

The action of the sodium oxalate, however, must be mainly
physical. Only a small quantity of it would be necessary to
remove what calcium chloride might be present in molasses. Rice
further discovered that kieselguhr had the same effect, namely

the prevention of charring.

During the following experiments with tolueme distillation,
it was found that not only was the addition of kieselguhr desirable
but indeed absolutely essential. An attempt to estimate the
water content of a pure sucrose solution was unsuccessful until
a quantity of this material was addeds This fact seems to prove

that the setion of the exalate used by Rice was purely physical,
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and confirmation is given by the results obtained on solutions of
sucrose containing calcium chloride and potassium acetate to
which were added kieselguhr, sodium oxalate and magnesium oxide
as shewn on pp. 72 496 The accelerating action of the kieselguhr
is evident, as 1is also its property of preventing decomposition
of the solution. The fact that it is inert eliminates any
possibility of chemical effecte

The temperature of the o0il bath is important. This is
indicated in the following tests which were made in the first
place with solutions of known water content before the method
was tried on various types of molasses. ‘The toluene used for
the distillation was the purest obtainable, and before use was
tegted thoroughly for aciditye. In gddition, a quantity of it
was boiled under a reflux condenser with distilled water, and
the water was afterwards tested for pH. No change was observed.
This is extremely significant in view of the low pH. of the
distillate in the case of the aqueous solution of pure sucrose.
The acidity of the water collected in this and similar experi-
ments was somewhst surprising.

In the following tests, the readings were not regarded as
constent until three successive hourly readings shewed no change.

When serious charring took place the experiment was

discomtinued.
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Gmourney Gumeg ,73"'7..

slightly modified.

Bidwell and Sterling's Moisture Apparatus.
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Distilling liguid:

Sampls tested:

Pure Sucrose Solution.

Toluene.
Sucrose 60,4 per cent. Temp. of o0il bath
Water 39,6 " " 130°C.

Weight taken:

(I) 10,25 gms. 4+ 10 gms. Na. Oxalate

(IT) 10,00 "
Time of distilling.i Per cent. water in sample.
Houra. o oo trm
1. 35,61 27.83
2. 38,06 31.74
3. 40.03 | 33.21
4., 40.49 33,50
54 40.49 34.18
B. 40.49 34,66
7. . I 40,49 34,76
8. ' 35.05
9. 35.16
10. 35,45
11. 35.45
12. | , ’ 35,45

Residues slightly charred.
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Distilling liquid:

Sample tested:

Sucrose solution. Toluene.
Water 39.6 per cent. ! Temp. of o0il bath
% 140°cC.

Weight taken:

(I) 9.95 gms.‘é' 10 gms. kieselguhr.
(I1) 10,03 " 4 5 "

Time of distillingns Per cent, water in sample.

Hours. - (1) - (II)
1. , 38,09 37.80
2. 38.99 39.20
3 39.41 39.50
4. | 39.70 ' 39.60
5. 39.70 39.80
6. 39.90 39.80
7 39.90 39.80
8. 39.90
9.
10.
11.
12, Residues un~charred.

pH of distillates 2.8
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Sample tested:

Suerose solution.

Sucrose 60.6 per eent,

Water 39.4 "

Weight taken:

(rr) 10.01 n

(I) 11,59 =ms.

Distilling liquid:
Toluene.

" Temp. of o0il bath
130°C.

4+ 10 gms. kieselBuhr.

Time of distilling. Per cent, water in sample.
Hours . ey A1)
1. 19585 38.47
2. 31.93 38.47
3. 32,78 39.47
4. 33.66 39.47
S 34.51 39.47

6. 34,51

7. 34,51

8. 34,51

9. 34.51
10.

11.

The effect of the kieselguhr
learly shewn here.
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Sample tested: Distilling liquid:

Sucrose Solution. Toluene.

Sucrose 60.6 per cent. Temp, of oilbath
Water 39.4 " we - 130°C.

Weight‘taken:

(I) 10.41 875 + 5 gms. Na. Oxalate
(I1)11.40 » {4 5 "  MgO.

Time of distilling.: Per cent.water in sample.
Hours. - (1) - (1I1)
1. 31.23 30.70
2. 31.71 36.84
3. 35.55 38.60
4. | 37.47 38.60
5. 38.43 38.60
6. ' 39.40 38.60
e 39.40 38.60
8. , 39.40
9.
10.
11.
12.

pH of distillates about 4.0
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Sampls tested: Distilling liguid:

Solution containing: | ‘Toluene.
: , Temp. of oil bath
Sucrose 54.38 per cent. 160°C.

K. Acetate 9,06 " "
Water 36,56

Weight taken:

(I) 11.67 gms.

(11)10.61 . +1 gm. MgO.

Time of distilling.s Per cent, water in sample.
1. 31.27 34,80
2. 33.42 36.26
3. 33,42 37.70
4, 34,28 ‘ 37.70
5. | 35,90 38.60
b. 38.90 38.60
7. : 38.90
8. | 38.90
9.

10.
11.
12.

Decbmﬁdsition_evident;
Test continued overleaf.
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Distilling ligquid:

Sample tested:

Solution as on previous
Paze. p Toluene.

Temp. of o0il bath 160°

- Weight taken: ,
S (I) 11.59 &ms. 4+ 1 gm, Na. Oxalate.

(II)11.07 " |4+ 10 " Kieselguhr
Time of distilling.. = - Per cent.water in sample.
; Hours . - (1) oTo(11) "
1 S 35.85 34.34
5 37.11 35.25
5 : 37.97 35,26
4 38.40 36.15
5 38.84 36,15
5 39.26 36.18
7 39.70 36,60
5 39,70 ' 36,60
9 39,70 36,60
10.
11, In these four tests, only the
° one in which kieselguhr was
12 used gave the actual result
' for water.
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Distilling liquid:

Sample tested:

Solution containing " Toluene. ‘
Sucrose 54,59 per eent. Temp. of oil bath 1309§
CaCl,(pure) 9.30 :
Water 36.11 » "

Weight taken:

(I)12.81 &ms.

(II)IO.OS ) + l.gm. Na. Oxalate
Time of distillingog Per cent.water in sample.
Hours. - (1) oo (rmy
1. 11.70 14,93
2. | 16,40 20.89
3. 18.58  28.86
4. 23,46 29.95
5. - 30.86 31.84
5. 33,57 37,77 :
7. - 37,47 39.81
8. 38,25 | 39.81
9.
10. , Regidues charred.
11. Tests continued overleaf.
12..
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Sample tested:

Solution as on previous
page.

Water 36.11 per cent.

Weight taken:

(I) 10,37 gms
(11)10.20

Distilling liquid:

Toluene,

Temp. of oil bath 130°C.

i+ 5 gms., Na, Oxalate.

+ 1 gm. MgO.

Time of distilling.i Per cent.water in sample.
Hours. (1) T (11)
1. 28,93 34.82
2. 30,86 43.75
3. ' : 33.80 44.85

4. 35.70

5. 36466

6. 38,59

7. . 40,51

8. 40,51

9.

10.
11. |

12. Residues charred.

Tests continued overleaf,
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Sample tested: ' Distilling liguid:
Solution as on previous Toluene,
page. - :

Temp. of oil bath 130°C.
Water 36.11 per cent. ?

Weight taken:

(I)14,22 3mS. .4 10 gms. Kieselguhr

(11) 11.22 * i+ 20 " "
Time of distilling. Per cent, water in sample.
Hours. - (1) T (11)
1. . 36,57 35.66
s 36,93 37,87
3. : 37,62 37.87
4. , 37,97 37.87
5. 37.97 37.87
5. | 38,32
7 o 38,32
8. 38.32
‘ 9. 38.52
10.
Although the am¢unt of water
11. recovered is greater than that
originally present,decomposition
12. of the Sucrose is shewn to be

~ lessened by the presence of
Kieselguhr,
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Sample tested: Dis.tilling ligquid:

Solution of Dextrose: Toluene.

Water 56,15 per e_e{lxt.

Dextrose 43.85 Temp. of oil bath 140°C

Weight taken:

(I) 10,02 gms..+ 5 gms, Kieselguhr.

(11yt0.01 w410 " "
Time of distilling.s Per cent., water in semple.
Hours. - (1) T (I11)
1. v 55.40 . 55,05
2. 55.70 55,46
3.  56.00 55.55
4, . | ~ 56.10 55.85
5.. 56.19 55.95
5. | 56.19 56.35
7. | 56,19 | 56.35
8. 56.19 56435
9.
10.
11. |
12, Residues urn-charred.

pH of distillates 2.8
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Sample tested:

Solution of Dextrose:

Water 56,15 per cent.

Weight taken:

(I1)

(I) 10.23 gms.

Distilling ligquid:

n

Toluene.

Temp. of o0il bath 140°C

Time of distilling. Per cent.water in sample.
Hours. (1) - (I1)
1. 40.38
2. 45.07
3. 46,44
4. 48.78
5.

48.89
8. 49.18
7 49.48
8. 49.85

9. 50.16 _

10. 50,43 Residue slightly

‘ cﬁarre&. g %

1l. 51.53 |
12. 51.62

By comparing these results with those on

Yage, the influence of the
ill be easily seen,

the previous
kieselguhr w
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Sample tested: Distilling liguid:
Solution of Levulose. Toluene,
Water 40,01 per eent. Temp. of o0il bath 140°G

Levulose 59,99 ¢ "

Weight taken:

(I) 9.36 8ms. 4+ 10 gms. Kieselguhr.

(II) 9,68 n + 10 " /u’
Time of distilling. Per cent.water in sample.

Hours. | (1) T o(11)
1. 40,05 40.07
2. : 41,02 : 40.75
3. 42,52 41,42
4. | 42.84 41.94
5. |
5‘-'
7.
8. The residues were not badly
9 charred, but decomposition is

indicated by the: quantity of

10. water collected.
11.

12.
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Sample tested:

Solution of Levulose

Water 40.01 per cent.

Weight taken:

(I) 9,54 8MmS.+ 5 gms.

+5!l

(ID 33,010 " L 10 gums.

Toluene,

Temp. of oil bath 1407

Distilling liquid:

kieselguhr and
Na. Oxalate.

Na. Oxalate onlj

Time of distilling. ‘Per cent.water in sample.
Hours. (1) SO
1. 38.90 32.32
5. 40,36 37.53
5 . 41 Y 52 40 . 54
4, 42,36 40,55
5., 42,67 41,31
B. 42,98 41,65
7.
8. v |
Residues were glightly charred.
10 Progressive dedomposition
' apparent,
11.
12 L 3
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An exsmination of the results set out in the Tables on
PP. 68- 90 reveals some interesting information.

The accelerating action of the kieselguhr is olearly
demonstrated, and the pH. of the water distilled over is shewn
to be extremely low. This is significant in view of subsequent

wWOTk e

From the estimations with sucrose and dextrose solutions
it will be seen that the method is successful and gives results

in close agreement with each other, but with levulose, progress-
ive decomposition occurs, which is only to be expected at the

temperature of the boiling mixtures.

The tests were continued with Golden Syrup (a2 mixture of
the three sugars treated above), beet molasses (a strongly
alkaline materisl) and refinery and cane molasses, which are

acidic 1n charascter.
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Sample tested: Distilling liquid:

Golden Syrup. Toluene .
Temp. of oil bath 140]

Weight taken:

(1) 11.45 gms. + 10 gms. Kieselguhr.

(II)10.20 " 4+ 5 " "
Time of distilling.: Per cent,water in sample.

Hours. , - (1) - (II)
1. 15.54 14.02
2. 16.60 16.47
3. 17.21 16.66
4. 17.47 17.16
5. 17.48 17.56
B. 18.17 | 17.65
7. : . 18,43 17.74
8, 18.51 17.74
9. " ' 18,69 18,44
10. 18.87 18.63
15 hrs. 18.82
11. 17 " 19.12
19 i 19.32

1z. Residues slightly chatred.

Per cent. water present, Dby de Whalley
method, = 16.85. (See page 137) s
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Distilling liquid:
quuene.

Sample tested:

Golden Syrup. i  Temp. of o0il bath 130°C.

as on previous page.

Weight taken:

(I) 12.57sms. + 10 gms. Kieselguhr
(I1) 12,17 " 4+ 10 " "

Time of Aigtilling. Per cemt.vater in semple.
Hours. - (1) (1T
1. | 14,23 14.96
2. 16.21 16,44
3. ' . 16.60 16.89
4, ~ 17.00 17.26
5. 18.18 17.66
5. 18.18 17.84
) 7. | 18.18 18.08
- 8. ' 18.08 18,08
9. ) / 18,08
-10.
11. pH of distillates 4.2
12. . Note effect of temp. of oil

bath. c¢/f previous page.
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Sample tested: Distilling liguid:

Beet Molasses 1I. Toluene.

- Temp. of o0il bath 140°C.

Weight taken:

(1) 13,368m81i 10 gms. Kieselguhr.

(II) 13,59 " 4 10 "
Time of distilling.s Per cent, water in sample.
Howrs. e S

1. u ‘ 13,48 14.06
2. 15.42 15.09
3. 15.80 15.60
4. 16.25 15.97
5. 16.39 16.12
6. | 16.39 16.19
7 ' . 16,62 16.27
8. 16,62 16.41
9. . | 16.41
10. | ' 16.41
11.

12.
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- Sample tested:

Beet Molasses I. as on

previous page.

Weight taken:

(IThe,42

(I) 25,55 gmsd4

.

Distilling liquid:
Toluene.

Temp. of oil bath 140

10 gms. Kieselguhr.

1 0 i "

Time of distilling.f Per cent, water in sampie°
Hours. (1) - (11)
1. 13.82 15.46
2. 15.23 16.57
3 15.77 16.64
4. 16.24 16.64
o 16.55 16.64
8. 16.55 16.64
7 16.55 16.64
8.
9.
10.
11,
12. Test cbntinued overleaf,
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Sample tested:

Beet Molasses 1.

Weight taken:

Distilling liquid:

Temp.

n

22.18 + 10

Toluene,

of 0il bath 140°C,

(I)i1s.62 &msd 10 gms. Kieselguhr.
(11)

team drying for §

- Time of distilling. Per cent.water in sample.
Hours. (1) T (11)
1. 14.77 15.55
2. 15.73 16.24
3. 16.12 16.46
4. 16.12 16.46
5 16.12 16.46
B.
7.
8.
9 Mean of 6 determinations
. 16. 0
10. 457
11. |
This result agrees with that obtained
12. by s hours,i.e. 16.44%.
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Samplse tested:

[

Beet Molasses II.

Weight taken:

(IT)14

(1)11.66 8BNS « i

B89 " g

Distilling liquid:
Toluene .

Temp. of oil bath 140°C.

5 gms. Kieselguhr.
5 " ‘ n

Time of distilling.

-Per cent.water in sample.

Hours. (1) - (I1)

1. 11.83 12.32
2. 13,20 13,33
3. 13,72 14,43
4. 14,40 14,63
S 14,67 14,77
8. 15.09 15,04
7 15.26 15,45
8. . 15,44 15,59
9. 15.44 15,59
10. 15.44 15.59
11.

12.

- No charring of residues,

- pH of distillates 5.0
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Sample tested:

. Beet Molasses II.

Weight taken:

(11)

Distilling liquid:
Toluene.

Temp. of oil bath 1807

(1) 10,37 8MS+i4+ 10 gus, Kieselguhr.

n

12.

Time of distilling. Per cent.water in sample.
Hours. (1) - (II)
1. 13,98
2. 14,28
3. 14,28
4.* 14.86
5. 15.15
B. 15;45 No charring of
residue,
7. 15.43 ;
' H of distillate:
8. 15,43 P ate
4.6
9‘
10. Mean of 3 :esults 15.49
11, Per cent,water found by drying in

steam oven for 9 hours 15,36
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Sample tested: Distilling liquid:

Refinery Molasses. Toluene.

Temp. of oil bath 140°

Weight taken:

(1) 1047 gms.

(11) "

Time of distilling. Per cent.water in sample.
Hours. - (1) © (II)
L 21,67

2. ) 22.67
3. ‘ : 23,00
4. 23,33
5. - 23,67
N B. 23.93
7. 24,00
8.
9. .
Residue badly icharred.
10.
pH of distillate 2.8
11.
12.
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Sample tested: Distilling liguid:

Beet Mblassesto.Bv "Toluene.

Temp. of oil bath 140 C.

Weight taken:

(I)10.80 gms..+ 5 gms., Kieselguhr

(I1ho7e " 4+ 5w "
Time of distilling. Per cent water in sample.
Hours. - (1) - (I1)

1. B

15255 15.61
2. 17.22 18.58
5 18,52 : 19.23
4. 18.71 19.42
5 19.17 19.42
8. 19.17 , . 19.42
7.

19,17 19.42
8' 4
9.
10.
11 No charring occurred.
12. pH., of distillates 4.7
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Sample tested: Distilling liquid:

Beet Molasses No. 4 Toluene.

Temp. of oil bath 140 C,

Welght taken:

(I) 10.26 gms.. + 5 gms. Kieselguhr.

(II)10,48 " |+ 5 " . "
Time of distilling.g Per csnt water in sample.
.Hours. - (1) 7o (11)
1. 17.56 18.12
2. 18.81 18.60
3. 20.80
4, 20,18 20.98
5. 20.27 21.08
6. 21.24 21.08
7. 21,24 ' 21.08
8. | 21.24
9.
+10. ‘ No charring bccurred.
11. pH. of distillate 5.2
12. | |
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Sample tested:

Beet Mbiasses No. 5

Weight taken:

(I) 10.76
(I1)10.28

Distilling liquid:

Toluene.
Temp. of oil bath 140 C.

EMS« '+ 5 gms., Kieselguhr.

+ 5 " "

4]

Time of disgtilling. ‘Per cent water in sample.
Hours. (1) - (IT)
1. 15.62 15.66

2. 16.63 16.73
3. 17.84 18.09
4. |
5. . ,
18.59 18.98
5. 18.87 19.17
7 19.24 ' 19.36
8. 19.24 19.36
2. 19.24 19.36
10. 19.24 19.36
11.
12.

No charring.

PH. of distillates 5.4
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Sample tested: Distilling liquid:

v

Java Molasses. Toluene.

Temp. of oil bath 140°

Weight taken:

(I) 15,70 gms.+ 5 gms, Kiesekguhr.

(11)17.21 n + 5 " "
Time ofxdistilling. Per csnt,water in sample.
Hours. (1) - (II)
1. 17.21
2. 18,15 18.26
3. 18.47 18.89
4, 19.11 19.17
5. . 19.30 19.45
5. 19.94 19.80
. 20.06 ; 20.16
8. 20.19 20,44
9. 20.38 20.58
10.
11 Residues badly charred.
pH of distillates below 3.6
12. :
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Sample tested: Distilling liquid:

Java Mblésses. \ Toluene,

" Temp. of oil bath 130°C.

Weight taken:
'(I) 14,55 8MS«++ 10 gms. Na. Oxalate.

(II) "
Time of distilling.. Per cent,wster in semple.
Hours. - (1) - (IT)

1. o 18.21 ¥

2. ’ 18.55 '

3. | 19.24

4. | 19,93

Iy 20.62

5. 20,96

. 21.30

5. 21.30

0. 21.30 |
No charring took

10. place, ?

11.

12.
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Sample tested:

Java Molasses.

Weight taken:

(1I1) 14.65 »

Toluene,

1.
II.

4+ 10 v v

Distilling liquid:

Temp. of o0il bath

160°C.
140°C.

(I) 14.758ms..+ 10 gms. Na. Oxalate.

"

’Time of distillingQ ‘Per cent, water in sample.
" Hours. (1) - (11)
1. 20,67 15.70
2. 22.38 17.68
5. 23,05 19.04
4. 23,59 19.24
S 23.93 19.59
B. 24,06 19.86
7. - 24,61 20.13
é- 24,75 20.54
9. 25.01 20.67
10. 25,28 20.95
11. 25,42 21.02 f
21,36 :
12 iy . 21,50 13
No appreciable charring. 51.64 14
ggtgigh%aggfect of temp. §§:§§ %gz
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Sample tested: Distilling liquid:

Natal Molasses. ) ‘Toluene.

Temp. of o0il bath 140 C

Welght taken:

(Ino.52 &ms. + 5 gms, Kieselguhr

(IIhi,41 " '+ 10" Na, Oxalate.
Time of distillingos Per cent water in sample.
Hours. (1)  (1I1)
1. 19.89
2 | 22,80 22.00
5 24.04 23,05
s 24442 24.45
> o 2461 25,07
& 24,71 25,33
7. ! 24.79 | 25,58
8. 25,00 25,85
9. 26,03
10. 26,11
11. o 26.11
1z. , | 26.20
13. Complete charring of 26.46

regsidues.
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Sampls tested: Distilling liquid:

Hawaii Molasses, Toluene,

Temp. of oil bath 140 C.

Weight taken:

(I) 10,78 gms.+ 5 gms. Kieselguhr,

(II)10.67 " + 5 " "
Time of distilling,§ Per cent water in sample.

Hours. | - (1) - (IT)

1. 21.98 21,36

2 23,00 22,30

3. 23.46 23,15

4. 23.88 23,33

5. 24,02 23,43

8. 24,02 23.53

7 24.12 23.61

8.

9.

10. Complete charring in both tests.
1l. pH. of d¥stillates about 3.0
12.




98.

The results tabulated on pages 82 to 97shew that when
treating cane molasses comstant readings were obtained in only
one case, l.e0., Java molasses, and that was when 10 gm. sodium
oxalate were added instead of kieselguhr. The water content
does not, howaver, agree with the figure found by either of
the drying methods. To investigate further the action of the
Ooxslate, another cane molasses were distilled under similar
conditions. In thg case of Natal molaesses, as reported on

Pg.96 & constant reading was not attained.

The low pH. of the water distilled over in each case is
noteworthy: even in the case of beet molasses, which is usually
strongly alkaline, the pH. of the water distilled over indicates

aciditye.
With beet molasses the results of the distillastion are

remarkably consistent, and it would appear that the estimation
of water can be completed in six hours.

Constant results could not be obtained with Golden Syrup,
refinery or cane molasses except In the instance cited above.

It should be noted that & constant reading was obtalned
in easch of the different tests with sucrose solutions, and
these figures did not agree with each other. It would appear
that a constant reading is not necessarily a correct one.

Meny other distillastions were made with refinery and cane

molasses, including semples from Cuba, Egypt, Hawaii, Java and
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West Indies, but in all cases decomposition, due no doubt to

the effect of the high temperature on the reducing sugars, was

apparente.

It can therefore be definitely stated that the toluene
distillation method is not suitable for other than beet
molasses.

It may be mentioned here that altogether more than eighty
of these tests were carried out, and on two occasions the
apparstus cracked, happily without serious results. In the
sbsence of proper suvervigion the dangers attendant upon the
use of such sn inflammable liquid as toluene are considerable

and this would preclude its use in most sugar laboratories.

Another disadvantage is that the temperature of the oil
bath must be kept constant. A thermostat control is necessary

for this purpose,
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Developments of the distillation methods have recently taken
rlace in connection with beet molasses and variogs non-inflammable
heavy hydrocerbon derivatives have been proposegpfor use as the
immiscible liquids. These liquids and mixtures of liquids have
e demsity of about 1.5 so that they "float" the molasses. This
removes the possibility of decomposition of the molasses by its
being "baked" in the flask and also obviates the danger due to
the use of such an inflammable substance as toluene. A specisal
type of apparatus is necessary to permit of the refluxing and
return of the heavy distilling liquid and the collection of the
water as the top layer in the receiver. The drawing on the
following pagg¢:hews one of several types made up of simple parts
by the author, and used by him for the prelimlinsry experiments
until an spparatus specially designed for the purpose was procured.
This special type is also shewn on pPg.10%. This will be

referred to as the "Q" type and the former as the D.L. apparatus.

Galibration of Apparstus. The burette forming the receiver of

the D.L. apparstus was calibrated before it was made up, but in
view of the peculiar non-wetting effect of the chloro derivatives

on glass it was considered advisable to calibrate the whole

apparatus as used in the estimations.

This was done by adding 1 c.c. of water at a time to the
flask containing the distilling liquid and then distilling over

the water. .
% Thielepape & Fulde (Z. ver deut. Zuck.ind, 1931-2).
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It was found that the only correction necessary was 0.02
for the first c.c. collected, and that no correction was
needed when 2-3 c.c. was the amount collected during a test.

With the Q. apparastus, the presence of g coil condenser
was responsible for a small amount of water being retained in
the worm, the correction as found by the same method as in
the previous case being 0.10 for 2-3 c.c. of water collected.

It may be mentioned here that the D.L. apparatus, despite
itq%eeming crudity and the fact that it was gradusted in tenths
of’a c.cs could be read easily to .0l c.c. and gave results
equally as satisfectory as those obtained with the Q type whose
receiver is graduasted in 4002 c.c. and whose cost is about ten
times that of the simpler form.

The liquids suggested for these distillations include
Petrachloroethane and Trichloroethylene mixed in certain pro-
portions to give a definite boiling point at which the molasses
will not be decomposed, and Tetrachloro-ethylene. (B.P.116°C.).

The toxic properties of the mixture have been adversely
reported on in the technical press, but the last-named liquid
is considered to be much safer in this respecte. The author
found that certain proportions of tetrachloro-ethylene and carbon
tetrachloride gave mixtures which could be varied because of

their definite boiling points, to suilt required conditionms.
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Scole - 2 Sipe.

PThe D.L., Apparatus for estimation of Water Content,
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‘The " g " Apparstus for Fatimpting Water Comtent.

-
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ground glass neck.
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Distilling Mixtures

carbon

9 parts Tetrachloroethylene &nd 1 part/ Tetrachloride BeP. 11400.
9 m n on3 ng " " 106°C. |
9 " " "B " n n 98°¢. i

The chemicals used were B.D.H. products, labelled Technicsl.
None guaranteed gbsolutely pure could be obtained except the
Carbon Tetrachloride, This is significant in view of certain
difficulties encountered later.

During preliminary tests on beet molassés, when different
types of apparatus were being tried out,}some small variations j
in results were observed. These were attributed to defects in 5
the apparatus. Some forty distillations were made in this f
preliminsry work but mno appvarent decomposition of the distilling
liquids was observed. After an interval of some weeks, however,

~ the presence of phosgene was oObserved in some of the liquid that
had been used repeatedly and left standing. Resumption of the

work wes mede with new supplies of tetrachloroethylene, and Java

(ceme) molasses was used instead of beet. The boiling points of

the 1iquid and of the carbon tetrachloride used for mixing with it
were tested and found to be the same as of the original supplied.

Beet molssses, cane molasses and golden syrup were examined as |
N E
shewn later. |
On distilling a sample of Jave molasses, however, considerable
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charring of the material in the flask soon became evident,

and some abnormal decomposition took place as will be seen

from the table of results given below. (Pge. /06 )o Tt was

considered advisable at this point to investigate the action
of these chloro derivatives on solutions of pure sucrose
under the same conditions as before. Various distilling
mixtures were made up having boiling points ranging from 9700.
to 116o C.

In every test, charring of the sugar commenced within
the first half-hour's heating, and continued until the msass
was completely carbonized. This was effected in sbout
two hours. The pH. of the distillates were below 2.8,

The detalls of the tests are shewn in Taebles o pages s06 bi2g
end the cause of the decomposition is further discussed on

page 130,
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Sample tested: Distilling liquid:

Java Molasses. Tetrachlorethans and Trié
chlorethylene Mixt. ’

Weight taken:

(I)10.88 SMms .

(I1) "
Time of distilling?f Per csnt,water in sample.
Hours. - (1) ~ (11)

1. 17192

2. 19.30

3. 19,76

4.' . 20.45

5. 20.68

5. 21.14

. 21,37

8. 22,06

. ' 22,20

10.°

1. Complete charring.

12.

Q. apparatus used.
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Sample tested:

Sucrose solution.

39.60 per cent.water.
60.40 " ]

Weight taken:

(I1)

sucrose.

(I) 10.15 gms.

n

Distilling liquid:

‘Tetrachlorethane and
Carbon tetrachloride.

B.P. 103.5°C

Time of distilling}i Per csnt.water in sample.
Hours. v , 1) - (11)
1. 33,51
2. 35.47
3. 37.94
4. 39.42
. b, 40.40
‘5. 43,36
7 15,33
8.
2. Complete charring fapidly took
10. place.
11l.
12.
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Sample tested: Distilling liguid:

Sucrose solution. Tetrachloroethylene.

Water 39,60 per cent,

Sucrose 60,40 " "

Weight taken:
(I) 10.67 gms.

n

(II)10.62

Time 6f distilling. Per cent,water in sample.

Hours. - (1) 7 (I1)
1. 36,55 36.72
2. 43,58 43,32
3. 47,79 46,85
4,
5,
6.
. D.L. apparatus: Q. apparatus.
8.
9. Complete charrirg4ocnurred in
both tests.,
10.
11.

12.
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Sample tested:

Sucrose solution,

Water 30.60 per cent,
Sucrose60.,40 " "

Weight taken:

(II1)10.15

(I) 10,15 &ms.

Distilling liguid:

. Tetrachloroethylene and
carbon tetrachloride.

B.P. of mixture
103°c.

n

Time of distilling. Per cent.water in sample.
Hours. (1) - (II)
1. 32,53 31,53
2. 38,92 40,40
3. 41,38 41.88
4. 45,82 47.30
5.
! 5.
7.
D.L. apparatus. Q. apparatus.
80 ’
90 .
Complete charring occurred in both
10. cases. f
11.
12. Refer to pagée 130,
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Samples tested:

Sucrose solution.

Water 39.60 per cent.

Sucrose 60,40 "

Welght taken:

(II) 310,11

(I)10.17 &gms.

Distilling liguid:

Tétrachloroethylene and
carbom tetrachloride.

B.P. of mixture
97°¢.

n

Time of distilling.

Per cent, water in sample.

Hours (1) San

1. 23,60 19.31

2. 32.45 30,94

3. 34,91 34.41

4, 36,87 36.14

5. 38,84 ’ 37.38

5. 39.93 38,37

", ‘40.86 39,36

5. 40.34

9.

Lo, D.L. apparatus. | Q. apparatus.

Rapid and complete charring
took place.
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Sample tested:

Sucrose solution,

Water

39,60 per cent.
‘Suerose "

60,40 "

Weight taken:

(I)i0.,20 &ms.

Distilling liguid:

Trichldréthylene and
tetrachlorethane mixt,

(I1) 30.20

n

Time of disgtilling.

Per cent, water in sample.
Hours. (1) - (II)
1. 35,30 31.86
2. 41,67 37.01
3. 45.10 41.42
4. 47,25 44,61
Se 48,04 46.33
6.
7.
8.
9. '‘D,L. apparatus. Q. apparatus,
10. :
1l.
12. Complete charring occurred.
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Sample tested: Distilling liguid:

Beet Molasses No.l i Tetrachloroethylene Mixt.
B.P. 106°C.

Weight taken:

(I) 10,58 8mS.; + 5 gms. Kieselguhr.

(IT)11.21 " [+ 5 "
Time of distilling.f Per cent.water in sample.
Hours. (1) - (11)
1. - 12.77 10.92
2. | 14.98 14.05
3. . 14.98
4. “ 15.60 15,38
5. | 15,70 15.61
6. 16.06 15.83
.7« : | 16,06 \ 16.06
8. ‘ 16,06 . 16.06
9. 16.06
10. No charring.
11. pH of distillates about 4.6
12.

Q. apparatus used.
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Sample tested: : Distilling ligquid:

Beet lolasses No. 1 Tetrachlorethylene Mixt.
. - B.P. 106’(;‘

Weight taken:

(I)10.48 gms.

(I1) n
Time of distilling. Per cent.water in sample.
Hours. ' (1) - (1I1)
1. 12.17
2. 13.60
3. 14.32
4. © 14.55
5. o 14,96
Bb. . 15.27
7. | 15,31
8. 15.75
9. 15.75
1o, 15.75
. Constant reading: obtained, but thé»
12. result differs from those reported

-on the previous page. No kieselguhr
was used in this test. :
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Sample tested:

Beet Molasses No. 1

Weight taken:

(I1)10.85

(I) 19,17 B8ms.
" i+ 5 gms. Kieselguhr

Distilling liquid:

Tetrachloroethylene,

Per cent,water in sample.

-~

(I1)

Time of distilling:

Hours. (1)
1. 14,87
2. 16,15
5. 16.15
4. 16.65
Se 17.02
6. 17.02
7. 17.02
8.
9.
10. ~ No charring.
1 pH. #bout 5.0
12.

15.48
16.13
16.59
16.77

- 17.05

17.05
17.05




Sample tested: Distilling liguid:
Beet Molasses No. 1 QTetrachloroethylene.

Weight taken:
(ff?) 10.89 ™% + 5gms, of Kieselguhr.

(I1) "
Time of distilling.: Per cent.water in sample. :
Hours. S 1) - (%=) |
1. : 15.61
2. 16,53
3. 16,80
4. 16.98
5. 16,98 '
6. 16,98
7.
8.
9. No charring.
10. pH. of distillate 5.0
11. |
12,
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Sample tested:

Beet Molasses No. 2

Weight taken:

(I1)10.22

(I) 12,79 gms.

"

Distilling ligquid:

Tetrachloroethylene,

+ 5 gms., Kieselguhr.
+ 5 1 "

Time of distilling.; Per cent.water in sample.

Hours. (1) - (1)
1. 15.05 14.92
5. 15.63 15.41
3. 16,03
4. 16.03 16.14
5. 16.03 16.14
5. 16.03 16.14
7.
8.
9.
10 ° . No charring of residues.
11. PH of distillates 1.2
12.

Q. apparatus used.
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sample tested:

Beet Molasses N

Weight taken;

(1IT)

0. 2

12,55"

Distilling liguid:

Tetrachloroethylene.

(III) 15.04ms. + 5 gums. Kieselguhr.

+ lo " L

Time of distilling.

Per cent,water in sample.

Hours. (111) (v )
1. 13,63 14,94
S 14,63 15,34
3 14.96 15.53
41 15.21 15,74
15,40 16.03
5.
15.40 16,03
'50
15.40 16.03
7
/8.
9. Note. Test No.{III) does not
10. give same result as the otherg,
11. :
Lo No charring. pH, of distillates

about 1.2

Q. apparatus used.
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Sample tested: Distilling liquid:

Beet Molasses No. 2 Tetrachloroethylene,

ight taken: ) ’
e g t‘ 2 (Vfl), 10,21 gms.+ 10 gms. Kieselguhr.

MI) 10.37 " + lo " "
Pime of digtilling. Per cent, water in sample.

Hours. () - (wn)
1. : 15.02 14,37
3. 16,01 15.72
4. 1600 l 15.72
5. 16,01 15,72
B.
7.
8.

. Yo charring..

9.

10,

11 D.L. apparatus used.

12.
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.

Sample tested:

Beet Molasses No. 3

 Weight taken:

(I) 13.26
(IThe,12

‘Distilling liquid:

Tetrachloroethylene.

grns. + 5,gma., Kieselguhr.

" +5 " - "

Time of distilling.i Per cent water in sample.
Hours. (1) ©(1I1)
1. 17.91
2. 18,56 18,51
3. 18,77
4, 18,86 19,05
5. 19,01 19,14
B. 19.08 19.14
7. 19.08 19.14
8. 19.08
9.
. 10. No charring occurred,
11. pH. of distillates 3,8-4.0
1z. D.L; apparatusi used.
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Sample tested: Distilling liquid:

Beet Molasses No. 3 Tetrachloroethylene.

Weight taken:

(iI1)10,378ms. + 5 gms. Kieselguhr.

(£%) "
Time of distilling.  ’ ‘Per cent water in sample.
Hours. - o) (III) - (11)
1. | | : 17,36 .
2.  18.32
3. 18.80
4. - 19.17
S. 19,29
6. 19,29
7. 19,29
8.
9. | . pH., of distillate 3.8
10. Q. aﬁparatus used.
1l.

12.
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Sample tested:

Beet Molesses No.4

Weight taken:

(1) 10.52
(I1) 10,76

gmS .

]
+

Distilling liguid:

Tetrachlbroethylene.

5gms. Kieselguhr

5" "

Time of distilling. Per cent water in sample.
Hours. (1) - (1I1)
1.

‘ : 19.67 19.05
2 20.43 19.98
3¢
4.

20.90 20.91
o 20,90 20.91
8. 20,90 20.91
7.
8.
No charring.
2 pH. of distillates 5.1
10. '
11.

12. " p.L. apparatus‘used.
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Sample tested:

Beet Molasses No. 4

Welght taken:

(I1)10.24

(I)‘ 10,36 gImS »

Distilling liquid:

Tetrachloroethylene,

+ 5 gms, Kieselguhr,

"o + 5 " "

Time of distilling.g Per cent water in sample.
Hours. - (1) ~ (II)

1; 20.64 19.05

5 21.00 20.03

5. 21.23 20,51

. 21.23 20.89

5. 21.23 20,89

5. é1.23 20,89
7.

8.

9. No charring joccurred.
10. pH. of distillates 5.1
11.

12. . Q. apparatus uéed.
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Sample tested:

Beet Molasses No, 5§

Weight taken:

(11} 10,34

(1) 10,45 8ms.

1 "

+ D

Digtilling liguid:

Tetrachloroethylene.

+ 5 gms. Kieselguhr.

Time of distilling.

" Per csnt water in sample.

Hours. (1) - (1)
1 17.13 19,34
a 18,19 19,34
5 18.86 19.44
N 19.23 19,44
2 19.23 19,44
8 19.23
7.

8.
9.

- 10. No charring;

11. pH. of distillates 5.4
12.

T DQL. apparatus used.




124,

Sampls tested:’

Beet Mblasses No. 5

Weight taken:

10,565

(II)

11.08

gms.

Distilling liquid:

Tetrachloroethylene,

+ 5 gms. kieselguhr

-+ 5 " "

Time of distilling.gv . Per cent water in sample.

Hours. (1y - (11)
1. 17,66 18,51
2. 18.65 18.86
3.
4. 19.39 19.41
o 19.39 19.41
6. 19.39 19.41
7. ‘
8.
9. No charring.
10. pH. of distillates 5.4
11.
12.

Q. apparatus used.
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Sample tested:

Natal Molasses.

Welght taken: ,

(I1)10.60

(I)10.53 8ms. + 5 gms,

n +5"

Distilling liquid:

Tetrachiloroethylene.

Kieselguhr.

"

Time of distilling.s Per cent,water in semple.
Hours. (1) T
1. 25,40 25,48
2 25,94
5. 26.60 26.29
4. 26.83 26.75
5. 27.31 26.88
6. 27.54 27.13
7 27.77 27.59
8. 28,02
9.
10.
11. ;
12. Complete chaxrring took place.
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Sample tested: Distilling liquid:

Natal Molasses. Tetfachloroethylene.

Weight taken:

(I)12,53 8ms..+ 5 gms. Kieselguhr.

(IThz,on " i+ 5 n "
Time of distilling. Per cent.water in sample.
Hours. (D) - (IT)

1. 24,98

2. o 25,70 25.56

3. ' 26.10

4. 26,34 26.54

3. | . 26.58 26.83

8. . 26.91 26,99

7 ' 27.15 27.29

8. . 27.46

9, 27.82

10. 27.97

11. 28.27 .
Complete charring of residues.

12.
- pH. below 2.8

D.L. apparatus used.
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Samplfav “ﬁesterig:

Hawaii Molasses.

Weight taken:

(II)11.83

(I) 10,47 8mS.

Dis'tilling liguid:

" Tetrachloroethylene.

+ 5 gms. Kieselguhr,

“+ 5 " "

Time of distilling. Per cent,water in sample.
Hours. (1) e
1. 22,61 22,62
2. 23.21 22.53
3. 23,59 23,97
4, 23,97 24,15

5. 24,16
B.
24,35 24,60
7.
24,55 24,96
8.
25,05
J. 25,49
10. 25,76
11. 25,85
12.

Besidues completely charred after
about two hours’ heating.

D.L. apparatus.




128,

Distilling liquid:

Sample tested:

Refinery Molasses. , Tetrachloroethjlene.

Weight taken:

(1) 10,39 &ms.. + 5 gms, Kieselguhr,

(I1)10.46 " i+ 5 " "
Time of distillingas Per cent.water in sample.
Hours. - (1) - (11)
1. 22,14 21,17
5 22,62 23,18
5. 23,59 23.18
4. . 23.88 23.90
5. - 24.16 24,14
B. 24,55 24,62
7. | 25,03
8. 25.23
9. 25,51
10. | 25,80
11. 25.90
12 ' p.L. apparatus Q. apparatus.

Complete charring occurred,
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Sample tested:

Refinery Molasses.

Weight taken:

(I1)10.91 "

Distillingﬁliquid:

Tetrachloroethylene and §
carbon tetrachloride mixf.'
B.P.106 U. o

(I) 10.56 gms.. + 5 gms. Kieselguhr.

+ 5

Time of distilling,: Per cent.water in sample.
Hours. (1) - (I1)
1. 20,65 20.63
2. 21.78 22.55.
3. 22,64
4, 22.73 22;74
5. 23,20 23,10
6. 23,20 . 23.28
7. 23.20' '
8. ‘
9. '
i
11. i
12, 24,11

Hegidues charred.
pH. below 2.8




130.

Referring to Tsble Pge/10 the sucrose solution should

not have charred at a temperature of 97°C. In order to

eliminate any possibility of the sugar solution itself being
responsible for this peculiar behaviour, some of it was boiled {
under a reflux condenser for a considersble time, the boiling

point being about 103°C. Not the slightest trace of decomposi-
tion or discoloration was observed. This confirmed the findings

of Noel Deerr (H.S.P.A.) that sucrose solutions are stable even

at a somewhat higher temperature than 103°cC.

Obviously the caiﬁelization and carbonizestion of the pure
sucrose solution in the case cited above could have resulted only
frop inversion due to the combined effects of acid and temperature{

The aqueous distillate when tested was found to be acidic and

chloride was present. The pH. was below 3.0.

Some of the tetrachloroethylene was next boiled under a

reflux for an hour with some distilled water which was afterwards

separsted and testede. Phe presence of HCl was confirmed.

At this point the specisl "Q" apparatus for use in the
estimation of water in molasses, by using a mixture of tetrachlor-

ethane asnd trichloroethylene, was received, and an attempt was

immediately made to reproduce results obtained by the patentee,

using Java(cane)molasses. In this case also, rapid charring took

Place. The experiment was repeated with beet molasses and

consistent results were obtained, as was also the case when beet
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molasses was distilled with the same mixture which caused the
trouble with the cane molasses.

It was thus mede evident that the chloro derivatives of
the heavy hydro carbons are unsteble when heated. The fact
that the beet molasses was not affected was no doubt due to its
alkalinity which neutralized the acids produced by the distilling
mixture,

Tucker and Burke (Analyst, 1935) mention that in distilling
éereals with tetrachlorethane for the determination of moisture,
consistent results may be obtained under standard conditions.
They give a list of other materials in which the water content
nay be determined by this method, but they state that cane sugar
syrups cannot be so estimated. They do not, however, suggest any

reason for this.

An examination of the various chloro compounds was next
undertaken. A definite quantity was boiled up with distilled
water under a reflux condeﬁser and the acigﬁity determined in the
water so treated, by titration with N/10 NaOH. The figures given
below shew coneclusively the unstability of these compounds under

the conditions recommended by continental sugar techmologists for

the estimation of moisture in beet molasses.
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Examination of Chloro-Derivatives.

In each case 100 cc. of the chloro-compound and 20 cc.
of distilled water were boiled in a flask under & reflux
condenser for two hourse. The water was then separated by
means of a separating funnel, tested for the presence of
Chloride radicle, its pH. ascertained by the comparator, and

10 ce. of it were titrated against N/10 NaOH.
pH. of Distilled water - 4.8

No. of Ge
pH. of N/10 NaOH \
Water. required. cl.
Carbon tetrachloride 4,8 - Absent.
Trichlorethylene 1.2 30.8 present.
Trichlorethane 3.0 2-1? "
"
Petrachloroethylene 1.2 7.36

The behaviour of the saturated compound is somewhat

unexpec ted.
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Before coming to any finsl decision as to the unsuitability
of the method when spplied to cane molasses, a comrunication was
sent to the maskers of the chemicals who were asked if they could
supply these chlere compommds of gusranteed purity. They replied
that they were umsble to do so, and that the tests they themselves
applied corroborsted the findings of the author. They also
stated that they suite expected that the chloro derivatives would
decompose under the conditions of the distillation.

It mey be comcluded, therefore, that the estimation of water
in cene molssses cs=nnot be effected by means of these chloro
éolvents, and thet the continued use in the case of beet molasses
is sttended with considersble risk unless the distilling liquid
or mixture ig fresh. Consiant use even with alkaline beet
molasses ig bound to lesd to decomposition of the distilling 1liquid

to
as well s of the molasses under treatment, and/give results which

may be highly insccurate and not immediately apparent.
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Method No. 5. Brix by Refractometer,

In 1906, Tolman and Smith (J.Am.Chem.Soc.) shewed that
the index of refraction of solutions.of pure sucrose varies
directly with the concentration. They and other workers
including Main and Geerligs demonstrated the utility of its
applicetion in the chemical control of the refinery and also
of the raw sugar factory. Tables of reference, first
published by Tolman and Smith (loc.cit.), by Main (I.S.J.,190’7)?
and also by Geerligs and Van West (Archief.1909) are now
extensively used for coﬁverting the reading of the refractive
index of the solution to per cent. sucrose, or alternatively
t0 per cent. water in the solution of sucrose.

The form of instrument in general use for the purpose of
determining the refractive index of sugar solutions is a
development of the Abbé type, and the per cent. solids so
determined is referred to as the Refractometer Brix, or ref.brix.

Phe ref. brix of sugar syrups, etc. may be rapidly deter-
mined by merely placing a drop of the liquid between the prisms
of the instrument snd reading the scale through the ocular.

The scale is gradueted either in per cent. sugar or in refractive

In the latter case by reference to the appropriate
(100 - ref.brix)

indexes.
tsbles the index is resd off as per cent. sugar;

will represent the per cente watere.

The prisms are kept at & constant temperature of 20 C. at
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which the scale is graduated, but tables of corrections sre
available in order to bring the reading at any other
tempersture to this standarde

When this method is employed, it is assumed that the
refractive indexes of the salts in solution under exemination

have the same values as sucrose. This, of course, is not

the case, and with impure juices, molasses, etc. the difference
may be considerable. Despite this fact, the use of the value
"ref. brix" throughout the factory chemicsl control has been

advocated by meny sugar technologists, but in this work we
are only concerned with its relation to the solid content of
molasses as found by other methods.

In each of the tests on molasses and syrups reported in
rert I, the ref.brix is stated. For purposes of comparison,
the solid metter as found by the various methods are tabulated
on pPgesse S0 that any relation can be readily observed.

An examination of Teble 136 does not reveal any

definite relstion between the brix obtained by the refracto-

meter and the dry substance found by any other method.

De Whalley (I.S.J., 1935) states that for golden syrups,

the addition to the ref. brix of 0.022 for every 1l part of

invert sugar found to be present, will give the per cent.
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80lids sctually in the syrup. He olaims slso, that the same
correction is applicable to cane molasses, but he makes no
mention of its utility in the case of beet molasses.
In the case of golden syrup reported on page 32 the invert
sugar content was found to be 47.76 per cent. According to
de Whalley the true solids are 82,1+ .022 x 47.76) i.e., 83.15
which figure agrees with that obtained by drying in the steam
oven for 5 hours.
In the case of Natal molasses, in which the invert sugar
wag 14.46, the solids per cent. by this reasoning would be
7842 + (4022 x 14446) i.ee 7845
This figure, 78.5 is very different from the results
obtained by the oven methods, being higher than both.
Similerly with Jave molasses. |
83.1 + (.022 x 23.2) = 83.6
In this case the result is higher than the D.S. obtained

by steam oven drying and lower than that obtained by drying in

vYacuo,.

With the refinery molasses, where the invert sugar was

found to be 12.05 per cent., the solids would be 76.7 :f¢:>

(0,022 x 12.05 ) i.e. 77.0. This figure is nearly 4 per cent,

higher than that obtained by heating for 9 hours in the steam

oven. Furthermore, it shews a considerable difference from

the results obtained by drying in vacuo.
In the case of beet molesses, in samples No. 3, 4 and 5,
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the ref., brixes have practically the same value., In No. 4,
this agrees with the percentage D.S. obtained by drying in the
steam oven, but a considerable difference is observed in the
other two samples.

It may, therefore, definitely be stated that there is no
relation between the ref. brix and the per cent. dry substance in
the case of cane molasses, refinery molasses and beet molasses.

The knowledge of the refractive brix may be of considerable
value for control purposes in a factory dealing with these
products but the assumption that it gives a figure representing

the true solid contents is unfounded.



139.

It is somewhat difficult tq draw any definite conclusions
froﬁf:brk carried out in Part I, In the absence of any
Precise knowledge of the true water content of any of the
materisls dealt with, it is not possible to state which
method gives the closest result. It is the general opinion
of sugsr chemists that the vacuum oven method gives results
nearest the truth, but the work carried out here does not
furnish much evidence in support of this view.

One can understand the difference between vacuum and
steam oven results in the case of produéts containing
levulose, which does decompose at 10670., but there is also
& difference, though not of the same magnitude, in the case
of beet molasses containing no levulose.

It hes been claimed that the distillation methods are
accurate because the water is actually collected. Reference
to Table No. 140 however, shews little to substantiate this
claime While results obtained by the two distillation

methods may be said to agree with each other, they are

nearer the figures found for drying at 100 C. for 9 hours

than those at 7000. in vacuo. This, of course, may be

expected,as the B.P. of the distilling liquids is approxi-

mately 115 C.
Distillation using tetrachlorethylene might be a

suitable method for beet molasses, if precautions were tsken
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to change the liquid frequently, but its only advantage
appears to be that the estimation involves only one rapid
weighing and requires the minimum of attention. As the
apparatus must be thoroughly cleaned before use, however,
the saving in labour is somewhat offset.

With regard to cane and refinery molasses, distillation
methods are definitely inapplicable. The only solution
of the problem appears to lie in the adoption of a standard
method under specified conditions, so that results obtained
by different workers may be strictly comparable,

If it were possible to dehydrate a sample of molassesv
without the application of heat some valusble information

might be obtained which would settle the question as to

whether the result obtained by drying at the temperature of the

Q .
steam oven or that found by drying in vacuo at 70 C. is nearer
to the true actusl water content of the molasses.

This has been attempted, with doubtful success.

Rice, in a paper on the determination of moisture in

sugar syrup (Ind. and Eng. Chem. 1929) refers to the fact
that the A.0.A.C. (Methods, 1925) report the progressive

<
decomposition during the drying of molasses at 70 C. in

vacuo and that samples of the same syrup prepared in the

same way reached cpnstant weight when left in a Hempel

Gad
desiccator ove; with sulphuric scid én 48 hours at a pressure
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of 2,5 ome and that no further loss of weight was founad
after 10 days.

Experiments were made by the present author who
attempted to dry a sample of molasses in an evacusted
desiccator over H, 30 but after a week was unable to reach
& figure within about 3 per cent. of that obtained by oven
drying methods.

Conc. HLSQr is not a pleasant substance to work with
and a substitute was found in Silica Gel which during a long
geries of experiments was proved to be a very efficient
drying agent, much more so in fact than any other used in

the testse.

The silica gel is sold in perforated eluminium contsiners
which are placed in the vessel to be dried. The silica gel
can be revivified by heating the container in the oven and
then storing in the special tin provided. The size of this
desiccator is about 2" dis. x 3" deep. A "tell tale" paper
disc treated with cobalt nitrate shews when the gel needs
regenerating by the change in its colour from blue (when dry)

to pink.

Samples of molasses were made up as in the ordinary oven

drying tests, placed in a glass bell-desiccator and three of

the silica gel desiccators were inserted with a "tell tale".

The change in colour of the small disc shewed that dehydration
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was teking place.
The gel dishes were changed at intervals varying from
6 hours at first to 24 hours latterly, and others that hed

Just been revivified were then inserted.
The progress of the drying may be followed from the
weighings tebulated below,

Semple Tested. Natal Molssses.

As this molasses was rather fluid, one weighed portion
was mixed with the sand without the addition of water and
two others were made up in exactly the same manner as for
the tests by the drying ovens : 2 - 3 cc. water was used for
facilitaeting mixing with the sand. FEach dish was dried
separately in a desiccator over silica gel.

"Dry"™ mixed test.

Weight of molasses taken. 1.5615 gms.

Per cent.of D.S. after 1 daye. 84,22
" n n on " 2 3ays. | 83.12
" nm n om n 3 n 82.41
n o oon ‘n " n g " 81,88
" w nm om w g ™ 81.70
nomoowoom m g ® 81,46
n wm m om n 10 n 81.27
"n m m om n 13 " 80,96
" m n om n 14 " 80.88
" n m onw n 15 © 80.69

n " n n n 20 " 80.48
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"Wet"mixed test. I. II.

Weight of molasses taken. » 1,6391 1.7090
Per cent. of D.S. after 4 days. 86.68 83.96
4] " LI w o n 83.27 83.15
mom mom mog m 82,71 82.53
n L] " ow L T 82,15 82.14
" n non "n 14 M 81.95 81,88
" m nom noqg  om 81.49 81.55
n ] "oom n 95 n 80.93 80.11

After this period alight increases were recorded, so
after a total period of twenty eight days the experiments

were abandoned.

Five similar tests were carried out, some in evacusted

desiccatorg but the lowest percentage of D.S. found was

80,11,

The informastion provided by these tests is not of much
assigtance in settling the question of what is the true water
content of molasses. It does shew a remarksble consistency
in the rate of drying in duplicate tests and is a striking
proof of the efficiency of silica gel as a dehydrating agent.

The author also considered that it might be possible to
heat the sample under examination in a special type of oven,

and to collect and weigh the moisture and products of
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decomposition given off. The loss in weight of the sample
treated should be equal to the weights of product; collected.

As it would be impossible to separate the different
products of decomposition, it was decided to collect the
moisture and any CO, driven off in a series of U tubes
conteining calcium chloride and soda lime respectively. The
increase in the weights of the tubes so obtained should be
equal to the weight lost by the sample of molasses.

Two special ovens were designed for this purpose by the
author and are shewn on the sketch on page 140,

Oven "B" consists of a copper tube of rectangular cross
gsection, which could contain the same size of dish as was
used for the steam and vacuum oven tests. One end of this
tube is"drawn out" and brezed to a +" copper tube. The
whole is fixed in a copper jacket ih which circulates a mixture
of water and glycerine, which is heated in order to keep a
constant temperature of 10200. A suitable rubber insertion
and s heavy brass door closes the other end of the tube, and
through the door a tube passes through which a current of dried
and purified air is drawn to sweep out the vapours produced on
heating the molasses.

The water driven over is collected in the U tubes and

bulbse.

A series of blank experiments was carried out to see if

the method wes practicable. Pirst, air from the compressed
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air supply wes passed in after being thoroughly drieQA;n
special towers containing fresh calcium chloride and soda
lime. A Lanseldle bulb containing sulphuric aeid was the
first absorbing vessel, and the acid in this rapidly turned
brown. It appeared that the compressed air was contaminated
with oil from the compressor and the organic matter was
trapped not in the drying towers but in the sulphuric acid,
after it had passed through the heated oven.

Attempts to purify the air were unsuccessful, It was
also observed that there was an increase in weight in the
sods lime tubes., This was finally traced to the decomposition
of the rubber insertion of the door. Tests made on this
material shewed that progressive loss of weight took place on
heating it at 100 C.

Attempts were then made to draw the current of air through
by means of a dry air pumpe Despite all the precautions taken,
slight increases of weight in all the drying tubes as well as
the soda lime tubes indicated leaks which could not be altogetherﬂ

prevented,

It wag then decided to use a different type of oven,
Sketch "A" indicates a glass tube drawn out at one end, o
passing through a cylindrical copper water-jacketed oven,
A train of U tubes was attached to the narrow tube, and a

very slow current of purified air was drawn through while

the sample was being heated.
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A number of blank tests were first mede, but increases
in the weights of the U tubes always resulteds Even the
smallest lesks in the apparatus, which could not be located,
seemed to have a considerable cumulative effect during the
five hours of the run. ’

Before the attempts which had occupied a number of months
were abandoned, a few experiments were completed.

Although the loss in weight suffered by the sample did
not agree with the gain in weight found in the calcium
chloride and soda lime tubes, there was a sufficient increase i
in the latter to indicate that decomposition of the molasses
at the temperature of the oven, i.e. 100 C to 102°C. resulted
in the production of an sppreciable amount of CO, .

This field of investigation might profitably be
explored by workers skilled in micro-technique, but in view
of the difficulties encountered and the fact that the weights
of the tubes composing the rather extended collecting train
were out of all proportion to the small increases in weight
which were being sought, the author decided to discontinue

the attempt.
A few results are given to shew the order of the figures

obtained.
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Sample - Natal Molasses.

Per cent. loss

Per cent. gain

in sample. in CaCla tubes.
23.08 22,31
21,45 22.52
26,28 26464

Per cent, gain in
soda ;ipe tubes.

Oel4
0,18
0.21
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PART IX.
Estimation of Reducing Sugsars.

The determination of reducing sugars in cane molasses and
refinery products is & problem which is still under inweéti-
gation by the members of the Internationsl Commission for
Uniform Methods of Sugar Anslysis.

The methods in general use involve the precipitation of
cuprous oxide from Soxhlet's alksline copper tartrate solution
(commonly referred to as Fehling's solution) as s result of the
action of the reducing sugarse. The precipitate is then
estimated either gravimetrically after conversion to cuprie
oxide, or volumetrically after dissolving it in specified
reegentses Tables shewing the relation between weights of
copper oxide and various sugars have been produced by Allihnm,
Herzfeld, Meissl, Munson and Walker and others, and are used
to find the percentage of reducing sugar present. This is
usually reported as Invert Sugar.

The most interesting method, however, is the direct
titration against Fehling's solution of the solution containing
the sugsar, methylene blue being used as an internal indicator.
This method first published by Lane and Eynon (J.S.C.I., 1923)
is repidly geining favour, and dnly the conservatism of the
sugar industry has so far prevented its more extensive

application.

The reducing sction of sugars upon different salts of
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copper was originally observed by Trommerf”%Ann.SQ, 360,), and
his methods were improved by Barreswil in 1844, The details
of the procedure as now employed were worked out by Fehling
in 1848 (Ann. 72, 106.). Gravimetric methods are widely
used on the Continent and in this country. The A.0.A.C.
recommend the Munson and Walker procedure for the gravimetrie
determination of cupric oxide, which by reference to their
gpecial tables is read off as Invert Sugar. The Lane-Eynon
method is given as a "tentative" omne. The H.S.P.A. recommends
both the Munson and Walker and the Lsne-Eynon prosedures in its
Methods of Chemicsl Control for Cane Sugar Pactories (1929),

Any comparison of the results obtained by the various
methods does not appear to have been published by an independent
worker. An gttempt is made, therefore, in this section to
shew the differences in results obtained by using different
methods, and the variations obtained by different analysts.

The methods compared are the Lane-Eynon, Munson-Walker,
Low's Iodide and the Permanganate.

The diregtions for making up the stock solutions and the

details of the procedure in the methods examined are as

followse.
Preparation of Fehling's Solution.

A. 69.28 gms. CuS0,.5H,0 per litre.
B. 346. " of Rochelle Salts, and 100 gms. KaOH per litre.

For snalysis mix equal volumes of A and B just before using.

s
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Lane-Eynon's Method.

"The Standard Method of titration is carried out as
follows: 10 ml. or 25 ml. of Fehling's solution is meesured,
with a pipette accurately standardized for this purpose, into
& hard glass flask of 300-400 ml. capacity, and of the ordinary

round form with flattened base. A 50 ml. burette having a pinch-

cock instead of a glass tap is filled with the solution to Dbe
titrated, and almost the whole volume required to reduce the
Fehling's solution is run into the flask, so that only about
0.5 to 1 ml. (but not less than 0.5 ml.) is required later to
complete the titration. The contents of the flask are well
mixed in the cold by shaking round, and then heated to boiling
on a tripod stand covered with plain wire gauze over a bunsen
flame, The liquid is kept in moderate ebullition for 2 mins.
and then 3-4 drops of the methylene blue solution are added,
preferably without touching the sides of the flask, and the
titration is completed in 1 min. further, by addition of the
sugar solution 2-3 drops at a time, at intervals of about 10
secs., until the colour of the indicator is completely dis-
charged, and the boiling reaction liquid resumes the bright
orange appearance (due to cuprous oxide), which it had before
the indicator was added. The titration is thus completed in
3 mins. from the commencement of ebullition, and during the

whole time the flask should remein on the wire gauze, the

¥ ) per cent. aq. Balyton .




continuous emission of steam from the neck being an effective
safeguard against back-oxidation of the Fehling's solution or
the indicator by air. During additions of sugar solution to
the boiling liquid the burette is held in the hand; if the short
outlet tube &f the burette is bent to one side permamently the
main burette tube can be kept out of the steam whilst the jet is
brought over the mouth of the flask.

~ Duplicate titrations by this method should agree to within
0.1 ml. in the volume of sugar solution required. In the
titration of Dextrose, laevulose, or invert suger in absence of
much sucrose, the results are not appreciably affected if the
total period of boiling is reduced to 2 mins. or prolonged to
4 or 5 mins., but with lactose and masltose and with invert sugsar
in presence of a large excess of sucrose, it is advisable to
adhere approximately to the total boiling period of 3 mins.

From the volume of sugar solution reaquired the concentration

of the solution is found by reference to the appropriate Tablel
Munson and Walker Msthod.

"pransfer 25 ce. each of solutions A and B of the Soxhlet
resgent to a 400-cc Jena or Non-sol beaker and add 50 ce. -of
reducing sugar solution, or if a smaller volume of sugaer solution
be used add water to make the final volume 100 cc. Heat the
beaker upon an asbestos gauze over a bunsen burner, so regulate

the flsme that boiling begins in four minutes, and continue the

boiling for exactly two minutes. Keep the beaker covered with
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a watch glass throughout the entire time of heating. Without
diluting, filter the cuprous oxide at once on s Gooch crucible,
using suction. Wesh the cuprous oxide thoroughly with water at
a temperature of about 60 C, then with 10 cc of alecbhol and
finally with 10 ec of ether. Dry for 3 O minutes in a water
oven at 100 C, cool in a desiccator, and weigh as cuprous oxide
or determine the copper by one of the methods given on pages
86-90 Circular of the Bureau of Standards No. 44, 1918.

The analytical procedure for any one of these sugars may be
verified by carrying out the operation upon the standard dextrose
sample or upon the invert sugar solution.

A teble by Munson and Walker has been computed for the
determination of reducing sugar in the presence of sucrose under
conditions where a large quantity of reducing substence is
present and where a small gquentity is present. If the compésition
of the mixture is known spproximately, the weight of substance
required can be judged without &  previous assay. If less than
10 per cent of reducing suger is present, a weight of 2 g. of
total sugar should be taken in 50 cc. If more than 10 per cent
0.4 g. in 50 cc is the required smount, For unknown mixtures
it is best to make an analysis with either one of the amounts of
total sugar. This will serve either as a preliminary or finsl

assay according to the amount present. The method allows great

latitude of procedure.”
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Low's Volumetric Iodide Method.(J.Amer.Chem.Soc.,24,p.1082 and
BUll.Bur'Chem., 107, DP.241).

" (1) Stendardization of the Thiosulphate Solution. - Prepare
& solution of sodium thiosulphate containing sbout 19 g of the |
pure crystals to the liter. Standardize as follows: Weigh |
aceurately about 0.2 g of pure copper foil and place in flask of
about 250 ec capacity. Dissolve by warming with 5 cc of s
mixture of equal volumes of strong mitric acid (sp.gr. 1.42)
and water and then dilute to sbout 50 cc. Boil for s few
minutes to expel partially the red fumes and then add 5 cec of
strong bromine water and boil until the bromine is thoroughly
expelled. The bromine is to insure the complete destruection %
or removal of the red fumes. Remove from the heat and add s |
slight excess of strong ammonia water. Ordiinarily it suffices
to add 7 ce. of ammonis water of 0,90 sp.gr. Again boil until
the excess of ammonia is expelled, as shewn by a change of colour
of the liquid and s partial precipitation of the copper as
hydroxide or oxide. Now add strong acetic acid in slight excess,
perhaps 3 or 4 cc of the 80 per cent acid in all and again boil
for s moment if necessary to redissolve the copper precip;tate.
Cool to room temperature and add about 3 g of potassium iodide or
6 ce of a solution of the salt containing 50 g in 100 cc. Cuprous
iodide will be precipitated and iodine liberated according to

the reaction,

2 Cu (C H,0,)+4 KI=Ca I, +4 (KC H.0)+2 I

o
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The free lodine colours the mixture brown. Titrate at once
with the thiosulphate solution until the brown tinge has become
weak and then add sufficient stareh liquor to produce a marked
blue coloration. Continue the titration cautiously until the
colour due to free iodine has entirely vanished. The blue
colour changes toward the end to a faint lilace If at this
point the thiosulphate be added drop by drop and a little time
be allowed for complete reaction after each additiom, there is
no difficulty in determining the end point within a gingle drop.
One cubic centimeter of the thiosulphate solution will be found
to correspond to about 0.005 g of copper. The reaction between
the thiosulphate and the iodine is:

2Na,8,0 +2I =2NaIl +Na S8 0,

The stsrch liquor may be made by boiling about 0.5 g of
starch with s little water and diluting with hot water to about
250 co. The liquor should be homogenous and free from lumps.
It should be used cold and must be prepared frequently.

(2} Analysis. - After washing the precipitated cuprous
oxide, cover fhe Gooch crucible with a watch glass and dissolve
the oxide by means of 5 ce of warm nitric acid (I : I) poured
under the watch glass with a pipette. Catch the filtrate in o
flagk of 250 cc capacity and wash watch glass and Gooch crucible
free of copper; 50 cc of water will be sufficient. Boil to

expel red fumes, add 5 cc of bromine water, boil off the bromine

and proceed as in the standardizing of the thiosulphate,"




The Permanganste Method. The same procedure is followed as

in Munson and Welker!s method, but the precipitate of cuprous

oxide together with the asbestos is transferred to a besker, and

mixed with 50 cec. of & concentrated solution of pure ferric
sulphate in 20 per cent. sulphuric acid. The precipitate
is dissolved with the aid of heat and then the whole contents
of the besker are transferred to a conical flask. After
being cooled to between GOoand 70°C. the mixture is titrated
with a solution of Potassium Permanganate contsining 5 gms.
per litre.

This solution had been previously standardized for

copper value against thiosulphate solution as used in Low's

method.

In all the estimations carried out by the Munson-Walker
procedure, the crucible containing the precipitated cuprous
oxide was heated for 1 hour in the muffle furnasce and the
cuprous oxide was thus converted to cupric oxide. Bj
refereﬁce to the special tabie, the weight of sugar correspon-

ding to the weight of oxide was obtained.




‘Before proceeding with the examination of samples of
molasses, it was considered advisable to work with substances
of known purity in order to form some idea of the relative
accuracy of the methods and the need for special precautions in
menipulation.

Pure anhydrous dextrose (A.R.) was selected for this purpose.
Various test quantities and solutions were made up by a disinter-
ested assistant and analysed by the author by different methods.
Quantities were also given to other workers osomprising experienced
sugar analysts and students in training, who represent the
various stages of proficiency to be encountered in commercial
suger laboratories. The results were compared with the weights
of material given for the testst’ " The letters refer to the

different analystse.

It will be seen from the study of Table RS1that the accuracy
of the Lane-Eynon method is clearly established.

The percentage differences obtained in all these methods
appear to be somewhat high, but this is Que to the fgct that only
a8 portion of the dextrose solution given, or made up, was used for
the estimation; and any small error in the result was magnified
considerably when theApercentage on the basis of the original

valume was calculated.




TABLE. RS.1.

Method
Lane and Eynon _ .

‘A. BO \00 D. E. E.
Wt. given, gms. 1.5000 1.5480 1.3645 1.4035 1.5630 0.8620
" found, " 1.5064 1.5510 1.3739 1.3982 1.5586 0.8600
Difference ' i o ’
Per Cent +0042 +0.19 +0069 -0.58 "0028 -0.25
Method.
Munson & Walker.
Wte given, gms. 1.5000 1.5480 1.3645 1.4035 1.5630 1.8960
" found, " 1.4520 1.4795 1.3320 1.3820 1.5113 1.9340
Difference '
per cente. -3 20 -4 o43 -2.38 ~1.53 -3.18 +2,00
Low's Method.
Wte given, gms. 1.5000 1.5480 1.3645 1.4035 1.5630 11,7717
" found, " 1.,4570 1.6030 1.3300 1.3575 1.,5398 1.7850
Difference
per cent. «2.87 +3.43 -2.53 -3.28 -1.49 +0.75
Permanganate
Method. '
Wt. given, gms. 1.5000 1.5480 1.3645 1.4035 1.5630 1.5838
" found, " 1.4430 1.5920 1.3590 1.3475 1.5490 1.5930
Difference |
pPor cent. _3.80 +2.84  -0.40  -3.99  -0.90 +0.58
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The examinationrof samples of different types of molasses
was next undertaken. Fach sample was analysed by the four
methods, the procedure in each case being exactly as described
previously, and duplicate and sometimes quadruplicate tests
were made simultaneously.

| fhe concentration of the sqlution for the E-L tests was
1l.04 per cent. and for others 0.8 per cent.

- Clarification of the solution in the direct titration
method was effected by means of normsl lead acetate solution,
the excess of lead being removed by the additiqn of potassium
oxalate as described in the J.8.C.I., 1923, 42. In the
other cases, after the‘solution of molasses had been made up
to the required volume, 1 gm. of kieselguhr was sadded, and
the liquid shaken up and filtered.

Pable Rsz. ;- 161 shews the results of these tests.

.With certain varieties of molasses, notably Honolulu,
Natal and some refinery samples, cousiderable difficulty was
met with when filtering and washing the precipitate of cuprous
oxide, due no doubt to the gummy nature of the original

material.

The tedious procedure in all the methods except the
first-named involves attention to detail and the display of

menipulative skill that are gseldom to be encountered in

industrisl practice. _
In contrast with this, the simplicity of the Lane-Eynon



161
. Table No. !5 2.

Sample, Lane & Eynon Munson & Valker Pérmanganate Low's Thiosulphate Mean of all
Method. Method., Method. Method Four Methods.
1. IT. Mean,  I. II. III. IV. Mesan I. IT, K'Mean. - I, 1T, :Mean.z
Antigus 25.28 25.25  25.26  24.84 24.60 24.82 24.62 24,72 [24.94 24.94 24,94 §24.38 24.39 {24.595 24.88
Cuban 15.63 15,57 15,60 15.65 15,92 15.79 15.82 15.76 %15.79 515.77 15.71 §15.74§ 15.73
Egyptisn  16.50 16.50 16.50 16.56 16.45 16.45 16.36 16.46 16477 16.67 ;16.72 16,59 16.47 fls.szf 16.55
Hewaiian  17.28 17.28 17.28 17.39 17.52 17.46é17.85 17,79 | 17.82 §17.19 17.30 %17.25: 17.45
Homolulu  13.52 13.32 15.32 13,95 14,01 15.80 13.78 13.64 14.01 15.80 %15.91 %15.48 13.42 515.45§ 13.58
Iloilm 25.50 25.59 25,59 24.98 25.17 24,99 25,16 25.08 25.29 25.27 525.28 §25.11 24.90 25.01§ 25.24
Java I. 25,40 ‘ ' 22.93 22.93 22.95}23.70 | fzz.so | : 23,21
Jave II.  25.11 22.93 25.02 22.87 22.81 23.21 25.08 22.99 23,31 25.46 25.39 |25.16 23.23 g25.20§ 23,15
Manila 30.76 30.76  30.76 30.54 30.49 30.52 30,75 30.56 30.55 5075 | 30.68 |30.19 30,21 zo.zog 30455
Natal 14,46 14.45 14.46 14.13 14.22 14.07 14,18 14.15§14.zo 14.16 | 14.18 |14.05 14,00 | 14.05] 14.21
West 5 | {
Indien. 17,03 16.98 17,01 16.83 16.87 16.92 16.82 16.86w16-81 16.82 | 16.82 | 16,61 16.82 | 16.82 16.88
[
g 47,79 47,73 f AT.76 [ 47,71 47.85 47.79 47.65 47.75347°95 48.08 | 48.02 | 47.93 47.86 | 47.90 4783
| i |

i
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method is acknowlédged by all who have used it. Even in
the hands of unskilled operators a high degree of saccuracy
can be obtained. In order to prove this, a test sample
of molasses was procured from Messrs. Eynon and Lane, with
a note of the invert sugar content as found by themselves.
The molasses was analysed by three other workers as well
88 by the author, with the following results:

Sample: Hawaiian Molssses.

L. A. B. Ce Eynon & Lane.
Invert Sugar found. 17.33 17.28 17.28 17.22 17.40

The rapidity with which the Lane~-Eynon test can'be
carried out is in itself a sufficient recommendation. The
determination of the reducing sugars in molasses can be
completed by even the most leisurely worker in less than one
ﬁour (s against 1} - 2 hours by the other methods).  The
fact that its accuracy is of such high order should encourage

its wider application.
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SUMMARY OF PART II .

After an extensive investigation into the four methods

in general use in the Sugar Industry for the analysis of

Reducing Sugars (Invert Sugar), the author recommends that

"In view of the simplicity of the procedure in
the Lane and Eynon method, and the accuracy of

results attainable by its use, this method should
be officially recommended for the determination
of Invert Sugar in Cane molasses and Refinery

Products.”
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PART III,

The determination of ash is of considerable importance
in the technical analysis of sugar factory produets, and it

is carried out by one of the following methods:

1, Incineration.

2¢ Tlectrometric means.

1. The ash produced by direct incineration is referred

to in the sugar industry as "carbonate ash"™, but the general
procedure is to add sulphuric acid prior to the incineration and
from the resultant "sulphated ash" a deduction of 10 per cent.
is made to convert the "sulphated ash™ to what is termed

"normal ash".

In this work the term sulphated ash will be used to
indicate the weight of ash obtained by incine:ation after
adding conc. sulphuric acid, less 10 per cent.

It should be mentioned here that the results obtained
by the sbove two methods do not agree with each other. It
‘was formerly considered that carbonate ash was the more
reiiable figure. Withrow and Jamison (Ind. and Eng. Chem.
1923) strongly supported the view that it was more accurate
then that obteined by the sulphation method, but they

recommend s deduction of 33 per cent. from acid treated ash

in the case of Cuban raw sugalXe.
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The E.S.P.A.»deducts 25 per cent. when dealing with
final molasses. A _

On the other hand, Browne and Gamble, (Facts about Sugar
Dec. 1923), proved that the carbonate ash was subject to
great variation owing to the volatility of the‘chlorine,
sulphur and other constituents of the molasses, at the
temperature at which ashing is conducted. Lunden (Z. ver
deut. Zuckerind. 75, 1925) supported this view.

Strictly speaking, neither‘the carbonate nor the
sulphated ash,after 10 per cent. deduction, gives a‘correct
indication of the quantity of salts originslly present in
the substance under examination, but the latter figure is now
generally recognized as the one capable of close reproduction
in "check" tests. '

As 8 result of many analyses, the present author formed
the opinion that it is impossible to geb corroborative results
with molasses when direct incineration is employed. A
difference of over 1 per cent. was frequently found in duplicate
tests of the same samples owing to the irregular decomposition
of certain of the salts at the temperature of the muffle
furnace used. When, however, the sulphation was used,
remarkably close agreement was always obtained. See Table
P8« 168

The A.0.A.Cs permits the use of both thke direct incinera-

tion and sulphatione The H.SeP.Aes recommends the determination
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of carbqnate ash if a muffle furnsce is available, otherwise
the sulphate ash should be determined using a direct flame for
the heating. _ v

The Internstional Commission, 1933, recommended the
use of the sulphation method for molassgséwith 10 per cent.
deduction. The electrometric method, which is of compara-
tively recent introduction, has not yet been discussged.

The procedure for carrying out the estimations is as

follows:

Carbonate ash. 5-5 gms. of the sample are_accurately weighed,
'preferably in & platinum basinvof 80-100 cc. capacity, to
which a gentle heat is applied. The mass swells up and
carbonizes, and unless care is exercised it may overflow the
basin. After all the sugar has been charred, the basin is
heated in the muffle furnace at & dull red heat (about one
hour's heating is sufficient),‘cooled in & desiccator, covered

with a watch glass and weighed.

Sulphated ash. 3-5 gms. of the sample are accurately weighed
out as above, and about 2 cc. of conc. sulphuric acid are
poured over it. The dish is then gently heated until the
semple is caramelized. The ashing is completed in the furnace
as above. FProm the percentage of ash so obtained, a deduction
of 10 per cent. is made, the balance being reported as

"normal ash" oqqéometimes ﬁgggé,"Sulphated ash".

Both of these methods are officially recognized, but



some modifications have been made. The American instruct-
ions (Bull. 107 U.S. Bur. of Chem.) state that a platinum
basin should be used. The HeS.P.A. method recommends
platinum but also permits the use of silica and "even
porcelain” (sic.) dishes.

The author found that results obtained when using
fused silica ware were always lower than those obtained in
platinum and porcelain dishes. Investigation shewed that
silics dishes progressively lost weight on being heated,
and because of this gave erroneous results whenever they
were used.

All the tests reported in this section were carried out
in triplicate, two in platinum basins and one in a flat
porcelain dish. In every case remarkably corroborative
results were obtained, proving the suitability of porcelain
for this purpose.

This confirms the findings of Withrow and Jamison (loc.
cit.) in this connection.

The sulphated ash method has been modified by some
workers who recommend double sulphation. After the first
ashing; s few drops of conc. sulphuric acid are added to the
residue; and a further ignition of the basin volatilizes the
acid, after which the basin is cooled and weighed.

Spencer (Handbook) gives directions for the double

addition of acid.
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Carbonate,Ash.

1.

Sample 2e
Refinery molasses. 4.95 5,52
Natal " 7.73 8.91

Sulphated Ash.

Refinery molsasses.

11.83 12.02

Natal

West Indian 9.60 9.81
Antigus 9.5 9.61
Hawaii 14.49 14.75
Philippine 6.20 6431
Cuba 8.97 8.99
Egyptian 13.49 15,33
Java 10.41 10.30

Se

4.52

(Double

TABLE.

sulphation less ;

(10 per cent.

12.09
9.75
9.64

14.64

6.28"

8499
13.76
10.20

7.96(mean of 5 tests)

Tosts Nos. 1 and 2 were carried out in platinum basins,

NGS 3 in porcelain dishes.
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The author investigated this point, since to his
personal knowledge the customary method in industriasl
practice is to add the acid only to the sample before heating.

The weights of the ash obtained by single sulphation were
noted, and then anqther 10 drops of acid were added. After
a further ignition, the dish was cooled and weighed. In every
case an increase in weight was observed.

The addition of acid to the ash, which was usually dark
grey in colour, caused the odour of sulphuretted hydrogen to
become distinctly perceptible. Some of the original sample
was then incinerated without acid, and the resultant ash
tested for sulphide radicle. In every case the test was
negative. This indicated that it could only have been
produced as a result of the first sulphation, by the action
of the carbon on the sulphuric acid. The second sulphation
converted the sulphide to sulphate.

The increase in weight in all the cases as a result of
the second application of écid appears to confirm this.

The quantity of sulphuric acid used by different author-
ities for the first sulphation varies between 0.5 and 3 cc.

It was found that the quantity used initially was not so
important; sulphide was always produced and had to be oxidized
by the second addition of acid to the ash. ‘

The necessity for double sulphation does not appear to be

fully reslized by those using the acid treatment, but the
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author is convinced of the impossibility of obtaining true

results otherwise.

The objget in carrying out the work in this part of
the research, was to try to find a gimple method of
determining, by electrometric means, the ash contents of
molasses, comparing the results so obtained with those
for sulphated ash, which is the accepted standard at
present.

The electrometric method as used in the sugar industry

will therefore be digcussed in detall.
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2. Electrometric methods.

About the year 1909 some Continental investigstors
studied the relation between the ash content of sugar products
and their conductivity, but it was not until 1924 that
attention was directed to the determination of ash by electro-
metric methods. In this field, the names of Lunden and
Toedt are prominent in connection with their work on beet
products (Z. ver deut. Zuck. 1925), and Zerban and Sattler
have contributed valuable data in respect of cane products
(Facts about Sugar 1926-27-28.}.

It is stated by Spencer (Handbook) that the results of
electrometric ash determinations are "comparable in accuracy
with sulphated ash determinatioﬁs made under the most exacting
research conditions".

The electrometric estimation of the ash content of sugar
products is based on the fact that distilled water and also
solutions of pure sucrose in distilled water have only a very
low electric conductivity. The presence, however, of
impurities consisting of inorganic and also organic salts,
causes ionic dissociation, and from a knowledge of the
conductivity, it is possible to estimate the percentage of
mineral matter or "ash" present.

The apparatus used for this purpose is shewn on page 7/,
It consists of a resistance bridge of special design and a

cell having platinum electrodes. In view of the necessity
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of working at a constant temperature, this cell was placed

in a water bath, which was formed by cutting a 2-litre

bottle through the middle and using the neck portion

inverted, for the water bath. Water at a constant tempera-
ture of 20°C. was passed in from a thermostatically controlled
eirculator. A microphone hummer is incorporated in the
bridge box and sensitive headphones are used to detect the

change in note.

Determination of the ecell congstant. The value of the cell

constant which depends on the size of the electrodes and
their distance apatt is determined by finding the resistance
of a solution of known conductivity. For this purpose a
"N/100 solution of Potassium Chloride was made up by dissolving
0.746 gms. of pure KCl in distilled water and making it up
to 1 litre. The conductivity of this solution is 0.001278
at 20 C.

The: value of the cell constant is re-determined from
time to tims. In testing sugar solutions a correction is
made for the conductivity of the distilled water used in
making up the solution. No correction is considered
necessary for the effect of the acidity of sugar products on
the conductivitye. The resistance of a solution is determined

a8 follows:
The switch "A" is set at "x1" and the switches "B", "C",

"D" gnd "E" 8t Zero. Switeh "E" is now rotated through 1,
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2, 3, atc; to 10 until a8 point is reached where the note
dissppears, then at the next higher number reappears. If
no such point is reached, the pointer of switch "E" is left
at 10 and the procedure is repeated with switech "D", and

if necessary with switch "C" leaving "D" at 10. |

If when switches "C", "B" and "E"™ are all at 10, the
note has not disappeared, switch "A" ig turned to "x3", and
starting with "C", "D" and "E" at O the operations described
above are repeated.

With pure products it will be necessary to use the
apparatus with switch "A" on "x10", and sometimes on "x50",

The right "multiplier™ having been found, the first
operation described above is repeated, but in a reverse
direction, i.e. starting with switch "C" until the note of
the hummer is at its minimum intensity.

Knob "B" is now rotated until a point is reached at
which the diminution of the note no longer continues. The
Compensation Range (switch "F"™) should be set at about the
most convenient position to sllow knob "B"™ to0 be used at
sbout the middle of the calibration., In general, highly
refined products call for Range 1, and low-grades for Range 3.
The balancing operations of the switches "C", "D" and "E"
are now repeated until the note of the hummer entirely

disappears or reaches its minimum intensity.




The resistance of the solution is then read off from
the disls "C", "D" and "E" and the multiplier "A"; e.g., if
"C" is at 5; "D" at 9 and "E" at 7; and the multiplier "A"

is at "x3", the Resigtance in ohms will be
597 x 3 = 1791 ohms.

If "A" had been at x10 the resistance would have been
5970 ohms; if at x50 it would have been 29850 and conversely
if it had been at x1 it would have been 597 ohms. (In
recording the Resistance, no notice is taken of the setting
of the Compensator "B" or the Compensator Range (Switch "F")
which is incorporated in the instrument solely in order to

make the balance-point more accurate snd eassier to determine,

Calculation of the Ash Content.

The Specific Conductance of a solution is found by
dividing the cell constent by the figure found for the

registance in ohms, thus:

Specific Conductehce (Sp.C.) _ Cell Constant

Reslstance in Ohums,
Corrections must be made for the conductivity of the
distilled water and also for the temperature, if other than
20 C. be used, but as all the electrometric determinations
on molasses here reported were carried out at 20°C. no
gorrections for temperature were necessarye.

In the case of raw sugars, for the ash content of which
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the electrometric determination is officially recommended,
the followiﬁg is the method of calculation, using a
5 per cent. solution:

Ash per cent. in sample _ Sp.C X K =x 100
Weight of sample iIn 10Occ.Solution.

Where K is a special factor worked out for various
types of raw sugars by Zerban and his co-workers as an
expression of the relationship between the specific conductance
and the (sulphated) ash of the sugar. This factor (for 5 Brix
solution) varies between 78.6 for Natal sugars end 87.8 for
Cuban raw sugars. The average figure tesken by Zerban for
cane sugars is 81.8.

The factors must be established by each investigator
for every class of sugar dealt with, with solutions always

at 5 Brixe 6.8

Trinidad Raw Sugar.

10 gms. made up to 200 cc. With distilled water.
Sp.C. of distilled water = 0.,0000162 mhos.

Cell Constant. = 028
Ke =837
Sp.Ce. = _gégg = 0,000304 mhos.
Sp.C. due to ashe. = 0,000304 - 0.0000162
= 0,000278
Per cent. &sh - 0.000278 x 83,7 x 100

5
= 0465
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When desling with & raw sugar of unknown origin, some
discrepancies ocour when the "average" K is used, and in
order to eliminate these, Zerban and Sattler (F. & S. 1926)
worked out a method dispensing with factors altogether, and

calculated ash from the formuls:-

Ash per cent. - 0.00001757 x (9,13 K + 1935 - K, )
where K : conductivity of sugar solution as described
above, and Kyrconductivity of sugar solution in acid

solution.

For the acid conductivity, 200 cce. of the original
5 Brix solution are carefully mixed with exactly 5 ce. N/4 HC1,
and the conductivity is determined.

(In the above equastion 1757 represents K for Cuban sugars

xRk

The application of similar methods to the determination of
ash in molasses and refinery syrups is due mainly to Zerban
and Sattler of the New York Sugar Trade Laboratory, whezse
work in this field is reported in P. a S. 1926, 1928; Ind. and
Eng. Chem, 1930, V.I. and II, 1931, V.III, 1932,

In & paper read before Am. Chem. Soc. (Division of Sugar
Chemistry) 1930, they referred to the variations in the ratio
Ash the (C-ratio) due to geographicsl difference in
Conductance '

the gources of supply of the raw materials and reported the

development of a formula as a result of statistical analysis
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e s .
by Lodge of Columbia University, of a number of conductivity

determinations, from which

Per cent. ash = 0.0191369 K, - 0.002249 K, - 0.001210 Ky +3.07
where K, . Sp. conductance of the solution x w0
'q " " LI " .to which 5cc.N/4

-3
, KoH
has been added per 200 cc. solution.

K . Spe. Conductance of the solution to which 5 cec.
normal orthophosphoric scid has been added.
In 1932 (Ind. and Eng. Chem. pPg.435) these workers put

forward yet another eguation.

Ash per cent.= 0.01556 K - 0.001125 K; - 0.000623 K,
- 0.000219 K; + 3,083

Spe. conductance of the solution x)06

where K =
K, . " " Ton " ‘to which 5cc.
N/4 HCL has been added per 200 cc. Solution.
K2 s -Sp. Conductance of the solution to which 5cc.
N/4 KoH has been added per 200 cc. Solution.
K5 - Sp. Conductance of the solution to which 5cc.

normal orthophosphoric acid has been added per
200 cc. of Solution.
In the work carried out in this Part, the determination
of ash in the case of each sample of molasses was made by the
ands

double sulphated ash method by conductometric means using this

unwieldy formuls of Zerban and Sattler, as glven above.
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One example is given here to shew the method:
Sample. Natal Molasses.
Cell constant 0.119 at 20°C,
Sp. Cond. of water used 4.0 x 10 °°
25 gms. of molasses were dissolved in hot conductivity water,
filtered through silk (150 mesh) and made up to 250 cc.
50 ce. of this solution were diluted to 1 litre, thus giving

a concentration of 0.5 gms. molasses per 100 oce

Then
R = 151 ohms. for molasses solution
R, . 66 " " (200cc " " 4+ b5eec. N/4 HC1)
R, - 76 " v n m " . 5oc. N/4 KoH
s = 67 n " " " " + 566+ N H PO,
E = 793
+6
K, -1927 where K = 3p. Conductivity x 10
K, =-1562
K; ’17"2

Per cent. ash = 0.01556 K - .001125 K, - ,000623 K, - .,000219 K,
+3.083
=0,01556 x 793 - 0.001125 x 1927 - 0.000623 x 1562

- 0,000219 x 1772 + 3,083

= ll 089







181.

In view of the extremely tedious procedure and laborious
calculations involved, an attempt was made by the author to
simplify both the procedure and the calculation.

After a number of determinations had been made, it was
decided to construct a graph shewing the relation between
Specific Conductivity and Sulphated Ash as found by incinera-
tions.

With ash per cent as abscissa and specific conductivity
as ordinate, the results for gg;ﬂsamples were plotted, and
8 straight line was found to pass remarkably close to all
these points so plotted, making an angle of 35° with the

abscissa,.

It thus appeared that s simple relation existed between

these values and this was worked out from the equation of

the graph
Y-8 - b
from which X.-y+b . y+b = +b
a ten 35° y"’7‘60. 02
+4
Ash per cent.. (Sp.Conductivity +.000072) x 10
0.7002

2 (Sp.Conductivity +.000072) =x 14282
s (Sp.Conductivity x 14282) + 1.028

A1l the samples available to the author were tested by the
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three methods, nameiy, double sulphation and incineration,
electrometrically by Zerbasn and Sattler's method and also
by using the formuls developed as above for a concentration
of 5 gms. of molasses in 1 litre of water.

The results -are tabulated on page 183  and shew
that for cane molasses the figures obtained by the new
method, when compared with those for sulphated ash, are in
a8 close agreement as those obtained by Zerban's method.

The differences between the two electrometric methods
and the incineration method are set out in the table, from
which it will be seen that neither equation is suitsble for

frr Cams ound Jitfrung rrolasets
beet molasses, but«the new formuls gives very satisfactory
results. In only one case, with Antigua molasses, was the
difference at all appreciable.

It has the advantage over Zerban's method, of simplicity
and rapidity. The determination can be completed in twenty

minutes and requires neither specisl solutions mor skill in

manipulation.
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Per cent.
Per cent. Conduct-
Per Cent. Flectro- Sp.Con- tivity
Sulphated metric ash Differ- ductivity Ash.New Diff-
No. Molasses. Ash x 0.9 (Zerban). ence. x 10° Formula  erence
a b (a=b) c d (a-d)
1 Antigue 9.64  10.07 -0.43  649.7 10,30 =066
2 Cuba 8.99 8.86 +0.13  562.8 9.06  -0.07
3 Egyptian 13.41  13.10 +0.31  845,0 13.09  -0.32
4 Hawalian I 14.64  14.55 +0.09  967.2 14.82  -0.18
5 " I 12.52  12.69 -0.17 833.5 12,91  -0.39
6 Honolulu 15.05  15.28 -0.23  997.7 15.27  -0.22
7 Jave I 10.35  10.81 -0.46  639.3 10,16  +0.19
8 " II 10.86  11.14 -0.28  662.4 10,49  $0.37
9 Natal 11.98  11.89 £0.09  794.2 12.35 =037
10 vPhilippine 6.28 5.78 $0.50  364.5 6423  +0.05
11 Refinery I  7.96 7.91 $+0.05  515.9 8e39  -0.43
12 mOIT 8.42 8.88 ~0.46  538.3 8,71 =029
13 mOIII 9.58 9.46 $£0.12  600.7 9,61  -0.03
14 "IV 8.84 9.41 ~0.57 563.7 9.08  -0.24
15 West Indles 9.75  9.35 40,40 615.5 9.82  -0.07 |
16 Cupar Beet I 10.42  11.6 -1.18 680.3 10.75  -0.353
17 Cupar " II 9.70 ' 66749 10.57 -0.87 |
18 Ely Beet 7.48 587.4 9,41  -1.93
19 Peterborough 9.56 65040 10.48  -0.92

20 014 Beet 9.50 614.3 9,80  -0.30
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SUMMARY , PART III.

The author submits to the Sugar industry a new
equation suitable for the rapid determinstion by electrometric

means, of the ash contents of cane and refinery molasses:-

Ash per cent. =(Specific conductivity x 14282) <+ 1.028

He believes that the simplicity of the procedure and of
the calculation shew a considerable advance on former methods
and he is confident that it will receive the careful sttention

of his colleagues in the Sugar industry.

Special acknowledgement is made of the collaboration,
in this part of the work,of Mr. M. Mazumder, omne of the

author's students in the School of Sugar Manufacture.
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Determination of Ash in Cane Molasses.

A General Conductometric Formula.

By D. LEVER, B.Sc, A.RT.C, FIC, and M. M. MAZUMDER, M.Sc.;
School of Sugar Manufacture, The Royal Technical College, Glasgow.

The formula correlating ash with specific
conductivity, reported in the June issue of this

%600

1200

000

800

Specific Conductivity X 106

200

200

that the method would be also of considerable
value for routine estimations in cane producing

_s5oc  countries, if the equation
/ were stated in a form suit-
able for use under the
temperature conditions
usually encountered in the
tropics.

With this in view, the
work on the samples pre-
viously examined was con-
tinued and the specific
conductivities were deter-
mined at temperatures of
20, 25, 30 and 35°C. As
before, the “Salometer’’ was
used. The cell was immersed
for these experiments in a
water-bath controlled at the
desired temperature by
means of a sensitive electri-
cal thermo-regulator.

Graphs of Ash-Conduc-
tivity were then plotted, as
is shown in Fig. 1. For
each temperature a straight

30°C

25°C

L20%

Per cent Chemical Ash
Fig. 1.

Journal, was developed primarily with the
object of expediting the examination of certain
widely different samples of cane molasses then
under investigation.

But the authors believe:

line was obtained, and all
the lines intersected at
the point (1-25, 0). The
equations for these lines

are :—
For 20°C. Ash per cent. =

v Sp. conductivity x 13900 + 1-25
For 25°C. Ash per cent, =

Sp. conductivity x 12580 -+ 126

1 Page 214.



For 30°C. Ash per cent. =
Sp. conduc‘olvlty X 11260 + 1-25
For 35°C. Ash per cent. =
Sp. conduetivity x 10000 + 1-25
It will be observed that the formula for 20°C.
differs slightly from that previously reported, hut
the results obtained by their use agree closely
- with each other. The circumstance that the
lines intersect at a point enables the following
general equation to be obtained :—

Ash per cent. = Specific conductivity
' x 13900 [1 — 0-019 (+ — 20)] + 1-25,
where ¢ is the temperature, and 0-019 is the
temperature coefficient of conductivity.

This formula should be of considerable value
as it can be used for any temperature in the
range 20 to 35°C.

Table I showing the experimental results
obtained by calculating with the general formula
indicates the accuracy of the latter. To facilitate
and expedite routine estimations and control, a
simple table can be constructed which will show
directly the percentage of ash for the different
values of specific conductivity at a stated
temperature.

TasieE I.
ExPERIMENTAL RESULTS USING THE GENERAL FFORMULA.
Per cent.

Origin of Chemical  ~— Per cent. Conductometric Ash——

Molasses Ash at20°C at25°C at80°C ap35°C
Hawaii I...... 15:05 .. 15-12 .. 15-18 .. 14-89 .. 14:56

»  IL ... 1464 .. 1470 .. 1473 .. 14:63 .. 14-29
Natal ........ 11-98 .. 1229 .. 12-16 .. 12:09 .. 11-84
Javal ...... 10-35 ..10-14 .. 10:15 .. 10-10 .. 9-87
Philippine .... 6-28 .. 631 .. 637 .. 628 .. 6-12
Cuba I........ 899 .. 907 .. 942 .. 927 .. 904
Refinery I .... 796 .. 842 .. — —_ .. —
Antigua ...... 10-12 .. 10-28 .. 10:17 .. 999 .. 996
Hawaii 11T .... 12:52 .. 12-83 .. 13-06 .. 12:93 .. 12-79
Java I ...... 10-86 .. 10-46 ..10-39 .. 1035 .. 10-12
Refinery IT.... 842 .. 873 .. 874 .. 865 .. 840

" Imr .. 958 .. 960 .. 888 .. 897 .. 875
2 IV .. 884 .. 908 .. 8171 .. 880 8-37
West Indies .. 9-75 .. 980 .. 966 .. 968 .. 946

Egypt ........ 13-41 .. 1299 .. 12-81 .. 1352 .. 12-34
Mixed I ...... 10-12 .. 10-33 .. 10-27 .. 1009 .. 9-87

» 1T ....10:34 ..1020 .. — .. — .. —

,» IIT ....10-98 ..10-99 .. 11-13 ..10-91 .. 10-54
HawaiilV .... 1462 .. 1421 .. 1474 .. 14-63 .. 14-19
Cuba II ...... 979 942 .. 973 .. 971 .. 945
UnknownI .. 878 .. 824 .. 832 .. 829 .. 815

' Ir .. 833 .. 805 .. 803 .. 806 .. 779
BarbadosI .. 9-83 ..10-56 ..10-52 -..10-19 .. 10:15
IT ..10-02 ..10-76 .. 10-76 ..10-51 .. 10-27

’
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ADDENDUM TO PART I. OF THESIS

"THE TESTING OF MOLASSE8"
by
DAVIY LEVER.

—

All the gravimetric estimations reported in Part I. of
the thesis were carried out by the author. When the
distillation tests were being carried out, the dangerous
nature of some of the liguids and the fact that readings
had to be taken every hour over long periods made it
necessary to have a relief worker. Assistance in this
connection was given by & student in the author's lab-
oratory. v




The analysis of cane molasses, reproduced on page 4 of the
thesis "The Testing of Molesses", is stated by Spencer to have
been condensed from & large number of analyses made at the
Louigiana Experimental Station. That the results have been
"adjusted” is obvious from the fact that a total of 100.00 per
cent. is shown, although none of the constituents is obtained
by difference and there is no undetermined matter.

Spencer’'s statement of composition serves, however, to
illustrate the complexity of the substance, but it does not
indicate that it contains some components whose composition is
quite unknown. Noel Deerr, one of the world's leading sugar
technologists, states that he regards it as an "indefinite
mixture".

A large number of organic non-sugars is found in molasses.
Some of these originate in the cane or beet, and are expressed
or diffused into the juice, but many of them are produced
during the processes of clarification and crystallization of
the sugar liquors.

The first step in the defecation of the raw juice is the
sddition of milk of lime, which has the effect of mneutralizing
the natﬁral acidity of the juice, precipitating the phosphoric
gcid as the insoluble phosphate, and which forms calcium salts

of the organic acids originelly present. The subsequent boiling
of the liquor frequently &aids the decomposition of the glucose
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PO

even at this stage}@gﬁgﬁpfindipally orgenic acids.

In the manufacture of white sugar at the plantation, a con-
siderable excess of lime is used, and before the limed juice
-can be boiled this excess has to be removed. This is effected
by prassing in carbon dioxide, in the Carbonatation process, or
sulphur dioxide, in the Sulphitetion process. During the pass-
age of the gas, the temperature must be controlled at about
60’0, in the case of cane juige, otherwise destruction of the
organic matters by the combined action of the lime and heat
takes place.In this event, humic acid, acetic acid, formic acid,
carbonic acid and apoglucinic acid are formed.

The excess of lime employed results in the formstion of

gsacoharates and glucosates of calcium. The former are more stable

than the latter which do not crystallize and which decompose
reedily at about 50°C. The effect of the gas is as follows:-

Cas C
C,,_ H“_O” - GO + eo?l = C",a. Hx\.Ou + ”"0103
GH 9" (a0 + € = CHyo, 4+ C"Wc 22
S0, Ce S5O0,

After the application of the gas, the liquor is boiled. -
Decomposition of the sugars present cannot wholly be avoiddd.
Some of the saccharafes and glucosates are not broken up as
shown abové,and the heating causes complex decompositions to

occur, while other compounds are formed in the juice consequent

upon the addition of the acid geas.

The treated liguors ere then settled or filtered, and are next
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concentrated in multiple efféct evaporators under Bradually dim-

It
F
i
‘
i
i
i
i

ishing pressure which varies from a slight pressure in the first

vessel to about 27" of vacuum in the last vessel. During the pass- %

age of the Juice through the evaporating system, meny complex

reactions occur. Certain substances which are soluble in the thin W
liquor in the first vessel are precipitated at the lower boiling #
temperatures existting in the succeeding vessels, while the con- I
centrated syrup in the last body, wher the sucrose content is

between 50 and 60 per cent., dissolves some of the precipitated ¥
matters which would be insoluble or only slightly soluble in /

water at that temperature.
In addition, the aetion'of lime and heat on the nitrogenous

substances originelly present in the juice forms ammonia, and |

this gives rise to certain compounds which are included under the
general heading of "amino compounds". Complex reactions, inves- i
tigated by Browne in Louisiana, occur during the process of manufacl
ture, between the amino compounds and the reducing sugars of the I
cane Jjuice.

All the soluble substances other than the sugars which are
found in the thick juice lsaving the evaporators, together with
gsome of the insoluble matters carried over with the liquor, pass
through the remeinder of the process, which has for its object the
removal of the sucrose in a crystalline form, and they finally
remain in the molasses.

Phe difficulty of esnalysing such a material as this final. s
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molasses will be resdily afpreeiated. It cannot be synthesized
in such a manner as to enable one to know its water content with
sufficient accuracy to serve as & standard for judging the
efficiency of the various methods employed for estimating water
in molasses. Moreover, a simple mixture of sugars and sslts cans
not be considered to be similar in any way to the indefinite
mixture of substances which ere found in molasses, and which
have undergone, in its formation, so many complex changes.

The remarkeble difficulties encountered in the investigat-
ion of molasses are set out by Dr. C.A.Browne of the Buresu of
Chemistry and Soils, Washington, U.S3.A. in Ind. and Eng. Chem.
1929, pg. 60l. He gives an account of the complex substances
igsolated, notably "glucic acid". This unstaeble substance was
first exemined by Peligot and named by Dumas. It is stated to
decompose suddenly into carbon dioxide, formic, acetic, apo-

glucic and humic ascids, as well as"other unrecognisable volatile

substances of acrid odour". Browne, after reviewing the research-

es oh this subject, says that the substances which were called

nglucic acid" and examined by the various investigators, were
for the most part vaeriasble mixtures of unidentified compounds,
and that they varied greatly in properties and composition.
Browne, (loc. cit.), states that on distilling in & current of
steam some samples of molasses that had been stored for some

time, smell quantities of 002 were obtained, and from the

distillates, which were acid, he isolated acetic and formic acidsi
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Noel Deerr (Cane Sugar pg. 499), mentioms CO as being dissolved
in molesses. The present author shows on pagi 149 of his thesis
that CO was obtained on heating molasses at 100 C., and on pages
89, 93 znd 97 that the distillates obteined when distilling

cane molasses with Qcid free toluene were acid.

It is his opinion,(en opinion now shared by most sugar
chemists), th&t the complex constituents of molasses when heated
even below 70.0., decompose and give off water as one of the prod-
ucts of decomposition; CO 1is another.

‘The foregoing statemeits show why it is impossible to
determine the true water content of molasses.

Van der Linden,(Archief. 1917), in suggesting possible methods
for the estimation, stated that the problem at that time was still
unsolved.

Noel Deerr(loc. cit.), says:- " the dire¢t determination of
water is mede by the expulsion of the water as vapour at a
.temperature equsl to, or above, the boiling point at the pressure
at which the determination is mede.. The accuracy of the deter-
minetion depends on water being the only material expélled, and
is vitiated by the presence of other volatile bodies such as
acetic acid and even carbon diomide which is often found to a
considerable extent in molasses."

Spencer, (Handbook pg. 260), states:; "The determination of

the total solids and moisture in sugar-house materisls is one

of the most unsatisfactory tests the Chemist is called upon to
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make. This is due to the ready decomposition of several of the
constituents, and under some conditions to their tendency to : .
occlude moisture."

Sugar Chemists have not yet reached a decision as to the
definition of "water" in molasses. Because of this, the
Association of Hawaiian Suger Technologists recommends drying
for a definite period and recording the "loss in weight of the
sample”. Dr. R.T.Balch, of the Bureau of Chemistry and Soiis,
U.S. Dept. of Agriculture, in & communication to the Internat-
ional Commission, considers that the sample should 5e regarded
&s made up of a "solid phase” and & "non-so0lid phase". The
latter would include all volatile matter &t the temperature of
drying, and should be accounted for as "water",

The author, in hid thesis, hesitated to dégmatize as to
which method gave results nearer the "correct" one, since the
"correct" one cannot be analytically ascertained. He regarded
his experimental work more as evidence to be aggced for or
against the various methods employed in the industry when
discussions were to be held among International sugar chemists
as to the adoption of one of theme methods as standard. Had it
been possible to prepare an "artificial” molasses of known
water content, the problem woﬁld have presented little diffi-
culty, but the preparation of an artificial molasses is pre-
cisely the question whose solution has so far evaded those pro-

fessionally interested.

Basing his opinion on the experimental proofs that solutions
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of sucrose, dextrose and le#ulose can be dried completely and
without decomposition at a temperature of 70 C in vacuo, but
not at 10090. under ordinary pressure, the author mekes the
following recommendation:-

" The drying of the sample of molasses for the determination
of the water content should be carried out at 7000. under &
vacuum of 60 c.m., for & period of five hours. A current of dry
alr should be drawn through the oven during the whole period.

The quantity of sample to be taken should be about 2 gms. weighed§
on to 10 gms. of the prepared sand, and diluted with 2 c.c. of
water to ensure thorough mixing. Since the area of the surface

of the sample exposed influences the results obtained, & standard

gize of airtight dish should be used, suitable dimensions being

65 mm. diam. x 35 mm. high. |
The loss in weight should be regarded for industrial

analytical purposes as " water”.
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Investigation of pH. value of distillates obtained
by the Toluene distillation method.

During the initiasl experiments on the determination of the
water content of sugar solutions by distillation with toluene,
the low pH of the distillates was & remarkable feature which
was not investigated at the time, further than thoroughly
testing the sample of toluene used. This was found to be
absolutely acid free.

The question was taken up again at & later date, and had
rather an interesting conclusion.

A 25 per cent. solution of pure sucrose in distilled water
was prepared, and its pH, as determined by the calomel electrode,
was found to be 5.8 .Some of this solution was boiled under sa
reflux condenser for three hours, after which period the pH was
again tested and was observed to have dropped slightly to 5.4 .
The solution was found to have been inverted to a small extent.
20 cc. of the originsl solution was next boiled under the same
conditions with 100 cc. of pure toluene. The solution was sep-
arated off and its pH. tested. The same drop in value, viz. 0.4
was found. No perceptible discolouration of the solution took
place.

10 cc. of the original sucrose solution wes then distilled
in Bidwell & Sterling's epparatus with 100 cc. toluene, the
temperature of the oil bath being maintained at 140°C, as des=-
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-cribed on pege 64 of the thesis. After a period of three
hours the distillate was examined and its pH was found to
be 3.2 . The residual sugaer, however, was observed to be
slightly discoloured. It was separated and dissolved in
distilled water. This aqueous galution‘had a yellowish tint,
end & pH., of 3.6 .

It appeared to be the case that the prolonged boiling of
the sucrose solution, especially towards the end of the dis-
tilletion, caused & slight earamelizatioﬁ of the sugar, and
that the low pH. values were due to the acids produced by
this decomposition.

"Caramel"” is the term used to denote the indefinite
regldue of the decomposition of sucrose by moist heat. The
subatance is widely used in the foodstuffs end other indus-
tries &8s & colouring agent, but in sugsr manufacture its
presence is most undesirable. Although its composition is
uncertain, it is known that at the onset of the "burniqg of
the sugar, formic, acetic, humic and other complex organic
acids are produced, and CO also is evolved. Caramelization
for industrial purposes iszcarried out by "burning" the
sugar(snd other ingredients) to a certgin stage, this stage
being dependent ofi the desired depth of the colour which is
obtained when the burnt mass is dissolved in water or alcohol.

To investigate the change in pH. of the residue due to
the extent of the "burning"”, six quantities of table sugar,
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each weighing 0.4 gm., were gently heated in & platinem dish
to different stages denoted by the depth of colour of the
residues, which were afterwards dissolved in distilled water
end made up to 100 cc. in each cese. The colours of the six
solutions varied from & yellowish tint, in No. I. to a pro-

nounced brown in No. VI. The PH velues were determined as

follows: -
Distilled water used PHE 5.8
No. I solution n 3.7
" II. " " 4.0
" III. *© " 3.7
" Iv' n " 5.7
w Ve " " 3.7
" yI. " " 3.6

From these observations it abpears that the pH. of the
caramel is not affected to any appreviable extent by the degree
of caramelization to which the sugar has been subjected. Even &
very slight burning is sufficient to cause the considereble drop
in pH. A

This is & point which appears to have escaped the notice of
sugar manufacturers who use the pH. control for their process.
The formation of caramel cannot wholly be avoidedakigd th8
effect of its presence , in view of the above, mey cause &

disturbance of the control.

In the case of distilletions for water determination using
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toluene, the volatile organic acids produced by even the slight
- dedomposition of the sugar are collected in the aqueous dis-
~tillates. In the example quoted above, the presence of traces
of formic and acetic acids ww;;o confirmed.This accounts for

the low value for the pH.





