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ABSTRACT

The prement lnvestlé4ation deal# with methed#
of meaowring fibre density and the effect of
temperature and humidity.

The density values of some dry fibres have
been obtained by mass per unit volume* specific
ipravity bottle* flotation* gradient column and Beckman
methods. Pretreatment to remove any entrapped air
from the fibre material included either a modified
drying technique or boiling in xylene. Density
determinations of dry fibres have been carried out
in different organic media.

The density gradient column method was the
principe! method used* and it has been discussed in
terms of its range* sensitivity* stability and
calibration. This method was found to be more rapid
and reliable than other methods for determining the
density of a number of fibres.

The density values of Acrilan* cellulose
acetate, nylon* polypropylene * polyethylene *
polyurethane* rubber* silk* viscose rayon* Terylene*
Tricel and wool fibres have been obtained in the dry
state at a constant teng>erature 2070. The density
values for the different dry fibres reflect the

major differences in fibre structure and the slight



differences that eadlst between modified fibres of
basiocaiiy similar structure*

The density of Acrilam, oeiXulese aeetate,
nylon, silk, viscose rayon, Terylene, Tricel, and
wool bas been investigated at a constant temperature
(20”C) over a humidity range of r.h. to 985" r.h.
The densit(«5ef a number of these materials have
also been studied at (O and r.h. over a temperature
range of 207C to 7070. the percentage change in the
density values with temperature and humidity has
been calculated based on the density of dry fibres
at 20®C.

The effect of moisture adsorption on the
density of Hydrophilic fibres has been to increase
density at low humidities with the absorption of
small amounts of water, followed by a fall in density
as more water is absorbed. The effect of temperature
on the density ef fibres has been a decrease in
density with an increase in temperature.

These phenomenco. have been considered in
relation to the structure of the fibre. As would
be expected hydrophobic fibres such as polyethylene
and polypropylene were found to be affected by
changes in temperature only, but the order of change

due to temperature and humidity of the hydroj*tiilic



fibres varied considerably, Terylene and nylon
were least affected by humidity as their regain
values would lead one to expect and because there
are feujer active groups and side groig®s in the
molecules of these fibres, Changes with temperature
reflected the relative coefficients of cubical
expansion of these materials. In Aerilan the
effect of regain and temperature was slightly more
predominant probably due to the fact that there may
be comparatively strong attractive forces between
neighbouring molecules and because of the polar
nature of the «CN groups. Wool, silk and viscose
rayon also showed a more predominant effect than
nylon and Terylene. Thie may be due to the fact
that in cellulose there are hydroxyl groups to which
water molecules can be attaohod by hydrogen bonds,
while in protedlns there are carbonyl groups in the
main chain, and other active groups in the side
chains.

Cellulose acetate, and Tricel showed less
marked effect with regain and temperature compared
with wool, silk and viscose rayon. This may be
duo to the fact that there are /eary* active groups
in the molecules of the fibres, as in cellulose

acetate the hydroxyl groups are replaced by acetyl



groups and Trlool besides being more highly
crystalline than cellulose acetate absorbs less
water because of the removal of all hydrophilic
hydroxyl groups.

Finally differences in the density of
types of polypropylene, polyurethane and viscose
rayon have been found and ascribed to differences
thought to exist in their respective physical

structures.
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1.

DEFINITTIONS

The density of o material may be defined as
the mass contained in unlt wvolume of the material and
is usually expressed in gramnes per cubile centimetre,
The relative density or specific gravity of a material
is the ratio of the weight of the material at a
particulayr tempeérature to the welight of an egual volume
of water at the same temperatutre,

In the case of porous subsiances such as textile
fibres in which air is ovccluded in the pores, o
distinction may be drawn between the apparent and true
densityl. The apparemt density of a fibre is obtained
1f the volune measured 1s the apparvent volume of the
fibre, including pores and spaces, while the true denslty
of a fibre 1s obtained if the volume measured is that
occupied by fibrous wmatexrial only. Angther toerm used
with textile fibres is linear density which is defined
ag the mass per unit length of a fibre and is usually
expregsed in milliitex (milligrommes por kilometre),

Finally the specific voluwe of a material is
the reciprocal of the density, the volume per unit mass

being expressed as cuble centimetres per gramme,



&, METHODS O MBALUREMENT

Mass pex unit volume

This is the most direct method for determining
the density of a solid provided that the welight and
volune of the material may be measured accurately,
ﬁoatesx considered that it was poassible to calculate
the volume of glass fibres from measurements of thelr
dimensions but that problems of accurate measurenent,
and the sumber of measuvements reqguired made the
method laborious. No other textile reference has
been found, whieh would suggest that this method ie
not 80 attractive as 1ts apparent.-initial simplicity

would suggest.

ecdfic Gravity Hottle and Pycnometer.

The density of a liguid may be determined
using a specific gravity bottle or pycnometer, but
the method may be extended to solids provided they are
heavier than the lmmersion media and arxe insoluble in
it. Kiﬁgg measured the density of different wool
fibres in water, and in organic liguids, using @
apocific gravity bottle and showed that organile
liquids were not appreciably absorbed when wonl was
exposed to their vapour, and that there was no
observable awelling of the fibre in the water free

liguid, He showed further that the values of density



for the dry fibre obtained using benzene, nitrobeonzene,
toluene, and carbon tetrachloride as the imexsion
media weve practically ldentical, and that no
penetration had occurred with any of the liquids, o

, 4
conciusion lateyr substantiated by ﬁpeakmmn*

s in his
studies of the atructure of thoe wool fibres. King
conciuded that the density as measurved by displacement
of theso organic liguids, was the true density of weool,
while that measured in woter (o higher value) was
regarded as an apparent density.

5
Pavidson”

measured the density of cellulose
in wator, heliunm and in some ovganic liguids. The
valuegs found in organie liquids, such as toluene and
hoeptane, wexe slightly lower than the densitles fauﬂd'
1 heliuwn, whilat thoe density in vater was much highoer
than in either of the noneswelling fluids. Aocording
to Davidson, the demsity in helium is the true density,
as helium gous is not compressed and 4t wes assumed that
the small heliuwn atoms could f111 up all the pores,
whaereas although water also penetrates the pores, it
is compressed under the influence of styvong molecular
forces, leading te an underestimotion of volune, and
henee & high value of density.

weltxienﬁ reported that 4t might be possible
that cortain capilloyxy spaces in the {fibre

iuoccessible to helium, could be ovcupied by water, in



Cwhieh case the density measared in helium muest be
conslderaed too loiw, Flloy and Maaﬂﬂ? determined
the density of cotton inm benzone and reported it as
the true density, while Lauver and ﬁestaﬁmanﬁ who
measured the density of ecellulose in water and in
methyl aleohol and ethyl aleohel, suggested that the
densdty ilan water was the true density.

Haa%tjeﬁ§ determined the(true)density of
morcerised Egyptian cotton in helium and found values
in agyeemeont with the values found by Davidson forx
mercerised Soa Ysland cobton, He also soncluded that
the apparvent considerable compression uf the water
could not be weal and that some water must in some

way penetrate iuto the walls of the pores, From a
comparison of the density {igures in helium, and in
water, Heertjos calculated. that three percent of water‘
penetrated completely into the ¢érystaliine part without
giving vrise to a dilation of the lattice, or a
corrosponding lavgoer quantity penetrated partly into
the surfaco of the micellos, He also dlscussed tho
possibllity of water bound in micvelles which were not
crystalline, his concept of micellies being apparently
not confined te the crystalline substance, but
including all homogeéneous solid material composing

the fibre.



Btoma and iiemsanla

determined the density

of celliulose in water, helliuwn, and in organic liguids
and fouwnd the density in heliun to e nearer to that
in water than the densities found in polar liguids
which, a8 they cause o swelling of the material, are
larvger than those in noneswelling liquids. Hsrmanall
rejoectod the density in helium as the true density
because of the high density which would have to be
attributed to the absorbed water. Tho faect that

helium diffumealﬁ

slowly through the dry cellulose
membrane suggests that 1t is to some oxtent soluble in
celiunlose and could be expeeted to give too high

a value,

Wﬁkehamls who measured the density of different
kinds of cotton in benzene, dioctyl phthalate, and
meveury, found that if fibres were cut by grinding in
8 ball mill and passed through a 20 mesh screon, the
density of the cut fibres was always greater than that
of the whole fibres, On the avegrage, an inereasc in
denaity of 0.021 g cm3 woae obtained for cut cotton
fibres measursd in benzene and in dicctyl phthalate.

Hlod and Fraliehi# deterained the density of
differant cellulosic fibres in carbon teétrachloxdde,
and their swelling in water, in order to estublish the

density swelling relationship. They found that as



the density of dry flbres inecrcased, the anount of
swelling decreased. The swelling in wator wos
calenjioted as the weight of water retuoined as

a percentage of the dry weight of the fibre,

Abbott and Goodings®  determined the density
of undrown and drawn nylon in water and in benzene,
and stated that the volume measured in non peneatrating
media such as benzene was higher than that measured
in water, hence denalty flgures were found
corgespondingly lower in benzene than in water, The
dengity of natural fibres in organic liguids was
investigated by Campbell and Ruasell¢ié They
postulated that noatural fibres contuin pockets or
pores nccessible only to those ligulds which can
penctrate below the surface and £ill these cavitlies.
Illimgwnmth17 in summarizing the work which had been
done on the density of cotton, regenerated cellulose,
wool and silk, concluded that the licquids which
penetrated the fibres did so by diascclating inter-
moleculnr bonds between the fibre molecules, with
resultont awvelling of the fibre, hence the volues
obtained were not the true dengity of the materinl,
lie suggested that the volues obtailned by goseous

displocenent with heliun were nearly the true ones.
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F&rtﬁﬁlg

determined the density of cellulose
acetate yarn in various members of the homologoss
series of avomatic and aliphatic¢ alcohols, aldohydes,
kotones, eothers, esters, bhalogens, nitriles,
nitroconpounds and hydrocarbons, The apparvent
dengity was found to be a function of polar groups of
the molecules of the liquid medium, as well as their
size and shape values at 207¢, ranging from 1,306 with
carbon totrachloride to 1.415 with n-heptaldehyde,

He suggested o hydyogen bonding mechandsm to explailn
the manner by which the liquid: mediuwn molecules
ponetyated the materials and commented that differont
rates of penetration could be expected with differont

denier and number of filaments.

The density of both liquld and solid may he
obtained by the use of a hydrostatic balance, the
Peinciple of Archimedes stating that a body immersed
in a liguid expresses & loss in weight vwhich is
exactly equal to the weight of liquid displaced.
Goines and mutkowskil? devised a method for meaguring
thé densities of liquids based on this principle and

”;fbuna that the measurements of a number of asamples



sould be made very guickly, sensitivity, precision
and cailibratvion being also discussed.

Hermans ot aig@ detormined the demsity of
coellnlose in water, end they stated that the density
in water proved to be dependent upon the preliminary
troatment and upon the time which elapsed since
immersion. They obtalned constant and reproducible
figures, after briefly boiling in water, asfter an
interval of fifteen hours., They also stated that
the flgures obtained were still te some extent
affected by btomperature even after a correction had

bean made for the temperature of the water.

Flotation ond Gradient Column .

An obvious method of measuring the density of
a solid in to vbserve whether the solid sioks or
floats in 1£qu&da of known denslity. The density of
the liguids ocun be adjudted until the material neither
sinks nor floats, the density of the licguid being then
takon as the density of the solid. The method has
beon extended to provide o colunm of liquid, vhose
denaity varies in & cvonstant manuer fvﬁmlé;y to the

bottomn, in which the solid is allowved to £ind its own

leval of corvesponding density.



Plotation method

The flotation method, using carbon
ﬁmtraehlaw&ﬁeg vas first applied to fibres by Mﬁiigl
who determiuved the denslty of cellulose fibres.

“2 o1so worked with cellulose fibresg and

Heormans
suspended small pellets of the flbres in carbon
tetrachloride, and then varded the tempeorature until
the fibres vemainod suspended in the liguid. The
dengitiens of the fibre and ligquid were then the same,
and knowing the valunes of the densitlies of the liguid
at different temperatures the fibro denslty at o
particular tempernture could be obtained. These
figures could be corrected to a standard temperature
by the applloation of the coefficlent of exponsion
of the liquid. The method was c¢ladined to give the
densgity values aceurate to the third decimal place,
Sharkov and L&VQKQV&aa deteormined the density
of various ecellulosiec fibres in carbon tetrachlerdde,.
They found greoater vardations in density values of
acetate rayon, and assumed that the propertics of
cellulose aceiate, were affected by the coumposition
of the moedium used. They further repovted that the
lLower the dielectvic counstant of the mediuwm and the
loweyr the swelling of the cellulosge in 1t, the lowew

will be the density and the higher will be veactivity
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of the cellulose to ethanolysis oud hydrolysis.

Abhott and Gaading&lﬁ wodifTied and speedesd
up this meothod. They placed nylon fibres, chopped
up to 1 mm lepgths, inte a tube contadning o mixture
of liguids of approximotely the corwect density,
The tube was then centvifuged and i1f their densities
wore the same the fibres vemaived in o undiorm cloud
40 the liguid, i they were different they accumulated
into a single group, which sank or fleated depending
on whether the liguld density was too high or too low.
By the procoss of trisl and erver, the corrveet density
could be found. They alse concluded that the donsity
values were agcurate to the third decimal place.

Craig ot algh detormnined the density of
aerylic fibres in liguld miztures of carbomn
tetrachloride and toluene, and also by lunersing the
fibre sample dn mercury in order to {find correlation
betweon these two methods. They found that the
donsity in o votting liquid deereaseod with increasing
amounts of vesidual solvent ileft in the sample durdng
spinoing indloeating the creation of non«cpmmunicating
voids dn the Cibre. They weported that the large
differences in the two donsities could be pavtially
asccounted for by marked inerease in the degree of
erenulation of tho fibre surfoce cansing the density

in mercury ta be large.
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) ¢
Pakohashi ond Nukushina™o

mensured the
density of acrvliie fibres in organic liguids in
order to check the correlation with xevay
diffraction. They found no corvelation with the
cryatallinity as measured by the xe-ray diffraction
method, and considered that the density seemed to
be associnted with the existence of microvoids.
The density values were observed to e higher in
organdce ligulds than those expected from the values
of scatterdung power. They stated that because of
heat treatment of water swollen filaments under wet
conditions, the volume fraction of microvolds became
very large and the size of distributions of microvelds
reached an unusually large dimension, so that many
volds of large size were filled up by the liquid
used for the measurement of demsity and hence highewr
densities were obtainod,

The use of the flotation method for determining
the density of single fibres, or small bundles of

fibres has baen reviewed by Ruﬁhaa.gé

None of the methods so far di&euanadAseam to
offer both the high degree of precision wund the
2

rapidity vequired for the measurement of[larga numabez:
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of samples, The denslty gradient column would appeax
suitable in these raayemta»g7’33° The use of the
density gradient colunmn was £first described by

Linderstrom-Lang and eo~waﬁkarﬁ.3%”3§

4 gradient
wan made in o vertical gloss tube, ond the density
of microscople droplets was determined, it being
showin that a fairly stable linear density gradient
could be established and maintodined by the partial
mixing of two mrgaﬁic liguids.

Boyoer ot mla? who measured the rate of
crystalliszation of polyvinylidene chloride samples and
other polynmers, pirepared o gr&@&eut in & measuring
cylinder by taking o liguid of density greatexr than
that regquired to be measured and then £filling the
remainddr of the ceylinder with a lliquid of density
lower than that required to be measured, bulk mixing of
the two ligulids being avolded. They found that it was
& rapid method for the identifilcation of the denﬁit% of
single polymer particle.

An alternative technigue is to introduce the
two liquids inte the colunn simultaneously in such a
varying proportion throughout the filling that a
linear density grodient is produced ismediately.
Methods of doing this have been described by Andaraangg

and Tung and Taylergg who discussed the liunear stoability
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of tho density graﬁi&ﬁt formed by diffusion,

Tasslor et mlﬁg who oxamined the influonces
nf apilandag variablos on a&nthetia and collulasie
flbhros, conclugded that the gradient colum was a
sdmple and apld method wheroby the textural
homogoneity of fibros could Le sbudled, w@tianfﬁr&l
described a simple dévice for filiing a density
pradient column which was used by Preston and Nimkar?g
for measuring the density of natural and synthetie
fibres, the method again depending on setting up a
vertical diffusion geradient between two organic ligquids
whose densitios were above and below the density to
be measured. Fibre density values found by this
method agreed with those previocusly published in
literature, and differed from one another by less than
the experdmental srror in the examination,

Stock and ﬁemfialdhg determined the density of
wool and vwesin treated wool fibres, and noted that the
denslty of wool incyreased wndformly up to 20 hours
from 1.9316 g/ emﬂ, after 24 hours to a final fizure
of 1.319 g?cma, and wool containing 3.9% resin rose
From L.380 g/mmg. and was still rising 40 hours later,
when the donsity was 1.323 Q/ﬁmg. They also discussed

range, stability, sensitivity, and calibreation,



1h

The denisity of various fibres in mixtures
of erganic liquids vas measured by Mikhoilov et mlhk
in order to investigete the molecular structure of
the fibyes, They found that the relation botwesn
the true density end the wateyr content could be
wsed in determining struotare hanogeaelity éf the
flbreos, They havae farther reported that ilmproved
physico-nechonicenl characteristics of cord fibres were
brovght cbout by walforn distribution of the intef

moleculay bhonds

The denslity of polymeric materlals in ldquid
mistures ¢f hepteane and carbon tetrachloride have
-
been obtalned by Stefani of ﬁi'éﬂ hennedy nand

2', zn‘*\\ )
+o ¥ and ﬁaﬂambmum.h@

Poantara, Hoyono and Nago,
They found that those ligulids did not interact with
the polymer, and 8 relisbie wmeasure of density could
he obtaoinaed, fluriey and Tmﬁﬁtiﬁhﬁ determined the
density of polyascrylondtrile in a sclution of
heptoane and corbon tetzrachlordide. They found the
maxdmnun densities of acrylonltyile homopolymers and
copolymers contaibing at least 845% serylonitriie by
welght woere siighily loss than 1.200 gfﬁmﬂ, wvhile the
density of watiayuﬁ unétretehad gai fibres which had
novor been dried or heated cbove 507C was found

to be 1,235 g/emsa They
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repoxrted that essentially all space within the gel
fibros was accessible to the surrounding liquids,
and that the density of 1,835 gfamﬁ was not caused
by dnteraction i cerbon teitrachloride with the
polyvmer gel aud they consldered it e true density
of polyaceyionitrile.
On the other hand Ripa and Schneider-"
mneasured the apparent densitios of scorylic fibre,
acryiic homo-polymer, co-polymer, and tripolymer gels,
i different liguids and liguid mixtures.. They found
that the gel densdtles greatly deponded on the media
uged in the test method, because fox the same gel
values they obtained the values panging from 1,12 to
1.26 in various medics. They stated that liquid
polymer interaction, and prefercntial adsorption in
binary solutions, usuwally took place, They further
reported that the appavent densities depended on
other Tactors such as weight, dimensions of the
adsoerbed moleenles, and also on the surface area of
polymer avallable for interaction,

Finally some criticiem of the gradivnt method

came frem Austin and Rmbewﬁ$§$

who, in determining the
densitieos of 8 series of loundered cotton, used both

methods and considered that the gradient method of



\

diffusion was less reliable than the flotation
method because of the greatexr v;;r:i.ability of their
results using the ferxmer method.

Reference values of the densities of various
Fivbres have been shown in Table 1. together with the

methods and media used.

16
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TADLE 1

Density of fibres, compardison of values,

methods, and media

Keytw= Media Method

1. Bonsene A  Specific gravity Bottle
2, Carbonr tetrachloride B Pyknometer

3. Dioctylphthalate ¢ Hydrostatic Balance

4, BEthyl alcohoi D PFlotation

5, Heptaneg £ Density gradient column

o

6., HMethyl alcohoi

7+ Hitrobenzgene

B. Kergsene

9. Toluene

1%, Watler

il., Zylene

i2, Mizture of 1 and 2
13. Mixture of 1 and 7
14, Mixture of 4 and 10
15. Mixture of 5 and 2
16, Mixture of 8 and 10
17, Mixture of 11 and 2

18, dMixture of 9 and 2



PAPLE L (Contd)

Fibre

Avgrdlan

Gelluloae
atpbate

Cotton

Nylion

Donsity
ﬁfﬂmﬁ

.17
1,17~ 82
1:176«1.252
lmi?%@&.l&@

1,30
1.51

1. 534
1,536
1,538
1,541
1.542
1n5&&w1m§ﬁﬁ
1o507-1,553
1. 550
1.550
1550
1.55h
1.610
1,610

1.140
1.150
1-&&1%1*1&6
1.14241 .15
1.150
1,168.1,166

Medivm

 and
L%

=
WO

17

17
17
17

10
10

17
13
17
7
10

18

Method Refoeronco

&

Lo v R - B o B S S < =

&

g R = i o

Il
by
ho

oh

53
ha

Ll

L ¥ |

ha
15
bl
33



TABLE 1 (Contd)
Fibwe ﬁans%ty
g/ om®
Polyethyvlene |
0,92
0,92
Polypropylene
~ 0.908-0, 9Ll
G4l
1.3h
1.5
3353
1.426
Toryilono :
3. 58
1,39
Tricel .
1.,2G«1.29
Viaensa
ayen 1.507=1.537
1.518=1,52%
1.520
1, 520
1,534
1,608
1.,61%=1,620

Wnol
1.3%0

1.30

1.303

lﬁgg&

1.306
1.319-1,323
1,394«1.397
1,996

1.5408

Medium Method
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3. DBEFFECT OF TEMPERATURLE

Russell and Van;.lienpeﬁsz studied tho effect
of temperature on apocific volume of dry cellulose
acetate and triacetate, and caleculated the volume
coefficent of expansion, They ﬁ'aﬁnﬁ that there was
an increase in the ceefficlent with an increase in
temperature, snd hence a decrease in density.
Hunter and Gakmﬁt& using a dilatometer made a through
study of the effect of temperature on the density of
polyethylone, They found that about 55% of the
specinen wag orvstalline at room temperature and .Hu's fraction
remained unchangod up to about ‘?O{’ﬁ, but thereaftor
fell rvapidly until the specimen was completely ampyphous
at a temperature between 100°C and 120%C¢ depending on
the natuye of the substance, They explained that the
density of molten polyethylene was only slightly
dependent upon average molecular weight, but the
temperature at which crystalline material first appears
on cooling was ralsed by an increase in molecular weight.
The ecurve for polyethylene fibre showed a decrease in |
denaity with an increase in tempeprature,

Juufsm studied the density of dry viscose
rayon at 10°C intervals of temperature fram 20°¢ to

70%0, A gradient column filled with xylene and
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carbon tetrachlisride was ueed, the density of the
fibre decreasing up to 35”6 and then increasing from
35%¢ to ?@ﬁw, Tompavature and humidity might be
expected to have a combined effect on the density of
a fibre, a rise or fall in temperoture causing a
fall or rise in humiﬁ&ty causing o fall ox pise in
vogain, The resultant density would appear to
depend dn the velative rates of temperature and

reguin effects.,

h, PPERECT OF RUEGAIN AND HUMIDITY

It would be expected that any factor which
influencod the mass or volume of o fibre, would
affect the valune of density. Many fibroes absorb
water from tho surrounding atmosphere resulting in
inereasaed wolpght and volums and hence the change in
dengity will depend on tbe'ralative rates of change of
these two guantities,

2 studied the effect of regain on

Hermnong
density of viscose rayon filanents,. He explained that
the inditial &neﬁ&?sa of density with regain was due to
the existance of &wae space inaide the fibre, helng
first occupied by water molecules, thereby inoroasing
the welght of the material without adding to the volumne,

After the free space was fully occuplied an incrouse
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in volume due to swelling overtook the increase in
mass due to medsture absorptilon, resulting in a
Fall of denpity untll saturation was reached.

Stomn and %@bargﬁg detexnined the donsity
of native cotton at vardous regain, and showed that
the curves ran through a maximwa value whioch
corpasponded to a lowey water conteat in netive
celivloso than in the regenerated cellulose, They
considered that the initial increase iv density
doponds on the contraction resulting from waterx
shosorption which used to be ascoribed to compression
of the water in the pores of the materiul.

Speakman and @&viliaﬁﬁ showed. that the density
of aylon like that of wool Pibyre, firet increased, and
thon decreased with the increasing water content, but
the waxdmun density was attained at a bigher hualdity
than viscose ayon.

Tn goneral, a chavacteristic Leature of all
the curves obtained for different fibres such as
ﬁﬁﬁtﬂﬁﬁ, milk,ﬁﬁ and wna1§7 is the initial increase in
density which accompanies the absorption of small
anount of water, followed by a fall dn density as more
water 4is absorbed. It follows that changes in the
value of the density ¢f a hydrophilic fibre may be
expected with changes in the relative hunidity of the
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atmosphoro. ﬁaryﬁianﬁg moy be defined as the process
in which vapour molecules are attoched to sites in
ﬁﬁ&%ﬂ@;q HMeoisture sorptions occcur meinly in the non
crystalline regions of the fibwos, aixd 1t bhas been
r@ﬁﬂﬂt%ﬁﬁg that the amount of water sbscrbed ot o
siven temperature snd hunidity is proportional to the
outorphous fradtion shardng eof one molecule by two or
threse sorpbtion sites, (known as co-operative ﬁ&rptiﬁﬂlﬁﬁ

Vorious outhors have ﬂﬂ@artadﬁz*éﬁ

the thooreticenl
doductions based on the concept of multi-layer
anrption in fibyres to oxplain the observed merption
isotherms. Fig.l, shows the sorption isothorms of a
nunbier of textile fibraes, the opder of change in the
density with hunidity belng ém@@@t&ﬁ to be groatest
with fibves with the steepest gradlient such as viscose
rayon and wool, and less with Terylene and Acerilen

while no change at 21l would be expected with

completely hydrophobic fibves swueh as the polyolefines,

5. ABPECTS OF DENSITY MDASUQSMENT

Genopral, mﬁpﬁaﬁé that reguive considoyabion
incide the soount, closonliness, sod condition ef dho
ibwa: tha spoed, neocuracy, aid onge of mamgnw&@aﬂﬁ of
the teat methodsy and the problems of fibre dismetor

and liguld medis which influence the deévermination of



24
renl and apparent density.

The fibre must be clean and maecsurements nade
at known values of tamperature, hunidity, and regoin
and jdeally » method for measuring the density should
be capable of dealing with u single fibre, but
inatances ¢ould occur wvheve measuroments basod on o
oluster of fibres were required. Bome comments have
already been veported on the speed and euse of
meapurenent of the different methods and opinions seem
to be divided on whether the specific grovity bottle
mothod or the flotation method provides the greater
sensitivity and accuracy. Campbell and muaaalllﬁ
thoeiy studies of the density measurement of cellulosic
fibres veported that by epecific gravity bottle the
- colensity gould be c}bmine; "&3‘,%?35 ;/mnﬁ, while
ﬁerman967 reported in his studies of the density of
viscomse rayon that by flotation method thoe udenscby,
could be ﬂ‘btaine; nt;“t;m:f;i)f g:/nm Foy general
comparison between materials the former would appear
sufficient but the latter would be required to measure
the diffeorences botween modified fibres of tho same
origin,

Some conmient may be made on the influence of
fibre structure and liguid medis on denmity. A study
of the morphologicul structure of cellulode fibres

has sugpested that thoy may contain pores, the
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dimonsions of which are far lavger than the dimensions

of most of maleaniag,ﬁﬁ”?%

and that the density and
the apecific volume of a substance ave typically
mmﬁwuéanﬁiﬂ physical constonts. If the denglty of
o porous body must be determined by meoans of o
submersion in a ligquid or o goaa, the following cases
may be deternmlined.

(1) The medivmdoes not ponetiate into the
poras ot all.  The volume measured is the external
volune and the rosiprocal value is tho so leiaﬁ
apparent density of the porovs body.

{2) The mediun only partly penctrates into
the pores, The density found is greater than that dun
the fivst cape, but lower than the true densivy of the
compact materdod.

(3) ‘the medium ¥ills all the pores completely,
giving the densilty of the compact mubstance,

(%) The mediun penetrates into all the pores
and is moreover compressed glving o higher density.
The value fouud for the density of the substance wili
then he too great.
Hermanﬁ?a“vﬁ attompted to ovaluate the ratie of
crystalline to non erystalline cellulose in several
fibres, and assumed that the lower density wes due to
interchodn spaces in non evystolline regions, and also

confirvmned that the density measured in various medin
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dopendn on the nsture of these media.  According
to ﬁ@mmanasgg tha woluwae of o porousn body could be
measured only using the melecules that are sonsidecably
gonllior than the dimonsions of the pores dn the body.
Hinne the density of fibres in bonzene, coarbon
totrochlondde, toluene and similar noen syelling liquids
was the some, although the size of theas mwlecules
varios, this density mey be regorded as the noeroscoplce
density of the fibre. Thie mucreacopic density was
ragarded by Hermans as the ropl density of the material.
Thus 4t scemg veanpmmoeble to conclude that the
density of the fibre could be neasured only by using
organia 3iquiﬂa, such ag Xylene, toluene, bonzenc,

carbon tetyachlordde, peuntichlorothany nd neheptane.

The density of o fibre 418 one of the
fandamontal properties of the mateprial. Its value
depends on the chemicnl conatitution and on tﬁe physieal
distribution of the atoms and molecules within the
fibre, Thus s kpnouvledge of the density value for a
poarticular fibre sorves as o neans of ddentification,
wvhile the yange of density affords information on the

gtiucture and modifloations of o particular fibre.
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Uensity is alse velated to the propertles of
thoe fibres the effect of heat and light, styvessestrain
chayacteristics, weight end dimension, 3w¢11&ﬁ@ ad
solubliity bedng sowne of the ltens thot have boen
consddoered. ‘
Dengity was congldered by SBpoeckmen and ﬁmviliaﬁﬁ
whon they messuraed the strebdsestroln yelaotionslhilp of
nylon ot diftferent relative humiditlies. Flawyyﬁ
stadied the mocromolesulor structuve and mechenical
proporties of flovous protedns oand steted that the
ddmensional changes brought sbout by heot and pihewr
agencies could be explained Ly the welting of |
oryatalline veglons, He poisntod owt that the
crystolling structure of the fibrous protoins diifferoed
Prom that of the aynthetic polymer, being luposod upon
the structure which was iu o highly ordered stote,
wheroas in aynthoetic materdnis, cooling of the melt
Joads to a dispersion of small crystolline unodes.

2
ﬁ&wmamﬁg“

studied the relationship between the
denelty, molocular ortentaotion end swolling of trected
vigsose rayon filaments. He found that the acid
catalyet used in the process may affect the physical
propertics of the treated fibres, ond concluded thot
evigntation wos unalfected but that differences in

swelling were unsertaln, e forther stated that



28

the Plbre substance pust be conaidered as compact
and consisting of &« practically homogeneous mixtuvre
of cryatalline and amovphous poaris, £t Wﬁﬂlﬁ.&lﬁﬁ
ba'eﬁgaatad that there was a definlte velationship
between refpractive power and density of the fibre.
This bos beon dllustrated by the Gladestone and Dale
rule whioch states that i€ n be the refractive indoex
of & substance oud d the density, then §§& is o
constant value for o given flhre, Drom which by
maltiplication by $the moleculay welght M, the
melecular refroction {(MR) of the substance may he
obtadined,

Goolce and wmmwimkew?“ stated that the density
of any poartially erystalline lottice will be less
than that calcéulated foxr the crystalline lattiee,

and donsity meosurements were used to luvestigate
changes 4 the crystallinity of viscese [fibres during
spinniung when the density tended to ineresse, and hot
extrusion treatment when the density tended to

decyronse.,
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1. MATHRXALS AND CHEMICGALS

Matoeriala.
Detalls of the fibres uscd in the present

investigations. have been given in Table 2,

TABLE 2
Mbre details

Aexilaﬂs'h‘ | fibre,377 millitex,5%-15" staple
Cellulose acetaﬁag*&" varn, 111 millitex,l 7/16"staple
Nylanﬁ 66 L yarn, 250 tex, 1 £i1
Polyprapylanal'g“ . yarn, 22 tex, 4o £il
Polyathylenel'g' varn, 32 tex, ‘ 1 £1.1
Polyuarethanes _
Ghemstraﬁd&‘ﬁ varn, 46 tex, 1 fil
ﬁlcapanl‘g varn, 062 tex, 1 Fil
Lycral‘a varn, 51 tex, 1 £il
ﬁpanmeliel'g varn, 46 tex, 1 fil
Vyren@l‘g yarn, 50 tex, 1 £il
Taryleﬂeﬁ'k‘zs‘ yvarn, 17 tex, 48 £i1
Triealg'# fibre, 136 millitex 1 7/16"staple
Viscose raynns‘y‘g'Q‘
(normal filament) yvarn, 186 millitex 1 7/16"staple
Viscose rayon (modified)
Bright Fbret yarn, 111 millitex,l 7/16"staple
ﬁurafill varn, 166 millitex,l1 7/16"staple
Strong Fibro® yarn, 111 millitex,1 7/16"staple
Vinaell yarn, 166 millitex,1 7/16%staple
Vigcose vayon’ yarn 30 tex (fibro) -

(resin treated)
Cellulosic filml
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Keys- (1) Dry state at 20%¢
{(2) Temperature experiments
(3) Dry and humidity experiments at 20%
{(#) Temperature and humidity experiments
{5) Moss per ualt volune oxperdments
{6) Specific gravity bottle
(7) Flotation method
(8) Donsity gradient coluwn
{9) Beckuan method.

Chemdcals:

All licuids wore Annlar guality and were dried
vetore use vhore NECLssLry. Table 3 showa the
liguids used and Tables 4 wnd 5 show the high and low
dengdty liguids used. fov density determinations at different

regadns and tenperatures for various fibresa.

PADLE 3
Selection of pure ligulds.

LAiguides Densdty (10°0)
e/ ew>

Garbon tetrachloride 1.595

Pentchloroethane 1.673

Aylone 0, 864



Table &4 |
Penglitlies of mixtures of xylene and carbon

tetrachloride for dry/humidity density

measurementy ., (10°¢)

Fiore

Aerilan -
tellulose acetate
Nylon
Polypropyiene
Polyothylene

841k |

Terylene

Tricel

Viseose rayon

Wool

Low density
=4 )

1.123
1,262
1.104%
0. 864
0.864
1.2904
1.335
1,230
1.h78
1.262

31

High donsity
@fcmﬁ

1,256
1.385
1.224
1.106
1.106
1.410
L.h55
1,355
1.595

1.385



TABLE 8§ e 1
Donaitios of mixtuves of xylene and
carbon tetrachlovide for temperature/humidity

measuroments . (19°)

Plbre Low density High density
ligudd liaguiad
g/amﬁ g/cmg

Aoerdilan L4293 1.308

felluione acetate 1262 1,422

NyiLon 1.10h 1.276

Poiypropylone ' 0. B6Y 1.155

Polyeithyleno 0 B6L 2.155

811k 1.804 1.455

Toerylene 1.395 1,50

Tricod L.250 1,402

Hool 1.262 1.482

Yhore dry iigquids wove used for density

L X

moagsurenentys, xylone was deied ovor sodium wiwaiﬁ
and rodiastlilied, and garbon tedrachlioride and

pentachlorosthane wverse drded over caloium ehiﬁriae/é

and pobtaspsaian ﬁmwb@nmﬁwgy? roppogtively and
rodiastilied, The denaity of each Liguld wes obtalned
by spoecific grovity botéle measurements, and was
cheghkod by tho appropeiate specific gravlity hygrometer.
The volume addition property of each combination of

Yow and high denslty liouids wap alse choeoked,.
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2, CLUANING, DRYING, CONDITIONING,
AND PREPARATION OF SAMPLES,

Gl onndn

A1l samples other than those mentioned bolow
were purdfied with ether, washed in 1% Teepol
solution at 60°¢ for 15 minutes, rinsed with distilled
water, dried and conditioned in bhumidity room at 65%
relative huwaidity and at 20 ¥ 1°%¢, for 48 hours, and

woyve tested under these conditions,

Hool: Vool fibres from a Lincoln fleece, were
cleansed by steeping in petroleum ether for 24 hours,
glven u soxhlet extraction with methylene ahlorida,s
and then washed in 1% Teepol asglution at 40°c for 15
mivutes, beilug finally rinsod with distilled wator.
The fibres were dried, conditioned. at 20 L 1%,

65 £ 14 r.n:. and stored in closod containers., Tho
raot ond tip portions of a fibve were removed befors

use, Meprino fibres were similariy treated.

Nylon 6G:  2.232 tex bright monofilament nylon was
eleoaned by extroaotion with alcohol anﬁ'éthﬁw’ﬁﬁ .

fallowed by washing and drying as wool., ' .
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Silics B41lk yarn was purified by immersing for

1 hour in 19 Teepol solution at 93”&, rinsed in

0. 5% soop solution at 98%¢ rinsed in hot 0.6%

- ammonis solution, rinsed, extracted in o soxhlet
succossively with alcthol, then ether and again with

a1a0h01,56

rinsed thoroughly in water, allowed to
soalk in water at 5ﬁﬁﬁ, for 1 hour and f{inally dried
in humidity room at 65% velative humidity and at

207 3% for 24 hours,

Viscos yors Samples of viscose rayon yarn were

extructed with methylene chloride and alaahnl.zz

followed by washidig and dyying as wool,

Drying

For tests on dry flbroes the method of drying
roconmended by Harmanaag was used, Pibres woroe
exposed for 12 hours in an oven ot 105%¢ and then kept
at 20°%C in o vacuwn desiccator over phosphorus pentoxide

until required.

Conditioning

For tests requiring regain or relative hunmidity
conditions dry fibres were transferred to a desdiccator
at 20% under the appropriate desired relative

hunidities obtained by the use of saturated salt
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solutiong shown in Table 7, and Kept until requirved.
For oxperiments invelving temperaturves above 20°¢C
the samples (and desicontor) were kept in an oven

at the reguired temperatura for several hours.

Preparotion of spnploo

Somples were usually rolled betwoen glaoved

thuwab and forefinger to form small lodsely packed,
apherical pellets with o diometer of 2 to 3 mm, and
a welght of 0.5 ng. In the case of donsity
meongurenont of dey fibros, two different methods were
used o oxpel alr from fibres before placing them

into gradient colunn,

Mothod A PFibres wvere boiled in xyiene for three
minutes and then repldly transferved to the gradient

Qolunt,.

Method s A technique similor to that used by

&
s

fiermang wne enployed. The apparotus being shown in
Figure 2(a). The outlet tube 7 wos commected to o
waber punp. Samples aftor deying ot 110% were
snapended in vossol 4, which wos kept at 40 - 559¢

by placing the vessol in o beaker of woater, ond kept
under VRow. Corhon tetrachlovide in 1 wes bolled

ot ﬁﬁaﬁ undor reducod pressure and by opening tap 3
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the vaopour osupelled all the alwx from ithe vesael &,
After 30 wmioutes stopeack 6 and tap 5 were closed,
and the heating bath at 1 aud 4 were removed aﬁﬁ tho
fiosl 1 lifted to a horizonital posltion so that on
opening tap 2, vessel ! was filled to the top with
air free cavbon tetvachloxide from which the sample
could be transferred to the gradient column ag
reguiiod,.

Lt was found that tho density of the fibre
after this treatment was the same as that after
bolling the fibre idn xylene and hoence Method A has

hoeen preforred on grounds of apead ond sdnplicity.

3« MOASURDMENT OF DENSEITY

(1) Mops peor wnlt volume
{14) Speeific gravity bottle,
(1.441)Flotation method

{iv) ﬂahﬁity Gradient column

{v) Beskman method.

Leugths of high tex monofilament nylon fibres
wore available angd iunspcectlon showed that they
pospesged a relatively smooth and ¢lreular section,

% om lenpthes were cut, cleaned and dried. Indgividual
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longdthe wore measired with a cethotometor to
0,001 on, weighoed to 0.000L g, and flve xwadings of

dismeber tolken to O.000) an.

sssuwning complete circularity then,

Maps Hass
Denad by = . S — —
Vo lane T 4%, 14

where 4 = fibre dlameter cm.
h = fibre length cm.
The meens of ten observations were taken and deusity

ﬁ@tﬁxmined with an accuracy of pA Qqﬁlaﬁfgmﬁ

Density doterminations for wool and viscose
rayon were made using the specific gravity bottle
mathoﬁaﬁg A specific grovity bottle, containing o
newn weight of Ffibwe was fllled with wator, aly .
bubbles boing reémoved by stirring with a glass rod,
Pollowed by o bheicf redueotion in pressuprd by plocing
the somble iu o sealod desicontor under vacuum
aonddtion, The bettle was then transfervod to o
waéaﬁ thevgastat At %@“ﬁ; equilibrium beilng attainoed
in one hour, welighings being repeatod until o constent
roading was obtained, The weipght of speciflce gravity
bottle with distilled water ot 207¢ hﬁd previously

heen detevmined and hence the density of the fibre
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could he caloulatod, Thoe means of five obaeprvations
bedsze talkken and density determined with an aceénracy
of = 0.000%, The ezpordmnent was repeated usiong

¥yioena, and carbon tetrachloride in place of watar.,

Piotation mety
Denslty detorminations for nylon, Terylene
wool and viscose ravon were made using flotation
mathﬂé.ﬁl Small asamples of Tlbres weroe chopped up
to ) mn lengths, bediled in zylone and placed in a
15 mi eentyifugs tube centaining a mizturs .
of carbon tetrachloride and.mylana'af'ﬁhe approximnato
denaity to that of the fibreo. Centvifuging was
carried out Lor two minutes abv 2000 r.p.a. and the
sdansity of the iiquiﬂ adjunostad until the fibres jJust
remalined in o state of suspension, The velue of this
density of the Liguid was obtained LY pycnowmetry and
talkon as the value of the density of the fibre. Pive
roedings por somple were teken and it ds considered

that the method gave wvalues to an accuracy of z 0,0005

Density svadient column

Method 43 A density gradient column wao indtiaily
_ Lo
prepored in a 500 ml stoppeved moasuring @ylinﬁeméq
gradusted in 5 ml division. To 250 mi of corbon

totrachloride was added successive amounte of the
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lighter fiquid xylene, the colum after belng gently
stirred for 10 seconds after fii&iﬂg, wos left in a
conrditioned labovatory at 20 & 1%, for 48 hours
before ﬁa@. Gradients prepared in this way were
found to be stable for three weeks. While the
approximate density at any level in the colunn can he
calouloted, the groadlont coluwans were calibrated
ueiugi&ar&aa of pluse beads of known density so that
an acceurate density profile could be obtailned. The
densitios of the beads had been determined by
Archimedes principle, The ecalibration heads aftex
drying in acetone were introduced into the gradient
colunn and thelr position noted by weaus of o
cathetometer., Readings ‘were talken at a podnt
thieefifths of the woy down the bead, experiments
having shown that this was o faly approximation to the
centre of gravity of o bead ag constructed, Viacose
rayon, wool, ayvion and Taxylens fdbres which had bHhoon
rolled into o small bead after prepavation were @antiy
ingerted in the gradient column, axl & porded of one
hour ellowed for cqguilibeiwa, Their posltions were
thawin@ﬁ&d by means of a cathetometer o by rvefoeprenco
to the voluwetric scale, and the density obtuined by
voferencn to the calibration curve for the columa,
The use of o caﬁhatémater sinimised the rdsk of errov

due to inaccurate reading of the position of the sample,
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Methed B As mentioned in the dntyoduotion,
refinemonts in the methods of prepovdoy gradlond

8 has

volunns have boen suggested and that by J@mas7
been vsed. The apparatus, shown ia Pigure 3,
conslstn of a jocketed column D, mixing chamber I3,
and o apen contalner A, conascted through cocks G and
H ag shown. The magnetic stivrer ¢ was situated
below the nixing chambey B, and the glass unit
connected to the vacoun punmp when £1lling the coluan,
The wmpty eolumn was subjected to raduced
proasure and the loy deasity liguid dyvawa through
ook H, and peplaced 4n the chamber by high density
iiguid from the bedkor, A gradual and even dncvease
ia the densdity of the liauid in the chamber, and
therelore of the ligquid drawn Into the coluwnm, was
ensured by continuous mixling of the liquid in B with
an electrouagnoetic stirver, Wien the columin was
£ilied coel ¥ was ¢losed and the column was veady for
BE@ . The tlwme taken %o establish the column was about
15 minutes, The liguid colum could be kept in a
dry coudition Ly using a dehydrating head, and the
tenperaturve controlled by cireulating wator from a
thermostativcally controlled water bath, one
divficul ty that was not overcone was that mixing of
the liguids did not begin immediately with the result
that (pure) low density liquid was drawn into tho
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colunmn, The helght or volume of this had to be

allowed for in any caleulations or measurements
involving reference to the top of the column, The
denaity at any point below the top of the coluwam may

be calonlated from the following favmula,

. =Ah/f
?hmﬁ; 2

Where Py = propertion of the original low density
component in the solution, h » Height at a point from
the top of the column, (om). A = cross sectional avea
of the malu&n@ (cmg),v = Yolume of the low density
liguid in the chamber, (nma); Fox the sake of
convenience the tube was graduated volumetrically and
filled with same volume of the liquid on every

. decasion, ao ﬁhat the volume of the liguid above each
of the graduations then being Enown, the calculations
of the demslty profile was simpiif&aa. Table 6 shows
the rolationship between this ratio and the denaity of
the liguid at any level, It follows that one method
of obtaining the greateat sensitivity over a small
vange of density is to keep the vatie amall (lowge
value of v) and to select a low and high density liqguid
as aear as possible. to the expodted density of the
fibre, If however low and high density liquids are
too close together in density value then some difficulty
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may be éxpaﬁi&naﬁd in aiffeventiating the initial and
Finol changes in denslty in the coluumm., A gensity
profile {eanleulated) for o coluwn whoerae Abh = 1000 mi,
v = 1000 mi, low density ldguid 1,250 and high dengity
1iguid 1.450 48 shown in Plpure &, where the ratio
Ah/v is equivalent to suceessive heights of 100 ml,
The accuracy of the method depends on the accuracy of
the determinations of the original liquid densities
and of the mensurement of the {(voluwe) height ot noy
speeifie point in o colusn. It de thus au advantage
+0 have ag naprrow o coluom as posslblo within tho
limitationsiuposed by onsuving Leoecdom of sample
maagsurament . The means of ton obsavvaebdons wore tolen
ond density determined wivh an accouracy of X 0.0008.
. The density gradisnt e&&vmn wirg checked by the
uge of glass Dbaads which woroe propored to cover the
rangs of denaidities donvolvoed. | The {experimentel)
profile of the calibrated glass boads are also shown in
tho Figure %, and the deneity of o sanplo could be
obtaload from a curve or by intorpolation by finding
Ats hodight in the edlumn; The egquiliberian tine of
fibres in gradient column have aldo beon shown in
Plgure 5. Coluwunswhich cover a wide range of denaity
aye relatively less sonsitive o fluctuationss in
temperature, but have an lueveased tendoncy tvo diffuse,

and hence the coarser coluwms ore less stable and less
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durable than the finer ones, The finer gradients
were - found to be stable for five weoks ox lounger,

the pexriod for the coarser gradients beldag about

throe waolts.



Bffect of haight on proportionality of
low and high density ligquld in gradient
eolunn,

Height
ol

100 « .
200
300
hoo
500
60O
700

800

Ratio
AbSv

-
-l
-5
-6
-
-3

-t

TABLE 6

Propovtion Proportion
of high
density
Fdguld

of low
density
ligquid

0.905
0.518
0.741
0.6%70

0. 607

v o= LQ00 ml

0.095
0,182
0.252
0.330
0.393

0.451

0,551
0, 594
0,632
0.776

. 864

Denaity

&/ em

L.270
1,284
1,302
1.516
1.329
1,340
1.353
1.360
1.369
1.376
1,406

1.4%29

Ik



Construction of cluuss beads.

The constyuction of glass beads of
particular density was facilitated by the following
rolationship. Assume a bead to consist of a
hollow eylinder and whose ends are rounded and
sealed such that together thaﬁ would be equivalent
to & sphere and let the length of the cyliunder be
1 cm, the isnner axial radius be ryem, and the outer

1
axial radlius be p o G
“a — >
thex, Volume of the bead = fo‘g-e + /9T rié:} O, Cliiy
and Mass of the bfmc; e

T(rggw rlz)ees* hyym (r&ﬁn :;:'13)69 {approx)

80 that, Density of the boad -—aoo8_of bead
Volune of bead

e

2
1-(M1 .

3 AP
€ & (1)
£+ %’.ra
A 2 5 .
@ = € x.(rl )] Approx 1f wall is thin, x'lzar&...(ﬁ)
" .

where Q_e, is the density of pglass.
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Bffect of lensth on the density of bead:

Assuming { = 10 mm, applying this to

equation (A)

P

2.5 {[1 - 0.48] 10 « -:% 2 - -%- 1,386 ,0.48 7
2

10 **‘% .

gﬁ?}

R 1,38

This seemead to be near enough 1.3 in view of the
approxination made, if < = 20 mm, then, € = 1,34,
i.a.xi has only a second effect on the density of the
£lass baﬁd, s0 that the denslty of the bead depeunds
mainly on the ratio of the internal to external
diameter and on the density of the glaass of which it
is made. By taking tubing of different suitable
thickness the theoretical density of various gloass
beads was calculated, after applying the wvaluc of
¥, = v, in the equation (B).

Finaliy the above beads were calibrated for
their corrvoct density which is given by,

M a

Denasity of HEad & cwewm e 5
i‘wiﬁ_—— M -

where Mﬂ = weight of bead in air,
M = welght of bead in water,
‘lﬂ

¥
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DBensity detorminotions for weol, vistose
PRYON, mylén 66, aud & blend of wool mnd viscose rayon
fibres wore mode using o Beckman adr comparison
pyonoieter which uwases a principleo of volume comparison,
The wedght of o materiol being kuown the volume is
obtained by measuring the less of aldr space in o
eyviindoer contalning the materdal compared with the
volune of the (ewpty) cylinder containing air only.

A simplified schematic diagram,shoun 4dn
Pigure 2{b), conaists of Puvge valve A, Uoupling valve
By, Refervence platon ¢, Mousweing platon D, Samplo
cup I, Diffeventinl pressure indicnter F, and
Counter G, Hefore taking souple meapurements, zoro
measuPenents were checked by using clean somple cup
(to compensate for possible zere error.) then the
mere comnter reading wos greatex then mero, it was
used as a tare number and subtracted from the
subsequent sample volume measurements, and when the
Bore countor rending was leas than zere the diffeorence
betweens the reading and zero was added to subseguent
sanplo measurements. The ecalibrotion of the pycnometer
was checked by measurdng the velume of two stainless
gstoel test spheres, supplied with tﬁe instrunent,
the means of ten observations being taken and the volume

obtained to an accura of ; :
W aceuracy o ® 4,010 gfemd,
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Theo oporation of dhe duetrupand depcods on the faob
that the ety of enpulolion of ady from the ovylisders

3 ond 2 oaust bo Bopt the cane by heopidung the prosewurd’
diffevential b sove, ond sopuming tho soame OPeuse
pootionnl sron for bhodh oylisdors. They volume swopd
by tho pleton dn on enpby ohonber Lo the peoduoed of
the ewer of thoe ohwwmbor aud She «dp Boueh apvod Ty

o plobon, vith o somple in $ha ohonber the foee
wvolune of the ghewboy 4s geducsd vy an onount ogued

bo e wvolumo of the oonplo. Tho aree of $thoe obhmwsbor
oo nob boon aldorad sod boneg the rodvetdon in voloomoe
dn proporbional o the oduood swesp of bhe monsuring
A BOE . Tha pringiplo of the fnctvument therefoye Lo
H pbhialn & wecsnronent of volung by obhoowwitg o
whnnes 0 Rioesy dlioplocomont. The sons ds Bree 1€
e odr dn o ohoewbors do nob ollowed S0 esonpe b
Lo ocoupressed {opr oppondod) os long op Bho proBpurg

3

P arontiol Boetwosn fhe fuo oviindors ponoing BOYG,

]
A

sied Bhe nowmol pyooodureos invelve an Lateenne o

-

¥

dograase Lo proagoure by o footoy of B, Holobture
apgd temporatore ohoewgos duedny & tost oo bwo dtons

whvioh roguire abbontlon.
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Somple measurements were made using three different

methods.

{a) Atmospherdc operation 1 to 2
{b) Atmospheric operation 1 to 2
{Moisture allowance)

(c) Atmospheric operation 1 to 4 to 1

(o) Atmospheric operation 1 to 2

With the purge valve closed and the coupling
valve open the reference hand wheel and measuring
hand wheel were rotated to thé extreme counter
clochkwige position, then the measaring hand wheel was
turined to the c¢lockwise position wntil the starting
nunber was set on the counter, The starting number,
1082 in this dnstance, is the total volume of the
cylinder swept by the piston. A sample of known
weight was placed in the cup, inserted in the
compartment, ond locked by proessing clamp handle
firmly down, After 15 seconds the coupling valve was
closed and both the wheels were rotated simultaneously
clockwise until the reference hand wheel rested Lfirmly
against the stop. During thia operation care was
takeon to keep the pointer on the scale, and after 10
seconds the pointer was brought to sero with the

mneasuring handwheel, the coupling valve was opened and



the souple volune was read on the counter, The
mesn of ton readings were talken and the dousity

n{-\ ‘f‘ ]
measnret) o en acouroey of - 5,01 @ @%£¢

(i) Atmospherie operation 1 to 2 (Heistave Allowanec)

It hed beoonr euggested that moist Libres might
canse o shift dn tho zero tevre 1f moisture was
allowed o recch the rofevenco e¢ylindor, or romala din
the neassuring oylinder from one determination to the
next, and hence volune doterminontion wes made o
follows.

Afteor the sanple had beon placed in the
compartment and locked the coupling valve was olosogd
immediately, then both hand wheels were turned
sinmltoneously until the reference hand wheel wrested
agadnst o stop.  The mull polut was brought to sero
with moaosuring bang wiiesl, the couplizg valve wae
openad mn&‘a&mpla volume on eaunter was read divectly.
Tmmedintely aftor condivedng the auall point the coupling
valve wos closed and the hond vheol was rotated counten
cleckvise to the storting positlion and the sauple
was roemoeved. Bafore opening the coupling valve the
Beasuring cylinder was swept oo of excess molsturo,
by moving the messurdng piston in and out a few times

with the measuring hand wheel. The meos oi ten
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roadings wero taken and the demsity wmeasured to an

agouracy of i 0.0 g/am:a-.

{(¢) Atmospheric operation 1 to & to 1.

With the purge valve closed and the coupling
valve opened the reference hand wheel was rotated to
clockwise Porwvard stop position; and the meosuring
hand wheel was votated to the estimuted sauple
volume. The sample catd cup were placed in the
compartmnent, locked and the reference hand whoesl
potoded counter olockwise to its rear stop, and the
measuring hand wheel votated couwiter olockwise,
to o polint beyond starting nuwber and then clogkwise
to the stbarting nubeyr, Afteyr 10 soconds, the
coupling valve was closed oud both the hand wheels
rotated simultancously until reforvence hamd wheel rests
against atop, Durdng this process the pointer was
kept on the soale. Lsgadn after 10 peconds the
pointor was byrought to zero with measuring band vheel
and the coupling valve opened and sample volume was
rooad. The mean 6f ten wveadings were taken and the

density mensuved to un accuracy of & 0,01 g/em”,



L, MEASUREMDEND OF RISAIN,

For the determination of medsture regain in

22

fibres a simple method was employed, small samplos

(0.5=1.2) were transferred to small doy ground glaas

- welghing bottles, aixl dried in an oven at lﬁﬁgﬂ for

12 hours till constant weight, then dried over
phosphorous pentoxide in vacuo at room teuperature

20 & 1¢ for 24 hourse. The sensitivity of the
balance was 00,0002 g and hence their dry weight was
determined with an accuracy of better than 0.1%.

These sauples were kept for 24 hours till constant
welght, in sealed desiccators at various xelative
humidities, obtained by the use of series of saturaied
salt solutions, prepared ot aﬂﬁﬁ, and their regains
wore ealoulated. High vacuum Silicouegrease was used
to ensure a vacuum tight seal bheitween ihe free end of
the rubber tubiung, Table 7 éhﬁwu‘thﬁ‘variéus
saturated salt solutious whiﬁhvwerﬁ used in the present

work with their expected relative humiditieng
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TADLE Y
Sedection of salt solutions with
thaly approperiate relative

hunidities
(200c¢)
Raxat&vaﬁguﬁiéity
Phoaphorus pentoxide 00
Potassium acetate 20
Caleiuwn chloride 32,5
Soddwn dichromate 52.0
Bodiuwn nitrite 66,0
Anmondun sulphoato B1.0

Ammoniun dihydrogen orthos-phosphate 93,1
Copper sulphateo S TEEY

De  EFPRCT OF TEMPERATORR

tng part of the present wovrk. wias concoerned
with the monsurement of the density of £fibras nt
tonperatures otherr thon ﬁ@aﬂ, and hance it w&&
necessary to check the offect of temperature on the
méthnd; Tho densitlies of the glass beads usod for
calibrating the density gradient columm were maagured
at ﬁémgeratuwaa of ﬁﬂﬁﬁ, aaﬁﬂ, 4o% and s0%¢, It was
found that the density of the glass boads ddd not

chango with an dncrease in temperature, This might be
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expeoteod ws the coefficient of thermel exponsion of

" in the

Pyrox gless is very smoll being 0,093 n 107
temperature range Uron 21Y . 33@Qﬁn

Por measuring the dénﬁity of fibres at
higher teonpegntures then 20%¢, the density gradient
eolunn wos filled by taking tho vaprdous proportlons
of the low and high density liqguide, which have been
shawn in Table 5. The column was usunlly maintainods=
ot Rﬁﬂﬁg an immcersion thermometoy (Q“ - 1&6663 baing
Ansertaed in tho column to record the temperature,
The tomperature of the column was maintained by
cieonlating water throuwgh the outer jJjacket Lrom o
controlled wator Liath., Bmell samples of dry fibres,
prapored as proviously described wero iﬁtfﬂdﬁéed drite
the gradient columm, and thelr eguilibrivm position
- was noted.  The temperature of the colunn was then
ralsed to the next higher toemperature, uesuslly by
10%c stoages, and neintoined tiil the fibves reoched
their now cguilibrdum position usually after 10
minubes. With highor tomperatures, the sanples did
not attaln en eguilibridm position oand the gradiend
was rapldliy destroved and heneo fopr studyving the
dengity of viscose payon at verdous tespopratures
pentachlorocthens (b.v. 16570) was used instead of

carbon tetrachloride. (b.p. 76°0),



The density proiiles f@f the coluan at
tamporatures 3@%&. Bﬁqﬁ§ Qﬂnﬂ,..*..ﬁuga..*.g?ﬂ“ﬁ,
have been shown in the Plguve 6 Thase tests were
ropentad with fibroes conditioned at 66 yewaant.
rolative bhamddity. The general procedure was the
samo ag desoribad for determinding the density ot
zery percent relative humidity. The effoet of
témpﬁr&ﬁu@e at any constant hunidity could theroefore
bo adiuited once the density profile had beeir
astablished, Tho mean of five cbservations was
takoen angd the density wos determined with ani ncouracy

of & 0.0005,

6. BFFECT OF REGAIN AND HUMIDITY

For measurdng thae density of the fibres with
moisture regain the gradient colunn was £f1illed by
taking the different proportion of the low ond high
density liquids, whbich bave been shown in Table 4,
Samplosa atj?géginswaré transforrad to the gradient
colunn and the densdty messured in the uasual manner.
The anhydrous deying head contoining phosphorus
pentoxide at the top of the colunm being replaced with
the appropriate saturated salt polutions., The mean
of five observations was taken and the density wos

doetermined with an aceuracy of X 0.0005,
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7. FRACTIONAL DISTILLATION UNIT:

In erder to peduce the cost of liquids, the
diatillat&a& appayratus shown in Flgure 7 was used
for feactional distillation of liquids ot atmospheric
p@aﬁﬁuwﬂ; It consists of support rping R, locating
ring IR, thoruonetors ?hl and Thgﬁ ghaase tap T1,
spooial rdng RR, taps 72 and T3.

To assenble the apparatus all ground jointse,
tap koys, and barrels were wiped out with a clean cloth.
™o poslition of thoe hoateyr Jacket support sing, was
adjustaed so as to leave sufficiont voom below it to
acoommodate the distillation flasks. The heator
Jacket was mounted on the supporit ring with tho 2 pin
connector towards the front and loeated in a vertical
pusition by means of the located ring into which fits
the loose asbostos cement collar, found on the heater
Jocket. This locating ring was fixed in position
about two thirds the way up the vertical lengths of
thoe heater Jacket.

FPor calibration, the heater jacket was wound
with nickel-~chrome tape which was terminated by the
2 pin plug. This was connected to the malns supply
through a rheostat uned te control the current passing
thyough the tape and thus the temperature of the Jacket,

Poy this purposoe the following arrvangements weve mado.
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The filled coluwnn was placed 1o the heater jacket
by lowering it through the hole in the top of the
Jockat until 1t rests suspended by the lip of the
uppoer gﬁuund Joint, The distillation flask was
attached to the lower ond of the column and clamped
it into position and the atill head was fitted into
the top of the column, The thermometeor Th, was
suapended in the Jacket adjacent to the colunn.
The heater jacket, rheostat and an ammeter was
canhantaé,in B range O - 1.5 A, The vreslatance was
adjusted wntid fha metor indicates current in the
oxder of 0.5 A,y and 1t was left for three hours,
until the thermometer Th, indlcates an equilibrium
!temgermture and @t thia puiﬂt the current and
temperature werenoted, the current was then ralsed to
0.75 A, The readings were token at four different
‘curvent values, after determining the equilibrium
temperature ﬁarwaﬁgﬁndaug to the differont curronts
and & graph was plotted within reassonable limits, to
indicate the current nécessary to maintain the jacket
at any deasired temperature and the value of the
curront flowing in the circuilt for any given setting
of the resistance was fmarked on cardbosyrd scale and
fixed alongside the resistance slider rod. By this

device the need of the ammeter in the cilrcuit was
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obviated as the resistance woes set by reference to
the seole to give ony desived ourrvent and hence any
desired temporature of the heater suagat;

A 250 ce gistillation flosk was FAlled with
the licuide 0 be distilled, attoched to the lower
axndd wf the solum and clamped in position, The
vaplous grownd Joints weve prensed 4 0% - 930%C
thaermometer was fitted throogh the B 1k thormometex
tube of the still head by memns of a place of pubber "
tubhing, The still head wog fltted into the top of
the colomn aud the Foflux condenser was fitted in
position, The RS0 ¢ recoiving finsk was fitted in
position by using the spoecinlaring MR, to suppovt the
flask, The esaleium chlorido tubos one et the top
of the condenser and the other on the B1d joint obove
the receiver flask was fitted to avoild the presenco of
moisture, and the digtillation was corried out to the
desired temperature, Thae donsity of thoe distillod
Ligudd wos ﬁhﬁﬁkaé %y}§§§§§ spaclifle pgravity §att1$,
and it has been found|exast density which should be

for the vequired PLigudds,
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HESULTS AND DISCUSSIONS 0
1. DENSITY 0F VARZOUS DRY PIRRBS

he density values of vordous dry fibres at
ag & i”ﬂ, obtalued in o naxture of xyleno and carbbn
tetrachlioride by the gradient column mathod have
been ghowa in Pable 8, It ds sown from these
rosulits that the divference in density values for
different dey fibres veflects the major differences
in fibve structure, and thot alight differences exist
betwoen modified ibyes of basicaully sinmilor atructure,

Tha values are din genderal aproement with
those of Mikhﬁilav&@ (acrylic, polypropylene), Proeston
anwd %imkawgg {sylon, cellulose acetate, silk, Terylene,
yiaeuaé payeir, polyethylene), and Jﬂilfﬁﬁﬁ (m22ic,
Terylene, Teicel, viscode rayon), whose results
huwgvav ware only glvoen to $o.m gfemﬁ. Conunants
muy be made on the vesults of ?nwtaﬁl& (colinloso
acetate), Hariey and Tmantiahg} (2erylic), and Goodings
ad TﬁW1§ﬁ(ﬂiik)v as their results are bhigher than the
peresent wvesulta,

?awtaslg showed densgity values in diffevent
media venging from 1.7306 with carbon tetroachlorvddo,
1.364 with bonwmene, 1,396 with othyl aleobol te 1.415
with a-hoeptaldehyde, and suggestod that density was
infiuencod by the polpy pgroups of the molecules of

the liguid medie snd their size and shape. fie
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]

Denslty of dey flbves (20%)

Polwes

&aﬁi&a&
Sellulose apetate
Nylon
Polypropylone
Polyothylone

Polyurothans
Chemastrand
Glospan
Lyers
Sponmelle
Vyrene

Rubibwor
H41k

Viscase wayon
(Medium tenacity)

Tiagoee payon
(Moddfied)
Bright Piovo
Dugafil,
Strong Fibro
Vincal

Toryiono
Triced

Vool

Donodty
e o

L.17%
1,348
1.0h2
0.9L5
0.92%

1216
L3275
L.153
1.265
1.322
1.104
1. 34y

1525

1.50%
1. hoy
1.498
1. 509
.90
A ﬁf.i&

1.981h
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voported that the mininun density velues found in
corbon tetranohloride may bHe duae to very little
penetration below the ¢elluloss acatate suriacae,
whide the higher value in benzene could be dus to
hetter penetiabion, This value wan vory cloge to
the aﬁﬂ&ﬁﬂﬁt.ﬁﬁﬁﬁiﬁ? fouwnd in wvater whore penetration
involvod association with the vellulosie hydroxyl
SUOUnS .

The values feund 4n ethyl aloohol aad methyl
aleohol wore bigher thon woter, this may be due to the
h&@ﬁ@g@m bonding of the sloohol hyvdroxyl group, coupled
with the organophiliic alivhatic geoup up o ﬁ& on thoe
gane moloonle, vhich rosalts in wmove affoctive
penctration and solvaition of the fibwse than water ox
benzong slone.

Similarly the values of foodings ond Tur&ﬁé for
sllic in benmone, ond of ﬁ&ngﬁ for wool in methyl
aleohol and ethyl sleohol ave higher and this way be
due to peaotvation inte the flbye materdial as supported

by ﬁﬂif"ﬂ%ﬁﬁal&

Comeent may b mnade in passing, thot
e difference in the density of Merdne angd Lincoln
wool was recorded. The higher value for aarylia%ﬁ
Fibves may be due to tho vold siructare which can

develop:. dpon heating coagulated polyvacryleonitrile,

piad which may be inoccesaibls to a'auwraun&iﬂg‘iiquid
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but might be secounted for 1f any tracos of melstare were
present as the authors have not commented specifically on
the dyryness of these somplos or solutions. Later woul
in this thesis 4llustratea this point, (Figure 10),

Ripa wid ﬁﬂh&@i&érﬁﬁﬂ discussaed the density of
agrylice Fibres in avgenie liguida.  According to thoem,
liquid-polviney {ntoraotion and 13@’@3&”&@&‘&&&1 adgarption in
Pluary selution usually do toke ploce a.g. carbosn
totraohloride was proefeorentially adsorbed by
polynerylonitadle fron a mixtwre of n-heptane and caxbon
totrashlioride, and hence tho denadities deterained were
those of the polymeyr-liguld ¢ompounds, anad these appavont
densities deopend unon other factors, such as weight and
dimensions of the adsorbed molerulos also on the surface
ares of the polyaeyr available for interaction,

Mo woferonce hos been found for polyuvethane fibres
aor for modifiod viscose wayon fibvoes. it bag boon stated
that dousity values veflect modifications in o bosioclly
similar strucgture and this i3 shown by the wvalues for
V4800RO LLYOD. Pibea, Strong Pibro, and filement viscoso
woyon mlght be expected to show incressed orientation and
compactness ﬁf‘ﬁtwﬁﬁtura and the denpity values aroe in
sympathy with this, In conmection with the physically
modified viscoso rayons it may be noted that lineay

copryelation was Pound bedbweon the relative accesaibility



of the £ibre and density.

Density and velotive accessibllity of
viscose rayon fibros

Pibro folative Penadty
Acoessibility g/amg
Bright Pibro hg 1.507
Styong Fibro jo3 ! 1.498
Vincal by 1 « 509
Durniil 58 1497

Rolative acceasibility in this case wes arbitavdly dofined 8
a8 the ratio of the finnl tonsion affter 20 hours stress
relaxotion to the initiol (maximam) tension, The
theoretical implications of the relationship have not been
conpidored the illustration simply suggoesting a possible
applicution of density meosurement cffecting a considerable
saving in time in routine measuremoent once correlation has
boon established.

- It is intevesting to note that the density values
of polyurethano corvelate with the Schwartsz values found
by Meredith and Fyfea?g which have been shown in Flgure 14,
while there is some correlations between denasity of
polyurethane and the stress at 2009 ext, also reported by
Meradith and Fyfﬁ?gi Pigure 19 shows s comparison

between the polyuvethane somple density and yorn stress
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at 2007 extension, The conditions marked 1 to 5 in
Pigure 19 were as follows, (1) tests at 20°C and 654 w.h.
{2) teats at 20%¢ An water. (3) tests ot g@”@ in water.
(4) tests ot 20°C and 650 r.h. on samplos prelicated for
24 hours at 1@&“&. (5) tests ot 20°C and 657 v ., on
samples proheated for 24 hours ot ia&”ﬂ¢ Both tuo
Bohwarts value m@ﬂ the stress ot 2000 oxtension ney be
pegorded as tensile modull reflocting the mechauical
property of the yarn and would bo expected to be
influenced by the ordentation and cerystallinity of the
fibre and the changes in these that dccura on stretching.
such differences in £ibre structure would be expected to
cause differences in the densities of tho fibres and this
has beon found to be the case, For oxact corrvelation
values of density would reguire to be cobtained on flbres
tested under the game conditions as those apperteining to
ooeh tenalle property, In the present case density was
only measured on the unstretched dry fibre at 207 but
aVvoR eu soue &o&valﬁtion has been noted, The grecntest
vayiation has ocourred with samples which have been
hoeated for 24 hours at lﬂﬂﬁﬁ whan any chonge in aotual
density would be vxpectod to be grontest,

Congideration of tho denaities of dry fibres is

continued in the next section,
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R COMPARISON OF TEST MUTHOLS .

The densities of verdious dyy flbwes ob 20%¢ obtained
by using different methods and with different media have
ﬁéam ehown in Toble P, and enables comparisons to bo made,

The density values of nylon by mass per unit
volumne mathod compared by that obtained by other methods,
shows thot the method 48 feosible provided that the
length, diomoter and weight may be nscurvately determined,
The method is thus limited to fibres possessing civeuwlor
or uniform section and vpreferably in filament form.

Tha agéuracy is not bigh but ies suificient to enuble the
mothod to be used to identify the filoments of moteriels
whoge density values are knownt to differ by at leanst

G004 gfcmgﬁ he valuvs obtained by the Beckman method
appeny useiul, buv in fact there is no automotic end
point to the oxperdment, whioh ds therefore influenced
very largely by o consclous knuwlﬁdgﬁ of the corvect or
oxpeoted result, In other words the method can provide
the correct answer on a materiol of {known) density buk
hag net been found auccessful when dealing with unknown
guantities, No significont difference in resalts wus
found botwaeen the three test methods in thie instance, but
this is probably due to the general yvariobility of any one
method and this would have been investigoted more fully
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TARLE O
Gomparison of test methods

Kaysw

Mothodss (1) Mass per uwnit volume,

{2) Specific pgravity bottle
{(3) Flotation,
(%) Density gradient,
{5) RPeckmun,

Mogidum usods © Xyiene, € Carbon tetrachloride,
D Rvlene and Cavbon tetrachloride,
A Adr, B Wataer,

Plbowve Mathod Mediwm Denasity g/ams
WNylon 1 A 1.15
Nylon 3 D O 1.146
Nylon 4 D 1.142
Nylon & 4 1.1%
Wool 2 B 1.319
ool 2 @ 1.327
Yool 2 B 1.398
Yool 5 B 1,317
Yool b D 1.314
ool 5 A 1.31
Vigcose 2 B . 1. 528
Vipocose b ¢ 1.532
Viscoso e B 1,616
Viscoso 5 D 1,546
Vigcose 4 D i.525
Viscoso 5 A 1.52
Terylenc 93 » 1.389
Porylenc L D 1,384

LA
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had experiments wsing the Bedkwman iastruunent been
continued,

Pz any Plbre 1t sppecrs from the vesults that the
moethod 2 gives a highaw aaswer than the method 3.
Sdmdlariy the method 3 appears to give a higher answer
thon method 4, but it is probable that the apparent
diffeorence between the methods is in faot due to the
difforent wedis used, Ingpection of Table 9 will show
that the resulis for both wool and vidcose roayen wore
groeater in carbon tetrachloride than xylone. A mixture
of 4theso iliquids woe used in hoth the flotation and the
donsity gradient methods, wheoyeas only a single liguid
wap used in the case of the specific gravity bottle
method., Both liquids were in fact unsed for viacose
royon where o slightly higher value:. was found using
- earbon tetrachlovide. Finally & signdficant dncreanse in
tho denslty of both woeol and viscese rayon was found when
wator wvas dthe immersion medium.

nwvidaanﬁ.aetéwmiuad the apparent density of cotbon
and viscose rayon sauples dn acetone, chiovoform, benzene,
cavbon tetrachloride, nitrobenuene, water and tolueno,
With thase liquids othexr than water he ubtminad values
which differed from one anwther by less than the
experlinental evroxr in the determination, If it 1is true
that fibres contain pore spaces of molecular dimensions,

1t should Le possible with suitaoble immersion liquids to
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pbtain different spporent fibre densities fox the samo
Fibre and fﬂrtb@?héweqn the differences in density
volues a0 obiteined should vary in o monner rolated to
the sizesa of the liquld molecules used bat such differences
were ot observed by nmviﬂﬁaa§ beecanse the ldguids which
he usesd were composed of molecules of approximately the
pame siza, This faot was rovenled by W&mekamls when

e compured the sizes of sone liguid molecules used in
his density determination of cotton fibres. He pedated
out thet 1f the mediwn uvecd hag an appreciably larger
moleoules thon thoese of the sage slze, then lewer {lbre
denaity will be obtalned.

The density velues with xyleno and corbon
totrachlordde inddcated no pounetration into the fibve
atirastara, ond the wmeleoules £411 the Fibre pores completely
while with water a small eccuplotely hydvophilic end
orgenophoble bydrogen bonding molecnles will penetroate the
Thore surfoce, probably ﬁhrﬁﬂﬁh the mechanism of
aﬁﬁﬁﬁaimtimﬁwﬁiﬂﬁﬁﬁimﬁiwg intermolecular gellulose hydroxyl
bydrogon bounds in viscose payon, and dnte the carbonyl
and aulde group dnte the wool fibre. This would suggost
that wator gives high density.

in the cese of wotey, ﬁWrmmﬂg,ﬁﬁ has obtolned o
Faivly relisble picture of the hehaviour of nellulose

towards wober, Accarding to him the density in vetoer
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should pise and £aill with tho percentage of the amorphous
fore substange,

Lmuﬁwﬁ hag ayguod that the vapour of carbon
totrochloride was aldghtly absorbed by collulose Clbros,
Prom Ble greph it moy be deducod that rayon would
adeorb about (.3 poreont ot gatyroation, and henee the
diffevency botwoen the ﬁ?mﬁﬁﬁy walues in xylene and
earbon totrachloride ingﬁaﬂ$§ia gravity battlo methoed
may be explained,

ﬁimgg found the same pheonomenon fop wool in water,
and An various organtc medla, the values obtained n
waber bhoelog high@@ than w&%h‘arganiﬂ media, This beding
in accord with the denslty values of ﬁ&viﬁaa&ﬁ fox

¢
visoosas rayen, Lﬁ?&ﬁ@ﬁﬂ

wopeatod the exporiments of
Hing osnd found that some of the valuees given by King wore
not reprodueible and thet values similopr to thot of
1.306 For dry wool in bongeps were obtained with other
ngents, Comment wight bo mode that Lavoss repoyted the
value of denslty ohdained by a hyﬁwﬁat&tiw balanes to be
gome 3% higher than thet obiained by the speoific gravity
bottle mothod,

Thae »osults of the fleotation nothod give density
woluoes An the mlxture of sylene and eoarvbon ftetrachloride
a8 aocurately as pessiblo. Accurding to our expeyience

Y

the specdfic gravity bottle methoed is not vory convenient
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&
for messuring density mﬁ/m&ﬂmaaamla because boesides

reguiving considerable quuntities of the fibre matexrdals
the precautions to exclude troces of moldsture ond alwr
load to difficult saud tedlous manipulations. The
presont results are in secord with the rosults of

ad

. | £ ‘ ,
Abbott and ﬁuﬁ&iﬂgaxﬁ for nylon, Hevrwmens for viscoao

2 on the othor hend got lLower density of

PRYOR . Moll
viscope rayvon, but thls way be due to his toechnlgue which

didd neot couplotely sxceiude trocoes of moelobture.

B.  BEPECYT 0 TOMPERATURE AND HUONIDITY

The donsity values of scxdilisn, cellulose acetnte
nylon, sdllk, Tridcel, Teryleno, viscose wrayen, mud wool at
& coustant relotive bumidity of 0% and 66%, over a
vomperature range of 20%¢ to ?&ﬁﬂ have been shown in
Tabloe 10. The offect of hunidity and hence melsture
regein on the some renge of fibvres hos been investigated
ang the values of density av 20%¢ nave bpeen given in
Table 211,

CThe peroendage cbabgy in densivy with tomperature
sl bundddty was caloulated based on the density of a
dory fihre ot ﬁﬁﬂﬂg amd the results for the differont

fibres have bDeen shown in Pdgures 8«15,
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with Speakven and $mvil1w.§5 The maxiunpa density of
nyiomi?@umd at much higher husidities compored with
Torylena; it may be due to the difference between the
twoe types of fibres and of course in keeoping with the
smaller swelldng snd greater crystallinity of ayion.
it is gseen from the Fig.l0. that the density of Acrilan
incroases up to 66% r.h. ond thereafter decreases wi
higher hunidities. This is probably due to the fact
that there may be comparatively strong :ttractive
forces between neighbouring molecules, and because of
the polur neture of the ~ON groups, which attract
wmtaw.mt higher humidities. One might expect, a
decrease in density once the water molecules are
fitted closcely into the structure ﬁith more complete
use of the space avallable.

The deusity #&1&95 for wool, silk and viascose
g ML - 13 shows slightly move predominant behaviour
than nylon and Teryleneo. The density value increascs
ap to 32,34 raiativw;humidities and then it decreases
at much higher huwaldities {i.e. from 815 to 989 it

thovaht to be

Falls wmyiﬁ&y). This /s due to the fact that all the
nasural, regonerated, animal nnd vegetoble fibres contain
wiﬁhim their moelecules gwéups which strongly attract
water. i celluleso, ﬁhaf& are hydroxyl groups, to

which water molecules can bo attached by hydrogen bonds.



Cie the proteins, thare avoe carbenyl (o = o) groups.
i the maln chain, and othoer active groups in the
side ohoing, .

The sane phongmenci heve alooe been noted by
, 8 , , . i A g S0 p

Horamnns — {(viscoss payon}, Goodings snd Turi” (eill)
pod Vapburton (wovl}s  In the case of vellulose
popbtato, and Tedeol (Plg 14 « 15) the deusidy increased
vp Go 529 relative hunididty and then deoroonod,

Thin moy ba due o that thore ave o acwldve groups In
the moleenles of the Dlbre, as in colluiose acebaie
vhe hydronyl groups lo wreplaced by asobyl groups and
alse booause of the grenter regularity of strueburo.
Wedtde Teicel fibves aro wmore highly cryetallline thon
srdinary acatabe fidbras. They sboorb less water,
becoune of the romovel of all she hydrophilic hydronyl
growps and henoee thely propewtieos would noet be expectod
e vary smuob ﬁiﬁh Ancraancd hunddity.

Howewer it bas boon oxpleimed by Mowbon and

e OO N .

Heoaprlo, that w&%h[m&m suelling modivwn, thowre ip
always an dndtial inergage in donsddy fellowed by e
fall in dounsiby d.o. the donsidy vegalo ourve phopos
through o maximun vhich otours ot =129 molsture

rogadn, depending on the type of the fibra. Thus It

i veasonoble to believe that the density decyoeoasos

due to expansion and swelling of dthe Libre atructure.
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%fﬁe@ﬁ of bewperature

In evory case with the exception of viscose rayon
the density hos decroased with an idnerease of
tenperature, A decreass An density would be expected
1if the volume of the fibre incremsed relative to the
uass of the fibre. Inspection aﬂiliterature has
shown that there has not been a great deal of work on
this aspect but it has been explained by Morton and

o that in most materials the behaviocur on

ﬁ@mrleg
change of temperature is simple. A8 thé temperature
rises the material expands slightly, and wvhen & cevtain
temporature is reached it melts into a liquid. With
fibres, the behavipur is wore complex. As the
temporature rises they may contruct, instend of
exponding. This contraction may be reversible, and
whent & eritieal temperature is reached 4t may become
very pronounced. Fibres xarcely show o sharp melting
point, ﬁithek they soften over a wide rauge of
temperature ow they moy char or deécompose before they
melt. Other changes mey ocour at low temperatuies,
fSome reforences to the thermal expansion of
textile materdals have- been found. Iwssell and Van
Karpalgg quoted values of the expansion coefficient
(emsfgm/°ﬂ X lﬁ“u) for aeéondary ocetate as 1.84

hetween ﬂﬂ@ﬂﬁ and 5h°G and 2.45 betwoen 5&”@ and 11596
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and for btriacotate as 1.72 boetween “3Q°ﬁ ond 40%¢
and 2.04 botween 40°¢ ana 120%c. According to
these figures the density of secondary ascetate should
be affected te u greateor extent with o rise in
temperature than triscetate and the present results
shou that this has boon the case,

Valucs of 1.6 and 3.7 nmafgm/“ﬁ x 10““ for the
coefficlent of volume eéxpansion of Teryiene in the
rangos af wga“a to 60°¢ and Qﬁaﬁ to 19@“% |
81

rospectivaly, have been given by Mulliins while

corroesponding values FPor uylon 66 of 3.9 and 4.9

4 helow and abovo hg”ﬁ hove boen given

amﬂ/gm/ﬂﬁ % 207
by Boyer and ﬁyﬁnaﬂvggl The respoctive gradionts of
choanges of doensity with temperature are in agreement
with thepo values. The behaviour of viscese rayon
hes beon found to ddffor Lrom that of the othoer fibren
with the density decvoesing with an incrcase of
temporature and then increasing with a furthor rise in
tesporatuare, Mo values for the voluno expansion of
visocose rvayon weroe found but in one @apargg dealing
with the force - tomperature hehavieour of celluloso
model filements low linecar expansien coefficients were
guotad, Values dnoreased with ordontation but o
negatlive value was recordod for an lsotrople fillament,
It was suggested that the forge Lemperubure bubevieur

was not depeindont on oriontation alone but alse on the
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type 6f microe structure of the rayon with difierences

in aweilinvg charecteristics brought about by
differences in the movphological structure of tho
flbye. A Yplass trensition’ poind for cellulose at

23 and although no other nention

62°¢ too heen waeported,
of this bas been found the present results could sugpoest
a2 change in behaviour about this temperature.
Alternatively the effect dn the presont instance could
e a tempoevary vue due to the presence of volds and 1%
i sugeested that the experiments might be repeated on
vigoose rayon which hos beon Boeatod, covlaed, and then
tosted ot dnereasing temperadures. Menbtion should bo
moade that a simdlar pattern of behoviour for viscoso
rayen to that ghown above hes been rocorded by 3uii£a.§3
The effect of #amy&watuww oz the aanaité of
polypropyiene, polyvetbylene and polyurethones was also
measured at 0% r.h. with the tenmpoerature varying by steps
over 6 vauge of 20% - ?ﬁ“ﬁ* The results have beon
shown iu Tables 12 aand 13, A cubdcal thermal cxpansion

4 velow 81°C has been

23

poodficient of 9.4 cmg/gmfaﬂ x 107
veported fop pﬁlyeéhyﬁaﬂw by Doyer cnd SHpencer. No
aovrasponding value could be found for polypropylene

but values of lineer @ﬁﬁuﬂﬂiﬁn@& below another transition
Lonperabure («13&“& for polyethyione and «207¢ foyw

pelypropylene) showed the rate of oxpansion of



TABLE 42

EFFECT OF TEMPERATURE ON DENSIVIES OF
POLYPROPYLENE AND POLYERHYLEND

TEMPERATURE POLY PROPYLENE POLYETHYLFIW
% DENSIEY gfen” DRNSTRY oo’
20 G915 0.927

0 04914 0,926

40 0.913 0u92h

50 0912 0,923

6o 04909 0,916

70 0908 0,928

TABLE 33

EFFECT O TENPERATURE ON DENSITIES OF POLYURETHANE

FEHPERATURE LXCRA CHEMSTRAND SPANZELLE SLOSPA  VYRENE

, DENSITY  DENSIPY DENSTTY  DENSITY  DENSITY
e &f o & t:m3 ef ‘emB ef i &/ cms
20 1153 1,206 14265 1,275 1.922
x | 1,346 14210 1.261 14270 1905
4o 1.239 1.205 14256 1264 2308
50 1134 30198 10249 1.259 14302
60 14128 1,191 14240 1.253 1296

70 1.123 1.187 1.230 1.248 1,289

(4
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polyvethylene to be some 20% greater than that of
polypropylene. The percentage change in density with
temperature was calculated based on a dry fibre at
20°c, and the results have heen shown in Fig.16 for
polypropylene and polyethylene and Fig.1l7 for
polyurethane. |

These results, reveal some interesting polnts.
Fivst both polypropylene and polyethylene fibres give
curved lines, and the curvature being such that
apparent density gradually decreases at lower
temperatures betwveen 20 » hﬂac, but thereafter rapidly
decreases at higher temperatures, which makes the
curvature more predominant, (Fig.16); Second all the
polyurethane fibres give straight line graphs amit the
livearity being such that the apparent density
decreagses at lower tempevatures and this becomes
aslightly more predominant at higher temperatures
(Fig.17). The cuxrve of polypropylene is less steep
than peolvethylene, indicating that the polyvpropylene
ie less affected than polyethylene wilith higher
temperatures., Hahn et alaz.mmaaured the volume
coefficient expansion of polyethyleneo. | The results
were piotﬁéd as volume temperature. They found that
the volume Quaff&cientigxyansiun increased with

temperature. Inspecition of the results showed that
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Cothe gonmral shape of tho ourve shows similar tvends fto those

found in the present expeviments, ss shown in Pig.lo6.

En poneral 4% is seen thet the elfect of temperature

" om the dobeity of those fibres is considerable, and

% wonld appear fyom these Tiguvas that slight
vardotion in bigher f$omporature will lead to a

congidoveble variation in density. These obgorvations

bydng aboud the duportance of teaperature doantrol in

 density noosuvenents.

Polypropylens is o wost defosmable fdbre with

83 ks fmwwﬁrd'&

temporature. Natta and Cowvvadind
thoeory roasonably widely accopted, thot on account of
the mothyl groups, o plaphar structure ds lupossible,

‘ . *3
Biinchter and ﬁ&maﬁiiaé

ouployed & proton magnetic
roponancs method, vblch wee useful in esteblishing that
the mothyl geoups were responsible for a low tenperatare
traneition belioved to exizt in poelypropylene., To
form o basdls o vhdoh to interpret the voeults of the
pragont iﬁV@éﬁigatﬁﬁma the strucbural data of ﬁanstaaﬁgﬁ
are usod, Shenieaslly 4t wonld be assumed that

ove
polypropylons fdbresmado fwamZ%ulymﬁm or copolyners of
propylone, Vhiie pﬂl#@thyl@na is o waxlile
sryoteliine pelyaer which is Lflexibie from its low
tonperature brdttlie point in the ﬂei@ﬁhanwhﬁud o& llsﬁ@

oy

Huntor and &&Ew&Qé abserved that the ﬂﬁﬂﬂiﬁ?4$£



pa&?&ﬁh&icnw at voom temperature remnained unchasgod
and thon decvewsed gradually up to ﬁﬁﬁﬁ; therealter

it fell sapddly watlil the apecimen was eompletely
aaerphous, at & btoupevoture betwoen 106"%a ana 120%G.
“hoey veported that the dongity of the molten
polyethyleone was slightly depondent upon average
modoecular weight and oo the nature of the sample, bul
the tmmpaw&%uWﬁ at which crystalline material first
appears oo cooling was ralsod by an increusu in
moleculor waight.  In the cose of polyurethoenc
1n$m®ma&aﬁu1ﬁw forsas, esometlnes called scecondary
chemdonl bowds, ave the result of hydrogen bHonding,
@ipwl&mamﬁﬁéa kel ﬂiapﬁ&ai&n effect. These
jntermoldecnuler attractive forees tend to hold polymer
chadlng togoethor in o manner similor o that of primary
chaemieonl bonds buat are sueh weakey oid are uore readily
akfocted by increase ln tempevature.

L, DRENSITIES OF SOME POLYPROVYLENE FIDRES.

It was the purpose of the present lanvestigoaiion
to dotermine vhether any significant diffevence in the
dengity vhlues of whe theeo types of polypvopylena
axisted, and i so vihed could agcount fow Lb. Haencwe

The deneltiesol poldypropvionn 4; B and € were mteasupred

oy

x% o consbant boumperature gﬁ“ﬁg by the methiod explained

provisusly.  The robulis bave been shown in Teble 1h,



TAVLE 1h

. ]

Densities of some dry polypropylone

Tibhren.

; : 3
Somplos Dousity gfcm
Aw rocelved Annealod

A 0.9L5 0,910
B 0,911 0.9L4

o 3, 900 0, 804

It 4s soen from these resulds that one of'feet
ofF nunealing wes vo incroease the density of the fibra,
bt the ovder of ronklng of the fibres remains the
same suggesting that while exposure to o highow
wenperobarve may have caused increasced crystallinity tho
rate eifect on $he threoe fdbres hos remained constant
desplte the differences in original densiity.

ALl the above cbsowrvatlbng are highly

slegnificant in torms of the fibroe structurs. Thoy

may bhe the result of a differeonce in the monufacturing
DROVROES . Chemleally 1t would e assumed that all
thase filbres have the same constitution, i.e. fFibres
made from pelyamey or copolymer of propylone, having
the goneval Cormula ﬁi-‘immr . ﬁ’ﬂ':ﬁ o
in the past wvarvieus thoorics (wicelle theoxy,

fydnged micelle theory, continuous struciture thmowy)

/s
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heve boen proposed regarding the moledilar stracture
of the fibreaeg. However nene of those i goll
contained o explain 2ll the variod phenomenon
observed in polymers.

Wijﬁ&&? poported thet the degres of
cryatallilinliy, cryeballine stirustinrs, avorage molocular
woipght, and molecular walght distrdbution swe the
vaplables meinly responsible for swch propertiles, in
which small deformations ove involved; esuch as modulue
of elestieldy, softening point, end havdness, heconnse
ite value s of greast slgnlficaunce in connestion with
high tewporature propertiesd. He fapthoer stated, thaet
in poiyethylone ﬁﬁ& degres of crystallinity depends on
the doviatien, front Lineapity opr regulaydty, of the
long obhaln hydrocarhboi molecules. Thae chaln bronching
was held te ko responsible for the decrense in
eryataliindty, but it wves possible that the presonce
¢f double bhonds and the progente of oxysen groups nny
have similar effeots Besidos the pverall degroe of
crystallinity o factor of inporiance far the mechanieal
proporties of crystalline polynox is the way dn vhich
grvstalillsation bhas oconywred. The avorass degros of
cryatalliiodty also affects tho density value,

On the othey hand, 4t is belioved that 342 the

copolymer s wllowed o stend for o time prior to



splonding, 46 @ﬁtﬁléﬁ down more undformiy, and as o
repult of seottling down, it fs possible that 1¢ may
assume 2 higher degreo of ovystaliinity, wivieh in
turn may lead to a bighey valuo of doenslty.
Samples 4 and B (Table 15) wowe im faet fibres ov
staple polypropyleone vherveoas sample € woas o Diloment,
and the resulds were surprising in that increasoed
gryosvalilinity and oxientatlon is sorwmelly oxpécbed
i a flaoamend as opposed o tho fibre form of o
materdal. Unpublished worlk suggests that filament
¢ had o lower moduius and a hlghey byrealiing extension
than flbros A and B, and 1§ this wevre so 1t wounld
gondilon the density rosuits and suggest thoat
differonce din denaiddy da due to differences in
wolecwlar spucing despito the form of the maberial.
A decyease in the hydrogen bond spaoing in
polypropylieno as a wresult of amuceling has boen
reported by Dadoml b m&g& and this would lead to an
increase in cyvysbtallianldty and a higher demaiby as
voported above. The »osults ove also Lo hooping
- a5 . g AP
with those of Shibuliawvn ot al”” who heave in oddld tion
done woxls on the temporature depondence of

polypropylene ond othor fibres which ageoilrn sevves as

confivantion of some of the work repurted in this thesiws.
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5. DFFECT OF RESIN ON ‘THE DENSITY OF VISCOSG RAYON
The effoct of resin on the density of dry
viscoge yayon at RG”G, has.: heon moasured according

to the procedure previously explained for othex

fibres, The results have been shown in Table 15.

TABLE 1B

Bffect of resin on dengity of dry viscose rayon

flesin uwsed Nominal Dengi ty
: aa&aanﬁwﬂtiau g/um3
tntreated ( 0 1.523
Melawine formaldehyde Y 1.514
Melamine formaldehyde 3.5 1.5
Ethylene urea formaldehyde 10.5 1,500
Bthylene urea formaldehyde .7 1.506
Methylated ares formaldehyde  11.0 1.517
Methylated urea formoldehyde 15,5 1.514%
Urea formaldehyde 13.5 1.519

Ureaa formaldehyds 16, % 1.514
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It 4n seen Lfrom these results that the density
valune of viscose rayon decrenses with the resin
trentment and in fact 4t appeared to vary linearly
uith ihe amount and type of resin present in the
fibwe., Azumia ed algﬁ deteruined the density of
viscosa r&ypn‘by uaingfdiaplaga&%nt method., %har
found that the density of viscose rayon dacveﬁaeQ@
with urea-formaldehyde resin treatment, ond reported
that the density of the wvesin treated fibreas depended
on the length of time . in which they were allowed to
stand in the prneundé;sata solution.

Bteele ond $¢h1wax197 measured the density of
viaeosa royvon using the density grodient column method
and stated that the density decreased with the amount
ond type of resin used, They [urther stated that
the predominsnt offect was due to fibre swelling with
yery little veonin being deposited in voild spaces not
previously oaceessible to the solvent mixture in

praddent aolumn,
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