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STUDIES ON BLENDING OF COTTON WITH POLYESTER

Part I. Improving the Properties of Cotton
Component Via Chemical Modification.

BY
A. Bargnhash, A.-Hebeishl, B3.D. Faran and E.M. Rakha

INTRODUCTION:

T —— T —— o —

Cellulose, in particuler cotton, is the most widely
used textile fibres allover the world. This preeminence is
due to & happy combination of properties such as abundance,
low cost, fine crossection, high strength and durability,
high thermal stability and good mechanical properties, abi-
lity to absorb moisture, easy dyeability, wearing confort,
0.,

However, cellulosic fibres have some innerent drawbacks
which can be breifly formulated as follows: (&) poor solu=-
bility in common solvents, (b) poor crease resistance, (c)
Lack of thermoplasticity, and (d) poor dimentionsal stability
Fly 2, 3/,

l. Improvements of cellulose properties via chnenging its

physical structure:

The physical structure of cellulose can be chaunged Dy
either swelling or regeneration; cellulose can be swollen in
a suitaeble sclution of swelling agent, such as csustic soda
of mercerizing sirength, then partiaslly deswollen by removal
of the swelling aegent. Practically, there is no change in
the chemical structure of tne fibres /4,5/ but there are con-
siderable changes in the physical fine structure resultiing

in enhancement of the fibre strength, lastre and reactivity.
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In regeneration, the native cellulose is treated to ren-
der it soluble and then by regenerating it from solution /6,7/.
This process, which is the basis of rayon and cellophane stru-
cture from a cellulose I lattice to a cellulose II lattice and
results in & corresponding modification of the physical struc-
ture.

2. Improvements of cellulose properties by chemical Modifica-

tions:

The chemical structure of cellulose can be changed in
three ways /8/.

a) By substitution of the cellulose hydroxyls where by the
cellulose molecules are altered through introducing bulky
side groups either by an egterification or by an etheri-
fication reaciion. The esterification reaction is exmpli-
fied below by acetylation and phosphorylation of cotton
whereas the etherification reaction is exmplified by cyano-
ethylaetion and partial carboxymethylation of cotton.

b) By reacting cellulose with bi-or polyfunctional compounds
which results in the production of crosslinks and/or resin-
ification products in the cellulose there by stablizing its
structure.

¢) By preparing a branched cellulose or what is called copoly-
mer of cellulose.

Cnemicel modification of cotton cellulose via partial
carboxymethylation nes been reported to exert considerable
influence on the physical, mechanical and chemical properties
of eotton /9, 10, 11, 12, 13/ .

Partiaslly carboxymethylated cotton may be sip ly prepared
by trestment of cotton fibres, yarns, or Fabrics with chloro-
acetic acid and sodium aydroxide /14, 15, lb, 17, 18, 1%,20,21/.



\ VXL
T.3. A.Barghash et al.

The process is carried-out by impregenating the cotton with
an agueous solution of chloroacetic acid followed by treat-
ment with strong sodium hydroxide solution.

This research programme haes three-=Fold objective:

a) Increasing the extension of cotton fibres through slack
mercerization and partiel carboxymethylation,

b) Blending the modified cotton fibres and polyester fibres
at different ratios and studying the relations between
the fibre properties in the components and their blends and,

¢) Spinning the blended fibres to yarns haring the same count
under similar processing conditions and studying the opti-
mum conditions of Dblending the modified cotton with poly-
egster.

The present work discribes the chemical modification of
cotton fibres via partial carboxymethylation and slack merce-~
rization and the effect of these modification on the major
properties of cotton fibres.

EXPERIMENTAL:

Materials:

Raw cotton (RC), alkali treated cotton (AC), Low partially
carboxymethylated cotton (LC), medium partially carboxymethy-
lated cotton (MC) and high partially carboxymethylated cotton
(HC) were used throughout this investigation.

Slack Mercerization of Cotton Fibres:

Cotton fibres in the form of bulks (2Kg) were treated
with an aqueous solution of caustic soda (12 N) for 2 minutes,
then the fibres were squezzed go as to give 130% - 140% wet
pick-up, and stored for 5 minutes. At this end, tae fibres
were washed with water, neutralized with 1% Hydrochloric acid,
washed agein thorsughly with weter and aindried,
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Thege fibres will be referred to as "Alkali treated
cotton" and will serve as a control for partially corboxy-
methylated cottons.

Preparation of partially carboxymethylated cotton:

Cotton fibres-in the form of stocks (2 Kg) were first
treated with an aqueous solution of "mono-chloroacetic acid"
(3N) for 5 minutes, using a material to liquer ratioc 1:20.
After this treatment {he fibres were squeezed to a wet-pick
up of 75-85%, then treated with aqueous solution of caustic
soda (12 N) for 2 minutes. The fibres were then squeeted to
a wet pick-up of 130% - 140% and stored in polyethylene cover
for 30 minutes. Two other fibre stocks were treated in a
gimilar way LExcept that the storing periods after the caustic
soda treatments were 60 minutes and 120 minutes.

After esach period the fibres were washed with water,
neutralized with dilute hydrochloric acid (1%), washed throu-
ghly again with water and air dried.

Measurements of Iibre Properties:

The properties of the fibres were measured according to

the procedure described in A.3.T.k. These properties were:

1) Determination of carboxylic groups:
The calcium scetale method was used for the determination
of carboxyl content /22/.

2) Pibre Fineness:
The fibre fineness was measured using sheffield lMicronair
tester, Irom each variety six samples were tested.

3) Fiore Length Fibre length and length distribution were
meagured by:
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a) Digital PFibrograph: From each variety 3 samples were tes-
ted . Pibre length at 2.5%, 12.5%, 50%, 66.7% spen length
and uniformity ratio were measured.

b) Sutter-web fester: from each variety 3 samples were tested.
Upper quertile length, standerd deviation and coefficient
of variation.

4) Fibre Strength and Elongation: Fibre strength and elonga-
tion were measured using stelometer (1/8 inch gauge length).

5) Moisture Regain %. The moisture regain % was determined
using the electric shirley moisture meter.

6) The microscopical Investigation: It is expected that che-
mical treatments would cause decrease in thickness of the
primary wall of the cotton fibre. To check this, the
fibre were examined under light microscope using a swel-
ling solution as given below: 100 g. tinc chloride and
32 g. potassium iodide were dissolved in 34 ml distilled
water, then iodine was added till saturation, the solution
was then {iltered fthrough filter paper.

Results and Discussions:

l- Corboxyl content: To start with, the different cotton
substrates were snalyzed for their carboxyl-content with
aview of determining the extent of chemical modification.

The results obtained are show in Table 1. It is seen
that the raw cotton acguires carboxyl content which is appre-
ciably higher than that of alkli treated cotton. This could
be ascribed to thne removal of carboxyl-containing materials
such as pectin under the action of the strong caustic soda
solution used in thae trestment-substantial amount of carboxyl
groups are present in partially carboxymethylated cottons.
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Table (1): Carboxyl content of Raw, Alkali treated
and Partially carboxymethylated cottons,

Carboxyl content

Symbol Substrate Milli eq.«=COOQH/100 g
Cellulose
RC Raw cotton 9.7
4C Alkali=treated cotton 582

LC Low partially carboxymethy=

leted cotton 16,68

MC Medium pertially carboxymeth=
lated cotton 21:34

HC High partially carboxymethe

lated cotton, 24 .4
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This is rather expected since the carboxymethyl groups expre-
ssed as Ccervoxyl groups. A4s already indiceted in the experi-
mentel work, the magnitude of the carboxyl groups can be con-
trolled by increasing the time of partial carboxymetnylation.

2~ Pibre Fineness: Table (2) shows the fibre fineness of raw
cotton (KC), partially carboxymethyleted cottons (LC, LC,
and HC) end Allcali treated cotton (AC). It is evident
tnat slack mercerization of raw cotton, by treating it in
12 N caustic soda for 2 minuteg, brings about a signifi-
cant change in fibre fineness expressed as Micronaine value.
The increase 1n tne latter aiter slack mercerization amocunts
to Ca. 25%. Amore significent increase in the Micronaire
value could ve acnieved Via Partial carboxymetanylation of
tne raw cotton particularly wnen this chemicel mocificat-
ion was allowed to proceed for more thnan one hour. The

Micronaire value in MC and ZC is 40% higher tnan that of

raw cotion.

= 3

The increase in Micronaine values due to the chemicel

arinkage in fibre

[ 5

O
—
I £

treatments could nbe attributed
length, (b) increase in fibre tuhickness, (¢) increase in
moisture regain, (d) removel of low molecular weight cellu-
lose, and (e) chnenge of fibre cross-section to be more cir-

cular.

Fivre Lengtn: Tne measurements of fibre lengtn and fibre
Y]

length digtribution for raw cotton before and after slack
mercerization and partial carboxymethylation were carried-

s of tuese meessurements are snow in Table

ct

out. The resul
2. It is seen tnet both slackmercerization and pertial

carooxymet. . ylation cause: (1) a decrease in tne mean fibre
lengtn, (2) &n increase in tue C.V.» of Iibre length, and

(3) an increase in the short fiore content.
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Table (2): Physieal and Mechanical Properties of the

Pibres,

Substrate

RC LC MC HC AC Polyester

— o ——

Properties

1- Pibre Finenjess:

Micronaire wvalue 4 5 545 5eb 5 6o
2- Fibre Lengthi
a) Sutter~Webb
U.Q.L, mm FFel kg2 SlGE 2939 3Es 30 o4
C.V,.% 3248° 36,0 IT.5 3943 32,9 loew
oshort fibres
% in.% Pad 13,3 22,8 4.3 8.0 e

b)Digital PFibrogroph
2.5%span length 33.78 28,7 28.7 28.2 2B.7 345

12 .,5%span length 264,16 22,38 22,6 20.57T'22.35 30,25
(mean length)

50% span length A550 ARLT L8 T Hed 130 23,37
uniformity ratio TT.44 T84T4 78,74 T2.94 77.87 Bb.Eb

3- PFibre strength

and elgggation:

stelometer (1/8 ):

Strength g-wt/tex  37.94 31,11 34.33 34,15 30.92 56,0
Elongation % 446 AD.TT 12.21 340 110 17.4

4« Moisture Regain%

703 806 8.85 9.7 7.8 O.}
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The decrease

associsted witn it such as C.V.% and

in accordance witn

this to: (a) Fiore vreakage, and (b)

ing ceaustic swelling.

4= Fiore Strengin: strengtn of

after ment and partial

previous reports/ly

in fibre length and variation in parameters
snort fibre content are

s, 2v/ which atlributed

Sshrinkage in lengtn dur-

raw cotton pefore and

carboxymetayletio 18

. It is clear that alkaelli treatment
causes a cubstantial decrease in fibre strength. Siuce
no tension was epplied during the alkali treatment, tuae
decrease in strengtin could oe ‘associated with:

&, increase in Tne amporphous regions in cotton on tae

b) decrease in fibr

in tae

reducti
fibre.

c)

As it will also be seen later, al
iorates seriously tne Ifibre primary wa

been reported to contrioute iun fiore s

-

1cali trestment deter-
1ll. The latter,
trength /23/.

as

Partial carboxymethylation oi cotton also orine! =290ut
g decrease in Tibre strengtn. [Lhis .s retaer tae situetiown

encountered witn alksll treatment and could De explained
gimiler ocasis. It saould de polntec out, however, Tuls re
decrease 1ii trenstn caused artisal carvoxymetuy.s

tends to .esseu &8 tue moaificailion was allowed to pr

furtaer., .08%T L3, aC) snows & strength which is consi.er-
ably aigner itnan (Lw)j. This reflect tne effect of incressing
the maglnitude carpoXxymetayl Icups oL tiae SiTrells i Lae
fibre. lUev sge, tae strengtn of (dC) is still lower tnan
the rew cotton, wnicn agein is due to taoe fact that nc siret-
ching of tne filore was made during tne modification’/treatment.

\ WA
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5- Elongation: Data of elongation at break (%) of raw cotton

a
be obtained by partial
t

before and after being slack mercerized or partiaslly car-
boxymethylated to different degrees are snown in lable 2.
It

panied by asigniricant increese in its elongation at break.

is seen That alkali treatment of raw cotton is sccom-

An increment of Co. 70% in elongation &t break could be
achieved.
e

A more signific increase in elongation at break could

carboxymethylation of raw cotton.

Increments in elongation ashigh as Ca. 1l1l5% could be brought
apout oy tnis canemical modification treatment. The signifi-

cant enhencement in
treated
crystallinity
deterioration
strong
increased obility of
watexr cannot be

t0

boxymetay

cotton

elongation at break observed with alkali

cotton could be interpreted in terms of decreased

and orientation of the fibre as well as the

of tne primary well unaer toe influence of the

caustic soda used in the tTreatment. However, ithe

the alkali treated cotton to sbsorb

ruled out. The same explanation is valiec

partially cerboxymethylated cotton Iibres.

ine nioger increase in elongation car-

| P R g - P - - - - P < . -+
lated coiton fibres as compared i treated

r more following

15

factors:

&)

The in: tne molecu-

= A = TS -
cal 8TIMAC iXe WL

I.__I

I'ne increased swellability of due to hydro-

phllic of these

natidle

and conseguent vepu. lsion

petweenl

cehmically
rooxymethyl groups which prevent fibrils and

maolecular chains becoming contigious.
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o~ Moisture Regain %: The moisture regain of raw cotton before

and after alkali treatment and partial carboxymethylation
is shown in Table 2, It is evident that alkali treated
cotton aequiresmuch higher regain than raw cotton. The
game holds true for partially carboxymethylated cottons.
The latter even possess higher moisture regains than the
alkalitreated cotton. The improvement in moisture regain
for alkali treated cotton could be explained on the basis
of swelling and the consequent increase in the amorphous
region together with the serious deterioration in the
primary wall of the fibre by the effect of strong caustic
soda. Vhereas the higher improvements in the regain found
with partially carboxymethylated cottons could be attribu-
ted to the presence of carboxymethyl groups in the moleecul-
ar structure of cotton. Présence of these groups may be
expected to increase the hydrophilicity of the modified
cotton by virtue of their polarity. In addition, the

mere presence of these groups will spread cellulose chains
thereby permitting easier access to water molecules.,

Microscopical Investigation: Raw cotton fibres before and
after being subjected to alkali treatment and partially
carboxymethylation were ekamined microscopically in the
swollen state using "Bargasn solution" as described above.
Longitudinal view and pre-~determined length of the fibres
(0.6 of the hand microtone cycle) was asgsessed snd the
mean number of beads calculated. PFigures (1 and 2-a - 2.m)
illustrate the effect of the said chemical ftreatments on
raw cotton fibres. It is observed that alkali treatment
has & serious adverse effect on the primary wall. The
latter nearly disappeared after the alkali treatment.
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Similar situation is encountered with the partial carboxy-
methylation treatment. Both the alkali treated and partially
caboxymethylated fibres show much lower number of beads as
compared with the raw cotton. Previous work /23/ has disc-
losed a relation between the number of beads and fibre stren-
gth indicating partial contribution of the primary wall to
the strength. Hence the lower number of beads observed with
the chemically treated cottons is indicative of a decrease

in their strength when compared with that of raw cotton.

CONCLUSIONS:
FProm the previous discussions and investigations the
following conclusions may be drawn:

l1- Partially carboxymethylated cotton shows higher micronaire
values as compared with raw cotton and alkali treated
cotton particularly at higher level of chemical modific-
ation.

2= Both partial carboxymethylation and alkall treatment of
cotton fibres are accompanied by a decrease in fibre
length and length uniformity ratio.

3= There is & marginal decrease in fibre strength affer
partial carboxymethylation and alkali treatment.

4= Partial carboxymethylation of cotton fibres causes &
gignificaent increment in bresking elongation. It incre-
ases from about 6.5% for raw cotton to obout 14% for par-
tially carboxymethylation cotton while it is 11% for
alkoli treated cotton.

5= Moisture regain of pertially carboxymethylated cotton is
considerably higher as compared with raw cotton and alkali
treated cotton. The moisture regain amounts to 7.3% for
raw cotton and 7.8% for alhali tratw cotton while it was
as high as 9.7% for partially carboxymethylated cotton.
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