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MICROSCOPICAL INVESTIGATION OF
HESIN TREATED COTTON FIRERS

BY
A. Barghash and A. Seyam

ABSTRACT¢

s g ey Qe SN W W

Trials have been made to make use of a light microscope
and awslling eolution to explain the reduction of strength
and breaking extension after resin treatment. The results
obtained ars in full agresment with esarlier postulation,

The latter ascribed the loss in strength propertiea to streass
concentration by crosslinking and ocelleulose degradation by
the cadalyst uBed in resin treatment.

INTRODUCTION:

D W D Y N A S ek v

dynthetio fibers possess heneflicial properties which ia
unique, that 18, thermoplasticlity. They caen bs heat set to
any reqQuired shape. The competition between synthetic and
natural fibers has led to modification of the natural fiber
to enable the latter to compete with the Synthetlicsa, One of
the moat succesauful modifications 18 crosa-linking of cotton
using N-methylol finishing agents commonly known as reaind.

However, resin treatment of cotton reduces 1lta atrength
and breaking extension considerably (1-4) which in turn affects
the durability. The explanation of the raduction in atrength
and extension can be relatad to the fine structure of cotton
(2-4), Cotton is twe phede structure, crystalline and non-
crystalline regions. Crystalline reglon i8 highly ordered
structure and represente about 66%. The less ordered atruc=-
ture (noncyyetelline) acte as areas in which slippage can
ocour, when stress la applied, allowing transfer and relief
of atreas. After treatment, cross-links between cotton molece
ule8 in the noncrystalline region take place. They do not
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allow transfer of girese causing a stress concentration and
hence drop in strength and breaking extension.

Another reason explaining the drop in strength has been
suggested(l'B) that part of the loss in strength in formald-
ehyde treatment may be due to the degradation of cotton cell-
uloge via acid hydrolyasis resulting from the low pH required
to effect reection.

The objesot of the present work ia firmtly to smhow the
location and the shape and secondly to identify the resin
treated cotton fibexrs at different conditions of treatment
by simple mioxroscopical investigation. Thie identification
is believed to help in controlling the process of resin trea-
ted cotton goods in the industry. Anotker ugeful application
for identifiocation that in the fabric anslysis area.

Materials:

Giza 70 cotton in fiber form has been uged. BResin under
the trade name "Capsurit PY" produced by CASSELLA compony in
liquid form has been used. Magnesium chloride with fixed
amount of 15 g/1 as & catalyst wams employed and a commerclal
wetting agent wap fdded to help resin penetration inside the
cotton fibers during the resin trestment.

- Repin solution was prepared by adding the resin, wetting
agent, and finally the catalyst.

Scouring:

Before chemical treatment with resin solution, the cotton
fibers have been scoured for one hour 8t the boil in an aquous
solution containing 2% sodium hydroxide. This stage was done
to remove wax and impurities in order to improve absorpency
and hence resin penetration when treating with the resin
solution. The cotton fibers then squeezed and left to dry at
ambient conditions.
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Repin Trestment:

After soouring and drying the cotton fibers were lmmersed
in the resin golution bath for 10 minutes, then squeszed to a
liquor piok-up of 150%. After that the fibers were dried in
electricel oven at 70°C for 2 hours.

Percentage resin pick-up was controlled by varying the
resin concentration and keeping the liquor pilck-up constant.
The range of concentration was 80-160 g/l.

The curing hes been carried out 1n electrical oven,
The range of curing temperature was 120-200°C, and curing
time wag 1-5 minutes,

Microscopic Examinstion:

a) A light microscope with attached camera and heating
disc hes been used. The temperature was controlled by conne-
cting the heating disc with "Universal Incubator Type U3(Kovo)'.

b) A solution consisting of 2Zn 012 (100 g), KI(32 g),
distilled water (34 g) and 12 ti1l saturation * was used ap
swelling agent during the microscopic exsmination at 80°C for
raw end treated cotton fibers,

Testing:

Fiber bundle strength and breaking extengion percent were
measured by using a stelometer, Model 154. The gauge lengtih
used was 1/8 inch bundle length gripped in the jaws.

RESULTS AND DISSCUSION:

A S D S S G S G S W S GEL N AN MM MNP AS et st i N

Three factorg have been ptudied nemely, resin concentra-
tion, curing temperature, and curing time. The experiments
covered a wide renge of thesme three factors including the
conditions recommended by the industry.

¥ W.Bobeth U,A.Melly:; Formel Faperstoffe Mertigware infor-
mation (1/79), S-1-19.
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Resin Concentration:

Fig. 1 shows the resin concentration versus fiber bundle
atrength and breaking extension. Loms in ptrenmgth percent and
in breeking extension percent based on the untreated strength
and breaking extension of the untreated fibers are shown in
two geperate sceles. The bundle strength and bresking exten-
sion of the untreated fibers are 30 g/tex and 7% respectively,
The fiber astrength and breaking extension, &y it appear from
Pig. 1, conslstantly decrease with percent resin concentration.

Plates 1,3~6 show the longitudinel viewe of treated fibsrs
of those shown in Fig. 1.

Plate~1l ghows the longitudinal view of swollen raw cotton
fibers.It 18 peen that the secondary wall is highly swollen in
& direction perpendicular to the lumen of the msture fibers
and appeers pale blue in colour, whilst the layer of the pri-
mary wall is much less swollen than the 1lnner leyer and appesrs
ay deep blue bundles ap well as zig~zsg or ring form tightly
surronding the swollen cellulose of the primary wall.

Plate-3 shows the longitudinel view of resin treated
fibers at 80 g/l concentration. OSwelling of the secondary
wall of cellulose is observed in the direction per-pendicular
to the lumen slong the mature fibers. It is further seen
that for the same fiber, some peris are swollen while the
‘others are not.

Plete~4 shows longitudinael view of cotton fibers treated
with 100 g/1. It is obgerved: {a) that some fibers exhibit
nearly same degree of swelling, (b) that with some fibera
swelling is not uniform slong the fiber and, (c) that there
are flbers which strongly resist swelling. The resistance to
swelling is unequivocally due to the crosslinking of cotion
fibers via reection with the finlshing agent., It is underst-
andable that the crosplinks impede diffusion of the swelling
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agent inside the cellinlope structure thereby decreasing
swelling.

Flate~5 shows longitudinal view of cottom fibers treated
with 120 g/1 resin concentration. PFilbers of high resistance
to swelling are seen, Natural convolutions of the mature
fibers are lopt. The fibere exhibit a blue colour. Fibers
of high swelling properties also exipt.

Plate-b shows longiltudinal view for fibers treated with
140 g/l resin concentration. It shows a collection of swell-
ing bebaviours eimilar to those mentioned above,

It ie clear from Fig. 1 and plates 1,3=-6 that the lose
in strength end in bresking extension with increesing the
resin conoentration can be explained ses menticned earlier in
this paper. The increase in concentrsation incresspes the num-
ber of crogsllnks formed between molecules in the noncrysta-
lline region. The more the crosselinks the less stress trans-
fer and hence less strength will result. The results show
that a range of BO g/1-160 g/l reduce the strength and exten-
elon, 27% - 4B% and 13% - 32% respectively.

Curing Temperature:

Fig, 2 shows the effect of curing temperature on fiber
bundle strength and breaking extension. Here agein both
-gtrength and breaking extension decrease sharply with curing
temperature.

Plates S5, 7, 8 show the longltudinml views of taree
samples out of the five samples of Plg. 2.

Flate-9 is deacribed in the last mection.

Plate~7 representis a part of longitudinal view of cotton
fiber ghowing varietion in swellilrng between conventional swel-
ling behaviour of secondary wall bound with primary well and
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the inabllity of some parte of Ilber to ewell effiolently.

Plate-8 phowe most of the flbers resist nwalling‘to a =
conalderable degree though some tend to swell horizontally.

The effeot of setiing temperature on bundle atrength and
breaking extension as seen from Fig. 2 and platea 5, 7, 8
thaet inoreasing temperature initiate the resotion betiwsen ths
cotton moleoules and the repin and hence more oroeslinks fore
med. The more oroselinks the more hindersnce for siress tran~
sfer oeuping stress concentration and reduce pirength., Ano~
ther reapon causing the reduotion in atrength and breaking
extension by temperature lnorease that le high temperature
may result lan detrioration of cellulose molecules. Moreover,
very high temperature (180-200°C) may oause cover-suring of
the resin which cause embrittlement to the whole siructure.

curing_rimez
Pig. 3 1llustrates the affect of ocuring time on fiber
bundle strength and breaking extemnsion. It is seen that the

longer the curing time the lower the strength sad breaking
extension.

Plates 9-12 show the longltudinal views of those pamples
of Flg. 3.

- Plates 9,10-ghow cotton fibers treated with 120 g/l at
1609C for 1 and 2 mlunutes respectively. It is seen that
swelling is Just similar to the aforementioned cases.

Plates 11, 12-phow cotton fibers treated with 120 g/l
resin concentration at 160°C for 4 and 5 minutes respectively.
In plate 11 swelling appears &s beads at different dlstances
along the length of one of the fibers. It 1s generally oba-
erved that some fibers heve become pusceptible to swelling by
allowing penetration of swelling agent most probably due %o
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cleavage of crogalinks. In pléate 12 swelling appears nonuni-
form in some fibers; other fibers resist swelling. Agaln the
reduction in both strength and exteusion can be explained by
the fact thet the longer the setting time the more the oumber
of croeslinkes and less stress transfer resulting in stress
conocentration, In additiom the longer the ouring time the more
chemical detriaration of cellulose chalns. Moreover,at very
long curing times (5 minutes) embrittlement and hence weak
ptruoture may ocour.

Contribution of Different Treatment Stages:

It is important to analyse the mechanliem of the reduotion
in the strength and breaking extension of resin treated cotton
fibers and inveptigate the contribution of each treatment
state, To do this 1t 1s necessary to break down the treatment
stages.

Fige. 4, 5 show the offect of each treatment stage on
fiber bundle strength and breaking extension reapectively.
They show five different samples each treated at different
treatment stege. The first sample (Plate 1) 1s untreated
pample. The second sample was treated with catslyst. The
third sample was treated with resin and cat-alyst. The
fourth sample was treated with catalyst and heating. The
fifth pample was treated with resin and caetalyst followed by
curing (Plate 5).

Prom ¥lgs. 4, 5 1t 18 clear that eech stage causes redu-
ction in both strength and extension.

The effect of catelyst is a reduction of 10% and 8% in
strength and breaking extension respectively. The effect of
the treatment with resin and catalyst ls a reduction of 12%
in strength snd 12% in breaking extension. This means that
the effect of treatment with the reesin alone 1s reduction 2%
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in strength and 4% In breaking extension (difference between
Column 3 end 2).

The chemical detrioration oan be deduced from columns 2
and 4. Column ¢ represents 8 sample treated with catalyst
and column 4 representg & gample treated with catalyst and
heating.

The difference between column 5 and 4 represents the
effect of the crosslinks on the reduction in strength (13 %)
end breaking extension (10%).

The results of Pigs. 4, 5 support strongly the reasons
mentioned sarlier in this paper, that is the reduction in
the strength and breaking extension of resin treated cotton
is due to firstly the cross-~links hinder the trsnsfer of
streps causing ptress concentration, secondly the chemical
detrioration resulting from amcid hydrolysis of the cellulcsge
chain.,

SUNMBARY 2

T D G . sy

It has been shown that the reduction in strength and
breaking extension of resin treated cotton is due to:

l- Stress concentration resulting from tine crosslinks
formed, the more the crogslinks the more stress concentration
and hence reduction in gtrength and breaking extension. The
three factors studied namely resin concentration, curing
temperature, and curing time reduce strength and extension,

2= Chemical detrioration due to acid hydrolysis regulting
from low pH required to effect reaction.
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Longitudinal view of swollen raw and treated
cotton fibers swelling agent consists of 100
g. Zn Ci,+32 g. KI +34 ml. distilled water.
Microscopic examination performed at 80°c.
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Plate 1l: Raw cotton Tfibears

Flate £: Treatsd cotton fibers (washed apd hedted with catal-
yst at ki, 4 temp. 1in absence of finishing agent.)

Plate 3y Cotton fibere treated with finishing agent (80 g/1)
for 3 min. at 160*C.
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Plate 4; GCotton fibers treated with finishing agent
(100 g/1) for 3min. at 1l60¢C,

Plate 5: Cotton fibers treated with <f£Enishing agent
(120 g/1) for 3 win. at 160°C,

Plate 6: Cotton fibere treated with finishing agent
(14C g/1) for 3 min. at 160°C.
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Plate 7: Cotton fibers treated with finishing agent

(120 g/1) for 3 wmin. at 180°%C,

4

Plate 8: Cotton filbers treated with finishing agent

(12C g/1) for 3 min. at 200°C.

Plate 9: Cotton fibere treated with rinishing agent
(120 g/1) for 1 min. at 1&0°C,

T.2
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Plate 101 Cotton fibers treated with finishing agent
(120 gfl) for 2 min. at 160%8.

Plate 1l: Cotton fibers treated with Iilnishing agent
(120 g/1) for & min, at 160°C.

Plate 12: Cotton fibers treated with finishing agent
(120 g/1) for 5 min, at 1604C,
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