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ABSTRACT

The present study deals with the reactions of dinethylol -
urea and di et hyl ol di hydroxy ethylene urea (ARK NO) with
standard cotton cell ul ose under various drying conditions, pad-
bath pH curing tenperatures, swelling agents, deposited pol ynmers
and added el eotrol yte.

I't has been found that:

(a) Drying at roomtenperature and at 105°C produce
fabrics with identical crease recovery angles but the resin
add-on is higher with fabric dried at higher tenperature.

(b) Quring at 140°C for 6 minutes is as effective as
curing at 160°C for 3 mnutes using HCL catal yst,

(c) Compared with magnesi um chloride and zinc chloride,
sodi um hydr oxi de preswel | i ng produces fabrics w th higher
crease recovery angl es and noi sture regain.

(d) Were pad-bath pHis high, the efficiency of the
latent acid catalyst is inpaired.

(e) Fabrics treated in 10% sodi umhydroxi de have fairly
good tensile strength, crease recovery angles, and noisture
regain.

(f) Added electrolyte in the pad-bath facilitates
hi gh resi n add- on,

(g) Polymer deposition produces fabrics of | ow noisture

regai n but hi gh recovery angl es.



CHAPTER 1

INTRODUCTION

1.1 The first commercially useful crease proofing process
was developed about S50 years ago (1) and based on water-
soluble methylol urea compositions, Since then, extensive
effort has been directed towards the elucidation of an
ideal crease - proofing agent having the following proper-
ties: water soluble for ease of application, non-toxic,
easily curable, non-chlorine retentive, durable to extremes
of washing, minimum reduction of tensile strength or
abrasion resistance, produces both wet and dry crease
recovery; and of course economical,

1.2 The emergence of man-made fibres has posed the greatest
challenge to cotton, Table 1,1 below compares some proper-

ties of cotton with those of other common fibres,
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It is obvious that for cotton to possess universal applie-
cability and maintain its present consumption level in textile
industries, research work must be directed towards improving its
resiliency and elasticity while maintaining its toughness,
abserbancy and hand,

1.3 In the textile industry, seweral techniques are applied in
an attempt to improve the resiliency of cotton, Such techniques
include: yarn construction, blending cotton with other fibres
having better resiliency and resin treatments, Resin treatment of
cellulosic fabrics can improve either dry crease recovery, (DCR),
wet crease recovery (WCR) or both, Cellulosic fabrics thus
treated, however, suffer from loss in mechanical properties such
as tensile strength, tear strength, and abrasion resistance,
1.4 Researches have therefore been directed towards minimizing
this loss in mechanicel properties. Some of the important areas
of research include:

(1) wuse of new catalysts such as "phase separation" and
"mixed catalysts",

(ii) wuse of different crosslinking agents and variation"
of length of cross-links,

(1ii) 4internal plasticization of the cellulose fibrillar
structure.

(iv) external plasticization or polymer deposition into
the cellulosic f Hrils,

(v) Swelling trcatment prior to crosslinking.
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1.5 The emergence of “phase separation catalyst" (13) has led

to an insight into the role of group II metal salts being used as
catalyst in crosslinking cellulose with resin, Such catalysts,
e.g. calcium hydrogen malonazte, zinc hydrogen tartarate, and
magnesium dihydrogen phosphate require high temperature when used,
In their work, (2) Kraretz et al reported that a mixed catzlysts
containing magnesium chloride and sodium fluoborate facilitates
the crosslinking of cotton cellulose with formaldehyde. Compared
with formaldehyde crosslinking process, the dual catalyst system
permits operating at lowcr temperature, shorter curing time and
lower concentration of formaldehyde. They observe that the
magnesium eation is unique in the dual catalyst system, since
other divalent cations c.g, barium and zinc do not act synergis-
tically with fluoborate,

1,6 Crosslinking cotton through graft polymerization has been
reported by Sharma and Daruwala (3). These workers grafted
fabric samples with binary and ternary mixtures of selected
vinyl monomers along with acrylamidesusing ammomium nitrate as
catalyst. In general, satisfactory retention of breaking and
tear strength and improved resistance to abrasion was observed,
On crosslinking the above grafted cellulos$#8 through Nemethylol
crosslinking agent, improvement in wrinkle recovery noted but

accompanied by usual losses in strength and abrasion resistance,
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However, when téha:y mixturcs were grafted at high add-on and
crosslinked, a fair retention of mechanical propertics was
achieved,

1.7 Happer and coworkers (4) have examined the resulting
mechnical properties of yamsand fabric treated with polymers of
various glass-transition temperaturce., Their finding showed
that although many polymers were nd chemically bound to the
cellulose, they were durable as indicated by the relative pere
formance of improvement in crcase recovery, They also cobserved
that polymer treatment of yarps improve yarfl breaking atrength
significantly but the overall strength improvement is decreased
when yarnms are woven into fabric and then crosslinked,

1.8 Bvidence of seperate origin of strength and crease resis-
tance effects in conventional crosslinking treatments for cotton
has been suggested by Murphy and Coworkers (5). Since strungth
losses during crosslinking can be varied or nearly eliminated
without changing wrinkle resistance obtained, strength losses
and crease recovery are evidently produced by separate and in
some cases independent cross-link mechanipms, The observations
of these workers suggest that crease recovery arises from more
clemeniary structural units .. guch as crosslinked micro

fibrils where tensioning hae little ceffect.
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1.9 A concept was presented by Gaghardi and coworker for
achieving major improvements in tensile strength, elongation,
tear strength, toughness, abrasion resistance and crease
resistance cotton fabrics (6). This concept code-named

35X, involved swelling of cotton fabric to increase sites for
chemical reaction, introduction of bulky plasticizing side
groups and finally crosslinking the distended polymer network
to achieve more uniformly placed crosslinks than is possible
in existing methods. It was also observed that when crosslink-
ing swellable substituted cellulose much less strength and
toughness reduction was produced than was normally obtained

in unmodified cotton cellulosc,

1,10 Pandley and Nair (7) have reviewed inter-and intra-
crystalline swelling of cotton in phosphoric acid. They have
discussed the effect of swelling treatment on fibre strength,
elongation and other mechanical properties. It is interesting
to note that the inter - and intra - crystalline swelling of
cotton depends on tempercture, concentration of swelling agent,
and other factors. '
1.11 In their studies, Rowland and coworkers considered the
effects upon morphology and physical performance that result
from conventional pad = dry - cure crosslinking, crosslinking
the fibre in swollen state, simple substitution and polymer

deposition (8). They conclude that the development of
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resilience may be achicved with conventional cotton fabriec and
N « methylol reagent through process in which the reagent
penetrates through the less accessible regions of the fibre and
develope network polymeric crosslinkages,

1.12 In an attempt to minimize losses in strength and abrasion
resistance of resin treated cotton fabrics, several other proe
cesses have been developed (1, 9,). Importance is attached to
better diffusion and uniform distribution of crosslinking
moleculcs in the fibre structure, These processes include:

wet fixation, mild cure, steam cure and polyset (10, 11, 12, 13,
2, 13). Fabrics treated by the wet fixation process show
congiderable penctration and uniform distribution of the cross-
linking molecules in the fibre (15)., Deep penetration and
uniform distribution of the crosslinking agent is attributed

to easy diffusion into the swollen structure of cellulose fibres,
1.13 The mechanics of penetrztion and fixation of crosslinking
molecules in cotton fibres is explzined by Hollies (15) on the
basis of theory of dyeing which inveolves four steps: (2) swelling
of the fibre by water, (b) adsorption of the crosslinking
molecule, (c) penetration of the molecule in the swollen struce
ture and (d) fixation of the molecule, The diffusion and
distribution of the crosslinking molecules in the fibres is

governed by colligative and adsorption properties of the molecules,
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The crosslinking rcaction itself is governed by the following
factors (9): (i) stwuctural features of the crosslinking agent
(ii) size, shape, stability in solution and affinity of the
crosslinking agent and (iii) the nature, concentration, and
distribution of the crosslinking agent in the bulk and in the

substrate phase,



CHAPTIER 2

2. Theory of Resin Treatment

2.1 The Structure of Cotton Cellulose

Cellulose is a chain of anhydroglucose rings joined by 1:4
glucosidic linkages but the B - glucose residues are turned over
alternately so that the primary alcoholic group in the 6 - position is
first on one side of the chain and then on the other.

The length of the chain molecule is considerable and in native

cellulose it may be 5000 to 10,000 glucose units but in regenerated

qhoH =3 Ok LH; OH
- -
i q -t o lal “
L da\8" # " o
M ~
CHAOH H o an 4 ow
Y N

cellulose (vigcose) the degree of polymerization may lie between 200 and
700,

The cotton cellulose molecules arrange themselves into regions of
lateral order called crystallites and in a less ordered array called
amorphous regions,

2,2 Mechanism of resin formation (IMU)

It is of interest to mension the mechanism of dimethyloluurea (DMU)

formation, The reaction of compounds containing NH-groups (e.g. urea)

with carbonyl compounds (c.g. formaldehyde) are equilibrium reactions.




10

Under basic condition, the mechanism probably involves the abstrac-

tion of a proton from the urea (16, 17, 18).
g

HZNENﬁz + 0" — W, COM 4+ HO

NH2C0 NH + GHZO —_— umzcozm C'HzO

mzco NH 01-120 + H20 — NH2L‘0 NH CHZD H + CH

In acid solution the formaldehyde is probably protenated, and

the carbonium ion that is formed can then react more easily with

the urea.

L0 % HY s c"ﬂzon

2
" -
NH,CONH. + C H,0OH — NH,.CONCH.OH
i (™ el 2 2
N H
NH ,CON H,,CI0H ~— NH,CO NHCH,OH +

The reactivity of these N - methylol compounds is due to the

nitrogen atom in the & - position, which facilitates condensation

reactions with compounds containing acidic hydrogen, e.g. hydroxyl

group on cellulose or with NHegroup of urea itself,

Under acid condition DMU reactivity is easier by the fact that

only water which has little energy, has to be eliminated instead
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of the hydroxyl ion that is climinated under basic condition,

u‘.
ks L 0%

o

e : . + N,
,h—C&ZOI: H e = O

e

— N 4
“ + -.'.1- o +
N = 62!2 e ‘}. —_— CHQ + HQU
The resonance stabilized imonium - carbonium ion plays a
decisive part in the reaction scheme, It then reacts with acidic

hydrogen,
+ "\ \ +
\ — —
N - CH2 + 0 — Cell =——- ‘R CH)_O Cell + H

Under basic conditions the following mechanism of condensation

has been suggested (25).

~C-N=CH, Ol == =C-N = CH, + H.0
ot 2 g 2 2
6 H 0
“NeCH OH 4 OH =—> i=Ci 0" + HO
\ 2 w— 2 .
H H
“H=CH.C + =C-NsCH, == —N~CH, OCH N ~C=
¢ 2 hi 2~ \ 27720 g
E 0 i 0
~N-CHCHN™ ~C= + Hy0 =% ~NCH,OCHMi=C— + OH
: A ‘ u
H 0 H 0

Resin recactions on cellulose
The condensation reaction on cellulose is normally carried out

23

under acidic condition and it is generally accepted that the final
resin contairgmethylenc bridges and other products (19). Vhen a
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resin treated fabric is subjected to curing at 15000. for 4 minutes,

polymerization and crosslinking occur in = deswollen state and the

following reaction takes place ( 9)e

a)

b)

c)

Decomposition of the metal sult ., catalyst

2 M30126H20 —_— Me;20012 - 55!20 + 2HC1

Protonation of the crosslinking molecules
*

RCONHCH OH + H' ==y RCONH CH, + H,0

Crosslinking reaction

+
RCONE CH, + CellOli ——p RCONH CH20 Cell -

2

Uther resction products that are possible include (49):

e)

b)

Cyclic polyners

0

Linear polyners

NH=C=HH (. FHeC=NHCH, NH~Ce=llH=
i 2w 7y

Q 0 0



c)

d)

13
Crosslinked polymcrs
i C o N = O =l = CH, =

boroow o1 °
0 CH2 0 CH

N-C\I—Cr

i
0

2
2

H

|
l

2

1

-0 =1 = CH_ZN-

I

0
Moncmeric cellulose crosslinkages
Cell = OCH,NH = C = NH Cil,0 - Cell

0

Linear polyner crosslinked to cellulose:
Cell - O(CHZNH -0 =1l

y

Crosslinked polymer also crosslinked to cellulose

(see type c):
Linegr polymer linked to cellulose at one end onlys

)“082 0 = Cell

Cell - 0-01-!2}31 - g - Ul - 01120!-{

Crosslinked polymer linked to cellulose at one end only
(see type c¢):

Methylene crosslinks between cellulose molecules:

Cell - 0O CH20 - Cell
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j) Polyoxymethylene crosslinks between cellulcse

Cell - 0 (0}120)nL - Cell

k) Polyoxymethylene chains linked to cellulose at one end only

Cell - O (CH,0) CH,0H

2

1) Oxymethylene polyners

Ol

HOCH,(0 CH,)p OCE,

The main reaction products are types (b)throuszh (i)

2.4 Effects of swelling on penetration

It has already been pointed out that the crystalline areas of
the cotton fibre are not accessible to resin molecules. Swelling
action on cellulosic fabric is an important technique that opena the
fibres and hence allows uniform distribution of crosslinks in the
fibrillar structure, At low concentration of swelling agents, the
swelling agents penetrate between microstructural units, but at
high concentrations they penetr-te into crystalline elementary
fibrils by breaking hydrogen bonds between cellulose chains (22),

When swelling agent is removed, hydrogen bonds are reformed but
permanent changes in morphology and fine structure are effected,

In cotton, its strength is derived from the crystallites while
flexibility and extensibility are determined by the amorphous regions.
The amorphous regions act as arecs in which slippage can occur, allow=
ing transfer and relief of stress. However, crosslinking in these

regions prevents such slippage and results in a less perfect
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distribution of the applied stress, leading to localized stress
and consequently early failure,

Rayon on the other hand has an intrinsically wecak, less
ordered fine structure, The molccular chain is much shorter and
easily torn apart, Insertion of creosslinks into such a system
has the effect of increasing the cohesiveness of the whole,

2.5 Damage due to reteined chlorine

Conventional finishe.. based ondimethylolurea contained NH-groups
that could form a chloramine when the treated fabric was exposed to
hypochlorite bleaching:

=N - + HOCI —§ =NCI-= 4+ H20
with urea formaldelyde resins, the chloramine itself is colourless,
but decomposition occurs on subsequent ironing of the fabric, with
formation of hydrochloric acid and nascent oxygen: (see eqn. below),
These conditions result in scorching of the fabric and chemical
degradation of the cellulose; On the other hand, DMDHEU has no

=lNH= group and is therefore free from chlorine retention.

- NCl = 4+ H,0 —p =Nd - + HCL + (0)
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CHAPTER 3

Scope of Investigation

In recent years, cotton has suffered an unprecedented
challenges from man-made fibres. Housewives prefer fabrics
with reduced labour in home laundering., The cost of labour on
commercial laundering has risen, The general tasteof fabrics
in the market ia:gxl; easy wear as well as an easy care fabrics,
The man-made fibres respond better to modern taste.

Attempts have been made to improve the resiliency of
cotton by resin treatments involving the following techniques:
pre-swelling treatments, use of phase separation catalysts,
mixed catalysts, and plasticization,

The resin treated fabrics suffer tremendously from loss
of tensile strength and abrasion resistance, It has been
suggested that tensile strength losses are partly due to the
embrittlement of the cellulose molecules caused by crosslink=
ing of cellulose chains and partly due to hydrolytic degra~
dation of cellulose,

The present investigation is aimed at understanding the
caugses for strength lcas at various stages of resin treatment
of cellulosic fabrics. The effecct of drying and curing tem=
peraturea?grease recovery and tensile strength of the resin
treated fabric were examined. The effects of swelling and
polymer depcsition prior to resin treatment of the cotton

fabric ygpre 2lso . . investigated.
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CHAPTFR L
o EXPERIMENTAL

Le1 Fabric description ond purific:=tion

The cotton fabric wns obtoined from Arewa Textile Lid.,
Kaduna in a scoured, bleuzched and mercerized form, It has 20
picks by L4O ends per centimeter, It was further purified by
beiling it for 30 minutes in 0.01% sodium carbonate solution and
finally washing it thrce times in warm water, and dried in cir,
The fabric so prepared is refered to as standard cellulose,

Le2 Swelling treatments

Various swelling agents were used: sodium hydroxide, zinc
chloride and magnesium chloride., The concentrations of the
swelling agents and the methods of application were stated in
appropriate sections,

200 ml of swelling agent were aprlied te cach sample (1:15
fabric to liquor ratio) and the wet pick-up adjusted to 70%,

L.3 Resin preparation of dimethylolures (IMU)

The DMU was prepared by mixing sixty parts of urea (1 mole)
and 170.3 parts of 3T% formaldchyde (2 mole), The mixture was
left to react for 15 hours at 28°C, The pH of 7 - 8 was maine
tained by adding sodium dihydrogen phosphate, The resulting dense
precipitate was filtered, washed with absolute alcochol and vacuum

dried. The equation of the reaction is:
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NH2 E&I{!ﬂzoﬂ
' i
| {
HH2 I‘HICHg(]H

The dimethyloldihydroxy ethylene urea (IMDNEU) was obtained
from Hoeschst Nigeria Ltd, under the commercizl name "ARK NG",
The structure of DMDNEU is shown below:—

HOC'Hz-lF-g—I'V—GHGI

2
i a
HC ———- CH
L *
CH OH

L.y Resin finishing of standord cellulose

10% resin solution was prepared in water with the following
additives: 108 catalyst (based on weight of resin) and 1% surface
nctive agent —- "Teepol” (alsc based on weight of resin), 150 ml
of resin mixture were used in padding each fabric sample - 17 cm
x bl on (worp x weft) end weighing about 15 g (without the TO%
pickup after swelling treatments), The resin tre~ted fabric was
el ngted to 1006 picke-up, dried and cured. The cured. fabric was
waghed in 300 ml of 0,01% sod~ ash containing 0,01% Teepol at
50°C and warm water thrice before drying in air. The soda ash
washing was done to remove surfuace resins that would not contri-
bute in improving the fabric resiliency,

The composition of padding bath, drying and curing conditions

are shown under appropriate tables,
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The catalysts used include zinc nitrate, magnesium nitrate
and dilute . hydrochloric acid,

The dried resin~treated fabric was conditioned for L8 hours
at 65% r.h and 20°C., The conditioned fabric was used for the
following tests or determinations: resin estimation, moisture
regain, crease recovery angles (wet and dry) and breaking load,
L.5 Resin estimation from fabric

The method of determmining the resing add-on is that recommended
by Technical Committee 'D' of the Textile Institute (23). Resins
were removed together with acid - soluble substances which may be
present either in the finish or in the fibre, The total loss of
mass was assumed to represent the amount of resin finish, A mass of
test specimen of approximately 2g and a moisture specimen of 1g were
accurately determined., The test specimen was placed in 500 ml round
bottomed flask with standard joint socket B2L4, 200 ml of 0,02N HC1
were added and boiled under reflux for one hour, The liquid was
decanted through crucible of porosity 2, the residue washed in
100 ml water at 80°C twice and once in 100 ml of 0,1% sodium
bicarbonate solution, The specimen was again washed with 100 ml
water at 80°C, All washings werc filtered through crucible., The
specimen was thentransfered to the crucible and again washed with
100 ml water at 80°C, Each wash was allowed to stand for 2
minutes before applying vacuum, The moisture specimen was dried
in a tared weighing bottle at the same time as the crucible con-

taining the residue at 105 = 2°C to constant weights, after
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cooling them in dessicator,
The loss of mass was expressed as a percentage according to
the equation:

Loss of mass (%) = 100 ( i R 1)
W2 M1

Where W, = mass of test specimen before extraction

1
w2 = mass of test speciment after extraction and
oven dried

M, = mass of moisture specimen

1

M, = mass of moisture speciment after oven drying

2
4.6 Measurcment of moisture regain

The moisture rogain of each resin treated sample was deter-
mined (7) by conditioning a specimen of about 1g for 48 hours at
20°C and 69% r.hy over-drying the oonlitioned specimen at
105°C to a ccnatant weizht and caloulating *he remin
from the expression:

Moisture regain (¥/) = A = B x 100
B

Where A = conditioned mass at 65% r.h, and 20°%C
B = dry mass of specimen alter ovenmdrying at 105°C
Le7 Crease recovery angle (CRA) measurements
The method desceribed below (23) is recommended by Interna-
tional Organization for Standarzation (I.S.0.) replacing earlier
methods in us(ez.h) Rectangu.ar specimen, 5.0 x 2,5 cm were cut from

the sample: 20 in warp diicection and 20 in weft direction, The
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specimen were taken not less than 50mm from the selvedges., Creased,
wrinkled, bent or deformed parts of the sample were also avoided,
The cutting of we‘t and warp specimens must be distributed all
over the sample, The spocimed were conditioned at 20°C and 65%
r,h for 4B hours, after which the test specimen was folded and
maintained in this state for 5 minutes under a load of 2 kg. The
creasing load was then removed, the specimen was allowed to
recover for a period of 5 mimutes and the dry crease recovery angle
(DRA) measured using Shirley crease recovery Tester. The deter—
nination was done for ten warp specimen and ten weft specimen,

The experiment was rep eated to determine the wet crease
recovery angles (WRA) for ten warp and ten weft specimen soaked in
distilled water for five minutes.

4.8 Measurement of breaking load

Bach specimen was 25 mm by 100 nm gauge length, Ten specimen
were tested on each fabric sample., The fabric strip was mounted
on an Instron machine at constant rate of extension with gears at
100 mm/min and 200 mm/min chart speed., A load cell of 0 to 50 kg
was used, The breaking load of each of the ten specimen were
recorded on the Instron graph and the average calculated., The
stress at break was calculated from the expression below:

Breaking stress = TForce at break

Cross-gectional area
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CHAPTER 5

RESULTS AND DISCUSSIONS

S¢1 [Effect of varying the drying conditions of the resin padded fabris

It was intended to see how the even distribution of resin
inside the fabric could be affected by drying temperature, The
pad bath pf of 1 was made by additicn of dilute HC1l which is
an effective curing catalyst at that concentration.

The standard cellulosic fabric of Lhem x 17cm was padded in
107 IMDHEU containing 0.1% Teepol (surface active agent) and
the bath adjusted to pH, 1 by dilute HCl, The fabric samples were
dried at 100% pick-up under the following conditions: room
temperature (25°C), 75°C and 105°C to the same moisture content.
The results are tabulated under Table 5,1, The cured fabric had
average thickness of 3.1 x 10 Lem.

Table §+1 shows high crease recovery angles, over 60% loss
of strength, high resin add-on and more than 2% loss of moisture
regain,

It is observed that the crease recovery angles are not
affected by drying conditions. There is, however, a slight
increase in resin add-on with increase in drying temperature,
This observation is consistent with the fact that two competative
reactions simultaneously take place; crosslinking reaction and

condensation reaction., The higher, the drying temperature, the
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more favourable the condensation reaction, Thus, the higher
resin add-on, is not followed by more loss of tensile strength
or higher recovery angles. Drying at low temperaturc may favour
more even diffusion of resing molecules into the pores of the
ccllulose (9). The moisture regains arc comparable for the three
temperatures,

Se.2 The effects of temperature of curing
It was intended to observe the optimum curing temperature

with the resulting fabric having 2 good balance of mechanical
properties,

The standard fabric samples (17cm x L cm) were padded in a
pad-bath of the same mixture as under paragraph 5,1, dried at
105°C for 8 minutes and cured under the conditions stated below,
The average thickness of each fabric was 3.1 x 10'“m. The results
of measurements are tabulated under Table §,2,

It is obscrved that no effective curing is done below 1h0°C
and the curing at 140°C for 6 minutes is almost as effective as
that at 160°C for 3 minutes., The resin add-on increases with
increasing temperature while the moisture regain follows an
opposite trend,

The poor resin add-on below 140°C is due to the incomplete
condensation and crosslinking reactions due to the low temperature.

The loss in moisture regain is expected as more cellulose hydroxyl
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groups are crosslinked to the resin molecule at higher temperature.
The above observations are in agreement with that of Madan and
coworkers (26) who observed that a curing temperature of 140°C
for L minutes is as effecctive as 160°C for 3 minutes. Both drying
and curing conditions are essential steps to obtain high crease
recovery angles.

5.3 Effect of Pad bath pH
bath

To determine the effect of pH of the pad(bn the resulting
fabric mechenical properties, the fabric wos podded in pad baths
of various hydrogen ion concentration,

The standard fabric was padded in resin solution as under
paragraph 5,1 but the pi was varied from 1 to L, At 100% resin
pick=up the fabric samples were dried at 105°C for L minutes,
The effects of pad bath pH are tabulated under Table 5.3.

The crease recovery angles decrease with increasing pH
while the breaking load increases with increasing pH., There is
also an increase in moisture regain consistent with decreasc
in resin add-on with increasing pH. The decrease in crease
recovery angles from pH 2 to 3 is rather sharp, and the decrease
in add-ons is only marginal.

The dcerease in add-ons are small when compared with the
fall of crease recovery angles as pH increases, This is due

to the fact that the condensation reaction is more favoured at
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high pH than at low pH whereas at low pH the crosslinking reaction
may be more dominant, The increase in moisture regzain from pH 1
to pli } may be due to the increase in number of free hydroxyl
groups on the cellulose molecule that have not participated in
crosslinking reaction,

These observations are consistent with earlier work by Madan
and coworkers ( 3). They observed that above p 2,5 there is a
rapid fall of crease recovery angles and at pH 2,5 an optimum
balance of crease recovery and strength losses are obtained.
The poor tensile strength at pi 1 compared with that of pH L may
be due to the hydrolytic degradation of the acid catalyst,

It is reported that cotton assumes a zero charge at pH 2,8
(20, 21). It is negative above this pH and positive at pH lower
than 2,8, At the initial stage of curing, the thermodynamics of
the system shall favour condensation polymerization of the resin
rather than crosslinking, When the magnesium chloride must have
released adequate H' ions to lower the pil below 2,8 the crosslink-
ing reaction takes off (for MgCl, catalyst).
5eli The offects of preswelling treatments

Swelling agents do open the cellulose microstructure so that
resin molecules are distributed uniformly inside the cellulose
pores. On curing, the resin treated fabric should have more

favourable mechanical propertics,
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The standard fabric of 17em x Lleom was swollen in 10%
agqueous solutions: sodium hydoxide, magnesium chloride or zinc
chloride for 10 minutes, Where sodium hydroxide was used as
swelling agent, the swollen fabric was washed twice in fifteen
times its weight of water and finally in 150 ml of 0,1% acetic
acid, The fabric was adjusted to TO¥ pick-up before treatment
in mixture of 1055 DMDHEU, 1% l"!g(.'.'.".2 catalyst 0,1% surface active
agent (Teepol), dried and cured as under paragraph T.,1, The
swelling effects are shown under Table S.l.

It is observed that the crease recovery angles are higher
for the swollen fabrics than that of the unswollen fabric,
whereas the breaking loads and the resin add-ons are comparable,
On treatment with a swelling agent there is a gain of 1% in
moisture regain over unswollen fabric. The HG-cured fabric
hag poor moisture regain but much higher crease recovery angles
thon the fabries cured with magnesium chloride.

The slight increase in moisture regain is due to decry-
stallizing action of the swelling agent on cotton microstructure.
The swelling action is sufficient to break the secondary forces
and thus open the cellulose crystallites for the resin to
penetrate (27), The regions which are normally inaccessible now
become accessible to water molecules even after the curing
treatment via the free hydroxyl groups on the anhydroglucose

units,
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The wet recovery angles are slighily higher than the dry
recovery angles, This has earlier been observed by Madan and
coworkers (26), The improvement obtained in the WRA is because
the initial chemisorption reaction was carried out in the
gwollen state in the presence of the latent catalyst. The
recovery angles of the fabrics cured by M3012 are lower than
that cured by HCl, This may be due to the fact that the Hgﬂlz
catalyst is not as efficient as the HCl,

5.5 DEffect of residual alkali on curing efficiency

It was of interest to observe to what extent, the efficiency
of the latent acid catalyst was impaired by residual alkali.

The standard fabric (Liem x 17cm) was swollen in 1096
godium hydroxide solution for 10 minutes, The alkali swollen
fobric was washed in water to pH 12, pH 9, pH 5 and pH L4, the
pick=up adjusted to 70% before padding in 10% DMDHEU as under
paragraph 5.k, dried and cured, The effects are under Fable 5.5,

It is observed that the crease recovery angles for pH above
S is poor, The increase in resin add-on with decreasing pH is
not reflected in the moisture regain, The breaking load falls

more drastic than the moisture regain,
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Table 5,5 The effecct of residual alkali on resin treated fabric

Waghed in water to DCR . WICR Hesin Breaking Moisture
pli (Ww+%)° (W+F)° Addeon  Toad Regain
(%) (k) ()
12 125 12, 354 31.0 6,83
9 160 162 3.83 29.5 6.52
5 215 218 LL9 23,5 64,27
4 215 22l 467 19.0 6.17

Table 5,6 Effcct of NaOH concentration for preswelling treatment

Concentration of DCR & WChH Resin Breaking Moisture
NaOH (%) (Ww+F)° (W+7)° Addeon  Load Re?ain
(%) (ke) %)
g 202 212 4456 19.5 5.92
10 215 22l 467 19,0 617
15 212 225 5.04 16.9 5.96

20 210 227 SuT 14,0 5.82




32

The poor resin add-on above pH 5 washings may be explained
by the fact that the hydrogen ion catalyst efficiency is impaired
under alkaline condition, The cobservation confirms that the
condensation reaction on cellulose is nomally carried out under
acidic conditior.,

5.6 Effoct of sodium hydroxyde concentration by swelling
treatments) on fabric erties

It has been established that preswelling action affects the
proverties of resin treated fabric (see section §.6). The
dependence of such properties on concentration of the swelling
agent was examined, The swelling agent used is sodium hydroxide,.
The catolyst used is magnesium chloride, being much milder than
hydrochloric acid,

The standard fabrics were swollen in different concentrations
of sodium hydroxide for 10 minutes, washed twice in ten times its
weight of woter and once in 150 ml of 0.1% acetic acid, adjusted
to 706 weight pick-up before padding in 10% DMDHEU (as in section
Seli) dried and cured, The results are tebulated under Table 5.6,

It is observed that the crease recovery angles are not
improved after the use of 1066 NaOll, The resin add-on increases
slightly with increase of swelling agent but the reduction in
tensile strength is much more dramatic, The moisture regeain has

not changed appreciably.
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It is interesting to note the trend of loss of tensile
strength with increasing concentration of swelling agent. It
hag been observed that 16% (LM) sodium hydroxide exhibits
moximum osmotic pressure (28), Since swelling is quite high,
it is unlikely that cellulose does extend in a Hoockean

higher
fashion and that yield point is exceeded at .._. concentrations
of Naoll _, The decrystallization and swelling of cellulose
therefore create some internal strains which are not totally
eliminated on crosslinking, Hence the fabric shows a decrease
in tensile strength with increase in swelling due to sodium
hydroxide concentration,

The increase in resin add-on with almost constant crease
recovery ongles is simply due to polymer deposition which may
have contributed only a little to the loss of tensile strength.
5.7 Effcct of time of con of swel agents and the fabric

It would be recalled, the requirement for good penetration
of resin molccules is to open the crystallites of the cellulose
with a swelling agent., The required time for such structures to
be opened shall depend on concentration of swelling agent as well
as time of contact with the cellulose molecules,

In order to observe the effects of time on swelling, two

swelling agents were used: magnesium chloride and sodium
hydroxide,
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Table 5,7 Effect of time of swelling fabric in 10% NaOH solution

—

Time of Swelling DCR WCR Resin Breaking Moisture
(min) (Ww+F)° (W+F)° Add-on  Load Re%nin
(%) (k&) %)
0 200 192 Se2h 20.5 S.15
1 205 214 L.25 20,0 SeiT
10 215 22l L.67 19,0 6.17
30 214 227 4.80 15.7 6.23

Table 5,8 Effect of time of swelling fabric in 10%

MeCl,. 6H20
Time of Swelling DCR & WCR 5 Resin Breaking Moisture
tmin) (Ww+F) (W+F) Add=cn  Load Regain
® ) &)
0 200 192 5.2l 20,5 5.15
10 208 21, 5Lt 20,0 5.71
30 M 217 538 19.5 579
60 194 220 5439 18.5 5.68

600 198 216 5.38 18.5 5.70
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The standard fabrics were padded in 10% sodium hydroxide
for various times, adjusted to 70/ picke-up and after washing
ag done under paragraph S.L, and paddled in 10 DMDHEU, dried
and cured,

Other samples of the standard fabric were also padded in
10t magnesium chloride for different times, adjusting the wet
pick=up to 70%, before padding in 10% PMDHEU, dried and cured.
The effects are shown under Tables 5.7 and 5,8,

Under Table 5.7, it is observed that there is a moisture
regain of about 1% when swelling time increases from 0 to 30
mimutes, The temsile strength falls by up to 25)% but the addeon
is only slightly increased. The crease recovery angles are
8lightly increased. The wet recovery angles are higher than
the dry recovery angles,

However, under table £,8, the moisture regain and resin
add-on are not appreciably affected, There is a slight fall of
breaking load with increasing time of swelling. The wet crease
recovery angles are slightly higher than their dry counterparts.

The swelling time in sodium hydroxids affeets the tensile
strength, The same argument advanced under paragraph 5.6
explaining the loss of tengilk strength with increasing concentra-
tion may be used here, The time of contact of the fabric with
magnesium chloride has only slight effects on the tensile
strength,
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The higher value of the wet recovery angles is due to the

fact that the initial chemisorption was carried out in the
swollen state,

5.9 The Effect of electrolyte on the sorption of DMU and AMDEEU
The resin IMU is linear but DMDHEU is of ring structure,

The sorption of these resins was observed with the aim of noting
if there is structural effects in their sorption with sodium
chloride electrolyte using magnesium chloride catalyst, It was
also intended to investigate the electrolytic effects of the
two resins after having added sodium chloride,

The standard fabrics were swollen in 10% sodium hydroxide
for 10 minutes washed twice in water and finally in 0,1% acetic
acid, With 70% wet pick-up the fabric was padded in 10% IMU
containing 1% magnesium chloride catalyst and 0.,1% surface
active agent and various concentrations of sodium chloride,

The padded fabrics were dried at 100% pick-up for 8 minutes at
105°C and cured at 150°C for L minutes. The experiment was
repeated with 10% DMDHEU substituting DMU. The effects are
tabulated under Tables 5.9 and 5,10,

In the case of IMU, there is a large increase of resin
add-on at as low concentration of sodium chloride as 0,01N
(or 0,058%) and it stabilizes immediately. In the case of

DMDHEU the increase in add-on is not that rapid and it comes
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Table 5,9 Effect of NaCl electrolyte on DMU sorption

Amoung of NaCl DCR a WCh 5 Hesin Breaking Moisture
in resin (Ww+F) (W+PF) Add-on Load Regain
) (ke) ()
0,00 N 218 229 L4455 20,0 5.05
0,01 N 220 232 6.14 19.5 L8l
0,10 N 225 230 6.30 18.5 475
1,00 N 220 234 6435 18.5 L. 75

Table 5,10 Effect of NaCl electrolyte on DMDHEU sorption

Amount of NaCl DCR 8 WCR 5 Resin Breaking Moisture
in resin (W +F)" (W+F) Add-on Load Re%ain
(%) (ke) %)
0,00 N 215 22l L.67 19.0 6,17
0,01 X 220 236 L4.70 19.0 614
0,10 N 228 234 5e31 18.5 6.21

1,00 N 230 237 5.40 18,0 6421
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to limiting value of 5.40%. The crease recovery angles are
slightly increased with both resins, The tensile strength are
also slightly affected by the electrolytes in both resins,
The IMDHEU treated fabric maintains a better moisture regain
than the IMU treated fabric.

The crease recovery angles do not agree with the increase
in resin add~on of both Tables 5,9 and 5,10, The explanation
to this may be due to a lot of the deposited resin do undergo
some condensation polymerization without necessarily getting
crosslinked with cellulose hydroxyl groups.

The above observation is in agreement with that of Madan
and coworkers (26) who observe effects of chemisorption of
DMDHEU in the presence of MgCl2 in the concentration range of
1 = 2 M. They explained this effect in terms of modification
of the water structure by the icnic solutes. Dissolved icnsg
are zassumed to carry water molecules, The hydrated ion, by
virtue of strong electrostatic field, forms an envelope of a
molten zone in which there is more orientation disorder than
in the hydration zone as well as in bulk water,

When cellulose is immersed in water, the water initially
absorbs onto the cellulose surface, forming a monclayer of
strongly bound water molecules. The energy of interaction of.
this water with cellulose is of the order of magnitude as for

hydrogen bonding (29). It is thus possible to expect, in a
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system containing cellulose, magnesium chloride, (or another
electrolyte) water, and orosslinking compound, that the charged
magnesium ion probably disturbs the monolayers of water molecules
adoerbed on cellulose surface, This disturbance in the adsorbed
water molecules will increase with increasing electrolyte con-
centration and, in effect bring the crosslinking molecules into
cloger contact with the surface. As a2 result of it, the activity
of surface hydroxyls of cellulcse and the hydroxyls of crosslink-
ing agent is accentuated,

Yabani (30), however used electrostatic effects in explaine
ing the incraé.se in resin add-on in the presence of electrolyte.
The bleached and mercerized cellulose has some of its hydroxyl
groups oxidised to aldehyde groups, In an acid solution, the
aldehyde groups on cellulose acquire proton which is resonance
stabilized:

Cell - CHO -I.i-t-QCall-CH=

g g

Cell =

+Q+
!

The resin also acquiregproton, Thus, a situation is
created where both the cellulose and the resin are positively
charged, In the absence of counterions the absorption of
formaldehyde molecules would be retarded due to eleotrostatic
repulsion, A counterion such as C1~ ion would surround the
positively charged groups in the cellulose and hence shielding

+
them from the approaching ;N--Cliz--(?(‘i‘,2 and thereby facilitating -
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sorption, The results under Tables 5,9 and 5,10 also agree
with this postulate,

The high resin add-on with DMU may be due to the more
gimple linear structure of IMU (compared with DMDHEU) which
facilitates more of it to be diffused into the cellulose pores.
The high moisture regain with fabrics treated with DIMDHEU may
be due to the bulky ring structure of the DMDHEU which renders
the cellulose © .:.molecules to remain decrystallized even

after curing treatments.

5.10 Effect of polymer deposition and resin treatment

Polymer additives have been used extensively to improve

crease recovery characteristics of cellulesic fabrics,.

Two separate treatments were studied: one was to deposit
the polymer, dry and cure the fabric; and the other was to
deposit the polymer, apply IMDHEU resin, dry and cure the
fabric,

The standard fabric 17em x Llicm was swollen in 10% ginc
chloride, padded to 100% pick-up, dried for 5 mimutes at
105°C and cured at 15000 for 10 minutes, The polymers used are
tabulated with the results under Table 5,11,

Another standard fabric (17cm x Liom) was swollen in 10%

zine chloride solution and padded to 100% pick-up after when
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Table 5,12 Effect of polymer deposition and resinification

DMDITU resin

DCh

: WCR
(W+F)° (wa+F)°

Fabric Breaking Breaking Moisture

with polymer on Thickness Load Stress Hegain
fabrie x 10_"‘m x 1&1/132 (%)
DMDIET only 215 220 3.1 20.5 2.62 5.65
Polyethyleneglycol 228 230 3.2 18.0 2.21 3.61
Pclyvinylalcolhol 220 235 3.5 23,0 2.58 L.23
Polyacrylamide 22l 230 3.k 17.5 2.02 3.85
Cz;rbcxymethyl..

cellulose 201 228 3.4 17.5 2,02 L.16
None 102 99 3.1 36.2 L.58 7.03
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it was padded in 5% polymer dispersion to 100% pick-up before
padding in 150 ml of 10% DMDEEU and 1% zinc nitrate catalyst
and 0,1% surfactant to 70% pick-up, dried at 100°C for §
minutes.and cured at 150°C for L minutes. The experiment was
repeated for all the polymers under Table 5,12 and the results
also shown there,

In Table 5.11, the crease recovery angles and tensile
strength are slightly increased, The moisture regain has
fallen by more than 2%,

The low moisture regain may be due to the presence of
condensed polymer on the cellulose surface and thus shielding
the entrance for the moisture., The reasons for the slight
increase in crease recovery have been proposed by Rawls and
coworkers (31)., They concluded that the polymer characteris~
tics necessary for improved crease resistance are high elastic
recovery, low glass transition temperature and low permanent
set, Differences among these may help explain the relative
performance of various classes of polymers,

On the other hand, Table 5,12 shows that the crease
recovery angles are high and the tensile strength has fallen
for some by about 50%. The moisture regain ... values are
also low,

The high recovery angles may be due to the total effects

of the resin and polymer., There is a little increase in wet
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recovery angles, Detailed relationships among polymer deposie
tion morphology, and performance characteristics are not simple
to interpret; the nature of the bulk polymer in the fibre pores
or on surfaces, the association of hydrogen bonding of the
polymer with cellulose surface and the friction or lubricity
conferred to fibre surfaces may be important (8). The low
moisture regain is due to the decreased accessibility of the
cellulose to moisture by the polymer deposit,

5.11 Conclusion

a) Drying temperature is important and its effect on
resin add~-on slightly observed., Drying at higher temperatures
give higher add-ons without corresponding increase in crease
Trecovery angles.

b) The pad-bath pH determines the electrical nature of
the cellulose and at high fH the efficiency of the latent acid
catalyst is impaired.

e) Curing at 1hO°C for a longer time is as effective as
curing at 160°C for 3 minutes.

d) Sodium hydroxide of mercerizing strength, 5 to 30%
can swell cellulose appreciably. However, for a good balance
of mechanical properties, 1006 sodium hydroxide is favourable

at 10 minutes swelling time,
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e) Time of swelling alsoc affects the mechanical proper-
ties of the resinified fabric, BSwelling time of ten minutes
has good balance of properties. The above observation is not
apparent when the swelling agent is magnesium chloride.

f) Preswollen resin treated fabric has at least 1% mois-
ture regain over unswollen treated fabric,

g). The presence of electrolyte (e.g., sodium chloride) in
the resin facilitates high resing add-ons with slight increase
in crease recovery angles, The good moisture regain is not
affected by the high add-ons,

h) Polymer deposition and resinification provide fabrics
with good crease recovery angle but poor moisture regain.

i) 'The loss of tensile strength has been observed in
all the techniques studied, However, a better retension of

tensile strength is achieved by pre-swelling treatments,
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