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ABSTRACT: Films of different composites based essen-
tially on maize starch (MS)/poly(vinyl alcohol) (PVA)
blends were prepared by the solution-casting technique and
subjected to various doses (20–100 kGy) of �-radiation. The
MS/PVA blends were modified by the addition of glycerol
(GY) and a graft copolymer (GP) of MS with acrylamide
separately or together with the polymer blend solutions
before casting. The �-treated composites were evaluated in
terms of the apparent viscosity and their suitability as sizing
materials for cotton fabrics. The sizeability of these compos-
ites for cotton fabrics was assessed in terms of the size
removal percentage at different temperatures and the effect
on the tensile properties and water absorption. The change

in the apparent viscosity with the shear rate showed that
�-irradiation improved the behavior of MS/PVA blends and
their composites with GY or GP as a sizing material for
cotton fabrics. Moreover, the improvement in the tensile
mechanical properties of the sized cotton fabrics with these
composites gave further support to this finding. The results
for the size removal percentage and water adsorption indi-
cated that these composites could be removed by washing at
70°C for 10 min. © 2004 Wiley Periodicals, Inc. J Appl Polym Sci
91: 3818–3826, 2004
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INTRODUCTION

Sizing is a process in which specific materials in aque-
ous solutions are applied to warp yarns as a protective
coating to withstand the movement of yarns and abra-
sive mechanical stresses during weaving. Many mate-
rials are used as sizing materials, such as starches,
poly(vinyl alcohol) (PVA), gums, carboxymethylcellu-
lose, gelatins, and synthetic polymers and copoly-
mers.1 Of these materials, starch and PVA are the most
important polymers often used in the sizing process.
Synthetic polymers work best on filament yarns.
Meanwhile, starches are important base materials
used for cotton sizing because of their cheap price,
abundance, and ease of application. However, natural
starches are not soluble in cold water, and so cooking
is necessary to get the granules to form a homoge-
neous solution. Another problem with starch sizing
materials is the retrogradation process, in which, if the
concentration of the starch solution becomes concen-
trated by the evaporization of water and/or cooling,
an irreversible gel is formed that will not redisperse.2

The problem encountered in the desizing of natural
starches is that once a cooked starch solution dries, the
resulting film will not easily redissolve in water. Thus,
for the complete removal of starch from a fabric, te-

dious and expensive chemical methods are being
used, such as enzymes, acid hydrolysis, and oxida-
tion.3 However, one of the advantages of PVA is that
the dried films will redissolve in water without deg-
radation. However, the problem with PVA is the effect
of heat setting, which occurs when the desizing pro-
cess is carried out at a high temperature.4

As noted, both starches and PVA cause problems in
the sizing and desizing processes. Hebeish and co-
workers carried out extensive work on modifying the
physicochemical properties of starches: starches were
acid-treated,5 oxidized,6–8 etherified,9 and grafted by
chemical methods.10 The blending of starch with
PVA11 or poly(methacrylic acid)12 has been also inves-
tigated for the property modification of natural
starches. However, most research work on polymer
blends based on starch and PVA has been directed to
the preparation of biodegradable plastics for environ-
mental reasons.13–15

It is interesting to investigate the effect of high-
energy radiation on the chemical and physical prop-
erties of synthetic polymers and starches.16–19 An ear-
lier report studied the effect of �-irradiation on the
digestibility of raw starch for radio sterilization for
uncooked starch fermentation.20 The importance of
these effects arises from the fact that high-energy ra-
diation can induce chain scission and crosslinking.

This work was undertaken to investigate the size-
ability of different composites based on maize starch
(MS)/PVA blends before and after �-irradiation. The
suitability of these composites as sizing materials was
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investigated in terms of the viscosity changing with
the shear rate, whereas the efficiency of these materi-
als as sizing materials for cotton fabrics was studied in
terms of the size removal efficiency, mechanical prop-
erties, and water absorption.

EXPERIMENTAL

Materials

MS was supplied by the Egyptian Company for Starch
and Glucose (Cairo, Egypt). The partially hydrolyzed
PVA (laboratory-grade) was in the form of a powder,
had a weight-average molecular weight of 125,000,
and was obtained from Laboratory Rasayan (India).
Acrylamide monomer (AM) with a purity of more
than 99% (gas chromatography) was obtained from
Merck (Germany). All other chemicals were pure and
were used as received.

Preparation of starch/PVA composites

Basically, four MS/PVA composites were prepared as
films by the solution-casting technique. The first com-
posite was based on MS/PVA blends at different ra-
tios. It was prepared by the dissolution of MS powder
in water with continuous stirring and heating at 80°C
for an hour until complete gelatinization. The required
amount of PVA dissolved in hot water was added
with continuous stirring. The films obtained by cast-
ing were allowed to dry in air and then were placed in
a vacuum oven at 80°C for the removal of residual
water. For the second and third composites, glycerol
(GY) and a graft copolymer (GP) were added to the
first blend solutions at constant concentrations of 10
and 5%, respectively. The GP was prepared by the
direct radiation grafting method, in which both MS
and AM were simultaneously exposed to �-radiation
in sealed tubes with water as a solvent. The MS GP
was removed, filtered, washed with water, and ex-
tracted with water for the removal of the homopoly-
mer and was dried in a vacuum oven at 80°C. The
grafting yield was determined by elemental analysis
for nitrogen content. The fourth composite was pre-
pared by the addition of a mixture of GY and GP to
MS/PVA blend solutions at 10 and 5%, respectively.

�-Irradiation

Irradiation in the required doses was performed in a
Co 60 � cell (Issle Bovatel, Russia) at a dose rate of 7.64
kGy h�1 in air.

Rheological measurements

The rheological properties of MS/PVA composites be-
fore and after �-irradiation were measured with a

Brookfield (England) DV-III-Rv with an SC4-21 spin-
dle. The measurements were performed at a shear rate
between 177 and 233 s�1 and at 90°C. The apparent
viscosity [� (cP)] was calculated as follows:

� � �t/D� � 1000

where t is the shear stress (dyn/mm) and D is the rate
of shear (S�1).

Sizing and desizing procedures

Aqueous slurries (10%) of the different MS/PVA com-
posites films before and after �-irradiation were
cooked at 90°C for 20 min. Unprocessed cotton fabric
samples were impregnated in the cooked composites;
this was followed by squeezing to a content of approx-
imately 100% and drying at 100°C for 5 min. The sized
cotton samples were then evaluated in terms of the
tensile strength and elongation at break. The desizing
process was carried out by the washing of the sized
cotton samples in water at different temperatures in
the presence of a wetting agent for 10 min. The loss in
the fabric weight after washing is called size removal,
and it is determined as follows:

Size removal (%) � [(W0 � W1)/W0] � 100

where W0 and W1 are the sized cotton sample weights
before and after washing, respectively.

Mechanical measurements

Mechanical tests, including the tensile strength, elon-
gation at yield, and break points, were performed at
room temperature with an Instron model 1195 ma-
chine, which applied a crosshead speed of 10 mm/
min. For this test, the fabrics were cut into rectangular
stripes 20 cm long and 5 cm wide. The recorded value
for each mechanical parameter was the average of five
measurements taken according to ASTM standards.

Water absorption properties

The efficiency of size removal (desizing) was evalu-
ated in terms of the static water absorption test ac-
cording to AATCC Test Method 21-1972. Static ab-
sorption involves the immersion of conditioned de-
sized cotton samples of weight W0, fastened on one
side to a sinker, in a vessel full of distilled water for 20
min, removal, and reweighing (W2); the percentage of
absorbed water is determined as follows:

Water absorption (%) � [(W2 � W0)/W0] � 100

COMPOSITES FOR COTTON FABRIC SIZING 3819



RESULTS AND DISCUSSION

For a practical and good sizing material, the solution
viscosity during preparation should remain constant
or increase as the shear rate increases. Moreover, gen-
eral requirements include flexibility, abrasion resis-
tance, and good adhesion. Most importantly, the ma-
terial should be easily removed from the fabrics dur-
ing the desizing process.

Viscosity of �-irradiated MS/PVA composites

Pure MS and PVA homopolymers

Figure 1 shows the apparent viscosity at different
shear rates of pure MS and PVA homopolymers before
and after various doses of �-irradiation. The unirradi-
ated MS possessed a higher viscosity than PVA at any

shear rate. The apparent viscosity of unirradiated MS
decreased as the shear rate increased, whereas that of
PVA seemed to remain unchanged with the shear rate.
The apparent viscosity of MS was greatly reduced as
the irradiation dose increased because of oxidative
degradation. The apparent viscosity of PVA suddenly
increased at a dose of 20 kGy and then decreased at
higher doses. However, �-irradiated PVA seemed to
behave as a Newtonian fluid; that is, the viscosity
remained unchanged as the rate of shear increased. A
similar behavior was observed for �-irradiated MS in
agreement with previous work.19

MS/PVA blends (composite I)

The change in the apparent viscosity as a function of the
shear rate for different MS/PVA blends, before and after

Figure 1 Apparent viscosity at different shear rates for pure MS and PVA homopolymers before and after various doses of
�-irradiation.
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�-irradiation, is shown in Figure 2. The blending of PVA,
with an initially low apparent viscosity, clearly resulted
in blends with a very low apparent viscosity. Similarly to
pure PVA, a sudden increase in the apparent viscosity of
the MS/PVA blends was observed at a dose of 20 kGy
and then greatly decreased at 100 kGy. At any irradia-
tion dose, the apparent viscosity of the MS/PVA blends
increased or almost remained constant with an increas-
ing rate of shear. These findings were clear for the MS/
PVA blends rich in MS or PVA, in which the apparent
viscosity increased with an increasing rate of shear. This
behavior indicated the presence of mechanical hindrance
of the particles in the concentrated suspensions, by

which the particles were packed together with a large
deforming force into a solid complex in agreement with
previous work.19 Thus, the blending of MS and PVA,
followed by �-irradiation, changed the behavior of the
blends from a pseudoplastic fluid to a dilatant. The
sudden increase in the apparent viscosity of pure PVA or
its blends with MS at 20 kGy was probably due to
crosslinking.

MS/PVA/GY (composite II)

GY is usually added as a plasticizer to starch polymer
in many formulations to modify its properties.21,22

Figure 2 Apparent viscosity at different shear rates for MS/PVA blends of different compositions before and after various
doses of �-irradiation.
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This modification is due to the interaction of starch
with GY and, therefore, prevents the retrogradation
process that occurs in starch with aging. The effect of
GY on the apparent viscosity of MS/PVA blends is
shown in Figure 3. The addition of GY increased the
apparent viscosity of the unirradiated MS/PVA poly-
mer blends, regardless of the change in the rate of
shear (Fig. 2). When the rate of shear increased from
177 to 233 s�1, the apparent viscosity of the unirradi-
ated MS/PVA/GY composites seemed to remain con-
stant, regardless of the irradiation dose; this indicated

stability in the rheology of such composites. In com-
parison, the MS/PVA/GY composites were better
than MS/PVA blends without GY from the point of
view of sizing materials.

MS/PVA/GP and MS/PVA/GP/GY (composites III
and IV)

The effect of GP of MS with acrylamide alone or with
GY as an additive on the apparent viscosity of an MS
(20%)/PVA (80%) blend at different shear rates before

Figure 3 Apparent viscosity at different shear rates for different MS/PVA/GY composites before and after various doses of
�-irradiation.
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and after various doses of �-irradiation is shown in
Table I. GY was added at a constant concentration of
10%, whereas GP was added at a concentration of 5%;
both concentrations were based on the weight of the
blend. Also, the graft yield of acrylamide onto MS, as
determined by elemental analysis for nitrogen con-
tent, was found to be 15%. The addition of GP had
nearly no effect on the apparent viscosity of the unir-
radiated MS/PVA blend. However, when GY and GP
were added to the MS/PVA blend, the apparent vis-
cosity was greatly increased. A sudden increase in the
apparent viscosity at 20 kGy was also found for the
two composites containing GP alone or a mixture of
GP and GY. When the irradiation dose increased from
20 to 100 kGy, a sudden drop to very low values was
observed, particularly for the blend containing only
GP.

The behavior of composites III and IV as Newtonian
fluids [i.e., the stability of the apparent viscosity or an
increase with an increasing rate of shear (dilatant)]
largely depended on the irradiation dose. In this re-
spect, composites III and IV behaved as Newtonian
fluids over the studied range of irradiation doses,
whereas the unirradiated composites were not suit-
able as sizing materials. This was because the appar-
ent viscosity of the unirradiated composites tended to
decrease as the rate of shear increased.

On the basis of the results for the viscosity of the
four MS/PVA composites, a few points may be made:

1. When the shear rate increased from 177 to 205
S�1 or from 205 to 233 S�1, the apparent viscosity
of unirradiated pure PVA, MS/PVA blends, MS/
PVA/GY, and MS/PVA/GP remained un-
changed or increased with increasing shear rates;
this indicated their suitability as sizing agents.
However, unirradiated MS and MS/PVA/
GP/GY materials were not suitable as sizing
agents.

2. �-Radiation seemed to alter the nature of the
unsuitable composites as sizing agents to a prac-
tical nature in which the apparent viscosity in-
creased with the shear rate.

3. According to the previous results, it may be con-
cluded that the best composites as sizing agents
were MS/PVA/GY and MS/PVA/GP/GY irra-
diated to 50 and 20 kGy, respectively.

Sizeability of �-irradiated MS/PVA composites

The efficiency of the sizing process mainly depends on
the type of yarn to be sized, the sizing base material,
and the compatibility between them. The sizeability of
the different MS/PVA composites was evaluated in
terms of the mechanical properties of sized fabrics, the
size removal percentage (desizing), and the water ab-
sorption of the desized fabrics.

Tensile mechanical properties

The tensile mechanical properties of cotton fabrics
sized with the different �-irradiated MS/PVA com-
posites are shown in Table II. On the basis of the
results, a few points may be made:

1. The untreated cotton fabrics and cotton fabrics
treated with unirradiated composites III and IV
showed the stress–strain behavior of brittle poly-
mers, in which no yielding was observed. How-
ever, cotton fabrics treated with unirradiated
composites I and II displayed the stress–strain
behavior of tough polymers with yielding prop-
erties. These trends can be explained by the vis-
cosities of the different composites. In this re-
spect, low-viscosity solutions eventually pene-
trated the yarns more easily than high-viscosity
solutions. As a result, sizing with high-viscosity
solutions increased the breaking stress and
strain, whereas the penetration of low-viscosity
solutions changed the nature of the yarns and
increased the elasticity of the fabrics.

2. Cotton fabrics treated with �-irradiated compos-
ites showed yielding properties, regardless of the
MS/PVA composite. The oxidative degradation
of MS caused by irradiation eventually reduced

TABLE I
Effect of GY and MS GP (with acrylamide) Additives on the Apparent Viscosity at Different Shear Rates

of an MS (20%)/PVA (80%) blend

Composite
Shear rate

(s�1)

Viscosity (cP)

Not irradiated 20 kGy 50 kGy 100 kGy

MS/PVA/GP 177 8.95 188.90 7.37 2.89
205 7.95 194.80 7.50 2.95
233 7.80 201.30 7.00 3.00

MS/PVA/GP/GY 177 36.70 56.10 28.20 11.60
205 35.00 60.00 28.90 11.10
233 34.30 65.20 32.70 11.80

Concentration of GY-10%; concentration of GP-5%, based on the polymer blend weight.
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the viscosity and, therefore, increased the pene-
tration of the yarns.

3. Sizing with unirradiated MS/PVA(I) caused an
increase in the breaking stress of cotton fabric by
approximately 60%, whereas the increase was
approximately 21% with the unirradiated MS/
PVA/GP composite. However, the treatment
with unirradiated MS/PVA/GY and MS/PVA/
GY/GP composites increased the breaking stress
of cotton fabric by approximately 730 and 670%,
respectively, based on the untreated fabric (con-
trol).

4. The application of �-irradiated composites in-
creased the break strain of cotton fabrics.

5. In summary, the tensile mechanical properties of
cotton fabrics treated with unirradiated or �-irra-
diated composites were much higher than those
of untreated cotton.

The improvement in the tensile mechanical proper-
ties could be attributed to the formation of thin films
of polymer blend composites surrounding the yarns
and hence an increased ability to withstand load un-
der tension. Moreover, all the composites were hydro-
philic in nature, and so the adhesion to cotton fabric
was strong enough to resist breaking or cracking un-
der tension.

Size removal percentage

After a sizing solution is applied to fabrics and dried,
the resulting coatings have to be removed to meet the
requirements of aftertreatment processes such as
bleaching and dyeing. Thus, the efficiency of the de-

sizing process was evaluated to determine the size
removal percentage at different temperatures for 10
min for the different �-irradiated MS/PVA compos-
ites, as shown in Table III. In the textile industry, the
desizing process of starches is often carried out under
the effect of enzymes for at least 6 h to ensure that all
starches are converted into low-molecular-weight
polysaccharides, which are soluble in water. However,
boiling water is still needed to remove the residual

TABLE II
Tensile Mechanical Properties of Cotton Fabric Sized with Different �-Irradiated MS/PVA Composites

as Sizing Materials

Sizing composite
Irradiation
dose (kGy)

Yield stress
(MPa)

Yield strain
(%)

Breaking stress
(MPa)

Breaking strain
(%)

Untreated Unirradiated None None 4.3 � 0.20 9.4 � 0.20
MS/PVA (I) Unirradiated 3.4 � 0.5 2.8 � 0.30 6.9 � 0.6 16.3 � 1.1

20 6.4 � 0.8 2.0 � 0.10 6.2 � 0.4 11.8 � 0.9
50 None None 6.1 � 0.31 10.9 � 0.7

100 None None 6.0 � 0.38 10.0 � 2.0
MS/PVA/GY (II) Unirradiated 33.4 � 1.9 13.9 � 1.3 35.6 � 6.5 16.7 � 0.4

20 29.5 � 2.1 11.2 � 0.7 30.7 � 4.5 13.6 � 0.7
50 24.5 � 2.2 2.2 30.4 � 6.2 11.3 � 0.7

100 15.5 � 3 2.1 � 0.10 28.5 � 3.2 9.9 � 0.5
MS/PVA/GP (III) Unirradiated None None 5.2 � 0.10 12.1 � 1.4

20 6.5 � 0.3 2.8 � 0.4 6.3 � 0.2 12.1 � 1.2
50 6.0 � 0.70 6.3 � 0.3 6.5 � 0.6 12 � 1.3

100 None None 7.4 � 0.3 9.8 � 0.4
MS/PVA/GP/GY (IV) Unirradiated None None 33.1 � 5.4 11.8 � 0.3

20 15.5 � 0.2 3.3 29.1 � 3.2 9.3 � 0.7
50 14.3 � 0.50 4.5 � 0.20 27.9 � 2.5 8.6 � 0.4

100 6.4 � 0.30 2.0 22.8 � 1.1 8.0 � 0.2

The blend used in all composites was MS (80%)/PVA (20%).

TABLE III
Size Removal Percentage at Different Temperatures of
Unirradiated and Irradiated MS/PVA Composites After

They Had Been Applied to Cotton Fabrics

Sizing composite
Irradiation
dose (kGy)

Size removal (%)

50°C 70°C 80°C

MS/PVA (I) Unirradiated 53.22 72.7 83.91
20 70.13 94.16 85.04
50 76.24 95.91 97.15

100 99.13 100 100
MS/PVA/GY (II) Unirradiated 81.14 83.30 79.51

20 93.08 96.85 80.98
50 98.13 100 95.26

100 98.65 100 94.02
MS/PVA/GP (III) Unirradiated 85.6 92.46 51.56

20 86.63 92.49 87.09
50 91.74 95.07 88.11

100 95.29 94.10 96.43
MS/PVA/GP/GY (IV) Unirradiated 91.95 87.83 85.31

20 94.03 98.89 92.02
50 95.64 98.19 93.86

100 92.78 97.21 94.32

The concentrations of GY and GP are the same as in Table
I. The blend used in all of the composites was MS (80%)/
PVA (20%).
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starches. In general, the size removal percentage in-
creased as the temperature of the desizing process
increased from 50 to 70°C, regardless of the kind of
composite. When the temperature of the desizing pro-
cess was increased to 80°C, the size removal percent-
age of most composites decreased, and this indicated
the effect of heat setting.4 The desizing of �-irradiated
composites was clearly easier than that of unirradiated
composites. In this respect, a nearly complete removal
of all the �-irradiated composites (50–100 kGy) was
observed at 70°C.

Water absorption of desized fabrics

The water absorption of fabrics may be considered to
be one of the most important properties in textile
processing because all the aftertreatment processes
have to be carried out in aqueous solutions. Therefore,
as much as the sizing process is necessary in the
weaving step, the removal of these materials is more
important; otherwise, deposition inside the voids of
the fibers would cause many problems.

Table IV presents the results of water absorption at
different times for cotton fabrics after the desizing of
different MS/PVA composites initially subjected to a
dose of 50 kGy of �-irradiation. The desizing process
was carried out at 70°C for 10 min with solutions
containing the MS/PVA composites and a 1% wetting
agent, similarly to the industry. Also, the untreated
fabric was treated with the same solution under iden-
tical conditions, except for the sizing composites. The
results clearly indicated that the different MS/PVA
composites were soluble in hot water and were com-
pletely removed. Moreover, the cotton fabrics ab-
sorbed approximately 100% water after a period of
3 h. Therefore, the desized fabric was amenable to
aftertreatment processes such as dyeing and finishing.
Composites with GY apparently improved the wetta-
bility of cotton fabric, in addition to their function as
sizing materials, more than the pure MS/PVA blends
and the composites containing GP. The relatively im-
proved water absorption of untreated cotton fabric

was due to the action of the wetting agent at the
relatively high temperature of the desizing process.

CONCLUSIONS

An efficient sizing agent is one whose viscosity be-
haves as a Newtonian fluid; that is, it is independent
of the shear rate or increases as the shear rate increases
(dilatant) during the preparation of the sizing solu-
tion. In this work, the viscosity/shear-rate relation-
ship and the sizeability of different composites based
on polymer blends composed of MS and PVA, before
and after �-irradiation, were studied. In this respect,
GY as a plasticizer and GP as a compatibilizing agent
were added to the polymer blend solutions to obtain
different composites. In general, �-radiation was dem-
onstrated to be an effective tool for changing the dif-
ferent composites into efficient sizing materials. �-Ir-
radiation changed the behavior of pure MS/PVA
blends from a pseudoplastic fluid to a dilatant fluid.
MS/PVA/GY composites, before and after �-irradia-
tion, showed the behavior of Newtonian fluids, being
independent of the shear rate and irradiation dose.
However, blends with GY were better than pure MS/
PVA blends. According to the obtained results, the
best composites as sizing agent were MS/PVA/GP
and MS/PVA/GY/GP composites irradiated to 50
and 20 kGy, respectively. The sizeability studies, in
terms of the tensile properties, size removal, and wa-
ter absorption of cotton fabrics sized with the different
composites, indicated the following points: (1) the ten-
sile mechanical properties of treated fabrics with un-
irradiated or irradiated composites were much higher
than those of untreated fabrics, (2) the size removal of
irradiated composites was easier than that of unirra-
diated ones, and (3) the desized cotton fabrics were
amenable to aftertreatment processes such as dyeing
and finishing.
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