
M
p

M
F
a

b

c

a

A
R
R
A
A

K
C
P
C
W
F

1

t
s
I
a
S
2
n
i
W
b
m
b
n
P
t
p
f
d
t

0
d

Carbohydrate Polymers 87 (2012) 2439– 2446

Contents lists available at SciVerse ScienceDirect

Carbohydrate  Polymers

jo u rn al hom epa ge: www.elsev ier .com/ locate /carbpol

odification  of  cellulosic  fabric  using  polyvinyl  alcohol,  part-II:  Colorfastness
roperties

ohammad  Zubera,  Khalid  Mahmood  Ziaa,∗, Ijaz  Ahmad  Bhattib,  Tahir  Jamil c,
azal-ur-Rehmana,  Ali  Rizwana

Department of Applied Chemistry, Institute of Chemistry, Government College University, Faisalabad 38030, Pakistan
Deaprtment of Chemistry and Biochemistry, University of Agriculture, Faisalabad 38040, Pakistan
Department of Polymer Engineering and Technology, University of the Punjab, Lahore, Pakistan

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 10 October 2011
eceived in revised form 28 October 2011
ccepted 4 November 2011
vailable online 11 November 2011

a  b  s  t  r  a  c  t

A  series  of  aqueous  solutions  of  poly(vinyl  alcohol)  of  various  commercial  products  were  prepared  and
applied onto  the  surfaces  of  cotton  and  blends  of  cotton/polyester  fabrics.  Fourier  transform  infrared  spec-
trophotometer  was  used  to confirm  the molecular  structure  of  the  polyvinyl  alcohol  used.  Performance
tests  such  as  colorfastness  to rubbing  (dry  and  wet)  and colorfastness  to  washing  were  determined.
The  controlling  variables  affecting  the  performance  properties  of  the  finished  substrate  such  as  post-
eywords:
ellulosic fiber
oly(vinyl alcohol)
rocking
ashing

treatment  with  poly(vinyl  alcohol)  of  various  commercial  trades,  concentration  and  dilutions  were
studied.  Crocking,  washing  and  hue  change  of the treated  dyed  and  printed  fabrics  is  accompanied  by  the
formation  of  semi-inter-penetrated  network  structure  due  to  the  presence  of the  hydroxyl  (–OH)  groups
which  make  feasible  to a number  of  grafting  and physical  cross  linking  reactions  of  polymer  backbone.

© 2011 Elsevier Ltd. All rights reserved.
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. Introduction

Polyvinyl alcohol (PVA) is colorless, flammable, odorless and
asteless, translucent, white granular material. It is water soluble,
lightly soluble in ethanol, but insoluble in other organic solvents.
t has a molecular weight of between 26,300 and 30,000 units and

 degree of hydrolysis of 85.5–89% (Sexena, 2004; Ibrahim, Abo-
hosha, Elnagdy, & Gaffar, 2002; Ibrahim, El-Salmawi, & Ibrahim,
005). The ability of this polymer makes it easily available for
umerous applications, such as paper, wood, leather and textile

ndustries, cosmetics, and an important ingredient in agri-products.
ith respect to biological applications, PVA has been found to

e non-immunogenic, i.e. not involving antibody creation, non-
utagenic and non-carcinogenic for human beings. Thus, PVA can

e considered as highly efficient polymer in the field of biotech-
ology (Burkinshaw & Kumar, 2008a, 2008b; Pourciel et al., 2003).
olyvinyl alcohol has been widely used in high tonnage for tex-
ile sizing and finishing agent, emulsifier, coating, and adhesive for
aper, wood and leather. It has also been used as sizing material

or polyester and its blend with cotton and viscose. Due to small,
ense and closely packed monoclinic crystallite, PVA films possess
remendous gas barrier properties. Unlike other barrier polymer

∗ Corresponding author. Fax: +92 41 9200671.
E-mail address: ziakmpkpolym@yahoo.com (K.M. Zia).

144-8617/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2011.11.014
in the film, PVA exhibits flexibility, transparency, and lower cost
(Burkinshaw & Kumar, 2010; Jang & Lee, 2003).

Polyvinyl alcohol is found in several grades, differing in molecu-
lar weight and solution viscosity. Polyvinyl alcohol is manufactured
by hydrolyzing polyvinyl acetate. The reason is because vinyl alco-
hol does not exist as a monomer, tautomerization favors the more
stable acetaldehyde. Polyvinyl acetate, however, can be hydrolyzed
into polyvinyl alcohol under acidic or basic conditions (Zhang, Yang,
Wang, & Chen, 2008; Zhang et al., 2011).

Water solubility, solution viscosity and film properties are influ-
enced by the molecular weight and degree of hydrolysis. Fully
hydrolyzed (99%) polyvinyl alcohol (PVA) makes strong hydrogen
bonding with neighboring chains. Being linear, the chains can align
themselves to form a tightly packed array (Zhang et al., 2008;
DeMerlis & Schoneker, 2003). Polyvinyl alcohol has been widely
used as sizing agents both in warp sizing and adhesive for making
nonwoven fabrics. Warp sizing practices demonstrate that while
PVA is used as sizing agents, many difficulties in warp sizing oper-
ation can be rectified since PVA was  introduced as warp sizes in the
textile industry. It is worthwhile mentioning that sufficient adhe-
sion to fibers is one of the essential demands for a sizing agent used
in warp sizing as well as for an adhesive used in manufacturing of

non-woven fabrics (Wang, Yang, Liu, Fu, & Xue, 2009; Zhang et al.,
2006). Polyvinyl alcohol (PVA) has multiple applications, such as
sizing process of the textile industry and paper coating due to its
high tensile strength, better flexibility, high thermal and chemical

dx.doi.org/10.1016/j.carbpol.2011.11.014
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:ziakmpkpolym@yahoo.com
dx.doi.org/10.1016/j.carbpol.2011.11.014
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Table 1
Fabrics specification with quality and processed applications.

S. no. Quality Construction/count Blend ratio cotton/polyester Processed/application

01 Dyed cotton (100 × 80/40 × 40) 100% cotton Reactive dyed
02 Printed cotton (100 × 80/40 × 40) 100% cotton Pigments printed
03 White bleached cotton (100 × 80/40 × 40) 100% cotton O.B. applieda

04 White bleached polyester/cotton (100 × 80/40 × 40) 50/50 O.B. applied
05  White bleached Denier (76 × 44/30 × 150) 15/85 O.B. applied
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Optical brightener.

tability, water soluble and the good film forming ability. Size is
ormally removed before dyeing and finishing steps in preparation
f textile products (Seoudia, Mongyb, & Shabaka, 2008).

It is evident that aftertreatment is normally required to improve
he fastness to washing of both acid dyes on nylon and direct
yes on cellulosic fibers if the sample does not come up to the
ark. The particular after-treatments employed are similar in that

ach involves the formation of a large molecular size, low water-
olubility complex within the dyed substrate. However, the types of
ftertreatment are dye–fiber specific and, therefore, are not inter-
hangeable insofar as an anionic system is used for acid dyes on
ylon (Burkinshaw, 1995) while a cationic system (using either a
eactive or non-reactive cationic fixing agent) is employed in the
ase of direct dyes on cellulosic fibers. It was decided to inves-
igate whether an aftertreatment with PVA, which had proven
ffective in improving the washing fastness of acid dyes on nylon
Burkinshaw & Kumar, 2008a, 2008b), might also enhance the fast-
ess to washing of direct dyes on cotton. In this report the use of
VA in conjunction with an organic titanate, MgSO4 and three pro-
ease enzymes, as an aftertreatment of direct dyes on cotton has
een well described.

Studies have been made to explore the applications of polyvinyl
lcohol as sizing material in textile (Seoudia et al., 2008; Zhang
t al., 2006), as coating material for paper, (Pourciel et al., 2003)
tc. Very limited literature is available reporting the use of PVA as
nishing agents in textile processing. Due to the dearth of report
n the application of PVA studying colorfastness properties the
resent work is planned to study the comparative effect of amount
f commercial products of PVA on these properties. In this research
olutions of different strength of polyvinyl alcohol were prepared
Zia et al., 2011) by taking three different commercial grades of
VA and applied onto the cellulosic fabrics using pad dry cure
ethod (Zia et al., 2011). The effects of the process parameters
ere systematically investigated. These parameters include grades

nd concentration of the polyvinyl alcohol applied onto the fabrics,
one change of the treated dyed and printed fabrics. The treated
abrics were monitored for colorfastness to washing and rubbing,
nd yellowing on the white fabrics.

. Experimental

.1. Materials

.1.1. Cotton fabric
Mill desized, scoured, bleached, and mercerized (in case of dyed

hade) white, dyed and printed, and plain weaved five different
abrics were supplied by Arzoo Textiles Mills Ltd., Khurrianwala,
aisalabad, Pakistan. The characteristics i.e., quality of the fabrics,
onstruction, count, blend ratio, etc., are presented in Table 1.
he fabric samples were further decontaminated in the labora-

ory by washing at 100 ◦C for 60 min  using a solution containing

 g/L, Na2CO3 and 1 g/L, polyoxyethylene glycol octylphenol ethers:
8H17–(C6H4)–(O–C2H4)1–25–OH: (Triton X-100) a non-ionic sur-
actant (BASF). The fabric was then washed several times with
boiling water then with cold water and finally dried at ambient
conditions.

2.1.2. Chemicals
Sodium hydroxide, acetic acid, hydrochloric acid, sodium car-

bonate, formalin and sodium bicarbonate were of laboratory grade
chemicals. Polyvinyl alcohol was procured from Prime Chemicals,
Karachi, Pakistan and Sinochem Nanjing Co., Mainland, China. The
details regarding sample codes and formulation of the PVA along
with suppliers are mentioned in Table 2.

2.2. Preparation of polyvinyl alcohol solution

Six polyvinyl alcohol samples (PVA-1 to PVA-6) were prepared
through dilution method following the method reported elsewhere
(Zia et al., 2011) with different percentages (e.g., 10%, 13%) using
three commercial products of polyvinyl alcohol (Table 2).

2.3. Treatment of cotton and blends of cotton/polyester fabric
with PVA

Various dilutions of polyvinyl alcohol, i.e., 25 g/L, 30 g/L and
35 g/L were applied onto the cotton and blends of cotton/polyester
fabric. Treatment of cotton and blends of cotton/polyester fabric
with polyvinyl alcohol was carried out using pad-dry-cure tech-
nique. The fabric samples were treated with various dilutions (i.e.,
25 g/L, 30 g/L and 35 g/L each) from stock solutions of polyvinyl
alcohol (10% or 13%). After applications, the sample was  dried at
100 ◦C for 4 min. The curing was done at 140 ◦C (only printed fab-
rics) and at 180 ◦C (all other samples) for 5 min.

2.4. Calendaring

Calendaring is a finishing procedure used to generate a shine
and better look onto the fabric. In this process the fabric is run
through rollers at different applied temperatures and pressure that
polish the surface and make the fabric smoother and more lustrous.
Fabrics that go through the calendaring process feel thin, glossy
and shiny. All the cured fabrics swatches were calendared by this
process and then preceded for testing and analysis.

2.5. Analysis and testing

Molecular structure of the used PVA was confirmed using
Fourier transform infrared (FT-IR) spectroscopy. Although it is not
necessary to confirm the structure of the PVA as nothing has been
mixed up with the PVA in the lab. However, FT-IR spectrum of
the PVA was taken to confirm that the sample was  highly pure.
FT-IR spectrum of the PVA samples was  obtained in the transmit-
tance mode using a Fourier transform infrared (FT-IR) spectrometer

(Model NICOLET 6700; Thermoscientific, USA) at QAU, Islamabad.
FT-IR scans were collected on completely dried thin films cast
on KBr discs from N,N′-dimethylformamide (DMF) solution. The
spectra covered the infrared region 4000–500 cm−1, the number
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Table  2
Sample code designation and various formulation of polyvinyl alcohol.

S. No Sample code Distilled water (g) Polyvinyl alcohol (quantity in grams) Formalin Polyvinyl alcohol supplier

01 PVA-1 90 PVA 217-PK (10 g)a 2–3 drops Prime Chemicals, Karachi, Pakistan
02 PVA-2 87 PVA 217-PK (13 g) 2–3 drops Prime Chemicals, Karachi, Pakistan
03 PVA-3 90 PVA BP-26 (10 g) 2–3 drops Prime Chemicals, Karachi, Pakistan
04  PVA-4 87 PVA BP-26 (13 g) 2–3 drops Prime Chemicals, Karachi, Pakistan
05 PVA-5 90 PVA 2488 (10 g) 2–3 drops Sinochem Nanjing Co., Mainland, China
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06  PVA-6 87 PVA 2488 (13 g) 

a Polyvinyl alcohol.

f scans per experiment was 16 and resolution was 4 cm−1. Solid
ontents of the prepared sample were determined by Refractrom-
ter (Atago). The fabrics after application of PVA were evaluated
pplying different colorfastness tests, i.e., colorfastness to washing
Society of Dyers and Colorist (SDC), 1990; ISO CO3) and colorfast-
ess to rubbing (SDC, ISO X12). The effect of application of different
rades and concentrations of PVA on the shade of different dyed
nd printed fabrics, and yellowing effect on the white fabrics was
valuated visually by following the standard test methods (AATCC,
968, 1990, 2000; ASTM, 1995; Cote, 2002).

. Results and discussion

In this study two stock solutions of each polyvinyl alcohol com-
ercial grades in three dilutions have been applied on different

rocessed fabrics (Table 1). The results of different analytical tests
erformed on the treated and untreated fabrics are as under:

.1. FT-IR studies of polyvinyl alcohol

FT-IR spectrum of polyvinyl alcohol (PVA) (Fig. 1) showed very

trong and broad peak at 3315.1 cm−1 attributed to the hydroxyl
–OH) group (pendant on the alternate carbon atom of the back-
one) and at 2906.8 cm−1, which is due to the CH2 asymmetric
tretching. The other sharp peaks appeared at 1732.3 cm−1 which

Fig. 1. FT-IR spectrum of 
2–3 drops Sinochem Nanjing Co., Mainland, China

is due to ester functional group of unhydrolyzed polyvinyl acetate
repeat unit and peak at 1423.4 cm−1 due to C–OH stretching. The FT-
IR spectrum support that the PVA understudy has been prepared by
hydrolyzing the polyvinyl acetate and there is some un-hydrolyzed
ester group remained.

3.2. Colorfastness to rubbing and washing

Colorfastness is the resistance of the color to one of the number
of parameters, which may  effect the certified dry and wet  perfor-
mance tests. The former include wet process such as washing test
and later indicate the parched (dry) treatment, i.e., rubbing fastness
test. In the presence of soap solutions of various degree of alkalinity
there are many factors, which determine the fastness to washing;
these include the solubility and the rate of stripping off the dye
from the fiber. The results of colorfastness to rubbing (dry and wet)
and washing are presented in Tables 3 and 4, respectively.

It is clear from the results (Table 3) that the dyed fabric treated
with samples PVA-3 and PVA-4 has shown some better resistance
to crocking. However, the samples treated with PVA-1, PVA-2, PVA-
5 and PVA-6 has shown some comparable results against crocking
fastness. It is obvious from the results that rubbing fastness of all

the treated dyed samples improved with the application of the pre-
pared PVA samples. The improvement in the rubbing fastness may
come jointly with a remarkable chemical versatility due to the pres-
ence of the hydroxyl (–OH) groups. The modification of secondary

poly(vinyl alcohol).
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Fig. 2. Variation in the shade change of dyed fabrics after ap
OH group of polyvinyl alcohol has been reported in the litera-
ure to obtain material with new properties (Burkinshaw & Kumar,
010; Zhang et al., 2011). However, PVA treated printed fabrics have
hown reverse results as compared to the dyed treated fabrics and
ion of different concentration of prepared polyvinyl alcohol.
even untreated printed fabrics. It can be seen that all the treated
printed samples have shown poor rubbing fastness as compared
to the untreated printed samples (Table 3). This might be because
of the presence of the binder layer on the printed surface for the
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Fig. 3. Variation in the shade change of printed fabrics after a
etention of pigment particles. Due to the presence of this film
he PVA molecules failed to get polymer interaction with hydroxyl
roup of the cellulose substrate. Moreover, the bundles of free
ydroxyl group of the PVA make it more hydroscopic and keep the
tion of different concentration of prepared polyvinyl alcohol.
surface wet which ultimately may  results in poor rubbing fastness.
Further more the decrease in rubbing fastness of printed fabrics
especially in wet  rubbing is attributed to the swelling of acrylic
binder in the presence of hydrophilic PVA coating.
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Table 3
Colorfastness to rubbing of dyed and printed cotton fabric (ISO X12).

S. no Strength of the applied
PVAa sample (g/L)

Type of fabric PVA-1 PVA-2 PVA-3 PVA-4 PVA-5 PVA-6

Dry Wet  Dry Wet  Dry Wet  Dry Wet  Dry Wet  Dry Wet

1 25 Dyedb 4/5 3/4 4 3/4 4/5 4 4/5 4 4 4 4 4
2  30 Dyed 4 3/4 4 4 4/5 3/4 4/5 4 4/5 3/4 4 3/4
3  35 Dyed 4 3 4 3/4 4/5 4 4/5 4 4 3/4 4 4
4  25 Printedc 4 2 3/4 1/2 3/4 1/2 3/4 2/3 3/4 2 3/4 2
5  30 Printed 4 2 3/4 1/2 3/4 1/2 3/4 2 3/4 1/2 3/4 1/2
6 35  Printed 4 2 3/4 1/2 3/4 1/2 4 2 4 2 3/4 2/3

a Polyvinyl alcohol.
b Rubbing of untreated dyed fabric (dry, wet) (3/4, 2).
c Rubbing of untreated printed fabric (dry, wet) (4, 2/3).

Table 4
Colorfastness to washing on dyed and printed fabric (ISO CO3).

Sr. no. Strength of solution
applied (g/L)

Type of fabric Polyvinyl acetate 28% Polyvinyl acetate 30% Polyvinyl acetate 36% Polyvinyl acetate 38% Polyvinyl acetate 48% Polyvinyl acetate 50%

Washing Staining Washing Staining Washing Staining Washing Staining Washing Staining Washing Staining

1 25 Dyeda 4 2/3 4 3 4 2/3 4 2/3 4 3 4 4
2  30 Dyed 4 2/3 4 2/3 4 4 4 2/3 4 3 4 2/3
3  35 Dyed 4 3 4 3 4 2/3 4 3 4 3 4 2/3
4  25 Printedb 4 4 4/5 4/5 4/5 4 4/5 4/5 4/5 4 4 4
5  30 Printed 4/5 4/5 4 4 4/5 4/5 4 4 4 4 4/5 4
6 35  Printed 4 4 4/5 4/5 4 4/5 4/5 4/5 4/5 4/5 4 4/5

a Washing of untreated dyed fabric (washing, staining) (4, 1/2).
b Washing of untreated printed fabric (washing, staining) (4, 4).
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The dyed fabrics have been mercerized during the pre-dyeing
peration which improves the cross sectional geometry of the
abrics and increase the surface density of hydroxyl group on
he cellulosic fabrics. When the Na-cellulose is neutralized in the
nal step of neutralization this extend the number of –OH groups
resent in the amorphous region of the cellulose which show
rominent hydrogen bonding with the –OH group of PVA film; so
his hydrogen bonding induce the inherent stiffness of PVA film on
o the tightly bonded internal cellulose film.

The colorfastness to washing of untreated dyed fabrics has
hown; washing 4, staining 1/2 and untreated printed fabric; wash-
ng 4, staining 4. The colorfastness to washing of the dyed treated
abric (Table 4) has shown better result regarding staining on the
djacent fabrics, however the shade change rating of the washed
abric swatches remain unchanged. Water soluble dyes usually
ave lower washing fastness, but the resistance to removal by soap
aries greatly with the dye. Since the standard test is carried out
or a limited and fixed period, the amount of dye lost, and thus the
astness will depend upon the rate at which it is stripped off from
he fiber under mild alkaline conditions. This rate depends on the
tructure of the dye molecule, especially the number of the anionic
roup present and to some extent by its molecular weight. It is pre-
iously reported in the experimental section that dye containing
nionic group (sulphonate group (SO3

−) in the structure was used
uring dyeing processing. The larger the number of anionic groups

n a given molecular structure, the more stable is the dye under
lkaline conditions and the greater is the electrostatic repulsion
etween the dye anion and the fiber. In alkaline solution the latter
arries a charge of the same sign, i.e., negative as that on the sulpho
roups. Furthermore it can be believed that sulphonic group of the
ye can establish H-bond with the coating of hydroxyl group of
VA and induce ultimate stability of the dye against washing under
lkaline conditions.

The results revealed that washing of the printed treated fab-
ic (Table 4) almost unaffected in all the studied samples. It can
lso be observed that the rating of the untreated printed fabrics
s a little better without the application of PVA (Table 4), how-
ver, there is slight improvement in the washing and staining of
he treated printed fabrics swatches. The self improvement in the
ashing of the printed fabrics might be due to the involvement of

utyl acrylate which has been used in the form of binder during the
igmentation process. It has been reported in the literature (Sultan
t al., 2011) that the polyurethane acrylate copolymers are capable
f enhancing physicochemical properties of the cellulosic fabrics.

In case of dyed sample the polar interaction of the –OH group
ith sulphonic acid and amino group of dye help in providing

he protective coating of PVA on the dyed surface. However, the
mprovement in washing fastness is observed, while in case of
rinted fabrics no significant improvement has been observed. This

s might be due to both or any of the reasons. Firstly, the acrylic film
hat has been bonded does not allow the possibility of the interac-
ion observed in dyed samples. Secondly, most of the pigments lack
n such type of polar group.

.3. Effect of applied polyvinyl alcohol on the tone of the dyed and
rinted fabrics

The dyed and printed fabric swatches after application of
olyvinyl alcohol (PVA) are presented in Figs. 2 and 3, respec-
ively. Each prepared PVA sample was applied after dilution i.e.
5 g/L, 30 g/L and 35 g/L. The results through hand feel revealed
hat treatment of PVA has imparted stiffness to all the treated (both

rinted and dyed) fabrics samples. It has been reported in the estab-

ished literature that different types of water soluble polymers such
s modified starch, polyvinyl alcohol (PVA), carboxymethyl cellu-
ose (CMC), acrylates are used to protect the yarn. Their protection
mers 87 (2012) 2439– 2446 2445

ability may  increases due to the presence of hydroxyl group both
in PVA and cellulose. An untreated fabric swatch is also placed
at the left of each set of the treated fabrics. It is clear that the
tone change is negligible in the comparison of shades of dyed and
printed, treated and untreated fabrics. When polyvinyl alcohol is
physically cross-linked by the cellulose, though, the physical prop-
erties change dramatically, because the strands of PVA are now
randomly linked together, with water molecules trapped within the
network. The physically cross-linked network structure of the PVA
enhances the resistance against any shade change of the treated
printed and dyed fabrics.

It can be observed that all the treated dyed and printed fabric
swatches (Figs. 2 and 3) have shown an incomparable stiff handle
which is attributed to the affinity of hydroxyl groups to fiber and
as well as its linkage to the PVA. The improvement in the stiffness
of the dyed treated samples was pronounced as compared to the
printed treated samples. This is attributed to dyed fabrics swelling
as dyed fabrics are more swelled as compared to the printed fabrics
due their processing route. All the samples have shown resistance
to shade change after the applications of different dilutions of pre-
pared polyvinyl alcohol samples. However, dyed treated fabrics
have shown slightly better results as compared to printed treated
fabrics. This attributes to the swelling of the fabric, which results
in slight increase in weights of the treated fabrics. It is notable that
swelling of the fabric enhances the stiffness of the treated fabrics
(Zia et al., 2011; Zuber et al., 2011). The swelling of the fabric may
result due to the formation of hydrogen bond between the cellulose
and poly(vinyl alcohol) using H2O molecules. During mercerization
the number of hydroxyl group on the surface increases which pro-
vides better opportunity for hydrogen bonding with applied PVA
as finishing agent. The effect of this comes out as stiffness in the
fabrics after calendaring.

4. Conclusion

Poly(vinyl alcohol) of various commercial trades were prepared
and applied onto the textile cotton and blends of cotton/polyester
fabrics. The molecular structure of the diluted poly(vinyl alcohol)
was confirmed using Fourier transform infrared spectrophotome-
ter. Colorfastness to rubbing and washing of dyed and printed
treated and untreated fabrics were also tested and discussed. The
effect of various commercial trades of poly(vinyl alcohol), its con-
centration and dilutions were studied onto the treated fabrics.
It was supposed that fixation of the poly(vinyl alcohol) onto/or
within the cellulose structure is accompanied by the formation of
semi-inter-penetrated network structure which results in provid-
ing good crock and wash fastness with high stiffness.

References

AATCC. Standard test method. D-79-1968.
AATCC. Standard test method, wrinkle recovery of fabrics: Recovery angle method. 66-

1990.
AATCC Standard test method for whiteness of textiles. TM 110-2000 (pp. 165–166).
ASTM. Standard test method for breaking force and elongation of textile fabrics (strip

method).  D 5035-95 (pp. 671–678).
Burkinshaw, S. M.  (1995). Chemical principles of synthetic fiber dyeing. Germany:

Springer Science Publisher.
Burkinshaw, S. M.,  & Kumar, N. (2008a). Polyvinyl alcohol as an after treatment. Part

1: Initial studies. Dyes and Pigments, 77,  81–85.
Burkinshaw, S. M., & Kumar, N. (2008b). A polyvinyl alcohol aftertreatment for nylon

6,6.  Part 2: Complex formation. Dyes and Pigments, 77,  86–91.
Burkinshaw, S. M.,  & Kumar, N. (2010). Polyvinyl alcohol as an after treatment. Part
3:  Direct dyes on cotton. Dyes and Pigments, 8, 124–132.
Cote, G. (2002). New fluorochemical technologies for protective textile finishes. Book of

papers. AATCC International Conference.
DeMerlis, C. C., & Schoneker, D. R. (2003). Review of the oral toxicity of polyvinyl

alcohol (PVA). Food and Chemical Toxicology,  41,  319–326.



2 te Poly

I

I

J

P

S

S

S
S

W

446 M. Zuber et al. / Carbohydra

brahim, N. A., Abo-Shosha, M.  H., Elnagdy, E. I., & Gaffar, M.  A. (2002). Eco-friendly
durable press finishing of cellulose-containing fabrics. Journal of Applied Polymer
Science,  84,  2243.

brahim, M. S, El-Salmawi, K. M.,  & Ibrahim, S. M.  (2005). Electron-beam modification
of  textile fabrics for hydrophilic finishing. Applied Surface Science, 241, 309–320.

ang, J., & Lee, D. K. (2003). Plasticizer effect on the melting and crystallization
behavior of polyvinyl alcohol. Polymer, 44,  8139–8146.

ourciel, M.  L., Launay, J., Sant, W.,  Conedera, V., Martinez, A., & Boyer, P. T. (2003).
Development of photo-polymerisable polyvinyl alcohol for biotechnological
applications. Sensors and Actuators, 94,  330–336.

DC. (1990). Standard methods for the determination of colorfastness of textiles and
leather (5th ed.). Bradford: The Society of Dyers and Colorist.

eoudia, R., Mongyb, A. E., & Shabaka, A. A. (2008). Effect of polyvinyl alcohol matrices
on  the structural and spectroscopic studies of CdSe nanoparticles. Physica B, 403,
1781–1786.

exena, A. (2004). Closed cycle textile dyeing: full-scale. Polymer Sciences, 5, 63–76.

ultan, M.,  Zia, K. M.,  Bhatti, H. N., Jamil, T., Hussain, R., & Zuber, M. (2011). Modifica-

tion of cellulosic fiber with polyurethane acrylate copolymers. Part I: Physico-
chemical properties. Carbohydrate Polymers, doi:10.1016/j.carbpol.2011.07.070

ang, C.-C., Yang, F.-I., Liu, L.-F., Fu, Z.-M., & Xue, Y. (2009). Hydrophilic and antibac-
terial properties of polyvinyl alcohol/4-vinylpyridine graft polymer modified
mers 87 (2012) 2439– 2446

polypropylene non-woven fabrics membranes. Journal of Membrane Science, 345,
223–232.

Zhang, Y., Li, H., Li, H., Li, R., & Amd, X. C. (2006). Preparation and characteriza-
tion of modified polyvinyl alcohol ultrafiltration membranes. Desalination, 192,
14–223.

Zhang, C.-H., Yang, F.-I., Wang, W.-J., & Chen, B. (2008). Preparation and charac-
terization of hydrophilic modification of polypropylene non-woven fabrics by
dip-coating PVA (polyvinyl alcohol). Separation and Purification Technology, 61,
276–286.

Zhang, W.,  Yang, X., Li, C., Liang, M.,  Lu, C., & Deng, Y. (2011). Mechanochemical
activation of cellulose and its thermoplastic polyvinyl alcohol ecocompos-
ites with enhanced physicochemical properties. Carbohydrate Polymers, 83,
257–263.

Zia,  K. M.,  Tabassum, S., Barkat-ul-Hussan, S., Zuber, M.,  Jamil, T., & Jamal, M.  A.
(2011). Preparation of rich handles soft cellulosic fabric using amino silicone
based softener. Part-I: Surface smoothness and softness properties. International

Journal of Biological Macromolecules, 48,  482–487.

Zuber, M.,  Zia, K. M.,  Tabassum, S., Jamil, T., Barkat-ul-Hussan, S., & Khosa, M.  K.
(2011). Preparation of rich handles soft cellulosic fabric using amino silicone
based softener. Part-II: Colorfastness properties. International Journal of Biologi-
cal  Macromolecules, 49,  1–6.


	Modification of cellulosic fabric using polyvinyl alcohol, part-II: Colorfastness properties
	1 Introduction
	2 Experimental
	2.1 Materials
	2.1.1 Cotton fabric
	2.1.2 Chemicals

	2.2 Preparation of polyvinyl alcohol solution
	2.3 Treatment of cotton and blends of cotton/polyester fabric with PVA
	2.4 Calendaring
	2.5 Analysis and testing

	3 Results and discussion
	3.1 FT-IR studies of polyvinyl alcohol
	3.2 Colorfastness to rubbing and washing
	3.3 Effect of applied polyvinyl alcohol on the tone of the dyed and printed fabrics

	4 Conclusion
	References


