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Cotton fabric was thermally crosslinked with poly (N-vinyl-2-pyrrolidone) (PVP) at different conditions
including temperature, time, PVP concentrations and molecular weights. Results indicated that treating
the cotton fabrics with 4% aqueous solution of PVP of molecular weight 10,000 Dalton followed by drying
at 85 °C for 5 min then curing at 160 °C for 3 min results in crosslinking as will as an improvement in
some performance properties of that fabrics such as resiliency, tensile strength, and acid dyeability.
Post-treating PVP crosslinked fabric with 5% iodine in ethanol solution for 5 h at 50 °C imparts antibac-
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Crosslinking easy-care finishing of cotton fabrics, as polymer additive, with N,N-dimethylol 4,5-dihydroxyethylene

urea as a crosslinker enhances some of the performance properties of finished fabrics such as the nitrogen
content, tensile strength and acid dyeability along with decreasing resiliency as well as whiteness index,
whereas the ester crosslinking with citric acid, in presence of PVP, enhances resilience, tensile strength
and whiteness indices accompanied with a reduction in the %N of the treated fabrics. Infra red spectrum
of PVP crosslinked fabric as well as EDX analysis of loaded iodine on PVP crosslinked cotton fabric were
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investigated.
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1. Introduction

Easy-care finished cotton fabrics with N-methylol reagents are
formaldehyde release which is a possible human carcinogen.
Extensive efforts have been made to replace the traditional formal-
dehyde-based reagents, such as zero formaldehyde-based reac-
tants, the commercial addition product of 1,3-dimethylurea and
glyoxal as well as inorganic phosphates (Bajaj, 2002; Frick, 1985).
Polycarboxylic acids such as citric acid are believed to crosslink
cotton by reaction with cellulose hydroxyl groups through an
anhydride intermediate mechanism (Welch & Andrews, 1994).
The major disadvantages of using polycarboxylic acids as crosslink-
ing agents for cotton fabrics are the dramatic loss in tensile
strength (Fahmy, Samaha, Abo-Shosha, & Ibrahim, 2004) and the
yellowing of the cured cotton fabrics (Welch & Peters, 1999). Some
attempts were done to overcome these disadvantages such as the
addition of tartaric acid, methyl hydrogen silicon and polyethylene
glycols to the finishing baths containing citric acid (Welch & Peters,
1999; Ibrahim, Abo-Shosha, El-Nagdy, & Gaffar, 2002).

On the other hand, textiles goods, especially those made from
natural fibers provide an excellent environment for microorgan-
isms to grow, because of their large surface area and ability to re-
tain moisture (Bajaj, 2002; Ibrahim et al., 2002). There is a large
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variety of antimicrobial chemicals, whose functional efficiencies
depend on the type of biological attack as well as the method of
application to the textile substrate. Those chemicals include inor-
ganic salts, organometallics, iodophors (iodine slowly releasing
chemicals), phenols and thiophenols, onium salts, antibiotics, het-
erocyclics with anionic groups, nitro compounds, ureas and related
compounds, formaldehyde derivatives, and amines (Ibrahim et al.,
2002). The antimicrobial agents can be applied to textiles by many
methods such as insolubilization of such agents in and/or on the fi-
ber, graft polymerization onto the fiber, treatment of the fiber with
resins or crosslinking agents, chemical modification of fibers, coat-
ing of the fiber surface, and microencapsulation of a chemical
agent with the fiber in a matrix (Bajaj, 2002).

PVP is a synthetic, nontoxic, water-soluble polymer commonly
used in a wide range of applications including several pharmaceuti-
cal applications. A disadvantage of PVP is the lack of a reactive group
which limits its chemical modification. PVP polymers are film form-
ers, protective colloid and suspending agents, dye-receptive agents,
binders, stabilizers, detoxicants, and complexing agents (Barabas,
1990). PVP can be crosslinked by heating in air at 150 °C (Blecher,
Lorenz, Lowd, Wood, & Wyman, 1980), radiation (Chapiro & Legris,
1986) and potassium persulfate (Can, Kirci, Kavlak, & Uner, 2003).
The mechanism of crosslinking of PVP chains by heating has not
been definitely explained until now (Can et al., 2003; D1az, Valenci-
ano, & Katime, 2004). Moreover, PVP form complex with iodine
(PVP-I) which is a bactericide with various attractive merits, such
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as broad spectrum, high efficiency, nonirritation, and persistence
(Xing, Deng, & Yang, 2005).

Keeping the above in mind, this work is a new approach to
examine the feasibility of using PVP alone and in admixture with
N,N-dimethylol 4,5-dihydroxyethylene urea or citric acid in an
easy-care finishing bath to crosslink cotton fabrics as well as to uti-
lize the ability of PVP to form PVP-I complex to impart antibacte-
rial properties to cotton fabric.

2. Experimental
2.1. Material

The fabric was 100% cotton print cloth that had been desized,
scoured and bleached. Poly (N-vinyl-2-pyrrolidone) (PVP) of
molecular weights 10,000, 20,000 and 40,000 Dalton, supplied by
Sigma-Aldrich, was used. GL-300, Textchem Co., Egypt, aqueous
solution of dimethyloldihydroxyethylene urea (DMDHEU). Ammo-
nium chloride (AC), citric acid (CA), sodium hypophosphite mono-
hydrate (SHP) and lodine (I) are laboratory grades. Irgalan Blau 3GL
(CIBA-GAIGY), commercial acid dye, was used without further
purification.

2.2. Easy-care finishing

Finishing treatment was performed by padding (80-85% wet
pick up) fabric samples (30 x 30 cm) twice in an aqueous solutions
of PVP alone or in admixture with DMDHEU using AC as a catalyst
or in CA using SHP as a catalyst. Treated sample was dried at 85 °C
for 5 min and cured at specific temperature and time intervals. The
samples were then washed twice at 50 °C for 15 min, thoroughly
rinsed and finally dried at ambient conditions.

2.3. Dyeing procedure

The untreated and finished cotton fabrics were dyed with 2%
acid dye, based on the weight of the fabric (owf), in an ahiba poly-
mat dyeing machine by the conventional procedure. Dyeing was
conducted at pH 4.5 using sodium sulfate (10% owf) at a dye bath
temperature of 95 °C for 60 min. The dyed samples were rinsed,
soaped and thoroughly washed, then finally dried at ambient
condition.

2.4. Complexation of PVP crosslinked fabrics with iodine

PVP crosslinked fabrics were impregnated in 5% iodine solution
in absolute ethanol at 40 °C for 5 h, and then thoroughly rinsed
with n-heptane to remove the excess iodine followed by drying
in air at room temperature.
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2.5. Testing and analysis

The nitrogen content (N%) was determined according to Kjeld-
hal method (Vogel, 1975). Dry wrinkle crease recovery angle
(WRA) was determined according to ASTM method D-1296-98.
The tensile strength (TS) of the finished fabric sample was tested
in the warp direction according to ASTM procedure D-2256-98.
The over-all flexural rigidity test (FR) was carried out according
to ASTM (D 1388). CIE whiteness index (WI) was determined
according to AATCC test method 110-1989. Wettability (W) of fin-
ished fabric samples was tested according to AATCC test method
39-1993. The color strength of the of the dyed samples, expressed
as K|S value, was measured on Optimacth 3100 and the values
were automatically calculated from reflectance data by use of Kub-
elka-Munk equation (Blanchard, Reinhardt, & Andrews, 1991),

K/S=(1-R)*/2R

where R is the reflectance of the dyed fabric at the wavelength of
maximum absorption. K/S is the ratio of the absorption coefficient
(K) to the scattering coefficient (S). Infra red (IR) spectroscopy was
carried out using BRUKER IR spectrometer. The energy dispersive
X-ray analysis (EDX) of untreated as well as crosslinked cotton fab-
rics were examined, without further preparation, using a scanning
electron microscope (JEOL, JXA-840A Electron Probe Microanalyzer
- Japan) equipped with an energy dispersive X-ray system (EDX)
(INCAX-Sight - England) for elemental analysis.

2.6. Antimicrobial activity test

The antimicrobial activity of the fabrics was quantitatively eval-
uated against:

(1) Gram-positive bacteria: S. aureus (SA).
(2) Gram-negative bacteria: E. coli (EC).

According to the AATCC test method 100-1999, the test results
are expressed as the log reduction against the bacterium after incu-
bation compared to the control sample.

3. Results and discussion

It is well known that PVP can be crosslinked by heating in air at
150 °C (Blecher et al., 1980). Curing PVP treated cotton fabrics at
the conditions employed is expected to give rise to PVP crosslinked
fabrics and/or crosslinked PVP film entangled with the fabric
chains. The following proposed mechanism may explain the cross-
linking of cotton fabrics by PVP:

(1) Formation of PVP macroradicals:
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Factors affecting crosslinking of cotton fabrics with PVP were studied. Results obtained along with appropriate discussion follows.

3.1. Factors affecting crosslinking of cotton fabrics with PVP

3.1.1. Effect of curing temperature

Table 1 shows the effect of curing temperature on some perfor-
mance properties of cotton fabrics treated with 2% PVP aqueous
solution. It is clear, under the conditions studied, that curing the
treated sample at 120 °C results in a little increase in both of the
%N and TS, reasonable improvement in WRA and K|S as well as a
reduction in the WI. This may be ascribed to the favorable effect
of the temperature in presence of the air oxygen to form PVP mac-
roradicals (Cen, Neoh, & Kang, 2004) giving rise to the formation of
crosslinked and grafted cellulose chains with PVP as well as forma-
tion of PVP crosslinked film that deposits on the fabric. Increasing
curing temperature to 160 °C is accompanied by a slight increase
in %N, a little increase in both of WRA and K|S and a slight decrease
in TS as well as WI. Raising the curing temperature beyond 160 °C
and up to 180 °C results in marginal reduction in all the aforemen-
tioned properties suggesting that higher temperatures may result
in termination of radicals and/or the further oxidation of PVP mac-
roradicals giving rise to water-soluble ingredients that can be
swept away by washing.

Table 1
Effect of curing temperature on some performance properties of treated cotton
fabrics.

3.1.2. Effect of curing time

Table 2 shows the effect of curing time on some performance
properties of cotton fabrics treated with 2% PVP aqueous solution.
It can be seen, under the conditions employed, that curing the trea-
ted fabrics for 3 min is accompanied by increasing the %N, WRA and
K|S along with a decrease in TS and WI. This may be associated with
increasing of the extent of crosslinking as well as fixation of PVP
onto the fabric structure. Further increase in time up to 9 min has
marginal effect on the fabric properties.

3.1.3. Effect of PVP concentration

The effect of PVP concentration on performance properties of
finished cotton fabrics is shown in Table 3. It is obvious that
increasing the PVP concentration up to 6% brings about an enhance-
ment in the extent of %N, WRA, TS, FR as well as K/S accompanied
with a reduction in both W and WI. This may be a direct conse-
quence of the further fixation of PVP onto the fabric structure. Be-
yond 6%, within the range studied, the results indicated a reduction
in all the aforementioned properties accompanied with an
improvement in the W, WI and FR. This can be attributed to the
reduction in the PVP fixed onto the fabric structure as a result of

Table 2
Effect of curing time on some performance properties of treated cotton fabrics.

Temp. (°C) %N WRA (W + F)° TS (Kg) K/S WI Time (min) %N WRA (W +F)° TS (Kg) K|S WI
Untreated - 110 57 0.51 81 Untreated - 110 57 0.51 81
120 0.14 131 59 1.31 75 3 0.1878 144 56 1.36 71
140 0.16 140 58 1.33 72 5 0.1889 146 55 1.43 71
160 0.19 144 56 1.36 70 7 0.1893 148 53 1.51 70
180 0.15 141 53 1.29 69 9 0.1894 149 52 1.55 69

PVP molecular weight, 40,000 Dalton; [PVP], 2%; wet pick up, 80%; drying at 85 °C/
5 min; curing for 3 min.

PVP molecular weight, 40,000 Dalton; [PVP], 2%; wet pick up, 80%; drying at 85 °C/
5 min; curing temperature, 160 °C.
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Table 3

Effect of PVP concentration on some performance properties of treated cotton fabrics.

[PVP] (%) %N WRA (W +F)° TS (Kg) K|S WI FR (mg cm) W (s)
Untreated - 110 57 0.51 81 93 2.5

2 0.1878 144 56 1.36 71 93 2.6

4 0.2131 150 58 1.66 69 94 2.8

6 0.2229 152 59 1.71 68 95 2.9

8 0.2061 143 57 1.44 70 94 2.7
Wet pick up, 80%; PVP molecular weight, 40,000 Dalton; drying at 85 °C/5 min; curing at 160 °C/3 min.

Table 4

Effect of PVP molecular weight on some performance properties of treated cotton fabrics.

PVP M,, (Dalton) %N WRA (W +F)° TS (Kg) K|S WI FR (mg cm) W (s)
Untreated - 110 57 0.51 81 93 2.5
10,000 0.3745 173 60 1.98 67 98 34
20,000 0.2521 161 59 1.84 68 95 3.1
40,000 0.2131 150 57 1.66 72 93 2.8

Wet pick up, 80%; [PVP], 4%; drying at 85 °C/5 min; curing at 160 °C/3 min.

Table 5
The antibacterial activity of cotton fabrics crosslinked with different concentrations of
PVP and post-treated with iodine solution.

PVP (%) Log reduction of SA and EC at different contact time

5 min 15 min

EC SA EC SA
2 2 2 5 5
4 4 5 6 6
6 5 5 6 6

Wet pick up, 80%; PVP molecular weight, 10,000; drying at 85 °C/5 min; curing at
160 °C/3 min. The SA or EC concentration is 10° CFU/ml; log reduction of 6 means a
complete kill.

Table 6
Performance properties of cotton fabrics finished with different concentrations of
DMDHEU in presence of PVP.

DMDHEU (g/1) PVP (%) %N WRA (W +F)° TS (Kg) K|S WI
Blank - - 110 57 0.51 81
Control-1 4 0.3745 173 60 1.98 67
50 - 0.2501 201 441 1.18 69
50 4 0.6032 192 56 1.96 65
100 - 0.5899 225 39.3 1.40 68
100 4 0.9127 217 53 2.31 64

Wet pick up, 80%; [PVP], 4%; PVP molecular weight, 10,000; [NH4Cl], 0.1 (based on
DMDHEU concentration); pH, 5 (acetic acid); drying at 85 °C/5 min; curing at
160 °C/3 min. Control-1, samples treated only with 4% PVP.

a formation of non-bound crosslinked PVP film on the surface of
the fabric which can be easily removed by washing leaving the
remaining polymer fixed inside the fabric structure in state of
entanglement and crosslinking.

3.1.4. Effect of PVP molecular weight

Table 4 shows the effect of PVP molecular weight on some per-
formance properties of finished cotton fabrics. Table 4 reveals that
increasing the PVP molecular weight from 1000 to 40,000 Dalton
has a negative impact on the %N, WRA, TS, FR as well as K/S accom-
panied with a slight improving in WI and W. Increasing the PVP
molecular weight consequently increases the finishing bath viscos-
ity which in turn reduces the extent of the PVP penetration into the
fabric structure along with formation of PVP crosslinked thin film
not tightly bound to the fabrics structures and hence can be easily
removed by washing.

3.2. Antibacterial activity of PVP crosslinked cotton fabrics

Table 5 shows the antibacterial activity of cotton fabrics
crosslinked with different concentrations of PVP of molecular
weight 10,000 Dalton and post-treated with iodine solution. It
is clear, irrespective of PVP concentration, that treating with io-
dine solution imparts the fabrics excellent antibacterial activities
against SA and EC as indicated from the reduction in the number
of viable cells of both microorganisms within the first 5 min.
This can be attributed to the formation of PVP-I complex along
the fabrics structures (Xing et al., 2005). Moreover, increasing
the concentration of PVP, within the ranges studied, slightly en-
hances the antibacterial activities as a result of increasing the
fixed PVP onto the fabrics structures and formation of more
PVP-I complexes.

3.3. Inclusion of PVP in easy-care finishing with DMDHEU

PVP of molecular weight 10,000 was incorporated as a poly-
mer additive in the easy-care finishing formulations. The perfor-
mance properties of cotton fabrics finished with different
concentrations of DMDHEU in presence of 4% PVP are shown
in Table 6. It is clear that increasing DMDHEU concentration
from O to 100g/l, in absence of PVP, is accompanied by an
enhancement in %N, K/S and WRA of the finished fabrics along
with a reduction in TS and WI. This could be associated with
increasing the extent of crosslinking and the subsequent increas-
ing in the molecular degradation of cellulose structure accompa-
nied with fixation the PVP onto of the finished fabrics matrices

Table 7
Performance properties of cotton finished with different concentrations of CA fabrics
in presence of PVP.

CA (%) PVP (%) %N WRA (W +F)° TS (Kg) WI
Blank - - 110 57 81
Control 4 0.3745 173 60 67
4 - - 141 44 78
4 4 0.2523 162 50 78
6 - - 152 42 76
6 4 0.1668 178 48 77
8 - - 167 38 74
8 4 0.1032 206 42 74

Wet pick up, 80%; PVP molecular weight, 10,000; CA/SHP molar ratio, 1; drying at
85 °C/5 min; curing at 180 °C/90 s. Control, samples treated only with 4% PVP.
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Fig. 1. FTIR spectrum of the untreated and thermally treated cotton fabric with 4%
PVP aqueous solution.

(Ibrahim, Bayazeed, Refai, & Hebeish, 1986; Fahmy, 1994). More-
over, incorporation the PVP in the finishing bath enhances the
%N, TS and K|S along with decreasing the WRA as well as WI
of the treated fabrics. This can be associated with the accompa-
nying increase in the finishing bath viscosity, which hinders the
diffusion of DMDHEU inside the fabric structure as well as depo-
sition of PVP on the fabric surface (Ibrahim et al., 1986; Fahmy,
1994).

849
3.4. Inclusion of PVP in easy-care finishing with citric acid

Table 7 shows the performance properties of cotton fabrics
finished with different concentrations of CA alone or in presence
of PVP. It is clear that: (1) finishing of cotton samples with citric
acid (4-8%), in absence of PVP, results in an enhancement in
WRA of treated samples along with a reduction in both the TS
and WI which can be attributed to esterification of the hydroxyl
groups of cotton fabrics with the carboxyl groups of the citric
acid via an anhydride intermediate mechanism as well as the
formation of unsaturated acids bound to the surface of the fin-
ished fabrics (Welch & Peters, 1999; Ibrahim et al., 2002) and
(2) inclusion of PVP in the CA finishing bathes brings about an
increasing in the WRA, TS and WI accompanied with a reduction
in the %N which could be related to the decrease in the extent of
ester crosslinking of the cellulosic hydroxyl groups via increasing
the viscosity of the finishing bath thereby hindering the diffusion
and penetration of finishing agent within the fabric and hence
altering the values of the aforementioned properties (Ibrahim
et al.,, 1986; Fahmy, 1994). On the other hand, the WRA of the
finished fabrics increases with increasing CA concentration to
reach maximum at concentrations of 8% of CA, in presence of
4% of PVP, which can be explained in the light of additional
crosslinking due to ionic bonds between the single ended car-
boxyl groups and the weakly cationic pyrridyle groups of PVP
(Blecher et al., 1980).
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Fig. 2. EDX analysis of untreated cotton fabric.
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Fig. 3. EDX analysis of PVP crosslinked cotton fabric.
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Fig. 4. EDX analysis of iodine post-treated PVP crosslinked cotton fabric.

Indeed, these values were repeated four times and the results
were close with an error margin of +1%. The average of which is
quoted in this paper.

3.5. Characterization of finished fabrics

The untreated and PVP crosslinked fabric are characterized by
investigation their IR spectra. Moreover, the latter fabrics as well
as the iodine post-treated PVP crosslinked fabric are characterized
using EDX analysis. Given below their discussion.

3.5.1. IR spectra of PVP crosslinked cotton fabric

Fig. 1 shows the FTIR spectra of both the untreated and PVP
crosslinked cotton fabrics. It is clear that both spectra have similar
peaks such as peak at 3411 cm~! which is corresponding to -OH
stretching band of cotton cellulose, peak at 1028 cm~! which is
corresponding to glycosidic linkage. On the other hand, spectrum
of the cosslinked fabric includes a peak at 1286 cm™! which is as-
signed to the vibration absorption of the C-N, a weak peak at
1644 cm™! corresponding to stretching vibration of C=0 group
characterized for PVP and weak peaks at 1723 and 1744 cm™'cor-
responding to C=0 of carboxyl and ester groups which may be ta-
ken as proofs for opening of the pyrollidone ring and for the latter
mechanism. Moreover, the spectrum of the crosslinked fabric
shows stretch bands in the range of 1000-1300 cm™! correspond-
ing to the C-O of the ester groups indicating the proposed
mechanism.

3.5.2. EDX analysis

Figs. 2-4 show the EDX analysis of untreated, PVP crosslinked
fabric and PVP crosslinked cotton fabric loaded with iodine, respec-
tively. It is clear that in addition to the elements of carbon and oxy-
gen detected in all samples, the nitrogen is detected in PVP
crosslinked sample as a direct consequence of modifying the cellu-
lose structure with PVP (Fig. 3), whereas the nitrogen as well as io-
dine were detected in the iodine post-treated crosslinked sample
(Fig. 4) which may be attributed to the ability of the modified cel-
lulose structure and/or the PVP deposit to pick up and complex
iodine.

4. Conclusions

Cotton fabrics can be crosslinked, with better performance
properties such as WRA, TS and K/S, by padding in 4% aqueous
solution of PVP of molecular weight 10,000 Dalton followed by
drying the padded fabrics at 85°C for 5min then curing at
160 °C for 3 min. Post-treating the PVP crosslinked cotton fabrics

with 5% iodine solution for 5 h at 50 °C imparts antibacterial activ-
ities for such fabrics, irrespective of PVP concentration, against
S. aureus and E. coli. Incorporation of PVP in the easy-care finishing
of cotton fabrics with DMDHEU enhances %N, TS and K|S along
with decreasing WRA DP rating as well as WI of that fabrics
whereas the ester crosslinking with CA, in presence of PVP,
enhances WRA, TS and WI accompanied with a reduction in the
%N of the treated fabrics.
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