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ABSTRACT: Hydrophilic breathable coatings were developed by coating the cotton
fabric with poly(vinyl alcohol) (PVA) solution (20wt%) containing poly(acrylic acid)
(PAAc) (10% neutralized using sodium hydroxide) as a cross-linker, followed by
drying and curing. The effect of cross-linker concentration and add-on on the
properties of coated textile was studied. The coated substrate with the combination
of molar ratio of PVA to PAAc of 25 and coating add-on of 18wt% was found to
have high integrity with the optimum breathable properties. This sample showed
high resistance to hydrostatic head at 1400mm and very high water vapor
transmission rate (WVTR) at 2165 g/m2 24 h, which was �50% of the WVTR value
shown by the uncoated substrate (cotton fabric). Physical investigation of the surface
morphology showed that the coating was continuous without cracks or pin holes and
appeared to be well adhered to the substrate even after a harsh wash.
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INTRODUCTION

BREATHABILITY IS A desirable property of protective fabrics, which
allows the fabrics to be permeable to water vapor, while showing

protection against wind and water head. This allows perspiration to be
transmitted to the outside environment from the wearer’s body, making it
possible to use these garments in the extreme weather conditions [1–3].
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There are several approaches to design a breathable fabric depending on its
end use application, such as (a) making a tightly woven fabric using
microfibers, (b) creating a micro porous polymer coating and laminating the
film on a fabric or sandwiching it in between the two layers of fabrics, and
finally, (c) coating of the fabric with continuous hydrophilic polymer film.
Usually breathable coatings are made using the second approach i.e.,

hydrophobic microporous coatings and laminates having pores of size 0.1–
50 mm, which allow passage of water vapor, but resist the entry of liquid
water [4–6]. Because of their hydrophobic character, these types of coatings
tend to show lower water vapor transmission values, and therefore, do not
form the ideal approach for breathability. In the third approach i.e.,
application of continuous hydrophilic polymer film, the polymers used are
usually copolymers consisting of hydrophilic and hydrophobic segments,
where hydrophobic moieties provide integrity with the textile substrate and
the hydrophilic segments allow water vapor to pass [7]. In such systems, the
breathability is restricted by the presence of hydrophobic segments present
in the copolymers.
Ideally, the third approach with a continuous film of purely hydrophilic

polymer would provide both high degree of breathability and protection.
This is because, the availability of large number of polar groups would
support high rate of water vapor diffusion, while, the continuous pore free
film would impart high level of protection. However, the presence of polar
groups also make these polymers water soluble and susceptible to poor wash
fastness when applied to a textile substrate.
In our earlier work [8], we had used poly(acrylamide), a highly

hydrophilic polymer, to develop good breathable fabrics. This polymer
coating was chemically integrated onto a cotton fabric using polycarboxylic
acid compounds, such as citric acid, as cross-linkers and sodium hypopho-
sphite as a reaction catalyst. In another approach, co-polymer based on
poly(acrylamide) [9–11] were used to develop smart breathable fabrics [12],
where the breathability changes with the change in environmental
temperature. These coating provided a high degree of water vapor
transmission values along with high level of integration to the cotton
substrate. However, only a moderate level of water head protection could be
obtained. Additionally, the coated fabrics were stiff when tested in dry
condition. These undesirable properties were the result of high glass
transmission temperature (165�C) of poly(acrylamide) and its copolymers,
due to which the coated films developed microcracks upon washing giving
only moderate level of water head protection.
In this study, an attempt has been made to develop breathable cotton

fabrics based on an alternate hydrophilic polymer system that could
overcome the above mentioned drawbacks shown by poly(acrylamide).
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For this, high molecular weight poly(vinyl alcohol) (PVA) was selected as
the hydrophilic polymer and was integrated to cotton substrate using a low
molecular weight poly(acrylic acid) (PAAc) as a cross-linker. Using this
approach, a hydrophilic coated textile with high level of breathable
characteristics could be obtained.

EXPERIMENTAL

Materials

A dense scoured, bleached and mercerized 100% cotton fabric of 110 g/m2,
having 165 warps and 148 weft threads per inch was procured from
Century Mills, Mumbai, India. The fabric was washed with nonionic
detergent at 70�C for 30min before use. PVA of molecular weight 1,25,000
was procured from S.D. Fine Chemicals, India. A low molecular weight
PAAc was synthesized using a procedure given in the literature [13].
All chemicals were used as obtained without further purification.

Intrinsic Viscosity

The intrinsic viscosity of the PAAc was evaluated in water using
Ubbelohde viscometer at 30�C temperature.

Coating of Cotton Fabric

20wt% PVA solution in distilled water was prepared in a beaker by
continuously stirring the required amount of polymer at 80�C for 30min.
Similarly, 18wt% PAAc solution was separately prepared in distilled water
at 40�C. To the PAAc solution, aqueous solution of sodium hydroxide was
slowly added to achieve 10% neutralization of carboxylic groups present in
PAAc [14].

The PVA solution and partially neutralized PAAc solution were mixed at
different ratios at 80�C as given in Table 1. The total polymer concentration
of PVA and PAAc was adjusted to 20wt% by adding distilled water. The
coating solution was deaerated by keeping it in a refrigerator for 48 h.

The resultant mixture was coated on the cotton fabric using a Benz
laboratory scale knife over roller coating machine. The coated fabrics were
dried at 90�C for 10min, and then cured for 25min at 160�C. For double-
coated samples, drying was carried out after each application of the coat,
and the curing was carried out in the end. The percentage change in the
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weight of the dried coated fabric over the dried uncoated fabric was referred
as ‘dry coating add-on’ and is given in Table 1.

Coating add-on ð%Þ

¼
½Dry weight of coated fabricðgÞ�dry weight of uncoated fabric ðgÞ�

Dry weight of uncoated fabric ðgÞ
� 102

The sample code of PVA-PAAc1.5/37 indicates that the molar ratio of PVA
to PAAc in coating solution was 1.5 and the dry coating add-on was
37wt%. The various samples prepared are given in Table 1.

CHARACTERIZATION

Evaluation of Integrity of Coating

Normal Wash

The integrity of the coating to the substrates was determined by washing
the samples in 1 g/L Turkey Red Oil (TRO) at 60�C for 10min. The washed

Table 1. Details of coated sample.

Sample code

Total polymer
concentration in

coating mixture (%)
Molar ratio of
PVA to PAAc

Dry coating
add-on

(wt% of the fabric)

PVA-PAAc1.5/37 20 1.5 37
PVA-PAAc2.0/40 20 2.0 40
PVA-PAAc3.3/39 20 3.3 39
PVA-PAAc5.0/48 20 5.0 48
PVA-PAAc7.0/55 20 7.0 55
PVA-PAAc10/41 20 10 41
PVA-PAAc15/59 20 15 59
PVA-PAAc20/66 20 20 66
PVA-PAAc25/61 20 25 61
PVA-PAAc30/63 20 30 63
PVA-PAAc1.5/66

(Concentration 25%)
25 1.5 66

PVA-PAAc1.5/66
(Concentration 30%)

30 1.5 66

PVA-PAAc25/34 20 25 34
PVA-PAAc25/24 20 25 24
PVA-PAAc25/18 20 25 18
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fabrics were dried at 110�C in an air oven for 30min. The difference in
add-on before and after washing was measured as follows:

Loss of weight ð%Þ ¼

Dry weight of coating before washing ðgÞ

�dry weight of coating after washing ðin gÞ

( )

Dry weight of coating before washing ðin gÞ
� 100

Harsh Wash

The fastness to washing or integrity at harsh conditions was determined as
per the following standard procedure. The specimen was mechanically
agitated in a launderometer using 5 g/L non-ionic detergent, 2 g/L of soda
ash and 10 steel balls at 60�C for 45min. The dried samples were weighed
before and after the washing cycle and the loss in coating add-on was
calculated (using equation above) as a measure of coating integrity.

Breathable Characteristics of Coated Fabrics

Resistance to Water Penetration

The control and coated fabrics were evaluated in hydrostatic-head using
‘AATCC test method 127–1977’ on a ‘Shirley Hydrostatic-head tester.’
Water penetration of the control and coated fabrics was measured by
applying hydrostatic-head on coated side of the fabric. The water head
values were taken when the first three drops of water appeared on the other
side of the fabric.

Evaluation of Water Vapor Permeability

The water-vapor permeability of both coated and uncoated control
samples were evaluated at stipulated conditions using the British
Standards, BS 7209:1990. The experimentation was carried out in an
Environmental Test Chamber (ETC) fabricated by International
Equipments, Mumbai. The ETC was designed to maintain temperature
with an accuracy of �0.5�C and relative humidity at �1% in a chamber of
dimensions 460mm� 492mm� 606mm. Inside the chamber, a turntable of
diameter 402mm was revolved at a speed of 6 revolutions per minute, using a
micro-controller. The water filled cups with mouth surface area of 2873mm2

were placed towards the periphery of the turntable. The mouths of the
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water-filled cups were covered with the test-samples. The air-gap between
the water surface and the samples was kept at 10mm. The samples were
secured with adhesive tape on side of the beakers. The experiments were
carried out under fixed conditions of temperature of 30�C and relative
humidity of 40%.
The fabric samples, secured to the beakers, were first conditioned for 10 h

at the test parameters, prior to the test. The beakers were weighed at the
start of the test and at the end of the test after keeping the samples at the
given temperature and relative humidity for a predetermined time (‘t’ h).
The water-vapor transmission rate (WVTR) was calculated using the
procedure elaborated earlier [8]:

WVTRðg=m224 hÞ ¼
Weight loss of water in time ‘t’� 106 � 24

t� 3000

Resistance to Air Penetration

The control and coated fabrics were evaluated for air-permeability
according to, ‘Indian Standards, IS 11056-1984’, using the ‘Textest FX 3300,
Air-permeability Tester’.

Physical Characteristics of Coated Fabrics

Stiffness of the Coated Fabrics

The stiffness of the coated fabrics was evaluated according to the British
Standards: 3356:1961 ‘Determination of Stiffness’, using Shirley stiffness
tester, by determining the bending length of the fabric. The fabrics were
conditioned at the standard conditions overnight before testing.

Scanning Electron Microscopy

The surface morphology of the coated fabrics was studied before and after
the harsh wash using the scanning electron microscopy (SEM) of model
Zeiss EVO 50.

Evaluation of Water Retention

The samples were soaked in distilled water for 15min at the room
temperature. The soaked samples were hooked at the top edge of separate
centrifuge tubes using a wire hook and were centrifuged for 5min at
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1000 rpm to remove the physically held water from the samples. The water
retention was evaluated using the following formula:

Water retention ð%Þ ¼

Weight of wet coated fabric after centrifuge

� Initial weight of dry coated fabric

� �
Initial weight of dry coated fabric

� 100

RESULTS AND DISCUSSIONS

Intrinsic Viscosity of PAAc

It was necessary to polymerize the PAAc with the high initiator
concentration to have the molecular weight of PAAc to be on the lower
side. Therefore, the initiator concentration of 0.3wt% based on the weight
of acrylic acid was taken for the polymerization of acrylic acid. The intrinsic
viscosity of PAAc was found to be 1.8114.

Poly(vinyl alcohol) Coated Fabrics

PVA is a hydrophilic polymer, which can provide good breathable
properties provided it can be chemically integrated onto a fabric. Using a
suitable cross-linker, this chemical could be chemically integrated to the
cellulosic substrates such as cotton or viscose. Several coated samples
were prepared using the PVA based coating solutions as described in
Table 1. It is proposed that the PAAc acts as a crosslinking agent in
which its carboxylic groups would condense with the hydroxyl groups
of PVA and cellulose to give chemically integrated highly durable breathable
coatings. The model has been schematically shown in Figure 1.

Effect of PAAc Concentration in PVA Coating

Integrity of Coating

In order to determine the minimum amount of carboxylic groups that is
required for making a stable wash resistant network of PVA with cellulose,
coating with varying molar ratio of PVA to PAAc were used. The molar
ratio of PVA to PAAc was increased from 1.5 to 30. It was assumed that the
dry coating add-on would remain same for all the samples if the total
polymer concentration of PVA and PAAc were maintained at 20wt%
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through out this series of experiments. However, the dry coating add-on was
found to increase as the molar ratio of PVA to PAAc was increased from 1.5
to 30, as given in Table 2. This was attributed to the difference in molecular
weights of the two polymer components. In order to maintain the polymer

H

Cotton

PVA

PAAc

O

CH   

O

CH  

OH 

CH  

OH  

CH  

O 

CH  

OH  

   CH  

OH 

CH  

O

O
OH

H

H

HO

H

OH

H
O

O
H

H

H

H

O H

OH

O

O
OH

H

H

H

OH H

H
O

O

H

H

H

H

OH H

OH
O

OOH
H

H

H

OH H

H
O OH

H

H

H

H

O H

OH

O

CH

OH

CH

O

CH

O

CH

OH

CH

O

CH

OH

CH

O

CH

OH

CH

OH

CH

OH

CH

OH

CH

OH

CH

OH

CH

O

CH2CH2 CH

OH

CH CH

O

CH

O

CH

O

CHCH

OH

CHCH2 CH2 CH2 CH2

CH2CH2
CH2CH2CH2CH2CH2

CH2
CH2 CH2 CH2 CH2 CH2 CH2

CH2CH2CH2CH2CH2CH2

CH2O
CH2O

CH2O CH2O CH2OH

CH2O

CH2

OH

FIGURE 1. PVA cross-linked network structure with cotton.

Table 2. Effect of PVA to PAAc molar ratio on integrity, hydrostatic head, and WVTR
of coated fabrics.

Hydrostatic head (mm) WVTR (g/m2 24 h)

Sample code
Weight loss on
normal wash % As coated Washed As coated Washed

Control uncoated – 0 4335
PVA-PAAc1.5/37 0.8 41460 490, 560 1403 1804
PVA-PAAc2.0/40 3.3 41460 41460(1) 1403 1453
PVA-PAAc3.3/39 2.1 41460 41460 1188 1644
PVA-PAAc5.0/48 3.5 41460 41460 992 1403
PVA-PAAc7.0/55 1.5 41460 41460 1143 1388
PVA-PAAc10/41 1.9 41460 41460 1418 1504
PVA-PAAc15/59 2.6 41460 41460 1143 1228
PVA-PAAc20/66 2.3 41460 41460 1088 1303
PVA-PAAc25/61 2.9 41460 41460 1088 1368
PVA-PAAc30/63 6.1 41460 41460(2) 1052 1213
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concentration at 20%, the proportion of high molecular weight PVA had
to be increased in relation to low molecular weight PAAc with the increase
in molar ratio of PVA/PAAc from 1.5 to 30. This resulted in an increase
of viscosity of the coating solution leading to higher add-on at higher
molar ratios.

For all combinations, the coating integrity was found to be excellent
except for PVA-PAAc30/63 for which it was a bit lower. Since it was
desirable to have higher number of free hydroxyl groups in PVA for
facilitating efficient diffusion of water vapors, the PVA to PAAc molar
ratios of 25 was determined to be suitable ratio for making well integrated
breathable structures.

Resistance to Water Penetration

The as-coated as well as the washed samples showed excellent
protection against hydrostatic head. The resistance to hydrostatic head
in most cases was more than 1460mm, which was the highest reading
obtainable by the instrument (Table 2). The number within the bracket
indicates the number of droplets that came to the other side of the fabric
during the test.

The molar ratio of PVA to PAAc of 1.5 was expected to give at least as
good protection against hydrostatic head as other samples. However, due to
low viscosity of the coating solution at this molar ratio, a good film
structure could not be achieved. Therefore, two other coating solutions were
prepared for this molar ratio at slightly higher total polymer concentration
of 25wt% and 30wt% (Table 3). The samples coated using these solutions
of higher viscosity improved the polymer coatings significantly and gave
very high resistant to hydrostatic head similar to the samples of other
molar ratios.

Table 3. Effect of polymer concentration of coating mixture on properties of
PVA-PAAc1.5.

Hydrostatic
head (mm) WVTR (g/m2 24 h)

Sample code

Polymer
concentration in

coating mixture (%)

Weight Loss
after normal

wash (%)
As

coated
After

washing
As

coated
After

washing

PVA-PAAc1.5/37 20 0.8 41460 490, 560 1403 1804
PVA-PAAc1.5/66 25 0.3 41460 41460 1023 1217
PVA-PAAc1.5/66 30 1.2 41460 41460 1081 1324
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Water Vapor Permeability

The WVTR of the given uncoated control sample was found to be
4335 gm2 24 h and for the coated samples, the values are given in Table 2.
The WVTR values of the washed samples were significantly better to that of
the as-coated samples. It was expected that the WVTR should increase with
the increase in the molar ratio of PVA to PAAc. This expectation was based
on the fact that with an increase in the molar ratio, lower cross-linking
density would leave sufficient number of unreacted hydroxyl groups to
facilitate the transport (diffusion) of the water molecules through the
breathable coating. However, due to the higher add-on obtained with higher
molar ratios, the WVTR values did not correlate with the coating
formulation. With an increase in the molar ratio from 1.5 to 30 there was
a steady increase in the viscosity of the polymer solution at the total polymer
concentration of 20%. This increase in the viscosity contributed to the
higher coating add-on percentage of the coated fabrics. Therefore, the
reported values of WVTR are the result of the combined effect of cross-
linking density as well as the coating thickness.

Effect of Coating Add-on

Coating Integrity

In order to evaluate the effect of coating add-on on breathable
parameters, another set of coated samples were prepared with varying
add-on values from 18% to 61wt%. The molar ratio of PVA to PAAc of 25
was selected for this set of samples. These coatings also showed good
integration to cotton. This is evident from the low weight loss of 2.9–5.7%
on normal washing for all the samples (Table 4).

Table 4. Effect of coating add-on on integrity and breathability parameters of
coated fabrics.

Hydrostatic
head (mm)

Air-permeability
(cm3/cm2/s)

WVTR
(g/m2 24 h)

Sample code
Weight

loss (%)
As

coated Washed
As

coated Washed
As

coated Washed

Control – 0 140 4335
PVA-PAAc25/61 2.9 41460 41460 0.530 0.664 1088 1368
PVA-PAAc25/34 3.8 41460 41460 0.674 0.711 1428 1739
PVA-PAAc25/24 5.7 41460 41460 0.864 0.951 1629 1754
PVA-PAAc25/18 4.6 41460 1400 1.056 1.214 2090 2165
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The harsh wash test on PVA-PAAc25/34 resulted in a weight loss of 9.6%
only. This was slightly more than the 3.8% obtained in the regular washing
conditions (Table 5). Weight loss was calculated as the percentages of the
coating add-on values of the samples. Subsequent washing did not result in
any noticeable loss. This indicated that the coatings were well integrated to
the cotton substrate.

Breathability Characteristics

The hydrostatic head values for samples were found to be high suggesting
that a good polymer network was formed for all add-ons. Only the sample
with add-on value of 18% showed a comparatively lower hydrostatic head
value of 1400mm after washing (Table 4).

The air-permeability values for the coated samples were found to be
several orders of magnitude lower than that of the control uncoated fabric
sample. The air-permeability value for the control fabric was 140 cm3 cm2 s.
This value was reduced to 0.664 cm3 cm2 s for PVA-PAAc25/61 washed
sample. The air-permeability values of all samples are given in Table 4. The
coating add-on of 18% was found to improve the barrier properties
sufficiently. The higher add-on values gave only a marginal improvement as
mentioned in the table. High barrier properties of the as coated and washed
samples suggested that the coatings were continuous and well integrated to
the substrates.

The WVTR increased from 1368 g/m2 24 h to 2165 g/m2 24 h as the
coating add-on was decreased from 61% to 18% at the molar ratio of 25.
The fabric WVTR value of 2165 g/m2 24 h for 18% add-on is 50% of that of
uncoated cotton substrate at 4335 g/m2 24 h. The value indicates that the
coated fabric had high permeability to water vapors through it had a
capacity to provide high protection against water head and air permeability.
There was a small difference between the water vapor permeability of the as
coated and the washed samples. Unwashed samples showed relatively lower
WVTR values as given in Table 4.

Table 5. Integrity on harsh wash test.

Sample code Condition
Loss of coating (%)

(First wash)
Loss of coating (%)

(Second wash)

PVA-PAAc25/34 Mild wash 3.8 0.3
Harsh wash 9.6 1.5
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Stiffness of the Coated Fabric

The PVA coating increased the stiffness of the resultant fabrics. Bending
length value of the uncoated control sample was found to be 2.6 cm and
2.47 cm, respectively, for the warp and weft ways. The samples were found
to be only moderately stiffer than the control samples. These values are
reported in Table 6.
The percentage increase in bending value of the coated samples in warp-

way was comparatively higher to that of the weft way. The stiffness of the
fabric increased with the increase in the coating add-on. The sample with
the coating add-on of 18wt% showed an increase of 106% and 79% in the
bending length value compared to that of the control sample in warp
and weft way, respectively. These values were found to be significantly
lower compared to poly(acrylamide) based breathable fabrics with similar
add-ons [8].

Possible Mechanism of Breathability

The study was aimed at developing nonporous, continuous, breathable
coating based on hydrophilic polymer system. In order to verify the possible
mechanism of breathability in these coated fabrics, the hydrophilicity and
surface characteristics of the coatings were investigated.
The water retention by the coating is a good indication of the extent of

free hydroxyl groups, and thus the hydrophilicity, of the breathable film.
The average water retention value of the uncoated control sample after
centrifuging was around 9.4% (Table 7). The water retention was
significantly higher for the coated samples. The increased values indicate
that the coatings were highly hydrophilic even after they were crosslinked
using polycarboxlyic acid.

Table 6. Effect of coating add-on on stiffness of coated fabrics.

Warp way Weft way

Sample
Bending

length (cm) Increase (%)
Bending

length (cm) Increase (%)

Control 2.600 – 2.473 –
PVAPAAc25/18 5.109 106.6 4.663 79.3
PVAPAAc25/24 5.475 121.4 4.738 82.2
PVAPAAc25/34 5.623 127.4 4.975 91.3
PVAPAAc25/61 6.050 144.6 5.321 104.7
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The samples coated with different mole ratio but with similar add-ons
were compared. The water retention value of coated samples with add-on of
66% changed from 36.0% to 62.1% as the molar ratio of PVA to PAAc was
changed from 1.5 to 20. The sample with higher molar ratio of 20 showed

Table 7. Water retention values of control and
washed samples.

Samples Water retention (%)

Control 1 9.3
PVAPAAc1.5/66 36.0
PVAPAAc20/66 62.1
PVAPAAc25/17 28.0
PVAPAAc25/34 52.7

FIGURE 2. Scanning electron micrographs of PVA-PAAc25/24: (a) as coated at
100�; (b) as coated at 1000�; (c) harsh washed at 100� and (d) harsh washed
at 1000�.
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higher WVTR. Clearly, the increase in mole ratio of PVA to PAAc is able to
significantly enhance the availability of number of hydroxyl groups or
hydrophilicity of the coating.
Surface morphology of the as-coated fabric as well as the harsh washed

fabrics of PVAPAAc25/24 and PVAPAAc25/34 were studied under SEM at
the magnification of 100 and 1000 times (Figure 2). The surface features of
the as-coated fabric showed that the coating obtained was smooth except for
some superficial impressions left from the air bubbles that might be present
in the solution during coating.
The film on the sample appeared to be continuous and well adhered to the

substrate. There was no indication of microcracks or pin holes even after the
harsh wash. The high protection against hydrostatic head and air
penetration appears to be the result of the formation of well-integrated
continuous film and the high water vapor transmission values are the result
of efficient diffusion of water vapors through the highly hydrophilic
crosslinked film.
The water retention values also increased with increasing add-on of the

coating for the same molar ratio. The washed coated sample with molar
ratio of PVA to PAAc of 25 having dry add-on of 34% showed higher water
retention value of 52.7% compared to 28.0% for sample with lower add-on
of 17%. In this case, the higher water retention is the result of thicker
coating, which possibly due to higher path of diffusion, resulted in lower
rate of water vapor diffusion (Table 7).

CONCLUSIONS

Hydrophilic breathable coatings based on PVA on cotton substrates have
been developed, using a suitable cross-linker PAAc, synthesized in our
laboratory. The effect of cross-linker concentration was studied by varying
the molar ratio of PVA to PAAc from 1.5 to 30. The integrity of the cross-
linked PVA based coating was observed to be good in most cases. The
highest suitable molar ratio was found to be 25, and at higher molar ratio,
the coatings showed relatively poor washfastness. The coated fabric with
PVA to PPAc molar ratio of 25 with coating add-on of 18wt% found to
have optimum breathable properties. This sample showed high resistance to
hydrostatic head at 1400mm and very high WVTR at 2165 g/m2 24 h, which
was �50% of the WVTR value shown by the uncoated substrate (cotton
fabric). Physical investigation of the surface morphology showed that the
coating was continuous without cracks or pin holes and appeared to be well
adhered to the substrate even after a harsh wash. This suggests that the
water vapor transmission is only through the diffusion mechanism, and not
by microcracks and micropores. This resulted in lower WVTR for the
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coated fabrics. The high value of hydrostatic head also suggests that the
film was continuous without any microcracks and micropores. The stiffness
values of the PVA coated fabrics were found to be significantly lower
compared to poly(acrylamide) based breathable fabrics with similar
add-ons.

REFERENCES

1. Davies, S. and Owen, P. (1989). Staying Dry and Keeping Your Cool, Textile
Month, August: 37–40.

2. Reischl, U. and Stransky, A. (1980). Comparative Assessment of GORETEX
and NEOPRENE Vapor Barriers in a Firefighter Turn-Out Coat, Textile
Research Journal, 50(11): 643–647.

3. Keighley, J.H. (1985). Breathable Fabrics and Comfort in Clothing, Journal of
Coated Fabrics, 15: 89–104.

4. Kannekens, A. (1994). Breathable Coatings and Laminates, Journal of Coated
Fabrics, 24: 51–59.

5. Yadav, A.K., Kasturia, N. and Mathur, G.N. (1992). Breathability in Polymeric
Coatings, Man-made Textiles in India, February: 56–60.

6. Schledjewski, R., Schultze, D. and Imbach, K. (1997). Breathable Protective
Clothing with Hydrophilic Thermoplastic Elastomer Membrane Films, Journal
of Coated Fabrics, 27: 105–114.

7. Jassal, M., Khungar, A., Bajaj, P. and Sinha, T.J.M. (2004). Waterproof –
Breathable Polymeric Coatings Based on Polyurethanes, Journal of Industrial
Textiles, 33: 269–280.

8. Save, N.S., Jassal, M. and Agrawal, A.K. (2002). Polyacrylamide Based
Breathable Coating for Cotton Fabric, Journal of Industrial Textiles, 32(2):
191–138.

9. Save, N.S., Jassal, M. and Agrawal, A.K. (2005). Stimuli Sensitive Copolymer
Poly(N-tert-butylacrylamide-ran-acrylamide): Synthesis and characterization,
Journal of Applied Polymer Science, 95(3): 672–680.

10. Save, N.S., Jassal, M. and Agrawal, A.K. (2003). Stimuli Sensitive Copolymer
Poly(N-tert-butylacrylamide-ran-acrylamide): Processing into Thin Films and
their Transitional Behavior, Polymer, 44(26): 7979–7988.

11. Jassal, M., Agrawal, A.K. and Save, N.S. (2006). Thermoresponsive Smart
Textile, Indian Journal of Fibre & Textile Research, 31(1): 52–65.

12. Save, N.S., Jassal, M. and Agrawal, A.K. (2005). Smart Breathable Fabric,
Journal of Industrial Textiles, 34(3): 139–155.

13. Bunyakan, C. and Hunkeler, D. (1999). Precipitation Polymerization of Acrylic
Acid in Toluene. I: Synthesis, Characterization and Kinetics, Polymer, 40(23):
6213–6224.

14. Kumeta, K., Nagashima, I., Matsui, S. and Mizoguchi, K. (2003). Crosslinking
Reaction of Poly(vinyl alcohol) with Poly(acrylic acid) (PAA) by Heat
Treatment: Effect of Neutralization of PAA, Journal of Applied Polymer
Science, 90: 2420–2427.

Water-proof Breathable Coatings Based on Poly(vinyl alcohol) 165

 at INDIAN INST OF TECHNOLOGY on April 6, 2016jit.sagepub.comDownloaded from 

http://jit.sagepub.com/


BIOGRAPHY

Dr. Ashwini K. Agrawal is Professor at the
Department of Textile Technology, Indian
Institute of Technology (IIT), Delhi. He is also an
alumnus of this institute and graduated with a
silver medal from IIT Delhi in 1986 after complet-
ing his B. Tech degree in Textile Technology. He
obtained MS and PhD degrees in Chemical
Engineering from the University of Rochester,
Rochester, New York, USA in 1992. His main
areas of research interest are Smart textile materi-
als, nanofibers/finishes, plasma processing, fiber
manufacturing, simulation and modeling.

166 M. PALANIKKUMARAN ET AL.

 at INDIAN INST OF TECHNOLOGY on April 6, 2016jit.sagepub.comDownloaded from 

http://jit.sagepub.com/

