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In this study, a new method to prepare polyvinyl alcohol (PVA) hydrogel-based woven fabric composite is presented. In this
method, the woven fabric was frst stitched with PVA yarn and then subjected to the borax solution for simultaneously dissolving
and crosslinking PVA. Te prepared PVA hydrogel-based woven fabric composite was chemically, mechanically, and thermally
characterized. FTIR analysis was performed to confrm the crosslinking of PVA on the reinforced fabric surface. X-ray difraction
analysis was carried out to investigate the crystallinity of the composite. An optical microscope was used to investigate the surface
morphology of the composites. Moreover, a DSC analysis was done to investigate the thermal characteristics of the composite.Te
mechanical and fuid absorbency characteristics of the composite were analyzed to investigate the efect of the concentration of
PVA yarn on the tensile strength and water absorbency of composites. Te results showed that the tensile strength and rigidity of
the composite increased by increasing the PVA yarn content in the composite.

1. Introduction

Hydrogels are considered a class of polymeric materials that
have high porosity, fexibility, and water retention capacity
whichmake them attractive for biomedical applications such
as tissue engineering, wound dressings, cell culture,
sanitation products, and drug delivery materials [1, 2].
Hydrogels are usually prepared from a 3D network of hy-
drophilic natural or synthetic polymers through several
chemical methods [3]. Tese chemical methods include the
formation of hydrogels by single-step polymerization or
multistep process containing the synthesis of polymers with
several reactive groups and later their crosslinking by using
various crosslinking agents. Te crosslinked structure of
hydrogels enables them to absorb and retain a huge amount
of water without dissolving in it [4, 5]. Te hydrogels for
biomedical applications are synthesized by employing
water-soluble polymers which include polysaccharides,
polyvinylpyrrolidone, polyacrylic acid, polyacrylamide, and

polyvinyl alcohol. Polyvinyl alcohol (PVA) has the huge
advantage of being biocompatible, nontoxic, and easy to
synthesize into a hydrogel. Terefore, it is extensively used
and studied in the literature for various medical applications
[6, 7].

Polyvinyl alcohol (PVA) hydrogels are commonly
employed as drug carriers in various drug delivery systems.
PVA-based drug delivery systems have demonstrated su-
perior performance in terms of extending drug release, and
the release time can be easily regulated and controlled.
Additionally, these drug delivery systems have shown
promising results in treating cancer and diabetes patients
[8, 9]. Te PVA hydrogel wound dressings are found to be
well permeable to air and keep the wound moist which helps
to heal the wound quickly [10, 11]. PVA hydrogels are also
used as an alternative to the articular cartilage [12, 13].
Moreover, PVA hydrogels are also utilized as temperature
sensors and conductive and antifreeze materials [14, 15].
Even though PVA hydrogels have several applications, their
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low mechanical properties such as breaking and tear
strength are the major issues.

Te fbers which are manufactured from PVA are
suitable to blend with natural fbers such as cotton, fax, and
wool. Tis blend is used to form an eco-friendly composite
material. Tis interaction contributes to PVA-natural fber
composites having unique properties and good mechanical
performance. It also shows a good interaction between re-
inforcement and matrix materials [16]. Generally, the me-
chanical strength of natural fbers such as cotton and fax
obtained from plant sources is mostly infuenced by so many
factors such as moisture content, amount of cellulose, mi-
crofbrillar angle, temperature, and amount of defect present
on the fbers [17–19]. Te mechanical performance of the
cotton and fax fbers is enhanced when the fbers are ex-
posed to wet condition and lose their strength in dry
moisture content while the mechanical strength of wool
fbers is decreased in wet condition and increased in dry
conditions [20].

Various strategies are adopted to enhance the me-
chanical properties of PVA hydrogels [21–23]. One of the
strategies is to prepare PVA hydrogel-based composites by
using textile materials such as fbers/flaments, yarns, and
fabrics as reinforcements [24]. Tese PVA hydrogel-based
composites are usually manufactured by preparing a PVA
solution and then soaking the reinforcement (which is
normally a woven fabric) in the PVA solution. Afterward,
the PVA is crosslinked on the soaked fabric by using
a suitable chemical agent such as boric acid and aldehydes to
produce a fabric-reinforced PVA hydrogel structure. Te
used reinforcements (fabrics) are prepared with common
fbers/yarns such as polyester, polypropylene, and glass
[25–27]. Tis strategy is also common to prepare other types
of hydrogel fabric-reinforced composites such as alginate
and cellulose-based hydrogel composites [28, 29].

Recently, studies reported another strategy to prepare
a PVA hydrogel-based composite by inserting PVA yarn/
fbers in the weft direction of the fabric which was later
crosslinked by borax. According to the literature, the me-
chanical properties of PVA hydrogel composites are better
than those of pure PVA hydrogels. However, this process is
time-consuming since the fabric must be woven frst and
then transformed into a hydrogel composite. Additionally, it
does not allow for the use of any preexisting fabric to be
converted into a hydrogel composite [30].

Te present study proposes a new method to address the
aforementioned issue of preparing PVA hydrogel-based
composites. In this method, the PVA yarn was stitched
on any desired woven fabrics and the crosslinking of PVA
was done by using borax to achieve a PVA hydrogel woven
fabric composite. Tree diferent kinds (fax, jute, and
polypropylene) of fabric were selected as reinforcements to
produce a PVA hydrogel woven fabric composite. Tis
method gives the freedom to choose any already prepared
fabric and stitch the PVA yarn on it in the required quantity
and convert it into hydrogel composite rather than putting
the PVA yarn into weft during the manufacturing process of
fabric. Te prepared PVA hydrogel woven fabric composites
by this method have good mechanical properties and have

great potential to be used in various PVA hydrogel-based
applications.

2. Materials and Method

PVA yarn having linear density (30/1) was purchased from
Coats Ltd. Borax (Na2B4O7, MW� 201.2) was purchased
from DAEJUNG, Korea. All materials are used as received.
Flax, polypropylene, and jute woven fabrics were obtained
from National Textile University Faisalabad, Pakistan. Te
design of experiment for this study is given in Table 1.

2.1. Method. All the fabrics (fax, polypropylene, and Jute)
were frst stitched with PVA yarn using diferent fber
volume ratios (0.20%, 0.25%, and 0.30% o.w.f). Ten, a 1 wt
% solution of borax in water was prepared separately using
magnetic stirring at 50°C. Afterward, the stitched fabric was
taken into a Petri dish and the borax solution was poured
onto it so that the fabric got dipped in the solution to
transform the PVA yarn into hydrogel using crosslinking of
PVA molecules in the fabric structure. Te schematic dia-
gram to prepare the PVA hydrogel woven fabric composite
is shown in Figure 1.

Since PVA was in the fbrous form which has a high
surface area, there was no need to heat the solution for the
dissolution of PVA. PVA got dissolved just after getting in
contact with water. So, with the presence of the crosslinking
agent (borax) in the water, PVA yarn simultaneously dis-
solved and crosslinked to convert the stitched fabric into the
hydrogel structure. After that, the sample was kept in so-
lution for 24 hours for proper gelation. After 24 hours, the
excess borax/water solution was removed, and the hydrogel
sample was washed with distilled water so that uncrosslinked
molecules can be removed. After washing, samples were
dried at room temperature.

2.2. Characterization

2.2.1. Surface Morphology. Te fbers’ surface morphology
was examined with scanning electron microscopy (SEM)
and optical microscopy with 180X magnifcation by a Lab-
omed CZM6 stereo microscope. However, since the samples
were nonconductive, they were coated with gold using
a sputter coater before SEM analysis.

2.2.2. FTIR Analysis. Fourier-transform infrared spectros-
copy analysis was carried out by using a PerkinElmer FTIR
spectrometer between the ranges of 650 and 4000 cm−1.
FTIR spectroscopy is performed on the fabrics before and
after gelation to carry out the chemical analysis.

2.2.3. Diferential Scanning Calorimetry (DSC) Analysis.
A diferential scanning calorimeter (DSC 400, PerkinElmer)
was used for the investigation of the thermal properties of
the hydrogel composite. Te rate of heating/cooling was set
to 5°C/min.
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2.2.4. X-Ray Difraction Analysis. Microstructural in-
formation on hydrogel composites was obtained by using the
X-ray difraction (X’Pert Pro, PANalytical) technique. To in-
vestigate the composite samples, the copper anode was
employed as anX-ray source whichwas suppliedwith a current
of 30mA at 40 kV to produce a wavelength of 0.1540nm. Te
data were obtained at 1 s/step of scan range from 10° to 80°.Te
PVA hydrogel-based fabric composites were fxed into an
entangled small ball and put in a sample holder to analyze the
crystallographic peaks. Te system contained art X’Celerator
detector of the X’Pert Pro that allows for quick data collection.
Te analysis of XRD data is carried out by comparing the
obtained peaks with the literature.

2.2.5. Tensile Strength. Te tensile strength of the hydrogel
composite was investigated per ISO 13934-2 standard. Tis
standard is also known as the grab method to determine the
maximum force that a sample can bear. A 200mm× 100mm
specimen is gripped in the jaws and then extended at

a constant rate until it ruptures. Te force was then recorded
at which the specimen got ruptured. Te physical conditions
for this test are 20± 2°C temperature and (65± 2)% relative
humidity.

2.2.6. Water Absorbency. To investigate the fbers’ water
absorbency, the ASTM D570 standard was utilized. Te
samples were initially dried for 24 hours at 50°C in an oven
and weighed on an analytical balance with a least count of
0.1mg (Wd). Ten, the preconditioned samples were im-
mersed in distilled water at ambient temperature and
pressure for 24 hours. After removing the samples, they were
patted dry and reweighed (Ww). Te water absorbency was
calculated using equation (1) after determining the dry and
wet weights of the fbers.

Water absorption
g
g

  �
Ww − Wd

Wd

× 100. (1)

Woven Fabric Stitched Woven
Fabric

Stitched Woven Fabric dipped
in aqueous borax solution

Washing of
composite gel

with water

Woven fabric
reinforced PVA

composite hydrogel

Simultaneous dissolution and
crosslinking of PVA yarn

Drying

PVA yarn
stitching

Figure 1: Process fow to prepare PVA hydrogel woven fabric composite.

Table 1: Design of experiment.

Sample ID PVA yarn fraction (o.w.f ) Woven fabric type
1 0.20 Flax fabric
2 0.25 Flax fabric
3 0.30 Flax fabric
4 0.20 Polypropylene fabric
5 0.25 Polypropylene fabric
6 0.30 Polypropylene fabric
7 0.20 Jute fabric
8 0.25 Jute fabric
9 0.30 Jute fabric
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3. Result and Discussion

Microscopic images of all the samples were taken to in-
vestigate the surface morphology of the hydrogel compos-
ites. Figures 2(a), 2(d), and 2(g) show the neat/pure fabric
surfaces of fax, polypropylene, and jute, respectively. Tese
images show the neat fabrics showing the protruding fbers
on the surface of the fabric and the free areas/spaces available
in the woven fabric. Figures 2(b), 2(e), and 2(h) present the
PVA yarn stitched on fax, polypropylene, and jute fabrics.
Tese images show that fax, polypropylene, and jute fabric
are successfully stitched with PVA yarn. Te stitched PVA
yarn can be seen in all these fgures. Te PVA hydrogel-
based woven fabric composites from three diferent fabrics
are shown in Figures 2(c), 2(f ), and 2(i). Tese fgures in-
dicate that fbers are covered with PVA hydrogel, and the
size of the free spaces is reduced due to the presence of the
hydrogel. Te PVA hydrogel layer is formed after simul-
taneously dissolving and crosslinking with borax and is
present on the surface and in between the yarns in the woven
fabric.

Figure 3 displays SEM images that reveal the surface
characteristics of the hydrogel composite. Figure 3(a) ex-
hibits a rough surface of fax-reinforced PVA hydrogel
composite, which is attributed to the presence of PVA
hydrogel. Figure 3(b) illustrates the impregnation of fbers
with PVA hydrogel, surrounded by a plane matrix, while
Figure 3(c) demonstrates the rough surface of jute-
reinforced PVA hydrogel composite and the adhesion of
fbers with each other through the PVAmatrix.Tese images
indicate that the PVA hydrogel contributes to the roughness
of the surface and enhances the connectivity between fbers.

3.1. FTIR Analysis. FTIR analysis was performed to in-
vestigate the presence of hydrogel of PVA on diferent
fabrics. FTIR spectra of all the fabric samples are given in
Figure 4 which shows diferent peaks corresponding to the
diferent functional groups. (A)–(C) in Figures 4(a) and 4(c)
represent the FTIR spectra of fax-reinforced PVA hydrogel
composite and jute-reinforced PVA hydrogel composite at
diferent PVA volume fractions. All the samples show
a broadening peak with a peak point around 3300 cm−1

which corresponds to the stretching of the -OH functional
group [31]. Te depth of the -OH peak increases to some
extent by increasing the fber volume ratio of PVA yarn. Te
possible reason is that all the -OH groups might not be
completely crosslinked with borax. Except this, fax and jute
are cellulosic fbers, so -OH groups of cellulose were not
completely dissolved or crosslinked with the borax.Te peak
at 2924 cm−1 in the spectra of fax and jute composites
corresponds to the -CH stretching [32, 33]. Te peak around
1730 cm−1 corresponds to the C�O group. Te peak around
1350 cm−1 corresponds to the primary -CH stretching.
Another peak is seen around 1088 cm−1 which corresponds
to the C-O group [34]. All these peaks confrm the structure
of fax and jute fbers. Except for these peaks, there are two
more peaks present in this structure at 1416 cm−1 and

1325 cm−1 attributed to the CH2 bending and CH wagging
due to the presence of PVA hydrogel [35] onto the fax and
jute fabrics. A very narrow peak can be seen around
650 cm−1 which could be due to the vibration of O-B-O
bonds [32, 34]. All these peaks confrm the presence of PVA
hydrogel on fax and jute fabrics.

(A)–(C) in Figure 4(b) show the FTIR spectra of
polypropylene-reinforced PVA hydrogel composite at dif-
ferent PVA volume fractions. All these spectra show the
same peaks with slightly diferent peak intensities due to the
diferent volume fractions of PVA yarn. Te peaks at
2950 cm−1 and 2920 cm−1 correspond to the asymmetric
stretching of CH3 and CH2, respectively. Narrower peaks
near 1450 cm−1 and 1380 cm−1 correspond to the bending of
CH3 [36]. Te vibrational peaks at 840, 1000, and 1170 cm−1

are indicative of the characteristic vibrations associated with
the presence of terminal unsaturated CH2 groups in isotactic
polypropylene [37]. A peak with slight intensity can be seen
at around 3300 cm−1 which corresponds to the OH groups
due to the presence of PVA on the surface of polypropylene
fabric. Another peak at 1325 cm−1 corresponds to the CH
wagging due to PVA. A very narrow peak can be seen around
650 cm−1 which could be due to the vibration of O-B-O
bonds [32, 34].

3.2. X-Ray Difraction Analysis. X-ray analysis was per-
formed to investigate the crystalline peaks of pure fabrics and
fabric-reinforced PVA composites. X-ray difractogram of the
three optimized composite samples (0.25% fber volume
fraction) was performed, and their results are given in Fig-
ure 5. Figure 5(a) shows the XRD peak of pure fax fabric
showing the crystalline peaks at around 15° (101) and 22°
(002) confrming cellulose 1 [38]. Te same peaks can be
observed in Figure 5(b) with an extra peak of PVA at 19° (110)
confrming the presence of PVA hydrogel onto the fax fabric
[39]. XRD spectra for pure jute fabric and jute-reinforced
PVA composite are given in Figures 5(e) and 5(f), re-
spectively. Both spectra show the peaks at approximately
2θ= 16 and 22° that arise from the cellulose (110), (200), and
planes [40]. However, an extra peak at around 19° (110) can be
seen for PVA hydrogel confrming the development of jute-
reinforced PVA hydrogel composite. Figures 5(c) and 5(d)
display distinct peaks centered at the 2θ angles of 14°, 17°, and
19° for the polypropylene fabric, corresponding to the α-form
crystallographic planes (110), (040), and (130), respectively
[41]. Te peak of PVA might be merged with the poly-
propylene peak at 19° and cannot be seen as a separate peak. A
low-intensity peak can be seen around 35° in all the composite
samples in b, d, and f that corresponds to the excess of borax
(024) which remains in the hydrogel composite and becomes
crystallized after drying [42].

3.3. Tensile Strength. Te tensile strength of the neat fabric
and the hydrogel composite is given in Figure 6(a). It can be
seen in Figure 6(a) that the tensile strength of the hydrogels
is greater than that of their corresponding neat fabrics.
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(a) (b)

(c)

Figure 3: SEM images of fabric-reinforced PVA hydrogel composites: (a) fax, (b) polypropylene, and (c) jute.
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Figure 2: Microscopic images of neat fabrics ((a) fax, (d) polypropylene, and (g) jute), stitched fabrics ((b) fax, (e) polypropylene, and (h)
jute), and fabric-reinforced PVA hydrogel composites ((c) fax, (f ) polypropylene, and (i) jute).
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Samples 1–3 represent the fax fabric-reinforced hydrogels
with 0.20%, 0.25%, and 0.5% corresponding PVA yarns. Te
strength of the fax fabric-reinforced hydrogel composite is
greater than that of the other two hydrogel composites. Te
tensile strength of the fax-based hydrogel increases with the
increase in PVA yarn content. Te possible reason is that
more PVA yarn per unit area meansmore crosslinking of the
PVA molecules with each other and with the fax fabric
which ultimately increases the tensile strength of the fabric.
Samples 4–6 represent the polypropylene fabric and
hydrogel composite. It shows the same trend as in the case of
fax fabric. Te tensile strength of the hydrogel is more than
that of their neat fabric because of crosslinking of PVA
molecules. Te same trend can be seen for the jute fabric as

well which is represented by samples 7–9.Te increase in the
strength of the jute-based hydrogel composite is more than
that of the other two (fax and polypropylene) composites.
Te possible reason is that the PVA molecules of the
hydrogel crosslinked with each other as well as with the
molecules of the jute fabric resulting in more tensile strength
of the composites. But the fax fabric-reinforced hydrogel
composite showed the highest tensile strength among all the
samples. From Figure 6(b), it can be seen from the stress-
strain curve that by increasing the PVA percentage in the
making of hydrogel composite, the structure becomes rigid.
Elongation at break is greater for polypropylene hydrogel
samples than the fax and jute-based hydrogel-reinforced
samples. Te reason is that polypropylene is a synthetic fber
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Figure 4: FTIR spectra of (a) fax-reinforced PVA composite with diferent fber volume fractions: (A) 0.20; (B) 0.25; (C) 0.30; (b)
polypropylene-reinforced hydrogel with diferent fber volume fractions: (A) 0.20; (B) 0.25; (C) 0.30; and (c) jute-reinforced hydrogel with
diferent fber volume fractions: (A) 0.20; (B) 0.25; (C) 0.30.
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Figure 6: (a) Breaking strength of pure fabrics and fabric-reinforced hydrogel composites. (b) Stress-strain curve of hydrogel composites.
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with soft points in its molecular structure which makes it
stretch with the application of force, and hence it has more
elongation at break than other samples.

3.4. Termal Analysis. Termal analysis of the neat fabrics
and fabric-reinforced PVA hydrogel composites was per-
formed using diferential scanning calorimetry (DSC).
Figure 7 shows the DSC analysis for the neat/pure fabrics of
fax, polypropylene, and jute neat fabrics and their rein-
forced composites.Te results in Figure 7 revealed that there
is a change in the endothermic peaks for the pure fabrics and
fabric-reinforced hydrogels. Te endothermic peak of the
pure fax (Figure 7(a)) and jute fabric (Figure 7(c)) is found

near 100°C, and the endothermic peak of the fax-reinforced
hydrogel composite was found before 100°C which confrms
the PVA deposition and crosslinking on the fax fabric
because pure PVA hydrogel shows a broad endothermic
peak around 100°C which is the melting temperature (Tm) of
PVA hydrogels [43]. On the other hand, the change in the
endothermic peak of jute fabric by incorporating the PVA
confrms the formation of hydrogel composite. A sharp
endothermic peak can be seen at 160°C in the case of neat
polypropylene fabric which is the melting temperature (Tm)
of polypropylene [44]. In the case of polypropylene-
reinforced PVA composite, two endothermic peaks at
110°C (Tm of PVA hydrogel) and 160°C (Tm of polypropylene
fabric) can be seen in Figure 7(b).
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Figure 7: DSC analysis of (a) neat fax fabric and fax-reinforced hydrogel composite, (b) neat PP fabric and PP-reinforced hydrogel
composite, and (c) neat jute fabric and jute-reinforced hydrogel composite.

0

50

100

150

200

250

300

350

400

450

500

Pure
Flax

W
at

er
 A

bs
or

be
nc

y 
(%

)

Sample ID

1 2 3 Pure
PP

4 5 6 Pure
Jute

7 8 9

Figure 8: Water absorbency of pure fabrics and fabric-reinforced PVA composite hydrogels.

Advances in Materials Science and Engineering 9



3.5.WaterAbsorbency. Tewater absorbency of pure fabrics
and fabric-reinforced PVA composite hydrogels is given in
Figure 8. For pure fabric, fax showed the maximum water
absorbency value while polypropylene showed the least. Te
reason is that jute and fax are cellulosic materials that can
absorb water due to the hydrogen bonding present between
the cellulosic molecules and water molecules. Polypropylene
is a hydrophobic polymer that does not have an afnity
towards water molecules, and hence it showed the least value
of water absorbency.Te water absorbency of PVA hydrogel
composites is greater than their respective pure fabrics. Since
hydrogel has a strong capability of water absorption,
composites have more water absorbency values than pure
fabric. Flax-reinforced PVA hydrogel composites (samples
1–3) show the highest water absorbency property than other
fabric-reinforced composites. Polypropylene (samples 4–6)
shows the least water absorbency of the composite hydro-
gels. Since pure polypropylene shows the least water ab-
sorbency, the composite shows improved values of water
absorbency due to PVA deposition on polypropylene. Te
efect of diferent PVA concentrations on the water absor-
bency of the PVA composite is given in Figure 8 which
shows that the absorbency values increase with the increase
in PVA concentration. Te reason is that by increasing PVA
concentration in composites, there will be more molecules
present in the composite to attract the water molecules and
hence increase the water absorbency.

 . Conclusion

Woven fabric-reinforced PVA hydrogel composite was
successfully developed by treating PVA-stitched woven
fabric with aqueous borax. Te stitched PVA yarn was si-
multaneously dissolved and crosslinked by treating it in
borax solution and became a hydrogel structure. Te FTIR
and X-ray difraction analysis confrms the PVA hydrogel on
the woven fabrics. Jute and polypropylene-reinforced PVA
hydrogel composites are more thermally stable than fax-
reinforced composites. Te tensile strength results revealed
that fabric-reinforced hydrogel composites have more
strength than their corresponding neat fabrics. Flax-
reinforced hydrogel composite shows the highest tensile
strength (590N) than jute (517N) and polypropylene
(367N) composites. Tensile strength of all the fabric-
reinforced samples increased by increasing the PVA yarn
content in the composite structure. Polypropylene-
reinforced PVA hydrogel composite showed the highest
elongation percentage among all the samples because of its
synthetic nature. Force-elongation curve shows that the
rigidity of the composite structure increased by increasing
the PVA yarn content in the structure. Water absorbency
results have shown that hydrogel composites have more
water absorption than their respective neat fabrics. Flax-
reinforced hydrogel composite has the highest water ab-
sorbency (476%) while PP hydrogel composite showed the
least water absorbency (93%). Hydrogel composites with
high strength have the potential to be utilized as hygroscopic
materials for erosion control and packaging [45].
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