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Abstract: Polyvinyl alcohol (PVA) is a nontoxic and ther-
moplastic polymer which is completely biodegradable.
PVA shows excellent mechanical and thermal properties
due to better interfacial adhesion with reinforcing mate-
rial such as fibers, particles or flakes because of which it
can be used for fabrication of composite. PVA based fiber
or particle reinforcing composites have gained interest in
many applications in different fields. This paper reviews
the mechanical and water absorption properties studied
by different researcher and some of them were discussed
here. The article also focused on the effect on the mechan-
ical properties on PVA based composites with particle
or fiber used as reinforcing material at nano/micro level
and different polymers used to prepare PVA blend films.
The major disadvantage of PVA based composites/films
is higher water uptake or solubility in water. To over this
negative aspect, many researchers studied crosslinking of
PVA based composites/films, which are also discussed in
the article. This review concludes that PVA has the poten-
tial for use in the synthesis of composites/films with their
abundant applications.

Keywords: crosslinking; mechanical properties; nano-
composite; polyvinyl alcohol; water absorption.

1 Introduction

Synthetic and natural are two main classifications of poly-
mers. Starch, chitin, protein, Lignin, shellac, cellulose
etc. come under natural polymer whereas poly(amides)
[1], poly(anhydrides), poly(amide-enamines) Poly(vinyl
alcohol), poly(ethylene-co-vinyl alcohol), poly(vinyl
acetate), polyesters, poly(glycolic acid), poly(lactic acid),
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poly(caprolactone), poly(ortho esters) etc. come under
synthetic polymer. Ecological concerns such as recycla-
bility and environmental safety have resulted in renewed
attention in the natural polymer resin. As compared with
petroleum [2] based thermoset plastics which are toxic
and non-biodegradable. Biodegradable polymers decom-
posed by the action of microorganisms converted into
the form of H,0 and CO,. These H,0 and CO, are absorbed
into the plant systems. Other environmental benefits of
bio-based polymers include low embodied energy, CO,
sequestration, reduced depletion of fossil-based resources
and an optimistic impact on agriculture. Due to increase
in the awareness of environmentally sustainable techno-
logy demand of bio-composite or green composite mate-
rial have received significant interest in past few year. As
per the market survey, there are 235 million tons polymer
production was found for 2011 and out of which bio-based
polymer share about 1.5% i.e. 3.5 million tons which
are going to be increase by 3% at end of 2020. Polyvinyl
alcohol (PVA) also known as polyethenol, most commonly
used polymer as an adhesive product and making other
polymers. PVA is cheap and easily available polymers
exist in white powder form.

Polyvinyl alcohol (PVA) chemical formula shown in
Figure 11is synthetic biodegradable thermoplastic polymer
[3] which is nontoxic and has application in different
fields such as resins, medical, building industry, packag-
ing materials etc. Herman and Haehnel in 1924 [4] were
first to prepare PVA from polyvinyl esters. After 2 year it
was used in textile industry in Germany. The expansion
of application of PVA has been prompted largely in other
area such as: in 1951 Levine et al. [5] studied use of PVA
as plombage material for thoracic surgery; in 1979 Sumita
et al. [6] prepared the semiconducting Cul surface layer by
coagulation of polymer —Cu? complexes in PVA and poly-
acrylamide; in 1986 Tamura et al. [7] developed gelling
polyvinyl alcohol and their medical use was examined;
Hirai in 1994 investigated gel of PVA highly swollen with
dimethyl sulfoxide as a gel actuator; Xu et al. [8] studied
the crosslinking systems between bifunctional aldehydes
and PVA to improve the paper wet strength; in 2011 Patil
et al. [9] synthesized PVA/polyaniline (PANI) thin films
for supercapacitor application; Stefani et al. [10] develop
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Figure 1: Chemical formula of polyvinyl alcohol.

and characterize a time temperature indicator (TTI) based
on a PVA/Chitosan polymeric doped with anthocyanins
in order to indirectly indicate food quality changes and
applications of PVA are shown in Table 1.

2 PVA based film/composite

In this section review of mechanical properties and water
absorption capacity of PVA based film/composite has
been done from last 10 to 12 year. Due to better interfacial
adhesion between the PVA matrix and fiber PVA compos-
ites were mechanically stronger and tougher and have a
potential for use in several applications. PVA is completely
soluble in water due to the presence of free hydroxyl
groups in the polymeric matrix which is the disadvantage
of PVA based film/composite, therefore, water absorption
capacity tests are one of the major design criteria.

2.1 Mechanical properties of PVA based
composites/films

Better interfacial adhesion between the PVA matrix and
fibers, fiber reinforced PVA composites were mechani-
cally stronger and tougher than the PVA film which
results in wide application of PVA for composite mate-
rial. Kiro et al. [23] prepared sericin and PVA based com-
posite in which ZnO nanoparticles were impregnated.
Vickers hardness values were found to be 15.11, 16.46,
17.39, 18.71 and 20.09 kg/mm? on varying the amount of
ZnO nanoparticles to 200, 250, 300 and 350 mg, respec-
tively. Sonker et al. [24] fabricated PVA based crosslinked
composite in which structural modification was done by
glutaric acid (GA) and reinforced with tungsten disulfide
nanotubes nanoparticle (WSNTs). Three types of PVA
films were prepared, i.e. neat PVA, thermally crosslinked
PVA (TH-CL-PVA) and glutaric acid crosslinked PVA
(GA-CL-PVA) and in each type, WSNT was added as
reinforcement. SEM image of WSNT-PVA composite is
shown in Figure 3A. It was found that WSNT-TH-CL-PVA
shows the maximum tensile strength of 139.9 MPa with
Young’s modulus of 7.1 GPa and WSNT-GA-CL-PVA shows
maximum toughness of 85.68 MPa. In 2015 Guzman-Puyol
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et al. [25] studied the effect of trifluoroacetic acid (TFA)
on PVA and PVA-cellulose composite. The neat PVA film
has Young’s modulus 2.75 GPa with 57% of elongation
whereas PVA-TFA film has Young’s modulus 25 MPa with
elongation of 693% from above result it was concluded
that TFA act as the plasticizer. In 2013 Li et al. [26] studied
the effect of ultrasonication on graphene oxide (GO)/PVA
composite. The GO suspension obtained was diluted to
5 mg/ml and then ultrasonicated for 0-5 h were added
to 10 wt.% PVA DI water solution. Tensile property of
GO-PVA is 12.6% higher than neat PVA film and maximum
strength is 82.5 MPa for 30 min ultrasonication. In 2013
Li et al. [26] studied the effect of ultrasonication on gra-
phene oxide (GO)/PVA composite The GO suspension
obtained was diluted to 5 mg/ml and then ultrasonicated
for 0-5 h were added to 10 wt.% PVA DI water solution.
Tensile property of GO-PVA is 12.6% higher than neat
PVA film and maximum strength is 82.5 MPa for 30 min
ultrasonication. In 2010 Ibrahim et al. [27] synthe-
sized PVA based film in which nanospherical cellulose
obtained from cotton linter and bleached linen were used
as reinforcement particles. Tensile strength of bleached
linen composite was increased up to 20 wt.% whereas
the strength of composite decrease with the presence of
cotton linter. Ching et al. [28] in 2010 fabricated polyvinyl
alcohol based composite in which cellulose nanocrystals
and nanosilica were used as a reinforcement material.
To prepared the films 10 wt.% PVA solution with water
was stirring the solution at 90°C for 2 h and after cooling
to room temperature nanocrystals cellulose (1-7 wt.%)
and nanosilica (0.5%) were added. Mechanical testing of
PVA based film is done. The Young’s modulus increases
with increasing the NCs content. The Young’s modulus
of PVA films without CNs was 15.45 MPa and maximum
value obtained at 15% CNs was 57.30 MPa. In 2016 Ye et al.
[29] prepared PVA based film reinforced with eucalyptus
lignosulfonate calcium (HLS) particles. Different HLS to
PVA (0/100, 5/95, 5.85, 25/75, 35/65, 50/50 and 60/40 wt./
wt.) were dissolved in 100 ml distil water stir at 95°C for 3h
and then dried it at 70°C at vacuum oven. Pure PVA have
tensile strength of 48.4 MPa, elongation at break 220.7%
and Young’s modulus 7079 MPa. With the addition of
HLS (35%) tensile strength increased to 124.15% whereas
Young’s modulus increased to 57.19%. SEM image of pure
PVA film is shown in Figure 3D. Nath et al. [30] fabricated
PVA based composited reinforced with unmodified fly
ash (FA) and modified with sodium lauryl sulfate (SLS).
The addition of FA/SLS-FA to neat PVA result in increased
in tensile strength of film by 74.8% and 33%, respectively.
In 2008 Lu et al. [31] developed polyvinyl alcohol based
composite in which microfibrillated cellulose was used
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as a reinforcement material. To prepared film 5 wt.% PVA
solution with water was stirring at 95°C for 2 h and after
cooling to room temperature microfibrillated cellulose
(1, 5, 10 and 15 wt.%) was added. Mechanical testing of
PVA based film is done. The Young’s modulus and tensile
strength increased with increasing the MFC content up to
10 wt.% and then tends to level off at higher MFC content.
At 10 wt.% MFC content, Young’s modulus of the compos-
ite film increases by 40%. Ching et al. [28] fabricated and
characterized of polyvinyl alcohol (PVA) based composite
reinforced with nanocellulose and nanosilica using film
casting technique and concluded that 3 wt.% of nanocel-
lulose optimized the tensile strength and tensile modulus
of the composite. Further addition of nanosilica remark-
ably improved the tensile strength and tensile modulus of
PVA composite which can be detected by thermomechan-
ical properties. Table 2 represent mechanical properties
of different PVA based composites/films in details.

2.1.1 PVA based biocomposite

Due to sustainability and environment impact issue
attention toward environmentally friendly and com-
plete degradability has been shifted. From past 10 to
12 years developments of biodegradable material have
been increased. Figure 2 represents the procedure for
obtaining PVA based composite/film. PVA is completely
biodegradable and widely used for synthesis of bioma-
terials. Qiu and Netravali [37] fabricated microfibrillated
cellulose (MFC)/PVA biodegradable composite at differ-
ent content (5%, 10%, 15%, 20%, 30%, 40% and 50%
by wt). The effect of crosslinking with glyoxal was also
studied. It was found that neat PVA has fracture strength
34.1 MPa while strength goes on increasing with increase
in the percentage of MFC upto 40% with the strength of
89.9 MPa. Figure 3B represents the SEM image of frac-
ture surface of MC-PVA composite. Abdulkhani et al.
[38] prepared cellulose/PVA biocomposite film which is
pretreated with 1-n-butyl-3-methylimidazolium chloride.
It was found that cellulosic film shows higher tensile
strength as compared with cellulose/PVA film. In 2011
Zhang et al. [36] prepared PVA/cellulose biocompos-
ite before mixing the cellulose fiber subjected to pan-
milling to break intra- and inter-molecular hydrogen
bonds. The tensile result shows that with the increase in
number of cycle of pan-milling the strength is increased
and maximum value obtained at 40 pan-milling cycles
i.e. 16.4+0.2 MPa. Marvdashti et al. [44] improved the
physicochemical properties of Alyssum homolocarpum
seed gum (AHSG) films using polyvinyl alcohol (PVA).
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FTIR and SEM results showed the formation of hydro-
gen bonds or other interactions between the OH group
of PVA and the OH and carboxyl groups of AHSG, forms
a uniform and homogeneous network and improves the
mechanical strength of the blend films with high PVA.
These results indicated that PVA/AHSG blend films had
good compatibility. With the increase in AHSG percent-
age in blend films, the ductility of the film is decreased.
Table 2 represent mechanical properties of different PVA
based composites/films in details.

2.1.2 PVA based films

Due to vast application of PVA such as in food industry,
packaging industry and medical field development of
PVA based blend films and membrane had been done
such as, Sudhamani et al. [33] fabricated homopolymer
films based on gellan and PVA at the different ratio.
Tensile strength results show that strength for pure and
blend vary between 3.5 and 5.6 MPa and decreases with
increasing the PVA amount. In 2003 Srinivasa et al. [32]
prepared chitosan-PVA blend films with ratio (100-0,
80-20, 60-40, 40-60, 20-80, 0-100%ration, w/v).
Mechanical testing shows that higher content of chitosan
shows higher tensile strength with minimum elongation.
Limpan et al. [45] fabricated myofibrillar protein (FMP)/
PVA blend bio-films with different FMP/PVA (10:0, 8:2,
6:4, 5:5, 4:6, 2:8, 0:10) ratio and effect of pH level (3 and 11)
also studied. It was found that with the increase in the per-
centage of PVA tensile strength increases and vice versa
for the case of FMP. The blend films with pH level 3 have
higher strength in case of higher PVA percentage whereas
for higher FMP percentage pH level 11 blend films show
higher strength. Another application PVA in preservation
dehydration of ethylene glycol had been studied by Hyder
and Chen [35]. They prepared chitosan-polyvinyl alcohol
(CS-PVA) blend membrane which was crosslinked with
trimesoyl chloride (TMC)/hexane. Five weight percent-
age solution of PVA with DI water and 1 wt.% solution
with acetic acid was mixed in ratios of CS—-PVA: 25-75,
50-50, 70-30, 75-25, 80-20 and crosslinking was done by
dipping the membrane into 0.5 wt./vol.% TMC/hexane.
It was found that tensile strength of crosslinked CS-PVA
films were higher in films which had the higher percent-
age of CS and maximum value obtained for CS-PVA
(80-20) ratio was 74.5+2.7. Application of PVA in food
packaging industry had been studied by Kanatt et al. [48]
they prepared chitosan (Ch) and PVA films by mixing the
PVA and Ch solutions at various ratio (1:1, 1:2 and 2:1) with
Glycerol (0.1% v/v) as plasticizer and mint extract (ME)/



DE GRUYTER N. Jain et al.: A review on polyvinyl alcohol based composites/films = 217

Table 2: Mechanical properties of PVA based composites.

Year Composite/nanocompasite/biocomposite Mechanical properties Reference

Tensile strength Elastic modulus Elongation (%)

(MPa) (GPa)
2003 Chitosan-PVA (100-0) 55.56+4.65 1.874+0.342 8+2.56 Srinivasa etal. [32]
Chitosan-PVA (80-20) 46.99+3.85 1.528+0.248 26.84+7.87
Chitosan-PVA (60-40) 31.95+6.2 0.539+0.099 28.9+11.7
Chitosan-PVA (40-60) 37.23+3.82 0.345+0.105 60.58+9.01
Chitosan-PVA (20-80) 32+5.65 0.231+£0.072 70.55+6.9
Chitosan-PVA (0-100) 25.64+3.86 0.12+0.056 105.47+6.87
2003 Gallen-PVA (ratio 3:1, 3:2, 1:1, 2:3 and 1:3) 3.5-5.6 - — Sudhamani et al. [33]
2006 PbS/PVA (0, 2.3 and 4.6 mass% of PbS) 46.8+1.5 0.465+0.13 225+50 Kuljanin et al. [34]
51.6+1.9 0.645+0.105 257+£50
53+3.1 0.7310.145 267 £32
2009 CS 65.1+1.9 - 8.15+0.9 Hyder and Chen [35]
PVA 57.9+2.1 - 11.2+0.8
CS-PVA1 67.9+2.8 - 11.5+1.1
CS-PVA2 70.4£2.5 - 10.1+£1.2
CS-PVA3 74.7+2.1 - 8.3+£0.9
CS-PVA4 74.1+£2.3 - 8.5+0.8
CS-PVA5 74.5+2.7 - 8.2+0.9
2010 PVA/nano cellulose linen (20%, 40% and 60%) - - 26.8-108.53 lbrahim et al. [27]
PVA/nano cellulose cotton linter (20%, 40% and 60%) - - 16.58-88.74
2011 PVA 14+0.5 0.0447 339.3+0 Zhangetal. [36]
PVA/cellulose-1 8.81£0.6 0.0963 76.3+7.2
PVA/cellulose-5 9.3+£0.2 0.0905 118.2+6.2
PVA/cellulose-10 10.5+0.6 0.0782 225.9+20.7
PVA/cellulose-20 11.6+0.8 0.0703 222.2+22.1
PVA/cellulose-30 13.3+1 0.0684 278.3+15
PVA/cellulose-40 16.4+0.2 0.0554 374.416.4
2012 PVA - 0.248%0.023 — Qiu and Netravali [37]
Crosslinked PVA - 0.666%+0.009 -
MFC-PVA (10 wt. MFC content) - 1.033£0.007 -
Crosslinked MFC-PVA (10 wt. MFC content) - 1.404+0.009 -
2013 Cellulosic film 129.7 0.1297 24.7 Abdulkhani et al. [38]
Cellulose/PVA film 104.9 0.0469 30.6
2013 PVA 57.02 - 391.47 Xuetal. [39]
PVA/CNs 75.2 - 340.61
PVA/CNs/AgNPs-0.36 74.39 - 342.66
PVA/CNs/AgNPs-1.77 81.21 - 230.71
PVA/CNs/AgNPs-3.47 72.48 - 259.88
PVA/CNs/AgNPs-6.71 64.67 - 315.66
2015 Neat PVA - 2.75 57% Guzman-Puyol et al. [25]
PVA-TFA - 0.025 693%
2016 PVA 25.3%+3 2.3240.3 149+7 Kashyap et al. [40]
PVA-GO 63+5 5.82+0.6 1705
PVA-rGO 39+5 2.55+0.3 208+4
PVA-H 2343 1.73+£0.5 147+5
2016 CS-PVA (50-50) blend 8 0.0001 17.16 Jahanetal. [41]
0.1g KNO3 10.09 0.86 21.67
0.2g KNO3 18.9 0.057 26.8
03g KNO3 19.18 0.432 31.9
0.4g KNO3 20.23 0.126 34.57
0.5g KNO3 31.9 0.0245 67
2016 PVA 44+1.5 1.4+0.1 112.5+8.6 Sonkeretal. [24]
TH-CL-PVA 121.6+5.9 7+0.2 2.9+0.9
GA-CL-PVA 66.3+2.5 2.410.1 134.5+8.5

WANT-PVA 55.5+£1.5 3.2+0.1 99.3+6.4
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Tungsten disulphide nanotubes [24]
Lead sulfide nanoparticles [34] '
Cellulose whiskers [42]

Nanospherical cellulose particle [27] |
Microfibrillated cellulose [37]
Grapheme oxide [26]
Nanocellulose from sugarcane bagasse [43]
Lignosulfonate [29]
Alyssum homolocarpum seed gum [44]

Figure 2: Preparation of PVA based composites/films.

pomegranate peel extract (PE) was added at concentra-
tion of 0.1%. The result shows that films which had higher
PVA concentration had high tensile strength. The addi-
tion of ME/PE results in the increase of tensile strength
with maximum value 41.07+0.88 MPa for C1P2P (1:2
Ch:PVA ratio and 0.1% PE). Tian et al. [46] fabricated pol-
yvinyl alcohol/starch blend films by melt processing and
investigated the effect of composition and humidity. FTIR
spectra result indicated that the OH groups on starch and
PVA formed hydrogen bonding interactions, which could
improve the compatibility of the two components. The
tensile strength, elongation at break and Young’s modulus
decreased with increasing content of starch. However, at
50% starch content, the flexibility of the blend films was
still high, with the elongation at break more than 1000%
and tensile strength of 9 MPa, which was superior to the
commonly LDPE package films. Therefore, these kinds of
blend films exhibited wide application potentials as pack-
aging materials. Jahan et al. [41] studied the effect of ionic
crosslinkage with KNO, on chitosan-PVA blend film to
enhance the mechanical strength and percentage elonga-
tion. The result shows that tensile strength of the CS-PVA
(50/50) blend was increased by 298.75% and percentage
of elongation from 7.16% to 67% after crosslinking with
KNO, (0.5 g). Table 2 represent mechanical properties of
different PVA based composites/films in details.
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2.1.3 PVA based nanocomposite

From past few years research has been shifted toward
nanocomposite [49] because of high compatibility result in
improvement in mechanical properties (modulus, strength
etc.), decrease in water absorption etc. Kashyap et al. [40]
developed graphene oxide (GO) reinforced PVA nanocom-
posite. The result shows that tensile strength of neat PVA
film was 25.3 + 3 MPa whereas PVA-GO had 63 +5 MPa and
Young’s modulus of PVA film is 2.32+0.3 MPa whereas
PVA-GO had 5.82+0.6 MPa. Li et al. [50] fabricated PVA/
cellulose nanowhiskers/chitosan nanocomposite. One
weight percentage CNWs and PVA (5%) were added at
different percentage of chitosan. Result shows that PVA/
chitosan (chitosan 15 wt.%) composites had a much lower
elongation at break than pure PVA whereas PVA/CNWs
nanocomposite films showed an increase in both tensile
strength and elongation at break as compared with pure
PVA films due to increased interactions between PVA
chains and CNWs via hydrogen bonding. Mandal and
Chakrabarty [43] prepared PVA and nanocellulose (2.5, 5,
7.5 and 10 wt.% w.r.t. solid PVA content) from sugarcane
bagasse based nanocomposite. For crosslinking glyoxal
(10 wt.% of solid PVA) was used. Figure 3C represent
the SEM image of surface of NC-PVA (5 wt.% of NC) com-
posite. The tensile strength of neat PVA and crosslinked
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E Cross-section of AHSG films [44] F Pure PVA [46]

Figure 3: SEM image of PVA based composite/film. (A) WSNT-PVA film [24]. (B) Fracture surface of the MFC-PVA composite [37]. (C) Compos-
ites containing 5 wt.% NC [43]. (D) Pure PVA [29]. (E) Cross-section of AHSG films [44]. (F) Pure PVA [46].

PVA films were 41.3 kPa and 57.7 kPa, respectively. There addition of nanocellulose at 7.5 wt.%. In case of crosslink-
was an approximately 48% improvement in the tensile ing maximum strength was achieved at 5 wt.% nanocel-
strength of the PVA nanocomposite films with the lulose content which was higher by 44% with respect to
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cross linking PVA film. Xu et al. [39] prepared nanocom-
posite based on PVA/cellulose nanocrystals/silver nano-
particle. The 10% PVA solution in 100 ml distilled water
was mixed with a specific amount of aqueous CNs and
CNs/AgNPs to obtained different composition. Neat PVA
had tensile strength of 57.02 MPa and maximum tensile
strength obtained for PVA/CNs/AgNPs-1.77 was 81.21 MPa.
Yang et al. [47] fabricated PVA film through electrospin-
ning with malic anhydride (MA) as a cross linker. Five to
ten percentage PVA solutions with DI water were prepared
stirred at 80°C for 2 h, sulfuric acid was added to maintain
pH value 2-3 and then MA (PVA/MA =30/1, 21/1, 20/1, 19/1
and 10/1, mole/mole) was added then solution electro-
spun immediately. The prepared membrane was boiled in
water for 1 h. Study of dissolved mass loss was studied and
found that PVA/MA (20/1) show minimum mass percent-
age. Roohani et al. [42] prepared nanocomposite based on
PVA which was reinforced with cellulose whiskers (0, 3,
6, 9 and 12 wt.% for PVA) prepared from cotton linter. The
tensile strength of nanocomposites were studied under
different relative humidity and it was found that there
was increased in tensile modulus of nanocomposite films
when whisker content was been increased for each rela-
tive humidity condition. For given filler content, there was
a significant decrease of the tensile modulus with increas-
ing the humidity. Kuljanin et al. [34] used lead sulfide
(PbS) nanoparticle (4.6 and 2.3 mass%) and PVA to fab-
ricates nanocomposite by colloidal chemistry methods.
Tensile results show that with the increase in PbS content
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breaking strength increases and the maximum value of
53.0%3.1 MPa for 4.6% PbS was obtained. Table 2 repre-
sent mechanical properties of different PVA based com-
posites/films in details.

2.2 Water absorption properties of PVA
based composites/films

Presence of —OH (hydroxyl groups) in PVA result in high
water up take, swelling and solubility in water which is
one of the disadvantage of PVA film/composite. Due to
water absorption the mechanical strength of the PVA film/
composite decreases. But in some cases such as packag-
ing of hot food product high water vapor permeability is
required which come under advantages for PVA. Works
have been done to reduce the water up take properties
of PVA film/composite through crosslinking and adding
other additive such as to reduce water up take thermal
crosslinking by heating the PVA film at 125°C (0.5-12 h)
and glutaric acid crosslinking [24] with 30 wt.% (compare
to PVA) is done by. It was found that TH-CL-PVA had 69.7%
and GA-CL-PVA had 24.9% of swelling as compare to PVA
which had 152.8% of swelling. Study of PVA for DMFC cell
had been done by Helen et al. [51] by fabricating mem-
brane based on cesium salt of heteropoly acid, zirconium
phosphate and polyvinyl alcohol. To prepare the film zir-
conium phosphate (10 wt.%) and Orthophosphoric acid
(30 wt.%) added to 10 wt.% PVA solution with water and

Table 3: Swelling, water uptake and solubility of different composite/film.

Year Composite/film Swelling (%) Water up takes (%) Solubility (%) Reference

2006 PVA-ZrP-CslSWA 100 260 - Helen et al. [51]
PVA-ZrP-Cs,SWA 85 140 -

2012 PVA 105.6+5.5 - - Qui and Netravali [37]
Crosslinked PVA 78.3+£2.7 - -
Crosslinked MFC-PVA 75.1+8.8 - -

2013 Cellulosic film - 33-42% - Abdulkhani et al. [38]
Cellulose/PVA film - 73-78% -

2016 PVA 132.8+8.9 - - Sonker et al. [24]
TH-CL-PVA 69.7+2.6 - -
GA-CL-PVA 24.912.6 - -
WSNT-PVA 155.3+3.6 - -
WSNT-TH-CL-PVA 73.1+2.8 - -
WSNT-GA-CL-PVA 26.8+4.2 - -

2017 PVA:AHSG (100:0) - - 75+3.5 Marvdashti et al. [44]
PVA:AHSG (80:20) - - 66+3
PVA:AHSG (60:40) - - 41+2.5
PVA:AHSG (50:50) - - 34+2.1
PVA:AHSG (40:60) - - 32+1.8
PVA:AHSG (80:20) - - 15+2.8
PVA:AHSG (0:100) - - 13+1.3
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stirring the solution at 343 K for 8 h. Water absorption test
was performed on PVA based membrane by immersed it
into deionized water for 2 h there is about 240% water
uptake for PVA-ZrP-Cs-SWA hybrid membrane and
140% water uptake for PVA-ZrP-Cs,~SWA hybrid mem-
brane. Effect of crosslinking (crosslinking was done by
dipping the membrane into 0.5 wt./vol.% TMC/hexane)
on swelling degree was study and result show that swell-
ing degree varies from 68 to 76% and films having the
higher percentage of PVA shows higher swelling degree.
The effect of glyoxal crosslinking on swelling power of
composite had been studied which shows that swelling
power decreases with crosslinking from 105.6% to 78.3%
from neat PVA to crosslinking PVA and swelling power of
crosslinking MFC-PVA was 75.1%. Abdulkhani et al. [38]
studied water absorption properties which ranged from
33% to 42% for cellulosic film and from 73% to 78% for
cellulose/PVA film which shows that due to the presence
of —OH water absorption of cellulose/PVA film is higher
than cellulosic film. Tian et al. [46] studied the effect of
starch on water up take of PVA/starch blend film. With
the increase of starch, the degree of crystallinity of PVA
component decreased and water uptake at equilibrium
decreased. With the increase of RH, the water uptake at
equilibrium of the resulting blends increased. Figure 3F
represent SEM image of pure PVA film. Srinivasa et al.
[32] study water solubility of the blend film results show
that neat PVA is completely soluble in water whereas the
solubility of a film decreases with increase in the percent-
age of FMA in blend films. Films with pH level 11 show
higher solubility as compared with pH level 3 films. Mar-
vdashti et al. [44] studied the effect of Alyssum homolo-
carpum seed gum (AHSG) on the solubility of PVA/AHSG
film. Figure 3E represent the SEM image of cross section
of ASHG film. It was found that with the increase in AHSG
percentage the solubility of the film in water decreases.
PVA film had 75 + 3.5% solubility as compare to AHSG film
which had 13+1.3% solubility. Table 3 represents water
uptake, solubility and swelling properties of different PVA
based composites/films in details.

3 Conclusions

This paper provides an overview on mechanical and water
absorption properties of PVA based composites/films.
Preparation of PVA based composites/films with fiber/
particle reinforcing by different researchers have been
review and it was found that PVA composites/films were
mechanically stronger and tougher than the PVA films
due to better interfacial adhesion. Properties of modified
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films/composites depend on the methods of modification,
crosslinking and different blending polymer. To reduce
water absorption crosslinking were done by many
researchers have been discussed. Research is in progress
to overcome the limitations such as cost effective, water
absorption and biodegradability of PVA based compos-
ites/films, to have it is widespread application in different
field.
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