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ABSTRACT

PVA (Polyvinyl alcohol) based nanocomposite membraneswere fabricated, these composite membranesreinforced
with chitosan and boron nitride nanosheets via freeze-thaw method, no crosslinking agent such as glutaraldehyde
was used in the synthesis process. Swelling, fat absorption and thermal degradation studies were carried out. PVA
membranes showed the highest swelling (water uptake) and PVA-Chitosan membranes exhibited the highest fat
absorption, while PVA-Boron nitride nanocomposites showed | east degradation in water. Scanning el ectron micros-
copy, X-ray diffraction, Fourier transform-infrared spectroscopy (FT-IR) and Thermogravimetric analysis (TGA)
were done to analyse the membrane morphology and properties. FT-IR analysis revealed that good bonding was
achieved between the two polymeric materials. TGA analysisreveal ed that thereis significant increasein the thermal
properties of the membraneswith addition of BNNS without significant deterioration of water uptake or fat absorp-

tion performance.

INTRODUCTION

Polymer nancompositesisaterm used for poly-
meric materials which have been reinforced with
nanomaterials. Thereisalot of research activity tar-
geted towards polymer nanocomposites asthey show
substantial improvement in various propertiesat |ow
concentrations of nanomaterials’**. Polymer
nanocomposites are being prepared for usein numer-
ous gpplicationssuch assolar energy capturing materi-
ad®, heavy metd removal”, didectric materid %, bio-
medical™ and food applicationg.

Polyvinyl alcohol (PVA) isabiodegradable, non-
toxic, hydrophilic and biocompatibleit hasbeen used
for many biomaterial applicationd™*3. PVAisusedin
many forms; hydrogel §*9, fibres*4, and thin filmg*9,
including many more. Chitosanisanatura polysaccha:
rideformed by the deacetylation of chitinwhichisob-
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tained from the shellsof crabsand shrimpg?¥. Chitosan
isrelatively non-expensive, biocompatible, non-toxic,
and it canbeeas |y blended with other materias, which
givesriseto applicationsinfood, medicine, waste-wa-
ter and cosmeticd24. PVA- Chitosan compositeshave
been studied extensively for their use as biomedical
material §%2%, PVA and Chitosan composites arefab-
ricated using varioustechniques, freezethaw®!, chemi-
cal cross-linking®, dectrogpinning?®. Swelling stud-
iesof PVA-Chitosan compositeshave been studied ex-
tensively?#, Fluid uptakeisan important parameter
intheability of amaterial to be used for biomedical
applications. PVA-Chitosan composites have agood
ability to uptake fluid and hence are being devel oped
for useinora drug delivery and tissueengineering scaf-
folds. Chitosanisknown to beagood absorber of lip-
idg?,

Hexagona boron nitride hasrecently been attract-
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ingalot of interest for itssevera desirablequaitiessuch
ashighthermd stability, chemica inertness, goodress-
tanceto oxidation, which allowsit to beused in medi-
cd, optical, catalytic, and el ectricd insulation®2, Itis
has al so been used to improvethe mechanical proper-
tiesof polymerd®l. Boronnitrideisaso knownto non-
cytotoxic properties®.

Inthe current work we have empl oyed the use of
Boron nitride nanosheets (BNNS) toimprovethether-
mal propertiesof PVA-Chitosan nanocomposite mate-
rial, and studied theeffect of BNNS on thefluid and fat
absorption of the nanocomposite material. Weenvis-
agethat increased therma stability coupled with good
absorption propertieswill open new avenuesfor the
useof PVA hydrogdsinvariousfieds, especidlyinbio-
medica applications.

EXPERIMENTAL

M aterialsand methods

Polyvinyl Alcohol (Molecular Weight, M, -115000
with degree of hydrolysisof 98-99%), hexagonal Bo-
ron nitride (h-BN), Dimethylformamide (DMF), and
Acetic acid were procured from Fischer Scientific.
Chitosan from Sisco Research Laboratorieswith de-
greeof de-acetylation 85% and density 0.4 g/cc. Gla-
cia Acetic acid was used to dissolve Chitosan. All
chemica swereused without further purification.

Boron nitride nanosheetswerefabricated in atwo-
step method. Firstly, h-BN was sonicated for 48 hrs.
inDME Thissolutionwasthen centrifuged at 9000 rpm
for 6 hours. The supernatant was collected and dried
under vacuum at 100°C for 24hrs.

Boron nitridefilled agueous solution of Polyvinyl
alcohol (PVA) was prepared by dissolving PVA pow-
derindistilled water stirred at 80°C for 2 hrs. followed
by sonication for 30 minutesat room temperature. Con-
centration of nanosheetswaskept at 1wt. % of PVA.
Chitosan was added to another aqueous solution of 1%
acetic acid and mixed on magnetic tirrer for 1 hr. Two
sol utionsweremixed and werefurther subjectedtomild
stirring for 30 minsto get ahomogeneousblend. The
prepared sol ution was poured intomold and subjected
to repeated freeze thaw cyclesthreetimes cond sting of
freezing at -10°C for 8 hrs and thawing at room tem-

peraturefor 15 hrs. Thereafter specimensweredried
at 40°C under vacuum for 24 hrs

Four membranesviz. PVA, PVA-BNNS (1wt. %),
PVA-Chitosan (10 wt.%), and PVA-Chitosan (10
wit%)-BNNS (1 wt%) werefabricated intotal .

Characterization studies
(a) Swellingand degradation index

Pre-weight dry membranes of different composi-
tionswere put into distilled water and alowed to reach
equilibriumfor 24 hrs. at room temperature at neutral
pH. Swollen membraneswereremoved fromweter and
whipped with filter paper and weighed againimmedi-
atdy. Swelingratioiscdculated as

Ws_Wd

S R.= x 100

WhereW  and W_represent the dry and swollen speci-
men respectively.

Swelled membranes were then dried at room to
evaluate how long the membranes can hold water to
study de-swellingindex.

Degradationindexwas ca culated using thefollow-
ingformula

Degradation % (age) =

W x 100
W

WhereW jistheweight of membraneafter de-swelling
and W istheinitid weight of themembranebeforeswell-
ingtests.

(b) Fat absor ption studies

Pre-weight membranes of different compositions
were added to 5 cm? of butter oil for an hour. After an
hour, the gelswas taken out and dried in the air and
excessoil wascleaned off by wet filter paper followed
by dry. Theweight of the pecimenwasmeasured again
by the weighing balance. Theresult wasrecorded to
caculatetheamount of oil that had been absorbed.

(¢) Thermal, structural and microstructureanalysis

X-ray scattering techniqueswereused to get infor-
mation about the structure and physical properties of
membranes. Thiswas performed by Bruker made D-8
ADVANCE Powder X-ray diffractometer at roomtem-
perature. The X-ray scan was made over arange of 20
vauesof 10-80°. TheThermogravemetricAnadysswas
carried out on Mettler Toledo model TGA/SDTA 851
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from room temperature to 500 °C in air at a heating
rate of 10 °C/min. For FTIR studies, the powdered
gpecimenswere ground with potass um bromide (K Br)
asdiluentsand pressed into apellet. The514 nmargon
ionlaser excitation was used to scan the samplesfrom
500 cm™ to 4000 cm'!. Microstructure studies of the
membranes surface was examined by Scanning el ec-
tron microscope (SEM, model LEO 440) for micro-
Structurestudies.

RESULTSAND DISCUSSION

Figure 1 showsthe characteristic FT-IR of PVA,
Chitosan (CS) and PVA-Chitosan blend. FT-IR was
used to determinethe chemical groupsof the polymers.
PVA exhibits peaks at 2940, 1448, 1248, 1095, and
847 cm* which arerelatedto (CH,), (CH-OH), (CH),
(C-0) and (C-C) respectively™. Chitosan membrane
showed peaks around 898 and 1151 cm* which are
peaks exhibited by repeating saccharide structure of
chitosan, aweaker peak at 1255 cm? isattributed to
amino group, and another peak at 1383 cm is as-
signedto CH,, symmetrical deformation®. Theappear-
ance of apeak at 3445 cm! indicates that hydrogen

- PVA
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1
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bonding has taken place between chitosan and PVA
polymerscausing OH/NH, stretching®. Pesksat 1721,
1635 and 1418 cm* may be dueto carbonyl stretch-
ing, absorption of NHCOCH, groups and C-H bonds
respectively, inthe PVA-chitosan blendg6-38l,

Figure 2 representsthe XRD pesksof PVA, PVA-
BNNS (1 wt %), PVA-Chitosan and PVA-Chitosan-
BNNS composites. XRD peaks of PVA are seen at
26 20° and 40°. The sharp peaks of PVA show that it
hasahighleve of crystdlinity. In contrast the Chitosan
peaks are observed at 26 16.5°, 20° and 36°, and
these peaksare very weak, indicating thelow crystal -
linity of Chitosan. Theintensity of the PVA peakscan
be seento get lower asit isblended with Chitosan, this
iscons stent with research carried out by other groups.
Thismay mean that there hasbeen an interaction be-
tween thetwo polymeric materia $.

Figure 3 showsthethermal decomposition pro-
cess of thedifferent membranes. They show amulti-
step decomposition process, this can be attributed to
evaporation of absorbed water, degradation of PVA-
Chitosanand subsequent degradation of remainders.
Theweight losscharacteristicissamefor all themem-
branestill 310°C. 60% weight loss occurs at 370°C

2000 1500 1000 500

Wavenumbers {cm-1)

Figurel(a): FT-IR of PVA
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Figurel(b): FT-IR of Chitosan
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Figurel(c) : FT-IR of Chitosan-PVA
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Figure2: XRD spectra
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for pure PVA and 425°C for PVA-Chitosan-BNNS
membrane, thisisasignificant increase of 55°C. PVA-
BNNS showsanincreaseinthermal stability of 34°C.
Thethermal stability of the PVA-Chitosan-BNNSis
higher than that of the PVA-BNNS membrane; this
showsthat thereis good bonding achieved between
the PVA and Chitosan polymers. It isinteresting to
notethat thetherma propertiesof PVA-Chitosanand
PVA-BNNSaresimilar until 75% weight decompo-

100
80
60 -

40

sition. We supposethat the BNNS arenot all avail-

able at the surface in PVA membrane to provide a
thermal shielding effect. At the higher temperatures
when PVA membrane has been degraded the BNNS
areexposed and providetherma shielding and hence
thenotabledifferenceintherma profilesat the higher
temperatures. It issafeto say that the highest thermal

stability isshown by PVA-Chitosan-BNNS membrane
as expected.

PVA

PVA-BNNS
PVA-Chitosan/BNNS
PVA/Chitosan

Weight loss (%)
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Figure3: TGA analysisof membranes

Figure4 showstheswelling characteristics of the
membranes. The swelling process depends on the
movement of water into the open spacesin the mem-
brane. Therate of water absorptionisfairly constant.
Equilibriumisachieved after 22 hours. Maximum wa:
ter uptakewas shown by pure PVA membrane, PVA-
Chitosan-BNNS membrane showed the | east water
upatake. This was expected as formation of PVA-
Chitosan networks causes a decrease in the hydro-
philic groups of PVA and amore rigid network is
formed, leading to adecreaseinwater uptake. BNNS
has been shown to have super-hydrophobic nature“?,
causing the uptake of water in the membraneto be
reduced. Swelling percentage at 24 hoursis summa-
rizedin Figure5. A drop of 40% isseenfor the swell-
ing percentage.

Thedegradationindex wasa so ca culated. Thedeg-
radationisthelossof the propertiesof the polymer. It
can be caused by the polymer being dissolved in the

solvent, the breakdown of bonding between the poly-
meric materials. Theresultsaresummarizedin Figure
6. PVA showsthe highest degradationindex, with PVA-
Chitosan-BNNS showing theleast degradation. BNNS
areresistant to chemical degradation; they providethe
membraneswith higher chemicastability, leadingtoa
lower degradationindex.

Fat absorption studieswerea so carried out for the
membranes. The highest fat absorption was observed
for PVA-Chitosan membranesas expected. Chitosan
isknownto absorb fat andis sometimesused asadi-
etary supplement to observe excessivelipidg*l. Low-
est absorption wasobserved for PVA-BNNS. BNNS
takesup thefree volumein theinter-polymer network
and hencelessfat isabsorbed into the membrane. Re-
sultsaresummarizedin Figure?.

Figures 8 (A-C) show the scanning electron mi-
crographs of PVA-Chitosan membranes. Figure C
shows the BNNS embedded near the surface of the
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Figure4: Swelling characteristicsof membranes
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180nm |- 3

PVA-Chitosan membrane. Thedispersion wasseento
be adequate. Figures 8 (D and E) show the SEM of
BNNSfabricatedinthiswork. Thesheet likemorphol-
ogy can beclearly seeninthe SEM. Figures8 (Fand
G) takeacloser |ook at the morphology of theBNNS,
thewidth of the BNNSwas seento vary from 100nm-
300nm. Figure8(G) showsthe BNNS stacked against
each other vertically.

CONCLUSON

PVA-Chitosan and PVA-Chitosan-BNNS pol y-
mer nanocomposites were fabricated. We observed
that thereisasignificant increasein thethermal stabil-
ity of thecomposite after addition of BNNS. The other
attractive qualities of the PVA-Chitosan membranes,

Figure8(a-g) : Microstructureof PVA-Chitosan membraneand Boron nitridenanosheets

such aswater uptake and fat absorption were not com-
promised significantly by the addition of the
nanomaterial . We envisage that thismaterial can be
used in various applications and theincreased thermal
properties might open up new avenuesfor the mate-
rial tobeusedin.
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