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ABSTRACT

Guar —gum/ Polyvinyl alcohol (GG/ PVA ) blend flwere prepared by using Guar —gum , polyvinyl atdq

PVA ) and Citric acid ( CA ) as additive and @idldehyde as crosslinking agent for the mixingcpss . The
additives , drying temperature , and the influerdecrosslinker of films on the properties of then§ were
investigated . The mechanical properties tensitensjth , elongation at break (% E) and thermal gedies

includes thermogravemetric analysis , degree @llsvg ( DS ) of GG / PVA films were examinedubing CA as
additives .when the film was dried at low tempemtu physical properties of the films were cleairyproved
because the hydrogen bonding was activated atéowpérature ..
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INTRODUCTION

There has been a growing intrest in the use ofedgoatable polymers in order to reduce the environahe
pollution caused by plastic waste. The disposalwafste plastic has become a serious problem therefor
development of novel plastic that could be degraldgdnicroorganism in soil and sea water has regdrgen
attracted much attention . Among the several catds including natural polymers and their derixegtj guar gum
is very cheap , produced in abundance , and easdilable from many renewable sources guar gum (5@)
natural polymer extracted from the endosperm of pient cyamopsis tetragonalobus .and chemicallya is
galactomannans with a galactose to mannose ratlo2dfl ], which consist of a (1-4) linkgeiD mannopyranosyl
backbone partially substituted at O-6 with D- galactopyranosyl side groups In recent yeansdified guar gum
has been found numerous application in water basadts (2) , food (3) ,textiles ( 4,5 ), cosrosti(6
),pharmaceuticals (7 ) and oil recovery and ajl[ 8,9 ] . Guar gum is a natural polysaccharidéctvis capable
of forming films by using the solution casting teajue. In the case of guar gum the solvent usetbst commonly
water. Guar gum is known to give brittle films wigktremely poor flexibility and high moisture sdisiy [12 ] .
To overcome these drawbacks guar gum is modifieblewded with other materials (13-17) . Poly viajd¢ohol
(PVA)which is biodegradable and water processapihetic biodegradable polymers is blended withrggam to
modify their properties . It would seem , therefthat further investigations are needed in otdeeduce water
sensitivity and increase mechanical propertietheffilms. among many chemically modified methetiemical
crosslinking is a convenient and feasible methoahédlify the structure of natural polymers and
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Fig-1 structure of Guar —-gum

thus make them attractive biomaterial for furtapplication(18,19). In Previous papers throughs€linking with
gluteraldehyde , phosphate , urea formaldehydebanalx , modified guar gum was applied in varioesdfi , such
as controlled drug release ( 7)), liquid pesti¢ide0 ), However, the high water sensitivity aadd bad form-film
ability of guar gum and its derivatives limit thepplication as useful film material there are salvevays to
overcome these problems , one of them is mixtusyothetic polymers with natural polymers ;anothgtion is the
synthesis of polymer with use of products from natuesources (11 ) .The aim of this study was taken
biodegradable films based on Guar gum ( GG) , \Rajjalcohol(PVA) blends by using citric acid asdid/e and
gluteraldehyde as a crosslinking agent to deterntiiee mechanical properties , degree of swellinghd #s
characterization by FTIR , TGA, and SEM of thébes .

2.3 -Characteristics of Films

2.3.1 Fourier -Transform Infrared (FT-IR) Spectroscopy -

The FTIR spectra were recorded on Thermo- Nicdlpéctrophotometer using ATR assembly the spectra we
taken of the respective films after being castaoRoly propylene sheet, dried at room temperatdrem an
aqueous solution. Films made of GG/PVA blends wecerded in a similar manner.The spectra weraiogd at a
resolution of 4 cm' in the 4000cm to -400 cn

2.3.2 Mechanical Testing

Tensile properties  Fhe % elongation at break and the tensile streafjthe films were determined at°2Sand
50% RH using an Universal testing machine . ifital grip distance was 50 mm and the rate @b giseparation
was 5mm/minute .When continuous films were formadeast two films of each type and six replicgiecsmens
from each film were measured. The specimens wemarhOvide and approximately 2700mm long. The thicknefs
the specimens was measured with a micrometer.

2.3.3 Thermogravimetric ( TG )analysisThermogravimetry analyses were carried outiristrument TA About
10mg sample was positioned in silica pans andahgtes were heated #0° Celcius / Minute from ambient Temp
to 600 celcius . Thermal analysis was performed undenitiegen flow .

2.3.5 SEM Study.-The surface Morphology of the Film samples waxestigated with HITACHI S 3700N using
a Voltage of 15KV by Coating with Au.

2.3.6 Swelling analysisThe swelling analysis of dried specimen films evearried in distilled water the film
samples were conditioned at $0Celsius for 24 Hrs in an oven , and the conditibeamples were weighed on a
digital balance with a precision of 0.0001 gm . Bpecimen were than immersed in Distilled water .
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MATERIALS AND METHODS

2.1 Materials

Guar gum was supplied as a sample by Dabur Iniehaving Viscosity 5000cps ( 1% solution af 86lcius ) ,
Polyvinyl alcohol was Purchased from CDH chemiedth an average Molecular Weight of 1,25000tri€iacid

was Purchased from Thomas Baker Chemical Ltd te@ldehyde 25% w/v was Purchased E Merck Indike .
water used to prepare Guar Gum / PVA blend filnas vedistilled after deionization .

Preperation of Guar-gum/PVA blend Films

Guar gum and Polyvinylalcohol solution were prepaby dissolving them separately in water .Guan gand
Polyvinylalcohol solution are intermixed in recedrwt fraction and add citric acid and cross-livgkagent ( Guar
gum and PVA dried weight basis ) .The above satutiere blended to form a homogenous gel like smutvith a
mechanical stirrer for 4 Hrs The gel like solutivere casted on a polypropylene disc and allowetdhyoat 40 °
celcius .

Tablel .Composition of Guargum — PVA blend films

0,
Sample Name| GG-PVA (Wt Fraction)| Citric Acid Wt % ( Dried basis) Gluzegﬁé%eg);(iiesv)vm
GP 0.6-0.4 - _

GPC 0.6-0.4 20

GPC3 0.6-0.4 30 _

GPC4 0.€-0.4 40
GPC GLU1 0.6-0.4 20 0.3%
GPCGLU2 0.6-0.4 20 0.6%
GPCGLU3 0.6-0.4 20 0.9%
GPCGLU4 0.6-0.4 20 1.2%

RESULTS AND DISCUSSION

Guar Gum and polyvinylalcohol molecules , havindaege number of hydroxyl in their structures , e@m
associated with one another by inter- and intranudée hydrogen bonding in the blend , The plé&ticmolecule
enter between the guar gum and the polyvinylalchalecules , reduce the intermolecular force afation and
also take part in hydrogen bonding with them . Thesslinking agents react with the —OH groups preseguar
gum and polyvinylalchol and make ether linkageshvifite available hydroxyl groups . this help in gesing the
mechanical properties of the films

3.1 Mechanical properties of Guar Gum / PVA blend Ems Table 2. Showed TS and % E of film using GG and
PVA with varying concentration of Citric Acid frot0% to 40% (% wt of dried GG and PVA ) and glutdedlyde
0.2 to 0.6% ( % wt of dried GG and PVA). The temstrength and % elongation at break as theiimaf CA
concentration are shown in Table 2. The citric aegtts with hydroxyl group of Guar Gum and therbygl group

of PVA .The free carboxyl group attached could éase the solubility of GG and prevent Crystallaati CA
reacted with GG can be considerd as the interratiplzer while the residual CA in the blend plalys role of
external Plasticizer. The tensile strength of filrere increased and % E were decreased and gti¢byale react
with the hydroxyl group present in Guar Gum , Pat#d Citric acid and it crosslinks the polymer films
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Table -2 Effect of citric acid and Gluteraldehyde @ the Mechanical Properties of GG/ PVA Blends

Sample Name| Tensile Strength (MPa) % ElongatidBreak
GP 18.5 0.9
GPC1 23.2 15
GPC 21.4 1.9
GPC: 17.8 22
GPC4 114 2.7
GPCGLU 1 14.8 1.31
GPCGLU 2 16.35 1.04
GPCGLU 3 17.76 0.78
GPCGLU4 21 0.571

3.2 FTIR Analysis —The FTIR spectra of noncrosslinked are shownign-E. From the fig2 it may be observed
that peak intensity at 1709 2mincreases as the content of citric increasesthe system , which is attributed to
C=0 stretching vibration in carboxyl groups hasydiaund in the spectra of pure citric acid . thhe tesult from
the FTIR suijjest that the esterification not ocedrduring blending when the films were cast af @®Icius after
the addition of gluteraldehyde no any change inRF$pectrum occurs .The peak intensity at 1489 avas
increased as the concentration of gluteraldehydeim@eased .
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Fig 2 : FTIR of Guar gum —PVA Fims treated with Citric Acid GPC, GPC3, GPC4

3.3Thermogravimetric Analysis:
The thermal degradation behavior of individual comgnts such as Guar Gum , and PVA of GPC non&foss

linked, as well as crosslinked with gluteraldehyd@PCGLU3 are shown in Figure 3. There was a rkalde
difference in the thermal degradation of the cio&eld film compared to that of non crosslinked 8ImThe TGA
graph exhibited that the Cross-linked Guar-Gum dilhave about 14% lower Weight loss than noncrosked
films after heating the films to 60@elcius indicating much improved resistance tortt@rdegradation . The effect
of Citric acid on TGA graph of GG/PVA were foutitht the addition of Citric acid increases thelegs and
decreases the residue % . It means that citrineatwt crossslink the film at low temperature .®itect of
gluteraldehyde in GPC2 films were found that thdiéah of gluteraldehyde lowers the wt loss , aimtrease the
residue % , due to the crosslinking of film at lmperature ,
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Fig( 3) TGA Thermogram of non -cross-linked GG.GPGPC.and crosslinked GPCGLU3

Table 3-Effect of Citric acid and gluteraldehyde o theral stability of GG/ PVA film samples

Sample Name Weight Loss % Residue at 55@
100 | 200| 300[ 409 50
GG 12 14 50 73 77 21.9
GP 9 11| 14| 61] 90 8.27
GPC 8 16 | 46 | 63 | 10C -
GPCGLU3 3 11 | 33 | 69 | 84 14.2¢

Swelling analysis : The water absorbency of the film was decreased.ighen concentration of crosslinker
produces a larger degree of polymer chains bragchimd generates an additional network. therebyh e

crosslinker content increasing, the crosslinkingsity increases the network space gets diministred less water
enters the films .

Table 4 — Degree of swelling of crosslinked films

Sample Swelling % after 2 Swelling % after Swelling % after

Name Hrs 4Hrs 6Hrs
GPCGLU1 780 866 -
GPCGLU2 611 700 804
GPCGLU3 552 567 556
GPCGLU4 410 434 45t

3.4 Morphological Structure — From the SEM micrographs , the porosity of uncioksd GP and GPC is
reduced as gluteraldehyde concentration increaselse. most of the porosities are eliminated by iasiheg
gluteraldehyde concentration .It confirms thenfistrength and decreasing the swelling percentagéhe guar
gum films on increasing gluteraldehyde concerdrati
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Fig 5- SEM images, Magnified 40 x (A) and 800 X)for sample GP, 55 x (C) and 250x( D) for sampléPCGLU3
CONCLUSION

Guar gum — PVA blends were crosslinked with gladehyde in the presense of citric acid with diffieret %
gluteraldehyde . These films were analyzed by FTIRGA and SEM and the mechanical properties ufinly
Tensile strength and % Elongation were also etatliarhe results showed that as the content oéglldehyde
increases , the tensile strength increases ando#g#&tion and degree of swelling decreases , tluitiad of
gluteraldehyde decreases the wt loss % and iresehe % residue , and reduces porosity thandherasslinked
films .This study demonstrate that gluteraldehigdan effective crosslinker in the presence afccicid into the
Guar —gum —polyvinylalcohol films .
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