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ABSTRACT

Among the natural polymers starch is of interestisl regenerated from the carbon dioxide and wdbgr

photosynthesis in plants. Owing to its completeléizadability, low cost and renewability, starchcensidered as
a promising candidate for developing sustainablgemals. Blends of starch with synthetic polymeusisas poly
vinyl alcohol, aliphatic esters are prepared to este the desired performance for different applmag. In such
blends, the starch particles act as a promoter tastic matrix biodegradation in applications suels drug

delivery systems, hydrogels, bone cements andrieptecement or fixation devices. Nanocellulose lpamsed as a
reinforcing filler to prepare composites with satuts of water soluble polymers, as well as withylicrand other

latex to change the viscosity and increase mechhpioperties of dry composites. Of great impor&amas been
the addition to biodegradable polymers, permittingth the improvement of thermo mechanical properéied

acceleration in the rate of bio degradation.
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INTRODUCTION

The severe environmental problems, including tlegasing difficulties of waste disposal and thepaeéng threat
of global warming caused by the non biodegradatilita number of polymers used in packing and agjtice field
have raised concerns all over the world. To sdheeproblems caused by plastic waste, many effate been done
to obtain an environmental friendly material. Mo$tthe researches are focused on substitutioneop#iro based
plastics by biodegradable materials with similaogarties and low cost. These materials not onlyide the
convenience for daily life but also minimize thepact to the environment after being used [1].

Starch is one of the most abundant natural mixpolgsaccharides, which makes it of great importaincéood

industry. Moreover, the natural availability, bigdadability [2], low cost, renewability [3] and iteasiness to
chemical changes have all made starch as usefutahgiroduct in various other applications. Thees tbeen
growing interest in the development of starch bgmeducts, because starch is completely biodegtadabaturally
abundant and cheap [4].

Poly vinyl alcohol is a versatile polymer with maagplications, and it may be the only syntheticyp@r whose
backbone is mainly composed of C-C bonds that esldgradable[5].It is well suited to be blended witktural
polymers since it is highly polar and can also laipulated in water solution[6]. It dissolves slgwi cold water,
but at higher temperatures, it goes fairly fasb isblution, more so around ®D[7]. PVA is blended with corn
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starch as the starch is available in abundanaenapftice. Particularly, plant materials derivednfroenewable crops
by-product or their industrially processed wastferaa good source of fiber for applications [6la®h possesses
similar function as PVA which is biocompatible aodnsumable by micro organism. When PVA and stareh a
blended together, the presence of hydroxyl grou@H) tend to form strong hydrogen bonding among the
molecules and subsequently lead to synergistidlisyadnd better system integrity. Both PVA andrstadisperse
homogeneously in solution cast film under the soanelectron microscopy [8].

Currently, numerous efforts are focused on theofiseaterials from renewable resources as reinfoergragents in
nanocomposites. Among such materials cellulose crgatals (CNs) have attracted great interest du¢hédr
renewability, biodegradability, and spectacular haical properties [9]. CNs have high mechanicangth and
elastic modulus values, which makes it an idealmmment in many nanocomposites [10], arising froteractions
between the crystalline and amorphous regions,edisas from the properties of these regions theveselCNs can
be isolated from renewable resources, includingtpléSuch as wood, cotton, wheat straw, rice satay as well as
from bacterial sources or animal tissue through bgdrolysis [11].

In this work, CNs are isolated from rice straw aethforced with PVA and Starch by physical crosilng
method. The resulting polymer nanocomposite wasyaea by FT-IR, Scanning electron microscopy (SEivijl
XRD analysis. Finally, the enhancement of the tleemechanical properties was analyzed by thermalimegtric
analysis (TGA).

EXPERIMENTAL SECTION

The polymers PVA and starch obtained from E-Merdkl. L(India) were used as such without any further
purification. The reagents like NaOH, hypochloatel HO, were AR grade.

i) Preparation of cellulose from rice straw

Cellulose was isolated from rice straw by soda imgipnethod. 10g of powdered rice straw sample vadgdb with
200ml of 18% NaOH solution for one hour. The raaglimixture was filtered off and washed with distil water to
free the fibers. The resulting sample was thenectllely bleached with hypochlorite in alkaline med. The
bleached sample was dried af@0n the oven for 8h to obtained cellulose pulp.

ii)Preparation of Cellulose Nanocrystals

The obtained cellulose pulp was then hydrolysed 8B wt % sulfuric acid at 86 for 45 min under vigorous
mechanical stirring. The resulting suspension waded in an ice bath and filtered through No.1 glamter to
remove unhydrolysed material and finally washechwidéionised water by successive centrifugations nattral
pH. Finally the suspension was sonicated and adieys of chloroform were added to avoid degradatidme
suspension was kept refrigerated until use.

iii)Preparation of PVA/Starch-CNs composites

PVA (4.5g) was dissolved in 60 ml of water and atafl1.5g) in 40ml of water. The two solutions werixed with
vigorous mechanical stirring. 1% of CNs were mixgth 20 ml of water and sonicated to about 5 mirwas then
added to the above suspension and continuoustgdtior about 2 hours. Finally 1% ob®, was added and stirred
for about 5min. Then the solution was poured ih®mould and freeze dried for one week.

RESULTSAND DISCUSSION

Fourier Transform Infrared Spectroscopy (FT-IR)

The FT-IR characteristic absorption bands of PVt blend which can be assigned to the vibrataising due
to C=0,C-H,C-OH,C-O bonds are shown in Fig.1. Aoty and broad band at 3306 trwas assigned to the
characteristic absorption peak of the stretchingration of —OH. Hydroxyl group from residual watalso
contribute to the peak intensity. The peak at 2@ti?was attributed to the asymmetric stretching of CFhie weak
peak at 1645 citwas assigned to the adsorbed water and the pisitgaat 1416 cm to the -CH bending with
deformation. The peak at 1076¢was attributed to the-C-O-H- bending and C-O shietg vibration coupled with
O-H bending vibration.
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The presence of CNs produced distinctive changéiseirshape and intensity of the peaks (Fig.2). Ehexplained
by the strong interactions present, mainly due ydrégen bonding or network between the hydrophids
reinforced nano particles and the PVA/starch camtirs polymer matrix. Support of this explanatiopiisvided by
the band observed at 3306 tmwhich is characteristic of the stretching O-Hnfrahe intermolecular and
intramolecular hydrogen bonds. The shape of thigllveas substantially different when comparing raeet the CN
filled PVA/starch composite[9].
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Fig.1. FTIR spectra of PVA/starch film
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Fig.2. FTIR spectra of PVA/Starch- cellulose film

XRD analysis
The mean patrticle size of cellulose can be caledlfiom XRD analysis by using the Scherrer equad®iollows.
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Wherel is the wavelength of X-ray source (Cy=1.5406 A), andp is the full width half maximum (FWHM) of
the X-ray diffraction peak at the diffraction an@leThe result shows that the average particle sizzekbulose is
6nm, which confirms the nanocrystalline naturealfutose.
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Fig.3.XRD of cellulose

Scanning Electron Microscopy (SEM)
The SEM photomicrograph for the PVA/Starch is shamwkig.4.which shows the uniform distribution o¥R and

starch throughout the surface.

The SEM photomicrograph for the CNs filled PVA/Staris shown in Fig.5. Fibers were well distributed
throughout the matrix and exhibited considerableesn with the polymer. The smooth, flexible, sgdlends
showed the presence of regions with fiber aggregate

Fig.4. SEM image of PVA/starch film
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Fig.5. SEM image of PVA/starch - cellulose film
TGA-DTA
TGA has been extensively used in the study of pehgnsystems. This analytical technique used terdehe
thermal stability and its fraction of volatile cooments by monitoring the weight loss of the saniple chosen
atmosphere as a function of temperature. Tabladws the TGA experimental results of PVA/starch APfarch-
CN composites. The samples were measured in theetature range from 40 to 730C with a constant rate of
10°C /min under nitrogen atmosphere. The TGA and DT#ves show that all samples exhibited three distinc
weight loss stages. The first stage presents tse db weakly physisorbed water while second stadpibigs the
decomposition of side chain PVA. The third stagevethe decomposition of main chain of PVA [8].

The thermal decomposition of PVA/starch- CN fillednocomposites shifted toward higher temperatunepeoed
to PVA/starch blend (Fig.6,7). This can be conctudkat the addition of cellulose nanocrystals iases the
thermal stability of PVA/starch blend and thera isolecular interaction between PVA, Starch anblilose.
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Fig.6. TGA-DTA curve of PVA/starch film
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Table-1. Thermal characteristics of prepar ed blend and composite

Temperature’C) | To | Tic | Tac | Tsc | Toc
PVA/Starch 55| 220 290 34p 42
PVA/Starch-CN 55| 220 301 356 43
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Fig.7. TGA-DTA curve of PVA/starch-cellulose film

CONCLUSION

PVA is a synthetic water soluble and biodegradgié/mer. PVA has excellent mechanical propertied an
compatibility with starch, PVA/starch blend is asmd to be biodegradable since both components are
biodegradable in various microbial environments.védepment of nanocomposites based on nanocellulosic
materials is a rather but rapidly evolving reseaasoba. Cellulose is abundant in nature, biodegtadablatively
cheap and is promising nano scale reinforcemenenahtfor polymers. The combination of biodegradabl
renewable polymers is particularly attractive fram environment point of view. Further more, appi@a of
nanocellulosic fillers improves polymer mechanipabperties and thermal properties in a more efficimanner
than is achieved in conventional micro- or macr@emposite materials. Packaging in one area in which
nanocellulose reinforced polymer films could beérgérest and, as shown, it is possible to producé $ilms with

high transparency and with improved oxygen bapreperties. High oxygen barrier is often a requeeatfor food

and pharmaceutical packaging applications and soptovement may be a key for capturing new markets.
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