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ABSTRACT

Natural Fibersin biocomposites have grown because they are light weight,
combustible, non toxic, low cost, and easy to recycle. Lack of good interfa-
cial adhesion, poor resistance to moisture absorption, and poor thermal
stability, make the use of natural fiber reinforced composites|ess attractive.
In this paper, these drawbacks have been tried to overcome by using stone
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apple as natura fiber for reinforced biocomposites which show remarkable
thermal stability and interfacial adhesion. Thermal Stability has been stud-
ied using DSC (Differential Scanning Calorimeter) while SEM (Sacnning
Electron Micrograph) and FTIR (Fourier Transform IR spectroscopy) show
strong interfacial adhesion between fibers of stone apple and clay polymer

matrix. Thusthis paper aimsto make agreen material.
© 2009 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Now adays utilization and recycling of plasticshave
becomeagloba environmenta problem. Incineration
of plasticsemitslargeamount of carbon-dioxidewhich
createsgloba warming and pollution and recyclingin-
volves expenditure of labour and energy. Need of the
hour isto devel op agreen polymericmaterid that would
not involvethe use of toxic componentsintheir manu-
factureand could be degraded in the natural environ-
ment products¥. Dueto such severe environmental
concerns, thecommercid utilization of biologica poly-
mers has become an active research areadueto low
cost availability and biodegradabl e properties?.

PLA (polylactide) and polysaccharidesarethemost
promising candidates because they are made or come
from naturally abundant products and arereadily bio-
degradabl €.

Renewabl eresource based biodegradable polymers

incdludecdluloscplagtic (plastic madefromwood), PLA
cornderived plasticsand PHA (polyhydroxya kanoate)
bacteria polyesters. Methylcdlluloseiswel known for
itsuseasenvironmentdly friendly products, especialy
ascoating or mulchingfilm, low cost and easy process
ability!.

In order to render the biopolymers able to com-
petewith stronger polymers such as PE (pol yethylene)
or PP (polypropylene), it is needed to improvetheir
properties such asthermd stability, mechanical prop-
erties, and barrier properties. Polymer layer silicate
nanocompositestechnology hasalready proventobea
good way toimprovethese properties significantl 3.

Thefinal composites often exhibit adesired en-
hancement of physical/ or chemical propertiesrelative
tothevirgin polymer matrix, evenat very low clay con-
tent (< or = 5wt%) which resultsin high aspect ratio
and high surfacearea. MMT (montmorillonite) isone
of the most important natural clays and consists a
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stacked structure of parallel silicatelayers. Depending
on the extent of compatibility between clay and poly-
mer matrix, conventional composites, intercalated or
exfoliated morphol ogiescan beobtained®. Thoughcdlay
isaninexpensvenatural mineral, used asfiller for rub-
ber and plagtics, yet itsreinforcing ability ispoor. Rein-
forcing ability of clay polymer matrix can be strength-
ened by useof natural fibers.

Natural fibers such asbamboo'®, sisal™, switch-
grass®, soybean oil®, biodegradable resind'? in
biocompositeshasgrown becausethey arelight weight,
combustible, nontoxic, low cost and easy to recycle®d,

Vegetabl efibersused with cement mortar can pro-
duce high performancefireboard, which can be used
asasubstitutefor asbestos cement. They can also be
used with soil to form load bearing structures™.

Themagjor problemliesin naturd fibersbeing used
asreinforcement isthat they readily absorb moisture
because they contain polar hydroxide groupswhich
resultinahighmoisture sorption level of natura fibers
reinforced polymer matrix composites, thus preventing
extensveapplicationsof thesematerids. Another limit-
ing factor isthat natura fibersarethermaly unstableat
elevated temperaturesand arethermally weakened at
about 160°C*. Lack of goodinterfacia adhesionaso
makesthe use of natural fiber reinforced composites
lessattractive®,

Previousworks have described the use of perox-

Figurel: Crosssection of stoneapplefiber
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idetoimproveadhesionin cellulose-fiber reinforced
thermaplastic composites|eading to improved mechani-
ca properties™,

Though much atentionisgivento polymer clay hy-
brids, littleattention hasbeen givento biopolymer clay
hybrid materias.

Inthis paper, wefocus our attentionin preparing a
green compositereinforced with naturd fiber using clay
(dispersed by natura dispersant), abiodegradable poly-
mer CMC (carboxy methyl cdlulose) and fibersof stone
apple. Thecharacterization of thiscompositeisdone
by DSC, SEM, and FTIR. Cross section of stone gpple
fruit (AegleMarmaos) hasbeen showninfigurel.

2.EXPERIMENTAL

2.1. Materials

Clay used in thisexperiment wasmainly Bikaner
Bentonite. Naturd dispersant (sogp stone powder) was
used to disperse clay and was obtained from natural
source. Fibersof stoneapplewereobtained from naturd
source. CMC (carboxy methyl cellulose) was obtained
from LobaChemie. PVA (polyvinyl acohol) was ob-
tanedfrom S.D. Fine ChemicasLimited.

2.2. Modification of clay

Clay wasmadeorganophilic by natura dispersant.
To 1 gm clay, 0.1% dispersant solution (0.01 gm of
dispersant in 10 ml water) was mixed under constant
stirring for 4 hoursso that clay getswell dispersedinit.
1 drop of cloveoil wasadded to the natural dispersed
clay suspensionto keep it bacteriafree. Theresulting
suspens onwas centrifuged and dried a room tempera-
ture.

2.3. Preparation of stone apple reinforced clay
biocomposite

5wt% clay (dispersed by natura dispersant) was
taken and suspended inwater. To it 1% CMC solution
was added and stirred till homogenous suspension was
obtained. Fibers of stone apple were then added to
clay CMC suspensonand stirred well till al thefibers
havedispersedinthe suspension. Theresulting suspen-
sionwasthen spread asafilm on aglassdide of uni-
form thicknessand allowed to dry at room tempera-
ture. The same method was carried out using PVA as
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Figure3: DSC of stoneappleclay hybrid

Figure4: SEM of stoneappleclay network

binder in placeof CMC. It was observed that fibers of
stone appledid not interact with PVA and wasimmis-
cble
2.4. Instrumentation

DSC of stone apple-clay hybrid was performed on
Differentid Scanning Calorimeter Perkin ElImer DSC-

7 under nitrogen atmosphere at a scan rate of 20°C/
min. SEM of stone apple- clay hybridswastakenusing

Woaterioly Stience - mm—"

VM3 00Ky 20 1mam 4480 SE Baoalr il 300
er

Figure5: SEM of soneapplepowd

Hitachi S-3400N Japan using 3KV. IRwasdoneon
Perkin Elmer FTIR spectrometer Spectrum 2000.

3.RESULTSAND DISCUSSION

3.1 IR analysis

IR spectrum of stone appleindicatesthe presence
of saturated esters. Thethreegroup wave numberscor-
respond to the aboveindication, C=0 stretch peak at
1750-1735 cm?, C-C-O stretch at 1210-1160 cm'?,
and O-C-C stretch at 1100-1030 cm™. Inthe IR spec-
trum of stone apple clay film, Si- O- Si asymmetric
stretch at 1040 cm* (peak dueto swelling) and Si-O
symmetric stretch peaks are very much reduced, C-C-
O stretch pesksat 1210-1160 cmt, and O-C-C stretch
peaksat 1100-1030 cm? ared sologt, indicating inter-
action of clay matrix with stonegppleascanbeseenin
figure 2. Some bond formation might havetaken place
between stone appleand clay matrix.

3.2. DSC analysis

Infigure 3, Stone gpplegivesoneendothermic peak
at 90°C and another at 210°C. Stone appleclay film
givesonemajor broad endothermic peak at 90°C only
indicating moistureloss. Intercal ation may havetaken
place between clay matrix and stone applefibers. Film
without soneapplegivesoneendothermic pesk & 90°C
and decomposition peak at 270°C. It canthusbe said
that stoneappl efibers providetherma stability to clay
film.

3.3. SEM analysis

SEM sampl es of stone applereinforced clay hy-
brid reved that stone apple and clay form amesh net-
work ascan be seeninfigure4. Fibersof stoneapple
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Figure6: SEM showing adher enceof stoneapplefiberson
clay platelets

are shown in figure 5. Adherence of stone apple on
clay plateletscan beseeninfigure®6.

4. CONCLUSION

Based on our results, the following can be con-
cluded:

e Therma stability of stone applereinforced clay hy-
brid isquite enhanced and thehybrid materia shows
sability till 300°C.

o Sincefibersof stoneapple contain saturated esters,
moisture absorption isto alessextent.

o Stoneapplefibersbind well with clay polymer ma
trix ascan be seenfrom SEM images.

e Thusthemaindrawbacksof natura fiber reinforced
clay hybrid, that of moistureabsorption dueto pres-
enceof hydroxidegroups, lack of interfacia adhe-
sion and poor thermal stability have beentriedto
overcomeinthiswork to acertain extent.
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