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ABSTRACT

Thisresearch concerned with the use of rice husk (RH) asafiller for waste
thermoplastics as polypropylene,polystyrene and plastic bags. Compos-
iteswere prepared by melt extrusion. Mechanical properties,water absorp-
tion and density of manufactured panels were investigated. Panels made
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from waste polypropylene and RH have more density than that made from
waste polyethylene and rice husk. Thermogravimetric analysis indicates
that rice husk improvethermal stability of filled panels. The effect of blend-
ing peanut hulls with rice husk was also studied. Mixing peanut hullswith
rice husk (1:1) in presence of waste plastic bags (polyethylene) was effec-

tive to obtain panels having low water uptake.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Plastics make up alarge amount of waste, since
they areavailablein numerousforms. Therearetwo
main types of plastic: thermoplastics, which arethe
most common; and thermosetts. Thermopl astics melt
when heated and can therefore beremoulded. This
enablesthermoplasticsto berecycled relatively eas-
ily. Recent investigations of polymer based composite
material shave devel oped many methodsfor polymer
formul ationsand havedlowed the manufacture of new
productswith optimal propertiesfor specia applica
tiong*3,

Lignocdlulosic plastic compositescondtitutean im-
portant set within thiskind of materialsshowing severd
advantagesover traditiona minera-filled plastic com-
posites: low density, low production costs, biodegrad-

ability, renewability, etc. Siffness, hardnessand dimen-
sional stahility of plastics have aso beenimproved by
incorporaion of lignocel lulosicfillerg*.,

Ricehusk (RH) isoneof themgjor agriculturd res-
duesproduced as aby-product during rice processing.
Usudly it hasbeen aproblemfor ricefarmersduetoits
resistanceto decompositionin theground, difficult di-
gestionand low nutritional valuefor animas. Accord-
ing to Marti-Ferrer thelignin and hemicellulose con-
tents of rice husk are lower than wood whereas the
cdlulose content issimilar. For thisreason RHF canbe
processed at higher temperaturesthan wood. There-
fore, theuseof rice husk inthe manufacture of polymer
compositesisattracting much attention®®. Also,many
investigators use peanut hulls in the production of
particleboardd e,
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ter absorption characteristicsof polypropylene (PP) and
silica, or PP and rice-husk, composites have been
studied inthe presenceof compatibilizer. Theslicaused
inthisstudy asfiller wasacommercial type produced
from soluble glass or rice husks.. In general, ahigh
loading of the studied fillers in the polymer matrix
increases the stiffness and the water absorption
capacity!.,

Composites were obtai ned from post-consumer
high-density polyethylene (PE) reinforced with differ-
ent concentrations of rice husk. PE and ricehusk were
chemically modified toimprovetheir compatibility in
composite preparation. Rice husk was mercerized
with aNaOH solution and acetylated. The chemical
modification of thefiber surfacewasfound toimprove
itsadhes onwith matrix. Flexurd andimpact testsdem-
onstrated that PE/rice husk composites present im-
proved mechanical performance comparatively to the
pure polymer matrixi*¥, Themain purpose of thisstudy
isutilizingwastelignoceluosic fibersasRH and pea-
nut hulls (oneof the most abundant food industry waste
products contains 37% cellul ose) and waste thermo-
plasticsin producing polymer composite having char-
acterigtic propertiesto be used in non food packaging
applications.

EXPERIMENTAL PROCEDURES

Materials

Waste house hold polyethyleneplastic bags, waste
polypropylene sheetsand waste pol ystyrenefoam were
used asmatrix. Wasterice husk and ground peanut hulls
weresd ected aslignocdlulosicfillers. TheRH wasused
without any subsequent treatment.

Prepar ation of thecompositesand samples

A laboratory-size conical co-rotatory twin-screw
extruder Haake, Modd Rheomex CTW 100p, wasem-
ployed for compounding RH and waste plastics. The
screw speed was 70 rpm and thetemperaturewas 170.
2levesof filler loading (30 and 50 wt. %) were used.
After pelletizing the composites were compression
moulded. The hot pressprocedureinvol ved prehesting
at 170°C for 10 minutes followed by compressing at
300K gf/ cm?for 5 minutes at the same temperature.
After thisthe set was allowed to cool down to room

temperature and the sampleswere manually removed
fromthemoulds.

M echanical testingand abrasion resistance

Rapturetestswere carried out accordingtoASTM
D638 using samples obtained as described above.
MOR propertieswere measured at room temperature
using an EMICtensletester with 102K gf load cell, at
5 mm/min crosshead speed. Abrasion resistance has
been carried out using Taber abraser 5150 usngwhedls
no.CS-10

Water absor ption study

% water absorption was conducted according to
ASTM D-570. The sampleswereweighed, immersed
in water for prolonged period and reweighed after
2h,24h and 7 days. The amount of water absorbed by
the composites at room temperature was cal cul ated
according tothefollowing equation:

Wt _Wo

M, (%)= x 100 @)

0
whereM  istheamount of water absorbed at timet, w,
istheweight of thesampleat timet and w,, istheinitial
weight of thesample.

Dengity calculation

Thedensities of composite panel swereca cul ated
using equation
D=weight/volume

Thermogravimetricanalysis

Thermal analysis(TGA) of selected composite
panels were carried out at heating rate 10 °Cmin-1
from 50-650 °C on Perkin EImer Thermo Gravimet-
ricandyzer.

RESULTSAND DISCUSSION

Mechanical and physical properties

Mechanical and physical propertiesof the panels
manufactured from combination of varioustypes of
waste plasticsand RH areshownin TABLE 1. When
rice husk isincorporated into waste polypropylene or
waste polyethylene, it can be seen that, bending Strength
areimproved at al. Thismy beattributed to the pres-
ence of someadditivesinwaste plasticswhich reduce
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TABLE 1: Mechanical and physical propertiesof thecompositepanes

Water absor ption

Composi tes Samples Bending strength, Kgf/cm2 Abrasion mg oh 2ah 7day
100 % rice husk 50.34 9843 --—- =
30% rice husk+70% waste plagtic bags 206.646 10 3.166 7.885 9.272
30% rice husk+70% waste polypropylene 214.015 10 086 38 6.49
30%husk(50% rice+50% peanut hul Is)+70% waste pl asti ¢ bags 187.6 10 21 5017 65
50% rice husk+25% weste PS 143.78 10 366 921 1271

immiscibility between ricehusk and plastic phases. Re-
placement of 25% RH by thelignocellulosicfiber pea-
nut hulls causedropping of MOR. Particlesizeplay a
roleinthis case. The heterogeneous size of RH and
ground peanut hullscausesvoidsor wesk pointsinside
the specimens. The presence of voidsobstructs stress
propagation when tensile stressisloaded and induce
increased brittleness®*Y. Increasing filler load of RH
from 30% to 50% cause another dropping of MOR.
Sincethefiller particlesarevery smdl ahighinterfacid
surface exists between the polar filler and theapolar
matrix. Asthisareaincreasestheworsening bonding
between them decreases the bending strength. It has
also been shown that for irregularly-shaped fillersthe
strength of the composites can decrease dueto thein-
ability of thefiller to support stressestransferred from
the polymer matrix. We can say that filler load and type
play themgjor rolein determining the stiffness of com-
positepands. Also, polymer type has no effect on abra-
sionresstanceand weight losswassmall asshownin
TABLE 1.

Water absor ption

Itiswidely known that thereis some controversy
surrounding water absorption by wood plastic com-
posites. From onesidethereisaperceptioninindustry
that wood particlesareeffectively encapsulated inwa-
ter imperviousplastic. Whilewood may absorb asmuch
asabout 25% water to fiber saturation point, polyolefin,
including polyethylene and polypropylenewhich cre-
atesacontinuous phase of the composite, may absorb
only 0.01% moisture after immersionl*?,

Generdly, polypropyleneand polyethylene hardly
absorbswater dueto their hydrophobic structure; how-
ever, rice husk can absorb water significantly because
of its hydrophilic characteristics. Rice husk filled
polypropylene or polyethyl ene specimens can absorb

water by threedifferent boundaries, i.e. lumenand cell

wall of ricehusk, andfindly theinterfacid areabetween
rice husk and polyol efin. Va ues of water absorption of
composite panelsin TABLE 1 indicatesthat incorpo-
ration of ricehusk to waste polyethyleneor waste poly
propylene reducethe hydrophilic nature of rice husk.
Comparing between waste polyethylene and waste
polypropylene, polypropylene hardly absorb water
morethan theother. Mixing peanut hullswithrice husk
(1:1) in presence of waste plastic bags (pol yethylene)
was effectiveto obtain panels having low water up-
take. Introducing RH in 50% to mixture of waste
polypropylene and waste poly styreneincreaseswater
absorption dueto the height filler content and my due
tovoidswhich exist asaresult of different polymers
sze

Density

Noweadayslignocdlulosicfibersareeffectively used
asfillersin polymer compositesinstead of minerd fill-
ersaskaoline, calcium carbonateand duminium, Waste
fibersas RH and peanut hullsare of lower cost,more
stiffness, havelower density and renewable. Figurel
illustratesthe height density of RH in solid- likecom-
posites®*4 Mixing RH with Peanut hulls (1:1) and
waste poly ethylene reducethe density of panelsfrom
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0.93t00.907g/cm® Panels madefrom waste polypro-
pyleneand RH have more density than that madefrom
waste polyethyleneand rice husk. Also, increasing the
percent of RH filler to 50% lead to pand of height den-
sty. Thedight changein density reflectsthat the poly-
mer matrix wasnot ableto penetrateinto thelingo cel-
lulosicfiller lumenand cell wallsthus producing com-
positeswithinteresting low dengties.

TGA

Thermd stability of thermoplastic compositesfor
packaging applicationisnecessary in determining their
end use. Thecurvesof Figure 2 confirm that thether-
mal degradation beganto occur only after the materids
have absorbed certain amounts of heat energy. A sud-
dendrop inthemass of the samplesindicatesthether-
mal degradation of thematerials. Theinitial degrada-
tion of RH (a) was occurred at 161°C, plastic bags
was at 193°C and 239 °C for the composites made
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Figure2: TGA thermogramsof RH(a), plasticbags(b)

from RH and plastic bags. However, addingthe RH to
thethermoplastic matrix, in genera, increased the deg-
radation temperature of the compositesand also in-
creased the decomposition temperature. Thisfinding
seemsto beinagreement withAverous& Boquillon®,

CONCLUSION

Whenricehusk isincorporatedinto waste polypro-
pylene or waste pol yethylene, bending strength were
improved at dl. Replacement of 25% RH by theligno-
cdlulosicfiber peanut hulls causedropping of bending
srength. Values of water absorption of composite pan-
elsinTABLE 1indicatesthat incorporation of ricehusk
to waste polyethylene or waste poly propylenereduce
the hydrophilic nature of rice husk. Comparing between
waste polyethyl eneand waste pol ypropylene, polypro-

pylene hardly absorb water morethan the other. Mix-
ing peanut hullswith ricehusk (1:1) in presence of waste
plastic bags(polyethylene) was effectiveto obtain pan-
elshaving low water uptake. Rice husk wasthought to
be asubstitutefor wood flour in manufacturing agricul -
turelignocellulosic fiber- thermermoplastic pol ymer
compositesin the aspect of thermal decomposition.
Accordingtotheoriginof polymer matrix the obtained
composites can beused in food and non food packag-
ingapplications.
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