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ABSTRACT KEYWORDS
Natural fibres are widely used as reinforcement for thermoplastics to pro- Binders;
duce composites. In thiswork, high density polyethylene wastes had value Composite;
added to them by reinforcing with plant natural fibres (wood flour, rice Fibres;
husks and bagasse) during recycling. The fibreswere heated to reduce their Recycling;
moi sture content and improvetheir compatibilitieswith heated HDPE wastes Thermoplastic wastes;
while binders were used to improve interfacial strength. Composites were Value addition.

prepared by extrusion and tested using universal mechanical testing equip-
ment. The data were analyzed using analysis of variance (ANOVA) tech-
nique. Thefinal resultsfor mechanical propertiesfor wood flour, rice husks
and bagasse composites respectively were: Tensile strength 83.87 MPa, 74
MPa, and 62.73 M Pa; Flexural 26.73 MPa, 39 MPaand 15.22 MPa; Compres-
sive 225 MPa, 190.5 MPaand 140 MPaand | mpact strength 78 J/mm2, 81 J/
mm2 and 66 Jmm2. The use of binders significantly improved impact
strengths and use of fibres added value by cloning desirable mechanical
properties to thermoplastic wastes through molecular re-engineering at the
interface. Thermoplastic wastes therefore got a second life in form of new
value added fibre reinforced products having possible usage for construc-
tion worksinstead of heading for land filling or incineration.
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INTRODUCTION ity to berepeatedly softened upon reheating to above

glasstrangtion temperature. Thisquality enablesther-

Theincreasing usage of thermoplasticscanbeob-  moplasticsto berecyclable. Thermoplastic products
servedinour daily life, in uncounted consumer goods  which haveundergoneafirst full servicelifeisregarded
around us¥. Thermoplagticsarepolymersobtainedby  asthermoplasticwastesandisready for recyding. Ther-
addition polymerization and arecharacterized by abil-  moplastics are preferred as packaging for industrial
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productsaswell asfor packing of light goodsbought in
supermarkets. With the instability of Paper Millsin
Kenya, most packaging requirementswhich werefor-
mally met by paper packaging products are now ca-
tered for by thermoplastic products. Thermoplastic
products are nonbi odegradabl e yet thelarge landfill
spacerequired by themisamajor problem. Thereby,
theinterest on recycled materialsdevel oped from post-
consumer polymershasgained anincreasing attention
and aworldwide consideration?. The purpose of this
researchistorecyclethermoplastic wastesto minimize
their presenceintheenvironment, avoidincineraingthem
to minimize production of polychlorinated biphenyls3,
and freetheir landfill spacefor other economic utiliza-
tion.

From information gathered through aquestionnaire
in Eldoret Municipality in Kenyaintheyear 2011, its
residents release about 19 tonnes of thermoplastic
wastesdaily to theenvironment. Thelargest fraction of
these thermopl astic wastes consist of polyolefin such
as polyethylene (PE), polypropylene among others,
thereforerecydingisan dternative destination for them.
However, to obtain products having specific properties
that arenot present in original thermopl astic wastes, it
may be necessary to add both technical and economic
vaueto thethermopl astic wastes by reinforcing them
with sdected plant naturd fibresduring recycling. The
composite materialswill have desirable properties of
thefibre cloned into the matrix through molecular re-
engineering’¥. Inmost casesusing coupling agentssuch
assilanes, titanates and zirconatesfor stronger interfa-
cia bondsaswell asfibre surfacetreatment by mercer-
ization or acetylation have been successfully researched
on. Thus, natural fibres, such asfibresof wood, jute,
kenaf, hemp, Sisdl, pinegppl e, ricehusk, and many oth-
ers, have successfully been applied toimprove mechani-
cd propertiesof plastic composites?. Despitefibresur-
facetreatment and use of coupling agents, plant naturd
fibrereinforced compositeshave severelimitationsin
structural gpplicationsdueto low impact strengths®.

Theobjectiveof thisresearchisto recyclethermo-
plastic wastes by adding va ueto them through fibre
reinforcement, addition of binders and use of optimal
processing temperaturesto produce composites hav-
ing suitable mechanica propertiesfor possibleusefor
light load structura gpplications.
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In thiswork, mechanical properties of compos-
ites, prepared from post-consumer high density poly-
ethylene (HDPE) as matrix and plant natural fibres
(wood flour, rice husks and bagasse) asreinforcement
phase, and having either epoxy resin (EP 62-1 and EP
21 LV) or polyurethaneresin (X 17) binders have
been studied with thea m of improvingimpact srengths
aswell asinterfacia bond strength for the composite
to besuitablefor light load structura applications. An
optimization processinvolving useof Anovafromini-
tial resultswas used and optimal products having 42
% fibre weight fraction were then produced for me-
chanical testing.

EXPERIMENTAL SECTION

This study was carried out at Moi University in
Kenyaand involved an areaoccupying e ght estates of
Eldoret municipality in the Republic of Kenya and
mapped through Global Positioning System (GPS) as
showninFigure 1. Theestateswere: Huruma, Langas,
ElgonView, Milimani, Kapsoya, Mwanzo, Pioneer and
West Indies. Questionnaireswere administered target-
ing adult popul ation who were heads of house-holds
and also Estates M anagers of firmsboth chosen pur-
posively from el ght estateswhi ch weredeemed to con-
taininformation on thermoplastic wastes®. Thedata
was collected from 400 respondents using aquestion-
naire. Moredatawas obtained by directly inspecting
thedumpsitesin Eldoret Municipdity asseenin Figure

Eldoret Municipality

Figurel: GPSmap for areaswhereH DPE wasteswer e col-
lected fromin Eldor et
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Figure2: Thermoplasticwastesprevalencein Eldoret M u-
nicipality, Kenya
1. Theprevaence per weight fractionsof thermoplastic
wastesavailableat thedumpsitesand at liter binsinthe
homesteadsin descending order wereasfollows: High
dengty polyethylene (HDPE), Polyethyleneterephtha-
late (PET), Polypropylene (PP), Low density polyeth-
ylene(LDPE), Polystyrene (PS) and Polyvinyl chloride
(PVC). Thisinformationispresented inapiechart (see
Figure?2).

Wastether moplastics

High Density Polyethylene (HDPE) thermoplastic
wastes were sel ected for the study dueto their preva-
lence. The selected plastic material collected from
Eldoret municipal dump siteswas cleaned, dried and
shredded to 10 mm by 10 mm size then used for pro-
duction of composites. The other plasticwastescould
be used for batch production in case of full scale pro-
duction.

Fibrepreparation

Plant natural fibres of wood flour, rice husksand
bagasse were used asreinforcement material. Wood
flour wascollected from Saw millsaround Eldoret Town
andricehuskswerecollected fromAhero RiceMillsin
Kenya. Bagassewas collected from Chemelil Sugar
Company inKenyawhereitisproduced asagriculturd
wastefrom Sugar manufacturing process. Fibre prepa:
ration included cleaning to removeany impuritiesand
chemicals, hammer milling (for rice husks), and aso
choosing of thecorrect sizesof fibreintermsof diam-
eter and length. Thiswas to give the correct aspect
ratio which apart from fibre orientation wasto deter-
minethestrength of thefibrereinforced composite”.
Thefibrewasthen completely dried. Thefibrelength
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was measured by use of vernier caliper and itsthick-
nesswas measured by micrometer screw gauge. The
sizeof fibreused for composite productionwas 1.5to
5 mminlength and thicknesswas0.5t0 0.75 mm.

Binders

One part epoxy resin (EP 21 LV) i.e. Binder 1,
two part epoxy resin (EP 62-1) i.e. Binder 2 and poly-
urethaneresin (X 17) i.e. Binder 3wereused for pro-
duction of fibrereinforced composites. Theaim of us-
ingthebinderswastoimproveimpact strengthsof such
composites so asto widen their pplication toinclude
light load structural usages.

Resear ch instruments, equipment and tools

Research equipment included shredder, extrusion
chamber (fabricatedin Moi University workshopinthe
Republic of Kenya), heating furnace, tongs, extrusion
fixture, hand gloves, tape measure, container, hack saw
and computer system. A universal mechanical testing
meachineavailableinmateridslaboratoryat Eldoret Poly-
technicin Kenyawas used for compressive, tensileand
flexural strengthtests. Impact strength testsweredone
onwork piecesusing lzod machinea soavailableat the
samelaboratory.

Production of coupons

A temperature of 190° C was set on the heating
furnace equi pment. Shredded mixture of thermoplastic
wastesand fibre 1 (bagasse), fibre 2 (wood flour) and
fibre 3 (ricehusks) mixed with binder 1(one part epoxy
resin— EP21LV), binder 2 (two part epoxy resin EP
62-1), binder 3 (one part polyuretheneresin— X 17)
were prepared in respective ratios by weight of 3.7:
2.1 for wastethermopl astic and bagassefibre, 3.7: 2.8
for waste thermoplastic and rice husks, 3.7: 3.3 for
waste thermopl astic and wood flour. Thebinder used
ineach casewas 2.5 ml. In each casethemixturewas
manually filledinto thefabricated casing after applica
tion of polytetrafluoroethylene (mould release) onthe
barrd walls, taken into heating furnace and heated ap-
propriately to 190° C for 10 minutesfor each combi-
nation. The heating wasthen stopped, furnace cooling
was doneto 140°C and then the hot fabricated casing
full of themixturewastakento anextrudingfixturewhere
extrusion processwasdone manually by useof a5 kg
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TABLE 1: Anovafor threefactor for compressivestrengths

Sour ce of Variation FibresA  Binders B  Temp., C AB AC BC ABC Error Tota
Sum of Squares 20.81 17.92 384 109 156 423 873 696 1095
Degree of Freedom 2 2 2 4 4 4 8 54 80
Mean Sum of Squares 10.4 8.96 19.2 273 039 106 109 0129 1095
Fo = Fratio 80.6 69.4 148.8 21.12 3 124 84
Fo= Fait (teole) 3.174 3.174 3.174 255 255 255 212

TABLE 2: Anovafor threefactor for impact test results

Sour ce of Variation Fibers, A Binders, B Temp.,,C AB AC BC ABC Error Total
Sum of Squares 7.89 34.27 23.64 378 136 654 0.68 59 84.06
Degree of Freedom 2 2 2 4 4 4 8 54 80
Mean Sum of Squares 39 17.14 11.82 095 034 164 009 0.11
Fo = Fraio 36.19 157.2 108.42 867 311 15 0.78
Fer = Farit eble) 3.174 3.174 3.174 255 255 255 212

welight that extruded about 204 mm length of extrudate
of 12.7 mm diameter in 10 seconds. The several air
cooled extruded composite productswerethen cut into
thenumber of test piecesas per therequired number of
testsi.e. 9 for compressiveand 9 for impact strength
testsfor every combination of thefiber, binder and pro-
ng temperature. Theexperiment wasrepesated for
temperature of 210°C and also 230°C. Thefibrerein-
forced composite coupons produced were coded and
arranged for testing.

Testsfor mechanical properties

Testsfor compressiveand impact strengths

M echanical testswere done using universal me-
chanical testing machineshowninPlate1for al the
composite coupons produced at processing tempera-
tureof 190°C, 210° C and 230° C whileimpact strength

Platel : Universal mechanical testing machine
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testsweredone using 1zod impact testing machine.

Themeanvauesof fracturestrengthsfor every three
groupsfor ninetested couponsfor every combination
of fibre, binder and processing temperaturesfor each
typeof test were used in computer softwarein excel to
anayzedata. Theoptima combinationwasfoundto be
high density polyethylene mixed withwood flour fibre
and polyuretheneresin (X 17) produced at processing
temperatureof 210°C. Optima couponswerethen pro-
duced under these conditions.

Data analysis

Themethod used for dataandysiswasAndyss Of
Variance (ANOVA) for athreefactor factoria design
toanadyzedataaswell asinvestigatefibre, binder and
extrusion (process ng) temperature effects on mechani-
ca propertiesof thecomposite. Datawasobtained from
testsasoutlinedin section 3.1. Using anaysisof vari-
ance, ANOVA TABLE 1for compressvestrengthswas
obtained. Similar ANOVA TABLES for impact
strengthswere obtained.

FromANOVA TABLE for compressive strengths
at 5%leve of significance(TABLE 1), thecaculated
F . (F,) weregreater thantablevalues(F_,) hencein
each caseit could be concluded that thefibres, binders
and variousextrus ontemperaturesinfluenced compres-
sivestrengths of the composite coupong®. They posi-
tively affected mechanical properties. Fromthelarge
F,for thetemperature, it could be concluded that the
variation of processing temperature affected the com-
pressive strengthsthe most!®. Interaction among fac-

Au Tudian Yourual



MMAIJ, 8(1) 2012

Edward O.V.Odhong et al. 5

torsweregreater than F_,, they aso influenced com-
pressivestrengths of the composites.

For ANOVA TABLE for the impact strengths
(TABLE 2), theresultsreveal ed that binders had most
significantinfluenceonimpact strengthssincethe F, for
binder wasgrester than dl the others. All optimal cou-
pons produced at optima combination weresimilarly

tested and had propertiesasshownin TABLE 3.
RESULTS

Optimal couponswith best possiblefibre orienta-
tion aswell asthe correct volumefraction of both ma-
trix and fibre (V, = 42%) mixed with polyurethaneresin
and produced at 210° C weretested for tensile, flex-
ural, compressiveand impact strengths and theresults
wereasin TABLE 3.

TABLE 3: Srengthsfor theoptimal coupons

Optimal M echanical property tested and theresults
S. waste ~ Compressive Flexural Impact Tensile
No. thermoplastic  gtrength, strength, strength, strength,
composite MPa MPa Jmm? MPa
Wood
1 flour T,F,Bs 225 26.73 78 83.87
Rice husks,
2. T,F3Bs 190.5 39 81 74
Bagasse,
3. T,F\Bs 140 15.22 66 62.7
DISCUSSION

Theentireprocessof composite production and use
includescomposition sl ection, manufacturing process,
property investigation and finally engineering applica:
tion*%, Ricehuskshassilicacontent and thisaidsin the
formation of bondswith the polymer which offershigher
flexural and impact strengths compared to that of the
other reinforcingfibres. Itscompositeresistswater ab-
sorption and hencemost resistsrot!*¥, Thismakesrice
husksmost suitablethantheother twofibresastherein-
forcement phasefor compositesto beused inwet envi-
ronment. WWood flour fibrereinforced compaositehashigher
compressveandtensglestrengthsbut itlosesitsstrength
faster sncewood flour ishighly hygroscopic and sus-
ceptibleto rot™. Bagassefibrereinforced composite
suffersfrom lack of proper adhesion of matrix tofibres
sncefibresarein bundlesand hencethiscomposite has
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theweakest strengthin all the cases. Phase migration
occurred and affected themechanica propertiesthuslow-
eringtendle, flexurd andimpact grengthsinthedl cases.
Theuseof bindersincreased both tensile, compressive
and impact strengths. Fracture surfaces of failed cou-
pons show whether cause of failurewasthrough weak
cohesiveforces between matrix moleculesor the adhe-
sveforcesat theinterface between matrix and thefibres
or fibrepull-out. Va ueaddition to thermopl astic wastes
duringrecyclinginvolved theuse of fibresand binders.
During recycling, cloning of desirablemechanica prop-
ertiesof thefibreinto the matrix took placethrough mo-
lecular re-engineering; superior mechanica properties
were henceacquired by thefibrereinforced product!*2.
Theaddition of binderschemicadly substituted theneed
for fibresurfacemodification and thereforeenhancedin-
terfacia bond strength. Theremova of hydroxylson fi-
bre surfacethrough hesting devel oped mechanicd inter-
locksof fibreto matrix thusimprovinginterfacial bond
strength responsiblefor superior mechanica properties.
Economic value addition was achieved when the ther-
moplastic wasteswhichwereotherwisedestined for land
fill or incineration becameahighly priced and moredu-
rable product after fibrereinforcement and addition of
bindersduring recycling. Dueto life cycle advantages
during its use (e.g. no need for painting, resists rot,
nonhygroscopic), the product could fetch higher price
per post than ordinary timber. Environmentd vaueaddi-
tion wasachieved through thedimination of burning of
thethermopl asticwastes. Thismeansthat thetoxic gases
such aspolychlorinated biphenylswhich arerel eased to
the environment during incineration of thermoplastic
wastesareavoided through recyding and valueaddition
to producefibrereinforced composites. Technica vaue
addition wasachieved through theimprovement of im-
pact strengthsby theuse of binders. Withimprovedim-
pact strengths, thefibre reinforced compositescan be
usadfor light load structurd gpplicationsthat indudeweater
tank stands, mastsfor mobile phoneboosters, postsfor
land linetelephonewires, interiorsof aircraft and a so
fencing postsfor dams, boreholesite, pansamong other
USages.

Recydingandvaueadditionfor thermoplasticwastes
promoteindudtridizationthroughbuilding of recydingin-
dugtriesand can spur faster economicgrowth. Alleviation
of poverty through employment avallableinrecydingin-
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dustriesand associ ated processes can beachieved. Col-
lection of cardl esdy digposed thermopl asticsfor recyding
hel psintheenvironmenta preservation and protection.
Madaria whichisakiller diseaseinAfrica, can bereduced
by dimination of stagnant water that normally collectson
cardesdy digposed thermoplasticwastes.

CONCLUSION

Removd of highdengty polyethylenewastesthrough
recyding removes45% by we ght of thermoplasticsfrom
Eldoret municipdity asseeninFigure2. Theuseof bind-
ersaswell asfibresfor reinforcement of high density
polyethylenewastesimproves compressive and impact
strengthsof the composite and hencewidensitsapplica-
tions. Thenatura plant fibresarethereforeeconomicaly
utilizedthroughtheir reinforcing function, thoughthey are
fully biodegradable. Mechanica propertiesof fibrerein-
forced compositeissufficient for light |load structurd ap-
plications. Thermopl astic wasteswhichwould otherwise
bedestined for land fill or incineration gets both eco-
nomic, environmental and technical vaueadditionby re-
inforcement with thefibres and addition of bindersto
haveanew functionintheformof highqudity fibrerein-
forced composite product that can be used for multiple
functions. Thereforerecyclingand vaue additionto the
thermoplastic wastes can createfaster industrialization
through building of smal and mediumsizerecydingin-
dustries. Thiswill leed to the production of chesper, stron-
ger and moredurable congtruction materidsintheform
of fibrereinforced compositesand cresation of employ-
ment opportunitiesfor theyouth through collecting, sort-
ing, cleaning and shredding of thermopl asticwastes as
wel| asfibrecollection and preparation.
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SUPPLEMENTARY INFORMATIONAVAIL-
ABLE STATEMENT

Theresultsfrom analysisof questionnaire, ingpec-
tion of liter binsand dumpsiteswereasseeninpiechart
(Sl Figure1). Touse3factor Anova, theextremevaues
(fracture strengths) were grouped into threegroupsand
mean of each used for computation asseenin TABLE
S T1. Asforimpact fracturestrengths, mean va ues(frac-
turestrengths) weregrouped into threegroupsand mean
of each used for computationasseeninTABLE SI T2.
Thegraphsfor compressiveand tenslestrengthsfor op-
timal couponswereasseenin Sl Figures2and 3. The
fracture surfaces as observed by use of scanning elec-
tron microscopewereasin Sl Plates1to4.

REFERENCES

[1] S.Favaro, M.Lopes, N.G.De Carvaho, R.Santana,
R.Radovanovic; Express Polymer Letters, 4(8),
465-473 (2010).

[2] S.Panthapulakkal, S.Law, M.Sain; Journal of Ther-
moplastic Composite Materials, 18, 445-458 (2005).

[3] M.Obeid, SKeith, C.De Rosa; WHO CICAD, 55,
84-98 (2003).

[4] PWambua, J.Ivens, |.Verpoest; Composites Science
and Technology, 63, 1259-1264 (2003).

[5] A.Keller; Composites Science and Technology, 63,
1307-1316 (2003).

[6] O.M.Mugenda, A.GMugenda; “Research Methods
Quantitative and Qualitative Approaches”, Nairobi:
Acts Press, (2003).

[7] F.Cavdlieri, F.Padella; Waste M anagement, 22, 913-
916 (2002).

[8] D.Montgomery; “Design and Analysis of Experi-
ments”, 6™ Edition, Oxford, (1995).

[9] C.R.Kothari; “Research M ethodology-M ethods
and Techniques”: New Age International”. 2™ Edi-
tion, India, (2004).

[10] Z.Zhang, K.Friedrich; Composites Science and
Technology, 63, 2029-2044 (2003).

[11] P.Cooper; Journal of Forest Products, 16(5), 58-81
(2005).

[12] S.Siriwardena, H.lsmail, S.Ishiaku; A Journal of
Plastics, Rubber and Composites, 31(4), 167-176
(2002).

Au Tudian Yourual



