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ABSTRACT

Theaim of this study wasto investigate the suitability of maize cob particles
and recycled low density polyethylene(RLDPE) as a raw material for par-
ticleboard manufacturing. Theboard was produced by varying RLDPE from
30-70wt% at 10wt% interval. The microstructure, physical (thicknessswell-
ing (TS), water absorption (WA)), and mechanical (modulus of rupture
(MOR), modulus of elasticity (MOE), internal bond (IB)) properties of
particleboards were determined. The results showed that the WA and TS
values were moderate, the MOR exceed the minimum requirements of the
European standards, for general purpose. All of the particleboards produced
had I B higher than the requirement. Hence maize cob particlesand RLDPE
can be used as a substitute to wood- formal dehyde based particleboard for
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general purpose applications.

INTRODUCTION

Wood compositeindustries demand morewood
raw material everyday despitethefact that theforest
resources arediminishing. The declineinwood mate-
rial source has led researchers to study non-wood
ligno-cellulosic biomass utilizationin composite manu-
facturing including particleboard®2. Agriculturd waste
materiadsand annua plant fiber have becomeaterna
tiveraw materiasfor the production of particleor fi-
ber composite materials. Traditionally, particleboard
has been made out of wood-based fibers bound to-
gether using aformaldehyderesin. Thedesired thick-
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nessisachieved by using ahot pressthat formsthe
board into sheetd® 4. One of themajor challenges as-
sociated with wood-based particleboard isthe used
of formadehyderesinisthat formaldehydeisavola
tile, colorlessgaswith astrong odor that iscommonly
used inindustrial processes, particularly in manufac-
turing building material §°. Based on thisbackground
thispresent work islooking at the potential utilization
of maize cob particles and recycled low density
polyethylene(RLDPE) in particleboard production as
supplement and to alleviatethe shortage of raw mate-
ria inforest industry and also asasubstituteto form-
adehyderesin.
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MATERIALSEQUIPMENT

The maize used in thiswork was obtained from
‘Sabon Gari’ area of Zaria in Kaduna state Nigeria.
Weaste purewater sachet(RLDPE)” used were collected
literdly from the streets of Zaria, Nigeria. Equipment
usedinthisresearch are-, Meta mould, hydraulic press,
Instron machine, grinding and polishing machineand
Scanning el ectron microscope(SEM).

M ethod

The maize cob was grind into powder particles,
The particles was sieve accordance with
BS1377:1990° to obtained asizeof BS. 100um. Metal
Molds was used in the production of the composite
samples. Thedimensionsand shapesof cavitieswere
made according tothe sizeand shape of thesamplesas
per ASTM Standard D 638-90 for tensiletesting and
ASTM Standard D 790-97 for flexural testing™. The
maize cob particlesand thewaste pure sachet(RLDPE)
were mixed by compounding into ahomogenous mix-
tureand press at atemperature of 150°Cand pressure
of 10MPA to form the particleboard samples. The
resin(RLDPE) was varying from 30 to 70wt% with
10wt%interva. Scanning e ectron microscope (SEM)
JEOL JSM-6480LV was used to identify the surface
morphology of the board composite samples. The
sampleswith dimensionsof 50 mmx 50 mmwerepre-
pared for evaluation of thethicknessswelling. Thetest
sampleswere placeinto water in parallel for 30 mm
and soaked for 24 h before further measurement of the
thickness. TheThicknessswelling rate (TS) wasdeter-
mined from thefollowing formuld®.

t,—t
TSM=£3%—£lxﬂm

WhereTSisthethicknessswellingrate (%), t,and
t,,arethethicknessat themiddle of thetest specimen.
Thevauesof the WA aspercentageswere cal cul ated®.

WA = V(H-Wo
Where WA (t) isthewater absorption (%) at timet,
WOistheinitial weight, and W(t) istheweight of the
sampleat agivenimmersiontimet.
Bending strength was determined by concentrated
bending | oad at the center with aspan of 15 timesthe
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thicknessof thespecimen. Thebendingmodulusof das-
ticity (MOE) and modulusof rupture(MOR) werecd-
cul ated from load defl ection curves according to the
followingformuld®:

3P,L

MOR =~
2bh

Ppr3

" 4bhy,

WhereP, isthemaximumIload (N), Pbp istheload
at the proportiond limit (N), Y, isthedeflection corre-
sponding to Pbp (mm), bisthewidth of the specimen
(mm), histhethicknessof the specimen (mm), andL is
the span (mm).

Thetenslestrength perpendicular tothesurfacewas
determined. Theruptureload (Ps) wasdetermined and
internal bond strength was cal culated using thefollow-
ingformuld™.

B=r
bl
WherePsistheruptureload, and | isthelength of

the specimen.
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RESULTSAND DISCUSSION

Macrostructural studies of the particleboard re-
ved ed auniform distribution of maizecob particleswith
theRLDPE resin. Thedistribution of particlesisinflu-
enced by the compounding of the particleandtheresin
whichresulted to goodinterfacia bonding (seeFigurel)
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Morphologicd andyssusng SEM dearly show dif-
ferenceinthe morphology of the particleboard com-
posites produced (see Figure 2). The microstructure
clearly showsthat when the agro-waste particlewas
added to the RLDPE resin, morphological changein
thestructuretake place.

b) at 60wt RL DPE
Figure2: SEM Microstructureof M aize cob/RL DPE par -
tideboard

Theagro-waste particlesare embedded within the
amorphous matrix composed of randomly distributed
inthematrix planar boundaries. The surface of theagro-

waste particlesis smooth indicating that the compat-
ibility between particles and theresin good®®#. The
vauesobtained for thethicknessswe ling(TS) and wa:
ter absorption (WA) of the parti cleboards were mod-
erate (seeTABLE1).

Thisisdueto not usngwater repdlent agentsinthe
particleboard manufacturing. Agro-waste particles af-
fected the WA and TS propertiesnegatively. Thesimi-
lar results were found by Ntalosand Grigoriou®. In
addition, wall thickness of particleswasfound to be
within therangesthan that of common wood species®.

Theincreasein moduluseasticity withincreasing
RLDPE resin additionisexpected sincethe addition of
resinto the agro-waste particlesincreasesthe stiffness
of the particleboard composites(see TABLE 1). The
presence of polar group intheresin may contributeto
€l ectrogtati c adsorption between resinand the particles.
Thisphenomenonisdriven by different chargesacting
onresnor particlessurfaces, which depend onparticle’s
type, pH value or inter-medium™®. This mechanism
strengthen the board interface, hold them together and
increasether resistanceto deformationt®.

The MOR ranged from 7.89 to 12.05N/mm? (see
TABLE 1). TheMOR requirementsof 11.5 N/mm?for
general purpose boards by EN 312-20,
Particleboards made from 30wt% RLDPE had MOR
lower than therequirement for genera purpose. Inad-
ditionincreasng RLDPE Resinincreased theM OR upto
50wt%. Beyondthislevel nofurther increasedin MOR
was obtain. Therange of dataof IB wasfrom 0.45to
0.60 N/mm? (see TABLE 1). The B requirements of
0.24 N/ mm?? for general purpose boards, 0.35 N/mm?
for interior fitments, load-bearing boardsand 0.50 N/
mm? for heavy duty |oad bearing boards by EN 312-
2[10] respectively. Theinternal bond strength(IB) is
comparablewith valuesreported by, Boards made
from mai ze cob particles and RLDPE surpassed the

TABLE 1: Propertiesof M aize cob and RL DPE particleboards

% of RLDPE 70 ;:WV!A %22L¥ZA %22:"1;8 MOR(MPA) MOE(MPA) IB(MPA) IM(Joules)
30 21.67 57.00 16.79 5.78 890.00 0.35 2.00
40 18.90 54.89 14.00 8.65 1000.00 0.45 3.50
50 17.75 52.00 13.00 10.67 1456.00 0.56 4.40
60 15.46 50.00 10.05 11.45 1567.00 0.58 470
70 14.89 48.90 9.79 10.64 1670.67 0.41 4.90

Au Tudian Yourual



MSAIJ, 8(1), 2012

V.S.Aigbodion et al. 37

mechanica strength requirementsfor genera purpose
applications specified by European standard. In fact
the strengthsfor the boards exceeded the requirements
for load-bearing board for usein dry condition. All of
the particleboards produced are within the recom-
mended standard i.e for genera purpose, interior
fitments, | oad-bearing boardsand heavy-duty | oad bear-
ing boards.

CONCLUSIONS

This present research is centred on the devel op-
ment and characterization of the microstructure and
propertiesof particleboard compositesusing maizecob
and RLDPE Resin. From theaboveresultsand discus-
sionthefollowing conclusonsaremade:

This work shows that successful fabrication
particleboards can be made from maize cob particles
and RLDPE Resin by s mple compressive moulding
technique

Theuniformdigtribution of theparticlesand theresin
in themicrostructure of the boards compositesisthe
maor factor respons blefor theimprovementintheme-
chanical properties.

The devel oped particleboard composites can be
usein density particleboardsfor general purposere-
quirementslikepaneling, celling, partitioningetc.inin-
terior decoration sincethe propertiesof particleboard
compositesused in thisareacompared favorably with
the properties of the devel oped board composites at
40-60wt%RLDPE Resin.
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