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Abstract This study evaluates the effects of densities and mixing ratio on the physical and mechanical properties of
wood plastic composites boards at mixing ratio of 1:1 to 1:1.4 and nominal densities of 700kg/mm? and 800kg/mm?®.
The quantity of High Density Polyethylene (HDPE) and saw dust used in the production of Wood Plastic Composites
(WPCs) was weighed to a nominal density of 700kg/mm?® and 800kg/mm?®. The materials were thoroughly mixed and
fed into a neatly primed oil mould with a dimension of 300 x 300 x 10 mm. Test samples used for physical and
mechanical properties determination were collected from each board produced from the mould. The results showed
that WPCs board produced from mixing ratio 1:1 had the highest Modulus of Rupture (MOR) and Modulus of Elasticity
(MOE) values of 6.52 mm N? and 564.95 mm N respectively. Water absorption, thickness swelling and linear
expansion of WPCs produced from wood/plastic ratio of 1:1.4 had the lowest mean values of 6.67, 0.83, 0.68% and
21.61, 1.33, 5.35% respectively after 2 hours and 24 hours of water immersion test. Analysis of variance carried out
at 0.05% probability level showed that the effect of density and mixing ratio were significant on the physical and
mechanical properties of wood plastic composites boards.

Keywords: Linear expansion, Modulus of elasticity, Modulus of rupture, Thickness swelling, Water absorption,
Wood plastic composites

INTRODUCTION important and growing segment in the forest product
. . _ industry (Endraet al, 2012). The main thermoplastic
Wood plastics composites are materials made from gy aterial used in WPCs production are low density
combination of wood flour, thermoplastic resin and polyethylene (LPDE), High Density polyethylene
chemical additives (Clgmons, 2(_)02). WPC_s be_long tO(HPDE), polypropylene  (PP),  Polyvinyichloride
one of_the most dynamic sec_tor in the plaspc |_tmm5 (PVC) and polystyrene (Aina and Fuwape, 2008).
_(Rothlm, 2007)_. Its prpductlon and appllqatlo_n has These  materials are commonly produced with
mcrease_d considerably in recent years. Their ptiege  ¢ormulation composed of wood waste, synthetic
and environmental advantages have made them a 9ooglermgplastic resin and addictives such as fillers,
choice for many applications (Wang and Zang, 2007 ypricant, inorganic materials, coupling agents,
Bledzki et al, 2004). WPCs are made by combining giapilizers and biocides (Aina and Fuwape, 2008).T
wood, thermoplastics polymer, which results in @ gng yses and choice of materials depends on the
composites that combine the best properties of bothy,oqufacturer (Smith, 2001: Wolcott, 2003).
compound (Yangt al, 2(_)07). Virgin thermoplastic such Generally, properties of WPCs depend on variousiisc
as high and low density polyethylene, polypropylene jnciyding inherent properties of the constituenterials,
polystyrene are the best known WPCs products (Naifipteractions among these materials and processing
et al, 2001; Bengstssoet al, 2005). In addition all  methods, The amount of geometry particle sizesaair
recycled plastics which can be melted and processedaracteristics of the wood component and theféid
below the degradation temperature of wood or othery gherties between the wood and plastic, influghee
lignocellulosic ~ fibres is usually suitable for | ochanical and physical properties of the WPCs
manufacturing WPCs (Nafaji, 2007). The incorporatio (Shebankt al, 2009.
of plastic with wood improves the flexural and #s  proqyction of wood plastic composites with the afe
properties of Fhe resulting composite materialatied HDPE is not yet a common practice. However, the
to pure plastics (Stark and Rowlands, 2003). Woodgimensional and strength properties of wood plastic
plastic composite is one of the engineering wood .omposites with the use of HDPE and tropical wood
products that consist primarily of wood and gpecies such a@melina arborea and Terminalia

thermoplastic polymers and increase significantly i superbahave been investigated (Ajighon and Fuwape,
applications for many purposes. This has become an
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2005; Aina and Fuwape, 2008). The objectivesisft were calculated using the equation: Aatal (2014).
study was to determine the strength properties andVater absor ption:

dimensional stability of wood plastic composite WA (%) = (W, — Wy/W;) x 100............... Equation 1
board using recycled high density polyethylene atWhere: WA= Water Absorption (%), W= final
different density levels and mixing ratio. Theeeffs  weight after treatment (g), V¥ initial weight before
of wood plastics ratio on the physical and mectanic treatment (g)

properties of WPCs was also investigated. Thickness swelling:

TS (%) = (L —Ty/T) x2100.......cceeenenenn. Equation 2
MATERIALSAND METHODS Where: TS (%) = Thickness swelling in percentage,

The study was carried out at the Forest Productl2 = final thickness after treatment (mm), ¥ initial
Development and Utilization Department of Forestry thickness before treatment (mm)

Research Institute of Nigeria. Saw dust @brdia Linear expansion:

alliodora were collected from the sawmill section of LE (%) = (Lo—Li/L1) X 100.................... Equation 3
the Institute. The sawdust was air-dried to a @oitst Where: LE (%) = Linear expansion (%), E final
moisture content of 12% in a controlled laboratory. length after treatment (g),;L= initial length before
Thereafter, the sawdust was thoroughly sieved tifrou treatment (g)

a 2.00 wire mesh. High density polyethylene (reegcl Mechanical properties: The Modulus of Rupture test
plastic container) used for the study was collectedwas carried out using test samples measuring 5xmm
from waste management company in Ibadan, Oy0150 mm on a Hounsfield Tensiometer Machine
State, Nigeria. according to British Standard 373 (1989). The test
The quantity of HDPE and saw dust used in thesamples were supported by two rollers at both ends
production of WPCs was weighed to a nominal densityand loaded at the middle of the span until failure
of 700kg/mni and 800kg/mrh The materials were occurs. MOR was calculated from the maximum load
thoroughly mixed and fed into a neatly primed oil at which each sample failed. Modulus of Elasticity
mould placed between two metal plates with a mould(MOE) was calculated using the load to deflection
dimension of 300 x 300 x 10 mm. The materials werecurve plotted on the graph by the Hounsfield
hot pressed at a temperature of 100%CZ6r 10 minutes ~ Tensiometer testing machine as expressed in the
at a regular voltage of 240 volts supported wittegsc ~ equation below:

jack mounted on the top of the plate to regulat th MOR =3PL/2bd..........oeeeieieiirien Equation 4
desired pressure. Plastic boards of thickness 10mmVhere: MOR = modulus of rupture (N rifijn P = the
were obtained through the stoppers added to thesedg ultimate failure load (N), L = the wood sample span
of the mould plate. The mould containing the board between the machine support (mm), b = width of the
produced was removed from the plate and allowed tovood sample (mm), d = thickness of the wood sample
cool before detaching from the mould. The board (mm)

samples were then trimmed and test samples werdMOE =APLYAbAPAS. ... Equation 5
collected from each board and tested for both physi Where: MOE = modulus of elasticity (N rfip
properties (water absorption, thickness swelling, P = increment in load (N), L = the span of the semp
linear expansion) and mechanical properties (madulu between the machine support (mm), b = width of the
of rupture and modulus of elasticity). The experime sample (mm), d = thickness of the sample (mm),
was conducted as a two factor factorial in a comspfe ~ As = increment in deflection corresponding to in@enin
randomized designed. Factor A was the nominalload. Analysis of variance was carried at 0.05%bpro
density at the level of 700 kg/ninand 800 kg/mrh ability level to estimate the level of significance
Factor B was the mixing ratio of the wood/plastic a among the various parameters tested. These paramete
the level of 1:1, 1:1.2, and 1.4. Each treatmentwere water absorption, thickness swelling, linegs e
combination has 6 experimental boards and 3 régtica Pansion, modulus of rupture and modulus of elagtici
given a total of 18 boards used for the study. Separation of means was carried out using Duncan
Test for physical properties: Test samples measuring Multiple Range Test.

50 mm x 50 mm were used for physical properties

determination according to British standard 373 RESULTSAND DISCUSSION

(1989). These properties were water absorptiockrteés  Physical properties:

swelling and linear expansion. Measurements such a%Vater absorption: The mean values of wood plastic
thickness (mm), weight (g) and length of the samiple composites for nominal density of 700kg/mafter 2
were taken prior to test as initial parameters evttie  hours and 24 hours of water absorption are predente
final measurement was taken after immersion inmfate  in figs. 1 and 2. The values were 24.2, 9.71, 6.65%

2 hrs and 24 hrs respectively. Digital calipercefenic 33.15, 22.48, 21.61% respectively. The mean values
weighing balance and meter rule was used to measurebtained for WPCs for nominal density of 800kg/fnm
thickness swelling, weight and linear were 10.01, 7.47, 6.65% and 28.35, 26.9, 23.35%
expansion of the test samples. The different pasame respectively after 2 hours and 24 hours of water
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Table 1. Analysis of variance for physical properties afod plastic composites after 2 hours and 24 hgursersion test.

Sourceof variance DF Fcal (2hrs) Fcal (24 hrs)

WA TS LE WA TS LE
Density 1 0.0143.393™ 0.079" 0.405ns 0.718ns 0.003*
Mixing ratio 2 0.00260.852™  0.041* 0.588 0.307° 0.084°
D x MRL 2 0.0226.237"  0.034* 0.895 0.73%° 0.263°
Error 12
Total 18

*significant at (P<0.05) probability level; ns nagnificant at (P<0.05) probability level
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Fig. 1. Effect of densities and mixing ratios on water apison
of WPC after 2 hrs of water immersion test.
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Fig. 3. Effect of densities and mixing ratios on thickness Fig. 4. Effect of densities and mixing ratios on thickness
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Fig. 5. Effects of densities and mixing ratios on linegragsion

of WPC after 2 hrs of water immersion test.
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Fig. 2. Effect of densities and mixing ratios on water apton
of WPC after 24 hrs of water immersion test.
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swelling of WPC after 24 hrs of water immersion test.
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Fig. 6. Effect of densities and mixing ratios on linearangion
of WPC after 24 hrs of water immersion test.
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Fig. 7. Effect of densities and mixing ratios on modufis
rupture of WPCs.

Table 2. Analysis of variance for mechanical properties of
wood plastic composites.

Sour ce of Degree of Fcal
variance freedom

Density 1 MOE MOR
Mixing ratio 2 0.699* 0.279*
D *MRL 2 0.584" 0.278*
Error 12 0 .25% 0.189°
Total 18

*significant (P<0.05) probability level; ns = noigsificant
(P < 0.05) probability level

absorption. This shows that the higher the dentity,
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Fig. 8. Effect of densities and mixing ratio on moduléis o
elasticity of WPCs.

increased. This shows that the more the quantithef
plastic content in the composite, the more resistas
board to water uptake which is proportional tokhiss
swelling. Similar observations have earlier begoried
on the effect of wood/plastic ratio on WPCs (Behzad
2012 and Ainaet al, 2013). As wood is hydrophilic
and plastic is hydrophobic, therefore the higher th
guantity of plastic and the lesser the quantityvobd,
the better the dimensional stability of wood plasti
composites. This implies that the more the quarntty
the plastic contents in the composite, the moristess
the board to water uptake which is proportional to
thickness swelling.

The result of analysis of variance carried outhickhess

lower the WA values, therefore, as the density andswelling percentage shows that there was no signifi

wood/ plastic ratio increases water absorptionedeses.
The study reveals that as the plastic contenhé t

differences between the two factors after 2 houd a
24 hours of water immersion at 0.05% probabilitiele

composites increases, the wood content were morgTable 1). This means that the interaction betwen

encapsulated by the plastic content which has firdtaf

two main factors does not influence changes irktigss

for water absorption hence the hydrophobic natdre o swelling of the boards.

thermoplastics. The finding from this study is dani
to the earlier report by Aina and Fuwape (2008) an
Aina et al. (2013) on the properties of wood plastic
composites

The result of analysis of variance for WA showst tha
both main and two factors interaction were sigaifity
different after 2 hours of immersion test while in
24 hours, the factors were not significantly diffier at
0.05 level of probability (Table 1). Therefore hot
density and wood/plastic ratio had positive impaict
the water resistance of WPCs.

Thickness swelling: The results of thickness swelling

Linear expansion: The mean values of wood plastic
composites for nominal density of 700kg/fiafter

2 hours and 24 hours of water absorption are pteden
in figs. 5 and 6. The results obtained were 108824,
8.83% and 11.16, 9.73, 9.35% respectively after
2 hours and 24 hours of water immersion test. The
mean values obtained for WPCs with nominal density
of 800kg/mnmi were 10.12, 8.88, 8.73% and 12.39,
11.59, 5.35%, respectively after 2 hours and 24shofi
water immersion test (figs. 5 and 6). The results
showed that the higher the density, the lower itheak
expansion and as the wood/plastic ratio incredisesy

percentage of wood plastic composites for nominalexpansion decreases. The results also show thearlin

density of 700kg/mrhafter 2 hours and 24 hours are

expansion decreased with increased plastic content

presented in figs. 3 and 4. The values obtained wer which could be attributed to the hydrophobic namfre
2.66, 1.01, 0.68% and 2.23, 1.55, 1.33% respegtivel plastics.

after 2 hours and 24 hours of water immersion test.The results of the analysis of variance showed that

The mean values obtained for WPCs for nominal densi

of 800kg/mni were 2.22, 0.84, 0.38% and 1.88, 1.77,

0.97% respectively after 2 hours and 24 hours aéwa

there was significant difference at 0.05% probagpili
level in linear expansion after 2 hours of watesoaption
while there was no significant difference in the

immersion(figs. 3 and 4). Thickness swelling percentage interaction between densities and wood/plasticsati
of wood plastics composites boards produced fromThe interaction between the factors did not hawe an

nominal densities of 700kg/mimand 800kg/mrh

significant effect on the linear expansion of th®@é

decreased as the proportion of wood/plastic ratioboards produced (Table 1).
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M echanical properties: with nominal density of 700kg/mtwhile mixing ratio
Modulus of rupture: The mean values obtained for of 1:1 gave better performance in terms of flexural
modulus of rupture with nominal density 700 kg/mm properties with the highest MOR and MOE of wood
and 800kg/mrhare presente(gnin fig. 7. The values plastic composites.

were 4.90, 4.61, 4.21 N mmfor nominal density

700kg/mniand 6.52, 4.46, 3.79 N nimfor nominal ~REFERENCES
density 800kg/mrh respectively, MOR values Aina, K. S. and Fuwape, J. A. (2008). Effect of thesing
increased with increase in mixing ratio levels and on strength properties of wood plastic composites
nominal density of 700kg/m?nto 800kg/mrﬁ. The produced fromGmelina arboreaNigerian Journal of
strongest boards were produced at the highestsiefel ~ Forestry 38:62 —73. _

wood/plastic ratio and nominal density of 800kg/ffinm A'”abgmsargifl‘énst‘t’gaiei' 0?]' T}”ii?%‘é"é"%‘;ﬁé :l" fé}olea'es
as they show the_ greatest improve_ment.at this .level oo dp plastic Compos'?tei produced ffomp three
The ,h'gh proportlo!'l of wood/plastic ratio probably indigenous wood speciednternational journal of
contributed to the improved flexural strength oé th science and research (8): 226 — 230.

board. These findings agreed with the previous workaina, K. S., Osuntuyi, E. O. and Aruwajoye, A. 8014).
reported by Aina and Fuwape (2008). The results of  Physico-mechanical properties of wood plastic
analysis of variance showed that mixing ratio and composites produced from three indigenous wood
density has significant effects on MOR of wood pitas species. In: Forest and Forest Products; Key to
composites boards (Table 2). sustainable livelihood (Adedire, M.O; OnyekweluCJ.
Modulus of elasticity: The mean values obtained for 8:;%0)%0;0’\ Agell(zl:jr:)eﬁrc\)/c.e:\dir;]é’s Joafyfhc:?’ﬁlgénﬁ{aland
modulus of elasticity with nomlngl d_enS|ty 700kg/ﬁ1m Conference of the Forest and Forest Products Saciety
and 800kg/mm are presented in fig. 8. The values 229 _ 26" April, 2014.pp. 299 — 306.

were 370.80, 342.68, 341.03 N rfifor nominal density  ajighon, A. A and Fuwape, J. A. (2005). Strengthdan

700kg/mniand 564.95, 348.02, 337.77 N rAnfor dimensional properties of plastic bonded composite
nominal density 800kg/minrespectively. The stiffness board produced from AfaraTérminalia superbp

of the board increased with increase in wood/gtasti sawdustProc. 1st Annual Conf. Dev. In Agric and Biol.
ratio while MOE values were highest in nominal dens Sci,27th April, 2005, FUTA, Nigeria. o

of 800kg/mmi. MOE increased with wood/plastic ratio Behzad, K. (2012). The effect of plastic type anginity on

of 1:1 and nominal density of 700kg/r?‘1m 800kg/mrﬁ properties of wood plastic compositéd/orld applied

L L . science journal 17(2):168 — 171.,
These findings are _S|m|Iar to pre\_/lous Wo_rk Bengtsson, M., Gatenholm, P. And Oksman, K. (2006
reported on the properties of wood plastic compasit effects of cross linking on the properties of piyeene/

(Behzad, 2012). The results of analysis of variance  \o0d flour Composites Science and Technology
presented in table 2 showed that mixing ratio, igns 65:1468 —1479.

and the two factors interaction has significaneéetffon Bledzki, AK, and Faruk, O. (2004). Extrusion amjedtion
modulus of elasticity of WPCs boards at 0.05% moulded microcellular wood fibre reinforced polyyéene

probability level. compositesCellular Polymer,23 (4): 211 —227.
) Clemons, C. (2002). Wood plastic composites in thaedn
Conclusion States; The interfacing of two industri€arest Product

. . Journal, 52 (6): 10 — 18.
Wood plastic composites were successfully producet=ngra 6. Anom. I. A. and Reinardus. L. C. (2012).

at increased sawdust/plastic ratio ranging fromatid Influence of sawdust size and ratio of HDPE waste o
1:1.4 mixing ratio levels. There were observed the physical properties of wood-plastics composite.
differences in the physical and mechanical proeerti International Journal of Basic & Applied Sciencd2

of wood plastic composites due to the influence of ~ (4):8-42. . .

mixing ratio and densities. The increased sawdustNafaji, A. (2007). Evaluation of many properties wbod
plastic ratio between 1:1 and 1:1.4 mixing ratia an plastic composites made from Ligno cellulosic fibre
nominal densities of 700kg/minand 800kg/mrhhad a and recycled HDPE Phd. Dissertation Faculty of Ntu

L . . Resources Islamic Azad University of Sciences and
significant effect on the physical and mechanical Research. pp.175

properties of wood plastic composites. Therefotteg Nair, K. C. M., Thomas, S. and Groeninck, G. (20@Hermal

higher the sawdust/plastic ratio, the higher the  and dynamic mechanical analysis of polystyrene
dimensional stability of the WPC boards. Also the composites reinforced with short sisal fibres

higher the densities, the better the strength ptigse compositesScience and Technology]:2519 — 2529.
leading to higher creep resistance. Thickness swell  Rothlin, O. (2007) Processing wood-plastic compssite
water absorption and linear expansion are a measure places new demands on feedeRlastic Additives
dimensional stability, therefore increased in nahin Composites): 36 — 39.

. ; . . . Shebani, A. N., Van Reneenen, A. J. and Meincken, M.
densities resulted in an increase moisture resistan (2009). The effect of wood Species on the mechénica

and ultimately more. dimen;ionally St‘.”lble boards. and thermal properties of wood — LDPE composites.
WPCs produced with nominal density of 800kg/im Journal of Composite Materiald3 (26): 3326 — 3331.
had better strength characteristics than thoseusestl  gmith, P. M. (2001). United States wood fibre-ptast
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Products Societyadison. pp.13 — 17. development of flat-pressed wood polyethylene
Stark, N. M. and Rowland, R. (2003) Effects of wdixe compositesForest Product Journalb3 (9): 25 — 32.

characteristic on mechanical properties of wood/ Yand, H. S., Wolcott, M. P., Kim, H. S. and Kim, H.
polypropylene compositesiood and Fiber Science (2007). Effect of different compatibilizing ageris the
35 (2): 167 — 174. mechanical properties of lignocellulosic materiéed

polyethylene bio-composite€omposites Structure’9

Wang, S. and Zhang, J. (200Chemical characterization of
(3): 369 — 375.

smoke from the production process of wood plastic



