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Abstract

Sentang (Azadirachta excelsa) are formerly known as village tree and can be found in central and
northern parts of Peninsular Malaysia. These studied was conducted to investigate the manufacturing
of composite panels from unscreened particle (15%, 25% and 35%) of sentang mixed with
polypropylene (PP) and also Maleic Anhydride Polypropylene (MAPP). The panels produced were
then assessed for the mechanical strength properties (bending and tensile) and physical properties
(water absorption and thickness swelling) in accordance with the ASTM Standards. Result revealed
that the percentage of sawdust gave significant difference on thickness swelling (TS) and water
absorption (WA). Assessments on mechanical strength tests indicated that there are significant
difference on bending (MOE and MOR) and tensile (MOE). On the other hand, addition of MAPP on
composite panels shows significant difference on bending (MOE and MOR), tensile (MOE) and WA
but no significant difference on TS. Thus, it can be concluded that application of MAPP is required
in the making process of wood plastic composite and higher amount of filler is not suitable in wood
plastic composite.
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INTRODUCTION

Wood-plastics composites (WPC) are a new group of materials that are generating interest in
universal. WPC covers an extremely wide range of composite materials using plastics
ranging from polypropylene to PVC and binders or fillers ranging from wood flour to flax.
These new materials extend the current concept of ‘wood composites’ from the traditional
compressed materials such as particle-board and medium density fibreboard (MDF) into new
areas and as a new generation of high performance products.

Sentang tree (Azadirachta excelsea) was chosen to be the filler in WPC. Sentang is the nation
Meliaceae, and a local tree known in central and northern Peninsular Malaysia. This species
is less popular among members of the forestry and the public at one time. However, among
farmers to plant sentang trees has increased after the campaigns on the benefits of the tree
(Sabariah, n.d).

Propylene was first polymerized to a crystalline isotactic polymer by Giulio Natta and his
coworkers in March 1954. This pioneering discovery led to large-scale commercial
production of isotactic polypropylene from 1957 onwards. Syndiotactic polypropylene was
also first synthesized by Giulio Natta and his co-workers (Anon, 2011). Polypropylene (PP),
also known as polypropene, is a thermoplastic polymer used in a wide variety of applications
including packaging, textiles, stationery, plastic parts and reusable containers of various
types, equipment (Anon, 2011).
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Maleic Anhydride Polypropylene (MAPP) as additives to make WPC. Coupling agents
improve the wood and polymer interaction. Wood is naturally hydrophilic (attracts water),
while the thermoplastic polymers are hydrophobic (repel water). This basic chemical
incompatibility makes it very difficult to bond polymers to wood. The use of coupling agents
can help to overcome this incompatibility (Adam et al., 2009).

So, this study aim is to study the different percentage of sawdust used in WPC by using
Sentang sawdust as filler and (MAPP) as thermoplastic. Besides that, this study also to study
the strength properties of WPC accordingly to with MAPP and without MAPP.

MATERIALS AND METHODS

Sentang was use as the raw material for making wood plastic composites. The wood plastic
composites panels were produced at UiTM Jengka, Pahang. The raw materials were
unscreened sawdust (15%, 25% and 35%) mixed with Polypropylene (PP) and with addition
of 3% of Maleic Anhydride Polypropylene (MAPP) as the coupling agent. In theory, MAPP
is the coupling agent that helps the bonding among sawdust and PP.

For board preparation, calculation was made before panel manufacturing (Table 1). Firstly,
PP and sawdust were blended and mixed together in dispersion mixer. However, MAPP was
added if required. The temperature was 190°C. After it mixed well, temperature was decrease
to get granules shape.

Table 1 The amount of sawdust, polypropylene (PP) and Maleic anhydride grafted
PP

(MAPP) of particle size

_Sawdust (%

After that, the granules were changed to pallets by using crusher. Then, the pallets were put
into plat bar; (1) tensile board, (2) bending board, which have different volume. After that,
the plat bar was placed into hot press machine. Temperature were then set at 180°C with
1000p.s.i (tensile was 240 second, bending was 300 second). Then, the plat bar was taken to
cold press machine immediately. The temperature is set to 20°C for three minutes.

After cold press process, the panels are cut into size required based on ASTM standards and
divided for physical properties (thickness swelling and water absorption) and mechanical
properties (tensile and bending). The results were analyzed by using Analysis of Variance
(ANOVA) to determined the significant different of the variables used in this study.

50



RESULTS AND DISCUSSIONS

Statistical Analysis

Table 2 shows the effects of MAPP and percentage of sawdust on WPC properties.
MAPP shows highly significant on WA, tensile (MOE) and bending (MOE and
MOR). There is no significant difference shown on TS and tensile (MOR). On the
other hand, percentage of sawdust shows a significant difference on physical
properties, tensile (MOE), bending (MOE and MOR) and there no significant
difference on tensile (MOR). The interaction between MAPP and percentage of
sawdust also showed highly significant on WA, Tensile (MOE), bending (MOE and
MOR). There also no significant difference shown on TS and tensile (MOR). MAPP
is the coupling agent that enhances the bonding properties between sawdust and PP.

Table 2. Analysis of Variance of wood plastic composites on mechanical and
physical properties.

sov df | TS

 MAPP.
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i 0.0s,

ariance, ns-not
**highly significance at p <0.01

Effect of Sawdust Percentage to Physical Properties of WPC

Fig. 1 shows that 35% of sawdust has the highest thickness swelling then 25% and 15% of
sawdust. This is because 35% consists large amount of sawdust and it could absorb a large
amount of water due to the wood behavior as hygroscopic material. Wood is a hydroscopic
material that absorbs moisture in a humid environment and loses moisture in a dry
environment (Jerold, 1994). In the other hand, 15% of sawdust contents a higher amount of
plastic which was 85% where the plastic cannot absorb water.
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Figure 1 Percentage of sawdust on physical properties.
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Percentage of sawdust of WA on Sentang wood plastic composites (Fig. 1) shows
that 35% of sawdust has the highest of water absorption than 35% and 25% of
sawdust. This is because wood is hygroscopic which is one of the wood properties.
So, a large amount of sawdust will increase the water absorption of thermoplastic.
The water absorption increases from 15% to 35%. Wood—plastic composites absorb
moisture because of the hydrophilic character of the wood filler, and water uptake
results in reductions in mechanical properties and susceptibility to fungal attack
(Joseph er al., 2002; Espert et al, 2004; Schirp and Wolcott, 2005). Coupling
agents, such as maleic anhydride, can improve interfacial bonding between matrix
and filler and reduce the penetration and absorption of water into WPC (Ichazo et
al., 2001; Joseph et al., 2002; Mohanty et al., 2004).

Effect of Sawdust Percentage to Tensile strength of WPC

Percentage of sawdust of TMOE on Sentang wood plastic composites (Fig. 2)
shows that 35% of sawdust has the highest value and 25% gives the lowest value of
TMOE as the lowest due to some error occur that happen during the manufacture of
wood plastic composite. The reason was the fines sawdust used was unscreened
type, so in 25% board manufacture may contain large size of sawdust. Wood filler
addition has changed the nature of recycled polypropylene matrix upheaval. This is
due to good adhesion between the powder with the resin matrix of lumber has
increased the stiffness of the composite while the composite modulus (Hanafi et al,
2003). In a previous study shows that the MOE and TMOE of the WPCs both
increased with increasing wood content, but the MOR and TMOR decreased when
higher amount of wood content was used (Shao-Yuan et al., 2012).
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Figure 2 Percentage of sawdust on tensile.

Percentage of sawdust of TMOR on Sentang wood plastic composites (Fig.2) shows
that 35% of sawdust has the highest value and 25% gives the lowest value of
TMOR. The result was increase due to the increasing of percentage of sawdust.
However, in previous study, the result shows that the MOR values and specific
MOR values of the various WPCs decreased in the orders (Pei-Yu er al., 2009). It
shows that any of ratios of percentage of sawdust can be choose to make wood
plastic composites as a board because it has no different. Although, wood plastic
composites is a combination of wood sawdust and plastic but it would be better to
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find a good percentage of sawdust where can decrease plastic usage but it still can
provide good properties.

Effect of Sawdust Percentage to Bending Strength of WPC

Percentage of sawdust of FMOE on Sentang wood plastic composites (Fig 3) shows
that 35% of sawdust has the highest value and 15% gives the lowest value of
FMOE. The result has shown an increasing percentage of wood dust into the
polypropylene to increase stiffness and modulus of the composite. This is true
because the polypropylene resin has a high flexibility because of the nature of
amorphous structure. In a previous study observed that the flexural strength
increases with decreasing wood content where the flexural strength and MOE of the
composites made from the recycled high density polyethylene (rHDPE) are slightly
higher than those using the very high density polyethylene VHDPE at the same
plastic to wood ratio (Kamal et al., 2008). Thus, the composite has a high modulus
is likely to have a modulus of filler and high aspect ratio, and a high percentage of
filler in the composites (Sanadi et al., 2000).
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Figure 3 Percentage sawdust on bending.

Percentage of sawdust of FMOR on Sentang wood plastic composites (Fig 3) shows
that 25% of sawdust has the highest value and 15% gives the lowest value of
FMOR. 35% of sawdust was not significant with 15% and 25%. However, 15% and
25% were significant to each other which can be classifying as significant only. In
previous study, the value of FMOR decrease when the percentage of filler was
increases (Hasni, 2005). Logically, 15% of sawdust should have the highest value
among them. The unscreened sawdust could not mix well with the plastic because
of the size which affects the WPC.

CONCLUSIONS

The result of this study shows that the percentage of sawdust used in Sentang wood
plastic composites (WPC) and (MAPP) as thermoplastic with where the percentage
of sawdust on physical properties was a significant High percentage of sawdust
tends to absorb more water thus increasing the amount of water being absorbed into
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the WPC as compared to lower percentage of sawdust. Besides that, the percentage
of sawdust on TMOE was a significant while, there was no significant difference
shown in the percentage of sawdust on TMOR. There was significant difference on
percentage of sawdust on bending. Effect of MAPP on TS was no significant
difference, while, the effect of MAPP on WA had shown a significant. Effect of
MAPP on TMOE had shown there was a significant, while TMOR was no
significant difference. Efect of MAPP on bending was significant.

References

A. Espert, F. Vilaplana, S. Karlsson, (2004). Comparison of Water Absorption in
Natural Cellulosic Fibres from Wood and One-year Crops in Polypropylene
Composites and Its Influence on Their Mechanical Properties. Composites Part A:
Applied Science and Manufacturing, 35 (2004), pp. 1267-1276.

A. Schirp, M.P. Wolcott, (2005). Influence of Fungal Decay and Moisture
Absorption on Mechanical Properties of Extruded Wood-Plastic Composites. Wood
and Fiber Science, 37 (2005), pp. 643—652.

Adam,T., Vikram, Y., Karl, R.E., David, H., and Jae-Woo, K., (2009). WoodPlastic
Composites - A Primer -. PB1779-500-1/09

Anonymous,  (2011).  Polypropylene. = Rerived on 23  june 2011, from
http://en.wikipedia.org/wiki/Polypropylene

Andrea W., Salim H., (2007). Some of the properties of wood—plastic composites.
Building and Environment. Volume 42, Issue 7, July 2007, Pages 2637-2644.

Hanafi 1., Jaffri R. M. and Rozman H. D. (2003). The Effects of Filler Loading and
Vulcanisation System on Properties of Oil Palm Wood Flour-Natural Rubber Composites,
Journal of Elastomers and Plastics, 35 (2): 181-192.

Hasni, M.M.T., (2005). Thermoplastic Composite from Resak Sawdust (Unscreen)
Using Propylene as Matrix.

Kamal B. A., Shusheng P., Mark P. S., (2008). Dimensional Stability and
Mechanical Behaviour of Wood-Plastic Composites Based on Recycled and Virgin
High-Density Polyethylene (HDPE). Composites Part B: Engineering. Volume 39,
Issue 5, July 2008, Pages 807-815.

M. Ichazo, C. Albano, J. Gonzalez, R. Perera, M. Candal, (2001).

Polypropylene/wood  Flour Composites: Treatments and Properties. Composite
Structures, 54 (2001), pp. 207-214.

P. Joseph, M.S. Rabello, L. Mattoso, K. Joseph, S. Thomas, (2002).Environmental
Effects on The Degradation Behaviour of Sisal Fiber Reinforced Polypropylene
Composites. Composites Science and Technology, 62 (2002), pp. 1357-1372

Pei-Yu K., Song-Yung W., Jin-Hau C., Huei-Chin H., Ming-Jer T., (2009). Effects
of Material Compositions on the Mechanical Properties of Wood Plastic

54



Composites Manufactured by Injection Molding. Materials & Design. Volume 30,
Issue 9, October 2009, Pages 3489-3496

S. Mohanty, S.K. Nayak, S.K. Verma, S.S. Tripathy, (2004). Effect of MAPP as a
Coupling Agent on the Performance of Jute-PP Composites. Journal of Reinforced
Plastics and Composites, 23 (2004), pp. 625-637.

Sabariah, W.M.N (n.d). Kenalilah Pokok Sentang. Retrived 26 June 2011, from
http://members.tripod.com/~Zulkarnain_Zakaria/sentang.htm

Salim H., (n.d). What is Wood Plastic Composite? Food Technology Fact Sheet.
Robert M. Kerr Food & Agricultural Products Center. FAPC-170.

Sanadi, A.R., Rowell, R.K. and Young, R.A. (2000). Interphase Modification in

Lignocellulosic Fiber-Thermoplastic Composites. Polymer Engineering and Science, 42: 502-
51

Shao-Yuan L, Tsu-Hsien Y, Sheng-Fong L, Te-Hsin Y, (2012). Optimized Material
Composition to Improve The Physical and Mechanical Properties of Extruded
Wood-Plastic Composites (WPCs). Construction and Building Materials. Volume
29, April 2012, Pages 120-127.

55





