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ABSTRACT: The viability of using oil palm trunk wood flour (OPWF), a by-product of the 
oil palm industry, as a filler in polypropylene (PP) was studied. The OPWF was compounded into 
polypropylene using a Brabender thermoplastics mixer and a twin screw compounder. Torque of 
PP/OPWF composite was compared to that of neat polypropylene. The result showed that the 
mixing torque of polypropylene increases by adding OPWF filler into it. Test specimens of the 
PP/OPWF composite at 30% filter content were prepared by injection moulding, their mechanical 
properties evaluated and compared to a commercial PP /talc composite. The tensil properties, flexual 
modulus, impact strength, and melt flow index of the PP/OPWF composite were decreased only 
by a small margin when compared to those of PP/talc. The PP/OPWF composite, on the other 
hand, has better heat deflection temperature value than PP/talc. The study shows that OPWF has 
a good potential to be used as an alternative filter for polypropylene. The OPWF used in this 
study was not treated with any coupling agent. 
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In 1989, the Malaysian oil palm industry 
exceeded 1.8 million hectares and yielded about 
6 million tonnes of oil. It produced over 22 
million tones of by-products which comprises 
of trunk, fronts, empty bunches, press fruits 
fibres and shells. As agricultural waste, the 
amount is expected to increase to over 30 
million tonnes by the year 2000. 1 The cost and 
easy availability of cellulosic (wood based) 
fillers is one of the main reasons for their 
demand as extenders or fillers in polymers. 2 

Likewise, abundance of oil palm cellulosic 
materials that are readily obtained from these 
by product provides a new era for industrial 
exploitation and development. While the use 
of other type of wood flour in the thermoplas
tics is well known, oil palm wood flour (OPWF) 
as a filler or reinforcing agent in thermoplastics 
has yet to be investigated. It has been shown 

that incorporation of fillers and reinforcing 
materials significantly changes various prop
erties of thermoplastics. 3 - 7 Typical fillers and 
reinforcements for polypropylene are glass 
fibres, glass spheres, talc, asbestos, mica, 
calcium carbonate, and silica. 8 

* To whom correspondence should be addressed. 

In this present study, a relatively new type 
of wood-based filler is being investigated. The 
origin of the filler is from trunk of an oil palm 
tree (Elaeis guineensis). Studies carried out on 
other wood-based fillers have been reported by 
a number ofworkers. 9 - 11 Recently, modifica
tions of thermoplastics by cellulose-based fillers 
are creating considerable interest especially due 
to more favourable processing effect (being 
nonabrasive when compared to mineral-filled 
materials). The purpose of this study was to 
investigate whether the OPWF has the po
tential to be used as a filler in polypropylene. 
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EXPERIMENT AL 

Materials 
Homopolymer polypropylene W 101 (Melt 

index 8 g per 10 min, density 0.90 g cm - 3) was 
supplied by The Polyolefin Company (TPC), 
Singapore. Oil palm wood flour (mesh size no. 
250) was prepared by the Palm Oil Research 
Institute of Malaysia (PO RIM). The proximate 
chemical composition of OPWF filler is given 
in Table 1. 12 No coupling agent was used in 
this preliminary studies. A commercial grade 
of talc filled polypropylene CALP 30 (30% 
PP/talc) was supplied by CALP Corporation. 

Preparation of Composite 
Prior to compounding, studies on the mixing 

behavior of polypropylene and its composites 
were performed. Mixing were done in a 
Brabender W 50E mixer at temperature of 
190°C and the blade speed of 50rpm. 

The compounding of polypropylene and oil 
palm wood flour was carried out in a Brabender 
DSK 42/7 twin screw extruder. The processing 
temperatures used were in the range of 
l 70-190°C. A composite sample with 30% 
filler loading was prepared and compounded. 
The mixtures was fed into the hopper of the 
extruder, extruded, cooled, and granulated. 

The compounded samples were prepared 
into test specimens by the injection moulding 
technique. The machine used was a 20-t 
Battenfeld BA 200 CD Plus machine, with 
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Table I. Proximate chemical composition 
of OPWF filler 

Chemical composition 

Holocellulose 
Alpha-cellulose 
Lignin 
Alcohol-benzene Solubles 
1 % Alkali Soluble 
Hot water Solubles 
Pentosans 
Ash 
(On-oven-dry basis) 

Weight% 

71.8 
45.8 
22.6 

1.2 
19.5 
2.5 

25.9 
1.63 

UNILOG 4000 closed loop control system, at 
injection pressure of 140 bars. A test specimen 
mould from Mastermould Inc. was employed 
to mould dogbone shape tensil test specimens 
(165 x 13 x 3.2mm)andrectangularbarimpact 
test pieces (12.7 x 3.2mm). 

Testing 
Tensil properties were determined using a 

Lloyd LI000S Tensil/Compression testing 
machine. An external extensometer (infrared 
non-contacting) was used to determine the 
elongation. The test were conducted at a speed 
of 5 mm/min according to ASTM D638. 
Results were automatically calculated with the 
aid of Lloyd tensile test software. A minimum 
of five specimens were tested for each sample. 

Flexural test was conducted using the same 
Lloyd machine according to ASTM D790-86, 
Test Method 1, Procedure A, i.e., three-point 
loading system. The support span was 50 mm 
with the loading nose and supports diameter 
of 20 mm and 10 mm, respectively. The test was 
run at a test speed of 2 mm/min with a 100 N 
load cell. 

Izod impact test was performed on a Ceast 
6456 lzod pendulum impact tester. Notching 
was carried out on the impact specimens using 
Devanport notch cutting apparatus. The test 
was conducted based on ASTM D256-88. 

Melt index of each sample was determin
ed according to ASTM D1238 (230°C per 
2.16 kg) using a Zwick D7900 melt flow in
dexer. An average of 3 runs was taken for 
each sample. Heat distortion temperature 
(HDT) tests were performed using a Daven
port Vicat/Heat Distortion Apparatus in ac
cordance to ASTM D648. 

The moulded test samples were conditioned 
at 27°C and 65% RH for 24 hours in 
accordance with ISO 291 standard on con
ditioning and testing atmospheres for tropical 
countries prior to testing. 
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RESULTS AND DISCUSSION 

Mixing Study 
Figure 1 shows a typical mixing curve of 

polypropylene at 30% OPWF filter content. 
Mixing torque is high at the charging of 
polypropylene and OPWF due to the fact that 
the mixture is still cold and is in a solid form. 
The torque gradually decreases as the mixture 
starts to melt and after some time it levels off. 

To compare the mixing energy requirement 
between neat polypropylene and the 30% 
composite, torque after 10 minutes (after 
loading peak) was noted. Ten minutes was 
taken as the mixing time at which the torque 
curve has completely leveled off. PP/OPWF 
composite has a slightly higher torque than 
neat polypropylene as shown in Table IL This 
indicates the processibility of PP/OPWF 
composite is almost the same as neat 
polypropylene in term of its energy require
ment. 
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Figure 1. A typical torque-time curve obtained during 
compounding of OPWF fillers in polypropylene. 

Table II. Tests results of polypropylene 
and its composites 

Properties 

Mixing torque, Nm 
Melt flow index, 

g per l0min 
Heat distortion 

temperature, °C 

Polypro- PP/OPWF PP/Talc 
pylene 

7.0 

8.0 

99 

8.8 

5.2 

130 

3.7 

4.4 

128 
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Tensile Properties 
Tensile properties of the samples are shown 

in Figure 2. PP/OPWF composite shows a 
lower ultimate strength compared with neat 
polypropylene. As expected, incorporation of 
particulate fillers into polymer matrix usually 
decreases the tensile strength of the resultant 
composites as have been reported by many 
workers. 13•14 Existence of fillers in the polymer 
matrix causes an interruption in stress 
transfering along the applied force. Moreover, 
lack of significant interfacial interaction 
between fillers and polymer matrix aggravate 
the problem. Irregularly shape fillers as in the 
case of OPWF filler, are generally not able to 
support stresses transferred from the polymer, 
and thus weaken the composite material.4 •6 

PP/talc composite appears to have slightly 
higher tensile strength compared to PP/OPWF 
but the value is still lower than that of the 
neat popylpropylene. Nevertheless the tensile 
strength of PP/OPWF is not much inferior 
when compared to that of PP /talc. 

Incorporation of OPWF filler into poly-
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Figure 2. Tensile strength and elongation of poly
propylene, PP/OPWF and PP/Talc composites. 
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Figure 3. SEM micrograph of PP/OPWF composite at 
x 200 magnification. 

propylene decreases the elongation of the 
material, as shown in Figure 2. Again, lacking 
of interfacial adhesion between fillers and 
polymer matrix causes fracture of the com
posites at lower degree of elongation. In neat 
polypropylene the microcracks in the polymer 
does not travel easily, so higher degree of 
elongation is expected. Uneven filler particle 
structure and poor particle dispersion in 
OPWF as shown in SEM micrograph (Figure 
3) may also cause lower elongation at break 
than PP /talc. 

Flexural Modulus 
Figure 4 shows the comparison between the 

modulus of the systems under investigation. It 
shows that by adding filters into the polymer, 
the flexual modulus, which indicates material 
stiffness, of the composite will increase. As 
expected, the PP/OPWF composite shows 
higher modulus than the neat polypropylene, 
but the modulus is still lower than that of the 
commercial PP/talc composite. There are 
several factors affecting the modulus of the 
composite. Those factors are fillter content 
modulus and aspect ratio. 15 Thus, th; 
observation here may be due to the higher 
modulus of talc compared to the OPWF 
material. 

Equations predicting the modulus of com-
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Figure 4. Flexural modulus and impact strength of 
polypropylene, PP/OPWF and PP/Talc composites. 

posites have been proposed by many work
ers. 4 The first and simplest form of equation 
was from Einstein, 

(I) 

where ER is the relative modulus of composite 
to polymer and <jJ is volume fraction of filler. 
This equation applies only to composites filled 
with low concentration of noninteractive 
spheres. To account for interparticle interac
tions at higher filler concentration, the 
following equation from Guth is more relevant. 

(2) 

where B is usually 14.1. Lewis and Nielsen has 
put forward an equation which is more 
applicable for lower aspect ratio filler. Their 
equation is as follows, 

where 

Ee is modulus of composite, EP is modulus 
of polymer, 1J is constant related to 
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Einstein coefficient, is related to relaiive 
moduli of filler and polymer, tp is a 
parameter dependent on the maximum 
packing fraction of the composite. 

The equation covers a number of important 
conditions exist in composite such as modulus 
aspect ratio and packing of fillers in polyme; 
matrix. Theoretical calculation for modulus is 
not possible at this moment because the value 
of parameter is not available since modulus 
of the OPWF filter is not known yet. 

Impact Strength 
Izod impact strength of the PP/OPWF 

composite is lower when compared to that of 
the neat polypropylene as shown in Figure 4. 
Nevertheless, the impact strength of PP/OPWF 
is comparable to the PP/talc composite. This 
observation is not unexpected for filled 
polymers and has been commonly ob-

d 4 16 17 Th" . . serve . · · 1s 1s attnbute that poor 
interfacial adhesion lowers its ability to resist 
the propagation of cracks may be the reasons 
attributed to this. 1 7 

Melt Flow Index 
Table II also records the result of melt flow 

index (MFI) of the composites. PP/OPWF 
shows a lower melt flow index value indicating 
a lower' flow compared to the neat poly
propylene. This is because the presence of wood 
flour increases the viscosity of the composite. 
It was observed that PP/OPWF melt has higher 
melt index value than the PP /talc. This is 
another evidence in favour of PP/OPWF 
composite i.e. easier flow when compared to 
the PP /talc which results in better proces
sability. 

Heat Distortion Temperature (HDT) 
Finally, the HDT test under flexural load was 

also studied. The test was carried out using a 
fibre stress of 0.45 MPa at heating rate of 
120°C h - l for 0.25 mm deflection. The results 
are given in Table II, which shows that the 
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PP/OPWF composite has slightly higher 
softening temperature than the neat poly
propylene. 

CONCLUSION 

The findings from this initial study have 
shown the viability of oil palm wood flour as 
an alternative filter for thermoplastic com
posite comparable to a commercial grade of 
talc filled polypropylene. The tensile strength, 
elongation at break and impact strength 
between the two composites are quite close to 
each other. These mechanical properties of oil 
palm wood flour may be further improved by 
using coupling/bonding agents. Subsequent 
study will make use of various type of coupling 
agent namely silane and wax-based materials 
to improve the bonding between the OPWF 
filler and the polymer matrix. Nevertheless, it 
should be noted that the method of preparation 
of samples and composition of wood flour can 
affect the ultimate properties of the composite. 
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