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ABSTRACT: Soil burial tests were carried out to evaluate the effect of biodegradation on the
mechanical properties (tensile, flexural, and impact) and the mass loss of OPT fiber-filled RPP
composites, as compared to control samples (virgin PP and RPP without filler). The composite
samples were prepared using 30% w/w of OPT filler with a size of 100mm. Compounding was carried
out using a Haake Rheodrive 500 twin-screw compounder operating at 1908C and 8MPa for 30min.
The effect of biodegradation was performed in a perspex plastic apparatus for 12months. Assessments
of the mechanical properties and the percentage of mass loss were carried out at 3, 6, and 12 months of
exposure in soil. The mechanical properties (tensile, flexural, and impact) of materials deteriorate with
an increase in exposure time. The effects of biodegradation increase with burial period, i.e., from 0 to
12 months. The tensile properties, flexural properties, and impact strength of the composites decrease
by about 38–47%, 37–50%, and 47%, respectively, as compared to the value before the biological test.
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In contrast, the mass of the composite samples increased by �12.7%, whereas for PP and RPP,
it increased by around 10.7 and 9.2%, respectively. SEM analysis was conducted to analyze the
deterioration and the poor fiber–matrix bonding of composites.

KEY WORDS: Oil palm trunk (OPT), recycled polypropylene composites, mechanical properties,
mass loss, biodegradation effect.

INTRODUCTION

T
ODAY, THE ENVIRONMENTAL pollution caused by lignocellulosic waste and domestic
appliances has affected our daily life. Recently, lignocellulosics waste such as oil palm

fibers, rice straw, banana stem, etc. have been used as fillers in composite materials for
diverse applications such as automotive parts, flooring, doors, fence panels, and outdoor
structures. With recycle polypropylene (RPP) of waste, the reutilization from domestic
appliances is one of the major approaches to resolve this environmental problem
in Malaysia and globally. Lignocellulosic-filled composites exhibit low density, easy
processability, less abrasiveness, high stiffness, and a relatively low cost, while being
renewable and biodegradable [1–3].

Engineering reports show that microorganism colonization occurs when materials are
exposed to the biological environment, including soil and water [4,5]. This is because the
material may be susceptible to secondary factors that result in an enhanced biological
activity [6]. All phases of polymer-reinforced lignocellulosics are susceptible to some
type of microbial degradation. The phases include the filler, resin, and the filler–resin
interface [4]. Davis et al. [7] reported the degradation of polymeric materials, which is
caused by the intrusion of moisture and osmotic blistering. Some examples of the
environmental degradation of polymer composites are the cathodic reaction in oxygenated
seawater and the attack on P-55 graphite fibers by a mixed culture [8].

The attack of these microorganisms accelerates as they penetrate into the resin matrix.
The peeling caused by the hydrolysis of the amorphous cellulose and hemicellulose of the
lignocellulosic fillers influences the quality of the fillers, including their degree of
polymerization, crystallinity, chain orientation (spiral angle), and filler diameter [2,9]. The
present research investigates the impact of biological exposure on the oil palm trunk
(OPT)-filled RPP composites, and evaluates the mechanical properties and the percentage
of mass change of the samples before and after soil burial test.

EXPERIMENTAL

Materials

OPT was obtained from Chuah Joo Sawmill Industries, Penang, Malaysia. The OPT
was sieved and segregated to obtain a size of 100 mm using a Restch Test Sieve. Next, the
OPT was dried in an oven to remove the moisture, prior to Soxhlet extraction in the next
process. The Soxhlet apparatus was prepared using a 4 : 1 : 1 mixture of toluene, ethanol,
and acetone for 3 h. The extracted OPT was then dried in an oven at 1058C overnight
before being cooled in a dessicator over silica gel. The RPP was supplied by Polydamic
Engineering Sdn. Bhd. The RPP was crushed using a crusher (Model S4301) into a smaller
particle size for processing.
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Mixing Process

The composites were prepared by mixing size 100 mm OPT filler with RPP matrix
at a ratio of 30 : 70. The mixture of OPT and RPP was compounded using a twin-screw
extruder of the model Haake Rheodrive 500 as followed in the previous study [1].

Compression Molding

Palletized composites were weighed according to the volume of the mold. Pallets were
spread in a mold that had been covered with a transparency sheet, in order to prevent the
melting pallet from sticking to the mold. The mold was then pressed for 20min at 1908C
and 8 tonnes pressure using a model ‘M’ Carver Laboratory Press.

Mechanical Testing

Three types of mechanical testing (tensile, flexural, and impact) were conducted in this
study, according to the methods described in a previous study [10].

Degradation Studies

This test was performed for 12 months according to the BS Standard EN ISO 846
(Plastic-evaluation of the action of microorganisms). The samples were completely buried
in natural soil at 90% water holding capacity and 50% soil moisture content (Figure 1).
The samples were studied according to the methods described in the previous study [11].
The assessment of tensile, flexural, impact properties, and mass loss were carried out after
3, 6, and 12 months of exposure in soil.

SEM Analysis

The fracture surfaces of the composites from the impact test were investigated with
a Leica Cambridge SO360 Scanning Electron Microscope (SEM). The samples were
mounted on the SEM specimen holder using double-sided electrically conducting carbon
adhesive tabs to prevent the formation of a surface charge on the specimens after exposure
to electron beam. Then, the samples were coated with 20 nm aurum, using the Fison SC515
Sputter Coater for 10min, in order to form an electrically conducting layer on the sample
surfaces.

Samples

Cover

Soil

Perspex
plastic bin

Holder

Wire mesh

Saturated
potassium sulphate

Figure 1. Test assemblies of degradation studies.
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RESULTS AND DISCUSSION

Mechanical Properties

In general, the mechanical properties (tensile, flexural, and impact) of materials
deteriorate with an increase in exposure time. The effects of biodegradation increase with
burial period, i.e., from 0 to 12 months. The tensile strength, tensile modulus, elongation at
breakage, and toughness of the composites decrease by about 38, 37, 40, and 47%,
respectively. The composite samples show a 40% reduction in flexural strength, 37% of
flexural modulus, and 52% of the toughness. The impact strength also decreases by �47%
compared to the value before the biological test. As for the control samples, the drop in the
mechanical properties is lower, as compared to the percentages calculated for the
composite samples.

Figure 2 shows the effect of the biodegradation test on the tensile properties of 30%
OPT fiber-filled RPP composites, compared with virgin polypropylene (PP) and RPP
without filler. The periods for testing the properties included 0, 3, 6, and 12 months. The
degradation test reduced the composites’ properties. The data shows that the composites
of OPT-filled RPP have the lowest mechanical properties, as compared to virgin PP and
RPP without filler. It is obvious that the RPP without filler has the highest mechanical
properties, and the behavior was continual during the degradation test. After 3 months of
exposure, 30% OPT fiber-filled RPP composites showed �25% reduction from their
initial value, and the value kept on falling through the 12th month, when a 38% drop was
observed.

In contrast, for RPP without filler, the drop in tensile strength was calculated to be
about 30% after the 12th month of degradation exposure. These data confirm that the
effect of degradation exposure on the RPP without filler was less than that of the OPT
fiber-filled RPP composites. This is due to the effect of the OPT filler, which is
a lignocellulosic material that tends to absorb moisture and therefore degrade more easily.
The absorption of moisture occurs within the micro voids of the poorly bonded area
between the hydrophilic filler and hydrophobic RPP matrix polymer [1,3]. The capillary
mechanism of the fillers also accelerates the degradation of the composites. It allows the
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Figure 2. The effect of the biological test on the tensile strength of (OPT) fiber-filled RPP composites,
compared with virgin PP and RPP.
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flow of water molecules into the interfaces and initiates the debonding process of the
samples [3,12]. The weak interfacial adhesion between the RPP matrix chains and the OPT
filler reduced the strength of the composite samples. The poor mechanical properties of the
composites are attributed to the incompatibility of the hydrophilic OPT filler and the
hydrophobic RPP matrix. The properties can be enhanced by adding coupling agents
during compounding, or by modifying the filler in order to reduce the moisture absorption
behavior of the lignocellulosic filler in the composites.

Figure 3 shows the comparison of the tensile modulus property of the composites. The
OPT fiber-filled RPP composite exhibited the highest tensile modulus, followed by RPP
without filler and then virgin PP samples. The tensile modulus of the composite, virgin PP,
and RPP without filler decrease as exposure time is increased from 0 to 12 months. The
addition of filler altered the modulus behavior of the PP. However, the modulus loss of
virgin PP is high compared to that of OPT fiber-filled RPP composites. The mechanical
loss of the composites at the end of the degradation period (12 months) was only �37%,
while the loss of virgin PP was �55% and RPP without filler was 59%. This observation
is due to the addition of OPT filler, which is known to enhance the stiffness of the material.
The samples without OPT filler (virgin PP and RPP) had deteriorated due to the
biodegradation exposure.

Figures 4 and 5 show the effects of biological exposure on the elongation at breakage
and the toughness of the samples, respectively. The elongation at breakage and the
toughness of the samples decrease more than 35% as the duration of exposure increases
from 0 to 12 months. Both control samples (virgin PP and RPP) showed higher reductions
in the elongation at breakage, i.e., �44% reduction after 12 months of exposure, whereas
the toughnesses of the virgin PP and RPP samples were reduced by 37 and 46%,
respectively.

The addition of OPT fiber increased the strength and simultaneously enhanced the
elongation at breakage of the samples. This phenomenon is due to the good adhesion
between the filler and matrix, which allows the samples to elongate during testing.
However, adhesion bonding decreases the toughness of the composites. It is known that
good bonding increases the stiffness of a material but, at the same time, decreases the
impact strength or toughness of the material [13].
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Figure 3. The effect of the biological test on the tensile modulus of (OPT) fiber-filled RPP composites,
compared with virgin PP and RPP.
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The presence of these agglomerates increases the flaws in the composites [1,3]. The flaws
become larger in size and wetting of the filler by the matrix phase occurs, thus forming the
voids between the filler and the matrix polymer; these will accelerate the rates of water
absorption and cause more damage to the composite samples. Figures 6 and 7 display the
flexural strength and modulus after biodegradation. The results show that virgin PP
exhibits the highest flexural properties due to the matrix properties. The testing mechanism
is designed to assess the outer layer of the samples, which consist mainly of matrix phase.
The addition of the OPT filler introduced a stiffness to the composites, thus reducing the
flexibility of the composites. After 12 months of exposure under the biological test
conditions, virgin PP showed the lowest strength loss (26%), followed by RPP without
filler (35%) and composites (�40%).

PP and RPP samples lost �7% of this modulus value after 3 months under the
biological effects. The composites, however, showed the biggest drop, at �11%, and the
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Figure 4. The effect of the biological test on the elongation at breakage of (OPT) fiber-filled RPP composites,
compared with virgin PP and RPP.
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Figure 5. The effect of the biological test on the tensile toughness of (OPT) fiber-filled RPP composites,
compared with virgin PP and RPP.
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percentage of loss increased with increasing time of biodegradation. Under the longest
period of exposure, the percentage of modulus loss incurred by composite samples was
37%, whereas the PP and RPP samples incurred 29 and 33% modulus loss, respectively.

OPT fiber-filled RPP composites showed the highest drop in toughness (Figure 8) after
12 months of burial, with a more than 50% drop in their values (i.e., 0.06 J compared to
0.12 J). As for PP and RPP, the data obtained after 12 months exposure were higher, i.e.,
0.25 and 0.17 J, respectively. This observation shows that OPT fiber-filled RPP composites
have a low resistance to biological effect. In composites, the stress is transferred through
the polymer matrix between the fillers [11,14]. As the moisture is absorbed, it will penetrate
the OPT structures and swell the adhesion between the matrix and filler phase. Poor filler–
matrix bonding initiates crack formation, and failure occurs easily.

The comparison of the impact properties of OPT fiber-filled RPP composites with virgin
PP and RPP is shown in Figure 9. The composite sample showed the lowest impact
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Figure 6. The effect of the biological test on the flexural strength of (OPT) fiber-filled RPP composites,
compared with virgin PP and RPP.
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Figure 7. The effect of the biological test on the flexural modulus of (OPT) fiber-filled RPP composites,
compared with virgin PP and RPP.
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strength, at 10.8 kJ/m2, compared to the PP sample at 21.1 kJ/m2. The highest value was
obtained from the RPP sample, i.e., 26.8 kJ/m2. The impact strength of the composites was
reduced by �47% to 5.7 kJ/m2, after 12 months of biological exposure. The drops for
virgin PP and RPP were 27 and 31%, respectively, in the same period. This result indicates
the low resistance of OPTs fiber-filled RPP composites to biological effects; this is likely
because impact properties mainly depend on the filler-matrix bonding.

The deterioration mechanisms observed in the samples include debonding and cracking.
Noemi et al. [6] reported that the main factor causing this phenomenon is moisture
absorption within the samples [6]. The high impact loss is attributed to the loss in fiber
strength due to the swelling of cell wall structures. The composite samples continue to
absorb water, which may degrade the interfacial adhesion between the filler and the
matrix, thus causing the reduction in composite strength [11].
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Figure 8. The effect of the biological test on the flexural toughness of (OPT) fiber-filled RPP composites,
compared with virgin PP and RPP.
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Figure 9. The effect of the biological test on the impact strength of (OPT) fiber-filled RPP composites,
compared with virgin PP and RPP.
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Mass Loss

The samples show a progressive loss of the mechanical properties in relation to the
time of bio-degradation. The mass of the composites also decreased as time
increased. Figure 10 shows the trend of the mass change of the samples. The masses of
the composite, PP, and RPP all decreased when buried in soil. This may be due to the
increase in water uptake of the composites, which causes major deterioration. Swelling
by the water uptake also led to the microcracking of the composites, resulting in a
decrease in the mechanical properties and mass loss [9,15]. The composite samples
displayed the highest mass loss, at 12.7% after 12 months of exposure. PP samples
indicated the lowest mass change of 9.2%, whereas RPP showed a 10.7% reduction
over the same period.

Figure 10 clearly shows that the rate of water uptake of OPT fiber-filled RPP
composites was the highest compared to the control samples. The high water uptake is
attributed to the hydrophilic nature of the OPT fiber-filled composites. This data also
prove that moisture degrades the composite samples, which reduces the mass of the
samples. The activities of microorganisms in the soil reduced the samples’ masses. As the
moisture was absorbed by the voids in the samples, it also permitted the colonization by
microorganisms. The microbes depend on the nutrients provided by the compound
materials such as filler and resin, resulting in their being more susceptible to degradation.
Gu et al. [16] have reported that fillers serve as capillaries assisting the migration of
moisture, chemicals, and bacteria to other components of the composites.

SEM Analysis

SEM micrographs of the impact fracture surfaces of OPT fiber-filled composite
samples without biological degradation (0 months), the SEM micrographs of the impact
fracture surfaces of OPT fiber-filled composite samples without biological degradation
(3 months) and the SEM micrographs of the impact fracture surfaces of OPT fiber-filled
composite samples without biological degradation (12 months) exposures, respectively.
It can be seen that the degradation of samples increases with time. The result clearly shows
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Figure 10. The effect of the biological test on the mass change of (OPT) fiber-filled RPP composites,
compared with virgin PP and RPP.

Effect of Soil Burial Degradation of OPT Fiber-filled RPP Composites 1661

 at Universiti Sains Malaysia on June 27, 2010 http://jrp.sagepub.comDownloaded from 

http://jrp.sagepub.com


that the adhesion between OPT filler and RPP matrix is strong and without any voids
before exposure to soil burial test.

After 3 months of soil burial test, voids and filler degradation were observed in (OPT)
fiber-filled RPP. As expected the RPP showed significant changes in the degradation after
12 months of soil burial. This is because the RPP had various materials such as pigments
and filler in the matrix, which was susceptible to microbial degradation. However,
with virgin PP it takes hundreds of years to degrade completely upon disposal. The circle
in the micrograph shows the cracking of the matrix phases. The crack formation allows
the migration mechanisms of bacteria, moisture, and chemicals into the composite
samples, thus accelerating the degradation activities. The effects of biological
exposure were greater after 12-month exposure. The effect of microorganism colonization
is clearly seen in this experiment. The defibrillation of the filler has occurred in these
samples, which degrade and cause stresses on the matrix phase. Consequently, voids are
formed and microorganism activities spread to the whole sample, including the RPP
matrix (in circle).

The fracture surfaces of RPP without filler are displayed in 0 months exposure
and 12 months exposure. It was observed that there were crystallite formations on
the surface area of the samples without biological effect. However, changes in the
samples had been found after 12 months of the biological test. Some deterioration
of microorganisms is observed in the sample. No crystallization or plasticizing fracture
was detected in these samples, indicating that degradation occurs in the polymer chains
of RPP.
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