
Accelerated ultraviolet weathering of unplasticized poly(vinyl chloride) (UPVC) filled
composites with different filler contents of oil palm empty fruit bunch (EFB) was
studied. The unfilled and filled composites samples were manufactured by dry-

blending PVC, EFB fillers and other additives in a heavy-duty laboratory mixer. The dry-
blended compounds were then two-roll milled and hot pressed into samples. The com-
posites samples were exposed to cyclic ultraviolet fluorescent lamps/condensation for
504 h of accelerated weathering. Each assessment consisted of SEM analysis, impact
and flexural testing, visual inspection and FTIR analysis.  The experimental results indi-
cated that EFB fillers accelerated photo-oxidative degradation of the UPVC matrix.
Although filled composites exhibited greater discolouration than unfilled composites, their
impact and flexural properties changed only slightly after accelerated weathering.
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One of the natural fibres that has
received much attention by
Malaysian researchers is an oil palm
empty fruit bunch fibres (EFB) [1,
2]. Oil palm (Elaeis guineensis) orig-
inated from the tropical forest of
West Africa. It has now become a

major cash crop and is cultivated
commercially in Malaysia.  Many
million tonnes of EFB on dry weight
basis are produced annually through-
out the world [3, 4]. EFB is left
unutilized after the removal of the oil
seeds for oil extraction and consists
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of holocellulose (82.5%), lignin (17.2%), extractives
(2.3%) and ash content (5.4%) [5]. In order to minimize
the abundance of this industrial waste and environmen-
tal problems, therefore new applications are urgently
required for EFB to be more useful.

Advances in science and technology demand a
variety of new polymers with good performance and
low cost. Thus, composite materials have been con-
sidered to be one of the more promising approaches to
the production of new materials and have been stud-
ied extensively [6]. The incorporation of EFB fibre as
a reinforcing component in polymers has received
much attention. [1-3, 7, 8 ]. Most of the research on
EFB so far have dealt with polymers such as
polypropylene, polyesters, polystyrene and phenol-
formaldehyde resin, whereas the use of EFB in PVC
has not been studied extensively. The researchers have
focused on how fibre loading, fibre size distribution
and fibre surface treatment affect the mechanical
properties of the composites.  As with other natural
fibres, many issues have been identified in the pro-
cessing of the composites. These include the low com-
patibility between EFB fibres and polymer matrix,
high moisture uptake and poor dispersion of the fibres
in the matrix. 

Currently, poly(vinyl chloride) (PVC) resin plays
important role in plastic industries as a major com-
ponent for composite manufacturing [9]. The reasons
for the success of PVC include its versatility,
extraordinary stability to weathering and competi-
tive price. During the last few years, researchers
have concentrated their efforts to develop natural
fibre-filled PVC composites and they reported that
these composites offer advantages of 20% reduction
in processing temperature and 30% of weight reduc-
tion [10]. In order to produce good performance of
natural-fibre filled composites thus various types of
natural fibre have been extensively studied [11, 12].
In fact, industrial experts believe that the demand for
natural fillers for plastics composite applications
would grow at least six-fold in the next 5 to 7 years
[13]. The rationale behind this interest is that the use
of natural fibres offers several benefits, including
lower cost, less abrasiveness to equipment, high spe-
cific properties such as higher specific modulus
(modulus/specific gravity), renewable nature and
biodegradability [10].

In spite of the advantages mentioned above, a
major problem for the outdoor applications of natural
fibres-filled PVC composites is that terrestrial sunlight
can cause photo-degradation. This degradation is main-
ly due to the high susceptibility of both the PVC matrix
and wood fibres to photo-degradation when exposed to
such factors as long-term solar UV radiation, rain and
other environmental pollutants. Photo-degradation
results in serious deterioration of mechanical properties
and discolouration of the material during service life
and is of special concern for the use of these compos-
ites for outdoor applications [6,11].

The mechanism of photo-degradation of PVC has
been reported in detail by Wypych [12]. PVC under-
goes dehydrochlorination reaction (hydrogen chloride
evolution) upon long-term exposure to ultraviolet
(UV) irradiation. The reaction proceeds like a chain
reaction, producing long sections of conjugated poly-
enes (polyene linkages). Simultaneously, PVC prod-
ucts undergo discolouration while molecular chains
undergo two-competent processes, which are chain
scission (breaking) and cross-linking, with the expect-
ed deleterious effects on the mechanical properties
[11,14]. Chain scission lowers the molecular weight,
whereas cross-linking raises molecular weight by
increasing the bonding between polymer chains. The
presence of chromophore materials (impurities) such
carbonyl and hydroperoxide groups within the poly-
mer chains or on the side groups, and carbonyls, car-
boxylic acids, quinones and hydroperoxy radicals
from the breakdown of lignin of natural fibres accel-
erated the degradation process [11,14,15]. These chro-
mophoric groups are effectively absorbed by the inci-
dent light to initiate the dehydrochlorination reac-
tions.

Despite the known effect of wood fibre on the dis-
colouration and photo-degradation of natural fibre-
filled UPVC composites, a very small number of stud-
ies have been carried out to investigate the influence of
EFB filler content on the ability of the composites to
resist UV light irradiation. In addition, the effects of
UV light irradiation and moisture on the mechanical
properties of weathered composites have not been thor-
oughly investigated. With this in mind, the main objec-
tive of the study is to investigate the mechanical prop-
erties of composites after exposure to the accelerated
UV weathering test.



EXPERIMENTAL

Materials  
The suspension PVC resin used in this study, with a
solution viscosity K-value 66, and trade name MH-66
was supplied by Industrial Resin Malaysia (IRM) Sdn
Bhd. Tampoi, Johor, Malaysia. Its specifications of
PVC are summarized in Table 1. The additives used in
the PVC formulations (Table 2) were also supplied by
IRM Sdn.Bhd. The EFB fillers were purchased from
Sabutek Sdn. Bhd., Teluk Intan, Perak, Malaysia.

Filler Preparation
A Restsch shaker was used to separate the EFB fillers
into different sizes. The vibration time used was
10 min.  The length of the EFB fillers used in this study
was less than 75  µm. The EFB fillers were dried in an
oven at 105oC for about 24 h to constant weight, the
weight loss then being calculated. The moisture content
of EFB fillers was found to be around 5%. It should be
noted that, no chemical treatment was applied to the
EFB fillers used in this study.

Sample Preparation
Dry blending of each formulation as shown in Table 2
was done using laboratory high-speed mixer for
10 min. The dry-blended of each formulation was
sheeted using a laboratory two-roll mill at temperature
of 165oC for 10 min. The milled sheets were then
placed into a mould with five cavities and hot pressed
at 180oC and 120 kg/cm2, respectively, for 5 min. The
mould was cooled for 5 min before the specimens were
removed from the cavities. 

Accelerated Weathering Test
The sample test bars were tested using ATLAS UV
accelerated weathering tester according to ASTM G53.
The tester simulated the deterioration caused by water
such as rain and the UV energy in sunlight. The ATLAS
UV accelerated weathering tester chamber consists of a
corrosion resistant material test chamber enclosing
eight fluorescent UV lamps, a heated water pan, test
samples racks and means for controlling and indicating
operating times and temperature.

The samples were alternatively exposed to UV
alone (4 h at 70oC) and to condensation alone (4 h at
50oC) in repetitive cycle without interruption, 24 h a
day. Condensation was produced by exposing the test
surface to a heated, saturated mixture of air and water,
while the reverse side of the test samples was exposed
to the cooling effect of ambient air. The total exposure
time was 504 h (3 weeks). The durability of each sam-
ple was evaluated by comparing the mechanical prop-
erties between unweathered and weathered samples.

Mechanical Tests
The Izod impact strength test according to ASTM D256
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Table 1. Specifications of PVC suspension resin MH-66.

Table 2. Blend formulations.

Appearance

Degree of polymerization

K-value

Specific gravity

Bulk density (g/cm3)

Volatile matter (max) (%)

Foreign matter (grain/100g)

Particle size (%)

White powder

1000 ± 50

66

1.4

0.50 ± 0.05

0.5

15

0.3

Ingredients
Formulations (phr)

Unfilled PVC-U EFB-Filled PVC-U composites
Poly(vinyl chloride) resin

Tin stabilizer (heat stabilizer)

Calcium stearate (internal lubricant)

Stearic acid (external lubricant)

Acrylic polymer (processing aid)

Titanium oxide (pigment)

Oil palm empty fruit bunch (EFB)

100.0

2.0

0.5

0.6

1.5

4.0

0

100.0

2.0

0.5

0.6

1.5

4.0

10,20,30,40



(A) was carried out on notched samples of dimensions
62.5 × 13 × 3 mm3 at room temperature using an IMPats
pendulum impact tester at an impact velocity of 3.0 m/s
and 90o swing angle. The specimens were notched with
a notch cutting apparatus. The notch depth was fixed at
2.6 ± 0.02 mm with angle 45o. Flexural test were con-
ducted on the Instron Machine Model 5567 according
to ASTM D790. The samples, with dimensions
125 × 13 × 3 mm3, were tested at a cross-head speed of
3 mm/min at room temperature. The support span for
the flexural test was 51 mm. All the reported values for
the tests were the average of seven specimens.

Scanning Electron Microscopy Investigation 
Studies on the composite impact-fractured surfaces
were performed with a Joel Model JSM 6301 scanning
electron microscopy (SEM). A small portion of sample
was mounted on the copper stub and sputter-coated
with a thin layer of gold to avoid electrostatic charging
during examination.

Fourier Transform Infra-red Analysis
Fourier transform infrared (FTIR) was used to identify
the related functional groups, present in the unweath-
ered and weathered samples. The small quantity of
samples was dispersed in dry potassium bromide
(KBr). Each mixture was thoroughly mixed in a mortar
and then pressed at pressure of 6 bars within 2 min to
form a moisture-free KBr thin disc. The thin disc was
placed in a sample cup of a diffuse reflectance accesso-
ry. All the spectra were obtained by the KBr technique,
using a Perkin Elmer 2000 infrared spectrometer. The
samples were scanned from 4000 cm-1 -370 cm-1 for 16
times to reduce the noise to signal ratio. 

RESULTS AND DISCUSSION

Figure 1 shows the impact strength of composites
before and after weathering. Before weathering, there
was a decrease in impact strength as filler content
increased from 0 to 40 parts per hundred resins (phr).
The inability of the matrix to shear yield prior to frac-
ture was caused by the ability of filler to hinder the
local motion of the PVC molecules, and the relatively
weak interaction between the filler and matrix as a
result of the greater tendency of fillers to agglomerate

among themselves into filler bundles, and the presence
of moisture were the main causes to the decrease in the
impact strength of composites [12, 16].  The filler bun-
dles, which consequently lower the area of contact with
the matrix were observable by SEM (Figure 2), to be
distributed unevenly throughout the matrix. Mean-
while, the hydrophilic nature of the EFB filler may
have caused them to pick up moisture which evaporat-
ed from the filler-matrix interphase during processing.
This may have resulted in the formation of voids,
which increased the defects of interphase (interaction)
between filler and matrix and can be detected by SEM
as shown in Figure 3. Moisture content in the natural
fibre-filled composites has also been detected by other
researcher, despite careful drying of fibre been done
before mixing [17].

The impact strength of weathered composites for
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Figure 1. Impact strength of unweathered and weathered
composites.

Figure 2. SEM Micrograph for composites containing 40 phr
of EFB filler (magnification 200x).



all filler contents slightly decreased compared to
unweathered composites. The effect of photo-oxidative
degradation process which was initiated by UV irradia-

tion in the presence of oxygen and moisture in the
amorphous regions of PVC was the main cause for the
decrease in impact strength of weathered filled com-
posites [18]. The rate of permeability of oxygen and
moisture is greater in amorphous regions because the
molecular packing was less dense that the degradation
process was able to take place. Some photo-oxidation
processes lead to scission of the polymer chain while
others to intermolecular cross-linking. Intermolecular
cross-linking defined as the joining of two chains or
more, [19] causes material embrittlement [18]. Most
researchers agreed that cross-linking and chain scission
contribute to the deterioration of the impact strength
and other mechanical properties [11]. The suggested
reaction scheme for photo-oxidative degradation (simi-
lar to photo-degradation) is shown in Figure 4 [11, 20,
21]. The action of UV radiation on PVC produces the
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Figure 3. SEM Micrograph for composites containing 30 phr
of EFB filler (magnification 2000x).

Figure 4. Suggested reaction scheme for the accelerated photo-oxidation degradation.
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singlet excited state of polyene sequence which result-
ed from the absorption of conjugated double bonds and
carbonyl groups. The most likely bond to be broken in
the excited singlet polyene sequence is the allylic C-Cl
linkage, due to its low dissociation energy. This results
in the chlorine radical being evolved from the excited
singlet polyene sequence and produces a polyenyl rad-
ical. The radical then reacts with the oxygen to yield
peroxy radicals on the chain and leads to chain scission
(degradation) or/and cross-linking of PVC molecular
chains.

The lignin of the incorporated EFB filler primarily
broke down under UV irradiation leading to the gener-
ation of the chromophoric functional groups which

accelerated the degradation of PVC. The increase in the
intensity of the C=O stretching bands at around 1735-
1731 cm-1 as shown in FTIR spectra (Figures 5 and 6)
provided good evidence of the incorporation of car-
bonyl groups into the UPVC matrix during processing.
The presence of these groups explained the pronounced
degradation observed in the filled composites as com-
pared to unfilled composite [22]. As a result the brittle-
ness of the filled composites was increased.

Figures 7 and 8 represent the flexural modulus and
flexural strength of unweathered and weathered of
composites, respectively.  Before accelerated weather-
ing, there was an increase in flexural modulus and a
decrease in the flexural strength by filler incorporation.
The increment in flexural modulus showed that
although EFB fillers have relatively low aspect ratio
(5:1), they were still able to enhance the filled compos-
ite modulus by hindering the movement of polymer
molecules of the composites [23]. The modulus

Figure 7. Flexural modulus of unweathered and weathered
composites.

Figure 8. Flexural strength of unweathered and weathered
composites.

Figure 5. FTIR Spectra of: (a) unweathered and (b) weath-
ered unfilled PVC-U.

Figure 6. FTIR Spectra of: (a) unweathered and (b) weath-
ered composites containing 30 phr of EFB filler.



increased while the strength decreased with the increas-
ing of EFB filler was in fact in agreement with the trend
observed in other filler-filled thermoplastics [24, 25].
Agglomerations of the fillers in bundles form in the
matrix, moisture pick-up in the fillers, and interfacial
defects could be the main reasons for the reduction in
the flexural strength. All these factors would have
restricted the stress transfer from UPVC matrix to the
EFB filler during flexural and impact testing. 

After accelerated weathering, the weathered com-
posites showed slight increase in the flexural strength
while slight decrease in flexural modulus compared to
unweathered composites. The increase in the properties
of weathered samples was similar with the findings of
other researchers [6] whereby the tensile strength of
PVC/lignin blend increased after undergoing 120 h and
480 h of accelerated weathering. The increase in
flexural strength indicated that the influence of cross-
linking and chain scission of PVC molecular chains in
the composites might cause a slight increase in the flex-
ural strength (Figure 8). However, this evidence was
not conclusive because of the fluctuation and small
magnitude of increase in the flexural strength, which
fell within the experimental error. Furthermore, the
other factors such as filler bundles (Figure 2) and
weakened filler-matrix interaction (Figure 3) might
also influence the flexural strength result.

The effect of weathering on the appearance of all
the samples surfaces was also studied by visual inspec-
tion of the exposed sides of samples (Figure 9).  Sam-
ples of unfilled composite suffered a slight change in
the colour from white to yellowish. This was due to the
presence of chromophoric groups, particularly car-
bonyl functional groups which formed on PVC under
the effect of the UV light. Meanwhile for  filled com-
posites, the initial colour was dark brown which later
changed to light brown after exposure to UV irradia-
tion. In terms of discolouration level, the composites
samples exhibited greater discolouration than unfilled
composite samples. This showed that the addition of
carbonyl functional groups contributed by EFB fillers
within the UPVC matrix caused the discolouration. It
also provided an additional evidence of photo-oxida-
tion of the samples. No cracks have been noticed after
this period of weathering for all samples.

Figure 9 also depicts that photo oxidative-degrada-
tion was primarily a surface phenomenon. Since UPVC

matrix might completely encapsulate the EFB filler
during processing, it was believed that the stress trans-
fer from the polymer matrix to the EFB filler still took
place, and as a result, the impact strength and flexural
properties of the filled composites were just slightly
altered after accelerated weathering.

Fourier transform infrared (FTIR) spectroscopy has
been recently used to study changes in the surface
chemistry of polymer after weathering [22, 26]. FTIR
Spectroscopy was used as complementary technique to
monitor the functional groups of weathered unfilled
PVC and composites. The FTIR spectra of unfilled
composites and filled composite containing 30 phr of
EFB are shown in Figures 5 and 6, respectively. It can
be noticed that the formation of conjugated carbonyl
groups (C=O stretching) were easily recognized at
1735.01 cm-1 for weathered unfilled composite (Figure
8).  The significant increase of this absorption band
(intensity) may be assigned to the functional groups
containing carbon-carbon double bonds (R2-C=C) con-
jugated to carbonyl groups [22]. Meanwhile, the
unweathered unfilled composite has less intensity of
this absorption band. Likewise for the weathered
unfilled composite, the absorption band at 1734.97 cm-1

of weathered composite (Figure 6) was also due to car-
bonyl groups. Although the carbonyl groups absorption
band also emerged at 1730.82 cm-1 for unweathered
filled composite but the intensity of this band was less
than weathered filled composite. This photo-oxidation
degradation was also reflected by the formation of
unsaturated vinyl groups (RCH=CH2) in the absorption
band of 1653 cm-1 (C=C stretching) in the FTIR spec-
tra of weathered samples as shown in Figures 5 and 6
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Figure 9. Appearance of some sample surfaces, a, c,e,f rep-
resent the unexposed surfaces and b,d,f,h represent the
exposed surfaces, after accelerated weathering for 504 h.
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[22, 27]. The vinyl group formation was also supported
by the region 970.32 cm-1 for both weathered compos-
ites [26]. Based on this peak, likewise carbonyl group
formation, the increase in vinyl group concentrations
suggested that the chain scission took place not only to
the polymer chain but also to the EFB filler. Further-
more, the increase of intensity of the absorption bands
at 1428.87 cm-1 and 1430.56 cm-1 (=C-H out-of-plane
bending) in the FTIR spectra of weathered composites
which were associated with out of plane bending  were
also indicative of photo-degradation of samples upon
exposure to UV light [22]. 

CONCLUSION

The effects of accelerated on the impact and flexural
properties of the composites were investigated.  From
this investigation, it can be concluded that the incorpo-
ration of EFB filler into UPVC matrix accelerated the
photo-degradation of UPVC matrix when exposed to
UV irradiation. Polymer cross-linking and chain scis-
sion were considered to be the main causes for the
observed loss of impact strength and flexural modulus
and the slight increase of flexural strength. Photo-
oxidation degradation converted the surface of unfilled
composite and filled composites from white to yellow-
ish and from dark brown to light brown, respectively.
Although filled composites exhibited greater dis-
colouration than unfilled composite, their impact and
flexural properties were only slightly changed after
504 h of accelerated weathering.
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