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Abstract—This work investigate the mechanical and 

viscoelastic behaviour of oil plam mesocarp fiber (OPMF) 
reinforced linear low density polyethylene (LLDPE) 
biocomposites after chemical modification which is grafting 
copolymerization on the biocomposites. The OPMF was 
grafting copolymerization with different loading of oil palm 
mesocarp fiber (OPMF) by using maleic anhydride (MAH) as 
monomers (10%, 20%, 30%, 40%, 50% and 60% of OPMF). 
The OPMF-LLDPE bicomposites mixed and melt-blended in 
an extruder in order to prepared samples from 
characterization and mechanical properties test. For the 
tensile test showed that at loading 50% of OPMF the 
maximum amount of tensile stress can be can be loaded. Next 
for the stress relaxation test showed that the higher relaxation 
rate at the loading of OPMF is 40% content that means the 
stress relaxation is becomes the fastest. Besides, the cyclic test 
showed as increasing the loading of OPMF after grafting 
polymerization process shows that the biocomposites become 
more elastic behaviour. From this study, it was found that the 
grafting copolymerization on the OMPF-LLDPE 
biocomposites can increase the viscoelastic behaviour. 
 

Keywords— Cyclic test, Grafting copolymerization, Linear 
low density polyethylene (LLDPE), Oil Palm Mesocarp Fiber 
(OPMF) and Stress relaxation test 

I. INTRODUCTION 
Oil palm mesocarp fibers (OPMF) are residue obtained from 

the production of oil palm, which are normally utilized for bio-
composites (Shinoj et al., 2011) or bio-compost (Md Yunos et al., 
2012) application. The effect of existence of a silica bodies and 
wax layer that are implanted on the surface of oil palm biomass 
are will be occur that the several of application of OPMF become 
hindered (Omar et al., 2014a,b). The contact between the fibers 
and matrix will be decreases if the present of silica bodies and 
wax layer on the fiber, so that, it will disturbing the fiber 
achievement in biocomposites applications (Shalwan & Yousif, 
2013). Apart from that, lignocellulosic content of the fiber also 
critically affected to the bioconversion. For instance lignin 
decreases the hydrolysis rate by acting as a physical barrier, which 
hiders the cellulosic availability to the enzymes (Chaturvedi & 
Verma, 2013). Lignicellulosic materials also have lack of good 
interfacial adhesion and poor resistanve to moisture adsorption 
render the use of lignocellulosic filled-composites less attractive. 
These problems can be improved to some extent by treating the 
lignocellulosic fibres with right chemicals (Rozman et al., 2003).   

The physical and chemical structure of the fibers can be change 
by using pre-treatment which are contain various method that can 
be apply to the fiber. These treatments are helpful for the fibers 
 

 

used in various applications as the filler agent or as the main 
structural component. These problems can be alleviated to some 
extent by treating the lignocellulosic fibres with suitable 
chemicals. Various chemicals modification has been employed to 
enhance the compatibility between the constituent materials. In 
this research, grafting copolymerization method is effective 
method for chemical modification. The free radicals of the 
cellulose molecule are introduced in the grafting copolymerization 
reaction. The cellulose is treated with an aqueous solution with 
selected ions and is exposed to a high energy radiation. Then the 
cellulose molecule cracks and radicals are formed. Next the 
radical sites of the cellulose are treated with a suitable solution 
which is compatible with the polymer matrix (Bledzki, 1999).  
Monomers that have been used for grafting onto polyolefin 
include maleic anhydride (MAH), citraconic anhydride, itaconic 
anhydride and itaconic acid. However, in this research, maleic 
anhydride has been chosen as a monomer. The function of the 
grafting copolymerization is to increase the efficient for improving 
the compatibility between polymeric matrices and natural fibers 
are by grafting of anhydride onto polymers. The result of reaction 
between maleic anhydride groups with hydroxyl groups on the 
surface of cellulosic fibers can be reduced hydrophilic behavior of 
the fibers.  

The purposes of this research are to study the effect of grafting 
maleic anhydride onto linear low density polyethylene (LLDPE) 
with different loading of OPMF in the mechanical behaviour. 
Next, in this research also determine the behaviour of OPMF 
whether in viscoelastic or viscoplastic properties. The stiffer 
stress-strain curves under higher strain rates and a decay of stress 
under constant stain tensile/compression tests are refer to the 
viscoelastic.  

II. METHODOLOGY 

A. Preparation of fibers  
Oil palm mesocarp fibers were obtained from Besout Palm Oil 

Mill (Sungkai, Perak, Malaysia). The palm species used was 
Elaeis guineensis Jacq. The samples were then kept in a 
controlled environmental condition of -20°C to avoid fungus 
growth. OPMF was prepared by washing with detergent and water 
to remove the remaining oil still present to improve good adhesion 
with the LLDPE (Olusunmade et al., 2016). After washing, the 
fibers were dried in a Universal Oven at 105°C for 24 hours 
(Hanipah et al., 2016). The dried fibers were then grinded by 
Cutting Mill SM100, sieved into 1000µm, and stored in a sealed 
plastic bag for biocomposites fabrication.  
 

B. Grafting copolymerization 
The process of grafting copolymerization was performed 

through extrusion as described by Krivoguz, Gulyev, and Pesetskii 
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(2010) with significant deviation as their study was focused on 
grafting LDPE and mLLDPE while this study is focusing grafting 
on the mixture of LLDPE and oil palm mesocarp fiber. The 
process was conducted in the twin-screw extruder with the 
reaction zone temperature in the extruder was at 170°C. Prior to 
running the extruder, the amount of fiber and LLDE, was weighed 
first according to the formulation follows by pre-mixing as shown 
in Table 1 below for a total weight of 80 g. For the amount of 
Anhydride are 5% from the weight of LLDPE while the amount of 
peroxide is 2% from the weight of Anhydride.  
 

Table 1: The formulation of OPMF-LLDPE by using the Maleic 
Anhydride as a monomer with 5% WT from the weight of LLDPE 
Sample  OPMF 

(WT %) 

LLDPE 

(WT %) 

Peroxide 

(WT %) 

MAH 

(WT %) 

1 10 90  

 

2 

 

 

5 

2 20 80 

3 30 70 

4 40 60 

5 50 50 

6 60 40 

 

C. Biocomposite preparation 
The materials were mixed and melt-blended in a twin-screw 

extruder model HAAKETM Rheomax CTW 100 OS at 170°C and 
a screw speed of 20 rpm. The extruded strand was pelletized. 
Extruded pellets were compressed into 3 mm thick film by 
Hydraulic Hot Forming Press Machine QC-602A (Cometech 
Testing Machine Co., Ltd.) at 170°C under pressure of 2000 psi 
with residence time at 20 minutes.  
 

D. Mechanical tests 
Mechanical tests were conducted by using a Texture Analyzer 

which is model TA-XT, Stable Micro Systems Ltd. This machine 
used at a controlled ambient temperature. The fibers’ diameter 
measurements were performed using an optical microscope which 
is model Dino-Lite AM 4223 series. The diameter were measured 
at three different locations before the values were averaged (Omar 
et al., 2014a).  

The stress relaxation test was conducted by stretching the fiber 
to a required strain, with the strain being held constant for a 
period of time while the stress decay was calculated (Xiang et al., 
2015). Stress relaxation is accepted test methods for predicting 
the long-term mechanical performance of the composites. The true 
stress, from the experiment results are calculated by as: σ = (F/A) 
(l/lo), where F is the force, A is the surface area of the sample and 
l and lo are the deformed and undeformed height of the sample (in 
mm), respectively. The true strain was obtained or calculated by 
using the equation ɛ = ln(l/lo) (Mohammed et al., 2018).  

True stress and true strain are used for accurate definition of 
plastic behavior of ductile materials by considering the actual 
(instantaneous) dimensions. True stress is the stress determined 
by the instantaneous load acting on the instantaneous cross-
sectional area whiles the true stains are the rate of instantaneous 
increase in the instantaneous gauge length (True Stress (σ T ), 
n.d.).  

True stress-true strain curves are often known as flow curves, 
which symbolize basic plastic flow characteristic of the material. 
The flow curve is often used to define two parameters 
characteristic of the material which are the strain hardening 

exponent and the coefficient of the strength of the material.  
 

III. RESULTS AND DISCUSSION 

A. The effects of tensile test result by grafting 
copolymerization with different loading of OPMF 

From the result at Figure 1, it show that result of tensile 
result. At 50% wt loading of OPMF, the true stress reach 3.5 MPa 
which is means this biocomposites have the maximum amount of 
tensile stress can be can be loaded almost until 3.5MPa before it 
failure. The loading of OPMF at 10% until 30% were increasing 
the value of true stress or tensile stress while the loading of 
OPMF at 40% were drop but the loading at 50% of OPMF were 
increasing as the highest value of tensile stress. The value of true 
stress at loading 60% of OPMF was drop.   

 

 
Figure 1: A typical stress-stain curve with various content of OPMF 
 
 
 So that, it shows that as increasing the loading of OPMF after 
the grafting copolymerization process, the tensile strength of 
OPMF-LLDPE biocomposites were increasing. The factor of the 
loading of OPMF at 40% and 60% are drop because stress may 
lead to failure process are slipping out of fibrils, disruption of the 
chemical structure and other else (Sreekala et al.,2001). Khalid et 
al 2018 done the study on tensile of OPM-PP. In their findings the 
tensile strength is reduce as the loading increase. The reducing of 
tensile strength is due to interruption caused by the fiber in 
transferring the stress along applied force due to lack of interfacial 
adhesion of the fiber and the matrix (Khalid et al.,2008).   
 Figure 2 depict the strain-strain curve the result of tensile test 
the 50% wt loading of OPMF biocomposites. This stress strain 
curve can be divided into 3 boundaries which are elastic, plastic 
and fracture regions where the approximate boundaries between 
the regions are highlighted. In the first region where strain was 
less than 0.044, in this region recommended that no or   damage 
happens within the microstructure of the fiber when deformed 
under small deformation. However, for strain beyond 0.044 is the 
plastic region, it is likely that damages within the fiber caused 
deviation from the elastic line. Omar et al. (2014), through 
numerical work, suggested that region is related to the debonding 
of the silica-body and OPEFB fiber interface (Omar et al., 2014a). 
Finally, the sudden drop of stress at the fracture region observed 
complete failure of the fiber.    
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Figure 2: True Stress (MPa) vs True Strain (mm/mm) for the 
5050MAH 
 

B. The effects of stress relaxation test result by 
grafting copolymerization with different loading of 
OPMF 

Figure 3 shows curve of relaxation behaviour of the composites 
having different loading of OPMF. The shapes of the entire curve 
are observed similar trend to the every each other with the 
presence of different loading of the fiber in between matrix layers. 
It shows that, the viscoelastic behaviour is evidenced from 
relaxation test result at all loading of OPMF as presented by the 
steady decrease of stress at the constant strain over time. Hanipah 
et 2017 have shown the similar observation from in their study of 
stress relaxation test of OPMF (Hanipah et al., 2017).  

The rate-dependent behaviour at the loading of OPMF from 
10% to 30% were found that become more stiffer stress-strain 
curves and stress relaxation become more slower so that mean the 
relaxation rate of composites become more decreasing. While the 
loading of OPMF at 40% was show the stress-strain curve become 
less stiff and stress relaxation is becomes the fastest, so that, the 
relaxation rate of composites become more increasing. Next, 
followed the loading of OPMF at 50% was show the stress-strain 
curve are the most stiff and stress relaxation is becomes the 
slowest, so that, the relaxation rate of composites become more 
decreasing. Finally, the loading of OPMF at 60% was found that 
the stress relaxation become faster than the loading of OPMF at 
50% and it also same like the stress relaxation for loading of 
OPMF at 20%. 
 

 
Figure 3: True Stress (MPa) vs Log Time (s) with various loading of 
OPMF 
 

So that, from the result and observation of stress relaxation, it 
was found that the higher relaxation rate at the loading of OPMF 
is 40% content while the lowest relaxation rate at the loading of 
OPMF is 50% content. It shows that by grafting copolymerization 
process, the relaxation rate become high and stress relaxation are 
become fast when the loading of OPMF are increasing. Sreekala 
et al., studied about the effect of the treatment of fiber toward the 

stress relaxation, so that, the findings are alkali treatment 
decreased the relaxation rate of Oil Palm Fiber-Phenol 
Formaldehyde composites due to strong interfacial interlocking 
between fiber and matrix (Sreekala et al., 2001).  

 

C. The effects of cyclic test result by grafting 
copolymerization with different loading of OPMF 

The Figure 4 below shows the result of the cyclic test for each 
loading of OPMF after grafting copolymerization process. While 
The Figure 5, show the result of loading-unloading test with 
different loading of OPMF. From the result in Figure 5 show that, 
the loading of OPMF in 20%, 30% and 50% can loading the 
stress more than 7MPa while the rest of loading of OPMF like 
10%, 40% and 60% can be loading the stress are less than 6MPa. 

For the loading of OPMF at 50% in the Figure 5 (e) are show 
the value of elastic strain is 0.2602mm/mm while the value of 
plastic strain is 0.0122mm/mm and this loading of fiber can be 
load the stress around 7.4MPa, so that, it shows that in this 
loading of fiber are more in elastic behaviour than plastic 
behaviour. 

 

 
Figure 4: True Strain (MPa) vs True Stress (mm/mm) with various 
loading of OPMF. 
 

 
Figure 5: The result of cyclic test for each loading of OPMF; (a) 10% of 
the OPMF, (b) 20% of the OPMF, (c) 30% of the OPMF, (d) 40% of 
the OPMF, (e) 50% of the OPMF and (f) 60% of the OPMF. 
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From the overall result of loading-unloading test or cyclic test 

shows in the Table 2 below that as increasing the loading of 
OPMF after grafting polymerization process shows that the 
biocomposites become more elastic behaviour because the value 
of elastic strain was increasing as the loading of OPMF 
increasing.  

 
Table 2: The value of elastic strain, plastic strain and stress loaded for 

each loading of OPMF 
Loading 

of OPMF 
 

Elastic Strain 
(mm/mm) 

Plastic Strain 
(mm/mm) 

Stress Loaded  
(MPa) 

10% 0.2103 0.0617 6 
20% 0.2031 0.0686 7.5 
30% 0.2168 0.0561 7.3 
40% 0.2594 0.0131 5.7 
50% 0.2602 0.0122 7.4 
60% 0.2626 0.0053 5.3 
 
 

IV. CONCLUSION 
From this study, the objectives were successfully achieved 

based on the result and all the samples were well prepared. An 
investigation of the effect chemical modification which is grafting 
copolymerization on fiber by using maleic anhydride (MAH) and 
study of viscoelastic behaviour of OPMF-LLDPE by mechanical 
test via tensile strength, stress relaxation and cyclic tests. The 
result for the tensile strength tests show, as increasing the loading 
of OPMF after the grafting copolymerization process, the tensile 
strength of OPMF-LLDPE biocomposites were increasing. This is 
because the better interaction between fiber and matrix. Stress 
relaxation and cyclic tested showed the viscoelastic behaviour. 
The loading of OPMF at 40% was show the stress-strain curve 
become less stiff and stress relaxation is becomes the fastest. 
While in the cyclic test shown the result, as increasing the loading 
of OPMF after grafting polymerization process shows that the 
biocomposites become more elastic behaviour.  
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