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ABSTRACT 
Palm fiber (PF) reinforced acrylonitrile butadiene styrene (ABS) composite matrix was prepared by employing 
Injection Moulding Machine (IMM). Palm fiber was collected from ten different trees of different age group 
from Comilla region in Bangladesh. Three sets of samples were prepared for three different wt% (5%, 10% and 
20%) of fiber contents. The mechanical (tensile strength, flexural stress, micro hardness, Leeb’s rebound hard-
ness) and physical (bulk density and water absorption) properties were measured. The observed result reveals 
that the tensile strength (TS) and flexural stress (FS) were decreased with increasing fiber contents in the 
PF-ABS composites except 10% fiber content. 
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1. Introduction 
Although composite materials had been known in various 
forms throughout the history of mankind, the history of 
modern composites probably began in 1937 when sales-
men from the Owens Corning Fiberglass Company began 
to sell fiberglass to interested parties around the United 
States [1]. Over the last thirty years, composite materials, 
plastics and ceramics have been the dominant emerging 
materials. The volume and number of applications of 
composite materials have grown steadily, penetrating and 
conquering new markets relentlessly. Modern composite 
materials constitute a significant proportion of the engi-
neered materials market ranging from everyday products 
to sophisticated niche applications. While composites have 
already proven their worth as weight-saving materials, 
the current challenge is to make them cost effective. The 
efforts to produce economically attractive composite com- 

ponents have resulted in several innovative manufactur-
ing techniques currently being used in the composites 
industry. 

Composite is defined as solid materials, which consists 
of a combination of two or more materials in which the 
individual component retains their separate identity [2]. 
Composite materials are widely used in many fields such 
as: civil, industrial, military, space craft, and biomedical 
application, mainly because of their excellent thermo me-
chanical properties [3]. Traditional plastic materials are 
reinforced by glass fibers, which are both expensive and 
harmful to the environment [4]. 

One of the major environmental problems we are fac-
ing today is the plastic waste problem. The tremendous 
production and use of plastics in every segment of our 
life have increased the plastic waste in huge scale. The 
waste disposal problems have directed great part of the 
scientific research to eco-composite materials that can be 
easily degradable and bio assimilated [5,6]. The use of 
natural fiber as reinforcement for composites has received  *Corresponding author. 
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increasing attention and polymer based composites hav-
ing natural fiber as reinforcement have the potential to be 
attractive alternative to synthetic fiber composites. 

Natural fiber reinforcement increases biodegradability, 
reduces cost and decreases environmental pollution and 
hazards. Recently many types of natural fibers have been 
investigated for use in plastics including palm, flax, hemp, 
jute, straw, wood, rice husk, wheat, barley, oats, rye, bam-
boo, sugarcane, grass reeds, kenaf, ramie, sisal, coir, ba-
nana fiber etc. [4]. Among these fibers, palm fiber is one 
of the particular interests because palm fiber (Palmyra 
Palm) grows plenty in Bangladesh and all over the world 
and composites made of palm fibers have moderate ten-
sile and flexural properties compared with other natural 
fibers. 

Acrylonitrile butadiene styrene (ABS) is a common 
thermoplastic terpolymer made by polymerizing styrene 
and acrylonitrile in the presence of poly butadiene. The 
proportions of contents in ABS can vary from 15% to 35% 
acrylonitrile, 5% to 30% butadiene and 40% to 60% sty-
rene. The nitrile groups from neighboring chains, being 
polar, attract each other and bind the chains together, 
making ABS stronger than pure polystyrene. The styrene 
gives the plastic a shiny, impervious surface. The buta-
diene, a rubbery substance, provides resilience even at 
low temperatures. For the majority of applications, ABS 
can be used between −20 and 80˚C as its mechanical 
properties vary with temperature [7]. The properties are 
created by rubber toughening, where fine particles of 
elastomeric are distributed throughout the rigid matrix. 

A large number of experiments have performed with 
natural fiber reinforced polymeric composites all over the 
world. Mohammad, N. N. B. et al. [8] carried out re-
search on the mechanical properties of kenaf fiber rein-
forced rPET/ABS composites. They observed that there 
was a slightly decrement in mechanical properties with 
addition of kenaf fiber. Rafia Akter et al. [4] observed 
that the tensile strength decreased with the increase of 
talc content in the composites. 

Palm fiber would be a good reinforcing agent in ABS 
and will be a good area of research. With the addition of 
palm fiber in ABS, polymeric matrix could change the 
mechanical and physical properties of the composites. 
Therefore, the mechanical (tensile strength, flexural 
stress, micro hardness, Leeb’s rebound hardness) and 
physical (bulk density & water absorption) properties 
were measured in the palm fiber reinforced ABS com-
posites in this study. 

2. Materials and Methods 
2.1. Sample Collection and Preparation of  

Composite 
Palm leaves of ten different aged trees (five of them are 

above 10 years and another five of them are below 10 
years) were collected from Burura region of Comilla 
district. Dividing ends of the middle hard part of the 
leaves were hammered. Hard part of the leaves was im-
mersed in water for 20 days to rotten. Rotten materials 
were cleaned and fiber were then separated and dried 
under sun light. After that fiber was kept at 100˚C for 24 
hours for partial removal of moisture. Acrylonitrile buta-
diene styrene (ABS) was collected from local market of 
old Dhaka of Bangladesh. After measuring some proper-
ties (Physical: Water absorption, Mechanical: Tensile 
strength and Thermal: TG/DTG) of palm fiber and ABS 
polymer, Palm fiber was cut to 1 - 2 mm in sized. ABS 
and small palm fiber were dried in dryer at 50˚C for 24 
hours. Fined palm fiber and ABS polymer put into the 
injection moulding machine. This mixture was heated at 
150˚C inside the injection moulding machine and molten 
mixture become composite and come out of the IMM. 
This composite was poured into different shape of die for 
different test. Three sets of composites samples (with 5%, 
10% and 20% fiber content) were prepare to carry out 
this research. 

2.2. Characterization of PF-ABS Composite 
2.2.1. Mechanical Properties of PF-ABS Composite 

1) Tensile and Flexural Property of Composite 
Mechanical property such as TS and percentage of 

elongation-at break [EB(%)] of the samples were meas-
ured by a universal testing machine (Hounsfield UTM 10 
KN; ASTM D 3039/D 3039 M-00) [9] at a crosshead 
speed of 2 mm/min, keeping a gauge length of 50 mm. 
FS and flexural strain (%) were also measured by the 
same apparatus [10], keeping a distance of 70 mm be-
tween two supports on which the samples were placed to 
employ load. The test samples were conditioned at 50˚C 
for 24 hours before testing. All the tests were performed 
under the same condition. 

2) Hardness of Composite 
A software controlled Vicker’s square based diamond 

indenter (Shimadzu, Japan) was employed to measure the 
micro hardness (H) from the residual impression on the 
sample surface after an indentation time of 6 seconds. 
Loads of 245.2 mN, 490.3 mN and 980.7 mN were used 
to derive a load indentation value of H in MPa by the 
following relation [11]. 

2

PH K
d

=                 (1) 

where d(m) is the length of indentation diagonal, P(N) is 
the applied load and K is a geometrical factor equal to 
1.891. Sample with flat and smooth surface immediately 
after their preparation were used for this measurement. 
At least five imprints were taken on the sample surface 
for each load, and the H was calculated from the average 
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value of all impressions. 
Leeb’s rebound hardness test is one of the most used 

methods for testing hardness. The portability of Leeb’s 
tester can sometimes help to achieve higher testing rates 
without destruction of samples, which in most of the 
cases thus simplifies process and saves costs [12]. It uses 
a carbide ball hammer that is spring rather than gravity 
powered. An electronic sensor measures the velocity of 
the hammer as it travels toward and away from the sur-
face of the sample. The Leeb’s value is the hammer's 
rebound velocity divided by the impact velocity times 
1000. The result is Leeb’s hardness from 0 to 1000 that 
can be related to other hardness scales such a Vickers. 

2.2.2. Physical Properties of PF-ABS Composites 
1) Bulk Density of Composites 
The bulk density of the composite materials was de-

termined by measuring the weight and dimensions of the 
composite samples by using the following relation. 

tW
D

L W H
=

× ×
              (2) 

where Wt, L, W and H are the weight, length, width and 
height of the composites respectively. The samples were 
dried into dryer at 50˚C for 24 hours before measuring 
the density. Average densities were obtained using result 
from ten samples of each group. 

2) Water Absorption Property of Composite 
The water absorption ability of the palm fiber rein-

forced ABS composites was carried out according to 
ASTM D 570-98 [13]. It was measured by soaking the 
samples in three glass beaker (for 5%, 10% and 20%) of 
water at 25˚C for different periods (upto 576 hours). The 
weight of the samples was measured before immersion of 
the sample. After certain period of times as 1, 2, 24, 48, 
72, 168, 192, 216, 240, 380, 480, 504 and 576 hours, 
samples were taken out from the water, wiped using tis-
sue papers and then measured weight. The water uptake 
(mass gained) was measured by subtraction of initial weight 
from final weight. The percentage of water absorption 
was determined by using the formula [14]. 

100a o
g

o

W W
W

W
−

= ×             (3) 

Where aW  and oW  are the weight of the sample af-
ter and before soaking in water. 

3. Results and Discussion 
3.1. Mechanical Properties of PF-ABS  

Composites 
3.1.1. Tensile and Flexural Property of Composites 
The result of the mechanical tests in terms of tensile 
strength, flexural strength is presented in Figures 1-6. 

Figure 1 shows the tensile strength of the ABS compos- 
ites decreased with the increase of fiber content upto 5%. 
After 5% fiber content in ABS composite, TS increased 
slightly upto 10%. After 10% upto 20% tensile strength 
decreased again. The percentage of change of the tensile 
strength with respect to 0% fiber are 13.8% (for 5%), 9.4% 
(for 10%) and 13.3% (for 20%). The tensile strength de- 
pends on number of factors-fiber loading, matrix strength, 
fiber adhesion between fiber and matrix, orientation of 
fiber etc. For short fiber, the interfacial bonding is im- 
portant. For this composites the adhesion between ABS 
—fiber is poor. The fiber loading is less than critical 
volume in 5% fiber in composites. As a result the tensile 
strength decreased with the increase of fiber. 

Seung-Hwan et al. [15] showed that the tensile strength 
gradually decreased with the increase of fiber content. 
This may be due to poor interfacial adhesion between 
polymer matrix and fiber. This is general phenomenon in 
incompatible composites with different characteristics, 
such as hydrophobicity of the polymer matrix and hy-
drophilicity of the filler. 

The effect of palm fiber loading on elongation at break 
of PF-ABS composites is shown in Figure 2. In this 
graph it is shown that without fiber the elongation break 
(%)/strain (%) is maximum. The elongation at break 
rapidly decreased after palm fiber was introduced in the 
ABS polymer but it is slightly increased when 10% of 
palm fiber is added into the ABS polymer. After that 
elongation at break again decrease at 20% palm fiber. 
Elongation at break showed a significant decrease with 
increasing fiber loading which indicates hindrance by 
fiber to molecular mobility or deformability of polyester 
matrix. It is also derive that elongation at break decreased 
with increasing fiber content in all composites. This may 
be due to the increase in the discontinuity of the polymer 
matrix with the increase in the dispersed phase [15,16]. 

Figure 3 shows flexural strength of polymer matrix 
composites with different wt (%) of palm fiber. From 
figure it is shown that flexural strength decreased drastic-  

 

 
Figure 1. TS vs wt (%) of fiber in composites. 
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Figure 2. Strain (%) vs wt (%) of fiber in composites. 

 

 
Figure 3. FS vs wt (%) of fiber in composites. 

 
cally with 5% fiber content. Then it increased for 10% 
fiber and again decreased for 20% fiber reinforced com- 
posites. For virgin ABS sample the flexural strength is 
65.5 MPa, for 5%, 10% and 20% fiber content in com- 
posites is 62.5 MPa, 64.2 MPa and 61.57 MPa respec- 
tively and indicates that the filler-matrix interaction is in 
poor performance. 

Figures 4-6 show the tensile stress-strain curve of the 
randomly selected composites with 5%, 10% & 20% 
fiber. The tensile stress for composites with 5%, 10% and 
20% fiber contents are 37.32 MPa (C1S1), 39.3 MPa 
(C2S2) and 38.32 MPa (C3S7) respectively. By compar- 
ing three figures it is seen that tensile stress is slightly 
higher for 10% fiber contents in the composites. 

Natural fiber and their composites are environmental 
friendly and renewable, however they have several bot-
tlenecks. They have poor wet ability, incompatibility with 
some polymeric matrices and high moisture absorption. 
Due to high moisture absorption properties, there are 
formations of void in the composites which can reduce 
the mechanical properties of composite such as flexural 
strength [8,17]. 

 
Figure 4. Stress vs strain (%) curve of sample (C1S1). 

 

 
Figure 5. Stress vs strain (%) curve of sample (C2S2). 

 

 
Figure 6. Stress vs strain (%) curve of sample (C3S7). 

3.1.2. Hardness of the Composite 
Figure 7 shows the effect of addition of palm fiber in 
PF-ABS composites. It reveals that with the increase of  
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palm fiber content in the composites, the Vicker’s micro 
hardness decreased. 

Figure 8 shows a graph of micro hardness with a dif- 
ferent load scale. It is seen that composites shows more 
or less same hardness for different loads. Before per- 
forming each of the experiment, all the samples were 
dried at 50˚C in dryer. After that it may contain some 
moisture content. C. Tan et al. [18] showed that due to 
high moisture absorption properties, there are formations 
of void in the composites which can reduce the me- 
chanical properties of composite such as hardness. Bhui-
yan, A. H. et al. [19] showed that with the inclusion of 
TiO2, the hardness of the composites decreased. This 
conclude that the composite materials were somewhat 
soften by the addition of filler. Figure 9 shows the 
Leeb’s rebound hardness for different wt (%) of fiber  

 

 
Figure 7. Average Vicker’s hardness vs wt (%) of fiber in 
ABS composites. 

content composites. Leeb’s rebound hardness increased 
with increase of fiber content in composites. Since the mi- 
cro hardness decreased, which will create more rebound 
velocity, and then finally Leeb’s hardness increased. 

3.2. Physical Properties of PF-ABS Composites 
3.2.1. Bulk Density of Composites 
Figure 10 shows the effect of fiber loading in the PF- 
ABS composites. Figure 10 indicates that the bulk den-
sity of the composites is not homogeneous under the 
same condition. Bulk density is small in value for com-
posites with 5% fiber. After 5% fiber in composite, bulk 
density is increased with the increase the fiber content in 
the composites. The samples used for bulk density did 
not follow the same size in injection moulding machine 
because pressure was given manually. When the pressure 
was low, the molten composites did not pour the same 
die homogeneously, which might vary the size and weight 
of the samples. 

3.2.2. Water Absorption Property of Composites 
The effect of the addition of fiber content on the water 
absorption behavior of the composites is shown in Fig-
ure 11. The water absorption of the composites was found 
to increase with increased palm fiber content as shown in 
Figure 11. The first 72 hours of immersion showed a 
rapid increase in the level of water absorption of the 
PF-ABS composites. The next 504 hours showed gradual 
increase in the water uptake, and the samples finally 
reached a plateau for the rest of the testing period. Addi-
tionally, the water absorption increased with soaking time, 
but the rate of absorption decreased over time for all of 
the PF-ABS composites. 

Generally polymer likes ABS and polylactic acid can  
 

 
Figure 8. Vicker’s hardness vs wt (%) of fiber in ABS composites for different loads. 
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Figure 9. Leeb’s Rebound Hardness vs wt (%) of fiber in 
composites. 

 
Figure 10. Bulk density vs wt (%) of fiber in composites. 

 

 
Figure 11. Water absorption (%) vs soaking time in hours. 

 
absorb small amount of water while the PF-ABS com-
posites absorbs more water due to the hydrophilic nature 
of the palm fiber (due to presence of polar group).Water 
may penetrate into the composite through the cutting/ 
interfacial side of the sample [20] that allowed hydrogen 
bonding to occur between the free hydroxyl group of the 
cellulosic molecules with water molecule. During the 
first 72 hours, the water caused the fiber cell wall to 
swell and caused the fiber to expand until the cell wall 
becomes saturated with water. At later time composites 
reached a constant water uptake beyond which water 
exists as free water in the void structure and does not 
contribute to further expansion [21]. At higher palm fiber 
content, however, there were more free hydroxyl group 
to interact and absorb water compound to composites 
with lower palm fiber contents. 

4. Conclusion 
The mechanical and physical behavior of palm fiber rein-

forced ABS composites was studied. The mechanical prop-
erties did not change in the same ratio. The mechanical 
properties like tensile and flexural properties are the 
highest at 10% palm fiber content in the PF-ABS com-
posites. This was attributed to the fact that the random 
fiber orientation resulted in lower properties. Treatment of 
palm fiber in ABS matrix does not bring regular and 
considerable change in the mechanical properties of the 
composites. Physical properties as water absorption 
property showed that with the increase of fiber content in 
the composites, water absorption increases. 
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