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Abstract. In this research, the kenaf core fiber (KCF) reinforced polypropylene (PP) in the
presence of styrene butadiene rubber (SBR) were melted blending with PP using Brabender
internal mixer. The composites then fabricated using compression molding to form a sheet of PP
and KCF reinforced PP (KCFPP) composites. Pure polypropylene (PP) matrix was used to serve
as control whilst SBR was functionalized as impact modifier to improve the toughness properties
of PP. The mechanical properties were determined by tensile test using Universal Testing
Machine (UTM) according to ASTM D5803. The results show that the increment in SBR content
has given an improvement in impact related properties (elongation at break) but at the expenses
of strength and modulus properties.

1. Introduction

Polymer matrix composites (PMCs) are from variety of short or continuous fibres that are bind together
by an organic polymer matrix. PMCs consist of a polymer matrix which is known as matrix and fibres
as the reinforcement method. Since a few decades ago, many researchers have used natural fibre
reinforced polymer composites in their researches because they are renewable, cheap and also low
density [1]. Besides, natural fibres such as abaca, jute, kenaf and coir are good reinforcement in
thermoplastic and thermoset matrices. Natural fibres also have been used in many applications such as
automotive, building, industries and aerospace industry [2].

To reduce cost and avoid harmful destruction of the environment, Hibiscus cannabinus L or known
as kenaf fiber has been chosen in this research. It is because of their environmentally friendly and
biodegradable [3]. Next, polypropylene (PP) also was used as a matrix in the composites. PP has many
advantages due to its good properties for composite fabrication. In addition, PP also can be used for
reinforcing, blending and filling [4]. However, since PP has low toughness, especially below room
temperature, the addition of kenaf core fiber (KCF) into PP had further reduced the impact properties of
the composite due to ductile to brittle transition.
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To overcome this problem, this research had used synthetic rubber. Synthetic rubber has good
dimensional stability and strength. The synthetic rubber usually has been applied in automobiles,
footwear and civil construction. Hence, styrene butadiene rubber (SBR) was chosen. SBR is copolymers
of styrene and butadiene and also known as Buma-S. Usually, this rubber used by mix it with other
materials such as natural rubber to improve its mechanical properties [5]. Besides, SBR mostly used to
produce car tires and parts of the automotive industry. This is because SBR has high abrasive, good
resistance against thermal degradation, high crack resistance and lower rolling resistance [6].
Furthermore, SBR has been known for its high impact strength which enhances the toughness of PP
when blending with it. The present paper reports the effect of SBR as an impact modifier on the physical
and mechanical properties of KCF reinforced PP composites.

2. Experimental Method
Kenaf core fiber (KCF) acts as reinforcement fibres were supplied by Lembaga Kenaf dan Tembakau
(LKTN) and polypropylene (PP) as a matrix was manufactured by Lotte Chemical Titan Sdn.Bhd.
Besides that, styrene butadiene rubber (SBR) also was used as an impact modifier to enhance the
toughness properties of PP composites. All these materials were melt-blending using Brabender internal
mixer according to formulation in Table 1.

The compression molding was used to prepare the composite's specimen, and tensile properties were
conducted by a universal testing machine (UTM) model Testometric M500-50T. Next, water absorption
also was conducted to characterize the physical properties of the samples.

Table 1. Formulation of composites

Samples KCF PP SBR

(Wt%) (Wt%) (Wt%)
SO 0 100 0
S1 30 70 0
S2 30 68 2
S3 30 66 4
S4 30 64 6
S5 30 62 8
S6 30 60 10

The formula of Water Absorption:

Water Absorption = Wf_.W i

X 100% (D)
3. Results and Discussions

3.1. Tensile Properties
Figure 1 to 3 shows the tensile properties of KCF/PP with and without SBR by different volume of SBR.
S0 which is pure PP acts as a control in this research. For Figure 1, the highest tensile strength is S1
due to low interfacial adhesion, poor dispersion of reinforcement and high interfacial tension between
components of the polymer blend. As a result, a lower tensile strength of blends than pure PP is expected.
The highest tensile strength observed among the blends of KCF/PP/SBR was 7.463 MPa at S2, then
followed by 6.649 MPa, 6.315 MPa, 6.614 MPa, and 4.940 MPa at S6, S5, S3 and S4 composition
respectively. The patterns show that the increase of tensile strength when 2% of SBR was added. But it
starts decreasing the tensile strength when 4% of SBR was added. Then, the value of strength keeps
decreasing when 6% of SBR was added. However, the value had increased again when 8% and 10% of
SBR was added.
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Figure 1. The tensile strength of KCF/PP/SBR composites

For Figure 2, according to [7] the addition of KCF/PP at S1 results the higher Young’s modulus than
pure PP which 612MPa and 593MPa respectively due to addition of fiber or filler into the matrix, so the
stiffness of the composites increases. Besides, pure PP has lower Young’s modulus because PP does not
have any fiber or filler that acts as a load bearing component in the composites [8].

However, when added SBR, Young’s Modulus become decrease at 2% and start to increase again at
6%. Overall, from general observation, the addition of SBR has reduced Young’s modulus of KCF/PP
composites since rubber generally enhances flexibility of polymer chain [9].
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Figure 2. The Young’s Modulus of KCF/PP/SBR composites

Figure 3 shows the results of elongation at break of S1, 3.09% which KCF/PP composites are lower
than pure PP, due to crack transmit through the lack of interfacial adhesion and it causes S1 to become
brittle. Besides, the formation of agglomeration also might cause the lower in elongation at break.
However, when 2 % was of SBR was added into the composite elongation at break increases which 6.56
%. This might due to the SBR acts as an impact modifier to enhance the properties of PP. Then, the
elongation at break starts slightly to decreases again when 4% of SBR was added. Overall, the results,
can observe the addition of SBR decrease the strength and modulus but increase the toughness related
properties like elongation at break. The increase in the SBR composition allowed more impact force to
be absorbed through stress distribution by rubber particles present in the composites.
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Figure 3. The elongation at break of KCF/PP/SBR composites

3.2 Water Absorption Properties

Based on the results, the lowest water absorption was observed in Figure 4 was pure PP. PP is
hydrophobic which does not absorb water [10]. For S1, KCF/PP there was a substantial increase in water
absorption due to KCF was hydrophilic. Furthermore, KCF contains cellulose, hemicellulose and lignin,
then, cellulose is a hydrophilic polymer that consists of a hydroxyl group. As a result,, high water
absorption in the composites because the hydrogen bond of water molecules reacts with the hydroxyl
group.

When SBR is added into KCFPP, the water absorption becomes increases. This is due to PP and
SBR are miscible and separate the homogenous phase at low temperatures. The bond between PP and
SBR is then lost, leading to the formation of vacuoles in the structures. [11]. Overall, as shown in Figure
4, the addition of SBR has failed to reduce the water absorption because it is only functioning as an
impact modifier instead of fiber matrix interfacial adhesion promoter.

Water Abscrption (%]

Figure 4. Water absorption for pure PP and KCF/PP composites

4. Conclusion

KCF reinforced PP composite with the presence of SBR was successfully melt blending using Brabender
internal mixer and fabricated through the compression molding method. Based on the results of the
characterization test and analysis that have been carried out, the KCF can be used to reinforce the PP
matrix. Overall, it can be concluded that the increment in SBR content has given an improvement in
toughness related properties like elongation at break at the expense of strength, modulus, and water
absorption properties.

Acknowledgment
The authors would like to express our gratitude to UMK, LKTN, UiTM Perlis and PSU Surat Thani
Thailand for providing the materials and equipment during this research.



INTERNATIONAL CONFERENCE ON SCIENCE AND TECHNOLOGY 2020 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 596 (2020) 012015  doi:10.1088/1755-1315/596/1/012015

References

[1] Taj S, Munawar M A, and Khan S 2007 Natural fiber-reinforced polymer
composites Proceedings-Pakistan Academy of Science 44 129.

[2] Khalid A, Zaman I, Mustapha M S, Rozlan S A M, Berhanuddin N I C, Manshoor B and Chan S
W 2017 Structural characterization and mechanical properties of polypropylene reinforced
natural fibers Journal of Physics: Conference Series 914 012035.

[3] Lufti M T M, Majid D L, Faizal A R M and Norkhairunnisa M 2015 Biocomposite from
acrylonitrile-butadiene-styrene polymer and kenaf whole stem Fibre: Mechanical Properties
Advanced Materials Research 1119 263-267.

[4] Shubhra Q T H, Alam A K M M and Quaiyyum M A 2013 Mechanical properties of
polypropylene composites: A review Journal of Thermoplastic Composite Materials 26 362—
391.

[5] Mozumder M S I, Rahman M M, Rashid M A, Islam M A, and Haque M E 2011 Preparation and
preliminary study on irradiated and thermally treated polypropylene (PP) - styrene butadiene
rubber (SBR) composite Journal of Scientific Research 3(3) 471-479.

[6] Dinsmore R P 2005 Rubber Chemistry Industrial & Engineering Chemistry 43 795-803.

[71 Mustaffa Z, Ragunathan S, Othman N S, Ghani A A, Mustafa W A, Farhan A M and Shahriman
A B 2018 Fabrication and properties of polypropylene and kenaf fiber composite /OP
Conference Series Materials Science and Engineering 42.

[8] LeeCH, Sapuan, SM, and Hassan, M R 2017 Mechanical and thermal properties of kenaf fiber
reinforced polypropylene/magnesium hydroxide composites Journal of Engineered Fibers
and Fabrics 12 50-58.

[9] Amran U A, Zakaria S, Chia C H, Jaafar S N S, and Roslan, R 2015 Mechanical properties and
water absorption of glass fibre reinforced bio-phenolic elastomer (BPE) composite: Industrial
Crops and Products 72 54-59.

[10] Law T T and Ishak Z M 2011 Water absorption and dimensional stability of short kenaf fiber-
filled polypropylene composites treated with maleated polypropylene Journal of Applied
Polymer Science 120 563-572.

[11] Mozumder M S I, Rahman M M, Rashid M A, Islam M A and Haque M E 2011 Preparation and
preliminary study on irradiated and thermally treated polypropylene (PP) - styrene butadiene
rubber (SBR) composite Journal of Scientific Research 3 471-479.



