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Abstract: This paper deals about physical properties of
jute/kenaf/jute (J/K/J) and kenaf/jute/kenaf (K/J/K) hybrid composites, exposed for seven week water immersion. Kenaf/jute
hybrid composites fabricated by hand lay-up technique while
maintaining total fibre loading of 30 wt%. An investigation of
density, water absorption and thickness swelling of hybrid composites with three layering patterns, and pure epoxy matrix samples were carried out. The composites were immersed in distilled
water for a period of 49 days and the desired readings were recorded. The data collections were taken at every odd day for the
first week, namely days 0, 1, 3, 5, 7 days and following that every
7th day until the 7th week. The water absorption results showed
that J/K/J absorbed less water compared to K/J/K composites.
The thickness swelling also showed similar behavior of investigated composites. The density of hybrid composites are showed
the almost slightly similar values of all composites specimens. We
concluded that J/K/J hybrid composites show better dimensional
stability and suitable for further study to fabricate suitable products from it.
Index Term: Jute fibre, kenaf fibre, hybrid composite, water absorption, thickness swelling, density

I.

INTRODUCTION

Natural fibres are globally used for reinforcement in polymer composites. They have some advantages and disadvantage [1]. Few of the advantages of natural fibres include
that they are derived from renewable sources, eco-friendly,
and low cost and easy to harvest [2]. On the other hand, they
also have some disadvantages such as weak mechanical,
thermal and physical properties [3]. Natural fibre are separated into some categories such as straw, bast, leaf, seed,
fruit and glass fibres [4]. Natural fibres such as kenaf, jute,
hemp, sisal and coir has good potential to use in the manufacturing component [5].
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Nowadays natural fibres are used in various applications
such as aerospace manufacturing, marine industry, automotive sector, and construction industry [6], [7]. Previous study
found that mechanical properties of composites can improved by doing hybridisation of fibres [8], [9]. Hybridization has two type which is natural fibre by natural fibre and
other is natural fibre with synthetic fibre [10]. Previous
study found that kenaf and jute has high content of cellulose
and lignin which is the region why composites absorb more
water [11]. Natural fibre has a poor matrices adhesion, it’s
the effects of interfacial bonding among hydrophilic fibres
and hydrophobic matrices [12].
Kenaf fibre are one of the globally used natural fibres
which has good mechanical properties and it is used in various engineering component [13]. Kenaf (Hibiscus cannabinus) fibre is a yearly crop, similar to cotton and jute [14].
Knaf fiber has good potential to use in household and other
Jute fibres belongs from genus Corchorus family [15]-[16].
Jute fibres has two types first one is white and other is
brown in colour, In this study brown colour jute fibre is used
because it has good mechanical properties[17]-[18] . Jute
fiber is normally extracted from stem of jute plant; which is
commonly found in Eastern India and Bangladesh [19]. Jute
fibres grow from 2.5 to 3.5m in height within 4-5 months.
These fibre are obtained by drying in sunlight [20]. Jute fibres mechanical properties are given in the Table 1.The water absorption and thickness swelling of biocomposites badly impress the mechanical properties and also affect characteristics of composites [21].
It is significant investigation of natural composites, it is
also estimated the resulting effects on the biocomposite mechanisms. Such investigation help to understand the effects
and develop techniques for controlling and minimizing water absorption. Physical investigation of kenaf/jute bio composite has been studied [22]. Investigation of water absorption in natural composites is essential for many application
such as outdoor, waste water, packaging and construction
industries [23]. There are three methods to identify the water
absorption in biocomposites; diffusion, capillary flow and
storage of water [24].
Previous researches have been exhibited on the water absorption and thickness swelling, already some investigation
state that the stabilities of different type of fibre composites
and deliberated the problem associate with water absorption and
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thickness swelling in composites [25].
In this research investigation the main objective of kenaf/jute hybrid composites enhanced from water absorption
and thickness swelling investigated. In this research, density, water absorption and thickness swelling behaviors of
kenaf/jute reinforced hybrid composites have been investigate on layering patterns, fibre fraction and time duration.
This study will contributed in future study of mechanical
and thermal behavior of hybrid composites [26].
II.

Fig. 1B: Prepared specimens of a.) J/K/J b.) K/J/K c.)
Epoxy. (Before immersed in distilled water).

MATERIALS AND METHODOLOGY

Materials
In this research, kenaf and jute woven mat fibers were
used as reinforcement for the composite and supplied by
Indersen Shamlal Pvt. Ltd. India. Density and chemical
composition of kenaf and jute fibre were displayed in Table
1. Epoxy resin (Epoxymate) was used with epoxy hardener,
purchased from Mecha Solve Engineering Sdn. Bhd, Selangor, Malaysia. The epoxy and hardener were mixed in a
ratio of 3:1 respectively, as per supplier’s recommendation.

Table 1: Density and chemical composition of kenaf and
jute fibre [27].
S.
No.
1
2

3

Composites fabrication

4

Two different layering patterns such as K/J/K and J/K/J
hybrid composites consisting of woven mat fibres, as shown
in Figure 1A). Before immersed in distilled water and 1B).
After immersed in distilled water, were fabricated using
hand lay-up technique. Weight of the fibres was kept constant. All the composites were prepared at 30% (w/w) of
fibre (kenaf and jute) and 70% (w/w) of epoxy resin. There
are three types of hybrid composites which is K/J/K, J/K/J
and 100% epoxy sample (as control) were left to cure for 24
hours at room temperature. The cured composites together
with the neat epoxy composites were prepared with fixed
dimensions of 20×20×3 mm according to ASTM standards.

Properties

Kenaf fiber

Jute fiber

Density (g/cc)
Cellulose content
(%)
Hemi Cellulose
(%)
Lignin Content
(%)

1.4
53-57

1.3
61-70

15-19

13.6-16

5-11

12-13

Determination of the hybrid composites density
Three hybrid composites specimens were cut as per test
standards which is square shape with dimension 10 x10 x 3
mm. The volume was calculated from the measured dimension. The all hybrid composites specimens’ density was then
recorded and showed in Figure 4. Density was measured by
using ASTM D 1895 standard. The density of the samples
was calculated by using following equation 1.
(1)

Water absorption test and thickness swelling

Fig. 1A: Prepared specimens of a.) J/K/J b.) K/J/K c.)
Epoxy. (Before immersed in distilled water).

In this study, three specimens were used which is
K/J/K, J/K/J and epoxy. Five samples each configuration
were tested according to the ASTM D570 standard, each
specimen was immersed in distilled water at room temperature. After a desired period of time, the samples were removed from the water, properly wiped with a clean cotton
cloth or tissue paper and the weight was measured. The percentage of water absorption was calculated from Equation
(2).
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(2)
Where:
mf = Mass of sample after immersion (g)
mi = Mass of sample before immersion (g)
WA = Water absorption
The thickness swelling of kenaf/Jute hybrid composites
thickness swelling was calculated according to ASTM D570
by using Equation 3.
(3)
Where:
tf = Thickness of sample after immersion (mm)
ti = Thickness of sample before immersion (mm)
TS = Thickness swelling
III.

Fig. 2: Water absorption behaviour of natural hybrid composites
Thickness swelling

RESULTS AND DISCUSSIONS

Water absorption
Figure 2 illustrated the percentage of water absorption
of hybrid composites (J/K/J and K/J/K) and epoxy sample
(as control). It clear seen from Figure 2 that K/J/K hybrid
composites display high amount of water absorption as
compared with other hybrid and epoxy samples composites
due to week bonding between epoxy and fibers. It is shows
the K/J/K specimen has tend to more water absorption as
compared to J/K/J and epoxy specimen. However, low water
absorption of pure epoxy specimen its might be attributed to
hard surface and J/K/J composites which has the good bonding between fibers and matrix. The similar investigation was
found hydroxyl group of kenaf natural fibre has more water
absorption due to high cellulose and lignin content. K/J/K
giving high water absorption values due to absorb more water. Hybrid composites J/K/J has low water absorption values due to less cellulose and lignin content. Pure Epoxy
specimen has no cellulose and lignin content thereby giving
lower water absorptions values, previous research also
found the similar behaviour [28].

The Figure 3 shows the percentage of thickness swelling of J/K/J and K/J/K hybrid composites and epoxy matrix
sample. The thickness swelling behaviour of the K/J/K
composites increased with the water absorption and it is
alike representing the relation among thickness swelling and
composites weight increased due to the week bonding between fibers and resin. Epoxy specimen no cellulose and
lignin contend so it has lower thickness swelling. Hybrid
composites J/K/J has low thickness welling due to good
bonding between resin and fibres content as compared to
K/J/K composites. Similar investigation found the increased
in thickness swelling of K/J/K composites was also reported
by other researchers [29].

Fig. 3: Thickness swelling behaviour of natural hybrid composites
Density of hybrid composites
Figure 4 illustrates the density of kenaf/jute hybrid composites. In this density investi-
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gation of kenaf/jute hybrid composites, density was recorded Epoxy 1.12, K/J/K 1.13 and J/K/J 1.13 g/cm3 respectively. The density of hybrid composites are shows the high
of the K/J/K and almost slightly similar values of Epoxy and
J/K/J composites samples. Pure epoxy is not completely wet
due to hard surface of epoxy core. The density results shows
that the fibre samples does not affected the characteristics of
pure epoxy, and K/J/K, J/K/J hybrid composites[29].

Department of Aerospace Engineering, Faculty of Engineering, Universiti Putra Malaysia and Laboratory of Biocomposite Technology, Institute of Tropical Forestry and Forest
Products (INTROP), Universiti Putra Malaysia (HiCOE) for
the close collaboration in this work.
REFERENCES
[1]

[2]

[3]

[4]

[5]

[6]

Fig. 4: Density of kenaf/Jute hybrid composites
[7]

IV.

CONCLUSIONS
[8]

In this research work density, water absorption and thickness swelling of pure epoxy and hybrid composites were
evaluated.
1.

2.

The investigation of water absorption and thickness
swelling behavior of kenaf/jute reinforced hybrid
composites showed that the increase with in immersion duration. After a certain amount of water
absorption, a saturation point will be reached and
no more water absorb by specimens at certain point.
Thickness swelling and water absorption of K/J/K
hybrid composites due to weak bonding between
fibers and matrix.
The water absorption and thickens swelling of
J/K/J hybrid composite are slightly better than
K/J/K composites because of fibers and resin are
properly bonded with each other. Epoxy samples
shows very negotiable effect due to hard surface.

[9]

[10]

[11]

[12]

[13]

[14]

ACKNOWLEDGEMENT
[15]

This work is supported by UPM under GP-IPS grant,
9486400 and Newton Fund, 6300896. The authors would
like to express their gratitude and sincere appreciation to the

T. Khan, M. T. B. Hameed Sultan, and A. H. Ariffin, "The
challenges of natural fiber in manufacturing, material selection,
and technology application: A review," Journal of Reinforced
Plastics and Composites, 2018.
N. H. Mostafa, Z. Ismarrubie, S. Sapuan, and M. Sultan, "Fibre
prestressed polymer-matrix composites: a review," Journal of
Composite Materials, 2017.
R. Yahaya, S. Sapuan, M. Jawaid, Z. Leman, and E. Zainudin,
"Effect of moisture absorption on mechanical properties of
natural fibre hybrid composite," in Proceedings of the 13th
International Conference on Environment, Ecosystems and
Development (EED'15), ISBN, 2015.
P. Zakikhani, R. Zahari, M. T. b. H. H. Sultan, and D. L. A. A.
Majid, "Morphological, mechanical, and physical properties of
four bamboo species," BioResources, 2017.
F. Costa and J. d'Almeida, "Effect of water absorption on the
mechanical properties of sisal and jute fiber composites,"
Polymer-Plastics Technology and Engineering, 1999.
K.I. Ismail, M.T.H. Sultan, A.U.M. Shah, M. Jawaid, S.N.A.
Safri, “Low velocity impact and compression after impact
properties of hybrid bio-composites modified with multi-walled
carbon nanotubes,” Compoites. Part B Eng., 2019.
A. U. M. Shah, M. T. H. Sultan, M. Jawaid, F. Cardona, and A.
R. A. Talib, "A Review on the Tensile Properties of Bamboo
Fiber Reinforced Polymer Composites," BioResources, 2016.
S. Nunna, P. R. Chandra, S. Shrivastava, and A. Jalan, "A
review on mechanical behavior of natural fiber based hybrid
composites," Journal of Reinforced Plastics and Composites,
2012.
M. J. Sharba, Z. Leman, M. T. Sultan, M. R. Ishak, and M. A.
A. Hanim, "Partial replacement of glass fiber by woven kenaf in
hybrid composites and its effect on monotonic and fatigue
properties," BioResources, 2016.
J. Sahari, S. Sapuan, E. Zainudin, and M. Maleque, "Effect of
water absorption on mechanical properties of sugar palm fibre
reinforced sugar palm starch (SPF/SPS) biocomposites," Journal
of Biobased Materials and Bioenergy, 2013.
M. Sultan, K. Worden, W. Staszewski, S. Pierce, J. DulieuBarton, and A. Hodzic, "Impact damage detection and
quantification in CFRP laminates; a precursor to machine
learning," 2009.
M. Naebe, M. M. Abolhasani, H. Khayyam, A. Amini, and B.
Fox, "Crack damage in polymers and composites: A review,"
Polymer reviews, 2016.
N. H. Mostafa, Z. Ismarrubie, S. Sapuan, and M. Sultan, "Fibre
prestressed composites: Theoretical and numerical modelling of
unidirectional and plain-weave fibre reinforcement forms,"
Composite Structures, 2017.
S. D. Salman, Z. Leman, M. T. H. Sultan, M. R. Ishak, and F.
Cardona, “Ballistic impact resistance of plain woven
kenaf/aramid reinforced polyvinyl butyral laminated hybrid
composite,” BioResources, 2016.
N. H. Mostafa, Z. Ismarrubie, S. Sapuan, and M. Sultan, "Effect
of equi-biaxially fabric prestressing on the tensile performance
of woven E-glass/polyester
reinforced
composites,"
Journal of Reinforced Plastics
and Composites, 2016.

451
Retrieval Number: A00780681S519/19©BEIESP

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

International Journal of Recent Technology and Engineering (IJRTE)
ISSN: 2277-3878, Volume-8, Issue-1S5, June 2019
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

R. Prasanna Venkatesh, K. Ramanathan, and V. Srinivasa
Raman, "Tensile, flexual, impact and water absorption
properties of natural fibre reinforced polyester hybrid
composites," Fibres & Textiles in Eastern Europe, 2016.
P. Zakikhani, R. Zahari, M. T. H. Sultan, and D. L. A. A. Majid,
"Thermal degradation of four bamboo species," BioResources,
2015.
S. D. Salman, Z. Leman, M. Sultan, M. Ishak, and F. Cardona,
"Effect of kenaf fibers on trauma penetration depth and ballistic
impact resistance for laminated composites," Textile Research
Journal, 2017.
A. U. M. Shah, M. T. H. Sultan, F. Cardona, M. Jawaid, A. R.
A. Talib, and N. Yidris, "Thermal analysis of bamboo fibre and
its composites," BioResources, 2017.
F. Mustapha, K. D. Mohd Aris, N. A. Wardi, M. T. H. Sultan,
and A. Shahrjerdi, “Structural health monitoring (SHM) for
composit structure undergoing tensile and thermal testing,” J.
Vibroengineering, 2012.
M. Jawaid, H. A. Khalil, A. Hassan, R. Dungani, and A.
Hadiyane, "Effect of jute fibre loading on tensile and dynamic
mechanical properties of oil palm epoxy composites,"
Composites Part B: Engineering, 2013.
Nor, A. F. M., Sultan, M. T. H., Jawaid, M., Azmi, A. M. R., &
Shah, A. U. M, “Analysing impact properties of CNT filled
bamboo/glass hybrid nanocomposites through drop-weight
impact testing, UWPI and compression-after-impact behaviour,”
Composites Part B Eng., 2019.
S. D. Salman, M. J. Sharba, Z. Leman, M. T. Sultan, M. R.
Ishak, and F. Cardona, "Tension-compression fatigue behavior
of plain woven kenaf/kevlar hybrid composites," BioResources,
2016.
C. Lee, M. S. Salit, and M. Hassan, "A review of the
flammability factors of kenaf and allied fibre reinforced polymer
composites," Advances in Materials Science and Engineering,
2014.
F. M. Al-Oqla and S. Sapuan, "Natural fiber reinforced polymer
composites in industrial applications: feasibility of date palm
fibers for sustainable automotive industry," Journal of Cleaner
Production, 2014.
S. D. Salman, Z. Leman, M. Sultan, M. Ishak, and F. Cardona,
"Influence of fiber content on mechanical and morphological
properties of woven kenaf reinforced PVB film produced using
a hot press technique," International Journal of Polymer Science,
2016.
N. Razali, M. S. Salit, M. Jawaid, M. R. Ishak, and Y. Lazim,
"A study on chemical composition, physical, tensile,
morphological, and thermal properties of roselle fibre: Effect of
fibre maturity," BioResources, 2015.
E. Rojo et al., "Comprehensive elucidation of the effect of
residual lignin on the physical, barrier, mechanical and surface
properties of nanocellulose films," Green Chemistry, 2015.
A. S. Ismail, M. Jawaid, M. T. H. Sultan, and A. Hassan,
"Physical and Mechanical Properties of Woven Kenaf/Bamboo
Fiber Mat Reinforced Epoxy Hybrid Composites,"
BioResources, 2019.

Assoc. Prof. Ir. Ts. Dr. Mohamed Thariq Hameed
Sultan is an Associate Professor at Department of Aerospace Engineering, Faculty of Engineering, UPM Serdang, Selangor, Malaysia. He is also appointed as Head of
Laboratory, Laboratory of Biocomposite Technology
(BIOCOMPOSITE), Institute of Tropical Forestry and Forest Products
(INTROP), UPM Serdang, Malaysia. He is also a Professional Engineer
(PEng) registered under the Board of Engineers Malaysia (BEM), Charted
Engineer (CEng) registered under the Institution of Mechanical Engineers
UK, currently attached with Universiti Putra Malaysia. He obtained his
Ph.D. from University of Sheffield, United Kingdom. His area of research
interests includes Hybrid Composites, Advance Materials, Structural Health
Monitoring and Impact Studies. He published a series of paper which contributed significantly to the development of his field. As he headed the
work on development on composite structures, characterising bio-materials
and aerospace materials which has led him to published more than 100
journal articles and 6 books with Elsevier.

AUTHORS PROFILE
Tabrej khan, currently a fulltime research student for
Doctor of philosophy in Aerospace Engineering. His
research area is focused on natural hybrid composites
characterizations and problem for composites. Universiti
Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia

452

Retrieval Number: A00780681S519/19©BEIESP

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

