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1. INTRODUCTION
Fibre reinforced polymer (FRP’s) has been success-
fully used in various applications especially in con-
struction and building industries. These composites 
offer alternative materials to steel and aluminum for 
similar applications. There are various aspects that 
had encouraged the used of these composites such 
as easy handling, damage tolerance and low cost 
of fabrication [1-2]. The fibre reinforced polymer 
(FRP’s) composite materials are the combinations 
of polymeric matrix resin with additives and the re-
inforcement fibres which are usually in the form of 
yarn. The commonly used polymeric matrix resins 
include vinylester, unsaturated polyester resin and 
epoxy with occasionally glass microsphere and clay 
particles as the additives [3]. 

To date, most FRPs’ are produced using synthetic 
fibres typically glass fibre, carbon fibre and etc. 
FRP’s using synthetic fibres are less competitive in 
terms of price as compared to steel and galvanized 
steel. In order for FRP’s to advance as one of com-
petitive materials in construction, the price has to be 
more competitive. One way of making FRP’s more 
competitive is reducing the cost of fibre. The use of 
natural fibre (NF) as the material composite in place 
of synthetic fibre will tremendously reduce the cost 
of FRP due to the low prices of natural fibre (NF) 
[4]. There are varieties of natural plant fibres used 
as reinforcement fibre for FRP’s such as hemp, sisal, 
jute and recently kenaf fibre. Presently, the use of 
kenaf fibre as reinforcement for FRP’s is increas-
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ing rapidly due to its availability in the form of yarn 
which can suit various processing techniques of 
manufacturing FRP’s especially pultrusion, filament 
winding and hand lay-up technique. In comparison, 
FRP’s using natural fibres is better due to its high 
strength, greater moisture and flame retardant than 
pure wood. In terms of properties and esthetic val-
ues, NF is environmentally friendly, high specific 
stiffness, sustainable and renewable as compared 
to synthetic fibres [5].  Other than that, natural fi-
bre (NF) has good specific strengths and modulus, 
economical viability, low density and good biode-
gradability [6-7].  However, the main problem as-
sociated with NF is that the properties of the fibre 
is strongly influenced by the geographical factors 
where it is grown such as the climate and the nature 
of soil [8].  Also, the moisture absorption in FRP’s 
using NF has been reported to significantly affect its 
properties and performance [7, 9-10].  

Another way of reducing cost of FRP is by choosing 
an appropriate processing technique. Commercial 
FRP’s are normally produced using various tech-
niques such as hand lay-up, spray-up, closed-mold 
infusion, extrusion and compression molding.  One 
of the most promising processing techniques of 
manufacturing FRP with unlimited length is pultru-
sion. The continuous process of pultrusion technique 
consists of pulling rovings through a resin bath, then 
into preforming plate and finally into a die where the 
product is heated and cured to its final dimensions 
[11-12]. To date, limited numbers of works are re-
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2.3	Material characterization
2.3.1  Water absorption tests
Specimens were immersed into distilled water at 
room temperature.  For the water absorption mea-
surements, the specimens were withdrawn from the 
waters, wiped dry to remove the surface moisture, 
and then weighted using an electronic balance with 
an accuracy of 0.1 mg to monitor the mass change 
during the aging process. The moisture content, Mt 
(%) of each specimen is calculated as follows:
                                                                                  

                    (1)
where wo is the dry weight and wt  is wet weight 
after absorption.

2.3.2 Three point bending test 
The flexural properties before and after water im-
mersion were determined by performing three point 
bending experiments at room temperature. The test 
was carried out on an Instron 8802 testing machine. 
The sample was in semicircular cross section of the 
pultruded rod following ASTM D4476-03. Speci-
mens (pultruded rod with diameter of 12.7 mm) were 
cut into two parts with the cross section of each part 
is smaller than a half round section. The total speci-
men length is 120 mm with overhang length of 12 
mm at both supports. The crosshead speed was set 
at 6 mm/min. Five specimens were used to obtain a 
satisfactory result. 

2.3.4 Compression test
Compression tests were carried out using Instron 
8802 in accordance to the standard ASTM D695 test 
method. The diameter and length of the specimen 
were 12.7mm and 25.4mm respectively. The cross-
head speed was set at 5 mm/min. Five specimens 
were used to minimize error.

2.3.5 Microstructure analysis
In order to investigate the effect of water absorption 
on the microstructure and mechanical properties of 
KFRPC, SEM micrograph was used to examine the 
kenaf fibre and composites before and after immer-
sion.	

3.	 RESULTS AND DISCUSSIONS
3.1 Sorption behaviour of KFRPC
The analysis of the diffusion mechanism was per-
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ported on producing fibre reinforced polymer (FRP) 
with natural fibre (NF) using pultrusion technique. 
Pultrusion process is capable of producing structur-
al components that are commonly used in building 
and construction industries such as I-beam, and T-
beam. The pultrusion process can produce product 
with high fibre content up to 70% by volume. Fur-
thermore, the method allows production of constant 
cross-section with unlimited length.  

In this study, kenaf fibre reinforced composite was 
produced using pultrusion machine. The matrix to 
fibre ratio was kept at 30:70 by volume. All compos-
ites were immersed in distilled water for a period of 
260 days. The weight gain was closely monitored 
and the properties of composites were determined 
after the immersion period. 

2.	 EXPERIMENTAL
2.1 Materials
Kenaf fibres used in this study were supplied by Ma-
laysian Kenaf and Tobacco Board, Malaysia in the 
form of twisted yarn with diameter ranging from 3 
mm to 3.5 mm. Table 1 shows the properties of the 
kenaf fibre supplied by the company. The Reversol 
P-9941 is an orthophtalic unsaturated polyester resin 
which was purchased from Revertex (M) Company, 
Malaysia containing filler (15.4%), Catalyst (1.6%) 
and mould releasing agent (3.8%). 

2.2 Preparation of kenaf fibre reinforced polyester 
composite (KFRPC) 
KFRPC (in rod shape) with diameter of 12.7 mm 
was produced using pultrusion method with unsatu-
rated polyester resins as matrix. Details of kenaf fi-
bre and unsaturated polyester used are given in Table 
2. Firstly the fibres were soaked in the resin bath and 
pull at a speed of 195 mm/min through a heated die 
at temperature of 135 °C. Finally, the cured KFRPC 
(in rod form) was cut into required length using a 
bench-saw. 

Properties Unit Value 
TEX g/km 1400 
Density g/cm3 1.44 
Tensile strength MPa 393-773 
Specific strength UTS/density 302 - 595 
E-modulus GPa 26.5 
Elongation % 1.5 – 1.8 
 

Table 1: Properties of kenaf fibre

Properties Unit Value 
Percentage of matrix % 70 
Percentage of fibre % 30 
Number of kenaf fibre roving nos 60 
Density of composite g/cm3 1.19 
 

Table 2: Details used of kenaf fibre and unsaturated 
polyester resins.

Maximum of 
moisture content, Mm

(%)

Initial slope of plot (k) 
M(t) versus t 1/2

Diffusion coefficient, D 
(mm2/s)Samples 

Mean Std.
Dev.

Mean Std. 
Dev. Mean Std.

Dev.
Flexural  24.7 1.13 38.73 x 10-3 0.83 1.93 x 10-5 1.46 x 10-4

Compression 25.1 0.56 38.34 x 10-3 0.50 7.36 x 10-5 1.08 x 10-4

 

Table 3: Moisture absorption of KFRPC immersed in 
distilled water at room temperature.



previously reported work [14] where the values D 
and Mm of immersed specimens are higher than 
pultruded jute fibre reinforced polyester compos-
ites. From Table 2, it can be seen that the maximum 
moisture content (Mm) and the diffusion coefficient 
(D) values of compression specimens are higher 
than that of flexural specimens. The difference can 
be attributed to the surface area that was in-contact 
with water molecules. Since the exposed compres-
sion area was higher, the amount of area was greater 
and therefore, the tendency of absorbing water was 
high. Greater amount of area also indicated that 
per volume of composite was higher. This could 
be due to the moisture, micro cracks developed on 
the surface and inside the materials [9, 15-16]. The 
moisture diffusion depends upon the molecular and 
microstructures aspects such as polarity, the extent 
of crystallinity of polymers and the presence of re-
sidual hardeners or other water attractive species 
[17-18].  

3.2 Mechanical properties
3.2.1 Flexural properties
A series of flexural stress-strain curves correspond-
ing to the samples immersed in distilled water at 
different exposure time are depicted in Fig. 2. Varia-
tions of flexural properties such as flexural strength, 
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formed once the water absorption characteristic was 
obtained for the entire composites. Two types of 
KFRPC samples were evaluated namely compres-
sion and flexural specimens. The sorption behaviour 
was characterized using Fick’s law [13] which is de-
rived from Fick’s first and second laws of a homoge-
neous model where water molecules are assumed to 
penetrate in the surface layers of the polymer matrix 
and diffuse with the concentration gradient acting as 
a driving force.

It is expected that in the case of Fickian, the diffu-
sion coefficient D is concentration-independent of 
the absorbed water through out the specimen and has 
the dimensional length2 time-1 (mm2s-1) which can be 
determined from the slope of moisture content versus 
square root of time as depicted in Equation 2. The 
slope was taken at an early stage of the plot. 

      
     

                                                     (2)

Where k is the initial slope of a plot of Mt (%) ver-
sus √ t (√ h), Mm (%) is the maximum weight gain 
(%) and h (mm) is the thickness of the composites 
[9].

Fig. 1 shows percentages of weight gain as a function 
of square root of time for flexural and compression 
samples immersed in distilled water at room tem-
perature for 260 days. The moisture content shows 
Fickian behaviour for both flexural and compression 
specimens where the moisture gain increases at the 
early stage of 36 hour (A) for then after 144 hour 
(B) slows and approaches saturation after prolonged 
immersion. The slightly higher percentage of water 
uptake for flexural specimens could be attributed 
to the specimen’s shape where in this case, flexural 
specimen has an area of 1335.99 mm2 as compared 
to compression 1266.76 mm2. At the early stage, 
the presence of crack, void, defect due to process-
ing results in the transporting of water molecules 
via crack, voids and defects became active along the 
fibre-matrix interface. At this stage, sharp increased 
in weight gain can be observed before moisture con-
tent reach saturation. 

Diffusion coefficients (D) and maximum moisture 
content (Mm) for both flexural and compression 
specimens calculated using Equation 2 is summa-
rized in Table 2. In comparison, the recorded val-
ues of D and Mm are somewhat comparable with 

Fig. 1: Water absorption curves in distilled water for 
flexural and compression specimens

Fig. 2: Stress-strain curve of flexural test in distilled 
water immersion

Figure 1. Water absorption curves in distilled water for flexural and compression specimens.
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Figure 1. Water absorption curves in distilled water for flexural and compression specimens.

Figure 2. Stress-strain curve of flexural test in distilled water immersion
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maximum flexural strain and flexural modulus for 
kenaf fibre reinforced unsaturated polyester com-
posite after being exposed to environmental condi-
tion are summarized in Fig. 3a-c. As shown in Fig. 3, 
the flexural strength and flexural modulus decreased 
with the increase time of immersion. It is assumed 
that the fibre-sensitive properties in composites are 
affected by moisture absorption where the stress 
transfer between fibre and matrix interface is less 
effective due to the presence of moisture. Moisture 
causes the formation of hydrogen bonding between 
the cellulose fibre and water molecules [9]. On the 
other hand, the maximum flexural strain at failure in-
creased as the immersion time increased. The strain 
is higher compared to standard specimen, where the 
water molecules mostly act as plasticizers alter the 
failure modes of KFRPC under flexural loading.

3.2.2 Compression Test
Fig. 4 presents a summary of compressive stress-
strain curves before and after immersion over 
a range time. On the other hand, Fig. 5a-c shows 

Fig. 3: Variations of (a) flexural Strength, (b) maximum 
flexural Strain at break/failure, and (c)  flexural modulus 
for pultruded kenaf fibre reinforced unsaturated polyes-

ter composite after exposed to distilled water.
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Fig. 4: A curve of compressive stress-strain for KFRPC 
immersed in distilled water.
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with the flexural properties as discussed earlier in 
previous section. The compression strength in Fig. 
5 shows a reduction from 39 MPa to 10 MPa for 
standard and samples 260 days immersion. Simi-
lar observations have been reported for the flexural 
strength where it decreased 260 days of soaking in 
water. The high hydrophilic nature of the kenaf fibre 
attracts more water molecules which significantly 
weakens the interface KFRPC and thereby reducing 
the strength. Other than that, the reason of the water 
molecules absorbed, flow along cellulose fibre-ma-
trix interfaces by the capillarity action and contrib-
uted towards the formation of hydrogen bonding. 
The cellulose structure was weakening which could 
have led to plasticization in KFRPC and increased 
the failure strain causing reduction in stiffness when 
the samples were exposed to distilled water [9]. The 
observations made earlier for the effect of water 
absorption on mechanical stress-strain properties 
indicated that the increase of moisture content will 
decrease the mechanical properties. It is due to the 
hydrogen bonding between water molecules and 
cellulose fibre that the natural fibres are hydrophilic. 
The fibre structure of hydroxyl groups (-OH) form-
ing a large number of hydrogen bonds between the 
macromolecules of the cellulose and polymer [9, 
19-20].  If there is a high –OH group it shows a low 
moisture resistance.

(a)

(b)

Fig. 6: SEM micrographs of pultruded kenaf fibre rein-
forced polyester composites (a) standard  specimen 

(b) immersed in distilled water.

3.2.3 SEM micrograph
Fig. 6a-b shows micrographs of standard specimen 
in comparison with immersed specimen.  The shear 
fracture leading to the lack of fibre-matrix debond-
ing and the layers of polyester and fibre are evident 
in the SEM figures that indicate strong interfacial 
bonding. Voids and surface dissolution of the KFR-
PC are also evident after a long time immersion in 
distilled water. It can be clearly seen that the KFRPC 
response to the overall moisture absorption process, 
cracks, and surface peeling/ dissolution. The speci-
men weights increase as the surface peeling crack, 
resin dissolution and voids between fibres trap wa-
ter molecules. The overall weight change profile 
encompasses the combined competing effects of 
water diffusion, physio adsorption of water mole-
cules at crack tips which promote weight gain in the 
KFRPC, and surface mass loss mechanisms which 
contribute to gross weight reduction. The long term 
water uptake induces swelling and cracking to ap-
pear while stresses develop along the bond strength 
of kenaf fibre and matrix interface give result to the 
difference in elasticity.	

4.	 CONCLUSIONS
The effect of water absorption on the mechanical 
properties of kenaf fibre reinforced polyester com-
posites has been studied following immersion in 
distilled water at room temperature. From water ab-
sorption study for a period of 260 days, it was found 
that the water absorption behaviour of KFRPC is 
following a Fickian behaviour and can be accurately 
modelled using Fick’s Law. Exposure to moisture 
induced degradation to the KFRPC and significant-
ly descends the flexural and compression properties 
due to interference of the fibre and matrix interface. 
Moisture absorbed into the composites formed tiny 
cracks and swells up the fibres.
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