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Abstract: Since the rise of environmental issues, researchers were interested in natural fibers to replace artificial
fibers in composites. Kenaf is a natural fiber which has shown significant high mechanical properties, however
many researchers indicate that alkaline or silane treatment can improve the fiber mechanical properties. In this
paper, the effect of alkaline and silane treatment on kenaf single fiber is studied as well as the treatment effect
on interfacial shear strength between kenaf single fiber and bio-phenolic resin derived from cashewnut waste
industry. The results determine that 2% alkaline treatment for 4hrs can improve the tensile strength significantly.
Alkali treatment of the kenaf fiber increase the interfacial shear strength. Morphological study indicate that long

term of chemical treatment damages the kenaf fiber.
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INTRODUCTION

Natural fibers introduced for industrial
applications due to their biodegradability property,
cheapness and availability as well as having reasonably
good mechanical properties. Besides their light weight
reduces the fuel cost in automotive and aerospace
industries. However, their hydrophilic nature reduces the
compatibility between the natural fibers and different
resins such as epoxy, polyester and etc. To reduce the
hydrophilicity of the natural fibersand, as a result, to
increase the compatibility of the natural fibers with
different resins, chemical treatments were introduced.
While
theimprovement of mechanical and thermal properties of

natural fibers by chemical treatments [1, 2], still there is no

were

many researchers have reported on

specific and quantitative report on the durability
enhancement, moisture absorbency and toughness by
chemical treatment [3, 4].

One of the most common treatment is alkaline
treatment or mercerization which according to the Eq. 1
removes the wax, lignin and hemicellulos of the fiber to
increase the surface roughness so then the interfacial
bonding between the fiber and the resin would increase,
besides since mostly cellulose remains after treatment in
the fiber, therefore the number of bonds between cellulose
and the resin increases too [5].

Fiber-OH + NaOH = Fiber-ONa“ +H,0 Eq.1

Study of alkaline and acrylic acid treatment on rice
husk and jute mat indicates that the moisture absorption
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of the fibers decreases with acrylic acid while the flexural
property of the fibers and unsaturated polyester
composite increase with alkaline treatment [6].

Besides it has been reported that the chemical
treatment in most casesis not environment-friendly,
however, sodium bicarbonate as an environment-friendly
agent has been studied to investigate its effect on sisal
fibers to determine the 120h as the optimum duration of
treatment. The aforementioned treatment enhances the
mechanical properties as well as the interfacial bonding
with epoxy resin [7]. In addition, alkaline and silane
treatment on sisal fiber also results in decrement of tensile
strength and modulus as a result of removing the non-
cellulosic fibers and causing voids in the fibers, however,
the mechanical properties of the composites with treated
fibers showed improvement compared to untreated fibers
due to better interfacial bonding of the sisal fibers and
resin [8].

Also, jute fiber treatment with alkaline and bleach
determined that crystal changing in the fiber depends on
the treatment procedure [9]. Coir and palm fiber under
alkaline and or bleaching treatment determine that
removing impurities increases the interfacial shear
strength that is a result of better interfacial bonding
between fiber and resin. However, palm fiber showed a
better interfacial shear strength compared to coir [8-10].
For flax fiber the alkaline treatment determined a great
increment on thein-plane permeability of the non-woven
mat [11].

In addition, to the above, kenaf is specifically studied
for different types of treatment rather than only alkaline or
silane treatment. A combination of alkaline treatment and
aluminum hydroxide impregnation on kenaf fiber under the
experiment conditions, determined a significant
improvement on water absorption characteristic of the
natural fiber, while improving tensile strength as well as
Young’s modulus which make the kenaf fiber highly
potential for replacement of glass fiber especially in
automotive industry [12]. Considering different treatment
duration, kenaf fibers were immersed in 6% w/v alkaline
for 48 h and 144 h, the mechanical properties improved
with the treatment and for modulus of storage and loss,
only above the glass transition temperature, the chemical
treatment effects [13].

Also, 3 alkali concentration was considered for kenaf
fiber to investigate the optimum NaOH concentration for
tensile strength. 3%, 6% and 9% of NaOH treatment for
24 h were performed. The tensile results indicate that 6%

alkali treatment imparts the highest strength, also adding
MAPE and MAPP as coupling agent would significantly
improve the strength [14].Although 10% and 15% alkali
concentration determined more brittleness compared to
row fibers and, therefore, these concentrations damaged
the fibers [15]. Even for hybrid composites of kenaf and
other fibers such as Kevlar, alkali treated kenaf fibers
improved the mechanical properties [16]. In contrast with
all the above experimental researches, it has been reported
that for kenaf/ thermoplastic polyurethane composite,
with increment in alkali concentration percentages , 0%
(untreated), 2%, 4% and 6%, the mechanical properties
such as tensile, flexural and impact strength decrease,
while the morphology of the composites improve. Even
for TGA results, it shows a decrement in thermal stability
by NaOH treatment. This may happen due to the
amorphous behavior of the above composites [17].

Another interesting treatment agent for kenaf fiber is
rice-washed water. Kenaf fibers treated with rice-washed
water have higher mechanical properties as well as thermal
stability due to theincrement of hydrophilicity behavior of
the kenaf fibers [18]. Not only different chemical
concentration or treatment duration was studied, but also,
the treatment in different temperature was experimented.
100°C, 130°C and 150°C were the different temperatures in
which the 3% NaOH concentration treatment was
performed. The modulus of elasticity increased up to
130°C and then decreased for 150°C. Also internal
bonding increased with the treatment [19].

According to previous studies, treatment parameters,
such as chemical concentration and duration plays
animportant role in the obtained results [20].

In this paper, the effect of alkaline and silane
treatment for kenaf single fiber on its mechanical
properties has been studied. Besides the interfacial
shear strength of kenaf and cardanol
investigated.

resin was

MATERIALS AND METHODS

Materials: Kenaf fiber was provided from the laboratory
of biocomposites, Institute of Tropical Forestry and
Forest Products (INTROP), University Putra Malaysia
(UPM) in a bundle form which was required to be cleaned
and comb properly before use. NaOH (Sodium Hydroxide)
and Silane for treatment were purchased from Jasa Sejiwa
Enterprise, Malaysia and cardanol was purchased from
Chemovate Company, India.
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Table 1: Chemical concentration and duration

NaOH Silane

2% 6% 12% 18% 2% 6% 12% 18%

Class 1 2hr 2hr 2hr 2hr 2hr 2hr 2hr 2hr

Class 2 4hr 4hr 4hr 4hr 4hr 4hr 4hr 4hr
” 25mm Micro Droplet Test: Micro-droplet testing was
performed to determine the interfacial shear strength
y T between kenaf fiber and cardanol resin that is a form

Fiber . . .
N of natural phenolic resin derived from cashew nut shell.
; 15mm The same standard of tensile testing was followed for the
= micro-droplet testing.
Glue - l A single fiber was attached to the paper frame with
glue. Then a drop of cardanol resin was put in the middle
15mm

Fig. 1: Paper Frame for Tensile test

Methodology: Four chemical concentration was decided
based on literature to cover from a big range of chemical
concentration treatment, 2%, 6%, 12% and 18% of NaOH
and Silane were used separately for kenaf fiber treatment.
In addition 2 different duration for chemical treatment was
considered in order to have the best effect of the chemical
on the fibers as well as minimizing the drawbacks of the
treatment such as damaging the fiber by removing
cellulosic contents. Due to this reason, the fibers were
treated for 2hrs and 4hrs to compare the results as well.
The Table 1 summarizes the chemical concentration and
duration.

First the fibers were cleaned and combed to remove
any visible impurity. After that the kenaf fibers were
soaked in the solution of the chemical and distilled water
for the constant duration of 2hrs for class 1 and 4hrs for
class 2. In order to prepare the solution, weight
percentage was considered for instance 2% NaOH means
that in 100g of thesolution, 2g is NaOH and 98g is distilled
water. Then for each class, after the duration was passed,
the fibers were well rinsed off with distilled water to reach
the neutral PHand put in the ambient temperature to drain.
In order to dry them properly, after 24hrs, the fibers were
put into the oven at 103°C for 8hrs. The samples were
then ready for testing.

Tensile Test: Tensile test was performed according to
ASTM C155703 (2008) standard. A paper frame for the
tensile test was required that is shown in the Fig. 1.

The single fiber was glued to the paper frame then
after drying the tensile test was performed using a SkN
Instron 3365 Universal testing machine with a constant
speed of cross head displacement of 500x 10~° m/min.

of the gauge at the center of the fiber length by a 5kN
Instron 3365 Universal testing machine. After the drop
was cured for 24hr, then the test was performed using the
following equation [21].

DL

T——F Eq.2

where 7 is interfacial shear stress (MPa), F is load at the
maximum stress (N), D is the single fiber diameter (m) and
L is embedded length (m).

FTIR: The FTIR test was performed on all the samples to
investigate the effect of the treatment on different
chemical groups that exist in the kenaf fiber by the
Spectrum 100 FTIR machine.

SEM: Scanning electron microscopy (SEM) of the
fibers with different treatment was done to determine
the surface and inner treatment effect on the fibers.
The fibers were gold coated before putting in the
HITACHI S-3400 instrument for SEM. The test was
performed with an emission current of 60puA and 5.0kV of
voltage.

RESULTS

Tensile Properties: The tensile strength at yield are
presented in the Fig. 2.

Interfacial Shear Strength Properties: The interfacial
shear strength and modulus are presented in the Figs. 3
and 4 below:

FTIR Results: The results of FTIR is demonstrated in the
Figs. 5 and 6 below:

2687



Middle-East J. Sci. Res., 24 (9): 2685-2692, 2016

500

"

=1

o
1

300 +

200

Yield Strength, MPa

100

1 2 3 4 5

Treatment duration (hr)

Fig. 2: Mean yield strength driven from tensile test

7000

6000 -

[4.]
=
=1
=
1

4000 ~

3000

Interfacial shear modulus, GPa
=
=
[==)
1

1000 ~

1 2 3 4 il
Treatment Duration, hr
Fig. 3: Interfacial shear modulus driven from micro-droplet test
NaOH 2%

MNaOH 6%
NaOH 12%

MNaOH 18%)
Si 2%
50000 < Si 6%

o Si12%

S

‘.E. 40000 4

o

c

£

" 30000

3

£

[

= 20000

C

i

£ 10000

04
1 2 3 4 5

Treatment Duration, hr

Fig. 4: Interfacial shear strength
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Fig. 5: FTIR of NaOH treatment fibers
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Fig. 6: FTIR results of silane treatment fibers

SEM rResults: SEM images of the samples are presented
in Table 2.

DISCUSSION

The above Figures indicate that 2hrs of chemical
treatment is not effective unless for the 18% NaOH
concentration. For Silane treatment 2hrs definitely is not
efficient because from the tensile results for all
concentrations the tensile results are less than the one for
untreated or raw fiber. However only for 18% NaOH, there
is a significant improvement in tensile strength for yield
strength.

1616

1467

1467

— NaOH 2% 2Hi
— NaOH 2% 4Hi
e NAOH 6% 2H1

NaOH 6% 4Hr
— NaOH12% 2Hi
—— NaOH 12% 4Hr
— NaOH 18% 2Hi

— NaOH 18% 4H1

Raw Fibe

1318
1169
871
7122
573
424

1020

—Silane 2% 4Hi

Silane 6% 2Hr

Silane 6% 4Hi

Silane 12% 2Hr
——Sijlane 12% 4Hr
= Silane 18% 2Hi
—Silane 18% 4Hr

— Raw Fiber

1318
1169
1020

According to the above figures, 4hrs for silane treatment
improved the tensile yield strength for all concentrations,
however, 2% NaOH treatment illustrates a significant
improvement in tensile strength. The improvement of the
tensile strength after chemical treatment is due to
removing the impurities from the fibers which weaken it.
For micro-droplet test, the Figs. 3 and 4 indicate that the
2hrs of treatment for all NaOH concentration is almost
successful, because the interfacial shear strength and
modulus increased. While for silane treatment requires
4hrs to show a significant increment in interfacial shear
stress and modulus. However, 4hrs of treatment for NaOH
shows decrease in the interfacial shear stress that is due
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Table 2: SEM images of the kenaf fibers

NaOH 2%, Zhr

WaCH 2%, 4hr

NaOH 6%, 2hr

-

NaOH 6%, 4hr

NaOH 12%, Zhr

NaOH18%%, 4hr

21 6%, 2hr

S12% I

S118%, 2hr

to weakened bonding after treatment. It can be seen
clearly that duration of the treatment is an important
criterion for natural fiber treatment. Since the same
concentration of NaOH for 2hr improve the bonding
whilst for 4hrs decreases. Because if the fiber is treated for
very long time all the impurities and lignin of the fiber
would be removed that would weaken the bonding
between the fiber and the resin.

FTIR results indicate that treatment will increase the
hydroxyl group in the functional components except for
silane 12% and 18% for 4hrs. While C-H group reduces by
treatment for most of the treatment classes except for
silane 12% 2hr and 4hr and NaOH 18% 4hrs. Treatment
with NaOH and silane will decrease the aliphatic group,
while it does not have much effect on N-containing
groups.

In complete agreement with the mechanical
results, the SEM images determine that the higher
concentration of the chemical for both alkaline and

i

silane damages kenaf single fibers by small crack on
the surface of the fibers. In addition, the damage is
more severe for longer time of treatments. Also, all the
chemical cannot be removed from the fibers even with
several water washing, which may cause even more
weakness for the fiber.

CONCLUSION

Kenaf single fibers were treated with alkaline and
silane with a wide range of concentration and for two
different treatment durations, 2hrs and 4hrs. The results
indicate that, chemical treatment with high concentration
as 12% and 18% damage the fiber by removing not only
the impurities but also the lignin, therefore the bonding
between the kenaf fiber and bio-phenolic (cardanol)
decreases. Form the results of this experiment, 2%NaOH
for 4hrs is recommended for kenaf single fiber as
reinforcement of bio-Phenolic (cardanol).
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