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Abstract—The effect of ultrasonic treatment on water absorbtion of epoxy/kenaf core fiber was studied.
Kenaf core fiber was immersed in the 6% wt sodium hydroxide solution for 24 hours. Epoxy/kenaf core
fiber then was mixed by using mechanical stirring, and then followed by ultrasonic mixing for 30 minutes,
60 minutes and 90 minutes before curing process. The cured samples were weighed before and after
immersing them in distilled water, sea water and rain water at ambient temperature. The weight of the
sample was taken twice per week for 28 days. Epoxy/kenaf core fiber that was treated with ultrasonic for
90 minutes has the lowest water uptake while untreated epoxy/kenaf core fiber has the highest water
uptake. The introduction of ultrasonic treatment has helped to reduce water uptake for epoxy/kenaf core
fiber composite. Most samples absorbed distilled water the most.
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I. INTRODUCTION

Epoxy is a polymer widely used for coating mainly in electronic and civil works. As a coating agent, epoxy
must have some resistant to heat, water and crack. However, they are brittle, low impact and fracture strengths
and also show high moisture absorption [5].

Kenaf (Hibiscus cannabinus, L. family Malvacea) have been commercially used as industrial fibers in various
industries such as in fiberboard, paper, mattresses, cushions, thermoplastic composites, insulator, wall panels,
and doors [11]. It is widely study as a reinforcement material for composites because of its excellent properties
and ecological consideration; it is easily grow and plant, and composed of many useful components [4]. Kenaf
has branchless stem which consist of two layers; outer layer which is bastfiber and inner layer which is core [2].
Water absorption of composite will increase with the increasing of kenaf core fiber [3], [9]. Increasing water
absorption will resulted in decreasing of mechanical properties [6]. The increasing filler will increase the
thermal stability of composites [9]. Treatment on kenaffiber helped reduced the weight loss of composite during
heat exposure [13].

Chemical treatment modified the hydrogen bond of cellulose and improves the ability of polymer-cellulose
bonding thus increase mechanical properties and reduce water uptake of the composite. Among all of the
chemical treatment used, alkaline and silane treatments have been widely reported [10]. The alkalization
treatment has improved the tensile properties of the short kenaf significantly as compared to untreated short
kenaffiber [7]. 6% of sodium hydroxide concentration was optimum concentration for kenaffiber treatment [2],
[71.

Among all of the physical treatment available, ultrasound treatment energy is noteworthy, because ultrasound
causes cavitation, which is generally considered as a significant post-indicator of modifying fibers surface [1].
Alkaline treatment remove impurity from fiber surface which help improve fiber/matrix adhesion and ultrasonic
treatment separates fibril and allows extra OH groups that are essential for further improving the adhesion of
polymer/fiber [1].

Cellulose particle size reduces into shorter fiber after being treated with ultrasound [12]. However, the
highest reduction of particle size and crystallite size to the cellulose occurred within the first hour of
ultrasonication, after which the efficiency of the ultrasonication decreased [12].
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One hour ultrasonic treatment has higher glass transition temperature compared to three hour treatment [8].
Extra bubble form after three hour of sonication may cause bad adhesion between clay and epoxy matrix [8].

Kenaf core fiber was reported to achieve optimum result at 10% weight [3], [9]. Highest tensile strength and
lowest water uptake was reported by them in 10% weight percentage of kenaf core fiber compared to other.

This study is conducted with the aim to determine the effect of ultrasonic treatment on kenaf core fiber.
Kenaf core fiber as stated before has a very high water uptake; it is easy to absorb water even at room
temperature in the normal condition. With the help of modification of cellulose; this study will determine
whether the kenaf core fiber will improve the epoxy resins or not.

1. EXPERIMENTAL
A. Materials

Kenaf core fiber (KCF) around 20 mesh sizes was obtained from Material Manufacturing Laboratory,
Mechanical Engineering and Material Department, National University of Malaysia. Epoxy (EpikoteTM Resin
828) with curing agent (Baxxodur EC 301) bought from ASACHEM (M) Sdn. Bhd, Kajang, Selangor. Sea
water was taken from Port Dickson, Negeri Sembilan.

B. Sample preparation

Kenaf core fiber was weighted and dried in the oven at 105 °C for 24 hours. Sodium hydroxide 6% solution
was prepared then by dissolving 6 gram of 99.99% solid sodium hydroxide into 100 gram of distilled water.
Kenaf core fiber was immersed into the 6% sodium hydroxide solution for 24 hours. Treated kenaf core fiber
then was washed by distilled water to remove sodium hydroxide trace before dried again in the oven at 105 °C
for the next 24 hours.

100 gram of Epoxy (EpikoteTM Resin 828) was heated until 55 °C by using heater. 10 gram of kenaf core
fiber was added inside the epoxy and stirred at 50 rpm for one hour. Epoxy/kenaf core fiber then was treated by
using ultrasonic bath for 30 minutes, 60 minutes and 90 minutes before adding 31.89 gram of curing agent
(Baxxodur EC 301) into mixture and stirred for 10 minutes. The mixture is then poured into mould and left to
harden at room temperature for one week.

There are six sample prepared in total to justified the test required. The weight and mixture was prepared as
follow;

TABLE 1.Sample Preparation Table

sample No. Epoxy () K_enaf Core | Sodium Hydroxide | Ultrasonic _
Fiber (g) 6% Treatment (h) | Treatment (min)
1 100 0 - -
2 100 10 - -
3 100 10 24 -
4 100 10 24 30
5 100 10 24 60
6 100 10 24 90

C. Water Absorption Test

There are a few standards that can be followed for water absorption test. This study will follow ASTM D570
with slightly modified. The sample is cut into small pieces; 3 cm x 3 cm x 0.2 cm in dimension. The sample is
weight and dipped in distilled water, sea water and rain water at ambient temperature. The weight of the sample
was taken twice per week for 28 days.The percentage of water uptake is calculated as follow,

WA(%) = [M%OM"] x 100 1)

where M, and M; were the dried weight and final weight of the sample respectively.
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I11.RESULT AND DISCUSSION
A. Distilled Water

Graph of Water Uptake [} against Time { Bay) for Distiled

LR LU

—=— & jsoaey Blank

2 00N

—=— £y~ il rdated 10 2
KLF

w— Epoory = Treated 100 2 KCF
il 6 HaLdH

Water Uptaka %)

—— Epoey ¢ Irealed 100 ¢ BECF
il 6 DI -
Liitrasdad B0 s

Epguiy = trea hed 10 g KCF
it 6% HalH -
UG b enadt, 0T paaicy

— i F ey = Neabed 1@ L EEF
with % IR M =

Tonma |0 my] L1 PR, T oY

Fig. 1. Graph of water uptake, M, (%) against time (day) for distilled water

Fig. 1 above shows the differences of water uptake level for each sample against time of immersion. Blank
epoxy shows the lowest water uptake level compared to other sample. After reinforcing epoxy with various
treated kenaf core fiber, epoxy reinforced with treated kenaf core fiber with 6% sodium hydroxide and 90
minutes ultrasonic bath show the lowest possible water uptake at 1.349 % after 28 days. This is because of the
ultrasonic treatment help improve compatibility between fiber and polymer*. Untreated kenaf core fiber has the
highest result of water uptake at 2.022% after 28 days.

B. Sea Water
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Fig. 2. Graph of water uptake, M, (%) against time (day) for sea water

From fig. 2, the treated epoxy/kenaf core fiber with sodium hydroxide and ultrasonic in 90 minutes shows the
lowest water uptake at 1.262% after 28 days compared to the other epoxy reinforced with kenaf core fiber.
Untreated kenaf core fiber has the highest result of water uptake at 1.769% after 28 days.
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C. Rain Water
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Fig. 3. Graph of water uptake, M; (%) against time (day) for rain water

From fig. 3, the treated epoxy/kenaf core fiber with sodium hydroxide and ultrasonic in 90 minutes shows the
lowest water uptake at 1.431% compared to the other epoxy reinforced with kenaf core fiber after 28 days.
Untreated kenaf core fiber has the highest result of water uptake at 1.908% in this rain water immersion test.

D. Comparison Between Three Types of Water Immersion
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Fig. 4. Comparison for each water types in different sample condition

From the results, sea water shown to have the lowest water uptake compared to distilled water and rain water.
This is because of sea water density and salinity [14]. Seedling that grown in saline soil shown reduction in
water content and water potential of leaves, stems, tap roots and lateral roots [15]. This explained why pure
blank epoxy shown no differences in all type of water uptake but after kenaf core fiber was added into epoxy,
there is a huge difference of water uptake between distilled water/rain water and sea water. Salinity of sea water
affected kenaf core fiber which is made of cellulose that reduce water uptake of epoxy/kenaf core fiber
immersed in sea water.

IV. CONCLUSION

Epoxy/kenaf core fiber was successfully prepared, treated and immersed in three different water; distilled
water, rain water and sea water. Epoxy/kenaf core fiber that was treated with ultrasonic for 90 minutes has the
lowest water uptake while untreated epoxy/kenaf core fiber has the highest water uptake. This is because of the
ultrasonic treatment help improve compatibility between fiber and polymer thus making the sample slightly
hydrophobic. The introduction of ultrasonic treatment has help reduce water uptake of epoxy/kenaf core fiber.

Epoxy/kenaf core fiber absorbs distilled water and rain water more than sea water. The increasing of water
content in the sample is due to the formation of hydrogen bonding between water molecules and cellulose fiber.
Each sample absorbs distilled water and rain water in almost equal amount to each other.

Most samples absorb distilled water the most. However, the sample that was treated in 60 minutes and 90
minutes ultrasonic shown to have absorb more of rain water than distilled water. Sea water remain as the lowest
possible water uptake which is because of salinity of sea water affected kenaf core fiber which is made of
cellulose that reduce water uptake of epoxy/kenaf core fiber immersed in sea water.
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