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Abstract—Fiber cross sectional area value is a crucial factor in 

determining the strength properties of natural fiber. Furthermore, 
unlike synthetic fiber, a diameter and cross sectional area of natural 
fiber has a large variation along and between the fibers. This study 
aims to determine the main and interaction effects of alkali treatment 
conditions which influence kenaf bast fiber mean cross sectional area. 
Three alkali treatment conditions at two different levels were 
selected. The conditions setting were alkali concentrations at 2 and 
10 w/v %; fiber immersed temperature at room temperature and 
1000C; and fiber immersed duration for 30 and 480 minutes. 
Untreated kenaf fiber was used as a control unit. Kenaf bast fiber 
bundle mounting tab was prepared according to ASTM C1557-03. 
Cross sectional area was measured using a Leica video analyzer. The 
study result showed that kenaf fiber bundle mean cross sectional area 
was reduced 6.77% to 29.88% after alkali treatment. From analysis of 
variance, it shows that interaction of alkali concentration and 
immersed time has a higher magnitude at 0.1619 compared to alkali 
concentration and immersed temperature interaction which was 
0.0896. For the main effect, alkali concentration factor contributes to 
the higher magnitude at 0.1372 which indicated are decrease pattern 
of variability when the level was change from lower to higher level. 
Then, it was followed by immersed temperature at 0.1261 and 
immersed time at 0.0696 magnitudes.  

 
Keywords—Natural fiber, kenaf bast fiber bundles, alkali 

treatment, cross sectional area. 

I. INTRODUCTION 
HE trends of utilizing natural fibers as reinforced 
materials in polymer matrix composite were growth 

aggressively since last two decades. This was motivated by the 
increasing awareness of environmental issues, finite petroleum 
resources, utilization of abundantly available natural fiber and 
the availability of improved data on the properties and 
morphologies of natural fibers materials [1], [2]. However, 
large variability in characteristic properties values is among 
the big challenges that restrict the extensive application of 
natural fiber reinforced composites in global market [3]. 
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Generally, the shape, size and strength properties of natural 
fiber depend on their region of origin, cultivation 
environment, maturity, retting process, etc. [4]. Another major 
drawback when dealing with natural fiber is their hydrophilic 
characteristic. It exhibits poor resistant to moisture, which lead 
to high water absorption. Finally, it contributes to the inferior 
interfacial performance and dimensional stability of the 
natural fiber reinforced composites. Therefore, chemical 
treatment on natural fiber is an alternative solution that often 
applied to overcome these problem [5]. One of the common 
and widely used techniques to clean and modify a natural fiber 
surface is an alkali treatment process [5-6]. 

Study conducted by Hashim et al. [7] had found that kenaf 
fiber mean diameter was reduced by 30.12% to 42.92% after 
alkali treatment. They mentions that alkali concentration had a 
higher impact on diameter changes compared to alkali 
treatment immerse temperature. Gu [8] analyzed tensile 
behavior of the coir fiber and related composite after alkali 
treatment. It was found that a decreased trend in coir fiber 
tensile strength with increased of alkali concentration. The 
influence of alkali treatment at ambient, elevated temperatures 
and alkali-steam treatment on tensile strength of jute fibers 
have been examined by Saha et al. [9]. The results indicated 
that the uniaxial tensile strength increased by up to 65% for 
alkali-steam treatment. Boophati et al. [10] explored the 
Borassus fruit fibers properties effect with 5%, 10% and 15% 
alkali treatments and found that 5% alkali concentration yield 
significant improvement in tensile properties of the fiber. 
Recently, Nitta et al. [11] clarified that cross section of kenaf 
fiber was drastically changed by the alkali treatment compared 
to the untreated kenaf fiber. Data based approximation (DBA) 
method for evaluating cross-sectional area was proposed on 
the assumption that the shape of each cell in the alkali treated 
fiber was an ellipse. Natural fiber is known to vary in their 
diameter and cross sectional area along the fiber length. Any 
uncertain evaluation of the cross sectional area brings a 
variation into the determined mechanical properties of the 
fiber [12]. Furthermore, the alkali treatment for optimal setting 
conditions is still not clearly specified and it is vary depending 
on the type of natural fiber. Several authors mention different 
treatment conditions setting which contribute to variability in 
fiber properties and its final composite characteristic 
evaluations [13]-[15]. Therefore, this study was aim to 
determine the main and/or interaction effects of alkali 
treatment conditions which influence the variability of kenaf 
bast fiber mean cross sectional area. 
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Fig. 2 Pareto chart of alkali treatment condition effect on KBF mean 

cross sectional area 
 

 
(a) Interaction plot 

 

 
(b) Main effect plot 

Fig. 3 (a) Interaction plot and (b) Main effect plot of alkali treatment 
condition effect on KBF mean cross sectional area variability 

 
For the main effect, the alkali concentration contributes to 

the higher magnitude which is 0.1372 and followed by 
immersed temperature (0.1261) and immersed time (0.0696). 
Fig. 3 shows the interaction and main effect plot of alkali 
treatment condition effect on KBF mean cross sectional area 
variability. From alkali concentration and immersed time 
interaction plot, the variability value is small at 30 minute 
immersed time. However when the immersed time getting 

longer, it show an increase pattern in variability at low level 
alkali concentration; where high level alkali concentration 
setting show a slightly decrease pattern.  

For alkali concentration and immersed temperature 
interaction, similar changing pattern was recorded. Both alkali 
concentration setting shows an increased pattern in cross 
section area variability when the immersed temperature was 
increased from room temperature to 1000C. However, the 
magnitude of variability changed for alkali concentration at 10 
w/v % is larger than 2 w/v % setting. In main effect plot, alkali 
concentration shows a decreased pattern in variability when 
the setting was changed from lower to higher. However, for 
immersed temperature and time setting, it shows an increase 
pattern when a treatment conditions was changed from lower 
to higher setting. These patterns showed that, different levels 
of the factor affect the response differently. The bigger it slope 
value show the greater the magnitude of the main effect. 

IV. CONCLUSIONS 
The study result showed that kenaf fiber bundle mean cross 

sectional area was reduced 6.77% to 29.88% after alkali 
treatment compared to untreated kenaf mean cross sectional 
area. The decrease was due to swelling reaction during alkali 
treatment process at different conditions setting which affect 
the fiber structure, dimension and morphology. The interaction 
plots reveal that alkali concentration and immersed time has a 
higher impact on the variability of the KBF mean cross 
sectional area. Alkali concentration and immersed temperature 
also had an interaction affect on mean cross sectional 
variability but at a lower magnitude. This was followed by the 
main effects of alkali treatment conditions which are alkali 
concentration, immersed temperature and immersed time. 

REFERENCES  
[1] K. G. Satyanarayana, et al., "Biodegradable composites based on 

lignocellulosic fibers--An overview," Progress in Polymer Science, vol. 
34, pp. 982-1021, 2009. 

[2] A. Shalwan and B. F. Yousif, "In State of Art: Mechanical and 
tribological behaviour of polymeric composites based on natural fibres," 
Materials & Design, vol. 48, pp. 14-24, 2013. 

[3] S. Ochi, "Tensile Properties of Kenaf Fiber Bundle," SRX Materials 
Science, vol. 2010, 2010. 

[4] O. Shinji, "Mechanical properties of kenaf fibers and kenaf/PLA 
composites," Mechanics of Materials, vol. 40, pp. 446-452, 2008 2008. 

[5] X. Li, et al., "Chemical Treatments of Natural Fiber for Use in Natural 
Fiber-Reinforced Composites: A Review," Journal of Polymers and the 
Environment, vol. 15, pp. 25-33, 2007. 

[6] M. C. Symington, et al., "Tensile Testing of Cellulose Based Natural 
Fibers for Structural Composite Applications," Journal of Composite 
Materials, vol. 43, pp. 1083-1108, May 1, 2009 2009. 

[7] M. Y. Hashim, et al., "Mercerization Treatment Conditions Effects on 
Kenaf Fiber Bundles Mean Diameter Variability," Applied Mechanics 
and Materials, vol. 315, pp. 670-674, 2013. 

[8] H. Gu, "Tensile behaviours of the coir fibre and related composites after 
NaOH treatment," Materials & Design, vol. 30, pp. 3931-3934, 2009. 

[9] P. Saha, et al., "Enhancement of tensile strength of lignocellulosic jute 
fibers by alkali-steam treatment," Bioresource Technology, vol. 101, pp. 
3182-3187, 2010. 

[10] L. Boopathi, et al., "Investigation of physical, chemical and mechanical 
properties of raw and alkali treated Borassus fruit fiber," Composites 
Part B: Engineering, vol. 43, pp. 3044-3052, 2012. 



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:7, No:10, 2013

2103

 

 

[11] Y. Nitta, et al., "Cross-sectional area evaluation and tensile properties of 
alkali-treated kenaf fibres," Composites Part A: Applied Science and 
Manufacturing, vol. 49, pp. 132-138, 2013. 

[12] M. Aslan, et al., "Strength variability of single flax fibres," Journal of 
Materials Science, vol. 46, pp. 6344-6354, 2011. 

[13] I. Van de Weyenberg, et al., "Improving the properties of UD flax fibre 
reinforced composites by applying an alkaline fibre treatment," 
Composites Part A: Applied Science and Manufacturing, vol. 37, pp. 
1368-1376, 2006. 

[14] M. Y. Hashim, et al., "Mercerization Treatment Parameter Effect on 
Natural Fiber Reinforced Polymer Matrix Composite: A Brief Review," 
in Proceedings of World Academy of Science, Engineering and 
Technology, 2012. 

[15] A. K. Mohanty, Misra, M, Drzal, L.T, "Surface modifications of natural 
fibers and performance of the resulting biocomposites: An overview " 
Composite Interfaces, vol. 8, pp. 313-343, 2001. 

[16] Y. Xue, et al., "Temperature and loading rate effects on tensile 
properties of kenaf bast fiber bundles and composites," Composites Part 
B: Engineering, vol. 40, pp. 189-196, 2009. 

 
 


