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ABSTRACT

Lignocellulosicfibers seem to be among the best alternative substitutionfillers in biocomposite. Among its usages includes
as particleboard (PB) and woodpolymer composite (WPC) as it is abundantly available and its woody properties offers
great usability. However, several problems arise due to the high hygroscopicity ofwoody materials and less interfacial
adhesion between hydrophilic filler with hydrophobic petroleum based polymer. A variety ofalkali treatments has been
reported in the enhancement ofpromoting betterfiber morphology and thus reduce the water uptake behavior and increase
the compatibility. This paper intended to review the alkalization treatment using Sodium Hydroxide (NaOH) on natural
fiber surfaces, differentiate treated and untreated fiber surfaces and summarize the effective concentration of NaOH
which may be applied on certain wood species. Thefindings are hoped to be used as a guide throughout future researches.
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Introduction

Synthetic fibers such as glass fiber and carbon fiber that have actively been used years ago in making composite
product are very expensive and hazardous to the environment. Natural fibers including softwood, hardwood
and biomass has the potential to be an alternative source of cellulosic materials to replace the synthetic fiber for
engineered product development. These natural fibers are abundant in nature that if unutilized will lead to waste
disposal problems. This substitution may ensure fully consumption of the biomass and shall reduce the problem
of disposing them. The natural fibers have advantages of renewable resources, low cost, strong, light in weight,
abundant, non abrasive, and non hazardous (Shinoj, 2011). Despite of giving benefits to the materials sciences field,
replacing the synthetic fiber with natural fibers may help people around the world to improve their standard of living.
For example, rural jobs opportunities may be provided when lignocellulosic and biomass such as kenaf, jute, and oil
palm fibers necessitate extraction process prior to develop reinforcing fillers in many polymers and other products.

However, natural fibers have a disadvantage of highly hydrophilic substance because of hydroxyl group
presence in cellulose. Cellulose, hemicelluloses and lignin are major organic compound of lignocellulosic material.
The hydroxyl group presence in cellulose is easily attracted to the hydrogen bond of water (HP). Thus it makes the
engineered product permeable to water. Another problem noticed is the non compatibility between natural fibers and
polymer matrix in making wood polymer composite (WPC). Chemical modification technology can greatly improve
the properties of lignocellulosic in production of related composite Gu, (2009) and Gwon et al., (2010) . An example of
chemical modification that is widely used is alkali treatment using Sodium Hydroxide (NaOH) solution. NaOH treatment
is a process of alkalization on natural fibers which may improve the bonding. It is indicated as the best chemical treatment
in modifYing the surface of natural fibers offering better adhesion with resin polymer (Rosa, 2009, Sawpan, 2011). The
natural fiber will be immersed in a solution of NaOH for certain time before it is rinsed and dried and prolong normal
process in engineered product manufacturing. Gwon et al (20 I0) stated that natural fiber treated with alkali solution
has clearer surface compared to untreated fiber observed under Scanning Eletron Micrograph (SEM). This could be
attributed to the part of hemicelluloses, lignin and extractives are removed by alkalization process and may promote
better fiber morphology and high compatibility of natural fiber with polymer matrix in WPC. There is a contrast of ideas
between researchers on the effect of alkalization towards water uptake by natural fibers (Rahman, 2009 and Ichazo,
2001). This is necessary to be understood in order to produce a high quality engineered biocomposite product with low
water uptake. This paper compiles and reviews past studies on NaOH treatment on natural fibers as to make alteration
on natural fiber surfaces and fix them into resin. The objectives of this review are: 1) to review the alkalization treatment
using Sodium Hydroxide (NaOH) at room temperature on natural fiber surfaces; 2) to differentiate treated and untreated
fiber surfaces; and 3) to summarize the effective concentration of NaOH may be applied on certain wood species.

Hygroscopicity of natural fiber

Cellulose contains many hydroxyl groups and it is a very rigid crystalline natural polymer that could avoid any water
absorption. Rosa (2009) stated that the impurities in natural fibers have to be removed leaving cellulose alone by chemical
treatment to improve their wettability. The impurities included lignin and extractives. However, according to Gwon
(2010), water absorption will not occur in lignin and extractives that consist of pectin, wax, ash and volatile materials.
This is because even though they are totally amorphous, they have hydrophobic characteristic. This can be seen when the
hydrophobic lignin is added externally into the biocomposite, water absorption of the fiber is reduced (Rozman, 2000).
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Lignin could reduce water absorption by two possibilities which are bulking and plugging the cell wall lumen. These
mechanisms will reduce water to penetrate into the cell wall. Another way to reduce the water uptake in engineered
bioproduct and improve the wettability is to remove hemicellulose. This is because hemicellulose has hydrophilic
characteristics that tends to absorb water and its dissolution may lead to better fiber dispersion (Cao et al., 2006).

Chemical treatment by alkalization process could lower water absorption tendency and decrease the presence of
water sites in biocomposite product. This is due to the decreases in the hydrophilic nature ofhemicelluloses that have been
dissolved with treatment (Rahman, 2009, Migneault, 2009). This study is also supported by Sinha and Rout (2007). It might
be due to the effect of alkal ine solubilization of hemicelluloses which are usually ascribed to the destruction and breaking
ofhydrogen bonds. ]n particular, all the ester linked substance of the hemicelluloses can be cleaved by alkali except for the
cleavage ofa-ether bonds between lignin and hemicelluloses. However, these findings contradict the report oflchazo (2001)
who stated that alkaline treatment may increase the permeability of water molecules to particle surfaces. This is because
the increment of surface area (due to chemical treatment) has enhanced the hydroxyl (-OH) groups availability on cellulose
surface that could absorb water and lead the composite to swell. To avoid this to be happen in developing WPC, coupling
agent such as Maleic Anhydride Polypropylene (MAPP) and Maleic Anhydride Polyethylene (MAPE) should be applied.

Alkali treatment

Effect of NaOH concentration

The different concentrations ofsodium hydroxide (NaOH) were used in several studies to investigate its effect on tensile and
surface of subjected natural fibers. Ndazi et al. (2007), Bachtiar et al. (2008), and Gu (2009), found that the tensile strength
of natural fiber increases with NaOH treatment compared to non treated fibers. The tensile strength was also observed to
enhance with the increasing ofNaOH concentration. However, Bachtiar et al (2008) in the study of alkaline treatment on
tensile properties of sugar palm against two different levels NaOH concentration conclude that, higher alkali treatment
concentration was not sufficient to enhance the tensile strength because the fiber could damage due to high alkalinity. In
general, the reviews ofsolution concentration affirmed the enhancement of tensile strength due to delignification of lignin,
removal of hemicelluloses and some impurities from fiber surface that leave a rougher surface of fiber and offer larger
surface area for better contact with matrix increased with the increasing of alkali concentration of up to 10%. "Denser
NaOH solution provided more sodium (Na) and hydroxyl (OH) ions to react with the substances on the fiber, causing greater
amount of lignin, pectin, fatty acid and cellulose to leach out. This would be detrimental to the fiber surface" (Gu, 2009).

Scanning Electron Micrograph (SEM) may claritY the effect ofNaOH treatment on natural fibers. The surfaces of
untreated kenaffibers were observed as porous and rough (Edeerozey, 2007). These appearances indicated that crystalline
cellulose is tied up with cementing materials such as hemicelluloses, lignin and other non cellulosic compounds (waxy
substance, oil and impurities). Similar results were showed by Beckermann et al., 2008 and Gwon, 2010. Figure 1(a) and
(b) showed that the impurities are removed from the treated fiber surface and the filaments are splitting from each other.

Figure 1. SEM migrograpfs of a bagasse fiber (a) untreated fiber (b) 5% NaOH treated fiber

Mansour Rokbi (20 11) observed the changes oftreated fiber surfaces in term ofcolor. The SEM micrograph exhibits
the color oftheAIfa fiber becomes more yellowish with the increment ofNaOH concentration. This can be shown in Fig 2(a)
and (b). Smoother appearance is observed as compared to the untreated fiber. The dissolution of hemicelluloses and other
impurities provide more surface area available for contact with matrix. As the amorphous structure and hydrophilic character
ofhemicelluloses is been degraded, the water uptake offiber surfaces can be minimized in the final products (Gwon, 2010).
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Figure 2.SEM migrograpfs ofAlfa fiber (a) untreated fiber (b) NaOH treated fiber

Effects of Temperature

Alkali treatment of fiber was conducted in several conditions such as different concentration ofNaOH solution, different
soaking time and different level oftemperatures. Fiber treatment ofNaOH in most research conducted at ambient temperature
or in range of20'C - 30'C. Gu (2009), Brigida et al., (2010) and Trodec et aI., (2011) have conducted NaOH treatment at
this temperature in different concentration ofNaOH solution. The results show similar traits where lignin, hemicelluloses
and other impurities composition reduce and lead to rougher surface offibers. This improves the interfacial area between
fibers and matrix for chemical bonding and increase the tensile strength of fiber (Gu, 2009). Saba et aI., (20 I0) meanwhile
conducted NaOH treatment on fi ber at two different ranges oftemperatures, ambient and elevated temperature respectively to
investigate the effect oftemperature prior to surface and tensile strength offiber. Both ofstudies found that, higher or elevated
temperature oftreatmentpossess higher tensile strength and roughersurface than fiberused in ambienttemperaturetreatment.

Figure 3 shows the differences fiber surface between treated and untreated fiber and between ambient temperature
and elevated temperature oftreatment studied by Saha et al., 20 10. The surfaces offiberwere examined at different condition.
The treated fiber shows rougher surface than untreated one with the elevated temperature treatment possess rougher surface.
They conclude that, the fiber separation is excellent at higher temperature with more cementing materials were removed.

Figure 3. SEM photograph of untreated and alkali treatment at ambient and elevated temperature

Mechanism of Treatment

NaOH + ~
Fibre

--.• f().N...
Fibre

Figure 4.The structure of cellulose after NaOH treatment (Sreekala, 2003).

NaOH treatment tends to remove hydrogen bonding in cellulose structure. Alkali cellulose will be formed when alkali
penetrates into cellulose. This penetration may result in removing off hydrogen from the -OH groups of cementing
material. Cementing material is a term given to hemicellulose, lignin and other impurities that tied up cellulose fibrils.
Figure 4 shows the structure of alkali cellulose after NaOH treatment. The reaction with the -OH groups may cause
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Conclusion
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Alkali treatment change the fiber morphology by removing cementing material lead to rougher surface and increase
the interfacial site for chemical bonding between fiber and matrix. The reaction of treatment is superior at high
temperature and high concentration of NaOH solution. But, the concentration and temperature of treatment solution
are limited to some condition because extreme treatment might lead to fiber damage. Effective NaOH concentration
that can be used to treat natural fiber surface is in the range of 2% - 8% and the optimum result may started at 4%
and above. Elevated temperatures at 90±2'c could be an effective temperature in conducting the treatment.
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