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Hydrophobicity Enhancement of Natural Palm Fiber
Modified by Trimethylchlorosilane
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Abstract

Empty fresh fiber of palm was chosen for removing oil contaminated in waste effluent. It has been
improved its adsorption by a silylation technique. After the treatment, hydroxyl groups of over natural
fibers were removed and reduced. This leaded to enhance hydrophobicity of fibers was approximately
0.616 compared with untreated fiber that has hydrophobicity 0.195. The results from TGA disclosed
that the strength of fiber was still remained as original one, while SEM showed more porosity
occurred through modified fibers.

Keywords
Palm fiber; hydrophobicity; silylation.

Introduction

The effluent from fish-shrimp processing and palm oil industrial is mainly oily wastes. Mostly, oily
contaminants exist in small dispersed droplets, which is difficult to recovery. When it is sent to WWT
plant, this pollution reduces the performance of purification plants, leading to more severe impact.
Adsorption process has been recommended as one of promising techniques to reduce such
concentration before flowing through the treatment [1, 2]. Many researches have been revealed the
performance of studied adsorbents and reported the development of adsorption procedure both through
adsorbent and process. Natural fiber, such as oil palm fiber, is one of abundant agricultural wastes in
the local southern area nearby the treated needed. However, OPEF possess hydrophilic properties lead
to natural oil palm fibers likely adsorb water more than nonpolar compounds. To overcome the
problem of oil contaminated reduction in waste effluent and also utilize agricultural waste, it is needed
to investigate the possibilities of hydrophobicity enhancing of oil palm fibers.

Oil palm is one of important economic plants in the south of Thailand. The Oil palm plantation in the
southern region has been increased every year. In 2003, it was found that more than 2 M-rai used for
oil palm plantation [3]. For every ton of fresh fruit bunch (FFB), approximately 0.28 ton of empty
fruit bunch (EFB) is remained as solid waste [4]. EFB has been utilized in several purposes including
agricultural activities, and combustible fuel for boiler. More than 60% of EFB waste still remains
unused [5]. Natural fiber is composed of lignocellulose material consisting of cellulose,
hemicellulose, and lignin. The combination of cellulose and hemicelluloses are called holocellulose
and usually account for 65-70% of the plant dry weight [6], which is the major component of plant
fiber. These compositions are rich in hydroxyl groups, which are responsible for moisture sorption
through hydrogen bonding. So, they possess hydrophilic properties that must be modified before
utilizing for oil removal. Several techniques of hydrophobicity enhancement, such as acetylation,
mercerization, and silylation, have been presented. Recently, few works on hydrophobicity
enhancement by silylation has been disclosed.

Biomass sorbents including kapok fiber, cattail fiber, Salvinia sp., wood chip, rice husk, and bagasse
were tesed for oil removal from gas station runoff. It was reported that more than 70% of oil
concentration could be reduced by biomass sorbents [7). Besides, oil adsorping filter from reed canary
grass, flax, or hemp fiber showed the possibility for the oil adsorption [8].

EFB has been widely studied as an additive for a composite material [9, 10]. It was found that after
modification with silylation would strengthen material by less water adsorption [9, 10]. Up to the
present, there is no research carried out for EFB as an oil removal adsorbent. In this study, attempts to
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enhance EFB for nonpolar compound sorption by silylation would be revealed. Chemical (by FTIR),
thermal (by TGA) properties and structure images were used to verify our results. Eventually, was
comparative adsorptions over water, oil, and mixtures of those were also presented.

Material and Methods

Fresh palm fiber was obtained from local palm mill (Univanich Palm Oil Public Co., Ltd., Krabi
province located in the southern part of Thailand). It was dried at 60°C over night. Silylating agents
including Trimethylcholrosilane (TMCS) and mercerizing agent as NaOH were used as treating

agents.

r Sur] Modification
Two kinds of chemical modifications (mercerization and silylation) were used to study. Mercirization
was used of the comparison work. Conditions on this method followed Sreckala et al [9, 10]. Fibers
were dipped in 5% NaOH at room temperature for 48 h. The fibers were then washed in distilled
water until washing solution was neutral. Fiber was then filtered and finally dried at 60°C.
Silylation : Fibers were dipped in 1% TMCS solution in toluene for about 3 hour at room temperature.
After the reaction, silane treated fiber was washed with toluene, filtered and dried in an oven at 60°C
overnight and kept in a desiccator,
Characterizations were carried out by FTIR, TPD, and SEM.

ting and i
About 0.5 g of fibers were dipped in beaker containing with 40 ml of hexane and agitated with
magnetic stirrer for about 10 minutes. The sorbent was next retrieved, allowed to drain for 3 minutes,
and weight. The results are expressed in term of the proportion of gram hexane to gram water. This
value is an estimation of the degree of hydrophobicity of the fibers.

Results and Discussion

I. ThermalDecomposition of EPF

EPF mainly composes of cellulose, hemicellulose, and lignin. Before using as a adsorbent, it really
needed to understand the amount of water containing. This base amount would use to compare with
the further adsorption after the treating. The characterization was carried out in a thermal gravimetric
technique studied from 40-550°C with controlled heating rate. The weight loss profiles were obtained.
Additionally it was computed in term of differential mass proportional to temperature obtained for
TPD spectrum. Figure 1 shows the data of untreated EPF after drying at 60°C.
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Figure 1. Composition of untreated EPF after drying at 60°C

Three steps of weight loss had been presented; obviously TPD spectrum was found three main peaks.
Their maximum positions were located at 60, 295, and 360°C. The first peak, ranged from 40-100°C
with centered at 55°C, is associated with physically adsorbed water. It seemed that water was
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contained into the fresh EPF approximately 7.33%. The second peak started from 200 1o 320°C with
maxima at 295°C. It should be due to the dehydroxylation of C-OH group from the EPF. This
corresponded to 46.45%. The last peak was assigned to the combustion of remaining carbon species,
contributed to 37.89% weight loss. The remaining material was balanced to be 8.33%, referred to ash.
To compare the drying conditions at 60 and 100°C, OPF also was decomposed under air, and the
results of TGA and TPD were presented in the same figure. The profiles for both drying conditions
were found to be similar to each other. It indicated that there was no significant effect throughout the
pretreatment process. Either condition could be used for the further study.

2. Modified Fibers
Weight loss profiles and TPD spectrum through 550°C for EPF, mercerized fiber (MPF), and silylated
fiber (SPF) were obtained from TGA and shown in Figure 2,
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Figure 2. Weight loss and TPD spectra of palm fibers: (a) untreated fiber, (b) mercerized fiber, (c)
silylated fiber
Weight loss of fiber after treatment seemed to be different from fresh fiber at the second and third
steps. On the same basis, fiber after treatment contained less volatile compounds decomposed at 200-
350°C. The volatile compounds could be calculated for EPF, MPF, and SPF as 84.34 to 69.72,
81.05%, respectively. However, weight loss still showed the tendency downwards after 350°C, which
indicated that chemical composition containing in fiber was modified through the chemical reactions.
As presenting in Figure 2a, b, and ¢, compositions with stronger interaction (the third step) was
increased while less interaction (the second step) became reduced by the substitution reaction.

Reaction ]  Fiber-OH + NaOH —— Fiber-O-Na™ + H;0

Reaction2  Fiber-O-Na"+ C;H,SiCl —»  Fiber-0-Si-C3Hs + NaCl

Besides, it was found two main peaks over the TD spectrum, clearly disclosed at 40-100°C,
and 200-360°C. It confirmed some amount of chemical species was leached out.
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2.1FTIR: Functional groups of EPF modified through the reactions were clarified by FTIR spectrum
shown in Figure 3.
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Figure 3. IR spectra of Palm fibers (a) untreated | Figure 5. Water adsorption of palm fibers: (a)
fiber, (b) mercerized-treated and (c) silane- | untreated fiber, (b) mercerized fiber, (c) silylated

treated. fiber

Major changes are observed in the IR absorbance of alkali-treated, acetylated and silane-treated
sample. Major changes are observed in the IR absorbance of mercerized-treated, and silane-treated
sample. Peak at 1248 and 1736 cm™ (C-O stretching and C=0 stretching, respectively) are present in
the untreated natural palm fiber. On modification, these peaks disappear. This may be due to the
removal of the carboxylic group by mercerizing. The carboxylic group may be present on the fiber
surface from traces of fatty acids present. Peak at 2922 cm™ (C-H stretching) decreased upon the
treatment.

2.2 SEM: The SEM photographs of EPF materials (Figure 4) exhibit the morphology of fibers for
both fresh and treated materials.

a)

b)
¢)
200X 1000X S000X
Figure 4 SEM Images of Palm Fibers both fresh and modified; a) EFP,b) Mercirized, and
¢)Silylated

Different magnifications of 200X, 1000X, and 5000X were shown for the development of
modifications, The images of EPF presented stomata, microscopic pores in the epidermal tissue, were
spread over the fiber surface. Stomata were removed after modified by mercerization and silylation.
The structure became open and clearly porous. It was believed that more bounding could be formed

Regional Sympaosium on Chemical Engingering 2005
Hanoi Harison Hotel, Hanoi, VIETNAM * November 30" — December 2 2005



99

Organic Chemical Engineering OSP12

after pore removal. The pores were found to have an average diameter of 10, 21um, for
mercerization and silylation respectively. The porous morphology is useful for better mechanical

interlocking with the matrix resin for composite fabrication [10].
Besides FTIR and SEM, materials, both fresh and treated, contain small number of surface area,

according to BET surface area analysis, It indicated that adsorption would take place upon functional
groups rather than physical surface adsorption. ;

3. Hydrophobicity and adsorption measurement

Test of water adsorption: Figure 5 shows the weight loss along the heating system ranged 40-60°C
of untreated palm fiber, mercerized fiber, and silylated fibers. The adsorption system was evaluated at
this range since the further applications would be operated at normal to low temperature rather than
high temperature, therefore, condition at 100 or 500°C would be ignored for the adsorption concept. It
was found that the water contained after the adsorption on EPF much more than other modified fibers,
as shown by the slope of weight loss through temperature program. The modification by
mercerization and silylation could reduce water adsorption capability by 23.1 and 31.1 %,
respectively. This would deal to hydroxyl groups (-OH) over fiber surface was partially removed.
Hexane was selected as an absorbate for the further the hydrophobicity index (HI) caleulation.
Modifications by M and S could reduce the Hydrophobicity of EPF by 0.132, and 0.616.

Table 1. Sorption capacity of fibers®

Sorbent Diesel (g/g) HI
EPF 0.95 0.195
MPF 0.82 0.132

0.616

SPE 0.47
*Grams of absorbate per gram of Tiber

Conclusion

Pretreatment process, drying conditions at 60 and 100°C, was no significant effect to physical
properties of the modified material. The adsorption would take place upon functional groups rather
than physical surface adsorption and water adsorption on silylated fiber less than its original material.
Moreover the modification by mercerization and silylation was removed to some extent of hydroxyl
groups (-OH) over fiber surface that lead to reduce water adsorption capability.
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