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Abstract. The aim of this research is to study the influence of sodium hydroxide, sodium
bicarbonate and calcium hydroxide treatment on the wettability characteristics of zalacca fibres.
The wettability test was carried out by measuring the contact angle between the fluid and fibre
surface. The distilled water and ethylene glycol represent the polar and dispersive fluid,
respectively. By entering the contact angle and liquid surface energy of distilled water and
ethylene glycol simultaneously into the substitution of Young-Dupres and Owen-Wendt
equation, the surface energy of fibres was determined. The treatment caused the decrease in
contact angle inducing the enhancement in surface energy. The increase of surface energy of the
zalacca fibres by NaOH treatment was the highest, followed by Ca(OH)2 and NaHCO3
treatment. Based on the fibre content analysis and SEM examination, this is due to the basicity
of the solution causing the cleaning effect, in which the sodium hydroxide is the strongest,
followed by calcium hydroxide and sodium bicarbonate solution. The wettability of zalacca
fibres as composite reinforcement is raised by NaOH, Ca(OH)2 and NaHCO3 treatment.
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1. Introduction

In this present materials with high specific strength and stiffness are required due to the inadequacy
of the conventional material and energy resources. The emerging environmental issue encourages the
utilization of green composite, material consisted of minimal two components which at least one is
renewable [1]. Composite is arranged from matrix and reinforcements, usually in the form of fibres [2].
There are a lot of natural especially plant fibres, like banana fibres, coir, jute, kenaf, sisal, sugarcane
bagasse and wood fibres. Nevertheless the plant fibres have not been applied broadly in industries due
to their low compatibility with synthetic polymer matrix [3]. To obtain the optimum mechanical
properties of composites, there are essential factors: mechanical properties of matrix and fibres,
adhesivity of matrix-fibres [4], length and orientation, volume fraction and thermal stability of the fibres
[5]. The adhesivity correlated to interfacial compatibility of the fibre surface is influenced by its
wettability [6].

The adhesion between two contacted solids are directly correlated with surface energy of each solids
[7]. The surface energy of fibres and matrix can be used to measure the strength of materal interface.

The surface energy (y) isdivided as polar (yP) and dispersive (yd) components[§] :
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y=yP +yd )

in which yP and yOI represent the polar and dispersive surfaceenergy (mL/mZ), respectively. The polar
componentis arose caused by dipolar interaction meanwhiledispersiveoneis occur dueto Van der Waals
force between the molecule of the materials[9].

The relationship between contact angle (6) of aliquid drop on the substrate and the surface energy of the
liquid (yL), surface energy of the solid (yS) and interfacia energy between the solid and liquid (ySL) is
expressed by the Y oung-Duprex equation [7].

yS = ySL + VL .cos0 (2)

The surface energy of the solid can be calculated by

measuring the contact angle of polar and nonpolar liquid on the material surface using Owen and Wendt
equation. Usually the distilled (deionized) water and ethylene glycol are polar and nonpolar (dispersive)
liquid used, respectively.

. g . 0 [(‘Jd A 13—(-;9 _fp)l.l]
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By substituting the eq. (3) to eq. (2), the relationship is obtained.
—{l—can‘}.yL o
) [y .
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Zalacca (Zalacca edulis) is a native plant from Southeast Asia, especialy Indonesia. It is farmed for its
fruits. The fruit has white flesh enclosed with snake-like peel which is sourly sweet. After harvesting
the fruits, the old midribs are cut for increasing the next crop. The cut midribs then are discarded as
wastes. There are efforts to utilize the midrib wastes as fibre for composite reinforcements due to its
cellulose content [10]. However, the study of the wettability of zalacca fibres (ZF) and the influence of
chemical treatments on their wettability has not been done yet.

In this study, the surface energy of untreated fibres, sodium hydroxide, sodium bicarbonate and calcium
hydroxide treated fibres were examined by measuring the contact angle between the fluids and fibre.
The fluids were distilled water and ethylene glycol representing polar and dispersive liquids. The
chemical treatments for ZF in this study used NaOH 1% and 5% for 2 h, sodium bicarbonate (NaHCO3)
in its solubility limit, 10% in room temperature [11] and lime-water (Ca(OH)2) in its solubility limit,
room temperature. The duration of treatment was determined by the basicity of the solution, indicated by
the pH values.0.15%in

Before the determination of contact angle, the analysis of fibre content and fibre surface examination by
scanning electron microscopy (SEM) was carried out to investigate the effect of the chemical treatment
on the cellulose, hemicellulose and lignin, and the surface morphology of the fibres, respectively.

2. Materials and Methods

2.1 Materials

Thefibreswere from the midribsof zalaccaplant fromthe region of Y ogyakarta, Indonesia. The midribs
were cut from the 3-years-old plant from one plantation and extracted by immersing them in distilled
water for two weeks then the fibres were separated from their husk. The fibres were then washed, open-

air dryed and finally dryedin ventilated oven at 1050Cfor 2 h. They were cut for £40 mm length and saved
in the plastic container with silica gd for humidity prevention. The chemicals used are analytica
digtilled water, ethylene glycol, NaOH, Ca0 and NaHCO3.
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2.2 Methods

1) Fibretreatment
The pH measured from 1% NaOH, 5% NaOH, saturated Ca(OH)2 and saturated NaHCO3 solution
were 13.40, 14.00, 12.61 and 8.46, respectively.
For sodium hydroxide treatment, five grams of fibreswere soaked in 100 ml 1% and 5% NaOH for 2
hours, respectively. The fibres then were rinsed by distilled water and dried in the ventilated oven at

800C for 24 hours. The sodium bicarbonate treatment were done by immersing 5 g of fibresin 100 ml
10% NaHCO3 for 24, 120 and 240 h, respectively. In the calcium hydroxide treatment, five grams
of fibresin were submerged in 100 ml 0.15% Ca(OH)2 for 24, 48 and 72 h, respectively. Therinsing
and drying procedure were the same as those of NaOH treatment.
2) Fibrecontent analysis

The zalacca fibre content of cellulose, hemicellulose and lignin was established based on Kurchner-
and-Hoffer, NFT 12-008 standard and Klason methods, respectively [12]. The untreated and treated
fibres were powdered using high-power blender. The lignin was obtained as the insoluble component
after the extraction and hydrolisis of samples with CH2CI2 and 72% H2SO4, respectively. The
cellulose was gained as the insoluble fraction of the samples after extracted with CH2CI2 and added

with the mixture of ethanol and 95% HNO3. The hemicellulose was extracted by distillation after
mixed in HBr, heated and transformed into C5H402.

3) SEM examination
The morphology of fibre surface before and after the chemical treatment were examined using
scanning electron microscopy (SEM) FEI Type Inspect S-50. The samples were gold coated using
low-vacuum sputtering machine before positioned on a silver-painted holder and entered into the
chamber of the SEM equipment.

4) Wettability test
Thetwo endsof untreated and treated fibresthen weretied in aframe. The distilled water and ethylene
glycol (1 pl each) then weredropped by amicropippetteto thefibre. The contact angle formed between
the liquid and the surface of the fibers were observed and measured by the optical microscope

equipped by Optiflex® software. The measured contact angle for distilled water and ethylene glycol
then was put into eg. (4) smultaneously so that the surface energy of the fibreswas gained.

3. Results and Discussion

A. Fibre Content analysis

The percentage of cellulose, hemicellulose and lignin content of untreated and sodium hydroxide,
sodium bicarbonate and calcium hydroxide treated ZF is shown in Fig. 1. The untreated ZF has the
cellulose content of 42.54%, higher than the alfa grass [13], coir fibres [14], wheat straw [15] and
sugarcane bagasse [16].

The sodium hydroxide treatment increase the percentage of cellulose content highest (46.34%)
compared with the other treatment. It also partially eliminates the hemicellulose and lignin content. The
higher concentration of NaOH tends to lower the hemicellulose and cellulose content but raises the
percentage of lignin content.

The treatment with sodium bicarbonate rises the percentage of cellulose content but it is not as effective
as NaOH treatment. It is due to the lower basicity of the NaHCO3 solution compared to NaOH.
The elimination of hemicellulose content using NaHCO3 is comparable with the NaOH treatment.
The calcium hydroxide treatment evenly reduces the hemicellulose, lignin and cellulose. The longer
treatment tends to decrease the percentage of cellulose and hemicellulose content. This is correlated
with the study of Le Troedec and co-workers (2008) on the effect of various chemical treatment on
the properties of hemp fibres. It shows that the Ca(OH)2 treatment decrease the degradation temperature
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of cellulose but the treatment has only little effect on the crystallinity index. This indicates that the
treatment does not increase or decrease the crystalline portion of the fibres.

B. SEM Examination

The morphology of untreated ZF surface is shown in Fig. 2 (a). The surfaces of sodium hydroxide treated
fibres are exhibited in Fig 2 (b) and (c¢) for 1% and 5% NaOH, respectively. It shows that the
contours of NaOH treated fibres are clearly visible than the untreated one. The higher concentration
of the solution causes the larger surface energy due to the cleaner and rougher surface of the fibres
inducing the higher adhesivity between the fluid and fibres. This cleaning effect is caused by the basicity
of the NaOH. Due to its pH value, this solution can be classified as caustic [18].

The sodium bicarbonate treatment for 24, 120 and 240 h also causes the surface of ZF become cleaner
and rougher, as indicated in Fig. 3 (a), (b) and (c), respectively. However, this effect is not as strong as
for sodium hydroxide treatment. This is due to the effect of NaOH which infiltrates the amorphous parts
of the lignocellulosic fibre, cleavages the bond between hemicellulose and lignin, and partially dissolves
the hemicellulose and lignin.
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Figure 1. The percentage of cellulose, hemicellulose and lignin content of ZF before and after the
chemical treatment

Figure 2. SEM images of ZF surface: (a) without treatment; (b) with 1% NaOH treatment and (c) with
5% NaOH treatment for 2 h
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Figure 3. SEM images of ZF surface with NaHCO3 treatment for: (a) 24 h; (b) 120 h and (c) 240 h

Fig. 4 (a), (b) and (c) show the calcium hydroxide treated ZF for 24, 48 and 72 h, respectively. The
fibres surface becomes clean and rough caused by the Ca(OH)2 as cleaning agent [19].

Figure 4. SEM images of ZF surface with Ca(OH)2 treatment for: (a) 24 h; (b) 48 hand (c) 72 h

C. Contact Angle

The measurement of contact angle betweentheliquidsand fibre surfacewasshowninFig. 5 (@) and (b) for
digtilled water and ethylene glycol, respectively. The contact angles obtained were indicated in Fig. 6
for untreated, akaline, sodium bicarbonate and lime-water treated ZF, respectively.

Thealkaline treatment with 1% and 5% NaOH solutionfor 2 h decreased the contact angle between the
liquid and ZF surface 5.88 and 7.55 % for distilled water and 5.95 and 6.12 % for ethylene glycol,
respectively. It indicated that therewere a decline in contact angle with the increase of thealkaline
concentration.

ZF with sodium bicarbonatetreatment for 24, 120 and 240 h experienced the reduction of contact
angle 0.32, 0.68 and 2.10 % for distilled water and 0.63, 1.00 and 2.85 % for ethylene glycoal,
respectively. The lime-water treatment with 0.15 % Ca(OH)2 sol ution reduced the contact angle 0.44,
2.01 and 2.96 % for distilled water and 0.19, 1.48 and 2.32 % for ethylene glycol, respectively.
Therefore the longer time of both NaHCO3 and Ca(OH)2 treatment lowered the contact angle.

(a)
Figure 5. The example of contact angle measurement of ZF surface by: (@) distilled water; (b)
ethylene glycol
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D. Surface Energy

By putting the values of contact angle obtained and data from the Table 1 into the Eq. (4), the surface
energy of thefibres was acquired and shown in Fig. 7. The surface energy of ZF consists of polar and
dispersive components. The sodium hydroxide treatment increased both the polar and dispersive surface
energy. This is due to to the partia elimination of the hemicellulose and lignin binding the cellulose
fibrils causes the larger contact are of the fibre surface. The NaOH concentration of 1% and 5 % increases
the surface energy for 9.79 and 15.02 %, respectively.
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Figure 6. The contact angle measured for untreated, alkaline, sodium bicarbonate and lime-water

treated ZF
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Figure 7. The surface energy of untreated, alkaline, sodium bicarbonate and lime-water treated ZF
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Table 1. The surface energy of liquids [9]

Surface energy

Liquid VL yd Vil
(mI/m?) (mim?)  (mI/m?)

Distilled water 72.8 21.8 51

Ethylene glycol 48 29 19

The sodium bicarbonate treatment of ZF raises both the polar and dispersive surface energy. The
longer time of treatment raises the value of surface energy 0.06, 0.67 and 2.31% for 24, 120 and 240
h, respectively. Theimprovement of surface energy by NaHCO3 is not as high as for akaline treatment
due to its basicity. The sodium bicarbonate is a moderate alkaline producing carbonic acid and
hydroxideion when dissolved in water.

NaHCO; =5 Na* + HCO; (5)
HCO3+ H,0 2 H,CO3+ OH (6)

The OH groups present in the fibre is related mostly with the hydroxyls of alcohol. The interaction
with sodium bicarbonate causes the reaction similar to the mercerization treatment [4].

The reaction results in the lower hydrophilicity of the fibre surface. Furthermore, it induces the larger
surface energy leading to the higher wettability of the fibre.

The enhancement of ZF surface energy obtained by calcium hydroxide treatment for 24, 48 and
72 h achieves 1.14, 4.20 and 5.98 %, respectively. Thisis due to the basicity of Ca(OH)2 which are
lower than NaOH and higher than NaHCOs3.

The effect of mercerization-like treatment is influenced by the OH" attracting the H* ion from the

hydroxyl groups on the fibre surface. The OH™ ions produced by the treating solution depend on its
concentration expressed by molarity and especially pH. The higher value of pH indicates the stronger
basicity. It was indicated that the increase of surface energy of ZF was proportional to the pH value.
Therefore, the effect of the chemical treatment on the wettability is the highest for 5% NaOH, followed
by 1% NaOH, Ca(OH)2 and NaHCO3. Meanwhile, the longer time of treatment induce the higher
wettability of the fibre.

4. Conclusion

The alkaline, lime-water and sodium bicarbonate treatment was done to promote the wettability of
zalacca fibres as composite reinforcement. The wettability test was performed by measuring the contact
angle between the fluid and the fibre surface. The distilled water and ethylene glycol was used as
representation of the polar and dispersive fluids, respectively. The alkaline treatment reduced the contact
angle, followed by those of the lime-water and sodium bicarbonate. By putting the value of liquid surface
energy of distilled water and ethylene glycol into the Young-Dupres equation, the surface energy of the
fibre was determined. The surface energy of the fibre was increased by alkaline treatment, followed by
lime-water and sodium bicarbonate treatment. Due to its basicity, the alkaline solution increases the
wettability of zalacca fibre, followed by lime-water and sodium bicarbonate ones.
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