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This research reports the reduction of water absorption and density increase of kapok
fibers from production centers in Pati, Indonesia. Kapok fiber was treated with two
solvents, hexane and NaOH solution at room temperature. The NaOH solution was used
in five different concentrations; 3.5, 7, 10.5, 14, and 17.5%. Fiber morphology, water
absorption, density, and weight loss were determined. Results indicated that the average

diameter and fiber length obtained was 70.97 pm and 2.3 cm, while its cellulose and
lignin contents were 55.69% and 20.56%, respectively. Furthermore, there was no
significant difference between treating kapok fiber with hexane and with NaOH solution.
The 17.5% NaOH solution treatment reduced water absorption, increased density, and
reduced weight losses by 55.98%, 255.55%, and 25.58%, respectively.

1. INTRODUCTION

Kapok fiber is one of the natural fibers that has gained a lot
of intention due to its advantages over carbon fibers,
conventional glass, and others. Natural fibers as reinforcement
can be seen in a lot of industries and have great characteristics
such as high-strength fibers [1] that are important in a polymer
material. The addition of natural fibers as reinforcement in
composites is also in line with concern for the environment
and the use of biodegradable materials to create green energy
and prevent climate change [2]. Natural fibers can be
improved by chemical treatment for use as polymers. It is
possible to remove lignin content in fibers through chemical
processing. The presence of lignin can disrupt the bond
between natural fibers and the composite matrix, reducing
biocomposite strength and interfering with the properties of
the resulting biocomposite polymer.

Kapok fiber is one of the export commodities in Indonesia,
with a total export of 7,227,852 kg in 2019 (Central Statistics
Agency, 2020). Furthermore, it is grown in specific areas in
Indonesia, including Aceh, Jambi, East Java, and Central Java,
with production centers located in Pati, Central Java.
According to the IUCN Red List of Threatened Species, the
kapok plant is a plant with a low risk of extinction, implying
that it can still be used to its full potential [3]. Indonesia was
one of the highest producers of kapok fibers. However, due to
decreases in the use of kapok fiber, farmers gave up on kapok
fiber, consequently affecting the production of kapok fibers in
Indonesia. Kapok fibers were mainly used in the daily product
as a filler.

Indonesia still uses it as a filling material for pillows,
bolsters, and dolls. The use of kapok fiber is still existing
because kapok fiber has a lower cost for production than
synthetic fibers. Furthermore, kapok fiber has great
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hydrophobic properties that will make benefit several products.
Because of their hydrophobic properties, kapok can also be
used as a raw material for life jackets, sleeping bags, linens [4],
and oil-absorbent material [5]. The low fiber surface energy
(31-40 mN/m) and the high intermolecular bonding force
between the kapok fibers surface and the oil contribute to the
oil-absorbent property of kapok [6].

As the raw materials for oil-absorbent, kapok fibers have a
great hollow structure (exceeding 86%) [7] and hydrophobic
properties. Furthermore, kapok fibers are biodegradable
materials with low prices and have high sorption capacity [2].
Some researchers found that kapok fibers have good properties
as oil absorbents [8, 9]. Kapok fibers have been used for
several products as an oil-absorbent material, affecting the
properties that are important for the product.

Nevertheless, the use of kapok fibers is limited by the
market's abundance of synthetic fibers, such as polyester fibers.
Polyester fiber is preferred due to its desirable properties, mass
production, and low cost [10]. It is a processed fiber consisting
of at least 85% by mass of diol esters and benzene-1,4-
dicarboxylic acid (terephthalic acid), which are synthetic
linear macromolecules in its chain [11]. Due to the advantages
of using polyester, the demand for kapok fibers decreased.
However, climate changes, environmental problems, and
global concern for the environment lead to green energy that
will bring the solution to many synthetic materials problems.
The increasing use of natural material increased as well as
natural fibers.

Kapok fiber has an oval cross-sectional shape with a wide
lumen and very thin walls [12-15]. Additionally, it varies in
length, cellulose, and lignin between 13.79-18.84 mm, 35-
64%, and 13-21.5%, respectively, with concentrations of
pentosan and xylan at 23% and 22% [15, 16]. Kapok fiber has
superior thermal and acoustic insulation properties, buoyancy,
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and high absorption of oils and other non-polar liquids when
compared to other fibers.

The high oil absorption of kapok fiber is due to the waxy
nature of the fiber surface [17], while its absorption of water
is due to its thin cell wall, wide lumen, and porosity of more
than 80% [18, 19]. The oil absorption ability of the fiber can
be removed by changing the surface characteristics through
chemical treatment with acid or alkaline [14, 20-22]. Alkali
treatment is mostly expected to decompose lignin and damage
cell structure, which can further reduce fiber porosity and
water absorption. Because of the high absorption capacity, the
amount of water required for pulping will be relatively large.

In this study, the kapok fiber was treated with hexane and
NaOH to reduce water absorption and increase the density.
Solvent treatment is also expected to cause pentosan
dissolution from the fiber cell wall, which damages the cell
wall and shrinks the lumen. Due to a lack of data on its
characteristics in the production center, only data from
Indralaya, South Sumatra [23], Bandung [24], Subang, and
West Java [25] were available, therefore the sample was
collected from the kapok fiber production center in Pati
Regency, Central Java, Indonesia.

2. METHOD
2.1 Material and equipment

The Kapok fiber was collected directly from farmers from
Karaban Village in Pati Regency, Central Java, Indonesia.
Kapok fiber was first separated from its shell and seeds by
hand. Furthermore, the cleaned fiber was stored in a plastic
bag at a controlled temperature (25°C with 65 humidity) to
control the dry weight of the fibers. The amount of 5 g fibers
were collected randomly from the plastic bag and dried in the
oven at a temperature of 105°C for 6 hours to measure the dry
weight of the fibers before further analysis. The kapok used
can be seen in Figure 1.

Figure 1. Kapok fiber

The chemicals used for the analysis were NaOH, NaClO,,
CH3;COOH, and H,SOs produced by Merck, Germany;
Ethanol by Dwipraga Chemical, Indonesia; and n-Hexane by
Brata Chemical, Indonesia. All chemicals that are used are
Pro-Analyst (PA) chemicals. Nikon ECLIPSE E100
Microscope (CB-10 Cardboard, Thailand) with a 5 MP USB
eyepiece camera was used to measure the fiber’s length,
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thickness, and diameter. Software and glassware for analytical
purposes were used for measurement.

2.2 Research implementation

2.2.1 Kapok fiber preparation for microscopic measurement

Kapok fiber was prepared according to Sanjay et al. [26] the
fibers were rinsed with ethanol and then stained for 24 hours
with 1% safranin solution. The resulting fibers were then
rinsed with 50% ethanol to remove excess dye. The free
safranin fibers were then measured for fiber morphology using
a Nikon ECLIPSE E100 digital microscope (CB-10 Cardboard,
Thailand) and a 5 MP USB eyepiece camera to picture the
fiber for morphology measurement. The Imagel/Fiji 1.51p
software for Windows was used to measure the length,
diameter, and cell wall thickness of the fibers.

2.2.2 Kapok fiber chemical analysis

The standard TAPPI method was conducted to determine
the chemical composition of kapok fiber. The components
used were TAPPI T203 c¢cm-09 for cellulose content, TAPPI
T222 om-11 for lignin content, and TAPPI T9 m-54 for
holocellulose content of kapok fiber. TAPPI T204 cm-07 was
used to measure solvent extractives of kapok fiber.

2.2.3 Hexane treatment of kapok fiber

15 g of kapok fiber soaked in 300 ml of hexane solution in
a beaker glass for 1 hour at room temperature. The fibers were
then filtered through a Buchner funnel for removed the oil
content of the fibers and dried at 70°C temperature in a cabinet
dryer until a constant weight was obtained and then weighed.

2.2.4 NaOH solution treatment of kapok fiber

Approximately 15 g of kapok fiber was soaked in 300 ml of
NaOH solution for 1 hour, the fibers were then washed with
distilled water until the pH was neutral. Furthermore, the fiber
was dried until getting to a constant weight at 70°C in a cabinet
dryer, weighed, and the resulting fibers were mixed with
NaOH solution in different concentrations of 3.5%, 7%, 10.5%,
14%, and 17.5%.

2.3 Observation of treated kapok fiber
2.3.1 Material weight loss

The material weight loss of the fibers was calculated by the
following formula:

M,
MWL = I—X 100%

w

(M

where, MWL is material weight loss, M, is material loss due
to treatment (g), and I, is the initial weight of material (g).

2.3.2 Density

10 g fiber was distributed in a 6 cm diameter tube and placed
on an iron plate. The fiber was then manually pressed (2
kg/cm?) for 1 hour. After 1 hour, the pressure on the fiber was
released, and it was left to stand for 5 minutes before being
measured in a tube to determine the volume. The density was
calculated by the formula:
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where, D is density, Fy is fiber weight (g), and F, is fiber
volume after treatment (ml).

2.3.3 Water absorption

Approximately 15 g of kapok fiber was added to a beaker
glass containing 300 ml of water and left until the water was
absorbed into the kapok fiber. The unabsorbed water was
poured into a measuring cup to determine its volume.
Therefore, the water absorption was calculated by the
following formula:

W'Uw

WA =

x100% 3)
b

where, WA is water absorption, I, is initial water volume (300
ml), Uy is unabsorbed water volume (ml), and Fy is fiber
weight (cm).

3. RESULT AND DISCUSSION
3.1 Fiber morphology

For morphological and other observations, kapok fiber was
obtained from kapok’s production center at Pati, which
accounted for 47% of its total production in Indonesia.
Furthermore, the total production of kapok fiber in Pati was
3420.56 tons in 2018, which was equivalent to the production
in Central Java in 2019. Kapok fibers are mainly found in
several provinces of Indonesia, such as Aceh, East Java, west
Java, and central Java. Central Java is the main producer of
kapok fibers in Indonesia. The kapok from this province
besides being distributed for local consumption is also
exported to other countries as raw materials. China, India, and
some country in Europe imported kapok fibers that are
produced from this province.

The kapok fiber produced in Pati was classified as class 1
according to fiber dimension data. Fibers are classified into
four classes based on The International Association of Wood
Anatomy [27]. The classification was made using these criteria
such as fiber length, Runkle ratio, felting power, Muhlsteph
ratio, flexibility ratio, and rigidity of the fibers then calculated
and classified into four classes of fibers. The average length of
kapok fiber obtained was 2.3 cm with a diameter of 70.97 pm
(Table 1), which differed from ref. [13], who obtained a length
of 3 cm. Because the kapok fiber was brittle despite having
high tensile strength, the fiber length parameters were
measured directly with a microscope [14]. As a result, the
strong acid and heating treatments could break the fiber. The
Coefficient of rigidity of the Kapok fiber obtained was 0.09
(Table 1), which was lower than the 0.21 obtained in a
previous study by Kathomdani et al. [13]. The stiffness
influenced the flexibility values; higher flexibility values were
associated with lower stiffness values. The results showed that
the fiber's flexibility was 0.82, which was higher than the 0.58
investigated in a previous study by Kathomdani et al. [13].
Table 1 shows that the kapok fiber from Pati, Central Java, was
classified as class 1 based on the values of the derived fiber
dimensions.

The average lumen’s diameter of kapok fiber was 58.03 m,
which was calculated by subtracting twice the fiber wall
thickness from the fiber diameter. The diameter of the kapok
fiber obtained was 70 pm (Table 1), which is larger than the
standard diameter of 51.73 um for pinewood fiber [15].

Additionally, the diameter was decreased after NaOH
treatment due to the degradation of lignin and hemicellulose
in the fiber, which damages the fiber cell wall [16] and
decreases the lumen diameter.

Table 1. Morphological structure of kapok fiber from Pati

regency
Parameter Unit  Result Ref[25]
Fiber length cm 23 3
Diameter um 70.97 29.43
wall thickness pm 6.47 6.12
Density (apparent specific 3
. g/cm 0.08 -
gravity)
Runkle ratio 0.22 0.71
Felting power 324.08 624.53
Coefficient of Rigidity 0.09 0.21
Flexibility 0.82 0.58
Mushlstep ratio % 33.14 6591

3.2 Fiber chemical composition

The water content of kapok fiber was 8.92%, which was
within the natural fiber range of 8.8 to 15% (Table 2) [17].
This might be caused by an increase in moisture and
plasticizing effect, which could affect the strength and
stiffness of the fiber [18]. Kapok fibers were used for the
research and were stored in plastic bags to prevent an increase
in water content. High water content can be affected in the
analysis for calculation mistakes; therefore, kapok fibers were
stored to maintain their dry weight.

Table 2 showed that the extractive substance in kapok fiber
was 4.76%, and its presence is supported by its solubility in
cold water. Extractive substances are all the substances apart
from the lignocellulose materials that are within the fiber.
Tannins, gums, sugars, dyes, and waxes are several extractive
substances that are soluble in cold water [19]. Furthermore, the
wax in kapok fiber was thought to be hexane soluble, while
hemicellulose was NaOH soluble. The extractive substances
were removed using hexane and alcohol solvent. All the
extractive substances were removed and left the lignocellulose.
The lignocellulose then will be carried out in another analysis
for removing the non-cellulose materials for cellulose analysis.
The non-cellulose materials that were removed by the analysis
then will be counted for their concentrations including lignin
and hemicellulose.

Table 2. The average diameter of catechin particles and
homogenization time

Research by  Research by
Parameter Results [22] [15]
Water content (%) 8.92 - 11.23
Extractive content (%)  4.76 - -
Lignin content (%) 20.56 15.2 14.10
Cellulose content (%)  55.69 59.6 38.09
Hemicellulose content
(%) 16.92 234 -
Solubility in cold water
%) 0.28 - 2.7
Solubility in NaOH (1%) 19.61 - 30.20

One of the factors influencing the overall properties of fiber
is its chemical composition. Table 2 showed that kapok fiber
had a high cellulose content of 55.69%, and it’s have different
result as the other researcher, one was 59.6% and the other was



38.09% Several studies have found that the chemical
composition of kapok fiber varies, the studies [15, 22] found
kapok fiber contained a-cellulose, holocellulose, and lignin at
38.09%, 83.73%, and 14.10%, respectively. The lignin content

that resulted was the highest compared to the other researchers.

But for the hemicellulose content, it has the lower that the
other researcher for 23.45. The amount of cellulose varies
depending on the location, maturity of the fruit, and the type
of processing used [14].

3.3 Effect of kapok fiber treatment with solvent
The effect on weight loss, density, and water absorption
after the treatment of kapok fiber with NaOH and hexane was

shown in Table 3.

Table 3. Several characteristics of kapok fiber after treated

Treatment Reduced water Density ‘Weight loss

absorption (%) increase (%) (%)
No treatment - - -

NaOH 3.5% 13.13 122.22 24.81
NaOH 7% 27.71 166.67 26.17
NaOH 10.5% 32.43 211.11 27.32
NaOH 14% 35.65 233.33 25.73
NaOH 17.5% 44.02 255.55 25.58
Hexane 0 0 0.06

The chemical composition and morphology of the fiber will
change because of the treatment. According to Table 3, it
reduces the water absorption of the fiber by up to 44.02% with
17.5% NaOH and increases the density of the fiber to 0.32%.
Changes in fiber properties in response to NaOH treatment,

water hydrolysis, and hexane are discussed in the points below.

3.3.1 Effect of kapok fiber treatment with hexane

Different chemical treatments could cause the fiber releases
the hydroxyl groups, which leads to increased mechanical
strength and stability in composites with natural fiber as
reinforcement [20]. Kapok fiber has waxy properties [14, 19]
due to the waxy content in the fiber. Wax is a substance that is
soluble in hexane. In this study, kapok fiber was treated with
hexane and has only 0.06% weight loss of the initial weight.
Fiber weight loss is defined as the amount of wax dissolved in
the fiber. According to Table 3, the wax content of the fiber
does not affect its density.

The presence of wax makes the fiber hydrophobic, which
can be removed by dissolving the wax with a hexane solvent.
Hexane lowers the hydrophobic properties of the fiber by
extracting the wax [21].

3.3.2 Effect of NaOH treatment on kapok fiber

NaOH treatment causes the depolymerization of lignin and
changes the chemical composition of the material, which is
expected to increase the density of kapok fiber. Changes in the
properties that occur in the fiber after NaOH treatment are
shown in Figure 2. The addition of 17.5% NaOH concentration
could increase the fiber density to 0.32 g/cm? when compared
to kapok fiber without treatment, which has a density of 0. 09
g/em?.

The addition of NaOH to the fiber increases its density and
decreases water absorption. According to Figure 3, the fiber
without treatment has a higher absorption capacity than that
treated with NaOH by 15.54%. This is due to the reduction of
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the hydrophilic hydroxy groups in the fiber after the NaOH
treatment, which leads to decreased fiber water absorption [22-
24]. NaOH treatment in kapok fiber can reduce water
absorption up to 44.02% with a 17.5% concentration of NaOH.
It decreased from 13.13% in the lowest concentration of
NaOH at 3.5% concentration. This is due to the interaction of
NaOH in the membrane of fiber. The interaction will cause the
decrease of pores in the fiber’s membrane and as the result will
reduce water absorption of the fibers.

0.4
0.3

0.32
028 03
0.24
0.2
0.2
0.09
0.1 II

7% 10,50% 14% 17,50%

NaOH concentration

(g/cm?)

density

=

control 3,50%

Figure 2. The effect of NaOH concentration on fiber density
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Figure 3. The effect of NaOH concentration on fiber water
absorption

According to Table 2, kapok fiber is soluble in NaOH at a
concentration between 1% to 19.61%. The weight loss after
treatment with 3.5% NaOH was 24.81% since not all
hemicellulose was soluble in 1% NaOH. At certain
concentrations, NaOH can degrade hemicellulose [28], which
affected cell wall damage [29]. The damage to the cell wall
causes the shrinking of the lumen diameter and the decrease in
water absorption since hemicellulose was involved in the
binding of the cell wall to lignin [30], which further reduces
the water absorption of the fiber.

4. CONCLUSION

The properties of kapok fiber from Indonesian production
centers in this study were not consistent with previous studies.
The fibers obtained from production centers in Indonesia were
grouped as class | since they contain cellulose, hemicellulose,
lignin, and extractive substances at 55.69%, 16.92%, 20.56%,
and 4.47%. NaOH treatment affected lignin depolymerization
and hemicellulose degradation, which affected the dissolution
of the fiber in NaOH solution. Therefore, it was inferred that
the higher the concentration of NaOH added, the higher the
fiber density. The highest density is for the highest NaOH
treatment concentration of 17.50 that have a density of 0.32
g/cm?. However, the increasing concentration of NaOH
treatment has lower water absorption.
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