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Abstract

This work studied the development of mechanical strength and hardness properties of
composite natural rubber with natural microfibers of cotton, kapok, and banana at various
compositions. The effect of banana fiber length has been studied. The mixed natural
microfibers in the natural rubber have been formulated in the proportion of 1, 5, 10, and 15
phr, respectively. The hardness tends to increase in proportion to the natural fiber composite.
The hardness measurement results found that the formula MCKB5 was obtained by mixing
the fibers. Cotton: Kapok: medium-sized bananas in the proportion of 15 phr in latex had the
highest hardness of 76.10+3.19. The hardness distribution of Shore A shows the uniformity
of cotton and kapok fibers. In addition, cotton and kapok fibers promoted the dispersion of
banana fibers differently in the case of tri-fiber blends. Rubber composites with natural
microfibers under such ideal conditions can improve strength and mechanical properties for
reinforced material applications.
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1. Introduction

Natural rubber or para rubber is an important industrial crop in Southeast Asian areas [1].
Typically, previous works in natural rubber fields had focused on developing rubber
utilization and processing [2]; each process requires large-scale industrial production tools.
It was found that high production was expensive that required intense production skills and
technology. Therefore, rubber farmers in the country make it difficult to use technology to
improve the value of their rubber products [3]. Moreover, composited rubber material has
been received as attractive due to its many advantages such as mechanical properties, low-
cost, simple process, etc. [4]-[6]. Usually, composite materials consist of two
main components: host matrix and filler materials. The properties of composite material
depended on the physical factors of the host matrix and the filler mixer, such as the mixing
ratio and the properties filler mixer [6], [7].

Therefore, the other works of natural fibers, local raw materials, were studied to be used
as reinforcing materials mixed with natural rubber. It increases the strength properties of
natural rubber [8], [9]. Reinforced material from natural fibers is commonly found in
many natural sources [10]. Different properties in each fiber type can modify the
prepared material's strength. Natural fibers, which have reinforcing properties, can be
compared with other fibers [11], [12]. It is another alternative for developing rubber
for processing into products that can add value and increase the potential of raw
materials in terms of being environmentally friendly [10], [13].

The natural fibers used as reinforcing materials in rubber found that natural fibers can be
categorized into four types: stiff fibers, seed fibers (surface fibers), bark fibers (soft fibers),
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and animal fibers, which are protein types [14]-[17]. These raw materials are easily
found locally throughout the country. Therefore, the authors have selected the fibers
specified in this work scope by using cotton fibers with long and flexible fibers, kapok fibers
with good absorbency properties, and fibers from bananas with high yield strength as
a rubber compound material time [18]-[22]. Based on each fiber's advantages, it is
combined to provide the desired formability, filler dispersion, and mechanical qualities.

In this work, three types of natural microfibers (cotton, kapok, and banana sheath) were
used as filler materials to increase the strength properties of composited rubber. The
physical and mechanical properties of composited rubber were performed. The analyzed
results of composite rubber can be used to apply in the efficient processing of rubber
products.

2. Experimental
2.1 Preparation of the rubber composites

The banana fiber was initially chosen for this experiment because it was a small, evenly
scattered fiber [23], and the cotton fibers effectively adsorbed the natural rubber.
Kapok fibers, which are smaller and shorter than cotton fiber and are used in this case, act to
absorb natural rubber; they have distributed very well, and the rubber sheet's a steady
shape after drying. The photographs and morphology of natural microfibers as shown in Fig. 1.

The fibers were washed with deionized water and dried. They were then dried at 70°C
for 3 h and under an atmosphere for 48 h. By cutting with scissors, banana fibers were
classified into short, medium, and long categories, with fiber lengths of 2, 6, and 10 mm, as
shown in Fig. 2. To explore the impact of banana fiber length, which banana fibers can
prevent the tangling of cotton and kapok in the composite rubber. Cotton, kapok, and banana
fibers are combined in a blender to begin mixing the fibers before being added to natural
rubber during the in-mold process.

@ ®)

500 pm

s

Fig. 1. Photographs and morphologies images of (a)-(d) cotton, (b)-(e) kapok, and (c)-(f) banana, of
natural microfibers, respectively
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Fig. 2. Photograph images of banana microfiber at various lengths of (a) short (2mm), (b) medium
(6 mm), and (c) long (10 mm)

(@) (b)

'COTTON

100 4

_—
o
oo

%

804 E

TR
T
s
SR,
S
5

o
2
5

=

2
5
4

60

g

kR
2%

B
S
1

204

Formula

Fig. 3. (a) Triaxial diagram and (b) the proportion of different fiber types in various formulas in this
experiment

The different categories of fiber prepared are summarized in Table 1. For the proportion
of fibers determined from the triaxial blend diagram of 6 points to find the ratio of 3 types of
fibers used for 6 points, the sum of each formula is 100 % by using in Fig. 3. described as
follows.

The composition of rubber composite material with a proportion of cotton, kapok, and
banana fibers as category names are shown in Table 1. of 1, 5, 10, and 15 (part per hundred
of rubber: phr), respectively. For details of raw materials and formulations for preparing
rubber composites, the chemicals listed are shown in Table 2. It consists of natural rubber,
potassium hydroxide as a gelling agent, zinc dimethyl dithiocarbamate as a catalyst and
vulcanizer, butylated reaction product of p-cresol and dicyclopentadiene as an antioxidant,
and sulfur as a vulcanizing agent, all of which were purchased at the Rubber Research
Institute of Thailand Rubber Authority of Thailand. Zinc oxide nanoparticle (size < 500 nm)
is used as a cure activator in the vulcanization process [24], [25].
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Table 1. Different natural microfiber composite rubber categories

Type of Fiber category as fiber proportion (cotton: kapok: banana)

Banana fiber length 60:20:20  40:20:40  40:40:20  20:20:60  20:40:40  20:60:20
Short (2 mm) SCKB1  SCKB2 SCKB3 SCKB4 SCKB5  SCKB6
Medium (6 mm) MCKB1 MCKB2 MCKB3 KCKB4 MCKB5 MCKB6
Long (10 mm) LCKB1 LCKB2 LCKB3 LCKB4 LCKB5 LCKBS6

Table 2. Chemical composition of the natural rubber composite with natural fibers

Ingredient Content (phr)
Natural rubber 100
Potassium hydroxide 0.2

Zinc dimethyl dithiocarbamate 15
Butylated reaction product of p-cresol and dicyclopentadiene 1

Zinc oxide nanoparticle 15
Sulfur 25
Natural microfibers (banana: cotton: kapok) 1,5,10,15

Fig. 4. Preparation of composite rubber: (a) 20% latex is poured, (b) fiber is added to latex, (c) roller is
crushed, and the rest of the latex is added; (d) cured at 70 and (e) cool down

For each chemical component that improves mechanical properties, the factor of
proportion in rubber that affects mechanical properties was studied. In the case of potassium
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hydroxide, the higher the concentration, the higher the strength [26]. For zinc oxide
nanoparticles increased, concentration can improve hardness and modulus [24].

The preparation process of composite rubber with natural microfibers at various
chemical compositions is shown in Table 2. All fibers in Table 1 were mixed with natural
rubber (latex) into a 4.5 x 20 cm mold containing the following chemical composition at the
ratio of 1, 5, 10, and 15 phr, respectively. Then, the natural microfibers were added and
pressed with a roller, and the remaining latex was added for 1 hour. Next, the composited

material was heated to 70°C for 30 minutes in a thermal oven and left to cool down at
ambient conditions. Fig. 4 depicts the preparation process of composite rubbers.

2.2 Characterization testing

The properties of composite rubber, such as morphologies and mechanical properties,
were performed with scanning electron microscopy (SEM, Zeiss, EVO 15), Shore A
hardness test with a durometer with a measuring range between 0 to 100 HD. The hardness
number was evaluated under a 5-second indentation time. The median value was recorded
from all measured values are 20 locations. A universal testing machine (Instron 4464 ) was
used to measure the stress-strain curves following the ASTM D 412 (Die C) standard for
determining tensile strength and elongation at break.

3. Results and discussion

The morphological images of natural microfibers were performed with scanning electron
microscopy, as shown in Fig. 5. The results from SEM images were analyzed using the
ImageJ program by measuring 20 times. The direct estimation of diameters of cotton, kapok,
and banana microfibers are 9.87+3.86, 21.38+6.77, and 75.73+4.85 um, respectively. It can
be observed that the diameter of banana fibers has decreased from the original because when
cotton and kapok fibers are spun, a force acts on the fiber's surface, producing a separation
of some of the banana fibers from one another. Fig. 5(d) depicts the morphology of the
spun-together fiber.

The hardness of composite rubber under all conditions is greater than 50, as shown in
Fig. 6, whereas the hardness of non-fiber composites is 27.62+1.20. The blend of natural
microfibers into the rubber can be seen, resulting in an increased hardness of the material.
The hardness ranges from 53.55+4.31 to 73.55+4.51 for formulations using short banana
fibers, 52.58+4.29 to 76.61+3.19 for medium, and 52.98+7.09 to 70.30+3.27 for long. The
hardness tends to increase when there is a higher proportion of fiber in the rubber
composition [6], [27]. However, plotting the data distribution to analyze the variance from
the standard deviation, as shown in Fig. 7, allows statistical data to select a suitable
formulation for improving the hardness properties of rubber composites. It was found
that in the formulations of cotton, kapok, and medium-length banana microfiber (MCKB),
there was a slight variance compared to other conditions. As a hardness result of the trend
to increase the proportion of fiber blends at high (15 phr), a comparative test was performed
in the case of a single natural fiber composite.

From the optimum composite conditions, in the case of 6 mm medium-sized banana
fibers, which gave the most outstanding hardness at 15 phr fiber blending. The comparison
experiment was repeated in the case of single fibers (cotton, kapok, banana), as shown in Fig.
8. It was found that when mixing the primary single fibers, all fibers could increase the
hardness of the rubber, with the highest hardness being 65.65+5.33 from kapok fiber. When the
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Fig. 5. Morphological images of natural microfibers of (a) cotton, (b) kapok, (c) banana, and (d)
mixing of three types of microfibers
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Fig. 6. Hardness values of composite rubber in case of (a) cotton:kapok: short banana fiber (SCKB),
(b) cotton: kapok: medium banana fiber (MCKB), and (c) cotton:kapok: long banana fiber (LCKB)
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Fig. 7. Shore A hardness of composite rubber

Shore A Hardness
8 8 & & 3

Fig. 8. Comparison of the hardness of rubber and natural fiber composite rubber 15 phr
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Table 3. Surface dispersion characteristics and Shore A hardness of natural microfibers composite
rubber.

Rubber Surface morphology Surface morphology Distribution of
composites by optical microscope by SEM Image Shore A hardness
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three types of fibers were combined, they increased the hardness even more by the examining
surface morphology and hardness distribution, as shown in Table 3.

The surface image demonstrates the good compatibility between natural fibers and latex
and the homogeneity of cotton, kapok, and blended fibers. The distribution of hardness
measured on a rubber sheet, regular natural rubber has a good dispersion since it has a typical
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rubber texture. When banana fibers were used singly, the hardness measurement may have
an unfavorable distribution because the banana fiber cannot be evenly distributed
throughout the rubber. However, when three fibers were mixed, the rubber had a consistent
distribution of fibers. The banana fibers are dispersed when they coexist because they stick
together. It was discovered that the banana fibers' reduced diameter happened during the
fiber mixing procedure before adding the natural rubber. Typically, it is well known that
composite material's mechanical properties are related to physical properties such as surface
roughness or thickness. The decreasing modulus was found when composite film surface
roughness increased [28], [29].

According to the study tensile curve in Fig. 9, the pristine rubber composite sheet
elongated was 723%. In contrast, composite rubber for NR-Cotton, NR-Kapok, NR-banana,
and MCKB5 demonstrated elongation values of 65.2 %, 4.8 %, 524.1 %, and 16.2 %,
respectively. In banana fibers, rubber composites have high toughness and high strain, which
means that certain rubber parts will continue and retain the characteristics of natural rubber.
When it comes to hardness, although kapok is more challenging than other fibers, it was
found to have the lowest toughness in all cases, and the case of cotton showed good yield
strength compared to kapok and banana and better tensile strain than the case of cotton
fibers. However, when using the combination of these three fibers to determine the
material's hardness characteristics (MCKB5 formula) can improve the hardness and yield
strength, it still found that the toughness was inferior to cotton and banana. It was
considering safety applications in the case of rubber composites being used to coat or cover
materials to absorb and dissipate energy for impact protection. The main factor is hardness
and strength. It can be seen that the rubber composite material developed from the MCKB5
formula is more suitable for use than other fibers. It should be used that focuses on the use
that is not very flexible. It is clear that adding natural fibers can increase the hardness of the
rubber; however, on the other hand, the elongation is reduced [7], [9].

5 NR
—— NR-Cotton
T NR-Kapok
§ 4r g/ NR-Banana
= [ E’a / — MCKB5
W 3SF oer
w 24
3 B |
5 2 B ’ o 20 40 60 ‘
Q Tensile Strain(%)
a
o 1 |
|_
ok
T T T T T T T T T T T T T T T T T
-100 0 100 200 300 400 500 800 700 800

Tensile Strain(%)

Fig. 9. Tensile curve of natural microfibers composite rubber, inset: the zoom-in of the curve
for MCKB5, NR-Kapok, and NR-Cotton
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4. Conclusion

In summary, the cotton kapok and banana microfibers were used as reinforcing material
for composite rubber, raw materials abundant in the country, to benefit by introducing the
microfibers in each composite material. From the results of the natural microfiber blending,
it was found that banana fibers were added to cotton and kapok fibers, in addition to helping
to break down all fibers well and not clump. From the size of the banana fiber, which has a
diameter of 75.73+4.85 micrometers, which is bigger than the two other types, when
composited, it caused the insertion between cotton fibers with fiber size 9.87+3.86 and
kapok fiber with fiber size 21.384+6.77 pm. Using fiber as a reinforcing material in rubber
can improve the hardness properties and yield strength in all fiber cases. In addition, it
blends fibers in many conditions and improves them in the optimum conditions. The
MCKBS5 formula, which combines 6 mm length of banana fibers with the cotton: kapok:
banana 20: 40: 40 ratios at the proportion of 15 phr in natural rubber, which has a hardness of
76.1+3.19, was the most suitable considering all the variances of the formula, which is
higher than non-fiber composite rubber with a hardness of 27.62+1.20. It was found that
the three types of natural fiber composite rubber had a good dispersion effect on the rubber
texture and could increase the hardness of composite rubber, and when measured for tensile
test, found the highest yield strength. Moreover, it can be processed into various types of
products as appropriate, consistent with the properties of the composite rubber of each
formula.
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