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Abstract

Betung bamboo has a bigger stem diameter, thicker walls, and shorter internodes
than other species of bamboo, making it ideal for building materials such as bridges
and interior furnishings that may also be turned into works of art. Alkaline NaOH
treatment was introduced to Betung bamboo to increase its mechanical properties.
The alkaline treatment used a solution consisting of 5 %NaOH. Specimens with
alkaline treatment were immersed into 5%NaOH solution for one hour, two hours,
and three hours, followed by two hours of drying in a furnace at 60 °C. Tensile tests
(ASTM D638) and flexural tests (ASTM D790) were carried out using servo
hydraulics MTS Landmark 100 kN under static loading. The tensile strength,
modulus of rupture (MOR) and modulus of elasticity (MOE) were analyzed from the
results tests. The average maximum tensile strength of the Betung bamboo internode
immersed for two hours into 5%NaOH solution is about 195.95 MPa, whereas the
average values of MOR and MOE are about 207.35 MPa and 4.56 GPa,
respectively. The faults and surface conditions in the Betung bamboo internode were
observed using fractographic and morphological observations.
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INTRODUCTION

Bamboo plants are included in the Poaceae family, a family of grasses with a relatively rapid
growth rate with a span of 3-4 years to become an adult [1]. The content of lignocellulose
(Hemicellulose, Cellulose and Lignin) in bamboo can be used as a composite. The condition
happed because bamboo is made up of cellulose fibers embedded in a lignin matrix. Therefore,
it is a naturally occurring composite material [2]. In addition, bamboo is also commonly used
for building construction and also various furniture. Bamboo is a practical wood alternative
because it is stronger than hardwood and has a greater strength-to-weight ratio than aluminum,
regular wood, and steel composites [3]. Munawarah et al. [4] reported that 157 bamboo are
growing in Indonesia that have good potential to be developed, one of which is Betung bamboo.

Betung bamboo (Dendrocalamus asper) is a bamboo plant with larger stem diameter, thicker
walls, and shorter internodes than other types of bamboo. Betung bamboo is hard and suitable
for building materials because of its large fibers and long internodes. Betung bamboo has an
internode length of up to 60 cm with a diameter of around 14 cm and a wall thickness of 2 cm
[5]. On each internode grows branches that are much smaller than the reed itself. Betung
bamboo is used for several things, on the bamboo shoots as food and on the trunk as a
construction material that can replace wood because of its large size and thick walls and can
also be used as handicrafts [6, 7, 8].

Betung bamboo is a natural material with the disadvantage of lack of resistance to water and
low tensile strength. Due to these weaknesses and to optimize the application of Betung
bamboo, chemical treatment is carried out in the form of alkaline treatment. According to Gozan
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et al. [9], alkali treatment is the most widely used method, which aims to remove the lignin and
oil content covering the fibre's outer surface. The effect that arises from the alkalization
treatment is the change in hydrogen bonds in the fiber network structure, which causes the fiber
surface to become rough. On the other hand, alkaline NaOH treatment removes hemicellulose
and lignin. In addition, it also increase the cellulose content in Betung bamboo internodes fibers.
In addition, it also improves mechanical properties, especially the tensile strength and stiffness
of the fibers found in natural material fibers [10][11].

In the research conducted by Zariatin et al. [12], Enhanced Apus bamboo using an alkaline
NaOH concentration of 5% with variations in immersion time for 60 minutes, 90 minutes and
120 minutes at a temperature of 70 °C. The results obtained from the tensile test showed that
after being given alkaline treatment the tensile strength of Apus bamboo fibers increased
compared to those not treated. It was stated that the alkaline treatment of NaOH proved effective
in improving natural fibres' mechanical properties. The highest increase results were obtained
at 90 minutes of immersion, and at 120 minutes of immersion, it was found a decrease in the
value of the tensile strength was. From these results, the immersion time also affects the
effectiveness of the alkaline treatment, where too long soaking time can result in a decrease in
the tensile strength of the fiber, because the cellulose content in the fiber has been damaged so
that the tensile strength of the fiber is weak.

METHOD
Materials And Specimen Preparation

The material used in this study is Betung bamboo which was chosen at the internode area of
bamboo. Tensile specimens (ASTM D638) and flexural specimens (ASTM D790) were
manufactured using conventional turning, and the surface of the specimen was grinded using
sandpaper with a number of 1000 grades. The shape and dimension of the tensile specimen and
flexural specimen are displayed in Figure 1 and Figure 2, respectively.

Alkaline NaOH Treatment

Specimens were subjected to an alkalization process. Alkalization process using NaOH
solution with a concentration of 5%. Specimens were immersed into a container containing 5%
NaOH solution, with a predetermined immersion time variation of one hour, two hours, and
three hours. After the immersion process has reached the specified time, the specimen is then
rinsed with distilled water to remove the alkaline NaOH content that is still attached to the
specimen. Then drained and dried in a furnace at a temperature of 60 °C for two hours.

Testing

Test specimens that have been prepared accordingly will be distinguished based on no
treatment (WT) and treatment with variations in immersion time. The tests carried out were
tensile and flexural tests to determine the mechanical properties of the specimens after being
treated with alkaline NaOH using the MTS Landmark 100Kn machine. In the tensile test, the
Betung bamboo specimen will be pulled at a constant speed of 3.5 mm/min until it fails. At the
same time, the flexural test of the Betung bamboo specimen will be given a load at a rate of 2.5
mm/min until the specimen fails. Specimen of Betung Bamboo Internode using a tensile test
and a flexural test can be seen in Figure 3.
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Figure 2. Flexural Test Specimen (unit in mm)
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Figure 3. Specimen of Betung Bamboo Internode (a) Tensile Test and (b) Flexural Test

Observations of the shape of cracks and flexural test results were taken using a digital
Dynolite microscope, with observation points in the gage length area and the area experiencing
maximum deflection. Fractography and morphology were applied and explained using scanning
electron microscopy (SEM), the specimens used were the results of tensile tests taken at the
gage length that failed.

RESULTS AND DISCUSSION
Tensile Test Result

Figure 4 shows the engineering stress-strain curves of Betung bamboo internodes with
various immersion times into 5% NaOH solution. Betung bamboo internode with 5% NaOH
treatment experienced an increase in tensile strength compared to Betung bamboo without
treatment (WT). According to Maulana et al. [13], the increase in tensile strength was caused
by the alkaline NaOH immersion process which affected the hemicellulose and lignin content
on the surface of Betung bamboo internode fibers to decrease. The condition happened because
hemicellulose and lignin were easily dissolved in an alkaline solution, while cellulose was not
easily dissolved and increased the cellulose content. Therefore, alkaline treatment of NaOH
itself will increase the cellulose content on the fiber surface so that it can increase the strength
of the fiber from Betung bamboo [14][15].

In this study, using a concentration of 5% NaOH solution effectively improved the
mechanical properties of Betung bamboo internode. According to Yang et al. [16], the
concentration of the solution affects the alkali treatment. The greater the concentration, the
more it affects the lignocellulosic content of the material. However, a solution concentration
that is too large can cause damage to the lignocellulosic content contained so that it can reduce
the mechanical properties of the material [10][17].
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Figure 4. Bamboo Betung Internode Tensile Test Results

Cracks start from the parenchyma tissue that is between the fiber bonds. This is caused by
the strength of the weak parenchyma tissue. According to Huang et al. [18], parenchyma tissue
is a weaker tissue than fiber. In addition, parenchyma tissue will always be the starting point
for failure. As stress increases, slip occurs between the fiber bundles and the parenchyma cells
followed by cracks in other areas of weak intercellular strength. For example, the area between
the bamboo fibers and the parenchyma cells leads to pulling the bamboo fibers from the
parenchyma cells. Figure 5 shows the cracks and breakage of Betung Bamboo Fibers from a
tensile test result.

Flexural Test Results

The curve of the test results shows in Figure 6. the maximum load value, Betung bamboo
internode, was treated with 5% NaOH alkali with an immersion time of two hours. The alkaline
NaOH immersion procedure increased the maximum load by decreasing the hemicellulose and
lignin content on the surface of the Betung bamboo fiber and increasing the cellulose content
on the fiber surface to raise the Betung bamboo fiber strength, as stated in this literature [13]
[19].

Figure 5. Cracks and Breakage of Betung Bamboo Fibers from Tensile Test Results (a) Without Treatment
and with Alkaline 5% NaOH Treatment for Immersion Time of (b) one hour, (c) two hours, (d) three hours

92 Z. Zulhanif et al., Effect of Alkaline 5% NaOH treatment with variations of immersion time on tensile ...



p-1SSN: 2774-602X e-ISSN: 2774-6038

0.6
—WT
05 5% 1h
' 5% 2 h
——5%3h
04
% 0.3 ‘”“”\Milmlllh\"(1 %H
8
il |
02
0.1
0.0 i . . : : .
0 3 6 9 12 15 18

Deflection (mm)
Figure 6. The plot of Load-Deflection Curve of Betung Bamboo Internode Without Treatment and With
Alkaline NaOH Treatment

A 5% NaOH treatment with two hours of immersion had the most optimal tensile strength
value, while three hours of immersion experienced a decrease in the maximum tensile strength
value. According to Zariatin et al. [12], this can be caused by immersion that is too long can
reduce the tensile strength of Betung bamboo because the cellulose on the surface of the fiber
is damaged or dissolved along with hemicellulose and lignin to make the tensile strength of the
fiber low. It can also be interpreted that increasing discontinuous immersion time increases the
tensile strength.

Deflection occurs when the surface of the Betung bamboo internodes is subjected to a load
that causes the breakage of fibers of the Betung bamboo internode and cracks at the other side
of the Betung bamboo internode with the fiber breaking. Fiber density can determine bamboo's
mechanical and physical qualities, according to Zakikhani et al. [20], who evaluated the
morphological, mechanical, and physical aspects of four species of bamboo. Maulana et al. [21]
reported that material density influenced the mechanical and physical parameters of Betung
bamboo internodes specimens. The low fiber density affects the occurrence of cracks when
tested on the surface of the Betung bamboo internode due to the weak fiber strength. With the
lack of cracks in the flexural test results, it can be concluded that the Betung bamboo internode
has good fiber density and strength. Figure 7 depicted a macro observation from photos of the
fibers breakage for Betung Bamboo Internode with alkaline 5% NaOH treatments.

SEM Observation

Figure 8a shows the smooth surface of the Betung bamboo internode specimen. This is
because no alkali treatment is given to the specimen. So, the surface of the specimen is still
covered with lignocellulose, indicating that Betung bamboo is one of the natural fibers. Figure
8b shows rougher and cleaner surfaces due to the removal lignin and hemicellulose substances
during the NaOH alkalizing treatment. As stated in literature [22][23] that the delignification
process caused the roughness and cleanliness on the surface of natural fibers by immersing
them in an alkaline NaOH solution. This is consistent with NaOH alkalization, which reduces
lignin and hemicellulose levels in the material while increasing cellulose content, resulting in
increased mechanical strength [24]. According to Rineksa et al. [25], the effect of the alkaline
treatment of NaOH on the surface of the Betung bamboo internodes is to make the surface of
the Betung bamboo internodes was rougher.
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Figure 7. Macro Observation from Photos of the fibers breakage for Betung Bamboo Internode with alkaline 5%
NaOH treatments for (a) one hour, (b) two hours, (c) three hours

Figure 8. SEM Fractography and Morphology of Betung Bambu Internode (a) Without Treatment and (b)
With alkaline 5% NaOH Treatment for two hours
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CONCLUSION

Alkaline 5% NaOH treatment with variations of immersion time affected the tensile and
flexural strength of the Betung bamboo internode. The tensile strength and flexural strength of
the bamboo Betung internode with alkaline 5% NaOH treatment increases. The mechanical
properties (tensile strength, MOR and MOE) of Betung bamboo internode with alkaline 5%
NaOH treatment for two hours is higher than those of the mechanical properties of Betung
bamboo internode with alkaline 5% NaOH treatments for one hour and three hours immersion
time. The average values of tensile strength, MOR and MOE for the Betung bamboo internode
with alkaline 5% NaOH treatment are about 195.95 MPa, about 207.35 MPa and about
4.56GPa, respectively. Therefore, too fast immersion is ineffective in increasing the tested
specimens' mechanical strength. On the other hand, an immersion that is too long can cause
damage to the cellulose content, which can strengthen the fiber to be dissolved along with
hemicellulose and lignin. It can also be interpreted that increasing discontinuous immersion
time increases the tensile strength.
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