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Abstract. The use of natural materials like rattan in eco-friendly composites is gaining attention
in materials engineering. However, its hydrophilic nature and interaction with other materials
can affect mechanical strength. This study investigates how variations in rattan size and alkali
treatment influence the tensile properties of single rattan strips through an epoxy dipping process.
Rattan was prepared with varying lengths (5-15 cm), widths (3-8 mm), and a consistent
thickness (0.5 mm). Alkali treatment used 5% and 10% NaOH concentrations for 1 and 24 hours.
Tensile testing showed that a 5 cm x 8 mm strip achieved the highest tensile strength (49.95
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MPa), Young's modulus (3562.77 MPa), and low strain (5.4%), while the 15 cm x 3 mm strip
had the lowest strength (9.48 MPa) and modulus (475.69 MPa) with higher strain (10.32%). A
5% NaOH treatment for 24 hours improved adhesion and performance, while 10% caused
degradation.

Keywords: natural fiber composites, sustainable materials, green materials, bio-composites,
surface treatment, green engineering, rattan strips.
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1. Introduction

Rattan is one of Southeast Asia's most abundant natural resources, found in countries such as Indonesia
and Malaysia. This natural material has been widely utilized in the handicraft industry, furniture making,
and light building [1] [2] [3]. However, the utilization of rattan as a structural composite material is still
relatively limited so far. One of the main challenges is that the mechanical strength of rattan has not
been optimized, particularly in terms of its tensile properties, which significantly contribute to its use in
engineering applications. In fact, with proper processing, rattan can become an environmentally friendly
alternative to replace synthetic materials or hardwood, which is now increasingly limited [4].

Parts of rattan that can be utilized in the composite industry include bast and core types, where the
tensile strength that both materials can produce is around 41.97-121.5 MPa and 43.5-85.6 MPa [5]. In
2020, Yang et al. evaluated the mechanical properties of rattan with different lengths and diameters of
2420/1.76 cm, 1779/2.31 cm, 1314/1.44 cm, and 1629/1.27 cm. The difference in dimensions
contributed to tensile strength of 41.99-57.21 MPa, tensile modulus of 1897.01-2514.2 MPa,
compressive strength of 25.07-27.75 MPa, and impact toughness of 22.56-53.81 J/cm? [6]. This suggests
that the dimension of the rattan plays a crucial role in supporting the performance of the composite.

Various studies have provided investigation results that show rattan is a natural material composed
of several constituent components, including cellulose, hemicellulose, lignin, and other
impurities. This can inhibit the creation of a strong bond between rattan and resin. Chemical treatments
such as alkali (NaOH) are present to manipulate the surface structure of rattan to become rougher,
improve the bonding power of the interface, and improve mechanical properties [7] [8]. Applying 1-
10% NaOH with a variation of 0.5-48 hours can affect the fiber and matrix interface. This impacts the
characterization of composites, as well as their physical, mechanical, thermal, and tribological properties
[9].

On the other hand, the polymer dipping process plays a significant role in coating and supporting the
rattan structure [10]. However, there is a lack of studies evaluating the combination of alkali treatment
and resin dipping on rattan single strips. Moreover, the difference in rattan dimensions significantly
contributes to the final mechanical properties. From a broader perspective, exploring rattan as a
composite material not only addresses material properties but also aligns with the goals of sustainable
engineering. As a fast-growing, biodegradable, and renewable resource, rattan offers substantial life
cycle benefits, including a low carbon footprint and reduced energy consumption compared to synthetic
fibers [11] [12] [13].

Its local abundance minimizes transportation emissions, and its ability to sequester carbon adds value
to climate change mitigation efforts [14] [15] [16]. Despite these advantages, the scientific community
still lacks a comprehensive understanding of how to enhance rattan’s mechanical performance for high-
strength applications. Therefore, this study aims to analyze the effect of rattan size, alkali treatment, and
epoxy resin dipping on the tensile properties of rattan. This study aims to enhance the understanding of
rattan utilization in an environmentally friendly and sustainable composite industry.
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2. Methods

2.1 Materials

The resin used in this research is epoxy, as shown in Table 1. The natural fiber chosen as reinforcement
is a roll-shaped rattan purchased from a local market in Indonesia.

Table 1 Specifications of Epoxy Resin and Hardener Mixture.

EpoxAmite™ 100 Resin with (A): 103 SLOW Hardener (B)
Mix Ratio By Volume 3A: 1B

Specific Gravity - Mixed; g./c.c. (ASTM D1475) 1.10

Spec. Volume - Mixed; cu. in./lb. (ASTM D792) 25.2

Color - Mixed Clear Yellow

2.2. Alkali Treatment

Samples used in alkali treatment are from rattan with a selected size that produces the maximum tensile
strength. Alkali treatment was carried out by immersing the rattan into 5% and 10% sodium hydroxide
(NaOH) solution for 1 hour and 24 hours at room temperature [17] [18]. After that, the rattan was cleaned
using distilled water to achieve a pH of 7 and then dried in a vacuum oven at 105 °C for 24 hours [19]
[20] [21] [22]. The final step is to store the rattan in a plastic box to prevent direct contact with humid
air.

2.3. Sample Preparation

In this study, the rattan was cut with a cutting tool to obtain the size shown in Table 2. After that, the
rattan was cleaned using distilled water at room temperature to remove dirt and natural oils and then
dried in a vacuum oven at 105 °C for 24 hours to remove the remaining water content. The dried rattan
was stored in a closed plastic box to avoid contamination in a humid environment. The manufacture of
test samples was carried out in two stages. In the first stage, each sample passed the dipping process in
a plastic box containing a mixture of epoxy resin and hardener with a ratio of 3 1. The dipping process
utilizes clamping tools to ensure that the entire surface of the rattan is evenly coated. After that, the
rattan was dried using direct sunlight for 24 hours. For the second stage, test samples were prepared by
obtaining the rattan size that produced the best tensile strength in the first stage and then applying alkali
treatment according to the mechanism described in Section 2.2. Afterward, the samples underwent an
epoxy dipping process and drying to be prepared as test samples.

Table 2 Dimension of Rattan Sample.

Sample Name Length (cm) Width (mm) Thickness (mm) Sample Code
5 3 0.5+0.011 R1,
R1 5 6 0.5+0.011 Rlg
5 8 0.5+0.011 R1.
10 3 0.5+0.011 R2,
R2 10 6 0.5+0.011 R2p
10 8 0.5+0.011 R2.
15 3 0.5+0.011 R3,
R3 15 4 0.5+0.011 R3p
15 8 0.5+0.011 R3.

24. Testing of Specimen
Tensile tests were conducted to analyze the tensile strength, Young's modulus, and tensile strain of the
rattan specimens using a Universal Testing Machine (Instron 3367, USA) based on ASTM D3822-01
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standard. Five test samples were prepared for each size of a single rattan strip. The samples were glued
to mounting tabs made of 200 gsm A4 paper using super glue and allowed to dry for 2 hours at room
temperature. The mounting tab was designed with a protective sleeve to prevent the clamping pressure
from the machine from damaging the single rattan strip. After drying, both sides of the mounting tab
were placed on either side of the UTM gripper. Then, the center of the tab was carefully removed,
allowing the specimen to hang freely between the grips. The tensile test was conducted at a withdrawal
speed of 2 mm/min with a load of 30 kN until the specimen failed.

3. Results and Discussion

3.1 Mechanical Properties

Figure 1 shows the tensile test results of rattan single-strip specimens subjected to the epoxy resin
dipping process. The results showed significant variations in tensile strength, Young's modulus, and
tensile strain values based on sample size and code. Sample R1C achieved the highest tensile strength
value at 49.95 MPa, followed by R1B at 42.47 MPa. Conversely, the lowest value was found in R3A at
9.48 MPa. For Young's modulus value, R1C also showed the highest stiffness of 3562.77 MPa, while
the lowest value was recorded in R3A at 475.69 MPa. Sample R1A recorded the highest value of 11%
in tensile strain, indicating higher deformation capability before breaking, while the lowest strain
occurred in R3B with a value of 1.46%.

The finding in this study was that as the width of the specimen increased (from A to B and C).
Generally, the tensile strength and Young's modulus increased significantly, indicating that the cross-
sectional dimension contributes greatly to the load-carrying capacity [6]. Samples with larger widths (B
and C) appear stiffer and stronger, as seen in R1C and R1B. However, increasing the width also
decreases the strain, indicating that the specimens become stronger but less flexible. This demonstrates
the rigid nature of the material, where a low deformation capability accompanies a high modulus. In
addition, the variation in specimen length (R1 =5 cm, R2 =10 cm, and R3 = 15 cm) also contributed to
the tensile strength. In general, the tensile strength and modulus values tend to decrease as the specimen
length increases, which can be seen in samples A, B, and C, respectively, from R1 to R3. This is due to
the possibility of increased defects and inhomogeneous distribution of epoxy during the dipping process
in the rattan structure in longer specimens [23]. Therefore, cross-sectional size and length play an
essential role in determining the tensile strength of single rattan strips.
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Figure 1. Effect of rattan size variation on mechanical properties of rattan single strips with epoxy
dipping process.
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Figure 2 presents the effect of NaOH concentration and soaking time on the tensile strength, Young's
modulus, and tensile strain of rattan single strips undergoing the epoxy resin dipping process. The
samples used were taken from the rattan that produced the greatest tensile strength (Figure 1), with a
length of 50 mm, a width of 8 mm, and a thickness of 0.5 mm. The results showed that the best treatment
was achieved by samples immersed in a 5% NaOH solution for 24 hours, with a tensile strength of 15.54
MPa and Young's modulus of 793.23 MPa, although the strain decreased to 13.44%. In contrast,
treatment with 10% NaOH for 24 hours resulted in a decrease in tensile strength and modulus to 9.71
MPa and 232.45 MPa but with a relatively high tensile strain of 21.79%. Meanwhile, the untreated
sample exhibited a tensile strength of 12.58 MPa, Young's modulus of 275.72 MPa, and a strain of
21.58%. The findings in this study indicate that NaOH concentration and soaking duration significantly
affect the tensile strength of rattan single strips. The substantial increase in tensile strength and elastic
modulus at 5% treatment for 24 hours indicates that this treatment effectively removes non-cellulosic
components such as lignin and hemicellulose. In addition, the manipulation of the surface structure of
the rattan strengthened the interaction between the rattan and epoxy, thus supporting the strength of the
rattan [24]. However, the same increase in soaking time at a higher NaOH concentration (10%)
decreased the strength and stiffness of the material. This is likely due to the degradation of the rattan
structure resulting from excessive alkalization, which weakens the rattan's integrity and accelerates the
failure process [24].
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Figure 2. Effect of variation in concentration and duration of NaOH immersion in rattan on the
mechanical properties of rattan single strips with the epoxy dipping process.

3.2 Morphology Fracture
Figure 3 shows the fracture pattern of the single strips of rattan for the variation of the dimensions of
the rattan. Based on microscope observation of specimens R1A, R2A, and R3A, the fracture pattern
formed is dominated by fiber breakage near the grip, with the phenomenon of weak interfacial bond
between rattan and epoxy. This contributed negatively to the low tensile strength of 10.55 MPa, 9.5
MPa, and 9.48 MPa, respectively. In addition, it is evident that the fracture is irregular and shows many
detached fine fibers. This indicates failure due to excessive strain and weak surface cohesion [25].

In contrast, samples R1B, R2B, and R3B, as well as R1C, R2C, and R3C, exhibited matrix failure
phenomena, including epoxy surface cracks, delamination, and indications of stress concentration in the
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grip area. This finding proves a better bonding of the rattan and epoxy, although the epoxy shows voids,
which are the starting point of failure [26]. These specimens produced significantly higher tensile
strengths, ranging from 36.6 MPa to 49.95 MPa, thanks to the increased dimensions of the rattan and
possibly a more homogeneous stress distribution. The difference in fault patterns between samples A
and B/C emphasizes the importance of interfacial bonding strength and epoxy distribution in
determining the material's mechanical performance [27].

Figure 3. Fracture patterns of specimens of R1A (a), R2A (b), R3A (c), R1B (d), R2B (e), R3B (1),
RIC (g), R2C (h), and R3C (i).

Figure 4 shows the fracture patterns of the five types of specimens with different alkali treatments.
This demonstrates how variations in NaOH concentration and treatment duration affect the tensile
strength of rattan using the epoxy dipping process. The untreated specimens and the 5% treatment for 1
hour both exhibited fiber pullout symptoms, indicating that the interlocking of rattan and epoxy remains
very weak [28]. This is aligned with the low tensile strength produced, which amounted to 16.98 MPa
and 18.06 MPa, respectively. However, the specimens treated with 5% for 24 hours showed a brighter,
cleaner fiber surface and much better interface contact. This proved an increase in tensile strength of
24.57 MPa. This finding demonstrates that applying alkali with moderate concentration and sufficient
time can effectively remove lignin, hemicellulose, and other impurities on the surface while creating a
rough surface that strengthens the mechanical interlock [29].

On the other hand, at 10% concentration, for both 1 hour (12.68 MPa) and 24 hours (11.67 MPa),
there was a significant decrease in tensile strength as indicated by the appearance of blackened and
damaged fibers due to surface degradation. This shows that although chemical treatment is necessary,
the concentration and soaking time must be appropriate [25] [30]. Moreover, higher concentrations can
destroy the internal structure of the rattan and degrade its mechanical properties. The findings in this
study indicate that a 5% NaOH concentration and an immersion time of 24 hours are the optimal
conditions for increasing the tensile strength of rattan single strips using the epoxy dipping process.
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Figure 4. Fracture patterns for untreated specimens (a), 5% and 1-hour treatment (b), 5% and 24-hour
treatment (c), 10% and 1-hour treatment (d), and 10% and 24-hour treatment (e).

4, Conclusion

This study analyzed the effect of different rattan sizes and alkali treatment on the tensile strength of
rattan single strips with an epoxy dipping process. The tensile test results showed that rattan with a
length of 5 cm and a width of 8 mm produced a higher tensile strength Young's modulus of 49.95 MPa
and 3562.77 MPa and a relatively low tensile strain of 5.4%. In contrast, the 15 cm long and 3 mm wide
rattan showed a low tensile strength of 9.48 MPa and Young's modulus of 475.69 MPa, with a high
tensile strain of 10.32%, reflecting large deformation but low strength. The larger size offers improved
load distribution and enhanced durability, albeit at the risk of delamination in the grip area. The 5%
alkali treatment for 24 hours proved to effectively improve the interlocking of rattan and epoxy, resulting
in a tensile strength of 24.57 MPa, Young's modulus of 1024.91 MPa, and tensile strain of 7.2%, which
is more balanced between rigidity and flexibility. However, 10% degradation occurred due to fiber
degradation, as Young's modulus dropped to 654.44 MPa and the strain was only 5.67%. The findings
of this study indicate that the strip dimensions, as well as the concentration and duration of alkali
treatment, significantly influence the mechanical performance. The main contribution of this study is to
provide a comprehensive understanding of the association between the physical size, chemical
treatment, and mechanical behavior of rattan single strips. These insights can serve as a reference for
designing lightweight, eco-friendly composite components in the construction, furniture, and interior
industries. However, this study is limited to tensile properties and does not cover other mechanical or
thermal characteristics. Further investigations on molding pressure, resin spread, fiber alignment, and
environmental exposure are recommended to support industrial-scale applications and to strengthen the
case for rattan as a sustainable engineering material.
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