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 Activated carbon (AC) was synthesized from coconut fruit and used as a bio-filler in 

poly(butylene succinate) (PBS) and natural rubber compound (NRC) composites. The 

activation process used a potassium hydroxide (KOH) solution, followed by microwave 

irradiation. Two KOH concentrations (1 M and 3 M) were used, and the obtained AC was 

labeled AC 1 M KOH and AC 3 M KOH. The objective of this study was to examine the effects 

of AC type and content (0-6 phr) on the mechanical, physical, and biodegradation properties 

of PBS/NRC/AC composites. The results showed that AC contained 73-74 % carbon content. 

The AC 3 M KOH exhibited a higher surface area. The mechanical properties of PBS/NRC/AC 

composites, including flexural strength, impact strength, tensile strength, Young’s modulus, 

and elongation at fracture, tended to decrease with increasing amounts of AC. However, 

adding AC 3 M KOH had a more positive effect on these properties compared to AC 1 M KOH. 

The crystalline structure of PBS was not affected, while the melt flow index (MFI) of the 

composite tended to decrease with the addition of AC. The composite with 6 phr of AC 3 M 

KOH showed 22.4% CO₂ absorption, 35% degradation after 6 months, and 0.84% water 

absorption, all of which were higher than those observed for 6 phr of AC 1 M KOH. The surface 

morphology of PBS/NRC/AC composites had a rough appearance, with rubber particles and 

AC dispersed within the PBS matrix. The surface roughness intensified with increasing AC 

content. 
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1. Introduction 

Currently, the demand for plastic products is 
rapidly expanding, leading to a significant rise in 
plastic waste after use, which has become a major 
environmental concern. Hence, considerable 

research efforts have focused on developing 
biodegradable plastics as a strategy for reducing 
plastic waste [1-5]. Biodegradable polymers are 
materials that can be decomposed under 
environmental conditions by microorganisms [3-
6]. Examples of such polymers include poly(lactic 
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acid) (PLA) [7-9], poly(caprolactone) (PCL) 
[9,10], and particularly poly(butylene succinate) 
(PBS) [2-5, 11], which is synthesized from 
monomers 1,4-butanediol and succinic acid. PBS 
is notable for its good mechanical properties and 
compatibility with conventional processing 
methods, although its high cost remains a major 
drawback. To reduce these costs, researchers 
have explored blending PBS with other materials 
[2, 11-14] or forming composites [3, 4, 15, 16]. 
Studies have shown that blending PBS with other 
materials can significantly improve its 
properties. For instance, P. Faibunchan et al. [12] 
reported that incorporating epoxidized natural 
rubber (ENR) into PBS enhanced its elongation. 
Similarly, N. Prasoetsopha et al. [17] reported 
that blending PBS with a natural rubber 
compound (NRC) at an 80/20 ratio resulted in 
the highest impact strength and elongation at 
break. Natural rubber, a renewable bio-based 
elastomer with high elasticity, has proven to be 
an ideal blend material for improving various 
properties of PBS and other polymers [2, 11-14]. 

Activated carbon (AC) is a porous 
carbonaceous material widely used in many 
applications, such as water treatment [18, 19], 
agriculture [20, 21], and energy storage [22-24]. 
It is often produced from biomass or waste 
materials, such as rice husks [23, 25], coconut 
shells [19, 22], corn [26], and coffee grounds [24], 
utilizing either physical or chemical activation 
methods [19, 22-26]. The chemical activation 
method is frequently preferred by researchers 
due to its low processing temperature, short 
processing time, and high efficiency [19, 23, 26]. 
The effectiveness of the chemical activation 
process depends on key factors, including the 
type and concentration of the activating agent. 
For example, E.H. Sujiono et al. [19] found that 
sodium hydroxide (NaOH) yielded the highest 
surface area for activated carbon derived from 
coconut shells compared to phosphoric acid 
(H₃PO₄) and zinc chloride (ZnCl₂). Additionally, 
M. Molina-Sabio and F. Rodriguez-Reinos [27] 
found that potassium hydroxide (KOH) enhanced 
microporosity, resulting in a more diverse 
micropore structure. Furthermore, increasing 
the concentration of the activating agent, such as 
potassium hydroxide (KOH), has been shown to 
significantly enhance the surface area of 
activated carbon, as demonstrated in the 
activation of rice husk [23].  

While the production of activated carbon from 
agricultural waste, such as coconut shells, has 
been extensively studied, other by-products of 
coconut, particularly coconut fruits, remain 
underutilized. Current literature predominantly 
focuses on well-known biomass sources, 
overlooking the potential of lesser-studied 
agricultural residues. Using these biodegradable 

by-products to develop composite materials not 
only improves the properties of the composites 
but also contributes to sustainable waste 
management by adding value to agricultural 
waste and mitigating environmental pollution 
associated with conventional waste disposal 
methods. 

In this research, the effects of potassium 
hydroxide concentration on the characteristics of 
activated carbon derived from coconut waste 
were studied. Additionally, the study examined 
how different amounts of activated carbon 
influenced the mechanical and physical 
properties of PBS/NRC/AC composites. The 
biodegradability of the resulting composites was 
also evaluated. 

2. Materials and Methods 

Coconut fruit waste was obtained from a farm 
in Ratchaburi Province, Thailand. Figure 1 shows 
the raw material of coconut waste obtained from 
the coconut fruit, which consists of both the 
coconut husk and shell. Poly(butylene succinate) 
(PBS) (BioPBSTM FZ71PM grade) was procured 
from PTT MCC Biochem Company Limited. The 
melt flow rate of PBS was 24.2 g/10 minutes. 
Potassium hydroxide (KOH, Kemaus, 85%) was 
used in the activation process, while hydrochloric 
acid (HCl, Labo Chemie PVT. LTD., 35.4%) was 
used for neutralization. Commercial-grade 
natural rubber (STR 5L) and chemical reagents, 
including stearic acid, zinc oxide (ZnO), 
tetramethylthiuram disulfide (TMTD), and sulfur 
(S), were used. Rubber and all chemical reagents 
were supplied by Chareon Tut Co., Ltd. 

 
Fig. 1. Coconut waste obtained from coconut fruit (consisting 

of coconut husk and coconut shell) 

2.1. Activated Carbon Preparation 

The coconut fruit was pyrolyzed in a 
conventional pyrolysis furnace at 600°C for 4 to 6 
hrs. After cooling, the obtained biochar was 
milled and passed through a 270-mesh sieve. The 
particle size of the biochar, determined using a 
particle size analyzer (FRITSCH, PARTICLE SIZER 
ANALYSETTE 22 NanoTec), was found to be 23.3 
± 1.7 µm. The biochar was activated using a 
potassium hydroxide (KOH) solution and 
microwave irradiation, enhancing activation 
through chemical and rapid thermal treatment. 
Two KOH concentrations, 1 M and 3 M, were used 
to compare the effect of KOH concentration on 
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the properties of AC, as high KOH concentration 
can improve the surface area of AC [28]. Figure 2 
illustrates the activation process. In this process, 
the biochar was soaked in a KOH solution for 24 
hrs and then heated in a microwave oven at 600 
watts for 6 minutes. Previous research by H. Dang 
et al. [29] showed that using high microwave 
power (480-660 watts) creates activated carbon 
(AC) with more pore space and surface area 
compared to low power, and K.Y. Foo and B.H. 
Hameed [30] found that the surface area of AC 
grows when the microwave heating time is 
increased to 6 minutes. After that, it was 
neutralized using HCl and washed with deionized 
water to remove excess salt. Finally, the AC was 
dried in a hot air oven at 60°C for 24 hrs. 

 
Fig. 2. Activation process 

2.2. Activated Carbon Characterization 

The morphology and chemical composition of 
the AC were investigated using a scanning 
electron microscope (SEM, AURIGA, Carl Zeiss) 
coupled with energy-dispersive spectroscopy. 
The particle size of AC was determined using a 
laser scattering particle size analyzer (HORIBA, 
LA–950V2). The specific surface area and total 
pore volume of the AC were determined using 
nitrogen adsorption Brunauer–Emmett–Teller 
(BET), with the samples degassed at 300°C for 6 
hrs. 

2.3. Preparation of Natural Rubber Compound  

Table 1 shows the order of rubber and 
chemical reagents used in the preparation of a 
natural rubber compound (NRC) on a two-roll 
mill. The natural rubber and chemical reagents 
were used as received. In the compounding 
process, natural rubber was masticated for 10 
minutes, followed by the sequential addition of 

the chemical reagents every 4 minutes. After 
being thoroughly mixed, the NRC was kept at 
room temperature for 24 hrs before use. 

Table 1. Natural rubber compound formula 

Order Chemical reagent Amount (phr) 

1 NR 100 

2 Stearic Acid 2.5 

3 ZnO 5 

4 TMTD 0.7 

5 S 2.5 

2.4. Sample Preparation  

PBS and NRC were mixed in a constant ratio 
of 80/20 by weight, with varying amounts of AC 
added at concentrations of 0, 2, 4, and 6 phr. To 
prepare for the mixing process, PBS was dried in 
a convection oven at 50°C for 24 hrs to reduce the 
moisture content. In the mixing process, PBS, 
NRC, and AC were melted and combined using an 
internal mixer (MX500–D75L90, Chareon Tut Co., 
Ltd., Thailand) at 145°C for 15 minutes with a 
rotor speed of 50 rpm. The total weight of each 
batch was 270 grams. After the composites 
cooled, they were ground with a plastic grinder. 

In the compression process, the ground 
samples were pressed using a hot compression 
molding machine (PR2D-W300L350 PM-WCL-
HMI, Chareon Tut Co., Ltd., Thailand) at 145°C 
with 1500 psi pressure. A stainless-steel mold 
was used during this process. The compression 
process involved three steps: preheating, 
pressing, and cooling for 5, 3, and 3 minutes, 
respectively. The preparation process of 
PBS/NRC/AC composites is shown in Fig. 3. 

2.5. Mechanical Testing 

The tensile testing was conducted using a 
dumbbell-shaped specimen prepared according 
to ASTM D638-10. A universal testing machine 
(LS Plus Series, Lloyd) with a load cell of 10 kN 
was used to perform the tests. A crosshead speed 
of 50 mm/min was used, and the tests were 
conducted at room temperature. Five specimens 
were conducted for each ratio.  

The three-point bending tests were 
conducted using the universal testing machine 
(LS Plus Series, Lloyd) with a load cell of 10 kN, 
following ASTM D790-03. The test was conducted 
at a crosshead motion rate of 1.28 mm/min and a 
support span of 48 mm, all at room temperature. 
For each composition ratio, five specimens were 
tested to obtain an average value. 

The notched Izod impact test was performed 
using an impact tester at room temperature 
following ASTM D256-04 (Ceast 9050, INSTRON). 
Five specimens were evaluated. 
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Fig. 3. Illustration of the preparation process for PBS/NRC/AC composites  

2.6. Morphology 

The fractured surface of the tested impact 
specimens was examined using a scanning 
electron microscope (SEM, AURIGA, Carl Zeiss). 
The sample was coated with gold to improve its 
conductivity and reduce the charging effects. An 
electron accelerating voltage of 10 kV and a 
vacuum pressure of 4.4 × 10-4 mbar were applied.  

2.7. Physical Testing 

The crystalline regions of PBS were 
investigated using X-ray diffraction (XRD, D8 
Advance, Bruker, Germany). The diffraction 
patterns were obtained over a 2 theta (2) range 
of 5-80 degrees with a scan step of 0.02°/s. 

The melt flow index (MFI) of the composites 
was measured by using a melt flow indexer 
(mi2.1, GÖTTFERT, Germany). Prior to 
measurement, the samples were dried in a hot air 
oven at 50°C for 24 hrs. The sample was extruded 
through a die according to ASTM D1238-10, with 
a load of 2.16 kg applied at 150°C.  

The water absorption measurement was 
conducted according to ASTM D570 using a 
sample with the dimensions of 20 mm, 10 mm, 
and 3 mm. Prior to being used, the sample was 
dried at 50°C overnight. The dried sample was 
then weighed and soaked in deionized water for 
24 hrs. The sample was subsequently taken out of 
the water and tapped on a paper towel to remove 
excess surface water. The sample was then 
reweighed. The percentage of water absorption 
(W.A.) was calculated according to Eq. (1) [31], 
where Wi and Wf are the initial and final masses, 
respectively. 

W -WifW.A.(%) = × 100
Wi

 (1) 

For the odor absorption test, a sample size of 
20 mm × 100 mm × 0.3 mm was used. The CO2 
absorption measurement was carried out in a 
simulated box, where the CO2 level was measured 
using a CO2 digital monitor. In the process, 
incense sticks were used to generate the CO2 in 
the simulated box, and the CO₂ concentration 
was allowed to stabilize. The sample was then 
introduced, and the initial CO2 value was 
recorded. After 70 minutes, the final CO2 value 
was recorded. This method is based on the 
approach described by P. Somdee et al. [32]. The 
percentage of CO2 absorption (Abs) was 
calculated using Eq. (2) [33], where Ai and Af are 
the initial and final CO2 values, respectively. 

A - Ai fAbs(%)= ×100
Ai

 (2) 

2.8. Biodegradation Test 

For the biodegradation test, a sample size of 
20 mm x 10 mm x 3 mm was used. The samples 
were dried in an oven at 60°C for 24 hrs and 
weighed as wo. Then, the samples were buried in 
potting soil at a depth of 5 cm, as shown in Fig. 4. 
The soil had a pH range of 6-7.6 and a moisture 
content of 50-70% of the dry soil weight, which 
was regularly monitored using a calibrated 
moisture meter. Water was added as needed to 
maintain the moisture. Five specimens were used 
for each ratio. The samples were examined at 2, 
4, and 6-month intervals. When taking samples 
out, the surrounding soil was carefully dug out to 
avoid damage to the samples. The samples were 
then gently washed with distilled water to 
remove any soil residue and dried in an oven at 
60°C until a constant weight was achieved 
(approximately 24 hrs). The sample was then 
weighed as wf. An analytical balance with a 
precision of 0.001 mg was used for weighing. This 
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method is based on the approach described by R. 
Siakeng et al. [34]. The percentage weight loss 
(Wloss) was calculated using Eq. (3) [35]. 

w -wo fW (%)= ×100loss wo
 (3) 

 
Fig. 4. Biodegradation test 

3. Results and Discussion 

3.1. Activated Carbon Characteristics 

Figure 5 shows the morphology of activated 
carbon. It could be seen that both ACs exhibited a 
flake-like shape with varying particle sizes. The 
chemical composition of the AC is shown in Table 
2. The major and minor elements of the AC were 
carbon (C) and oxygen (O). These results are 
consistent with the previous report, where C and 
O content ranged between 65-75% and 20-
25%, respectively [36]. Other elements present 
included potassium (K) and magnesium (Mg).  

The particle size distribution of ACs obtained 
using the laser scattering technique is shown in 
Fig. 6. The analysis results revealed that the 
average particle sizes of AC 1 M KOH and AC 3 M 
KOH were 16.28 ± 1.66 m and 18.09 ± 1.76 m, 
respectively. The particle size of AC 1 M KOH was 
slightly smaller than that of the AC 3 M KOH, 
although both ACs exhibited similar shapes. 
However, they both have smaller particle sizes 
compared to the raw materials (23.3 ± 1.7 m).  

The nitrogen adsorption Brunauer–Emmett–
Teller (BET) results are presented in Table 3. The 
surface areas (SBET) of AC 1 M KOH and AC 3 M 
KOH were 11.80 and 18.27 m2/g, respectively. 
Additionally, the total pore volumes of AC 1 M 
KOH and AC 3 M KOH were 0.0094 cm3/g and 
0.0128 cm3/g, respectively. It is evident that the 
surface area and total pore volume of AC 3 M KOH 
were higher than those of AC 1 M KOH. This 
difference can be attributed to the higher 
concentration of KOH, which induced the 
formation of micropores, resulting in an 
increased surface area and total pore volume 
[37]. A higher surface area tends to enhance the 

mechanical properties by providing more surface 
area for interaction between the filler and the 
rubber matrix [38]. This result was expected, 
which corresponded with a previous report [23].  

3.2. Mechanical Properties 

The flexural strength of the composites, 
shown in Fig. 7, revealed that the addition of AC 
decreased the flexural strength. This reduction 
might be due to the increased amounts of AC, 
which led to the formation of large surface 
irregularities (microcracks). These irregularities 
cause increased stress, resulting in decreased 
mechanical properties [39]. This finding is 
consistent with the study by C. Veranitisagul et al. 
[40], which reported that increasing the content 
of nanosilver-coated carbon black (AgCB) in PBS 
led to a decrease in flexural strength. 
Additionally, the addition of AC 3 M KOH showed 
higher flexural strength compared to those 
prepared with AC 1 M KOH. 

 

 
Fig. 5. SEM micrograph of activated carbon; (a) AC 1M KOH, 

(b) AC 3 M KOH 

Figure 8 shows the impact strength of 
PBS/NRC/AC composites. It was observed that 
increasing the activated carbon content reduced 
the impact strength, which can be due to the 
improper interfacial adhesion between the AC 
and PBS matrix. This poor adhesion leads to the 
formation of microcracks, facilitating crack 
propagation during impact [41]. Composites with 
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lower AC 3 M KOH content exhibited higher 
impact strength compared to those with AC 1 M 
KOH. Conversely, at higher AC contents, AC 1 M 
KOH demonstrated better impact strength 
compared to AC 3 M KOH. Notably, at 2 phr of AC 
3 M KOH, the impact strength reached 24 kJ/m², 
which is significantly higher than the 4.8 kJ/m² 
observed in PBS composites with 2 wt% waste 
coffee ground-derived activated carbon, as 
reported in the study by W. Singsang et al. [24]. 

Table 2. The elemental composition of coconut fruit biochar 
and activated carbon 

Element 
content (%) 

Coconut 
biochar 

AC 1 M 
KOH 

AC 3 M 
KOH 

C 75.70 74.03 73.03 

O 20.14 24.18 24.39 

K 1.24 1.48 2.34 

Mg 0.29 0.32 0.25 

Na 0.63 - - 

F 1.26 - - 

Cl 0.75 - - 

 

 

Fig. 6. Particle size distribution of activated carbon;  
(a) AC 1M KOH (b) AC 3 M KOH 

 

Table 3. Surface area (SBET) and total pore volume 

Filler SBET (m2/g) 
Total pore volume 
(cm3/g) 

AC 1 M KOH 11.80 0.0094 

AC 3 M KOH 18.27 0.0128 

 
Fig. 7. Flexural strength of PBS/NRC/AC composites. 

 
Fig. 8. Notched Izod impact strength of PBS/NRC/AC 

composites.  

The tensile properties of PBS/NRC/AC 
composites, shown in Fig. 9, demonstrated that 
tensile strength tended to decrease with an 
increase in the content of activated carbon (see 
Fig. 9(a)). This result showed the same trend as 
inorganic filler in the PBS matrix [41, 42]. 
However, the addition of AC 3 M KOH showed a 
higher tensile strength compared to that of AC 1 
M KOH. Notably, the addition of AC 3 M KOH 
resulted in a more significant increase in Young’s 
modulus compared to the addition of AC 1 M KOH 
(Fig. 9(b)). Moreover, the elongation at break of 
PBS/NRC/AC composites followed the same 
trend as the tensile strength and Young’s 
modulus (Fig. 9(c)). These composites exhibited 
lower mechanical properties than polybutylene 
succinate composites with 1 wt% biochar, as 
reported by S. Noh et al. [43], and lower than 
poly(butylene succinate-co-adipate) composites 
with 5 wt% biochar derived from wood residue, 
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as reported by M. Cappello et al. [44]. These lower 
mechanical properties can be attributed to the 
incompatibility between the AC and the PBS 
matrix [45]. 

Fig. 9. Tensile properties of PBS/NRC/AC composites; (a) tensile 
strength; (b) Young’s modulus; (c) elongation 

3.3. Morphology 

Figure 10 illustrates the morphology of 
PBS/NRC/AC composites. The PBS/NRC/AC 
composites exhibited a well-dispersed phase of 
NRC within the polymer matrix, as indicated by 
the red arrows in Fig. 10(a)-(g). The NRC 
particles were less than 10 μm, consistent with 
previous findings [17]. The activated carbon 
particles were also well dispersed in the matrix; 
however, incompatibility between the activated 
carbon and the PBS matrix, indicated by blue 

arrows in Fig. 10(a)-(f), led to a reduction in 
mechanical properties as the AC content 
increased. No significant morphological 
differences were observed when activated 
carbon prepared with different potassium 
hydroxide concentrations was used. Additionally, 
higher AC content roughened the surface, causing 
stress concentrations, further contributing to the 
decline in mechanical properties. 

Fig. 10. SEM morphology of PBS/NRC/AC composites with 
varying amounts of AC; AC 1M KOH of: (a) 2 phr; (b) 4 phr; 
(c) 6 phr; AC 3 M KOH of: (d) 2 phr; (e) 4 phr; (f) 6 phr; and 

(g) 0 phr 

3.4. Physical Properties 

The XRD diffraction patterns of PBS/NRC/AC 
composites are shown in Fig. 11. All composites 
showed the diffraction peak at 19°, 22°, and 28°, 
which correspond to the (020), (110), and (111) 
crystallographic planes of PBS, respectively. 
These findings align with the previous studies by 
F. Ge et al. [46] and C. Veranitisagul et al. [40], 
which reported similar diffraction peaks for neat 
PBS and PBS composites. The consistent peak 
positions indicate that the addition of activated 
carbon did not alter the crystalline structure of 
the PBS matrix, suggesting that the filler had 
minimal influence on the matrix's crystallinity. 

Table 4 illustrates the melt flow index (MFI) of 
PBS/NRC/AC composites. The results indicate 
that the MFI of the neat PBS/NRC composite was 
2.79 g/10 mins. The addition of activated carbon 
derived from coconut fruit decreased the MFI, 
indicating that the presence of activated carbon 
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increases the viscosity. Increasing the activated 
carbon content further raises the viscosity, 
thereby lowering the MFI due to the 
accumulation formed within the matrix [47]. This 
finding is consistent with previous studies, such 
as those by C. Veranitisagul et al. [40], who 
reported that the inclusion of nanosilver-coated 
carbon black in PBS increased melt viscosity, 
leading to a decreased MFI. Similarly, K. 
Papadopulou et al. [48] found that increasing the 
biochar content from miscanthus straw to PBS 
composites resulted in higher viscosity and lower 
MFI due to enhanced interactions between the 
polymer matrix and the filler. Additionally, it can 
be observed that the MFI decreased more with 
the addition of AC 1 M KOH compared to AC 3 M 
KOH. This is likely because AC 1 M KOH has a 
slightly smaller particle size than AC 3 M KOH, as 
shown in the particle size test results. Smaller 
particles tend to accumulate more than larger 
particles [49]. 

 
Fig. 11. XRD diffraction patterns of PBS/NRC/AC 

composites. 

Table 4. Melt flow index 

AC content 

(phr) 

Melt flow index (g/10 mins) 

AC 1 M KOH AC 3 M KOH 

0 2.79 ± 0.51 2.79 ± 0.51 

2 2.77 ± 0.50 2.86 ± 0.52 

4 2.55 ± 0.47 3.43 ± 0.64 

6 1.71 ± 0.32 2.38 ± 0.44 

The result of the odor absorption of 
PBS/NRC/AC composites is shown in Fig. 12. A 
blank test, which did not include the sample, was 
used as a control. The results show that the 
PBS/NRC/AC composites tended to increase the 
percentage of CO2 absorption when the activated 
carbon was added. Specifically, the percentage of 
CO2 absorption for the sample with AC 1 M KOH 
and AC 3 M KOH at 6 phr was 23.8% and 22.4%, 
respectively, representing an enhancement of 

two times compared to neat PBS/NRC 
composites. Moreover, PBS/NRC/AC composites 
showed a higher percentage of CO₂ absorption 
compared to composites made from natural 
rubber and spent coffee grounds [32], due to the 
higher porosity and surface area of the activated 
carbon. These composites could be used in 
packaging materials to extend the shelf life of 
perishable goods by absorbing CO₂ and other 
odor-causing gases, which are common in food 
storage environments. 

 
Fig. 12. CO2 absorption of PBS/NRC/AC composites. 

Table 5. Water absorption of PBS/NRC/AC composites. 

AC content 

(phr) 

Water absorption (%) 

AC 1 M KOH AC 3 M KOH 

0  0.55 ± 0.05 0.55 ± 0.05 

2 0.63 ± 0.02 0.62 ± 0.01 

4 0.66 ± 0.03 0.74 ± 0.01 

6 0.74 ± 0.01 0.84 ± 0.01 

Table 5 shows the water absorption results. It 
can be seen that the addition of activated carbon 
increased water absorption. An increase in AC 
content led to a higher percentage of water 
absorption because activated carbon is highly 
porous, and higher AC content provides 
numerous micropores available for water 
absorption. This aligns with the findings of A. S. 
Mohammed Ali et al. [50], who reported that high 
carbon content can lead to significant water 
absorption, consistent with previous work 
showing that increased filler content in polymer 
composites is associated with higher water 
absorption [51]. The water absorption of the AC 
3 M KOH samples was slightly higher than that of 
the AC 1 M KOH samples, which may be due to the 
AC 3 M KOH having a higher surface area and 
total pore volume available for water absorption 
compared to AC 1 M KOH [52]. 
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3.5 Biodegradation Property 

Figure 13 illustrates the degradation result of 
PBS/NRC/AC composites over 2, 4, and 6 months. 
The weight loss of PBS/NRC/AC composites 
tended to increase with an increase in the AC 
content. The porous nature of the activated 
carbon facilitates microbial activity and the 
fragmentation of the composites [53]. For the 2-
month period, the percentage of weight loss of AC 
3 M KOH was slightly higher than that of AC 1 M 
KOH. The difference may be due to the higher 
surface area, which provides more contact points 
for microbes to attach to samples and initiate the 
degradation process [54]. At 4 and 6 months, the 
percentages of weight loss for AC 1 M KOH and AC 
3 M KOH were not significantly different. 
Additionally, longer degradation test periods 
showed a higher percentage of weight loss, which 
is consistent with a previous report [3]. This 
result aligns with the study by C. Veranitisagul et 
al. [40], which found that increasing the content 
of nanosilver-coated carbon black (AgCB) in PBS 
resulted in a higher percentage of weight loss in 
composites. These findings indicate that the 
PBS/NRC blends filled with activated carbon 
have good mechanical properties and are 
naturally degradable, making them suitable for 
applications such as soil cover films or 
biodegradable nursery bags. 

Fig. 13. Biodegradation of PBS/NRC/AC composites 

4. Conclusions 

Activated carbon derived from coconut fruit 
waste was successfully prepared using potassium 
hydroxide (KOH) solution and microwave 
irradiation and was then used as a bio-filler in 
poly(butylene succinate) (PBS) and natural 
rubber compound (NRC) blends.  

The study revealed that KOH concentration 
significantly affects the properties of activated 
carbon: 

• Lower concentrations resulted in 
smaller particles. 

• Higher concentrations led to a larger 
surface area and total pore volume. 

In PBS/NRC/AC composites: 
• Increasing the AC content adversely 

impacted mechanical properties, likely 
due to poor filler-matrix compatibility. 

• The crystalline structure of the polymer 
matrix remained largely unchanged. 

• Using AC prepared with a higher KOH 
concentration improved mechanical 
properties, including flexural strength, 
impact strength, tensile strength, 
Young’s modulus, and elongation, while 
also enhancing CO₂ absorption, water 
absorption, and biodegradability of the 
composites. 

The findings suggest that PBS/NRC/AC 
composites are viable biodegradable materials, 
highlighting their potential for sustainable 
material development and application, such as 
soil cover films or biodegradable nursery bags. 
The type of coconut waste utilized may affect the 
characteristics of these blends, indicating 
possibilities for further study in developing 
biodegradable composites from alternative 
waste materials combined with rubber to 
enhance their properties and sustainability. 

Nomenclature 

PBS Poly(butylene succinate) 

PLA Poly(lactic acid) 

PCL Poly(caprolactone) 

PHB Poly(hydroxybutyrate)  

NRC Natural rubber compound 

AC activated carbon 

M Molar  

g Gram 

phr Parts per hundred resin 

w/w Percentage weight per weight 

m2 Square millimetre 

cm3 Cubic centimetre 

m Micrometre 

MPa Mega Pascal 

° Degree 
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s Second 

min minute 

hr hour 

°C Degree celsius 

KOH Potassium hydroxide 

STR Standard Thai Rubber 

ZnO Zinc Oxide 

TMTD Tetramethylthiuram disulfide 

XRD X-ray diffraction 

HCl Hydrochloric acid 

CO2 Carbon dioxide 

C Carbon 

O Oxygen 

K Potassium 

Mg Magnesium 

BET Brunauer–Emmett–Teller 

MFI Melt flow index 

SBET Surface area 
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