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harmful effects, adressing this issues remains a critical challege. This
study explores the utilization of a widely available agricultural by-

Keywords product in Malaysia such as rubber seed shells (RSS), as a raw material
Rubber seed shell, activated carbon,  for producing low-cost activated carbon (AC) for heavy metal removal
chemical activation, heavy metal applications. To enhance the surface porosity and adsorbent
removal characteristics, the RSS was chemically activated using sodium

hydroxide (NaOH) and carbonized. Scanning Electron Microscopy
(SEM), Fourier Transform Infrared Spectroscopy (FTIR), and X-ray
Diffraction (XRD) analyses was carried out to characterized the rubber
seed shell ras sample (raw-RSS) and rubber seed shell activated carbon
(RSS-AQ), respectively. The removal efficiency of lead (Pb) and copper
(Cu) were evaluted via batch biosorption test under varying conditions
of initial concentration (200 - 800 ppm), contact time (15 - 60 min), and
biosorbent dosage (0.05 - 0.20 g). Results shows that under optimum
conditions of 200 ppm initial concentration, 60 minutes contact time,
and 0.20 gram biosorbent dosage yielded removal efficiencies of
77.45% for Cu and 99.20% for Pb. These results highlight that rubber
seed shell based activated carbon as an effective, eco-friendly
biosorbent for wastewater treatment.

1. Introduction

The significant increase of heavy metals in water body and aquatic ecosystems due to rapid industrialization has
become major concern. Even at low concentrations, heavy metals such as cadmium (Cd), zinc (Zn), copper (Cu),
lead (Pb), and mercury (Hg) are considered hazardous due to their toxicity and non-biodegradability [1]. The
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release of these heavy metal pollutants from industrial effluents poses severe risks to the environment, aquatic
life, and public health if not properly treated. Due to this reason, it is important to treat metal-contaminated
wastewater before being discharge into the water body. However, treating contaminants from industrial
discharge is a costly and complex process. Therefore, finding the alternatives for a cost-effective and
environmentally friendly treatment or process is crucial for industries generating heavy metal wastewater.

In recent years, biosorption has emerged as a promising alternative, offering a sustainable, cost-effective, and
highly efficient method for removing heavy metals compared to conventional methods [2]. Biosorption involves
the use of a biosorbent to bind specific ions or molecules at the sorbate-biosorbent interface, leading to a reduction
in sorbate concentration in the solution [3]. In simpler terms, biosorption refers to the tendency of biological
materials to adsorb specific ions or molecules to its body. Various biosorbents including living or dead
microorganisms (e.g., algae, fungi, and bacteria), plant-based materials, agricultural biomass, and biopolymers
have been studied for their application in water and wastewater remediation. Among these, biosorbents derived
from agricultural waste have been reported as a promising alternative for heavy metal removal [4].

Agricultural waste structural composition, which includes cellulose, hemicellulose, lignin, and functional
groups such as carbonyl, phenolic, and alcoholic groups has demonstrated high potential biosorption capacity [5-
6]. These functional groups exhibit high affinity for metal ions by donating electron pairs to form complexes with
the ions in solution [7]. Furthermore, agricultural waste is cost-effective, biodegradable, and efficient for water
purification [8]. As a result, agricultural waste has been extensively investigated as a precursor for activated
carbon (AC) preparation.

Rubber seed shells (RSS) are an agricultural by-product regarded as waste and have been identified as a low-
cost precursor for AC production. Their high carbon content, abundant availability, and volatile characteristics
make RSS an excellent replacement for conventional high-cost activated carbon adsorbents [9]. While RSS has
applications in manure production, animal feedstock, and fuel substitutes [10], its disposal as waste remains
prevalent, leading to environmental problems such as land pollution, odor issues, and contamination in rubber
plantation areas. According to the Malaysian Rubber Board, approximately 1.1 million hectares of land in Malaysia
are dedicated to rubber plantations, with each hectare producing around 150 kg of RSS per season, which is often
considered waste due to its inedibility [11].

Therefore, this study aims to utilize RSS agricultural waste, abundant in Malaysia, as a low-cost precursor for
activated carbon production. Previous studies have demonstrated the potential of RSS-based activated carbon for
the adsorption of various pollutants, including methylene blue, congo red, malachite green, crystal violet, phenol,
chromium, copper, and zinc [12-17]. These findings highlight the potential of RSS to remove a wide range of
pollutants from wastewater. Efficient utilization of RSS waste such as activated carbon will significantly reduce
environmental pollution from agricultural waste as well as solving the problem of wastewater effluents.

The objectives of this study include the characterization of the prepared RSS-AC and evaluation of its
biosorption capacity. The batch biosorption tests were conducted to evaluate the performance of RSS-AC as a
potential biosorbent for heavy metal removal. Several parameters such as heavy metals initial concentration,
contact time, and biosorbent dosage were investigated in the biosorption process. The study aims to provide
insights into the efficient utilization of RSS waste for heavy metal wastewater treatment applications.

2. Materials and Methods

2.1 Materials

Analytical reagent grade of Copper Sulphate (CuSOa4), Lead Nitrate (PbNOs) and Sodium Hydroxide (NaOH) were
procured from R&M Chemicals, Malaysia. Raw material of RSS was collected from local rubber plantation at
Malaysian Rubber Board, Sungai Buloh. All aqueous solution were prepared using distilled water.

2.2 Methods

2.2.1 Preparation of Sample

The collected RSS material was thoroughly washed, first with tap water and then several times with distilled
water, to remove impurities and unwanted materials such as sand and dirt. The cleaned RSS was then dried in an
oven at 110°C for 24 hours to eliminate any trapped moisture. After drying, the RSS was crushed into small pieces,
ground, and sieved to achieve a particle size of 500 um. The resulting powdered sample was stored in an airtight
plastic container for further use.

2.2.2 Chemical Activation and Carbonization

The carbonization and activation of RSS was prepared according to the method described by Azry & Ahmad [18].
For activation, the RSS sample were activated by chemical activation method using NaOH as the activating agent.
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Firstly, about 50 g of NaOH was dissolved with 250 mL distilled water. Then, 25 g of RSS was weighted and then
soaked overnight in the freshly prepared concentrated NaOH solution for 24 hr. The sample were prepared with
a constant impregnation ratio (IR) of 1:2 using Equation 1.

Impregnation ratio =

(1)

where W indicates the weight of RSS and NaOH used during the activation process, respectively. Next, the
impregnated RSS solution was filtered and then carbonized at 600°C for 3 hr under a steady nitrogen (N2) gas
stream at heating rate of 10°C/min and a flow rate of 1 L/min in a tubular furnace. After carbonization, the
activated carbon produced were let ventilated at room temperature until 60°C and then washed repeatedly with
hot distilled water to eliminate any residual of NaOH. The washed activated carbon was then dried in the oven for
12 hr at 80°C. All produced activated carbon were placed in airtight plastic containers and stored in a desiccator.

2.3 Sample Characterization

Three characterization methods were employed for the RSS samples which were Scanning Electron Microscopy
(SEM), Fourier Transform Infrared Spectroscopy (FTIR), and X-ray Diffraction (XRD). The analyses were
performed on three types of samples which are raw RSS (before activation), RSS-AC before the biosorption
process, and RSS-AC after the biosorption process.

2.3.1 Scanning Electron Microscopy (SEM) Analysis

The surface morphology of raw RSS and RSS-AC was analyzed using SEM (JEOL-7800F PRIME). Observations were
conducted at an accelerated voltage of 0.50 kV under magnifications ranging from x5,000 to x10,000 to examine
the textural changes and pore structure developed during activation and after biosorption.

2.3.2 Fourier Transform Infra-Red (FTIR) Analysis

The functional groups and chemical bonds present on the surface of the samples were analyzed using FTIR
Spectrophotometer (Shimadzu IRTracer-100). The analysis employed the Attenuated Total Reflection (ATR)
method, with spectra recorded in the range of 400-4000 cm™ at a resolution of 4 cm™.

2.3.3 X-ray Diffraction (XRD) Analysis

XRD analysis was conducted to determine the crystalline or amorphous nature and phase composition of the
samples. The diffraction patterns of RSS-AC were analyzed using an XRD Empyrean, model DSC-60 Plus Series,
with Cu Ka irradiation (A = 1.54056 A) at 45 kV and 40 mA.

2.4 Batch Biosorption

The removal of heavy metals by RSS-AC was evaluated using a batch biosorption test. Initially, stock solutions of
CuSO, and Pb(NO3), were prepared by dissolving specific amounts (200-800 mg) of each compound in 1 L of
distilled water. Subsequently, 100 mL of each solution was transferred into 100 mL conical flasks to serve as
standard solutions for the experiments.

The effects of initial heavy metal concentration (200 ppm, 400 ppm, 600 ppm, and 800 ppm), contact time (15
min, 30 min, 45 min, and 60 min), and biosorbent dosage (0.05 g, 0.10 g, 0.15 g, and 0.20 g) were analyzed to
determine the optimal conditions for the prepared RSS-AC performance. All experiments were conducted at room
temperature of 30°C, with the solutions stirred using a rotary shaker (IKA KS-3000i).

The initial (Co) and final (Ci) concentrations of metal ions were measured using Inductively Coupled Plasma-
Optical Emission Spectrometry (ICP-OES, PerkinElmer AVIO-500). The percentage removal of heavy metals was
calculated using Equation 2:

=20 % 100% (2)

o

% Removal =
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3. Results and Discussion

3.1 Scanning Electron Microscopy (SEM) Analysis

Fig. 1 illustrates the surface morphology of raw and activated rubber seed shell before and after biosorption of
heavy metals. Fig. 1(a) depicts the surface morphology of the raw RSS material before chemical activation. The
dense canal-like structure with minimal visible pore formation observed and relatively smooth surface, indicating
a lack of significant porosity and adsorption sites, making it less effective for biosorption in its untreated state
[17]. In contrast, the RSS-AC in Fig. 1(b) exhibit a deformed, porous structure of varying shapes and sizes. The
changes of the RSS structure may be attributed to the NaOH activation and carbonization, enhancing the RSS
porosity by removal of volatile components and non-carbonaceous components [19-20]. The development of the
porous structure significantly increases the RSS surface area, which is essential for increasing the biosorption
capacity of RSS-AC.

The SEM images in Fig. 1(c) and Fig. 1(d) further illustrates the RSS-AC biosorption performance for Cu and
Pb ions, respectively. The reduction in visible pore structures for Cu-loaded RSS-AC image indicates that Cu ions
have occupied the available pores and surface binding sites confirming the successful of the biosorption process.
On the other hand, the Pb-loaded RSS-AC image reveals a more compact and layered surface, which probably due
to stronger interaction between Pb ions and the functional groups on RSS-AC, resulting in more extensive coverage
of the adsorption sites. This suggests that Pb ions have higher affinity compared to Cu ions. The result is in line
with Melliti et al. [21], reported that the surface complexation and electrostatic attraction are the primary
mechanism for heavy metal adsorption by activated carbon. The SEM images provided in this study proved that
chemical activation of RSS using NaOH used has successfully enriched the porosity of the produced activated
carbon.
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Fig. 1 SEM Images of: (a) RSS raw sample; (b) RSS AC; (c) RSS AC loaded with Cu; (d) RSS AC loaded with Pb

Penerbit
UTHM



192 Int. Journal of Integrated Engineering Vol. 17 No. 4 (2025) p. 188-198

3.2 Fourier Transform Infra-Red (FTIR) Analysis

The changes in functional groups before and after the activation process were investigated by comparing the FTIR
spectra of raw-RSS and RSS-AC as shown in Fig. 2. The spectra reveal several absorption peaks, each
corresponding to specific functional groups, such as hydroxyl, carboxyl, and carbonyl groups.

In the raw RSS sample, the absorption peak observed between 1539-1872 cm™ is primarily attributed to the
presence of C=0 stretching vibrations, indicates the conjugated and unconjugated carbonyl groups, such as
carboxylic acids or ketones. These functional groups are formed through the breakdown of hemicellulose and
cellulose [22]. However, the FTIR spectrum of RSS AC exhibits notable differences, including weaker intensity and
the disappearance or weakening of many absorption bands. These changes occurred due to the processes involved
in the preparation of RSS AC, including chemical impregnation, activation, and washing, as reported by
Pagketanang et al. [23].

A significant difference is observed in the broad peak between 2139-3720 cm™", with specific peaks at 3028
cm™*and 3705 cm™ corresponding to the O-H stretching vibration of hydroxyl groups [16]. These peaks are more
prominent in the raw RSS sample but weaken considerably in RSS AC, indicating the successful removal of
moisture content during the activation process. Additionally, peaks between 732-983 cm™ in the RSS AC
spectrum can be attributed to the presence of alcohols (primary, secondary, and tertiary), phenols, ethers, and
esters, which result in C-0 stretching and O-H deformation vibrations on the activated carbon surface [24]. The
result suggests that the use of NaOH as an activating agent effectively enhanced the removal of hydroxyl groups
(O-H) during the activation process, leading to an increase in carbon content in the prepared RSS AC.
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Fig. 2 FTIR spectrum of raw RSS and RSS AC

3.3 X-ray Diffraction (XRD) Analysis

The chemical composition of the activated carbon surfaces before and after the biosorption test was analysed
using XRD to assess changes in the material's crystalline structure as shown in Fig. 3. The XRD patterns for RSS
AC samples loaded with Cu and Pb after the biosorption test are shown in Fig. 3(a) and 3(b), respectively. These
were compared with the XRD pattern of RSS AC before the biosorption process to identify new phase peaks arising
from heavy metal adsorption.

The results confirm the uptake of Cuand Pb metal ions by RSS AC after the biosorption process. In Fig. 3(a), a
diffraction peak at 12.74° is observed, indicating the presence of Cu with a relative intensity of 100%. Similarly, in
Fig. 3(b), the RSS AC loaded with Pb exhibits new diffraction peaks at 24.73°, 27.23°, and 34.18°, corresponding to
the presence of Pb metal ions with relative intensities of 100%, 72.32%, and 42.99%, respectively.

In addition, the XRD patterns also reveal the disappearance of some peaks present in the raw RSS-AC before
the biosorption test, which at 21.18° and 29.54°. Shoba and Jeyanthi [25] reported that the absence of sharp
diffraction peaks may be suggested that the materials exhibit an amorphous structure, which is consistent with
current findings. The successful biosorption of Cuand Pb ions is indicated by the emergence of distinct new peaks
in the XRD patterns, which also validates the interaction between the metal ions and the surface of the activated
carbon.
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Fig. 3 XRD analysis of RSS-AC before and after biosorption test of (a) Cu; and (b) Pb

3.4 Batch Biosorption Test

3.4.1 Effect of Initial Concentration

The effect of different initial metal concentrations of Cu and Pb on the removal efficiency of heavy metals by RSS-
AC is shown in Fig. 4. The results reveal that the Cu and Pb removal percentage decrease as the heavy metal
concentration increased. The highest removal percentages were 15.6% for Cu and 26.8% for Pb observed at the
lowest initial concentration of 200 ppm, indicating the effectiveness of the biosorption process at lower metal-ion
concentrations [17]. This result can be attributed to the higher collision efficiency between biosorbent and heavy
metal ions at lower concentrations, which facilitates faster biosorption [26].

Conversely, increasing the initial heavy metal concentrations significantly reduced the removal efficiency. The
result shows that about 3% removal was observed for both Cu and Pb at 600 ppm and 800 ppm. This reduction
could be attributed to overcrowding and competition among metal ions at the saturation of biosorption sites [27].
The observed plateau in removal efficiency may be contributed by overlapping of adsorption sites and the limited
availability of active binding sites on RSS-AC [28]. This trend indicates that the adsorption capacity of RSS-AC had
reached its maximum limit under these conditions. Therefore, further increases in the initial concentration did
not lead to any significant improvement in heavy metal removal. Based on these findings, 200 ppm was selected
as the initial concentration for subsequent experiments.
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Fig 4 Effect of initial concentration of heavy metals on the percentage removal of heavy metals (Contact time = 15
min; Biosorbent dosage = 0.05g; Stirring rate = 100 rpm)
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3.4.2 Effect of Contact Time

The effect of contact time on the biosorption efficiency of RSS-AC in removing heavy metals is shown in Fig. 5. The
results revealed that the removal efficiency of Cu and Pb increased with longer contact times, until it reached a
plateau. At 45 min contact time, the constant removal rate observed for Pb ions indicates the equilibrium had been
achieved. This saturation effect can be attributed to the limited biosorbent dosage (0.05 g) used in the experiment,
which suggests that only a finite number of binding sites were available for biosorption [29]. Consequently,
extending the contact time beyond this point did not improve the removal efficiency, as the active sites on the
biosorbent were fully occupied [30].

Furthermore, the result show that Pb achieved equilibrium slightly faster than Cu under the same conditions.
This difference reveals the influence of specific properties of the metal ions on the biosorption process [17]. The
rate of metal ions uptake or adsorption may influence by the factors such as ionic radius, valence, affinity towards
functional groups (e.g., carboxyl groups), and the presence of cations [31]. Meanwhile, additional time was needed
for Cu removal to reach equilibrium. According to Kumar et al. [32], higher removal efficiency at longer contact
time was attributed to a reduction in the boundary layer resistance to mass transfer around the sorbent particles.
These findings suggest that the optimal contact time for the RSS-AC in removing heavy metals is 60 minutes, where
the highest removal efficiencies of 24.48% for Cu and 29.95% for Pb were observed, respectively.
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Fig. 5 Effect of contact time on the percentage removal of heavy metals (Concentration = 200 ppm; Biosorbent
dosage = 0.05 g; Stirring rate = 100 rpm)

3.4.3 Effect of Biosorbent Dosage

The effect of biosorbent dosage on the removal of heavy metals by RSS AC produced is shown in Fig. 6. The results
show that the removal efficiency of Cu and Pb were significantly enhance by the increase of biosorbent dosage.
The removal rate for Cu increased from 35.54% at 0.05 g to 77.45% at 0.20 g, while Pb showed a more pronounced
improvement, rising from 44.61% to 99.20%. This significant increment of the removal rate can be attributed to
the higher availability of biosorption sites with increased biosorbent dosage, hence increase the surface area. The
additional surface area and porosity of the activated carbon facilitate better access for heavy metal ions to the
binding sites, enhancing biosorption capacity [20]. The observed trend can be explained by the presence of a
greater number of binding sites or active biosorption sites that enables more metal ions to be captured effectively
[33-34].

Interestingly, the results reveal that the RSS-AC exhibited a higher affinity toward Pb compared to Cu. The
maximum biosorption of Pb was significantly higher than Cu under the same conditions indicating a more effective
removal mechanism for Pb ions. This difference in removal efficiency can be attributed to the distinct
physicochemical properties of the two metal ions, such as ionic radius, valence, and their interaction with the
functional groups on the biosorbent surface [35]. Pb ions may exhibit stronger interactions with the RSS AC's
surface due to their higher affinity for specific functional groups, as supported by the characterization analysis.
The numerous O and N groups present upon the surface of RSS-AC promote complexation with Pb(II), which may
have contributed to higher removal capacity [36]. These results demonstrate the higher capability of RSS-AC for
removing Pb compared to Cu which align with Melliti et al. [21], who reported that Pb exhibited a higher affinity
for activated carbon derived from date palm fiber compared to Cu.

Penerbit
UTHM



Int. Journal of Integrated Engineering Vol. 17 No. 4 (2025) p. 188-198 195

1000 +

900 }
800 +
= 700 1
2
E 600 } —o—Cu
= —e—Pb
500 4
400 }
300 4
200

0.05 0.10 0.15 0.20
Biosorbent Dosage (g)

Fig. 6 Effect of biosorbent dosage on the percentage removal of heavy metals (Concentration = 200 ppm; Contact
time = 60 min; Stirring rate = 100 rpm)

4. Conclusion

The findings of this research demonstrate that rubber seed shell (RSS), an agricultural waste, is suitable raw
material for producing activated carbon (AC). Characterization analysis revealed that chemical activation of RSS
using NAOH promotes high surface area and well-developed porous structure of RSS-AC. The highest removal
rates of 77.45% for copper (Cu) and 99.20% for lead (Pb) were achieved at optimal conditions of 200 ppm initial
heavy metal concentration, 60 minutes contact time, and a 0.20-gram biosorbent dosage. The result also indicates
that RSS-AC has a higher affinity for Pb compared to Cu ions. These results highlight the potential of RSS AC as a
cost-effective and eco-friendly biosorbent for heavy metal removal especially Pb.

The high Pb removal efficiency makes RSS-AC particularly suitable for industrial wastewater treatment in
sectors such as battery manufacturing, metal plating, and paint production, where lead contamination is
prevalent. Future studies should investigate the effects of varying activation conditions, such as acid
concentration, activation temperature, and duration, to further enhance the adsorbent's efficiency and tailor it for
different pollutants. Detailed kinetic and isotherm studies for various pollutants should also be conducted to
better understand the adsorption mechanisms and optimize operational parameters for industrial-scale
applications. Studies on the regeneration and reusability of RSS AC, using methods like thermal, chemical, or
microwave-assisted regeneration, could improve its economic viability for long-term applications.

In conclusion, this research establishes RSS AC as a promising, low-cost, and environmentally sustainable
biosorbent, particularly for lead removal. By expanding its application in various industries and optimizing its
properties and regeneration methods, RSS AC has the potential to contribute significantly to sustainable
wastewater treatment solutions.

Acknowledgement

We would like to express our appreciation for the support provided by all parties directly or indirectly involved
in this research. We also thank our colleagues and collaborators for their support and assistance throughout the
research process.

Conflict of Interest

Authors declare that there is no conflict of interests regarding the publication of the paper.

Author Contribution

The authors confirm contribution to the paper as follows: study conception and design: Abd Halim Md Alj,
Muhammad Hazwan Hamzah, Mohamad Akmal Abdul Rahim; data collection: Ahmad Hazwan Azhari, Shahirah
Shamsulbahrin; analysis and interpretation of results: Muhammad Bukhari Rosly, Nomie Marini Aminallah; draft
manuscript preparation: Muhammad Bukhari Rosly, Abd Halim Md Ali. All authors reviewed the results and
approved the final version of the manuscript

Penerbit
UTHM



196 Int. Journal of Integrated Engineering Vol. 17 No. 4 (2025) p. 188-198

References

[1]

[2]

[3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Nurul Hidayah Abdullah & Azry Borhan (2024). Efficient simultaneous biosorption of Pb(II), Cu(II), Cd(II),
and oily solutions onto chitosan-coated rubber seed shell activated carbon: Optimization, isotherm, kinetic,
and thermodynamic studies, Journal of Water Process Engineering, 68, 106480.

Ali Ali Redha (2020). Removal of heavy metals from aqueous media by biosorption. Arab Journal of Basic
and Applied Sciences, 27(1), 183-193. https://doi.org/10.1080/25765299.2020.1756177

Sri Lakshmi Ramya Krishna Kanamarlapudi, Vinay Kumar Chintalpudi & Sudhamani Muddada (2018).
Application of biosorption for removal of heavy metals from wastewater. Biosorption, 18(69), 70-116.
https://doi.org/10.5772 /intechopen.77315

Hayder A. Alalwan, Mohammed A. Kadhom & Alaa H. Alminshid (2020). Removal of heavy metals from
wastewater using agricultural byproducts. Journal of Water Supply: Research and Technology-Aqua
(2020) 69 (2): 99-112. https://doi.org/10.2166/aqua.2020.133

Zhongzhi Yang, Roland Gleisner, Doreen H. Mann, Junming Xu, Jianchun Jiang, & J.Y. Zhu (2020).Lignin
Based Activated Carbon Using H3P04 Activation. Polymers 12(12), 2829.
https://doi.org/10.3390/polym12122829

Md Sumon Reza, Cheong Sing Yun, Shammya Afroze, Nikdalila Radenahmad, Muhammad S. Abu Bakar,
Rahman Saidur, Juntakan Taweekun, & Abul K. Azad (2020). Preparation of activated carbon from biomass
and its’ applications in water and gas purification, a review. Arab Journal of Basic and Applied Sciences
27(1), 208-238. https://doi.org/10.1080/25765299.2020.1766799

Chengyu Li, Qihang Wang, Zongyuan Lai, & Jun Mu (2024). One-step synthesis of novel nitrogen-doped
biochar from N-rich waste straw particleboard for efficient Pb(II) adsorption. Microchemical Journal 207,
112206. https://doi.org/10.1016/j.microc.2024.112206

Nur Aisyah Selamat, Abd Halim Md Ali, Mohd Rashid Mohd Yusof, Nurfatehah Wahyuny Che Jusoh, Nur
Ruwaida Jamian, Khairunnisa Mohd. Pa’ad Mail (2020). Development of carbon dioxide adsorbents from
renewable and nonrenewable sources: A review. Malaysian Journal of Fundamental and Applied Sciences
16(5), 544-556. https://doi.org/10.11113/mijfas.v16n5.1857

Mashrafi Bin Mobarak, Nigar Sultana Pinky, Sonjida Mustafi, Fariha Chowdhury, Aynun Nahar, Umme
Sarmeen Akhtar, Md. Saiful Quddus, Sabina Yasminc & Md. Ashraful Alama (2024). Unveiling the reactor
effect: a comprehensive characterization of biochar derived from rubber seed shell via pyrolysis and in-
house reactor. RSC Advances, 14, 29848-29859. https://doi.org/10.1039/d4ra05562d

Ali H. Jawad (2018). Carbonization of rubber (Hevea brasiliensis) seed shell by one-step liquid phase
activation with H2SO04 for methylene blue adsorption. Desalination and Water Treatment, 129, 279-288.
https://doi.org/10.5004/dwt.2018.23090

Nurul Farhanah Zakaria, Sarah Laila Mohd Jan, Siti Norhafiza Mohd Khazaai, Mohd Lokman Ibrahim, Mohd
Hasbi Ab. Rahim, & Gaanty Pragas Maniam (2021). Synthesis and characterization of rubber seed shell
impregnated with calcium oxide as catalyst for biodiesel production. Malaysian Journal of Analytical
Sciences, 25(4), 561 - 568. https://mjas.analis.com.my/mjas/v25_n4/pdf/Farhanah_25_4_2.pdf

Thevdarshni Chanderan, Masitah Hasan, Zulfakar Mokhtar and Naimah Ibrahim (2021). Performance of
rubber seed shell adsorbents for removal of methylene blue dye in aqueous solution. In IOP Conference
Series: Earth and Environmental Science, 646(1), 012029. IOP Publishing. http://doi.org/10.1088/1755-
1315/646/1/012029

Chinenye Adaobi Igwegbe, Joshua O. Ighalo, Kenechukwu Keluo Onyechi & Okechukwu Dominic Onukwuli
(2021). Adsorption of Congo red and malachite green using H3P04 and NaCl-modified activated carbon
from rubber (Hevea brasiliensis) seed shells. Sustainable Water Resources Management, 7(4), 1-16.
https://doi.org/10.1007 /s40899-021-00544-6

B. Anegbe, R.C. Emeribe & ].M. Okuo (2020). Effect of activated carbons from rubber seed shell on Crystal
Violet removal. Ife Journal of Science, 22(1), 43-54. https://doi.org/10.4314/ijs.v22i1.5

Koh Zhe Yan, Muhammad Abbas Ahmad Zaini, Agus Arsad, & Noor Shawal Nasric (2019). Rubber seed shell
based activated carbon by physical activation for phenol removal. Chemical Engineering Transactions, 72,
151-156. https://doi.org/10.3303/CET1972026

Kongsak Pattarith, Supattra Tangtubtim, & Suphawarat Thupsuri (2023). Removal of hexavalent
chromium and methylene blue in aqueous solutions using activated carbon prepared from rubber seed
shell. Desalination and Water Treatment, 313, 173-185. https://doi.org/10.5004/dwt.2023.30080

Penerbit
UTHM


https://doi.org/10.1080/25765299.2020.1756177
https://doi.org/10.5772/intechopen.77315
https://doi.org/10.2166/aqua.2020.133
https://doi.org/10.3390/polym12122829
https://doi.org/10.1080/25765299.2020.1766799
https://doi.org/10.1016/j.microc.2024.112206
https://doi.org/10.11113/mjfas.v16n5.1857
https://doi.org/10.1039/d4ra05562d
https://doi.org/10.1039/d4ra05562d
https://mjas.analis.com.my/mjas/v25_n4/pdf/Farhanah_25_4_2.pdf
http://doi.org/10.1088/1755-1315/646/1/012029
http://doi.org/10.1088/1755-1315/646/1/012029
https://doi.org/10.1007/s40899-021-00544-6
https://doi.org/10.4314/ijs.v22i1.5
https://doi.org/10.3303/CET1972026
https://doi.org/10.5004/dwt.2023.30080

Int. Journal of Integrated Engineering Vol. 17 No. 4 (2025) p. 188-198 197

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Azry Borhan, Nur Atikah Abdullah, Nor Adilla Rashidi, & Mohd Faisal Tahab (2016). Removal of Cu2+ and
Zn2+ from single metal aqueous solution using rubber-seed shell based activated carbon. Procedia
Engineering, 148, 694-701. https://doi.org/10.1016/j.proeng.2016.06.571

Azry Borhan & Ahmad Fikree Kamil (2012). Preparation and characterization of activated carbon from
rubber-seed shell by chemical activation. Journal of Applied Sciences, 12(11), 1124-1129.
https://dx.doi.org/10.3923/jas.2012.1124.1129

Oyinlola R. Obanla, Jamie A. Hestekin, Modupe E. Ojewumi, Imen Bousrih, Modupeoluwa C. Fawole (2023).
Enhancing rubber (Hevea brasiliensis) seed shell biochar through acid-base modification for effective
phenol removal from aqueous environments. Results in Engineering, 20, 101584.
https://doi.org/10.1016/j.rineng.2023.101584

Afeef Rusydan Abdull Aziz, Abd Halim bin Md Ali, Pramila Tamunaidu, Nurhamieza Md Huzir, Muhammad
Bukhari Rosly, Ahmad Hazwan Azhari, Shahirah Shamsulbahrin. “Banana Stem Based Activated Carbon as
a Low-Cost Adsorbent for Pb(ii) lon Removal”. Semarak Engineering Journal 2, Issue 1 (2023): 8-14.
file:///C:/Users/bukha/Downloads/SE]_V2_N1_P8_14.pdf.

Abir Melliti, Murat Yilmaz, Mika Sillanpaa, B’echir Hamrouni, & Radek Vurm (2023). Low-cost date palm
fiber activated carbon for effective and fast heavy metal adsorption from water: Characterization,
equilibrium, and kinetics studies. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 672,
131775. https://doi.org/10.1016/j.colsurfa.2023.131775

Mateus Cottorello Fonseca, Cesar Augusto Marasco Junior, Diogenes Dos Santos Dias, Joao Pedro Da Silva,
Rafaela Silva Lamarca, Clovis Augusto Ribeiro, Lorena Oliveira Pires, and Paulo Clairmont Feitosa Lima
Gomes (2022). Sugarcane Bagasse Biochar Pellets for Removal of Caffeine, Norfloxacin, and Ciprofloxacin
in Aqueous Samples. Eclética Quimica, 47(2), 82-96. https://doi.org/10.26850/1678-
4618eqj.v47.2.2022.p82-96.

Thanchanok Pagketanang, Apichart Artnaseaw, Prasong Wongwicha, & Mallika Thabuot (2015).
Microporous Activated Carbon from KOH-Activation of Rubber Seed-Shells for Application in Capacitor
Electrode. Energy Procedia, 79, 651 - 656. https://doi.org/10.1016/j.egypro.2015.11.550

{lknur Demiral, Canan Aydin Samdan, & Hakan Demiral (2016). Production and characterization of
activated carbons from pumpkin seed shell by chemical activation with ZnCl2. Desalination and Water
Treatment, 57(6), 2446-2454. https://doi.org/10.1080/19443994.2015.1027276

B. Shoba, & J. Jeyanthi (2022). Performance Analysis of Rubber Seed Shell Activated Carbon Incorporated
Polymeric Membrane for the Separation of Oil-in-Water Emulsion. Journal of Polymers and the
Environment, 30(3), 1055-1071. https://doi.org/10.1007/s10924-021-02261-9

Khalil Ahmad, Ijaz A Bhatti, Majid Muneer, Munawar Igbal, and Zafar Igbal (2012). Removal of heavy
metals (Zn, Cr, Pb, Cd, Cu and Fe) in aqueous media by calcium carbonate as an adsorbent. International
Journal of Chemical and Biochemical Sciences, 2, 48-53. https://www.iscientific.org/wp-
content/uploads/2018/02/8-1JCBS-12-02-09.pdf

Loc Ton-That, Thi-Phuong-Tu Nguyen, Bich-Ngoc Duong, Duy-Khoi Nguyen, Ngoc-An Nguyen, Thien-Hoang
Ho, Van-Phuc Dinh (2024). Insights into Pb (II) adsorption mechanisms using jackfruit peel biochar
activated by a hydrothermal method toward heavy metal removal from wastewater. Biochemical
Engineering Journal, 212, 109525. https://doi.org/10.1016/j.bej.2024.109525

Mercy Temitope Bankole, Ambali Saka Abdulkareem, Ishaq Alhassan Mohammed, Stephen Shaibu Ochigbo,
Jimoh Oladejo Tijani, Oladiran Kamaldeen Abubakre & Wiets Daniel Roos (2019). Selected heavy metals
removal from electroplating wastewater by purified and polyhydroxylbutyrate functionalized carbon
nanotubes adsorbents. Scientific Reports, 9(1), 1-19. https://doi.org/10.1038/s41598-018-37899-4

Wauttichai Somyanonthanakun, Ramzan Ahmed, Viyaporn Krongtong, & Sirikanjana Thongmee (2023).
Studies on the adsorption of Pb(II) from aqueous solutions using sugarcane bagasse-based modified
activated carbon with nitric acid: Kinetic, isotherm and desorption. Chemical Physics Impact, 6, 100181.
https://doi.org/10.1016/j.chphi.2023.100181

Mojgan Zendehdel, Bahareh Shoshtari-Yeganeh & Giuseppe Cruciani (2016). Removal of heavy metals and
bacteria from aqueous solution by novel hydroxyapatite/zeolite nanocomposite, preparation, and
characterization. Journal of the Iranian Chemical Society, 13(10), 1915-1930.
https://doi.org/10.1007/s13738-016-0908-9

Qihang Wang, Danwei He , Chengyu Li, Zijia Sun, & Jun Mu (2023). Honeycomb-like cork activated carbon
modified with carbon dots for high-efficient adsorption of Pb(II) and rhodamine B. Industrial Crops &
Products, 196, 116485. https://doi.org/10.1016/j.indcrop.2023.116485

Penerbit
UTHM


https://doi.org/10.1016/j.proeng.2016.06.571
https://dx.doi.org/10.3923/jas.2012.1124.1129
https://doi.org/10.1016/j.rineng.2023.101584
https://doi.org/10.1016/j.colsurfa.2023.131775
https://doi.org/10.26850/1678-4618eqj.v47.2.2022.p82-96
https://doi.org/10.26850/1678-4618eqj.v47.2.2022.p82-96
https://doi.org/10.1016/j.egypro.2015.11.550
https://doi.org/10.1080/19443994.2015.1027276
https://doi.org/10.1007/s10924-021-02261-9
https://www.iscientific.org/wp-content/uploads/2018/02/8-IJCBS-12-02-09.pdf
https://www.iscientific.org/wp-content/uploads/2018/02/8-IJCBS-12-02-09.pdf
https://doi.org/10.1016/j.bej.2024.109525
https://doi.org/10.1038/s41598-018-37899-4
https://doi.org/10.1016/j.chphi.2023.100181
https://doi.org/10.1007/s13738-016-0908-9
https://doi.org/10.1016/j.indcrop.2023.116485

198 Int. Journal of Integrated Engineering Vol. 17 No. 4 (2025) p. 188-198

[32]

[33]

[34]

[35]

[36]

Mahendra Kumar, Alak Kumar Singh & Mohd. Sikandar (2018). Study of sorption and desorption of Cd (II)
from aqueous solution using isolated green algae Chlorella vulgaris, Applied Water Science, 8, 1-11,
https://doi.org/10.1007/s13201-018-0871-y

Priyadharshini Baskaran & Marykutty Abraham (2022). Adsorption of cadmium (Cd) and lead (Pb) using
powdered activated carbon derived from Cocos Nucifera waste: A kinetics and equilibrium study for long-
term sustainability. Sustainable Energy Technologies and Assessments, 53, 102709.
https://doi.org/10.1016/j.seta.2022.102709

Almaz Kemal, Khalid Siraj, & Wondmagegn H. Michael (2019). Adsorption of Cu (II) and Cd (II) onto
Activated Carbon Prepared from Pumpkin Seed Shell. Journal of Environmental Science Pollution
Research, Volume 5, 328-333. https://doi.org/10.30799/jespr.161.19050105

Hoda Nouri, Ehsan Azin, Aliyeh Kamyabi & Hamid Moghimi (2021). Biosorption performance and cell
surface properties of a fungal-based sorbent in azo dye removal coupled with textile wastewater.
International Journal of Environmental Science and Technology, 18(9), 2545-2558.
https://doi.org/10.1007/s13762-020-03011-5

Chengyu Li, Qihang Wang, Zongyuan Lai, & Jun Mu (2024). One-step synthesis of novel nitrogen-doped
biochar from N-rich waste straw particleboard for efficient Pb(II) adsorption. Microchemical Journal, 207,
112206. https://doi.org/10.1016/j.microc.2024.112206

Penerbit
UTHM


https://doi.org/10.1007/s13201-018-0871-y
https://doi.org/10.1016/j.seta.2022.102709
https://doi.org/10.30799/jespr.161.19050105
https://doi.org/10.1007/s13762-020-03011-5
https://doi.org/10.1016/j.microc.2024.112206

