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Oil pollution from food industries is one of the major environmental concerns nowadays. Improper management 
and disposal of cooking oils into the drainage system can have undesirable effects on the environment. 
However, one of the best ways to treat oil pollution is adsorption using activated carbon. In this study, rubber 
seed kernels (RSKs) were used to produce activated carbon via impregnation with 10 and 15 wt.% phosphoric 
acid (H3PO4). Then, the chemically impregnated RSKs were carbonised at 300, 400, and 500 °C for 1.5 h. The 
performance of the synthesised rubber seed kernel activated carbon (RSKAC) was evaluated based on its oil 
adsorption capacity. Samples of raw RSKs and RSKAC were analysed using Scanning Electron Microscopy 
(SEM) and Fourier-transform Infrared (FTIR) spectroscopy. The results showed that RSK sample impregnated 
with 10 wt.% H3PO4 and carbonised at 500 °C has the highest oil adsorption capacity of 0.896 ± 0.042 g/g. 
The SEM results showed that the RSKAC sample has more pores than the RSK sample. FTIR spectra of 
RSKAC revealed that peaks associated with four functional groups (O-H, C-H, C-O, and C=O) were reduced, 
or disappeared after undergoing H3PO4 activation. These findings revealed that RSKAC has the potential to 
be utilised as an adsorbent for oil adsorption. 

1. Introduction 
Used cooking oil either from restaurants, or homes is commonly discarded into drains without any prior 
treatment. Vegetable oils and animal fats, along with their components, may have negative physical effects on 
the environment, such as suffocating plants and animal due to oxygen deprivation, forming toxic products, 
contaminating existing and future food supplies, producing rancid odours, and clogging water treatment plants. 
Hence, a competent oil removal system is important for treating wastewater to avoid harmful effects on the 
environment.  
Adsorption is one of the favourable methods for treating oil in wastewater. Adsorption is the process through 
which an ion, or a molecule in a liquid, or gaseous phase retains on a solid surface (Rathi & Kumar, 2021). 
According to Fu et al. (2015), adsorption is favoured over other methods because of its ease of use and 
simplicity, low-cost operation, flexible, simple designs, and insensitivity to contamination. Adsorbents commonly 
used in this process include activated carbon, silica gel, and zeolite. Activated carbon can be synthesised from 
materials with a high carbon content, as it should be porous, adsorptive, strong, with physicochemical stability, 
and reactive. It also has a large surface area that is distinguishable from elemental carbon based on the oxidised 
carbon atoms at the inner and outer surfaces (Yahya et al., 2015). However, Azam et al. (2020) reported that 
conventional activated carbons are expensive due to high production costs. Taking this into consideration, the 
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search for cheaper materials and easy availability has turned researcher’s direction towards utilising biomass 
as activated carbon.  
Thus, rubber seed kernels (RSKs) can be used to produce activated carbon, as they can be found in abundance 
in Malaysia. RSKs consist of 64.5% carbon material, which make them potential candidates as activated carbon 
(Hassan et al., 2014). According to the report by the Malaysian Rubber Board (2021), Malaysia has a total of 
1,098,460 hectares of natural rubber that produced 514,702 t of natural rubber in 2020. This means that a huge 
amount of rubber seeds has been produced, but only some were planted, while the rest was thrown away. 
Recently, numerous research studies exploiting waste products have been conducted to develop agro-based 
activated carbon for oil adsorption, such as sawdust (Rajak et al., 2017), peat (AlAmeri et al., 2019), and Moringa 
oleifera Lam (Bispo et al., 2021). Nevertheless, oil adsorption that employs low cost and environmentally friendly 
activation protocols using RSKs still needs to be addressed. Transforming these rubber seeds into a valuable 
product, namely, activated carbon, will contribute to zero waste generation and enhance the utilisation of 
biomass in the country. Therefore, this study used rubber seeds to synthesise activated carbon labelled as 
rubber seed kernel activated carbon (RSKAC), which was evaluated based on its oil adsorption performance. 

2. Methodology 
2.1 Materials and chemicals 

Rubber seeds were supplied by FAE Supply Sdn. Bhd. and used as the raw material for synthesising activated 
carbon. Cooking oil (Knife, Malaysia) was used as the adsorbate in this study, while 85% ortho-phosphoric acid 
(H3PO4) and hexane (C6H14) were purchased from Bendosen and HmbG Chemical (Germany). 

2.2 Preparation of raw material 

The rubber seeds were cleaned with distilled water to eliminate contamination and debris. Then, the seeds were 
separated into shells and kernels. The rubber seed kernels (RSKs) were dried at 100 °C for 24 h in an oven, 
and later soaked for 15 min in hexane to remove any oils. After 15 min, the oils and hexane were removed, and 
the RSKs underwent drying for another 2 h. Then, the seeds were ground and sieved to 1,000 μm in size, and 
safely stored for the next step. 

2.3 Chemical activation and carbonisation 

Approximately 20 g of RSKs was soaked in 100 mL of different H3PO4 concentrations (10 and 15 wt.%) for 24 
h to undergo chemical activation. Then, the soaked RSKs were dried in the oven at 100 °C for 1 h. The RSKs 
were further carbonised at 300, 400, and 500 °C for 1.5 h to produce activated carbon. The last step was to 
wash the rubber seed kernel activated carbon (RSKAC) with distilled water to eliminate remaining chemicals 
until pH readings stabilised at pH 6 to 8.  

2.4 Effect of RSKAC carbonisation temperature on oil adsorption capacity 

One gram of RSKAC was weighed and poured into a nylon teabag. Then, the teabag was submerged in 20 g 
of cooking oil in a 100 mL beaker. The teabag was taken out of the beaker after a specified time and oil from 
the teabag was allowed to drip into a filter funnel for 15 min. The initial and final weights of the teabag were 
recorded to calculate the amount of oil adsorbed into the RSKAC. The oil adsorption capacity, q, was obtained 
using Eq(1): 

𝑞𝑞 = 𝑀𝑀𝐹𝐹(𝑔𝑔)− 𝑀𝑀𝐼𝐼(𝑔𝑔)
𝑀𝑀𝐼𝐼 (𝑔𝑔)    (1) 

where MI and MF represent the mass of the adsorbents before and after adsorption (g). This experiment was 
conducted in triplicate, and the average value and standard deviation of q were calculated. 

2.5 Characterisation of raw RSKs and RSKAC 

Raw RSKs and the RSKAC samples with the highest oil adsorption capacity, as described in Subsection 2.4, 
were analysed in terms of surface morphology and functional groups. The surface morphology of the samples 
was analysed using a Hitachi TM3000 Tabletop Scanning Electron Microscope. The chemical structural 
characteristics were evaluated using a PerkinElmer Spectrum 65 Fourier-transform Infrared Spectrometer. 
Sample spectra were recorded at 20 scans per sample in the transmittance mode, with 4.0 cm–1 resolution 
ranged between 4,000 and 400 cm–1. 
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3. Results and discussion  
3.1 Effect of carbonisation temperature on oil adsorption capacity 

Figure 1 depicts the performance of raw RSKs and the RSKAC produced via chemical activation using 10 and 
15 wt% of H3PO4 at different carbonisation temperatures (300, 400, and 500 °C).  

Figure 1: Performance of raw RSKs and the synthesised RSKAC at different activation temperature and 

H3PO4 concentration 

The raw RSKs sample recorded an adsorption capacity of 0.6204 g/g. In comparison, higher adsorption 
capacities were achieved by all RSKAC samples activated by 10 and 15 wt.% of H3PO4, except for the sample 
activated by 15% wt.% of H3PO4 at 300 °C. The hydrated 15% wt.% of H3PO4 during activation at 300 °C might 
remained as the salt of H3PO4 inside the porous structure of activated carbon, thus occupying a sufficiently large 
volume. The higher adsorption capacities by RSKAC results were achieved because phosphoric acid, as a 
dehydrating agent, can penetrate the carbon structure of the RSKs and create small-sized pores during the 
process. The increased pore volume can be attributed to H3PO4, which led to the excellent adsorption 
capabilities of the RSKAC. This observation was in the agreement with Mbarki et al. (2022), who reported that 
H3PO4 has resulted in the highest adsorption capacity for activated carbon from corn fibres compared to KOH 
and ZnCl2. They further reported that as an activating agent, H3PO4 can hydrolyse, dehydrate, and attack the 
biomass skeleton, thus, create more pores.  
The trend for RSKAC samples activated by 10 wt.% of H3PO4 showed that the increasing carbonisation 
temperature from 300 to 500 °C produced higher oil adsorption capacities. The adsorbed oil was increased from 
0.7178 ± 0.0546 to the highest oil adsorption capacity of 0.8961 ± 0.0416 g/g within this range of carbonisation 
temperature. The elevated carbonisation temperatures have resulted in high pore volumes on the resultant 
activated carbon. Similar results were reported by Üner and Bayrak (2018), who studied the effect of 
carbonisation temperature. They found that carbonisation temperature of 500 °C can produce a high volume of 
mesopores on activated carbon compared to at 400 °C. A high volume of mesopores would increase the active 
sites available for adsorption and thus, increases the capacity of the activated carbon. In contrast, in the case 
of RSKAC sample that was activated by 15 wt.% of H3PO4, there was a reduction in oil adsorption capacity when 
the carbonisation temperature was increased from 400 to 500°C, from 0.8894 ± 0.0962 to 0.8460 ± 0.0464 g/g. 
Beyond 400 °C for 15 wt.%, a secondary shrinkage of the structure might take place as a result of the thermal 
breakdown of phosphate bonds, which lowers the crosslinking density and helps polyaromatic clusters grow 
and align. The structure was made more tightly packed and less porous, which then resulted in a slightly lower 
capacity for oil adsorption (Lim et al., 2020). At 500 °C of carbonisation temperature, chemical activation using 
10 wt.% of H3PO4 was observed to produce higher oil adsorption capacities compared to using 15 wt.%. This 
difference could be due to the higher H3PO4 concentration damaging the structure of the activated carbon. It 
could also be due to an incomplete elimination of H3PO4 that continued to form phosphate and polyphosphate 
groups in the pores, hence, blocking oil from entering the pores (Oginni et al., 2019). 
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3.2 Characterisation of adsorbent 

3.2.1 Surface morphology analysis 

The morphology of raw RSKs and RSKAC samples was examined using SEM. Figures 2(a) and 2(b) show 
SEM images of the surfaces of raw RSKs and RSKAC samples with raw RSKs showing a more integrated and 
smoother surface. As shown in Figure 2(a), the raw RSKs sample shows less pores with fewer cracks, and 
voids on the rough surface. Meanwhile, chemical activation with 10 wt.% of H3PO4 leads to the formation of a 
network of pores of varying sizes and shapes, as shown in Figure 2(b). This result was obtained from the volatile 
matter being released during chemical activation, and the carbon elements within the kernels reacted with the 
activating agent to form micropores and mesopores. This reaction was able to increase the surface area of the 
RSKAC, which increased its adsorption capacity (Hidayu et al., 2019). The RSKAC sample barely shows a 
systematised pore development, as seen from the pores in these SEM images. These pores on RSKAC were 
caused by the evaporated H3PO4 during the impregnation process, which left empty spaces (Dizbay-onat et al., 
2017). According to Lee et al. (2019), H3PO4 can infiltrate deeper into the carbon structure of a material, thus, 
creating tiny pores. 
 

  

Figure 2: SEM images (a) raw RSKs and (b) RSKAC samples 

3.2.2 Functional group analysis 

The functional groups of the raw RSKs and RSKAC samples were analysed using FTIR. The FTIR spectra of 
the assessed samples are shown in Figure 3. The carbonised RSKAC sample had less peaks than the raw RSK 
sample according to the FTIR spectra. Line A in Figure 3 depicts the strong, broad band, which can be 
associated to the O-H stretching vibration of carboxyl at 3,316.21 cm-1 in the raw RSKs sample (Mokti et al., 
2021). Furthermore, the two peaks at 2,924.75 and 2,855.05 cm-1 corresponded to asymmetric and symmetric 
C-H stretching. Meanwhile, the peaks at 1,742.62 and 1,154.92 cm−1 can be assigned to C=O and C–O 
stretching (Maulina and Mentari, 2019). The spectrum of the RSKAC sample is shown in Line B in Figure 3. The 
peaks associated with the O-H, C-H, C-O, and CO functional groups in this RSKs sample were reduced, or have 
disappeared following H3PO4 activation, which was due to the decomposed organic matters. Furthermore, the 
intensity of O-H stretching in this sample was decreased compared to the intensity in the raw RSKs sample due 
to the heating process during carbonisation and activation (Saad et al., 2019). The peaks at 2,924.75 and 
2,855.05 cm-1 have also reduced to a medium size, which indicated the hydrophobic characteristics of RSKAC 
after the carbonisation process (Ang et al., 2021). Residue of phosphate compounds remained on the activated 
carbon’s surface; therefore, P-O vibration can be seen at 1,210 cm-1 (Kan et al., 2017). These peaks proved the 
successful formation of RSKAC after RSKs underwent carbonisation and H3PO4 activation. 
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Figure 3: FTIR spectra of raw RSKs (A) and RSKAC(B) samples 

4. Conclusions 
Activated carbon was derived from rubber seed kernels that were impregnated with 10 and 15 wt.% of H3PO4 
under different carbonisation temperatures (300, 400, and 500 °C). The performance of the activated carbon 
was analysed in terms of its oil adsorption capacities. The optimal conditions for producing RSKAC with a high 
oil adsorption capacity have been demonstrated to be 10 wt.% of H3PO4 and carbonised at 500 °C. Next, the 
structural and morphological analysis results showed more pores on the surface of the synthesised activated 
carbon compared to on the raw RSKs sample. FTIR results revealed that peaks associated with four functional 
groups in the RSKAC sample were reduced, or have disappeared following H3PO4 activation. This study has 
shown the potential of converting RSKs into a valuable adsorbent for oil adsorption.  
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