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Abstract: The study aims to assess the diesel oil adsorption capacity of activated carbon 

derived from rambutan peel, a prevalent agricultural by-product in Vietnam. The adsorption 

process will be investigated using various adsorption isotherms (Langmuir, Freundlich, 

Temkin, Dubin-Radushkevich), adsorption kinetics (pseudo-first order and pseudo-second 

order). The characterization analysis of RPAC revealed the following values: BET surface 

area of 786.0143 m2/g, BJH adsorption cumulative volume of pores at 0.05392 cm3/g, and 

BJH adsorption average pore diameter of 55.2432 nm. Individual assessments of factors 

influencing oil removal efficiency and adsorption capacity identified the optimal initial oil 

concentration at 1% volume/volume, an optimum contact time of 60 minutes, and an 

equilibrium adsorption time of 80 minutes. The optimal adsorbent dosage was 250 mg, and 

the ideal pH was 6. The adsorption process adhered to the Langmuir isotherm with an RĮ 

value of 0.9993, yielding a maximum adsorption capacity of 5,712.0 mg/g. The pseudo-

second-order model provided a better fit for RPACôs oil adsorption process with an RĮ value 

of 0.9969. 
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1. Introduction 

The total volume of oil released into the environment from oil tanker spills in 2021 was 

approximately 10,000 tons [1]. Oil-polluted wastewater affects water quality and underwater 

ecosystems worldwide [2], posing severe health consequences [3]. 

Methods for oil removal in water can be categorized into in-situ burning, chemical 

methods (solidification, dispersion), biological methods, and physical methods (skimming, 

adsorbents) [4]. Among these, oil adsorbents remain the preferred technique for oil clean-up 

due to their speed, simplicity, environmental friendliness [5], and cost-effectiveness. The 

choice of adsorbent material depends on factors such as availability, cost, and safety 

considerations [6]. Currently, about 200 different types of adsorbent materials are being 

produced and used [6], classified into three main groups: inorganic minerals, synthetic 

organic products, and natural organic products [7]. Among these, adsorbent materials of 

natural organic origin offer significant advantages compared to others, especially in terms of 

environmental friendliness in marine environments and their lightweight nature, making 

them easily recoverable and reusable [8]. 
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Activated carbon, derived from carbonization, is used for adsorbing various compounds 

[9-10]. Activated carbon from plant biomass is particularly favored due to its abundant and 

readily available source, resulting in significantly lower production costs compared to 

commercial activated carbon [11]. Consequently, many different activated carbon materials 

have been synthesized from various plant-based sources, such as coconut shells [11], coconut 

coir [12], safou seeds [13], corn cobs [10, 14], rice husks [15, 16], and barley straw [17]. 

According to the General Statistics Office data, Vietnamôs total agricultural by-products 

in 2020 amounted to over 156.8 million tons, with 88.9 million tons of post-harvest by-

products from crops and agricultural processing (accounting for 56.7%) [18]. The current 

challenge is effectively utilizing and recycling agricultural residues to support farmersô 

livelihoods while minimizing environmental impact. Among these residues, those with high 

lignocellulose content present an important area of research for selecting suitable agricultural 

by-products to fabricate efficient and cost-effective oil-adsorbent materials. Rambutan 

belongs to the 10 main fruit-bearing trees group in Vietnam [19]. Rambutan peel (RP) is an 

agricultural waste with a high cellulose content, constituting approximately 24.28% [20]. 

Cellulose is a crucial structural component of adsorbent materials [21], capable of enhancing 

the oil recovery efficiency of these materials in aqueous environments [22]. Consequently, 

RP is considered a cost-effective and suitable adsorbent material for oil removal in water. 

Numerous studies have demonstrated the potential of using activated carbon derived from 

rambutan peel for the removal of Fe(II) from aqueous solutions [23] and the removal of 

Remazol Brilliant Blue R [24]. 

This study aimed to investigate the individual effects of factors influencing RPôs oil 

removal efficiency and adsorption capacity, followed by conducting isotherm and kinetic 

studies on the adsorption process. 

2. Material and methods 

The research diagram is presented in Figure 1. 

2.1. Materials 

Rambutan peel was sourced from the main market in HCMC, Vietnam, and the rambutan 

variety used is Dona rambutan. The diesel oil (DO) 0.05S was obtained from Petrolimex 

Aviation in HCM, Vietnam, with a specific gravity at 15oC of 820-860 kg/m3. Potassium 

hydroxide, n-Hexane, and sodium sulfate anhydrous were sourced from Xilong Scientific 

Co., Ltd. in Shenzhen, China. Sulfuric acid (c(H2SO4) = 0.05 mol/l or 0.1 N) for a 1000 ml 

solution and hydrochloric acid (c(HCl) = 0.1 mol/l or 0.1 N) were provided by Merck in 

Germany. 

2.2. Preparation of adsorbent and simulated oil spill 

Rambutan peel underwent rinsing with tap water, subsequent drying at 105oC for 24 

hours to eliminate moisture, grinding, and sieving to achieve a particle size of 1-2 mm. The 

resulting dried RP was introduced into a stainless steel vertical tubular reactor positioned 

within a tube furnace. Carbonization was executed at 550oC for a duration of 2 hours in an 

environment of purified nitrogen (99.99%). The resulting product, rambutan peel char (RPC), 

was subsequently combined with KOH pellets at a 1:2 impregnation ratio [24]. Deionized 

water was added to dissolve the entire KOH pellets, resulting in a KOH concentration of 1M, 

and the mixture was soaked for 24 hours. The mixture was dried in an oven at 105oC for 24 

hours to remove moisture and then subjected to activation in a muffle furnace at 550oC for 1 

hour. The resulting rambutan peel activated carbon (RPAC) was subsequently cooled, treated 

with a 0.1 M HCl solution to eliminate ash content, and rinsed with distilled water until the 

pH of the washing solution stabilized at 6-7. The prepared RPAC was dried in an oven at 

105oC for 2 hours, crushed, and sieved into various particle sizes before being stored in a 
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desiccator for use in the next experiment. The simulated oil-water mixture was prepared by 

mixing 2.5 mL of DO with 250 mL water in a beacher of 250 ml of brine water (1.0% 

volume/volume). 

 

Figure 1. Research diagram. 

2.3. Characterization of adsorbent 

The surface area, pore volume, and average pore diameter of the RPAC prepared under 

optimal conditions were assessed using the Micromeritics® TriStar II Plus Version 3.03. 

Scanning Electron Microscope (SEM) and Energy Dispersive X-ray Spectroscopy (EDS) 

analyses were performed with the JSM-IT500 InTouchScopeÊ Scanning Electron 

Microscope. Fourier-transform infrared spectroscopy (FT-IR) measurements were conducted 

using the Agilent Cary 630 FTIR spectrometer. 

2.4. Method to evaluate the efficiency of oil adsorption 

For each experiment, the amount of adsorbed oil per gram of adsorbent at equilibrium is 

denoted as qe (mg/g), at time t is qt (mg/g), and the adsorption efficiency is determined using 

the following formula [24]: 
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where Co is the initial oil concentration (mg/L), Ce is the equilibrium concentration 

(mg/L), Ct is the oil concentration at time t (mg/L), V is the volume of the solution (ml), and 

M is the mass of the adsorbent used (mg). 

2.5. Investigating the factors affecting the oil adsorption process of the adsorbent 

The factors affecting the oil adsorption process of the adsorbent will be sequentially 

investigated from Experiments 1 to 4. The optimized values obtained from each experiment 

will be utilized for the subsequent experiment. The experimental layout is presented in Table 

1. 

Table 1. Experiment to investigate the factors affecting the oil adsorption process. 

Experiment 

Initial oil 

concentration 

(% v/v) 

Contact time 

(min) 

Adsorbent 

dosage (mg) 
pH 

Adsorbent 

particle 

size (mm) 

Temperature 

(oC) 

Experiment 1: 

Investigating the 

effect of initial 

oil concentration 

Range 0.25 - 2 

(jump interval 

0.25) 

60 250 7 ± 0.2 0.6 ÷ 1.0 25 ± 1 

Experiment 2: 

Investigating the 

impact of 

contact time 

Optimization of 

Experiment 1 

Range 10 - 90 

(jump interval 

10) 

250 7 ± 0.2 0.6 ÷ 1.0 25 ± 1 

Experiment 3: 

Investigating the 

influence of 

adsorbent 

dosage 

Optimization of 

Experiment 1 

Optimization of 

Experiment 2 

Range 250 - 

1,500 (jump 

interval 250) 

7 ± 0.2 0.6 ÷ 1.0 25 ± 1 

Experiment 4: 

Investigating the 

effect of pH 

Optimization of 

Experiment 1 

Optimization of 

Experiment 2 

Optimization of 

Experiment 3 

Range 3 - 

11 (jump 

interval 1) 

0.6 ÷ 1.0 25 ± 1 

2.6. Sorption Isotherms and Kinetics 

In this study, four commonly used sorption isotherm models, namely Langmuir (4), 

Freundlich (5), Temkin (6), and DubinïRadushkevich (DïR) (7) equations, were used to fit 

the experimental data [25]: 
#
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where Ce is the equilibrium concentration of adsorbate (mg/L), qe is the amount of oil 

adsorbed per gram of the adsorbent at equilibrium (mg/g), qmax is the maximum monolayer 

adsorption capacity (mg/g), KL is Langmuir isotherm constant (L/mg), Kf is Freundlich 

isotherm constant (mg/g), n is adsorption intensity, BT is constant related to heat of 

sorption(J/mol), KT is Temkin isotherm equilibrium binding constant (L/g), qD-R is theoretical 
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isotherm saturation capacity (mg/g), Kad is Dubinin-Radushkevich isotherm constant 

(mol2/kJ2), and ‐ is Polanyi potential. 

First-order and pseudo-first-order kinetic model [26] and Second-order and pseudo-

second-order kinetic model [27] are presented in equations (8) and (9). 
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where qt and qe are the amount of oil sorbed per mass of sorbent (mg/g) at time t (min) 

and equilibrium, respectively. k1 (1/min) and k2 (g/mg.min) are the constant rate parameters 

of the pseudo-first-order and the pseudo-second-order sorption, and h (mg/g.min) is the initial 

sorption rate. 

3. Results and discussion 

3.1. Characteristics of the adsorbent 

3.1.1. Surface physical characteristics of the adsorbent 

Surface physical characteristics of RPC and RPAC were determined using Brunauer-

Emmett-Teller (BET) analysis and are presented in Table 2. 

Table 2. Surface physical characteristics of RPC and RPAC. 

Surface physical characteristics RPC RPAC 

BET surface area (m2/g) 485.7680 786.0143 

BJH adsorption cumulative surface area of pores (m2/g) 0.9787 10.3904 

BJH adsorption cumulative volume of pores (cm3/g) 0.005293 0.05392 

BJH adsorption average pore diameter (nm) 21.6336 55.2432 

The adsorbentsô pore properties and surface area were determined using BET isotherm 

analysis. The BET surface area of RPC and RPAC were 485.7680 (m2/g) and 786.0143 

(m2/g), respectively. The increased BET surface area in RPAC indicated more active sites, 

enhancing oil uptake [28]. Compared to other naturally derived organic materials that have 

undergone carbonization, such as coconut coir (with a surface area of 691.800 m2/g) [12] and 

plantain peels fiber (with a surface area of 234.51 m2/g) [28], the surface area of RPAC is 

higher. 

The pore volume increased from 0.005293 to 0.05392 (cm3/g), while the pore diameter 

increased from 21.6336 to 55.2432 nm. The average pore diameter of RPAC (55.2432 nm) 

is higher than the average pore size of activated carbon from corncobs (45 nm) [10], rambutan 

peel-based activated carbon (2.63 nm) [24], and carbonized plantain peels fiber (4.77 nm) 

[28]. 

From these findings, it is evident that RPAC exhibits larger surface area, total pore 

volume, and pore diameter in comparison to RPC. This creates advantageous circumstances 

for the adsorption process to occur on the adsorbentôs surface, consequently augmenting 

RPACôs oil retention and adsorption capacity. The enhancement in BET surface area can 

likewise be ascribed to the removal of volatile organics during thermal treatment [29]. The 

enhanced pore characteristics will facilitate the diffusion of a greater number of oil molecules 

onto the RPAC surface [28, 30]. 

3.1.2. Surface and structural characteristics of the adsorbent 

The SEM images depicting the surface and structural characteristics of raw RP, RPC, 

and RPAC at ×1,000 magnification are presented in Figure 2. 
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a) 

 
b) 

 
c) 

Figure 2. SEM images (×1,000) of raw RP (a), RPC (b), and RPAC (c). 

Based on the SEM images at ×1,000 magnification, the surface structure of raw RP 

displays uniform fiber-like crystal bonds and small pores, indicating the presence of minerals 

(Figure 2a). The surface mainly comprises a lignocellulose network and fiber matrix 

containing lignin, cellulose, volatile organic compounds, and hemicellulose. After 

carbonization, RPCôs surface exhibits uneven, rough, and rugged structures with numerous 

existing pores (Figure 2b). Alkaline treatment results in larger, deeper pores, increasing their 

number on the materialôs surface (Figure 2c). The KOH-C reaction enhances pore 

development during activation, thereby increasing surface area and adsorption capacity. A 

nearly heterogeneous pore structure pattern is also observed on the RPAC surface. 

The immersion of activated carbon in KOH solution enhances the adsorption activity of 

the adsorbent by creating potassium carbonate crystals on the carbon surface. These crystals 

generate airflow holes on the surface of adsorbents, boosting adsorption capacity and 

increasing the existing surface area for adsorbing organic compounds, including oil from 

water, during adsorption. Furthermore, the immersion process also forms active functional 

groups on the carbon surface, playing a vital role in adsorbing organic substances. 

The observed formation of pores on the surface of RPAC material aligns with findings 

by [24] regarding rambutan peel activation and with the study by [12] on activated carbon 

production from coconut coir. 

3.1.3. FT-IR analysis of the adsorbent 

The analysis of raw RP and RPAC samples using FT-IR spectra revealed the presence 

of various peaks, indicative of distinct functional groups, across the wavelength range of 650 

- 4000 cm-1, as depicted in Figures 3 and 4. 
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Figure 3. FT-IR of raw RP. 


