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Abstract: In this study, the objective was to employ experimental design in order to 

optimize the efficiency of diesel oil removal from water using activated carbon sourced 

from rambutan peel. A central composite design was utilized to investigate the impact of 

contact time, adsorbent dosage, initial oil concentration, and pH on both the removal 

efficiency and oil adsorption capacity across 30 different experimental designs. The analysis 

of activated carbon properties derived from rambutan peel revealed a BET surface area of 

786.014 m2/g, a BJH adsorption cumulative pore volume of 0.054 cm3/g, and an average 

BJH adsorption pore diameter of 55.243 nm. The quadratic model was employed to estimate 

the mathematical relationship between the removal efficiency and adsorption capacity of 

diesel oil in relation to the four key independent variables. The ANOVA analysis 

demonstrates F-values of 12.36 and 39.92 for the respective models, both exhibiting ɟ-

values < 0.05. The predicted values closely align with experimental results, showcasing R2 

values of 92.02% for removal efficiency and 97.39% for adsorption capacity. The 

investigation anticipates that, based on the analysis of 87 solutions, optimal conditions of 

70.60 minutes of contact time, 0.25 g/g adsorbent dosage, 0.97% v/v initial oil 

concentration, and a pH of 6.20 will yield a maximum removal efficiency of 72.12% and a 

maximum adsorption capacity of 5.3570 g/g. This combination of factors achieves a 

desirability rating of 0.741. 
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1. Introduction 

Contaminated water containing oil has a worldwide impact on the quality of water and 

underwater ecosystems, resulting in serious health repercussions [1]. Techniques for oil 

elimination in aquatic environments can be sorted into in-situ combustion, chemical 

approaches (solidification and dispersion), biological methodologies, and physical means 

(such as skimming and absorbents) [2]. Within these options, oil adsorbents continue to be 

the favored method for oil cleanup due to their swiftness, simplicity, environmental 

sustainability [3], and cost-effectiveness. The selection of the adsorbent material is 

contingent on factors like availability, cost, and safety considerations [4]. Among these 

categories, adsorbent materials originating from natural organic sources offer notable 

benefits when compared to others, particularly in regard to their environmental compatibility 

in marine settings and their lightweight characteristics, which facilitate effortless retrieval 

and reuse [5]. 
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Activated carbon, produced through carbonization, is employed for the adsorption of a 

wide range of substances [6]. Activated carbon derived from plant biomass is especially 

preferred due to its abundant and easily accessible origin, leading to notably reduced 

manufacturing expenses when compared to commercially available activated carbon [7]. 

Consequently, numerous distinct activated carbon materials have been manufactured from 

diverse plant-based sources, including coconut shells [7], coconut coir [8], corn cobs [9], 

safou seeds [10], oil palm endocarp [11] and rambutan peel [12]. Some activated carbon 

materials of natural origin have been recently used for oil absorption, such as carbonized pith 

bagasse [13], carbonized rice husk [14], activated carbon tablets from corncobs [6], mango 

shell activated carbon [15], and corn cobs activated carbon [9]. 

Rambutan peel (RP) is considered an agricultural waste with a substantial cellulose 

content, amounting to 24.28 % [16], rendering it a cost-effective and suitable economical 

material for the adsorption of oil in water. In this study, the rambutan peel will be chosen as 

the primary material to produce low-cost and environmentally friendly oil-absorbent 

substances. The employment of statistical experimental design approaches within the 

adsorption process has been put into practice to reduce process variability and minimize 

resource demands [17]. Response Surface Methodology (RSM) is a mathematical and 

statistical method utilized for experimental design, modeling, assessing the relative 

importance of independent variables, and determining optimal conditions for desired 

outcomes [18]. Grounded in Central Composite Design (CCD), RSM has been broadly 

utilized for determining the best conditions in multivariate systems [19]. More recently, it 

has been effectively used to optimize parameters in various wastewater treatment processes 

[20]. 

Presently, there have been no investigations that have employed Response Surface 

Methodology (RSM) with Central Composite Design (CCD) to optimize parameters for the 

removal of oil from water utilizing chemically activated carbon derived from RP. The use of 

RMS via CCD helps fine-tune the factors influencing the adsorption process to determine 

optimal values for enhancing the oil adsorption and removal capabilities of RPAC under 

realistic environmental conditions. The objective of this study will focus on experiment 

optimization to enhance the efficiency of oil removal from water using carbonized rambutan 

peel through a surface response method based on CCD. 

2. Material and methods 

2.1. Materials 

Rambutan peel was procured from the primary market located in Ho Chi Minh City, 

Vietnam. Diesel oil (DO) 0.05 S was acquired from Petrolimex Aviation in Ho Chi Minh 

City, Vietnam, and it exhibited a specific gravity at 15oC ranging from 820 to 860 kg/m3. 

Potassium hydroxide, n-Hexane, and sodium sulfate anhydrous were obtained from Xilong 

Scientific Co., Ltd. in Shenzhen, China. Hydrochloric acid (c(HCl) = 0.1 mol/l or 0.1 N) was 

supplied by Merck in Germany. 

2.2. Preparation of adsorbent 

Rambutan peel underwent a series of steps, including rinsing with deionized water, 

drying at 105oC for 24 hours, grinding to achieve a particle size of 1-2 mm, and subsequent 

carbonization at 550oC for 2 hours in purified nitrogen (99.99 %). The resultant product was 

subjected to impregnation with KOH pellets at a 1:2 ratio [21]. These KOH pellets were 

dissolved in deionized water to form a 1 N KOH solution, and the mixture was soaked for a 

period of 24 hours. Afterward, it was dried for 24 hours at 105oC to eliminate moisture, 

followed by 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 N HCl solution to 
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eliminate ash content, rinsed with distilled water until achieving a pH range of 6-7, dried at 

105oC for 2 hours, crushed, sieved into various particle sizes, and finally stored in a desiccator 

for future use. 

2.3. Characterization of adsorbent 

Brunauer-Emmett-Teller (BET) theory is used to measure the surface area of RP and 

RPAC. The solid sample is cooled under vacuum to cryogenic temperature using liquid 

nitrogen. Nitrogen gas is incrementally dosed to the sample, allowing equilibration of relative 

pressure (P/P0) after each dose. The BET equation involves a linear plot of 1/((P0/P)-1) vs. 

P/P0, typically within the range of 0.05 to 0.35 for most solids. From this plot, the weight of 

nitrogen for a monolayer (Wm) is determined, enabling calculation of the total surface area 

using the BET equation and the nitrogen moleculeôs known cross-sectional area [22]. 
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The weight of gas adsorbed at a relative pressure of P/P0 is represented by W, while Wm 

signifies the weight of the adsorbate forming a monolayer of surface coverage. The term C, 

known as the BET C constant, correlates with the energy of adsorption within the initial 

adsorbed layer. Therefore, its value serves as an indicator of the strength of interactions 

between the adsorbent and adsorbate [22]. 

To ascertain the pore volume and distribution of pore sizes, the gas pressure is gradually 

increased until all pores are saturated with nitrogen molecules. Subsequently, the pressure is 

gradually decreased, causing the condensed nitrogen gas to evaporate from the system. 

Analyzing the adsorption and desorption isotherms provides insights into both pore volume 

and the distribution of pore sizes [22]. The RPAC produced under optimal conditions was 

evaluated for its surface area, pore volume, and average pore diameter using the 

Micromeritics® TriStar II Plus Version 3.03. 

Scanning Electron Microscope (SEM) analysis was conducted using the JSM-IT500 

InTouchScopeÊ Scanning Electron Microscope. 

2.4. Approach for assessing the effectiveness of oil adsorption 

In each trial, the quantity of oil adsorbed per gram of adsorbent at equilibrium is 

represented as qe (g/g), at a given time t is denoted as qt (g/g), and the adsorption efficiency 

is calculated using the subsequent equation [21]: 
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where Co stands for the initial oil concentration (mg/L); Ce is the concentration at 

equilibrium (mg/L); Ct denotes the oil concentration at time t (mg/L); V represents the 

solution volume (ml); and M is the mass of the adsorbent used. 

2.5. Experimental design for optimization 

The CCD encompasses 2n factorial runs, along with 2n axial runs and nc center runs. The 

center points serve to evaluate experimental error and data reproducibility, while the axial 

points ensure rotatability to maintain a constant variance of model predictions equidistant 
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from the design center [23]. Hence, as per [24], the necessary number of experimental runs 

can be determined using equation (5). 

. ς ςÎ Î ς ς τ φ σπ (5) 

where N = Total number of experimental runs, n = number of independent variables 

(factors), and nc = number of center points. This study considered four independent variables: 

contact time (A), adsorbent dosage (B), initial oil concentration (C), and pH (D). The 

dependent parameters or responses were removal efficiency (Y1) and adsorption capacity 

(Y2). The RSM model analysis utilized the CCD from Design-Expert 13. The optimal values 

(Center) of the factors influencing the oil adsorption process of RPAC will be selected based 

on the research findings of [12] to incorporate into the optimal experimental design. The 

ranges of the independent variables are presented in Table 1. 

Table 1. Factors and levels tested for experimental design. 

 Symbol Low Center High Unit  

Level  -1 0 1  

Contact time A 50 60 70 min 

Adsorbent dosage B 0.25 0.5 0.75 g 

Initial oil concentration C 0.75 1.0 1.25 % v/v 

pH D 5.0 6.0 7.0  

3. Results and discussion 

3.1. Characteristics of the adsorbent 

The BET surface area of RPAC was 786.014 m2/g. The increased BET surface area in 

RPAC indicated more active sites, enhancing oil uptake [25]. The pore volume is 0.054 

cm3/g, while the pore diameter increased is 55.243 nm. The surface structure of raw RP 

exhibits uniform fiber-like crystal bonds and small pores, indicative of mineral presence 

(Figure 1a). This surface primarily consists of a lignocellulose network and a fiber matrix 

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

carbonization and alkaline treatment, RPACôs surface displays uneven, rough, and rugged 

structures with larger, deeper existing pores, accompanied by an increase in their number on 

the materialôs surface (Figure 1b). The KOH-C reaction enhances pore development during 

activation, thereby increasing surface area and adsorption capacity. A nearly heterogeneous 

pore structure pattern is also observable on the RPAC surface. 

 

Figure 1. SEM images of raw RP (a) and RPAC (b). 

3.2. Experimental design 

Table 2 shows that the oil removal efficiency (Y1) of RPAC ranged from 48.05% to 

86.20%, with the highest and lowest values recorded. Similarly, the oil adsorption capacity 

(Y2) ranged from 1.1679 g/g to 5.9876 g/g. 

(a) (b)


