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ABSTRACT:  Activated carbon (AC) is an important adsorbent in diverse area due well-developed porosity, stability, 

and low cost. Crucial factors for the optimal preparation of AC are the carbon precursors, activating agents and 

activation procedure. The objective of this study is to prepare high specific surface area activated carbon by applying 

novel organic /inorganic two step acid activation and optimization the activation parameters. A new precursors source 

were investigated Bienertia sinuspersici. The effects of activation temperature, activation time, organic load, and 

impregnation ratio on the activated carbon yield and sulphur adsorption capacity responses were examined. Optimum 

activated carbon was produced at 750 Co with a 1.31 impregnation ratio, and organic load 49% with citric acid for 30 

min activation time. Activated carbon prepared at optimum conditions which have 50.98% of the yield response and 

13.271 mg/g of sulphur adsorption capacity response. N2 adsorption desorption isotherm characterized the surface area, 

total pore volume, pore size distribution of optimum activated carbons. The specific surface area was found 1661.9 m2/g 

with total pore volume of 0.9441 cm3/g, and 1.78 nm average pore diameter. The result of Fourier-infrared spectroscopy 

analysis of the prepared activated carbon confirmed that the carbon has abundant functional groups on the surface. Field 

emission scanning electron micrographs of the prepared optimum activated carbon showed that has rough porous 

surface with developed narrow holes, channels, and well intense array of structures was formed during activation. 

KEYWORD: Activated Carbon, Bienertia sinuspersici, Organic Load, sulfur adsorption capacity, activation parameters, 

Taguchi method 

INTRODUCTION 

Activated carbon (AC) is an superior porous adsorbent with frequently expanding applications in  the removal of 

various pollutants and purifications. The inner structure of high surface area activated carbon consist up to 90% of from 

elemental carbon, and presence of various surface functional groups particularly at the edges [1]. AC prepared from 

various carbonaceous materials such as sustainability agricultural waste (oil palm EFB, Coconut shells, rice husks, 

bamboo stem, date seeds, etc.) [2]. And another sustainability waste also used such as rubber of tire waste [3]. Recently 

the attention focused on the preparation of activated carbon from agricultural waste and \or its by-products because they 

are abundant, low cost and wide spread[4, 5]. 

Bienertia sinuspersici called locally Al-Tahma is a flowering plant that presently classified in the Amaranthaceous 

family. Bienertia sinuspersici is native to the surrounding countries of the Persian Gulf such as Iran, Iraq, the United 

Arab Emirates, Saudi Arabia, Qatar, and Kuwait. Al-Tahma is a wilderness plant that is well suitable to growing in the 

dry, hot and high salt environments [6]. These plants grow without human intervention and in dry and saline soil and 

spread in the southwest region of Basra Governorate in abundance. The large biomass of Bienertia sinuspersici residues 

available in the areas around the southern technical university gave the motivation to first time investigation for 

production of activated carbon from it. 

The activation method classified into two methods, physical activation and chemical activation. The Chemical 

activation presents several advantages over the physical activation such as lower activation temperature and higher 

value of the yield. The preparation of AC affected by many factors. The most influential factors were found to be 

activation temperature, activation time, Impregnated ratio [7]. Many researchers utilized different activating agents such 

as basic activating agents such as KOH, ZnCl2, etc.[8, 9] and acidic activation such as H3PO4 ,C6H8O7, etc. [10, 11]. In 

the  present work used a new method for acidic activation agents by testing both organic /inorganic acidic activation in 

separate steps.  
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To optimize AC preparation  parameters, the design of experiment methods and the statistical analysis have been 

applied via using the Taguchi method. This method is the most  experimental design method used because it provides a 

strong design of experiment (DOE) with a minimum number of experiments [12].  

The sulphur compounds are unfavourable in diesel fuels, because these compounds are corrosive in its nature and 

caused damage of the engines combustion chamber, in addition to its effects on the environment. Among many removal 

methods of desulfurization, Adsorption Desulfurization  method is gets more attention. The using of  this method  

because of high capacity and selectivity for the adsorptive sulphur compounds from liquid fuel [13].  

In this study, Bienertia sinuspersici was used as a raw material for the synthesize high Specific Surface Area activated 

carbon, and novel two-step organic /inorganic acid activation method. The effects of different activation parameters 

such as activation temperature, activation time on the activated carbon yield and sulphur adsorption capacity have been 

explored using Taguchi method. Multi objective optimization of activated carbon preparation responses (carbon yield, 

sulphur adsorption capacity) to reach the optimum activated carbon surface conditions. The surface chemical and 

physical properties of the optimum activated carbon characterize by means of BET, Pore Volume, SEM, and FTIR. This 

paper describes the development of high surface area with nanopore activated carbon by organic/ inorganic activation  

novel method  application for the adsorption  of  sulphur from model diesel. 

MATERIALS AND METHODS 

Raw Materials and Chemicals 

Raw Bienertia sinuspersici (Al-Tahma) was collected from the areas near the Southern Technical University of Basra, 

Iraq. They were washed with distilled water to remove dirt and impurities from its surface and dried in oven (JRAD 

Co.) at 100 ֯C  for 24 h. The dry raw material crushed to small sizes at the range from size 600 μm to size 1.18 mm and 

were stored for further experiment. The Phosphoric acid H3PO4 and Sodium hydroxide NaOH was from (ROMIL, UK) 

with 98% purity. Citric acid was from (Al-Rahma Jordan), Dibenzothiophene DBT was purchased from (Riedel-de 

Haen, Germany), and n-octane from (MERCK, Germany) and used as model diesel fuel. The nitrogen gas cylinders 

with purity of 99% was purchased from (SUMER Co., Iraq ). Other chemicals were analytical grades and were used 

without further purification. The distilled water was used for dilution of all desired solutions.  

Preparation of activated carbon 

The raw (Al-Tahma) of sizes at the range from size (0.6 - 1.18) mm were weighed and impregnated into beakers 

containing a solution of Citric acid solutions at different concentrations ratios ( 10, 30, 50 ) wt %, and mixing for one 

hour at room temperature. The activated AL-Tahma then dried in an oven set at 100 Co for 48 h. The dried samples 

were carbonized in (20 cm ) chamber  Electrical  Furnace ( Vecstar UK) at 350 ֯C for 1 h under stream of  N2. The 

resulting activated carbon was impregnated with H3PO4 at different IM ratios (1:1, 1:2, 2:1, 3:1) which refers to the 

mass of impregnate with respect to the mass of the carbon see Eqn. (1) [14]. The mixtures were stirring at  hot plate 

magnetic stirrer for 1 h at 50 ֯C, and then drying in the oven at 100 ֯C for 48 h. The activation of samples were  carried 

out in the furnace at a constant heating rate and different conditions, suggested by the Taguchi experimental design, as 

shown in Table 1. The discharge activated carbon was double washed with 0.1 M HCl to remove ash and then rinsed 

with distil water for several times until a pH value between 6.5 and 7.5 was achieved. 

𝐼𝑀 𝑅𝑎𝑡𝑖𝑜 = 
𝑊𝑡𝐻3𝑃𝑂4

𝑊𝑡𝑐
 (1) 

Where 𝑊𝑡𝐻3𝑃𝑂4 represented the weight of the chemical agent (H3PO4), and 𝑊𝑡𝑐 represented the weight of the product 

carbon before activation.  

Design of Experiments by Taguchi method 

Design of Experiments (DOE) was applied by using Taguchi method in Minitab 18 software. By using orthogonal 

arrays (OA), The Taguchi method can minimize the test numbers and uncontrolled factors effects.  In this research, L16 

orthogonal array with four control parameters and four levels was selected with the aim of obtaining the optimized 

condition that would give high product yield of AC and high sulphur adsorption capacity. These experimental 

parameters and their levels are summarized in Table 1. The complete design matrix of the experiments at the studied 

parameters activation temperature (X1), activation time (X2), organic load ORL (X3), and impregnation ratio (X4) are 

shown in Table 2. The responses were selected as AC Yield (Y1,%) see Eqn. (3) and Sulphur Adsorption Capacity (Y2, 

mg\g) see Eqn. (4). In the Taguchi method, the quality of the response is measured via the consistencies of its 

performance. There are three main types of signal to noise ratio (S/N), which are smaller the better, nominal the best 
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and larger the better [12]. Since the aim of this study is to obtain the value of responses (AC Yield% and Sulphur 

Adsorption Capacity ) as high as possible, the larger the better of S/N ratio equation see Eqn. (2)  was used.  

(
𝑆

𝑁
) = -10log [

1

𝑛
 ∑

1

Yi2 

𝑛
𝑖=1 ] (2) 

Where n: is represented the number replication of individual experiment with the Similar regulation, and Yi: is 

represented the experiments response.  

Table 1. Design Factors and their levels. 

 

 

 

 

 

 

Table 2. Experimental design matrix and parameters levels. 

 

Runs no. 

Factors 

Activation Temp 

(Co) 

Activation 

Time (min) 

OR Load 

(volume %) 

IM Ratio (wt %) 

1  450 30 0.0 0.5 

2 450 60 0.1 1.0 

3 450 90 0.3 2.0 

4 450 120 0.5 3.0 

5 550 30 0.1 2.0 

6 550 60 0.0 3.0 

7 550 90 0.5 0.5 

8 550 120 0.3 1.0 

9 650 30 0.3 3.0 

10 650 60 0.5 2.0 

11 650 90 0.0 1.0 

12 650 120 0.1 0.5 

13 750 30 0.5 1.0 

14 750 60 0.3 0.5 

15 750 90 0.1 3.0 

16 750 120 0.0 2.0 

 

Characterization of activated carbon 

In order to characterize the prepared activated carbon, the following testing and experiments were carried out. The 

activated carbon yield is usually expressed as the final weight of activated carbon produced after carbonization, 

activation ,washing  and drying divided by the initial raw Bienertia sinuspersici [15].  

𝑌1% =
𝑤𝑡𝐴𝐶

𝑤𝑡𝐵

× 100 
(3) 

Where Y1% represented the activated carbon yield, 𝑤𝑡𝐴𝐶  represented the final dry weight of the activated carbon 

product, and  𝑤𝑡𝐵 represented the dry weight of Bienertia sinuspersici raw material.  

The adsorption tests of prepared activated carbons samples were evaluated by the adsorption capacity of sulfur from 

model fuel. For each experiment of these sixteen experiments (0.3 g) of activated carbon were added to flasks 

containing (15 ml) of model fuel with initial sulfur concentration of (1000 ppm). The adsorption experiments were 

carried out at (35 Co) temperature with (150) RPM mixing speed for (3 h). The samples then filtered with filter paper 

and a sample of filtrate was analysis using (RX-360 Sulfur Meter, Japan) to determine the residual sulfur concentration 

 

Factors 

 

Unit 

 

Symbol  

Levels 

Level 1 Level 2 Level 3 Level 4 

Activation 

temperature  

Co X1 450 550 650 750 

Activation time  Min X2 30 60 90 120 

Organic load 

(ORL) 

wt% X3 0 0.1 0.3 0.5 

IM Ratio mg H3PO4/mg carbon X4 0.5 1 2 3 



Desulfurization of Fuel by Activated Carbon Prepared from Trees Residues 

113 

after adsorption. The adsorption capacity of sulfur adsorbed on activated carbon surface  was evaluated using the 

equation utilized  below [17]. 

𝑌2 = (𝐶𝑜 − 𝐶𝑒 ) 
𝑉

𝑊
(4) 

Where 𝑌2 represented sulfur adsorption capacity (mg of sulfur per g of activated carbon), 𝐶𝑜 is represented the initial

concentration (ppm) of model fuel, 𝐶𝑒 the concentration of model fuel after adsorption at equilibrium, 𝑉 is represented

the volume of model fuel (L), and 𝑊 represented the weight of adsorbent (activated carbon, g). 

Textural properties of surface area BET/ Pore volume using the N2 adsorption-desorption isotherms of the  optimum AC 

at liquid nitrogen temperature (77 K), were determined by (Gold APP Instrument, V-sorb X800, china ). The surface 

functional groups of the samples were analyzed through FTIR transmission spectra recorded utilizing a FTIR 

spectrophotometer (Shimadzu FTIR-8400, Germany ). In order to observe the surface morphology of the adsorbent, a 

scanning electron microscopic analysis of the optimum activated carbon before and after adsorption process  was 

employed in this study. SEM images were recorded by using (ZEISS SIGMA VP, Germany).  

RESULT AND DISCUSSION 

Taguchi analysis of the responses and S/N ratio 

The observed values of the experimental responses (Y1 and Y2) and the tested S/N ratios were explained in Table 3. The 

values of the S/N ratios for all levels of the experimental parameters and their effect on the responses Y1 and Y2 in rank 

wise are explained in Table 4. And Table 5., respectively. The main effect plots of experimental parameters (X1, X2, X3, 

and X4) on the S/N ratio and mean of activated carbon responses  Y1 & Y2 were explained in (Figures 1 , 2, 3 and 4), 

respectively. Its explained from (figures 1 and 2) that S/N ratio and mean of activated carbon yield decrease with 

increase activation temperature from 450 Co to 750 Co. The best value of S/N ratio was 32.22 at the 450 Co as shown in 

Table 4. The increasing temperature catalyse  the  reaction between lignocellulose derivatives and the activation agent, 

from the other hand the losses of all volatile materials and dehydration of water will be occur with increasing 

temperature above 450 Co [18]. Similar behaviour observed with H3PO4 Activation [19]. Its explained from (figures 3 

and 4) and Table 5 that S/N ratio and mean of sulphur adsorption capacity increase with increase activation temperature 

and the best value of S/N ratio was 20.08 at level 4. increase in activation temperature led to increase the micropore 

development [20]. This behaviour agrees with results obtained by other researchers [21], [22]. 

The optimum S/N ratio attributed to activation time was 32.04 at 30 min as shown in Figure 1. and Table 4. The S/N 

ratio and mean of AC yield decrease when the time raised from 30 min to 90 min and then slightly increase in the 

region between 90 to 120 min. The activation time had no significant effect on (Y1 = 32.04 at t= 30 min and Y1= 31.65 

at t= 120 min). A similar view is mentioned  by Oemar (2020) [23]. Also, S/N ratio and mean of sulfur adsorption 

capacity increase with increasing the activation time The best value of S/N ratio was 19.79 at level 4. As shown in 

Table 5. Prolongation the activation time led to produce more active sites and pores on the activated carbon surface and 

that which increase the adsorption capacity. 

Organic load factor was more effective factor on the activation process. S/N ratio and  AC yield increase with organic 

load increase in the  section from 0% to 50% and the best value was 34.32 at 50% ORL. As for combined organic acid 

in the activation process, the AC yield remains more important than in the three other parameters due to reduction in the 

burring off raw material. effect of organic load on the sulfur adsorption capacity, the adsorption capacity increase with 

increase the ratio of organic load from 0% to 30% and then decrease when the load was from 30% to 50%. The best S/N 

ratio attributed to organic load was 19.62 at level 3. The new method of activation with organic/inorganic acid was 

effective method to enhance the both responses of activated carbon production (Y1 and Y2) and give good result.  

The  AC yield increase with  IM Ratio with H3PO4 decreased. The high value of S/N Ratio of AC yield was 32.55 at 

level one of IM Ratio. Because of excess of H3PO4 content could be attributed to the possible formation of phosphates 

by reaction with the inorganics that present under pyrolysis action, which may close some of the pores present and that 

lead to decrease the yield of the AC. A similar view was reported by Deng 2010 [16]. IM Ratio with  H3PO4 is the most 

influential factor affecting on the sulfur adsorption capacity response than other parameters in the activation process, the 

best adsorption capacity observed 21.42 at IM of level 4. This due to development of pore structure on the activated 

carbon surface [24]. 
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Table 3. Activated Carbon responses and S/N Ratio higher is better. 

Runs no. 

Responses 

Y1(%) S/N of Y1 Y2(mg/g) S/N of Y2 

1 30.00 29.5424 1.550 3.8066 

2 39.00 31.8213 8.800 18.8897 

3 47.30 33.4972 11.650 21.3265 

4 50.15 34.0054 10.600 20.5061 

5 34.70 30.8066 9.920 19.9302 

6 24.00 27.6042 11.880 21.4963 

7 54.50 34.7279 2.454 7.7975 

8 48.60 33.7327 12.200 21.7272 

9 46.40 33.3304 11.350 21.0999 

10 50.50 34.0658 10.120 20.1036 

11 23.30 27.3471 12.550 21.9729 

12 38.10 31.6185 5.330 14.5345 

13 52.90 34.4691 11.300 21.0616 

14 52.00 34.3201 5.200 14.3201 

15 29.80 29.4843 13.450 22.5744 

16 23.00 27.2346 13.150 22.3785 

Table 4. activated carbon Yield Response for signal to noise ratios larger is better. 

Levels Activation 

Temperature 

Activation Time OR Load IM Ratio 

1 32.22 32.04 27.93 32.55 

2 31.72 31.95 30.93 31.84 

3 31.59 31.26 33.72 31.40 

4 31.38 31.65 34.32 31.11 

Delta 0.84 0.77 6.38 1.45 

Rank 3 4 1 2 

Table 5. Sulphur Adsorption Capacity Response for signal to noise ratios larger is better. 

Levels Activation 

Temperature 

Activation Time OR Load IM Ratio 

1 16.13 16.47 17.41 10.11 

2 17.74 18.70 18.98 20.91 

3 19.43 18.42 19.62 20.93 

4 20.08 19.79 17.37 21.42 

Delta 3.95 3.31 2.25 11.30 

Rank 2 3 4 1 



Desulfurization of Fuel by Activated Carbon Prepared from Trees Residues 

115 

Figure 1. Main effect plot of studied variables on S/N Ratio of AC yield response. 

Figure 2. Main effect plot of studied variables on the mean of AC yield response. 

Figure 3. Main effect plot of studied variables of sulphur adsorption capacity response on S/N Ratio. 
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Figure 4. Main effect plot of studied variables on the mean of sulfur adsorption capacity response. 

Statistical Analysis and Building Model of responses. 

The relationship between the four studied experimental parameters and their effect on multi objective responses 

activated carbon yield (Y1) and sulfur adsorption capacity (Y2) were studied. Minitab 18 statistical software utilized to 

analyse the data and develop a predictive model. Analysis of variance (ANOVA) was used to generate the relationships 

between the responses and the investigated parameters. The result of ANOVA analysis for Y1 and Y2 responses is 

represented in (Tables 6 and 7), respectively. Multiple regression analysis was performed to represent the relationship 

between the expected variable and the responses (Y1 and Y2). The quadratic and interaction model for activated carbon 

yield response is represented in Eqn. (5). The predicted Y1 model has an R2 value of 99.26% the higher value of R-sq, 

the more variation is explained by input variable and this refer to the better model and reflecting the model's 

effectiveness. The  model R-sq(adj) is about (98.62%), this indicated that the total change of 98.62% of the model 

variable covered by this model and cannot describe only (1.38%) of the total variability. The model R-sq(pred) is about 

97.20% that indicated the model well to predict the response (the yield of the product) for new observations. 

Y1%= 38.57- 0.01249 X1- 0.0076 X2 + 101.6 X3 - 5.38 X4 -  122.5 (X3)2 + 0.934 (X4)2 

+ 0.0225 X1X3 

(5) 

The quadratic and interaction model for sulfur adsorption capacity response is represented in Eqn. (6). The predicted 

model has an R2 value of  98.47% the higher value of R-sq , the more variation is explained by input variable and this 

refer to the better model and reflecting the model's effectiveness. The model R-sq(adj) is about (97.13%) this indicated 

that the total change of 97.13% of the model variable covered by this model and cannot describe only (2.87%) of the 

total variability. The model R-sq(pred) is about 93.74% that indicated the model well to predict the response (sulfur 

Adsorption Capacity) for new observations. 

Y2 (mg\g) = - 38.07 + 0.06512 X1+ 0.6340 X2 -15.03 X3 + 5.70 X4 - 3.103  X4
2 -

 0.001011 X1*X2 + 0.01189 X1*X4 

(6) 

Table 6. Analysis of Variance for Activated Carbon Yield response. 

Source 

Degree of 

freedom 

Sum of 

squares Mean squar 

Percentage 

Contribution % 

X1 3 12.13 4.042 0.62% 

X2 3 16.94 5.647 0.86% 

X3 3 1845.86 615.286 94.10% 

X4 3 84.11 28.038 4.29% 

Error 3 2.60 0.868 0.13% 

Total 15 1961.64 100.00% 
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Table 7. Analysis of Variance for sulphur Adsorption Capacity response. 

Factors 

Degree of 

freedom Sum of squares Mean square 

Percentage 

Contribution % 

X1 3 14.830 4.9434 6.95% 

X2 3 8.545 2.8482 4.00% 

X3 3 4.915 1.6382 2.30% 

X4 3 182.605 60.8682 85.55% 

Error 3 2.546 0.8487 1.19% 

Total 15 213.440 100.00% 

Analysis of Variance (ANOVA) of the responses. 

The most important activation experimental parameters have been determined by calculating the percentage of each 

parameter's contribution to the responses (Y1 and Y2). Table 6  represents the analysis of variance (ANOVA) for 

activated carbon yield and Table 7 represents the analysis of variance (ANOVA) for sulfur adsorption capacity. From 

Table 6 the organic load (X3) has a 94.10% contribution to the response Activated carbon yield. The organic load was 

noticed to be the most substantial variable for the activation process followed by IM Ratio (X4) with a 4.29% 

contribution and the activation time (X2) contribute with 0.86%. Finally, the activation temperature variable (X1) is less 

effective with a 0.62% contribution. Results listed in  Table 7 explained the IM Ratio (X4) has a 85.55% contribution to 

the response sulfur adsorption capacity. Impregnation ratio was observed to be the most important parameter for the 

activation process followed by activation temperature (X1) with a 6.95% contribution and the activation time (X2) 

contribute with 4.00%. Finally, the activation organic load (X3) is less effective parameter with a 2.30% contribution. 

Optimization Analysis of the responses and Confirmation test 

One of the objective of this paper is to obtain the maximum values of the both responses for economic viability. 

Optimizing multi objective responses (Y1 and Y2) under the same conditions was very difficult. Therefore, using 

desirability function in Minitab 18 software to calculate the Minitab responses optimizer. Composite desirability is the 

weighted geometric mean of the individual desirabilities for the responses. Minitab determines optimal settings for the 

variables by maximizing the composite desirability [25]. The optimum conditions were activation temperature 750 Co, 

activation time 30 min, organic load 49% with citric acid and impregnated ratio 1.31: 1 with H3PO4 as shown in Figure 

5. The confirmation test result was listed in Table 8. The results indicate that the deviation of experimental values from

the predicted values is less than ±5% for the yield% and sulfur adsorption capacity responses, which may refer to the 

strength of proposed model. The results for the process models indicate that these models can be utilized as a 

representative for the activated carbon preparation process. When comparison between the regression model and the 

experimental work for the responses (Y1 and Y2). Was observed there was a convergence of the experimental and the 

theoretical results of the two responses.  

Figure 5. Optimization Plot Of The AC yield% and Sulfur Adsorption Capacity Responses. 
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Table 8. Predicted vs. Experimental Value for the Confirmation Experiment of optimization process of the activated 

carbon. 

Response type Predicted value Experimental value Deviation 

Yield% 52.2334% 50.98% 2.399% 

Adsorption Capacity 13.4878 mg\g 13.271 mg\g 1.607% 

Characterization 

The adsorption- desorption isotherms at liquid nitrogen temperature (77.00 K) and pore width curve of activated carbon 

prepared at optimum condition as shown in Figures 6 and 7, respectively. This isotherms belong to a type I isotherm of 

IUPAC classification, A type I isotherm is associated with microporous structures [26]. According to IUPAC 

classifications there are two of clear evidence to explain the structure of the microporous in this type of curves: (i) the 

first evidence is a clear increase in the adsorbed volume over P/Po (0.1). This indicates that nitrogen molecules are 

adsorbed mainly in the microporous structure (ii) the second evidence belongs to the low area between the adsorption-

desorption curve as explained in Figure 6. Furthermore, at intermediate and high relative pressures, the isotherm is of 

type I with a hysteresis loop of type H4 associated with monolayer–multilayer adsorption followed by capillary 

condensation in narrow slit-like pores, confirming by FESEM photo see Figure 8. The surface area and pore volume of 

activated carbon prepared under optimum conditions were 1661.9 m2/g and 0.9411 cm3/g, respectively. The pore size 

distribution curves of the prepared activated carbons were obtained by the BJH method using the pore volumes in the 

measurement of N2 desorption isotherms. BJH adsorption average pore width was 1.78 nm as shown in Figure 7. By 

mention to the BET data, the prepared AC sample is a suitable candidate for environmental applications. 

Field emission scanning electron micrographs (FESEM) technique was used to investigate the surface morphology of 

prepared activated carbons. Figures 8 and 9. illustrated the FESEM photographs of the AC prepared at optimum 

condition before and after adsorption process, respectively. The FESEM image see Figure 8 indicate that the prepared 

activated carbon has a rigid surface. It can be confirmed that the activated carbon prepared at the optimum preparation 

conditions has rough porous surface with developed narrow holes, channels,  and well intense array of structures. Figure 

9 show the surface morphology of the optimum prepared activated carbon after 90 min of sulphur adsorption process 

.Its clearly observed the adsorbed DBT clusters on the activated carbon surface. The surface chemistry of AC sample 

was analyzed through FTIR transmission spectra. Figure 10. (a) and (b) which represent the samples of activated carbon 

before and after sulfur adsorption. The records utilizing a FTIR spectrophotometer in the wave number range of 4000 - 

400 cm-1. In the FTIR spectrum obtained for the AC before adsorption, the band at about 1614.42 cm-1 and 1385.49 cm-

1 was related to the C=O and C-O bond vibrations, indicating the presence of various oxygen groups. Additionally, 

C=C aromatic skeletal stretching of the carbon is observed as 1642 and 1440 cm-1 bands that were overlapped with the 

bands about 1640 and 1438 cm-1. A broad OH stretching at 3500 cm-1 was detected for both samples A & B. The peaks 

obtained at the range (2890 and 2933) cm-1 in sample A are attributed to the -CH2- vibrations of alkyl groups. Their 

presence is also confirmed by the -CH2- vibrations at 1393 and 1547 cm-1. The weak peak observed at 2358 cm-1 is 

assigned to the -C≡C- stretching vibration. The broad band of raw activated carbon sample A with weak intensity in the 

range of 519-610 cm-1 was assigned to modes of SiO4 bending vibration while stretching modes of SiO4 bond were 

seen from 802 to 1040 cm-1. A band was identified at 1258 cm-1, describing to O-H stretching vibration. The shift in the 

peak for the stretching vibration of -CH2- (2894 and 2940 cm-1, 1389-1553 cm-1, and 1547 cm-1) was found in the FTIR 

spectrum as shown in Figure 10. (b). After sulfur adsorption by activated carbon surface, the changes in the position and 

intensity of the bands at 1616 cm-1, 1389 cm-1, 1430 cm-1, and 806.97 cm-1, 469.94 cm-1 and a strongest band at 3445 

cm-1 were observed. The former FTIR analysis verified that the sulfur was adhered to the activated carbon by formation 

of electrostatic bonds with oxygen-containing functional groups (like -OH, -CO).   
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Figure 6. Nitrogen adsorption–desorption isotherms of BET surface area analysis of Optimum AC. 

Figure 7. Pore width curve of BET surface area analysis of the optimum AC. 

Figure 8. FESEM analysis of AC prepared at optimum condition (before adsorption). 

0

2.5

5

7.5

0 1 2
Pore width (nm)

d
V
p
/d

D
p



Desulfurization of Fuel by Activated Carbon Prepared from Trees Residues 

120 

Figure 9. FESEM analysis of AC prepared at optimum condition (after adsorption). 

(a)    (b) 

Figure 10. FTIR spectrum of activated carbon (a) before adsorption, and (b) after sulfur adsorption. 

CONCLUSION 

In the present work, Optimum activated carbon with a well-developed Nano pore structure was prepared from Bienertia 

sinuspersici (Al-Tahma ) by chemical activation with two-step organic /inorganic acid activation. Applied Taguchi 

method  to observe the effects of experimental activated carbon preparation variables , which were the impregnation 

ratio, activation temperature, activation time, and organic load on activated carbon yield and sulfur adsorption capacity. 

The activated carbon responses was found that the new method of  organic /inorganic chemical activation was influence 

on the activated carbon yield, increase in organic load increase the activated carbon yield. Therefore, organic load factor 

was most significant factor on the activation process. In addition,  because of Nano pore structure of AC surface that 

which developed by H3PO4 impregnated ratio, led to enhance the sulfur removal process.     
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