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Abstract 

The aim of work was to study batch adsorption desulfurization process for 

diesel fuel containing 334.5 ppm sulfur and to prepare low cost adsorbent 

coconut shell activated carbon for desulphurization of diesel fuel by 

adsorption. The prepared adsorbent was characterized for BET surface area 

and pore volume which was found was .The adsorbent was evaluated for 

adsorptive desulphurization of diesel for sulphur removal. The effect of conc. 

of sulphur, adsorbent dose, particle size and contact time was investigated. 

Batch experiments were performed for adsorption kinetics and isotherm. The 

residual sulfur concentration in diesel fuel was decreased from 334.5 to 120.75 

ppm. Corresponding to a desulfurization efficiency of 64%, at optimum 

conditions for contact time 4 hours. It was found that the adsorption data was 

fitted well. The equilibrium data for sulphur removal was studied for 

Freundlich isotherm and Langmuir isotherm. And the kinetics of sulphur 

removal was best fitted first order model and second order model. 

Keywords: Desulphurization, Adsorption, Adsorbent,Batch experiments, 

Kinetics, isotherms. 

 

1. INTRODUCTION 

Sulfur compounds are undesirable in diesel fuels, because these compounds produce 

corrosion to the engine machines and cause environmental damage. Desulfurization 

by adsorption (ADS) is a process that depending on the ability of a solid sorbent to 

selectivity absorb organo sulfur compound from fuels. Investigation of parameters 

with mutual effects, to improve sulfur compounds adsorption and finding the best 

adsorption condition [1-4].The controlling mechanism of the adsorption process was 

verified through the different adsorption kinetics models The removal of sulfur is an 

important step in the refining of crude oil since the combustion products of sulfur 

compounds are the main reason for acid rain and environmental pollution. The 
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adsorption technique is promising as an alternative or complementary technique 

because it is simple, relatively cost effective and has the potential to remove the 

aromatic organic sulfur compounds from fuels to nearly zero level [3-7]. 

Adsorption occurs when the sulfur molecules attach to the adsorbent and remain there 

separate from the fuel. Various investigators have utilized this technique for the 

removal of sulfur from various types of fuels and model oils using various types of 

adsorbents .Various kinetic models, such as pseudo first order, pseudo second order, 

and diffusion models have been tested with experimental data for their validity. 

Experimental data have been fitted to various isotherm equations to determine the best 

isotherm to correlate the experimental data. The controlling mechanism of the 

adsorption process was verified through different adsorption kinetic models Isotherm 

modeling is done to analyze and fit the to Langmuir and Freundlich isotherm models 

to well depict the adsorption process. The Langmuir model is supported on the 

assumption that the adsorbent surface is uniform with limited adsorption sites and 

monolayer coverage of adsorbate on it. The Freundlich model represents an isotherm 

for heterogeneous adsorbent with multilayer exposure of adsorbate on the adsorbent 

surface[8-11].In present research work, the adsorption efficiency of coconut shell 

activated carbon for sulfur removal from diesel oil was investigated. Adsorption 

conditions were examined. And surface of the sorbent material was evaluated before 

and after the adsorption process. 

 

2. LITERATURE SURVEY 

Celia Marın et.al were investigated desulfurization of low sulfur diesel by adsorption 

using activated carbon adsorption isotherms. Authors were carried out the 

experiments were carried out in a batch system at 303.15 K. The adsorption isotherms 

were correlated by the Freundlich, Langmuir, Sips and Brunauer-Emmett-Teller 

models For sulfur removal of diesel from a total sulfur concentration of  72 ppmw to 

15 ppmw. Authors were found that there was a good agreement between the 

experimental and calculated adsorption isotherms [1].  

M. Music et.al were carried out design of experiments investigation of adsorptive 

desulfurization of diesel fuel. The batch adsorption experiments were carried out in a 

system using Chemviron Carbon SOLCARBTM C3 activated carbon as adsorbent. 

Authors were determined effects of individual factors and their interactions on sulfur 

concentration and sorption capacity. They were also developed the first order models 

predict the behavior of the system and second order models[2]. 

Khodadadi et.al were studied adsorptive desulfurization of diesel fuel with nano 

copper oxide. Investigators were showed that CuO nanoparticle could be used as 

adsorbent for the desulfurization of liquid fuels .Kinetic study for adsorbent has 

shown that the best fit is achieved when the pseudo second order model was applied 

.It indicates that the reaction path is second order. Equilibrium data were best 

described by the freundlich isotherm[3]. 

G. Bakhtiari et.al were studied optimization of sulfur adsorption over Ag zeolite 
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nanoadsorbent by experimental design method. Investigators were carried out batch 

experiments using Ag zeolite as a adsorbent. They were fitted experimental data in 

Langmuir and Freundlich  model. They were observed that correlation coefficient for 

Langmuir and Freundlich model were found 0.99and 0.94respectively.Authors were 

showed that the isotherm of AgX-zeolite was well described by the Langmuir model 

and fitted its curve by the Langmuir model for AgX-zeolite [4]. 

Lu m.c. et.al were investigated adsorption of sulfone compounds in the oxidative 

desulfurization process using activated clay equilibrium and kinetic study. 

Invetigators were carried out adsorption experiments and experimental data were 

fitted to pseudo-first and pseudo-second order rate reaction as The correlation 

coefficients R2 from resulting graphs were compared to verify the acceptability of the 

models with R2 value0.6439 and0.997 respectively. They were also compared 

correlation coefficient of the Langmuir and  Freundlich isotherms, and was found  

Langmuir better represents the adsorption of sulfone better[5]. 

Adsorptive desulfurization of dibenzothiophene from fuels by rubber tyres derived 

carbons Kinetics and isotherms evaluation were studied by Tawfik A. Saleh and 

Gaddafi I. Danmaliki .Authors were carried out adsorptive desulfurization of 

dibenzothiophene by using rubber tyres derived carbons. They were performed 

adsorption kinetics and isotherm studies and the adsorption data were fitted well to 

pseudo second order model and Freundlich isotherm model[6]. 

Mazen K. Nazal et.al were investigated the nature and kinetics of the adsorption of 

dibenzothiophene in model diesel fuel on carbonaceous materials loaded with 

aluminum oxide particles. In this study the adsorption isotherms of dibenzothiophene 

in model diesel fuel were obtained and desulfurization kinetics was carried out by 

using commercial coconut activated carbon, multiwall carbon nanotubes and 

synthesized graphene oxide loaded with 5% and 10.9% aluminum in the form of 

aluminum oxide particles. Investigators were concluded that adsorption capacities 

(qe,exp) values are very close to the predicted adsorption capacities (qe pred)and the 

kinetic results fit perfectly into the follows pseudo second order kinetics. Investigators 

were explored mechanism of adsorption by studying the adsorption kinetics[7] 

Sachin Kumar et.al were studied adsorptive desulfurization by zirconia based 

adsorbents. Authors were carried out batch experiments for the Effect of contact time 

on the removal of DBT by various zirconia samples. The fitting of pseudo first order 

and pseudo second order kinetic models were studied onto experimental data points. 

Authors were observed that the qe,cal values calculated from the pseudo first order 

kinetic model were closer to the qe,exp values as compared to the qe,cal values 

calculated from the pseudo-second-order kinetic model. They were also studied the 

experimental equilibrium adsorption data of DBT adsorption ontoZD383, ZC893 and 

SZC893 have been tested by using two parameter Freundlich and Langmuir isotherm 

equations[8]. 

Teng Chien Chen et.al were carried out adsorption of sulfone compounds in diesel by 

using activated clay. Investigators were studied the performance of activated clay 

particles in adsorbing sulfone compounds through equilibrium and kinetic studies. 
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Authors were observed pseudo second order adsorption kinetics. They were also 

found that the initial sulfur content of 1109.3 ppm was reduced to below 10 ppm, 

achieving a sulfur removal rate of 99%[9]. 

Sulfur removal from model diesel fuel using granular activated carbon from dates 

stones activated by ZnCl2 was investigated by Yahia Alhamed, Hisham Bamufleh. 

The adsorption data were fitted to both Freundlich and Langmuir equations to 

estimate the adsorption parameters. However, Freundlich isotherm fits the data more 

accurately. The optimum operating conditions for GAC preparation based on high 

adsorption. The authors were concluded that the Freundlich isotherm data for 

adsorption of DBT from both model and commercial diesels presents much lower 

efficiency of GAC in sulfur removal from commercial diesel fuel[10]. Adsorptive 

desulfurization of feed diesel using chemically impregnated coconut coir waste was 

investigated by Md. J. K. Ahmed and M. Ahmaruzzaman Batch. experiments were 

carried out with feed diesel having a total sulfur concentration of 2,050 mg L-1for 3 

hour. Authors were showed that Freundlich model best fits the experimental data 

signifying heterogeneous adsorption and multilayer coverage of the sulfur[11]. 

Nguyen thanh luan et.al were investigated desulfurization of raw diesel fuel by metal 

modified mesoporous silica. Investigators were used metal modified mesoporous 

silica adsorbents for removal sulfur compounds from diesel fuel. Batch adsorption 

experiments were carried out for the adsorption capacity and the regeneration ability 

toward sulfur compounds [12]. 

Marko Muzica, et.al were studied diesel fuel desulfurization by adsorption. 

Investigators were carried out adsorption experiments on a commercial activated 

carbon and 13X type zeolite was studied in a batch adsorber. Kinetic characterization 

of the adsorption process was performed applying Lagergren’s pseudo first order, 

pseudo second order and intraparticle diffusion models. They were carried out the 

experiments investigating adsorption efficiency regarding initial sulfur concentration 

and the results were fitted to Langmuir and Freundlich isotherms respectively[13]. 

Adeyi st.al were investigated  kinetics analysis and dosage effects of manganese 

dioxide adsorbent on desulphurization of crude oil Investigators were investigated 

adsorptive desulphurization of crude oil using activated manganese dioxide in batch 

reactor. They were observed that desulphurization efficiency was increased on 

increasing contact time and sorbent dose. The respective R2 value of pseudo-first 

order and pseudo-second order reaction model were 0.8162 and 0.9951 when the 

experimental data were fitted into them[14].  

Huang Tang et.al improvement in diesel desulfurization capacity by equilibrium 

isotherms analysis. Investigators was used mesoporous alumino silicates in adsorption 

desulfurization of diesel fuels. The equilibrium adsorption data were modeled by 

Langmuir and Freundlich isotherms. Langmuir model can well describe the 

adsorption on ion exchanged MAS. Adsorption experiments were carried out with 

both model oils and diesel fuels on fixed bed. Authors were found that complexation 

adsorbents were more efficient to remove sulfur compounds at higher temperature and 

that the saturated adsorption capacity had a linear relationship with the silver ions 

loaded on the adsorbents [15]. 
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Abel Adeyi et.al studied kinetics analysis of manganese dioxide adsorbent on 

desulphurization of diesel oil. Adsorptive desulphurization of diesel oil was 

investigated by authors in a batch reactor using activated manganese dioxide as the 

adsorbent. Investigators were concluded that There was 53% reduction of diesel oil 

sulphur content at the end of the process.The respective square of correlation 

coefficient (R
2
) values of pseudo-first order and pseudo-second order reaction models 

were estimated to be 0.8941 and 0.9987 respectively when the experimental data were 

fitted into them by authors [16].Muhammad Ishaq et.al were  studied adsorptive 

desulfurization of model oil using untreated, acid activated and magnetite 

nanoparticle loaded bentonite as adsorbent. Investigators were conducted batch 

process and used pseudo first and second order kinetic equations to examine the 

experimental data. The isotherm data were analyzed using Langmuir and Freundlich 

isotherm models. Authors were noticed that pseudo second order kinetic equation 

described the data of the DBT adsorption and the Langmuir isotherm model fits the 

data very well for the adsorption of DBT onto all three forms of adsorbents [17].  

Isam Al Zubaidi et.al were carried out adsorptive desulfurization of commercial diesel 

oil using granular activated charcoal. The adsorption isotherms were determined and 

correlated with two well-known isotherm equations like Langmuir and Freundlich. 

The kinetic study showed that the adsorption desulfurization process of diesel oil is 

more concise with Langmuir isotherm, Authors were showed that the adsorption 

desulfurization of diesel oil using GAC showed good efficiency for sulfur removal of 

20.94% at room temperature [18]. 

 

3. EXPERIMENTAL 

3.1. Adsorbent and diesel fuel 

 In present work adsorption desulphurization of diesel was carried out by using low 

cost coconut shell activated carbon which was prepared in laboratory having surface 

area 435.1 m2/gm and bulk density 0.590 g/cc. A diesel sample for this study was 

collected from local petrol station. 

 

3.2. Batch Adsorption  

Batch equilibrium experiments were carried out using coconut shell activated carbon 

as sorbent which was activated by different activating agents like Cacl2, Zncl2, koH, 

H3PO4, H2SO4, and thermally activated carbon.Batch experiments were carried out 

using 50 ml of the diesel sample using 2,4, 6,8,10 gm of adsorbent which was 

activated by (H2SO4) which gives better results.  And stirred with the help of a 

magnetic stirrer for fixed time 1,2,3,4 hours at room temperature. The experiments 

were carried out to test the effect adsorbent dose,contact time and particle size of till 

equilibrium.Samples were collected filtered and analyzed using UV-visible 159 

spectrophotometer for suphur content.This data was used for studying adsorption 

isotherms. 
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3.3. Adsorption Isotherm  

Langmuir and Friendlich isotherm was verified for batch data obtained and Langmuir 

and Friendlich isotherm parameter will be estimated. Isotherm is also used to 

determine the required amount of absorbent material. Langmuir and Freundlich 

isotherm is two standard models in adsorption experiments.The equilibrium 

adsorption isotherms describe the relationships between the equilibrium concentration 

of the adsorbate in the solid and liquid phase at constant temperature. The relation 

between amount adsorbed and concentration is known as adsorption isotherm[19]. 

 

Langmuir adsorption Isotherm 

The Langmuir adsorption model is based on the assumption that maximum adsorption 

corresponds to a saturated monolayer of solute molecules on the adsorbent surface, 

with no lateral interaction between the adsorbed molecules. Adsorption is assumed to 

take place when a free adsorbate molecule collides with an unoccupied adsorption site 

and each adsorbed molecule has the same percentage to desorption. Due to its 

simplicity and ability to well fit most performances, the Langmuir isotherm has 

become one of the most popular models in adsorption studies[20]. 

qe =  
qo bCe

 (1 + bCe)
 

   1/qe =  1/(qo bCe) +  1/qo   

 

Maximum capacity is qo for adsorbents and qe is the sorption capacity for equilibrium 

concentration Ce. 

 

Freundlich Adsorption Isotherm 

The Freundlich isotherm does not have much limitation as it can fit both 

homogeneous and heterogeneous surfaces, and both physical and chemical 

adsorption. This model has frequently been applied in depicting the adsorption 

behaviour of organic compounds and reactive matters The Freundlich isotherm does 

not have much limitation as it can fit both homogeneous and heterogeneous surfaces, 

and both physical and chemical adsorption. This model has frequently been applied in 

depicting the adsorption behaviour of organic compounds and reactive matters [21]. 

The Freundlich isotherm is an empirical equation employed to describe heterogeneous 

systems and is expressed as: 

           X/M =KC* 1/n 

           ln X/M =ln K+1/n lnC* 

X is the mg of adsorbent adsorbed, m is the mass of adsorbent in grams C* is the  

equilibrium concentration in mg/l. K and n are constants. 
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3.4. Adsorption kinetics  

The removal of sulphur was analysed by kinetic studies. The batch experimental data 

was fitted in kinetic rate equations.The kinetic parameter was evaluated. First and 

second order rate equations was used to explain sulphur obtained. Kinetics at rate 

constant was estimated. 

The pseudo first order rate equation is given as 

Ln (qe-qt) = ln qe – k1t  

 Where qe is the mass of sulphur adsorbed at equilibrium (mg/g), qt is the mass of 

metal adsorbed at time t (mg/g) is the first order reaction rate constant. 

        The pseudo second order rate equation is represented as follows 

 (t/qt) =1/ (k2qe2) + t/qe 

 Where K2  is the second order reaction rate constant 

                        

5. RESULTS AND DISCUSSION 

I.  Effect of contact time for sulphur removal 

Batch experiments was carried out using coconut shell carbon activated by different 

activating agents like Cacl2, Zncl2, koh, H3PO4, H2SO4, and thermally activated 

carbon. The estimated results give an idea for selection of activating agent for further 

experiments. As sulphur removal efficiency of activated carbon using activating agent 

H2SO4 was found to be maximum at adsorbent dose 10 gms concentration of original 

Sample was 334.5 ppm which is shown in figure 1. 

 

Figure1: Sulphur removal by coconut shell activated by different activating agents 
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II. Adsorption isotherms for sulphur removal 

Adsorption Isotherm: 

Equilibrium characterization of the adsorptive desulfurization process was done by 

fitting experimental data to Langmuir and Freundlich isotherms. The adsorption 

isotherm shows that the amount of sulphur adsorbed increases as its equilibrium 

concentration increases in solution.Analysis of adsorption isotherms of sulphur was 

performed by applying the Langmuir and Freundlich model equations. The value of 

1/n indicates favourable adsorption Freundlich model gives a better fit (R2 = 0.831) 

than the Langmuir model (R2 = 0.817). 

 

 

Figure 2: Langmuir isotherm for Sulphur removal by Coconut shell activated carbon 

 

 

Figure 3: Freundlich isotherm for Sulphur removal by Coconut shell activated carbon 
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2.3. Kinetic analysis 

The removal of sulphur will be analysed by kinetic studies. The studies will be carried 

out on kinetics of sulphur removal .The batch experimental data will be fitted in 

kinetic rate equations.The kinetic parameter will be evaluated. The data obtained on 

dependence of adsorption capacity with time were used for kinetic analysis. The 

kinetic analysis for the desulfurization is done by varying the time exposures of 

60,120,180,240 minutes will be selected at room temperature. The kinetic analysis for 

both pseudo first order model and pseudo second order model was done in such a way 

that balance adsorption capacity, qe, of the used adsorbents included the values 

measured after 240 min.  

First and second order rate equations will be used to explain sulphur obtained kinetics 

at rate constant will be estimated. Kinetic experiment was carried out to evaluate the 

applicability of coconut shell activated carbon for adsorptive desulfurization of diesel 

fuel. The data obtained on dependence of adsorption capacity with time were used for 

kinetic analysis. From the results of the fitting of the data to the first order and second 

order model.The respective R2 value of pseudo-first order and pseudo-second order 

reaction model are given in table no1. 

 

Table no.1: Values of R2 for First order and Second order Reactions 

Amount of adsorbent(gm) 2 4 6 8 10 

First order reaction(R2) 0.986 0.958 0.995 0.965 0.970 

Second order reaction(R2) 0.912 0.998 0.889 0.992 0.910 

 

 

Figure 4: First order kinetics for Sulphur removal by Coconut shell activated 

carbon(2 gm) 
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Figure 5: Second order kinetics for sulphur removal by coconut shell activated 

carbon(2 gm) 

 

Figures 4 and 5 respectively show the tests of pseudo- first order rate equation and 

pseudo second order rate equation.From the results of the fitting of the data to the 

various models, the respective R2 value of first order and second order reaction model 

were 0.986 and 0.912 when coconut shell adsorbent used was 2 gm. This shows that 

pseudo first order reaction model described the data better due to the closeness of its 

correlation coefficient value to 1. 

 

 

Figure 6: First order kinetics for Sulphur removal by Coconut shell activated 

carbon(4 gm) 
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Figure7: Second order kinetics for Sulphur removal by Coconut shell activated 

carbon(4 gm) 

 

When we were using 4 gm of activated carbon for adsorption and related data was 

fitted to first and second order model, the respective values of R2 were found that 

0.958 and 0.998. Figures 6 and 7 respectively show the tests of pseudo- first order rate 

equation and pseudo second order rate equation. This shows that pseudo second order 

reaction model described the data better. 

 

 

Figure 8: First order kinetics for Sulphur removal by Coconut shell activated 

carbon(6gm) 
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Figure 9: Second order kinetics for Sulphur removal by Coconut shell activated 

carbon(6gm) 

 

The respective R2 value of first order and second order reaction model were 0.995 and 

0.889 when coconut shell adsorbent used was 6 gm. Figures 8and 9 respectively show 

the tests of pseudo- first order rate equation and pseudo second order rate equation. 

This shows that pseudo first order reaction model described the data better. 

 

 

Figure 10: First order kinetics for Sulphur removal by Coconut shell activated 

carbon(8 gm) 
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Figure 11: Second order kinetics for Sulphur removal by Coconut     shell activated 

carbon(8 gm) 

 

When we were using 8 gm of activated carbon for adsorption and related data was 

fitted to first and second order model, the respective values of R2 were found that 

0.965 and 0.992. This shows that pseudo second order reaction model described the 

data better than first order reaction model. Figures 10 and 11 respectively show the 

tests of pseudo- first order rate equation and pseudo second order rate equation. 

 

 

Figure 12: First order kinetics for Sulphur removal by Coconut shell activated 

carbon(10 gm) 
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Figure 13: Second order kinetics for sulphur removal by coconut shell activated 

carbon (10gm) 

 

Figures 12 and 13 respectively show the tests of pseudo first order rate equation and 

pseudo second order rate equation.The first order and second order reaction model 

gives values of R2 such as 0.970 and  0.910 respectively which shows that pseudo 

second order reaction model described the data better than first order reaction model 

when 10 gm of activated carbon for adsorption of sulphur from diesel. 

 

 

6. CONCLUSION 

Coconut shell activated carbon was proved good option as low cost adsorbent for 

adsorptive desulphurization. The desulfurization of diesel fuel with 334.5 ppmw of 

sulfur was performed in a batch experiment using coconut shell activated carbons at 

atmospheric temperature and pressure for the effect of contact time, adsorbent dose 

and sulphur concentration. Desulphurization was carried for removal of sulphur from 

activated carbon and compared sulphur content in diesel before and after adsorption. 

Desulphurization of diesel by adsorption using sulphuric acid activated carbon gives 

reduction in sulphur more than 50% of that original sulphur content.First order and 

second order model was applied for the kinetic study for adsorbent. First order model 

was gives better results for 2,6, and 10 gm of adsorbent and 4 and 8 gm of adsorbent 

give better results for second order model. The Freundlich (R2 = 0.831) and   

Langmuir adsorption isotherm (R2=0.817) were used to correlate the experimental 

data.Equilibrium data were best described by the freundlich isotherm model. 
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