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In this study, equilibrium and kinetic adsorption of 4,6-DMDBT removal from model fuel, using an 

acid treated activated carbon is investigated. The equilibrium adsorption capability of this adsorbent 

is investigated. The equilibrium adsorption data fitted by Freundlich and To t̀h isotherms. The 

kinetic adsorption is also investigated by using two kinetic models: intraparticle diffusion model, 

and homogeneous surface diffusion model (HSDM). The results have shown that the experimental 

equilibrium adsorption data were fitted very well with both Freundlich and To t̀h isotherms. 

Homogeneous surface diffusion model very well fitted kinetic experimental data. Mathematical 

modeling of the process using HSDM results in values of mass transfer and diffusion coefficients 

as 2.5558×10-2 m⁄min and 3.4056×10-6 m2⁄min for 4,6-DMDBT adsorption, respectively. HSDM also 

reveals that both boundary layer diffusion and diffusion into pores of adsorbent are present at the 

rate-limiting step of the adsorption process.
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INTRODUCTION
Sulfur compounds in the fuels cause many 

environmental pollution impacts. They also 

result in acid rains. Usually separation of sulfur 

compounds in conventional methods including 

hydrogenation of the fuels with hydrogen gas. 

But the problem is that the conventional methods 

are unable to remove all sulfur compounds. For 

example, strong compounds such as tuphene, 

benzo-tuphene, dibenzo-tuphene, and their 

derivatives cannot be separated by conventional 

methods with hydrogen gas [1]. In order to 

separate such components, other methods must 

be used. Adsorption by the porous adsorbent is 

a method that can be used for such separation. 

Recently, some studies in the literature 

investigated the capability of adsorption process 

for separation of sulfur compounds by zeolite 

adsorbent, activated carbon and modified 

activated carbon with copper, nickel, argent, 

and potassium hydroxide [2-7]. Investigation 

of theoretical models of adsorption behavior 

for describing equilibrium and kinetics of the 

adsorption process is also important. These 

studies help to understand the mechanism and 

optimize the process.

In this study, activated carbon for adsorption 

of sulfur compound from a synthesis fuel was 

modified and used. In order to obtain the kinetic 

and isotherm of modified activated carbon, 

equilibrium, and kinetics experimental adsorption 

is performed, and different theoretical model 

is fitted to the experimental model. Finally, 

with mathematical modeling of the adsorption 

process, the mass transfer coefficient for sulfur 

compounds is calculated.

EXPERIMENTAL METHOD
In this study, activated carbon has been employed 

for sulfur compound adsorption. This activated 

carbon is charcoal base and the particle diameter 

is about 1 mm. the BET surface area is 1290 m2/g 

of adsorbent and micropore diameter is 1.6 nm. 

At first, in order to remove impurities from the 

activated carbon, it was washed with acetone 

several times and dried. For modification, the 

activated carbon was treated with 4M nitric 

acid for 24h in lab temperature. After that, the 

mixture was filtered and successively washed 

with distilled water until the pH became neutral. 

Then the adsorbent was dried at 80°C in an 

oven overnight. For measuring the isotherm, 

equilibrium adsorption was employed. The 

synthesis fuel included n-decane as hydrocarbon 

fuel and 4,6-dimethyldibenzotuphene as a 

sulfur compound. For adsorption equilibrium 

experiment, 10 ml of synthesis fuel with 0.1g of 

modified adsorbent was mixed in a sealed bottle 

and mixed with a magnetic stirrer for 24h at lab 

temperature (25°C). The initial concentration 

of sulfur compound was varied from 400-

1200 ppm. After equilibrium reached, the final 

concentration of the sulfur compound in the fuel 

was measured with a gas chromatograph. For 

the kinetic experiment, about 0.1 g of adsorbent 

was contacted with 10 ml of synthesis fuel with 

an initial concentration of 1200ppm. At a certain 

time interval, 0.4 µl of the sample withdrawn 

by a GC syringe and analyzed by GC. In order to 

investigate the repeatability of the experiment, 

in some concentrations, the experiments 

were repeated twice. The repeatability of 

the experiments revealed that the data are 

repeatable with a maximum error of ±6%.
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RESULTS
MODIFICATION OF ADSORBENT
The BET surface area measurement revealed 

that the surface area of the modified adsorbent 

reduced to 830 m2/g of adsorbent. Also, it was 

revealed that the total pore volume of the 

adsorbent reduced from 0.55 cm3/g to 0.37 

cm3/g. In addition, it was determined that 

the mean pore diameter of the adsorbent has 

not changed by acid modification. The energy 

dispersive X-ray (EDX) analysis showed that 

the initially activated carbon is just carbon, but 

modification of the adsorbent introduced oxygen 

atoms to the structure of the adsorbent by 9 wt%. 

This oxygen introduced in form of carbonyl and 

hydroxyl group to the surface of the adsorbent. 

EQUILIBRIUM AND KINETIC OF 4,6-DMDBT

Figure 1 shows the 4,6-DMDBT concentration 

variation with time in the liquid phase at lab 

temperature (25°C). As Figure 1 shows, at the 

beginning the kinetic is rapid and after 250 min 

the equilibrium is reached. 

Figure 1: Concentration change of 4.6-DMDBT at 25°C.

The adsorbed amount can be calculated accord-

ing to the following equation:
( )0 −= eV C C

q
M                                                                 (1)

where q is the amount of adsorbed, V is the initial 

volume of the liquid, C0 is the initial concentration 

of the sulfur compound in the liquid phase, Ce is the 

equilibrium concentration of the sulfur compound 

and the M is the mass of adsorbent used.

In Figure 2, the fitted Freundlich and Toth isotherms 

with experimental data are presented. As it can be 

seen, both isotherms predicted experimental data 

very well. The value of 1/n in Freundlich showed the 

intensity of the adsorption which higher value shows 

favorable adsorption (Table 1). As Figure 2 shows, at 

550 ppmw the amount of 4,6-DMDBT adsorption 

is near its saturation. At higher concentration, the 

amount of adsorption did not increase significantly. 

The isotherm is type I which indicated single layer 

adsorption. The results showed that the sulfur 

compounds adsorption on activated carbon is 

irreversible where increasing the temperature of the 

adsorbent to 850 K, the amount of adsorbed sulfur 

on the surface of the adsorbent is near 70 % of its 

initial amount. This can be attributed to the chemical 

interaction of the sulfur with the oxygen on the 

surface of the adsorbent.

Figure 2: Equilibrium adsorption isotherm,  
experimental data, - - Toth isotherm, __ Freundlich 
isotherm.

Table 1. The fitted value of both isotherms is 
presented in table 1.

valueParameterIsotherm
0.9154K (L/g)n

Freundlich 0.7312n/1
0.9949R2

182.7039(qm (mg/g

Toth
0.00197(b (l/mg
0.8476t
0.9996R2
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MATHEMATICAL MODELING OF THE 

ADSORPTION PROCESS

In order to investigate the kinetics of adsorption, 

two models including homogenous surface 

diffusion (HSDM) and pore diffusion model 

(PDM) were employed. The predicted amount of 

adsorption and the relative error of both model 

are presented in Table 2. The relative error was 

calculated according to the following equation. 

exp

exp

100
 −

= × 
 
 

calq q
RE

q
                                              (2)

The higher relative error value for the pore 

diffusion model compared to the homogenous 

surface diffusion indicates that this model cannot 

predict the kinetic behavior of the present system. 

It can be concluded that the homogenous surface 

diffusion model is a proper model for prediction 

of the kinetic behavior of sulfur compound 

adsorption on activated carbon.

The pore diffusion model prediction is less 

accurate compared to HSDM model which 

can be attributed to the hard adsorption of 

4,6-DMDBT compound on the adsorbent sites. 

The pore diffusion model assumes that the rate 

controlling step is the diffusion of the particle 

on the pore while in HSDM it is assumed that 

the rate controlling step is the adsorption of 

adsorbate on the surface of the adsorbent. 

4,6-DMDBT molecule is a hard adsorbed 

molecule, and therefore diffusion inside pores 

is difficult. Therefore, the rate controlling step 

is adsorption on the surface which is predicted 

in the HSDM model. Therefore, the HSDM has a 

better prediction of the amount of adsorption.

Table 2: Kinetic experimental value and mathematical model prediction with relative error.

Relative error (%)Calculated value (mg/g)Experimental 
value (mg/g)Time (min)

HSDMPDMHSDMPDM
0.41.3230.416530.942630.593920

0.7112.5443.922838.960744.236040
1.1513.5451.031844.636151.627260
0.6111.6455.840549.648256.185680
0.799.7759.446254.064059.9167100
0.915.1664.495261.727465.0877140
0.060.8867.797568.353867.7543180
1.237.2770.093174.267069.2411220
2.9414.3871.711679.681069.6662260
0.988.50---Mean relative error

CONCLUSIONS
Investigation of equilibrium and kinetic 

adsorption of 4,6-DMDBT from synthesis fuel 

on modified activated carbon revealed that the 

Freundlich and Toth isotherms can predict the 

experimental isotherm data. Also, mathematical 

modeling of adsorption kinetic with PDM and 

HSDM models has revealed that the HSDM model 

has a better prediction of kinetics adsorption . In 

addition, the mass transfer coefficient and mass 

transfer diffusion of 2.5558×10-2 m2/min and 

3.4056×10-6 m2/min for 4,6-DMDBT adsorption 

was calculated respectively. 
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