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An adsorbent has been prepared from lignite by chemical activation using ZnCl2. Pore properties of 
the activated carbon such as the surface area determined by the Brunauer-Emmett-Teller (BET)  
method, pore volume, pore size distribution, and pore diameter were characterized by t-plot based on 
N2 adsorption isotherm. The determined surface area of the adsorbent which was primarily contributed 
by micropores was 600 m2/g. Activated carbon from lignite was used to adsorb methylene blue (MB) 
from an aqueous solution. The effects of the initial dye concentration, agitation time and initial pH 
have been studied. It was found that the adsorption isotherms followed both Langmuir and Freundlich 
models. However, the Langmuir model gave a better fit to all adsorption isotherms than the Freun-
dlich one. The kinetics of adsorption of MB has been tested using pseudo-first-order, pseudo-second-
order models, as well as the intra-particle diffusion equation. The results obtained show that the            
adsorption of MB from an aqueous solution onto microporous activated carbon takes place according 
to the pseudo-second-order model.  
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INTRODUCTION 
 

As the demand for environmental protection in-
creases every year, activated carbons are extensively 
widely used in industry for purification, separation, 
and recovery processes. Activated carbon is one of 
the most widely used materials in water purification 
because of its tremendous adsorptive capacity due to 
a large surface area, microporosity, and good corro-
sion resistance. In general, preparation of activated 
carbon is commonly realized by chemical or physi-
cal activation. Chemical activation can be accom-
plished in a single step by carrying out thermal         
decomposition of a raw material with chemical rea-
gents. Chemical activation processes have been car-
ried out with acidic reagents: ZnCl2 [1], H2SO4 [2], 
and H3PO4 [3], or with basic reagents: K2CO3 [4], 
KOH [5], NaOH [6], and Na2CO3 [7]. It involves 
pyrolyzing the feedstock in the presence of a chemi-
cal activating agent such as H3PO4, ZnCl2, KOH, 
etc. 

Regarding the environmental effect and chemical 
recovery of those agents, ZnCl2 is the most preferred 
one. Several researchers have reported the prepara-
tion of chemically activated carbons from various 
raw materials, such as lignine [1], rice [8], olive 
stones [9], date pits [10], etc. Those materials were 
particularly chosen to prepare activated carbon due 
to the presence of high wood fiber content in them. 
A surface activation technique helps to develop a 
large superficial area, several surface functions, and 
the affinity for several adsorbates, but it is expen-
sive. Lignite, used in the present investigation, is an 
inexpensive, low-rank carbonaceous material with a 
low heating value. 

In the present study, activated carbon from lignite 
was produced using chemical activation processes. 
The aim was to investigate the optimum conditions 
for removing methylene blue (MB) and to calculate 
the adsorption capacity. In addition, the adsorption 
mechanism was investigated through two adsorption 
kinetic models such as the pseudo-first-order model 
and the pseudo-second-order model. 

 

EXPERIMENTAL 
 

Adsorbate 
 

As the model adsorbate, a cationic dye which is 
difficult to be degraded in natural environments was 
selected. A standard stock solution was prepared by 
dissolving the dye in double distilled water to the 
concentration of 1000 mg/L. 

Working solutions of the desired concentrations 
were obtained by successive dilutions. 

 

Preparation of activated carbon 
 

The starting lignite was washed with water                 
several times and then dried at 423K. The dried lig-
nite was crushed and sieved, the fractions of the par-
ticle size between 0.5 and 1.0 mm being used for the 
preparation of activated carbon.  

The activated carbon sample was produced by 
chemical activation with zinc chloride (99%) and 
lignite, from Tunisia (from Tabarka – a coastal town 
located in north-western Tunisia). Lignite was added 
to ZnCl2 grains with an impregnant/precursor mass 
ratio of 2 (20 g/10 g) and was mixed until the total 
homogeneity. The mixture of natural lignite and the 
activated reagent (ZnCl2) was heated up to different 
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final carbonization temperatures in the same furnace 
at the rate of 10°/min (the activation temperature 
varied over the range of 300–500°C). A low tempe-
rature ramp rate was used to minimize the tempera-
ture difference between the mixture and the furnace, 
to provide sufficient activation time and to avoid a 
rapid decomposition of the sample. The sample was 
cooled below 323K before being removed from the 
furnace. After cooling to room temperature, the acti-
vation mixture was washed with hot distilled water 
several times so as to remove the residual chemical 
activating agent.  

After washing, the sample was dried at 80°C in a 
vacuum oven for least 2 h in order to obtain activa-
ted carbon. 

Instrumentation 
 

The spectrophotometric determination of dye was 
done on a Shimadzu UV–vis spectrophotometer           
(Model UV-2100S). The pH of the solutions was 
measured by a microprocessor-based pH meter pH 
211. The Brunauer-Emmett-Teller (BET) method 
was used to determine the surface area and porosity 
of the adsorbents. The pore size distribution, surface 
area (SBET), micro pore volume (Vmicro) and the total 
pore volume (VTOT) of the produced carbon were 
determined from the nitrogen adsorption-desorption 
isotherm at 77K using a Quantachrome Autosorb            
1-MP. SBET was determined by the BET method as in 
[11] and the t-plot method was used to estimate the 
volumes of micropores and the micropore surface 
area. The total pore volume (Vp) was estimated from 
the amount of nitrogen adsorbed at a relative pres-
sure of P/P0 = 0.97 and the average pore diameter 
was calculated from Dp = 4Vp/SBET [12]. 

 

The Dubinin-Radushkevich equation 
 

The Dubinin-Radushkevich (DR) equation is 
usually used to describe adsorption in microporous 
materials, especially those of a carbonaceous origin, 
which are the objects of the present paper. In its 
basic form, the DR equation can be written as: 
 

W/W0 = exp[-(A/E)2] = exp[-(RT ln (x)/E)2], 
 

where x = p/p0. The characteristic energy E for a 
given fluid–solid system can be further expressed 
using a scaling factor J as: 
 

E = βE0, 
 

where E0 is the characteristic energy of a “standard” 
adsorbate with respect to the given solid. The                 
characteristic curve of a system is established by 
plotting the logarithm of the amount adsorbed W vs 
log2(1/x). This is to test the suitability of the equa-
tion and/or to determine its range of applicability. If 
the equation is applicable, the plot would be a 
straight line with a slope (RT/E)2 and an intercept 

log(W0), depicting the characteristic energy and the 
micropore volume that can be obtained. 

The point of zero charge is pH at which the sur-
face has a zero net charge, known as pHpzc. It is 
characteristic of amphoteric surfaces and is deter-
mined by the type of surface sites on solids and their 
structures. The samples of powders (0.15 g) with            
50 mL of 0.01M NaCl solution were shaken in the 
bottle for 48 h. The initial pH values were adjusted 
(in the pH range from 3.5 to 10) by adding a small 
amount of HCl or NaOH solution keeping the ionic 
strength constant. The final pH was measured after 
48 h under agitation at room temperature. The pHpzc 
of the adsorbent is the point where the curve pHfinal 
vs pHinitial crosses the line pHinitial = pHfinal [13, 14].  

The amounts of acidic functional groups were  
determined by Boehm’s method of titration with 
basic solutions of different base strengths: NaHCO3, 
Na2CO3, NaOH, C2H5ONa [15, 16]. This was 
achieved by accurately weighing 1.00 g of the sam-
ple into four conical flasks with a stopper.  

For this purpose the samples were agitated for at 
least 16 h with 0.05 N solutions of four bases. The 
amount of Na+ ions remaining in the solution iwa 
determined by adding an excess of the standard HCl 
and back-titration. The basic group contents of the 
oxidized samples were determined with 0.05 N HCl 
[16, 17].  

Adsorption experiments 
 

Adsorption studies were conducted in order to 
investigate the effect of pH, the effect of the contact 
time, and of the initial dye concentration on carbon 
samples. 

The batch sorption studies were conducted in a 
set of 250 ml Erlenmeyer flasks containing 0.10 g 
adsorbent and 200 mL of the dye solutions with          
various initial concentrations: 50, 250, 500, 750, 
850, and 1000 mg/L. The flasks were agitated in an 
isothermal shaker at 200 rpm and 30°C until the 
equilibrium was reached. Dye concentrations in the 
supernatant solutions were measured by the Lambda 
Bio 20 UV/Visible spectrophotometer at 664 nm for 
the MB uptake at equilibrium; qe (mg/g), was deter-
mined by: 

 0 ,e
e

C C V
q

W

 
   

where C0 and Ce (mg/L) are the liquid-phase concen-
trations of MB at initial and equilibrium, respective-
ly, V (L) is the volume of the solution, and W (g) is 
the mass of adsorbent used. The effect of pH on dye 
removal was examined by varying the pH of the so-
lution from 2 to 12, with the initial dye concentra-
tion of 1000 mg/L, the activated carbon from lignite 
dosage of 0.10 g/500 mL, and the adsorption tem-
perature of 30°C. The initial pH of the dye solution 
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was adjusted by adding 0.10M of HCl or NaOH  
solution.  

The equilibrium data were fitted using the Lang-
muir and Freundlich isotherm models. 

The Langmuir isotherm assumes monolayer            
adsorption onto a surface containing a finite number 
of adsorption sites. The linear form of the Langmuir 
isotherm equation is derived in [20]: 

0 0

1 1
,e

e
e L

C
C

q Q K Q
   

where Q0 (mg/g) and KL (dm3/g) are Langmuir con-
stants related to the adsorption capacity and the rate 
of adsorption. 

The Freundlich isotherm assumes heterogeneous 
surface energies, in which the energy term in the 
Langmuir equation varies as a function of the sur-
face coverage. The well-known logarithmic form of 
the Freundlich isotherm is given in [21]: 

1
ln ln ln ,e F eq K C

n
    

where KF (mg/g) (L/mg) and 1/n are the Freundlich 
adsorption constant and a measure of adsorption in-
tensity, respectively. 

The procedure of adsorption kinetic was identical 
to the adsorption equilibrium where the aqueous 
samples were withdrawn at different time intervals 
and the concentrations of dyes were similarly           
measured. The amount of adsorption at time t, qt 
(mg/g), was calculated by: 

 0 ,t
t

C C V
q

w


  

where Ct (mg/l) is the liquid-phase concentration of 
a dye at time t. When adsorption is preceded by dif-
fusion through a boundary, the kinetics in most sys-
tems follows the pseudo-first-order equation. The 
first-order expression based on the solid capacity is 
defined in [22] as: 

1ln ,
2,303

e

e t

q k
t

q q

 
  

  

where k1(1/h) is the adsorption rate constant. Unlike 
the pseudo first-order equation, the pseudo second-
order equation, as in [23], predicts the behavior over 
a whole range of adsorption and is represented as: 

  2

1 1
,

e t e

k t
q q q

 


  

where k2 (g/mgh) is the adsorption rate constant of 
the pseudo second-order equation. 

 

RESULTS AND DISCUSSION 
 

Characterization of the prepared adsorbent 
 

Figure 1 shows the N2 adsorption isotherm of          
activated carbon produced at the carbonization at 
300, 400, 450, and 500°C using ZnCl2 as reagent. It 
is evident from the nature of plots that N2 adsorption 

follows isotherm of the type I pattern, characteristics 
of microporous solids according to the IUPAC clas-
sification [24]. Table 1 contains the BET surface 
area (SBET), the external surface area (including    
mesopores and macropores area Sext), the micropores 
surface area (Smic), the total pore volume (Vt), and 
the average pore diameter (Dp), which are the results 
obtained by applying the BET equation to the N2 
adsorption at 77K and the DR equation to the N2 
adsorption at 77K. 

It was found that the activated carbon at 450°C 
had a remarkable BET surface area, which was pri-
marily contributed by micropores. 

The average pore diameter was 2.6 nm, indicative 
of its micropores character. 

It appears that activated carbon was dominantly 
micropores. Percentage of micropores area is 82%. 

The characteristic energy (E), the micropore sur-
face (Sµ), and the micropore volume (Vµ) of the 
samples studied are presented in Table 1. These  
values are obtained by the DR equation. 

The surface micropore volume values are in the 
range 0–492 m2/g. The dimensionless energy of          
adsorption E ranges from 5 to 6.1 kJ/mol for               
different samples. 

As the surface acidity of carbon increased by 
chloride zinc activation, its pHpzc was lowered, 
whereas heat activation at 450°C had a higher value 
(Table 2). The pHpzc is closely related to the change 
of acidic or basic properties of carbon (Table 2).  

The FTIR spectra of the natural lignite and lignite 
at 300°C, 400°C, 450°C, and 500°C (all samples 
were analyzed before adsorption) are given in              
Figure 2. The spectra present most intense peaks, 
indicating a relatively high concentration of the rele-
vant functional groups. The broad band between 
3200 and 3500 cm−1 can be attributed to -OH 
stretching vibration of the hydroxyl group. Low  
absorbance at 2923 and 2855 cm−1 corresponds to 
the C-H stretching of methylene group. The band at 
1625 cm−1 is assigned to the C=O stretching vibra-
tions of quinoid structure [18]. The absorbance at 
1400 and 1033 cm−1 arises from the C-O stretching 
and O-H bending [19]. The presence of peaks at 526 
and 473 cm−1 is C-C out of plane bending of alipha-
tic groups. 

 

Effect of initial pH on adsorption 
 

The magnitude of electrostatic charges imparted 
by the ionized dye molecules is primarily controlled 
by the pH of the medium. The amount of the dye 
adsorbed or the rate of adsorption tends to vary with 
pH of the aqueous medium. 

The experimental results of the adsorption of MB 
on the natural lignite and corresponding activated 
carbon as a function of pH at an initial dye concen-
tration of 1000 mg/L and 0.1 g adsorbent dosage is 
shown in Figure 3.  
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Fig. 1. Nitrogen adsorption isotherms for various activated 
lignite carbon samples against that of untreated lignite  
sample. 

Fig. 2. FTIR spectra of raw lignite and adsorbents prepared by 
chemical and thermal activation. 

 

Table 1. Physical properties of natural lignite and theirs corresponding activated carbons 
 

 
SBET 

(m2/g) 
Vt 

(cm3/g) 
Dp 

(nm) 

D-R Values 

Sµ(m2/g) Vµ(cm3g-1) E(kJ/mol) 

Natural lignite 12 0.11 36 0 0 1.1 
Lignite 300°C 120 0.16 5.3 98 0.1 5.6 
Lignite 400°C 400 0.32 3.2 328 0.19 5.8 
Lignite 450°C 600 0.39 2.6 492 0.26 6.1 
Lignite 500°C 495 0.34 2.7 406 0.21 6 

 

Table 2. Chemical properties of natural lignite and their corresponding activated carbon 
 

 pHpzc Total acid (mmol/g) Total basic (mmol/g) 

Natural lignite 4 5.17 0.8 
Lignite 300°C 5.3 5.3 0.75 
Lignite 400°C 5.5 5.6 0.73 
Lignite 450°C 5.9 6 0.70 
Lignite 500°C 5.7 5.9 0.71 

 

Fig. 3. Effects of solution pH on the adsorptive uptake of MB 
at 30°C. 

Fig. 4. Adsorption of MB on natural lignite and activated car-
bon as a function of contact time. 

 

The adsorption behavior of dyes was strongly pH 
dependent. The highest MB adsorption capacity was 
experimentally observed at pH 9, this capacity dras-
tically decreased at lower pH values. The reduction 
of MB removal at pH values about 9 may be               
ascribed to the increasing repulsive forces between 
the surface functional groups of AC and MB, which 

mainly exist as cations. These results are consistent 
with the data in literature [25]. 

 

Effect of contact time on adsorption 
 

Adsorption experiments were carried out for dif-
ferent contact times and with a fixed adsorbent          
dosage of 0.1 g  at  pH = 9. The results in Fig. 4 rep- 
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Table 3. Isotherms parameters obtained by Langmuir and Freundlich models for removal of MB by activated carbon 
and natural lignite 
 

Adsorbent 
Langmuir Constant Freundlich Constant 

KL (L/mg) Qe(mg/g) R2 1/n KF (mg/g) R2 

Natural lignite 0.487 43.2 0.997 0.323 13.5 0.92 
Lignite 450°C 0.106 370.37 0.994 0.39 49.8 0.858 

 

Table 4. Kinetic parameters for the adsorption of MB onto natural lignite before and after activation at 25°C 

 

resent the adsorption capacity of MB on activated 
carbon at different contact times as compared to nat-
ural lignite that was not carbonized. 

For activated carbon from lignite at 450°C, an 
adsorption capacity of 178 mg/g is obtained at the            
6 h contact time, 0.5 g/L adsorbent dose, and pH = 9 
for MB. But the maximum adsorption capacity of 
natural lignite was observed at 25 mg/g for MB at            
4 h. Figure 4 also shows that a rapid increase of the 
MB capacity is achieved during the first hour. 

 

Adsorption isotherms 
 

The adsorption equilibrium data were fitted for 
the Langmuir and Freundlich isotherms. 

The isotherm results indicate that the adsorption 
of MB onto natural lignite and corresponding acti-
vated carbon is consistent with the Langmuir and 
Freundlich isotherms. 

The characteristic parameters of different models 
as well as the correlation coefficients R2 are listed in 
Table 3.  

The correlation coefficients calculated for the 
Langmuir equation fitting are slightly lower than 
those obtained in the case of the Freundlich equa-
tion. However, we think that the Langmuir model is 
a better description of the experimental system for 
the present research because the experimental data 
reaches a saturation plateau at high Ce. This satura-
tion tendency is not included in the Freundlich  
model. 

Adsorption kinetics 
 

Kinetic parameters for the two kinetic models 
and correlation coefficient are summarized in             
Table 4. 

Table 4 shows that the correlation coefficients of 
the second-order kinetic model are higher than oth-
ers. Also, the calculated qe values very well agree 
with the experimental data (qe exp). These indicate 
that the adsorption perfectly complies with the pseu-
do-second-order reaction as in [26]. Similar kinetic 
results have been also reported in literature [27–29]. 

Adsorption mechanism 
 

The adsorption mechanism for the dyes adsorp-
tion is electrostatic interaction; the removal capacity 
of MB is at a maximum within the range of pH 8–9. 
In this pH range, the surface of activated carbon is 
negatively charged and MB is positively charged            
(-S+). The deprotonated groups of activated carbon 
are mainly carboxylic (-CO-O-) and phenolic (-O-) 
groups. At the solution pH ≥ 4, the removal capacity 
of MB was expected to increase, as the adsorbent 
was negatively charged and dye molecules were  
positively charged. The constant adsorption capacity 
of activated carbon for dyes with the pH ≥ 9 was an 
indication that the electrostatic mechanism was not 
the only mechanism for dye adsorption in this sys-
tem. Activated carbon can also interact with dye 
molecules via hydrogen bonding and hydrophobic-
hydrophobic mechanisms [30]. 

In order to describe the competitive adsorption, 
we used the intra particle diffusion model proposed 
by Weber and Morris [31]. In a liquid-solid system, 
the fractional uptake of the solute on a particle varies 
according to r (the particle radius) and a fraction of 
D (the diffusivity within the particle). The initial rate 
of the intra particle diffusion was obtained by linea-
rization of the curve qt = f (t1/2). The plot of qt 
against t1/2 may present multi-linearity [32]. This 
shows that two or more steps occur in the adsorption 
processes. The first sharper portion is instantaneous 
adsorption stage or external surface adsorption. The 
second portion presents the gradual adsorption stage; 
in this stage the intra particle diffusion is rate-
controlled. The third portion presents the final equi-
librium stage in which the intra particle diffusion 
starts to slow down because of a low solute concen-
tration in the solution. 

The comparison of the diffusion rate constants 
kint-1 and kint-2, for the same adsorbent, shows that                    
kint-2 = 3.83 (stage 2) has a lower value than                    
kint-1 = 7.17 (stage 1) for both adsorbents.  

The reduction of the adsorption rate in the second 
stage may be due to pore blockage or steric hin-

Adsorbent 
 

Qe.exp 

(mg/g) 

First-order kinetic model Second-order kinetic model 
k1 

(lg-1h-1)
Qe,calc 

(mg/g) 
R2 

k2 

(gmg-1 h-1) 
Qe,calc 

(mg/g) 
R2 

Natural lignite 25 0.482 2.72 0.509 0.117 25.57 0.999 
Lignite 450°C 175 0.759 22.5 0.664 0.18 178.57 0.999 
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drance exerted by the adsorbed MB onto the adsor-
bent surface. As shown by Fig. 5, the plots of qt vs 
t1/2 did not fit with straight lines passing through the 
origin as required by Eq. (1), indicating the inap-
plicability of this model, and the intra particle diffu-
sion was not the rate-controlling step during the  
adsorption process of MB ions onto AC: 
 

qt = Kint t1/2 + C,                          (1) 
 

where Kint is the intraparticle diffusion rate constant 
(mg/gh1/2) and C is the intercept (mg/g) proportional 
to the boundary layer thickness. 

 

 
 

Fig. 5. Intra particle diffusion plots for MB adsorption onto 
activated carbon. 

CONCLUSION 
 

The results of this work can be summarized as 
follows: 

(1) The N2 adsorption isotherm on activated car-
bon is of type I. The values of SBET, Smicro, Vt and 
Vmic are 600 m2/g, 492 m2/g, 0.39 cm3/g and               
0.26 cm3/g, respectively. Results show that activated 
carbon is dominantly micropores. Percentage of  
micropores area is 82%. 

(2) The maximum removal of the dye was          
observed at pH = 9. Adsorption experiments were 
carried out for different contact times at different 
temperatures with a fixed adsorbent dosage of                
0.1 g/50 mL at natural pH. The equilibrium time was 
6 h. 

(3) The adsorption isotherm followed the Lang-
muir and Freundlich models. The Langmuir model 
gave a better fit to all adsorption isotherms than the 
Freundlich one.  

(4) The kinetics of adsorption of MB onto natural 
lignite and corresponding activated carbon was  
studied by using two kinetic models. The adsorption 
of MB from aqueous solution onto the microporous 
activated carbon proceeds according to the pseudo-
second-order model which provides the best correla-
tion of the data in all cases.  
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Реферат  
 

Адсорбент был получен из лигнита при химиче-
ской активации с помощью ZnCl2. Свойства пор акти-
вированного угля, такие как площадь поверхности, 
определяемая по методу Брунауэра-Эммета-Теллера 
(БЭТ), объем пор, распределение пор по размерам, и 
диаметр пор характеризовались  по t-кривой на основе 
изотермы адсорбции N2. Первичная площадь поверх-
ности адсорбента, определяемая микропорами, была 
600 м2/г. Активированный уголь из лигнита использо-
вали для адсорбции метиленового синего (МС) из 
водного раствора. Было изучено влияние концентра-
ции исходного красителя, времени перемешивания и 
начального рН. Было установлено, что изотермы ад-
сорбции согласуются с обеими моделями Ленгмюра и 
Фрейндлиха. Тем не менее, модель Ленгмюра лучше 
подходят для всех изотерм адсорбции, чем модель 
Фрейндлиха. Кинетика адсорбции МС была провере-
на с помощью моделей псевдо-первого порядка, псев-
до-второго порядка, а также уравнения внутренней 
диффузии частиц. Полученные результаты показыва-
ют, что адсорбция МС из водного раствора на микро-
пористом активированном угле происходит в соответ-
ствии с моделью псевдо-второго порядка. 

 

Ключевые слова: активированный уголь, лигнит, 
адсорбция, метиленовый синий.  
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