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ABSTRACT 
 
In this study, three different types of Turkish lignite coals (Ermenek, Beyşehir and 
Ilgın) were chemically activated in a quartz tube reactor at high temperatures. 
Experiments were performed to investigate the effects of various parameters such 
as activation time, activation temperature, chemical activator and activator dosage 
on the quality of the activated coal. The production yield of activated coal, sorption 
of trihalomethanes and BET surface area showed that the best activated coal was 
prepared with Ermenek lignite. The activated Ermenek lignite (EAC) was 
characterized based on the BET surface area, chemical composition, FT-IR and 
SEM analyses. The sorption capacities of EAC were obtained as 3.520, 2.730, 4.460 
and 2.740 mg/g for chloroform (CHCl3), bromodichloromethane (CHBrCl2), 
dibromochloromethane (CHBr2Cl) and bromoform (CHBr3), respectively. The 
characteristic of the prepared activated carbon was found comparable to the 
commercial activated carbon. 
 
Keywords: Lignite, activation, activated coal, sorption, trihalomethane.  
 
Abbreviations: IR: infrared; SEM: Scanning electron microscopeel. 

 
 
INTRODUCTION 
 
Activated carbon is the most widely used adsorbent for 
water treatment due to its extremely high surface area, 
micropore volumes, large adsorption capacity and fast 
sorption kinetics. The most precursors used for the 
production of activated carbons are organic materials like 
coal, wood, corn, petroleum, peat and other biomass 
(Tongur and Aydın, 2013; Ahmadpour, 1996; Prahas et al., 
2008; Teng et al., 1998).  

Lignites have been a popular biosorbent choice in 
numerous biosorption studies and are plentiful, 
inexpensive and widely available (Gode and Pehlivan, 
2006). They are characterized by their low calorific value, 
as well as high oxygen and moisture contents. The high 
oxygen content of low-rank coals allows the unique 
capability for lignite to remove cations from the solution 
through ion exchange with carboxylic acid and phenolic 

hydroxyl functional groups on the surface of coals (Arslan 
and Pehlivan, 2007).  

In recent years, a considerable attention has been 
devoted to the use of activated carbons obtained from 
coals due to low cost of production, abundant resources 
and other specific beneficial properties such as well-
developed surface area, high mechanical and chemical 
resistance and good ion-exchange properties, etc (Kopac 
and Atakan, 2007; Pietrzak et al., 2006; Schobert and Song, 
2002). 

In general, either chemical or physical activation 
processes can be used for the preparation of activated 
carbons. The chemical activation consists of a 
carbonization step at a specific temperature in the 
presence of chemical agents such as KOH, NH4Cl and ZnCl2, 
etc. These chemical additives successfully enhance the  
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active carbon surface area, pore volume and constitution 
of cross-links, etc (Otowa et al., 1997) and the physical 
activation process consists of a preliminary thermal 
treatment of the carbonaceous precursor in an inert 
environment which is called pyrolysis and followed by a 
suitable activation of the resulting char using steam or 
carbon dioxide. One of the important advantages of the 
chemical process over the physical process is that the yield 
tends to be greater as carbon burn-off is not required in 
chemical process (Kopac and Atakan, 2007). 

In previous studies, various researchers mentioned the 
use of activated carbons obtained from different organic 
materials such as coal, agricultural waste (Mohan and 
Singh, 2002), evergreen oak (Quercus rotundifolia 
L.)  (Gómez-Tamayo et al., 2008), rubberwood sawdust 
(Kumar et al., 2006), bamboo based activated carbon 
(Hameed et al., 2007), saw dust and rice-husk and leather 
shaving waste (Kantarli and Yanik, 2010) for the removal 
of different pollutants from aqueous samples. 

Based on the literature survey, the studies on the 
preparation of the activated carbon from lignite are rare 
(Papanicolaou et al., 2009; Pietrzak et al., 2006; Usmani et 
al., 1996). Moroever, there is no report on the use of 
activated carbon obtained from lignite for the removal of 
trihalomethanes (THMs) from waters.  

THMs are produced during the reaction between 
chlorine and the organic substances in water as a result of 
the disinfection process. In addition, the bromide ions in 
water form the brominated-THMs. The most common 
THMs are chloroform (CHCl3), bromodichloromethane 
(CHBrCl2), dibromochloromethane (CHBr2Cl) and 
bromoform (CHBr3). In order to protect the public health 
from the possible carcinogen effects of these substances, 
the US EPA to regulate the appropiate concentration of 
THMs in drinking water to the “Safe Drinking Water Act” 
set the standard as 80 µgL-1 (ATSDR, 2000). Therefore, the 
removal of THMs in drinking water is important for human 
health.   

The aim of this work was to activate lignite chemically 
and investigate its potential use for the removal of THMs 
from water. Additionally, various parameters affecting the 
activation process such as activation temperature, type 
and dosage of chemical activator were investigated and 
sorption experiments performed according to the batch 
techniques.  
 
 
MATERIALS AND METHODS 
 
Chemical reagents 
 
All chemicals used in this study were of analytical grade. 
Single THM standard, CHCl3, CHBrCl2, CHBr2Cl and CHBr3 
was from Accustandard Co. (USA). 10 mg L-1 standard 
stock solution of mixed THMs was prepared in methanol  

 
 
 
(Merck Co., residue grade, Darmstadt, Germany). Methyl 
tertbutyl ether as an extraction solvent was also from 
Merck Co. (Darmstadt, Germany). All solutions were stored 
in the dark at 4°C temperature and the working solutions 
prepared by the dilution of the standard stock solution of 
mixed THMs with distilled water. 
 
 
Materials 
 
The low-rank lignites used for the tests were obtained 
from Ilgın, Beyşehir and Ermenek regions in which 
considerable lignite reserves of Turkey exist with 188000, 
107000 and 6521 tons, respectively (McKay, 1984). Table 
1 shows the characteristics of these lignites summarized 
and the schematic representation of the experimental set-
up is shown in Figure 1. The activation of the lignite 
samples was performed using a horizaontal quartz tube 
reactor that the temperature and flow rate of nitrogen in 
the reactor were controlled with suitable controllers. 
 
 
Activation process 
 
20 to 30 g of lignite samples grounded to 0.63 to 2 mm 
were used in each run. At first, the source material was 
mixed with a different ratio of coal to KOH (0.5 to 2) and 
then carbonized at 400°C under nitrogen atmosphere for a 
residence time of 2 h in the reactor. Subsequently, the 
carbonized lignite was activated under nitrogen 
atmosphere at different temperatures (450, 700, 850 and 
900°C) for 2 h where ZnCl2 and KOH were applied (used) 
as the chemical activators, respectively. 
 
 
Characterization of the activated lignites 
 
The yield of the activated lignite was calculated by using 
the equation (Kumar et al., 2006):  
 
Activated carbon yield (%) =  
 

Wi                           (1) 

 
Where Wi is the initial weight of the raw material and Wf is 
the final weight of the product. 

The surface area of the activated coals was estimated 
according to the BET method by using an apparatus of 
Quantachrome Autosorb 1C. The surface morphologies of 
the produced activated carbon were determined by the aid 
of a scanning electron microscope (Zeiss Supra 50 VP).  
These surface functional groups were analyzed using a FT-
IR spectroscopy (Perkin- Elmer).  
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Table 1:  Physicochemical parameters of activated lignite 
 

Variable EAC IAC BAC 

pH 7.71 7.6 7.8 

S (%) 1.7 2.8 3.2 

C (%) 49 37 23.38 

Moisture (%) 1.40 1.10 1.11 

Ash (%) 29.4 40.03 48.47 

Flying Matter (%) 17.9 18.90 19.15 

Conductivity (µs/cm) 1.29 1.34 1.30 

BET(m2/g) 1200 223 307 

pHzpc 3.43 2.51 2.88 
 

EAC: Ermenek activated carbon, IAC: ilgin activated carbon, BAC: Beysehir activated carbon. 

 
 
 

  
 

Figure 1: Horizontal quartz tube reactor for lignite activation process. 

 
 
Sorption studies 
 
The sorption behavour of the activated coal for THMs was 
investigated by means of the batch experiments at 25°C. 
For the batch study, a certain amount of activated coal was 
mixed with theTHM aqueous solutionsof 100 ml separately 
in a shaker at 220 rpm for definite time duration. 
Thereafter, the concentration of each THM for each filtered 
solution was determined using a standard extraction 
method (US EPA method 551) followed by a gas 
chromatography (Shimadzu GC-17A) equipped with 63Ni-
electron capture detection systemas described.  

The amount of sorbed THM was calculated using 
Equation (2) given as: 
 
q = (Co – Ce). V/m                                                              (2) 
 
Where q is the sorbed THM (µg/g); Co isthe initial 
concentration of THM (mg/L); Ce is the concentration of 
THM in solution at equilibrium (mg/L); V is the solution 
volume (L); m is the amount of sorbent (g). The sorption of 

THM using the activated coal was investigated at the pH 
range of 2 to 11 and the pH of the solution was adjusted 
with 0.1 M NaOH or 0.1 M H2SO4. Additionally, the ionic 
strength of the working solutions was adjusted to 0.01 M 
with KNO3 and the effects of contact time (5 to 300 min), 
the initial THM concentration (0.5 to 2 mg/L) and the 
dosage of the adsorbent (0.05 to 10 g/L) on the adsorption 
of THM were also investigated. The blank runs, only with 
the sorbate in 100 ml distilled water were conducted 
simultaneously at similar conditions to account for 
adsorbed by walls of stoppered conical flask. 
 
 
GC-ECD conditions 
 
In order to determine the THMs, the features and 
operating conditions of GC-ECD system were as follows: GC 
(Shimadzu GC-17A) installed with DB-624 fused silica 
capillary column (30 m length, 0.25 mm i.d. and 1.8 µm 
film thickness, J and W Scientific). The split/splitless 
injector was set at 280°C and operated in the splitless 
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Figure 2: Effect of activation temparature for THMs recovery. 

 
 

 
 

Figure 3: Effect of activator on adsorption capacity. 

 
 
mode (purge delay 1 min, purge flow 30.1 mlmin-1), while 
the detector temperature was set at 320°C; the 
temperature program was applied as in the following: the 
initial column temperature at 60 and 40°C min-1 to 160 
and 5°C min-1 to 300°C, hold at 300°C for 5 min. Helium 
with 99.999% purity was used as the carrier gas at a flow 
rate of 2.5 ml min-1. 
 
 
RESULTS AND DISCUSSION 
 
Activation of lignites 
 
At first, the activation of three lignites obtained from 
Ermenek, Beyşehir and Ilgın was carried out. The results 
showedthat the surface area of EAC (1200 m2/g) was 
significantly higher than those of BAC (307 m2/g) and IAC 
(223 m2/g). The highest sorption of THMs was obtained by 
the use of EAC based on the surface areas of all three 
activated coals. Therefore, further activation and sorption 
studies were conducted by using the coals from Ermenek 
and the optimal activation parameters selected by means 
of the surface area of the activated Ermenek coal and its 
sorption ability on THMs. 

 
 
Effect of activation temperature  
 
The highest sorption yield of EAC towards THMs was 
obtained for 850°C temperature (Figure 2) at which the 
surface area of EAC (1215 m2/g) was obtained higher than 
those at any other activation temperatures. As it is 
expected, more volatile compounds were released at 
higher temperatures, which leads to open carbon structure, 
thus giving rise to more surface area, hence, adsorption 
capacity. Since the yields of activated carbon at 450 to 
850°C were not significantly different (in the range of 86.4 
to 87.2%); 850°C temperature was selected as the 
optimum activation temperature. 
 
 
Effect of chemical activator 
 
The effects of two different chemical activators (ZnCl2 and 
KOH) on the sorption of EAC were examined and the THMs 
sorption capacity of coal activated with KOH was obtained 
higher than that of the coal activated with ZnCl2 (Figure 3). 
This result is in accordance with the reports of Lillo-
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Figure 4: Effect of activator dosage on adsorption capacity. 

 
  

   
Ermenek natural Lignite  2 μm                    Ermenek activated Lignite 2 μm 
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Figure 5: Comparison of A) Natural Lignite and B) Activated Lignite SEM images.  

 
 

Rodenas et al. (2007) and Macia-Agullo et al. (2004) which 
reported that alkaline hydroxides (such as KOH and NaOH 
etc) can be used to prepare the activated carbon, which 
gave high specific surface area. Since the yields of activated 
carbon obtained with KOH and ZnCl2 at 450 to 850°C were  
not significantly different (in the range of 86.4 to 87.2%), 
KOH was selected as the chemical activator. 
 

 
Effect of KOH/coal ratio(by weight) 

 
As seen in Figure 4, the increasing KOH/coal ratio (by wt.) 
at the same temperature resulted in obtaining the highest 
sorption of THMS at the impregnation ratio of 2:1, and 
having more intensive reaction between the activator and 
coal due to more activation agent being cooperated into 
precursor matrix, which led to pore widening. Moreover, 
an increase in the amount of KOH may contribute to the 
development of internal microporous cavities, resulting in 
an increased surface area considered to be the most 
important factor for sorption. The yields of activated 
carbon using the KOH/coal ratios of 0.5, 1.0 and 2.0 were 
obtained as 81.5, 78.3 and 77.6%, respectively. Therefore, 
the ratio of 2:1 (by wt.) was selected as the optimum 
condition for the activation of Ermenek lignite.  

Characterization studies 
 
The percentanges of moisture, ash, volatile matter, fixed 
carbon contents, BET surface area and pHzpc (pH of zero 
point of charge)for EAC (activated under optimal 
activation conditions) were 1.40, 29.40, 17.90 and 49.00%, 
1215 m2/g and 3.43, respectively. 

According to the FT-IR spectra of Ermenek lignite and 
EAC, the following information was obtained: (i) for 
Ermenek lignite, the region corresponding to high wave 
numbers presented a broad band centered at 3300 cm-1 
and generally attributed to the (O–H) vibration of 
carboxylic and alcoholic groups; (ii) for both EAC and 
Ermenek lignite, the content of carboxyl groups was 
determined by the separation of the bands in the 1800 to 
1500 cm-1 spectral region in which the spectra at around 
2924 and 2850 cm-1 were due to the (CH2) and (CH3) 
groups; (iii) for EAC, the band at 1621 cm-1 was assigned to 
aromatic carbonyl and carbonyl motion in carboxyl groups 
(Arslan and Pehlivan, 2007; Pehlivan and Arslan, 2006), 
where the band around 1030 cm-1 resulted from Si-O-(ash) 
group.  

The SEM photograph of EAC in Figure 5 shows that the 
sorbent caused a rough texture of heterogeneous, irregular 
and highly porous surface indicating relatively high 
surface area. This observation can be supported by the
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Table 2: Kinetic results obtained by the adsorption of the Trihalometanes at 293°K using activated lignites in the batch system (*exp. = experimental results, *cal. = 
calculated results).  

 

 Compounds 
q*exp 

(mgg-1) 

 The pseudo 

first-order equation 

 The pseudo 

second-order equation 

 
Film diffusion 

 
Pore diffusion 

q cal* 

(mgg-1) 

k1 

(min-1) 
R² 

qcal* 

(mgg-1) 

k2 

(g mg-1min-1) 
R² 

kf 

(m min-1) 
Df  (cm2/s) R² 

kd 

(m min-1) 
y Dp (cm2/s) R² 

Chloroform 1.818 0.1255 0.0017 0.61 1.859 0.00108 0.95 0.00175 4.25x10-7 0.61 0.0801 6.994 1.65×10-8 0.62 

Bromodichloromethane 1.625 0.7714 0.0014 0.57 1.645 0.00085 0.99 0.00145 3.29x10-7 0.65 0.0739 5.663 1.65×10-8 0.71 

Dibromochloromethane 1.906 0.1523 0.0020 0.61 1.919 0.00166 0.99 0.00200 5.38x10-7 0.61 0.0779 8.503 1.65×10-8 0.62 

Bromoform 1.941 0.1790 0.0023 0.61 1.949 0.00246 0.99 0.00207 3.31x10-7 0.90 0.0766 9.228 1.65×10-8 0.67 

 
 
 
BET surface area of EAC. 
 
 
Batch sorption studies 
 

Effect of contact time and kinetic evaluation 
 

The sorption of THMs by EAC as a function of 
contact time, the sorption equilibrium for all THMs 
was observed as 240 min. The sorption data was 
analyzed by using the pseudo-first order and 
pseudo-second order kinetic models. 

The linearized form of pseudo-first order rate 
equation is given by the Equation (3) (Lagergren 
and Svenska, 1898): 
 

                                                                                              (3) 
 

Where qe and qt are the amounts of THMs sorbed 
(mg/g) at equilibrium and at time t (min), 
respectively and k1 (1/min) is the sorption rate 
constant of first-order adsorption.  

The experimental data was also applied to the 
pseudo-second order kinetic model given in 
Equation (4) (Ho and McKay, 1999): 
 

 
 

                                           

(4) 
 
Where k2 is the rate constant of pseudo second-
order chemisorption (g/(mg.min)), and qe and qt 

are the amounts of THMs sorbed (mg/g) at 
equilibrium and at time t (min), respectively. 

For the studied concentration, the rate constants 
(k1 and k2) and qe (calculated) theoretical 
equilibrium sorption capacities given in Table 2 
were calculated from the slopes and intercepts of 
the linear plots of the pseudo first-order and 
pseudo-second order kinetic models. It can be seen 
from the results that R2 values obtained from the 
pseudo-second order model were higher than 
those obtained from the first-order kinetics. 
Additionally, in comparison to the first-order 
kinetic model, the theoretical and experimental qe 

values of the second-order model were in a good 
accordance with each other. Therefore, it is 
possible to suggest that the sorption of THMs using 
EAC followed the second-order type reaction 
kinetics. 

When THMs solution is mixed with the sorbent, 
the transport of the compounds from solution 
through the interface between solution and  

 
 

adsorbent to the particle pores may be effective 
(Mckay, 1984). One of these steps may control the 
rate of sorption process and the intraparticular 
diffusion is characterized by the relationship 
between specific sorption (qt) and the square  
root of time (t1/2) as described in Equation (5) (Ho 
et al., 1996): 
 

                                                                          

(5) 
       
Where qt is the amount of THM sorbed at time t 
(mg/g), kd is the initial rate of intraparticular 
diffusion (mg/(L-1 min-0.5) and y is the intercept. 
The kd value given in Table 2 was obtained from 
the slope of linear plot of Equation (5), each of 
which has an intercept and shows the boundary 
layer effect (Figure not shown). This might be 
attributed to the film diffusion effect on the 
adsorption process. Therefore, the pore diffusion 
coefficients for intraparticle transport can be 
described using the following equation: 
 

  (6) 
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  (6)       
Where Dp is the pore diffusion coefficient (cm2/s), ro is the 
radius of sorbent (cm) and t1/2 (min) is the time for the half 
of the sorption. This equation was applied to describe the 
kinetics of several sorption systems (Gupta et al., 1990; 
Singh et al., 1996). The pore diffusion coefficient for all 
studied THMs was estimated as 1.65 × 10-8 cm2/s. 

The film diffusion model may explain the transport of 
the solute molecules from the liquid phase up to the solid 
phase boundary as described in Equation (7) (Gupta and 
Bhattacharyya, 2006): 
 

                                                                    (7) 

       
Where F is the fractional attainment of equilibrium and kf 

is the film diffusion rate constant (m.min-1). The external 
mass transfer rates for the sorption of CHCl3, CHBrCl2, 
CHBr2Cl and CHBr3 using EAC were estimated as 1.75 × 10-

3, 1.45 × 10-3, 2 × 10-3, 2.07 × 10-3 m/min, respectively. 
The film diffusion coefficients for the film diffusion 

model can be described by Equation (8) (Weber and 
Morris, 1963): 
 

                                               

(8)                                         
 
Where Df is the film diffusion coefficient (cm2/s), ro is 
theradius of the sorbent (cm),  is the film thickness (cm) 
and qe is the equilibrium loading of the adsorbent (mg/g). 
Assuming a spherical geometry for the sorbent, the 
thickness of the film was taken as 10-3 cm as stated by the 
former researchers (Varshney et al., 1996).  

In addition, the film diffusion coefficients for CHCl3, 
CHBrCl2, CHBr2Cl and CHBr3 were estimated as 4.25 × 10-7, 
3.29 × 10-7, 5.38 × 10-7 and 3.31 × 10-7 cm2/s, respectively. 
According to the Michelson et al. (1975), when the values 
of Df were in the range of 10-6 to 10-8 cm2/s, the film 
diffusion would be the rate-limiting step. For the pore 
diffusion to be the rate-limiting, the values of Dp should be 
in the range of10-11 to 10-13 cm2/s. From these results, it 
can be concluded that the film diffusion was more 
dominant than pore diffusion; hence, the aforementioned 
result became confirmed. 
 
 
Isotherm analysis 

 
The analysis of the sorption isotherms is an important 
process for design purposes. Therefore, the experimental 
data was analyzed with well known sorption isotherm 
models including the Langmuir and Freundlich isotherms.  

Langmuir sorption isotherm given in Equation (9) 
models the monolayer coverage of the sorption surfaces 
and assumes that the sorption takes place on a structurally  

 
 
 
homogeneous surface of the adsorbent (Figure 7) 
(Langmuir, 1916): 
 

    

                       (9) 
 
The linear form of the Langmuir isotherm model can be 
represented by Equation (10) given as: 
 

                                

(10) 
 
Where Ce is the concentration of THM (mg/L) at 
equilibrium, Qo is the monolayer capacity of the adsorbent 
(mg/g) and b is the Langmuir adsorption constant (L/mg). 
The plot of Ce/qe versus Ce forms a straight line and the 
values of Qo and b can be calculated from the slope and 
intercept of the plot, respectively. 

The Freundlich model represented by Equation (11) was 
derived to model the multilayer sorption and for the 
sorption on heterogeneous surfaces (Freundlich, 1906): 
 

     

                        (11) 
 
Furthermore, the linearized form of the Freundlich 
equation is given by Equation (12):  
 

                          

(12) 
 
Where Ce is the equilibrium concentration (mg/L), k is the 
sorption capacity (mg/g) and n is an empirical parameter. 
According to Equation (12), the plot of log qe versus log Ce 
gives a straight line and k and n values are calculated from 
the intercept and slope of this straight line, respectively. In 
addition, Figures 6 and 7 display the linear form of 
Langmuir and Freundlich isotherms for each THM and the 
isotherm constants and R2 values for each model are given 
in Table 3. By the comparison of R2 values, it can be 
concluded that the adsorption data can be better described 
using the Freundlich isotherm model. 
 
 
Effect of pH 
 
The results showed that the removal of THMs, except for 
CHBrCl2, by using EAC caused a few fluctuations in the pH 
range of 2 to 11. The surface charge of EAC is assessed by 
the zero point of charge (pHzpc= 3.43); the surface charge 
is positive when pH <pHzpc; the surface charge is neutral 
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Figure 6- Freundlich plots for THMs sorption onto Ermenek activated carbon 
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Figure 6: Freundlich plots for THMs sorption onto Ermenek activated carbon. 

 
 

 
 
 
 
 
 
 
 
 
 

-0,1

0

0,1

0,2

0,3

0,4

0,5

0,000 0,100 0,200 0,300 0,400

Ce

C
e/
q

chloroform

bdcm

dbcm

bromoform

Doğrusal

(chloroform)
Doğrusal

(bromoform)
Doğrusal

(dbcm)
Doğrusal

(bdcm)
Doğrusal

(bromoform)

 
 
 

0.5 
 

0.4 
 

0.3 
 

0.2 
 

0.1 
 

0 
 

-0.1 

0.000      0.100           0.200       0.300       0.400 

Ce 

C
e/

q
 

 
 

Figure 7: Langmuir plots for THMs sorption onto Ermenek activated carbon. 

 
 

Table 3: Isotherms obtained by the adsorption of the Trihalometanes at 293oK using activated lignites in the batch system.  
 

 Compounds 
Temperature  Langmuir parameters  Freundlich parameters 

T (K) b K mg g-1 R² K mg g-1 n R² 

Chloroform 293 0.37 -28.27 0.72 3.520 1.510 0.74 

Bromodichloromethane 293 0.75 -56.49 0.71 2.730 1.810 0.89 

Dibromochloromethane 293 0.40 -36.61 0.96 4.460 1.757 0.95 

Bromoform 293 0.53 -38.40 0.89 2.740 2.100 0.89 

 
 
when pH = pHzpc and the surface charge is negative when 
pH >pHzpc. In this context, the results showed that the 
sorption of CHCl3, CHBr2Cl and CHBr3 was not significantly 
influenced by the surface charge of EAC. Although the 
optimal pH for the removal of CHBrCl2 was determined as 
2.0, the removal rates for the rest of THMs remaining 
almost constant in such a wide pH range suggests that the 
EAC is the excellent adsorbent for the removal of THMs. 

Conclusion 
 
The best activated coal (EAC) was obtained by using the 
lignites of Ermenek. The BET surface area of EAC which 
was produced under the best conditions was obtained as 
1215 m2/g. The pseudo-second-order rate equation fitted 
the experimental data better compared to the pseudo-first 
order equation. On the comparison of R2 values, it can be 
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concluded that the adsorption data can be better described 
by Freundlich isotherm model. The maximum adsorption 
capacities of EAC was obtained as 3.520, 2.730, 4.460 and 
2.740 mg/g for chloroform (CHCl3), 
bromodichloromethane (CHBrCl2), 
dibromochloromethane (CHBr2Cl) and bromoform 
(CHBr3), respectively.  
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