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ABS TRAC T 

 
Herein, activated carbon was prepared from sucrose, renewable carbon precursor by chemical activation method. 
Chemical activation process was carried out with KOH at 750 °C. The effects of chemical activation on the structure 
and morphology of activated carbon products were evaluated using TGA, BET, SEM, FT-IR, and zeta potential 
techniques. As a result of the activation process, the activated carbon having microporous (1.138 cm3 g-1) with high 
specific surface area (2116.42 m2 g-1) was obtained. The potential of using activated carbon as an adsorbent for 
removal of methylene blue in water was investigated under several experimental conditions. Langmuir adsorption 
capacity for methylene blue is 1666.66 mg g-1 and its higher adsorption capacity than other adsorbents. Regeneration 
studies have shown that the activated carbon can also be used at least ten times for the removal of methylene blue 
with no change in its adsorption capacity. The performance was tested on real textile wastewater. 
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1. INTRODUCTION 

 
Dyes can be used on textiles, paper, rubber, leather, 
food, etc. it is widely used in various industries and 
the waste water from these industries is one of the 
main pollutants. Industrial wastewater containing 
dyes has high chemical oxygen demand (COD), strong 
coloring effect, high pH and biologically toxic 
properties [1]. Discharge of industrial wastewater 
containing dyes to streams, lakes, marine and other 
receiving environments constitutes an important 
environmental problem and and many of the dyes 
have carcinogenic and mutagenic properties for 
humans as well as aquatic life [2]. Therefore, 
industrial wastewater containing dyestuffs should be 
treated before discharging to the receiving 
environment.  

In recent years, many techniques are used for the 
treatment of industrial wastewater containing dyes, 
including coagulation [3], photocatalytic degradation 
[4], membrane separation [5], biodegradation [6], 
advanced oxidation [7] and adsorption [8,9].Among 
these methods, due to the ease of application and high 
removal efficiency of the adsorption method, it is 

accepted as an effective method for removing dyes 
from wastewater [10]. Recent studies for the 
treatment of wastewater containing dyes by 
adsorption method have focused on the preparation 
of efficient, cheap and renewable adsorbent materials. 
One of the most commonly used adsorbents for the 
treatment of wastewater containing dyes is activated 
carbon. Activated carbon is known as carbon based 
materials with its highly porous structure and wide 
surface area [11]. In particular, the large surface area 
and chemical structure of activated carbon provide 
high removal of dyes from wastewater. In recent 
years, there has been an increasing interest in studies 
for the production of activated carbon from 
renewable and inexpensive starting materials [12]. 
Low-cost many biomass wheat bran [13], popcorn 
[14], waste vinasse [8], thuja orientalis cone [15], 
starch [16]were used as starting materials to 
prepared activated carbon. Although the reported 
activated carbon products are used in dyes 
adsorption, it is observed that the adsorption removal 
capacities are insufficient and have low regeneration 
efficiency. Also, few studies on the performance of 
activated carbon products were tested with real 
textile wastewater. 
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Compared to different starting materials, sucrose is 
considered a very attractive precursor material for 
obtaining activated carbon due to its low-cost, 
recyclable and rich carbon content [17]. With its 
simple molecular structure, sucrose can be obtained 
with high surface area with practical processes and 
provides less dangerous emission release during the 
pyrolysis process. This study, activated carbon 
production was carried out by simple chemical 
activation with KOH from sucrose. The structural and 
morphological properties of the products are 
characterized by Thermal Gravimetric Analysis (TGA), 
Brunauer Emmet and Teller (BET) (specific surface 
area, pore volume and pore size distribution), 
Scanning Electron Microscopy (SEM), Fourier 
Transform İnfrared Spectroscopy (FT-IR), techniques 
and zeta potential analysis. The removal of activated 
carbon with the highest surface area, pore volume and 
size distribution were evaluated using model 
contaminant methylene blue in the aqueous solution. 
The effect of different pHs and contact time on 
activated carbon efficiency was investigated. Isotherm 
analysis and regenerability of activated carbon was 
presented. The adsorption capacity of activated 
carbon was compared with the literature. Finally, the 
adsorption mechanism was explained and activated 
carbon tested with real textile wastewater. 

 
2. MATERIALS AND METHOD 

 
2.1. Materials  

 
Sodium hydroxide, Hydrochloric acid (30%), Sulfuric 
acid (98%) Sodium chloride, Potassium hydroxide, 
Methylene blue, Sucrose, Ethanol, were purchased 
from Merck Co. (Darmstadt, Germany). 

 
2.2. Activated carbon preparation from sucrose 

 
Firstly, starting carbon-based material was obtained 
from sucrose. To obtain the carbon-based starting 
material, 50 g of sucrose and 50 mL of 98% H2SO4 
were added to the glass beaker in a controlled manner 
and mixed quickly with a glass stick for 30 seconds. 
With this method, according to the reaction given in 
Eq. (1), sucrose sulfuric acid was dehydrated and 
carbon-based starting material (CBM) was obtained.  

C12H22O11(s) + H2SO4(aq)  → CBM + SO2 + H2O      (1) 

CBM was washed with pure water until the pH of the 
wash water was 6.5-7. The washed material was dried 
at 105 °C and ground in agate mortar. KOH was used 
to activate of CBM. The CBM was homogeneously 
mixed with KOH in 1:1, 1:2, 1:3, 1:4, and 1:5 (w/w) 
ratios by mass. The mixture prepared in the stainless-
steel reactor oven (Ptf Protherm 12/75/800) under a 
nitrogen atmosphere (200 mL/min) activation by heat 
treatment at 750 °C for 1 hour was performed. The 
activated carbons obtained were washed with pure 
water until the wash water is about 6-7, and dried in 
an oven at 105 °C. The activated carbons obtained are 
named as AC-x (x = 1, 2, 3, 4 and 5 KOH mixture ratio). 
 
 
 

2.3. Characterzation studies 

 
The thermal behavior of CBM was analyzed with 
thermal gravimetric analyzer (Setaram, Setsys 
Evolution, France) under argon atmosphere at 25 
mL/min flow rate, in the range of 40-800 °C with a 
temperature increase of 5 °C min-1. FT-IR spectra of 
the products were recorded by FT-IR 
spectrophotometer (Perkin Elmer 1600, USA) in the 
range of 500-4000 cm-1 wavelength. The surface 
morphologies of the products were obtained using 
FESEM (Zeiss, Geminisem 500, GERMANY). Using the 
BET analyzer (Quantachrome Quadrasorb evo, USA), 
the BET surface area and pore size distribution from 
N2 adsorption isotherms were determined at 77K. 
Total pore volume (Vtotal) was obtained from the 
amount of N2 adsorbed at P/Po=0.95 according to the 
NLDFT (Non Local Density Functional Theory) 
method. The zeta potential of the product used in the 
adsorption studies was determined by using a 
Nanoplus 3 (Japan). 

 
2.4. Adsorption studies 

 
The most suitable product was used as a result of 
structural characterization (specific surface area, total 
pore volume and others) processes in adsorption 
studies. To study the adsorption performance of the 
product, the batch adsorption experiments were 
carried out using aqueous solution of methylene blue 
(λmax= 660 nm).  

Adsorption experiments, 0.01 g of product was put 
into the 20 mL of methylene blue solutions at various 
concentrations in the range of 250-1500 mg L-1, the 
mixtures were shaken at 210 rpm over a period of 
time at 25 °C. After separation of each solution by 
simple filtration, the initial and remaining dye 
concentrations of each solution were determined by 
using a UV–visible spectrophotometer (Hach Lange, 
DR 5000, Germany) at each corresponding λmax 
mentioned above. The pH of the solutions was 
adjusted with 0.01 M HCl and/or 0.1 M NaOH. Ionic 
strength of the mixtures was kept down as 0.01 M 
with NaCl. The amount of methylene blue adsorbent 
by product was determined using Eq. (2). 

q =
(Co−Ce)∗V

m
              (2) 

where q is sorbed amount of methylene blue by 
product (mg g-1); Co and Ce are the initial and 
equilibrium concentrations of methylene blue (mg L-1); 
V is the solution volume (L); m is the mass of product 
(g). The effects of experimental parameters studied are 
pH (3-11), contact time (5-180 minutes), initial 
methylene blue concentration (250-1500 mg L-1) and 
its reusability by using washing with 20 mL ethanol for 
10 minutes was performed.  

 
2.5. Real textile wastewater application 

 
Real textile wastewater without any treatment was 
used in experimental studies. Physico-chemical 
characteristics of the the real textile wastewater used 
for study were pH: 9.80- 10.87, COD: 487 mg L-1, 
Conductivity: 1987 μS cm-1. Real textile wastewater 



Environmental Research & Technology, Vol. 4 (2), pp. 165-175, 2021                  Omer Kazak 

167 

was supplied from a textile factory in Konya (Turkey). 
The color and chemical oxygen demand (COD) change 
of the real textile water at different pH (3, 7, 11) was 
observed. 

 
3. RESULTS AND DISCUSSION  

 
3.1. Determination of activation temperature 

 
The effectiveness of the activation process depends on 
the interaction of the oxidizing agents used in the 
process with the carbon-based materials and the 
activation temperature. The activation process is 
generally carried out at temperatures where the mass 
loss of the starting material stabilizes [18]. Therefore, 
firstly, thermal behavior of CBM in argon atmosphere 
was evaluated and activation temperature was 
determined. The thermogram of the CBM obtained as 
a result of TGA is shown in Fig 1. 

 

 
Fig 1. Thermal behavior of the carbon-based material (CBM) 

With the increase in temperature, mass loss in CBM 
was determined to occur in three stage. The first 
stage, the 6% mass loss in which the temperature 
reaches 135°C is caused by the loss of moisture in the 
CBM [12]. The mass loss (45%) between 135-575 °C 
in the second stage may be due to the loss of oxygen-
containing functional groups within the CBM as CO 
and CO2 [19]. In the third stage, the mass loss (6%) at 

the temperature increase after 600 °C slowed down 
considerably and became stable. As a result of the TGA 
of the CBM, it was observed that there was no 
significant mass loss in the mass above 600 °C. 
Therefore, the temperature of 750 °C was chosen for 
activation of CMB with KOH. 

 
3.2. Characterization of ACs 

 
The nitrogen adsorption desorption isotherms and 
pore size distribution of the activated carbon products 
obtained with different amount of KOH (CBM: KOH, 
w/w) were compared, shown in Fig 2a-b. According to 
Fig 2a, AC-1, AC-2 and AC-3 show an isotherm with 
low porosity material properties, while AC-4 and AC-5 
show an isotherms classified as type 1 according to 
the IUPAC classification and have microporosity 
[20,21]. It is seen that AC-4 and AC-5 have DFT pore 
size distributions (Fig 2b) less than 20 Å and 
microporous structure. 

Surface areas, total pore volumes and micropore 
volumes of activated carbon products were examined 
and the results are presented in Table 1. As can be 
seen in Table 1, while the amount of KOH is increased 
from 1 to 4, the surface areas, total pore volumes and 
micropore volumes of activated carbon products 
increased from 756.24 to 2116.42 m2 g-1, from 0.412 
to 1.199 cm3 g-1, from 0.404 to 1.138 cm3 g-1, 
respectively, above 1:4 these values decreased. KOH 
amount above 1:4, excessive metallic potassium on 
the carbon surface might cause blocking and 
collapsing in the pores which leads to a reduction in 
the surface area and pore volume [22]. According to 
these results, the amount of KOH appears to 
significantly affect the change in the surface area and 
pore structure. The fact that activated carbon has a 
large surface area and high pore volume means that 
higher adsorption efficiency will occur [23]. 
Consequently, the activated carbon product (AC-4), 
which is most suitable for adsorption, has been tried to 
be determined with the highest surface area (2116.42 
m2 g-1) and total pore volume (1.199 cm3 g-1). 

 

 

 

Fig 2. N2 adsorption-desorption isotherms (a) and the DFT pore size distribution (b) of activated carbon products
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Surface morphology of products obtained were 
examined by SEM technique and the images obtained 
are shown in Fig 3. It can be observed that the surface 
of the CBM is quite smooth and there are no pores. 
The porous structure of the products obtained as a 
result of activation of CBM with KOH appears to 
improve. When Fig 3 is examined, it is seen that 

increasing the amount of KOH causes the 
development of porous structure on the surface of 
activated carbon products. The development of the 
products in the pore structure is due to the reaction 
between the carbon atoms and KOH, and the effect of 
the activation temperature [24].  

Table 1. Surface area (m2 g-1) and pore volumes (cm3 g-1) of the products 

Carbonaceous product Specific suface area, m2 g-1 Vtotal, cm3 g-1 Vmicroa, cm3 g-1 Vmeso, cm3 g-1 

CBM 5.54 0.012 nd* nd* 

AC-1 756.24 0.421 0.406 0.015 

AC-2 894.72 0.479 0.468 0.011 

AC-3 1216.22 0.657 0.632 0.025 

AC-4 2116.42 1.199 1.138 0.061 

AC-5 1756.25 1.014 0.940 0.074 

aVmeso was determined by subtracting Vmicro from Vtotal                                           
*nd:  could not be determined 

 
Fig 3. Surface morphologies of CBM and activated carbon products 
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Changes in the chemical structure of the activated 
carbon (AC-4) obtained by activation of the CBM 
product with KOH were examined by FT-IR analysis 
and the results are shown in Fig 4. In the FTIR 
spectrum of CBM, it originates from the band -OH 
group at 3375 cm-1[25]. The bands seen in 1697 and 
1242 cm-1 can be linked to the stretching the C=O and 
C-O-C groups, respectively [26]. The band seen at 
1600 cm-1 comes from C=C vibrations [27]. As a result 
of the activation process applied, there is a decrease 
in the intensity of the bands in the FT-IR (Fig 4) 
spectrum of CBM.  

 

 

Fig 4. FT-IR spectra of the CBM and AC-4 before and after 
adsorption 

 
3.3. Adsorption Studies 

 
In the first studies conducted with methylene blue, the 
performance of the activated carbons (AC-x) obtained 
with different KOH ratioswas tested with 500 mg/L 
methylene blue solution. The results obtained are 
shown in Fig 5. As shown in Fig 5, AC-4 product has 
been determined to have the highest methylene blue 
removal efficiency. This result is due to the higher 
surface area and total pore volume of the AC-4 
product than the surface area and total pore volumes 
of other products. The results obtained from this 
preliminary experiment with methylene blue and the 
characterization studies, it was confirmed that it 
would be more appropriate to use the AC-4 product in 
adsorption studies. 

 
3.4. Effect of pH 

 
The pH of the solution, are important parameters that 
can affect the adsorption of substances from solution 
media. The adsorption of methylene blue (500 mg L-1) 
from the aqueous solution with the AC-4 product was 
carried out at a different pH in the range of 3-13, and 
the results obtained are shown in Fig 6. As seen in Fig 
6, the highest methylene blue removal capacity was 
obtained at pH 7. The zeta potential values of the AC-4 
product in the range of pH 3-13 range between (24.86 
and -34.08 mV respectively). According to these 
results, the increase in the pH of the solution 
increased the negative surface loads of the adsorbent. 
Adsorbent has a negative surface charge in the pH>5. 
As expected, the adsorption performance of the MB 
solution at pH>5 was significantly increased due to 
the electrostatic interaction between the positively 

charged methylene blue molecules and the negatively 
charged adsorbent surface [28]. Then the adsorption 
performance increased insignificantly with further 
increase of pH>7, probably because the adsorption 
has reached saturation. It can be stated that due to the 
lower removal capacities determined for pH<7, the 
adsorption zones are partially covered with 
hydronium ions, the regions to absorb the methylene 
blue molecules are reduced and the removal capacity 
decreases accordingly [9]. The ability to be used as an 
adsorbent with high adsorption efficiency without the 
need for pH adjustment can be considered as an 
advantage for environmental and practical 
applications. Therefore, no adjustment of the solution 
pH was made in the next stages of the adsorption. 
 

 

Fig 5. The removal of methylene blue from aqueous 
solutions with concentrations of 500 mg L-1 by using AC-1, 
AC-2, AC-3, AC-4 and AC-5 (pH of solutions: 7.03, amount of 
adsorbent: 0.5 g L-1, contact time: 2 h, ionic strength: 0.01 M, 
shaking speed: 210 rpm, temperature: 25 oC) 

 

Fig 6. Effect of solution pH on the adsorption of methylene 
blue by AC-4 (Concentration of methylene blue: 500 mg L-1, 
amount of adsorbent: 0.5 g L-1, contact time: 2 h, ionic 
strength: 0.01 M, shaking speed: 210 rpm, temperature: 25 oC) 

 
3.5. Effect of contact time 

 
The effect of contact time on methylene blue (250 and 
500 mg L-1) adsorption with the AC-4 product is 
shown in Fig 7(a). It was found that the adsorbent 
adsorbed a significant amount of methylene blue in 
the first 5 min for two different concentrations (250 
and 500 mg L-1). In this short time, high removal of 
methylene blue can be attributed to the large surface 
area of the adsorbent and thus to a large amount of 
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areas where adsorption will occur. The methylene 
blue removal rate decreased after 5 min and reached 
equilibrium in 90 min. It has been observed that the 
required contact time (90 min) is comparable with the 
studies in the literature on the subject [10]. The 
decrease in removal rate for the adsorbent after the 
first 5 min may be caused by the intra-particle 
diffusion effect [29]. The role of diffusion in 
adsorption was examined according to the 
intraparticle diffusion model expressed by Eq. (3) 
[30].  

qt =  ki  ×  t1/2 + C            (3) 

where, ki is a constant of the intra-particle diffusion 
rate [mg (g-1 min-(1/2)], C is a constant about the 
boundary layer (mg g-1).  

Fig 7 (b) showing the plots of qt vs t1/2 for the 
concentrations of 250 and 500 mg L-1 have three 
stages. The first stage is due to the diffusion (film 
diffusion) of methylene blue molecules to the 
adsorbent surface. The second stage consists of intra-
particle diffusion of methylene blue molecules. The 
final stage, it is possible to mention that the 
adsorption has reached equilibrium. From the results 
obtained in this study, it can be concluded that intra-
particle diffusion is effective in adsorption, but it is 
not the only mechanism controlling adsorption [10]. 
The change in the color of the 500 mg L-1 methylene 
blue solution is shown in Fig. 7(c) and the consistency 
of the obtained result was checked. 

 

 
Fig 7. Effect of contact time on the adsorption of methylene blue by AC-4 (a), the plots of intra-particle difussion model (b) and the 

change in the color of 500 mg L-1 of methylene blue solution as a function of contact time (c) 

 

3.6. Isotherm analysis 

 
The change of concentration (Ce, mg L-1) remaining in 
the solution after the adsorption of methylene blue 
with AC-4 product with the amount of methylene blue 
(qe, mg g-1) per unit adsorbent mass is shown in  
Fig 8(a). Langmuir, Freundlich and Dubinin-
Radushkevich (D-R) isotherm models, which are 
widely used to perform isotherm analysis for 
adsorption data. Isotherm graphs formed by applying 
the adsorption data obtained for the AC-4 product to 
the isotherm equations given between Eq. (4-6), 
respectiveliy. 

qe =  
Qo∗b∗Ce

(1+b∗ Ce)
     (4) [31] 

 

qe = k ∗ Ce
1/n

     (5) [32] 

ln qe = ln Xm − K ∗ ε2    (6) [33] 

where qe is the amount of methylene blue adsorbed by 
AC-4 (mg g-1) at equilibrium, Ce is the equilibrium 
concentration of methylene blue (mg L-1), Qo is the 
Langmuiradsorption capacity of the AC-4 (mg g-1) and 
b is the adsorption constant of Langmuir isotherm (L 
mg-1), k is an indicator of the Freundlich adsorption 
capacity [(mg g-1).(mg L-1)-1/n], n is an empirical 
parameter.  

For the D-R isotherm, Xm, adsorption capacity (mmol 
g-1), K, constant the adsorption energy (mol2 kJ-2), ɛ, 
Polanyi Potential, which iscalculated from the Eq. (6). 
Average energy of adsorption (E) was determined on 
the basis of Eq. (7) [34].  

R ∗ T ∗ ln(
Ce+ 1

Ce
)             (7) 
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E = (−2 ∗ K)−0.5             (8) 

where R is ideal gas constant [8.314 J (mol.K)-1] and T 
is temperature (K). The constants of each parameters 
and R2 values were obtained from linear graphs of 
isotherm models (Fig 8 (b-d)) and listed in Table 2.  

Langmuir adsorption capacity (Qo) and isotherm 
constant (b) for AC-4 methylene blue adsorption were 
calculated as 1666.66 mg g-1 and 0.060, respectively. 
From the Freundlich isotherm model, adsorption 
capacity (k) and isotherm constant (n) were found as 
(822.24 (mg g-1). (mg L-1) -1/n) and (9.680), 
respectively. According to the D-R isotherm model, 
the adsorption energy (E) was determined to be 7.332 
kJ mol-1. In the adsorption process, it is possible to 
state that E value is between 8-16 kJ mol-1, ion 
exchange is effective in removal, and if it is less than 8 

kJ mol-1, physical adsorption is effective in removal. 
According to this information, it is possible to say that 
physical adsorption has a role in methylene blue 
adsorption with AC-4 product. As shown in Table 2, 
the R2 values of these isotherm models indicate that 
the adsorption data fit more with the Langmuir 
isotherm model. This result shows that the AC-4 
surface is homogeneous and the methylene blue 
molecules are adsorbed in a singel layer on the 
adsorbent surface. Langmuir adsorption capacity of 
AC-4 product for methylene blue was compared with 
Table 3 in methylene blue removal capacities of 
activated carbons obtained from different starting 
materials in the literature. It has been determined that 
AC-4 product has higher adsorption capacity than 
others. 

 

 

Fig  8. Variation of qe (mg g-1) as a function of equilibrium concentration (Ce) of methylene blue (mg L-1) (a) Langmuir (b), Freundlich 
(c) and Dubinin-Radushkevich (d) isotherm model for the adsorption of methylene blue by AC-4 (pH of solution: 7.05, amount of 
adsorbent: 0.5 g L-1, contact time: 2 h, ionic strength: 0.01 M, shaking speed: 210 rpm, temperature: 25 oC) 

 

Table 2. Parameters of Langmuir, Freundlich and D-R isotherm models for removal of methylene blue by AC-4 

Langmuir isotherm model 

Qo, mg g-1 b, L mg-1 R2  

1666.66 0.060 0.997  

Freundlich isotherm model 

k, (mg g-1).(mg L-1)-1/n n R2  

822.24 9.680 0.988  

D-R isotherm model 

Xm, mol g-1 K, mol2 kj-2 R2 E, kj mol-1 

4.803 0.0093 0.983 7.332 
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Table 3. Comparison of adsorption capacity of AC-4 from Langmuir isotherm model (Qo) with activated carbons obtained from 
different starting materials for methylene blue 

Adsorbent BET suface area, m2 g-1 Qo, mg g-1 Reference 

Sucrose 2116 1666.66 This study 

Mangosteen peel 1621 1193 [9] 

Pecan nutshell 2342 1190.62 [28] 

Fox nutshell 2869 968.74 [35] 

Coconut shell 2825 916 [36] 

Vinasse 832 909.09 [8] 

Wheat straw 2263.10 883 [37] 

Waste coffee grounds 2407 678 [38] 

 
3.7. Reusability of adsorbent 

 
Desorption processes have been used pH shift and 
solid-liquid extraction methods for regeneration of 
adsorbent materials [39]. In this study, solid-liquid 
extraction method was used for the desorption 
process. Ethanol was used as solvent in desorption 
process by solid-liquid extraction method. The 
advantage of using ethanol is that it can be easily 
evaporated at room temperature and that desorbed 
dyes can also be reused. 

 
Fig 9. Adsorption performance of AC-4 after each 
adsorption-desorption cycle (methylene blue concentration: 
500 mg L-1, pH 11.09, amount of adsorbent: 0.5 g L-1, contact 
time: 2 h, ionic strength: 0.01 M, shaking speed: 210 rpm, 
temperature: 25 °C) 

Desorption of 0.5 g L-1 amount of AC-4 product used in 
adsorption of 500 mg L-1 methylene blue was 
performed by washing with 20 mL ethanol for 10 
minutes. Adsorbents separated from the desorption 
solution and dried at room temperature were tested 
in the adsorption-desorption cycles and the results 
are shown in Fig 9. It has been determined that AC-4 
can be used at least ten times in the adsorption-
desorption cycle without any change in removal 
efficiency. 

 
 

3.8. Adsorption mechanism 
 

Physical and chemical adsorption types can be 
effective in removing methylene blue from water 
environment with carbon-based adsorbents. Results 
of characterization and adsorption studies of AC-4 
product, adsorption mechanism of methylene blue 
was analyzed. The fact that the adsorbent has a large 
surface area and large pore volume means that the 
areas where methylene blue adsorption will occur are 
quite high [40]. In addition, depending on the pH 
effect, electrostatic interaction between negative 
surface charge and positive methylene blue molecules 
can also be important in removal. It showed that the 
AC-4 product has the highest removal efficiencies. 
This result is due to the surface area and total pore 
volume of the AC-4 product being higher than the 
surface areas and the total pore volumes of other 
products. In addition, the pore size distribution of AC-
4 was compatible with the size of the methylene blue 
(14.3 Å x 6.1 Å x4.0 Å), probably resulting in very high 
removal efficiency [41]. The density of functional 
groups did not change after adsorption (Fig 3). The 
characteristic peaks, which were reported to 
contribute to the methylene blue removal process, 
were not observed. There was no chemical change in 
this case. The highest negative surface charge of AC-4 
is pH 7. Accordingly, a large amount of adsorption 
occurs due to the electrostatic interaction between 
the positively charged methylene blue molecules and 
the negatively charged adsorbent surface. Thanks to 
the effects of these factors, AC-4 has been found to be 
dominant in physical adsorption. Considering all these 
results, it has been determined that AC-4 product has 
a very high methylene blue removal capacity. 

 
3.9. Real textile wastewater application 

 
AC-4 adsorption performance was tested using real 
textile wastewater chemical composition given in 
section real textile wastewater application. In 
experiments with real textile wastewater, the removal 
performance of the adsorbent was evaluated by taking 
into account the decrease in the COD value of the real 
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textile wastewater. The change in the color, UV 
absorbance value and COD of textile wastewater at 
different pHs (3, 7 and 11) are shown in Fig 10.textile 
wastewater COD value was determined at the end of 
120 minutes contact time decreases by 64%. When 
this result is compared with the previous reported 
results, it is determined that it has adsorbent with 
high removal efficiency [42–44].According to these 
results obtained from real textile wastewater 
applications, it has been determined that AC-4 can be 
used effectively in the treatment of these wastewater. 
 

 
Fig 10. The change in the color and absorbance at 
wavelenght between 400 and 800 nm as different pHs (3, 7 
and 11) for adsorption of real textile wastewater by AC-4 (a) 
and adsorption performance of AC-4 towards of real textile 
wastewater (COD of real textile wastewater: 368 mg L-1, pH: 
3, 7 and 11, amount of adsorbent: 0.5 g L-1, contact time: 2 h, 
shaking speed: 210 rpm, temperature: 25 °C) (b) 

 
4. CONCLUSION 

 
In the presented study, activated carbon with a high 
surface area from sucrose was successfully obtained. 
Activated carbon with the highest surface area 
(2116.42 m2 g-1) and microporous (1.138 g cm-3) was 
obtained at a rate of 1:4 (w/w) KOH at 750 °C. 
Langmuir adsorption capacity of the activated carbon 
obtained is higher than many other activated carbon 
for methylene blue (1666.66 mg g-1). Activated carbon 
can be used at least ten times in the adsorption-
desorption cycle without change in its adsorption 
performance. Also, it has been determined that the 
activated carbon obtained can be used successfully in 
real textile wastewater treatment. 
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