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Abstract: A comparison was made of influence of physically adsorbed methylene blue (MB) dye on the 
physicochemical properties of Manisa-Akdere zeolite (natural zeolite) and zeolite modified with K and 
Ca (all samples treated with hydrogen peroxide before modification) using batch adsorption technique. 
After elementary characterization of this adsorbent, the effects were investigated of initial MB 
concentration, pH, contact time, stirring rate, adsorbent dosage and temperature on the selectivity and 
sensitivity of the removal process. A larger adsorption of the dye was observed for modified zeolite 
(42.7 mg/g) than for natural zeolite (28.6 mg/g) per gram of an adsorbent after all zeolite samples treated 
with hydrogen peroxide. Zeolite treated with H2O2 showed higher adsorption capacity than untreated 
zeolite samples. The Langmuir model (R2 values between 0.959 and 0.996) fitted the experimental data 
better than the Freundlich model (R2 values between 0.804 and 0.988). The adsorption process was found 
to be slightly influenced by adsorbent dosage, contact time and temperature. Optimum pH for adsorption 
of MB was found to be at 7. Adsorption equilibrium attained within 30 minutes. The sorption of MB 
increased slightly with rising temperature. In addition, adsorption values rose with modification Ca-
Exchanged (after H2O2 treatment) > K-Exchanged (after H2O2 treatment) > Zeolite treated with H2O2 > 
Ca-Exchanged >K-Exchanged >Natural Zeolite.  

Keywords: dye adsorption, methylene blue, adsorption, isotherms, zeolite, alumino-silicate, hydrogen 

peroxide 

Introduction 

Growth in population, oil consumption, exhaust emissions, industrial activities, energy 
production, and frequently uncontrolled pesticide use resulted in the accumulation of 
hazardous inorganic and organic pollutants in the environment (Misaelidis, 2011). 
Moreover, if the concentration of pollutants exceeds certain limits, their presence 
causes danger to the environment and to human health. In order to minimize such 
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danger, various precautions should be taken such as waste stabilization and 
environmental remediation. This can largely be accomplished by extraction of the 
pollutants from soils or aqueous systems and reduction of their mobility.  

The textile and printing industries produce and dump highly colored waste 
effluents from the use of dyes and pigments, and these wastes cause serious 
environmental problems. The estimated annual production of more than 10,000 
different manufactured dyes is around 7·108 kg. These complicated compounds with a 
high molecular weight resist to biological degredation (Alkan et al., 2007). Even 
though dyes can be removed from wasters by coagulation, flocculation, 
biodegradation and oxidation, these methods are expensive and often ineffective 
(Armagan et al., 2003; Metes et al., 2004). 

Therefore, recent studies have been focused on the application of natural mineral 
clays as low-cost adsorbents to remove colored pollutants (Crini, 2006; Doğan et al., 
2009; Fungaroa et al., 2010; Glaysz-Plaska et al. 2000; Gulgonul, 2012; Korkuna et 
al., 2006; Wang and Peng, 2010). Previous research has shown that several alternative 
adsorbents have been suggested for MB adsorption like activated carbon or clay 
minerals, especially, natural and modified zeolites. These aluminosilicates are cheap 
adsorbents which are widely applied in industry, environment protection, agriculture, 
medicine, and many other fields (Gümüş and Akbal, 2011; Farhade and Aziz, 2010). 
The molecular-sieve properties, availability of strongly active surface sites, high 
resistance to acids and other useful properties of zeolites allow the use of them as 
catalysts in cracking, hydrocracking, isomerization and other processes (Alzaydien, 
2009; Jin et al., 2008). There are several rich reserves of zeolite in Turkey (Albayrak, 
2008). 

The application of natural zeolites to the environmental remediation is mainly 
based on their ion-exchange properties (Doğan et al., 2000). It is well-known that ion-
exchange in the case of zeolites takes place among cations and they must be modified 
to provide them with anion sorption properties. Aluminosilicate catalysts are 
characterized according to their activity, selectivity, stability and their capability of 
multiple regeneration (Ozdemir, 2008). Natural and modified zeolite are natural 
minerals composed of the aluminosilicate matrix with a variety of other metal oxides 
and metal cations embedded (Hernandez et al., 2000; Doğan et al., 2008; Caglar et al., 
2009). Zeolite with three 8-membered rings and one 10-membered ring has net 
negative surface charge which is counterbalanced by monovalent (Na+, K+) and 
divalent (Ca2+) cations. Zeolites can be ion exchanged using metal ions like Fe, Cu, 
Mn, Ca,and Ba. Zeolites are negatively charged because of the substitution of Si (IV) 
by Al (III) in the tetrahedral accounts for a negative charge of the structure. The Si/Al 
ratio determines the properties of zeolites such as ion exchange capacity. 

Before applying zeolitic tuff (natural zeolite) to adsorption process, several 
activation methods are suggested in previous studies for increasing the adsorption 
capacity of zeolite such as acid activation (Ajemba and Onukwuli, 2013; Kowalczyk 
et al., 2006), heat activation (Ates et al., 2011), and modification. Even though heat 
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activation is an effective way to increase the surface area and capacity on an 
adsorbent, the use of acid activation results in greater increase in surface area and 
adsorption capacity. Hydrogen peroxide is used for activation of zeolite because of its 
role as a weak acid. In acidic environments, the oxidation rate of hydrogen peroxide is 
slow, but faster than basic environments. Modification by metals with mono or 
bivalent ion also is a way for increasing adsorption capacity of zeolite (Farhade and 
Aziz, 2010). 

The uptake of metal cations from solutions by the zeolites is affected by a variety 
of factors such as the temperature, the solution pH, the presence of competing cations 
and complexing agents, the dimensions of the hydrated dissolved species compared to 
the opening of their channels and the external surface activity (Gurses et al., 2006). 

The aim of this article is to show how hydrogen peroxide influences natural and 
modified zeolite (peroxide applied before modification) in the adsorption of methylene 
blue. The difference this article from others is that even though H2O2 is used in the 
literature for degredation of MB (Kondru et al., 2009; Slokar and Marechal, 1998; 
Etaiw and El-Bendary, 2012) and there are several materials already used for 
activation of zeolite (Ates and Hardacre, 2012; Jia et al., 2009; Hernandez-Ramirez 
and Holmez, 2008), H2O2 was not tried before in activation process of zeolite. 

Experimental design 

Materials 

Natural zeolite samples were obtained from the Demirci-Akdere region, Manisa, 
Turkey with the general formula of (K2.3 Na0.5 Ca2.1 Mg0.6 Fe(III)0.9 Fe(II)0.2 Ti0.2) 
(Si31.4Al6.5O44) 21.8H2O has the chemical composition (in %): SiO2, 67.29; TiO2, 
0.26; Al2O3, 12.32; Fe2O3, 1.26; FeO, 0.25; MgO, 0.29; CaO, 3.01; Na2O, 0.66; K2O, 
2.76; H2O, 10.90 (see Table 1), whereby the content of the main mineral was 85 ±6%. 
Methylene Blue, MB (Merck, C.I. = 52015, C16H18N3SCl, FW = 373,86 g/mol] was 
used as a cationic dye adsorbate (see Fig 1). 
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Fig. 1. Chemical structure of methylene blue 

http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Sulfur
http://en.wikipedia.org/wiki/Chlorine


 M. Canli, Y. Abali, S. U. Bayca 484 

Table 1. Physicochemical properties of natural zeolite 

Chemical compound Natural zeolite, 
% 

Zeolite treated  
with H2O2 

K-exchanged 
zeolite 

Ca-exchanged 
zeolite 

SiO2 73.90 74.87 71.46 70.69 

Al2O3 14.17 16.12 13.28 12.88 

Fe2O3 1.451 1.116 1.003 1.113 

CaO 2.987 2.637 2.514 5.041 

MgO 2.465 2.263 2.221 2.201 

K2O 2.939 2.667 6.817 2.438 

Na2O <0.020 <0.043 0.047 <0.030 

CEC 106meq/100g – – – 

Particle size <100 µm – – – 

Molecular channel size 7.9 Å × 3.5 Å – – – 

SBET 37.95m2/g 40.34 m2/g 49.06 m2/g 54.57 m2/g 

Pore volume 0.11cm3/g 0.11cm3/g 0.11cm3/g 0.11cm3/g 

pH 7.9 7.6 8.7 7.8 

Activation and modification of zeolite 

Zeolites were transformed into calcium and potassium form after peroxide activation. 
Before peroxide activation, zeolite was dried in a pre-heated oven at 200 °C for 3 h to 
get rid of of moisture and other impurities. Acid activation was made by H2O2 instead 
of HCl. 5 g of native solids (particle fraction 100 µm) were applied to 250 ml H2O2 
(50%, hydrogen peroxide) for 24 h at 25 °C. Mixture was centrifuged and dried in 
oven at 110 °C. On preparation of Ca-exchanged zeolite and K-exchanged zeolite 
form of zeolite, 50 ml of each solution 1 M CaCl2 and 1 M KCl mixed with 2 g of 
zeolite in separate flasks, and then stirred for 24 h. The samples were centrifuged, 
filtered, washed 10 times with water, dried in oven and ground.  

Characterization methods 

The specific surface area was calculated using the Brunauer-Emmett-Teller (BET) 
method and the pore volume (Vp) was determined from low-temperature nitrogen 
adsorption measured using a Micrometrics Gemini VII analyzer. In determination of 
the surface area, the samples were degassed at 300 °C before the measurements were 
taken. The specific surface area was obtained by five points at p/p0 between 0.1 and 
0.99 applying the Brunauer–Emmet–Teller equation to the adsorption data. The phases 
of the zeolite were determined by X-ray diffraction analyses (XRD) with an automated 
Philips X’Pert Pro diffractometer with Cu anode using Co Kα radiation at 40 kV and 
20 mA over the range (2θ) of 5–80° with a scan time of 1°/min. The chemical 
composition of zeolite was determined by a Philips X’Pert Pro X-ray fluorescence 
spectrometer (XRF) equipped with a Rh X-ray tube (operated at 50 kV–60 mA). 
Scanning Electron micrographs were obtained by using Philips XL-30S FEG scanning 
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electron microscope (SEM). Thermal analyses were performed by the 
thermogravimetric analysis (TGA) method (Perkin Elmer Diomand TG/DTA). The 
types of functionalities of the materials and adsorbed species were determined on the 
basis of the infrared spectroscopy. The Fourier transform infrared (FT-IR) spectra of 
natural and modified zeolites (Fig. 3) were recorded in the transmission mode at room 
temperature on 1725X Perkin-Elmer instrument using KBr pellet technique (1:20) 
with the resolution 2 cm–1.  

Sorption methods  

The adsorption was performed by batch experiments. Kinetic experiments were 
carried out by stirring 100 mL of dye solution of known initial dye concentration 
(100mg/L) with 0.05 g of zeolite at room temperature (25 °C) at 150 rpm in different 
250 ml flasks. After time intervals were completed, solutions were centrifuged at 
3500 rpm for 10 min. The concentration in the supernatant solution was analyzed 
using a UV spectrophotometer (Shimadzu UV-1800) by measuring absorbance at 
λmax = 664.4 nm and pH = 7.  

 

Figure 3. FTIR spectra of ; (a) H2O2 treated zeolite, (b) Ca-exchanged zeolite,  
(c) K- exchanged zeolite and (d) untreated natural zeolite samples 

Results and discussion 

Surface areas of zeolite samples are found to be 49.06 m2/g for K-exc zeolite, 54.57 
m2/g for Ca-exc zeo, and 37.95 m2/g for untreated zeolite. Besides, activating zeolite 
with H2O2 before modification with K and Ca ions caused the increase in BET surface 
area. After hydrogen peroxide treatment, the surface area of zeolite has become 44.49 
m2/g. It indicates that the metal chlorides switch with exchangeable ions in zeolite like 
Ca, Mg and K influenced the surface area in positive way. Bivalent ions like Ca 
increased the surface area more than monovalent ions like K (Han et al., 2009).  
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Figure 4. SEM pictures of zeolite samples (a) natural zeolite, (b) zeolite treated with H2O2,  
(c) K-exchanged zeolite, (d) Ca-exchanged zeolite, (e) Ca-exchanged zeolite after MB adsorption,  

and (f) K-exchanged zeolite after MB adsorption 

FTIR results presented in Fig. 3 shows that modifying zeolite with Ca and K made 
change in zeolite structure especially in 3400 and 1680 cm– bands. Chavez et al. 
(2010) had similar results for Ba adsorption on Ca exchanged zeolite samples. The 
change in the structure of zeolite samples could be more clearly seen in SEM pictures 
(see Fig. 4). Activating zeolite with hydrogen peroxide had let more Ca and K ions 
enter into zeolite surface. The spaces in zeolite structure had been filled with MB by 
application of modified zeolite on adsorption of MB (see Fig. 4.). 
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X-ray diffraction patterns of the zeolite samples in (Fig. 5) show that modification 
of zeolite with solutions did not lead to significant structural changes. The effect of 
hydrogen peroxide on zeolite appears at decreasing number of peaks because of 
exchange ions with hydrogen of peroxide. The quantitative XRD analysis 
demonstrated that the Akdere natural zeolitic tuff consisted of clinoptilolite with 
minor quantities of quartz, Na-Ca feldspar, mica and opal-CT (Demirhan, 1998). 
Natural zeolite hardly contains amorphous material. Although, natural zeolite involves 
both amorphous material which can be seen by means of hump and that of height 
between 2u is equal to 208 and 308 (Cu Ka) at XRD diagram and opal-CT that is 
observed by a flat line with the d-spacing of between 4.05 Å and 4.10 Å (cristobalite-
tridimite transition). The X-ray diffraction diagrams of the clinoptilolite samples given 
in Figure 5 show characteristic clinoptilolite peaks at 2u (Cu Ka) = 9.878, 22.48 and 
308. As Chavez et al. (2010) stated in their study, XRD results also show the increase 
in peaks below 10 A° which were caused by Ca and K modification (see Figure 5). 

 

Figure 5. XRD graph of zeolite; a) natural zeolite, b) zeolite treated with H2O2, 
c) K-exchanged zeolite, d) Ca-exchanged zeolite 

Table 2 reports the total weight loss for all cation forms determined by TG 
analysis. The zeolite water loss is higher in the zeolites exchanged with bivalent ion. 
Thermal analysis results (Table 2) point out the loss of more weight for modified 
zeolite (Fungaro et al., 2010). In addition, in the monovalent ions, the larger cations 
have less zeolite water (Table 3). When zeolite samples with and without adsorbed 
MB were compared, MB adsorbed zeolite samples showed greater weight loss (Fig 6). 
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Table 2. The results of thermal analysis of natural and modified natural zeolite samples 

Sample Weight Loss (%) 

Natural zeolite 12.084 

Zeolite treated with H2O2 13.734 

K- exchanged zeolite 12.974 

Ca-exchanged zeolite 14.149 

The presence of different exchangeable cations in zeolites changes their 
temperature at which water is lost from them. TGA curves of natural and modified 
zeolites are shown in Figure 6. In the temperature range 25–100 °C, the weight loss is 
due to desorption of physisorbed water. The results vary depending on the type of 
zeolite and the treatment conditions as Ca-Exchanged > K-Exchanged > Natural 
Zeolite. After K- and Ca-exchange and H2O2 treatment, the amount of water adsorbed 
decreases, which is a result of the lack of extra framework cations and dealumination.  

 

Figure 6. Thermal analysis of zeolite samples: a) MB adsorbed natural zeolite,  
b) MB adsorbed zeolite treated with H2O2, c) K-exchanged zeolite, d) Ca-exchanged zeolite,  

e) MB adsorbed Ca-exchanged zeolite, f) natural zeolite, and g) zeolite treated with H2O2  

In Ca- and K-exchanged zeolites, the major portions of water molecules are weakly 
associated with zeolites because of the restriction of water molecules in the defects 
formed by dealumination. Based on the results mentioned before, the water molecules 
in zeolites can be classified into three forms as physisorbed water (<100 °C), water 
associated with extra-framework cations and aluminium (100–400 °C), and water 
associated with silanol nests (>400 °C). The water exist in clinoptilolite – rich zeolites 
is more stabile up to 700 °C. However, stability decreases in the zeolites containing 
mordenite and clinoptilolite. Because of the decrease in the amount of cations after 
H2O2 treatment, the water content in Ca-exchanged zeolite is significantly decreased. 
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Sorption on natural and modified zeolite 

Natural zeolite, zeolite activated with H2O2, K-exchanged zeolite activated with H2O2, 
and Ca-exchanged zeolite activated with H2O2 were applied to MB solutions. Contact 
time, initial MB concentration, pH, adsorbent dosage, temperature and agitation speed 
were the parameters to find out the optimum conditions for the adsorption. To 
determine equilibrium time in adsorption process, while other variables are kept 
constant only concentration change depending on stirring time was analyzed. 
Solutions of 50 mgdm-3 concentration of MB prepared from a stock solution at pH = 7 
and 300 rpm were mixed with 0.05g zeolite.  

As shown in Fig 7a, the adsorption has reached the equilibrium in 30 minutes. qt is 
the ratio of adsorbed amount of MB to per gram of zeolite. MB adsorption on zeolite 
increases with an increase in adsorption time, and come to equilibrium at 30min. At 
50 mgdm-3 dye concentration and pH 7.0, when the contact time reached from 30min 
to 240min, the adsorbed amount of MB raised 19.1 mg/g to 21.1 mg/g for natural 
zeolite, 31.0 mg/g to 32.0 mg/g for K- exchanged zeolite, and 34.0 mg/g to 36.0 mg/g 
for Ca- exchanged zeolite. The shortest contact time for adsorption was shown as 10 
minute in a study by Özdemir (2008) among other studies. However, while Özdemir 
refers adsorbed amount of MB as 1.25 mg/g, in this study, adsorption comes to 
equilibrium in 30 minutes with 36 mg/g sorption 

Another factor affecting particles adsorbed on dyes is acidity of solution (pH). It is 
generally expected that adsorption will increase with increasing pH. It is advantage for 
cationic MB that zeolite surface has negative charge pHs above 6. In Fig.7b, there is 
no significant change recorded in the amount of MB adsorption at pH between 1 and 
8. Increase in adsorption at pHs between 9 and 12 is relatively less than increase in 
adsorption at pHs between 13 and 14 because of precipitation of MB over pH 8. 
Therefore, it is decided that there was no contribution made to adsorption amounts by 
pH over 8, and experiments were set to pH 7. The values for adsorbed amount of MB 
by zeolite, K-exchanged zeolite and Ca- exchanged zeolite were shifted 20.1 mg/g to 
22.4 mg/g, 29.0 mg/g to 35.0 mg/g, and 30.5 mg/g to 38.0 mg/g, respectively when pH 
increased 3 to 8. Because of the electrostatic attraction force that with increasing pH 
adsorbed MB onto zeolite surface was increased. It is natural that surface charge of 
zeolite in alkaline media is negative and cationic MB molecules are kept more on the 
surface of zeolite at high pH values (Jin et al., 2008). Fungaroa et al. (2010) point out 
pH for zeolite as 5, but this study shows that best pH value is found 7 because zeta 
potential value of zeolite is negative over 6 which attracts cationic dyes like MB. 

Varying the starting concentration of MB (not shown in Figures) between 50 and 
600 mg/dm3 showed a slight increase in the amount of MB adsorbed. While at 50 mg/ 
dm3 of C0 adsorption percentages are 50% for zeolite, 74% for K-exchanged zeolite 
and 76% for Ca-exchanged zeolite, over 100 mgL–1 adsorption percentages dropped 
clearly as 20% for zeolite, 33% for K-exchanged zeolite and 36% for Ca-exchanged 
zeolite. This showed that adsorption capacity of zeolite samples for over 100 mg dm–3
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initial MB concentration was exceeded, and after 100 mg/dm3 even modification of 
zeolite did not affect the adsorption capacity.  

For adsorbent dosage, increasing amount of natural and modified zeolite had 
caused an increase in the amount of adsorbed MB concentration between 0.01g and 
0.5g (see Fig.7c). MB adsorption is slightly increased over 0,05g adsorbent added into 
the mixture. Ozdemir (2012) states that 100 mg/L for initial concentration of MB is 
optimum same as in this study, while that study finds out adsorbed amount 46.31 
mg/g, the adsorbent dosage is used as 0.1 g which is 0.05 g zeolite in this study.  
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Figure 7. Effects of (a) time, (b) pH, (c) adsorbent dosage, (d) temperature, and (e) stirring speed  
on MB adsorption by natural zeolite, K-exchanged zeolite, and Ca-exchanged zeolite 
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Besides the variables considered above, there are also two more variables as 
temperature and mixture rate used in adsorption. As seen in Fig. 7d, because there is a 
slight increase in adsorption from 22.0 mg/g toward 26.0 mg/g for natural zeolite, and 
29.0 mg/g to 30.0 mg/g for K-exchanged zeolite, 31.0 mg/g to 32.0 mg/g for Ca-
exchanged zeolite with increase in temperature from 20 °C to 60 °C. With increase in 
temperature, MB molecules try harder to get in zeolite pores. Attraction between 
hydroxyl groups holding on zeolite surface and cationic methylene groups can cause 
this kind of raise (Bissada et al., 1967). However, in physical adsorption change in 
temperature does not have influence on increase in adsorption.  

In Fig. 7e, it is clear that there is no significant difference in contribution of 
adsorption percentage with stirring speed at 150, 225, 400 and 500 rpm, respectively. 
Therefore, the mixture rate is determined as 150rpm. The trend of change with stirring 
speed pointed out that contacting MB ions with zeolite samples by increasing speed 
did not cause the raise for adsorption capacity 

Table 3. Previous studies on MB adsorption and the maximum amounts adsorbed 

Type  
of adsorbent 

Initials conditions 
Adsorbed amount 

of MB (mg/g) 
Ref. 

Clay  0.1 g; 100 cm3; 100 mg/dm3; 60 min 60 Gürses et al. (2006) 

Perlite  1 g; 100 cm3; 93.475 mg/ dm3; 30 min; pH = 7 7.5 Doğan et al. (2004) 

Natural zeolite  
2.2434 mg/dm3; 150 cm3; 1000 min;  

0.01–0.05g 
23.6 

Farhade and Aziz 
(2010) 

Hazelnut shell  50 cm3; 0.25 g; 24 h; 959.58 mg/dm3 96.0 Doğan et al. (2008) 

Hazelnut shell 
1 g; 2 dm3; 40 min; 37.39 mg/dm3;  

pH = 4.1–4.5 
74.8 Doğan (2009) 

Zeolite 12.8 mg/dm3; 100 cm3; 1 g; 10 min; pH = 5 1.3 
Fungaroa et al. 

(2010) 

Melamine-urea 
resin  

13.04 mg/dm3; 0.3 g; 20 min; 1 dm3 12.1 Özdemir (2008) 

Sepiolite 
400.32 mg/dm3; 2 dm3; 5 g; 400 rpm; 

pH = 5–9; 3 h 
75.1 Doğan et al. (2007) 

(SDBS)- and 
(SDS)-modified 

zeolite  
25 mg/dm3; 25 cm3; pH = 6.43; 0.1 g; 30 min 8.7 Jin et al. (2008) 

Tripoli  100 cm3; 0.5 g; 100 mg/dm3; pH = 8 17 Alzaydien (2009) 

Activated carbon 0.1 g; 50 cm3; 1–60 min; 100 mg/dm3  46.3 Ozdemir (2012) 

Vineyard pruning 
waste 

25 °C and natural pH; 10 g/2 dm3;  
400 rpm; 60 min  

46.1 Ugurlu (2010) 

Natural zeolite 0.05 g; 100 cm3; 30 min, 100 mg/dm3 28.6  

Modified zeolite 0.05 g; 100 cm3; 30 min, 100 mg/dm3 42.7  
present study 

The optimum pH range for adsorption of MB was found to be at 7.0. Adsorption 
equilibrium attained within 30 minutes. The sorption of MB slightly increased with 
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rise of temperature. As the zeolite amounts increased, the removal efficiencies 
increased, but on the other hand, the adsorbed amount on the zeolite decreased with 
the increasing zeolite amounts. The removal efficiency of natural zeolites is strongly 
affected by the modification of zeolite. Overall, a comparison of several adsorbents 
employed for MB adsorption in previous research efforts was presented in Table 3. As 
it can be seen from Table 3, modified zeolite employed in this work presented higher 
adsorption capacity when compared with some of adsorbent reported in the literature. 

Adsorption equilibrium 

The equilibrium adsorption isotherm is fundamental in describing the interactive 
behavior between solutes and adsorbent, and is important in the design of adsorption 
system. As shown in Table 4, the adsorption increases with the increasing equilibrium 
concentration and approaches to equilibrium at higher concentration. Higher 
temperature slightly results in higher adsorption capacity.  

Two models are commonly used to simulate the adsorption isotherm, the Langmuir 
and Freundlich isotherms. The well-known expression of the Langmuir model is 

 max

1
L e

L
e

e

K q

C
q

C

K



 (1) 

where qe is the equilibrium dye concentration on adsorbent (mg/g), Ce the equilibrium 
dye concentration in solution (mg/L), qmax is the monolayer capacity of the adsorbent 
(mol/g) and KL is the Langmuir adsorption constant (dm3/mg) which relates to the 
adsorption energy. The Langmuir equation is applicable to homogeneous sorption, 
where the sorption of each sorbate molecule onto the surface has equal sorption 
activation energy. On the other hand, the Freundlich equation is 

 qe= KFCe
1/n (2) 

where qe is the equilibrium dye concentration on adsorbent (mg/g), Ce is the 
equilibrium dye concentration in solution (mg/L) and KF (L/g) and n are the 
Freundlich constants characteristic of the system, indicators of adsorption capacity and 
adsorption intensity, respectively. The Freundlich equation is employed to describe 
heterogeneous systems and reversible adsorption and is not restricted to the formation 
of monolayers. 

The adsorption of MB on zeolite is due to the formation of the hydrogen bonds 
between surface hydroxyls and dye molecules with participation of water molecules. 
The non-linear forms of the two isotherms to the experimental data are illustrated in 
Table 4. The fits for two isotherms are quite similar. Except for K-exchanged zeolite 
at 50 °C which shows both Langmuir and Freundlich type of isotherm, all other 
experimental data were well fitted to the Langmuir equation, with good correlation 
coefficients (Alzaydien, 2009). The correlation coefficients of Ca-exchanged zeolite at 
both 20 °C and 50 °C and K-exchanged zeolite at 50 °C for two models are greater 
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than 0.95, indicating that the two models fit the experimental well. For other samples, 
Langmuir is the only isotherm fits for MB adsorption. For all zeolite samples, 
Langmuir isotherm correlations belong to 20 °C are higher than the values of 50 °C. 
This would lead us that temperature does not influence on adsorption. For KL values, 
all values decreased with increasing temperature, the highest value was shown for Ca-
exchanged zeolite. 

The Langmuir model suggests the surface sorption mechanism. The maximum 
Langmuir equilibrium constant (KL) calculated from the slope and the intercept of the 
linear plot were 26.11 mg g−1 at 20°C and it belongs to Ca-exchanged zeolite. The 
value of the monolayer saturation capacity of zeolite was comparable to the adsorption 
capacities of some other adsorbent materials for MB (Table 4). A direct comparison of 
literature data obtained using different adsorbents may not be appropriate since 
experimental conditions are not systematically the same. 

Freundlich constant (KF) and the heterogeneity factor (1/n) calculated from the 
slope and the intercept of the linear plot were changing between 45.42 mg g−1 and 
722.00 mg g−1, 0.26 and 3.14, respectively. The value of 1/n smaller than 1 points out 
the favorable sorption conditions (Alzaydien, 2009; Chavez et al., 2010). In this 
manner, Ca-exchanged and K-exchanged zeolite samples were favorable. The 
Langmuir and Freundlich isotherm constants and linear (R2) regression coefficients 
are shown in Table 4. 

Table 4. Langmuir and Freundlich isotherms of MB adsorption on natural zeolite,  
Ca-exchanged and K-exchanged zeolite 

 Langmuir Isotherm Freundlich Isotherm 

 KL, mg/g b, L/mg R2 1/n Kf, mg/g R2 

Zeolite (20 °C) 2.845 0.016 0.971 1.891 89.125 0.916 

Zeolite (50 °C) 0.053 0.007 0.959 1.748 98.628 0.893 

Ca-Exc (20 °C) 26.110 0.568 0.998 0.260 45.420 0.961 

Ca-Exc (50 °C) 0.142 0.132 0.996 2.741 221.310 0.973 

K-Exc (20 °C) 20.534 0.003 0.988 0.437 87.510 0.804 

K-Exc. (50 °C) 0.149 105.68 0.987 3.140 722.000 0.988 

Conclusions 

The effectiveness of H2O2 in activating the natural and modified zeolites to remove 
methylene blue (MB) ions from aqueous solutions has been presented. It was observed 
that MB adsorption is partially dependent on the adsorbent amount, particle size, 
contact time, initial pH of the solution and initial metal concentration.  

FTIR, SEM, TG/DTA analyses revealed that Ca- and K-exchanged zeolites have 
higher surface area and affinity toward MB. Modification after H2O2 treatment 
allowed zeolite samples to adsorb more MB ions than untreated zeolite samples. The 
effect of activation with H2O2, and then modification with KCl and CaCl2 could 
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significantly improve the adsorption rate and adsorption capacity of MB ions. 
Adsorption values were arisen with activation and modification as Ca-Exchanged 
Zeolite (H2O2 treatment) > K-Exchanged zeolite (H2O2 treatment) > Zeolite treated 
with peroxide > natural zeolite. 

The adsorption of MB on zeolite was found to conform to the Langmuir equation. 
This study has shown the potential of modified zeolites after H2O2 treatment for the 
removal of MB from wastewater streams due to their relatively low price, abundance 
in nature, and its easy procedure to modify. 
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