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ABSTRACT  

Immobilization of catalysts on the surface of some inert supports makes therecovering step easier. Because of the specific physicochemical properties, zeolites 
are good candidate as catalyst supports. In this study, zeolite X was synthesized by natural kaolin and TiO2 was incorporated into zeolite phase by 

impregnation method. Degradation of Safranin Orange, methylene blue and 2,4–dinitroaniline was studied in the presence and absence of ultraviolet radiation. 

The effect of experimental parameters including TiO2 loading,photocatalyst amount, irradiation time, pH and initial concentration were studied. Adsorption 
and photodegradation of the pollutants followed first–order kinetics.Adsorption isotherms were analysed using Langmuir and Freundlich models. The higher 

activity obtained for TiO2supported onzeolite X is attributed to the greater adsorption of the pollutants on the zeolite surface as compared to pure TiO2. 

Keywords: TiO2–zeolite X; Photodegradation; Adsorption, Safranin Orange, Methylene blue and 2,4–dinitroaniline 

1. Introduction 

 In many industries such as paper manufacturing, petroleum 

refining, textile processing dyeing of cloth, food and printing many 

organic pollutants are produced. Since most of these compounds are 

toxic and cause allergic dermatitis, skin irritation, cancer and 

mutation in man, their disposal to the environment is one of the 

major environment control problem [1-4]. Physical adsorption of 

discharged pollutants by activated carbon is an expensive and 

commercially unattractive, while adsorption by other adsorbents 

such as fly ash [5], wood ships [6], natural clays [7] and zeolite [8] 

is investigated as low cost alternative to activated carbon [9]. A new 

class of techniques devoted to pollutant remediation is referredas 

advanced oxidation processes (AOPs) [10-14]. Pollutants could be 

degraded into harmless matter by AOPsmethods under normal 

temperature and air pressure. Titanium dioxide (TiO2) is one of the 

most effective photocatalysts because it is biologically and 

chemically inert. With near–UV band gap energy, it has no toxicity, 

low price, high activity, large stability in aqueous media and safe to 

handle [15-17]. 

Immobilizing of the photocatalyst on the adsorbent surface is to 

help the filtration step, reduce losses of the materials and is to give 

better results in removing organic pollutants [18-23]. Many 

researchers have examined some methods for fixing TiO2 on 

supporting materials including glass beads [24], fibre glass [25], 

silica[26], and zeolite [27-28].Among the various supports, zeolites 

seem to be the most suitable materials due to their unique uniform 

pores and straight channels. They provide large surface area and 

most of degradable molecules easily diffuse to the channels and  
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 cages of the order of 4–14Å resulting in the enhanced degradation 

[29, 31].Zeolite X with low Si/Al ratioin the framework posseses 

high ion exchange capacity, sorption and relatively large pore size 

that exhibits the highest photoactivity and makes it ideal adsorbent 

among the various zeolites [32]. In this study, zeolite X was 

synthesized by natural kaolin which is a raw mineral of low cost 

and contained of combined source of silica and alumina [33]. TiO2 

was encapsulated in the H–type zeolite by the impregnation of 

aqueous solution of ammonium titanyl oxalate monohydrate. 

Safranin–O(SO), methylene blue (MB), 2,4–dinitroaniline (DNA) 

were chosen as model compounds of photodegradable organic 

materials. Safranin–O is a biological stain used in histologyand 

cytology that is believed to be carcinogenic in nature, any presence 

of this pollutant in wastewater would have detrimental effects on 

marine life. Methylene blue has many uses in biology and 

chemistry. 2,4–dinitroaniline is used in synthetic intermediate, 

corrosion inhibitor. It is poisonous and toxic if swallowed, inhaled 

or absorbed through the skin. 

2. Experimental 

2.1. Synthesis of zeolite by kaolin 

Kaolin from Gonabad region in (North-East of Iran) was taken as 

Si–Al source for synthesize of zeolite X. It contains some quartz as 

impurity, which was separated by sedimentation in water. Kaolin 

was converted to metakaolin by heating in an electrical furnace at 
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 900 ℃ for 1 h. 4.0 g of metakaolin was added to 20 mL of dionized 

water and the mixture was homogenized by magnetic starrier 

(solution A). 15 mL of 7.8 N sodium hydroxide (NaOH) solutions 

was added to solution A containing metkaoline. The mixture was 

shaken until dissolution of kaolin (solution B). In another beaker 

2.7g of sodium silicate (Na2O 8%, SiO2 27%, and H2O 65%, Merck) 

was dissolved in 10 mL of water (solution C). Solution B was added 

to solution C and the final mixture was stirred for 1 h. The reaction 

mixture was aged at room temperature for 48 h and then at 90 ℃ for 

24h under autogenously pressure. Along the synthesis process, the 

effective parameters such as temperature of crystallization, ageing 

time were optimized [33].  

2.2. Preparation of photocatalyst  

To prepare hydrogen form of zeolite X (HX), 100 mL of 1.0N 

ammonium chloride solution (NH4Cl) was added to 10 g of sodium 

form of zeolite (NaX). The mixture was shaked for 24 h at room 

temperature. The exchanged form was separated and rinsed with 

distilled water. It was dried at 110 ℃for 12 h. and calcined at 400 ℃ 

for 4h. Incorporation of TiO2 into zeolite was performed by 

introduction of 20 mL of aqueous solution of ammonium titanyl 

oxalate monohydrate ([(NH4)2[TiO (C2O4)2] to 10g of H–X. The 

mixture was stirred for 12h and the solid phase was filtered, washed 

with de-ionized water and dried at 110℃. The sample was calcined 

in air at 200 ℃for 5 h [34].Several preparations were performed, 

each with known amount of TiO2 content. 

Zeolite and photocatalyst were characterized by X-ray 

diffractometer (XRD, Bruker, D8–Advance, German with CuKα 

radiation y) and FTIR (Nicolet, 400D–Impact, USA). FTIR spectra 

were obtained in KBr pellets using over the range of  

1200–400 cm-1. 

2.3. Photodegradation and adsorption studies  

To study the dual–effects of adsorption and photodegradation, 20 

mL of the pollutant solutions was mixed with 0.02 g of the 

photocatalyst. The pH of solution was adjusted by HCl or NaOH 

solution. The suspensions were magnetically stirred at room 

temperature for known period of time in dark condition and then 

illuminated by a 30W mercury lamp for photodegradation. The 

mixture was centrifuged before measurements. The effects of 

different parameters, such as TiO2 loading, irradiation time, pH, 

initial concentration and photocatalyst amount were studied.  To 

optimize each parameter, one of the parameters was varied while 

keeping other constant.  To eliminate the interferences a blank 

solution was used under identical conditions. The concentration of 

the pollutants was determined using a UV/Vis spectrophotometer 

(Carry 100, Australia) at λmax = 519 nm, 663 nm and 250 nm 

respectively for SO, MB and DNA. The degradation percentage and 

the amount of adsorption were calculated respectively by the Eqs. 

(1) and (2): 

%degradation = (C − C ) × 100 ⁄ C               (1) 

q = (C − C )V/(m × 1000)(2) 

Where C0 and Ct are respectively the concentrations (mg L-1) at 

initial and given time, m is the amount of photocatalyst (g), V is the 

volume of the solution (mL), and qt is the amount of adsorption ( 

adsorption capacity) (mg g-1). 

%degradation = (C0 - Ct) × 100 / C0   (1) 

qt = (C0 - Ct) V / (m × 1000)   (2) 

Where C0 and Ct are respectively the concentrations (mg L-1) at 

initial and given time, m is the amount of photocatalyst (g), V is the 

volume of the solution (mL), and qt is the amount of adsorption ( 

adsorption capacity) (mg g-1). 

3. Results and Discussion 

3.1. Characterization of zeolite and photocatalyst 

The result of chemical analysis of purified kaolin is shown in Table 

1. The SiO2/Al2O3 ratio was about 3. 

Fig. 1 shows the XRD pattern of zeolite and the photocatalyst.  Due 

to the small quantity of TiO2 and its location in zeolite cavities, it 

was observed   that the framework structure of zeolite is unaltered 

during the inclusion of TiO2[36, 37]. 

 Fig. 2 shows the infrared spectroscopy (FTIR) of zeolite and the 

photocatalyst. IR spectrum of photocatalyst is similar to that of 

zeolite, but a new small band is observed converses a range from 

945 to 900 cm-1 which is assigned to stretching vibration of Ti–O–

Si, Ti–O–Al [38, 39]. 

 

 

 

 

 

 

 

 

 

Fig. 1. XRD pattern of zeolite (A) and photocatalyst (B) 

 

Fig 2 FTIR spectra of photocatalyst (A)and zeolite (B) 

LOIa
P2O5CaOK2OTiO2MgOFe2O3Na2OAl2O3SiO2Components

9.550.090.610.060.050.320.460.2236.147.1Weight %

(a)LOA= loss on ignition

Table (1) Chemical analysis of purified kaolin
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3.2. Effect of TiO2 loading 

The samples with different TiO2 loading were selected to examine 

the effects of TiO2 content on the photodegradation and adsorption 

capacity of the photocatalysts. 

As the TiO2content of the photocatalyst increases the number of  

ctive sites and hydroxyl radicals (OH


) increases. This trend 

continued up to 0.8wt% of TiO2 for SO, 1.2wt% for MB and DNA. 

To study the adsorption capacity, the experiments were conducted 

in dark conditions. It was concluded that the photocatalyst had high 

affinity towards Mo and the highest adsorption capacity was 

obtained with photocatalyst contained 0.8-1.2 wt% of TiO2 (Table 

2). However, with higher TiO2 contents aggregation of TiO2 on the 

surface of the zeolite took placed with the effect that the TiO2  

particle size increased and its specific surface area decreased [40]. 

Collisional deactivation would also decrease degradation rate; Eq. 

(3). 

 i  
   i     i  

   i                                  (3) 

Where  i  
  and  i  

  are respectively activated and deactivated 

species [41]. 

3.3. Effect of photocatalyst amount 

Adsorption and degradation experiments were carried out at 

different solid/liquid ratios, the results are given in Table 3. Up to 1 

g of photocatalyst/L, the degradation percentage increased with 

increasing photocatalyst amount and then remained constant or 

decreased. With increasing the photocatalyst amount, the number of 

available adsorption sites increases which results in increase of the 

amount of adsorbed pollutants. The decrease in adsorption capacity 

with increase in the photocatalyst amount is mainly because of 

adsorption sites which are partially occupied. It also could be 

attributed to the particle interaction, such as aggregation. Such 

aggregation and sedimentation would lead to decrease in total 

surface area of the photocatalyst and an increase in diffusion path 

length [42, 44]. 

3.4. Effect of Irradiation time  

The effect of Irradiation time on photodegradation of the pollutants 

is shown in Figure 3. The experiments were carried out by using 20 

mL solution of 21 mg L-1(SO), 20mg L-1(MB) and 10 mg L-1(DNA) 

with 0.02 g of catalyst. The initial rate of the reactions is found to be 

very fast and thereafter is almost constant. At the beginning, 

generation of OH0is very fast and a large number of vacant surface 

sites are available for adsorption. After a known period of time, the 

remaining sites are hardly occupied due to the repulsive forces 

between the molecules on the surface and in the bulk phase [44]. 

The formation of intermediates which compete with the parent 

molecules decreases the reaction rate in the prolonged time. At these 

conditions, the slow kinetics of degradation after certain time is due 

to the difficulty in converting the N-atoms of the pollutants into 

oxidized nitrogen compounds [45,46]. The results  indicate that in 

the presence of photocatalyst and UV irradiation 66% of SO, 83% 

of MB and 49% of DNA are degraded at the irradiation time of 

respectively 120,120 and 140 min, while the degradation is much 

lower in the absence of the photocatalyst. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3 The effect of irradiation time on degradation of safranin–O 

(A),methylene blue (B) and 2,4–dinitroaniline (C) 

  

qt%degradationqt%degradationqt%degradation

1385373600.6

1426534690.8

1446553631.2

1254393611.6

0202393581.8

Table (2) Effect of TiO2 loading on ([SO ] =7 mg L-1 [MB] = [DNA] = 10 mg L-1, 

DNAMBSO
(wt.%) loading

time length for SO=MB =30 min DNA 120  min, amount of  photocatalyst =1 gL
-1

)

Photocatalyst

qt%degradationqt%degradationqt%degradationg L -1

3178355550.6

2216414670.8

1446554691.2

1245563651.6

1325563651.8

Table (3) Effect of photocatalyst amount ([SO ]=7 mg L-1[MB]=[DNA]= 10 mgL-1,

time length for SO=MB =30 min DNA 120  min, wt.% of TiO2 for SO=  0.8, 

DNAMBSO

MB=DNA=1.2)
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3.5. Effect of pH  

The effect of pH was studied over the entire pH range of 3–11 for 

So, MB and DNA. The influence of pH on degradation depended to 

the amount of adsorbed pollutants by the photocatalyst and the 

number of hydroxyl radicals. 

The results indicate that increasing the pH of SO and MB solutions 

leads to increasing degradation and adsorption. The possible reason 

for this behaviour is that alkaline pH range favours the formation of 

more OH0 due to the presence of large quantity of OH- ions [41].  

The degradation of DNA was minimal in acidic and basic solutions. 

This could be attributed to the protonation and deprotonation of 

NH2 group at high and low pH. The optimal pH for SO, MB and 

DNA was respectively 6.7, 6.7 and 5.8. Table 4. 

3.6. Effect of initial concentration 

The effect of initial concentration on the degradation of the 

pollutants is shows in Table 5. The reaction occurs between OH


generated at the active OH- sites and the molecules of the solution. 

At lower concentration, the number of the available active sites is 

more than the pollutant molecules, while at higher concentrations, 

there would be a competition for engaging the active sites. 

Moreover, with increasing of the pollutants concentration, the light 

absorption is enhanced with the result that fewer photons reach to 

the photocatalyst surface [47]. 

The maximal adsorption was observed at in 21 mg L-1, 30 mg L-1, 

and 10mg L-1 respectively for SO, MB and DNA. 

3.7. Comparison of the phtocatalytic activity of TiO2 and TiO2–

zeolite 

The photocatalytic activity of TiO2and TiO2–zeolite on degradation 

of SO, MB and is shown in Table 6.  In the absence of zeolite, the 

degradation percentage of 19%, 60% and 36% was obtained 

respectively for SO, MB, and DNA, while with TiO2–zeolite the 

values of 88%, 90% and 49% were obtained.  

The higher photocatalytic activity o TiO2–zeolite compared to pure 

TiO2 is attributed to the moleculeswhich are adsorbed on the 

adsorbent sites of zeolite where OH


is available. 

4. Isotherm Study 

An adsorption isotherm shows how the dye molecules distribute 

between the liquid and solid phases. The adsorption data fitted to 

various equations to find a suitable model. In this research, two 

isotherm models were used. The linear from of the Langmuir and 

Freundlich equations can be written as shown in Eqs. (4) and (5), 

respectively. 

1 𝑞𝑒 = 1 𝑞    1 𝑏𝑞   𝐶 ⁄⁄⁄                     (4) 

log 𝑞 = log𝐾  1 𝑛⁄ log𝐶                        (5) 

Where qe is the amount of adsorption (mg g-1), Ce is the equilibrium 

concentration (mg L-1), qmax(mg g-1)and b(L mg-1) are the Langmuir 

constants related to maximum adsorption capacity and energy of 

adsorption,  respectively and KF [mg g-1(L mg-1)1/n ], n are the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. Langmuir adsorption isotherm for safranin-O, methylene blue (A) 

and2,4–dinitroaniline (B) 

 

 

 

 

 

Fig 5. Freundlich adsorption isotherms 

  

qt%degradationpHqt%degradationpHqt%degradationpH

012344932143

1194.73675.8(Neat dye)2585.7(Neat dye)

1495.8(Neat dye)7836.79666.7

186.89839.211679.3

0610.898611137111
a
 [SO] = 21 mg L

-1
, amount of photocatalyst = 1 g L

-1
, wt.% of TiO2 = 0.8 , time length = 120 min

b[MB] = 20 mg L-1, amount of photocatalyst =1 g L-1, wt.% of TiO2  = 1.2 , time length = 120 min
c
[DNA] = 10 mg L

-1
, amount of photocatalyst = 1 g L

-1
, wt.% of TiO2 = 1.2 , time length = 140 min

Table (4) Effect of pH on  degradation of the pollutants 

SO
a

MB
b

DNA
c

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0.5 1

1
/q

e 

1/Ce 

 

 

A 

DNA 

0

0.5

1

1.5

2

2.5

0 0.1 0.2 0.3

1
/q

e 

1/Ce 

B 

-0.5

0

0.5

1

1.5

0 0.5 1 1.5 2

lo
g
q

e 

logCe 

  

qt%degradationmg L-1
qt%degradationmg L-1

qt%degradationmg L-1

142549552971.7

14910790106937

117157832087814

112209303096621

06307164073228
a
 SO= amount of photocatalyst =1 g L

-1
, wt.% of TiO2 = 0.8 , time length = 120 min, pH= 6.7

bMB= amount of photocatalyst =1 g L-1, wt.% of TiO2= 1.2, time length = 120 min, pH= 6.7
c
DNA= amount of photocatalyst= 1 gL

-1
, wt.% of TiO2=1.2 , time length= 140 min pH=natural

Table (5) Effect of initial dye concentration on dyes 

SO MB DNA
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Freundlich constants related to the adsorption capacity and 

adsorption intensity, respectively. When 1/qe is plotted against 1/Ce,  

a straight with slope 1/bqmax and when 𝑙𝑜𝑔 𝑞 is plotted 

against 𝑙𝑜𝑔 𝐶 , a straight line with slope 1/n are obtained [48]. 

Figs. 4 and 5 were used to calculate the Langmuir and Freundlich 

constant respectively, and their values are given in Table 7. The 

Langmuir isotherm model provided the best fit for the equilibrium 

data for safranin-O and methylene blue in the concentration range 

investigated, with the maximum adsorption capacity being 9.52 mg 

g-1 and 8.00 mg g-1, respectively. The adsorption capacity of 2,4–

dinitroaniline was negligible and Freundlich model provides better 

fit to the adsorption data. 

5. Kinetic Study 

The linearized integrated rate law for first order reaction is given by 

[49, 50]. 

ln(C C⁄ ) = K   t   (6)  

Where C° is the initial concentration of the reactant, C is the 

concentration of the reactant at time t, t is the time length and Kappis 

the apparent constant. When ln(𝐶 𝐶⁄ ) is plotted against t, a straight 

line with slope Kapp is obtained (Fig. 6 and 7). The first order rate 

constants listed in Table 8.Thus, it is concluded that MBis more 

prone to oxidative changes compared to the other studied pollutants. 

 

 

 

 

 

 

 

Fig 6. Kinetics of photodegradation of the pollutants. 

 

 

 

 

 

 

 

 

Fig 7. Kinetics of adsorption of pollutants 

6. Conclusion 

Zeolite X has been selected as the host material for the 

incorporation of TiO2 due to its three dimentional channels which 

limits the particle size of TiO2 during the growth. Combination of 

the adsorption and photodegradation enhances the removal 

efficiency of the studied compounds. Adsorption of the pollutants 

on the photocatalyst surface is one of the key reaction steps in 

degradation. The removal efficiency of TiO2–zeolite for the studied 

pollutants was found to be better than TiO2 alone. The photocatalyst 

had both high photocatalytic activity and adsorption affinity 

towards all the studied pollutants. The adsorption data of safranin-O 

and methylene blue fitted well to Langmuir equation and that of 

2,4–dinitroaniline fitted to Freundlich model. Kinetic data followed 

the first order kinetic model for all the three compounds. 
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