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ABSTRACT: NaY zeolite was impregnated by TiO2 to prepare a novel catalyst for the adsorption 

and photocatalytic degradation of methylene blue (MB). The samples were characterized by XRD, 

SEM, EDS, and FT-IR techniques. The percentage adsorption of MB on NaY reaches 88% and  

an adsorption capacity of 6.55 mg/g under optimized parameters ([MB] = 10 mg/L,  pH = 6, S/L = 2 mg/L, 

and T = 25°C). The MB adsorption process follows Langmuir isotherm. The thermodynamic 

parameters were investigated and showed an endothermic and physical process. The MB adsorption 

also follows a pseudo-second-order kinetic. The photo-degradation of the MB dye was successfully 

carried out on the TiO2/NaY catalyst under sunlight. The MB photo-degradation also follows  

a Langmuir-Hinshelwood first-order kinetic. 
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INTRODUCTION 

Dyes are extensively employed in the food and textile 

industries and represent an increasing threat to the aquatic 

medium [1]. Their presence in water, even at low amounts, 

is harmful to aquatic life since they attenuate the light flux 

and inhibit photosynthesis and in a way aquatic life [2]. 

Dyes are primarily of synthetic origin and possess complex 

structures, which make them stable to both light and heat. 

Therefore, it is necessary to remove them before their 

discharge into water [3].  

The treatment of colored water is actively investigated  

and the topic continues to attract great interest from 

environmental researchers [4-9]. The classical and nonclassical 

methods for the removal of the dye include coagulation, 

electrochemical conversion, extraction, and advanced 

 

 

 

oxidation [5-7]. However, some of these methods are 

efficient for low pollutants concentration as adsorption 

while others are efficient for the highly concentrated state 

as coagulation-filtration. 

 So, other strategies for wastewater treatment  

must be used [8-9] and adsorption is found to be attractive 

because of its simplicity. Advanced Oxidation Process (AOPs) 

is also suitable for the degradation of hazardous pollutants by 

radicals OH• and/or O2
• which are able to oxidize organic 

compounds into water, carbon dioxide, and inorganic  

ions [10,11]. In this respect, photocatalysis appears as an 

attractive technology because of the clean and 

inexhaustible energy of the sun[12-14]. Accordingly, 

 the zeolites [15-19], clays [20-21], bio-adsorbents [22-23]  
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and activated carbons [24-25] are currently favored 

adsorbents and can efficiently remove pesticides, organic 

compounds, and heavy metal ions such as iron, nickel, 

zinc, lead, chromium, and uranium. Catalytic materials 

based on NaY zeolite occupy a very important place in 

heterogeneous catalysis [26-31].  

The NaY is known as an aluminosilicate with  

a framework composition based on tetrahedra SiO4 and 

AlO4
-. The negative charge of the structure is neutralized 

by a positive mental charge M+ and is also known  

as the exchangeable ion metal [32-35]. NaY is a suitable choice 

for adsorption ions and organic compounds due to its high 

ion exchange capacity and high volume porosity. Its super 

cages with aperture (7.5 Å) and diameter (12.5 Å) [32, 36] 

are able to fix and adsorb heavy ions and organic 

molecules as dyes.  

In the present work, we have approached the problem 

first on the adsorption side and then by catalytic oxidation 

of the MB by adsorbent-catalysts TiO2/NaY, specific 

features of NaY zeolite such as transparency to sunlight 

allow penetration into the solid opaque powder to reach the 

substrate molecules located inside particles [37]. 

Methylene Blue (MB) is a model dye extensively used 

in the textile industry and is very soluble in water (44 mg/L 

at 25°C). MB dye can affects both the ecosystem and 

human health. At strong used doses, MB dye can be highly 

toxic, and carcinogenic, irritating affected tissues, 

abdominal and pericardial pain, dizziness, headache, 

profuse sweating, and mental confusion [1, 6].       

The main purpose of the present study is to investigate 

the performance of the NaY zeolite and TiO2/NaY through 

successive processes for the adsorption/photocatalysis  

of MB. The effect of catalyst dose, solution pH,  

initial MB concentration and temperature for the 

adsorption/photodegradation are investigated on the NaY 

zeolite and TiO2NaY respectively. 

 

EXPERIMENTAL SECTION 

Catalyst preparation 

TiO2 /NaY was prepared by a known method [37]  

by dispersing 1 g of TiO2 (from Degussa) and 3 g of NaY 

zeolite (purchased from Linde) in 200 mL of distillate 

water. The mixture is left under stirring for 8 h at a temperature 

of 25°C and dried at 80°C to remove water. Finally,  

the obtained powder is calcined in an oven at 300 °C for 6 h 

to assure the incorporation of TiO2 onto NaY zeolite. 

Characterization 

NaY zeolite, TiO2, and TiO2/NaY were identified with 

a Philips PW 1800 diffractometer, using CuKα radiation 

(= 0.15418 nm), at a scan range 2θ from 5 to 120°. The 

morphology of the catalysts was studied by scanning 

electron microscopy (SEM) using a JEOL, JSM-6360LV 

microscope. The samples were also characterized by FT-IR 

using a Philips PU 9800 apparatus in the scan range ν from 

4000 to 400 cm-1. 

 

Batch experiments and photocatalytic tests 

MB is an azo dye characterized by medium toxicity and 

weak biodegradability. The adsorption and photocatalytic 

tests were done in batch mode using 250 mL of MB 

solution at different concentrations (10-120) ppm. The pH 

(3, 4, 6, 8, and 10) was adjusted by dropwise addition of 

acid or basic solutions. The dispersion of the powder  

was carried out by magnetic stirring at 400 rpm and for 60 min 

to reach the equilibrium state in the dark. Then, the system 

was exposed to solar illumination. The aliquots were taken 

at regular time intervals and subjected to strong 

centrifugation (2000 rpm, 20 min) to remove the solid 

particles. The disappearance of MB was followed  

by UV-Visible spectrophotometry (Shimadzu UV1800, 

λmax= 665 nm) using 1 cm quartz cell. The conversion yield 

is determined from the relation: 

0

0

C C
(% ) A d so rp tio n 1 0 0

C


        (1) 

Where Co and C are the initial and equilibrium  

MB concentrations (mg/L), respectively. 

 

RESULTS AND DISCUSSION 

Characterization  

Fig.1(a) and (b) show the XRD patterns of TiO2 and 

TiO2/NaY catalysts which are compared and identified 

with those given in the collection of simulated XRD 

powder patterns [38]. The identification of the NaY zeolite 

was done according to a standard file (JCPDS 00-012-0228). 

The most important XRD peaks characterizing NaY 

zeolite appear at 2θ: 6.19°; 10.11°; 11.86°; 11.32°; 15.61°; 

17.56°; 18.64°; 20.30°; 23.58°; 26.97°; 30.36° and 31.31° 

(Fig.1(b)).  The presence of TiO2 in the NaY zeolite 

structure is characterized by its XRD 2θ positions 

(Fig.1(a)) marked by dashed lines indicating the  
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Fig. 1: XRD patterns of TiO2 (a)  and TiO2/NaY (b). 

 

incorporation of TiO2 in the NaY framework structure. 

These results are similar to those obtained by Tayade et al. [37] 

who reported the enhanced photocatalytic activity of  

TiO2 –coated NaY for degradation of MB in water;  

by Shirani et al. [39] and  Zendehdel [40] in their works 

related to the removal of MB by magnetic NaY zeolite  

and TiO2/NaY zeolite respectively.  

Upon exploring the SEM image, a heterogeneous 

distribution of TiO2 nanoparticles is detected on and 

around the NaY zeolites. The size of the well-defined 

spherical grains of the zeolite is found to be less than 2 µm 

under SEM observation (Fig.2(a) and (b)).  

The results of the EDS analysis (Fig.2) confirm the 

presence of the main elements of NaY zeolite and 

TiO2/NaY : (Na, Si, Al, Ti) in the structure frameworks. 

We note that the Si/Al ratio of  NaY zeolite and TiO2/NaY 

remained fixed (1.35) after doping and that the wt% of 

sodium has decreased (from 12.76 to 9.12) indicating that 

the structure is preserved and TiO2 has been doped  

by the exchange process. 

The NaY zeolite structure is not affected byTiO2 

loading, thus providing highly active sites which allow  

the dye molecules to adsorb easily onto the surface and  

in the way an increased photocatalytic interaction capacity 

of TiO2 [37]. 

Fig. 3 shows the FT-IR spectra of TiO2  and TiO2/NaY 

between 400 to 3800 cm-1 which indicate the absorption 

bands of the structures. The TiO2 spectrum (Fig. 3 (a))  

is characterized only by two large bands at 710 and 503 cm-1. 

The NaY zeolite is characterized by Si-OH hydroxyl 

groups in the region 3736 cm-1, a large O-H-(H2O) band  

at 3455 cm-1, and the stretching vibration of  H2O molecules 

at 1637 cm-1 was reported by Nibou et al. [16] and Ferhat et al. [18].  

NaY zeolite is also characterized by the bands at  1198 and 

1046.9 cm-1 and is attributed to the asymmetric vibration 

of Si-O-Al and Si-O.  Other bands at 810.9, 585.1, and 455.3 cm-1 

are assigned to symmetric stretching of Si-O-Si, Al-O, and 

double rings D4 and D6 reported by Breck [32]. The two 

TiO2 bands at 710 and 503 cm-1 marked by dashed lines 

are present in the TiO2/NaY spectrum confirming the 

results of XRD and EDS analysis.  

 

Adsorption study 

Effect of the pH 

In order to check the pH effect on the dye adsorption, 

we adjusted the pH at 3, 4, 6, 8, and 10. The rate of MB 

adsorption for different pHs (Fig.4(a)) shows that the dye 

is better adsorbed in an acid medium (95%, pH 3) than  

in a basic solution (88% with pH 8) or neutral (86% with pH 7). 

Although the difference is not significant, this is due to  

the negative charge of the NaY zeolite in an acidic 

medium, which promotes the adsorption of MB (cationic 

dye) by electrostatic attraction [39]. 

The point of zero charge pHpzc (Fig.4 (b)) corresponds 

to a zero surface charge. At low pHs (<pHpzc), the zeolite 

surface is positively charged, thus attracting 

cations/repelling anions [9, 11, 18]. 

The maximum adsorption percentage at lower pH may 

be due to the electrostatic attractions between negatively 

charged functional groups of the MB dye and the positive 

charge of the NaY zeolites surface [40]. Hydrogen ions 

also act as a linking ligand between the NaY and MB 

molecules dye. At high pH, the NaY acquires a negative 

charge and no hydrogen bonds can be formed between MB 

and NaY surface, and then only Van der Waals forces 

contribute to MB adsorption.  

 

Effect of contact time 

The enhanced MB adsorption is attributed to the fact 

that initially, all sites on the adsorbent surface are available 

and the gradient of MB concentration is high. Accordingly, 

the extent of MB uptake decreases over time, due to the 

decrease of vacant sites. The remaining internal sites 

become difficult to be occupied because of the repulsive 

forces between the MB molecules on the zeolite surface 

and the bulk phase, thus leading to the saturation state [41]. 

The MB adsorption onto NaY makes it possible to 

determine the adsorption equilibrium time or the saturation 
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Elem Wt% At% 

 O 53.21 65.04 

 Na 12.76 10.87 

 Al 14.45 10.47 

 Si 19.56 13.63 

 

 

Elem Wt% At% 

 O 50.51 61.62 

 Na 09.12 08.63 

 Al 15.05 11.38 

 Si 20.34 14.67 

Ti 04.92 02.64 

                                             (a)                                                                                                          (b) 

 

Fig. 2: SEM micrographs observation and EDS analysis of NaY(a) and TiO2/NaY (b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: FT-IR spectra of TiO2 (a) and TiO2/NaY (b). 

 

point of zeolite by the dye. According to the results 

reported in Fig.5, we noticed that 30 min of contact with 

NaY zeolite is needed to reach the equilibrium time. 

Increasing the contact time enhances the adsorption but 

with an irregular shape. This is due to the difficulty of MB 

molecules reaching the inside pores of the NaY zeolite 

because of the saturation of active sites on the surface. 

Therefore, the adsorption remains almost constant over 

time. This is due to the occurrence of molecule transfer 

ascribed to MB-adsorbent interactions with neglected 

interaction solute-solute. 

 

Effect of solid/liquid ratio and the initial MB concentration 

The aim of this section is to determine the optimal 

quantity of NaY zeolite for different solid-liquid ratios 

necessary to absorb the maximum of MB. Fig.6 (a) shows 

that for the same MB concentration, the adsorption rate 

increases proportionally with the solid/liquid ratio.  

The contact surface induced a greater availability of 

increasing adsorption sites for fixing the MB molecules; 
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Fig. 4: (a) Effect of the pH on MB adsorption onto NaY zeolite ([MB] = 10 mg/L, S/L = 2 g/L and  

T = 25°C). (b) Point of zero charges of NaY. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Effect of the contact time on MB adsorption onto NaY 

zeolite ([MB] = 10 mg/L, S/L = 2 g/L, pH = 6  and T = 25°C). 

 

similar results were found elsewhere [42]. 

MB is an organic pollutant and its concentration 

represents an important parameter in wastewater treatment. 

Effluents are thrown into the aquatic medium in various 

quantities and it is interesting to study the dye elimination 

by varying the MB concentration (Co) in the range  

(10–100 mg/L) at room temperature keeping the other 

parameters constant. Fig.6 (b) shows that the adsorption 

percentage of MB increases with decreasing the concentration Co 

indicating that fewer favorable sites become involved when 

the MB solution concentration is high [43]. 

 

Effect of temperature on the MB removal  

Temperature is one of the crucial factors in the 

adsorption of the dye. To study the thermal effect  

on the MB adsorption process, we retained four 

temperatures: 23, 40, 50, and 60°C. Fig.7(a) shows that  

the evolution of the adsorption rate increases with raising  

the temperature. The rate increases from 84% at 22°C and 

reaches 93% at 60°C; above this temperature water 

vaporization becomes important. The thermal variation 

stimulates the movement of the molecules which increases 

their mobility, thus improving the adsorption process [40]. 

The increase of the adsorption with temperature  

is attributed to either an increase in the number of available 

sites for sorption on the adsorbent [42, 44] or to the 

decrease in the boundary layer thickness surrounding  

the dye, so that the mass transfer resistance of the 

adsorbate in the boundary layer decreases. 

 

Thermodynamic parameters 

The thermodynamic parameters provide additional  

in-depth information regarding the inherent energetic 

changes involved during MB adsorption. The standard 

enthalpy change (ΔH°), entropy change (ΔS°), and  free 

energy change (ΔG°) are evaluated from the equation: 

0 0

c

S H
ln K

R R T

 
         (2) 

 0 e

c

e

C C
K

C


         (3) 

Where Kc is the equilibrium constant. 

o o o
G H T S            (4) 

ΔHo and ΔSo values can be obtained from the slope and 

the interception of the ln Kc plot as a function of (1/T)  
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Fig. 6: (a) Effect of the S/L ratio on MB adsorption onto NaY zeolite ([MB] = 10 mg/L, pH = 6  and T=25°C) and  (b) Effect of the 

initial MB concentration on adsorption onto NaY  (S/L = 2 g/L, pH = 6  and T=25°C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: (a) Effect of the temperature on MB adsorption onto NaY zeolite  and  (b) Variation of ln Kc as a Function of (1/T)  

([MB] = 10 mg/L, pH = 6  and S/L = 2 g/L). 

 

 (Fig.7(b)). The thermodynamic parameters are listed  

in Table 1. The positive value of ΔH° confirmed that  

the adsorption of MB is an endothermic process. The negative 

value of ΔG° decreases with raising the temperature, 

indicating the spontaneity of the MB adsorption while  

the positive ΔS° showed an increase in the randomness  

at the solid/solution interface and the affinity of the 

adsorbent material NaY toward MB [45]. Similar results 

were reported for MB adsorption on different adsorbents [46]. 

According to the magnitude of ΔH°, the adsorption 

process can be classified as physical (ΔH°<84 kJ/mol)  

or chemical (84–420 kJ/mol) [47]. It is clear that MB 

adsorption onto NaY zeolite is physical. 

 

Adsorption equilibrium. 

The equilibrium isotherms permit for understanding 

the adsorption mechanisms and various models have been 

used for the MB adsorption onto NaY zeolite under  

the following conditions: S/L = 2 g/L,  [MB] = 10 mg/L,  

pH = 6, and contact time = 30 min.  

The adsorption isotherms describe how the 

adsorbate interacts with the adsorbent. An adsorption 

isotherm is characterized by constants that express the 

surface properties and affinity of MB and can also be 

used to compare the adsorption capacity of the zeolite 

for different pollutants. For this purpose, we have 

applied the known isotherms namely Langmuir, 

Freundlich, and Temkin [20]. 

The Langmuir isotherm model is commonly used  

to quantify the amount of adsorbate on the adsorbent  

as a function of the dye concentration at a given temperature. 

It suggests that the uptake occurs on a homogeneous 

monolayer surface with no interaction adsorbed/molecule. 

The linear form of the model is given by: 
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Table 1: Thermodynamic Parameters for adsorption of MB on NaY zeolite. 

 
Go (kJ/mol) 

Ho (kJ/mol) So (J/mol K) 298 K 313 K 328 K 343K 

46.9741 0.1747 - 3.8162 - 6.3728 - 8.9293 - 11.4859 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: MB adsorption isotherms for the MB adsorption  

onto NaY. (a): Langmuir, (b): Freundlich and (c): Temkin  

(S/L = 2 g/L, pH = 6, Co = 10–100 mg/L and T = 25°C). 

e e

e m m

c c1

q q b q
          (5) 

Where Ce is the equilibrium MB concentration (mg/L), 

qe(mg/g) is the amount of MB adsorbed at equilibrium, 

qm(mg/g) is the saturated monolayer sorption capacity 

(also the maximal adsorption capacity), and b the capacity 

of adsorption in a saturated single layer. The isotherm 

parameters can be determined by plotting Ce/qe vs. Ce 

(Fig.8(a)). 

The Freundlich model, applied to heterogeneous 

surfaces, gives the dye concentration on the adsorbent 

surface and is given by: 

e f e

1
ln q ln K ln c

n
         (6) 

Where qe is the amount of MB adsorbed (mg/g) and Ce 

is the equilibrium concentration of MB (mg/L); KF and n 

are the Freundlich constants, characteristic of the 

adsorbent/MB system, they can be determined by fitting 

data and which indicate the capacity and intensity  

of the adsorption. Fig.8(b) shows the Freundlich model  

for MB adsorption. The plot ln qe vs. ln Ce is linear with  

a slope of 1/n and an intercept of ln Kf. 

The Temkin isotherm assumes that the adsorption heat 

decreases with the coverage as a result of the interaction 

between adsorbate/adsorbent. It is characterized by  

a uniform distribution of binding energies, with  

a maximum energy and low interaction adsorbent/adsorbate. 

The linearized form is expressed by the following equation: 

e t e
q B ln A B ln C         (7) 

Where B=  
RT

bt
  , bt is the Temkin constant (J/mol) 

related to adsorption heat, and At the isotherm constant 

(L/g). The Temkin isotherm is represented by a straight 

line of qe to lnCe, as shown in Fig.8(c).  

All constants of the three isotherm models are reported 

in Table 2.  According to their correlation coefficients (R2), 

it seems that the Langmuir isotherm gives the best fit  

for the MB adsorption onto the NaY zeolites. This result  
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Table 2: Langmuir, Freundlich and Temkin isotherm models constants (S/L = 2 g/L, pH = 6, Co = 10–100 mg/L and T = 25°C).   

Langmuir Freundlich Temkin 

qm(mg/g) b (L/mg) R2 KF (mg/g) n R2 bT(J/mol) AT (L/g) R2 

6.5530 0.4276 0.9934 3.7091 8.1633 0.9409 0.5017 2397.40 0.8769 

 

Table 3: Dimensionless constant RL of the adsorption of BM onto NaY zeolite. 

Co (mg/L) 10 20 50 75 100 

RL 0.1895 0.1047 0.0447 0.0302 0.0228 

 

suggests that the adsorption of MB onto the surface of NaY 

takes place as monolayer adsorption with a favorable 

process. According to Langmuir model, we can express a 

dimensionless constant (RL) to verify the favorability of 

the adsorption process and which is defined by:  

L

0

1
R

1 b C



        (8) 

The adsorption process can be irreversible (RL = 0), 

favorable (0<RL<1), linear (RL=1), or unfavorable (RL > 1) [16-18]. 

From Table 3, the calculated values of RL indicated  

that the adsorption of MB onto NaY zeolite was favorable 

in all concentrations.  

 

Kinetics studies 

The kinetic study is important for the adsorption,  

it gives the rate of dye removal from aqueous solutions and 

provides data for understanding the mechanism as well as 

the efficiency of the adsorption process. The kinetic which 

governs the adsorption was studied by fitting the pseudo-first 

and pseudo-second-order models to the experimental data.  

 

Lagergren pseudo first order and pseudo second order  

The model is applied to the experimental data to 

describe the kinetic of MB adsorption [41, 48]: 

 
q

1 e t

t

d
k q q

d
         (9) 

Where qe and qt are the amounts of adsorbed MB  

onto the NaY (mg/g) at equilibrium and at time t, 

respectively, and k1 the rate constant of the first-order 

adsorption (min-1). The integrated form of Eq. (9) can be 

written as follows: 

 e t e 1
ln q q ln q k t        (10) 

The k1 values are considered as mass transfer coefficient  

in the adsorption, are determined from the straight lines of 

ln(qe - qt) vs. t (Fig.9(a)); the obtained R2 values are 

relatively small. Hence, the pseudo-first-order model does 

not describe the adsorption kinetic of MB onto NaY 

zeolite, the data are listed in Table 4. 

The pseudo-second-order kinetic model was applied  

to the experimental data to describe the kinetics of MB 

sorption [23, 49]. The model can be expressed as: 

 
2t

2 2 t

d q
k q q

d t
                    (11) 

Where K2 (g/mg/min) is the rate constant of  

the second-order adsorption. The integrated form of Eq. (11) 

is given below. 

2

t e2 e

1 1 t

d dk q

                     (12) 

The plot of t/qt versus t gives a straight line (Fig.9(b)), 

with a high correlation coefficient of (R2= 0.9985), indicating 

that the pseudo-second-order is well suited to describe  

the MB adsorption on the NaY zeolite surface. In addition, 

the calculated values of qe(cal) agree and are very close to 

those determined experimentally as shown in Table 4. 

Otherwise, a decrease in the rate constant k2 of the second-order 

adsorption with the increase of the MB concentration  

can be explained probably by the solute-solute interactions [49]. 

 

Photo-degradation experiments 

Adsorption is a simple and inexpensive alternative for 

pollutant removal but loses its efficiency at small 

concentrations and often does not respect the limits 

imposed by the water standards. In this respect, 

photocatalytic oxidation represents an elegant strategy that 

can take over; it works under mild conditions and  
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Table 4: Pseudo-first-order and pseudo-second-order Kinetic parameters for the adsorption of MB onto NaY. 

  Pseudo first-order Pseudo second-order 

MB (mg/L) qe(exp) (mg/g) qe(cal) (mg/g) K1  102 (min-1) R2 qe(cal) (mg/g) K2  102 (min-1) R2 

10 4.4550 1.8970 5.3 0.9215 4.4247 6.30 0.9995 

20 4.7032 4.1260 7.3 0.9771 5.1098 1.55 0.9868 

50 5.6871 7.3760 4.1 0.9111 7.0472 0.41 0.9444 

100 7.9803 6.1480 4.0 0.9936 7.7881 0.74 0.9967 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: (a) Pseudo-first-order and (b) pseudo-second-order plots for MB adsorption onto NaY zeolite  

(S/L = 2 g/L, pH = 6, Co = 10 mg/L and T = 25°C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: Adsorption in the dark and photodegradation by 

sunlight irradiation of MB dye onto TiO2/NaY for different 

residual concentrations (S/L = 2 g/L, pH = 6 and T = 25°C). 

 

has been widely used for water treatment [42, 50]. 

Wastewaters containing dyes in the range (50-125 mg/L) 

can be suitably treated by photocatalysis. 

In this regard, adsorption is a preamble to 

photocatalysis and it has been found that the adsorbed 

molecules are the results of the decolorization of MB 

residual concentration solutions using photocatalysts 

under UV irradiation compared to dark adsorption 

(Fig.10). Because of the extended surface area of NaY,  

we assume that the discoloration is caused only by MB 

adsorption onto NaY. However, the results of the NaY 

zeolite used with photocatalysts under sunlight irradiation 

rejected our assumption. The elimination process by 

adsorption requires a long time and the degradation cannot 

be completed. 

The performance of supported catalysts is related to the 

photo carriers with the MB molecules. Dispersion of the 

catalyst over the TiO2/NaY zeolite prevents aggregation of 

the particles and the light scattering while increasing  

the photo-catalytic activity by increasing the specific 

surface area.  

However, good dispersion of TiO2 increases the active 

sites, and the degradation rate of pollutants becomes faster. 

Furthermore, the strong electrostatic field in the TiO2/NaY 

zeolite framework can effectively separate the 

electron/hole (e-/h+) pairs produced by photo-excitation  

of TiO2 under UV light, thus resulting in a low recombination 

rate and a higher photo-degradation efficiency. 

-60 0 60 120 180 240 300 360

0

20

40

60

80

100

120

140

Photo degradation by Sunlight Irradiation

M
B

 C
o

n
c
e

n
tr

a
ti
o

n
 (

m
g

/L
)

Time (min)

 125 mg/L (58.68 %)

 110 mg/L (80.77 %)

   90 mg/L (98.78 %)

   75 mg/L (99.46 %)

   65 mg/L (99.97 %)

Adsorption 

in the dark140 
 

120 

 

100 
 

80 
 

60 
 

40 
 

20 
 

0 

M
B

 c
o

n
ce

n
tr

a
ti

o
n

 (
m

g
/L

) 

-60         0          60        120      180       240      300       360 

Time (min) 

0 25 50 75 100 125

-2

0

2

4

R
2
 = 0.9425

ln
 (

q
e
 -

 q
t)

Time (min)

(a)
4 

 

 
 

2 

 

 

 
0 

 

 

 
-2 

L
n

(q
e
 –

 q
t)

 

0              25             50             75            100           125 

Time (min) 

0 25 50 75 100 125

0

10

20

30

R
2 
= 0.9985

t/
q

t

Time (min)

(b)

30 

 

 

 
20 

 

 

 
10 

 

 

 
0 

t/
q

t 

0              25             50             75             100           125 

Time (min) 



Iran. J. Chem. Chem. Eng. Baouali N. et al. Vol. 41, No. 6, 2022 

 

1916                                                                                                                                                                Research Article 

Previous work on the photodegradation of orange acid 

61 on TiO2 has shown the effectiveness of this catalyst [11]. 

The conduction band of TiO2 deriving from Ti4+: 4 S 

orbital, is well positioned with respect to O2/O2
 level and 

should lead to oxidation of MB upon UV light because of 

the band bending at the interface TiO2/MB solution. 

Mekatel et al. [11] have reported the potential of the 

conduction band of TiO2 (ECB = - 0.65 V) is below that of 

O2/O2
- couple (- 0.5) and the electrons generate free 

radicals O2
- responsible for the degradation of dyes. The holes 

OH are formed in the valence band and both radicals O2
-

/OH are involved in the interfacial reactions:   

2 V B C B
T iO h n l 4 0 0 n( )m h e

 
                    (13) 

•

C B 2 2
e O  O
 

                     (14) 

•

V B 2
h H O  O H H
 

                     (15) 

2 2 C B 2 2
H O   O  e  H O  O H

 
                    (16) 

• •

2 2 2
O H  O  M B  d ye  C O H O


                    (17) 

M B  D ye H O • deg radation  p roducts                  (18) 

V B
M B  D ye  h o x id a tio n  p ro d u c ts


                  (19) 

C B
M B  D ye  e red u c tio n p ro d u c ts


                  (20) 

The reaction (Eq.(15)) favors the separation of (e-/h+) 

pairs and prevents the recombination process. The 

decrease of the absorbance at 665 nm during the 

photocatalysis with irradiation time was observed and due 

probably to the MB dye. The oxidation potential of OH- 

and its non-selectivity allows the degradation conversion. 

94% of MB dye (50 mg/L),  92.30% of MB dye (65 mg/L), 

90.24% of MB dye (82 mg/L), 63.46% of MB dye (104 mg/L), 

and 41.32% of MB dye (121 mg/L) after 180 min of 

exposure to sunlight are oxidized (Fig.10). At low 

concentrations, 76% of MB dye are eliminated after 60 min 

and at high concentrations, 23 to 38% of dye are photo 

degraded. After 240 min, the remaining concentration of 

MB is oxidized (99.97%) on illuminated TiO2 by OH and 

O2
- radicals owing to the suitable positions of valence and 

conduction bands.  

Our results confirm the relationship between the adsorption 

and the photocatalytic activity, as the photo-degradation of 

organic pollutants occurs after their adsorption on the surface. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Photocatalytic degradation kinetics of MB dye onto 

TiO2/NaY for different residual concentrations (S/L = 2 g/L,  

pH = 6 and T = 25°C). 

 

Kinetic study 

The kinetics of the degradation of MB dye was investigated 

using the Langmuir-Hinshelwood model (LH). The kinetic 

parameters have been determined by the following 

equations [51]: 

ap p 0

d C
r K C

d t
                     (21) 

0

ap p

C
ln K t

C

 
 

 

                   (22) 

ap p r s
K K K                    (23) 

Where r (min-1): apparent initial rate, C0 : MB dye 

concentration, Ks (L/mg): LH adsorption equilibrium constant, 

and Kr (mg/L.min): rate constant. The plot of  (Eq. (22)) gives 

the Kapp values for photodegradation of MB dye (Fig.11) 

and Table 5. The values of constants (Ks) and (Kr)  

are determined by plotting  (1/Kapp) as a function of C0 (Fig.12). 

The results of Table 5 show the values of the apparent 

kinetic constants and confirm that they are dependent  

on the MB dye concentrations, indicating that MB 

photocatalytic degradation follows a first-order kinetic of 

the Langmuir-Hinshelwood. The apparent kinetic constants 

decrease with increasing concentration, indicating  

also that the LH model is valid and the reaction of 

photodegradation takes place in the TiO2/NaY-liquid interface. 

 

CONCLUSIONS 

Highly active surface NaY zeolite was impregnated  

by a sunlight-sensitive catalyst, TiO2 to study the photo-catalytic 
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Table 5: Kinetic parameters of MB dye photo degradation onto TiO2/NaY. 

C0(mg/L) Kapp (min-1) R2 Kr (mg/L.min) Ks (L/mg) 

50 0.0236 0.9931 0. 1996 0.1182 

65 0.0186 0.9953   

82 0.0154 0.9980   

104 0.0046 0.9837   

121 0.0022 0.9770   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Plot of 1/Kapp as a function of C0 according to the modified 

Langmuir–Hinshelwood model. 

 

degradation of methylene blue in aqueous solutions. XRD, 

SEM, and FT-IR characterization show higher dispersion 

of TiO2 particles in the NaY zeolite structure.  

The MB adsorption process onto NaY zeolite 

parameters were optimized ([MB] = 10 mg/L,  pH = 6,  

S/L = 2 mg/L and T = 25°C). High performance towards 

MB dye was achieved using NaY with a percentage adsorption 

of 88% and an adsorption capacity of 6.55 mg/g.  

The equilibrium study reveals that Langmuir isotherm has 

a better fitting indicating a monolayer coverage of MB dye 

onto NaY surface. The positive value of ΔH° highlighted 

both the endothermic and physical process natures. 

The ΔG° and ΔS° values indicated the spontaneity and 

affinity of the NaY toward MB dye. The kinetic investigation 

showed that pseudo-second-order adsorption is predominant. 

The efficiency of TiO2 is directly associated with the NaY 

zeolite photo-degradation of MB dye. The photo-

degradation of the MB not adsorbed by NaY was 

successfully carried out on the TiO2/NaY catalyst under 

sunlight for concentrations ranging from 50 to 121 mg/L. 

The kinetic according to the Langmuir-Hinshelwood 

model followed first-order kinetic and the determined 

apparent kinetic constants indicated its validity.  

From all these conclusions, we can deduce that the dye 

degradation by TiO2 deposited on NaY zeolite surface is 

very attractive for environmental application.  
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