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Abstract: This paper reports the synthesis, characterization and 

photocatalytic degradation of alizarin red S (ARS) on the novel new 

hetero-system ZnO-SnO2, The hetero-system, prepared by chemical 

route, was characterized by spectroscopy, energy dispersive 

spectroscopy (EDS) analysis, microscopy, diffuse reflectance and 

powder X-ray diffraction. Photo-degradation of ARSwas investigated 

on ZnO, SnO2 and ZnO– SnO2 hetero-system. The effect of catalysis 

dose, initial pH, initial concentration were investigated, the 

photocatalytic degradation was performed under sunlight 

irradiation, 84% of (20 mg/L) was degraded within 120 min for 

concentration. Batch kinetic experiments showed that the 

degradation follows a pseudo- first-order kinetic with a high 

correlation coefficient (0.994) according to the Langmuir- 

Hinshelwood model. 
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I. Introduction  

 

     In recent decades, a growing activity has been 

observed, regarding to the water pollution by the 
industrial activities of dyes, pesticides, 

pharmaceutical compounds and heavy metals [1, 2]. 

Dye-containing wastewater discharged from the 

textile industry is a serious threat for the aquatic 

environment. They affect dramatically the aquatic 

life and disturb the eco-system for concentration as 

low as 5 ppm, thus inhibiting the photosynthetic 

process [3]. To remedy to such that situation, 

efficient and low cost techniques have been 

developed to treat the industrial effluents. However, 

depending on the nature and concentration of the 

dye, the decontamination method is limited, either 

because of the expensive cost of operations or 

inefficiency of the technique to achieve a high 

degree of purification, respecting the water 

standards quality imposed by the World Health 

Organization (WHO) [4]., The principle is based on 

the absorption by a semiconductor, of light photons 

with energy higher than the band gap (Eg). This 

energy causes the excitation of an electron from the 

valence band (VB) to the conduction band (CB) and 

generates a "hole", thus giving the strong photo- 

redox properties [5, 6]. Algeria has a huge solar 

potential with an average insolation of 6 kWh m-2 

day-1 and a sunshine duration going over ~ 3000 

h/year. 

     Alizarin red (AR) is a dye soluble in water; it is 

a pH indicator whose colour changes from yellow 

to red over the pH range (6.8–8.0) and is widely 

used in the textile industry and as tracer. AR has the 
structure as follows: [3]. Many commercial dyes 

resist to biodegradation and photolysis, so the 

photocatalysis is highly recommended for their 
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removal and the (d removal and the advanced 

oxidation process (AOP) is extensively used [7, 8]. 

In aqueous solutions, H2O and O2 react with the 

photocarriers (electrons and holes) to form 

respectively hydroxyl radicals OH and O2
 

responsible in the oxidation in the organic 

degradation [9]. This work deals with the synthesis 

of the semi conducting hetero-system ZnO-SnO2 

and its application for the photo-oxidation of AR 

under sunlight. We start by a detailed 

photoelectrochemical (PEC) study to predict the 

interfacial reactions. Then, the optimization of 

physical parameters like the initial AR 

concentration, catalyst dose, agitation speed for the 

oxidation of AR is undertaken. 

 

II. Materials and methods 

II. 1. Catalyst Preparation 

   ZnO-SnO2 is prepared by chemical route from 

Zn(NO3)2, 6H2O and SnO2; stoichiometric amounts 

are dissolved in a minimum of HNO3 (69%) and 

maintained overnight at room temperature. The 

solution is evaporated on a hot plate and denitrified 

at 400 °C. 

 
Zn (NO3)2.6H2O + SnO2 + HNO3 + H2O →  

ZnO- SnO2 + 5/2O2 + 3NO2 + 4H2O + 7/2H2. 

 
     The powder is homogenized in an agate mortar 

and heated at 850 °C in an alumina crucible with 

intermediate regrinding. The X-ray diffraction 

(XRD) is recorded using monochromatized Cu K 

radiation. The crystallites size is evaluated from the 

full width at half maximum using X-powder 

software and the Williamson Hall plot. 

 

     The electrode of ZnO-SnO2 is prepared by 

pressing the powder into pellets (= 13 mm) and 

sintering at 850 °C, the compactness averages 90%. 

The back contact is made with a copper wire and 

silver paint onto the entire area to ensure a uniform 

current distribution; the pellets are enrobed in glass 

tube with epoxy resin. The Mott-Schottky plots to 

evaluate the flat band potential in the working 

solution are measured in standard cell using a 

PGZ301 potentiostat; the measurements are done at 

a frequency of 10 kHz. 

II. 2. Photocatalysis Experiments 

   Alizarin red is selected for the photocatalytic test, 

the stock solution (1 g L-1) is prepared by dissolving 

AR in distilled water and diluted to get the 

concentrations over the range (5-30 ppm).The 

photocatalytic experiments are done in batch mode 

using a double walled Pyrex reactor connected to a 

thermostated bath (Figure.1); the temperature is 

regulated at 25 °C. 

 

 
 

1: Water inlet, 2: Double walled reactor,  

3: Stir bar, 4: Magnetic stirrer, 5: Water outlet,  

6: Transparent cover, 7: Tungsten lamp,  

8: Sampling point. 

 

Figure 1.Schematic of photocatalysis system 

 

    

The catalyst is maintained in suspension in the 

solution by magnetic stirring at different speeds. 

Light is turned on after the adsorption period. The 

reactor is exposed to sunlight light (109 mW cm 2); 

a variable mass of ZnO-SnO2 powder (25-125 mg) 

is dispersed in 100 mL of AR solution. Aliquots are 

withdrawn at regular time periods during the course 

of the reaction. The solutions are separated from the 

catalyst by centrifugation and the residual AR 

concentration is analyzed with a UV–Vis 

spectrophotometer (Shimadzu 1800, λmax: 546 nm) 

According to the Beer’s law, the absorbance of the 

is proportional to the AR concentration. The 

removal percentage (R %) is calculated from the 

relation: 

 

𝑅(%)𝑡 = [
(𝐶0−𝐶𝑡)

𝐶0
] × 100               (1) 

     Where Co is the initial AR concentration (mg/L) 

and Ce the equilibrium concentration. 

 

 

III. Results and discussion 

III. 1. Catalyst characterization 

   The XRD pattern of ZnO-SnO2 prepared by 

nitrate route (Figure.2) is characteristic of mixed 

phase according to the JCPDS (ZnO: 00- 036.1451, 

Sn02: 00-041.1445) [10, 11].  
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 Figure 2. The XRD pattern of ZnO-SnO2 prepared 

by nitrate route. 

 
     The optical properties bring insights on the 

energy diagram, a preamble for the photocatalysis. 

The dependence of the optical absorption 

coefficient () on the energy photon (h) is given 

by the Tauc relation: 

 
(h)n =  C  (h - Eg)   (2) 

 
C being a constant and  the optical coefficient, the 

plot of (h)2 versus the photon energy (h) allows 

us to determine the optical gap from the intercept of 

the fitted line to h= 0. (Figure. 3) shows a direct 

gap at 3.14 eV. 
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 Figure 3.The direct optical transition of the ZnO-

SnO2. 

     The knowledge of the electronic bands is crucial 

in photocatalysis, they are determined from the flat 

band potential (Efb) using the interfacial capacitance 

(CSC): 

 

 

CSC
-2=  2/eo ND {E - Efb} (3) 

 

     Where  and o are respectively the dielectric 

constants of the matrerial and vacuum, we have 

drawn the energy band diagram of the junction 

ZnO-SnO2/solution in order to understand how the 

light mineralizes in aqueous medium. 

 
III.2. Mechanism of AR degradation 

 

   ZnO-SnO2 oxydizes in two ways, photogenerated 

holes h+ in the valence band and the OH radicals, 

which are strongly active and degrading non-

selective agents. Valence band holes (h+ VB) and 

conduction band electrons (e- CB) are generated 

when aqueous ZnO-SnO2 suspension was irradiated 

with UV light. These electron–hole pairs interact 

separately with the substrate. Valence band holes 

(h+VB) react with surface bound H2O or OH-to 

produce hydroxyl radical (OH). Valence band holes 

can also oxidize organic molecule. Conduction 

band electrons (e- CB) reduce molecular oxygen to 

generate superoxide radicals as shown in Eqs. (4) 

(7). [12]. 

 
ZnO-SnO2+ hνUV          ZnO-SnO2 (h+

VB+e-
CB)     (4) 

 

ZnO-SnO2 (h+
VB) +H2O       ZnO-SnO2+H++.OH  (5)  

ZnO-SnO2 (h+
VB) +OH-         ZnO-SnO2+.OH

.
      (6) 

ZnO-SnO2 (e-
CB) + O2  ZnO-SnO2+O

.
2      (7) 

O2
- + H+  HO

.
2            (8) 

HO
.
2+H++ ZnO-SnO2 (e-

CB)     H2O2
++ZnO-SnO2 

(9)  

HO2+H++ZnO-SnO2(e-
CB) OH

.
+OH-+ZnO-SnO2 

(10) 

AR + 
.
OH  Degradation products        (11) 

 
     The mechanism of semiconductor photocatalysis 

is of very complex nature. Dye molecules interact 

with O-
2, OH

.
2 or OH

-
 species to generate 

intermediates ultimately lead to the formation of 

degradation products. Hydroxyl radical (OH) being 

very strong oxidizing agent (standard oxidation 

potential 2.8 eV) mineralizes dye to end product 

(see Scheme 1) [13, 14]. 

Decolorization of dye           Dye (Dye+.) + 
.
OH 

 

Degradation of Dye involving organic 

intermediates 

           Mineralisation   CO2 (gas) + H2O + 

Inorganic ions according to structure of dyes 

III. 3. Study of photoactivity of ZnO-SnO2 
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     The photocatalysis is a clean technology and 

continues to attract great attention in the water 

decontamination by hazardous dyes [15- 19]. The 

solar energy contains ~ 5% of UV light i.e. 60 W of 

pure ultraviolet and exploring the solar energy for 

the environmental pollution is an attractive 

challenge for the advanced oxidation process 

(AOP) onto ZnO-SnO2[20, 21], it fills the 

photocatalytic requirements for the environmental 

protection since it is non toxic and chemically 

stable over a wide pH range. The hetero-system is 

not involved in any redox reaction except as 

photoconductor to generate electron/hole (e-/h+) 

pairs. In addition, it is responsive to UV light and 

the further advantage resides in the high energy of 

the conduction band, able to mineralize the organic 

matter through radicals (Figure. 4). At the working 

pH (~9); the hetero-system ZnO-SnO2 is protonated 

and attract the AR molecules by electrostatic forces, 

thus facilitating the AOP process. 
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Figure 4. The influence of the light intensity on the 

ARS photodegradation (ARS= 20 mg/L, pH= 9, T 

=25 °C and catalyst dose = 0.5g/L). 

 

III. 4. Effect of the dose of ZnO-SnO2 
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 Figure 5. Histogram showing the influence of 

ZnO- SnO2 dose on the photoactivity: (Co: 20 mg/L, 

temperature: 298 K, reaction time: 180 min, pH ~ 9 

and stirring speed: 250 rpm). 

 

     At first, the influence of the catalyst dose on the 

oxidation of AR is investigated under artificial 

light. Figure. 5 does not show a significant 

variation of the photoactivity with however an 

optimal dose (mass of ZnO-SnO2 /volume of the 

solution) of 0.5 g L-1. This is simply due to the 

increasing number of photocatalytic sites, leading 

to a higher reception surface for incident photons 

and in this way an increasing number of generated 

electron/hole (e-/h+) pairs. 

 

III. 5. Effect of agitation rate 
 

     The effect of stirring speed of the powder 

suspension on the photoactivity is also invetsigated. 

A  maximal adsorption capacity is obtained for a 

speed of  250 rpm (Figure. 6); such moderate value 

gives the best homogeinity for the catalyst 

suspension. At high speeds, the vortex phenomenon 

occurs with an inclinaison angle of the solution; the 

suspension is no longer homogeneous, making the 

AR degradation difficult. By contrast, at low 

speeds, the surface is nearly horizontal and receives 

more photons while the powder is at the botton of 

the reactor. 
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 Figure 6. Effect of the stirring speed on the photo-

degradation (Co: 20 mg/L; catalyst dose:  0.5 g/L; 

pH~9) 

 
III. 6. Photodegradation kinetic of AR 

 
     The photoactivity occurs in different stages:  

bulk and film diffusion are generally rapid and are 

not rate determining. The pseudo first order and 

second order are applied to fit the experimental data 

and to elucidate the photo-oxidation kinetic. To 

determine the order of the reaction, we plotted the 

reciprocal concentration (C-1) versus time (Figure. 

7) obtaining two lines indicates an apparent kinetics 

of AR oxidation. The results are summarized in 

Table 1. The oxidation rate depends on the initial 

concentration (Co) and the process is well described 

by a pseudo- first order r kinetic [22]:  
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r = kapp[C]2 = −
dC

dt
                             (12) 

 

The integration form gives: 

 

∫ −
dC

  C2 =
C

C0
∫ kappdt

t

0
         (13) 

a/ Pseudo first order 

 

𝑙𝑛 [
𝐶0

𝐶
]  = 𝐾𝑎𝑝𝑝 𝑡                                  (14) 

b/ Pseudo second order 

 
1

𝐶
=  

1

𝐶0
 + 𝐾𝑎𝑝𝑝 𝑡                      (15) 

 

     Our desire is to extend the experiments under 

direct solar irradiation. The tests are performed on 

the roof of our Laboratory (latitude 36.8°North, 

longitude 3.1°West). The solar flux(108.5 mW cm2) 

is measured with a digital light meter (roline RO 

1332). 
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 Figure 7. The modeling of ARS photodegradation 

with the Langmuir–Hinshelwood model (a): pseudo 

first order and (b): pseudo second order (catalyst 

dose: 0.5 g/L, sunlight). 

 

     kapp (L mg-1 mn-1) is the apparent rate constant. 

The plots  of  ln(C) and C-1 versus the time (t). The 

constants kapp and the correlation coefficients (R2) 

are gathered in Table 1, kapp decreases with 

increasing Co and the photo-degradation kinetic 

obeys to the Hinshelwood-Langmuir model [23]. 

 
Tableau. 1. Kinetic Parameters of the first and 

pseudo-second-order model of AR onto ZnO– SnO2 

hetero-system under sunlight irradiation. 

 

 Pseudo first-order Pseudo-second-

order 

Co 

(mg/L) 

K1  

(min-1) 

R2 K2  

(L mg1 

min-1) 

R2 

 

20 

 

0.01459 

 

0.99401 

 

0.00185 

 

 

0.90652 

 

 

     The initial concentration (20 ppm) kept 

overnight in the dark in presence of ZnO-SnO2, 

decreases by 10% due to the adsorption. Then the 

reactor is exposed to sunlight, a complete and rapid 

degradation occurs in less than 180 min (Figure. 7). 

Such improvement is mainly due to the stronger 

absorption of both catalysts under solar light which 

contains about 60 W of ultraviolet radiation. 

 

     In a region with a high solar potential like 

Algeria (∼ 6kWh/m2/day), the exploitation of solar 

radiation for the treatment of chemical and 

microbial contaminants is highly desirable. 

 

IV. Conclusion 

 

   This work aimed the study of the elimination of a 

synthetic dye namely the alizarin red S present in 

the textile and industries, by heterogeneous 

photocatalysis on the novel ZnO-SnO2 synthesized 

by chemical route in order to increase the active 

surface area, was characterized by various physical 

methods (XRD, diffuse reflectance). The X-ray 

diffraction confirmes the mixed phases in order to 

confirm the purity of this catalyst as well as 

knowing their physical and optical Proprieties 

     The application of this hetero-system in the 

treatment of alizarin red S as model effluent by 

photocatalysis in solar light was successful and 

proved its stability, reliability and efficacies in the 

elimination of chemical pollutants found in 

wastewater. 
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