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Abstract: Photocatalysis is a promising technique to treat organic dyes as pollutants over traditional 

technologies. The application of organic dyes has increased lately for industries such as textile, 

medicines, plastics, etc. Thus, in this report, we prepared a Tin-doped CeO2-Fe2O3 photocatalyst via the 

thermal decomposition method to effectively degrade Sudan I under sunlight. The synthesized catalyst 

was explored by different studies such as powder X-ray diffraction (XRD), field-emission scanning 

electron microscopy (FE-SEM), Brunauer-Emmett-Teller (BET), UV-vis diffuse reflectance (UV-vis 

DRS). The catalyst was found to have a particle size of 1-2 µm with a high surface area. The bandgap 

energy of the catalyst was changed to 2.2 eV due to the Sn doping. The effect of Sn4+ doping into the 

CeO2 lattice was observed as the modification in the Fermi levels of the catalyst, which resulted in 

enhanced photocatalytic activity. The catalyst was found to have a fast degradation rate towards Sudan 

I under the sunlight and showed complete degradation. The result of COD removal confirmed the 

removal of dye from the dye solution. Further, scavenger tests confirmed the role of the active species, 

hydroxyl (•OH) and superoxide (O2
•−) radicals, in the degradation of Sudan I by photocatalyst. High-

performance liquid chromatography (HPLC) was used to confirm the complete degradation of the dye. 

A possible mechanism is put forward to describe the degradation process and charge transfer during the 

degradation.  
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1. Introduction 

In recent years, the development of industries has grown very fast to serve human 

needs. Even if this development is essential, it is still causing an alarming situation for humans 

and living kind due to the continuous release of pollutants into the water and environment [1]. 

The pollutants released from the industries are oils, pharmaceuticals, radioactive waste, 

cosmetics, photochemical, textiles discharge, etc., which causes pollution of drinking water, 

groundwater, and rivers, one of our major problems [2]. According to the World Health 

Organization (WHO) report, 2018, around 800 million people do not have basic access to 

drinking water [3], which is a major problem. 

One of the industrial wastes is organic dyes which are commonly used in textile, leather, 

paint, food, cosmetics industries, etc. The organic dyes are harmful to animals, aquatic species, 
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plants, and humans due to their carcinogenic and mutagenic effects [2,4]. Approximately 

hundreds of dyes are commercially used in different industries, including azo dyes such as Acid 

Orange, Acid Red, Methyl Orange, methyl red, basic red, Sudan I-IV, Sudan red, etc. Among 

these dyes, Sudan I, known as Cl solvent yellow 14 and solvent orange R, is used to color 

waxes, oils, petrol, hydrocarbon solvents, polishes, and cosmetics. Sudan I is also used to color 

many foodstuffs such as curry powder and chili powder [5,6]. Nowadays, many countries have 

banned Sudan I in foods because Sudan I, Sudan III, and Sudan IV have been classified as a 

category-3 carcinogen by the International Agency for Research on cancer and a suspect of 

causing genetic defects. Apart from this, Sudan I caused allergic skin reactions and skin 

irritation [7]. Therefore, it is necessary to treat the dye contained in polluted water to get clean 

water. For this, several methods are available to treat polluted water, such as chemical, 

physical, etc. Traditional water treatment methods such as coagulation, membrane filtration, 

reverse osmosis, etc., are not effective in removing organic dyes [8]. So, there are many 

technologies being developed by researchers to degrade and remove such dyes. These 

technologies include chlorination, electrochemical oxidation, ozonation, bio-degradation, 

adsorption, photocatalytic degradation, etc., but photocatalytic degradation is considered one 

of the best methods for dye degradation [8-13]. For a compound to show the photocatalytic 

property, it should be a semiconductor with a sufficient band gap to degrade dyes, e.g., metal 

oxides, nitrides, sulfides [14-20]. For example, metal oxides such as TiO2, ZnO, CuO, CeO2, 

Fe3O4, Fe2O3, BiVO4 are widely used due to their photocatalytic, catalytic activity, energy 

storage, water splitting properties [21-26]. 

A photocatalyst compound should have the following properties such as suitable band 

gap values, charge transfer efficiency, less photo-corrosion. Generally, the efficiency of a 

photocatalyst is limited by the large band gaps and low charge transfer values. Thus a 

photocatalyst needs to be designed to overcome these drawbacks. For this purpose, hetero-

junctions are introduced into the photocatalyst system by doping metals or non-metals, which 

reduces the bandgap energies and increases the charge transfer efficiency [27,28]. Many 

researchers are interested in fluorite structured CeO2 metal oxide systems due to their high 

efficiency in solar cells, fuel cells, sensors, and high thermal-chemical stability [29,30]. But 

CeO2 has a large bandgap of 3.2 eV, which does not show photocatalytic activity under 

sunlight. So, to overcome this situation, CeO2 is mixed or doped with different metals or metal 

oxides such as CeO2-TiO2, CeO2-Bi2O3, CeO2-BiVO4, CeO2-Cu2O, CeO2-ZnO, CeO2-α-

MoO3, CeO2-ZnO-TiO2 [25,31-33]. The bandgap of CeO2 can be decreased by doping a metal 

oxide that already has a lower bandgap value, for example, Fe2O3, which has a low bandgap 

with high visible light absorptivity [34,35]. 

Therefore, we tried to synthesize a mixed metal oxide compound that is active for dye 

degradation under sunlight. In this report, CeO2 is mixed and doped with Fe2O3 and Sn4+ metal 

ion where Sn4+ occupies Ce4+ sites and causes the modification in band position with enhanced 

charge separation. The Sn4+ doped CeO2-Fe2O3 composite system is designed for high visible 

light absorptivity and high charge concentration at the catalyst surface [36,37]. The synthesized 

catalyst was studied by XRD, FESEM for the phase and structural properties. The textural 

properties and the surface area were measured by BET analysis. The photocatalytic degradation 

of Sudan I by CeO2-Fe2O3 and Sn doped CeO2-Fe2O3 catalysts revealed that Sn doped CeO2-

Fe2O3 catalyst was found to be more active towards the degradation of Sudan I. Further, the 

effect of doses and pH on photocatalytic degradation was studied, and the reusability of the 

catalyst was studied by performing a cyclic test. The scavenger study was carried out to 
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understand the photocatalytic process and proposed a plausible mechanism. The presence of 

intermediate molecules was identified by HPLC analysis [38,39]. 

2. Materials and Methods 

2.1. Chemicals and reagents. 

FeCl3, Ce(NO3)2.6H2O, and SnCl4.5H2O of analytical grade were purchased from 

Sigma-Aldrich. Sudan I dye, Sodium hydroxide (NaOH), hydrochloric acid (HCl) were 

purchased from Alfasar. HPLC grade Acetonitrile was purchased from E. Merck.  

2.2. Synthesis method. 

The synthesis of Sn-doped CeO2-Fe2O3 composite is followed by a thermal 

decomposition method. For this purpose, FeCl3 and Ce(NO3)2.6H2O were taken in a 1:2 molar 

ratio, and SnCl4.5H2O was used 5% of the total mass. After this, all chemicals were dispersed 

in isopropanol solvent (100 mL). Then, the mixture was stirred magnetically on a magnetic 

stirrer at 85 °C. After it got dry, a powder was obtained, which was further heated for 1 h at 

120 °C in a vacuum oven. After this, the compound was grounded in a mortar pestle for 1 h for 

proper mixing and then placed in a muffle furnace for 2 h at 450 °C for calcination [34,40,41]. 

The obtained compounds were then studied for their photocatalytic activity.  

2.3. Photocatalytic activity experiment. 

The photocatalytic activity of the compounds was tested in the month of April to July 

under the sunlight. For this, 100 mg of catalyst was mixed with 100 mL of dye solution (1 

10−5 M), in a 250 mL beaker.  The pH of the dye solutions was adjusted by adding dil. HCl 

and NaOH to the dye solution. Then the dye and catalyst solution was stirred for 3 h to establish 

the adsorption-desorption equilibrium, and then the beaker was placed under direct sunlight. 

After a certain time, 3 mL of aliquots were collected from the beaker and recorded the change 

in the dye concentration. For this, the aliquots were first centrifuged at 10,000 rpm, and then 

the UV-vis spectrum was recorded. The degradation efficiency of the catalyst was calculated 

according to the following equation.  

Degradation Efficiency =  
𝐶0−𝐶

𝐶0
× 100 

where C0 and C denote the initial and final absorbance of the dye solutions [35]. After the 

photocatalytic experiment, the used catalyst was recovered for the next cycle for up to three 

consecutive cycles. 

2.4. Characterization.  

The X-ray powder diffraction (XRD) was recorded by using a Bruker AXSD8 Advance 

diffractometer (Cu-K1; l = 1.5406 Å). Field emission scanning electron microscopy (FESEM) 

was recorded by using Zeiss, Ultra plus55. Brunauer-Emmett-Teller (BET) surface area 

measurement of the compound was performed by using NOVA 2200e instrument. The pH of 

the dye solutions was measured by a pH meter (Eutech pH 700).  

The Diffuse Reflectance Spectra (DRS) were recorded on the Shimadzu UV-2450 

spectrophotometer within 200-800 nm wavelength. The reflectance data were converted to 

absorption according to the Kubelka-Munk (K-M) theory- 
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F(R∞)=(1-R∞)
2
/2R∞ 

where R is the reflectance of the sample and F(R) is the K-M function. The bandgap of the 

samples was calculated by Tauc Plot by using the following equation- 

(αhν)
1

n⁄
 = A(hν-Eg) 

where , h, A, and Eg are the absorption coefficient, incident light frequency, proportionality 

constant, and bandgap, respectively. The value of n = 2 for indirect transition. 

2.5. Chemical Oxygen Demand (COD). 

COD of the dye solution was measured by using a digestion unit (DRB 200) and UV-

vis spectrophotometer. After a certain time interval, the sample aliquots were collected for the 

COD analysis and centrifuged at 10,000 rpm for 10 minutes. The photocatalytic degradation 

efficiency from the COD results was calculated by using the following equation: 

Photodegradation efficiency =
initial COD −  final COD

initial COD
× 100 

2.6. High-Performance Liquid Chromatography (HPLC).  

HPLC analysis was done by using Shimadzu LC-2010AHT (PDA detector) along with 

the C18 column [38]. Acetonitrile and water (1:1), H3PO4 (50mM) at 3.5 pH were used as the 

mobile phase and operated in gradient mode [39]. The HPLC was recorded by collecting 3 mL 

reaction aliquots were collected after a time interval. The sample aliquots were first centrifuged 

in order to remove the catalyst particles and then filtered through a 45 m syringe filter.  

2.7. Detection of reactive species.  

The scavenger tests were performed to detect and identify the involved reactive species 

in the photocatalytic reaction. For this purpose, scavengers such as benzoquinone (BQ) for 

O2
•−, ammonium oxalate (AO) for h+, and tert-butanol (t-BuOH) for •OH scavenging are used. 

A suitable scavenger (1 mM) was added to the catalyst-dye solution, and similar photocatalytic 

experiments were performed.  

3. Results and Discussion 

3.1. Characterization. 

3.1.1. XRD analysis. 

The Sn-doped CeO2-Fe2O3 composite was identified by using X-ray powder 

diffraction. Figure 1(i) represents the XRD patterns of Sn-doped CeO2-Fe2O3 and un-doped 

CeO2-Fe2O3. Here, Figure 1(i-a) shows the XRD patterns for CeO2-Fe2O3 and the peaks 

obtained at 2θ = 27.2, 28.99, 33.39, 47.91, 56.75, 69.6, 79.47 represent the (012), (111), (200), 

(220), (311), (400) and (420) planes, respectively. These planes confirmed the formation of the 

phase of CeO2 with fluorite structure [JCPDS# 00-034-0394] [42]. 
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Figure 1. (i) XRD pattern for a) CeO2-Fe2O3, and b) Sn doped CeO2-Fe2O3 composite. (ii) The BET surface 

area of CeO2-Fe2O3 and Sn doped CeO2-Fe2O3 composites and FESEM image is shown in the inbox. 

While the remaining XRD peaks at 25.1, 35.4, 49.7, 54.9, and 62.1 represent the (101), 

(110), (024), (116), and (214) crystal planes, respectively, and belong to the rhombohedral 

phase of Fe2O3 [40]. The XRD pattern is shown in Figure 1(i-b) has a similar XRD pattern as 

CeO2-Fe2O3 with a slight shift in 2θ values. The similarity in the XRD peaks indicates the 

incorporation of doped Sn4+ into the structure. But the shift in peaks position towards high 2θ 

values compared to the un-doped CeO2-Fe2O3 sample is found due to the interaction of Sn4+ 

with Ce and Fe in the crystal structure. The Sn4+ forms SnO2 after replacing Ce4+ from the CeO2 

lattice to form Sn doped CeO2 lattice. This Sn-doped CeO2 lattice interacted with Fe2O3, which 

caused the shift towards higher 2θ values. 

3.1.2. Surface analysis. 

Next, the textural properties of Sn doped CeO2-Fe2O3 composite were studied to 

analyze the morphology of the catalyst. Figure 1(ii and iii) show the FESEM and BET analysis 

of Sn doped CeO2-Fe2O3 composite. The FESEM image shows hierarchical sphere-shaped 

morphology with a rough-textured surface, and the particle size of spheres varies in the range 

of 1-2 µm. The surface area of the catalyst was investigated by BET analysis, and a typical N2 

adsorption-desorption isotherm curve is shown in Figure 1(iii). The Figure shows that both 

catalysts have a typical type IV isotherms curve [43]. The surface area of Sn doped and 

undoped CeO2-Fe2O3 catalyst was found 24.2 and 17.4 m2/g, respectively. The BET analysis 

results show the CeO2-Fe2O3 catalyst has very less surface area than Sn doped catalyst. 

3.1.3. DRS analysis. 

The UV-visible DRS spectra for the CeO2-Fe2O3 and Sn doped CeO2-Fe2O3 composites 

are shown in Figure 2. Figure 2a is UV-visible absorbance spectra which show a wide 

absorption edge in the visible region for both catalysts, and the absorption edge appeared above 

400 nm [44,45,46]. The CeO2-Fe2O3 composite has shown strong absorption around 500 nm, 

which further narrowed near 600 nm, while it was not the case for Sn4+ doped composite. In 

the case of the Sn4+ doped sample, it showed a high absorption edge around 600 nm, which 

was found to shift toward high wavelength region than the undoped CeO2-Fe2O3. The 

significantly high absorption edge of the Sn doped CeO2-Fe2O3 composite is responsible for 

the high absorptivity of the visible light and results in a high degradation rate. The Tauc plot 

(Figure 2b) shows the bandgap energy values of the Sn doped and undoped samples. The direct 

bandgap values for CeO2-Fe2O3 and Sn doped CeO2-Fe2O3 composite was found 2.4 eV and 
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2.21 eV, respectively. The incorporation of Sn4+ into the crystal structure of CeO2-Fe2O3 leads 

to a decrease in the bandgap, which is favorable for the absorption of visible light. 

 

Figure 2. DRS studies, (a) UV-visible absorbance spectra; (b) Tauc plot for CeO2-Fe2O3 and Sn doped CeO2-

Fe2O3.  

3.2. Photocatalytic degradation of Sudan I.  

For the photocatalytic degradation study, Sudan I (pH= 10) was used as an organic 

pollutant, and both catalysts, Sn doped CeO2-Fe2O3 and CeO2-Fe2O3 compounds, were tested 

under sunlight irradiance.   

 
Figure 3. Photocatalytic degradation of Sudan I by CeO2-Fe2O3 and Sn doped CeO2-Fe2O3 as a function of time. 

The photocatalytic degradation efficiency of the Sn doped CeO2-Fe2O3 and CeO2-Fe2O3 

compounds are shown in Figure 3. The Figure shows that the Sn doped CeO2-Fe2O3 catalyst 

can degrade approximately 98 % of Sudan I solution within 140 minutes, but the CeO2-Fe2O3 

compound can degrade 58 % of Sudan I. The Sn doped CeO2-Fe2O3 has shown a high 

degradation of Sudan I because it has lower bandgap values than the CeO2-Fe2O3 sample.  

3.2.1. Effect of catalyst doses. 

The degradation of Sudan I with Sn doped CeO2-Fe2O3 catalyst under sunlight was then 

studied by the effect of catalyst doses (Figure 4) [47]. For this study, the concentration of Sudan 

I dye was kept constant (110−5 M), and the catalyst concentration varied from 0.5 to 1.5 g/L. 

Figure 4 showed that when the catalyst concentration was 0.5 g/L, only 55 % degradation of 

Sudan I dye was observed in 140 minutes. 
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Figure 4. Photocatalytic degradation of Sudan I when the doses of Sn doped CeO2-Fe2O3 catalyst was varied 

from 0.5 to 1.5 g/L. 

Later, as the catalyst concentration was increased, the degradation of Sudan I also 

increased. For example, 0.8 and 1.0 g/L of catalyst degrades 79 % and 99 % of Sudan I, 

respectively, and with catalyst concentrations of 1.2 and 1.5 g/L, 99 % degradation was 

observed within 100 and 80 minutes, respectively. These results show the increase in the 

catalyst concentration leads to the higher degradation of Sudan I dye, which proves the rate of 

the degradation of Sudan I is directly proportional to the catalyst concentration.  

3.2.2. Effect of pH. 

After that, the effect of the pH on the degradation of Sudan I dye by Sn doped CeO2-

Fe2O3 catalyst was studied. For this experiment, the concentration of dye and catalyst was kept 

constant, 110−5 M and 1.0 g/L, respectively, but the pH of the dye solution was changed from 

pH 2 to 10. 

 
Figure 5. The photocatalytic degradation of Sudan I with Sn doped CeO2-Fe2O3 when the pH of the dye solution 

varied from pH 2 to 10. 

Figure 5 shows the change in the rate of the degradation of Sudan I dye with Sn doped 

CeO2-Fe2O3 as a function of pH. The Figure showed when the pH of the dye solution was 2, 

then only 20 % of the dye degraded, and when the pH of the dye solution was varied between 

4 and 6, then the degradation reached up to 35% and 52%, respectively. But as the pH of the 
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dye solution increased to pH 10, the maximum degradation was observed, up to 99 % [48,49]. 

These results showed that the degradation efficiency is directly proportional to the basic pH of 

the dye solution.  

3.2.3. COD analysis. 

Further, the complete degradation and removal of Sudan I from the dye solution were 

studied by performing a COD removal test. Figure 6 represents the typical graph for the COD 

removal of Sudan I with Sn doped CeO2-Fe2O3. The graph showed that no COD removal was 

observed when the catalyst was not added to the dye solution. But as the catalyst was added to 

the dye solution, the COD removal started, i.e., after 10 minutes, 17 % of COD was removed 

from the dye solution [43]. After 20 and 40 minutes, the COD of the reaction was removed up 

to 23 and 40 %, respectively. As the reaction progressed, the COD of the reaction was 

continuously removed from the solution and recorded up to 98 % at the end of the reaction. So, 

the COD removal supports the degradation of Sudan I dye with Sn doped CeO2-Fe2O3 catalyst. 

 
Figure 6. The degradation and COD removal of Sudan I from the dye solution by using Sn doped CeO2-Fe2O3 

under sunlight. 

3.2.4. HPLC analysis. 

After this, the HPLC analysis was performed to ensure the complete degradation and 

removal of Sudan I by Sn doped CeO2-Fe2O3 catalyst [49-51].  

 
Figure 7. HPLC chromatogram of the degradation of Sudan I from the dye solution with Sn doped CeO2-Fe2O3 

under sunlight. 
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Figure 7 represents the typical HPLC chromatogram for the photocatalytic degradation 

of Sudan I under sunlight. The chromatograms were recorded at different time intervals, from 

0 to 140 min of the reaction. The figure shows the chromatogram at 0 min has a sharp peak at 

3.9 min, which corresponds to the characteristic peak for Sudan I. 

Then, as the reaction proceeded further, the peak that appeared at 3.9 min started to 

diminish, showing the degradation of the dye. Later, the peak continues to decrease in the 

following next chromatograms, and at 140 min, the characteristic peak is about to diminish 

from the chromatogram. 

The removal of the peak at 3.9 min from the chromatogram represents the degradation 

of Sudan I from the dye solution. On the other hand, the new peaks are seen at 1.2, 1.8, 2.4, 

2.8, and 3.1 min in the chromatogram presented at 10 min. These new peaks represent the 

degraded product of Sudan I dye during the photocatalytic process. Later, these peaks also 

started to decrease and diminish at the end, which shows the degradation of formed new 

degraded products. It can be seen from the last chromatogram at 140 min that there are no peaks 

present, which supports the degradation of Sudan I.  

3.2.5. Cyclic test. 

The reusability and stability of the catalyst were tested by performing a cyclic test. For 

this purpose, the catalyst used in the first cycle was used again for the other cycles without 

washing it [43]. Figure 8 showed that when the Sn doped CeO2-Fe2O3 photocatalyst was used 

for the 2nd cycle, it degraded 95 % of the dye, and in its 3rd cycle, the catalyst could degrade 

up to 93 % of dye from the solution. The efficiency of the Sn doped CeO2-Fe2O3 catalyst was 

found good even in the 3rd cycle onwards. By performing the cyclic test, the catalyst was found 

active for the photocatalytic degradation of the dye in consecutive cycles, making it a promising 

candidate for removing dyes.  

 
Figure 8. The photocatalytic degradation of Sudan I with Sn doped CeO2-Fe2O3 catalyst up to three consecutive 

cycles. 

3.2.5. Scavenger studies.  

The scavenger study was performed to understand the role of reactive species involved 

in the photocatalytic process. For the scavenger test, the scavengers used are tert-butanol (t-

BuOH) for •OH, benzoquinone (BQ) for O2
•−, and ammonium oxalate (AO) for h+ scavenging 

[43]. Figure 9 represents the graph for the scavenger study, and it shows that when BQ and t-
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BuOH were added to the catalyst-dye solution, then the rate of degradation reaction decreased 

drastically. Still, when AO was added to the reaction then, the degradation rate was not 

affected. Here, the reason behind it is the formation of O2
•−, and •OH radical species during 

photocatalysis which are responsible for the degradation of dye. And when BQ and t-BuOH 

were added to the reaction, they scavenged O2
•−, and •OH radical species from the reaction and 

decreased the degradation rate. Figure 9 shows that in the presence of BQ (O2
•− quencher), the 

reaction proceeds up to 27 %, and in the presence of t-BuOH (•OH radical quencher), the 

reaction proceeds 13 % only. On the other hand, in the presence of AO (h+ quencher), dye 

degradation completes up to 98%. So, the scavenger study shows the generation of the O2
•−, 

and •OH radicals as active species for the degradation of Sudan I. 

 
Figure 9. The scavenger studies to understand the role of reactive species on the photocatalytic degradation of 

Sudan I with Sn doped CeO2-Fe2O3 by using scavengers, BQ, t-BuOH, AO. 

3.2.6. Mechanism of the photocatalytic degradation process.    

Further, the mechanism of the photocatalytic degradation of Sudan I by photocatalyst 

was studied, and a plausible mechanism is proposed in Figure 10. The photocatalytic process 

is highly dependent on the bandgap of the catalyst and the availability of the surface charge 

carriers. In the literature, the bandgap of CeO2 is reported as 3.1 eV, and for Fe2O3, it is 2.3 eV 

[47,52]. But, here, a new bandgap was achieved by forming a CeO2 and Fe2O3 composite 

system, which is 2.4 eV. And the doping of Sn in the CeO2-Fe2O3 system leads to the 

modification in the band gaps, and the new bandgap was 2.21 eV. So, this new bandgap is 

making the catalyst accessible to visible light uses.   

 
Figure 10. The schematic diagram for the photocatalytic degradation of Sudan I by Sn doped CeO2-Fe2O3 catalyst.  
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Here, some of the Ce4+ lattice sites are occupied by Sn4+ ions, which are responsible for 

the formation of Ce-O-Sn/Fe2O3 hetero-junction. It facilitates the migration of the electrons 

along with the low electron-hole recombination rate [49]. So, the irradiation of catalyst-dye 

suspension leads to the photogeneration of electrons and holes. These photo-generated 

electrons move from the valance band (VB) of Sn-CeO2 to the conduction band (CB) of Sn-

CeO2 and generate holes in the (VB) of Sn-CeO2. These electrons further move from CB (Sn-

CeO2) to CB (Sn-Fe2O3) and then reach the VB (Sn-CeO2) at the end. These electrons will react 

with oxygen in the dye solution and convert it into O2
•− radical. These O2

•− radicals will produce 
•OH) by reacting with water molecules, as shown in Figure 10. And the positive holes will also 

produce •OH radicals by the reaction with water molecules present in the solution. The •OH 

radicals react with Sudan I dye and convert it into CO2 and H2O molecules through the 

degradation process [53].  

4. Conclusions 

In this report, Sn doped CeO2-Fe2O3 nanocomposite is synthesized through a thermal 

decomposition method and then applied for the photocatalytic degradation of Sudan I dye. The 

as-synthesized catalyst was characterized by XRD, and it was observed that the doped Sn was 

well incorporated into the structure, but a shift in 2 was observed towards the high 2 values. 

The FESEM result showed the sphere-shaped morphology of the catalyst in the range of 1-2 

m in size. The surface area of Sn doped CeO2-Fe2O3 and CeO2-Fe2O3 composite was found 

to be 24.4 and 17 m2/g, respectively, through the BET analysis. The DRS results showed that 

Sn doping into the CeO2-Fe2O3 composite led to the bandgap narrowing from 2.4 eV to 2.21 

eV. The Sn doped CeO2-Fe2O3 was found to have an improved degradation efficiency than the 

CeO2-Fe2O3 catalyst. The Sn doped CeO2-Fe2O3 was used to degrade Sudan I under sunlight, 

and it showed complete degradation of dye within 140 minutes. Degradation of Sudan I was 

studied by varying different parameters, such as a change in pH and catalyst concentration. 

Then the reusability of the catalyst was studied by performing a cyclic test, and the catalyst 

showed good photocatalytic activity up to three consecutive cycles. Further, a suitable 

mechanism is proposed for the degradation of Sudan I with the transfer of the charge by the 

catalyst. The COD removal data showed the complete removal of Sudan I from the dye solution 

by photocatalyst, and HPLC data also supports it. So, the as-synthesized photocatalyst 

proposed an environment-friendly approach for the degradation of organic dyes, and it can be 

applied to other organic pollutants in the future. 
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