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Summary: A novel binary composite CeO2-CuO has been synthesized via self-combustion method 

employing cerium and copper nitrates, and glycine as fuel, and was investigated as photocatalyst to 

test the photodegradation of Rhodamine B (RhB) dye with visible light. The nanocomposite has 

been characterized by thermogravimetric analysis (TGA) to establish the temperature of calcination, 

X-ray diffraction (XRD) structural and morphologic analysis, scanning electronic microscopy 

(SEM) and energy-dispersive X-ray spectroscopy (EDS), which enables the chemical 

characterization/elemental analysis of materials, the photoluminescence (PL), UV-Vis Diffuse 

reflectance spectroscopy (UV-Vis DRS), measurement of specific surface (SBET ) by N2 adsorption 

and temperature programmed reduction (TPR) analysis. The XRD diffractogram shows that the 

composite is majorly composed of 65.2% CeO2 and 34.8 % CuO. The nanoscaled-tested samples 

have an average particle size of 40 to 65 nm. The energy gap of the material as synthesized was 2.05 

eV. The TPR curves show 2 peaks of hydrogen consumption in the sample, corresponding to the 

decrease (reduction) of CuO particles caused by their interaction with CeO2.The results of the 

photocatalytic tests show 28% conversion in the photodegradation of RhB organic pollutant during 

180 min under visible light. The CeO2- CuO material could be reused for treatment of wastewater 

during several cycles, which demonstrates its stability for the process. 
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Introduction 

 

Water covers 71% of the planet's surface, 

yet only 0.002% of it is considered accessible to 

humans [1]. Because of the industrial development in 

almost every society. Water pollution has become 

one of the major problems threatening our planet. 

Pollution of water resources is most dangerous to the 

environment. This environmental pollution can be 

characterized by the presence of chemical products, 

microorganisms, industrial waste and organic dyes. 

Organic colourants are increasingly used in different 
industry sectors, including textiles, paper, chemical 

cosmetics, etc. [2, 3]. However, 30-40 % of these 

dyes remain in wastewater and thus causing serious 

health and environment issue. [4] One of such 

organic dyes which is very stable and very difficult to 

be degrade, is Rhodamine B. Rhodamine B (RhB) is 

a water-soluble cationic pigment [5].It is frequently 

employed as a tracer in pathological, histological, and 

microbiological sciences [6, 7]. RhB may cause 

cancer, respiratory infections, and dermatitis, among 

many other issues [8, 9]. Because of its difficulty to 
become degraded, its removal constitutes still a 

challenge and we need to find an effective, 

economical and ecofriendly way for it [10, 11]. 

Various techniques have been used for the 

elimination of the organic dyes. Photocatalytic 

oxidation has recently received a great deal of 

attention owing to its ease of use, improved 

efficiency, high durability, and absence of secondary 

pollutants [12, 13].Photocatalytic materials operate 

by means of generating oxidant radicals via low-

energy photon absorption and, compared to other 

procedures, could reduce material usage and 
treatment costs due to catalyst recycling [14]. For 

such purpose, researchers are currently concentrating 

their efforts on the development of novel 

semiconducting materials that work as photocatalysts 

[15]. 

 

Metal atoms make up oxide semiconductors, 

which have a broadband gap and allow visible light 

to be used for assisting a chemical reaction. Several 

studies on multi-metal oxide (MMO) nanoparticles 

have been conducted to determine their suitability as 
optical, catalytic, adsorbent, and wide-bandgap 

semiconductor materials oxide [16]. With a band gap 
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energy of 3.2 eV, pure CeO2 has been identified as an 

essential nanomaterial to be used in catalysis [17], 

fuel cells [18], and hydrogen storage materials [19], 

photocatalysis [20], and other activities. Because of 

its propensity to flip between reduced and oxidized 
states when the gas phase oxygen content varies, 

ceria has had a lot of success in redox and 

combustion catalysts [21-23]. The introduction of a 

second metal into the ceria lattice may enhance 

structural stress and result in the formation of lattice 

defects, so changing the material into an excellent 

semiconductor [24]. CuO is a notable p-type 

semiconductor with only a small band gap (1.2 eV). 

CuO is one of the most important industrial materials 

with several applications, including gas sensors, 

electrochemical properties [25], photovoltaics, and 

photocatalytic degradation [26].In turn, the control of 
properties of the catalyst in the form of nanoparticles 

is currently an important scientific concern due to 

their unique properties and possible application. 

Various methods like self-combustion sol-gel [27], 

co-precipitation [28] are used to prepare 

nanoparticles. The self-propagating high temperature 

synthesis (SHS), which was discovered around 1967 

by Mezhanov, Shkiro, and Borovinskay, is an 

exothermic chemical process that is generally very 

rapid and self-sustaining. [29]. The combustion-based 

synthesis of solid materials is classified as gas-phase 

combustion synthesis because of the physical aspects 

of metal precursors [30].  In this respect, the purpose 

of this search is to evaluate the photocatalytic ability 

of a binary composite CeO2-CuO and examine its 

feasibility of recycling with the visible-light 
photodegradation of Rhodamine B. Using the self-

combustion method, CeO2-CuO nano powder will be 

synthesized. Next, thermogravimetric analysis 

(TGA), X-ray diffraction (XRD), scanning electronic 

microscopy (SEM), UV-Vis Diffuse reflectance 

spectroscopy (UV-Vis DRS), measurement of SBET, 

and TPR analysis will characterize the produced 

binary oxide. Finally, the photocatalytic activity for 

the photodegradation of RhB under visible light for 

180 minutes will be examined. 

 

Experimental 
 

Synthesis and characterization of CeO2/CuO (CCU): 

 

Synthesis 

 

The sample was prepared by self-

combustion method [31]; the reaction of the synthesis 

can be presented as follows: 

 

Ce(NO3)3.6H2O+Cu(NO3)2+α  CH2NH2COOH → 

CeO2 + CuO + 2α CO2 + (α+5 /2) N2 + (5α/2) H2O 
 

 
Fig. 1: Diagram of different steps in the synthesis of CeO2-CuO. 
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Fig. 1 shows the procedure used to 

synthesize CeO2-CuO using self-combustion 

technique. Cerium and copper nitrates Ce 

(NO3)3.6H2O, Cu (NO3)2, glycine CH2NH2COOH 

from sigma Aldrich, and distilled water were 
employed as reactants and solvents, respectively. 

 

As fuel, 2.54 g of glycine was dissolved in 

minimum volume of distilled water. Then, 13.02 g of 

Cerium nitrates and 06.51 g of Copper nitrates were 

prepared separately in an aqueous solution and were 

added to the solution of glycine prepared. The 

obtained solution was stirred and heating at 80 °C 

during 50 - 60 min a brown gel was formed. After 

that, the temperature of the heating was increased to 

the maximal temperature until combustion occurred 

with the formation of cinder. After combustion in air 
and grinding, the combusted gel became a fine 

powder. Finally, the powders were thermally treated 

for 5 hours at 800 °C (5°C/min) in ambient 

atmosphere. 

 

Characterization 

 

The thermal degradation process of the 

sample precursor (before the calcination at 800 °C) 

was  performed by thermogravimetric analysis 

(TGA) using a PerkinElmer TGA7 apparatus from 25 
to 900 °C, with a heating rate of 10 °C/min in air. 

The crystallographic information of the sample 

powders was obtained with a powder X-ray 

diffractometer (Bruker AXS D8 advance) employing 

Cu-  radiation ( =1.542 Å) in the 2  range from 5° 

to 85°. The crystalline phases were identified in 

comparison to the JCDDS standard using the X pert 

highscore program.Infrared Transmission Spectrum 

(FTIR) was performed on a Fourier transform 

spectrophotometer PerkinElmer VATR 2, in the 

range 4000-400 cm-1.Surface morphology was 

explored on model VEG33TESCAN scanning 

electron microscope. Using an energy dispersive X-

ray EDAX analyzer connected to SEM, the elemental 
composition was identified.A Carry 60 UV-VIS 

spectrophotometer was used for the optical band gap 

(Eg) measurement using the UV-VIS diffuse 

reflectance spectra of the synthesised sample. Horiba 

Fluoromax-4 spectrofluorometer was used to obtain 

the photoluminescence spectrum of the as prepared 

sample.  

 

The N2 adsorption/desorption isotherms 

were acquired using a Micrometrics apparatus model 

ASAP-2000. The sample was previously subjected to 

outgassing overnight at 140°C. Using the BET 
approach on the nitrogen adsorption/desorption 

isotherm, the specific surface area (SBET) was 

determined. The Barrett-Joyner-Halenda (BJH) 

Method was used to measure the sample's pore size 

distribution (pore diameter and pore volume).The 

automated apparatus Micromeritics Autochem II 

2920, which is equipped with a mass spectrometer 
and a TCD to examine the hydrogen concentration, is 

used to perform the TPR analysis. 

 

Photocatalytic test 

 

The photodegradation of Rhodamine B dye 

solution by visible light was invistigated using a self-

combustion-prepared CCU nanoparticles catalyst. 

Table 1 lists the structure and properties of RhB. In 

this study, a homemade photoreactor equipped with 

4*3W visible lamps was used. The concentration of 

the Rhodamine B was 2.087*10-8 mol/l. 
 

Table-1: Rhodamine B Characteristic’s [32].  
Hill Formula C28H32ClN2O3 

Molar mass 480.018 g/mol 

Mp/°C 165 

Solubility 15 g/l 

Soluble in s H2O, EtOH, eth, bz, xyl 

Structure formula 

 

 

 

 

Before performing the different analyses, the 

degradation of RhB was tested without photocatalyst 

with and without light, for 24 h. No change in the 

absorbance of RhB was found in these blank tests.  

 

 
 
Fig. 2: Photocatalytic degradation of RhB by 

CeO2/CuO prepared. 

 

20 mg of photocatalyst was introduced to 40 

m of RhB solution (0.5 mg/ml) in each test. The 

solution was magnetically stirred in the dark for 30 

minutes to guarantee dispersion of the catalyst and 

achieve adsorption/desorption equilibrium, and was 

then exposed to visible light Fig. 2. The mixture was 

continuously stirred to maintain homogeneity, and 

the evolution of the degradation during 3h was 
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measured every 30 min. Before performing the 

spectrophotometric analysis, centrifugation and 

filtration were done to remove the nanoparticles.  

 

Using a Uviline 9400 spectrophotometer, the 
absorbance of the supernatant solution was measured. 

 

The photodegradation percentage was 

calculated using the equation: 

 

 
 

where  and  are, respectively, the initial and the 

measured concentrations of RhB in the solution at 

. 

 

Results and Discussion 

 

TGA analysis 

 

To establish the most adequate conditions of 

calcination, TGA analysis was carried out on the 
CCU precursor powder. Fig. 3 illustrate the results. 

 

Basically, five decomposition processes 

were identified, and there was a total weight decrease 

of 12.5 % (0.36 mg). Throughout the process of 

heating from room temperature (RT) to 900 °C under 

atmospheric air. The first loss of weight occurs 

between 25 to 175 °C. Which corresponds to the 

desorption of adsorbed or hydration water. The 

second one, between 175 and 275 °C, is related to the 

combustion reaction and combined decomposition 

products of the metal nitrates [33]. From 275 to 370 

°C, we notice a mass gain that would be apparently 

caused by incorporation of oxygen from air to the 
material. From 370 to 600 °C the weight loss is 

probably related to the decomposition of carbonates 

or related complexes and final formation of the 

oxides [34]. Above this temperature, only weak loss 

is detected until 900°C, particularly above 800 °C, 

which could be related to small reduction of the 

material given the high oxygen mobility expected for 

this type of material. On the basic of these results.800 

°C is considered an adequate calcination temperature 

to get the final oxide material. 

 

XRD analysis 
 

The X-ray diffractogram of the sample 

thermally treated at 800 °C shows that the studied 

composite is a compound of cerium and copper 

oxides. Fig. 4 shows the XRD pattern of the 

synthesized oxides (calcined at 800 °C). The 

diffraction peaks for the cubic phase of CeO2 (space 

group Fm3m -225-) appear at 2  diffraction angles of 

28.55° 33.08°, 47.49°, and 56.35° (ICDD 98-062-

1710) for most intense ones. In turn the diffraction 

peaks at angle 2  of 35.57°, 38.73°, and 46,28° 

correspond to the monoclinic phase of CuO (space 

group C12/C1 -15-) (ICDD 98-001-6025). 

 

 
 

Fig. 3: TGA curve of CeO2-CuO powders as prepared. 
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Table-2: Refined lattice parameters of the as prepared CCU sample. 
Oxide Composition (%) Crystal system a/Å b/Å c/Å α/° β/° γ/° crystalline size (nm) 

CeO2 65.2 Cubic 5.41082 5.41082 5.41082 90 90 90 41.6 

CuO 34.8 Mnoclinic 4.68676 3.42125 5.130925 90 99.44 90 65.1 

 

 
 

Fig. 4: XRD pattern of the as synthetized oxides. 

 

Rietveld refinement shows that the 

composite is majorly composed of 65.2 % of cerium 

oxide while and 34.8% copper oxide. Refined lattice 

parameters are presented in Table-2. 

 

 
 

Fig. 5: CeO2-CuO Infrared spectrum. 

 

By using the Scherer formula, the crystallite 

size of the as-prepared sample was calculated [35]:  
 

 

The calculated average crystalline sizes of 

Cerium and Copper oxides were of 41.6 nm 
and 65.1 nm, respectively. 

 

IR analysis 

 

Fig. 5 represents the FTIR spectrum of the 

CCU sample as-prepared. 

 

The binary composite includes two metal-

oxygen (M-O) vibrations at wave number range of 

4000-400 cm-1. According to several reports of [36], 

and [37], The peaks around 410 and 675 cm-1 are 
attributed to Cu-O and Ce-O stretching vibrational 

mode of corresponding oxides: CuO and CeO2 

respectively. The peaks appeared at 2361, 2336 cm-1 

due to the carbon dioxide molecule which is most 

likely adsorbed on the substrate [38]. 

 

SEM and EDS analysis: 

 

In order to investigate the morphology of the 

binary oxide, SEM images are shown in Fig.6-a. In 

the micrograph, large agglomerates with non-uniform 

forms of particles, rough and heterogeneous surface 
structures [39], were observed.  

 

In addition to SEM, energy-dispersive X-ray 

spectroscopy analysis was performed to validate the 

synthesis of CCU nanoparticles (NPs). 

 

Both Ce and Cu can be seen in the 

synthesized composite nanostructure in the EDS 

spectrum with different percentages. The percentage 

of 83.1 % and 16.9 % are related to Ce and Cu 

respectively. Details of the EDS spectrum 
(percentage abundance of elements in composite) of 

the CeO2/CuO NPs values measured in weight 

percentage are listed in the table included in Fig.6-b. 

 

Photoluminescence analysis: 

 

At room temperature, with an excitation 

wavelength at  λext =290 nm, the PL emission 

spectrum of CCU was determined. 

 

As mentioned, CeO2 and CuO are 
crystalized in cubic (fluorite) and monoclinic 

structures, respectively. Defects, especially oxygen 

vacancies, influence the electronic composite 

structure and the valance states of Ce and Cu ions. In 

this case, the cerium can exist in both states Ce4+ 
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(4f0) and Ce3+ (4f1); hence, emission processes in the 

case of cerium tetravalent state involve charge 

transfer from the ligands exited levels O2p to the 4f 

of Ce4+ ions ground states via the ligand to metal 

charge transfer (LMCT) mechanism [40]. In the case 
of CuO monoclinic structure, defects reduce some 

Cu2+ ions to the Cu1+ oxidation state and create 

localized states in the band gap, which can be 

involved in the relaxation process pathway [41].  The 

spectrum at Fig. 7 exhibits seven peaks and three 

shoulders due to a superimposing of different 

emission sources and mechanisms. At 396 nm and 

476 nm, respectively, two major emission peaks were 

found for CeO2 and CuO, respectively. Weak 

emission bands were also found at 421,450 and 482 

nm. CeO2 emission may be associated with the 

transition from Ce 4f band to O 2p band (valance 
band) [42]. The strong near-band edge (NBE) in the 

ultraviolet region due to the recombination of 

electron-hole pair of free excitation[43].peaks in the 

400-500 nm (421,450 and 482 nm )range correspond 

to deep emission levels due to oxygen vacancies and 

Cu interstitials[44].  Both PL peaks at 350 nm and 
550 nm might be attributed to defects, which include 

oxygen vacancies with levels of electronic energy 

underneath the 4f band. [45]. 

 

UV-Vis DRS analysis: 

 

In the case of a semiconducting solid, UV-

vis spectroscopy enables the calculation of the band 

gap (Eg); i.e., the minimal energy necessary to 

promote an electron from the valence band (VB) to 

the conduction band (CB), even during electronic 

process that occurs in the material following 
interaction with light [46]. 

 

 
(a) 

 

 
 

(b) 

 

Fig. 6: a. SEM images of the CCU powders annealed at 800 °C, b. EDS spectra of the as prepared sample. 
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Fig. 7: PL spectrum of CeO2-CuO prepared by self-

combustion. 

 

Fig. 8 shows the spectrum of reflectance (%) 

as a function of the wave length (nm) for the as-

prepared sample in the 200-800 nm range. Using the 

KM function, the Eg value is determined by extra 

polating the linear portion of the plot relating  

 (Kubelka-Munk function) versus to 

 (Kubelka-Munk conversion spectrum) 

[47]. 

 

The optical band gap was estimated to be 

equal to = 2.05 eV. By comparing this result with 

the band gap of pure CuO reported by the works of 

Sedefoglu et al  [48] and  Baglari et al  [49] 1,3 and 

1,5 eV respectively ,and pure CeO2 band gap 

calculated by kumaran et al  [50] and Fudala et al  

[51] 3,06 eV and 3,35 eV respectively. 

 

The value of the gap obtained equal to the 

average value of the band gap for the two oxides, this 

value it’s the same calculated by the works of [52]. 

 

BET analysis 

 

N2 adsorption/desorption isotherm of the 

sample are shown in Fig. 9. The isotherm shape 

depends on the physicochemical properties and the 

solid's porous texture [53-55].  

 

According to the IUPAC classification, at 

high relative pressures, the isotherm is type IV 

isotherm with H3 type hysteresis loop. 

 
Fig. 9 also exhibits the distribution of pore 

size determined from the isotherm using the BJH 

approach, indicating that this sample was classified 

as mesopore structures with pore diameters varying 

from 2 to 50 nm. 

 
 

 
 

Fig. 8: UV-Visible reflectance spectra and graphic 

for band gap estimation of CeO2-CuO. 

 
Based on the observed sample morphology, 

the pores are dispersed between 5 and 10 nm. The 

formation of the smaller pores was due to the 

aggregation of the microscopic crystal grains. 

 

The SBET, the average pore diameter, and the 

total pore volume calculated from the isotherm are 

summarized in Table-3. The value of SBET of 

synthesized CCU is 3.33 m2/g. This value is less 

folded than that broken by Sangsefidi et al. [56] 

(85.10 m2/g), which prepared the binary composite 
by green synthesis and under calcination at 500 °C 

for 4 h. Moreover, that of Cam et al. [57] (46.00 

m2/g), which synthesized the CCU by the combustion 

method using urea as a combustion agent and 

calcined at 500°C for 2 h. This small value of SBET 

can be due to the very high temperature of calcination 

(800 °C) compared to the works cited in [56] and 

[67]. 
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Table-3: Main textural properties of CeO2-CuO sample. 
Sample BET surface (m²/g) Average pore diameter (nm) Total pore volume (cm³/g) 

CCU 3.3 13.9 0.0115 

 

 
 

Fig. 9: N2 adsorption/desorption isotherms and pore size distribution curves of the CCU composite. 

 

TPR analysis: 

 

On the TPR curves of the studied system 

(Fig. 10), the appearance of reduction peaks was 

noted. One very low intensity was observed towards 

366°C and the other one of high intensity located at 

250°C. According to previous studies [58, 59, 60] 

these peaks of hydrogen consumption on the sample 

correspond to the reduction of CuO particles 
interacting with CeO2. 

 

Photocatalytic Activity: 

 

The photocatalytic performance of the as-

prepared material was determined by measuring the 

absorbance of solutions containing Rhodamine B as 

targeted dyes and the powder of the prepared material 

as photocatalyst irradiated by visible light for fixed 

time intervals at 30 minutes. The variation of the 

absorbance of the previous irradiated solutions in 
function with time are plotted in Fig.11- a. It is 

apparent that the absorbance is decreased gradually to 

reach (A= 0,845 at 554 nm) where the removal 

efficiency up to 28% after 3 hours, indicating a slow 

and limited photocatalytic activity. Fig.11- b 

illustrates the evaluation of RhB concentration 

(Ct/C0) versus time of irradiation where 28 % of the 

initial concentration was removed by photocatalytic 

degradation.  

 

Recyclability 

 
The recycling tests were carried out to study 

the recyclability of CeO2/CuO photocatalyst. 

 

After each photocatalytic reaction, the 

CeO2/CuO photocatalyst was centrifugated and 

rinced with distillated water and then ethanol for 

reuse. The second cycle was initiated with the same 

conditions (0.5mg/1ml), irradiation time and lamps 

(4*3W). Four cycles reduced the elimination rate 

from 28% to 12%, as seen in Fig. 12. 
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Fig. 10: H2-TPR profiles of the CeO2-CuO sample. 

 

 
a 

 

 
b 

 

Fig. 11: a- Photocatalytic activity of CeO2/CuO NPs 

sample under visible light irradiation, b- the 

evaluation of RhB concentration (Ct/C0) 

versus time of irradiation. 
 

 
 

Fig. 12: Recycling of the CeO2/CuO for 

photodegradation of RhB. 

 

Conclusion 
 

An auto combustion method successfully 

generated a CeO2/CuO composite oxide (CCU) for 

photocatalytic degradation of Rhodamine B dye 

under visible light. Various techniques including 

XRD, TGA, SEM and BET were adopted to 

characterize the CCU produced and study the 

structural, optical and morphological properties. 

According to the XRD characterization and using the 

preliminary characterization of the precursor by 

TGA, the formation of a binary composite CCU was 
obtained at 800 °C under monoclinic and cubic 

systems with 40 and 65 nm an average particle size 

for CuO and CeO2 respectively. SEM analysis of the 

sample morphology shows large agglomerates with 

non-uniform forms of particles. While the CCU used 

to have a surface area of 3.33 m2/g. 

 

The photocatalytic activity of the prepared 

oxide was tested by degrading RhB under LED lamps 

(visible light) of 12 w for 180 min where a 28 % 

degradation rate was obtained. The removal ration 
decreased from 28% to 12% after four cycles using 

the same procedure after each cycle, Degradation is 

slow and limiting. This result is acceptable if we 

consider that, there is no work on the degradation of 

RhB by CCU and without forgetting that RhB is 

classified among the most difficult dyes to degrade. 
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