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Abstract- The The aim of the present work is to examine 

various preparation methods of synthesizing CuO/CeO2 

catalyst, like sol gel, co-precipitation and urea-nitrate 

combustion methods and to compare their effects on hydrogen 

production enhancement. Prepared catalysts were 

characterized by particle size analysis, low temperature N2-

sorption, XRD, FTIR, TEM and XPS analysis. The TEM 

images revealed the different method prepared such as Sol-gel, 

Co-precipitation and Urea nitrate combustion abundance of 

roughly hexagonal shaped CuO/CeO2 with size ranging from 

15 to 20nm and size distribution histogram of CuO/CeO2 

corresponding to different TEM image represented that the 

maximum CuO/CeO2 were in the size range of 5 nm to 28 nm 

and having an average size distribution of 15.45 nm for sol-gel, 

16.79 nm for Co-precipitation and 19.12 nm for Urea nitrate 

combustion respectively.  All the experiments were performed 

under following operating conditions: 100 mg catalyst, CO 

and H2O in N2 as a carrier gas with total feed rate of 60 

ml/min and temperature range of 150-400°C. Catalyst 

prepared by sol gel method showed the best performance in 

the water gas shift activity among all the preparation methods 

at the temperature of 316 ºC. 
 
Keywords:CuO/CeO2, sol gel, co-precipitation, urea nitrate 
method, water gas shift reaction 

 

1. INTRODUCTION: 

At Per capita energy demand is continuously increasing 

across the world.  The major fraction of the energy we use 

nowadays comes from non-renewablefossil fuels. The 

energygenerated by fossil fuels are always associated with 

undesirable environmental problems of air pollution like 
emission of radioactive CO2, CH4 and other greenhouse 

gases and natural resource depletion [1]. The global 

environmental damages caused thermodynamically are 

more threatening to life on earth than the risk of exhausting 

the finite amount of fossil fuels consumption [2]. There is 

an urgent need to have an alternative for energy without 

such environmental problems and threat to humanity on this 

planet. Hydrogen derived energy could be a safe alternative 

to support sustainable development [3, 1] as it is extremely 

clean and on combustion, only water is formed (eqn. 1).  

 

                     H2 + 0.5O2 → H2O                                       (1) 
 

Hydrogen is a colourless and odourless gas found on Earth 

only in combination with other elements such as O, C or N, 

and energy is needed to separate it from other elements.  

Hydrogen is used in ammonia manufacturing, petroleum 

refining and methanol synthesis [4]. It is used in space 

program as fuel for the space shuttles, and in fuel cells for 

heat, electricity and drinking water for astronauts. The fuel 

cells directly convert hydrogen into electricity at low 

temperature. Hydrogen could be used to fuel vehicles and 

aircraft and provide power for our homes and offices in 

near future [4]. 

 
The water gas shift reaction (WGSR) was discovered at the 

end of 19th century and found its first industrial application 

in 1913 with the production of hydrogen via synthesis gas 

[5]. It was conducted in two stages to reduce CO content to 

3000-4000 ppm level. Since then, WGSR had become 

industrially prominent for adjustment of H2 to CO ratio in 

natural gas reforming or the gasification of heavy 

carbonaceous materials. In recent times, growing 

environmental concern has brought in a new dimension to 

WGSR role as an adjunct to above reactions for portable 

and stationery fuel cell application with possible use of 
improved catalysts which are non-pyrophoric, high attrition 

resistant and possessing better activity at moderate 

temperatures [5].  

 

The WGSR is an important industrial process used for the 

production of hydrogen in which carbon monoxide reacts 

with water vapor according to the reaction (eqn. 2): 

 

     CO + H2O ↔ CO2 + H2              ΔH0= -41.7 kJ/mol         (2) 

 

The WGS reaction is a reversible, relatively slow and 

moderately exothermic reaction. Industrial WGS reaction is 
carried out using two different catalysts in two reactors 

placed downstream of the reformer with inter-bed cooling 

[12]. From Eq. (1), it is apparent that water or steam can be 

used as a source or feedstock for hydrogen production. 

When WGSRs are carried out, in general, Fe-Cr-based 

catalysts or Cu-Zn-based catalysts are employed to activate 

the reactions [6-11].   

 

The commercial viability of WGSR greatly depends on the 

feedstock employed for synthesis gas generation and 
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process equipments employed. Methane is the most 

preferred raw material. Synthesis gas generation is 

generally executed in adiabatic CO shift reaction with 

appropriate thermal management to achieve improved 

conversion at low space velocities [5]. Hydrogen, infact, for 
industrial and commercial use is produced from steam 

reforming of fossil fuels, with attendant WGSR. Reformate 

gas contains significant amount of CO (10-15%) [12-14]. 

WGS reaction is used to decrease the CO content (1.0%) by 

reacting it with steam in presence of an active catalyst and 

generate additional hydrogen in the reformate stream as 

shown by eqn. 2. WGS units are placed downstream of the 

reformer to lower the CO content and improve the H
2 

yield. 

Significant research developments have been reported to 

improve their activity, stability and selectivity [15]. The 

main aim of the present study is to prepare catalysts by 

different methods like Sol gel, Co-precipitation, Urea 

nitrate method and check the activity of catalyst for WGSR. 

  

2. MATERIALS AND METHODS 

A total of three copper based catalysts were prepared 
having different components and compositions by the 

following methods: 

 

2.1 Sol-gel Method: The Cu0.15Ce0.85O2−y oxide sample was 

prepared following a modified sol-gel method reported in 

the literature [16], in which citric acid (CA) was used as a 

complexing agent. First, cerium nitrate, Ce (NO3)3·6H2O, 

and copper nitrate, Cu (NO3)2 · 3H2O, in proportions based 

on the catalyst composition, were dissolved in distilled 

water to form a 0.1 M solution of total metal ions. The pH 

of the solution was adjusted to 2.0 with nitric acid. Then the 

complexation was started by dropping the solution of citric 
acid into the solution of metal nitrates under vigorous 

stirring at a molar ratio of CA:(Cu + Ce) = 1.75:1. After 

that, ethanol as dispersant was added slowly during 

continuous stirring. The mixture of solutions thus obtained 

was kept in a rota-vapor at about 500C to evaporate the 

solvent. The remaining liquid gel like material was then 

carefully dried at about 800C for 24 h in a well-ventilated 

oven. A sponge-like and brittle solid oxide precursor was 

finally calcined at 500oC for 4 h in an electric furnace. 

2.2. Co-precipitation Method: CuO/CeO2 was prepared by 

the Co-precipitation method. Cerium nitrate Ce 

(NO3)3·6H2O, copper nitrate Cu (NO3)2·3H2O, and urea CO 
(NH2)2 were dissolved in 50ml of distilled water to obtain a 

transparent solution [16]. The initial urea/nitrate molar ratio 

was taking into account so that the urea/nitrate 

stoichiometric molar ratio is equal to 5(3-x)/6, where x 

denotes the Cu/(Cu + Ce) molar ratio. The urea/nitrate ratio 

was equal to 2.38, while the Cu/ (Cu + Ce) molar ratio was 

equal to 0.15. The blended solution is sufficiently mixed in 

a magnetic stirrer and heated at 800C till transparent gel was 

formed under vigorous stirring and addition of distilled 

water; the resulting gel was then boiled for 1 h at 100o C, 

followed by filtering and washing the precipitate twice with 

de-ionized water at 50-70oC, drying the cake in a vacuum 
oven at 80-100o C for 1 h, crushing the dried lump into 

smaller particles and calcining the powder in a muffle 

furnace in air at 500o C for 4 h. 

 

2.3 Urea combustion Method: The urea-nitrate 

combustion method was used for the synthesis of CuO-

CeO2 mixed oxide catalysts [16]. Cerium nitrate Ce 

(NO3)3·6H2O, copper nitrate Cu (NO3)2·3H2O, and urea CO 

(NH2)2 were dissolved in 50ml of distilled water to obtain a 

transparent solution. The initial urea/nitrate molar ratio was 

taking into account so that the urea/nitrate stoichiometric 
molar ratio is equal to 5(3-x)/6, where x denotes the Cu/ 

(Cu + Ce) molar ratio. The urea/nitrate ratio was equal to 

2.38, while the Cu/ (Cu + Ce) molar ratio was equal to 0.15. 

The blended solution is sufficiently mixed in a magnetic 

stirrer and heated at 80oC till transparent gel was formed. 

The resulting gel was dried at 110oC in a couple of minutes. 

The received powder was submitted to calcinations at 

500oC for 4 h under static air in a muffle furnace.  

2.4 Nomenclature of Catalysts: The nomenclature and 

components of the catalysts are U1, U2, U3, The promoters 

used in this experiment were. The symbols showing 

catalysts and their details are given in Table 2.1.  

 

Table 2.1:Types of catalyst prepared and their conditions 

 

2.5 Activity measurement of the catalysts: The 

experimental setup consists of following sections: reactants 

feeding section, reaction section, product cooling and 

separation section. The feeding system consists of carbon 

monoxide and nitrogen cylinders, flow measuring device; 

mercury safety device and water vapor generating sparger. 

Reaction system consists of a compact bench scale tubular 

reactor, a split open furnace and a micro processor based 

temperature controller. The last system consists of products 

cooling and gas liquid separating systems as shown in the 

Catalyst   Method of preparation Components Decomposition temp. /Envt. 

U1   Citric acid sol-gel  Cu-Ce 500oC/Air 

U2    Co-precipitation  Cu-Ce 500oC/Air 

U3   Urea-Nitrate Combustion  Cu-Ce 500oC/Air 
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figure. The reactor was a quartz tube reactor in which 

100mg of the catalyst was packed over the glass wool. The 

reaction experiments were carried out at atmospheric 

pressure and in the temperature range of 150-360 0C. A K-

type thermocouple was inserted into the center of the 

catalyst bed to monitor the reaction temperature. The feed 

consisted of a mixture of 1.5 ml/min. of CO and 58.50 N2 

ml/min. The mixed gas was divided into two parts primary 

and secondary.  The secondary part of the gas mixture was 

bubbled through a fine epidermis needle in water sparger 

burette to generate and feed water vapor at a controlled rate 

of 0.15 ml/h (as liquid). To maintain the constant rate of 

water evaporation, the level of water in the sparger burette 

was maintained by filling it after vaporization of 1mL of 

liquid water. The catalyst bed temperature was maintained 

at desired temperature with the help of a microprocessor 

temperature controller. The temperature was varied from 

150 to 400
o
C and the reactor effluent was analyzed by an 

on-line gas chromatograph (NUCON-5765).  

 

The flow rates of nitrogen and CO was measured 

with the help of digital flow meters. Nitrogen and CO 

were fed from compressed gas cylinders. A mercury seal 

safety device was used for any sudden rise in the 

pressure. The reactants mixture (CO, N2, water vapor) 

were sent to the reactor where mixture was preheated to 

the reaction temperature in the spiral tubing before 

reaching the catalyst bed maintained at a particular 

temperature. A thermocouple was used to measure the 

temperature of catalyst bed.  The reaction products from 

the bottom of the reactor were sent to a condenser and 

gas-liquid separating assembly kept in an ice-bath to 

remove water from the mixture before gas-chromatographic 

analysis. The gaseous products from the separator were 

sent for analysis by an online Gas Chromatograph. A 

porapack Q column, methanizer and FID were used to 

analyze CO and CO2. H2 was analyzed using molecular 

sieve column and TCD. For complete analysis of CO, CO2 

and H2 each experiment was performed twice under the 

same operating conditions due to the availability of single 

gas chromatograph.  

 

2.6. Characterization: X-ray measurement of the catalyst 

was carried out using RigakuUltima IV X-ray 

diffractometer (Germany) for phase identification. The 

patterns were run with Cu-Kα radiation at 40 kV and 40 

mA. The mean crystallite size (d) of the phase was 

calculated from the line broadening of the most intense 

reflection using the Scherer equation (2). 
 

            d=0.89λ/βcosθ                                            (2) 

Where d is the mean crystallite diameter, 0.89 is the Scherer 

constant, λ is the X-ray wave length (1.54056 Å), and β the 

effective line width of the observed X-ray reflection, 

calculated by the expression β2 = B2 - b2 (where B is the 

full width at half maximum (FWHM), b is the instrumental 

broadening) determined through the FWHM of the X-ray 

reflection at 2θ of crystalline SiO2. Fourier transform 

infrared spectroscopy (FTIR) of the prepared catalyst was 

recorded in the range of 400-4000 cm−1 on Shimadzu 8400 

FTIR spectrometer with KBr pellets at room 

temperature.Specific surface area measurements were 

performed using Micromeritics ASAP 2020 analyzer by 

physical adsorption of N2 at the temperature of liquid 

nitrogen (-196°C), using the BET method in the standard 

pressure range of 0.05-0.30P/P0.Particle size analysis of the 

samples were measured using the Laser diffraction 

(Helium-Neon Laser, 5 Milliwat maximum output) based 

particle size analyser (ANKERSMID, CIS-50, U.S.A ) 

relies on the fact that particles passing through a laser beam 

will scatter light at an angle that is directly related to their 

size.X-ray photoelectron spectroscopy (XPS) was used to 

monitor the surface compositions and chemical states of the 

constituent elements and performed on an Amicus 

spectrometer equipped with Mg Kα X-ray radiation. For 

typical analysis, the source was operated at a voltage of 

15kV and current of 12mA. The binding energy scale was 

calibrated by setting the main C 1s line of adventitious 

impurities at 284.7eV, giving an uncertainty in peak 

positions of ±0.2 eV. 

 

3. RESULT AND DISCUSSION 

3.1 BET surface area and Particle size Analysis: The 

particle sizes are shown in Table 3.1. As particle size 

decreases, the observed scattering angle increases 

logarithmically. Scattering intensity is also dependent on 

particle size, diminishing with particle volume. Large 

particles therefore scatter light at narrow angles with high 

intensity whereas small particles scatter at wider angles but 

with low intensity. The standard method for measuring the 

surface area is based upon physical adsorption of a gas on 

the solid surface as shown in Table 3.1. 
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Table 3.1: Characteristics of the catalyst 

Catalyst components SBET (m
2
/g) Pore Volume(cm

3
/g) Pore Size(A

O
) Mean particle Size(µm) 

U1 Cu-Ce 69.56 - - 0.90 

U2 Cu-Ce 59.9682 0.0957 54.350 1.08 

U3 Cu-Ce 55.678 - - 0.81 

 

 

 

3.2. Fourier Transforms Infrared (FTIR) Spectroscopy:  

The FTIR spectra of Cu/CeO2 powders thus 

obtained are presented in Fig.1.  
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Fig.1: FTIR spectra of Cu/CeO2nanofibercalcined at 500°C, 

3hrs. 

 

The broad bands (3700 to 3000 cm-1) for CeO2 represent the 

stretching vibration of hydroxyl (OH) group in chemisorbed 

water. The prominent peaks between (900-1630 cm-1) after 

calcinations at 500°C can be observed in case of CeO2 

indicating remains of some organic materials present in the 

sample. The significant enhancements in the absorption 

band (500-1060 cm-1) represent formation of CeO2 [17].  

 

3.3. X-ray Diffraction (XRD) Analysis: 

The diffraction patterns have been indexed by comparison 

with the JCPDS files. The XRD patterns of the Cu/CeO2 

powders are presented in Fig.2. The graphs exhibit 

characteristic peaks (111) of a fluorite-like cubic phase and 

active surfaces in the catalyst [18, 19]. The most intense 

reflections of CeO2 at 2θ values of 28.56° are clearly visible 

and most intense reflections of CuO are present at 2θ value 

of 47.56°.  
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Fig. 2: XRD patterns of the catalyst sample (Cu-Ce) 

3.4. X-ray photoelectron spectroscopy (XPS) Analysis:  

 

 

Figure 3 shows the XPS spectra of Ce 3d5/2 

inCuO/CeO2composite: of different preparation methods 

coded as Sol gel (U1), Co precipitation (U2) and urea 

nitrate (U3) respectively. However the intensity of C 1s 

decreased and the N 1s peak was not detectable in Ce after 

calcinations. The high resolution O 1s spectra of Ce oxide 

material were deconvoluted into three peaks: two oxygen 

species on the surface region [20] oxygen moieties bound 

with Ce (III) and Ce (IV). Since calcinations cause the 

removal of surface oxygen, it is reasonable that the ratio of 

surface oxygen decreased. Therefore it is highly possible 

that calcinations of Ce oxide catalyst at high temperatures 

led to oxidize Ce from Ce(III) to Ce (IV). The Ce3+ 

concentration can be correlated to the Oxygen vacancies on 

ceria surface and affect ceria activity such as 
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catalyzingozonation of aniline, which is directly depend on the increase of Ce (III) species on ceria surfaces [21].  
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Fig.3: XPS spectra of Ce 3d5/2 inCu/CeO2composite:  (a) U1, (b) U2, (c) U3 respectively 
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Fig.4: XPS spectra of Cu 2p3/2 in Cu/CeO2composite:  (a) U1 , (b)  U2, (c) U3 and O 1s in Cu/CeO2 (d) U1 , (e)  U2, (f) U3 

respectively. 

 

Figure 4 shows the XPS spectra of Cu 2p3/2 in 

CuO/CeO2composite:  (a) U1, (b) U2, (c) U3 binding 

energies of all the catalysts. The existence of a strong 

metal-support interaction between Cu and CeO2 can modify 

the structure properties of Cu which could improve the 

catalytic behaviour of this system [22]. The copper was 

introduced into CeO2, Ce3+ ions of Cu-Cecalcined at the 

same condition were not completely oxidized to Ce (IV) 

ions, indicating that copper loading lead to the retention of 

more Ce (III) ions [23, 24]. Figure 4 shows the XPS spectra 

of O 1s inCuO/CeO2 (d) U1, (e) U2, (f) U3 binding 

energies of all the catalysts respectively.  

 

3.5. Tunnelling Electron Microscopy (TEM) Analysis: 

The TEM analysis explored the average crystalline size of 

catalyst copper-ceria oxide. The typical TEM images of 

catalyst copper-ceria oxide at different magnification are 

shown in (Fig. 5, 6, 7). The TEM images revealed the 

different method prepared such as Sol-gel, Co-precipitation 

and Urea nitrate combustion abundance of roughly 
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hexagonal shaped CuO/CeO2 with size ranging from 15 to 

20nm. A size distribution histogram of CuO/CeO2 

corresponding to different TEM image represented that 

maximum CuO/CeO2 were in the range of 5 nm to 28 nm 

and having an average size distribution of 15.45 nm for sol-

gel, 16.795 nm for Co-precipitation and 19.12 nm for Urea 

nitrate combustion respectively  (Fig.5c, 6c, 7c). The 

selected area electron diffraction (SAED) pattern of 

CuO/CeO2 colloid is shown in Figure 5d, 6d, 7d. The 

typical SAED pattern with bright circular rings confirmed 

that the biosynthesized CuO/CeO2 were crystalline in 

nature.

  

 

 

 

Fig. 5.(a), (b), (c) and (d) TEM micrographs of different magnification composite CuO/CeO2 prepared with sol-gel method 
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Fig. 6.(a), (b), (c) and (d) TEM micrographs of different magnification composite CuO/CeO2 prepared with Co-precipitation 

method 

 

 

 

Fig. 7.(a), (b), (c) and (d) TEM micrographs of different magnification composite CuO/CeO2 prepared with Urea nitrate method 

 

3.6. Activity measurement of catalysts for water gas 

shift reaction: Various catalysts have been evaluated for 

the water gas shift reaction runs in the temperature range of 

150-400oC. The catalysts used are listed in Table 2.1. The 

experimental procedure and product analysis are already 

discussed in experimental section. The conversions of CO 

at various temperatures with different catalysts have been 

studied separately. The activity of copper-ceria catalysts 

prepared by various Sol gel, Co-precipitation and Urea 

nitrate methods, are shown in Figure 8. In general, the 

conversion of CO increases with increasing temperature in 

the beginning and then decreases at higher temperature 

showing maxima for all the catalysts. At lower temperature 

there is a large difference in the experimental conversion 

and corresponding equilibrium conversion but at higher 

temperature the conversion reaches near the equilibrium 
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conversion. These differences are due to the fact that at 

lower temperature rate of reaction is low and the residence 

time is far below the time required for equilibrium 

conversion; also, being an exothermic reaction, equilibrium 

conversion is high at lower temperature. On the other hand, 

at higher temperature rate of reaction is high, resulting in 

conversion approaching the equilibrium value; also, being 

an exothermic reaction, equilibrium conversion is low at 

higher temperature. 

 

A comparative study of copper based catalysts for water gas 

shift reaction is shown in Figure 8 It can be clearly seen that 

the sol gel method results in the best catalyst giving 

maximum CO conversion of 60.77% at 2160C, whereas the 

catalyst prepared by urea nitrate combustion method gives 

the lowest CO conversion of 48.44% at the same 

temperature. The performance order of the method of 

catalyst preparation is as follows: sol gel method > co-

precipitation method > urea nitrate combustion method.  
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Fig. 8: Comparative study copper based catalyst during 

water gas shift reaction runs in 150-400oC Feed gas flow 

rate, 1.5 ml/min. CO, 58.50 N2 ml/min and water vapors 

 

4. CONCLUSION 

Composite copper-ceria catalysts prepared by different 

method such as Sol gel (U1), Co-precipitation (U2) and 

Urea-nitrate combustion method (U3) and their 

performances for WGS reaction were investigated in the 

temperature range of 150-400oC and the sol gel method 

showed the best performance among all the catalysts for 

water gas shift reaction. The order of activity of copper-

ceria catalysts is as follows: U1> U2> U3. The abundance 

of roughly hexagonal shaped of CuO/CeO2 with size 

ranging from 15 to 20 nm and the average crystalline size 

distribution of 15.45 nm for sol-gel, 16.79 nm for Co-

precipitation and 19.12 nm for Urea nitrate combustion 

respectively  observed by TEM through J-image. 
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