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ABSTRACT 
Gas phase catalytic oxidation of CO by oxygen at temperature range 175-225

o
C was studied over pure 

and Na2O-doped binary CuO-NiO system. CuO content was varied between 20-50 mol% and dopant 

concentration was varied between 2-8 molpercent. All samples were prepared by wet impregnation method 

followed by thermal treatment at 400 and 600
o
C. The techniques employed were XRD, EDX, nitrogen 

adsorption at -196
o
C and gas phase oxidation of CO by oxygen adopting static method. Results revealed 

that the CuO-NiO system with chemical composition of CuO-4NiO was the most catalytically active one 

for CO oxidation. This system in particular was subjected to Na2O-doping which resulted in further 

improvement of its catalytic activity. Doping process brought about a considerable change as to surface 

characteristic of the investigated system. Activation energy values indicated that doping process did not 

modify the energetic nature of this catalyzed reaction but rather changed the concentration of the active 

sites involved. 

 

Keywords:  CO oxidation, mixed Cu-Ni-O catalyst, Na2O-doping. 
______________________________________________________________________________ 

 

INTRODUCTION 

 
Catalytic oxidation is the process thought by many research studies to curb CO emissions of combustion 

engines into the atmosphere [1]. Therefore, there is a need to develop highly active catalysts for CO 

oxidation to remove it from local environment [2].  Developing satisfactory CO oxidation catalysts has 

received tremendous interest and become a subject of many investigations [3-5]. Noble metal catalysts 

have been found the most effectual for CO oxidation [6-9]. Nevertheless, the poor selectivity and high cost 

of noble metal catalysts greatly limited their applications. Alternatively, catalytic oxidation of CO over 

transition metal oxides is becoming of importance and interest [10]. The appropriateness of a metal oxide 

for catalytic oxidation of CO is gauged by: (i) tolerance to perfectly redox cycle (ii) stability for extended 

defective bulk and surface structures (iii) high capacity towards adsorption and activation of CO and O2 

molecules [11-14]. The intrinsic catalytic activity of CuO for CO oxidation was nearly similar to that of 

platinum [15]. So, CuO has been proposed as a promising catalyst for cO oxidation [16-19]. The activity of 

NiO for CO oxidation was extensively studied [20-25]. Yu et al [22] attributed to NiO an excellent activity 

close to that of CuO. Mixed oxide catalysts often have a catalytic properties that are superior to those of 

pure oxides [26, 27]. The improvement of catalytic activity upon combination of two or more metal oxide 

(synergism) was reported by many investigators [28-31]. It was reported that the activity of NiCuO2 was 
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almost four folds that of individual oxides [32, 33]. The effect of CuO content on the catalytic activity of 

mixed oxides was studied by many researchers [34-36]. According to these researchers, the catalytic 

activity attained a maximum at certain CuO content then fall down upon increasing the content above that 

value.  Doping of metal oxides with small amounts of foreign oxides was found to influence the surface 

and catalytic properties of these oxides [37-40]. The present investigation reports the results of extensive 

study of the catalytic oxidation of CO over pure and Na2O-doped mixed CuO-NiO oxide system. The 

effects of many factors including thermal treatment, CuO content, Na2O- doping and dopant concentration 

are within the scope of the work aiming to determine the factors controlling the catalytic act, optimize the 

catalytic performance and improve the catalytic activity for CO oxidation as a contribution to the catalytic 

control of air pollution due to CO emissions. 

 

MATERIALS AND METHODS 
 

Materials: The chemicals employed were of analytical grade as supplied by Aldrich and Fluka companies. Mixed 

copper nickel oxides system with different CuO contents were prepared by wet impregnation method. The system 

will be denoted as follows throughout this text: 

  
System CuO-NiOI CuO-NiOII CuO-NiOIII CuO-NiOIV 

CuO content, mol%  20 25 33 50 

Chemical formula CuO-4NiO 

 

CuO-3NiO 

 

CuO-2NiO CuO-NiO 

 

 

A known weight of basic nickel carbonate was impregnated with copper nitrate solution of definite concentration to 

make a paste (copper nitrate: nickel carbonate =1:4,1:3, 1:2, 1:1 mol ratio for system I, II , III and IV respectively). 

The paste was stirred well, dried overnight at 110
o
C before being subjected to thermal treatment at 400 and 600

o
C for 

4 hours. Pure NiO catalyst was prepared by processing of basic nickel carbonate paste in distilled water in the same 

method. Na2O-doped solid was prepared by adding a known weight of sodium nitrate corresponding to 2, 4, 6 and 8 

mole% (2, 4, 6, 8 mole of NaNO3 for 100 mole of  mixed oxide system respectively) to copper nitrate solution prior 

to impregnation process then proceeding as above.  

 

Methods: X-ray powder diffractograms of the various investigated samples were carried out using a Bruker 

diffractometer (Bruker D8 advance target). The patterns were run with CuKα1 with secondary monochromator 

(λ=0.1545nm).The crystallite size of crystalline phases present in the different investigated solids was calculated by 

line broadening of the main diffraction line of these phases using Scherrer equation: d= kλ/β 1/2 cosθ, where d is the 

mean crystallite diameter, λ is the wave length of  X-ray , k is Scherrer constant (0.89), θ is the diffraction angle and 

β1/2 is the full width at half maximum (FWHM) of the diffraction peaks of crystalline phases .  Lattice parameter “a” 

of NiO as major phase was calculated from the equation: a=d(h
2
 + k

2
 +l

2
)

1/2
 where d is the d-spacing of the main 

diffraction line of NiO phase (2.41Å). The composition of surface layers was obtained by EDX analysis. EDX 

measurements were conducted on a Hitachi S-800 electron microscope with a Kevex Delta system attached. The 

surface molar composition was determined by Asa method (Zaf correction, Gaussian approximation. The specific 

surface area (SBET), total pore volumes (Vp) and mean pore radii   (r) of the various catalysts were determined from 

nitrogen adsorption isotherms measured at -196
o
C using a conventional volumetric apparatus and applying BJH 

model.  

 

The catalytic activities of various prepared samples towards gas phase oxidation of CO by O2 were determined by 

static method at the temperature range 175-225
o
C. The kinetics of CO oxidation by O2 was followed up by measuring 

the total pressure of reacting gaseous mixture at different time intervals (P) for at least one h or until constant 

pressure was attained. Each catalyst sample (200 mg) was activated by heating at 300
o
C for 2 h under reduced 

pressure of 10
-6

 Torr prior to kinetic run. A stoichiometric mixture of CO and O2 (CO + ½ O2) at a total pressure of 2 

Torr was used as the initial pressure of reactants (P
o
). The reaction product (CO2) was removed from reaction 

atmosphere by freezing at liquid nitrogen temperature. The saturation vapor pressure of CO at -196
o
C is 160Torr, a 

value that makes its liquefaction improbable at the given reaction pressure and temperature [41].  
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RESULTS AND DISCUSSION 

XRD analysis: X-ray diffractograms of pure NiO, CuO and mixed CuO-NiO with different CuO calcined 

at 400 and 600
o
C contents are depicted in figs. 1.a and 1.b. The diffraction patterns of pure NiO and CuO 

contained many diffraction peaks characteristic of these phases specially, the main diffraction lines located 

at d=2.08, 2.4 Å for NiO phase and 2.31 Å for CuO one. The diffractograms of mixed oxides are consisted 

of many diffraction peaks of NiO and CuO phases depending on calcination temperature and CuO content. 

Increasing CuO content was accompanied by progressive increase in the intensity and number of 

diffraction lines characteristic of CuO phase together with a corresponding increase in crystallite size of 

both phases to an extent proportional to CuO content. Raising calcination temperature induced a 

corresponding increase in crystallite size of both phases. Thus, both of CuO content and calcination 

temperature influenced the degree of crystallinity and extent of dispersion of the investigated mixed oxides 

system that is expected to influence in turn the catalytic properties of this system. 

 

 
 



A.M. Turky                                                Journal of Applicable Chemistry, 2016, 5 (1):219-230  

 

222 

www. joac.info 

 

The diffraction patterns of Na2O-doped CuO-4NiO system labeled as Cu-Ni-O I were nearly similar to that 

of pure one except for lower intensity of diffraction lines. The absence of diffraction lines characteristic of 

Na2O phase may be attributed to two reasons, Na2O content is below the detection limit of diffractometer 

and/or the possibility of dissolution of Na2O in the lattice of NiO as major phase or CuO or both forming a 

solid solution. This possibility is favored as regard to two factors controlling the formation of solid 

solution, namely, the crystal form and ionic radii. Both of dopant and host cations are of cubic crystal 

form, moreover, the ionic radii of copper I, Ni II and Na ions are 0.96, 0.78 and 0.95Å, respectively, these 

values are allowed for the dissolution of dopant into the lattice of host cation with consequent formation of 

solid solution. The dissolution of Na2O into CuO lattice is less probable as the radius of Cu II is 0.69Å. 

The effect of doping process on peak area, crystallite size of both NiO and CuO phases as well as the 

lattice parameter of NiO as major phase for the system Cu-Ni-OI calcined at 400 and 600
o
C is presented in 

table 1. The crystallite sizes of NiO and CuO in all Cu-Ni-O systems with different CuO content are given 

in table 2.  
 

Table1. Effect of thermal treatment and Na2O-doping on peak area, crystallite size of different phases 

 and lattice parameter of NiO as major phase 
Solid Calcination 

temperature, oC 

Peak area, a.u. Crystallite siz, nm Lattice parameter 

NiO,Å NiO 

(d=2.08Å) 

CuO 

(d=2.31Å) 

NiO CuO 

NiO  

 

 

400 

92.1  26.8  4.15839 

CuO  46.4  83.4  

Ni-Cu-O I 86.8 8.3 41.7 46.2 4.16241 

+2mol% Na2O 71.3 7.5 39.6 43.9 4.16021 

+4” 65.4 6.8 37.1 39.5 4.11173 

+6” 58.3 6.2 34.2 35.0 4.06605 

+8” 50.1 5.3 31.3 30.7 4.01402 

NiO  

 

 

 

600 

39.2  98  4.15016 

CuO  57.6  92.3  

Ni-Cu-O I 109.5 6.8 53.5 85.1 4.16372 

+2mol% Na2O 98.2 5.4 48.2 82.5 4.16182 

+4” 81.1 4.9 45.1 74.9 4.16033 

+6” 73.6 4.2 41.7 68.7 4.15812 

+8” 61.2 3.1 37.5 61.2 4.15214 

 

Table 2. Crystallite size of NiO and CuO in binary Cu-Ni-O with different CuO contents 

System Calination temperature,oC Crystallite size,nm 

NiO 

Crystallite size,nm 

CuO 

Cu-Ni-O I  

400 

41.7 46.2 

Cu-Ni-O II 61.2 61.5 

Cu-Ni-O III 65.6 75.3 

Cu-Ni-O IV 73.7 82.1 

Cu-Ni-O I  

600 

53.5 85.1 

Cu-Ni-O II 81.2 87.6 

Cu-Ni-O III 93.9 93.4 

Cu-Ni-O IV 107.1 102.7 

 

The data of tables 1 and 2 revealed the following: 

i.  Doping process brought about a progressive decrease in both peak area and crystallite size of 

both phases to an extent ran parallel with dopant concentration.  

ii. Doping process effected a corresponding decrease in the lattice parameter of NiO which was more 

pronounced for the solids calcined at 400
o
C. 

iii. Increasing CuO content was accompanied by a gradual increase in crystallite size of both phases. 

 The observed decrease in crystallite size accompanying doping process reflected a lower degree of 

crystallinity and higher degree of dispersion of the investigated mixed oxides system. 
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The induced decrease in lattice parameter of NiO phase presented an evidence for dissolution of Na2O into 

NiO lattice and the formation of solid solution according to Kroger’s notation [42]: 

2Na
+
 + 2Ni

2+ 
+1/2O2 = 2Na

+
(Ni

2+
) + 2Ni

3+
 + O

2-
 

Where 2Na
+
(Ni

2+
) denote two sodium ions located in the  position of two nickel ions in NiO lattice with 

subsequent conversion of equal number of divalent nickel to trivalent one to keep the electro neutrality of  

doped NiO according to the theory of controlled valence[43,44]. Similar results were obtained by Antolini 

[45] upon doping of NiO with Li2O. The ionic radii of Ni
2+

 and Ni
3+

 are 0.78 and 0.62Å, respectively. So, 

the conversion of Ni
2+

 to Ni
3+

 would be accompanied with lattice contraction with subsequent decrease in 

lattice parameter as monitored in table1. The induced changes in the degree of crystallinity and Ni
3+/

Ni
2+

 

ratio are expected to be effective as regard to surface and catalytic properties of the investigated system. 

 

Energy dispersive x-ray analysis (EDX): EDX investigation of different binary metal oxides calcined at 

400 and 600
o
C was performed aiming to confirm the chemical structure of prepared solids assuming a 

homogeneous distribution of the present oxides among the bulk and surface layers. The relative atomic 

abundance of Ni, Cu and oxygen species in the uppermost surface layers for CuO-NiO system with CuO 

contents of 20, 25, 33 and 50 mol% denoted as Cu-Ni-O I, II, III and IV, respectively calcined at 400 and 

600
o
C are listed in Table 3. Inspection of this Table indicated that the values of calculated and found 

atomic abundance for the three elements are nearly the same and the differences are within the 

experimental error. This finding stands for the complete transformation of copper nitrate and basic nickel 

carbonate to the corresponding CuO and NiO at  the temperature range 400-600
o
C  according to the 

stoichiometric equations and serves as a confirmation of the chemical composition of the prepared mixed 

oxides system . 

Table 3. Surface molar composition of binary Cu-Ni-O system with different  

CuO content Calcined at 400
o
C 

Solid catalyst Element Atomic abundance 

Calculated Found 

CuO-4NiO 

(Cu-Ni-O I) 

O 21.1 21.5 

Ni 62.1 61.9 

Cu 16.8 16.5 

CuO-3NiO 

(Cu-Ni-OII) 

O 21.1 21.7 

Ni 58.0 57.8 

Cu 20.9 20.5 

CuO-2NiO 

(Cu-Ni-OIII) 

 

O 21.0 21.3 

Ni 51.3 51.0 

Cu 27.7 27.5 

CuO-NiO 

(Cu-Ni-OIV) 

O 20.8 21.0 

Ni 38.1 38.0 

Cu 41.1 40.9 

 

Surface characteristics of pure and doped Cu-Ni-O I: The different surface characteristics of pure and 

Na2O-doped Cu-Ni-O-I were determined from nitrogen adsorption isotherms conducted at -196
o
C. These 

characteristics include specific surface area (SBET), total pore volume (Vp) and pore size expressed as mean 

pore radius (͞ r ). Pore size and pore volume were determined using BJH model . The values of pore radius 

for different adsorbents were calculated from the equation: r͞ = 2Vp/SBETx10
-4

 Å. Pore volume was taken as 

the volume of liquid adsorbate near saturation pressure, P/P
o
 = 0.98. For nitrogen, it is given by: Vp= 

Vax28/22414xdl , where Va is the volume of adsorbed at P/P
o
 = 0.98 and dl is the density of liquid nitrogen. 

The data obtained are monitored in table 4 and shows the following: 

 

i- Doping process exerted a progressive increase in both specific surface area and pore volume 

with a limited decrease in pore radius to an extent proportional to dopant concentration. The 

values of pore radius indicated that all the investigated adsorbents were of mesoporous type. 
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ii- Raising the calcination temperature from 400 to 600
o
C effected considerable changes as regard 

to the surface characteristics that can be summarized as decreasing both of specific surface 

area and pore volume and some increase in pore radius. 

 

Table 4. Surface characteristics of pure and Na2O-doped Cu-Ni-O I calcined at 400 and 600
o
C 

Catalyst Calcination 

temperature, oC 

SBET,m2/g Vp, ml/g ͞r, Å 

Cu-Ni-O I  

 

400 

70 0.174 50 

+2mol% Na2O 75 0.190 51 

+4 84 0.210 50 

+6 95 0.229 48 

+8 108 0.248 46 

Cu-Ni-O I  

 

600 

55 0.156 57 

+2mol% Na2O 66 0.181 55 

+4 73 0.200 55 

+6 81 0.218 54 

+8 93 0.241 52 

 

Increasing specific surface area accompanying doping process came in consistency with the results of 

XRD and could be accounted for in terms of the observed lowering in the degree of crystallinity due to 

lattice contraction resulting from the conversion of some divalent nickel ions to trivalent cations as 

discussed above. Another factor contributing to increasing specific surface area is the observed increase in 

pore volume that could be attributed to the creation of new pores as a result of liberation of gaseous 

products during thermal treatment. Thirdly, pore narrowing indicated by decreasing the pore radius is 

another factor for the increment in SBET. Alternatively, the induced decrease in specific surface area 

together with lowering the pore volume upon raising the calcination temperature is regarded as a 

consequence of sintering process. Besides, pore widening indicated by pore radius increment cannot be 

overlooked among the factors contributing to the SBET decrease thus obtained.  Consequently, the above 

mentioned changes in surface characteristic due to doping process are expected to bring about a 

corresponding change in the catalytic properties of doped Cu-Ni-O I as will be discussed below. 

 

Catalytic activity towards CO oxidation by oxygen 

Catalytic activity of pure Cu-Ni-O with different CuO contents: The catalytic activity of pure NiO and 

Cu-Ni-O with different CuO contents was checked towards gas phase oxidation of CO by oxygen at the 

temperature range 175-225
o
C using static method. First-order kinetics was observed in all cases for a plot 

of lnP
o
/P vs. time, where P

o
 and P denote the initial total pressure of reactants and that at different time 

intervals, respectively. The corresponding conversion percent can be calculated as  (P
o
-P)x100/P

o
 and the 

slope of first-order plots gives directly the reaction rate constant (k) at a given temperature, which was 

taken as a measure of the catalytic activity at that temperature. Fig.(2) depicts  representative first-order 

plots of CO oxidation over pure NiO and Cu-Ni-O system with different CuO content calcined at 400
o
C in 

the temperature range 175-225
o
C. The catalytic activity expressed as reaction rate constant per unit mass 

(specific rate, k, min
-1

g
-1

) as a function of CuO content is presented in table 5. The role of CuO in the 

catalytic activity of NiO is better investigated by comparing the values of k as a function of CuO content 

for the catalysts calcined at 400 and 600
o
C. The variation of k for the catalytic reaction conducted at 175-

225
o
C as a function of CuO content is graphically illustrated in fig 3 a & b.  Considering the data obtained 

in figs.2 &3 and table 5, the following remarks could be observed: 

i. All binary Cu-Ni-O systems were devoted with higher catalytic activity compared to pure NiO 

one.  

ii. The catalytic activity of binary Cu-Ni-O system with chemical composition CuO-4NiO of 

CuO content 20mol% and labeled as Cu-Ni-O I was maximum, Increasing CuO above that 

value resulted in a progressive decrease in the catalytic activity but was still higher than that of 

pure NiO. 
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iii. Raising calcination temperature from 400 to 600
o
C resulted in a considerable decrease in the 

catalytic activity of all systems but still following the same trend regarded at 400
o
C. 

 

Table 5. Specific rate (k x10
2
, min

-1
g

-1
) for the catalytic oxidation of CO by O2 over NiO and  

Cu-Ni-O system with different CuO content 
System Calcination 

temperature,oC 

k175 k200 k225 

NiO  

 

400 

2.1 2.7 3.7 

Cu-Ni-OI 6.4 7.5 8.7 

Cu-Ni-OII 5.8 6.9 7.8 

Cu-Ni-OIII 5.2 6.1 7.1 

Cu-Ni-OIV 3.5 4.1 5.9 

NiO  

 

600 

1.4 2.0 3.3 

Cu-Ni-OI 4.6 5.7 7.4 

Cu-Ni-OII 3.5 4.7 6.7 

Cu-Ni-OIII 2.7 3.8 4.1 

Cu-Ni-OIV 2.1 3.0 3.5 
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Fig. (2) First-order plots of CO oxidation over pure NiO and mixed CuO-NiO system  

with different CuO content calcined at 400
o
C. 
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The observed increasing trend in catalytic activity for all binary systems came in good correlation with the 

calculated crystallite size for these system presented in table 2. From this table, Cu-Ni-O I system was 

characterized by its minimum crystallite size for both phases and hence the lowest degree of crystallinity. 

Consequently, it is expected to have more active sites accessible to reacting mixture. The obtained results 

are consistent with that of many investigators who reported that the catalytic activity of catalysts 

containing different CuO contents increased, passed through a maximum then decreased with further CuO 

content above certain limit [46-48]. The higher activity observed for all the investigated binary oxides 

systems compared to that of pure NiO is worth mentioning and extensively reported as a synergistic effect 

[28-31]. 

 

Catalytic activity of pure and Na2O-doped Cu-Ni-O system:  The most active system with chemical 

formula CuO-4NiO denoted as Cu-Ni-O I was subjected to Na2O-doping adopting dopant concentration in 

the rang 2-8 mol%. The catalytic activity of pure and doped samples was checked towards Co oxidation 

under the same conditions mentioned above. Representative first-order plots of CO oxidation over pure 

and Na2O- doped   Cu-Ni-OI calcined at 400
o
C are shown in fig. 4.The data of fig. 4 indicated a 

progressive improvement of the catalytic activity to an extent proportional to to dopant concentration. 

Moreover, samples fired at 400
o
C were more active than those thermally treated at 600

o
C. 

 

The presence of Ni
2+

 / Ni
3+

 ion pair is necessary for the Catalytic oxidation of CO by oxygen, CO is 

chemisorbed on Ni
3+

 as an electron acceptor site whereas O2 is chemisorbed on Ni
2+

 as an electron donor 

one. According to Xu et al. [49], CO oxidation over transition metal oxide ion pair followed Mars-Van 

Krevelen Mechanism at which CO chemisorbed on the ion with higher oxidation state was oxidized by the 

adjacent lattice oxygen with the creation of oxygen vacancy site which was refilled by gas phase oxygen 

being chemisorbed on the lower valence ion with subsequent reform of lattice oxygen. The concentration 
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of Ni
3+ 

 constituting the active center for CO chemisorption can be increased by doping with monovalent 

cation leading to increasing the p-type semiconducting character [50-52]. The presence of Ni
3+

 in NiO was 

confirmed by Ni2p XPS spectra [53, 54]. Furthermore, the presence of non-stoichiometric Ni
3+

 as lattice 

defect in NiO was reported by Kostad [55] who explained the electrical conductivity of NiO in terms of 

hoping mechanism via electron transfer between Ni
3+

 and Ni
2+

 ions. In view of the above discussion, CO 

oxidation by oxygen followed first –order independent of gas phase oxygen concentration. Therefore, the 

above mentioned mechanism seems to be applicable to this reaction. Gas phase oxygen being chemisorbed 

on divalent nickel is used to refill the resulting oxygen vacancy and reform the lattice oxygen consumed 

during the course of CO oxidation. Na2O-doping would increase the concentration of trivalent nickel, the 

active site for CO chemisorption with an expected enhancement of the reaction rate. This assumption came 

in good agreement with the results of XRD analysis and surface characteristics. Recalling that doping 

process resulted in the conversion of some divalent nickel ions to trivalent ions, moreover, the conversion 

of some divalent nickel to trivalent one as a consequence of doping process led to a corresponding lattice 

contraction with subsequent increase in specific surface area leading to increasing the surface 

concentration and accessibility of active sites responsible for the catalytic reaction investigated. 

Accordingly, the observed drop of catalytic activity for the samples fired at 600
o
C could be interpreted in 

terms of the reported lowering of surface area and subsequent decrease of the surface active sites 

accessible to reacting mixture. 

 

Determination of activation energy (ΔEa) for CO oxidation over pure and Na2O –doped Cu-Ni-OI was 

performed applying Arrhenius equation. The computed values for ΔEa and lnA for all catalysts calcined at 

400 and 600
o
C are listed in table 6. The values of ΔEa were in the range 12.0-13.5 kJ mol

-1
 and 20.0-21.32 

kJ mol
-1

 for the catalysts calcined at 400 and 600
o
C, respectively. These values are approximately the same 

for each calcination temperature within the experimental error. Consequently, it is believed that doping 

process did not modify   the mechanism or energetic nature of catalyzed reaction but rather changed the 

concentration of active sites involved. 
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Fig. 4 First-order plots of CO oxidation over pure and doped Cu-Ni-O I calcined at 400
o
C 
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Table 6. Activation energy and frequency factor for the catalytic oxidation of CO by O2 over pure  

and Na2O-doped Cu-Ni-OI conducted at 175-225
o
C 

Catalyst Calcination 

temperature,oC 

Ea, kJ mol-1 lnA 

Cu-Ni-OI  

 

400 

12.79 0.66 

+2mol%Na2O 13.36 0.76 

+4 13.00 0.93 

+6 13.50 1.02 

+8 12.00 1.11 

Cu-Ni-OI  

 

600 

20.75 2.42 

+2mol%Na2O 20.00 2.52 

+4 21.32 2.68 

+6 19.81 2.77 

+8 20.58 2.87 

 

APPLICATIONS 
 

CuO-4NiO system is devoted with the maximum catalytic activity for CO oxidation, its activity was 

further improved by doping with Na2O. This catalyst is applicable to catalytic minimization of air pollution 

due to CO emissions from internal ignition engines. 

 

CONCLUSIONS 
 

1. Binary CuO-NiO of CuO content in the range 20-50 mol% acquired better activity for gas phase 

oxidation by oxygen compared to that of pure NiO. 

2. Cu-Ni-O system with chemical formula CuO-4NiO was devoted with the maximum catalytic 

activity towards the investigated catalyzed reaction. 

3. Na2O-doping of Cu-Ni-OI induced a considerable changes to the surface characteristics. 

4. The catalytic activity of Cu-Ni-O was markedly improved as a result of Na2O-doping. 

5. Doping process did not modify the energetic nature of mechanism of catalyzed reaction but rather 

changed the concentration of active sites involved. 
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