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Abstract  

The rare earth-doped CuMnOx catalysts were prepared by co-precipitation method. The CuMnOx cata-

lyst was doped with (1.5 wt.%) CeOx, (1.0 wt.%) AgOx, and (0.5 wt.%) of AuOx by the dry deposition 

method. After the precipitation, filtration, and washing process, drying the sample at 110 oC for 16 hr 

in an oven and calcined at 300 oC temperature for 2 h in the furnace at stagnant air calcination condi-

tion. The influence of doping on the structural properties of the catalyst has enhanced the activity of 

the catalyst for CO oxidation. The doping of noble metals was not affected the crystal structure of the 

CuMnOx catalyst but changed the planar spacing, adsorption performance, and reaction performance. 

The catalysts were characterized by Brunauer-Emmett-Teller (BET) surface are, Scanning Electron 

Microscope Energy Dispersive X-ray (SEM-EDX), X-Ray Diffraction (XRD), and Fourier Transform In-

fra Red (FTIR) techniques.  The results showed that doping metal oxides (AgOx, AuOx, and CeOx) into 

CuMnOx catalyst can enhance the CO adsorption ability of the catalyst which was confirmed by differ-

ent types of characterization technique. Copyright © 2017 BCREC Group. All rights reserved 
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1. Introduction  

The catalytic oxidation of carbon monoxide 

(CO) is one of the important techniques which 

receiving a significant attention because of its 

applications in many different fields, i.e. respi-

ratory protective devices, fuel cells, CO2 laser 

gas generation, and automobile emission con-

trols, etc. [1-2]. For controlling the pollution by 

vehicular emissions, the different type of cata-

lysts has been used in the catalytic converter 

for CO oxidation process. In comparison be-

tween the noble and non-noble metal catalysts, 

the non-noble metal catalysts are available at 

low cost [3]. The hopcalite based CuMnOx cata-

lyst was a well-known catalyst for CO oxidation 

at low temperature. The CuMnOx catalyst was 

attracted much attention because of its low cost, 

high catalytic activity, and moisture resistance 

[4].  

There were many attempts made to improve 

the performance of CuMnOx catalyst by           

optimizing the preparation conditions and ex-

ploring new preparation method [5]. The pre-

cipitant effects on the crystalline phases of the 

catalyst while the precursor effect on the num-

ber of catalytic active sites and both are directly 
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related to the CO oxidation activity [6]. There 

are many researchers focus on doping the CuM-

nOx catalyst with different types of metal 

dopants to improve its catalytic activity [7]. 

The addition of gold into the CuMnOx catalyst, 

the rate of CO oxidation was increased, and the 

rate of deactivation of the catalyst was reduced 

[8]. When cerium was doped into transition 

metal oxides, the in situ forming cerium oxide 

could promote oxygen storage and release, en-

hance the oxygen mobility and improve redox 

property of the catalyst [9]. 

The copper oxide and supported copper ox-

ides were known to be a highly active for CO 

oxidation at low temperature [10]. In the major 

study, we have found that support of CeO2 

plays a crucial role in Cu-CeO2 catalyst for the 

complete oxidation of CO. It is exhibiting a par-

ticular activity various orders of magnitude su-

perior to that of conventional Cu-based cata-

lysts comparing with the precious metals [11-

12]. In the preparation process, a solution of 

AuCl4 was added to get the desired pH and gold 

precipitated into an indistinct support material 

by controlled addition of a base [13]. The inclu-

sion of gold into nanorods of rutile, specially 

prepared in a flowerlike structure, has been re-

ported for very high thermal stability (of the 

gold), most probably due to substantially re-

duced gold-gold nanoparticle interactions [14]. 

The addition of low-level promoters into 

CuMnOx catalysts has proven beneficial in 

other oxidation catalysts. The catalyst perform-

ance has improved at the higher doping level 

and it was observed to correlate with the in-

crease in surface area. The ageing precipitate 

before calcination has marked as the effect on 

the catalytic activity [15]. The manganese oxide 

catalysts were high oxygen storage capacities 

and exhibited high levels of activity in catalytic 

reactions that result in the elimination of CO 

by catalytic oxidation [16]. The catalytic activ-

ity of CuMnOx catalyst can be improved for CO 

oxidation at ambient temperature prepared by 

inverse co-precipitation method and doping by 

a small amount of different metal can enhance 

its activity [17]. The presence of active species 

of Cu+ makes a strong interaction with ceria to 

make more oxygen vacancies on the surface of 

catalyst [18].  

In this study, we prepared a series of hop-

calite (CuMnOx) catalysts by adding different 

dopant can enhance the activity of the catalyst 

for the oxidation of CO [8]. A stagnant air calci-

nation (SAC) of CuMnOx catalyst doped with 

(Ce, Ag, or Au) for the synthesis of highly ac-

tive catalysts was studied for the first time. A 

tremendous amount of work has been carried 

out to develop CuMnOx based catalysts for 

various applications. The preparation of cata-

lyst has a decisive role in the performance of 

resulting catalyst. The addition of Au or Ag 

into the CuMnCeOx catalyst has resulted in a 

marked improvement in the catalytic perform-

ance. The CuMnCeOx catalyst doped with Au 

was more active than the not contain Au. The 

results and discussions clearly demonstrate the 

beneficial effect of adding Au to promote CO 

oxidation activity [23,26]. The objective of this 

paper is to find out the effect of noble metal 

doping into CuMnOx catalyst can modify the 

CO adsorption ability of the catalyst and affect 

the catalytic oxidation of CO. The CuMnCeOx 

catalyst doped with AuOx is more active than 

the CuMnCeOx catalyst doped with AgOx.  

 

2. Experimental  

2.1 Catalyst preparation        

The CuMnOx catalyst was prepared by co-

precipitation method. All the chemicals used 

for the research works were of A.R. grade. A so-

lutions of Mn-Acetate (Mn(CH3COO)2.4H2O) 

(14.70 g in 33 mL H2O) was added to 3.68 g of 

copper(II) nitrate (Cu(NO3)2.2.5H2O) and 

stirred for 1 h. The mixed solution was taken 

in the burette and added dropwisely to a solu-

tion of KMnO4 (6.32 g in 33 mL H2O) under 

vigorous stirring conditions for co-precipitation 

purpose [27]. The resultant precipitate was 

stirred continuously for 2 h. The molar ratio of 

Cu/Mn in the CuMnOx catalyst was 1:8.3. The 

0.2762 g of ceria was added in the form of ce-

rium nitrate (Ce(NO3)2.6H2O) over the       

CuMnOx catalyst at the time of precipitation 

process so that the ceria concentration was 1.5 

% by weight in the final catalyst.  

After completing the filtration process, the 

precipitant was washed several times by hot 

distilled water to remove all the anions, then 

after drying the precursors at 110 oC tempera-

ture for 16 h in an oven. The total weight of the 

precursors was 7.4094 g. After completing, the 

drying process divided the precursors into two 

equal’s parts according to the weight of the 

catalyst. In the first part, we added 0.02742 g 

of AgNO3 as (1 %) in 3.7047 g of CuMnOx cata-

lyst by wet impregnation method, and the sec-

ond part; we added 6.49 mL of (0.05 M 

HAuCl4.3H2O) in 3.7047 g of  CuMnOx by wet 

impregnation method. The entire precursor 

was carried out in a furnace at stagnant air 

calcination conditions at 300 oC for 2 h to pro-

duce the catalyst, and after calcinations, the 
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catalyst was stored in an airtight glass bottle. 

The nomenclature of the catalysts thus ob-

tained after calcination process was given be-

low in Table 1. 

   

2.2  Catalyst Characterization  

2.2.1  X-ray Diffraction (XRD)   

The X-ray diffraction pattern of the catalyst 

was obtained by using Cu Kα radiation (40 kV, 

100 mA) with a Rigaku D/MAX-2400 diffracto-

meter in the range of 2θ of 10o to 80o. The mean 

crystallite size (d) of the phase of catalyst was 

calculated from line enlargement of the most 

intense reflection using the Scherrer Equation 

(1): 

 

             (1) 

 

where d was the mean diameter of crystallite, 

and the Scherrer constant was 0.89. The X-ray 

wavelength (λ = 1.54056 Å) and the effective 

line width of the observed X-ray reflection was 

, calculated by the expression, 2=B2-b2 (where 

B was the full width at half maximum 

(FWHM), the instrumental broadening was b), 

determined through the FWHM of the X-ray re-

flection at 2θ of crystalline SiO2.  

 

2.2.2 Fourier Transforms Infrared Spectroscopy 

(FTIR)   

The Fourier transforms infrared spectros-

copy (FTIR) analysis provided a quantitative 

and qualitative information for organic and in-

organic samples. It identifies the chemical 

bonds presents in a molecule by producing an 

infrared absorption spectrum. The FTIR analy-

sis was done by Shimadzu 8400 FTIR spec-

trometer within the range of 400-4000 cm-1.   

 

2.2.3 Scanning electron microscope (SEM-EDX)   

Scanning electron microscope (SEM) was a 

high-resolution electron microscope that pro-

duces the image of the sample by scanning it 

with the help of electron beam. The SEM-EDX 

was recorded on Zeiss EVO 18 Scanning elec-

tron microscope. The EDX was energy disper-

sive X-ray analyzer it provides information 

about elemental identification and quantitative 

composition analysis of different elemental 

groups present in the catalyst.   

 

2.2.4  N2 Adsorption-Desorption Isotherm 

(BET) 

The N2 sorption isotherm was used for de-

termining the specific surface area, pore vol-

ume, and pore size distribution of the catalyst. 

The area of hysteresis loop provides informa-

tion about the nature of the pores present in 

the catalyst surfaces. The Micromeritics ASAP 

2020 analyzer was used to record the adsorp-

tion-desorption isotherm.  

  

2.3 Performance of the catalyst for CO 

oxidation  

The catalytic oxidation of CO was per-

formed under the following reaction conditions: 

100 mg of catalyst in the presence of 2.5 vol.% 

of CO in air maintained at a flow rate of 60 

mL/min, with a fixed bed tabular flow reactor. 

The air was made free from moisture and CO2 

by passing through CaO and KOH pellets dry-

ing towers. The reaction temperature was 

ranged from ambient to 200 oC at a heating 

rate of 1 oC/min. The microprocessor based 

temperature controller controlled the rate of 

heating. The flow rates of CO and air were 

monitored with the help of digital gas flow me-

ters. Equation 2 can represent the air oxidation 

of CO over the catalyst.  

 

2CO  +  O2    2CO2           (2) 

 

The gaseous products were analyzed by an 

online gas chromatograph (Nucon Series 5765) 

equipped with a methaniser, Porapack Q-

column and FID detector for the concentration 

of CO and CO2. The catalytic activity was 

measured for the conversion of CO into CO2. 

The conversion of CO at any instant was calcu-

lated from values of the concentration of CO in 

the feed and product steam by the  Equation 3, 

where CCO was the concentration of CO which 

was proportional to the corresponding area of 

chromatogram ACO.  

 

   (3) 

 

 

Table 1. The nomenclature of the catalyst sam-

ples in this study 

Catalyst Name Nomenclature 

CuMnOx  CuMnOx 

Ce-doped CuMnOx  CuMnCe 

Ag-doped CuMnCe  CuMnCeAg 

AuCl4-doped CuMnCe  CuMnCeAu 
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3. Results and Discussion 

3.1 Catalyst characterization 

The characterization of the doped and un-

doped CuMnOx catalyst reveals the morphol-

ogy, surface structure, phase identification, ma-

terial identification and surface area. 

  

3.1.1  Morphology of catalysts        

The textural property of the catalysts 

showed the particle size and morphology of the 

catalyst. As seen in the SEM micrograph the 

presence of the particles in a catalyst was com-

prised of more coarse, coarse, fine, and finest 

size grains resulted by stagnant air calcination 

of CuMnOx, CuMnCe, CuMnCeAg, and      

CuMnCeAu catalyst, respectively. Figure 1(A), 

(B), (C), and (D) shows the SEM image of   

CuMnOx, CuMnCe, CuMnCeAg, and             

CuMnCeAu catalyst, respectively. The entire 

sample is composed of different size of particles 

[27]. The SEM image of the catalysts derived 

from calcinations of these precursors also 

showed significant decreases [7]. With the help 

of SEM image, we have obtained the             

morphology and size of the CuMnOx particles. 

This intermediate mixing of metal oxides can 

be seen by SEM image (Figure 1), which shows 

highly mixed CuO, MnO2, CeOx, AuOx, and 

AgOx phases. In the presence of higher oxida-

tion state phases could be the result of a 

greater degree of surface interface between the 

easily oxidisable Mn-phase and the highly re-

ducible Cu-phase [28]. 

The particles presence in a CuMnCeAg, and 

CuMnCeAu catalyst have a fine, less agglomer-

ated, and more homogeneous as compared to 

other catalyst samples. The size of particles 

presence in a CuMnOx catalyst was more 

coarse, agglomerated, and non-uniform in na-

ture. The particles presence in a CuMnCeAu 

catalyst has a least agglomerated, fine sized, 

and uniformly distributed. The crystalline 

CuMn2O4 phases have less activity than amor-

phous ones, and the high activity of doped 

CuMnOx catalyst for CO oxidation at a low 

temperature should attribute to the active 

amorphous CuMn2O4 phase.  

The addition of Au into the CuMnCe cata-

lyst had a beneficial effect on their stability. 

The stability was related to the presence of 

AuOx within the CuMnOx catalyst, which also 

promotes their activity. The stable activity was 

Figure 1. SEM image of the catalysts, A) CuMnOx, B) CuMnCe, C) CuMnCeAg, and D) CuMnCeAu       

A B 

 C D 
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in clear contrast to other catalysts that have 

used highly dispersed gold supported on a sur-

face to promote complete oxidation of CO [23]. 

The activity of the catalyst was increased by 

the addition of cerium, silver, or gold into the 

CuMnOx catalyst. The doping of CuMnOx cata-

lyst by small amounts of silver or gold was 

more efficient in improving the catalytic behav-

ior for CO oxidation. For the catalysts with and 

without gold, there was a consistent decrease of 

the surface area when the calcination tempera-

ture was increased, and this was presumably 

due to an increase in particle size due to ther-

mal sintering.   

 

3.1.2  Elemental analysis   

In the CuMnOx catalyst, the percentages of 

different elements were present given by the 

energy dispersive X-ray (EDX) analysis. The re-

sults of EDX showed that all the samples were 

pure due to the presence of Cu, Mn, O and their 

relative doping material peaks only as illus-

trated in Figure 2.  

To understand the influence of silver or gold 

addition on the activity and stability of the pro-

moted CuMnOx catalysts towards CO oxida-

tion, by EDX characterization technique have 

been carried out. It was very clear from the 

EDX analysis that the atomic percentage of Mn 

was also higher than Cu in the CuMnOx cata-

lyst. The oxygen content of the CuMnCeAu 

catalyst was least in comparison to other three 

prepared catalyst samples. This indicates the 

presence of oxygen deficiency in the            

CuMnCeAu catalyst which makes the high 

density of active sites. 

The doping materials associated with   

CuMnOx catalyst promote the oxygen storage, 

release and enhanced the oxygen mobility. It 

was also apparent that the addition of silver or 

gold did not significantly alter the textural 

properties of the catalysts, but the surface area 

was increased significantly by the additional of 

gold. This negligible dispersion indicates that 

the cell unit of ceria was hardly affected by the 

presence of a dopant element, and therefore it 

was be concluded that the dispersed among the 

ceria crystallites not forming a true solid solu-

tion. The catalysts obtained by increasing the 

heating rates during the calcination step pre-

sent a slightly decreasing catalytic activity. It 

must be noted that a calcination temperature 

of the catalysts with the presence of gold 

higher activities and specific activities than the 

subsequent gold free CuMnOx catalyst.    

 

3.1.3  Phase identification and cell dimensions   

The XRD analysis of CuMnOx catalyst dop-

ing with Ce, Ag, or Au was individually provid-

ing information about the crystalline size and 

Figure 2. SEM-EDX image of the catalysts, A) CuMnOx, B) CuMnCe, C) CuMnCeAg,                

and D) CuMnCeAu        
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coordinate dimensions presence in the cata-

lysts. Figure 3(A), (B), (C), and (D) shows the 

XRD image of CuMnOx, CuMnCe, CuMnCeAg, 

and CuMnCeAu catalysts, respectively. XRD 

analysis of the physically mixed doped and un-

doped CuMnOx catalyst was used to determine 

the final phases after heat treatment at calci-

nation conditions. The CuMnOx is thought to 

come from the interaction between the stable 

re-oxidized CuO phase and MnO2 phase and 

their formation taking place due to the metal 

ion migration at the Cu/Mn oxide phase 

boundaries to form the spinel structure [28]. 

The X-ray diffraction patterns of the Au-

promoted CuMnCeOx catalyst is shown in     

Figure 3(D). The calcined catalyst is between 

amorphous and crystalline phases could be 

clearly identified [5].  

Spassova and co-workers have reported that 

an interaction between CuO and MnOx, with 

the formation of a highly disordered mixed ox-

ide, is caused by higher catalytic activity [15]. 

The most intense diffraction peak for metallic 

Au would be expected at a 2 h value of ca. 

36.42, and Au is expected to be present in all 

the samples mainly as Au0 since the calcination 

temperature of 300 oC leads to the reduction of 

gold [23]. 

In the XRD analysis, we have observed that 

the CuMnOx catalyst was prepared in stagnant 

air calcination conditions, their diffraction peak 

at 2θ was 43.95 and corresponds to its lattice 

plane (h k l) values was (1 1 1) with JCPDS ref-

erence no. (32-0429). The structure was a cubic 

face-centered CuMn2O4 phase and crystallite 

size of the catalyst was 4.70 nm. In the CuM-

nOx catalyst doped with (1.5 %) CeOx in stag-

nant air calcination conditions their diffraction 

peak at 2θ was 40.60, and corresponds to its 

lattice plane (h k l) value was (2 2 1) with 

JCPDS reference no. (38-0849). The structure 

was tetragonal-body centered CuO(Mn)Ce 

phase, and crystallite size of the catalyst was 

2.30 nm [25]. In the CuMnOx catalyst doped 

with (1.5 % CeOx) and (1 % AgOx) prepared in 

stagnant air calcination conditions and their 

Table 3. The weight percentage of a catalyst by EDX analysis         

CuMnOx Cu Mn O     Cu/Mn 

  31.38 55.91 12.71     0.5612 

CuMnCe Cu Mn Ce O   Cu/Mn 

  30.60 56.90 1.40 11.10   0.5377 

CuMnCeAg Cu Mn Ce Ag O Cu/Mn 

  30.35 57.45 1.24 0.90 10.06 0.5282 

CuMnCeAu Cu Mn Ce Au O Cu/Mn 

  29.70 58.90 1.36 0.75 9.29 0.5042 

Table 2. The atomic percentage of a catalyst by EDX analysis          

CuMnOx Cu Mn O     Cu/Mn 

  30.39 54.46 15.15     0.5580 

CuMnCe Cu Mn Ce O   Cu/Mn 

  29.81 55.35 1.24 13.60   0.5385 

CuMnCeAg Cu Mn Ce Ag O Cu/Mn 

  29.14 57.30 1.14 0.72 11.70 0.5085 

CuMnCeAu Cu Mn Ce Au O Cu/Mn 

  29.22 58.70 1.18 0.65 10.25 0.4977 

Figure 3. XRD pattern for A) CuMnOx, B) 

CuMnCe, C) CuMnCeAg, and D) CuMnCeAu           
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diffraction peak at 2θ was 43.57 and corre-

sponds to its lattice plane (h k l) values was     

(2 1 1) with JCPDS reference no. (36-0441).  

The structure was tetragonal-body centered 

CuMn(Ce)AgO phase and crystallite size of the 

catalyst was 2.06 nm. In the CuMnOx catalyst 

doped with (1.5 % CeOx) and (0.5 % AuOx) in 

stagnant air calcination conditions and their 

diffraction peak at 2θ was 36.42 and corre-

sponds to its lattice plane (h k l) values was     

(2 2 0) with JCPDS reference no. (32-0112). The 

structure was cubic face centered 

CuO(MnAu)Ce phase and crystallite size of the 

catalyst was 1.65 nm.    

 

3.1.4  Identification of the materials   

The identification of the metal-oxygen bonds 

present in the CuMnOx catalyst doping with 

(1.5 % CeOx), (1 % AgOx), and (0.5 % AuOx) 

made by the Fourier transform infrared spec-

troscopy (FTIR) analysis. The different peak 

was shown, various types of chemical groups 

present in the catalyst samples at the invested 

region (4000-400 cm-1). Figure 4(A), (B), (C), 

and (D) show the FTIR graph of CuMnOx, 

CuMnCe, CuMnCeAg, and CuMnCeAu cata-

lyst, respectively. The FT-IR analysis was per-

formed to identify the functional groups of the 

entire dried sample prior to calcination. From 

the Figure 4, we get the result that the crystal-

line phase of doped and undoped CuMnOx cata-

lyst is existed [15].   

The FTIR analysis of CuMnOx catalyst was 

prepared in stagnant air calcination conditions, 

and there are five peaks we have obtained.  

The transmission spectra at (1640 cm-1) show 

MnO2 group, (1280 cm-1) show CO32- group, 

(2350    cm-1) show C=O presence group, (3490 

cm-1) show hydroxyl group, and (532 cm-1) 

shows CuO group presence. The CuMnOx cata-

lyst doping with (1.5 %) CeOx at the transmit-

tance conditions were eight peaks obtained. 

The IR bands (1640 cm-1) show MnO2, (3490 

cm-1 and 3900 cm-1) shows OH group, (2120 cm-

1 and 656 cm-1) shows CuO group, (1180 cm-1 

and 1080 cm-1) shows the presence of COO 

group and (2340 cm-1) shows CeO group. 

The CuMnOx catalyst doping with (1.5 %) 

CeOx and (1 %) AgOx (CuMnCeAg catalyst) at 

the transmittance conditions were seven peaks 

obtained. The IR band (1640 cm-1) show MnO2, 

(2080 cm-1) show AgO, (3510 cm-1 and 3060    

Figure 4. FTIR analysis of A) CuMnOx, B) CuMnCe, C) CuMnCeAg, and D) CuMnCeAu         

A B 

C 
D 
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cm-1) shows OH group, (548 cm-1) shows CuO 

group, and (717 cm-1) shows CeO group. The 

CuMnOx catalyst doping with (1.5 %) CeOx and 

(0.5 %) AuOx (CuMnCeAu catalyst) at the 

transmittance conditions were five peaks ob-

tained. The IR band of (1900 cm-1) show MnO2, 

(2700 cm-1) show AuOx, (1310 cm-1) shows OH 

group, (1500 cm-1) shows Carbonate species, 

(571 cm-1) shows CuO group, and (895 cm-1) 

shows CeO group. The spectra of impurities 

like hydroxyl group (–OH) at 3490 cm-1 de-

creases in the following order: CuMnOx >   

CuMnCe > CuMnCeAg > CuMnCeAu. Thus 

CuMnCeAu was highly pure as compared to 

CuMnCeAg, CuMnCe, and CuMnOx catalyst. 

In all the samples of CuMnOx catalyst; which 

originates from the stretching vibrations of the 

metal-oxygen bond and confirm the presence of 

CuO and MnO2 phases. The weak band at 1300 

cm-1 indicates the presence of some carbona-

ceous group in the catalyst.    

 

3.1.5  Textural properties   

The BET surface area of CeOx, AgOx, or 

AuOx promoted in CuMnOx catalyst prepared 

by SAC route was shown in Figure 5. The total 

pore volume and specific surface area are two 

major factors which can affect the catalytic ac-

tivity for CO oxidation [15]. When the doped 

and undoped CuMnOx catalyst catalytic activ-

ity was tested, it was found that the             

CuMnCeAu catalyst has higher surface area 

and pore volume resulted in the maximum 

catalytic activity [22,29]. The surface area is a 

key parameter in determining catalyst activity 

for CO oxidation. The activity of the catalyst 

was influenced by the addition of Au into the 

CuMnOx oxide catalyst [23]. 

The surface area of (CuMnCeAu = 192.76 

m2/g) catalyst was much higher than the 

(CuMnCeAg = 165.45 m2/g, CuMnCe = 134.70 

m2/g and CuMnOx = 115.40 m2/g) catalyst as 

shown in Table 4. It was also noted that the av-

erage pore volume and pore size of CuMnCeAu 

catalyst was more than the other three pre-

pared catalyst samples in SAC conditions. The 

average pore diameter increased with increas-

ing calcination temperature because a high-

temperature treatment led to particle sintering 

accompanied with a loss in the active area. The 

textural properties like surface area, pore vol-

ume and pore size of the catalysts were more 

preferable for the CO oxidation reactions. The 

larger number of pores presence in a catalyst 

means a higher number of CO molecules cap-

ture on catalyst surfaces, and they show better 

catalytic activity [12-13]. 

Clearly, the textural properties of           

CuMnCeAu catalyst were superior to the other 

three prepared catalyst samples. In the 

mesopores, molecules form a liquid-like ad-

sorbed phase having a meniscus of which cur-

vature was associated with the Kelvin equa-

tion, providing the pore size distribution calcu-

lation. The specific surface area was measured 

by BET analysis and also following the SEM 

and XRD studies. Therefore it can be concluded 

that smaller the particle size larger the surface 

area. The CuMnCeAg and CuMnCeAu catalyst 

surface area and pore volume were so high so 

that it was most active for CO oxidation reac-

tion at a low temperature. The presence of gold 

in the catalyst increased their stability and re-

duced deactivation by a trace amount of mois-

ture present in the catalyst.     

  

3.2 Catalyst performance and the activity 

measurement    

 The catalyst activity test was carried out to 

evaluate the effectiveness of different types of 

doped and undoped CuMnOx catalyst as a func-

tion of temperature. The activity of the catalyst 

was measured in stagnant air calcination con-

ditions into the laboratory. The CO oxidation 

by CuMnOx catalyst was influenced by a com-

bination of factors including preparation 

method, drying temperature, calcination condi-

tions and the presence of Cu2+ and Mn2+ near 

the surface of a catalyst. The interaction be-

tween CuO and MnOx with the formation of a 

highly disordered mixed metal oxide was the 

cause of higher catalytic activity for CO oxida-

tion.  

Table 4. Textural property of the catalysts by BET analysis          

Catalyst 
 Surface Area 

(m2/g) 

Pore Volume 

(cm3/g) 

Ave. Pore Size 

(Å) 

CuMnOx 115.40 0.310 32.55 

CuMnCe 134.70 0.365 37.60 

CuMnCeAg 165.45 0.410 42.35 

CuMnCeAu 192.76 0.428 47.65 
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The light-off characteristics were used to 

evaluate the activity of the resulting catalysts 

with the increasing of the temperature. The 

characteristic temperature T10, T50, and T100 

correspond to the initiation of the oxidation, 

half conversion, and full conversion of CO,     

respectively. It was evident from the table and 

figure that the oxidation of CO was just initi-

ated near around the room temperature and 

higher temperature was necessary for the com-

plete oxidation of CO. In the Figure 6(A), repre-

sent the activity of CuMnOx catalyst in stag-

nant air calcination conditions and in the Fig-

ure 6(B) represent the comparison study of un-

doped CuMnOx and doped CuMnOx with (1.5 % 

cerium oxide) catalyst for CO oxidation. It was 

evident from the Figure 6(B) that the Ce pro-

moted CuMnOx catalyst was highly active for 

the total oxidation of CO at 135 oC tempera-

ture. A clean surface was exposed by a mixture 

of CO and air quickly becomes covered with CO 

since CO requires a single vacant adsorption 

site. The different effect on the activity of   

CuMnOx catalyst due to the addition of CeO2 

by precipitation method was accompanied by 

an increase in the catalyst surface area.  

The CeO2 phase presence in a CuMnOx 

catalyst was accelerating the CO oxidation 

process due to the availability of the lattice 

oxygen. The oxidation of CO has initiated over 

CuMnCe and CuMnOx catalyst at 25 oC tem-

perature. The half conversion of CO over the 

Figure 6. Catalytic activity measurement for (A) CuMnOx catalyst, (B) CuMnOx, and CuMnOx doped 

with Ce-oxide in CuMnCe form          

A B 

Figure 5. The textural properties A) N2 adsorption-desorption isotherms, and B) pore size distribu-

tions curves 

A B 
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CuMnCe catalyst was 80 oC, which was less 

than 30 oC over the CuMnOx catalyst. With the 

increasing of temperature slightly faster, CO 

oxidation was observed. The total oxidation 

temperature of CO was 135 oC for CuMnCe 

catalyst which was less than 45 oC over the 

CuMnOx catalyst.  

The addition of AuOx or AgOx in the       

CuMnCe catalyst increases their activity for 

CO oxidation at low temperature. Thus, the     

CuMnOx catalyst promoted with AgOx or AuOx 

and supported with CeO2 shows very high cata-

lytic activity at low temperature. The            

promoters have shown the greatest effect on 

the performance of resulting catalyst for CO 

oxidation. It was expected that the addition of 

Au introducing the new active sites on the      

CuMnOx catalyst. The addition of Au or Ag also 

increased the reducibility of the catalyst signifi-

cantly compared to undoped CuMnOx catalyst. 

The activity for the surface normalized oxida-

tion rates was similar to the normalized for 

catalyst mass. Figure 7(A) represents the activ-

ity order of CuMnOx catalyst, CuMnOx doped 

with (Ce-oxide) catalyst, and CuMnOx doped 

with (1.5 % Ce-oxide and 1 % Ag-oxide) catalyst 

for CO oxidation. Figure 7(B) represents the ac-

tivity order of CuMnOx catalyst, CuMnOx 

doped with (1.5 % Ce-oxide) catalyst, and CuM-

nOx doped with (1.5 % Ce-oxide and 0.5 % Au-

oxide) catalyst for CO oxidation. These Figures 

7(B) clearly indicate that Au was not only act-

ing as a structural promoter, which considers 

the high efficacy of highly dispersed Au parti-

cles for low-temperature CO oxidation. The 

supported noble metal catalysts seem to be 

quite active for CO oxidation at low tempera-

tures. 

The CuMnOx was a well-known catalyst for 

the low-temperature CO oxidation process. The 

accumulation of Ag or Au was highly dispersed 

in the various oxides form inactive catalyst 

surfaces at the sub-ambient temperature. The 

synthesis of highly dispersed Au particles was 

very sensitive towards the precise preparation 

methods of the catalyst. The CuMnCe catalyst 

was highly dispersed in the HAuCl4 solution 

and highly effective for low-temperature CO 

oxidation process. The deposition and precipi-

tation were also able to control the distribu-

tion, size of the deposited Au particles, and po-

rous structure of the support can be main-

tained.  

The total oxidation temperature of CO was 

110 oC for CuMnCeAu catalyst, which was less 

by 10 oC and 25 oC than that of CuMnCeAg 

and CuMnCe catalyst, respectively. Therefore, 

the CuMnCeAu catalyst showed the best cata-

lytic activity in comparison to CuMnCeAg and 

CuMnCe catalyst in lowering the initial and 

maximum conversion of CO. The activity order 

of catalysts match with their characterization 

results by XRD, FTIR, SEM-EDX, and BET 

was as follows: CuMnCeAu > CuMnCeAg > 

CuMnCe > CuMnOx. From the catalytic activ-

ity test, we have found out that the promoting 

Au into the CuMnCe catalyst was a great im-

provement in their activity. The abundant 

pores and large surface area present in the 

AuOx promoted CuMnCe catalyst has a great 

potential to further improving their catalytic 

performance. 

Figure 7. Catalytic activity measurement for (A) CuMnOx, CuMnCe, and CuMnCeAg catalyst,                

(B) CuMnOx, CuMnCe, and CuMnCeAu catalyst  

A B 
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3.2.1  Final comparison of doped and undoped 

CuMnOx catalyst    

In comparison between the doped and un-

doped CuMnOx catalyst, we have found out 

that the CuMnOx catalyst doped with (1.5 %) 

Ce-Nitrate and (0.5 %) AuCl4 was showed the 

best result for CO oxidation at low tempera-

ture. The presence of CuOx, CeO2, and AuOx 

phases in the CuMnCeAu catalyst as evidenced 

by the XRD and FTIR characterization and 

may be a possible reason for the higher activity 

of the catalysts. The introduction of gold will 

introduce new active sites to the CuMnOx cata-

lyst that were associated with the gold 

nanoparticles. 

However, the addition of Au into the       

CuMnCe catalyst also alters the redox property 

of the catalyst, by increasing their liability to 

active lattice oxygen species responsible for the 

CO oxidation [23]. It was proposed that the 

higher activity of CuMnCeAu catalyst attribute 

to their amorphous structure, surface area and 

highly dispersed CeO2 in the lattice which can 

promote the generation of surface adsorbed 

oxygen and enhance the mobility of lattice oxy-

gen [26]. 

Figure 8 represents the comparison study of 

undoped CuMnOx catalyst, CuMnOx catalyst 

doped with (1.5 % Ce-Oxide),  CuMnOx catalyst 

doped with (1.5 % Ce-Oxide and 1 % Ag-oxide)  

and CuMnOx catalyst doped with (1.5 % Ce-

Oxide and 0.5 % AuOx) for CO oxidation. After 

the comparison study of all doped and undoped 

of CuMnOx catalysts, we got the results of the 

AuOx or AgOx-doped CuMnOx catalyst was 

much active for CO oxidation at low tempera-

ture.  

In the CuMnCeAu catalyst, a number of 

oxygen atoms adsorbed during the O2 multi-

pulse was smaller than the amount of CO con-

sumed during the first CO multi-pulse series. 

The CO multi-pulse experiments have detected 

two distinct types of active oxygen species par-

ticipating in the CO oxidation reaction. The 

first type of active oxygen was observed in a 

similar amount of both the catalysts and was 

associated with the mixed oxide catalyst sur-

face. The second type of active oxygen was 

found only on the Au-doped catalyst; therefore, 

it was clearly associated with the presence of 

gold on the catalyst surface. 

In Table 5, we have compared the catalytic 

activity of doped and undoped CuMnOx cata-

lyst [23]. The full conversion of CO by CuMnOx 

catalyst was 180 oC, but when (1.5 wt.% ) CeOx 

was doped than the full conversion of CO has 

occurred at 135 oC. The addition of AgOx into 

the CuMnCe catalyst, the complete conversion 

of CO was achieved at 125 oC and the conver-

sion of CO by the addition AuOx into the     

CuMnCe catalyst was 110 oC at stagnant air 

calcination condition is obtained. The order of 

activity for the various types of doped and un-

doped CuMnOx catalyst for CO oxidation was 

as follows: CuMnCeAu > CuMnCeAg >        

CuMnCe > CuMnOx. 

The AuOx was acting like an oxide support, 

and it was widely accepted that a CO molecule 

was chemisorbed on an Au atom, while an hy-

droxyl ion moves from the support to Au(III) 

ions, creating an anion vacancy. The presence 

of AgOx or AuOx into the CuMnCe catalyst en-

hances their activity for CO oxidation. The ob-

tained CuMnCeAg catalyst CO conversion was 

so high but slightly lower than the CuMnCeAu 

Catalyst. In the catalytic oxidation process, the 

Table 5. The comparative study of doped and undoped CuMnOx catalyst  

Catalyst  Ti (ºC) T50 (ºC) T100 (ºC) 

CuMnOx  25 102  180 

 CuMnCe  25  85  135 

CuMnCeAg  25  70  125 

CuMnCeAu  25 65  110 

Figure 8. Catalytic activity measurement of 

the catalysts  
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CO molecules interact with the oxygen species 

and the resulting vacant oxygen sites were re-

moved by the adsorption of oxygen molecules 

from the gas phases.  

The CO can be regarded as reductive gas, 

which partially reduces surface sites. The heat-

ing of precursor in the oxygen-containing at-

mosphere (calcination process) may increase 

the amount of highly active oxygen species 

presence on the surface of the catalyst. These 

species was easily removed by the CO mole-

cules and enhance the rate of this process was 

observed in the temperature range of 50-120 
oC. The catalysts with large surface area show 

the high initial activity and the elevated tem-

peratures activity of catalysts slightly in-

creases, probably due to a disappearance of 

such type of organic species. Therefore at the 

high temperatures, this negative effect de-

creases due to an enhancement of the redox 

processes. The addition of AuOx or AgOx into 

the CuMnOx catalyst their structural property 

was affected and increases their oxygen mobil-

ity [8]. The high activity of CuMnOx catalyst 

had been ascribed to the presence of a poorly 

crystalline phase or amorphous forms of      

CuMn2O4. From the Figure 8, it is clearly ob-

served that the performance of the doped cata-

lyst is much better than undoped one. In this 

paper, we have investigated the incorporation 

of extra catalyst components to improve their 

activity for CO oxidation. 

When we compare our results to other re-

searchers’ results, we have found that the 

CuMnOx catalyst with 0.5 wt.% Au added was 

more active than the Au-free CuMnOx catalyst 

[23]. The same result was also observed when 

the Ag loading 1.0 wt.% on the surface of   

CuMnOx catalyst. These experimental data 

clearly demonstrate the beneficial effect adding 

of Au or Ag on the surface of CuMnOx catalyst 

to promote CO oxidation activity [30]. The CO 

multi-pulse experiments indicate that two dif-

ferent types of active oxygen species were found 

to be concerned in the CO oxidation. One type 

was observed in a similar amount on both 

doped and undoped CuMnOx catalysts and was 

associated with mixed oxide, while the second 

type was only found on the Au-doped catalyst, 

and was therefore clearly associated with the 

presence of gold on the CuMnOx catalyst sur-

face [26].    

 

4. Conclusions 

The oxidation of CO over the various types 

of doped and undoped CuMnOx catalyst were 

significantly influenced by the crystallite size, 

pore volume, pore size and surface area of the 

catalyst. The activity of the catalysts was 

strongly influenced by the presence of AuOx, 

AgOx, and CeOx oxides on the surface of    

CuMnOx catalyst. The doping of smaller 

amount (1.5 wt%) Ce-oxide into the CuMnOx 

catalyst improved their activity for CO oxida-

tion less than 45 oC compared to undoped 

CuMnOx catalyst. Further addition of (1 % 

AgO2) into the (CuMnOx doped (1.5 wt.%) 

CeO2) catalyst the activity of catalyst further 

increased and complete oxidation of CO was 

observed less than 55 oC as compared to un-

doped CuMnOx catalyst. When (0.5 wt.%) AuOx 

addition into the (CuMnOx doped (1.5 wt.%) 

CeO2) catalyst the further activity of the cata-

lyst also increased and the result is that the to-

tal oxidation of CO was observed less than 70 
oC as compared to undoped CuMnOx catalyst.  

The addition of noble metal (Ag or Au) on 

the surface of CuMnOx catalyst resulted in a 

marked improvement in the catalytic perform-

ance for CO oxidation. The new surface sites 

created upon doping result in enhanced the 

catalytic activities for CO conversion over AuOx 

or AgOx supported on CuMnCe catalyst. The 

nature of support through its morphology and 

the specific surface area has a significant influ-

ence on the performance of catalyst for low-

temperature CO oxidation. The addition of 

AuOx significantly increases their reducibility 

of the CuMnCe surface oxygen. It was re-

marked of high activity at low temperature 

that has stimulated significant current interest 

in these types of catalysts. This study has ad-

dressed CO oxidation activity of a CuMnOx 

catalyst prepared with Au or Ag by a co-

precipitation procedure has been investigated.   
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