
 

 

  

Abstract—The development of active and stable catalysts 

without noble metals for low temperature oxidation of exhaust gases 

remains a significant challenge. The purpose of this study is to 

determine the influence of the preparation method on the catalytic 

activity of the supported copper-manganese mixed oxides in terms of 

VOCs oxidation. The catalysts were prepared by impregnation of γ-

Al2O3 with copper and manganese nitrates and acetates and the 

possibilities for CO, CH3OH and dimethyl ether (DME) oxidation 

were evaluated using continuous flow equipment with a four-channel 

isothermal stainless steel reactor. Effect of the support, Cu/Mn mole 

ratio, heat treatment of the precursor and active component loading 

were investigated. Highly active alumina supported Cu-Mn catalysts 

for CO and VOCs oxidation were synthesized. The effect of 

preparation conditions on the activity behavior of the catalysts was 

discussed.  

The synergetic interaction between copper and manganese species 

increases the activity for complete oxidation over mixed catalysts. 

Type of support, calcination temperature and active component 

loading along with catalyst composition are important factors, 

determining catalytic activity. Cu/Mn molar ratio of 1:5, heat 

treatment at 450oC and 20 % active component loading are the best 

compromise for production of active catalyst for simultaneous 

combustion of CO, CH3OH and DME. 

 

Keywords—Copper-manganese catalysts, Preparation methods, 

Exhaust gases oxidation.  

I. INTRODUCTION 

HE Volatile Organic Compounds (VOCs) are a broad 

class of chemicals and at this stage more than 300 

compounds are classified as such by the United States 

Environmental Protection Agency [1]. Various technologies 

for eliminating VOCs have been developed, with catalytic 

oxidation being among the most effective ones [2]. The main 

advantages of this method are its relatively low cost and the 

possibility to remove very small amounts of VOCs (< 0.1%) 

in the waste gases. Usually this type of catalysts are 

synthesized by using a small amount of noble metals (0.05-

2%), most commonly Au, Pt and Pd, highly dispersed on 

materials with highly developed surface such as SiO2 or Al2O3 

[3]-[6]. Satisfactory activity, however, occurs only in systems 

with nano-sized metal particles (0.5-5.0 nm) [5]. This 
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significantly complicates the obtaining process and therefore 

further increases the cost of the final product. Another 

disadvantage of this type of catalysts is their relatively rapid 

deactivation [4]. These circumstances have encouraged the 

search for cheaper and more efficient materials based on metal 

oxides [7], [8]. The main advantage of these systems is their 

highly developed surface at high temperatures, which 

lengthens their operation time. 

It is known that copper oxides show high catalytic activity 

in the oxidation of CO [7]-[9], related to the reduction of CuO 

to Cu2O. According to some scientists [7], [8], [10], [11] this 

process can be slowed down by the presence of other 

transition metals such as Mn, Cr, etc. It is considered that the 

copper-manganese mixed oxides are promising because of 

their high thermal stability, chemical resistance and low cost 

[11]. The methods of synthesis, however, are essential for the 

obtaining of active catalysts. 

One of the main factors that determine the activity of the 

oxides is the temperature, at which they are obtained [12], 

[13]. The studies [14] showed that the activity of the 

manganese oxides supported on γ-Al2O3 passes through a 

maximum with increasing of the heat treatment temperature. 

According to the author, this is partly due to the reduction of 

the specific surface area. The ratio of the two elements in the 

active component also plays a leading role regarding the 

activity in catalytic oxidation. McCabe et al. [15] showed that 

a hopcalite catalyst (80% MnO2 and 20% CuO) was 

comparable to a Pt/Al2O3 catalyst for combustion of ethanol 

but was irreversibly deactivated at around 500
o
C. According 

to many other literature sources the formation of Cu-Mn 

spinels with atomic ratio Cu:Mn is 1:2, which is the most 

suitable for the oxidation of CO [16]. Many efforts are focused 

on CO oxidation because it is the dominating by-product of 

important industrial processes. Often the problems are more 

complex due to the diversity of the waste gases content. The 

catalytic oxidation of methanol to formaldehyde (object of our 

investigation) is an important industrial process in which the 

waste gas in addition to CO contains methanol and dimethyl 

ether.  

The purpose of this study is to determine the influence of 

the preparation method on the catalytic activity of the 

supported copper-manganese mixed oxides in terms of 

simultaneous oxidation of CO, methanol and DME. 

II.  MATERIALS AND METHODS 

All catalysts were prepared by the wet impregnation of 
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different supports with fraction of 0.6-1.0 mm. Prior to the 

impregnation, the carrier was calcined for 2 hours at 500
o
C in 

a ceramic furnace. After keeping it at room temperature, 

previously prepared solutions of copper and manganese 

nitrates or copper and manganese acetates with desired ratio 

were added. The support remained immersed for 12 hours in 

the salt solutions at 80
o
C. After this, the impregnation samples 

were dried and calcined in the following sequence: 12 h 

drying at room temperature, followed by heating at 120
o
C for 

10 h, after which the temperature was increased at 10
o
C/min to 

desired level, where it was held for 4 hours. 

Thermogravimetric analysis (TG), differential 

thermogravimetric analysis (DTG) and differential thermal 

analysis (DTA) were carried out using “Stanton Redcroft” 

(England) instrument under the following experimental 

conditions: heating temperature range 20-650
o
С, heating rate - 

10
o
С/min, specimen mass - 12.00 mg, gas environment - 

100% air, pot-stabilized corundum. The texture characteristics 

were determined by low-temperature (77.4 K) nitrogen 

adsorption in a Quantachrome Instruments NOVA 1200e 

(USA) specific surface area & pore analyser.  

The catalytic measurements were carried out on continuous 

flow equipment with a four-channel isothermal stainless steel 

reactor, containing 1.0 ml catalyst at atmospheric pressure and 

space velocity (GHSV) of 10000 h
-1

. The flow of ambient air 

(40-50% humidity) and CO (final concentration 2.0%) were 

fed using mass flow controllers (GFC Mass Controller 

AABORG, Germany). Liquid methanol was cooled to 0
o
C in 

evaporator through which the stream of air was passing and 

additional air was added before reaching the preheater to final 

concentration of methanol 2.0%. DME (1.0%) was obtained 

by dehydration of methanol on γ-Al2O3 in tubular 

pseudoisothermal reactor. 

Gas mixtures on the input and output of the reactor were 

analyzed with a gas chromatograph HP 5890 Series II, 

equipped with FID and TCD detectors, column Porapak Q (for 

methanol, CO2 and DME) and column MS-5A (for CO, 

oxigen and nitrogen). 

The activity of the catalysts was evaluated according to the 

oxidation degree of gases which have passed through the 

catalyst layer, in percentages. 

III. RESULTS 

A. Effect of Support on the Catalytic Activity of the 

Supported Cu-Mn Catalysts 

As noted above, the activity of Cu/Mn catalyst regarding 

the complete CO oxidation is associated with the formation of 

CuMn2О4 spinel [16]. It can be expected that this also refers to 

the VOCs oxidation. This motivated us to start the selection of 

the support with such composition of the active component. 

The hydrophobicity, acidity and pore characteristics of the 

catalyst support are very important for catalytic combustion. 

According to [17] the order of activity of a series of mixed 

oxide catalysts is in close agreement with the strong acidity of 

the samples. For the purpose of our investigation we chose 

supports, which are widely used in practice, but differ 

significantly in their essential characteristics (Table I). 
 

TABLE I 

SPECIFIC SURFACE, PORE VOLUME AND AVERAGE PORE DIAMETER OF THE 

SUPPORTS 

Support 
SBET 

m2/g 

Vtotal 

cm3/g 

Daverage 

nm 

Al2O3 219 0.40 7.40 

Silicaalumogel 

SiO2 87%, Al2O3 17%  
500 0.40 25 

Silicagel 450 1.0 10 

Silicagel type A 720 0.4 2.5 

 

The results for CO, methanol and DME oxidation on the 

catalysts with Cu/Mn molar ratio 1:2, prepared by using 

nitrate solutions, are presented in Figs. 1-3. In all cases the 

only product of oxidation processes is CO2. 
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Fig. 1 Effect of support on CO oxidation activity of Cu-Mn catalyst 

with Cu/Mn molar ratio 1:2. Active component 10 ± 0.5 %, 

calcination temperature 450oC 
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Fig. 2 Effect of support on CH3OH oxidation activity of Cu-Mn 

catalyst with Cu/Mn molar ratio 1:2. Active component 10 ± 0.5%, 

calcination temperature 450oC 

 

The results show strong dependence of catalytic activity on 

the type of the support. The results of CO oxidation reaction 

(Fig. 1) reveal that catalysts differ substantially in their 

activity. The oxidation process started at temperatures lower 

than 80
o
C for all catalysts, but acceleration of reaction 

velocity depends strongly on the type of support. In terms of 

activity, we can distinguish two clearly formed groups: (i) 

catalysts, supported on pure silicagel and (ii) catalysts, 
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supported on alumina containing supports. It is remarkable 

that supports on the base of silica differ significantly in all 

main characteristics, but the activity of the supported catalysts 

is nearly the same. The situation is the same with alumina 

containing supports. This tendency is even more sharply 

expressed in the cases with methanol and DME oxidation 

(Figs. 2 and 3), although the activity of all the catalysts is 

significantly lower. 
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Fig. 3 Effect of support on DME oxidation activity of Cu-Mn catalyst 

with Cu/Mn molar ratio 1:2. Active component 10 ± 0.5%, 

calcination temperature 450oC 

 

Measurable oxidation of methanol begins at about 120
o
C 

and complete oxidation is achieved at 220
o
C for alumina 

containing supports and at 240
o
C for catalysts, deposited on 

silica. For DME these temperatures are much higher. The 

oxidation starts at about 200
o
C and complete oxidation is 

achieved at 340
o
C for alumina containing supports and at 

400
o
C for catalysts, deposited on silica. 

The experiments described above were repeated by using 

the same supports, but with copper and manganese acetate 

instead of nitrates. The same tendencies were observed with 

the only difference that in all cases the activity of the catalysts 

was little bit lower.  

On the base of the results presented above it can be 

concluded that the type of support is a dominating requirement 

for preparation of active Cu/Mn catalysts for CO and VOCs 

oxidation. Modification of silicagel with alumina increases the 

activity for complete oxidation of all investigated compounds. 

This is in agreement with the results of [18]. Obviously the 

most appropriate support is pure alumina, therefore it was 

chosen as support for the preparation of Cu/Mn catalysts for 

our next investigations. 

B. Effect of Cu/Mn Molar Ratio in the Active Component on 

the Catalytic Activity of the Supported Cu-Mn Catalysts 

The results for CO, CH3ОН and DME oxidation on Cu-

Mn/γ-Al2O3 catalyst with atomic ratio Cu/Mn=1:2 presented 

in Figs. 1-3 confirm the high activity of this sample in CO 

oxidation. Regarding the methanol oxidation, the activity is 

also high, as complete oxidation is achieved at 200
o
C. A 

noticeable DME oxidation is observed, however, only at 

above 200°C and complete oxidation is achieved at 

temperatures above 340
o
С. Obviously, this composition of the 

catalyst is suitable for full CO and MeOH oxidation, but its 

activity is comparatively low in relation to the complete DME 

oxidation. To find the optimal composition of Cu-Mn catalyst 

system for simultaneous oxidation of all toxic components in 

the waste gases in the production of formaldehyde we checked 

the effect of Cu/Mn molar ratio in the active component on the 

catalyst activity. Figs. 4-6 show the results for CO, methanol 

and DME oxidation on samples with a different Cu-Mn atomic 

ratio.  
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Fig. 4 Effect of Cu/Mn molar ratio in the active component on CO, 

oxidation. Active component 10 ± 0.5%, calcination temperature 

450oC 
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Fig. 5 Effect of Cu/Mn molar ratio in the active component on 

CH3OH oxidation. Active component 10 ± 0.5%, calcination 

temperature 450oC 
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Fig. 6 Effect of Cu/Mn molar ratio in the active component on DME 

oxidation. Active component 10 ± 0.5%, calcination temperature 

450oC 
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In terms of CO oxidation the activity of the catalysts differs 

substantially and can be divided into two groups – pure copper 

and manganese oxides and mixed Cu-Mn oxides. The samples 

from the second group showed higher activity and reached full 

oxidation at temperature lower than 200
o
C. With respect to the 

oxidation of methanol pure manganese oxide catalyst shows 

the lowest activity, while with respect to the oxidation of 

DME pure copper oxide has the lowest activity. The 

differences in catalytic activity cannot be attributed to the 

difference in texture characteristics of the catalysts (Table II).  
 

TABLE II 
SPECIFIC SURFACE, PORE VOLUME AND AVERAGE PORE DIAMETER OF 

SUPPORT AND SELECTED CATALYSTS.  

Composition 
SBET 

m2/g 

Vtotal 

cm3/g 

Daverage 

nm 

Al2O3 219 0.40 7.40 

Cu/Mn 2:1 153 0.25 6.5 

Cu/Mn 1:5 152 0.26 5.8 

 

As it can be seen, the surface area, pore volume and average 

pore diameter of the catalysts are nearly identical.  

In order to give a better understanding of the effect of 

Cu/Mn ratio in the active component on the activity of CO, 

CH3OH and DME oxidation the results are summarized in Fig. 

7.  

 

0

20

40

60

80

100

0 20 40 60 80 100

Content, %

C
o
n
v

er
si

o
n
, 

%

CO 
MeOH  
DME 

100% Cu 100% Mn  

Fig. 7 Effect of Cu/Mn molar ratio on CO, CH3OH and DME 

oxidation (ТСО =180oC, ТМеОН =180oC, ТDME = 280oC). 

 

It is undisputed that single oxide catalysts are less active 

than mixed oxide ones with respect to all three compounds 

investigated. Obviously the synergetic effect between copper 

and manganese oxide increases the activity in all cases. This 

effect strongly depends on the catalyst composition and on the 

nature of the oxidized compound. The addition of small 

amount of manganese oxide to the pure copper oxide leads to 

a sharp increase in activity in relation to CO oxidation. This 

high activity is retained for all mixed specimens and is greatly 

reduced only with the pure manganese oxide. Even more 

pronounced synergistic effect is observed in the methanol 

oxidation. In this case, the more active of the two pure oxides 

is the copper oxide. While in the first case the influence of the 

atomic ratio of Cu-Mn is weakly expressed in almost the 

entire concentration range, in the methanol oxidation the 

copper-rich oxide samples show significantly higher activity. 

Conversely, in the DME oxidation the higher activity is shown 

by manganese-rich oxide specimens. 

Our results are in agrement with the results of other authors. 

It has already been shown by [19] that the incorporation of 

small amounts of copper in MnOx improve ethanol 

combustion to CO2. These autors suggested that the adition of 

copper reduced the cristaline structure of manganese oxide, 

and thus increased the number of oxigen vacances. 

 The results presented in Fig. 7 show that in the oxidation of 

the gas mixtures containing CO and MeOH, most suitable are 

catalysts containing Cu in the active component in the range 

of 50-80% where complete oxidation is achieved at 

temperatures below 200
o
C. However, for complete oxidation 

of a mixture containing all three components, the catalysts 

with such composition require substantially higher 

temperatures. In this case more suitable are specimens with 

low copper content (up to 20%) in which a complete oxidation 

of all the components is possible at temperatures below 350
o
C.  

The results presented allow concluding that there are two 

regions of interest in respect to active component composition 

of the alumina supported Cu-Mn catalysts: copper-rich 

samples (Cu/Mn molar ratio about 2:1) for the oxidation of 

CO and methanol and manganese-rich samples (Cu/Mn molar 

ratio about 1:5) for the oxidation of DME. These samples are 

chosen for our next investigations. 

C. Effect of Heat Treatment Temperature on the Catalytic 

Activity of the Supported Cu-Mn Catalysts 

Along with the type of support and Cu/Mn molar ratio the 

active component loading during the catalyst preparation and 

the subsequent calcination step are important in controlling the 

activity of supported copper manganese mixed oxide catalysts.  

The calcination temperature is an important factor, 

influencing the activity of catalysts. It is connected with the 

conduct of both phase transitions in materials and 

modification of the specific surface area [20].  

According to [21] the heat treatment of mixed Cu-Mn 

oxides plays an essential role on the oxidation activity 

regarding CO. The results of the studies, carried out in the 

range of 300-800
o
C, show that the highest activity is displayed 

by the samples calcined at 500
o
C. The same authors showed 

that the increase of the activity from 300 to 400
o
C is 

associated with the decomposition of the inactive forms and 

the formation of stable oxides. Its reduction at temperatures 

above 500
o
C is due to the increase of the size of the oxide 

crystals, and the decrease of the specific surface. Data from 

[22] show that the most active in the CO oxidation are 

catalysts, calcined at 550
o
C. Other authors, however, obtain 

active samples at 300-400
o
C [23], [24]. Literature data 

analysis suggests that the results for the thermal 

decomposition of a mixture of Cu-Mn nitrates are 

controversial.  

DTA, DTG and TG analysis of the samples with Cu/Mn 

molar ratio 2:1 and 1:5 were carried out, the results of which 

are presented in Figs. 8 and 9.  
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Both catalysts show four main weight losses, due to 

different decomposition steps. Obviously the decomposition of 

nitrates mixture proceeds through significantly different 

pathway than that of single copper nitrate and manganese 

nitrate. The first weight loss below 150
o
C can be attributed to 

the loss of hydrated water and partial nitrate decomposition. 

The second and third weight losses occur at 150-330
o
C and 

amount of weight loss of 61.3% and 52.7% respectively 

(calculated on the base of supported substance) are associated 

mainly with copper nitrates decomposition. The last weight 

loss is associated with highly dispersed mixture of CuO and 

spinel (Cu/Mn molar ratio 2:1) or MnO2 and spinel (Cu/Mn 

molar ratio 1:5) formation. This is in agreement with our XRD 

results [25] and experimental results of [26] according to 

which at temperatures above 300
o
C in the active phase 

included only oxides. The absence of well-expressed 

endothermic effect in the temperature range 500-600
o
C 

connected with decomposition of MnO2 to Mn2O3 suggests 

formation of stable spinel phase. The gradual reduction of the 

specimen weight is likely due to the loss of oxygen from the 

crystal structure of the resulting oxides, and the progress of 

oxide transformations [3], [19].  
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Fig. 8 Thermal analysis of catalyst with Cu/Mn molar ratio 2:1 
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Fig. 9 Thermal analysis of catalyst with Cu/Mn molar ratio 1:5 

 

The data obtained show that at temperatures above 300
o
C 

no considerable thermal effects occur. Studies of [27] show 

that with the increase of the calcination temperature the phase 

of the mixed oxides at Cu/Mn 1:5 pass from MnO2 + spinel in 

Bixbyite + Spinel at 425
o
C. According to [28] at 430

o
C MnO2 

passes into Mn2O3. 

In order to clarify the influence of thermal treatment on the 

catalytic activity samples with molar ratio Cu/Mn 1:5 and 2:1 

have been investigated. Figs. 10-12 present the influence of 

the heat treatment of Cu-Mn/γ-Al2O3 catalysts with Cu/Mn 

molar ratio 1:5 on CO, CH3OH and DME oxidation. 

 As it can be seen, the effect of the heat treatment is specific 

for each of the oxidized components. While in the oxidation of 

CO the sample calcined at 300
o
C is with the lowest activity, in 

the oxidation of methanol and DME such heat treatment yields 

the samples with the highest activity. 
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Fig. 10 Effect of heat treatment of Cu-Mn catalysts with Cu/Mn 

molar ratio 1:5 on CO oxidation activity 
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Fig. 11 Effect of heat treatment of Cu-Mn catalysts with Cu/Mn 

molar ratio 1:5 on CH3OH oxidation activity 
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Fig. 12 Effect of heat treatment of Cu-Mn catalysts with Cu/Mn 

molar ratio 1:5 on DME oxidation activity 
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Fig. 13 Effect of heat treatment of Cu-Mn catalysts with Cu/Mn 

molar ratio 2:1 on CO oxidation activity 
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Fig. 14 Effect of heat treatment of Cu-Mn catalysts with Cu/Mn 

molar ratio 2:1 on CH3OH oxidation activity 
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Fig. 15 Effect of heat treatment of Cu-Mn catalysts with Cu/Mn 

molar ratio 2:1 on DME oxidation activity 

 

Figs. 13-15 present the influence of the heat treatment of 

Cu-Mn/γ-Al2O3 catalysts with Cu/Mn molar ratio 2:1 on CO, 

CH3OH and DME oxidation. 

Noticeable difference can be seen in the activity of both 

groups of catalysts. It is evident that the manganese-rich 

samples are more active in DME oxidation and nearly 100% 

conversion is possible at temperatures at about 320
o
C. The 

copper-rich catalysts are more active with respect to CO and 

methanol oxidation. This trend remains unchanged in the 

whole interval of calcination temperatures. 

The results of the effect of heat treatment of Cu-Mn/γ-Al2O3 

catalysts with Cu/Mn molar ratio 1:5 and 2:1 on the activity of 

CO, CH3OH and DME oxidation are summarized in Figs. 16 

and 17.  

The results show a general trend of decreasing the activity 

with the increase of the thermal treatment temperature. This 

general trend, however, contains specific features, depending 

on the composition of the catalyst and the nature of the 

oxidized gas. In the sample consisting predominantly of 

manganese (Cu/Mn molar ratio 1:5) the degree of DME 

oxidation remains constant up to 450
o
C, while in the MeOH 

oxidation there is a trend of activity decrease. In the catalysts 

consisting predominantly of copper (Cu/Mn molar ratio 2:1) 

the opposite picture has been observed - the temperature of the 

heat treatment in the range of 300 - 450
o
С practically has no 

effect on the MeOH oxidation, while in the DME oxidation 

there is a trend of slight decrease. It can be concluded that in 

this temperature range the catalyst composition takes a 

predominant role. 
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Fig. 16 Effect of heat treatment of Cu-Mn catalysts with Cu/Mn 

molar ratio 1:5 on CO, CH3OH and DME oxidation activity. (ТСО = 

140oC, ТМеОН = 180oC, ТDME = 280oC) 
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Fig. 17 Effect of heat treatment of Cu-Mn catalyst with Cu/Mn molar 

ratio 2:1on CO, CH3OH and DME oxidation activity. (ТСО = 140oC, 

ТМеОН = 180oC, ТDME = 280oC) 
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At calcination temperature above 450
o
С, however, the 

oxidation degree of both gases decreases greatly. Obviously, a 

predominant role here takes agglomeration of the particles, 

reduction of the specific surface area and partial crystallization 

of Cu-Mn spinel. 

In CO oxidation in both catalyst samples we observe the 

same trend - increase in activity with the increase of the 

calcination temperature from 300 to 400
o
С, followed by its 

gradual decrease. Obviously in this case the heat treatment of 

the catalyst, leading to change in the catalyst composition 

takes a predominant role. The increase in activity with the 

increase of the calcination temperature from 300
o
С to 400

o
С is 

probably due to the formation of an active amorphous spinel 

structure, active in CO oxidation. This suggestion is in 

agreement with the results of [20] and [21]. 

D. Effect of the Active Component Content on the Catalytic 

Activity of the Supported Cu-Mn Catalysts 

Figs. 18-20 present the effect of the active component 

content on the catalytic activity in oxidation of CO, CH3OH 

and DME on Cu-Mn/γ-Al2O3 with Cu/Mn molar ratio 1:5. 
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Fig. 18 Effect of active component content in Cu-Mn catalyst with 

Cu/Mn molar ratio 1:5 on CO oxidation activity 
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Fig. 19 Effect of active component content in Cu-Mn catalyst with 

Cu/Mn molar ratio 1:5 on CH3OH oxidation activity 

 

The results show strong dependence of the active 

component content on the catalytic activity. The results of CO 

oxidation reaction (Fig. 18) reveal that catalysts differ 

substantially in their activity. The oxidation process started at 

temperatures lower than 80
o
C and reached 100% conversion at 

240
o
C for all catalysts. The catalyst with 30% active 

component is the most active while the catalyst with 5% active 

component is the least active in the whole temperature region. 

Methanol oxidation process (Fig. 19) started at 140
o
C and 

increased rapidly with temperature rising to 100% for all 

catalysts at 220
o
C. In terms of this process the activity of the 

catalysts differs substantially at 180
o
C and passes into 

diffusion region and full conversion at 200
o
C.  

Measurable oxidation of DME started at 220
o
C for all 

catalysts and rose to 100% at 340
o
C for catalyst with 30% 

active component and at 360
o
C for all other samples (Fig. 20). 

The same order of activity as in the CO and CH3OH oxidation 

can be observed.  
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Fig. 20 Effect of active component content in Cu-Mn catalyst with 

Cu/Mn molar ratio 1:5 on DME oxidation activity 

 

The results for the effect of active component content in 

Cu-Mn/γ-Al2O3 with Cu/Mn molar ratio 1:5 on the CO, 

CH3OH and DME oxidation activity are summarized in Fig. 

21. 
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Fig. 21 Effect of active component content in Cu-Mn catalyst with 

Cu/Mn molar ratio 1:5 on CO, CH3OH and DME oxidation activity 

(ТСО = 140oC, ТМеОН = 180oC, ТDME = 300oC) 
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Clear tendency for moderate increase in CO, methanol and 

DME oxidation with active component enlargement can be 

observed. These results are not in consent with the expectation 

for a lower activity due to reduction of the specific surface 

area of the catalysts with increasing amount of the active 

component loading. This was confirmed by the result for BET 

specific surface area of the catalysts.  

Table III shows the specific surface area of the samples 

with different active component loading. It is seen that the 

specific surface area decreases down to 37% with increased 

loading, but this can be attributed mainly to the increased 

weight of the catalysts. Date in the brackets presents surface 

area in m
2
/g of support instead of m

2
/g catalyst. The slightly 

increased surface area for the catalysts with active component 

10 and 10% as compared to the support indicates some pore 

structure in the material deposited. Obviously dominating 

factors for catalyst activity are active component content and 

active component composition. 
 

TABLE III 

SPECIFIC SURFACE AREA OF CATALYSTS WITH DIFFERENT ACTIVE 

COMPONENT LOADING 

Composition Active component, % 
SBET* 

m2/g 

Al2O3 - 219 (219) 

Cu/Mn 1:5 10.0 206 (197) 

Cu/Mn 1:5 15.0 199 (186) 

Cu/Mn 1:5 20.0 152 (175) 

Cu/Mn 1:5 30.0 137 (153) 

*The BET surface area of catalysts (m2/g) and within brackets of support 

(m2/g). 

 

Figs. 22-24 present the effect of the active component 

content on the catalytic activity in oxidation of CO, CH3OH 

and DME on Cu-Mn/γ-Al2O3 with Cu/Mn molar ratio 2:1. 
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Fig. 22 Effect of active component content in Cu-Mn catalyst with 

Cu/Mn molar ratio 2:1 on CO oxidation activity 

 

 The difference in the catalytic activity of the samples in the 

oxidation of CO in this case is expressed significantly stronger 

(Fig. 22). Full oxidation over catalyst with 30% active 

component was reached at 180
o
C, while for catalyst with 5% 

active component it was at 240
o
C. With respect to DME 

oxidation this difference is less pronounced (Fig. 24), while in 

methanol oxidation this difference is almost invisible (except 

for a sample with 5% active component content). 
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Fig. 23 Effect of active component content in Cu-Mn catalyst with 

Cu/Mn molar ratio 2:1 on CH3OH oxidation activity 
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Fig. 24 Effect of active component content in Cu-Mn catalyst with 

Cu/Mn molar ratio 2:1 on DME oxidation activity 

The results for the effect of active component content in 

Cu-Mn/γ-Al2O3 with Cu/Mn molar ratio 2:1 on CO, CH3OH 

and DME oxidation activity are summarized in Fig. 25. 
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Fig. 25 Effect of active component content in Cu-Mn catalyst with 

Cu/Mn molar ratio 2:1 on CO, CH3OH and DME oxidation activity 

(ТСО = 140oC, ТМеОН = 180oC, ТDME = 300oC) 

 

It is seen that increasing the active component dramatically 

enhanced the activity for carbon monoxide oxidation, while 

the activity in the oxidation of DME increased marginally. 

Methanol oxidation activity increases sharply with active 

component rise to 10%, after which remains unchanged. Since 
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the tendency in BET specific surface area is the same as 

described for the catalysts with Cu/Mn ratio 1:5, the results 

can be assumed as confirmation of the conclusion that the 

specific surface area of the catalysts is not the dominant factor 

in the oxidation of CO, methanol and DME on γ-alumina 

supported copper-manganese catalysts, especially in the frame 

of our experiments. 

IV. CONCLUSIONS 

 The Cu-Mn/γ–alumina supported catalysts have enhanced 

activity toward CO, methanol and DME oxidation. The 

synergetic interaction among copper and manganese species 

increases the activity for complete oxidation over mixed 

catalysts compared with activity over CuOx/γ-Al2O3 and 

MnOx/γ-Al2O3 catalysts.  

 Cu/Mn molar ratio from 2:1 to 1:1 in the active component 

can ensure successful oxidation of CO and CH3OH. Reduction 

of copper content to Cu/Mn molar ratio to 1:5 is the best 

compromise for production of catalyst for simultaneous 

combustion of CO, CH3OH and DME. 

 Type of support, calcination temperature and active 

component loading along with catalyst composition are 

important factors determining catalytic activity. For the 

alumina supported Cu-Mn catalysts heat treatment at 450
o
C 

and 20% active component can ensure preparation of active 

catalyst for combustion of waste gases from formaldehyde 

production. 
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