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Regularities of formation and catalytic properties of supported cobaitites 
in the oxidation of CO and hydrocarbons and in the reduction 

of nitrogen oxides 
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The catalytic properties of supported cobaltites MCo?O+ (M = Cu, Mn, Zn. Mg) in the 
oxidation of CO+ C3Ht,, and ethylbenzene and reduction of nitrogen oxides were investigated. 
The catalytic activity depends on the calcination temperature and the nature of the cation. The 
regularitie~ or" formation and the state of the surface of the catalysts were studied by I R spectra 
and diffuse ret]ec:ance spectra in the UV and ~,isible regions. 
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The prob lem o f  r em ova l  o f  po l lu tan t s  from exhaust  
gases has shif ted e m p h a s i s  on  catalytic research toward 
the deve lopmen t  o f  b i f u n c t i o n a l  catalysts  active bo th  in 
C O  and h y d r o c a r b o n  o x i d a t i o n  and,  s imul taneous ly ,  in 
the reduct ion of  n i t r o g e n  oxides. Of  mater ia ls  con ta in ing  
no  p l a t i n u m - g r o u p  meta t s ,  complex  oxides with the 
spinel  s t ructure  are p r o m i s i n g  catalysts for the e l imina-  
t ion of  po l lu tan t s  f rom exhaust  gases, The  act ivi ty of  
spinels  in ox ida t i on  is due  to the presence  in their  
s t ructure  o f  ac t ive  oxygen  and  oxygen vacancies ,  acting 
as centers  of  a c t i v a t i o n  o f  the gas -phase  oxygen. I -4  
Previously, s it has  b e e n  shown  that  spinels  o f  some 
metals  are act ive in t he  ox ida t ion  o f  CO and  ethyl-  
benzene .  

The purpose o f  th is  work is to s tudy the regularit ies 
of  the fo rmat ion  o f  s u p p o r t e d  cobal t i tes  synthes ized  at 
different t e m p e r a t u r e s  a n d  to perform compara t ive  analy- 
sis of the i r  ca ta ly t ic  p r o p e r t i e s  in the  ox ida t ion  of  CO, 
C3H~, and  e t h y l b e n z e n e  and  in the r educ t ion  of  n i t rogen 
oxides. The  c o b a t t i t e s  s tud ied  had the  c o m p o s i t i o n  
, |C020417-A120  3 ( M  = Cu,  ,M+,~, Zn .  Mn) .  

Experimental 

The catalysts were prepared by impregnating 7-AI10 3 
(IC-02-200) with a solution containing equimolar amounts of 
Co1'NO3) 2 and the nitrate of  the required metal. After d~mg. 
the mixture was heated to 350, 500. and 700 ~C and kept at 
each temperature for 6 h. 

Bulk spinels were prepared by thorough mixing of equimo- 
tar amounts of the corresponding nitrates. The mixture was 
dried t~r I h at 150 r and then heated for 6 h at 5(~'0 ~ 
According to X-ray diffraction analysis, in addition to spinels, 
the catalysts contained minor  amounts of individual oxides. The 
presence of spinel structures was confirmed using I R spectra, 
based on the presence of two characteristic bands in the 40t)-- 
700 cm -I range. 

Catalytic oxidation or c o  and C31-1~ was carried out in a 
flow-type reactor at a t]ow rate ofP00 h -q. The reaction mixture 
contained 5--6% CO (or C3Ho) and 94--95% air. The reaction 
products were analyzed by GC (heat conductivity detector, He 
as the carrier gas, I-m-long column packed with 5A molecular 
sie~es ((or determination of CO) or with polysorb (for determi- 
nation of CO2)). 

Ethylbenzene oxidation was studied in a flow-type reactor 
using a KI+-I setup (Special Design Office, Institute of Organic 
Chemistry, Moscow). The concentration of ethylbenzene was 
I - l0 -'~ tool L -!,  the flow rate was 6000 h -I. The concentration 
or ethylbenzene was determined by chromatography using a 
procedure reported previously. 5 

Nitrogen oxide reduction was performed in a flow-type 
reactor at a flow rate of 2000 h - t .  The reaction products were 
analyzed by GC (a 3+-m column packed with polysorb, 80 ~ 

Diffuse reilectance spec'~ra in the visible and UV regions 
were recorded on a Specord M-40 spectrophotometer and IR 
spectra were measured on a Specord M-80 spectrophotometer. 

Results and Discussion 

The  fo rmat ion  of  tile catalysts  was m o n i t o r e d  by 
record ing  IR spectra and diffuse ref lec tance  spect ra  in 
the visible and  UV regions at eve~ '  stage o f  p repara t ion ,  
namely ,  after  drying and after  keeping at 150, 350, 500, 
and 700 ~ It can be seen in the  IR spec t ra  o f  copper  
cobal t i tes  (Fig. I, a) that  the bands  at 570 and  670 cm -I+ 
typical o f  a spinel s t ructure,  6 appea r  even  at 150 ~ As 
the t e m p e r a t u r e  increases, these bands  b e c o m e  s t ronger ,  
ind ica t ing  an increase in the c o n t e n t  o f  spinel  in the 
catalysts.  The  high-tYequency band  is a t t r ibu ted  to the 
v ibra t ions  of  metal  a toms  (M)  occur r ing  in t e t rahedra l  
c o o r d i n a t i o n  with oxygen a toms.  The  low- f requency  
band  is due  to the vibra t ions  of  Co a t o m s  located in 
oc tahedra l  vacancies  of  the spinel.  The  t empe ra tu r e  
range in which  a spinel s t ruc ture  is t b r m e d  depends  on  
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Fig. 1. IR spectra of CuCo204 ~a} and MnCo20 ~ (b) after 
calcination at 150 (t'), 350 (2). 500 (-~3. and 700 ~ (4). 

the cobaltite composition. Thus in the case of CuCo204, 
the most intense "spinel" bands are obse~'ed at 700 ~ 
In the case of MnCo20.~, the most clearly defined 
"spinel" bands appear upon heating to 350 ~ (Fig. I, b). 
On further heating, the shape of the bands changes, 
pointing to either a distortion or partial destruction of 
the spinel lattice. The IR spectra of zinc and magnesium 
cobaltites also contain two bands at 580 and 660 cm -I. 
The highest intensity of these bands is observed when 
the samples are heated to 500 ~ The treatment of 
samples at higher temperatures results in a distorted 

spectrum. Thus, the formation of zinc and magnesium 
cobahites is accomplished at 500 ~ ~hile at higher 
temperatures, the spinel structure might partially collapse. 

The state of the surface of the supported cobaltites 
was studied using diffuse reflectance spectra in the vis- 
ible and UV regions. The amounts of complex oxides 
supported on y-AI203 were I and 3%. At higher concen- 
trations of supported complex oxides, it is impossible to 
record the reflection spectra due to the considerable 
absorption of radiation by the sample. This is exempli- 
fied by the spectrum of MgCo204/7-AI20 3 shown in 
Fig. 2. Alier impregnation of the support with the 
appropriate salts, one band at 212 nm. corresponding to 
the NO3- ion, appears in the spectrum. On heating, the 
intensity of this band decreases; this band disappears at 
500 r in tile spectrum of MgCo20r and at 350 ~C in 
the case of CuConO 4. This points to the complete 
decomposition of the nitrates. Heating the sample to 
>200 ~ brings about a band at 245 nm. which can be 
identified as a charge transfer band. 7 The presence of 
this band is attributed to the transfer of an electron from 
an orbital of oxygen to an orbital of the metal. Two 
broad bands in the visible region typical of a spinel 
structure were recorded upon introducing 3% of a com- 
plex oxide to the support. It can be seen in Fig. 2 that 
the spectrum of the 3%MgCo20,/7-AI203 catalyst ex- 
hibits "spinel" bands with maxima at 425 and 690 rim. 
which is consistent with the published data. 7,$ A finer 
structure of the bands in the 500--700 nm region could 
be detected in the spectra of samples containing 1% 
complex oxides. Each supported cobaltite exhibited bands 
at 550, 580, and 630 nm: their intensity increased when 
the heating temperature was raised to 700 ~ Further 
increase in temperature induced no changes. Compari- 
son of the results with published data led to the conclu- 
sion that these bands indicate the presence of Co 3- ions 
in an octahedral environment.  
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Fig. 2. Diffuse reflectance spectra of  I%MgCo204/y-A1203 at 
25 (/). 230 (.~, 350 (.;,'), 500 (41. and 700 ~ (5) and 
3%MgCo2Oj/-f-AI203 at 500 =C (6). 
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The comparat ive catalytic activity of  the supported 
cobalti tes in oxidation was assessed from the tempera-  
tures needed for 100% convers ion in CO and ethyl- 
benzene oxidation and for 50% convers ion in propylene 
oxidation. Table 1 presents data on the activity of  cobal- 
tires synthesized at 350, 500, and 700 ~ in oxidation 
reactions. It can be seen that the catalytic activity of  
cobaltites depends on both the nature o f  the cation 
(metal M) and the temperature  o f  calcination,  which 
determines  the amount  of  spinel formed. Matching of 
the catalytic activity to the optical spectra demonstrates 
that complex oxide starts to display catalytic activity 
even at an initial stage of  spinel formation,  i.e., at 
350 ~ However,  no linear corre la t ion between the 
activity and the spinel conten t  can be traced. Calcina-  
tion at 700 ~C decreases the catalyt ic  activity of  spinel 
with respect to that o f  a sample pretreated at 500 ~C. 
However.  an increase in the ca lc inat ion temperature 
from 500 to 700 ~ enhances  the intensity of  the IR 
bands. This is due to the fact that,  at a reasonably high 
temperature,  cobalt ions can diffuse into the alumina 
lattice to give the spinel CoAI20  ~. We moni tored this 
process by recording 1R spectra for the Co(NO3)2/AI:O.~ 
system. At 700 ~ cobalt a luminate  is formed, whose 
activity in oxidation is lower than that of  eobahites. 
Therefore,  the activity of  C u C o 2 0 4 / A I 2 0  3 decreases when 
the calcination temperature  is raised to 700 ~C, although 
the total content  of  spinel increases,  due to the forma- 
tion of  COA1204 (see Fig. I, a). Virtually all cobaltites 
reach the highest activity when calcined at 350 and 
500 ~ As the heating tempera ture  increases to 700 :C. 
the activity of  the catalysts diminishes .  

X-Ray diffraction data and IR spectra indicate that 
Mg, Zn,  and Cu aluminates  are not  formed at 700 ~C. 

Table 1. Catalytic activity of 7-A1203-supporled cobaltites in 
oxidation 

Catalyst 7cal ~ Tcon~b/~ 

/~ CO C.3H 6 ethylbenzene 
(c~ = 100%) (eL = 50%) (~ = 100%) 

20%CuCo204/A1203 350 90 195 265 
500 90 130 267 
700 180 200 295 

20% M nCo204/.,M203 350 170 150 27t 
500 170 170 275 
700 150-- t 60 170 293 

20%ZnCo2Oa/AI20 3 350 210 190 295--305 c 
500 210 240 310 c 
700 320 >400 310 d 

20%MgCo204/AI203 350 205 240 310 e 
500 190 280 310/" 
700 320 360 31g-~ 

a The calcination temperature. 
b The temperature needed to attain a conversion 
c ct = 66%. 'ta = 4%. e a = 99%.. 
"'ct = 60%. x a = 7%. 

degree of a. 

Apar t  f r o m  the pre t rea tment  temperature,  the nature 
o f  the cat ion (metal M) also influences the act ivi ty of  
cobal t i tes  (see Table I). Oxidation of  CO, C3H 6, and 
e t h y l b e n z e n e  proceeds  most  easily over  0 u C 0 2 0 4 /  
; , -AI20  3, the ac t iv i ty  o f  M n C 0 2 0  4 is lower ,  and 
MgCo204/y-Al203  and ZnCo2Oa/7-AI20 3 show the low- 
est activity.  This activity series is consistent with the 
results o f  investigation o f  bulk cobaltites, s Evidently,  a 
bulk phase of the complex  oxide with a spinel s tructure 
act ive  in this type of  react ion is formed on the support  
surface;  low-activity Co  aIuminate is fornled on all 
catalysts  in approximately equal amounts.  Thus ,  the 
p resence  o f  ions of  two transit ion elements increases the 
ca ta ly t ic  activity of  spinels in CO and hydrocarbon 
oxida t ion .  

The  activity of  supported cobaltites in the redtict ion 
o f  n i t rogen oxide was studied using both model  mixtures  
and real exhaust gases conta in ing  N 2, 02 , CO.  C O ; ,  
N O  x, CH4,  and H,O.  In the presence o f  oxygen and 
s team,  several reactions can take place in exhaust gases, 
for example ,  ~,9 

2 CO-~- 0 2 ~ 2 C O  2, 

2 CO + 2 NO --4.2CO 2 ",- N 2, 

CO + H20 + CO 2 + H 2, 

2 H 2 + 2 NO -.,. 2 H20 + N 2, 

CH 4 + 2 02 --.,. CO,2 + 2 H20. 

T h e  relationship between the reaction rates depends  
on the oxygen and CO concentrat ions.  With excess 
oxygen,  oxidation of  CO and CH x are the p redominan t  

Table 2. Reduction of NO x to N 2 over supported cobaltites 

Catalyst Tca~* Degree of NO t conversion (%) at 
/~ various temperatures (~ 

150 200 250 300 

CuCo204 350 25 30 31 31 
500 27 40 49 49 
700 20 30 40 47 

MnCo204 350 24 27 29 29 
500 45 66 77 80 
700 42 53 57 58 

ZnCo204 350 30 40 47 5 I 
500 49 52 54 54 
700 18 23 26 27 

MgCo204 350 12 18 24 30 
500 26 33 35 36 
700 23 28 32 34 

Note. Exhaust gas composition: 0.0% O?, 2.0% NOx, 83.5% N2, 
t3.6% CO (withou-I CH.~ and H:O). 
* The calcination temperature. 
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Table 3. Dependence of the degree of conversion (ct) of NO x 
and CO on the composition of the reaction mixture over 10% 
CuCo20a/?-AI20 3 

Number of Composition of the Tex o ~x i%) 

specimen gas mixture (%) /~ NO x CO 

Model mixtures 
l 02 (9.81, 150 16 ql 

N 2 (88.8), 200 18 99 
NOr (0.5), 250 19 100 
CO (0.6) 300 19 100 

2 O~ (I.3). 150 56 71 
N~ (66.5), 200 62 73 
NO~ (0.2), 250 65 74 
CO i32.0) 300 66 75 

3 O~ (0.7). 150 46 78 
N 2 ($6.8). 200 53 91 
NO., (0.4), 250 54 96 
CO (12.0) 301) 54 99 

Real exhaust gas 
4 02 (5.2). 150 40 55 

N 2 (64.7). 200 55 83 
NO x (1.4). 250 61 100 
CO (8.4) 300 64 100 

processes, whereas at low oxygen concent ra t ions ,  reduc- 
tion o f  NO x with CO begins. The reduct ion o f  NO~ is 
not influenced by the presence of  CO 2, while water can 
decrease the catalytic activity. 

In the presence of  any of  the cobalt i tes studied. NO x 
is reduced to N 2. Table 2 presents data on the degree of  
conversion o f  NO x at several temperatures  over  different 
cobaltites. It can be seen that the catalyst activity de- 
pends on both the nature of  the cation and the calcina- 
tion temperature ,  which, in turn, inf luences the amount  
of  spinel formed. The catalysts calcined at 500 ~ show 
the highest activity. An increase in the pretreatment  
temperature to 700 ~ decreases the activity. Appar- 
ently, as in the case of  oxidation,  the decrease in the 
catalytic activity is associated with the react ion of  cobalt 
oxide with the lattice of  the support.  

Analysis o f  the data of  Table 2 shows that the nature 
of  the cation influences the degree o f  N O  x conversion;  

in s o m e  cases, the degrees o f  conversion differ by a 
factor  o f  two. 

It is worthy of note that  varying the composi t ion of  
exhaust  gases changes the degrees of  conversion o f  both 
C O  and NO~. At higher concent ra t ions  of  oxygen, the 
degree o f  CO conversion to C O ,  increases, while the 
degree o f  NO x reduction to N 2 decreases (Table 3). 

Thus ,  our  study showed that cobaltites having a 
spinel structure can be regarded as bifunctional catalysts 
capable  o f  accelerating both hydrocarbon and CO oxida- 
t ion and NOx reduction. 
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