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Oxidation of methanol on a chromium-molybdenum oxide catalyst 
proceeds via the scheme: 

02 02 
CH3OH W I CH20 W 2 

The following kinetic equations have b~en obtained 

K 1 CCH3OH 

Wl = I + a I CCH30 H + a CH20 
2 

for the oxidation of methanol, and 

CO 

W =K C 
2 2 CH O 

2 

for the oxidation of formaldehyde. 

OKHC/IeHHe MeTaHO,rlfl Ha XpOMOMOglH6/leHOBOM OKHCHOJVI 
KaTa~aTope H~eT rlo cxeMe: 

CH30H 
02 02 

= CH20 ~ CO 

Wl W 2 
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KnHeTHqecKHe ypaBHeHHg/ HMelOT BHZI: 

s OKHC/IeHHI;I MeTaHona 

KICCH3OH 

W I = 
1 + a lCCH30  H + a2CH20 

/IJlS OKHCneHHH qbopManb~leFHzla 

W 2 = K2CcI--I20 

It has been found e a r l i e r / 1 / t h a t  iron- and chromium-molybdenum catalysts 

reveal  s imilar  ca ta ly t i c  properties in methanol  oxidation. It was assumed that the 

react ion proceeds via s imilar  mechanisms on both catalysts and, hence, has 

s imilar  kinetic  regularit ies.  In the present study more deta i led data are reported 

on the kinetics of methanol  oxidation on chromium-molybdenum oxide catalysts.  

The kinetic regulari t ies were studied using a f low-circula t ion m e t h o d / 2 / .  

The cata lys t  with an ac t ive  mass of 10 % and an a tomic  ratio Cr/Mo ~ 3 was 

supported on spherical porous a . A 1 2 0  part icles 0 . 5 - 1 . 0  mm in size. This size 

emured that the react ion proceeded in the kinetic  region. The kinetics wasstudied 

in an excess of oxygen, which al lowed us to remain  outside the lower ignit ion 

l imi t  of me thano l -a i r  mixture and to main ta in  the steady state.  The experiments 

were carried out at 300, 325 and 350~ The concentrations of substances 

( r e too l / l )  were varied within the following ranges: 0 . 1 - 0 . 2 ;  0 . 7 - 3 . 1 ;  0 . 8 - 6 . 4  

for methanol ,  formaldehyde and water,  respectively.  

According to the exper imenta l  data,  the select ivi ty with respect to 

formaldehyde decreases with increasing overal l  degree of conversion, as stated 

e a r l i e r / 1 / .  Thus, the oxidation of methanol  proceeds via the scheme 

Wl 
CH 8 OH +1/2 02 ~ CH20+H20 (I) 

W 2 
CI-I,20+1/2 02  . ' C O + H 2 0  (2) 
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Fig. 1. Plot of CCH 80H/W 1 against CCH3OH at CH2 0 = 1 .9  

�9 mmol/1 (a80~ 
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Fig. 2. Plot of CCH3OH/W 1 against CCH20 at CCH30 H 0.95 

mmol/1 (300 ~ 

The experimental data have shown (Figs 1,2) that the kinetic regularities 

for reaction (1) are similar to those observed earlier for iron-molybdenum oxide 

cata lys ts /3/ .  The rate of methanol oxidation can be described by 

K 1 CCH 3OH 
W = (3) 

1 1 + a 1 CCH30 H + a  2 CH20 

where CCH30 H and CH2 O are the concentrations of methanol, and water 

(mmol/1), K 1 is the rate constant (ml/g  sec), a 1 and a 2 are constants (1/mmol). 
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Fig. 3. Experimental and calculated rates in methanol oxidation 
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Fig. 4. Rate of formaldehyde oxidation against its concentration: 1 - 350~ 
2 - 325~ 3 - 300~ 

Approximate values of the coefficients in kinetic equation (3) have been found 

from the experimental data shown in Figs 1 ,2 .  

The coefficients have been specified by minimizing 

L 
2 

F = ~ 1  - w l c )  i = (Wle 

where Wle ,  Vr are the experimental and calculated values of the reaction rate; 

i and L are the current and total number of experiments. Minimization was 
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Table 1 

Coefficients of the kinetic equations 

parameter 

K 1 ( ml/g sec) 

a 1 (I/mmol) 

a 2 (I/retool) 

L 

. ~  (Wle - Wlc)2 
i = 1  

L 

i = l  

350 

1 3 . 2 2  

1.84 

O. 544 

o 
Temperature (C) 

300 

3.77 

1.47 

0.862 

(Wle - W1c) 

I00 ~ Wle - Wlc 

t' i : 2 wle 
K2(mi/g s~) 

2.7 

+ 0.655 

9.5 

3.3x10 -2 

0.33 

+ 0 . 3 4  

13.1 

-2 
1.9x10 

carried out by the method of conjugate gradients/4/in combination with random 

search/5, 6/. 

The coefficients for the kinetic equation of methanol oxidation ate given in 

Table 1. Figure 3 shows the difference between the experimental and calculated 

data. From these results iz is seen that the oxidation of methanol in an excess of 

oxygen is adequately described by eq. (3). 

Oxidation of formaldehyde on a chromium-molybdenum oxide catalyst is 

insignificantly inhibited by water and methanol (in contrast to oxidation on iron- 

molybdenum catalysts). The experimental data show (Fig. 4) that in the presence 
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of methanol the rate of formaldehyde oxidation can be described by the following 

equation 

W = K C (4) 
2 2 CH20 

where CCH20 is the concentration of formaldehyde (mmol/1). K 2 is the rate 

constant (ml/g see). 

It is noteworthy that in the absence of methanol the rate of formaldehyde 

oxidation is higher by a factor of about 1.5 than that calculated from eq. (4). 

This implies that the catalyst is affected by the reaction mixture/7/ .  

The dependence of K 1 and K 2 on temperature over the range 300-350~ is 

expressed by the equations 

K 1 = 2.5 x 107 exp(-18000/RT) (5) 

K 2 = 20 exp(-7900/RT) (6) 

Since the activation energy of the side reaction is lower than that of the 

main reaction, the selectivity with respect to formaldehyde increases with 

temperature. The optimum regime for the catalyst under steady-state conditions 

corresponds to the maximum permissible temperature at which the catalyst is 

stable and no reactions proceed in the gas phase. 

Acknowledgement. The authors wish to express their thanks to L. N. 
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