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A study was made of the change in the properties of tin-antimony and bismuth- 

molybdenum oxide catalysts during the partial reduction of their surfaces 

with propylene and a propytene-ammonia mixture. Different characteristics 

of the interaction of ammonia with the surface of the catalysts studied were 

established. 

H c c ~ e ~ O B a H O  H 3 M e H e H H e  CBORCTB O~OBOCypbMHHOrO H B H C M y T M O ~ H ~ e H O - -  

B~X K a T a ~ H 3 a T O p O B  ~pH qa CTHqHOM  BOCCTaHOB~eHHH HX nOBe~XHOCTH 

~ p o ~ H ~ e H O M  H c M e c b D  n p o n H ~ e H a  c a ~ a K o M .  Y C T a H O B ~ e H  D a 3 ~ H q H ~ R  

xapaxTep B3aHMo~eRCTBHH a~aKa c ~OBepXHOCTb~ HCC~e~OBaHHNX 

KaTa~H3aTOpOBo 

INTRODUCTION 

Bismuth-molybdenum and tin-antimony oxide catalysts have a high selec- 

tivity in the oxidative ammonolysis of propylene but differ with regard to kinetic 

law of this react ion/1 ,  2/ .  When reducing with butylene /3 /, the oxygen on the 

bismuth-molybdenum oxide catalysts was found to be uniform with respect to bind- 

ing energy. For the tin-antimony oxide catalyst, the binding energy of oxygen 

varies depending on the degree of surface reduction. According to kinetic da t a /1 / ,  

on the bismuth-molybdenum oxide catalyst acrylonitrile is formed via consecutive 
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formation of acrolein, whereas with the tin-antimony oxide catalyst the direct re- 

action prevails. 

The purpose of the present study is to compare the properties of tin-antimony 

and bismuth-molybdenum oxide catalysts during the reduction with propylene and 

a propylene-ammonia mixture. Such an approach permits us to reveal character- 

istics of the interaction of the reaction mixture components with the catalyst sur- 

face and their influence on the oxidation process 

EX PERIM ENTA L 

The investigations were carried out using a pulse-microcatalytic method with 

a vibrofluidized catalyst b e d / 4 / .  A complete chromatographic analysis of the 

reaction products was made for each pulse. Reduction was performed with helium- 

diluted mixtures of the following compositions: 0.3% CsH 6 + 99. 7% He; 0.3% C3H 6 + 

+ 0.4% NH:3 + 99.3% He, Below, by propylene and a propylene-ammonia mixture, 

diluted mixtures will be meant. The amount of oxygen removed from the catalyst 

surface was calculated using the corresponding stoichiometric equations /5/ .  Cat- 

alysts used: tin-antimony oxide catalyst with a Sn : Sb ratio of 2 : 1 and a specific 

surface area of 29.7 m2/g, bismuth molybdates Bi208 " 3/vloO 3 (z-phase) and 

Bi203 �9 lvloO 3 (~,-phase) prepared according to the method described in Ref. /6/ ,  

with specific surface areas of 2.0 and 3.4 m2/g, respectively.* Prior to the exper- 

iment the Samples were subjected tostandard pretreatment in oxygen /7 / .  

*The authors wish to thank D.V. Tarasova for the tin-antimony oxide catalysts 

and A, N. Pitaeva for the bismuth molybdate samples. 
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Reduction of tin-antimony oxide catalyst (catalyst 0.27 g, helium flow 

40 ml/min)  

o, z~ - rate of overall conversion of propylene and overall selectivity to 

acrolein and acrylonitrile, reduction with C3H 6 +NII  3 mixture 

�9 ,, - rate of overall conversion of propylene and selectivity to acrolein, 

reduction with C3H 6 

RESULTS AND DISCUSSION 

The data on thereduction of the tin-antimony oxide catalyst are given in Fig. 1. 

With the increasing degree of reduction of the catalyst surface, a sharp decrease in 

the rate of the overall conversion of propylene is observed. Simultaneously, the 

selectivity to the partial oxidation products increases. During the reduction of the 

catalyst with a C3H 6 + NH 3 mixture, acrolein is formed among the reaction prod- 

ucts together with acrylonitrile. The selectivity to acrylonitrile is 7 to 10 times 

higher that to acrolein. This ratio remains unchanged as the reduction proceeds from 

the first pulse on. The characteristics of the change in the rate of the overall con- 

version of propylene and the selectivity may be explained by nonuniformity of the 

surface oxygen which was established during the reduction of this catalyst with but- 

ylene /7/ .  
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Hg. 2. Reduction of bismuth-molybdenum oxide catalyst (~ -phase, catalyst 1.0 g, 

helium flow 30 ml/min) 

a) reduction with C3H6; 1 - rate of overall conversion of propylene, 2 - se- 
lectivity to acrolein 

b) reduction with C3H 6 + NH 3 mixture; 1 - rate of overall conversion of 

propylen% 2 - selectivity to acrylonitrile, 3 - overall selectivity to 

acrylonitrile and acrolein 

During the reduction of the tin-antimony oxide catalyst with the propylene- 

ammonia mixture, ammonia blocks a part of the surface area, which result~ in a 

decrease in the rate of the surface reduction. A sharper increase in the selectivity 

to the partial oxidation products with the propylene-ammonia mixture indicates that 

ammonia blocks mainly the weakly bound surface oxygen. The surface of the tin- 

antimony oxide catalyst is capable of retaining rather strongly the absorbed ammo- 

nia at the experimental temperatures (350, 400 ~ The oxidation of ammonia to 

molecular nitrogen proceeds at a low rate. Treatment with a helium flow does not 

remove the absorbed ammonia, so it may participate in the formation of acrylonit- 

rile upon passing C3H 6 pulses to the catalyst sample. 

During the reduction of the bismuth-molybdenum oxide catalysts with pro- 

pylene and the propylene-ammonia mixture, the rate of the overall conversion of 

propylene falls with the onset of oxidation and then remains constant (Hg. 2). How- 
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ever, the selectivity to the partial oxidation products is independent of the degree 

of surface reduction. The observed decrease in the rate of reaction eannot be explained 

by consumption of a portion of the sur face oxygen for the following reasons. Accord- 

ing to the calorimetric measurements /3/ ,  the surface oxygen of bismuth molybdate 

is uniform. This is also indicated by the constancy of the selectivity to the partial 

oxidation products. During the interaction of ~-butylene with the surface of the 

bismuth-molybdenum oxide catalyst at the same temperatures, the reaction rate is 

independent of the degree of reduction /3/ .  The decrease in the reaction rate 

during the first pulses appears to be due to an irreversible adsorption of small amounts 

of acrolein on the surface of bismuth molybdate. Poisoning does not occur if oxygen 

is present in the reaction mixture. Here, the rate of the steady reactions of oxida- 

tion or oxidative ammonolysis of propylene approximates the rate of reduction in 

the first pulse. When keeping the sample in a helium atmosphere at the experimen- 

tal temperature (350, 400 ~ after a series of the reduction pulses, the absorbed 

acrolein is oxidized to CO 2 owing to the high mobility of the bulk oxygen in bismuth 

molybdate, which is supported by the chromatographic data. Therefore, the activ- 

ity of the catalyst attains the initial value after the pause (Fig. 3). The nature of 

the dependence of the reaction rate on the degree of reduction is not changed by 

the repeated reduction, It was shown by special experiments that the introduction 

of acrolein to the catalyst in an amount equal to that formed in the first pulse re- 

duces the reaction rate to a constant value upon subsequent reductionwith propylene 

(Fig. 3). Addition of a further portion of acrolein does not change the rate. The 

introduction of a large amount of acrolein to the fresh catalyst immediately reduces 

the reaction rate to a constant level. The interaction of bismuth molybdate with a 

propylene-ammonia mixture at 350 and 400 ~ is accompained by oxidation of a 
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Fig. 3. Influence of acrolein on the rate of reduction of bismuth-molybdenum 

oxide catalyst with propylene (~ -phase, catalyst 2.0 g, helium flow 

40 ml/min)  

o - reduction without introduction of acrolein 

�9 - reduction with introduction of aeroiein 

Arrows indicate the introduction of pulses of acrolein. 

portion of ammonia to nitrogen. Therefore, the propylene-ammonia mixture, un- 

like the tin-antimony catalyst, reduces the surface of the bismuth-molybdenum cat-  

alysts at a higher rate than propylene only. 

The regularities observed during the reduction of bismuth molybdates of dif- 

ferent compositions are the same. The difference is that the y-phase is somewhat 

more active, and with the e-phase, the selectivity to the partial oxidation products 

is higher. 

Thus, the investigations have shown that the correlation between the selec- 

tivity and the bond strength of the surface oxygen found ea r l i e r /3 /ho lds  for the 

tin-antimony oxide catalyst in the reactions of oxidation and oxidative ammono- 

lysis of propylene. The surface oxygen of bismuth-molybdenum oxide catalysts is 

uniform, but unlike the reduction with butylene, the reduction with propylene is 

inhibited by the product acrolein. The differences in the nature of the interaction 
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of ammonia with the surface of the catalysts studied have been established. The 

presence of la=ge amounts of absorbed ammonia on the surface supports the assum p- 

t i o n / 1 / t h a t  the direct formation of acrylonitrile prevails on this catalyst. 
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