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Introduction

Bismuth molybdates catalyzing selective oxidation (1) and
ammoxidation (2) of propylene were discovered and developed at
Sohio [1,2] in the early 1960's.
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Since then, many fundamental studies have employed catalysts con-
taining different bismuth to molybdenum atomic ratios. As a result
of such studies, it is now known that bismuth molybdate catalvsts
display high activity and selectivity only if their Bi/Mo compositions
lie within the range of 2/3 to 2/1 [3].

Depending on conditions such as the initial Bi/Mo ratio, pH
value, reaction temperature, and interaction time, three major prod-
ucts can be isolated by co-precipitation from a mixed solution of
bismuth nitrate and ammonium molybdate. The products are Bi;Mo3;0;,
(2.3,a), BizMo20g¢ (1:1, B) and Bi,MoOg (2:1, y) [4-7]. The structures
a, B and y differ in a number of ways: (1) the number of oxygens
bound only to Bi (from 0 to 2); (2) the degree of clustering of
MoO, (from 2 to layered); and (3) the number of Bi?¥* vacancies
(from 1 to 0) [8].

Mechanism

In a series of experiments using deuterium~labeled propylenes,
Adams and Jennings [9] established the rate-determining nature of
the o-hydrogen abstraction, in which a first order deuterium isotope
effect (ky/kp = 1.82, T = 450°C) was observed. By studying the
isotopic distributions of the oxidation products of '*C- and '3cC-
labeled propylenes, Sachtler [10] and McCain [11] concluded that
equation (3) is the key step in the selective oxidation (ammoxida-
tion)
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Grzybowska and Haber [12] in 1977 suggested that reactions
with bismuth molybdate catalysts proceed via the association of
allyl radicals with oxygens bound to bismuth. A number of factors
led them to this conclusion. The isomerization of propylene to
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1,5-hexadiene and benzene occurs only with Bi;0;. Additiocnally,
molybdenum polyhedra are oxygen inserters, and acrolein is known
to be formed from the reaction of MoO; with "allyl radical" (from
thermally decomposed allyl iodide). These experiments introduced
the important multi-center (dual-site) concept [13], though there
are still many different postulates about the roles of bismuth and
molybdenum in oa-H abstraction and olefin adsorption [12-15].

By comparing the product distributions of the reaction of
azopropene over MoOi;, the reaction of allyl iodide over MoOj;, and
the reaction of propylene over bismuth molybdates, Burrington and
Grasselli [16] concluded that the general reaction route is:
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In order to shed light on the details of the selective oxida-
tion (ammoxidation) mechanism, in 1980 Grasselli and Burrington [15]
studied the selective oxidation of d,, 1l,1-d; and 3,3-d; allyl
alcohol over MoO; and Bi,0j3°*nMo0O; (n=0, 1, 3). From the product
distributions and their similarities with the distributions obtained
from analogous reactions with the well-studied Mo(VI) ester (I)
[17] and Mo (V) ester (II) (which may be an intermediate in the
selective oxidation of propylene), thev proposed a more complete
mechanism [15] for the selective oxidation (ammoxidation) of propylene
over Bi-Mo catalysts.
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Redox properties

Brazdil and Grasselli [18] utilized a pulse microreactor method
to reduce the catalysts with propylene in the absence of oxygen
and subseguently to reoxidize the partially reduced catalysts by
gaseous oxygen. They found that the unit area rates of lattice
oxygen participation decrease in the order: Bi;Mo;0s > Bi;Mo30;, >
Bi;Mo0Og and the reoxidation rates decrease in the order: Bi>MoOg >
Bi,M0;0s > Bi;M03:0;;. They also found that the maximum selective
utilization of reactive lattice oxvgen occurs after partial reduction
for Bi;Mo30;, and Bi;Mo;0s. These results are consistent with a
selective oxidation mechanism requiring coordinatively unsaturated
metal ions in complex shear domains.
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