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Promotion effect of trivalent metal ions in tetra-component

bismuth molybdate catalysts, Mo, ,Bi CogM?Iox was investigated using

12771
18O2 tracer in the selective oxidation of propylene to acrolein.

MIE, especially Fe3+, introduces cation vacancies into CoMoO4 in the

form of Coit3xM§§¢xMoO4 which accelerate the bulk diffusion of the
lattice oxide ions to increase the catalytic activity of the

multicomponent systems.

The multicomponent bismuth molybdate catalysts have been known as the most
active and selective catalysts for the allylic oxidation of lower olefins.
However, because of their complicated compositions, little has been reported for
the role of each component in the catalyst systems. In this communication, we
report a clear evidence that trivalent metal ions, especially Fe3+, accelerate

the bulk diffusion of the lattice oxide ions in the MII

MoO4 phase to increase
catalytic activity according to the Mars and van Klevelen mechanism.

Catalytic activity and selectivity for the oxidation of propylene to acrolein
were determined using the conventional flow microreactor under an atmospheric
1802
were carried out using the closed circulating system at 450°C under a reduced

pressure (Propylene; 70 torr, 1802; 70 torr). Details of all experimental

1-4)

pressure (Propylene; 16%, oxygen; 16%, nitrogen; balance). tracer experiments

procedure and analytical method were the same as reported previously.
Multicomponent bismuth molybdate catalysts, M012B11C08M§E0x containing iron,
chromium, or aluminum as the trivalent ion were prepared from the corresponding
metal nitrate solutions and molybdic acid by the method reported by Wolfs and
Batist.s)
the table.

The specific activity to form acrolein of each catalyst tested is plotted

Characterization of the multicomponent catalysts are summarized in

against the temperature in Fig. 1. Summarizing the results obtained in this work
and reported previously, the following tendencies are prominent.

1) In terms of specific activity, the pure bismuth molybdate, Biz(MoO4)3 is
fairly active. However, owing to its low surface area, the activity per weight
of the catalyst is not so high.
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Table. Characterization of multicomponent bismuth molybdate catalysts

Oxidation of propylene (450°C)

Phase detected Surface
Catalyst by X-ray (;Eia) Rate x 105 Selectivity
97 (mol/min-m2) (mol/min-g) (%)
Mo B12 12 Bi2(MOO4)3 1.8 9.7 17.5 93
1 BllColl B—COMOO4, Bi2 (MOO4)3 3.8 2.5 9.5 97
12B11C08N13O B-COM004, Biz(MoO4)3 6.5 0.7 4.6 97
M°12B11C°8Fe3ox B-CoMoO4, Bi2(Moo4)3, 7.1 30.8 218.7 96
Fez(Moo4)3, FeMoO,
M°12Bi1C08cr3ox B-CoMoO4, Bi2(M004)3, 5.8 6.4 37.1 926
Cr2(MoO4)3
M012B11C08A13Ox B-COMOO4, Biz(MoO4)3, 8.5 5.1 43.4 95

A12(M004)3

2) The specific activity of tri-

component system, Mo, BllMllOX does not

H
o

exceed that of the pure bismuth molybdate.
3) Replacement of a part of the third

component, MII in the MolZBllMllO by a

trivalent ion increases the specific

(]
(=]

activity of the catalyst system. Although
aluminum or chromium is effective to some

[N
(@)

extent, iron increases the specific
activity most effectively with excellent
selectivity to acrolein as claimed in

Rate ot Acrolein Formation/10 3mol/min-m2

many patents. 10
4) On the contrary, replacement of Mt
by another divalent ion instead of
trivalent ion is not effective for 0
. . th £ civi 350 400 450 500
improving e specific activity. Reaction Temperature /°C
Incorporation of the lattice oxide
ions into the oxidized products was Figure 1. Specific activity of multi-
examined in the oxidation of propylene component bismuth molybdate catalysts
with 18O2 (99.1%) on the MolzBilCosFe3Ox in the oxidation of propylene to acrolein.
catalyst. The results are shown in o, Mo3B12012, o, M°12311C°11°x'
Fig. 2, where @ _~ and Q3. denote . . . .
total-0 (¢] e, M012B11C08N130x, o, M012B11C08Fe3ox,

the total amount of oxygen consumed in o, M°12Bilc°8Al3ox'
the oxidation and the total amount of

the lattice oxide ion incorporated into

the oxidized products expressed as the unit of oxide ion layer of the catalyst used
with assuming 1 x 1019 oxygen ion/surface area (mz). As clearly shown in the
figure, the oxidation proceeds via the Mars and van Klevelen mechanism. It has
been reported and is also confirmed by X-ray analysis in the present work that the
multicomponent bismuth molybdate catalysts are composed of multiphase of different
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Figure 3. O Concentration of
Figure 2. 18O Concentration of the acrolein as a function of the
oxidation products of propylene with 18O2 consuned oxygen per unit surface
over M°12Bi1C°8Fe30x catalyst. area of the catalysts, Qtotal-o'
O , acrolein; @, carbon dioxide; o, MolZBllcoll
A , gaseous oxygen. O , Mo,,Bi Co,Fe, O_.

12771778 "37x

metal molybdates and bismuth molybdate phase is liable to be condensed on the

5-7)

surface of the catalyst particles. The arrow mark (A) in the figure shows a

point where the amount of 160 incorporated into the oxidized products from the

catalyst reaches the same amount as oxide ions in the bismuth molybdate phase in the
catalyst. The arrow mark (B) indicates the point where 1602_
8) and Sleightg), if it exists, is consumed. The

of a composite oxide
(Bi3FeM02012) reported by Keulks
lattice oxide ions are available to the reaction far beyond these two points. This
result is quite different from that obtained on the tri-component catalyst systems,
Mo Bll ll0 reported previously. 3)
In order to compare the degree of the participation of the lattice oxide ions
in the reaction for tri- and tetra-component systems, 18O concentrations of acrolein
obtained in the oxidation on the Mo,.,Bi.Co..0_ as well as the Mo, ,Bi.Co,Fe,0_ are

127717711 7% 12771778 "37x

plotted against Q in Fig. 3. 1In the case of the tri-component catalyst, the

18 total-0
O concentration in acrolein reaches the same value as that of gaseous oxygen at
the point indicated by the arrow mark (A). This shows that all 1602_ of the

bismuth molybdate phase are replaced by 1802_ at this stage and only lattice oxide

ion in bismuth molybdate phase are active for the reaction. On the contrary, in
the case of the M°12311C°3Fe3°x catalyst, it is clear that the lattice oxide ions
not only in the bismuth molybdate phase but also in the other transition metal
molybdates are active and participate in the reaction.

The effect of the component element on the activity of the lattice oxide ions

is further exemplified in Fig. 4 by the similar plots for MolZBi1C08Cr3OX,
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M012B11008A130x, and M012B11C08N130x

in addition to the catalysts shown 100
in Fig. 3. It is clearly demonstra-
ted that the replacement of Co2+ in
M°12Bilc°110x by the trivalent ions
makes the lattice oxide ions in the
transition metal molybdates active

but the replacement by the divalent

180 in Acrolein /%

ion, Ni2+, is not effective. These
effects seem to just correspond to

the specific activity of the multi-

component system. 0 1 i I ]

The promotion effect of iron in 0 20 40 60 80
the oxidation catalyst has been Consumed Oxygen /layer
often attributed to the lower redox

3+ 2+
e

potential of Fe + e g=—/=F . Figure 4. 18O Concentration of acrolein as

However, this is not applicable to a function of the consumed oxygen per unit

the present system, because Cr3+ or surface area of the catalysts, Qtotal-o'
3+

Al

the catalytic activity. Sleight et

is also effective to improve . . . . A
o MolzBllCollox, -~ M012B11C08N13Ox,
O M012B11C08Fe30x; Q. M012B110080r30x;

0., M012B11C08A130X.

al suggested that point defects in
2+ . 3+
the form of Pb1_3XB12x¢xMoo4 (¢;

cation vacancy) were introduced by
addition of bismuth cation into PbMoO4 and the catalytic activity of these systems

10) Our results obtained in this

investigation strongly suggest that the vacancies of the same type as Coit3xM§§¢xMoo4
are formed in CoMoO,, by the trivalent cations and these vacancies accelerate the
bulk diffusion of the lattice oxide ions. At this stage, it is not clear whether

this acceleration increases the number of the active sites or lowers the activation

depends on the concentration of such vacancies.

energy of the reaction. Determination of the accurate kinetic factors and reduction
and reoxidation experiments of the catalysts are underway to clarify the problem.
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