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The influence of the precipitation condition on phase composition of catalysts and
their catalytic activity was investigated. The phase composition of catalysts, having
the following empirical formula: BiMorPO., depends on the pH value, at which
the system is subjected to evaporation or filtration. In the case of a strongly acid
medium, at a pH < 1, the y-phase and that of free MoQ, are the main components
of the catalyst. In the pH range from 1 to 5 also insignificant quantities of the
a-phase are present besides the B-phase.

To form the B-phase (free from the o- and y-phases) in an acid medium, it
18 necessary to increase the Bi/Mo ratio above 1. This can be achieved, by in-
creaging slightly the Bi content or binding a part of Mo as magnesium molybdate.

The catalysts containing the B-phase alone, are characterized by a high activity
in the process of acrylonitrile synthesis, and enable to obtain a propylene conversion

above 90% at a temp. 490°C, the selectivity being about 80%.

INTRODUCTION

So far, a good deal of work has already
been devoted to investigations on bismuth-
molybdenum catalysts used for the reaction
of allylic oxidation of olefins, According
to most of the reports on these investiga-
tions, the highest ecatalytic activity is
achieved when the atomic ratio of Bi to
Mo equals 1 (1, 2).

Many data (3-4) indicate that the pres-
ence of a new compound, Bi,O; X 2Mo0Q;,
the so called B-phase, corresponds to this
composition.

The different preparation methods, con-
sisting in sintering or fusion of finely
powdered oxides (4-6), precipitation or the
use of solutions of bismuth or molybdenum
salts in nitric acid (7, 8), suggests that this
has no essential effect on the physical and
catalytic properties of the final product.
Differences in the specific surface of sam-
ples, obtained as a result of fusing the
oxides and by precipitation from solutions
(4), have only been found.

But, the divergences appearing in vari-
ous publications. and relative to both the
optimum composition (7, 9) and the mere
existence of the B8-phase (4, 6, 12), induced
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us to examine in more detail the prepara-
tion conditions of the discussed catalysts.

EXPERIMENTAL

The investigated catalysts have been
prepared by mixing the corresponding
quantities of solutions of bismuth nitrate
and ammeonium molybdate at a tempera-
ture of 20°C. The required pH value was
obtained using a 5% ammonia solution.
After filtration or evaporation of water,
the product was dried at 120°C and cal-
cined at 400°C during 16 hr.

The bismuth content of the investigated
catalysts has been determined by EDTA
titration, the molybdenum ecolorimetrically
as MoV EDTA complex and the sulphur
content gravimetrically.

In connection with the measuring tech-
nique adopted by us, the comparison of
catalytic activity of the selected samples
has been carried out using pelleted cata-
lysts containing 70% of «-Al,;O;, They have
been prepared in a similar “way, intro-
ducing the reactants to an aqueous sus-
pension of a finely powdered carrier.

The comparison of catalytic activity of
the selected catalysts, used for the am-
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moxidation of propylene, was carried out
in a flow apparatus described earlier (10).
The reaction was conducted at a tempera-
ture of 490°C, with a throughput of 2 moles
C,H¢/liter of catalyst/hour, the molar ratio
of the reagents being C;H,:NH;:0,:H.0
==1:1:1.8:6. The reactor having a diam-
eter of 25 mm was each time charged with
215 em?® of the investigated catalyst in
the form of pellets with a diameter of
5 mm and a height of 3 mm. The reac-
tion products have been identified chro-
matographically.

The infra-red spectra have been per-
formed using the spectrophotometer Uni-
cam SP 200, the investigated samples were
prepared in form of nujol suspensions.

The X-ray patterns of the catalyst pow-
ders with or without Al,O; have been ob-
tained using an apparatus of the type
TUR 60. CuKe radiation and Decbye-
Scherrer type cameras of 57-mm diameter
were used. According to Kolchin et al. (4)
we have adopted the symbols:

“o”’—to designate the phase Bi.0;+-3MoO;,

“B"—to designate the phase Bi,O;-2MoO,,

“y"—t0 designate the phase Bi,0;- MoO..

ResurTs aND DiscussioN

The catalysts obtained using various
starting solutions are shown in Table 1.
The meaning of the symbols used in the
tables given below is as follows:
“F’—catalysts dried after filtration;
“E’—catalysts dried after evaporation;
“s”—catalysts precipitated at a con-
stant pH,
“a”’—pH adjusted to a definite value
after precipitation;

Samples 1-3 were obtained by using a
15% HNO;; Sample 4 by using a 1N
HNO,~ solution.

Sample 5 was obtained without addition
of acid. The remaining catalysts, shown in
Table 1 were prepared by adding dropwise
an aqueous solution of ammonium molyb-
date and H,PO, and, simultaneously a
solution of bismuth nitrate in 1 N HNO,.

The experimental results show a con-
siderable influence of . the preparation
method on_ the phase composition of the
catalyst. In spite of the use of reagents in
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stoichiometric quantities, corresponding to
the composition of the 8-phase, the main
components of the products obtained in
the strongly acid solutions are the y-phase
and free MoOs;. This fact is undoubtedly
associated with the presence of polyacids
in the range of low pH values, and with
the formation of cationic forms of molyb-
denum below pH = 0.5 (11). It can be as-
sumed that for the formation of the com-
pound Bi,0; X 2Mo0Q;, the presence of a
monomeric form of molybdenum acid is
necessary. This ean be achieved e.g. through
a reaction carried out for 2 hr at pH =17.

Subjecting the samples of catalyst to
drying and subsequently to calcination,
immediately after neutralization or without
neutralization, leads to a decomposition of
polymolybdenum acid to free MoQs, which,
under conditions adopted by us, undergoes
only partially a further reaction with bis-
muth giving small quantities of 8-phase and
a compound with a low molybdenum con-
tent, i.e. Bi,05-MoOs.

The diffraction lines of the 8-phase in the
catalyst No. 2, subjected to evaporation
immediately after neutralization, are con-
siderably more intense in comparison with
those of the catalyst No. 1, obtained with-
out neutralization (Figs. 1 and 2). How-
ever, only the reaction carried out for 2 hr
at a pH value of 7 leads to a complete dis-
appearance of the lines of the y-phase and
those of free MoO,. (Fig. 3).

Tt must here be underlined that it is not
always easy to determine unequivocally the
phase composition of the investigated
catalysts, and it is very often necessary to
confront the data obtained by X-ray
analysis with those obtained by infra-red
spectrophotometry. It concerns in particular
the ascertainment of the presence or ab-
sence of free MoO,.

The occurrence of a band at about 980
em™, which disappears after treating the
sample with an ammonia solution, has been
adopted as a criterion for the presence of
free MoO; (Fig. 4).

The B-phase constitutes the main phase in
catalysts prepared using 1N HNO,; and
subjected to neutralization. Also, the
catalysts prepared without use of HNO, do
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INFLUENCE OF THE PREPARATION METHOD ON THE PHASE CoMrosiTION OF THE CATALYST
HAVING THE EMPIRICAL FORMULA: BhoMo:2PO.

No. of Phase
catalyst Starting solutions Preparation method composition
1 (E) Evaporation v + MoQO; + 8
2 (aE) Bi(NO;)s-5H.0 and Neutralization using a 5%, v + 8 + Mo(O;
(NH,)sM07024-4H:0 in NH,OH and evaporation
a 15% HNO,
3 (aB) As above; mixing during 2 hr B8 + «a(Traces)
after neutralization
4 () Bi(NO,)s-5H;0 in 1 N HNO; Dropping ammonium molybdate v + MoO; + 8
(NHy)sMo,0:4-4H.0 + H;PO, into the solution of bismuth
in H,0 nitrate and evaporation
5 (aE) Suspension of basic bismuth Solution of Mo dropped into the 8 + a(low
nitrate in H:0, and an suspension of Bi salts and content)
aqueous solution of neutralization with ammonia
ammonium molybdate
6 (aF) Bi(NQs)3-5H,0 in 1N HNQO; and  Simultaneous dropping of solutions, 8 + «(Traces)
(NH,)¢Mo0;024-4H;0 and bringing the pH up to 3 filtration
H;PO, in water: and neutralization of precipitate
with ammonia
7 (sE) As above Simultaneous feeding of the two 8
solutions and ammonia at a pH =
7; and evaporation
8 (aE) As above Simultaneous feeding of solutions 8

and then neutralization and
evaporation

Fi16. 1. X-Rays Debyegramme for catalyst nr 1E.
Fig. 2. X-Rays Debyegramme for catalyst nr 2 aR.
Fie. 3. X-Rays Debyegramme for catalyst nr 3 aE.
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Fig. 4. Spectrum of catalyst nr 4: 1—before
treatment with ammonia water; 2—after treatment.
with ammonia water.

not show lines of the y-phase and those of
MoOs;. (Samples 5, 7, and 8.)

The above observations induced us to
carry out, in the subsequent part of our
work, more detailed investigations on the
influence of the pH. In these experiments
we used only an aqueous solution of am-
monium molybdate and H,PO,, as well as,
a 1N HNO, solution of bismuth nitrate.
These compounds were simultaneously fed
to the reaction medium, this operation being
accompanied by an active agitation.

In the case of catalysts containing 70%
of Al;0;, the above-mentioned solutions
were simultaneously fed into the aqueous
suspension of finely powdered carrier. The
required pH values were obtained by feed-
ing a corresponding quantity of a 5% am-
monia solution immediately after the mix-
ing of solutions of bismuth and molybdenum
salts.

Some of the investigated catalysts were
prepared with simultaneous addition of am-
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monia. This assured the maintenance of a
constant pH value during precipitation
(catalysts designated by the symbol “s”).
The experimental results of these series of
investigations, together with those obtained
from the ammoxidation tests of propylene,
carried out in presence of these catalysts
are summarized in Table 2.

It results from the above compilation
that in the case of catalysts having the
empirical formula: Bi;;Mo0,,PO,, when
obtained in an acid medium, a small
quantity of the a-phase is present besides
the B-phase. The intensity of lines of the
a-phase decreases with increasing pH, and
they are not found at a pH = 7.

The figures obtained for acrylonitrile
synthesis with catalysts prepared within
the range of investigated pH values, are
very similar, which indicates that the in-
significant content of other phases in the
B-phase has no considerable effect on the
ammoxidation process.

The highest conversion of propylene, with
simultaneous high selectivity in relation to
acrylonitrile, has been obtained in a pH
range from 5 to 7.

To prevent the formation of the a-phase
having a higher molybdenum content than
the B-phase, the subsequent catalysts were
made with a higher atomiec ratio of Bi/Mo.

According to our presumption, this has
led to a disappearance of the a-phase, even
in the case of samples prepared in an acid
medium (pH = 2 and 3).

This effect has been obtained as well by
increasing the Bi content to a quantity
corresponding to the formulas Bi,;sMo,,PO,
and Bi,,Mo,PO, as by replacing a part of
bismuth with magnesium, which binds the
excess of molybdenum in form of the com-
pound MgO - MoO..

All systems discussed above show a high
activity for the acrylonitrile synthesis. This
makes it possible to obtain a conversion of
propylene above 90%.

A higher magnesium content (the catalyst
BigMg,Mo,,PO,) leads just to the formation
of the y-phase. In the latter case, a decrease
of propylene conversion by about 20%
takes place.
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TABLE 2
INFLUENCE OF pH oN THE PROPERTIES OF CATALYSTS

Specific Surface
of Catalyst

Conver- Selectiv-
Precipr Without  With sion of ity to
No. of tation Phase carrier  carrier propyl- acryloni-
catalyst Total formula pH composition (m?/g) (m?/g) ene (%) trile (%)
1a-F 1 B8 + a Traces 1.92 0.90 84.2 83.5
2 a-F 2 B + « Traces 1.99 0.82 88.5 77.7
3 aF Bi;2Mo2PO, 2 8 + a Traces 3.08 — 86.5 82.2
4 a-F 3 8 + « Traces 1.82 0.78 83.8 83.5
5a-F 5 B8 + « Traces 2.10 1.00 88.7 83.5
6 a-E 7 8 5.40 1.67 89.3 80.0
7 a-F 2 8 2.27 1.24 93.7 78.6
8 s-F 3 8 3.70 — — —
9 a-F Bi;sMoi:PO, 3 8 3.00 — — ——
10 a-F 5 B — — 91.7 79.7
11 a-F 7e 8 4.10 — 90.8 80.1
12 a-F 2 8 3.50 1.28 87.0 84.0
13 s-F BiisMo0:2PO., 2 8 4.20 - — —
14 a-F 7 8 5.90 1.69 92.3 82.4
15 a-E BiyMg;Mop, PO, 7 8 + MgO-MoQ; 3.50 — 87.3 78.3
16 a-F Biyo,eMg: PO, Moy, 70 8 + MgO-MoO; — — 91.5 75.6
17 a-E BigMgsMo,,PO, 7 v+ MgO-MoQ;  4.80 — 73.4 75.1
a Catalyst filtrated at pH = 3 and neutralized with ammonia.
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