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The thermal stability of MnMo0O4-MoO3 catalysts for methanol oxidation has been
studied. Formation of eutectic composition of 33 wt.% MnMoO4 and 67 wt% MoO3 and a
melting point of 969-973K was observed. An attempt has been made to plot a state diagram
of the MnMoO4-MoO3 system.

The thermal stabilities of the Mn-Mo-O and commercial Fe-Mo-O catalysts have been
compared. It has been concluded that manganese(II) molybdate catalysts are stable up to
973 K and are of a definite interest in view of their application in practice.

The most widely used catalysts for selective oxidation of methanol to for-
maldehyde represent mixtures of ferrimolybdate and molybdenum trioxide
which are sometimes promoted by various additives [1, 2]. Their main disad-
vantage is the short lifetime [8-18 months]. The rapid deactivation of iron-
molybdenum catalysts is mainly due to [3-5]

(1) partial reduction of the active component Fe2(Mo0O4)3 to FeMoOs,
and

(2) an increase in resistance of the reactor because of condensation of
the molybdenum trioxide coming from the "hot spot" to the lower catalyst
layers.

For these reasons, new active and high-selectivity catalysts for methanol
oxidation characterized by a longer lifetime should be looked for. Promising
results in this respect were obtained in studies of MnMoOg4-based oxide
catalysts. Our investigations on the manganese(II) molybdate-molybdenum
trioxide system showed the samples with a molybdenum/manganese ratio of
1.1 - 1.5 to be not inferior to industrial catalysts with respect to their
catalytic properties. However, there are no investigations published on the
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thermal stability of this system. In the present paper we try to fill this gap by
presenting some results on these promising catalysts for mild oxidation of
methanol.

Experimental

Catalyst samples with various MoO3 contents were prepared in two ways
reported earlier: (i) by thermal decomposition of a mixture of ammonium
paramolybdate and manganese nitrate [6] and (ii) by precipitation from
aqueous solutions of the same salts [7].

The thermal studies were performed with a derivatograph within a
temperature range of 293-1273 K. The phase composition was determined
with a DRON-1 apparatus using CoK, radiation and by atomic absorption
and chemical analyses for Mn, Mo, and Fe.

Results and discussion

The results from the derivatographic studies of a precipitated sample
with a Mo/Mn atomic ratio of 1.2 are presented in Fig. 1. The DTA curve is
characterized by two endothermal peaks at 573 K and 969 K and an exother-
mal effect at about 673 K. The first endothermal effect is accompanied by a
decrease in weight of the sample and it can be ascribed to the removal of the
water of crystallization. The immediately following exothermal effect can be
attributed to the transition of the system to a crystalline state. The second
endothermal effect at 969 K is of special interest. It can be associated
neither with the melting of MoO3 nor with the decomposition of man-
ganese(11) molybdate which is stable at this temperature. A satisfactory ex-
planation of the effect observed can only be the assumption that MnMoO4
and MoO3 form eutectic mixture with a melting point of about 969 K. This
assumption is supported by the fact that a microscope observation of the
sample reveals partial melting.

The TG curve in Fig. 1 shows that at temperatures above 973 K the
sample weight decreases. The X-ray and chemical analyses indicated this to
be due to a loss of MoQO3. After prolonged heating of the sample at 1173 K,
only pure MnMoOj4 was found in the residue.

Ziolkovski and Courtine [8] investigated the solid-phase interaction be-
tween Mn203 and MoO3 and established a substantial decrease of the melt-
ing point of MoO3 under the effect of the MnMoO4 obtained. They are of
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Fig. 1 DTA and TG curves of a precipitated sample with a Mo/Mn atomic ratio of 1.2

the opinion that this is due to the formation of eutectic composition of 33
wt.% MnMoQO4 and 67 wt.% MoO3 with a melting point of 928 K, i.e. con-
siderably lower than the endothermal effect observed by us at 969 K.

To elucidate the reasons for the differences observed, we investigated a
large number of samples with different ratios of the two components. Prior
to the thermal analyses, the mixtures of MnMoQO4 and MoO3 were
homogenized and calcined for 4h at 773 K. The results from derivatographic
analyses are presented in Fig. 2a. The DTA curve of pure MnMoO4 exhibits
no thermal effects. No change in sample weight is indicated either, which
confirms the absence of changes over the temperature interval investigated.
In the case of MoOj3 there is an endothermal effect at 1073 K due to the
melting of the sample at this temperature. Samples richer in MnMoO4 show
only one endothermal effect within the temperature range of 969-973 K. The
signal intensity increases with the MoO3 content and reaches a maximum
with a sample consisting of 31% MnMoOg4 and 68% MoQs3. The further in-
crease of the amount of MoOs3 is associated with the appearance of a second
endothermal effect in the DTA curves as a result of the melting of MoO3 not
participating in the eutectic compound. The intensity and temperature of
the second signal increases with the MoO3 content (Fig. 2b). The rise of
temperature above 973 K with compositions close to the eutectic is accom-
panied by intense evaporation and an abrupt drop in weight down to 60-65%
at 1273 K. This does not allow to obtain correct data on the diagram of state
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to the left of the eutectic composition where a melt of Lz and solid
MnMoQy4 are present.
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Fig. 2 a) DTA curves of MnMoOj4 and different MnMoO4-MoO3 samples
b) State diagram of the MnMoO4-MoO3 system: B - eutecticum, Ly - melt, containing
excess of MoOj3 with respect to E, L2 - melt, containing excess of MnMoO4 with respect
to B

The small difference between our eutectic composition and that obtained
by Ziolkovski and Courtine [8] can be explained in two ways: the MnMoO4
obtained by precipitation usually contains 1-3% MoO3 depending on the
conditions of precipitation [7], which can lead to an error in the calcula-
tions; the fast increase of temperature (15°/min in ref. [8]) can produce a
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change in sample composition at temperatures close to the melting point of
the eutectic composition due to the evaporation of small amounts of molyb-
denum trioxide. The pronounced difference between the melting points of
the eutectic mixtures is more difficult to explain. To obtain more reliable
results, we studied several samples with eutectic composition at slowly (5
deg/min) increasing/decreasing temperatures near the melting point. A sig-
nal at 971+ 2 K was observed in all cases.
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Fig. 3 DTA, DTG and TG curves of a commercial Fe-Mo-O catalyst a) and MnMoO4-MoO3
catalyst, containing 20 wt.% MoQ3 b)
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As was pointed out, one of the main reasons for the deactivation of in-
dustrial catalysts is that MoQj3 evolves from the "hot spot" and deposits in
the lower catalyst layers. It is interesting to determine the temperature
range of exhaustion of Mn-Mo-O catalysts and to compare it with that for
industrial iron-molybdenum samples. Figure 3 presents the results of ther-
mal investigations of an industrial (upper part of the figure) and a Mn-Mo-
O catalyst with 20 wt.% MoQ3 (Lower part of the figure). The DTA curve of
the industrial sample is characterized by two endothermal effects at 1042
and 1268 K, which is in agreement with results published by other authors
[9]. The TG curve shows that MoO3 evolves gradually. The first step con-
cerns excess MoQ3, and the second, that included in Fez(MoOg4)3. This is
confirmed by the presence of two distinct minima in the DTG curve.

The DTA curve of the ManMoO4 and MoO3 - containing sample shows
only one endothermal effect at 969 K due to the above reasons. From the TG
curve it is obvious that in this case again the evolution of MoQ3 begins at
about 973 K. However, the lack of a minimum in the DTG curve indicates
that the rate of MoO3 evolution is in this case significantly lower. This is
confirmed by the dependence of the weight change on the calcination time
of the same catalysts at 973 K (Fig. 4).
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Fig. 4 Dependence of the weight change of the Fe-Mo-O and Mn-Mo-O catalysts on the
calcination time at 700°C

The results obtained by derivatographic analyses on the thermal stability
of Mn-Mo-O catalysts were confirmed by X-ray studies and chemical
analyses. Figure 5 shows X-ray patterns of precipitated catalyst with
Mo/Mn = 1.2, calcined at different temperatures. It is evident that the inten-
sity of the reflections characteristic of MoQO3 increases at temperatures up
to 973 K due to a higher degree of crystallinity of the compound. After that
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the signal intensities noticeably decrease due to its evolution at higher
temperatures. The chemical analyses show that up to 973 K the Mo/Mn ratio
remains constant and then begins to decrease.
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Fig. § X-ray diffraction patterns of a precipitated catalyst (Mo/Mn = 1.2), calcined at different

temperatures

The investigations on the thermal stability of the system MnMoQO4-MoO3
lead to some conclusions on the possibility of preparation of active and
highly-selective catalysts for methanol oxidation which would have a longer
lifetime than that of the catalysts used at present. As was already pointed
out, the main reasons for the deactivation of industrial iron-molybdenum
catalysts are the change in their chemical composition and the condensation
of MoOs. The active component of Mn-Mo-O catalysts is MnMoOQ4 [7],
which is a stable compound showing no substantial changes under the condi-
tions of the process. The evolution of MoO3 begins at the same temperature
as with industrial catalysts, but proceeds at a lower rate. This allows assum-
ing that the Mn-Mo-O catalysts proposed by us are of a definite interest in
view of their application in practice.

J. Thermal Anal, 36, 1990



1368 IVANOYV et al.. THERMAL STABILITY

References

1 1. F. Walker, Formaldehyde, Reinhold, New York 1964.

2 B. 1. Popov, L. L. Sedova, G. N. Kustova, L. M. Plyasova, Yu. V. Maksimov, and A. I. Matveey,
React. Kinet. Catal. Lett., 5 (1976) 43.

3 N. Burriesi, F. Garvassi, M. Petrera, G. Petrini, N. Pernicone, Catalyst Deactivation, B. Delmon, G.
Froment eds., Elsevier, 1980, p. 115.

4 M. Carbucicchio and F. Trifiro, J. Cat, 45 (1976) 77.

5 P. Jiru, B. Wichterlova and J. Tichy, Proc. 3rd Int. Congr. Catalys1s,l Amsterdam, 1965, p. 199.

6 T. S. Popov, K. 1. Ivanov, P. A, Litcheva and D. Georgiev, Proc. VI" Int. Symp. Heterog. Catal., Part
1, Sofia, 1987, p. 388.

7 K Ivanov, T. Popov, P. Litcheva, D. Klissurski, Commun. Dep. Chem. Bulg. Acad. Sci.,, 21 (1988)
615.

8 L. Ziolkowski et P. Courtine, Ann. Chim., 8 (1973) 303.

9 G. K. Boreskov, G. D. Kolovertnov, L. M. Kefeli, L. M. Plyasova, L. G. Karakchiev, V. N. Mastihin,
B. L. Popov, V. A. Dsisko, D. V. Tarasova, Kinet. Katal., VII, (1966) 144

Zusammenfassung — Es wurde die thermische Stabilitit von MnMo0O4-MoOs3-
Katalysatoren fiir die Methanoloxidation untersucht. Es wurde die Bildung eines Eutektikum
mit der Zusammensetzung von 33m% MnMoO4 und 67m% MoOs3 und dem Schmelzpunkt
von 969-973 K beobachtet sowie versucht, daB Zustandsdiagramm fiir das MnMo0O4-MoO3-
System zu erstellen.

Weiterhin wurde die thermische Stabilitit von Mn-Mo-O-Katalysatoren mit der von
handelsiiblichen Fe-Mo-O-Katalysatoren verglichen. Es wurde festgestellt, daB Mangan(1I)-
molybdatkatalysatoren bis zu 973 K hitzebestidndig und im Hinblick auf ihre praktische An-
wendung von eindeutig groSer Bedeutung sind.
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