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Abstract

DTA and XRD methods were applied in studies on phase equilibria established in the sys-
tem VMo 0,4~ AIVMoO, up to 1000°C over the whole component concentration range. The
results were presented in the form of a phase diagram.
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Introduction

VeMogO4o and V;:0s—MoO; system, in which the compound exists, are an at-
tractive subject of studies, mainly due to the industrially important catalytic
properties of the oxides, V,0s and MoQj, and of the phases formed in the system
of interest {1--4]. Mixtures composed of V,0s and MoOs are effective catalysts
of many reactions, for example oxidation of benzene to maleic anhydride, selec-
tive reduction of NOy, and isomerization and hydrogenation of alkenes [5-7).
The mixtures VoMosOae/solid solutions of MoOsin V205 [8], that is, the phases
occurring in the system V,0s—MoO; are also used as catalysts for the selective
oxidation of benzene [9]. It is known that addition of other oxides, such as Al,O;,
can affect the activity, selectivity and stability of a catalyst. Quite often, a carrier
for oxide contact catalysts V,0s/MoOs3, is Al,Os. It is also known that a mixture
of solid Al,03, V505 and MoQj; forms a compound, AIVMoO7 [10, 11]. This com-
pound can also be prepared by a reaction taking place in the solid state between
MoO; and A1V, — a compound existing in the Al,O+—V,0;5 system [10, 11].

In order to elucidate the catalytic process occurring on the surface of contact
catalysts it is necessary to get reliable and comprehensive information. Such in-
formation can be acquired from the phase equilibrium diagram describing any
given catalyst. Thus it seemed important to find how VsMosO4 and AIVMoO;
— the compounds present in the systems of catalytic oxides — would behave to-
wards each other over the whole range of component concentratlons and tem-
peratures up to 1000°C. '

1418-2874/99/ 8 5.00 Akadémiai Kiado, Budapest
© 1999 Akadémiai Kiadd, Budapest Kluwer Academic Publishers, Dordrecht



244 KURZAWA, DABROWSKA: PHASE EQUILIBRTA

Structurally, the VsMosQOso phase belongs to a homologous series MyOsn
(M=YV and/or Mo), MaOg being obtainable when n=3 [12—-15]. In this general for-
mula, the molar proportions of vanadium and molybdenum change from
(Vo.sMog s):0x at S00°C to (VosMog4):0s at 600°C [12]. In the phase, 1/9 of the
vanadium atoms are present as V* ions [8, 9, 12-15]. The VoMogQ4g crystallizes
in monoclinic system of the spatial group C2, the parameters of its unit cell be-
ing: a=1.93611(7) nm, b=0.36250(1) nm, ¢=0.41215(2) nm, B=90.617(3)" [15].
VsMosQ4o melts congruently: according to Bielanski [9] —at 635°C, Munch and
Pierron [8] —at 650°C, and Jarman [13] found it melting at 677°C. We have stated
that the melting temperature of VoMoeQOug 18 640°C.

AlVMoQO; crystallizes in the orthorhombic system, the parameters of its unit
cell are as follows: @=0.53812(1) nm, b=0.81788(1) nm, ¢=1.27488(2) nm [11].
The compound melts incongruently at 690+10°C, depositing two phases:
AlL(MoOy); and Al,O4[10, 11, 16].

Experimental

The following oxides were employed in the experiments: V,0s and amor-
phous Al;O: — analytically pure commercial products of POCh (Gliwice, Po-
land) and MeO; obtained by thermal decompesition of (NH4)sMo;024-4HzO at
150-450°C in air. VoMogQOuo and AIVMoO; were also used in the studies. The
VsMosO.o phase was prepared by the co-precipitation method described by Jar-
man [12], consisting in the precipitation of the phase precursor by mixing suit-
able amounts of saturated solutions of (NH4)sM07074-4H,0 and NH,VO;, gentle
evaporation of the liquid, drying of the precipitate at 110°C to constant weight
and then calcination at 600°C in three 6-hour cycles. AIVMoQ5, in turn, was ob-
tained by heating an Al,0:/V;0s/MoO; mixture at a molar ratio of 1:1:2 for 72 h
at 550°C and then for 48 h at 600°C. Diffraction patterns of the so obtained
VoMosO4p and AIVMoO, were consistent with the data contained in the P.D.F.
charts [17] and with those given in [8, 11, 13].

Two series of samples were prepared: a basic series consisting of 18 samples
composed of oxides and a verifying one (5 samples) including phases building
the system under study, that is, VoMogOqo and AIVMoO-.

The oxides were weighed in suitable proportions, carefully homogenized by
grinding and then shaped into pastilles. The pastilles were placed in porcelain
crucibles and heated in ambient air under conditions ensuring establishment of
equilibrium, that is, at 550°C for 72 h, then at 570°C in two 48 h cycles and finally
at 590°C for 48 h. The conditions were established via additional experiments
made with three oxide samples, the initial mixtures of which contained 25.0;
50.0; and 75.0 mol% of AIVMoO, respectively. Information about the equilib-
rium state was acquired by verifying the contents of the samples by X-ray phase
diffraction made after successive stages of heating. When identical results were
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obtained after at least two consecutive heating stages, the equilibrium state was
considered to be established and the heating was terminated. The heating tem-
perature was determined based on DTA results.

Afterwards, all the samples of the basic series after the final heating cycle still
in the furnace were cooled slowly in about 12 h to ambient temperature. The sam-
ples (in the form of pellets) so prepared were triturated and examined by DTA
and X-ray methods to determine their composition.

In order to ascertain that the types of solid phases occurring in the subsolidus
area of the system under study were correct, several selected samples of the basic
series a new shaped into pastilles and five mixtures ViMogOup/AIVMoO; con-
taining respectively 15.0; 30.0; 50.0; 70.0 and 85.0 mol% of AIVMoO; were
heated additionally for 24 h at 600°C, viz. at a temperature lower by around 15°C
than the temperature of the solidus line. The samples were then quenched to am-
bient temperature, triturated and examined by XRD for the types of solid phases
contained in the samples. In this way, the types of the solid phases occurring in
the subsolidus area of the system of interest were determined. In turn, the types
of solid phases being in equilibrium with liquid in the high-temperature field of
the phase diagram were determined based on the XRD analysis made for some
selected samples additionally heated for 2—-3 h at chosen temperatures within the
range 620-820°C and then quenched to ambient temperature,

The phases occurring in the samples were identified based on the results of
XRD analysis {X-ray diffractometer DRON-3, radiation CoK,, filter Fe) and on
the data compiled in PDF charts [17] and the information available in publica-
tions [8, 11, 13]. "

DTA was made using a derivatograph of the Paulik-Paulik-Erdey type (MOM
Budapest), in quartz crucibles, in air at 20-1000°C and a heating rate of
10°C min~'. The weight of each sample was 1000 mg. The measurements were
made in quartz crucibles.

Results and discussion

The Fig. 1 shows a diagram of phase equilibria being established in the sys-
tem VoMog(Quo—AlVMoQ; over the whole component concentration range and
within that of temperatures up to 850°C.

The diagram was constructed on the basis of DTA curves and the XRD results
obtained for all the samples being in a state of equilibrium. The solidus line tem-
perature was determined based on the onset temperature of the first effect noted
in the DTA curves of the measured samples. The liquidus curves were deter-
mined by reading the peak temperatures of the effects noted in the DTA curves
and considered as final. The solid/liquid coexistence ranges were established on
the basis of DTA results obtained for the equilibrium samples. The types of the
phases were, in turn, specified depending on the XRD results obtained for the
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Fig. 1 Phase diagram of the V ;Mo O,,—~AIVMoO, system

samples frozen at suitable temperatures. The compositions of the samples and
the ‘freezing’ temperatures were marked in the Fig. 1.

It can be inferred from the phase diagram presented that the components of
the system VeMogO4—AlVMo0QO; remain in equilibrium up to the solidus line
temperature. Whenever the title system contains 45 mol% of ¥9MoO4 and
55 mol% of AIVMoO5, there occurs an eutectic melting at 615+10°C. Above the
eutectic temperature, the components are in equilibrium with a liquid. Above
650°C, in the appropriate phase diagram areas, the solid phases also remain in
equilibrium with a liquid, the presence of which was not stated in the subsolidus
area, that is, Al;(Mo0Q,); and Al,Q,. The phases appear in the system due to the
incongruent melting of AIVMoO,.

AIVMOO",I(S) — AIQ(M004)3(S)+ A1203(5) + liquid (1)

However, in some circumstances, the experimental results were not sufficient
in number and realiable enough to permit an exact delimitation of all the fields in
which the solid phases would be in equilibrium with the liquid. Accordingly, the
temperature range for the fields: AIVMoO+liquid and AIVMoO;q+
Al:{MoOy4)a+Hliguid have been established partially based on the XRD analysis
of the samples heated in addition at temperatures higher than the solidus tem-
perature, and then quenched to ambient temperature.
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