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SUBSOLIDUS AREA OF THE AIVOa-AI2(1~IoO4)3 S Y S T E M  
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Abstract 

The behaviour of A12(MoO4)~ towards AIVO4 in the subsolidus area, over the whole compo- 
nent concentration range, has been studied using the DTA and XRD methods. The experimental 
results have been presented in the form of a phase diagram. It has been found that components 
of the system of interest do not remain in equilibrium, and A1VO4-A12(MoO4)3 system is not a 
real two-component system, even in the subsolidus area. 
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Introduction 

Aluminium orthovanadate and aluminium molybdate, and the systems in 
which the compounds exist, viz. AI~O3-V2Os and AI203-MoO3, have been 
subjects of comprehensive studies for many years, mainly on account of their 
interesting catalytic properties [1-3]. Accordingly, we thought it would be well 
to investigate whether A12(MoO4)3 and AIVO4 would react with each other in 
the solid state and, what kind of phases could coexist in the equilibrium state in 
the AIVO4-AI2(MoO4)3 system in the whole concentration range. 

Survey of publications has shown that the structure and the basic properties 
of components of the system are known. AIVO4 was described in details in a 
publication covering AIVO4-MoO3 system, the work being presented at this 
Conference as well [4]. 

Aluminium molybdate forms two polymorphic modifications: a monoclinic 
form stable below the phase transformation temperature and an orthorhombic 
form occurring at temperatures higher than the temperature of transformation 
[5-10]. Basing on the results obtained from differential scanning calorimetry 
(DSC) and those from the conductivity measurement, Forzatti and his associ- 
ates showed that transformation of aluminium molybdate took place at about 
200~ and the thermal effect was 1.3 J/g [3]. The structure of both polymorphs 
was recognized. The monoclinic modification belongs to a spatial group P21/a 
[5, 7, 9, 10] whereas the orthorhombic modification - to Pnca [7, 8]. 
AI2(MoO4)3 melts congruently at 940~ [61. 

0368--4466/95/$ 4. O0 

�9 1995 Akad~miai Kiad6, Budapest 
John Wiley & Sons, Limited 

Chichester 



1044 KUR7_,AWA, DABROWSKA: PHASE EQUILIBRIA 

Experimental 

The following reagents were used for the experiments: A1203, p.a. - a com- 
mercial amorphous product, (POCh Gliwice, Poland); V205, p.a., (POCh Gli- 
wice, Poland) and MoO3 which was prepared by thermal decomposition of 
(NH4)6Mo70~.4H20 at 150-450~ For the experiments were also used AIVO4 
and AI2(MoO4)3 prepared by calcination of oxide mixtures. Accordingly AIVO4 
was prepared by calcination of an equimolar mixture of A1203 and V205 at 
600~ for 48 h and then at 650~ for 72 h. AI2(MoO4)3 was prepared by heating 
a mixture of A1203 with MOO3, at a molar ratio of 1:3, at 550~ for 24 h, then 
at 650~ for 48 h and finally at 700~ for 24 h. 

DTA was made using a derivatograph of a Paulik-Paulik-Erdey type (MOM 
Budapest). The samples, in quartz crucibles, were heated in air from 20 to 
1000~ at a heating rate of 10 deg.min -t. The weight of each sample examined 
was 1000 mg. 

The phase composition of preparations was determined by X-ray diffraction 
(diffractometer DRON-3, CoKe) using the data listed in the ASTM cards [11] 
and those included in publications [12, 13]. 

Two series of samples were prepared for experiments: a basic series com- 
prising 23 samples was prepared from oxides, the other to be a verification se- 
ries was prepared from phases building the system under study, viz. from 
AIVO4 and AI2(MoO4)3. The reagents in weighed proportions were ground, 
shaped into pastilles and then heated in air under conditions ensuring estab- 
lishment of the equilibrium state. The conditions were fixed through introduc- 
tory experiments which consisted in heating the samples at 550~ for 72 h, then 
at 600~ for 48 h, and finally at 620~ for 48 h. After the final heating cycle, 
all the samples were ground, analyzed by the DTA method and examined for 
their phase composition. Afterwards, the preparations of the basic series were 
shaped into pastilles again, additionally heated at 620~ for 48 h, then rapidly 
cooled to ambient temperature, ground and examined for their phase composi- 
tion. In this way, there were found the kinds of the resultant phases and the 
range of their coexistence in the subsolidus area. 

Results and discussion 

The Table 1 shows the composition of initial mixtures and the results of 
XRD analysis for both the basic and verifying series of the preparations ob- 
tained. By the XRD analysis, all the samples of the basic series contain, beside 
other phases, a metastable modification of aluminium oxide, ~'-A1203. The pres- 
ence of )'-A1203 in samples of this series can be accounted, for by the use of an 
amorphic aluminium oxide, as one of the reagents. It is known from the litera- 
ture that transformation of amorphic aluminium oxide into ~,-modification takes 

J. Thermal Anal., 45, 1995 



K U R Z A W A ,  D ~ B R O W S K A :  PHASE EQUILIBRIA 1045 

o 

}< 

r~ 

o 

o 

o 

r 

0 

< 

o 
cq 

A- ~ < < 

0 0 0 0 
0 0 

~ > ;> > > 
�9 < < < < < 

e 

<5 ~D 

o o  
W30~ 

"~" O0 

o ~ o  
c5 

r ("4 r  I ' -  

J. Thermal Anal . ,  45, 1995 



1046 KURZAWA, D~BROWSKA: PHASE EQUILIBRIA 

place at 400-700~ whilst the transformation of )'-A1203 into thermodynami- 
cally stable form of aluminium oxide, tz-AI203, needs a long-term heating at 
above 1000~ [ 14]. Consequently, a quantitative transformation of y-AI203 into 
ct-AI203 was unfeasible under the conditions of preparation of samples. The fi- 
nal conclusion about formation of ~x-AI203 in the system studied has been 
reached by investigation of phase composition of the verifying samples which 
were made of AIVO4 and AI2(MoO4)3 and heated in conditions similar to those 
applied to the samples of the basic series. XRD analysis has supported the oc- 
currence of, apart from other phases, a thermodynamically stable modification 
of aluminium oxide, cz-Al203 (Table 1). Thus, it is the or-modification of alu- 
minium oxide, but y-AI203, which is the phase being formed in the system stud- 
ied. 

The data of the Table 1 imply that the components of AIVO4-AI2(MoO4)3 
system do not remain in equilibrium with each other. X-ray diffraction patterns 
of the preparations whose initial mixtures contained from 5.0 to 22.5 mol % of 
AI2(MoO4)3 has shown that they are a mixture of three phases: AIVO4, 
AIVMoO7 and A1203. Absence of aluminium molybdate in these preparations 
indicates that AI2(MoO4)3 with contents of up to 25.0 mol% reacts with A1VO4 
to completion giving A1203 and A1VMoO7 - the compound whose existence in 
the three-component system, AI203-V2Os-MoO3, has been ascertained recently 
[12]. The fact is indicative of a reaction taking place in AIVO4-AI2(MoO4)3 sys- 
tem in the solid state: 

3AIVO4t~) + A12(MoO4)3<,) = 3A1V MoO7~) + A1203<,) (1) 

Both the phase composition of the preparation corresponding to the AI2(MoO4)3 
content of 25.0 mol % in its initial mixture, the preparation being obtained from 
oxides, and the phase composition of a preparation obtained from a reaction of 
the mixture of AIVO4 with A12(MoO4)3, at the 3:1 molar ratio, prove that reac- 
tion (1) runs to completion. 

In the other preparations, viz. in those comprising over 25.0 mol% of 
AI2(MoO4)3 in their initial mixtures, in the system occurs, beside AIVMoO7 and 
A1203, a stable phase, AI2(MoO4)3. It means that within that component con- 
centration range reaction (1) keeps running yet it is A12(MoO4)3 that is in ex- 
cess. And also in that component concentration range, A12(MoO4)3 remains in 
equilibrium with AIVMoO7 and A1203. 

The Fig. 1 shows a phase diagram of AIVO4-A12(Mo04)3 system in the sub- 
solidus area, constructed on the basis of the DTA curves and X-ray diffraction 
patterns of 23 preparations being in the equilibrium state. The solidus line tem- 
peratures have been determined basing on the first effect onset temperatures re- 
corded on the DTA curves of the preparations under study. It follows from the 
Fig. 1 that AIVO4-AI2(MoO4)3 system in the subsolidus area is not a real two- 
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component system over the whole component concentration range. The fact can 
be supported by presence of fields in that area, in which three phases remain in 
equilibrium, the fields being AIVO4c,)+AIVMoOTc,)+cz-AI203~) and 
AIVMoO7~,)+AI2(MoO4)3~,)+tx-AI203c,). Hence the diagram shown in the 
Fig. 1 de facto displays phase equilibria being established in the subsolidus area 
of the intersection of the three-component AI203-V2Os-MoO3 system. 

References 

1 C. J. Machiels, U. Chowdhry, W. T. A. Harrison and A. W. Sleight, ACS Symp. Ser. Solid 
State Chem. Catal., 279 (1985) 103. 

2 0 .  S. Owen and H. H. Kung, J. Molecular Catal., 79 (1993) 265. 
3 P. Forzatti, C. M. Marl and P. Villa, Mat. Res. Bull., 22 (1987) 1593. 
4 M. Kurzawa and G. D~browska, J .Thermal Anal., 45 (1995) 1049. 
5 K. Nassau, H. J. Levinstein and G. M. Loiaeono, J. Phys. Chem. Sol., 26 (1965) 1805. 
6 L. M. Plasova and L. M. Kefeli, lzv. Akad. Nauk SSSR, Neorg. Mater.i 3 (1967) 906. 
7 A. W. Sleight and L. H. Brixner, J. Solid State Chem., 7 (1973) 172. 
8 V. K. Trunov, V. V. Lucenko and L. M. Kovba, lzv. Vyssh. Ueheb. Zav. SSSR, Khim. Khim. 

Tekh., 4 (1967) 375. 
9 L. Plasova, R. F. Klevcova, S. V. Borisov and L. M. Kefeli, Kristalog., 12 (1967) 939. 

10 L. M. Plasova, R. F. Kleveova, S. N. Borisov and L. M. Kefeli, Kristalog., 13 (1968) 38. 
11 Joint Committee of Powder Diffraction File: 9-0387, 10-173, 13-373, 16-394, 23-764, 

31-O034, 35-0609, 39-0276. 
12 J. Walczak and P. Tabero, J. Thermal Anal., 36 (1990) 2173. 
13 O. Yamaguchi, T. Uegaki, Y. Miyata and K. Shimizu, J. Am. Ceram. Sot., 70 (1987) C-198. 
14 S. J. Wdson and J. D. C. McConnell, J. Solid State Chem., 34 (1980) 315. 

Zusammenfassung ~ Mittels DTA und Rtntgenmethoden wurde das Verhalten von AI2(MoO4)3 
gegen/iber A1VO4 im Bereich unterhalb der Soliduskurve im gesamten Konzentrationsbereich 
untersucht. Die experimentellen Ergebnisse wurden in einer Art Phasendiagramm dargestellt. 
Man fand, dag die Komponenten des untersuchten Systemes nicht im Gleichgewicht verbleiben 
und dab das System AIVO4-AI2(MoO4)3 gerade im Bereieh unter Soliduskurve kein echtes 
Zweikomponentensystem ist. 
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