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ABSTRACT 

The reaction of Moo3 with Cr2V4013 - the second phase, beside 

CrV04, existing in the Cr203 -V 0 system was studied by OTA and 2 5 

X-ray powder diffraction. It has been found that Moo3 reacts with 

Cr2V4013 to form, in the first place, a solid solution. The MO 6+ 

ions are incorporated in the Cr2V4013 lattice, replacing 

V5+ ions, and this substitution gives rise to excessive positive 

charges whose compensation leads to the reduction of Cr 3+ 

to cr 2+ or V 5+ to v4+. 

INTRODUCTION 

Very little innovation is found in the’ literaturk on the tree-c~ponent 

system containing V205 and Moo3 as the primary components and a 

third .oxide, Cr203 - a transition oxide with the oxidation number 

three, as a secondary tomponent. Besides, studies on the V205- 

Crp03 system has appeared to be incomplete since in this system, 

in addition to CrVC14 (l-81, exists another compound - Cr2V4013 

(9). Contrary to CrV04 - a compound rather well known, the 

structure and properties of 
ci2v4013 are practically un- 

known. O.Olivier obtained Cr2V4013 only by co-precipitation and 

he found-it to be stable up to 566%[10>. 

investigating the V205-Cr203 system we obtained Cr2V4013 & 

two methods, that is, by the reaction between Cr2b3 and V205 in 

the solid phase and by co-precipitation (11). Figure la shows the 

OTA curve of a prsductobtain&d in a case in which the initial composition 

corresponded to Cr2V40,3 , which, when heated to 635’6, appeared to be monopbase, 
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Fig. 1. The DJA curves of’ Cr2V4g13 (a) and Cr2v40ij(a sI containing * 
15.38% mol of Noa3 (b). 

as shown by X-ray powder diffraction. A small endothermic 

effect initiated at 645oC proves melting of an eutectic mixture of 

V205 and CrV04, that is, the decomposition of cr2v4u13. 

frbm the study of threa-component system of Cr203-V205-MoOj it 

seemed useful to study the behaviour of Cr2V4013 in the presence 

of MO+. The results from thatstudy ace presented in this work, 

V205 (commercial product of p.a. grade) and Moo3 and Cr203 

obtained by thermal decomposition of (NH4)6M~7024* 4H20 and 

(NH&r207, respectively, were used, Differential Thermal Analy- 

sis <OfA) of all the praparations wes made up to iOOOoC by use 

of a derivatograph ~~gM Budapestf. The phase composition of the 

preparations was established by X-ray powder diffraction (Oron-3, 

coKc(>. 

The studies were commenced by preparing from the oxides a mix- 

ture with composition equal to 90,DO % mol of Cr2V4R13 and lO.#OX 

mol of. WOQ>. ..T%e+ mCxtutc,e was ground and pastilled and was heated 
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under conditions which resulted in the synthesis of Cr2V4013, i.e., 

400-500°C (24 h) - 635’C (3 hx 4). 

X-ray powder diffraction of the preparation obtained showed that 

it consisted of Cr2V4013 and “1205 but it did not contain Mo03.Conse- 

WeotTY it wa? concluded that Me3 fork a sopid solution with Cr2V4013, 

and that Mo6+ ’ ions were incorporatel.into the Cr2V4013 lattice, in the 

place of the V5+ ions. 

Substitution of the Mo6+ ions for the V5+ ions in the Cr2V4013 

lattice involved existence of excessive charges whose compensation 

was possible through: 

- formation of cationic vacancies ($ > in the Cr3+ sublattice with 

a concurrent removal of an equivalent number of the Cr 3+ ions 

from the Cr2V4013 lattice. A solid solution corresponding with 

such a model is given by the formula: 

Cr2-#xV4-3xMo3*013 (model I) 

- formation of cationic vacancies in the V5+ sublattice, the for- 

mula of the solid solution can be written: 

Cr2V4-6x@ xM05*O13 (model II> 

- reduction of the Cr 3+ ions to Cr2+: 

Cr~“xCr~+V4_xMoxO13 (model III A ) 

- reduction of the V 5+ ion5 to V 4c : 

5+ 4+ 
Cr2V4-2xVx M”x013 (model III 6 1 

The composition of the initial composition for the models IIIA and 

IIIB results from the expression: 

cr2v4-xMoxo(13+~). 

Further investigations aimed at finding which of the theoretically 

possible models of the solid solution was formed. 

These investigations depended on the synthesis of preparations 

corresponding with each of the presented models. And so, for each 

of the three models two mixtures were prepared from the oxides with an 
initial composition which leads to a final product containing 

10.00 and 15.00 % mol of Mo03, respectively. The ground and pa- 

stilled mixtures were roasted in air under the following conditions: 

4oo”c - 500°C (24 h) - 6OO’C (24 h) - 62O’C (9 h) - 635’C (9 hx3). 
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Table 1 

X-ray powder diffraction of products suitable for determinations of 
the model of a solid solution 

Model 

1 

I 

II 

I~et~~“~nE~~~~n~i~~,~~~) Phases detected 

2 3 

10.00 Cr2V4013(s.s); 
15.00 “2’5 

10.00 Cr2V4013(s.s); 
15.00 CrVO4 .- traces 

10.00 
III 15.00 Cr2V4013(s.s) 

X-ray powder diffraction of the samples after the last roasting 

cycle (Tab. 1.) showed that the products consistent with models I 

and II were composed of two phases and, beside the solid solution, they 

contained V205 (model I) and CrV04 (model II) as well. On the other hand, prepa- 

rations with compositions described with model III were monophase 

and contained only a solid solution of Moo3 in Cr2V4013. In order 

to establish the existence range for the solid solution seven 

samples from oxides with compositions consistent with model III 

and with increasing Moo3 content were prepared. All the samfiles 

were prepared and heated in the same way as were the preparations 

which veryfied the model of the solid solution. OTA and X-ray pow- 

der diffraction were made after each of the roasting cycles and the 

mass and colour changes of the products were measured. 

RESULTS AN0 OISCUSSION 

X-ray powder diffraction (Tab. 2.) showed no presence of Moo3 

in any of the products. Diffraction patterns showed no 

lines characteristic of Cr203 or V205. Products containing 

up to 15.38% mol of Moo3 in their initial mixtures were monophase 

on the last roasting cycle and contained Cr2V4013(s.s.) Only* 
But it was found that the sample with 17.65% mol of Mo03, in addition 

to Cr2V4013(s.s.)’ contained CrVMo07 after the last roasting cyc- 

1.e. This phase was found in the Cr203-V205-MOO3 system during our 

earlier studies (12). It melts incongruently at 84OOC. 

Three endothermic effects were recorded in the DTA curves of 

monophase products which contained in their initSai composition up to 15.38% 
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Table 2. 

X-ray powder diffraction of products containingthe solid solution 

synthesis (model III> 

3.45 

7.14 

9.09 

11.11 

13.21 

15.38 

17.65 

Phases detected 

3 

Cr2V4013(s.s) 

Cr2V4013-(s s) . 

Cr2V4013(s.s) 

Cr2V4013(s.s) 

Cr2V4013(s.s) 

Cr2V4013(s.s) 

Cr2V4013(s.s); 
CrVMoO, 

Note 

4 

The diffraction 

line shift in- 

creasing with a 

decrease in the 

contents of MOO3 

in a sample. 

mol of Mo03. These effects are similar to those which are detected 

in the OTA curve of the pure Cr2V40,S (Fig. lb). 

The first effect is most likely a melting effect of the eutec- 

tic mixture of CrV04 and V205(s sJ involved in the initiated de- . 
composition of Cr2V4013(s.sJ. However such an interpretation 

should be supported by additional investigations. The second 

effect recorded in the OTA curves of all the products cor- 

responds to the incongruent melting of an undecomposedCr2V4013(s so 
. , 

and the third effect for the monophase products is a thermal 

effect caused by melting of CrV04 which is a permanent product 

of the Cr2V4013 melting. The initial temperature of the third 

effect inthe OTA curve for the two-phase was decreased most likely 

due to the appearance of another phase, i.e., CrVMoO, in addition to 

Cr2V4013(s.s)’ 

CONCLUSIONS 

The experimental results lead to the following conclusions: 

Cr2V4013 reacts with Moo3 to form, first of all, a solid solution 

The solubility of Mo4at ambient temperature cannot be’ above 

17.65 % mol of Mo03. It is only on reaching maximum solubility 

by Moo3 in Cr2V4013 when the components react to give 

phase. It has been found that the Mo6+ 

the CrVMo07 

ions are incorporated into 
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the Cr2V4013 lattice in the place of V5+ and a model for the solid 

solution has been established. The experimental results presented 

in this work do not al'lows a conclusion as to what kind of ions occurring 

in the matrix lattice undergoes reduction. 
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