
Thermochimica Acta, 92 (1985) 575-578 
Elsevier Science Publishers B.V., Amsterdam 

COMPARATIVE STUDY OF THE MeV206-MoO 2-Liz0 PHASE DIAGRAMS 

Jacek Ziolkcwski and Krzysztof Mocala 

Institute of Catalysis and Surface Chemistry 

Polish Academy of Sciences, Krakow, Poland 

ABSTRACT 

Comparative study involves the following subsystems of MeO- 

Li20-V205-MoC3: MnV206-Mo05, MnV206-LiVMo06-Mo02, CoV2C6-MoO2; 

ZnV206-Moo3 and ZnV206-LiVMoO -MOO . Solid solutions Me @ V 
l-x x 2-2x 

M0~~06 or Me ,_x_y@xLiyV2_2,_yM~2x+yC: (@ - cation vacancy at Me 

site) are located in these subsystems. Phase diagrams are determined 

with DTA and X-ray phase analysis. Some of them (Mn-containing) are 

natural subdiagrams of T-MeO-Li20-V2C5-Moo3 (up to 760°C), the 

others represent only arbitrary subsystems. 

EXPERIMENTAL 

This study is based partly upon published (1 - 4) ( MnV206-~:o03~ 

MnV206-LiVMoO6-MoO2, CoV206-Moo3 systems) and partly upon nonpub- 

lished data (ZnV 0 2 6-Moo 2, ZnV206 -LiVMoO6-Mo03). DTA curves were 

recorded with SETARAM M5 microanalyzer, in air, at a heating rate of 

10°/min; Al202 preheated at 1500°C and Brasilian quartz were used as 

references. X-ray diffraction patterns were obtained with DRON-2 

diffractometer using CuKti or CrKo( radiation and an internal standard 

of Al. Magnetic susceptit,ility measurements and EPR were also used to 

verify the formulas of the studied solid solutions. Detail experimental pro- 

cedure including preparation of samples and a brief summary of the lite- 

rature data are given in the quoted papers ( 1 - 4). 

RESULTS AND CONCLUSIONS 

A number of bivalent metal vanadates MeV206 (Me = Mn, Co, Zn, 

Cu, Cd, Mg) crystallizes in the brannerite type structure. In this struc- 

ture VO6 octahedra, sharing three edges, form anionic sheets. parallel to 

the (001) plane, and Me 
2+ 

lore, binding these sheets together, at-e lo- 

cated in octahedral interlayer positions (5, 6 j. Doping with Moo3 results 

in formation of the solid solutions Me 

Me = Mn, Co, Zn), in which Mo6+ 

1_x@xV2_2xMo2xC6 (M@@ype. 

. ions are substituted at random for 

V5+ ions I and charge compensation is accomplished by ceration of an 

equivalent number of cationic vacancies 0, statistically distributed 
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Fig. 1 

Upper row: Division of the MeO-V205-M003 systems into the natural 

subsystems (fields which have not been studied in detail 

are marked with question mark). 

Middle row: T-IL:eV 0 
2 6-M003 

slices of the T-iVle0-V205-Ivio03 diagrams. 

Lower row: Subsolidus of the MeV206-LiVMo06-I’$003 subsystems of the 

MeO-Li20-V205-Moo3 system. 

V = solid solution of Moo3 in V205, Z = V21Wo08, CV = CoV,_,O6, 

CM = CoMoOq, ZM = ZniVloO 4, L = liquid, X = 100x, Y = 100 y. 
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Fig. 2 

Unit cell volume vs composition for iVlr@, Co@, Zn@ (a) and for lVlnLi@ 

and ZnLi@, along the MeV206-LiVMoO6 arms of the MeV206-LiVlVioO6- 

iVio03 triangles (b). 

among the bivalent metal sites. An alternative way of charge compensa- 

tion consists in incorporation of Li+ ions into the Me sites: Me Q l-x-y x 

Li V 
y 2-2x-y 

MO 
2x+y” 6 

(MnLi&ype, Me = Mn, Zn). The abovementioned 

Meg and MeLi@ solid solutions belong to the ternary MeO-V206-Moo3 

or quaternary IVieO-Li20-V206-Moo3 systems, respectively. However, 

due to the stoichiometric limitations: 

Me 1_x@xV2_2xMo2x06 = ( l-x) MeV206 + 2xMo03 

Me l_x_y@xLiyV2_2x_yMo2x+y06 = ( l-x-y) MeV206 + yLiVMoO6 + 2xMoOj 

the composition of IVIe@ and MeLi@ falls in fact within the pseudobinary 

MeV206-Moo3 or pseudoternary MeV206-LiVMoO 6-Moo3 subsystems. 

To define the range of stability of Me@ and MeLi@ solid solutions in the 

T-x-y coordinates the phase diagrams of the abovementioned systems 

have been determined using DTA and X-ray phase analysis. The selec- 

ted results are shown in Fig.1. 

In spite of high chemical analogies of the studied systems the 

determined phase diagrams are strongly differentiated in their shape. 

T-iVinV206-Moo3 and T-MnV206-LiVMo06-k’ioO6 diagrams have been 

found to be the natural subdiagrams of the respective ternary or quater- 

nary systems up to 760 - 785OC. This means in particular, that in the 

subsolidus range two regions may be distinguished, in vhich either Me@ 



- 578 - 

and MeQ?at + Moo3 or MeLi@ and MeLi$sat + Moo3 are stable, respec- 

tively (saturated solutions are distinguished with index “s.aP). Only 

above 760 - 785OC, due to the incongruent melting of MnV206, 
Mn2V207 

and liquid appear in the system, the composition of which cannot be 

expressed on the chosen subdiagram scale. as the respective tie lines 

pierce the plane or the space of the subdiagrams. This is not so for 

T-C oV206-Moo3 and T-ZnV206-Moo3 subdiagrams, where above xsat 

three ranges may be distinguished, in which MeGsat + MeMoO + Vs,, 

MeMoO + Vsat + Z and MeMoO + Z + Moo3 coexist (V = solid so- 

lution of Moo3 in V 0 2 5, Z = V2Mo08), proving that we deal with arbi- 

trary slices in the whole studied temperature range. Consequently 

ZnV206-LiVMo06-Moo3 is a complicated arbitrary subsystem of ZnO- 

Li20-V205-MoO3. The following fields have been identified in it’s sub- 

solidus: ZnLi@, ZnLiGsat + Mo03, ZnLiGsat + Moo3 + Z, ZnLiQsat + 

Moo3 + Z + ZM, ZnLiQsat + Vsat + ZM, ZnLiGsat + Vsat + ZM + Z 

(ZM = ZnMoO4). 

Both, the location of the lines representing the composition of 

the MnLiqsat and ZnLiGsat solutions (Fig.& lower row) and the chan- 

ges of the unit cell volume with composition for the solutions lyirig 

alcng the MeV206-L,iVMo06 arms of the MeV206-LiVMo06-Moo3 trian- 

gles (Fig.2b) prove that MnLi@ is the perfect (or nearly) solid solu- 

tion, while ZnLi@ shows marked negative deviations from the Raoult’s 

(or Vegard’s) law. Little negative deviations are also seen for Mn@, 

Co@ and Zn@ solid solutions (Fig.~2a). 
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