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The phase diagram of the ternary COO-V205-Moo3 system and in particular its T-CoV206-MOO, 
slice have been determined with DTA and X-ray phase analysis. CoV206 crystallizes in two modihca- 
tions: a low-temperature y-form of unknown structure and a high-temperature a-form of brannerite- 
type structure. The transition temperature is 660~665°C. The y  * (Y transformations are very slow and 
the cr-polymorph may be easily frozen. On doping with Moor, a solid solution is formed that is 
described by the formula CO,-,&V~-~MO~O~. Above x = 0.02 the a-type structure is stabilized. The 
x, equals 0.22 at the eutectic temperature of 620°C and 0.20 at room temperature. Other features of 
the phase diagram, including its division into the natural subdiagrams and three ternary eutectics, are 
described in detail. X-Ray data are listed for oCoV206 and for the solid solution having x = 0.20. On 
doping with MOOR the monoclinic lattice dilates primarily in the direction of the b-axis. o 1985 Academic 

Press, Inc. 

Introduction tions Mo6+ ions are substituted at random 
for V5+ ions and charge compensation is 

In the present series of investigations (I- accomplished either by an equivalent num- 
5) we have focused our attention on the ber of cationic vacancies 4 at bivalent metal 
solid solutions of MOOS in the matrices of sites, by partial reduction of the bivalent 
metal vanadates AVzOs crystallizing in the met& or by replacing it with a Lil+ ion; 
brannerite-type structure, Fig. 1 (I, 6, 7). A2+, AL+, Lil+, and 4 being distributed 
Previously we have found solid solutions statistically in positions A. On the other 
described by the formulas: Mni-x&V2-Lr hand, Galy and Darriet (8, 9) have shown 
Mob06 (0 5 x 5 0.45) (1, 2, 4); th t 
Mn~-,-,~~Li,V2-~-yMo~+yo6 (0 4 x 

a position A in the brannerite-type ma- 

5 0.45; 0 I y 5 1) (5); cu:+-,-,~Xcu;+ 
trix may be entirely filled up with typically 
monovalent cations (LVMo06) and that an 

V2-&-yMok+y06 (0 % X 5 0.23; 0 5 J’ 5 increase of the Mo6+/VS+ ratio results in a 
0.27) (3); and we have mentioned that solu- 
tions analogous to Mni-x&V2-tiM0~06 are 

deficiency of monovalent cation (L,-,+,v,-, 
Mo,+,06, L = Li, 0 5 x I 0.16; L = Na, 

also formed in the COV~O~MOO~ and o 5 x 5 0.30; L = K, 0.18 5 X 5 0.24; L = 
ZnV206-MOO3 systems (I). In these solu- Ag, 0 I X I 0.12). 

We believe that collecting a number of 
* To whom all correspondence should be addressed. data concerning the multicomponent oxide 
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(al (b) 
FIG. 1. Idealized outline of the brannerite-type AV206 structure (after (6)). (a) A sheet of V06 

octahedra parallel to (001) plane; (b) projection of the structure on the UC plane with marked A cations 
at two different levels. 

solid solutions of the oxysalt-type matrix 
will bring us closer to understanding the 
laws governing their formation. Moreover, 
the studied solutions exhibit some interest- 
ing catalytic properties including the effect 
of catalytic anisotropy (20-13). Therefore, 
in the present paper our studies are ex- 
tended onto the COO-VzO~-Mo03 system 
comprising CO~-~&V~-~MO~O~ solid solu- 
tion, which will be labeled throughout the 
paper as Co&X (X = 100x) or briefly as 
Co+ if the indication of composition is not 
necessary. The composition of Cor#~ may be 
expressed as CO~+#J~V~-~MOZ~O~ or (1 - 
x)CoV206 + 2xMo03 which indicates that 
this solution is localized along the CoV206- 
Moo3 section of the COO-V205-MoOJ dia- 
gram. 

According to literature data CoV206 
crystallizes in two modifications: a y-form 
of an unknown structure, but of a known X- 
ray pattern (14) and an a-form of branner- 
ite-type structure (15) with the transition 
temperature of 662°C (16). In this paper we 

shall provide some further information in 
this respect. It will be shown that y and CY 
are the low-temperature and high-tempera- 
ture polymorphs, respectively, but doping 
with Moo3 stabilizes the brannerite-type 
modification. 

Experimental 

The way of preparing Co4 solid solutions 
has been elaborated empirically with the 
method of trials. Weighed quantities of 
CoCO3 * nHz0, (NH&Mo,O~~ * 4H20 and 
“active” V205 (freshly precipitated from an 
aqueous solution of NH4V03 with HN03, 
dried at 120°C for 20 hr and annealed at 
500°C for 20 hr) were ground and preheated 
in quartz tubes at 615°C for 15 min to re- 
move the volatiles. After grinding they 
were calcined as shown in Table I. X-Ray 
analysis showed the formation of pure 
CoV206 or Co+ solid solutions for samples 
of X < 20. The samples of higher content of 
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TABLE I 

EXPERIMENTAL CONDITIONS FOR PREPARATION OF 
SAMPLES ALONG CoV206-Moo3 SECTION (STARTING 

MATERIALS: CoC03 . nH20, (NH&Mo,O~~ .4H20, 
“Active” V205) 

CalCiMtiOtl 
x conditions Phase composition 

0 

0 
0.002 
0.005 
0.01 I 
0.02 
0.04 
0.06 
0.08 
0.10 
0.12 
0.14 
0.16 
0.18 
0.20 
0.22 
0.24 
0.26 
0.28 
0.30 
0.33 
0.36 
0.40 
0.46 
0.50 

0.54 

0.60 
0.64 
0.70 
0.80 
0.92 

72OW45 hr and 
quenching 

6OO”WO hr 

62OW20 hr+ 
64OYXO hr 

T  
T  
T  
T  
T  
T  
T  
T  
T  
T  
T  
T  
T  
T  

i 
T  

s1 
Sl 
Sl 

St 

S2 
SZ 
& 
s2 
& 

U-CO+ 
a~,.#, + traces of a,h-CoMoO4, VM 
a-Co+ + a,b-CoMo04 + VM 
a-Co+ + a&CoMoOr + VM 
a-co+ + a,t-CoMoO, + VM 
wCos$ + a,b-CoMoOa + VM 
a-Co$ + a,b-CoMo04 + VM 
a-Co+ + a,b-CoMoOn + VM 
a-Co+ + a,b-CoMo04 + VM 
a,b-CoMo04 + VM + traces of VzMoOs 
a,b-CoMo04 + VM + V*MoOs 
a,b-CoMoO, + VlMoOs + traces of VM 

and MOO, 
a,b-CoMoO~ + VzMoOs + traces of 

MOO, 
a,b-CoMoO, + VzMoOs + Moo3 
a,b-CoMoOd + V$oOs + MoOx 
a,b-CoMoOd + VzMoOs + MoOj 
a,b-CoMoO, + VzMoOs + MoO3 
a,b-CoMoO, + VzMoOs + MoO3 

Note. VM = V:?yV$+M@O~ solid solution; T  = 61OW45 hr; Q = 
Mixture of CoMo04 and VzOs (1 : 1) heated at 630°C for 20 br and slowly 
(1,5”C/hr) cooled to 570°C; S, = Stepwise calcination 55OT/30 br + 
57OW75 hr + &WU72 hr + 605W44 hr; Sz = Stepwise c&in&m 
57OW45 hr + 58OW72 hr + 6OOW70 hr. 

Moo3 and lying along the CoV206-Moo3 
section exhibited the presence of a- 

CoMo04, b-CoMo04, V2MoOS, Mo03, 
and a solid solution of Moo3 in V205 (la- 
beled as VM) which is believe to be de- 
scribed by the formula V:?2,,V$+Mo,6+05 
(17) (Table I). To be sure that the last-men- 
tioned multiphase preparations had already 
reached the equilibrium state they were an- 

nealed again at the respective temperatures 
for some scores of hours but no change in 
their phase composition was observed with 
the exception of the ratio between a- and b- 
CoMo04. As it is known the transition 
temperature between a low-temperature 
b-CoMo04 and a high-temperature a-Co 
Moo4 is about 410°C (18-20), but the a 
+ b transformation is hindered at lower 
temperatures and depends on the intensity 
of grinding and other biographical factors 
(21-24). A number of preparations of com- 
position lying outside the CoV206-Moo3 
section (marked in Fig. 3) were prepared by 
mixing the same starting materials as indi- 
cated above or CoMo04 + V205, CoMo04 
+ a-Co+20, and CoMo04 + a-CoV~0a 
then heating these mixtures for 100 hr just 
below the solidus (570-730°C) as deter- 
mined with DTA. CoMo04 was synthesized 
as described in (22). 

The X-ray diffraction patterns were ob- 
tained with a DRON-2 diffractometer using 
Cr radiation and an internal standard of Al 
a = 4.0492 A at 25°C. Phase identification 
was based upon published patterns (14, 25, 
26). V205 and VA4 were distinguished by a 
shift of the (400) and (110) lines, consistent 
with the changes in lattice parameters re- 
ported in (17). Our X-ray pattern of (Y- 
COVZO~ differed to some extent from that 
published by Sauerbrei (15). We have there- 
fore redetermined its lattice parameters, 
and we have determined those for Co+ 
solid solutions, at room temperature, using 
12-18 reflections of 28 2 59” and applying 
the least-squares method (cf. Tables II and 
III and Fig. 2). 

Elemental analysis (Pye-Unicam FP 90 
spectrometer), DTA (SETARAM M5 mi- 
croanalyzer, lO”/min, Pt crucibles, samples 
of 12.5 mg) and the treatment of DTA 
curves were performed in the same way as 
was described in the previous paper (5). 

EPR spectra were recorded in an X-band 
at room temperature using an EPR spec- 
trometer of Wroclaw Polytechnic. 
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Results and Discussion 

(Z) Phase Transformations of CoV206 and 
of Co+ Solid Solutions 

The low-temperature y-CoV206 may be 
obtained by annealing the stoichiometric 
mixture of CoC03 . nH20 and “active” 
&OS at 600°C for 40 hr, while the high-tem- 
perature brannerite-type a-CoV206 may be 
synthesized by heating an analogous mix- 
ture at 720°C for 45 hr followed by air 
quenching to room temperature. Phase 
transformation is very slow and no DTA 
peak was observed. y-CoV206 transforms 
entirely to a-CoVzOe after heating at 730°C 
for a few hours, while at 700°C even after 
100 hr only a partial y --, (Y transformation 
was observed. Total (Y * y transition re- 
quires heating the a-form at 660°C for 20 hr. 

A number of samples of (Y- and y-forms 
were submitted to prolonged heating at 
660-700°C quenching, and X-ray phase 
analysis. On this basis the transition tem- 
perature was found to be between 660 and 
665°C which agrees excellently with Clark 
and Pick’s result (16) they, however, did 
not indicate which is the high temperature, 
and which is the low temperature poly- 
morph. 

All samples of Co4 solid solutions of 2 < 
X < 20 exhibited the a-type structure and 
no phase transformation was observed ei- 
ther on cooling or on heating with various 
temperature programs. Co+ samples of X 
equal to 0.2, 0.5, and 1 contained the CY- 
phase more or less “contaminated” with 
the y-phase, the latter disappearing on heat- 
ing at 730°C. Co+2 after prolonged anneal- 
ing at 350°C and air quenching conserved 
the a-type structure. The same preparation 
when slowly cooled down (1.5’Yhr) from 
350°C to room temperature with annealing 
for 20 hr each 5O”C, contained a trace of the 
-y-form. These results enable us to conclude 
that doping with Moo3 stabilizes the bran- 
nerite-type structure of Co+ solid solu- 
tions. It is only below X = 3 that we find an 

area of coexistence of y-CoV206 and (Y- 
Co+ However, it cannot be excluded that 
this area is in fact composed of two sub- 
areas: y-Co4 (including y-Co+0 = 
CoV206) and y-Co+ + (Y-CO+. 

(ZZ) Verification of the Co+ Formula 

The formula CO~-~I$~VZ-~~MO~~O~ has 
been verified on the basis of elemental anal- 
ysis, X-ray phase analysis, and EPR spec 
tra. The elemental analysis of samples with 
2 < X < 20, performed after the final ther- 
mal treatment has shown a stoichiometry 
corresponding to the assumed Co4 for- 
mula, within the error of the analytical 
method (1%). X-Ray phase analysis of 
these samples has shown that they contain 
solely the a-type phase with some reflec- 
tions (especially those of k # 0) being more 
and more shifted along the series which 
proves that solid solutions were formed 
(see the next paragraph). Let us remark 
that in principle, charge compensation 
could be accomplished in other ways, e.g. ; 
CO*+V:?~XV!‘MO,“‘O, or Co2+V$?,Mo:+06, 
but these hypothetical formulations do not 
have the correct stoichiometry. If these hy- 
pothetical solutions were formed, part of 
the material should remain as excess 
phases which should be easily detected 
with X-ray phase analysis (cf. an analogous 
discussion in (5)). 

Let us note, moreover, that without a 
change in composition Co4 solid solutions 
could exhibit a valence isomerism: Co:?, 
Co~+V:+,V~+06 (for Co+0) and Co:!,-, 
Co~+&V$?ti-,,V~+Mo~,+Os (for Co+X). 
Of the three paramagnetic ions, V4+ (d’) 
is known to give the EPR signal at g = 1.96 
(17) while Co3+ (d6) is a non-Kramers-type 
ion and Co2+ (d’) in octahedron gives no 
EPR signal at room temperature due to long 
relaxation time. Our EPR experiments have 
shown that neither CoV206 nor a-Co+ solu- 
tions exhibit an EPR spectrum. This ex- 
cludes the above-mentioned valence isom- 
erism. A signal of the shape and position 
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corresponding to that reported by Robb et 
al. (17) and observed for samples of 20 < x 
< 40 may be ascribed to V4+ in the VM 
solid solution which was detected in the X- 
ray analysis of the samples. 

(ZZZ) X-Ray Studies of a-CoV206 
and a-Co4 

Our X-ray pattern for (Y-COV~O~, as well 
as that of a-Co+20, are given in Table II. In 

TABLE II 

X-RAY POWDERDATAFOR (Y-COV~O~ AND(Y-Co+-20 

COV206 Coo.~o~o.zoV,.~Moo.~O~ 

hkl dabs dd 1 dabs da, Z hkl 

6.13 6.12 m 001 
201 4.35 4.36 4.39 4.38 m 2oi 
200 4.30 4.30 “ii 4.31 4.30 m 200 
110 3.243 3.245 s 3.290 3.290 s 110 
202: 3.101 3.100 s 3.109 3.108 s 202 
002 3.074 3.076 VW 3.090 3.090 m iii 
iii 3.052 3.051 S 3.064 3.062 VW 002 
201 3.037 3.037 vs 3.025 3.024 vs 201 
111 2.718 2.718 s 2.738 2.738 s 111 

2.423 2.422 VW 115 
40i 2.312 2.312 VW 2.330 2.329 m 31i 
317 2.308 2.308 m 2.322 2.320 m 40i 
310 2.219 2.219 m 2.232 2.233 w 310 
402 2.179 2.179 w 2.190 2.190 m 402 
202 2.154 2.154 m 1.151 2.150 w 400 
400 2.151 2.150 m 2.142 2.142 m 202 
312 2.110 2.107 VW 2.125 2.125 w 312 
112 2.094 2.092 VW 2.096 2.096 VW 112 
003 2.050 2.050 s 2.042 2.041 m 003 
311 1.919 1.919 m 1.923 1.924 m 311 
403 1.867 1.867 m 1.874 1.874 m 403 
113 1.853 1.854 m 1.859 1.859 m 115 
020 1.752 1.752 m 1.780 1.780 m 020 
204 1.654 1.654 w 1.652 1.652 w 204 
113 1.634 1.634 m 1.632 1.633 m 113 
203 1.632 1.632 m 
51i 1.630 1.630 VW 
312 1.596 1.596 w 1.595 1.595 m 312 
510 1.544 1.544 VW 1.549 1.549 w 510 
222 1.525 1.525 w 1.543 1.545 w 222 
022 1.523 1.522 VW 1.534 1.534 w 221 
402 1.519 1.519 s 1.531 1.531 w 004 
221 1.517 1.518 m 1.512 1.512 m 402 
513 1.494 1.494 w 1.504 1.504 m 515 
314 1.476 1.476 w 1.481 1.482 w 31;j 
600 1.433 1.433 s 1.433 1.433 m 600 

TABLE III 

CELLPARAMETERS FOR(Y-COV~O~ANDCI-CO+~O 

a-CoV~06 
Sauerbrei (15) 

a HI 9.18 
b [Al 3.55 

Present work 

9.251(2) 

or-co+20 
Present work 

9.284(3) 

f- [Al 
3.504(l) 3.561(2) 

6.64 6.618(2) 6.61 l(2) 
P [deal 111.08 
c sin p [A] 

111.64(l) 112.12(2) 
6.20 

v [‘@I 
6.152(2) 

201.9 199.39 

y Estimated standard deviation. 

6.124(2) 
202.44 

Table III the lattice parameters of these two 
samples are listed and compared with those 
determined by Sauerbrei (15). It has been 
observed that the grains of a-CoVz06 and 
a-Co+ orient easily. Therefore we were not 
able to obtain quantitatively reproducible 
intensity data even when using a special 
technique of preparing an unoriented sam- 
ple (I) which was successful with Mn-con- 
taining brannerite-type phases. 

Lattice parameters for other Co4 sam- 
ples of the range 2 < X < 20 are presented 
in Fig. 2. As can be seen the increase of X 
in Co+X from 0 to 20 results in a linear 
increase of a, b, and V by Aa = 0.36%, Ab 
= 1.57% and AV = 1.45%. The other parame- 
ters change in a monotonic but nonlinear 
manner; AC = -0.12%, AC sin p = -0.44%, 
A/3 = 0.43%. The changes of a, b, and V 
can be easily explained taking into account 
the crystal structure of the brannerite type 
(Fig. 1) and an analogous discussion per- 
formed in (1, 3, 5). Formation of Co+X so- 
lutions results in substituting the larger 
Mo6+ ion for the smaller V5+ (the ionic radii 
are 0.59 and 0.54 A, respectively (27, 28)). 
This should primarily give rise to an in- 
crease in b, the direction of the tight pack- 
ing (see (5) where the interatomic distances 
are listed) and should result in a smaller 
lattice expansion along the a axis where the 
structure is more loosely packed. The less 
important and negative changes of c and c 
sin p are the resultant of two opposite ef- 
fects consisting in an increase of thickness 
of (VO& layers (due to doping with MOOR) 
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deg 
1122 

Cl00 0.08 0.16 R2L a00 0.08 0.1 6 0.21 

I I I 
QOO 006 ) 0.1 6 a24 0.00 oas 0.1 6 rl2L 

x in Cyex k$ V2~2xMo2,~6 

FIG. 2. Cell parameters and cell volume vs x in the CO,-~&V~-~MO~O~ solid solution. 

and a decrease of the distance between 
these layers produced by the appearance of 
cation vacancies. 

(IV) Phase Diagram 

The solid solution Co+ = CO~-~&VZ-~~ 
Mok06 belongs to the condensed, ter- 
nary COO-V205-Moo3 system. Its stability 
range is thus contained in the T-CoO- 
V20s-Moo3 phase diagram. The composi- 
tion of Co+ solution may also be expressed 
as (1 - x)CoVz06 + 2x Moo3 which clearly 

indicates that the stability range of Co+ 
must fall in T-CoV206-MoO~ slice. An 
analogous situation occurred for Mn$ = 
Mnl-x$~V2-2xMo2rOS (I) where X,,, was 
found to be 45. Samples of 45 < X < 100 
were found to be mixtures of Moo3 and sat- 
urated Mn+45. This proves that the T- 
MnV206-Moo3 slice is the natural binary 
subdiagram of the ternary T-MnO-VZOS- 
Moo3 diagram (5) (except above 760°C). X- 
Ray phase analysis (Table I) indicates that 
this is not the case with T-CoV206-Moo3 
and T-COO-V205-Moo3 diagrams. Along 
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CoV206-Moo3 and above X,,,,,, three 
ranges may be distinguished: Co+X,,,, + 
CoMo04 + VM, CoMo04 + VA4 + 
VzMoOs, and CoMo04 + VzMoOs + Moo3 
coexist in the subsolidus range. This al- 
lowed us to recognize the way of dividing 
the T-COO-V205-MOOD diagram into the 
natural subdiagrams as shown in Fig. 3. 
Three other subareas Co+ + CoMo04, 
C~4-x,ax + VM, and COI#J + V205 were 
identified from X-ray analysis. 

Namely, as we have indicated in the In- 
troduction and in paragraph (III), the com- 
position of Co+ (including pure CoV206) 
and VM (including VZOS) may be easily rec- 
ognized from the shift of the X-ray reflec- 
tions. The area CoV206-CoMoOd-Co0 is 
not discussed in this paper in detail. 

In view of the above remarks it is clear 
that T-CoV206-MOOS is an arbitrary slice 
of T-COO-Vz05-Mo03. The composition 

of the phases coexisting along the CoV206- 
Moo3 section cannot be expressed on this 
composition scale as the respective tie-lines 
pierce the plane T-COVZO~-MOO~ . It is im- 
possible to understand the equilibria along 
CoV206-Moo3 without some knowledge of 
the T-COO-V205-Mo03 phase diagram. 
The structures of the last-mentioned ter- 
nary diagram and its T-COVZO~-MOO~ 
slice (Figs. 3-6) were thus determined by 
using our own X-ray and DTA results and 
literature data concerning T-COO-Moo3 , 
T-COO-V205, and T-V205-MoOj external 
walls. In cases of controversy in the litera- 
ture data we have verified the key points 
(e.g., eutectic temperatures) and we have 
chosen the diagrams which are most con- 
sistent with our results. 

The T-COO-Moo3 phase diagram has 
been determined by Yanushkevitch et al. 
(20). There is one compound in this system, 

FIG. 3. Subsolidus portion of the phase diagram of the ternary COO-V205-MoOj system divided into 
natural subdiagrams. Co+ = CO~-~&V~-~MO~O~, VM = V:?,V:+Mo,6+0, ; the lines along which these 
two solutions exist are dashed. The open points represent the composition of the studied samples. 
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A 

FIG. 4. Liquidus of the COO-V~O~-MOO~ system with marked: all binary compounds, their crystalli- 
zation fields, binary (E2) and ternary (Es) eutectic and peritectic (P) points. Subsolidus (cf. Fig. 3) is 
recalled with pointed lines. The lines along which the Co4 and VM solid solution exist are dashed. 
Capital letters mark the characteristic points to be compared with Fig. 5. The open points represent the 
composition of the studied samples. 

CoMo04 (congruent m.p. 1 lSO”C), and two 
binary eutectics, (7% COO, 93% Mo03, 
740°C) and (72% COO, 28% Mo03, 1170°C) 
(all percentages in mole%). In view of our 
experiments the earlier data by Lipsch and 
Shuit (29) seem to be less accurate. 

The T-COO-V205 phase diagram has 
been determined by Brisi ef al. (14, 29), 
partly reexamined by Clark and Pick (16) 
and verified in the present paper. There are 
three incongruently melting compounds in 
the system with peritectic points indicated 
in parentheses: CoV206 (34% COO, 66% 
VzO5, 74O=‘C), CozVzO7 (48% COO, 52% 
vzo-j, 83O"C), CO~V~Ofj (70% coo, 30% 
V205, above 1030°C). Moreover, there is 
one binary eutectic (25% COO, 75% &OS, 
647°C). 

The T-VZOS-Moo3 diagram has been the 
subject of numerous studies (30-34) and it 
seems to be the most controversial one. Ac- 
cording to our data, its most probable shape 
is the following: one congruently melting 
compound V2MoOs (m.p. 630°C) which 
may form a solid solution with an excess of 
MOOR (26), two eutectics (40% V205, 60% 
Mo03, 6Oo”C), (53% V205, 47% Mo03, 
628°C) and a solid solution of MoOj in a 
V20s matrix with the solubility of about 
25% Moo3 at 628°C. 

Basing on the DTA of the samples 
marked in Figs. 3 and 4, we have found that 
there are three ternary eutectics in the 
COO-VzOs-Moo3 system. These are: E: 
(18% COO, 54% VzOs, 28% Moos, 62O”C), 
E: (14% COO, 40% V205, 46% Mo03, 
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coo 

,’ 
/ 

,j$ ‘1, 
\ 

FIG. 5. An outline of liquidus of the COO-VzOs- 
Moo3 phase diagram. 

T  k: 

860 

820 

780 

740 

700 

660 
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56C 

SSO=‘C), E; (12% COO, 34% V205, 54% 
Mo03, 600°C). The error of composition is 
estimated to be 2-3% of each component. 
On this basis the liquidus part of the T- 
COO-V205-MoOj diagram with indicated 
crystallization fields of Mo03, VzMoOs, 
VM, CoMoOd, CPCO~, Co~V20, , COJVZO~, 
and Co0 has been constructed as shown in 
Figs. 4 and 5. 

Selected samples of the V205-Mo03- 
CoMo04-CoV206 field were partly melted 
at temperatures just above solidus (deter- 
mined with DTA), slowly cooled (1 ,Y/hr) to 
about 20°C below solidus and submitted to 
the X-ray phase analysis. The expected 
composition was always confirmed. 

Figure 6 shows the shape of the T- 
CoV206-Mo03 slice consistent with Figs, 3 
and 4. Solidus is determined here by three 
horizontal lines corresponding to the three 
ternary eutectics Es at 6OO”C, E% at 580°C 

liquid 

/’ 

820 

520 

0.1 02 03 OC 0.5 0.6 0.7 0.9 0.9 

X in Co I-xd%-ZY%X% 

FIG. 6. The T-CoV206-Moo3 slice of the T-COO-V,05-Moo3 phase diagram. Capital letters mark 
the characteristic points to be compared with Fig. 4. 
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E: at 620°C and by a line climbing from (X 
= 22, 620°C) to (X = 0, 74O”C), above 
which a-Co+ begins to melt. Liquidus is 
determined by the respective sections 
through the crystallization surfaces of 
Mo03, CoMo04, a-Co+, and Co2VZ07. For 
easy comparison of Figs. 4 and 6 some 
characteristic points are marked with capi- 
tal letters. All points and lines between li- 
quidus and solidus in Fig. 6 are based on 
DTA, and an ascription of the fields to the 
coexistence of the respective phases is the 
logical consequence of the ternary dia- 
grams presented in Figs. 3 and 4. The sub- 
solidus range below X = 3 has already been 
discussed in paragraph (I). X,,, of Co+X is 
equal to 22 at the eutectic temperature of 
620°C. 
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