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The phase diagram of the Bi&-MoOa system was studied by X-ray diffraction and differ- 
ential thermal analysis, in particular in the range Bi/Mo = 2/l - 2/3 of interest for catalysis. 
X-Ray diffraction identified the following eight compounds: 7BiZ03.MoOs, 3BirOa.MoOa, 
low and high temperature forms of 3Biz03.2Mo03, koechlinite, and high temperature forms 
of Bi203.Mo03, Biz03.2Mo03, and Biz03.3M00~. The low temperature form of 3Biz03.2M00a 
is a new modification of the Bi/Mo = 3 compound, while 7Biz03.MoOz corresponds to that 
reported hitherto as -lOBi~03*MoO~, and others are identical to those found before. 
Biz03.3Mo03 forms eutectics with MoOa at 615°C and with Biz03.2Mo03 at 640°C. BieOt 
*2MoOa is generated by the peritectic reaction of the liquid phase and the high temperature 
phase of Bit03.MoOa at 665°C. Bi103.2Mo03 is stable in the range from 665 to 54O”C, below 
which it disproportionates into Biz03.3Mo03 and the koechlinite form of BitOa.MoO,. The 
high temperature form of Biz03.MoOa is also formed bg the peritectic reaction of the liquid 
and the high temperature phase of 3Bi203.2MoOs. The transition temperatures between two 
modifications in Biz03.Mo0, and in 3Biz03.2M00a are supposed to be 600 and 75O”C, respec- 
tively. 3Biz03.MoOa forms a eutectic with 3Biz03.2Mo03 at 95O”C, and a solid solution 
with Biz03. 

INTRODUCTION Belyaev and Smolyaninov (2) studied 

Mixed oxides of the Bi203-Moo3 system 
the phase diagram, and found three com- 

are widely used as one of the most ef- 
pounds of the following formulas: 3Biz03 

fective catalysts in the partial oxidation 
*MOOS (mp 99O”C), Biz03.MoOI (mp 

of olefins to produce unsaturated aldehydes, 
97O”C), and Biz03.3Mo03 (mp 648°C). 

unsaturated nitriles, or dienes. The cata- 
They reported that 3Biz03.MoOs formed 

lytic activity and selectivity of this system 
solid solutions with Biz03 and with Bi203 

are supposed to arise from the formation 
.MoOrc, and that Biz03.3Mo03 formed 

of oxy-salt or bismuth molybdate (1). 
eutectics with Biz03.MoOl at 636°C and 

Many investigations have already been 
with Moos at 618°C. Bleijenberg et al. (3) 

devoted to the crystal chemistry of this 
also reported these three compounds in 

system. However, the phase diagram has 
their phase diagram, but they suggested 
that 3Bi203.MoOa formed eutectics with 

not yet been established even in the range Biz03 as well as with BizOa.MoOl. 
of composition Bi/Mo = 2/l - 2/3 with In addition to these three compounds, 
high catalytic activity. Erman et al. (4) found a new compound 
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with the atomic ratio Bi/Mo = 1, or 
Biz03+2M00s, and suggested t’hat this 
compound was formed from the liquid by 
a peritectic reaction. Afterward they con- 
firmed this reaction at 650°C by examining 
the detailed phase diagram (5). Kohl- 
muller and Badaud (6) and Chen and 
Smith (7) also reported the peritectic re- 
action for the formation of Bi203.2M003 
in their phase diagrams. However, Batist 
et al. (8) and Grzybowska et al. (9) indi- 
cated that this compound is unstable and 
disproport8ionates into Bi203.3M003 and 
Biz03.MoOs at temperatures below 550°C. 
Thus Biz03. 2Mo03 may be stable only in 
a relatively narrow temperature range. 
However, its stable range was not de- 
scribed in any diagrams reported hitherto. 

As to the compound Biz03.3M003, 
many workers concluded that Biz03.3Mo03 
is a congruently melting compound. On 
the other hand, Erman et al. (5) reported 
the peritectic reaction, liq. + BiZOs 
.2Mo03 + Biz03.3Mo03, at 640°C. Their 
endothermic effect, however, was claimed 
by Chen and Smith (7) to be a spurious 
peak related to the migration of molten 
material during thermal cycling. 

For the compound of Bi/Mo = 2, it is 
generally recognized that there exist two 
modifications (1, 4) : koechlinite form 
(K-form) (IO) and high temperature form 
(H-form) (11). However, Erman and 
Gal’perin (lb) reported another modifica- 
tion as an intermediate phase in the 
transition from K- into H-form. Thus, 
there remain some discrepancies about the 
transition between both modifications. 

The situation is more complicated in the 
range Bi/Mo = l/O - 2/l, where besides 
3Biz03.Mo0, (2, S, IS) some other com- 
pounds were reported: -10Biz03*MoOj 
(6, Is), 2Biz03.MoOa (14), and the com- 
pound with the composition Bi/Mo = 1.3 
- 1.5 (15, 5, 7). Two diagrams reported 
before (4, S) of this range are very dif- 
ferent from each other. 

Thus, the phase diagram of the system 
Bi203-Moos has not yet been precisely 
established. The establishment of the 
phase diagram is very important not only 
for a fundamental understanding of cata- 
lytic properties, but also for research and 
development of highly active catalysts. 
The present paper is concerned with the 
phase diagram in particular in the range 
Bi/Mo = 2/l - 2/3 which seems to 
be the most promising for catalytic 
applications. 

EXPERIMENTAL METHODS 

The phase diagram was studied mainly 
by X-ray diffraction analysis and dif- 
ferential thermal analysis (DTA). X-Ray 
diffraction was carried out by a Rigaku 
diffractometer with scintillation counter, 
and Ni-filtered CuKa! radiation was used. 
DTA measurement was performed with a 
Rigaku Micro-DTA instrument in the 
range of 500 to 1050°C at a heating and 
cooling rate of 0.625, 1.25, 2.5, or 5.O”C/ 
min. A tall lidded Pt cell was used to 
avoid the appearance of spurious peaks 
pointed out by Chen and Smith (7). The 
sample size was 50 - 200 mg. The tem- 
peratures of melting, eutectic, and peri- 
tectic point’s were determined from those 
at the foot of the peak in cooling curve. 
The stable temperature range of the com- 
pound Biz03.2Mo03 was determined by 
examining the solid state reaction between 
Biz03.MoOs(K) and Bi203.3M003 at 500 
- 600°C. The amount of Bi203.2Mo03 
formed was measured by X-ray diffraction 
analysis on the quenched sample after 
reaction. The transition temperature be- 
tween the K- and H-form of the compound 
Biz03 .MoO, was also determined in a 
similar manner as above. 

A large number of samples were pre- 
pared at intervals of 1 atom% MO in 
composition. They were obtained by co- 
precipitation at pH = 7 from the mixture 
of appropriate amounts of Biz03 solution 
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TABLE 1 

X-Ray Diffraction Analysis of the Sample with the Composition Bi/Mo = 2/l - O/l 

Sample 
Bi/Mo ratio 

Phase composition” 

Caleination temperature (“C) 

500 580 650 

2/l 2/l W 2/1(K) 71 (H) 
2/l N l/l 20 m + 2/3 2/l(K) + l/l 2/1(H) + l/l 

l/l 2/l W) + 2/3 l/l l/l 
l/l N 2/3 2/1(K) + W3 l/l + W3 l/i + 2/3 

213 213 213 2/3 
2/3 N O/l 2/3 + MOO, 2/3 + MOO, 2/3 + MOOJ 

0 2/l(K)-Biz03.MoO~(koechlinite), 2/l (H)-Bi203. MOO, (high temperature form), l/l-BirOa 
.2Mo03, 2/3-Biz03.3MoOa. 

in cone HN03 and MoOa solution in cone 
NH,OH, followed by evaporation to 
dryness and calcination at 500 - 650°C 
for 10 hr. Biz03 and MoOI used as starting 
materials were prepared by the thermal 
decomposition of bismuth nitrate Bi (NOa) 3 
.5H20 and ammonium molybdate (NHJ,- 
Mo,O~~.~H~O, respectively, at 600°C for 
20 hr in air. For some compositions, the 
samples were also prepared by sintering 
of Biz03 and MOOI at 600°C for 20 hr in 
air. However, DTA curves as well as 
X-ray diffraction patterns were almost 
the same regardless of the preparation 
method. 

FIG. 1. Formation of Biz03.2Mo03 from BizOa. 
Moo,(K) and BirOa.3MoOa. 

RESULTS AND DISCUSSION 

1. Binary Oxide Compounds between B&O3 
and Moos 

First, X-ray diffraction analyses were 
performed on many samples with various 
compositions to check on the compounds 
reported before, such as Biz03.3Mo03 
(16, 17), Biz03.2M003 (4, 7), and BieOa 
. MoOa (7, 10, 11). The results on samples 
with the composition Bi/Mo = 2/l - O/l, 
calcined at 500, 580, and 650°C are 
shown in Table 1. From these results, it 
is confirmed that there exist four phases: 
two kinds of Biz03.MoOs (koechlinite and 
high temperature forms), Biz03=2Mo03, 
and Biz03.3Mo03, as reported before (1,4). 

The specimen Bi/Mo = l/l calcined at 
500°C consisted of the mixture of Biz03 
.MoOs(K) and Biz03.3Mo03, while it 
changed into the single compound of 
Biz03.2M003 after calcination at 580 and 
650°C. Thus, Biz03*2Mo03 could be ob- 
tained only by calcining at higher tem- 
peratures in the present work, where the 
samples were prepared via evaporation to 
dryness after the coprecipitation at pH = 7. 
If the coprecipitate was filtered after pH 
adjustment to 2 - 5, Biz03.2Mo03 could 
be obtained via drying and calcining at 
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Reaction time (hr) 

FIG. 2. Phase transition from koechlinite into the high temperature form of Biz03. hIoOl. 

400 - 500°C (8, 9, 18). At these tempera- 
tures, however, it is unstable and de- 
composes into Biz03*3M003 and BizOs 
*MoOe(K) after prolonged heating (8, 9). 
Grzybowska et al. (9) indicated that this 
compound can be formed stably above 
550°C. To confirm this, the solid state 
reaction between Biz03.MoOJ(K) and 
Bi203.3Mo03 was reexamined at 500 
- 600°C. Figure 1 shows the amount of 
Biz03.2Mo03 formed, which was deter- 
mined from the X-ray diffraction inten- 

sities of t’he quenched samples after the 
reaction for certain periods. From this 
result, it is seen that the formation of 
Biz0~.2Mo03 occurs above 540°C in good 
agreement with the report of Grzybowska 
et al. (9). The decomposit’ion of this com- 
pound was also reexamined in the range 
of 450 - 550°C. As a result, this com- 
pound was found to be unstable and to 
disproportionate into Bi203. Moo3 (K) and 
Biz03.3Mo03 on prolonged heating below 
53O”C, in accordance with the data of 

5 10 4 t $5 20 30 : 
MO atomic % 

y 

a-Bi203 14/l 

f 

6il 3/l 2/l 
m-d=2.71A a-d=2.75A o-dz3.29 A o-dzl.962A n -d=3.15A 
A- 3.31 .- 1.947 v- 2.03 .- 1.700 e- 2.74 

FIG. 3. The composition dependence of the intensities of some X-ray diffraction lines. Samples 
were calcined at 600°C for 10 hr. 
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TABLE 2 

X-Ray Diagrams of 7Bi203.Mo03 and Two Modifications of 3Biz08.2Mo03 

7BiaOa a MOOI 3BisOa.2MoOa(L) 3BinOa.2Mo03(H) 

d(A) Int. d(A) Int. d(A) Int. 

7.782 4 8.580 7 12.04 18 
3.805 2 3.655 1 11.41 12 
3.581 1 3.436 1 9.428 16 
3.226 100 3.240 100 6.046 7 
3.079 2 2.875 7 5.695 11 
2.887 17 2.851 9 3.746 6 
2.753 26 2.821 18 3.424 6 
2.625 1 2.728 19 3.307 77 
2.591 2 2.560 2 3.235 85 
2.510 4 2.504 6 3.185 8 
1.994 25 2.357 1 3.148 7 
1.947 9 2.009 9 3.033 6 
1.883 1 1.978 8 2.937 65 
1.727 12 1.962 17 2.899 18 
1.668 16 1.897 1 2.826 12 
1.614 7 1.725 5 2.680 100 
1.557 1 1.715 5 2.501 10 
1.468 1 1.708 5 2.384 16 
1.444 1 1.700 11 2.065 14 
1.425 1 1.658 9 2.015 54 
1.377 2 1.620 6 1.997 6 

1.541 1 1.969 14 
1.413 1 1.950 42 
1.365 2 1.912 8 

1.771 7 
1.738 12 
1.728 10 
1.650 18 
1.626 17 

Batist et al. (8) and Grzybowska et al. (9). 
Thus, it is concluded that Biz03.2Mo03 
is formed stably above 540°C. 

The phase transition of the K-form into 
the H-form of the compound Biz03.MoOs 
was investigated at 500 - 650% in a 
similar manner as the formation reaction 
of Biz03.2Mo03 from Biz03.Mo03(K) and 
BizOa.3MoOa. The transition occurred at 
higher temperatures than 600°C as shown 
in Fig. 2, but not at lower temperatures. 
Therefore, the transition temperature is 
concluded to be just 600°C. This result 
is roughly consistent with the observation 
of Batist et al. (1) that the K-form was 
obtained when the specimen was heated 
at 500 and 600°C while the H-form re- 

sulted on heating at 680 and 750°C. The 
present investigation, however, could not 
identify the intermediate phase which was 
reported during the transformation from 
the K- into the H-form by Erman and 
Gal’perin (16). The reverse transition of 
the H- into the K-form was also examined 
at 500 - 600°C but no change was ob- 
served, probably because of its very slow 
rate. Another possible explanation of this 
irreversible transformation is that the 
K-form is a metastable phase and 
only the H-form is a stable phase 
thermodynamically. 

In the range Bi/Mo = l/O - 2/l, four 
compounds were reported : - 10Biz03 
*Moot (8, IS), 3Biz03.MoOa (IS), 2Biz03 
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*Moo3 (14), and 3Biz08.2Mo03 (15) [see 
also Refs. (5) and (7)]. But there exist 
some discrepancies among authors. There- 
fore, the crystal chemistry in this com- 
position range was reinvestigated. Figure 3 
shows the composition dependence of the 
intensities of some characteristic X-ray 
diffraction lines of each compound which 
appeared in the samples calcined at 600°C. 
Figure 3 points out undoubtedly the ex- 
istence of three compounds with the atomic 
ratios Bi/Mo = 14/l, 6/l, and 3/l in ad- 
dition to a-Bi203 and Biz03.MoOs(K). 
All samples with the intermediate com- 
position between every two neighboring 
compounds exhibited the diffraction lines 
indicating the mixture of two corresponding 
compounds. 

Our diffraction pattern of the Bi/Mo 
= 14/l compound given in Table 2 is 
closely similar to that of -1OBi203. MOOS 
reported by Kohlmuller and Badaud (6) 
though the composition is somewhat dif- 
ferent. The compound reported before 
may be 7Bi203.MoOs, since if it is 
- 10Bi203 + 1400~ the maximum intensity 
should come at the position of 4.8 atomyO 
MO in Fig. 3. The presence of the com- 
pound with Bi/Mo = 6/l, or 3BiZ03 
*MOOS, has been generally recognized by 
many authors (1, 2). The Bi/Mo = 3/l 
compound coincides with 3Bi203.2Mo03 
reported by Miyazawa et al. (15) in terms 
of composition. However, the X-ray dif- 
fraction pattern shown in Fig. 4a was 
quite different from theirs and also from 
those of the phase Biz,Mocl-,,Os (z = 0.55 
- 0.62) reported by Kohlmuller and Ba- 
daud (6). Furthermore, heating at high 
temperatures changed this compound into 
another modification. The X-ray diffrac- 
tion pattern of a quenched sample after 
heating to 900°C or after melting in Fig. 4 
was well consistent with that of Miyazawa 
et al. (15). It may be spontaneously as- 
sumed, therefore, that the lines indicated 
by filled circles in Fig. 4 are assigned to 
the high temperature form of 3Biz03 
.2MoO3 while those indicated by open 

0 

(a) 600°C 
I 

A A 0 0 :o, 

f Ill dl. 
10 20 0 30 40 50 60 

(b) 7OO’C 
I 

l . 0 0 l -. 0 Q:, 

f I I I I 
10 20 30 40 50 60 

Cc) 8OOT 4 

. 
l 

pas .  53 24% 
I  , , . I ,  

10 20 30 40 50 60 

(d) 900°C . . 

26 (deg) 

0 3BiZOy2Mo03 (L) l 3Biz0y2Mo03 (HI 

FIG. 4. X-Ray diffraction patterns (&Ku) of 
Bi/Mo = 3/l samples quenched after heating at 
600, 700, 800, and 900°C for 5 hr, and after melting. 

circles belong to the low temperature 
form. The latter is a new modification of 
the compound 3Biz03e2M003. By heating 
at 7OO”C, a part of the low temperature 
phase changed into the high temperature 
form, but the complete transformation 
was achieved only above 850°C. This 
behavior offers a difficulty in determining 
the transition temperature precisely, but 
it is supposed to be about 750°C from the 
temperature where both modifications can 
exist in the same amount. The X-ray 
powder diagrams of two phases of 3Biz03 
. 2Mo03 are listed in Table 2. 

2. Phase Diagram 

Figure 5 shows some typical thermo- 
grams by DTA. The phase composition of 
the sample before and after DTA measure- 
ment is given in Table 3. 

The thermogram of Biz03. 3Mo03 gave 
one peak not only in the heating run but 
also in the cooling run, in accordance with 
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Iln 

500 600 7 

b 
I-  L 

500 600 760 800 9Q 1000 1lOoT 

FIG. 5. Typical DTA curves. (a) Bi/Mo = 40/60, (b) 43/57, (c) 47/53, (d) 50/50, (e) 55/45, 
(f) 63/37, and (g) 66.7/33.3. Samples were calcined at 580°C for 10 hr except Bi/Mo = 55/45 at 
500°C. 

the result of Chen and Smith (7). The 
temperature at the foot of the peak agreed 
well in both runs. Therefore, these peaks 
are considered to be related to the fusion 
and the solidification, respectively. This 
result supports the conclusion that Biz03 
~3Mo03 is a congruently melting compound 
(2, 5, 6, 7). The compound Biz03.2MoOa 
showed three peaks, indicating complicated 
phase changes besides fusion or solidifica- 
tion. Their assignment will be mentioned 
later in this section. The mixture of Biz03 
-3Mo03 and Biz03. MoOa revealed an 
additional small peak near 590°C (see 
heating curve of Fig. 5e), which may be 
assigned to the formation of Biz03.2Mo03 
from Biz03.3Mo03 and Biz08.MoOg(K) 

though the temperature is somewhat higher 
than the result of Fig. 1 because of the 
slow reaction rate. For the sample Bi/Mo 
= 66.7/33.3 the situation is also rather 
complicated as shown by Fig. 5g. The 
small peak at about 650°C in the heating 
curve is reasonably assigned to the transi- 
tion from the K- into the H-form though 
the temperature is somewhat higher than 
the result of Fig. 2. 

The phase diagram based on the X-ray 
diffraction and the differential thermal 
analyses is presented in Fig. 6. In this 
diagram, the liquidus, the eutectic hori- 
zontal, and the peritectic horizontal were 
determined from the cooling curves, the 
temperature being adopted at the foot of 
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TABLE 3 

Phase Composition of the Samples in Fig. 5 before and after DTA Measurement 

Sample 
Bi/Mo ratio 

Before 

Phase composition” 

After 

40/60 v3 213 
43/57 l/l + 2/3 l/l + 2/3 
47/53 l/l + 2/3 2/1(H) + l/l + 2/3 
50/50 l/l 2/1(H) + l/l + 2/3 
55/45 2/I(K) + 213 2/1(H) + l/l + 2/3 
63/37 2/1(K) + l/l 3/1(H) +3/1(L) +2/1(H) + l/l 

66.7/33.3 20 m 3/l (HI + 3/l CL) + 2/1(H) + l/l 

a2/3-Biz03~3Mo03, l/l--Bi~Ot.2Mo03, 2/l (K)-Bi203.MoOs (koechlinite), 2/l (H)-Bi203.Mo0, 
(high temperature form), 3/l (L)-3Bi203.2Mo03 (low temperature form), 3/l (H)-3Bi203.2M003 (high 
temperature form). 

peak. The formation line of Bi~03.2M003 
from Biz03.3Mo03 and Biz03.MoOs(K) 
was based on the result of Fig. 1, and 
the phase transition lines in Biz03.MoOs 
and 3Biz03.2M00s were due to the results 
of Figs. 2 and 4, respectively. The com- 
pounds 3Biz03. 2Mo03, 3Bi,Os. Moos, and 
7Biz03 .MoOs may have a considerable 
solid solubility as suggested in t’he litera- 
ture (5-r). In Fig. 6, however, the regions 
for these compounds are simply indicated 
by the lines since they are considered to 
be relatively narrow from the results of 
Fig. 3. 

Biz0~.3MoO~ forms a eutectic with 

MoOa at 61S”C and at 71 atomyO MO. 

liq. -+ Bi203.3M003 + Moos. 0) 

It is obvious from Fig. 6 that Bi203.3Mo03 
also forms a eutectic with Biz0a.2M003 
at 640°C and at 59 atom% MO (6, 7’), 
though it was considered to form a eutectic 
wit’h Biz03.MoOs in some previous pub- 
lished work (9, 3). 

liq. + Biz03.3No03 + BizOs.2RIo03. (2) 

Figure 6 also shows that Biz03.2Mo03 is 
stable only in the relat’ively narrow tem- 
pera-ture range of 665 - S4O”C. That is, 
Bi203.2RIo03 is formed by the perit’ectic 

a-cooling 

A- heating 

&“’ f L+MoO, 1 

I I III LI t\n, 
$A t 1 6o 

Moo3 

14/l 6/l *O 51 z! 4o !, z MO atomic % 

FIG. 6. Phase diagram of the system Bi203-Moo+ 
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reaction of liquid MoOa with the high 
temperature form of Biz03.MoOs at 665°C 
(5-7) > 

MoOa(liq.) + Biz03.MoOl(H) --+ 
Biz03.2Mo03. (3) 

but disproportionates into Bi203. MOO,(K) 
and Biz03.3Mo03 below 540°C (8, 9). 

2[Biz03.2Mo03] + 
Biz03*MoOl(K) + Biz03.3Mo03. (4) 

Since the rate of reaction (4) is very slow, 
however, Biz03.2Mo03 can exist even at 
room temperature as a metastable phase. 

The formation of Biz03.MoOn(H) from 
liquid is also due to the peritectic reaction 
as in the case of Biz03.2Mo03 (5, Y’). The 
solid which takes part in this reaction is 
indicated to be the high temperature form 
of 3Biz03 * 2Mo03. 

MoOo (liq.) + 3Biz03. 2Mo03 (H) + 
3[Biz03.MoOa(H)]. (5) 

The high temperature phase of Biz03. MoOe 
should be transformed into the koechlinite 
form at 600°C. However, this transition 
could not be observed under the condition 
of the DTA measurement because of the 
slow reaction rate. Therefore, Biz03 
*MoOa can exist even at room tem- 
perature. On the other hand, the transi- 
tion between the low and high temperature 
forms of 3Biz03.2M003 seems to occur 
reversibly. The transition temperature was 
suggested to be about 750°C from the 
result of Fig. 4. 

Thus, the phase diagram could be estab- 
lished considerably in the range Bi/Mo 
= O/l - 3/l. Differential thermograms in 
a cooling run of all samples with the 
composition in this range could be well 
accounted for by this phase diagram. 
Three exothermic peaks at 741, 668, and 
640°C of the specimen Bi/Mo = 47/53 in 
Fig. 5 can be assigned to the precipitation 
of Bi,Oo. Moos(H) as primary crystal, the 

peritectic reaction (3), and the eutectic 
reaction (2)1, respectively. The heat effect 
due to the disproportionation reaction (4) 
was not observed for the reason men- 
tioned above. Three peaks at 794, 667, 
and 641°C for the specimen Bi/Mo 
= 50/50 and those at 864, 657, and 633°C 
for Bi/Mo = 55/45 can also be related to 
the same phase changes. In the latter 
two cases, it is expected from the phase 
diagram in Fig. 6 that no exothermic peak 
should appear corresponding to the eutec- 
tic reaction (2). The cooling DTA curves 
in Fig. 5, however, showed fairly large 
exothermic peaks in both specimens. This 
contradiction can be explained as follows. 
The peritectic reaction (3) could not be 
completed under the conditions of the 
DTA measurement because the secondary 
crystal formed generally envelops the first 
crystal. The liquid residue would undergo 
the eutectic reaction (2) which leads to 
the appearance of an exothermic peak at 
641°C for Bi/Mo = 50/50 or at 633°C for 
Bi/Mo = 55/45. These pretended heat ef- 
fects in the Bi-richer range than Bi/Mo 
= 50/50 are not plotted in Fig. 6 to 
avoid confusion. 

In the range Bi/Mo = 3/l - l/O the 
situation is very complicated. Heat effects 
observed in DTA were merely plotted in 
the phase diagram. These DTA results are 
inconsistent with the diagram of Erman 
et al. (5) and with that of Kohlmuller 
and Badaud (6). Thus, there remain many 
problems to be solved. However, the fol- 
lowing conclusions might be deduced in 
this Bi-rich range from the present work. 

(i) There exist two binary oxide com- 
pounds: 3Biz03.MoOI and 7Biz03.MoOa. 

(ii) 3Biz03 forms a eutectic with the 
high temperature form of 3Biz03*2Mo03 
at about 950°C. 

(iii) 3Biz03. MoOI forms a solid solution 
with BitOX in accordance with the con- 
clusion of Belyaev et al. (2) and with the 
suggestion of Levin and Roth (19). 
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