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Phase equilibria and thermodynamic properties

in the system Ni-Mo-0
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Coexisting phases in the Ni-Mo-0 ternary system at 1373 K have been identified by X-ray
diffraction, optical microscopy and scanning electron microscopy. The samples were equilib-
rated in evacuated quartz capsules. Only one ternary phase, NiMoO,, was found to exist in the
system. The reversible e.m.f. values of the foilowing solid-state galvanic cells were measured
in the temperature range 900 to 1500 K: (1) Pt, Ni + NiO/(Ca0) ZrO,/NiO + MoO, + NiMoO,,
Pt; (11} Pt, Mo + Mo0O,/(Ca0) Zr0,/0,, Pt; and (lIl) Pt, Mo + Mo0O,/(Ca0) ZrO,/Ni-Mo +
MoO,, Pt. The Gibbs energies of formation of NiMoO, and MoO, and activities in Ni-Mo
alloys were derived from the e.m.f. data. For the reaction {(NiO) + (M0O,> + 3(0,) — {NiMoO,>
we obtain AG? = —201195 + 69.707 (+400) Jmol™"; for (Mo) + (0,) - (Mo0,) we
obtain AG? = —578880 + 168.57 (+500) Jmol'. Based on the information from phase
identification studies and thermodynamic stabilities, the isothermal section and oxygen poten-
tial diagram for the Ni-Mo—0 system at 1373 K have been developed.

1. Introduction

Among nickel-based superalloys, those of the Ni-
Mo series are known for their ability to withstand
corrosion at high temperatures. Hastelloys (Union
Carbide Corp., USA) constitute an important group
of the Ni-Mo series extensively used as high tem-
perature materials. Hastelloy B is used up to 950K in
oxidizing atmospheres, whereas Hastelloy X has
excellent strength and corrosion resistance up to
1400 K [1, 2]. Phase diagrams are useful for assessing
the stability of alloys in corrosive atmospheres at
clevated temperatures. Since phase diagram determi-
nation for complex alloys is expensive and time-
consuming, efforts have been directed at computer
calculation of phase diagrams from the basic thermo-
dynamic properties of binary systems. This procedure,
however, will not predict the presence of ternary or
higher-order compounds. Information on such phases
must be provided independently for the generation of
multicomponent phase diagrams.

Although the phase diagrams and thermodynamic
properties of three binaries constituting the Ni-Mo-O
ternary system are relatively well established, infor-
mation on ternary phase relations is not available in
the literature. In the Ni-O binary the only stable
oxide at high temperature and ambient pressure is
NiO [3]. The thermodynamic data for NiO are well
established [4]. As discussed by Brewer et al. [S],
there are a number of oxides that are stable at low
temperatures in the Mo—O system. However, at
1373K the stable phases are solid “MoO,” and
liquid “Mo005”, both of which are non-stoichiometric.
Numerous investigations have been reported in the
literature [5—19] on the thermodynamic properties of
MoO, using gas equilibration techniques [6, 7], e.m.f.
methods [8—18] and calorimetry [19]. In spite of so
many investigations, minor discrepancies still exist in
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the thermodynamic data for MoO,, as pointed out
in a recent review by Brewer et al. [5]. The phase
diagram of the Ni-Mo system [5] shows that in the
solid state Ni(fcc) exhibits negligible solubility in
Mo(bcc), but molybdenum is soluble in nickel. At
1373 K the terminal solid solubility in the fcc phase
extends up to 24 at % Mo. Further, three intermetallic
compounds, MoNi, MoNi; and MoNi,, which are
stable up to 1592, 1183 and 1143 K, respectively, have
been identified in this system. The metastable phases
MoNi,, MoNi, and Mo;Ni;, have also been reported
(5]
Thermodynamic data on Ni-Mo alloys up to 1967
has been reviewed by Hultgren e a/. [20]. In addition
Spencer and Putland [21] have measured the high-
temperature heat capacity (773 to 1573 K) and enthalpy
of formation (973 to 1573K) for Niy,sMoys,. The
enthalpy of formation was found to be temperature-
dependent, varying from — 1000Jmol™" at 973K to
750 IJmol~! at 1573 K. E.m.f. measurements on activi-
ties in the Ni-Mo system were reported by Meshkov
et al. 22] (1073 to 1348K; 0.03 < Xy, < 0.40)
and Katayama ef al. [23] (1223 to 1373K; 0.05 <
Xyo < 0.75). Results of the two e.m.f. studies and the
calorimetric measurements are not entirely consistent.
Kaufman and Nesor [24] and Brewer et al. [5] have
evaluated thermodynamic data for this system.

2. Experimental procedure

2.1. Scope

Phase relations in the Ni-Mo~O system at 1373K
were studied by equilibrating mixtures of metal/alloy
and oxides in evacuated quartz capsules. The equi-
librium phases were identified by metallography and
X-ray diffraction. The free energies of formation of
binary and ternary oxides and the activities in the
alloy phase were determined using solid-state galvanic
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cells. From these measurements the isothermal section
of Ni-Mo-0O phase diagram at 1373K was com-
posed. The oxygen potentials for univariant and
bivariant equilibria in the ternary system were
computed from the thermodynamic data obtained
from e.m.f. measurements.

2.2. Materials

Fine powders of molybdenum, molybdenum trioxide,
nickel and nickel oxide were obtained from Fischer
Scientific Co., USA. The molybdenum dioxide (M00Q,)
was prepared by reacting the mixture (Mo + MoQO,) at
1373K for 24h in an evacuated quartz capsule. The
compound NiMoO, was prepared by mixing fine pow-
ders of NiO and MoQO,, pelletizing the mixture and
heating in air at 1473 K for 40h. X-ray diffraction
showed that the structure was monoclinic with ¢ =
0960nm, b = 0.874nm, ¢ = 0.77Inm and f =
113.4°. Attempts to prepare the compound Ni,Mo, Oy
(2NiO - 3M00,) from component oxides were unsuc-
cessful. The argon gas used in e.m.f. measurements
was 99.99% pure. It was dried by passing through
magnesium perchlorate and deoxidized by copper
turnings held at 723K and titanium granules at
1073 K. Calcia-stabilized zirconia solid electrolyte
tubes were obtained from Corning Glass Works
(Corning, USA). The Ni-Mo alloys were prepared in a
small arc furnace with water-cooled copper electrodes.

2.3. Apparatus and procedure

2.3.1. Phase relations

Fine powders of metal and oxides, taken in appro-
priate molar ratios, were thoroughly mixed in a ball
mill and pressed into pellets of Smm diameter and
2.5mm thickness. The initial compositions of pellets
are given in Table I. The pellets were contained in
small alumina crucibles which were sealed inside
evacuated quartz capsules. Several capsules were
kept in the muffle furnace maintained at 1373(+2)K
for 168 h to ensure the attainment of thermodynamic
equilibrium. Preliminary experiments had indicated
that approximately 120 h are sufficient for the attain-
ment of equilibrium. The alloys used in these experi-
ments were pre-equilibrated in evacuated quartz
capsules for 120h and then mixed with oxides for
further equilibration. After equilibration, the samples
were quenched in liquid nitrogen and the phases present

were identified by X-ray diffraction, optical micro-
scopy and scanning electron microscopy. The alloy
compositions were determined by energy-dispersive
analysis of X-rays (EDAX), using pure metals as
standards.

2.3.2. E.m.f. measurements

The e.m.f. values of the following three galvanic
cells incorporating calcia-stabilized zirconia as solid
electrolyte were measured:

Pt, Ni + NiO/(Ca0)ZrO,/NiO + MoO,
+ NiMoO,, Pt M
Pt, Mo + Mo0O,/(Ca0)Zr0,/O,, Pt (IT)

Pt, Mo + Mo0,/{Ca0)ZrO,/Ni-Mo + MoQ,, Pt
un

The cells are written such that the right-hand electrode
is positive. The e.m.f. values of Cells T and I1 were
measured in the temperature range 900 to 1500 K,
while the e.m.f. of Cell Il was measured only at
1373 K. The apparatus used for e.m.f. measurements
on Cells I and Il was similar to that described earlier
[25]. The solid electrodes were prepared in the form of
pellets by compacting an intimate equimolar mixture
of component phases and subsequent sintering in
evacuated quartz capsules. The flat surfaces of pellets
were polished and spring-loaded against both sides of
the flat-ended (CaQ)ZrO, tube. Independent streams
of argon gas were passed over the solid electrodes in
Cell T at flow rates between 100 and 300 mlmin~"'. In
the case of the oxygen electrode in Cell I, pure oxygen
was passed at a flow rate between 100 and 200 m]min ™
and a pressure of 1.01 x 10° Pa. The pressure was
controlled by having a mercury bubbler at the gas exit,
whose height was adjusted periodically in response to
barometric changes. A schematic diagram of Cell 11
is shown in Fig. 1. The electrode mixture was covered
with a layer of dry alumina powder to minimize inter-
action with the gas phase. Each electrode was flushed
with a separate stream of purified argon gas. The
e.m.f. was measured by a digital voltmeter with an
internal impedance greater than 10" Q.

In one experiment a symmetric cell with (Ni + NiQ)
electrodes on both sides of the solid electrolyte was
set up. The em.f. of the cell was +0.1mV, with

TABLE T Equilibrium phases in different regions of the Ni-Mo—O system at 1373K, identified by X-ray diffraction, optical micro-

scopy and scanning electron microscopy

Composition of pellets before
equilibration (molar ratios)

Phases present after equilibration
at 1373

2Mo0O; + MoO, + NiO
MoO; + 2Ni

NiMoO, + 3Ni

1.75Mo00O; + NiO + 0.75Ni
MoO, + 0.73Mo + 0.27Ni*
MoO, + 0.37Mo + 0.63 Ni*
MoO, + Moy Nify

MoO, -+ Moy s Niffs

MoO, + Moy g9 Nifogs

MoO, + Mog g5 Nifss
1.5NiO + Moy, Ni,,

NiMoO, + MoO, + MoO; (1)
Ni + NiO + MoO,

Ni + NiO + MoO,

NiO + NiMoO, + MoQ,
MoO, + Mo, (bcc) + MoNi
MoO, + MoNi + Moy, Nij(fcc)
MoG, + Mog,; Niy,;(fee)
MoO, + Moy sNiggs(fcc)
MoO, + Moy gey Nipgos(fcc)
MoO, + Moy ges Niggss(fcc)
MoO, + NiO + Ni(fcc)

*The alloy was pre-equilibrated.
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Figure | Schematic diagram of the apparatus for em.f. measure-
ments on Cell I11.

no systematic temperature dependence, indicating
that thermoelectric contributions are negligible. The
reversibility of the e.m.f. was checked by passing small
currents ( ~ 100 4A) through the cell for approximately
3min in either direction. In each case the e.m.f. was

0,(g)

=

0.2

08
NiO +NiMoO, +0,

7.06 X 107°

()

found to return to the steady-state value before the
titration in 15 min. The e.m.f. was also independent of
the flow rate of gases and reproducible on temperature-
cycling. The time required for obtaining steady e.m.f.
values varied from 2 to 8 h depending on the compo-
sition of the electrode and the temperature. At the end
of the experiment the solid electrodes were examined
by X-ray diffraction and optical microscopy. Apart
from the sintering of particles, no other change was
detected. The composition of the electrodes was not
altered during the e.m.f. measurements.

3. Results and discussion

3.1. Phase diagram

The phases identified after equilibration of various
condensed phase mixtures in silica capsules are sum-
marized in Table 1. At 1373K there is only one
intermetallic compound of variable composition
in the Ni-Mo system. The maximum solubility of
molybdenum in fcc nickel was found to be 24 at %,
in good agreement with the literature [5]. Only one
ternary oxide, NiMoQ,, has been identified in this
study. A section of the ternary phase diagram of the
Ni-Mo-0 system at 1373K and total pressure of
1.01 x 10° Pa, constructed from the results of the
present study, is shown in Fig. 2. The overall com-
positions of the samples used in phase identification
studies are shown by symbols on the diagram, the
circles representing samples which contained two con-
densed phases and triangles representing compositions
in the three-phase fields. The diagram is consistent
with the information available in the literature on the
constituent binaries [4, 5]. There are five three-phase
fields involving condensed phases. The oxygen partial
pressures over these three-phase mixtures are uniquely

*Mo0y + Ni MoQ + 0

"MoOy + NiMoO,

MoO,, + MoO3 + NiMoO,

MoO,, +NiMoO,

4 MoO;
A :
& MO, .

MONiy+ MOss (ﬁ)
+Mo0,
=X

MoNiy+M002_x

oz. x10~° Pa
02

\V4

B+Mo0y Figure 2 Isothermal section of
MoNiy, +Nigg(Q) 5 S , .
y ss P =610X10"° Pa Ni-Mo-0O syste.m at 1373 K. The
+Mo0,_, 0, overall compositions of samples
used for phase identification are
AL v v M V] YA 2 > shown: (a) Samples containing
Ni 0.2 04 0.6 08 Mo three phases, (O) two-phase
—_— Xy, — ™ mixtures,
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Figure 3 Variation of the e.m.f. of Cell I with temperature. £; =
170.8 — 0.0788TmV.
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defined at each temperature and are indicated in Fig. 2.
The variation of oxygen potential with composition is
discussed in Section 3.4. There is no evidence of the
compound 2NiO - 3Mo0O, reported earlier [26]. The
two-phase fields NiMoO, + 0,, NiO + NiMoO;,,
NiO + MoQO, and the homogeneity range of com-
pounds NiO and NiMoOQ, are too narrow to be shown
on the ternary Ni-Mo—-O phase diagram at 1373 K.

3.2. Oxygen potentials and Gibbs energies
The temperature dependence of the e.m.f. of Cells I
and Il is shown in Figs 3 and 4, respectively. The e.m.f.
varies linearly with temperature. The least-squares
regression analysis yields

E = 170.8 — 0.07887(4+0.8) mV (D
and

Ey, = 14998 — 0.4365T(+1.3)mV (2)

The em.f. is related to the difference in oxygen
potential between the electrodes

nFE,

= A'uoz(NiO+MoOZ+NiMoO4) - A/‘OZ(Ni+Ni0)

(3)
Aﬂoz(Mo+Moo2) 4)

where n (=4) is the number of electrons associated
with the electrode reaction and F is the Faraday
constant. The oxygen potential of the (Ni + NiO)
reference electrode is taken from Steele [4]:

—468315 4 169.8TJmol™' (5)

nFky =

A‘uOZ(N; +NIO) T

The oxygen potential of the right-hand electrode in
Cell I, computed from the e.m.f., is defined by

2NIO(s) + 2MoO,(s) + O,(g) — 2NiMoO,(s)
(6)
AG) = Ap, = ~402390

+ 139.397°(+ 800) J mol ! %)
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Figure 4 Temperature dependence of the e.m.{l of Cell I1. £, =
1499.8 — 0.4365T (£ 1.3)mV.

For the reaction

Mo(s) + O,(g) —» MoO,(s) (8)
the e.m.f. of Cell II gives
AG) = Ap, = —578880
+ 168.5T (4 500) Jmol ™! )

The uncertainty estimates are based on twice the
standard deviation and on errors in the chemical
potentials of the reference electrodes. The Gibbs
cnergy of formation of NiMoO, from the component
solid oxides is obtained by combining Equations 7
and 9 with the standard free energy of formation of
MoO,(s) in the literature [5, 27]. For the reaction

NiO(s) + MoO;(s) — NiMoO,(s) (10)
we obtain

AG" = —49915 — 0.01T(+ 1000) Jmol -

(1)
The “second law” enthalpy of formation of NiMoQ,
from component oxides in the solid state is —49.9
(£3.5)kJmol~'. This is of the same magnitude as
the enthalpy of formation of a similar compound,
NiWO,, (AH" = —44kJmol™") reported by Jacob
[28] using an identical e.m.f. technique. Calorimei-
ric measurements of the enthaipy of formation of
NiMoO, are not available for comparison. The free
energy of formation of NiMoO, from elements is
obtained by combining Equations 5, 7 and 9. For the
reaction

Ni(s) + Mo(s) + 20,(g) —» NiMoO,(s} (12)
we obtain
AG' = —1014230 + 323.17(+ 1200)Jmol ™!

(13)
The standard Gibbs energy of formation of MoQ,
obtained in this study is compared with data reported
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TABLE II Comparison of Gibbs energy of formation of (MoO,)

Author/s Technique Temperature —AG? for (MoO,» (kJmol™!)
range (K) '

900K 1100 K 1300K 1500K
Gokcen [6] H,/H,0 950 to 1350 - 391.6 362.2 -
Gleiser and Chipman [7] CO/CO, 1200 to 1350 - ~ 358.4 -
Rapp [8] e.m.f. 1023 to 1323 - 391.6 358.2 -
Barbi [9] e.am.f. 873 to 1073 418.66 383.06 - -
Mclver and Teale [10] e.m.f. 1115 to 1280 - 339.1 304.3 -
Dorbyshev et al. [11] e.m.f. 1280 to 1360 - - 355.4 -
lordanov et al. [12] e.m.f. 973 to 1123 - 393.3 - -
Berglund and Kierkegaard [13] e.m.f. 1150 to 1450 - - 355.49 -
Alcock and Chan [14] e.m.f. 1273 to 1873 - - 362.33 328.9
Chastant et al. [15] e.m.f. 1073 to 1673 - 392.5 357.04 321.6
Chattopadhyay et al. [16] e..f. 1040 to 1290 - 388.52 356.22 -
Iwase et al. {17] em.f. 1273 to 1723 - -~ 356.14 322.3
Katayama and Kozuka [18] e.m.f. 903 to 1540 - 390.03 356.23 322.56
King ez al. [19] Calorimetry 425.4 391.41 357.4 3234
Brewer et al. [5] and JANAF [30] for O, Evaluation 800 to 1500 422.78 388.76 354.74 320.72
Present study e.m.f. 900 to 1500 427.33 393.53 359.83 326.13

in the literature in Table II. The results of this study
are in good agreement with the gas equilibrium
measurements of Gokcen [6] and Gleiser and Chipman
[7], the e.m.f. measurements of Rapp [8], Iordonov
et al. [12] and Alcock and Chan [14], and the calor-
imetric data of King er al. [19]. The data of Chastant
et al. [15] agree well with the present results at lower
temperatures but diverge at higher temperatures. The
e.m.f. results of Dorbyshev ez al. [11], Berglund and
Kierkegaard [13], Chattopadhyay et al. [16] and Iwase
et al. [17] and the evaluated data of Brewer et al. are
3.5 to 5.5kJmol™" more positive than the results
obtained in this study. The data of Barbi [9] and
Mclver and Teale {10] are not compatible with the
results of this study.

There is significant difference between the entropy
values given for MoO, by Brewer et al. [5] and
the JANAF data [27]. Molybdenum dioxide has a
deformed rutile-type structure in which each molyb-
denum atom is coordinated by six oxygen atoms to
form MoQy octahedra. The octahedra are joined by
sharing edges to form strings which are mutually
connected into a three-dimensional structure by
corner-sharing of the octahedra. In the ideal rutile
structure, the metal atoms are equidistant within the
strings, but in the MoQ, structure the metal-metal
distances are alternately short (0.251 nm) and long
(0.311 nm). This results in the formation of pairs of
metal atoms and consequent distortion of the MoQO,
octahedra, which lowers the symmetry from tetragonal
for rutile to monoclinic for MoQO,. Heat capacity
measurements on MoQO, extend only down to 51 K.
JANAF evaluation [27] has considered the possibility
that MoQ, is antiferromagnetic at low temperature
and has anticipated enhanced heat capacity below
50 K, owing to spin interactions of unpaired electrons.
However, Ghose e al. [29] have shown the absence
of permanent magnetic moment in MoO, by neutron
diffraction. In MoQ, the two 4d electrons of molyb-
denum are in t,, orbitals. These overlap along the ¢
axis, i.e. d,, and d,,, forming metal-metal double
bonds. The small magnetic moment of Mo(IV) is due
to Pauli paramagnetism arising from the collective
electrons in the overlapping Mo—O =n* band, which
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itself is similar in energy to the Mo-Mo ¢ and n
bonds. Brewer e al. {5] do not therefore consider
additional contributions to S%,.

The “third law” analysis of the Gibbs energy of
formation of MoO, obtained in this study using the
free energy functions for molybdenum and MoGQ,
from Brewer et al. [5] and for O, from JANAF tables
[30] yields AHP (298.15K) = —592.8 (+0.9)kJmol~".
This value is 5.0kJmol™' more negative than that
recommended by Brewer er al. [5] and JANAF tables
27.

3.3. Activities in Ni-Mo alloys

The e.m.f. of Cell 11 is shown in Fig. 5 as a function
of alloy composition at 1373 K. The e.m.f. is related to
the activity of molybdenum in the oxygen saturated
alloy by

(14)

Since the solubility of oxygen in the solid alloy is
negligible, the activities along the oxygen-saturated

70{»————

60

—nFE, = RTIn ay,

50

Eqylmv)

401

30

I
|
j

0.4 0.6 0.8
XMo

Ni 0.2 Mo
Figure 5 Variation of the e.m.f. of Cell 111 as a function of alloy
composition at 1373 K.
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boundary can be considered to be the same as that in
the binary Ni—-Mo system. The activity—composition
relationship for the binary system at 1373 K is shown
in Fig. 6. The activity of nickel is derived using the
Gibbs-Duhem equation and is consistent with the
phase diagram [5]. The values obtained in earlier e.m.f.
studies and those suggested in recent evaluations are
also shown in the figure for comparison. The activity
of molybdenum in dilute solution in fcc nickel
obtained in this study is significantly higher than
that obtained by Meshkov er al. [22] and Katayama
et al. [23]. At higher concentrations of molybdenum
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the activity obtained in this study falls between the
values obtained in the earlier studies. The measure-
ments of Meshkov et al. [22] cover the temperature
range 1073 to 1364 K, and have been extrapolated to
1373 K for comparison. Surface depletion of molyb-
denum due to the oxidation of alloy powder by
residual oxygen in the inert gas can result in low
activity values, especially for dilute alloys.

There appears to be a printing mistake in the
equation for the activity coefficient of molybdenum in
fcc nickel given in the recent evaluation by Brewer
et al. [5]: the activity calculated from their equation is
greater than unity for X, > 0.22. The values for the
activity of nickel given by Brewer ef al. [5] are in
reasonable agreement with the data obtained in this
study.

Kaufman and Nesor [24] have given algebraic
expressions for the thermodynamic properties of
all phases in the Ni-Mo system, and these generate a
phase diagram resembling that obtained by experiment.
These equations, combined with lattice stabilities for
nickel [31, 32], can be used to derive the activities.
Their values for molybdenum are in good. overall
agreement with the results of this study. The activity
of nickel suggested by Kaufman and Nesor [24, 31,
32] is slightly higher than that obtained in this study.

The free energy of formation of the MoNij,
phase calculated from the results of this study is
—5.29 (+02)kJmol™" at 1373K, independent of
stoichiometry. The corresponding values from the
e.m.f. studies of Meshkov e al. [22] and Katayama
et al. [23] are —7.48 and —6.23kJmol ™!, respect-
ively. Calorimetric measurements [21] give a slightly
positive heat of mixing at 1373K, and can be rec-
onciled with the results of this study only by assuming

tog [Poz (Pa))

Figure 7 Oxygen potential-composition diagram for
the Ni-Mo-0O system at 1373K.
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a significantly positive entropy of formation. It is
more likely, however, that the calorimetric values
are affected by the vaporization of the alloy at high
temperatures. The vaporization effects become more
significant with increasing temperature, and perhaps
account for the increasing endothermicity of alloy
formation with temperature [21]. The enthalpies of
formation of alloys in Co—Cr and Mo—Cr systems
obtained by using the same adiabatic calorimeter have
also been found recently to be too endothermic [33,
34].

3.4. Oxygen potential-composition diagram
The variation of oxygen potential with the mole ratio
EMo = Mo/ + M) Where n = no. of moles, in
the Ni-Mo—O system at 1373 K and a total pressure
of 1.01 x 10° Pa, is shown in Fig. 7. The composition
variable &y, is defined such that it is independent of
the moles of oxygen. This diagram is more useful for
the interpretation of high-temperature corrosion
behaviour than the conventional Gibbs ternary rep-
resentation (Fig. 2). The oxidation product at any
specific oxygen partial pressure and alloy composition
can be readily identified using Fig. 7. The main dis-
advantage of the oxygen potential-composition dia-
gram is its inability to depict oxygen nonstoichiometry.
The three-phase equilibria are shown as horizontal
lines in Fig. 7. The oxygen potential variations with
composition in the two-phase regions (¢ + MoO,_,),
(MoNi, + MoO,_,) and (B + MoO,_,) are cal-
culated from the Gibbs energy of formation of MoQO,
and the activities in Ni-Mo alloys. At £, > 9.4 x
10~* Pa, NiMoO, is stable in the Ni-Mo—O system
at 1373 K. However, NiMoO, is never in equilibrium
with Ni-Mo alloys. It is formed only by the oxidation
of (NiO + Mo0,) mixtures or by reaction between
NiO and MoO,. The oxygen potential for the oxi-
dation of solid MoQO, to liquid “MoO;” is calculated
from the evaluated data of Brewer et al. [5] and
requires further confirmation by experiment. Oxygen
potential-composition diagrams at other tem-
peratures can be easily calculated from the ther-
modynamic data reported in this study.
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