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Abstract—We studied phase equilibria in the Co—Cr—Ni-V system at 800°C by means of microstructure exam-
ination, X-ray powder diffraction, and electron probe microanalysis. We also constructed sections through the
Co—Cr-Ni-V isothermal tetrahedron containing 10 and 20 at % vanadium.
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Nickel and cobalt base alloys doped with chromium
and vanadium are widely used as refractory construc-
tion materials. During long-term performance at high
temperature, however, a ¢ phase, which has high brit-
tleness and hardness, can be segregated from homoge-
neous solid solutions of these alloys; as a consequence,
the physical and chemical properties of alloys change
dramatically. Therefore, it is of interest to study the
properties, formation conditions, and existence bound-
aries of ¢ phases. This work studies the existence field
of the ¢ phase in the Co—Cr—Ni-V quaternary at 800°C
and vanadium percentages of 10 and 20 at %.

The binaries and ternaries of the Co—Cr-Ni—V qua-
ternary have been well studied [1-10]. Phase equilibria,
involving an FCC v solid solution based on cobalt and
nickel, a BCC B solid solution based on chromium and
vanadium, and the ¢ phase, exist in all ternaries at tem-
peratures near 800°C. In the Co—Cr-V and Co-Ni-V
ternaries, the existence fields of ¢ phases extend from
the Co-V side to the Co—Cr side [8] and Ni-V side [9],
respectively. In the Co—Cr—Ni ternary, the homogeneity
field of the ¢ phase penetrates the ternary system from
the Co—Cr side to reach 18 at % nickel [7]. In the Cr—
Ni-V ternary, it penetrates the ternary system from the
Ni-V side to reach 32 at % chromium [10].When vana-
dium percentages exceed 20 at %, intermetallic com-
pounds Co;V, Ni5V, and Ni,V participate in phase equi-
libria. However, the homogeneity fields of these com-
pounds in the ternaries are not large [9, 10].

In this work, we study and construct two sections of
the Co—Cr-Ni-V isothermal tetrahedron at 10 and
20 at % vanadium. We synthesized 16 and 24 alloys,
respectively. Inasmuch as our interest was focused on
phase equilibria involving the ¢ phase, we strove to
ensure that the compositions of alloys lay near the sug-
gested homogeneity field of this phase. Alloys were
alloyed in an electrical arc furnace in a purified argon
atmosphere; then, they were annealed at 800°C for
1200 h with subsequent quenching to cold water. The

resulting samples were characterized using microstruc-
ture examination, X-ray powder diffraction (XRD), and
electron probe microanalysis (EPMA).

X-ray powder diffraction analysis was carried out
on a DRON-4 diffractometer using CuK, radiation. The
STOE program was used to process X-ray diffraction
patterns and calculate unit cell parameters. Table 1
compiles the results of XRD analysis.

Electron probe microanalysis was used to study
alloys whose compositions fall into two- and three-
phase fields. Compositions of constituent phases were
determined on a JSM-820 (Joel) scanning electron
microscope equipped with an AN 10/85S (Link)
energy-dispersive attachment. The accelerating voltage
on the cathode was 15 kV. The analytical lines used
were the following characteristic lines: K,(Co), Kg(Cr),
K, (Ni), and Kp(V). Table 2 displays EPMA results. In
some cases, compositions were not determined for all
equilibrium phases because of their low percentages
and fine-grained structures. Reliable determinations
were done only for the composition of the ¢ phase and
the directions of two-phase tie-lines. We should note
that equilibrium phase compositions in the quaternary
are not always in the plane of the section.

The phase equilibrium character in the Ni—-Co—Cr—
V system containing 10 and 20 at % vanadium as deter-
mined by XRD and EPMA was verified by microstruc-
ture observation. The microstructure was observed with
a Versamet-2 microscope under a magnification of
150-600. Chemical surface etching was used to pro-
vide phase contrast.

The sections of the Co—Cr—Ni-V isothermal tetra-
hedron containing 10 and 20 at % vanadium are dis-
played in Figs. 1a and 1b. When the system contains
10 at % vanadium, the section is on the whole similar to
the structure of the Co—Cr—Ni ternary at 800°C as
determined earlier [7]. The section is characterized by
an extensive field of cobalt and nickel base solid solu-
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Table 1. Phase composition and the unit cell parameters of constituent phases

KABANOVA et al.

Alloy Phasc FCC BCC © phase
composition a, A a, A a, A c A
CoyCrg;NigVyg FCC+BCC+o 3.569(1) 2.883(1) 8.814(1) 4.546(2)
CooCrsgNisn sV FCC + BCC 3.577(1) 2.888(1) - -
Coy35CrsyNiy 5V,g | FCC+BCC + 06 3.570(1) 2.888(1) 8.820(1) 4.538(1)
Co435Crs3 sNijgVyy | FCC+BCC +o0o 3.567(1) 2.884(1) 8.819(2) 4.552(2)
Co535Crg3Nij35Vg | BCC+o0o - 2.886(1) 8.820(2) 4.569(2)
Co3Crsg sNij3 5V | BCC+o0o - 2.883(1) 8.818(2) 4.550(2)
Co,3Crs4Ni gV BCC+o - - 8.806(2) 4.548(2)
C0,3,5Cry9sNijgVyg | FCC+o0o 3.575(1) - 8.805(2) 4.543(2)
Co0y, 5Cr5yNij35Vyy | O phase - - 8.795(1) 4.549(2)
Co,, 5Crg3Nig 5V | BCC+o0o - 2.885(1) 8.819(1) 4.549(1)
Co,7CrsgsNig 5V |BCC+o0o - 2.885(1) 8.819(1) 4.550(1)
Co,7CrygNij35Vyo | O phase - - 8.786(1) 4.541(1)
Co3;5CrysNij3 5V, | FCC+o0o 3.564(1) - 8.785(2) 4.533(1)
Co3; 5CrsyNiy sV | 0 phase - - 8.781(2) 4.538(1)
Coy 5CrysNiy5Vyg | o phase - - 8.760(2) 4.537(2)
Coy5Cryo5Niy 5V |FCC+o 3.564(1) - 8.773(1) 4.544(1)
Co5CrsNisoVag FCC + NizV 3.559(1) Niz;V 3.543(1) 7.202(4)
Co5Cr5Niyg Vs FCC 3.554(1) - - -
Co5Cry5Niyg Vs FCC+BCC+o 3.556(1) 2.890(1) Very little
C0,0Cr5Niys Vo FCC+o 3.574(1) - 8.801(1) 4.536(1)
Co35CroNiss Vs FCC + CoszV 3.570(1) CozV 5.012(3) 12.18(2)
C0,5Cr,5Ni3n Vg FCC+o 3.559(1) - 8.828(3) 4.547(2)
Co,(Cr3Ni3n Vs FCC+o 3.553(1) - 8.832(1) 4.555(1)
Co;(CryoNizn Vs FCC+BCC+o 3.5247 2.894(2) 8.859(2) 4.554(1)
Co5Cry5NizyVy FCC+BCC+o 3.523(1) 2.8957 Very little
Co3(Crp5Niys Vo FCC+o 3.526(1) - 8.805(2) 4.560(2)
C0,5Cr3Niys Vs FCC+o 3.529(1) - 8.805(1) 4.556(2)
Co;5CryoNiys Vo G phase - - 8.838(1) 4.557(1)
Co;(Cry5Niys Vs FCC+BCC+o 3.558(1) 2.888(1) 8.834(1) 4.569(1)
Co50Cr5Nij5Vag FCC+o 3.5524 - Very little
Co,40CrpsNi 5V FCC+o 3.537(1) - 8.817(1) 4.549(1)
Co35Cr3Ni5Vsg FCC+o 3.542(1) - 8.811(2) 4.560(2)
C0,5CryoNij5Voq G phase - - 8.822(1) 4.550(1)
Co,(Cry5Ni 5V BCC+o - 2.849(1) 8.835(7) 4.558(4)
Co0;0Cr55Ni 5V BCC+o - 2.8957 8.841(1) 4.555(1)
Co7¢CrsNisVyq FCC + CosV 3.5244 CozV 4.979(1) 12.296
Co5,Cry5NisV, FCC+o 3.5296 - 8.802(1) 4.543(1)
Co,40Cr35NisVy G phase - - 8.804(2) 4.541(2)
Co3(Cry5Nis Vs © phase - - 8.831(1) 4.551(1)
Co,(Crs5NisV, BCC+o - 2.894(1) 8.856(3) 4.563(1)
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Table 2. Electron probe microanalysis data for Co—Cr—Ni-V alloys

As-batch composition of alloy, at % Phase Constituent | Composition of the constituent phase, at %
Co Cr Ni vV composition phase Co Cr Ni vV
Alloys containing 10 at % vanadium
13.5 54 22.5 10 B+y+o o phase 16.08 54.14 19.0 10.78
13.5 63 13.5 10 B+o o phase 16.13 54.33 17.24 12.3
22.5 63 4.5 10 B+o o phase 24.18 60.301 5.64 9.87
22.5 49.5 18 10 Y+0O o phase 21.7 50.6 16.5 11.2
31.5 45 13.5 10 Y+0O o phase 29.05 47.6 12.5 10.85
Alloys containing 20 at % vanadium
35 10 35 20 CosV +vy CozV 42.9 8.0 19.2 28.9
10 40 30 20 B+y+o o phase 11.4 39.7 27.1 21.8
30 25 25 20 Y+0O o phase 25.1 35.7 20.8 18.4
3 30 15 0 y+o o phase 34.0 345 12.9 18.6
v phase 354 18.3 23.1 22.2
20 55 5 20 B+o o phase 23.62 50.18 5.72 20.5

tion. Addition of vanadium leads to some increase in
the 6 homogeneity field in the quaternary; the maximal
nickel solubility is 20.5 at %. The ¢ homogeneity field
is directed toward the metastable ¢ phase of the Cr—Ni—
V face.

The cobalt and nickel solubility in the BCC phase is
insignificant. X-ray powder diffraction (Table 1) shows
that the unit cell parameters of the BCC phase in all
two-phase and three-phase samples remain almost con-
stant and close to the unit cell parameter of pure chro-
mium (2.8888 A).
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The position of the equilibrium BCC + FCC + ¢
three-phase field was determined with reference to the
intensity ratio of reference lines in the X-ray diffraction
patterns of Co;35CrsyNiy s, Co0;35CrsgsNijg, and
CoyCry3Nig three-phase samples and the nickel solu-
bility in the ¢ phase determined by EPMA (Table 2).

The section of the Co—Cr—Ni—V system containing
20 at % vanadium is depicted in Fig. 1b. In the chro-
mium-rich region, this section is similar to the section
containing 10 at % vanadium. The BCC solid solution
has an insignificant homogeneity field; the unit cell
parameters of the BCC phase are close to the unit cell

at % Cr

CosV+7y+0

Fig. 1. Sections of the Co—Cr—Ni-V quaternary at 800°C with vanadium atom percentages (at %) of (a) 10 and (b) 20.
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parameters of the relevant Cr—V alloys. The nickel sol-
ubility in the ¢ phase is ~27 at %. There is also an
extensive homogeneous field of the y phase (an FCC
structure), which penetrates up to 50-55 at % Co into
the quaternary from the Cr—Ni-V side. The penetration
depth of the FCC phase into the isothermal tetrahedron
for 20 at % vanadium was judged from XRD data for
the Co,,Cr5NiyusV, and CosCrsNisV,, alloys. The
X-ray diffraction patterns of these samples were identi-
cal, each containing two sets of reflections; the stron-
gest lines were due to an FCC structure. The second
phase ¢ was detected by the very weak reflections from
its reference lines.

The position of the BCC + FCC + ¢ three-phase
field was determined by EPMA and XRD of
C05CrysNizg Vg, Co;oCryoNizg Vg, CosCrysNizgV,g, and
Co,(Cry5Niys V5, three-phase samples.

The ordering of the y solid solution along the
CogyV,—Nigy Vg side of the isoconcnetration triangle
generates ¢ + Cos;V and y + Ni;V two-phase fields.

The field of the Ni;V + Ni,V + 7y three-phase equi-
librium is depicted on the 20 at % vanadium section
provisionally, on the basis of data on the Cr-Ni-V ter-
nary [10]. The Ni;V + Co;V + 7y three-phase field is
depicted on the triangular diagram with reference to the
X-ray diffraction study along the Co;V-Ni;V section
performed by Koester and Sperner [9]. Although
Koester and Sperner [9] were mistaken in believing that
the aforementioned compounds form continuous solid
solutions, the unit cell parameter plots show a flex point
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when Ni : Co = 3 : 1. This trend implies that the
Co;V + Ni;V two-phase field indeed exists in this com-
positional region.

In summary, comparing the sections of the Co—Cr—
Ni—V isothermal tetrahedron containing 10 and 20 at %
vanadium, we have seen that an increase in vanadium
percentage increases the existence field of the ¢ phase
from 18 at % Ni [7] to 27 at % Ni.
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