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Phase equilibria of Co—Mo—Zn ternary system
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Abstract: To experimentally determine the isothermal sections of Co—Mo—Zn ternary system at 600 and 450 °C, the
equilibrated alloy and diffusion couple methods were adopted by using scanning electron microscopy coupled with
energy-dispersive spectrometry, X-ray diffractometry and electron probe microanalysis. Experimental results show that
there are six three-phase regions on the Co—Mo—Zn isothermal section at 600 °C and nine three-phase regions on the
Co—Mo—Zn isothermal section at 450 °C. No ternary compound is found in these two isothermal sections. Both the
maximum solubilities of Mo in the Co—Zn compounds (y-CosZn,,, y;-CoZn;, y,-CoZn,; and ;-CoZn) and that of Zn in
&-Co3;Mo are no more than 1.5 at.%. The maximum solubilities of Zn in u-Co;Mog are determined to be 2.1 at.% and
2.7 at.% at 600 and 450 °C, respectively. In addition, the maximum solubilities of Co in MoZn,; and MoZn,, are

0.5 at.% and 4.7 at.% at 450 °C, respectively.
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1 Introduction

Hot dip galvanizing is one of the most cost-
effective ways to improve the corrosion resistance
of steel [1,2]. However, molten zinc bath is
extremely corrosive to metallic materials [3—5]. As
a result, the pot hardware, such as sink rolls,
stabilizer rolls, and their bearings, are subjected to
severe wear and corrosion during service periods.
Frequent line stoppage for hardware replacement
reduces production efficiency and increases zinc
consumption, which causes huge losses.

Cobalt-based super-alloys are widely used for
both sink rolls and stabilizer rolls in the galvanizing
industry due to their relatively good resistance to
wear and corrosion [6—9]. Molybdenum has a
beneficial effect on the properties of cobalt-
based alloys, improving their hardness, abrasion

resistance and corrosion resistance [10,11]. Tribaloy
series alloy (Co—Mo—Cr—Si alloy) is one of the
representative cobalt-based alloys [12]. Its typical
structure is a hard Laves phase + cobalt solid
solution, in which Laves phase guarantees high
strength and hardness, whereas cobalt matrix
guarantees good toughness [13].

The development of the galvanized industrial
materials such as Tribaloy series alloys has
benefited from the systematic study of multi-phase
relationship. However, the research on the phase
relationship of the Co—Mo—Zn ternary system is
still insufficient. The present work aimed to provide
theoretical foundation for the development of
wear-resistant and corrosion-resistant materials
through experimentally determining the phase
relationship of the Co—Mo—Zn ternary system
including the isothermal sections at 600 and
450 °C.
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2 Literature data

Co—Mo—Zn ternary system consists of three
binary phase diagrams, i.e. Co—Zn, Co—Mo, and
Mo—Zn. The Co—Zn binary phase diagram has been
investigated and summarized by HANSEN and
ANDERKO [14] and MASSALSKI et al [15],
which shows four intermediate phases in the Co—Zn
system at 450 °C, namely, f,-CoZn, y-CosZny,
y1-CoZn;, and 9,-CoZn;;, respectively. The
y,-CoZn;; intermetallic compound does not exist at
600 °C. Recently, a thermodynamic description of
the Co—Zn system has been carried out by
ISOMAKI and HAMALAINEN [16], VASSILEY
and JIANG [17]. The main difference between them
is that two intermetallic compounds, namely
f-CoZn and 0-CoyZnys, which have been
experimentally confirmed [14,15], were omitted in
the optimization work by ISOMAKI and
HAMALAINEN [16]. Experimental investigation
and thermodynamic assessment of the Co—Mo
binary system have been carried out by many
scholars [18—24]. Lots of the data for the Co—Mo
phase diagram have been calculated and assessed
by BREWER and LAMOREAUX [25] who
reported two intermetallic compounds in the
Co—Mo system at 600 and 450 °C, viz., u-CosMog
and e-Cos;Mo. Later, their findings were included in
Refs. [15, 21]. DAVYDOV and KATTNER [22],
DAVYDOV [23] and OIKAWA et al [24]
sequentially evaluated and optimized Co—Mo
binary system which agreed well with the finding of
BREWER and LAMOREAUX [25]. Their results
show that there is a slight difference in the
temperature range of the existence of the ¢ phase
and the solid solubility range of the u phase.
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Compared with the Co—Zn and Co—Mo binary
systems, the Mo—Zn system is relatively simple.
The Mo—Zn binary phase diagram was originally
calculated from a thermodynamic model based on
data from MARTIN et al [26]. Using these results
for thermodynamic modeling, BREWER and
LAMOREAUX [25] calculated the total phase
diagram in which two intermetallic compounds,
MoZn; and MoZn,,, exist at 450 °C, but are not
present at 600 °C. The results of the binary phase
diagrams [15,25] were used in the present work, as
shown in Fig. 1. And the crystallographic
parameters for the binary compounds involved in
Co—Mo—Zn system are listed in Table 1. Up to
now, there is no information about the Co—Mo—Zn
ternary phase diagram. Therefore, the phase
equilibria of Co—Mo—Zn ternary system at 600 and
450 °C were investigated in this work.

3 Experimental

3.1 Equilibrated alloy preparation

The phase relationships of the Co—Mo—Zn
ternary system at 600 and 450 °C were studied by
using the equilibrated alloy. Each equilibrated alloy
was prepared carefully using Zn powder, Co
powder, and Mo powder, with the total mass of 3 g.
The purity of all the starting materials was
99.99 wt.%. Due to its extremely high melting point,
the dissolution and diffusion of Mo in the alloy
mixtures were expected to be slow during the
melting and homogenizing treatments. Hence, fine
Mo powder used in this study was only 74 pm in
size (200 mesh). The raw materials were mixed
with appropriate amounts of each constituent and
then sealed in evacuated quartz tube. Samples
were slowly heated to 1200 °C and kept for 2 d, and
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Fig. 1 Co—Mo [25] (a), Co—Zn [15] (b), and Mo—Zn [25] (c) binary phase diagrams adopted in this work
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Table 1 Crystallographic parameters for binary compounds in Co—Mo—Zn system

Lattice parameter/nm

Phase Prototype Pearson symbol Space group . ) .
S1-CoZn S-Mn cF4 P4,32 0.6318 0.6318 0.6318
y-CosZny, CusZng cI52 14,32 0.8941 0.8941 0.8941
11-CoZn; y-brass related cF16 F2/m 0.9030 0.4838 1.2511
y2-CoZny; CoZn; mS28 C2/m 1.3310 0.7535 0.4992
&-Co;Mo Ni;Sn hP8 P6;/mmc 0.5194 0.5194 0.4212
1-CosMog Fe;Wg hR13 R3m 0.4662 0.4662 2.5615
6-Co,Mo Mg hP2 P63/mmc 0.2597 0.2597 0.4212
0-Co,Mo; CrFe tP30 PA2/mnm 0.9228 0.9228 0.4826
MoZn; Ca;Ge - - 0.7732 0.7732 0.7732
MoZn,, - - - 0.6522 1.0654 0.9229
(Mo) CuAl, cl2 14/mem 0.3147 0.3147 0.3147
n-Zn Mg hP2 P63/mmc 0.2664 0.2664 0.4946
e-Co Mg hP2 P63/mmc 0.2507 0.2507 0.4068
a-Co Cu cF4 Fm3m 0.3568 0.3568 0.3568

subsequently quenched in water using a bottom-
quenching technique [27,28] which could
effectively reduce Zn loss and sample porosity. The
quenched samples were sealed again and annealed
at 600°C for 60d and at 450°C for 75d,
respectively, until an equilibrium state was reached.
At last, all the samples were quenched in water
rapidly to preserve the equilibrium state at
annealing temperatures.

3.2 Diffusion couple preparation

Due to the higher liquidus temperatures of the
Co-rich Co—Mo—Zn alloys, the diffusion couple
method was employed to determine the phase
relations at the Co-rich corner. The Co—Mo binary
alloys including Co068.5Mo031.5, Co87.5Mo12.5,
and Co90Mo10 were prepared by melting Co chips
and Mo particles in an arc-furnace under high-
purity argon atmosphere using a non-consumable
tungsten electrode. The purities of the Co chips and
Mo particles were 99.99 wt.%. Slices of approxi-
mate dimensions of 6 mm X 6 mm X 3 mm were cut
from these Co—Mo binary alloy ingots. Each slice
was ground, polished, cleaned, and then sealed
together with 10 g zinc block in an evacuated quartz
tube. The sealed specimens containing Co—Mo
binary alloys Co068.5Mo031.5 and Co87.5Mo12.5
were annealed at 450 °C for 10 d while the sealed
specimen containing alloy Co90Mo10 was annealed
at 600 °C for 8 d, and then quenched into water.

3.3 Microstructure observation and phase

compositions measurement

The samples were prepared in the conventional
way for metallographic examinations. The 2 vol.%
nital etching solution was used for revealing the
microstructural details and a conventional optical
microscope was used for the preliminary
examination of all samples. The analyses of the
morphology and the chemical composition of all
phases in the equilibrated alloy samples were
performed in a JSM—6360LV scanning electron
microscope (SEM) equipped with OXFORD INCA
energy-dispersive X-ray spectrometer (EDS). The
constituent phase relations of the samples were
further confirmed using X-ray diffraction patterns
generated by a Rigaku Ultima IV X-ray
diffractometer (Rigaku, Japanese), operating at
40 kV and 40 mA with Cu K, radiation. The
chemical compositions of the reaction zone in the
diffusion couples were determined using EPMA
(JEOL JXA—-8230) operating at 15 kV. Pure Co, Mo,
and Zn standard samples provided by JEOL were
used for calibration.

4 Results and discussion

The phase relationships covering the entire
composition range of the Co—Mo—Zn ternary
system at 600 and 450 °C were studied by
combining equilibrated alloy and diffusion couple
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methods. The reported compositions are average
values at least five measurements. The use of
diffusion couples (DCs) in phase diagram studies is
based on the principle of local equilibria at the
phase interfaces in the diffusion region [29,30]. The
compositions of three phases of each tie-triangle in
the local equilibria obtained using EPMA from DC
Co90Mo10/Zn at 600 °C and DC Co68.5Mo31.5/
Zn and DC Co87.5Mo012.5/Zn at 450 °C. Based
on the experimental results and phase diagram
information of three sub-systems, the isothermal
sections of Co—Mo—Zn system at 600 and 450 °C
were constructed, as shown in Fig. 2. The detailed
analysis of each isothermal section is listed as
follows.

* Designed composition of
three-phase equilibirium state alloys
Tie-line and designed composition of
two-phase equilibirium state alloys

----- Diffusion path of DCs
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Fig. 2 Constructed isothermal sections of Co—Mo—Zn
ternary system at different temperatures: (a) 600 °C;
(b) 450 °C

4.1 Isothermal section of Co—Mo—Zn ternary
system at 600 °C
A total of eight equilibrated alloys and one
diffusion couple were used to determine the

isothermal section of the Co—Mo—Zn system at
600 °C. Table 2 gives the designed compositions of
alloys and phases in each equilibrated alloy, which
were identified by a combination of XRD and
SEM-EDS. Figure 2(a) shows the isothermal
section of Co—Mo—Zn ternary system at 600 °C
superimposed with nominal compositions of the
alloys.

Table 2 Compositions of alloys and phases in
Co—Mo—Zn ternary system at 600 °C

Designed Content/at.%
Alloy composition Phase Co 7Zn Mo
L 0.8 99.0 02

Al 5C0o-5Mo-90Zn  y 98 893 0.9
(Mo) 0.6 03 99.1
no 119 872 09
A2 12Co-5Mo-83Zn  y 156 84.0 04
(Mo) 03 05 992
© 473 20 507
A3 23Co-12Mo—65Zn (Mo) 0.6 0.7 98.7
y 226 772 02
4 506 2.1 473
A4 41Co-9Mo-50Zn  y 268 73.0 0.2
B 467 531 02
4 529 20 451
A5 57Co-20Mo-23Zn B, 485 51.0 0.5
e 720 15 265
(Mo) 0.7 04 989
y 185 814 0.1
4 498 20 482
y 251 748 0.1
w527 15 458
B 474 522 04

A6 14Co—24Mo—627Zn

A7 35Co—20Mo—45Zn

A8 49Co—20Mo—31Zn

The microstructure of Alloy Al is shown in
Fig. 3(a), in which the gray block y, phase and
white Mo-rich solid solution phase (Mo) are in
equilibrium with the matrix of the porous liquid
phase (marked as L in the present work). The XRD
pattern, as shown in Fig. 3(b), also confirms the
existence of these three phases. Figure 3(c) shows
the three-phase equilibrium of (Mo), y and y,. The
white circular (Mo) phase and the light gray y phase
coexist with the matrix of the y, phase. Also, they
can be confirmed using the XRD pattern, as shown
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50 60
20/(°)
Fig. 3 Typical microstructures (a, c, e, g, i) and XRD patterns (b, d, f, h, j) corresponding to different three-phase fields
of Alloys A1—AS5 annealed at 600°C: (a, b) Alloy Al; (c, d) Alloy A2; (e, f) Alloy A3; (g, h) Alloy A4; (i, j) Alloy AS
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in Fig. 3(d). SEM—-EDS analyses indicated that
Alloy A3 consists of three phases. The dark gray
block is the x phase, the light gray block is the (Mo)
phase, and the matrix is the y phase. The
microstructure of this alloy is shown in Fig. 3(e)
and the XRD pattern (Fig. 3(f)) clearly confirm the
existence of i, y and (Mo) phases. Alloy A4 is in the
utp+y three-phase equilibrium state, as shown in
Fig. 3(g). The light gray u phase is uniformly
distributed on the matrix y phase, and the dark gray
1 phase is grown in the dendritic form in the matrix
y phase. The XRD pattern of Alloy A4 is presented
in Fig. 3(h). The microstructure of Alloy A5
obtained using SEM is shown in Fig. 3(i).
SEM—-EDS analyses suggest that Alloy A5 contains
three phases, the dark gray u phase, the light gray ¢
phase, and the matrix £, phase. The XRD pattern
further confirms the result, as shown in Fig. 3(j).

By performing EPMA analysis, the valuable
information about phase equilibria of Co—Mo—Zn
ternary system at Co-rich corner and 600 °C was
obtained. The microstructure of the DC Co90Mo10/
Zn annealed at 600 °C for 8 d is shown in Fig. 4. It
can be seen that the diffusion path close to the
Co-rich comer of the DC Co90Mol0/Zn is
e-Cote—etf—f1tu—uty. The compositions at
the interfaces represent the tie-triangle data, as
shown in Table 3. That means the DC
Co90Mo10/Zn three-phase conjunction interfaces
shown in Fig. 4 represent e+e-Co+p,, fi+etu, and
Si+y+u three-phase equilibrium state.

Co90Mo10

Fig. 4 Microstructure of DC Co90Mo10/Zn annealed at
600 °C for 8 d

Based on the present experimental results and
combined with the results of binary phase diagram,
the isothermal section of Co—-Mo—Zn ternary system
at 600 °C was constructed, as shown in Fig. 2(a), in

which six three-phase regions are identified, viz. L+
n+tMo), yityt(Mo), utH(Mo)ty, ptytpi, utpite,
and e+e-Co+p,. The solubilities of Mo in the Co—Zn
compounds (y;, y, f1) are very small, no more than
0.9 at.%, 0.4 at.%, and 0.5 at.%, respectively. The
maximum solubilities of Zn in ¢ and ¢ are 2.1 at.%
and 1.5 at.%, respectively. No ternary compound
was observed.

Table 3 Tie-triangle data obtained with EMPA analyses
for DC Co90Mo10/Zn at 600 °C

Tie-triangle Phase Content/at.%

Co Zn Mo

e-Co 92.88 0.21 6.91
ete-Cotpy & 73.84 0.92 25.24
b 49.18 50.52 0.30
& 72.14 1.22 26.64
Prtetu u 5257 206 4537
b 48.15 51.33 0.52

b 46.37 53.12 0.51

Brtytu y 26.45 73.33 0.22

1 51.19 195  46.86

4.2 Phase equilibrium of Co—Mo—Zn ternary

system at 450 °C

In order to investigate the phase relationship of
Co—Mo—Zn system at 450 °C, eleven equilibrated
alloys have been designed in this work, as shown in
Table 4. Figure 2(b) shows the isothermal section of
Co—Mo—Zn ternary system at 450 °C superimposed
with the alloys’ nominal compositions. According
to the binary phase diagram data [15,25], the phase
relationship of the Zn-rich corner at 450 °C is
different from that at 600 °C due to the presence of
1,-CoZn;3, MoZn; and MoZny,. Therefore, in this
section the phase equilibrium associated with
1,-CoZn;3, MoZn; and MoZn,, was focused on.

SEM—-EDS analyses suggest that Alloy Bl
contains three phases, i.e. L, y, and MoZny,.
Fig. 5(a) shows the microstructure of Alloy B1. It
can be easily differentiated by the morphology. The
XRD pattern of this alloy further confirms the
L+y,+ MoZn,, three-phase equilibrated state, as
shown in Fig. 5(b). A micrograph of Alloy B2 is
shown in Fig. 5(c). This indicates that Alloy B2
consists of three phases, the white (Mo) phase, the
light gray MoZn; phase, and the dark gray matrix
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Table 4 Compositions of alloys and phases in Co—Mo—
Zn ternary system at 450 °C

Designed Content/at.%

o Phase
composition Co Zn Mo

L 02 99.7 0.1
MoZn,, 32 924 44
72 7.7 922 0.1
MoZn; 0.5 86.6 12.9
MoZn,, 2.8 91.7 5.5
Mo) 03 03 994
12l 11.5 884 0.1
MoZn,, 4.7 90.8 4.5
Mo) 02 09 989
2 10.5 894 0.1
B4  8Co—2Mo—-90Zn 72 87 912 0.1
MoZn,, 4.3 915 4.2

y 144 855 0.1
B5 13Co—4Mo—83Zn (Mo) 0.6 0.9 985
7 12.1 87.8 0.1
u 48.5 2.7 488

B6 22Co—8Mo—70Zn y 21.1 78.8 0.1
Mo) 06 03 99.1
u 526 2.1 453

B7 36Co—8Mo—56Zn y 26.1 734 0.5
b 46.7 524 09

L 0.1 999 0

MoZn,, 14 94.6 4.0

MoZny,, 3.9 914 4.7

Mo) 0.1 0.8 99.1

y 16.9 82.7 04
Mo) 02 05 993
504 2.6 47.0

y 249 749 0.2

Alloy

B1 3Co—2Mo0—-95Zn

B2 2Co—12Mo—86Zn

B3 7Co—7Mo—86Zn

B8 1Co—3Mo0—-96Zn

B9 4Co—12Mo—84Zn

B10 13Co—23Mo—64Zn

B11 32Co—15Mo—53Zn

MoZn,, phase. The XRD pattern of Alloy B2 is
shown in Fig. 5(d). Figure 5(e¢) shows the
microstructure of Alloy B3, and three phases are
detected. The white (Mo) phase is distributed in the
light gray MoZn,, phase, and the dark gray matrix
is y; phase, which is further confirmed using XRD,
as shown in Fig. 5(f). Alloy B4 corresponds to the
MoZnyy+y,+y, three-phase equilibrium state, as

shown in Fig. 5(g), which is confirmed using XRD
pattern, as shown in Fig. 5(h). Obviously, the light
gray block phase is MoZny,, while y, and y, can be
distinguished by their microstructure.

The microstructures of Alloys BS, B6 and B7
are similar to that of Alloys A2, A3, and A4 at
600 °C, respectively. Alloy B5 contains three
phases i.e. y;, (Mo) and y. Alloy B6 is in u+(Mo)+ y
three-phase equilibrium state. Alloy B7 consists of
the x4 phase, the y matrix and the f; phase. The
equilibrium microstructures of Alloys B5—-B7
annealed at 450 °C are presented in Figs. 6(a—c),
respectively.

Alloys B8 and B9 locate in two different
MoZny,-related two-phase regions, and the
equilibrium microstructures of Alloys B8 and B9
are presented in Figs. 7(a) and (b), respectively.
They contribute to constructing the solubility of the
MoZny, phase. Figure 7(a) exhibits the
microstructure of Alloy BS, which clearly shows
two different phase regions. The light gray L phase
is buried in the gray block which is considered
to be the MoZn,, phase with composition of
Zn—1.4at.%Co—4.0at.%Mo. The equilibrium micro-
structure of Alloy B9 is presented in Fig. 7(b),
indicating it locates in the (Mo) and MoZny,
two-phase filed. The white phase is the solid
solution phase (Mo), and the gray one is the
MoZn,, phase with composition of Zn—3.9at.%Co—
4.7at.%Mo. Alloys B10 and BIl locate in two
y-related two-phase regions, which are similar in
microstructure with Alloys A6 and A7 at 600 °C, as
show in Figs. 7(c) and (d), respectively.

To further determine the phase relations of the
Co—Mo—Zn ternary system at the Co-rich corner
and 450 °C. Two diffusion couples, ie. DC
Co068.5Mo031.5/Zn and DC Co87.5Mo12.5/Zn, were
prepared in the present work. Figure 8 illustrates the
backscattered electron images of these two
diffusion couples annealed at 450 °C for 10 d. The
microstructures of the DC Co068.5Mo031.5/Zn are
shown in Fig. 8(a). According to EPMA analysis, it
can be known that the diffusion path close to the
Co-rich corner of the DC Co068.5Mo031.5/Zn is
etu—utfi—uty. There are fi+etu and fi+y+u
three-phase local equilibria at the conjunction
interface in the diffusion zone. In addition, it can be
seen from Fig. 8(b) that there are several local
equilibrium regions (corresponding to different
phases) at the DC Co087.5Mo012.5/Zn conjunction
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Fig. 5 Typical microstructures (a, c, e, g) and XRD patterns (b, d, f, h) corresponding to different three-phase fields of
Alloys B1—B4 annealed at 450 °C: (a, b) Alloy B1; (c, d) Alloy B2; (e, f) Alloy B3; (g, h) Alloy B4

interface. By measuring the composition of phases
near triple points, three three-phase fields can be
obtained, including e+e-Co+py, fi+etu, and fi+y+u.
The diffusion path is induced as &-Cote—
e+f1—f1tu—pty. As can be seen from Table 5, the
compositions of the three phases in the same

tie-triangle determined by different DCs are similar.
The results verify the reliability of the diffusion
couple method.

In summary, the isothermal sections of Co—
Mo—Zn ternary system at 450 °C are constructed, as
shown in Fig. 2(b). Nine three-phase regions were
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(a) Alloy BS5; (b) Alloy B6; (c) Alloy B7

A £l = » FUEVY
Fig. 8 Microstructures of different DCs annealed at 450 °C for 10 d: (a) C0o68.5Mo031.5/Zn; (b) Co87.5Mo012.5/Zn

well established in the present work, viz. L+y,+ pitetu and ete-Cotfy.  Experimental results
MoZn,,, MoZn,+MoZny,+(Mo), y1+(Mo) +MoZn,,, indicate that Mo is almost insoluble in y, and y;, and
ntyptMoZng,  yi+(Mo)ty, wutr(Mo)ty, utytf, the solid solubilities of Mo in y and f; are also
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limited, no more than 0.5 at.% and 0.9 at.%,
respectively. The maximum solubilities of Co in
MoZn; and MoZn,, are 0.5 at.% and 4.7 at.%,
respectively. The maximum solubilities of Zn in u
and ¢ are 2.7 at.% and 0.6 at.%, respectively. No
ternary compound is found in this section.

Table 5 Tie-triangle data obtained with EMPA analyses
for two DCs at 450 °C

Content/at.%

Tie-
Diffusion couple : ¢ Phase
triangle Co Zn Mo

e 7455 0.64 24.81

etutpy & 5343 1.92 44.65
b1 47.61 51.68 0.71

b1 46.24 52.82 0.94

Bitytu y 26.12 73.37 0.51
u 53.02 2.13 44.85

e-Co 9223 0.15 7.62
ete-Cotfy ¢ 75.58 0.14 24.28
b1 48.83 50.77 0.40

e 7436 0.59 25.05

etutpy i 53.29 1.88 44.83
b1 47.47 52.10 0.43

b1 46.76 52.30 0.94

Biytu y  26.57 72.98 0.45
u o 52.88 1.75 45.37

Co068.5Mo31.5/Zn

Co87.5Mo12.5/Zn

5 Conclusions

(1) Six three-phase regions, i.e. L+y;+(Mo),
ntytMo),  pt(Mo)ty, utytp, wptpite and
e+e-Cotf; have been identified experimentally in
the Co—Mo—Zn ternary system at 600 °C.

(2) Nine three-phase regions, i.e. L+y,+
MoZn,;, MoZn;+MoZnyy+(Mo), y+(Mo)+MoZn,,,
ntytMoZny,,  yit(Mo)ty, wt(Mo)ty, uty+p,
[itetu and ete-Cot+f; exist in the isothermal
section at 450 °C.

(3) Both the maximum solubilities of Mo in
the Co—Zn compounds (y, y;, y, and f;) and that of
Zn in &-CosMo are no more than 1.5 at.%.
Furthermore, the maximum solubilities of Zn in
1-CosMog were determined to be 2.1 at.% and
2.7 at.% at 600 and 450 °C, respectively. In addition,
the maximum solubilities of Co in MoZn; and
MoZn,, are 0.5 at.% and 4.7 at.% at 450 °C,

respectively.

(4) No ternary compound is found in the two
isothermal sections of the Co—Mo—Zn system at
600 and 450 °C.
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Co—Mo—Zn =Juix R BYHH L1

wEF, TEH,

FATAR, BRMaEH, A4

WERS: MOBREE S ARG MORRBLTE Rl 4 BRI 2 S =, MR 411105

B O RS SRy HUEE, T R S R R RO X AT R AR

SEEITE Co—Mo—Zn = Lk RTE 600 F1 450 °C HIAFR AT » SLIR L5 REH, XTTHTMER Co-Mo—Zn =ik R,
600 °C SFIRA I T AEE 6 A =AHIX, 450 °C IR A 9 AN =HIX, ERFASFRETI PR K= E .
Mo 7E Co—Zn L& H(y-CosZn,y, y,-CoZng, y,-CoZnis Al f1-CoZn)FF ) i KIS ASE AN Zn 1E e-CosMo H I i KGR
FEXIART 1.5 at.%. 600 F1 450 °C B, Zn £ u-CosMog IR K AR FE ST 7 2.1 at. %M 2.7 at.%. Uk4h, 450 °C
i, Co fE MoZn; A1 MoZny, F HIf KIEMRE /518 0.5 at.%F1 4.7 at.%.

KEIE: Co-Mo—Zn =Juih#; MEK; FHE

(Edited by Wei-ping CHEN)



