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Partial phase relationships of Mg-Zn-Ce system at 350 C
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Abstract: The alloys were prepared in Mg-rich corner of Mg-Zn-Ce system. Partial phase equilibrium relationships of these alloys at
350 C were identified by using scanning electron microscopy(SEM), electron probe microanalysis(EPMA), X-ray diffraction(XRD)
analysis and selected area electron diffraction(SAED) pattern analysis of transmission electron microscopy(TEM). Partial isothermal
section of Mg-Zn-Ce system in Mg-rich corner was identified. The results show that there is one ternary compound (7-phase) in
Mg-Zn-Ce system. The T-phase is a linear ternary compound in which the content of Ce is about 7.7% (molar fraction); while the
content of Zn is changed from 19.3% to 43.6% (molar fraction). The crystal structure of 7-phase is C-centered orthorhombic. In
addition, one two-phase region of Mg+7-phase and one three-phase region of Mg+7-phase+MgZn(Ce) exist in the Mg-rich corner of

Mg-Zn-Ce system at 350 C.
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1 Introduction

Magnesium alloys are one kind of the lightest
structural metal materials, and its application potential in
automobile industry, aviation industry and electron
industry is focused[1—3]. But compared with steel and
aluminum alloy, the application process of magnesium
alloys is limited because of the poor plastic property at
room temperature and the poor creep resistant property at
an elevated temperature. So, the development of
magnesium alloys with high mechanical properties,
especially at elevated temperature is crucial for
application[4—6]. The addition of rare earth element can
not only refine the crystal grain, but also improve the
creep resistance at elevated temperature, because of the
formation of high melting-point compounds[7—8]. For
Mg-Zn-RE system, it is the same reason[9—12].

Phase diagram is the basis of alloy design. Up to
now, the binary systems of Ce-Mg, Mg-Zn and Ce-Zn
are perfect[13], but the information of the Mg-Zn-Ce
ternary system is limited. There are only two longitudinal
sections now, and some information about the compound

is not clear[14—15]. So, it is important to perfect the
phase information of the Mg-Zn-Ce system. Therefore,
the phase relationships of the Mg-Zn-Ce system in
Mg-rich corner at 350 ‘C were studied in this work.

2 Experimental

The Mg-Zn-Ce alloys with nominal composition
shown in Table 1 were prepared by repeated melting. The
purity of Mg and the purity of Zn were 99.99%, and the
purity of Ce was about 99.8%. Each sample ingot was
about 30 g. The pure metals of each group were mixed
together, and then put into the carbon crucible in a
induction furnace under Ar atmosphere,
followed by furnace cooling. Then the samples were
wrapped with tantalum foils respectively and sealed in a
quartz tube under the vacuum of 10 Pa and annealed at
350 °‘C for 1 440 h, followed by water cooling. Phase
identification and lattice parameter determination were
made by X-ray diffractometry(XRD) using Siemens
D5000 diffractometer with Cu K, radiation, a voltage of
40 kV and a current of 40 mA. Microstructures of
samples were studied by scanning electron microscopy

vacuum

Foundation item: Project(50471025) supported by the National Natural Science Foundation of China; Project(20052028) supported by the Natural Science
Foundation of Liaoning Province, China; Project(2006BAE04B09-7) supported by the National Key Technology R&D Program during

the 11th Five-Year Plan Period

Corresponding author: HUANG Ming-li; Tel: +86-24-83672241; E-mail: mingli_huang@126.com

DOI: 10.1016/S1003-6326(08)60333-7



682 HUANG Ming-li, et al/Trans. Nonferrous Met. Soc. China 19(2009) 681-685

Table 1 EPMA data of equilibrium phases in alloys (molar fraction, %)

Nominal composition of Mg solid solution T-phase MgZn phase

alloys Mg Zn Ce Mg Zn Ce Mg Zn Ce
MggoZn,sCes 99.3 0.7 0 73.0 19.3 7.7 -
MggeZn;osCes s 99.3 0.7 0 73.0 19.4 7.6 -
Mg75Zn,Ces 98.3 1.7 0 61.6 30.5 7.9 -
Mg;Zn,sCes 98.1 1.9 0 57.7 345 7.8 -

MgssZn;;Ces 96.9 3.1 0 49.2 43.0 7.8 55.3 433 1.4

Mgg Zn;;5Ce; 5 97.0 3.0 0 48.8 43.6 7.6 56.0 42.5 1.5

(SEM) using SSX-550 microscope. The compositions of
equilibrium phases in alloys were analyzed on electron
probe microanalyzer(EPMA) with a beam size of 1 um
and a voltage of 15 kV. The highly pure Mg, Zn and Ce
were served as standards to revise the characteristic
radiations, and the purities of them were 99.99%,
99.99% and 99.8%, respectively. The seclected area
electron diffraction(SAED) of the intermetallic phases
was carried out on TECNAI G*20 transmission electron
microscope(TEM) operated at 200 kV.

3 Results and discussion

3.1 Equilibrium of T-phase+a(Mg)

The microstructures of the alloys of MggyZn;sCes,
MggsZn o sCes s and Mg,Zn,sCes are shown in Fig.1. All
alloys consist of two phases with similar microstructures.
The black is Mg matrix which contains a little Zn as
shown in Table 1. The bright phase in each alloy is a
ternary compound. Table 1 shows that the contents of Zn
of the ternary compounds in different alloys are from
19.3% to 43.6%, but the content of Ce is about 7.7%,
which has no change, showing the ternary compounds
have linear characterization in their compositions. The
results suggest that the increasing of Zn in the ternary
compounds should be based on the substitution of Mg by
it.

Fig.2(a) shows the XRD patterns of the three alloys
of MggoZn;sCes, MggeZniosCess and MgyZn,sCes.
According to the results of Table 1 and Fig.1, the
diffraction peaks of each diffraction pattern in Fig.2(a)
must consist of the peaks of ternary compound and Mg.
It is well known that the structure and diffraction peaks
of Mg have been clear now, and the peaks of Mg can be
indexed easily by the standard of PDF card. Therefore,
except the diffraction peaks of Mg, the rest should be
assigned to the ternary compound for each XRD
diffraction pattern. Fig.2(a) also shows that the XRD
diffraction patterns have the nearly one-to-one
correspondence diffraction peaks to each other, that is to
say, the diffraction peaks of the ternary compound in
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Fig.1 Microstructures of two-phase equilibrium alloys:
(a) MggoZn;sCes; (b) MggeZn,5Ces s; () MgzZn,sCes (Bright
is T-phase, black is Mg matrix)

each alloy diffraction pattern are one-to-one
correspondence. This suggests that the ternary
compounds in the three alloys have the same crystal
structure. The characterizations of composition and the
crystal structure of the ternary compounds support them
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Fig.2 XRD patterns of two-phase equilibrium alloys (a), SAED
patterns of T-phase taken from [110] zone axis (b) and [210]
zone axis (¢)

to be looked as one linear ternary compound, which is
one linear ternary compound here called as 7-phase.

By calculating and simulating the data of the
diffraction peaks, the C-centered crystal structure of
T-phase is identified. According to the Brgg formula:
2dsinf=1, the formula of the interplanar crystal spacing

for the orthorhombic system: d=1/,]—+—+—

and the condition for extinction of C-centered crystal
lattice: 2+k=2n+1(n is integer), the Miller indices of
each diffraction peak of T-phase can be determined.

Fig.2(b) shows the SAED pattern of T-phase taken from
[110] zone axis and Fig.2(c) shows the SAED pattern
taken from [210] zone axis. Figs.2(b) and (c) suggest
furthermore that the crystal lattice of T-phase is
C-centered orthorhombic.

3.2 Three-phase equilibrium of a(Mg)+MgZn(Ce)+

T-phase at 350 'C

Fig.3 shows the typical microstructures of three-
phase equilibrium alloys. The black is Mg matrix, in
which solubility of Zn is about 3.0% at 350 “C. The grey
is similar to MgZn phase, but there contains 1.5% Ce in
it. According to Mg-Zn binary diagram, the melting point
of MgZn is 347 ‘C and solidification of MgZn phase
should disappear at 350 “C theoretically[13]. Therefore,
the existence of MgZn at the solid state of 350 C is
owing to its solubility of 1.5% Ce, which is a high
melting temperature element, and the grey phase is called
as MgZn(Ce) here. The bright is 7T-phase, which contains
about 44%Zn, about 8%Ce and balanced Mg.
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Fig.3 Microstructures of three-phase equilibrium alloys:
(a) Mgg1Zn;;5Cey 5, (b) MgssZns,Ces (Bright is T-phase, grey is
MgZnCe and black is Mg matrix)

Fig.4(a) shows the XRD patterns of Mgg;Zn;7sCe; s
alloy and MggyZn;sCes alloy, and Fig.4(b) shows the
SAED pattern of 7T-phase in MggZn;;sCe, 5 alloy taken
from [012] zone axis. The results of Fig.4 show that the
T-phase in MggZn;;5Ce s alloy also has a C-centered
crystal structure. In Fig.2, the XRD pattern of
MggoZn;sCes alloy has been discussed and it is
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introduced in Fig.4(a) to show the characterization of the
peaks of 7-phase in two-phase equilibrium and
three-phase equilibrium. For the XRD pattern of
Mgg Zn;;5Ce s alloy, except the peaks of Mg matrix and
MgZn(Ce), the rest peaks are the diffraction peaks of
T-phase. Fig.4(a) shows that the peaks of T-phase in
MggZn;;5Ce; s alloy also correspond to those in
MggoZn;sCes alloy. But if comparing the peak data in
Fig.2(a) with Fig.4(a) of T-phase carefully, it is shown
that for each group corresponding peaks, the values of 26
shift to higher with the increasing of Zn content in the
T-phase regularly. This suggests that with the increase of
Zn content, the crystal structure of 7-phase has no
change.

The reason that the values of 26 change with the
increase of Zn content in the 7-phase is known as that the
radius of Zn is 0.153 nm, which is 0.019 nm shorter than
that of Mg. When the content of Ce is not changed, the
lattice parameters of 7-phase should be decreased with
Mg content being substituted by Zn content successively.
According to the formula of Brgg and the formula of
interplanar of the orthorhombic system, the formula, 26=

-— Mg
= — MgZn
v — T-phase
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[ 2
2 arcsm% h_2 + I;—z + l— can be obtained. This equa-

tion shows that, for each (% & /) triplet, the values of 20
shift to higher with the decreasing of parameters. That is
to say, with the increasing of Zn content, the 26 values
shift to higher. So, the theoretic analysis is consistent
with the result of Fig.4(a) and Fig.2.

According to the analysis above, the 7T-phase is a
linear compound. And the crystal lattice is C-centered
orthorhombic. With Mg content being substituted by Zn
content, the lattice parameters should decrease a little
regularly.

3.3 Partial isothermal section of Mg-Zn-Ce system
According the results above, the partial
isothermal section of Mg-Zn-Ce system in Mg-rich
corner at 350 ‘C is determined, as shown in Fig.5.
T-phase is a stable solid phase at 350 °C, and has
two-phase equilibrium with Mg solid solution in the

to

wide composition range and the linear characterization of

Fig.4 Comparison of XRD patterns of MggZn;75Ce; s alloy and MggZn;sCes alloy (a), and SAED pattern of T-phase in

MggZn,75Ce 5 alloy taken from [012] zone axis (b)
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Fig.5 Partial isothermal section of Mg-Zn-Ce system at 350 ‘C
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it can be seen clearly in Fig.5. The three-phase region of
Mg+T-phase+MgZn(Ce) also exists near the wide two-
phase region. According to the knowledge of Mg-Zn
binary system, the three-phase region of L+MgZn(Ce)+
Mg,Zn; can be deduced.

4 Conclusions

1) There exists a linear ternary 7-phase in Mg-rich
corner of Mg-Zn-Ce system with the compositions of
7.7% Ce, 19.3%—43.6% Zn and balanced Mg at 350 C.

2) The diffraction pattern of T-phase is determined
and its crystal lattice type is C-centered orthorhombic.
With the increasing of Zn, the lattice parameters of
T-phase decrease.

3) There exist a two-phase equilibrium of 7T-phase+
o(Mg) and a three-phase equilibrium of a(Mg)+
MgZn(Ce)+T-phase in the Mg-rich corner of Mg-Zn-Ce
system at 350 C.
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