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Abstract
Phase equilibrium of the Mg-Zn-Sm ternary system at the Mg-rich
region at 400°C was investigated. One ternary phase 7 was
confirmed, with a composition formula of Mg;Zn;,Sm and
crystal structure of P63;/mmc. Zn was found to have large
solubility in both Mg;Sm (~35.6 wt.%) and Mg, Sms (~4 wt.%)
phases. An isothermal section of 400°C in the Mg-rich corner was
constructed, which provides important understanding of phase
relationships in the Mg-Zn-Sm system.

Introduction

Magnesium alloys have been increasingly used in the automotive
and aerospace industries for light weighting and energy saving,
because of their low density, high specific stiffness, excellent
castability, and other favorable attributes [1-4]. However, the
relatively poor mechanical properties like strength and creep
resistance have limited their applications. The addition of Zn has
been reported to significantly enhance strength and creep
resistance in Mg alloys by both solid solution strengthening and
age hardening. However, Zn also brings brittleness and coarse
grains [5], so a third strengthening element is always considered
in Mg-Zn alloys. Mg-Zn-RE (rare earth) alloys have attracted
much interest recently. RE’s solid solution strengthening in a(Mg)
and precipitation strengthening from the intermetallics could
provide strong influence on Mg alloy mechanical properties[6,7].

Samarium (Sm), as one of the cheapest RE elements, attracts
significant interest. Although there have been some reported
studies on the mechanical properties of Mg-Zn-Sm alloys [8,9,10],
the strengthening mechanisms, intermetallics and phase diagrams
are yet to be fully understood. Dirits, et al [11] studied the phase
relationships in this system, as well as liquidus projection and a
partial isothermal section at Mg corner, as shown in Fig.1. Three
ternary phases X ((Mg)307n0)38ms), Y (Mgo54Zns21Sm), Z
(Mg3ZnsSm) were also identified. However, their study was not
sufficient for further applications for the following reasons: 1)
The homogeneity ranges of the three ternary phases were not
clearly specified; 2) Despite the clear crystal structure information
for X (FCC, a=6.994A) and Z (HCP, a=14.62 A, c=8.78 A) phase,
such information for Y phase was not available; 3) These three
phases differ significantly in composition and crystal structure
from those investigated in [12-14], which are named as [
(Mg 13Zn3Sm3),us (Mg,5Zn05Sms;s) and 2%
(Mg sg17n15535my46), all with hexagonal crystal structure. Thus,

a detailed investigation into ternary phases and phase relationships
in this system is necessary.

For this purpose, three typical Mg-Zn-Sm alloys (their
compositions are listed in Table. 1) were identified for
experimental investigation based on the work of Drits et al [11].
As shown in Fig.1, the alloys selected in this study are located in
the three-phase region, which will provide us with more phase-
equilibrium information and less experimental work. In this study,
phase equilibria of these three alloys at 400°C were investigated.

Experimental

The Mg-Zn-Sm alloy samples were prepared using commercially
pure Mg, 7Zn (>99.9wt%) and Mg-20wt.%Sm master alloy ingots.
Melting process was under protection of SF¢/CO, and the
samples were cut into pieces of around 100g. The chemical
composition of each alloy was then analyzed using Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) and listed in
Table.1. Afterwards, samples were wrapped with tantalum foils
respectively, sealed in a quartz tube and back-filled with high-
purity argon atmosphere (>99.999%), and then annealed at 400°C
for one month. Phase identification and lattice parameter
measurements were performed by X-ray diffraction (XRD) using
General Area Diffraction Detector System (GADDS), with Cu Ka
radiation (40kV, 50 mA), as well as Transmission Electron
Microscopes (TEM, Tecnai T12). SEM (EVO-50) was employed
to study the microstructures. The compositions of each element
within the phases in equilibrium were determined using Electron
Probe Microscope Analysis (EPMA) (CAMECA SX100).

Table.1. Chemical composition of selected Mg-Zn-Sm alloys and
EPMA measured compositions of each phase in equilibrium from
this study (the chemical composition is measured by ICP)

Alloy | Overall Phases Mg Zn Sm
# Compositions (wt.%) | (wt.%) | (Wt.%)
(WL%)
1 Mg-23.35Zn- a(Mg) 90.2 9.7 0.1
5.738m
Z 1243 | 70.16 | 17.76
2 Mg-1.17Zn- a(Mg) 97.19 | 036 1.70
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13.01Sm Mg Sms | 54.71 3.88 40.64
3 Mg-8.16Zn- | a(Mg) 9717 |08 1.10
13.38Sm
Mg;Sm 12.36 35.59 50.13
——————— Phase bovndaries

Selecter alloys

Fig.1. Projection of crystallization surfaces, and phase regions at
300°C of Magnesium cormer of system Mg-Sm-Zn [11]

Results and Discussion

A typical microstructure of alloy #1 Mg-23.357n-5.738m is
shown in Fig.2.a. Two phases are in equilibrium: white dendritic
phase and dark matrix. The XRD results shown in Fig.3 indicate
that the a (Mg) and Z phase coexist. The compositions of either
phase determined from EPMA are listed in Table.1. Based on the
above phase identification results, the dark matrix is a(Mg), in
which Zn has a solubility of around 9.7 wt%; the light Z phase has
a composition of Mg-727n-16.5Sm and a formula of
MgsZn;;Sm. The XRD pattern corresponds well with the
hexagonal phase us;, with the lattice constants a=14.6A and
c=8.71A.

It should be noted that though ps;, ps, w; [12-14] are three
individual phases, they are similar in many perspectives: same
crystal structures (P6;/mmc), same “c” lattice constant (8.84),
similar composition (Mg: Zn: Sm=3:10:1) and the only difference
is the “a” lattice parameter (14.6A/23.5A/33.6A). For our purpose
of constructing Mg-Zn-Sm phase diagram around Mg-rich corner
and further assisting alloy optimization, it would be difficult and
unnecessary to distinguish these three phases; thus we take the
average composition for Z phase, while the crystal structure
resembles that of 3.

The BSE image of alloy #2 Mg-1.177n-13.018m is presented in
Fig.2.b. The dark phase is identified to be a(Mg), with 1.7% Sm
and negligible Zn. The light phase corresponds well to Mg, Sms,
with a solubility of Zn of around 4%, as listed in Table.2. The
existence of these two phases is supported by the XRD spectrum
as seen in Fig.3. Compared with Mg, Nds [16], Mgy, Sms has the
same crystal structure (I4/m), similar lattice constants (Mg, Sms:
a=14.8A, ¢=10.36A; Mg, Nds: a=14.7A, ¢=10.40A) and similar
Zn solubility (~2-3%), thus it is reasonable to infer that Zn’s
substitution mechanism would be the same in both phases, which
means Zn substitute Mg atoms in Mg, Sms.
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The BSE image in Fig.2.c shows the two phase equilibrium in
alloy #3 Mg-8.16Zn-13.38Sm. The dark matrix is a(Mg) and the
eutectic white is identified to be Mg-35.6Zn-50Sm, ie. the X
phase [11]. The formula is calculated as Mgz, 1 7Zn366Smy,. The
eutectic structure indicates an eutectic reaction L = X + Mg, as
described in Drits’[11] and the eutectic dark phase is eutectic Mg.
The presence of the two phases is confirmed by the XRD pattern
in Fig.3.

Fig. 4 shows the bright field image of the X phase and the selected
area diffraction patterns from two different zone axes. The crystal
structure of the X-phase is confirmed to be FCC, as it was found
from the XRD patterns.

Fig.2. BSE images of Annealed Alloys ((a):#1;(b):#2; (c):#3)
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Fig.3. XRD Patterns of Annealed Alloys

The lattice parameter, calculated from the diffraction patterns for
X-phase is between 6.64-6.94 A. These values are consistent with
the calculated values from the XRD patterns, i.e. 6.97A. The
lower value for lattice parameter, compared to that of Mg;Sm
(a=7.731A) [17], is probably caused by magnesium atoms, with
larger atomic radius, being randomly replaced with smaller zinc
atoms in the structure. Therefore, while the X-phase was proposed
to be (Mg397Zn4¢;)38m,) in an early study [11], the XRD and
TEM results in this paper, along with the fact that the composition
of Mg and Zn together is 3 times as that of the Sm, suggest that
this phase is instead the Mg;Sm binary phase with a large
solubility of zinc atoms in the structure.

Based on the above results, a schematic isothermal section of Mg-
Zn-Sm system in Mg-rich comer at 400°C is determined, as
shown in Fig.5.

In alloy#1, only two phases exist, indicating that #1 is either on
the a(Mg)-Z tie-line, or the amount of Mg,Zn; or Mg;Sm is too
small to be detected. In either situation, the tie-line between
a(Mg) and 7 phase would be close to #1°s composition. The
limited homogeneity is represented by the dashed circles.

In #2, Mgy, Sm; contains around 4% of Zn. Thus its homogeneity
range expands towards Zn corner and #2 lies within the two phase
region. #3 lies in the a(Mg)-Mg;Sm region. The a(Mg)-Mg;Sm-
Mg 4 Sm;s temary region can be inferred from phase rule, shown
as dashed lines in Fig.5.

The ternary region a(Mg) + Mg;Sm + Z was not observed from
present experimental results. However its boundary can be
estimated from compositions of 7Z and Mgs;Sm, and labeled as
dashed lines in Fig.5. Further study with more selected alloys
under different annealing temperatures is undergoing to clarify
phase equilibria at the Mg-rich corner of the Mg-Zn-Sm ternary
system. .
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Fig4. (a). TEM BF image of alloy #3 Mg-8.16Zn-13.38Sm; (b).
TEM SAD pattern of Mg;Sm (X-phase) with zone axis B = [111];
(c). TEM SAD pattern of Mg3Sm (X-phase) with zone axis B =
[o11].

o ®  Allay compasions
—— Phase Boundanes

0 === Estimated Phase Boundanes
B EPMA Resuns

E T ]
Mgnmmnwmmmwmmzn

Wit In

Fig.5. Isothermal section of Mg-7n-Sm system in Mg corner at
400°C



Conclusions

1. The ternary phase 7 was confirmed, with a modified formula
of Mgs7n,Sm and hexagonal structure.

2. The solubility of Zn in binary phase Mg, Sm;s in 400°C is
estimated as 4%. The crystal structure remains the same.

3. The X-phase identified by Drits [11] is experimentally
confirmed to be the binary Mg;Sm phase with the solubility
of Zn around 35.6% along the Mg-Zn binary direction.

4. Three binary phase equilibriums a(Mg)+Z, a(MgHMg,, Sms,
a(Mg)+Mg;Sm were identified and partial isothermal section
of Mg-Zn-Sm at 400°C was constructed.
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