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Abstract: In this study, the effects of 1% Samarium (Sm)
on the microstructure and room and high temperature
mechanical properties of Mg-8Gd-2Y-1Zn-0.5Zr alloy are
discussed and analyzed. The addition of Sm increases the
volume fraction of lamellar and blocky long-period stacking
ordered (LPSO) phases and promotes the precipitation of
lamellar ' and B phases. The high yield strength and
ultimate tensile strength of Mg-8Gd-2Y-1Sm-1Zn-0.5Zr
alloy at room and high temperatures are mainly attributed to
the strengthening effects of LPSO, B, and B' phases. The
LPSO, B, and B' phases effectively hinder the movement of
dislocations and inhabit the migration of grain boundaries.
The Mg-8Gd-2Y-1Sm-1Zn-0.5Zr alloy shows superior
yield strength (203.3 MPa) and ultimate tensile strength
(258.9 MPa) at 350 ‘C, which are respectively 67.2 MPa
and 23.8 MPa higher than those of Mg-8Gd-2Y-1Zn-0.5Zr
alloy (136.1 MPa and 235.1 MPa).
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1 Introduction
In the aerospace field, the use of Mg alloys in key military
equipment such as airplanes, spaceships and satellites can
enhance the maneuverability of aircraft by reducing weight
[1]. In some aerospace components, Mg alloys need to work
at high temperatures above 300 C, such as rocket cabins,
aircraft engine casings, and helicopter gearbox housings [2].
However, the commercial Mg-Al-Zn and Mg-Al-Mn series
alloys tend to rapidly lose their strength when exposed to
temperatures above 125 C [3].

With the incorporation of rare earth (RE) [4], Mg

alloys can simultancously achieve solid solution
strengthening and  precipitation strengthening, and
subsequently ~ exhibit  favorable  high-temperature

mechanical properties. Among RE-containing Mg alloys,
the Mg-Gd-Y-Zn-Zr series alloys have gained widespread
attention for the high strength and excellent creep resistance

[2-4]. Tt is reported that Mg-10Gd-3Y-1Zn-0.5Zr alloy
exhibits excellent yield strength (199 MPa) at 250 C,
which is 25% higher than the commercial WE54 alloy [1, 5].
However, its yield strength rapidly decreases to 142 MPa at
300°C. Additionally, the studies on the deformation
mechanisms and microstructural evolution of Mg alloys at
high temperatures are mainly focused on the range of
150 C to 250 C. When the temperature is further increased
to 350 ‘C, the strength of the alloys decreased significantly.
The microstructure evolution, deformation mechanism and
strengthening mechanism of Mg alloys during tensile
deformation above 300 C need to be further studied.

In this study, the effects of Sm on the microstructure
and mechanical properties of Mg-8Gd-2Y-1Zn-0.5Zr at
room and high temperatures (ranging from room
temperature to 350 °C) are discussed. The fracture modes
and strengthening mechanisms of the cast alloys at high
temperatures are systematically discussed and analyzed.
This investigation intends to provide some guidance for the
design and preparation of high-strength heat-resistant cast
Mg-RE alloys.

2 Experimental procedure

Actual chemical compositions of Mg-8Gd-2Y-1Zn-0.5Zr
(VW82) and Mg-8Gd-2Y-1Sm-1Zn-0.5Zr (VW82-1Sm)
alloys were tested by the inductively coupled plasma (ICP-
OES) and the results were listed in Table 1. The samples for
tensile testing were cut from the bottom part of the ingot (as
shown in Fig. la). The samples for phase analysis and
characterization were shown in Fig. 1b. The heat treatment
process parameters are 510 ‘Cx12 h+225 ‘Cx9 h.
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Figure 1. (a) casting mould, (b) tensile sample and observation
sample.

Table 1. Composition of Alloy

Alloy Mg (€e] Sm Y Zn Zr
VW82 | Bal. | 8.04 = 1.94 | 1.09 | 0.52

VW82-1 moi | 843 | 1.10 | 225 | 1.07 | 047
1Sm

Tensile tests at 25 C, 250 °‘C, 300 ‘C, and 350 ‘C were
carried out on a CMT 6305-300 KN testing machine.
During the high-temperature tensile test, the tensile
specimen was firstly heated to the set temperature and
maintained for 30 minutes, and then the test began. The
tensile test was carried out at a strain rate of 0.001 m/s. The
tensile test was repeated three times to ensure the accuracy
and reliability of the data.

3 Result and discussion

1. Mechanical properties and microstructure at aged
state

The introduction of Sm results in a reduction in the average
grain size of a-Mg from 40.3 pum in VW82 alloy to 35.4 pm
in VW82-1Sm alloy. The volume fraction of LPSO phases
increases from 12.6% to 21.8%. At room temperature, the
YTS (235.3 MPa) and UTS (325.7 MPa) of VW82-1Sm
alloy are 62.9 MPa and 43.3 MPa higher than those of
VW82 alloy (172.4 MPa and 282.4 MPa), respectively. At
room temperature, although the density of the B' phase is
not high, the co-precipitation of f' precipitates and '
precipitates can prevent basal slip more effectively.

2. Mechanical properties and microstructure at high
temperature

When the temperature is further increased to 350 °C, the
YTS (203.3 MPa) and UTS (258.9 MPa) of VW82-1Sm
alloy are 67.2 MPa and 23.8 MPa higher than those of
VW82 alloy (136.1 MPa and 235.1 MPa), respectively. The
continuous precipitation of strengthening phase B' within
the grains at high temperatures, along with the continuous
growth and densification of B phase, which can pin the

grain boundaries. This enables VW82-1Sm to maintain a
high yield strength even as non-basal slip initiation and
grain boundary sliding tendency increase with temperature.

4 Conclusion

1. The addition of 1 wt.% Sm effectively refine the grain
sizes of the cast alloys. In addition, the introduction of Sm
element increases the volume fractions of f', B, f1, and
LPSO phases in VW82-1Sm alloy.

2. The introduction of Sm enhances the high
temperature strength of VW82-1Sm alloy. The high
strength of VW82-1Sm alloy can be attributed to the
continuous precipitation of f and B' phases, as well as the
increase in volume fraction of LPSO phase.
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