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Extended Abstract

The properties of Mg alloys may be significantly enhanced
due to the formation of long-period stacking ordered (LPSO)
phases. The Mg–Y–Zn alloy system is most important since
different LPSO structures (14H, 18R, and 10H) together with
other intermetallics may be formed in such complex Mg-rich
alloys. The precise knowledge of phase equilibria and
transformations in MgY–Zn alloys is indispensable for tar-
geted alloy design. The experiments and the first-principle
calculations on LPSO phases including 14H and 18R in the
Mg–RE–Zn systems by Egusa and Abe [1] have proved that
RE and Zn atoms are confined into a cage-like cluster where
the ideal stoichiometric atomic ratio of Y/Zn was 4/3
according to the crystallographic lattice sites. This ratio of
Y/Zn = 4/3 was confirmed, also for 10H, in a later study by
Schmid-Fetzer et al. [2], presenting also a revised thermo-

dynamic description of the phase diagram, superseding the
earlier work by Gröbner et al. [3]. The novel LPSO phase
10H was found in the as-cast samples by Yamasaki et al. [4]
while the conditions under which it is thermodynamically
stable remained unclear. In all currently available thermo-
dynamic descriptions and calculated ternary phase equilibria,
all of the LPSO phases are treated as stoichiometric com-
pounds, including the recent work describing 14H, 18R, and
10H [2].

This work demonstrates that significant solid solubilities
should be considered for the LPSO phase compositions and
also that 10H is a thermodynamically stable phase at least
from 400 to 500 °C. This changes the phase equilibrium
relations in the Mg-rich corner significantly. The present
experimental work on Mg-rich alloys annealed at 400 and
500 °C comprises dedicated characterization using X-ray
diffraction (XRD), scanning electron microscopy
(SEM) with energy dispersive spectrometry (EDS), trans-
mission electron microscopy (TEM), and high-angle annular
dark-field scanning transmission electron microscopy
(HAADF-STEM) for microstructure and phase analyses.
Validated phase diagrams at these temperatures are con-
structed by Ruan et al. [5], where more details can be found.
Figure 1a shows the isothermal section in the Mg-rich corner
of the Mg–Y–Zn system at 500 °C. The revised composition
ranges with significant solid solution of the 18R and 14H
phases and corresponding phase equilibria are developed
from our critical assessment of the entirety of experimental
data including the present work and literature data.

Based on that knowledge and thermodynamic Mg–Y–Zn
phase diagram calculations the alloy composition and the
heat-treatment temperature of a Mg86Y8Zn6 (at.%) alloy
with sole LPSO structures 18R and 14H were successfully
tailored. In earlier studies that was only achieved by direc-
tional solidification processing at solidification rates of 30 or
10 mm/h but not by conventional casting technique. That is
due to brittle phases such as W-Mg3Y2Zn3 and Mg24Y5

R. Schmid-Fetzer (&)
Institute of Metallurgy, Clausthal University of Technology,
Robert-Koch-Str. 42, 38678 Clausthal-Zellerfeld, Germany
e-mail: schmid-fetzer@tu-clausthal.de

Y. Ruan � C. Li � X. Wu � C. Guo � Z. Du
School of Materials Science and Engineering, University of
Science and Technology, Beijing, 100083, China

Y. Ren
Key Laboratory for Anisotropy and Texture of Materials, Ministry
of Education, Northeastern University, Shenyang, 110819, China

© The Minerals, Metals & Materials Society 2022
P. Maier et al. (eds.), Magnesium Technology 2022, The Minerals, Metals & Materials Series,
https://doi.org/10.1007/978-3-030-92533-8_9

51

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-92533-8_9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-92533-8_9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-92533-8_9&amp;domain=pdf
mailto:<HypSlash>schmid-fetzer</HypSlash>@<HypSlash>tu-clausthal</HypSlash>.de
https://doi.org/10.1007/978-3-030-92533-8_9


which inevitably crystallize during casting. Figure 1b shows
the presently calculated variation of equilibrium molar
fraction of the constituent phases of this alloy from the liq-
uidus temperature down to 200 °C. It indicates the
two-phase equilibrium 18R + 14H for this alloy from
somewhat above 500 °C (dashed line) down to at least 400 °
C. Indeed, after annealing at 500 °C for 240 h, the
microstructure of the as-cast Mg86Y8Zn6 alloy composed of
a-Mg, W-Mg3Y2Zn3, 18R and 14H was thoroughly trans-
formed to that solely composed of 18R and 14H. This is
demonstrated in Fig. 1c, the SEM image with sole LPSO
structures and in detail in Fig. 1d, the HAADF-STEM image
taken from the phase boundary of 18R and 14H with the
electron beam parallel to [11–20]hcp. A narrow composition
and temperature window to avoid adverse phases is indi-
cated by the present work, and more details are given by
Ruan et al. [6]. The validated thermodynamic calculations of
the phase diagram are key to this targeted MgH–Y–Zn alloy
design.
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Fig. 1 a Isothermal section of
the Mg-rich Mg–Y–Zn phase
diagram at 500 °C with the
Mg86Y8Zn6 alloy composition
marked; b Calculated equilibrium
molar phase fractions of this
alloy; c SEM image with sole
LPSO structures 18R and 14H of
this alloy; d HAADF-STEM
image taken from the phase
boundary of 18R and 14H in
Fig. 1c

52 R. Schmid-Fetzer et al.

http://dx.doi.org/10.1016/j.actamat.2011.09.030
http://dx.doi.org/10.1016/j.actamat.2011.09.030
http://dx.doi.org/10.1016/j.actamat.2012.05.035
http://dx.doi.org/10.1016/j.actamat.2012.05.035
http://dx.doi.org/10.1016/j.scriptamat.2014.01.013
http://dx.doi.org/10.1016/j.jmst.2020.08.019
http://dx.doi.org/10.1016/j.jallcom.2020.158509
http://dx.doi.org/10.1016/j.jallcom.2020.158509

	9  Targeted Mg–Y–Zn Alloy Design Based on Revised LPSO Phase Compositions and Equilibria

