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Quasicrystal and Related Phase Transformations in Mg Alloys
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Abstract: Mg-Zn-Y/RE alloys show excellent mechanical properties at both ambient and elevated temperatures due to
the presence of icosahedral quasicrystal (IQC) phases. Thermomechanical processing can further improve the mechanical
properties of this kind of Mg alloys. However, deleterious crystalline phases (such as W-Zn;Mg,Y, and H-Zn;MgY) can
be formed during solidification or post processing at certain temperatures, impairing the strengthening effect of IQC. The
nature, sequence and corresponding temperature of the transformation of 1QC phase are still unclear so far. In situ trans-
mission electron microscopy studies were performed to study the phase transformation and underlying mechanisms in a Mgy,
Zn,;Y,, alloy. During in situ heating, 1QC was transformed to W and H at 720 K and 727 K, respectively. Interestingly,
solid-state formation of 1QCs was observed at H/Mg and W/Mg interfaces upon heating to 573 K and 593 K, respectively.
The solid-state nucleation and growth of IQCs in crystalline systems are in stark contrast to that occurred in liquids. The a-
tomic level mechanism of solid-state transformation from crystals to IQCs was discussed, based on atomic resolution studies
on interfaces between 1QCs and crystals. The solid-state formation of 1QCs opens a new window on understanding the origin

of 1QCs.
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E 1 Mg-4.3Zn-0.7Y & BMEH . (a) B4 SEM BEH, (b)TEM 378 5, (¢) HAADF-STEM /& /+
Fig. 1  Microstructures of Mg—4.3Zn-0. 7Y (at.% ) alloy: (a) SEM, (b) TEM, and (¢) HAADF-STEM
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Fig. 2 Electron diffraction analyses on IQC: (a) 5—fold axis, (b) 3—fold axis, and (c¢) 2—fold axis
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K3 JRERIQC i) W AT 28 49 )5z TEM % (a)633 K,
(b)673 K, 161's, (¢)673 K, 360s, (d)673 K, 420

s, (e) ~(f)MAZE 1K HAADF-STEM B FlR 43
Fig. 3 In situ TEM observations of 1QC— W transformation for
thicker IQC at grain boundaries: (a) dissolution of IQC at
633 K, (b) ~(d) heating at 673 K for 161 s, 360 s and
420 s, respectively. (e) ~ (f) HAADF-STEM image and

composition analysis for IQC/W interface region.

P4 7E 688 K T IEAL TEM I 3 & )2 KB 1QC ¥
548, (a)0s, (b)91s, (e¢)llls, (d)131s, (e)

d X3y HAADF-STEM H8
Fig. 4 In situ TEM observations of dissolution and transformation of
IQC at 688 K for different heating time ; (a) Os, (b) 91s,
(e) 111's, (d) 131 s, and (e) HAADF-STEM image for

the region shown in (d)
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Fig. 5 Snapshots showing the transformation of IQC—H during in

situ heating at 688 K. (a) an image showing partial disso-
lution of IQC due to heating at temperatures below 688 K,
(b) ~ (i) formation and growth of a new particle on the
flat IQC/Mg interface. Insets in (g) and (i) are a com-
posite SAED pattern and an enlarged image for IQC and the

newly formed H phase particle, respectively.
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Fig. 6 1QC formation at H/Mg interfaces during in situ heating:
(a) RT, (b) 628 K. Small particles indicated by the ar-
row in (b) are 1QC. The insets in (a) and (b) are a
SAED pattern of H phase recorded along the [ 2—-1-10]
zone axis and an atomic resolution HAADF-STEM image

of 1QC recorded along a 5—fold axis, respectively.
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Fig. 7 Orientation relationships between IQC and H phases: (a) }[TE]‘ZEIE, ﬁ%%ﬁ*ﬁx%ﬁ&k, gt %?ﬁfﬁﬁﬁ‘*ﬁﬁﬁ%
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Fig. 9  Orientation relationship between IQC and W phases: (a) ~

(b)SAED patterns, and (c¢) corresponding stereogram
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Fig. 10 Atomic structure of IQC/H interfaces: (a) orientation re-

lationship OR1, and (b) orientation relationship OR2
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Fig. 11
on 1% to 3" shell of an icosahedral cluster are
shown in black, dark grey and hoary, respec-

tively.
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Fig. 12 Atomic model for the formation of IQC on surfaces of H

phase in Mg-Zn-Y alloys: (a) ~(c) formation of an ico-

sahedron on the basal plane of H phase, (d) ~ (f) forma-
tion of an icosahedron on the prismatic (01-10) plane of

H phase
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Fig. 13 Atomic model for the formation of IQC on surfaces of H phase in Mg-Zn-Y alloys: (a) unit cell of W phase, (b) transfor-

mation from a cuboctahedron to an icosahedron, and (c) a three-layer icosahedral cluster. In (b), black lines outline a

pentagonal pyramid with one atom at each of its six vertices in an icosahedron.
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