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Characterization of 8’ Precipitate Phase in Mg-2 at%Y Alloy Aged to Peak Hardness
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The B’ phase precipitated in an Mg-2 at%Y (MgosY>) alloy aged to a peak hardness condition at 200°C for 336 h has been studied by high-
angle annular detector dark-field scanning transmission electron microscopy (HAADF-STEM). The ' precipitates have an about 20 nm size and
definite facets parallel to the (010) plane, and Y-enriched double atom planes parallel to the (010) plane grow long and sometimes individually
along the [100] and [001] directions. This morphology of the B precipitates in the Mgog Y5 alloy is remarkably different from that in an Mggs Gds

alloy. [doi:10.2320/matertrans.48.84]
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1. Introduction

It is well known that magnesium-based alloys containing
rare earth elements such as Y, Gd Nd, and Dy show
remarkable precipitation hardening by aging of supersatu-
rated solid solutions of these alloys at low temperatures of
about 200°C.!™> Transmission electron microscopy (TEM)
and electron diffraction analysis of these alloys have
proposed that 8” phase at the early stage of aging and f’
phase at a peak hardness are precipitated.'*'? Recently,
some of the authors have studied the 8’ phase precipitates in
an MgosGds alloy aged to a peak hardness condition by
HAADF-STEM observations, and have proposed a new
structure model of the B phase, which is formed by an
ordered arrangement of Gd-atoms in an Mg h.c.p. struc-
ture.') Also, details of the morphology and structural
changes of the B precipitates has been elucidated.'” The
previous work has demonstrated that HAADF-STEM is a
powerful method for investigating of morphology of fine
coherent precipitates.

The purpose of the present work is to reveal the
morphology of S phase precipitates in an MgogY, alloy
aged to a peak hardness condition by HAADF-STEM, by
paying attention to the comparison between the morphology
of the B’ phase precipitates in the MgogY, and MgosGds
alloys.

An MgogY, alloy was prepared by melting Mg (99.9%)
and Y (99.9%) metals by induction heating under an Ar gas in
a carbon crucible. The alloy was homogenized at 500°C for
6 h and then quenched in water. The alloy was aged at 200°C
for 336 h. TEM specimens were cut from the aged alloy, and
thinned by mechanical polishing and finally by ion-milling.
HAADF-STEM images were taken by a 300kV electron
microscope (JEM-3000F) equipped with a field emission gun
in the scanning transmission electron microscope mode. In
HAADF-STEM observations, a beam probe with a half width
of about 0.2 nm was scanned on samples.

2. Experimental Results

Figures 1(a) and 1(b) are electron diffraction patterns of
the Mgos Y» alloy, taken with the incident beam parallel to the
[001],, (a) and [110],, (b) directions of the Mg-matrix, and
Fig. 1(c) shows an electron diffraction pattern of an MgosGds
alloy annealed at 200°C for 100h for comparison. Extra
diffraction spots in Fig. 1(a) result from three different
variants around the [001],, axis, and the diffraction patterns
show that the 8’ phase is coherently precipitated in the Mg-
matrix. In Fig. 1(c), we can see the deformation from a face-
centered rectangle arrangement of superlattice reflections of
three variants around 1/2 0 O-typed positions, as can be seen
by the comparison between arrangements of five superlattice
spots in white circles in Figs. 1(a) and 1(c). The deformation
suggests that lattice parameters of a- and b-axis for the
orthorhombic B’ phase are slightly different from a = 2ag
and b = 4+/3ay. Lattice parameters of the orthorhombic f’
phase were estimated as a = 0.650nm, b = 2.272nm and
¢ =0.521nm in the MgysGds alloy aged at 250°C for
100h.'? As compared with 2ap = 0.6418 nm, 4\/§a0 =
2.2232nm and ¢y = 0.5210nm (ay and ¢y are lattice
parameters of an Mg hexagonal lattice), there are remarkable
differences for lattice parameters of a and b. On the other
hand, superlattice reflections in Fig. 1(a) apparently form the
face-centered rectangle arrangement, suggesting that lattice
parameters of the orthorhombic 8’ phase in the Mgog Y, alloy
are a=2ap=0.6418nm and b= 4+v3ap = 2.2232nm.
Also, one can see superlattice reflections elongated along
the a*-axis in Fig. 1(c),'” whereas those in Fig. 1(a, b) are
relatively elongated along the b*-axis, as can be seen in
Fig. 1(b). These characteristics of superlattice reflections in
the MgogY, and MgosGds alloys will be understood from
different morphology of the B phase precipitates in the
Mgos Y, and MggsGds alloys.

Figure 2 is HAADF-STEM images of the MgosY, alloy,
taken with the incident beam parallel to the [001],, (a, ¢) and
[110],, (b, d) directions of the Mg-matrix. The HAADF-
STEM technique, which forms images from only high-angle
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Fig. 1 Electron diffraction patterns of the MgogY> alloy, taken with the incident beam parallel to the [001],, (a) and [110],, (b) directions
of the Mg-matrix. (c) shows an electron diffraction pattern of the MgosGds alloy annealed at 200°C for 100 h, taken with the incident
beam parallel to the [001],, of the Mg-matrix, for comparison. Diffraction spots are indexed by an Mg hexagonal structure. Note the
remarkable deformation of an arrangement of five superlattice spots in a white circle in (c) from a face-centered rectangle arrangement of
five spots in a white circle in (a).

(i

Fig. 2 HAADF-STEM images of the MgogY» alloy, taken with the incident beam parallel to the [001],, (a, ¢) and [110],, (b, d) directions
of the Mg-matrix. Primary axes of an orthorhombic structure of the 8’ phase are indicated by arrows.
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Fig. 3 An atomic arrangements of the Mg7Y structure (8’ phase), projected
along the c-axis (a) and a-axis (b). A rectangle shows an orthorhombic unit
cell. Note that zigzag arrays of Y atoms with an interval of /2 = 1.11 nm,
indicated by dotted lines, along the a- and c-axes in Y-enriched double
atomic planes parallel to the (010) plane.

scattered electrons, reproduces positions of heavy atoms
and regions including heavy elements as bright contrast.
Consequently, bright fringes with an interval of 1.1 nm in
Fig. 2 can be concluded to be Y-enriched atomic planes. A
structural model of the g’ phase, which has been determined
in an MgysGds alloy, is shown as atomic arrangements
projected along the c-axis (a) and a-axis (b) in Fig. 3. In the
Mg;Y structure in Fig. 3, one can see zigzag arrays of Y
atoms, indicated by dotted lines, in Y-enriched double planes
parallel to the (010) plane. The zigzag arrays of Y atoms with
an interval of b/2 = 24/3ay = 1.11 nm in the Mg, Y structure
can be seen in those of bright dots in Figs. 2(c) and 2(d).
Since the Y-enriched double planes are parallel to the
(010) plane, bright fringes are always normal to the b-axis,
which is parallel to [210],,-typed directions of the Mg-
hexagonal structure,'” in Fig. 2. In Fig. 2(a), one can see
three different variants of B’ precipitates with different
directions of a- and b-axes. In Fig. 2(b), precipitates with the
a-axis parallel to the incident beam produce lattice fringes,
and those without the a-axis parallel to the incident beam are
represented as bright contrasts without lattice fringes.
Surfaces normal to the b-axis in the precipitates have definite
facets parallel to the (010) plane, but those normal to the a-
and c-axis have no definite facets, and the independent
growth of Y-enriched atomic planes along the a- and c-
directions are often observed, as shown in a schematic
illustration of Fig. 4(a). This morphology of the 8 precip-
itates in the Mgog Y, alloy is remarkably different from that of
the B precipitates in the MgosGds alloy aged to a peak
hardness condition. The precipitates in the MgysGds alloy
have definite shapes with an ellipse-like section in the a-b
plane, as shown in a schematic illustration of Fig. 4(b), and
the connection of precipitates along the b-axis forms planar-
shaped precipitates.!!'? The difference between morphology
of the B’ precipitates in the MgogY, and MgosGds alloys is
considered to be resulted from the difference between lattice
parameters a and b for the Mg;Gd and Mg;Y structures. That
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Fig. 4 Schematic illustrations showing the morphology of the 8’ precip-
itates in the top-aged MgosY> (a) and MgysGds (b) alloys. Vertical thick
lines correspond to the Y- or Gd-enriched double atomic planes in the
structure of the g phase.

is, lattice misfit between the 8’ precipitate and Mg-matrix in
the MgosGds alloy forms minimum interfaces in the a-b
plane, whereas no lattice misfit between the 8’ precipitate and
Mg-matrix in the MgogY, permits individual growth of Y-
enriched atomic planes along the a- and c-directions.

Thin crystals of the g precipitates in the MgosGds alloy
along the a-axis, particularly at junction regions of the
connection of precipitates, result in superlattice reflections
elongated along the a*-axis in Fig. 1(c).'? On the other hand,
the B’ precipitates in the MgogY, alloy have thin crystals
along the b-axis, compared with thicknesses along the b- and
c-axes, and a few fringes along the b-axis are sometimes
observed in Fig. 2. The thin precipitates along the b-axis in
the Mgog Y5 alloy result in superlattice reflections relatively
elongated along the b*-axis, as can be seen in Fig. 1(b).

3. Conclusion

HAADF-STEM observations of an Mgog Y alloy aged to a
peak hardness condition give us much information about the
morphology of 8’ phase precipitates. The precipitates have an
about 20nm size and definite facets parallel to the (010)
plane, and Y-enriched double atom planes parallel to the
(010) plane grow long along the [100] and [001] directions.
This morphology of the 8’ precipitates in the Mgog Y, alloy is
remarkably different from that in an MgosGds alloy. The
difference between morphology of the 8’ precipitates in the
Mgos Y, and MgosGds alloys is considered from the differ-
ence between lattice parameters of Mg;Gd and Mg;Y
structures. That is, it is concluded that the difference between
Mg;Gd precipitates with relatively large lattice misfit and
Mg-;Y ones with no misfit to the Mg-matrix lattice brings
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about remarkably different morphology of 8 precipitates in
the Mgog Y, and MgosGds alloys.
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