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Luo, Zhiping Zhang,Shaoqing
Betymg Institute of Aeronautical Materwls, Betjing 100095, China
Tang, Yali
Zhengzhou Institute of Technology, Zhengzhou 450002, China

ABSTRACT

By means of transmission electron microscopy (TEM ), the W phase and its ordered W'
phase in as-cast Mg-Zn-Zr-Y system alloys were studied. The W phase .which distributes along
the grain boundaries in the form of a lamellar eutectoid with Mg, is of FCC structure with ¢ =
0. 865nm. The W' phase. which is an ordered structure of the W phase with « =2. 055 nm.
was found in the alloy with lower Y content. The W and W' phases have a simple orientation
relationship of (100)w /(1000w ,(010)w 7/ (010)w , and(001 )y %/ (001)w; but they do not
have an orientation relationship with the o- Mg matrix. The results of convergent electron
diffractions (CBD) on these phases show that their point group is m3m and that the space group is
Fm3m .

Key words; Mg alloy rare earth phase TEM

1 INTRODUCTION " 2 EXPERIMENTAL METHODS

Mg alloys have found many applica- Two cast alloys with Mg- 5. 63 Zn-
tions over a long period of timel"*l. Howev- o ,q-. 2 4z v Calloy A) and Mg 5. 56
er, the microstructtural studies of Mg alloys Zn-0.47 Zr-1.72 Y (alloy B) weight per-

have been limited('*), In the recent years. . .
y cent compositions were used. The TEM thin

the phase strucures of Mg-Zn (-Zr)- RE al-

. o foils were prepared by twin- jet polishin
loys have been identified because of the high Ol wete prepare y twin- jet polishung

(For details see reference[ 5 ]). The experi-
ments were conducted on a JEM- 2000FX
analytical electron microscope with side- in-

strength of this system of alloyst”''J. The
W phasel™'®, Z phasel”'® and the X
phasel”* "1, have been identified mainly by
X-ray diffraction. In the present paper elec-
tron microscopy studies are made on the W

serting double- tilting specimen stage at a
working voltage of 120 kV. An IBM/PC

phase, and a new ordered structure of the computer was used for indexing selected area
W phase, which is denoted as W' phase, is diffraction (SAD) patterns from monocrys-
found. Their point group and space group tals and matrix calculations. The camera
are obtained by convergent beam diffraction length L4 was accurately measured from the
(CBD). rings diffracted by polycrystalline MgO.
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3 EXPERIMENTAL RESULTS AND
ANALYSES

3.1 Appearances and Crystal Structures of the
W and W' phases

In alloy A with high Y content, the
rare earth compound is the W phase. As
shown in Fig. 1, the W phase distributes a-
long the grain boundaries in the form of a
lamellar eutectoid. The SAD confirms that
it is a FCC sturcture with « = 0. 685 nm.
Fig. 2 shows the bright field(BF) image and
central dark field (CDF )image by (220) re-
flection from the W phase.

Fig. |

Appearance of grain boundary
W phase in alloy A

In the alloy B with lower Y content
than alloy A, an ordered structure of the W
phase was found. Fig. 3 shows the appear-
ance of the grain boundary rare earth phase
in this aloy; it is just the same as that in al-
loy A. However the SAD with small field
limiting apertures revealed that there are dif-
ferent structures in region B, as demarcated
by white dotted lines in Fig. 3, and in re-
gion A. In order to search the crystal zones
with low indeces, this field was tilted at
large angles along the direction of the
Kikuchi bands in the DIFF model. Fig. 4

shows the standard Kikuchi triangle com-
posed of three crystal zones with low indeces
from regions A and B. It is found that re-
gion A is the W phase FC( structure. How-
ever, the SAD patterns from in all three di-
rections are one-third of the W phase, i.e.
gi00=C1/3) gioow» Boro= (1/3) oiow and
gooi=(1/3)8o0iw- Thus, the three basic lat-
tice vectors should be three times larger than
those of the W phase, i.e. e=3a,, b=—3
bw. and ¢c=3c.. Therefore, the structure of
the region B is an ordered structure of the re-
gion A. This ordered structure is also of
FCC structure. but its parameter is three
times larger than that of the W phase, Ii. e.
a w =2.055nm. This kind of structure has
not been reported before, we denote it as the
W' phase in this paper. From the SAD pat-
terns in Fig. 4, it is evident that the W and
W’ phases have simple orientation relation-
ship as follows; (100)w / (100 )w ,
(010w // (010)w and(001)w /7 (001 ).

In the alloy B, the separated W’ phase
is also observed. as shown in Fig. 5(a). Its
corresponding [ 111 ] zone pattern is shown
in Fig. 5(b).

3.2  Orientation Relationsinp Between the Matrix
und W or W' Phase

Tilting the specimen according to the
Bragg position of the W phase, a series of
SAD patterns of the W phase and matrix are
obtained. However, it is difficult to find a
close parallel. i. e. the coincident reciprocal
points crystal planes, with low indeces of
Fig. 6 shows the SAD pat-
terns of the two phases in the [ 111 Jw,
[112]w and[ 011 Jw zones. Considering the
180° uncertainty for indexing of the SAD
patterns, the approximately parallel planes

the two phases.

of the two phases are measured from the pat-
terns, and their crystal direction transfor-
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Fig. 2 Grain boundary W phasc in alloy A
(a)—BF image; (b)—CDF image by (220)w reflection; (¢)—SAD pattern

Fig. 3 Rare earth phase in alloy B

mation matrices are calculated as follows.

For Fig. 6(a):(200)y,/ (— 2. 195
4—-1.505)w[ 011 Jue /[ 1171 Jw
—0.143 —0. 121 0.637 ]
B,= { 0.282 0.090 0.4127 J
—0.349  0.439  0.078]
(200w // (2. 495—41. 505)w
LO11 Jmg /L1101 ]w
0.028 0.393 0.124
B,,= { 0.422 0.182 0. 335}
0.209 —0.167 0.683

For Fig. 6(b): (0—1—2)y, /(1. 047 1. 953
—Dwll—=21w /1121w

Boy=1 0.274 —0.311 —0.185
[ 0.331 —0.186 0.626
(01— / (—1.047— 1. 9531w
1—21 w7 112w

T 0.104 —0.017 0. 064}

[—0.195 —0. 211 0.212}

Bo=— | —0.101 0.098 0.710
L 0.220 —0.503  0.102

For Fig. 6(c):(0—1— Dy // (0. 424—22)w
[1_‘22]%;// LOl]]W

—0.408 0.166 0.370

B, = 0. 105 —0. 137 0201}
_0.202  0.041  0.8635
(O—1—1 dmg// (—0.1212-2)w
[1—22 0w /(011 ]

—0.1408  0.167 0.371]

sz: O. 115 —0. 137 0. 20]

L 0.202  0.041 0.635
For Fig. 6(d): (—212),/ (—2.329—1.671
1. 671w

[ =315 me /L0 w

( 0.340 0.102 — 0. 191

—0.038 —0.090 —0.743

L —0.323  0.449 —0. 120 :
(—2120m //(2.329 1.671—1.671)w

[ —345 Jwe /1011 ]

\f 0.340 —0.102 0.123]
Bp= 0.323 0. 119 —0.120

L— 0. 038 —0.090 —0.713

It is found that the absolute values of

e ——— e e e ——
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the matrix elements of the above matrices
are in disagreement with each other. Using
Calculations of these matrices show that the

W phase and matrix do not have the usual

orientation relationship between HCP-FCC
structures as < 110 >y //< 100 >pee s

and {001},cr // {111 }pce . Furthermore,

calculations of the angles between the W

phase zones < 'l'W" > and « -Mg matrix

zones < U'l'W >y, from these SADpatterns
show that they are also in disagreement with
each other. Using the standard stereographic
projection diagram for analyses, it is found
that the projections of the two phases cannot
coincide in the diagram. Thus it can be con-
cluded that the W phase and W' phase have
no orientaion relationships with the matrix.

As shown in Fig. 6(c) and 6(d), two « -Mg
zones are present together with the [ 011 ]

zone of the W phase. This is the result of
having no orientation relationship other than
kinds of orientation relationships.

3.3 Puint Group and .Space Group of W and

W' phases

Fig. 7 shows the CBD patterns in the
[111] and[ 011 Jzones of the W phase. Ac-
cording to the[ 111 ]|zone pattern in Fig. 7
(a), it can be seen that the whole pattern

Correspondently .

(WP) symmetry is 3 .

Fig. 5 Massive W' phase a and its

L1

Fig. + SAD patterns from regions A
and B in Fig. 3 by tilting

its possible diffraction point groups are 3 .
3l and Ggmm,; . Among them. only the
G, and 3 e diffraction point groups ac-
cord with the [ 111 ] zone for cubic struc-
ture. they correspond to the m3n and 43 m
point groups respectively-'*.. According to
the[ 011 | pattern in Fig. 7(b) . its whole pat-
tern symmetry is 2w o which corresponds
to possible 2 muns 2 mmly, and Al diffrac-
tion groups. but only dgmml, diffraction
group accords with the [ 011 | zone for cubic
structure, which corresponds to the m3m
point group. Therefore, the point group of
the W ophase is m3 i .

, zone diffraction pattern(b) in alloy B
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Fig. b SAD patterns of the two phases with
(@) =110 3w 77011 Jues (b 1012 W 1 —21 s
() —[011 Jw,/ 122 jmeand (d)— 011 =345 .,

1 —— e 1

Fig. ¥ CBD patterns of VW phasc at
(a)— 111, zone; (b)— ,0l1_ zone

Four space groups correpond to m3m point group. As no evident G-M lines are
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present in the diffraction plate of the W
pahse at various zones, Its space group is
Fm3m . :

The W and W’ phase have the same
structure, hence they have the same point
and space groups.

4 CONCLUSIONS

(1)The W phase, which distributes a-
long the grain boundaries in the form of a
lamellar eutectoid, is of F(C( structure with
a=0685nm.

(2)The W' phase with a parameter
three times larger than that of the W pahse
is found in the alloy containing lower Y con
tent. The W’ and W phase have a simple
orientation relationship of ( 100 )w //
(100)w » (010w /7 (010) - » and (001 )y //
(001) w.

( 3) No orientation relationship was
found between the matrix and the W or W'

phases.
(4) The point group of the W and W'
phases is m3 m and space group is Fmd mt .
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