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1 Gd Nd 3
Table 1 Factor and level of the;rtthogonal experiment 4 5 Gd 1.5% 1.25% 1.0%
actor
Level % 5% % X, +1 0 -1 Nd 3.1% 2.85% 2.6%
I 1.0 2.6 0.2 X=+1 0 -1 X X
11 1.25 2.85 0.35 4 X, Xiz
111 1.5 3.1 0.5 . v
) X X X7
Table 2 Scheme design of the experiment Xi= X" -1/9[(-1)*+0*+...... +17]
o Factor X=X 1/9[(-1)*+0*+......+17]
' A% B/% Cl% 3
1 1.0 2.6 0.5 U
2 1.25 2.6 0.35 X=3(X0-213)
3 1.5 2.6 0.2 X=3(X2-2/3) 9
4 1.0 2.85 0.35 Gd Nd
5 1.25 2.85 0.5
6 1.5 2.85 0.2
7 1.0 3.1 0.2 Xs= XX, 10
8 1.25 3.1 0.35 6 kg RJ-7
9 1.5 3.1 0.5
Mg Nd Zn (99.99%)
Gd Zr Mg-28Gd  Mg-33Zr
700 Zn 720
0.1%-0.15% C,Cl;
760 Nd 2-3 min 780
RJ-7 Mg-Zr
y:f(Xl, Xz, ...... . Xy,) 1 . .
Mg-Gd 780 5 min 10 min
y X; =1 2 ... n
760 @10 mm>=50 mm
3 @12 mm
CSS1220
(1 .
0.5 mm/min
P p
Y=BXo+ D BX A+ BXX, +D BX +e 2 3 Gd A Nd B
i=1 i<j i=l Table 3 Factor and level coding of Gd and Nd content
Xo 1 B B B B Factor Al% B/%
£ Coding Xi X,
Basic level (0) 1.25 2.85
Changeable space 0.25 0.25
Upper level (1) 1.5 2.6
1 1 Under level (1) 1.0 3.1
y=by+ ) bX,+ D b XX+ b X 3
i=1 i<j i=1
4
bo bi by bi B B By Table 4 Design scheme of experiment
Bi No. Xo X1 Xo X5 Xo X5 Y
Gd 1.0-1.5 1 1 -1 1 I -1 N
Nd 2.6~3.1 SO R N
3 1 0o -1 =2 1 0 Y3
4 1 0 0o -2 =2 0 Y4
2(4-1.5) . A 5 1 1 0 1 2 0 7Y
=——24
1 15_10 6 1 -1 0 1 -2 0 Ys
7 1 -1 1 1 1 -1 Y7
_ 2(3_3~1)+1 5 § 1 0 1 2 1 Ys
, =
3.1-2.6 9 1 1 1 1 1 1 Yo
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5
Table 5 Experiment results
No Factor oy/MPa_ag92/MPa  6/%
] Gd/% Nd/% Zn/%
1 1.0 2.6 0.5 230 179 1.5
2 1.25 2.6 0.35 240 143 3.0
3 1.5 2.6 0.2 245 155 4.2
4 1.0 2.85 0.35 240 156 33
5 125 2.85 0.5 252 153 1.5
6 1.5 2.85 0.2 260 171 5.0
1. .1 2 2 184 .
2 10000} 7 0 3 0 50 8 3.5
2 8 1.25 3.1 0.35 260 235 2.7
= 9 1.5 3.1 0.5 260 240 2.0
g 5000 R [(e/MPa) 720 715 755
= PN Na Og Il (ov/MPa) 752 752 740
M B e
0 LNd I 7oy 111 (6u/MPa) 765 770 742
o 2 4 6 8 10 R (0y/MPa) 45 55 15
# c I (602/MPa) 519 477 510
a15000 - Il (692/MPa) 531 480 534
2 I (09 ,/MPa) 566 770 572
£'10000F
Z R (602/MPa) 47 293 62
3 1 (6/%) 8.3 8.7 12.7
= 5000F
11 (6/%) 7.2 9.8 9.0
0 , LN, 11 (6/%) 11.2 8.2 5.0
0 2 4 6 8 10 R (6/%) 4.0 1.6 7.7
Energy/keV
6
5 T4 SEM EDS Table 6 Orthogonal egression analysis data of experiment
Fig.5 SEM image and EDS analysis of experimental alloys after Nlo. )io )il X; X )? X15 2;,0
_ 1 _
solid solution treatment: (a) SEM image, (b) EDS spectrum 5 1 _1 _ 1 1 1 240
of D1 in Fig.5a, and (c) EDS spectrum of D2 in Fig.5a 3 1 0 —1 -2 1 0 245
4 1 0 0 2 2 0 240
5 1 1 0 1 -2 0 252
6 1 -1 0 1 -2 0 260
7 1 -1 1 1 1 -1 250
8 1 0 1 -2 1 0 260
9 1 1 1 1 1 1 260
100 pm y=25044-133X,+9.17X, + 12
6 Té6 0.33X7 -3.15X; +5X, X,
Fig.6 Microstructures of experimental cast alloys after T6
heat-treatment
¥ '=163.68+7.33X, +30.33X, - 13
6 3.60X] +27.51X; +5X,X,
y=248.56-133X,+9.17X, +0.11X, — . y"=3.31-1.08X, —0.08X, —0.06X] —0.45X; 14
1.05X, +5X; (13) (14) Nd
Gd Gd Nd
5
Nd Gd Zn 2.3
(11) Gd 7 6 9 T6
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Cast Microstructures and Mechanical Properties of Mg-Nd-Gd-Zn-Zr
Magnesium Alloys

Li Jiehua, Jie Wangqi, Yang Guangyu
(Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract: With the method of orthogonal experiment, nine kinds of Mg-Nd-Gd-Zn-Zr magnesium alloys with different composition were
prepared by sand casting. The cast microstructures and mechanical properties of Mg-Nd-Gd-Zn-Zr magnesium alloys were investigated,
and the effects of Gd and Nd element on mechanical properties at room temperature were also studied by analyzing experiment results of
mechanical properties. It is found that the as-cast microstructure of Mg-Nd-Gd-Zn-Zr alloys consists of a-Mg grains with Mg ,Nd phase in
the grain boundary. After the solid solution treatment, almost all of the phases in the grain boundary dissolved in the matrix; however,
there was still discontinued Mg;,Nd phase in the boundary. The increasing Gd content results in higher ultimate strength, yield strength
and elongation. With increasing Nd content, the ultimate strength, the yield strength and the elongation increase. However, the elongation
decreases when Nd is over 2.85 wt%. The effects of Nd content on the ultimate strength and yield strength of Mg-Nd-Gd-Zn-Zr alloy at
room temperature are more significant than that of Gd. When Zn content is increased, the yield strength increases, but the ultimate strength
and the elongation decreases. And Zn content has the greatest impact on elongation.

Key words: cast microstructures; mechanical properties; orthogonal experiment; Mg-Nd-Gd-Zn-Zr magnesium alloys; solid solution

treatment
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