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Behavior and effect of Nd in as-extruded AZ31 magnesium alloy
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Abstract: The microstructures and precipitated phases of as-extruded AZ31 magnesium alloy were studied by OM, SEM
and XRD. The mechanical properties of the alloys at room temperature and high temperature were also tested. The results
show that the addition of Nd results in the formation of AI,Nd and Mg|,Ng phases in the matrix and the grain refinement
in AZ31 alloy, and the amounts of Al,Nd and Mg;,Nd phases increase with the increase of Nd addition. The mechanical
properties at room temperature and high temperature are improved significantly due to the precipitation of second phases
and grain refinement. The average grain size of alloy changes from 26 um without Nd to 10 um when added 0.6% Nd.
The tensile strength, yield strength and elongation of as-extruded AZ31 alloy with 0.6% Nd are 325 MPa, 247 MPa and
18.1% at room temperature. The tensile strength and yield strength of alloy with Nd decrease, but the elongation
increases with increasing temperature.

Key words: magnesium alloy; AZ31 alloys; extrusion; microstructure; mechanical properties

[1-2]

AZ31
AZ31

(2007031014) (2008-39)
2009-11-12 2010-04-03
0351-6010311 E-mail limingzhao@tyut.edu.cn



1040 2010 6
AZ31 4 300
AZ31B 5ol 6 300 kN
XING [ 16 mm/s 20
(ICP) 1
X
WDW-100
kN AG-10TA
[10]
Nd AZ31-xNd 1
Nd | 40 |
U __gf_;‘q}%__ 4
28 44
AZ31 100
1
Fig.1 Schematic diagram of shape of tensile specimens used
1 in this test (mm)
Mg-20Nd 2
5 Nd 0
03% 0.6% 09% 1.2% 21
1 23 2 Nd
4 5 1) 2 2
Ar Nd Nd
d 30 mm><200 mm 170 0.9%
10 h 3 SEM 3
Nd
=+5 0.5h
(EDS) 3 3
(&1 AZ31 3(a) Mg Al 3(b)
603 230 (© (e Mg Al Nd
400 AI-Nd Mg-Nd Mg-Al-Nd
200 EDS
1 AZ31-xNd X
Table 1 Compositions of AZ31-xNd alloys
2 AZ31-xNd

Alloy Before melting, w/% After melting, w/%

No. Al Zn Nd Mg Al Zn Nd Mg

1 320 1.10 0 Bal. 3.17 1.07 0 Bal
2 320 1.10 030 Bal. 3.18 1.07 025 Bal
3 320 1.10 0.60 Bal. 3.18 1.07 0.58 Bal

4 320 1.10 0.90

5 320 1.10 1.20 Bal. 3.17 1.08 1.17 Bal

Bal. 3.17 1.08 0.87 Bal

Table 2  Average grain sizes of AZ31-xNd alloys

Alloy No.

Average grain size/um

1

2
3
4
5

26
17
9
13
15
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2 AZ31-xNd SEM
Fig.2 SEM images of AZ31-xNd alloys:
(a) w(Nd)=0; (b) w(Nd)=0.3%; (c) w(Nd)=
0.6%; (d) w(Nd)=0.9%; (¢) w(Nd)=1.2%
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3 3 EDS
Table 3 EDS analyses of white phases in Fig.3

3 AZ31-xNd SEM
Fig.3 SEM images of AZ31-xNd
alloys: (a) w(Nd)=0; (b) w(Nd)=0.3%;
(¢) w(Nd)=0.6%; (d) w(Nd)=0.9%;
(e) w(Nd)=1.2%

4 Nd

Table 4 Mechanical properties of alloys with Nd at room

Phase Mass fraction/% Mole fraction/% temperature
Mg Al Nd Mg Al Nd Alloy No. oy/MPa 00,/MPa /%
1 76.51 2349 78.57 21.43 1 281 179 154
2 7170 1154 16.76 84.46 12.15 3.39 2 293 204 16.1
3 60.49 1430 2521 78.02 1641 5.57 3 325 247 18.1
4 72.31 27.69 94.06 5,94 4 312 226 18.0
5 7625 939 1436 87.60 9.64 2.76 5 309 222 17.8
Nd Al
3 Al-Nd
Al-Nd  Mg-Nd Al
Nd ALNd Al Nd;  Al;Nd
3.1 Mg Nd Mg ,Nd Mg;Nd
Nd AZ31 MgNd
Al-Nd Mg-Nd
o-Mg
Nd Nd
Mg Al 6! 6 a-Mg
Nd Al Nd Mg
Al Nd Nd
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4 AZ31-xNd XRD
Fig.4 XRD patterns of AZ31-xNd alloys: (a) w(Nd)=0; (b) w(Nd)=0.3%; (c) w(Nd)=0.6%
5
Table 5 Mechanical properties of alloys at different temperatures
Alloy 25 100 150 200
No. oy /MPa 0¢y,/MPa  06/% o,/MPa o,/ MPa /% o/MPa ¢y,/MPa /% o/MPa ay,/MPa  6/%
1 281 179 154 233 141 15.7 196 132 16.6 146 94 17.6
3 325 247 18.1 312 232 18.7 266 201 20.3 217 160 22.1
6 Nd Mg Al (] Nd
Table 6 Electronegativity differences between elements Nd,
Mg or AI'!) 3.2
Element Electronegativity Difference 321
With Mg With Al
Nd 1.14 0.17 0.47 Nd
Mg 1.31 - 0.30 1) Nd
Al 1.61 0.30 - ALNd Mg,Nd
a-Mg [14]
[13]
AZ31 Nd AZ3l1
3 [15]
Mg;;Nd Nd Al-Nd
Mg,Nd
AZ31-xNd
ALNd  Mg;p)Nd
AlI-Nd Mg;,Nd
2)
Nd 4
Nd ALNd  Mg;,)Nd 0.6%Nd
0.3%Nd

Mg 1 2Nd
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