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Table 1 Chemical composition of as-cast alloys (/%)

Alloy Zn Mn Nd Er Mg
Mg-6.0Zn-0.5Mn 593 048 - - Bal.
Mg-6.0Zn-0.5Mn

6.12 031 064 025 Bal
-0.6Nd-0.3Er

1 [ A 5 4 fr < SEM BT
Fig.1 SEM images of as-cast alloys after solution heat treatment:
(a) Mg-6.0Zn-0.5Mn and (b) Mg-6.0Zn-0.5Mn-0.6Nd-
0.3Er
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Table 2 EDS analysis results of different positions of as-cast

homogenization-treated alloys in Fig.1 (w/%)

Position Zn Mn Nd Er Mg
A 6.80 0.55 - - Bal.
B 17.72 72.26 - - Bal.
C 46.81 - 24.38 - Bal.
D 57.70 - 0.12 26.43 Bal.
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Fig.2 SEM images of as-extruded Mg-6.0Zn-0.5Mn (a, c¢) and Mg-6.0Zn-0.5Mn-0.6Nd-0.3Er (b, d) alloys
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Table 3 EDS analysis results of different positions of
as-extruded alloys in Fig.2a, 2b (@/%)
Position Zn Mn Nd Er Mg
A 7.89 1.34 - - Bal.
B 16.81 79.49 Bal.
C 64.81 14.39 - Bal.
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Fig.3 Grain size distribution of as-extruded Mg-6.0Zn-0.5Mn (a) and Mg-6.0Zn-0.5Mn-0.6Nd-0.3Er (b) alloys
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Bl 4 $HrE&E4 TEM WIHE )T
Fig.4 TEM bright-field images of as-extruded of Mg-6.0Zn-0.5Mn (a) andMg-6.0Zn-0.5Mn-0.6Nd-0.3Er (b) alloys
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Fig.5 HRTEM image (a) and the corresponding FFT (b) of
Mg-6.0Zn-0.5Mn-0.6Nd-0.3Er alloy

H1F B! B AT AR B3 K, [l D b AR B T 5
28 Zn STEME A, AT HZ M Zn o E, Hik
Mg-6.0Zn-0.5Mn-0.6Nd-0.3Er & & FFIR By A 172
K% H(33.7+14.3) nm F&{E % (23.8+13.4) nm.

7E Mg-6.0Zn-0.5Mn &4 Il A\ Nd #1 Er, $§ KT
AR 3o R R )2 A0 1) R SRR, A g AR
ST AT SE R T e A S A A . B R TR
LT, KRENT ARSI H, G T & H
g5 iR IR KoK o BRI, 7R IR AR T 58 iU, Mg-6.0Zn-
0.5Mn-0.6Nd-0.3Er &5 & K4 T 56 2 S 458, kA
TP R RSN B35 AR T Mg-6.0Zn-0.5Mn £
& 56 A B2 P 45 il i R

XF 2 P A G AT R IR, W 6 iR,
ZERE W], Mg-6.0Zn-0.5Mn-0.6Nd-0.3Er &4 ff i Ji
W2 T Mg-6.0Zn-0.5Mn &4, JR N840 F )L

90

80+ 77.1

68.2
60

50F

Vickers Hardness, HV/X 10 MPa

40

Mg-6.0Zn-0.5Mn ~ Mg-6.0Zn-0.5Mn-0.6Er-0.3Nd

Ko HkasaetlEH

Fig.6 Hardness of as-extruded alloys
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Fig.7 Wear tracks of as-extruded alloys under different loads:
(a) Mg-6.0Zn-0.5Mn and (b) Mg-6.0Zn-0.5Mn-0.6Nd-
0.3Er
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Fig.8 Ware rate of as-extruded alloys under different loads
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Fig.9 SEM images of worn surface for as-extruded alloys under
the load of 5 N: (a) Mg-6.0Zn-0.5Mn and (b) Mg-6.0Zn-
0.5Mn-0.6Nd-0.3Er
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Table 4 EDS analysis results of different positions of worn
surface for as-extruded alloys under the load of 5 N
in Fig.9 (w/%)

Position o Zn Mn Nd Er Mg
A 1.28 48 0.52 - - Bal.
B 20.40  4.98 0.40 - - Bal.
C 436  40.51 1.66 7.02 11.22  Bal
D 2.64 3.75 0.63 - - Bal.
E 1041 3352 193 0.64 1437 Bal
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Fig.10 SEM images of worn debris for as-extruded alloys under
the load of 5 N: (a) Mg-6.0Zn-0.5Mn and (b) Mg-6.0Zn-
0.5Mn-0.6Nd-0.3Er
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Table 5 EDS analysis results of different positions of worn
debris for as-extruded alloys under the load of 5 N
in Fig.10 (w/%)

Position (0] Zn Mn Nd Er Mg
A 6.64 3.62 037 - - Bal.
B 6.67 4.62  0.59 - - Bal.
C 26.87  3.78  0.30 - - Bal.
D 7.82 2.74 041 - - Bal.
E 8.08 1.88 0.24 - - Bal.
F 24.95 2.73  0.40 - - Bal.
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Fig.11 SEM images of worn surface for as-extruded alloys under
the load of 20 N: (a) Mg-6.0Zn-0.5Mn and (b) Mg-6.0Zn-

0.5Mn-0.6Nd-0.3Er
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Table 6 EDS analysis results of different positions of worn

surface for as-extruded alloys under the load of 20 N
in Fig.11 (/%)

Position (0] Zn Mn Nd Er Mg
A 1.50 4.18 0.62 - - Bal.
B 18.91 4.23 0.57 - - Bal.
C 24.10  4.03 0.38 - - Bal.
D 1432 28.41 0.59 - 12.80  Bal.
E 4.40 5.25 1.07 - - Bal.
F 6.27  48.39 - 11.24 9.14 Bal.
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Fig.12 SEM images of worn debris for as-extruded alloys under the load of 20 N: (a, b) Mg-6.0Zn-0.5Mn and (c, d) Mg-6.0Zn-0.5Mn-
0.6Nd-0.3Er
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Table 7 EDS analysis results of different positions of worn debris for extruded alloys under the load of 20 N in Fig.12b, 12d

Position (0] Zn Mn Nd Er Mg
A 3.49 5.03 0.41 - - Bal.
B 7.58 3.76 0.44 - - Bal.
C 3.85 4.02 - - - Bal.
D 26.53 2.90 0.19 - - Bal.
E 22.07 2.83 0.54 - - Bal.
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Fig.13 Friction coefficient vs. sliding time of as-extruded alloys under different loads: (a) 5 N, (b) 10 N, (c) 15 N, and (d) 20 N
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Effects of Minor Addition of Nd and Er Elements on Dry Sliding Friction and Wear
Characteristics of Extruded Mg-6.0Zn-0.5Mn Alloy

Lv Binjiang'?, Wang Sen', Guo Feng'?, Peng Jian’
(1. School of Mechanical and Automotive Engineering, Qingdao University of Technology, Qingdao 266520, China)
(2. Key Lab of industrial Fluid Energy Conservation and Pollution Control, Qingdao University of Technology, Qingdao 266520, China)
(3. School of Materials Science and Engineering, Chongqing University, Chongqing 400044, China)

Abstract: The effects of Nd and Er elements on the friction and wear behavior of Mg-6.0Zn-0.5Mn alloy were studied by SEM, EDS, TEM,
hardness tester, 3D profiler and friction and wear tester. The results show that more types and quantities of intermetallic compounds can
hinder the migration and slip of the grain boundary, and the volume fraction of dynamic precipitates ' with a smaller average length
increases, which increase the hardness of the matrix and reduce the wear rate of Mg-6.0Zn-0.5Mn-0.6Nd-0.3Er alloy. The wear mechanism
of Mg-6.0Zn-0.5Mn alloy under a lower load of 5 N is mainly abrasive wear, accompanied by oxidative wear; when the load increases to
20 N, abrasive wear is weakened obviously and oxidative wear increases in Mg-6.0Zn-0.5Mn alloy. The wear mechanism of
Mg-6.0Zn-0.5Mn-0.6Nd-0.3Er alloy under the load of 5 N is mainly abrasive wear, accompanied by oxidative wear and adhesion wear; due
to the improved wear resistance, when the load increases to 20 N, the wear mechanism of Mg-6.0Zn-0.5Mn-0.6Nd-0.3Er alloy is still
mainly abrasive wear, accompanied by oxidative wear and weakened adhesion wear.
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