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Abstract — In this work we investigated the friction and wear characteristics of a magnesium alloy, which has
been receiving much attention as a light metal in industrial applications such as automobiles and aerospace. Mag-
nesium is one of the lightest structural material that has high specific strength, lightweight, low density and good
formability. However, current issue of using magnesium alloy is that magnesium has weakness against tem-
perature. As the temperature increases, magnesium undergoes poor creep resistance and ease of softening, and
therefore, its mechanical strength decreases sharply. To solve this issue, a new type of magnesium alloy that
retains high strength at high temperature has been proposed. The tribological behavior of this alloy was inves-
tigated using a tribotester with reciprocating motion and heating plate. A stainless steel ball was used as a counter
surface. Results showed that extrusion process has similar wear behavior to the commonly used casting process
but retains good mechanical strength and durability. The presence of an alloying element enhanced the wear
properties especially in high temperature. This study is expected to be utilized as fundamental data for the
replacement of high density materials currently used in mechanical industries to a much lighter and durable heat-

resistant materials.
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Table 1. Extruded and casted sample preparation
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20wt%Ca 2AS 750°CoA A7) mix|ete g2
100°CE ¥ Hey o] FEZ &9 932
Tk 1 & AR AE F2ES A7 8 mm, 4
o] 5 mm% AWl 14A-CAST A|H-S A|2Fsiich
Cast A1H-E A2l F2 -2 extrusion ZIH 0]
o £z 4 =% 74 30mm, 4°] 30 mme] 2t
OEgo R 7H3l3it). Extrusion 34 A AAEE
400°CE 24417+ B EE 7Fslal 83204 2149
02 A3t o], S extrusion HE|o]HolA
450°C2] 2%, extrusion H|E 12:1, 10 mm/s?] &%
2 P o2 oo Al Ag ARSIt o2 A |
E07 14A-EXT A9 #F 271 474 8 mm, F
7 5 mmZ 7= AT

Table 291 HAISH AJHES 9} 722 extrusion 37
< ol A=A, Mg-20wt%Ca Al Mg-50wt%Zn
o} Mg-10wt%Gde] TheFet =3 HIEE 7= &
) 7HEelEe] EF UEL 4.8%3ld], ol 7HEElE
=3 H]E 4.8%Y W extrusion 334 eutectic net-
workE BolFe 2571 7P W A7) wZoeltt.
w2 7HERlE £ S 4.8%2] go] o|EXoz
7P oA TR JHEERTA e S Qi
gk o] FEEY AL EFEEH JiEEE T
HFHAET}F 6%2 FAIEHA AM29] s 2hg ol
TS Tk olo wk GZ61(Mg-6Gd-1Zn) F=ol
A NEYES SFVECE PSS 7442 interme-
tallic compound®] W3}e} 7 315 YolE 4= JSTh

RE AHe] TAe] o= Anl, F Qo] o]
Fojxlom Fig. 12 AA| Al ARIOE, A7 8 mm,
7 5 mmo|t}.

Name Nominal Composition Condition Phases
14A-EXT Mg-14%Al1-11%Ca Extruded o-Mg+Al,Ca
14A-CAST Mg-14%Al-11%Ca As-cast a-Mg+Al,Ca
Table 2. Gadolinium added sample preparation

Name Nominal Composition Phases

0% Mg-6%Al-1%Zn(AZ61) a-Mg+Mg;Al),

2% Mg-2%Gd-4%Al-1%Zn a-Mg+ALGd

4% Mg-4%Gd-2%Al-1%Zn a-Mg+Mg,Al);Gd+ALGd
4.8% Mg-4.8%Gd-1.2%Al-1%Zn a-Mg+(Mg,Al);Gd
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Fig.1. Picture of actual specimen.

Fig. 2. Reciprocating-type high temperature tribotester.
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Table 3. Friction test condition

Condition Value
Normal Load 20N (2 kgf)
Sliding Speed 2.5 mm/s
Sliding Stroke 2.5 mm
Cycle 600 cycles
Temperature 25~250°C
Humidity ~40%
Lubricant Type Engine oil
Repeating each experiment 3 times
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Fig. 3. Friction coefficient graph for ext, cast and SUS samples in (a) room temperature, (b) 100°C, (c) 150°C and (d)

200°C.

Table 4. Friction coefficients of ext. and cast alloys

Temp 14A-CAST STD 14A-EXT STD
RT (25°C) 0.14 0.0033 0.13 0.0032
100°C 0.11 0.0084 0.10 0.0021
150°C 0.10 0.0010 0.10 0.0026
200°C 0.14 0.0260 0.15 0.0327
Table S. Friction coefficients of 0~4.8 Gd samples
Gd % 0% 2% 4% 4.8% SuS
RT (25°C) 0.13 0.14 0.14 0.14 0.14
100°C 0.13 0.13 0.12 0.14 0.18
150°C 0.13 0.15 0.13 0.13 0.18
200°C 0.22 0.18 0.23 0.15 0.27
250°C 0.20 0.18 0.21 0.16
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Fig. 5. Example of surface of one of the samples and its
wear area measurement.

Table 6. Wear rate table of cast and fully extruded
specimen
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Fig. 4. Friction coefficient graph for 0~4.8 fully extruded
specimen and SUS samples in (a) room temperature,
(b) 100°C, (c) 150°C, (d) 200°C and (e) 250°C.

Wear Rate=V/(F - L)

(mm’/N-mm)

V: wear volume = wear area x stroke (mm”)
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Wear rate (mm’/N-mm)  14A-CAST 14A-EXT
RT (25°C) 1.8x10* 2.2x10*
100°C 6.7x10* 4.6x10®
150°C 1.0x107 8.3x10™®
200°C 9.2x10* 1.1x107

F: normal load N)

L: sliding distance = sliding speed x cycle (mm)
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Table 7. Wear rates 0~4.8 Gd samples
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Wear rate (mm’/N-mm) 0% 2% 4% 4.8%

RT (25°C) 7.5x10° 7.9x10°% 1.0x107 1.2x107
100°C 1.9x107 1.7x107 2.1x107 2.0x107
150°C 2.0x107 2.4x107 3.9x107 2.6x107
200°C 5.8x107 6.4x107 9.0x107 7.1x107
250°C 1.2x10° 1.5x10° 1.9x10° 1.7x10°
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