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Effect of the addition of CoNi-phase on the high temperature and wear
properties of Al-Mg-Si alloy

Hwa Jung Kim

Department of Materials Science & Engineering
The Graduate School

Pukyong National University

Abstract

Light alloys are widely applied for the automotive industry. Aluminum alloy is
used as engine pistons and cylinder heads. Thus, improved wear properties
and high temperature stability are-required for the-Al-Mg-Si alloy. In the
present work, the Al-Mg=Si alloys with the addition of CoNi intermetallic
powder have been fabricated in-order to improve the resistance ‘of wear and
high temperature stability. Therefore, this work is to study the dry sliding
wear behavior and| high temperature properties of the Al-Mg-S5i-CoNi alloy,
A6061 alloy and |A356 alloy. The wear test was carried out under the
condition of the frequency of 4Hz and the load range of 50-300N. On the
basis of observation‘and analysis on the worn surface and wear debris, the
wear mechanism acting-~on each-load was indentified. Under the low loading
condition, oxidative wear was the-main wear, mechanism while the wear is
controlled mainly by delamination and-adhesive wear-at high loads. Mechanical
mixed layer(MML) was formed on the worn surface of the specimen tested
under high applied load and crack was formed on MML. The wear resistance
of the Al-Mg-Si—-CoNi alloy are better than those of A6061 alloy and A356
alloy. The tensile test was carried out at the temperature range from 20T to
2507C. The Al-Mg-Si-CoNi alloy has higher tensile strength values than the

A6061 alloy and A356 alloy at the all test temperature range. The high



temperature stability was tested by measuring of hardness after heat
treatment range from 200TC to 300C for ten days with Al-Mg-Si-CoNi alloy.
The hardness after heat treatment of 250C and 300C was sharply decreased
after 1 day while after heat treatment at the temperature of 200C maintained
their hardness up to 10 days. The Al-Mg-Si-CoNi alloy exhibited good
thermal stability at 200C. After heat treatment of the Al-Mg-Si-CoNi alloy,

the stable crystalline AlsCos and Al3Ni phases were identified.
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Table. 1. Chemical compositions of the A356 alloy and A6061 alloy and
Al-Mg-Si—CoNi.

Specimen compositions(wt.%)
Mg Si Cu Cr Fe CoNi Al
A356 0.3 7.0 0.2 0.1 bal.
A6061 0.94 0.67 0.31 0.2 bal.
Al-Mg-Si-CoNi 1.0 1.1 0.8 bal.
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Fig. 1. Photographs ofmhigh frequency friction test machine PLINT
Tribology—TE77(Pin—on-Plate):
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SE MAG: 2500 x HV: 20.0 kKW WIX 10.0 mm

Al Mg Si Co Ni

1 | 29.60 | 37.97 | 32.43

2 /8479 | 368 | 150 | 491 | 542
¥ .956.33 | 2.88 1.84

4 1 .96.07 2.31 | 1.61

Fig. 4. SEM micrograph of solution treated Al-Mg-Si—-CoNi alloy.
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Fig. 5. Variation of -age hardness with time for A6061. alloy and

Al-Mg-Si-CoNi alloy.
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Fig. 6. Variation of wear rate with applied load for A356 alloy and A6061
alloy and Al-Mg-Si—-CoNi alloy.
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10k —m— A356 -T6 treatment
) —®— A6061 -T6 treatment
- —A— Al-Mg-Si-CoNi -as received

0.8 —Vv— Al-Mg-Si-CoNi -T6 treatment
=
= 5
s
D
E 0.6 -
ko)
2 5
]
S o4
N
2]
2 |
=

0.2 -

0.0 " 1 " 1 " 1 " 1 " 1 " 1 "

0 50 100 150 200 250 300

Load [N]

Fig. 7. Variation of friction coefficient with applied load for-A356 alloy and
A6061 alloy and Al-Mg-Si—-CoNi alloy.
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Low magnification

High magnification

50N

150N

300N

Fig. 8. SEM micrograph of worn surfaces with the

T6-treated Al=-Mg-Si-CoNi alloy.

applied load of



;’\

SIVIML

3o

Fig. 9. Optical micrographs showing MML at the worn cross section of the
A356 alloy at different applied loads (a) 50N (b) 150 (c) 200N.
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Fig. 10. Optical micrographs showing MML at the worn cross section of the
A6061 alloy at different applied loads (a) 50N (b) 150 (c) 300N.
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Fig. 11. Optical micrographs showing MML at the worn cross section of the
as-received Al-Mg-Si—-CoNi alloy at different applied loads (a) 50N (b) 150
(c) 300N.
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Fig. 12. Optical micrographs showing MML at the worn cross section of the
T6-treated Al-Mg-Si—CoNi alloy at different applied loads (a) 50N (b) 150 (c)
300N.
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JLi

SE MAG: 500 x HV: 20.0 k¥ WD: 10.0 mm

Fig. 13. Result of SEM/EDS analysis of subsurface regions at a load of 300N
for T6—-treated Al-Mg-Si—CoNi. alloy.
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Fig. 14. SEM micrographs of wear debris of the A356 alloy at different
loads (a) 50N (b) 150N (c) 200N.
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Al Fe 0)
1 74.63 25.37
28.88 5.48 65.63
3 100

Fig. 15. SEM/EDS micrographs of wear debris of the A6061 alloy at
different loads (a) 50N (b) 150N (c) 300N.
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Fig. 16. SEM micrographs of wear debris of the .as=received Al-Mg-Si—CoNi
alloy at different loads (a) 50N (b) 150N (c) 300N.
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Al Fe 0) C

1 25.65 | 13.14 | 52.86 8.34
2 54.17 3.34 42.49
3 36.13 | 24.77 | 39.10

Fig. 17. SEM/EDS micrographs of wear debris of the T6-treated
Al-Mg-Si—-CoNi alloy at different loads (a) 50N (b) 150N (c) 300N.
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Fig. 18. Dependence of the tensile strength and elongation vs. test
temperature for A356 alloy, A6061 alloy and Al-Mg-Si-CoNi alloy.
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Fig. 19. SEM micrographs of the T6-treated Al-Mg-Si—CoNi alloy after
tensile testing at (a) room temperature and (b) 250C and A6061 alloy (c)
room temperature (d) 250C
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Fig. 21. Hardness versus holding times at 200C, 250C “and 300TC for
Al-Mg-Si—CoNi alloy for T6 treatment.
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Fig. 22. Optical micrographsI the Al—Mg—SB}CoN' alloy heated for 240hrs
at the temperature of:*- ) as-recei
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Fig. 23. X-ray diffraction patterns of the Al-Mg-Si—CoNi alloy at different
heat temperature for (a) 20°-80° (b) 30°-50°.
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