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Abstract

Thermal stability and dry sliding wear behavior of ultra-fine grained 6061 Al alloy fabricated by an accumulative roll-
bonding (ARB) process have been investigated. After 4 ARB cycles, an ultra-fine grained microstructure of the 6061 Al
alloy composed of grains with average size of 500nm, and separated mostly by high-angle boundaries was obtained.
Though hardness and tensile strength of the ARB processed Al alloy increased with ARB cycles up to 4 cycles, the
processed alloy exhibited decreased ductility and little strain hardening. Thermal stability of the ARB-processed
microstructure was studied by annealing of the severely deformed alloy at 423K~573K. The refined microstructure of the
alloy remained stable up to 473K, and the peak aging treatment of the alloy at 450K for 8 hrs increased the thermal
stability of the alloy. Sliding-wear rates of the alloy increased with the number of ARB cycles in spite of the increased
hardness with the cycles. Wear mechanisms of the ultra-fine grained alloy were investigated by examining worn surfaces,
wear debris, and cross-sections by a scanning electron microscopy (SEM).
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Fig. 1 TEM micrographs of 6061 Al alloy ARB pro-
cessed at 588K: (a) 1 cycle, (b) 4 cycles, (¢) 5
cycles, and (d) 7 cycles

Table 1 Hardness (H), yield stress (cg;), tensile
strength (Gy), and elongation (EI) of the
ARB processed 6061 Al alloy

Number of H Go2 Cuss El

ARB cycles [HV] [MPa] [MPa] [%]

As-received 82.7 135.1 279.3 17.4
1 107.5 267.8 288.8 3.1

2 108.7 361.9 381.1 3.1
3 119.8 318.1 336.1 37
4 137.4 322.6 351.3 2.9
5 86.8 261.1 294.1 2.1
6 84.4 200.1 233.6 2.1
7 80.2 218.3 2441 2.8
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Fig. 2 TEM micrographs showing the microstructural
change of the ARB 4 cycle processed 6061 Al
alloy annealed at various temperatures for 0.5
hr: (a) 423K, (b) 473K, (c) 523K, and (d) 573K

Fig. 3 TEM micrographs showing the effect of a peak

aging treatment on the annealed microstruc-
ture of the 4 cycle ARB-processed 6061 Al
alloy: (a) peak aged, at 450K for 8hrs; peak
aged and annealed for 0.5 hr at (b) 473K, (¢)
523K, and (d) 573K
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and ARB-processed 6061 Al alloy as a
function of sliding distance. Specimens were
tested at the load of 4N and sliding speed of
0.05 m/sec: (a) As-received, (b) ARB 2 cycle,
(¢) ARB 7 cycle
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