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Microstructure and mechanical properties of ultra-fine grain ZK60
magnesium alloy processed by equal channel angular pressing
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Abstract: Ultra-fine grain ZK60 magnesium alloys were fabricated separately by conventional single-step equal channel
angular pressing (ECAP) processing and two-step ECAP processing. The microstructures and mechanical properties of
the ZK60 magnesium alloys were investigated by optical microscopy, scanning electron microscopy, transmission
electron microscopy and tensile test, and the texture was measured by XRD. The results show that, two-step ECAP is
more effective in grain refinement than single-step ECAP process due to the lower deformation temperature. The grain
size is refined to 0.8 pm after being processed with treatment of (240 C, 4 passes)+(180 “C, 4 passes). Compared with
the as-received ZK60 alloy, the single-step ECAP processed alloy has lower strength but higher elongation to failure. The
decrease in strength is mainly ascribed to texture softening. However, after two-step ECAP process, the strength is
improved due to the enhancement of fine grain strengthening and substructure strengthening.
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Fig.1 Grain structure of as-extruded ZK60 alloy
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Fig.2 Grain structures of studied alloys after ECAP at 240 C:
(a) 240 C, 4 passes; (b) 240 C, 8 passes
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Fig.3 Grain structures of studied alloy after two-step ECAP
process: (a) (240 ‘C, 4 passes)+(180 ‘C, 2 passes); (b) (240 C,
4 passes)+(180 ‘C, 4 passes)
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Fig.4 TEM images of ZK60 alloys after
ECAP processing at 240 C for different
passes: (a), (b) 240 ‘C, 4 passes; (¢), (d)
240 °C, 8 passes; (e) EDS pattern of
Fig.4(d)
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Fig.5 TEM images of ZK60 alloys after two-step ECAP
process: (a) (240 C, 4 passes)+(180 ‘C, 2 passes); (b) (240 C,
4 passes)+(180 C, 4 passes) (¢), (b) EDS pattern of Fig.5(b)
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Fig.6 XRD patterns of ZK60 alloys under different conditions
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Table 1 K value of ZK60 alloys under different conditions

K
(1070) (0002) (10T1) (10T12)
1.758 94 0.770 52 0.974 06 0.322 40
0.458 04 0.124 58 1.33549 1.21323

Condition

As-extruded
240 C, 8 passes
(240 °C, 4 passes)+

0.807 73
(180 °C, 4 passes)

0.141 82 1.35744 0.43017

I (1010)
16r [1(0002)
(10T1)
1.2+ [CJ(1012)
=1
< . -
0.8+
04}
0
Extruded 240 °C, (240 ‘C, 4 passes)+
8 passes (180 C, 4 passes)

B 7 AFPRE A& K AH
Fig.7 K values of planes for ZK60 alloy under different

conditions
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Fig.8 Variation of crystal orientation before and after ECAP
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Fig.9 Stress—strain curves of ZK60 magnesium alloys under

different conditions
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Table 2 Mechanical properties of studied alloys under

different conditions

Condition oy/MPa 09»/MPa /%
As-extruded 250 166 18.5
240 C, 4 passes 221 120 28.1
240 ‘C, 8 passes 226 125 35.1

(240 C, 4 passes)+
236 160 28.9

(180 C, 2 passes)

(240°C, 4 passes)+
266 175 31.9

(180 C, 4 passes)
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