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Grain Refinement and Microstructural Instability of an AZ31 Mg Alloy by
Severe Plastic Deformation Using ECA Pressing

H. K. Kim, K. Chung* and C.Y. Hyun**
Dapartment of Automotive Engineering, Seoul National University of Technology, Seoul 139-743, Korea
*Department of Mechanical Engineering, Yosu National University 550-749, Korea
“Dapartment of Materials Science and Engineering, Seoul National University of Technology Seoul 139-743, Korea

Abstract Equal channel angular pressing (ECAP) technique had been adapted to the Mg alloy (AZ31) for
achieving effective grain refinement through severe deformation. The average grain size of 2.5 um could be
obtained after 4 passes. The stability of the ECAPed structure at elevated temperatures was examined by
annealing the ECAPed materials over a wide range of temperature between 473 and 748 K. The average acti-
vation energy, Q, for static grain growth of 1, 2 and 3 passes was 33.7 kJ/mole (=0.25QL, activation for lattice dif-
fusion). The abnormally iow Q value in the lower temperature range may indicate that grain growth occurs in the
unrecrystallized microstructure where non-equilibrium grain boundaries containing a large number of extrinsic dis-
locations exist. The vield stresses of the ECAPed alloys decreased whereas the elongations increased after the

ECAP process. These results should be refated to the modification of texture for easier slip on basal plane.

(Received 8 March 2004; accepted 10 May 2004)

Keywords : ECAP(Equal Channel Angular Pressing), AZ31 alloy, Activation energy, Texture anisotropy
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Fig. 1. Schematic illustration of the ECAP facility
showing the angles @ and \¥.
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Fig. 2. Typical microstructures of (a) unECAPed, (b) 1-passed, (c) 2-passed, (d) 3-passed and (e) 4-passed AZ31 alloys.

Table 1. Average grain size of the unECAPed and ECAPed AZ31 alloys

Condition unECAPed

1 passed

2 passed 3 passed 4 passed

Grain Size(um) 48.3 8.1

6.3 43 2.5




142 R3z7

140 T T T T L LA S B AL BN

AE31 alloy @ ]
1 Passed B
Average grain sige = 8.1un 1
Stand.Dev. = 5.98 ;&

Grain Size ( M1m)
280 T AR BLEL LI L RLEL B
» AL31 alloy ©)
r 3 Passed
2(!)— Average grain size = 4.3 in ]

Strad. Dev. = 2.8] yn

PRI AU RTINSl ST U AP B

Grain Size (za)

20 28 30 38 40

- A7y BAE
m T T T T T T T
AZ31 alloy (b)
380 [ 2 Passed

Average grain sige = 6.3 pm ]
Stand.Dev. = 4.79 un

° 0 85 10 15 2 B 30 33 40
Grain Size {xn)
m T T T T T T T A
I M31 alloy (d)
4 Passed

Average grain size = 2.5 un b
Stand. Dev. = 0.88 un

PN WS WIS N RO U S
10 18 20 23 30 35 40
Grain Size (pa)

Fig. 3. Grain size distribution of (a) 1-passed, (b) 2-passed, (c) 3-passed and (d) 4-passed ECAPed AZ31 alloys.
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Fig. 4. Grain size against annealing temperature for
annealing time of 30 min.
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Fig. 6. Stress-strain curves for the unECAP and ECAP
processed AZ31 alloys.
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Table 2. Mechanical properties of unECAPed and
ECAPed AZ31 alloys at room temperature

Condition &E) YS (MP2) E1°’(‘,§j‘)“°“ Hag‘}r;‘;ss
unECAPed| 2982 | 1825 13 445
Lpassed | 2652 | 1725 83 56.4
2 passed | 2703 | 1675 138 | 572
J passed | 2719 183.3 10.0 59.4
4Apassed | 2866 | 2153 94 641
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