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Grain refinement mechanism of magnesium alloy during
equal channel angular pressing process
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Abstract: The microstructure evolution of ZK60 alloy during ECAP process was investigated by optical microscopy,

electron backscattered diffractometry (EBSD) and transmission electron microscopy (TEM). The results show that, after

one pass of equal channel angular pressing (ECAP) process at 240 C, the grain size of ZK60 alloy is significantly refined.

However, the grain size distribution is not homogeneous. The microstructure prior to shear deformation is consisted of
coarse grains and twins. The microstructure in the shear zone is mainly shear bands and dynamic recrystallized grains.
After shear deformation, the grain structure is mainly dynamic recrystallized grains. The grain refinement mechanism for
ECAP of ZK60 alloy is comprehensive effect of shear deformation and dynamic recrystallization.
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Table 1 Chemical composition of ZK60 magnesium alloy

(mass fraction, %)

Zn Zr Mn Fe Si Cu Ni Mg

560 076 0.01 0.002 0.002 0.002 0.00076 Bal.

B1 A& AS S RE K

Fig.1 Sampling of specimens for microstructure observation
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Fig.2 Microstructures evolutions of different locations along
ECAP die of ZK60 magnesium alloy during one pass ECAP at
240 C: (a) Before shearing, position A4; (b) Shear zone,

position B; (c) After shearing, position C
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Fig.3 Optical microstructures of shear zone: (a)
Recrystallized grain along shear bands; (b) Shear bands fully

recrystallized
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B4 ZK60 Bt 4 ECAP i F i il () TEM 1%
Fig.4 Typical TEM images of ZK60 magnesium alloy during ECAP process: (a) Dislocation entanglement; (b) Non-equilibrium
grain boundaries; (¢) Subgrain structure; (d) Rrecrystallized grains
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Fig.5 Shear band features of ZK60 magnesium alloy during ECAP process: (a) Shear bands; (b) Cell structure in shear bands;
(c) Subgrains along shear bands; (d) Recrystallized grains along shear bands
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Fig.6 Orientation imaging microscopy (OIM) mapping of as-extruded and pre-ECAP ZK60 magnesium alloy: (a) As-extruded;

(b) Before shearing; (c) Misorientation maps of shear bands in (b)
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Fig.7 OIM mapping of ZK60 magnesium alloy during ECAP process: (a) Shear zone; (b) After shearing
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Fig.8 Grain size distribution of ZK60 alloy at different
locations during ECAP process: (a) Before shearing (position
A); (b) Shear zone (position B); (c) After shearing (position C)
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Fig.9 Recrystallization grains distribution of ZK60 alloys at
different locations during ECAP process: (a) Before shearing
(position A4); (b) Shear zone (position B); (c) After shearing

(position C)

T2 ZK60 54 ECAP 1L A [l DIl i 11485 o kit - £
Table 2 Recrystallization grains fraction of ZK60 alloy at

different locations during ECAP process

Position Recrystallization grain fraction/%
A 8.4
B 32.8
C 63.6
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Fig.10

mechanism of magnesium alloys during ECAP: (a) Shear bands

Schematic diagrams showing grain refinement

and dislocation entanglement during shearing; (b) Dynamic
recrystallization nucleated at shear bands and dislocations;

(c) Dynamic recrystallized grains
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