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Microstructure evolution and deformation behavior of
hot-rolled Mg alloy at low temperatures

LIU Jun-wei, CHEN Zhen-hua, CHEN Ding

(School of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The mechanical behavior and dynamic microstructural evolution of hot-rolled AZ31 Mg alloy were studied by
tensile attachment of high-temperature microscopy (HTM) at different temperatures from room temperature (RT) to
423 K. The results show that the ductility of Mg alloy material increases with the increase of deformation temperature
and the decreases of load and strain rate and has certain strain rate sensitivity. The main deformation evolution is {1011}
contraction twinning at RT which has high nucleation rate and growth velocity and little basal slips. Different types of
twins can intersect with each other and results in severe shear in the existing twin. With the increase of temperature, the
critical resolved shear stress (CRSS) of a+c non-basal slip is surpassed easily, a great many non-basal slip systems are
activated and the plastic property of Mg alloy is improved obviously. At 423 K, when the strain rate is 1072 /s, the alloy
exhibits ductile fracture with dimples. With the decrease of strain rate (10 /s), the fracture transfer plastic deformation
step by step.
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Table 1 Chemical composition of hot-rolled AZ31 Mg alloy
(mass fraction, %)
Al Zn Mn Fe Cu Ca Mg
3.13 0.87 0.44 =0.02 =0.1 =0.03 Bal
ﬂ (HTM—4134
T 0002 )
( 3.75:6.25) 7~10 min
O - 4V
( 13.3 MPa)
_ ? 2 AZ31 2
1 {1011} {1012}

Fig.1 Schematic diagram of applied loading directions and
types of twinning (Black arrows applied loading directions of
favorable {1012} tensile twinning; white arrows applied

loading directions of favorable {1011} contraction twinning)

(8]

) (HTM)
373 K AZ31

AZ31
1 7.5 mm
673 K 1800s

2 AZ31
Fig.2 Microstructures of hot-rolled AZ31 Mg alloy: (a) Oxide

(b) Initial sheet
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2.1 Fig.3 Engineering stress — strain curves at different
2 373 K HTM temperatures and strain rates
2
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2
Table 2 Experimental conditions and results in constant
loading tension
Temperature Load/N Elongation/ Def(-)rmation
% time/s a+c CRSS CRSS
313.6 8.8 240 CRSS
373K 274.4 11.6 540
235.2 14.2 660
196.0
RT ?ii Unfractured (
313.6 4) (0002)
c {1011}
3 — {1011}-{1012} Barrett
3 AZ31
0.5%<1072 /s {1011}
[10]
2.2

5 HTM
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Fig.4 XRD pattern of initial sheet ( 4) {1011}
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Fig.5 Dynamic microstructures of specimen deformed at room temperature under different loads and XRD pattern of specimen
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after tension: (a) 235.2 N; (b) 274.4 N; (c) 313.6 N; (d) XRD pattern
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3 [7]
Table 3 Misorientation angle of various types of twin hep
. - Misorientati 1 1
Type of twin Twinning plane li?lrglle;(?)lon 6 {1011} 6 {1011}
Extension 1012 86°<1210> -
{ ! } 2 (1013} [13]
) {1071} 56°<1210>
Contraction _ _
{1013} 64°<1210> 4
{10T1}-{1012} 38°<1210>
Double _ _ _
{1013 }-{1012} 22°<1210>

6 373K HTM
Fig.6 HTM images of specimens deformed at 373 K under
different loads: (a) 235.2 N, 480 s; (b) 313.6 N, 160 s

{1011} {1012}
4
{1011}
6(b)
A )
BARRETT
[10]
7 373K 10" /s
107 /s 7

Fig.7 Microstructures of fractured specimens deformed at

373 K and different strain rates: (a) 10" /s; (b) 10 /s

4 {1011} (4]

Table 4 Misorientation angle of various types of {1011} twin

Type of twin Misorientation angle/(")
(1011)-(1011) 56.1
(1011)-(0111) 80.3
(1011)-(1101) 52.4

2.3 HRTEM
8 423 K 10" /s
TEM
8(a)
1) (0002)

2) AZ31 CRSS
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2 MPa 9

3) 423K atc 9 423 K 107 /s
CRSS

9(a)) (107 /s)
8(b)

40 nm 8(c) 8(b)
8(b)

9 AZ31 SEM
Fig.9 SEM images of hot-rolled AZ31 Mg alloy under
different conditions: (a) 423 K, 1072 /s; (b) 423 K, 10 /s

3
1) {1011} AZ31
a+c
(CRSS) a+c
8 423K 107 /s TEM 2) {1011}
Fig.8 TEM images of specimens deformed at 423 K and 10”"
/s: (), (b) Morphologies of twins; (c) Diffraction pattern 3) AZ31

24 SEM
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