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Fig. 1 Schematic diagram of multi directional forging (MDF)
(Each pass strain is Ae=0.8, once pass strain is finished, forging
axis is changed by 90°, WQ is water quenching) (a) and
continuous decreasing temperature processing (b)
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Fig. 2 True stress—cumulative strain curves of AZ61 and
AZ31 Mg alloys!™” during MDF decreasing temperature
condition from 623 K to 483 K(423 K) at strain rate of 3 X 107
s '(a) and macrograph of AZ61 alloy after five passes MDF(b)
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Fig. 3 OM images of AZ61 Mg alloy before and after MDF under continuous decreasing temperature: (a) As-annealed, Y Ae=0;
(b) One pass, Y Ae=0.8; (c) Two passes, Y Ae=1.6; (d) Five passes, > Ae=4



226 hEA SR R

2018 4F2 H

A (R 22K 5O AR A B fh (R Z= v T 20~5°
ZIlye MWE @) AR, WIS R S AR, 8
FEILF-# A A B A, A AL R 7R (R Ae=0.2)
BrBE s A AT AN SR L, T R
(RIS ARG i eoREt T, FCBR I DX ade T PR 7 1 £ FEE i
SR AR A, XSS S SR,
PGS ST, P ST A AR S e 2 i B, e
REFASI R TR N D derh, PhRARTE, IR R AN
TR A J L ST, A e R it e [ I G A
B2, A FaRatsin (LK 4b)t A
AR IN) o BEEAZ TR IR, B ) Skl A 2
HBUB K AR B RO 40 Ay dbkipy), Bt

S ENAAC IR LR Sk AR TR AFRSI BL S Ae=0.4) 1,
TREh AR RN — DT, dikidnfb B, 44
IsAY, AR A AR R A A (LIS 4(c))

Bl 4(d)~(D) T 7 A 35 RASKT I 14 B 1, A s
Kikuch 5 Ze il i, ] U M S i H A 1 40 2R (1)
Fio B 4 TEUE H, WIUHIE KSR S5,
BT e 5 1 R TR IR S (3 Ae=0.2), 4
DB U AN R B S (LEL 4ce)), S AE
SEM N AHZE X I AT it R AR A A Ao B 22 5, IX
T 2 S I e AL 2R 23 A (1) 28 A R, B AR SR
1 A TEAIA R L T s HT . [FRIRE, B 4D
BT RS B T A

N

CD

Fig. 4 EBSD-orientation maps ((a), (b), (¢)) and their corresponding imaging quality maps ((d), (e), (f)) of AZ61 Mg alloy as

annealed ((a), (d)) and 1st pass deformation to cumulative strains of 0.2 ((b), (¢)) and 0.4 ((c), (f)) (CD indicates final compression

axis, A and A, in Fig. 4(b) and (c) are grains with different degrees of grain boundaries evolution)
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Fig. 5 TEM images of AZ61 Mg alloy before and after prior three passes MDF under continuous decreasing temperature (a)
as-annealed, Y Ae=0, (b) > Ae=1.6, (c) Y Ae=2.4 and local image for zone in Fig. 5(c), (d) (Inserts in Fig. 5(b) and Fig. 5(d) are SAED
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Fig. 6 Bright field ((a)—(d)) and dark field () TEM images of AZ61 Mg alloy after four and five passes MDF under continuous

decreasing temperature: (a) Y Ae=3.2; (b) > Ae=4.0; (c) Magnification of rectangle area in Fig. 6(b); (d) Local image for the zone in
Fig. 6(c); (e) Dark field TEM image of Fig. 6(d) (Inserts in Fig. 6(c) and Fig. 6(d) are SAED pattern of matrix and second phase

particles separately)
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Fig. 8 Hall-Petch plot of MDFed AZ61 Mg alloy under
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showed as comparison, D is average grain diameter)
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room temperature
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Dynamic precipitation and its effect on grain refinement and
mechanical properties in AZ61 Mg alloy during
multi-directional forging under decreasing temperature conditions

FANG Zheng-wu', XIAO Zhen-yu', ZHANG Du-xiu', YING Yong', YANG Xu-yue"*?

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Nonferrous Metal Oriented Advanced Structural Materials and Manufacturing Cooperative Innovation Center,
Central South University, Changsha 410083, China;
3. Key Laboratory of Nonferrous Metal Materials Science and Engineering, Ministry of Education,
Central South University, Changsha 410083, China)

Abstract: Dynamic precipitation and its effect on grain refinement and mechanical properties of AZ61 Mg alloy during
multi-directional forging in temperature range from 623 K to 483 K were investigated by OM, SEM/EBSD and TEM
techniques. Dynamic precipitation of Mg;;Al;, phase does happen at the early stage of multi-directional forging and grain
size is significantly refined to 0.8 um after five passes deformation. The initial size of precipitates is relatively big, and
then precipitates become dispersed and are refined to nanometer scale. The nanometer dispersed precipitation retards the
dislocation movement, along with the temperature decreasing, resulting in the high density of dislocations and low
medium angle grain boundaries inside the grain. The strength and ductility of AZ61 Mg alloy are simultaneously
improved after multi-directional forging under decreasing temperature. The dramatic improvement of ductility is found
after the whole five passes deformation finished, which can be attributed to the dynamic precipitation occurring on the
low or medium angle grain boundary.
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