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Hardening and Toughening Mg Alloys Using Twin Boundaries

ZHENG Xiaojian, YU Huihui, XIN Yunchang
(School of Materials Science and Engineering, Chongqing University, Chongqing 400030, China)

Abstract: Mg alloys with a low density are desirable candidates as structures in aerospace/airspace industry and transpor-
tation vehicles. Twinning constitutes one of the main deformation modes of Mg alloys with a hcp structure. Many recent stud-
ies reported the application of extension twins to tailor the microstructure, texture and mechanical performance of Mg alloys.
In the present paper, the progress on hardening and toughening of Mg alloys by twin boundaries ( TBs) were reviewed.
First, a short introduction about deformation mechanisms and twinning in Mg alloys was addressed. The character of TB-
hardening and the progress were systematically concluded, with a great emphasis on the application of single twin structure
and its disadvantage, hardening using a composite twin structure, the mechanism to harden in three dimensions and the prin-
ciples to design effective composite twin structure. At last, the future trend about the application of TBs to harden Mg alloys
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was proposed.
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Fig. 1  Schematic diagrams showing the typical textures in hot rolled plates
and extruded rods of Mg alloys. RD, TD and ND are the rolling
direction, transverse direction and normal direction of plate,

respectively. ED refers to the extrusion direction of a rod!”]
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Fig. 2 Stress—strain curves under compression along the TD of a

AZ31 plate or ED of an extruded rod 2!
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Fig. 3  Stress—strain curve under compression along the TD of AZ31 plate

with a 2.5% pre—compression along the RD (RD 2.5% sample) [

TEBESah, A SR A AT LR 5 i B i mT LAk
N AR AR o B SR SO B G 4 1 W AT AE
O 1) Sk A% 1) e P 3R I 22— Bl S L S IR AN XK

BRIV 7 T A R 4 f) Jee I 56 38 30 o S AP AR KA
25, XMTHEARMSMER, WA RD, TD
ND H3 800 525 PR IR FR . X 57 R v
KA ED B F T 45t 2 B 0 S0k 1 e I o RN — 3k,
WME 4 FiR, 76 AZ31 BT, W ED 045 i A
JE A i IR B AR — A LA L 7 A A — TR 4 S IR AS X
PRI F2 2R R AE T 3 ) — 5 ) o A R 46 04 g IR P AN
[F AR TEAILI T 325 Qi B sl P2 ) o dn SR A st
B A £ R AIE, I8 A R4 8w b 224: %
RV | NS S B o VA A SRS D= B DA A BT o o R VA= R -
YU R e g T L3 A N T R ) S e R B
A A T B A R0 R 45 1 i R S B LU (B DKL SRR 1Y
0.4 ~0.5 &R0 B E9 0.8 ~0.9"  — kA, 5
PEEE I RSAR LG, 201k ok T B8 R A SR AL AR DT
INERS R SR B Ry B 2E S BhEE S nT D2
fRitokn, HAEFRGERN SR, POz 6l SR iy o fil] m
FEZ G 2 8601 NI, fE& AP MZERNEES &
o AR AR AR 2 BT 1 P AT 2T R s
IRASKT K
400 F

Copipression

320

240

160

True Stress (MPa)

e (| ——Tension along ED

——Compression along ED

0.06 0.09 0.12 0.15 0.18
Strain

P4 U AZ31 Bkt ED S 0 s 200 I 200 et I 5ok B . 24K TR f
e 1

Fig. 4 The quite low yield strength under compression along the ED

0 1
0.00 0.03

from that under tension along the ED of an AZ31 extruded rod!"”]

3 FREMZIT

56T AR R AL B 4 AT B EAE e A — Ik
TRASTE = A B — i 2 SR 25 R SR AR T 7 A i
(LI S N1} S8 S TIWATE i A I P S LE R L KT L E L O
W I ingkest, kB DR AEA A TE i #E, fl
W TD FE4 = AR 2R S22, 15 TD I Hifp skt ND F:
UEZE & LIR 2R g LRI A FE . th TR AR



822 Hh AR

535 &

R NE R TR R, ARWEIEAZ, HIH s g
i, AN NIRZRA JE Bh I S KRARIEA T — 2 A2
FHU I, PLGRARA R EEALR A A S R, R R
N IBEHEFAR , BEAh, 2R A TR T 0 R % Sk R
SERBURE, AR E L B R e B L R T R,
— 25 hZEAE N R S Ty ), [ A A T )tk 3 s
b (B A VIR AR S EEHLRI B ) o

N T = Ay I R AL, T BT R Y 2R
RZER . WAV T R A AR . — KB
25 BRI RS ZE TR A A 4, G T 5 e YR AR
TSz flhn, %t AZ31 JEAR U TD A1 RD 38 R
AR AT LA 85 X B2 S 2548, Ani&l S s, W TD He4i ™
AR HZU(PTL) J5, IR RD FRRIESEIG, 7ERIRAS
T IE U — UR 22 i N 2 T8 R R AR 22 5 (ST
MR, PSR R R R, AR RS IR R A
PLANARA AT T BT ) — R B AR 2R A (PT2) X PR
28 AR — YA R R AR R B AE A SR B R
A (HU 2% < 10-10>86 ), H T WKZASf (ST) Fl— ¥k 28
B (PTL) fEFEREF R R, L, WA ngkat, 4
—KZB SRR AR AR, R S & AR AR,
R2ZB AR EARBEAN, —REBEBAS KRR
A IR R AR AR A LU OB A,
b 25 SCAREER R 240, 78 52 4 22 i v ) IS A7 7 S
R 22, SRR N 45 R Ak 58 4 LR AR A Oy
MU AR T b 3 A 9 s W 2R L LR R R B, ]
PASEIE = AN 5 ) [m) B i b, Xin A58 R 1 3R 5 ik i 45 1
SR AR AZ31 JEAR 3 AT I B R R T, HL
PAVEIFIAT WA TRE " IR A28 i S = e ik

MAEMITE,
(0002)
2
M
ST \
ST
T2
PT1
T

5y AZ31 SR RD A1 TD 58 U ) 45 &5 A — R P di2s
wh(PT1 B¢ PT2) A1 ZRALAPZE &, (ST) A S 2R a1
Fig. 5 Preparation of a composite twin structure containing primary extension
twin (PTIL or PT2) and secondary extension twin (ST) in a thick

AZ31 plate by cross compression along the RD and TD!"’
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