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Development of Mg alloy with both high strength and high damping capacity through
introducing twinning boundaries
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Enhancing both the mechanical property and damping capacity is of great
importance for a wider usage of magnesium alloys. However, the current research of high damping magnesium
alloys is carried out on the basis of dislocation/matrix interactions, which is not capable of solving
the above mentioned problem. In the present research, a novel concept of “ high damping magnesium alloy
of twin type” is proposed for the first time. This is based on the fact that boundaries oftensile twin in
magnesium alloys are movable and they can shrink and grow even at extremely low stress. Magnesium alloys
with high damping capacity are achieved via introducing high density of tensile twin boundaries through
pre-deformation and optimizing the twin boundary mobility by a subsequent heat treatment yet

withoutsacrificing the mechanical properties.
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1. Inverse pole figure (IPF) maps of (a) pure Mg, (b) AZ31 alloy, and (c)
AZ91 alloy after solution treatment (ST). The IPF maps of (d) pure Mg, (e)
AZ31 alloy, and (f) AZ91 alloy compressed at a strain of 4% under a strain
rate of 157,
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2. Twin width distribution for (a) pure Mg, (b) AZ31 alloy, and (c) AZ91
alloy after pre-compression to an engineering strain of 4%.
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[%] 3. Tensile stress-strain curves of pre-compressed (a) pure Mg, (b) AZ31
alloy, and (c) AZ91 alloy.
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4. (a) eye/€o and spe/so and (b) ultimate tensile strength of pure Mg,
AZ31 alloy, and AZ91 alloy before and after pre-compression. (c) Variation
in elongation of the three samples with and without pre-compression.
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5. IPF maps of pre-compressed pure Mg, AZ31 alloy, and AZ91 alloy
after tension to a strain level of 2, 4, 7, and 9%.
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[X] 6. (a,c) IPF maps and (b,d) image quality (IQ) maps of (a,b) AZ91 alloy
after the pre-compression to an engineering strain of 4% and (c,d)
pre-compressed AZ91 sample after application of 4% tension. The
corresponding misorientation angle profiles along (e) line g-h in (a) and (f)

line i—jin (c)..

Bl oiR D KM 1T D EBSD BIER ATV, 5
WZRT, Bl LR, WFhoy$ o7z

BOTHREENRE TV 2 Rl bnd, #
Mg S DULHEIL 3T AN IR > TR D
BN L 01750, Aalbd 5 & WEBIUHE O LAk
TR EOTRPBE SN D (M 6), £=, Hl
Mg IZB W TREEDT A AR KE W=D, BEGIL

M BEENER N B E 2 Z &N P05 (K 7), 72,

PRI 2 12 T8 % O B RN 38 TR A BE R
T DTS BIER Xdu iz, KA BE S % FE SN
TEEOBOHMO L BT, #MLTWEZ LA
NBH(X 8), £7o, BloEN OTHEDHMD & &
12, KA E R E OB, T H e et
BENH BN BN D (K 9),

——point-to-point
—— point-to-origin

s @
&5 8

Misorientation angle, 0/
camwan

Lk

10 20 25
Distance from p t0 q, um

100

m

@
3

Misorientation angle. (V"
&
T

n
o B
L

5 15 20 25
Distance from m to n, um

7. (a,c) IPF maps and (b,d) 1Q maps of (a,b) pure Mg after
pre-compression by 4%, and (c,d) pre-compressed pure Mg after applying
7% tension. The corresponding misorientation angle profiles along (e) line
p—qin (a) and (f) line m-n in (c).
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8. 1Q maps of pre-compressed (a) pure Mg, (b) AZ31 alloy, and (c)
AZ91 alloy. 1Q maps of the pre-compressed samples after 9% tension for
(d) pure Mg, (e) AZ31 alloy, and (f) AZ91 alloy.
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9. Variation in length fraction of low-angle boundary and the
secondary {1012} twin boundary in the pre-compressed pure Mg, AZ31

alloy, and AZ91 alloy during the subsequent tensile test.



10. (a,d,g) TEM image, (b,e,h) HRTEM image, and (c,f,i) selected-area
diffraction pattern (SADP) for the pre-compressed (a,b,c) pure Mg, (d,e,f)
AZ31 alloy, and (g,h,i) AZ91 alloy.
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11. Schematic plot illustrating the effect of the solute element on twin
boundary formation.

K] 12 IPF maps of (a) ST sample and those compressed at strain
rate of (b) 0.01s%, (c) 20s™%, and (d) 20s™* with a subsequent

annealing.
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K 13 GAM maps of the samples compressed to 4% (a) at 20s™

and (b) 20s with subsequent annealing. (c)Corresponding
number fractions of GAMs in (a) and (b).
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K 14 Internal friction of samples of ST, ST-90° 0.01s™, 20s?,
and 20 s +annealing as a function of strain amplitude.
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