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Effect of Al Solution Strengthening on Damping Capacities of
Mg-Al Alloy Solid Solutions
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Abstract: The damping capacities in the strain-amplitude dependent and strain-amplitude independent
regions were comparatively investigated for pure Mg and Mg-X%Al solid solutions (X : 1, 2 at%) to clarify
the role of Al solute in the damping properties of Mg-Al binary solid solution. In order to rule out the effect
of grain size on damping capacity, grain sizes of the samples were adjusted to an almost similar level by
changing the heat-treatment or solution treatment times at 683 K (12 h, 24 h and 32 h for pure Mg, Mg-
1%Al and Mg-2%All alloys, respectively). The damping capacities of the heat-treated pure Mg and Mg-X%Al
solid solutions exhibited a decreasing tendency with an increase in Al concentration both in the strain-am-
plitude dependent and strain-amplitude independent regions. The observed damping trends depending on
strain-amplitude were analyzed and discussed in association with decreasing length between weak pinning

points (Al solutes) in Granato-Liicke model.
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Fig. 1. Back-scattered electron(BSE) images of (a) pure
Mg, (b) Mg-1%Al and (c) Mg-2%Al alloys in as-cast state.
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Fig. 2. Phase diagram of Mg-Al binary system[21].
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Fig. 3. Optical and back-scattered electron(BSE) images of (a,d) heat-treated pure Mg, (b,e) Mg-1%Al and (c,f) Mg-2%Al
alloys in solution-treated state : (a-c) optical images and (d-f) BSE images.
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Fig. 4. Change in damping capacity(tan ¢) with strain
amplitude for heat-treated pure Mg, Mg-1%Al and Mg-
2%Al solid solutions : (a) 1x10°~2x10 strain amplitude
region and (b) low strain amplitude region below 1x10~.
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Fig. 5. (a) Granato-Liicke(G-L) dislocation string model
illustrating the bowing out and breakaway of dislocations
with increasing applied stress (o) and (b) strain response
under externally applied stress.

Table 1. Values of C, and C, parameters obtained from G-L plots in Fig. 7.

samples C, (x107) C, (x107)
heat-treated pure Mg 243 1.66
Mg-1%Al solid solution 2.61 2.48
Mg-2%Al solid solution 2.98 3.64




2

[

6

=
ol

&
2 200 80
> 180l [ Critical strain amplitude —

O Hardness L =
S 160 0z
-8. 1404 (} L60 %
S 1201 2
= T ©
g 100 S 50 B
g o 0 P
S 604 I I by
= o) [7]
il I =
% 40 130 S
o 201
g ol= : — 120
O 0 1 2

Al content (at%)

Fig. 6. Comparison of critical strain amplitude(€cr) and
Vickers hardness(Hv) with respect to Al content for heat-
treated pure Mg, Mg-1%Al and Mg-2%Al solid solutions.

-6.0
e el O  pure Mg
6.5 o Mg-1Al
70 F—a_ & Mg-2Al
O' - qq-&%‘"““--_
o 154 o O o
P g 0
e 80 A o
£ -854 O O
-9.0 o
-9.5-
N
-10.0+— . ; . . . :
500 600 700 800 900 1000 1100
1/e

Fig. 7. G-L plots of heat-treated pure Mg, Mg-1%Al and
Mg-2%Al solid solutions.

W AL-EE QA Fieol| whldslr| wiitol| ol & 3
OF3HH Lo(= Mg) > L{(Mg-1%Al) > Lo(Mg-2%Al)
2har 3 4= Qlek. A (S)oll W 5= Leoll Hlgahe
2 0l& §,(= Mg) > §,(Mg-1%Al) > §,(Mg-2%Al)
o] Atz YehA Hrk 5,8 A A (el W=
A g2 23 2 Mg, Mg-1%Al, Mg-2%Al 3+ 18
Alof| A Lygtol fAREL L(s= Mg) > Lo(Mg-1%Al)
> Lo(Mg-2%Al°l™ C 3k Gk i Al 557t 5
7FdE AR, A (6)0ll4 €0 el Col
Hlsf A o & A7 285101 §,(= Mg) > 5,(Mg-
1%Al) > 5, (Mg-2%A1)] A3} oo} x| A Frfal A

ot

N

Felct.
AA| Mg-X%Al 3 I-8A4oA 712 W Al 5
7V S7rE AL8A19 C), Gkl Stk B
& Yehy=7] 2915}7] ¢4 Fig. 73 2+ Granato-
Liicke(G-L) &2 283150tk G-L &2 4 (6)
& Hato] dofzl thy Alof| o] mAE Ho|ck
(8, &) = In(C,) — Cy/e (8)
o17| A Syt 8 = - tan ¢[27] TAIAS o83t
ekt Fig. 7014 Y-5 Ay} 7177} 242}
In(C)I} C,0ll alfF=m AP AE 5ol &3t EA4
2]3 4= Mg, Mg-1%Al, Mg-2%Al g 171-84|¢] C,
4 C, dlo]ElE Table 1¢] Ffstoict. C, 4kt Cat

B Al G| 37145 ol T gl 22 sl
3 % glom, oft= ko] BA g2 % Sshe

Aol

4.3 E

2 Atol A= Mg-Al fhaellA A& Akt oA
7V 7ol 7]t & 733 71 5 skl Al
Ofjt 31§ A2kt Mg-Al ¥ 118419 As4ls
of| m]2|= Fakell sl wketatr] flal, <= Mg 2 Mg-
X%Al (Al : 1, 2 at%) T-8A0] disf 1x10°~2 x 107
O Mg X% FH7kolA sital e 54, vl -
Aletgiet. ojdf A A7|7F Astalsel vAl=
Gk Bk ] flel 683 KollA dA|e] 2 845}
Ae] A7k 2Asto] AlHe] AR Y 275 Akt
Al HEATHE Mg 12A17F, Mg-1%Al -2 24
AlZE, Mg-2%Al TS 32417h). ¢ Mg, Mg-1%Al
4 Mg-2%Al 118419 AstasS 5435 2,
1107 o|a} g & v]ol& 171e] AE7h4s ¢
1x107°~2x107 #7ke] B9 ZZ o2 F1tofA 9] 71
Fa4ls B Al ogo] SIS Hasks A

< YERH ST Granato-Liicke(G-L) HL@of| A3t

I
il

S

VS SO, MY 2 WO G d Y 1 o
& A ] As34ls Ask= 714 W A9iAel
oF3} 7124 (weak pinning points) G2 5l Al &
o gF 57k QIjh A2y Abo] AP (Lo)o] A4
I 21916l Aog BAHe



Al 28 7F517F Mg-Al g 184 ¢] sl sl viAle 9% 21

_$_ 7| 4418.
12. L. Yu, H. Yan, J. Chen, W. Xia, B. Su and M. Song : Mater.
Sci. Eng. A 772 (2020) 138707.
o] A= AR adHEAIR)Y fHdor 13.J. Wang, Y. Zou, C. Dang, Z. Wan, J. Wang and F. Pan :
= SES P = Materials 17 (2024) 1285.
(‘)‘]&'Lﬂ:[’—lea—g] Z] o= ]?:PO]— ng% ﬂ—‘[’“%](‘?_]‘%ﬁ 14. J.F. Nie : Met(all. M)ater. Trans. A 43 (2012) 3891.
At IAIHE : No. 2021R1F1A1049912, SH=AY 15. Z. Liu, L. Wang, L. Wang, Y. Feng, F. Kang, B. Wang, S.
A7)4:01509] A S - KITECH NP-23-0030). Liand C. Hu : J. Mater. Sci. §7 (2022) 15137. .
16. S. Tang, T. Xin, W. Xu, D. Miskovic, G. Sha, Z. Quadir, S.
Ringer, K. Nomoto, N. Birblis and M. Ferry : Nat. Comm.

%71 2 5] 10 (2019) 1003.
al =
= == 17. H. Cao and M. Wessén : Metall. Mater. Trans. 35A (2004)
309.

1. Y. Yang, X. Xiong, J. Chen, X. Peng, D. Chen and F. Pan :
J. Magnes. Alloy 11 (2023) 2611.
2.S. Jayasathyakawin, M. Ravichandran, N. Baskar, C.

18. J.G. Han and J.H. Jun : Mater. Sci. Tech. 36 (2020) 375.
19.]. Zhang, R.J. Perez and E.J. Lavernia : J. Mater. Sci. 28

: _ : (1993) 2395.
Anand Chairman, and R. Balasundaram : Mater. Today: 54 j By ik and M. Svoboda : Mikrochim. Acta 139 (2002)
Proc. 27 (2020) 909. 30

3. K. Sugimoto, K. Niiya, T. Okamoto and K. Kishitake :
Trans. JIM 18 (1977) 277.
4.D. Wan, Y. Hu, S. Ye, Z. Li, L. Li and Y. Huang : Int. J.
Miner. Metall. Mater. 26 (2019) 760.
5. C. Zhao, F. Wang, J. Li, J. Zeng, S. Dong, F. Wang, L. Jin
and J. Dong : Scr. Mater. 240 (2024) 115845.
6. C. Dang, J. Wang, J. Wang, D. Yu, W. Zheng, C. Xu and R.
Lu : J. Mater. Res. Tech. 22 (2023) 2589.
7.J.H. Jun and LJ. Hwang : Metall. Mater. Trans. 47A (2016)
4784.
8. A. Granato and K. Liicke : J. Appl. Phys. 27 (1956) 583.
9. A. Granato and K. Liicke : J. Appl. Phys. 27 (1956) 789.
10. A. Granato and K. Liicke : J. Appl. Phys. 52 (1981) 7136.
11. B.D. Trott and H.K. Birnbaum : J. Appl. Phys. 41 (1970)

21. H. Okamoto : Desk Handbook Phase Diagrams for Binary
Alloys, ASM International, Materials Park, OH, 2000, p.
36.

22.AK. Dahle, Y.C. Lee, M.D. Nave, P.L. Schaffer and D.H.
Stlohn : J. Light Met. 1 (2001) 61.

23.J.H. Jun : Mater. Sci. Eng. A 665 (2016) 86.

24. J.H. Jun : Mater. Trans. 56 (2015) 1609.

25.J.H. Jun and J.H. Moon : Met. Mater. Int. 21 (2015) 780.

26.J.H. Jun : J. Alloys Compd. 610 (2014) 169.

27.Z. Zhang, X. Zeng and W. Ding : Mater. Sci. Eng. A 392
(2005) 150.





