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Effect of Cooling Rate on Damping Capacity of Magnesium

Joong-Hwan Jun’

Advanced Process and Materials R&D Group, Korea Institute of Industrial Technology,
Incheon 21999, Republic of Korea

Abstract The effect of cooling rate on the damping capacity of pure Mg was studied. Two Mg samples with dif-
ferent cooling rates were prepared by heat treatment at 873 K for 24 h, followed by water quenching and by fur-
nace cooling to room temperature, respectively. The average grain sizes of the Mg samples were almost identical
regardless of the cooling rate, but more twins were observed in the sample with faster cooling rate. The calcu-
lated vacancy fraction was higher in the fast cooling sample than the slow cooling one. It is noted that the fast
cooling sample exhibited lower damping capacity both in the strain-amplitude independent and strain-amplitude
dependent regions. Higher values of vacancy concentration and number density of twins in the fast cooling sam-
ple are considered to be responsible for the deteriorated damping capacity in the strain-amplitude independent
and strain-amplitude dependent regions, respectively.
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Fig. 1. Optical micrographs of (a) F873 and (b) Q873 pure Mg samples.
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Fig. 2. Average grain sizes and volume fractions of
twins in F873 and Q873 pure Mg samples.

—0—F873 —o— Q873

0.16

0.020

0144 Lo

0.12+

- 0.012

c D\D—D)]ﬂ\d:h\[rnﬂﬂ
0.104 = 0.008

0.004
0.08 1

tan ¢

0.06 1
0.04 1
0.02

0.00

100 1000

Strain amplitude (X10°)

Fig. 3. Change in damping capacity (tan ¢) with strain
amplitude in F873 and Q873 pure Mg samples.

L
R

Kol

AlHe] B Bgo] F873 AJHKRL =2 olf= &
A2 & FY A e Esgo] A
719819 7] wiolekar Az

Fig. 3& 1x10°~1x10°¢ ¥ & 2 Z(strain
amplitude) T-3tellA =743 F873, Q873 A9
575 (tan ¢)0=, AUE THZE 1x107° o
slo] e Wiy XFA S5 1574 sS Sl

afo] vkl Zloltk, 7 AlE BF 1x107° o3t ¥

Algle] L7 Xs3tase HolARE 11 o)de] ¥

i

» increasing stress

(D)

A B  (©) (E)

e : weak pinning point X strong pinning point

Fig. 4. Granato-Liicke (G-L) model showing dislocation
damping mechanism of Mg.

=5

o

dat HY 7ITE 2 MgollA] 332
el k= 570|tH16-18]. Fig. 3025H, #i¥
- HojET HY Z1F oE P BFoA MY
F873 AlHo] FWdt Q873 AlHML ¢ =& A
Haes vepdS SRIE = Qi

Mgt #E A% 7719 Fig. 49 vehd
A} 22 Granato-Liicke(G-L) Zd= e &
ATH16-18]. Mg W H-oll &A= 24 (dislo-
cation line)y> E<-E, 35, 4 Ak} 22 st
3124 (weak pinning point) ¥ < BT AHHY
Av XNEEY 22 73k 313 (strong pinning
point)? B2 FVEA] FF] nAHO R 1 uof
Aok webA, ok a2 Atole] ALy gt
2 Alele] A (LRt doiFes IA #ch
Lc << Ly. FelA 711z §8 (o)l 2= 785,
L. Atele] 79 ¥4 (dislocation segment)o] ]
A FoAEA ZF3HA HAL 52 Wellehe R
v} (internal friction)o]] &jall WHEZ &= Alo]o
g Aol yehdthFig. 49 (A) < B) < (C)).
o2 Il oyA] &Ao] WAYSHA il WYy X%
o] A7)el| oJESHA| = e aE (6, )0l HERA
Hot g¥o] AAEE dolMd A9 £Ho] ot
nAPH o 2 HE W] oA Hal o] w] A

(strain-amplitude dependent) XE7+4)5ol2}tar
(]
H

offf o N




opd| ] ALsA el vlRks W7 S ¥ 261

o5 75t Ao o) A=A W FF
o)&Edh= AT Gpel YERHAl FrhFig. 49
D), (E)). olzI3t o]&o] A3l G-L ZdojlA
Mge] A A5 @)y v 22 52 1%
g 4= TH16-18] :

8 =98, + dyle) (@)
6o'prC4 (2)
dy(e) = (Cy/e) - exp(-Cy/e) ®

C, = (pFsLy%) / BbEL?) C, = Fy/(bEL.) N

714, pt L= 27t A9 dx 2 oksh Ay
Abole] wqt Azlelal, Fy, E, L, be 77 A9
o} ofst mA Atolo] AR, e Al st 11
2P Abole] Hut Ae], 18]al A2 WEo|t},

2 @E%E 7t fAR A 5= Lgkell 2
olEske AS & = Stk F873, Q873 AlHH<]
A3t & Mgo = Ia i 9 E-E o] Ao
7} Qltke M-S 7ekehd, Fig 39 ARl ==
o Yeht §(F873) > 5,(Q873) Auh= ofsl w1zt
Hoz A8E & v T3 vt ¥ 2=
QI3 A7t e A} #Ho] e Fo=E F=5
o, o]E I sl Mol Wzt 250 o=
she 389 FEE e o] Akt &
MgollA 32<] & E-&(equilibrium fraction, f,)
< U 2o] 29| = 3dE 5 JTH21].

f, = exp(S,/T) - exp(Q,/kT) ®

oft

7|14, S Ve FEol Ud AF JdE=Z]
(vibration entropy), Q, = F&< AA oYy A
(formation energy), k& Boltzmann 3<~(8.62x107
eV/K), Te A= K)elth exp@,/ D 12
71geta21] & Mgel Q#teE Hu® 0.79eV
(2215 HHSJ3HE 2] (5)E o83l Teoll o&3k= Mg
o] £3k& ARt 4= Stk W7t &7} 77} 873K,
42298 K)21 Q873, F873 AlH9] 3k Alal
of 71 A3E Fig. 50 VI o] 1o zR
], 873 KollA] Fgt Algo] 2714 et Al
R} 339 HlEo] H5(,(Q873) > {(F873))s &
I = Atk oy A= §,(F873) > 5,(Q873)

10*
10° 3
10°4
1074
10°4
104
1074
10™"4
10724
1074
1074

10*15 -

F873 Q873

Fig. 5. Comparison of vacancy fraction (f,) in F873 and
Q873 pure Mg samples.

Vacancy fraction (f,)

)

161

12+
84
64
4
24
0

F873 Q873
Cooling condition

Fig. 6. Critical strain (ecy) values of F873 and Q873
pure Mg samples.

-
N
1

Critical strain (g ,,X10”
3

o] Qlo] AujFoz vke {2 A3 =& LAk
o] Je-s & FlsiFar ok, Fig. 62 Fig.
39 M AREHE 571 §,= A=, S
HEY JZ v)ofE Al Wy A
Aslso= dorke Al M3 AF(en)s T
3l M= vlasie] YRl Aot o] Iy o 2R E
ecr(F873) < gx(Q873)2 AL &Ig 4= glon,
1 AR a2ox FWs e ofst nAHo s
283l 3] UWert Ao R Ea1(Fig. 5) 1
2 I3} Hfade] ofet a2 o =RE wAULe=T|
Lok A =o] F7Fb] whitelzkar Azt
31, Fig. 3014 §,(F873) > §,(Q873)3] olf+=
W7t o mE mARZ] AolE T w] Lk
o] Wslz do] 7ksalth. Q873, F873 Al &




262 A

75
o F873

-8.0-

©

<

© -8.51

=
9.0 -0
7800 1000 1200 1400 1600 1800 2000

1/e
Fig. 7. G-L plots of F873 and Q873 pure Mg samples.

= 9x]g] 24o] TAsle] AAH =7] xjo|7}
Aol §IATHFig. 2) W2 &0 wE 4o Bg
zfol2 Qs AHAR] fr& AW A7 Q73]
F873 Aol wls] 2tjar & 4= Qlvt. 4 A
ARYA} PR IAR A9e] ek Aoz 2

£ JorE Ax Ly(Q873) < Ly(F873)°]2}
I E 5 Atk A 3), @ WEW §@ke Lt

Lol &< C, LY 3421 Cakoll oj&gitt
Mgell A 6,4(F873) > §,(Q873)2] AEFS Kol A
2 W7 &5t wE A9 Lk 2l osk C 9
2, Lgk 220 W& C,8) 371 2 ool 23t
21 ()9 AFEe] AT B oR 5,0 Fhae
G vz Ao AzbEn

Fig. 72 F873, Q873 Al#Ho| tldt Granato-
Liicke(G-L) 255 Yeld A=z, 2] 3)S g3}
o] Aojz th 2ol s =A]E Hlo|th.

Iny - €) = In(C)) - Cye )

2] (6l 71x31] Fig. 39] HolHE InGy- o)t
1/e9] HBAZ £33 3lo] G-L F%olth 7]
A Sk 8 =m-tan ¢[19] TAXES o83l W
g3t Fig. 704 In(C)st C= 2 Y= 4
A} 71714 Qs A¥3AE 53 ==
F873, Q873 A9l C, % C, HI°|E}E Table 19
AelstAdth C gk F873 > Q873, C,at2 F873
< Q87321 2= UEilo] G-L 2Es 53 o4
A e 2 SlsiEar ek

g, W7t ol wE Mgo] s ATS

oy

e

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

Cooling condition C, (x10™ C, (x10™)
F873 10.8 104
Q873 10.1 114
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