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Superplastic Deformation Characteristics in Powder Metallurgy
Al-Li Aluminum Alloy

Yong Nam Kwon and Young Won Chang

Abstract

The superplastic deformation characteristics in powder metallurgy(PM) Al-Li alloy has been
studied within the framework of a recently proposed internal variable theory of superplasticity(SSP).
The flow curves were obtained by performing a series of load relaxation tests at the temperature range
from 450 °C to 520 °C. It has been found that the overall flow curves were separated into the grain
boundary sliding(GBS) and the accommodating dislocation glide processes. The tensile curves were also
obtained to clarify the superplastic deformation behavior of PM Al-Li alloy. The microstructural
features of PM Al-Li alloy have been examined through the transmission electron microscopy.

Key Words: rapidly solidified proecess, Al-Li alloy, high strain rate superplasticity, internal variable theory.

1. A&
oty dFujE &3 B Azl o
& 3+ (rapidly solidified alloy), 7) A1 & ¢
E} b2 (mechamcal alloying alloy) W Al 71X Oﬂ
FEANE Hore B A E (Al matrix composite) F
Atk Bty dFuy #5S 71% FEH
o2 Axd %}—?-”ha’ ool e dds] vig
ARYE Bolye B 7}1]-17 °1°1 & BYPA
2424 B4 S UrE}LH‘“ Ao 4dA Uvk =
ol AAHoE ‘\’15.‘? HH 24y ALESH
%=7F 10" ~ 10/sec &2 7)1 wrought 5o v sl
e ¥ 54E 7}*1 gtk EerdE ok g
2y nHyE L_ &:‘\:"J(high strain rate
superplasticity, HSRS) A ZHE e A8 W
A 20 HA & F3 “4
HAA7ZHA Bnag BEHord %}E“] a9
A4 HE BIY 947 AHE Heshd ot
¢ 72 E5% EAL vdFa gk
1.4 (1)4 7&° TN Ao FYAF
(stress exponent) n ©] 7]£2] Y& 224 d&F o]

23
S
fasn 2
o

N

La

= o

n—24 g Jelde=d 9s PM Al §E S

3/‘}0]«1 Hlﬁli FL g Ydehdx gl
_P 1
kT(d)( Tyr (N

2. %24 ¥¥o st A2 (threshold stress for
superplasticity)®] €A ® FA 942 o} 7}A]
e w3 usl gk AT pM Al 32
o] 244 WMF AALYHE VE 224 Al
gl vs) & #& 7HXva BusEa Qo

* xR Eddsta FFArATAY

3dytEer AAY A7)7F lumolske] =g A
A PM AL EF 9 73*?— 71E 2aM ¥y o8
of HHaA AHEH F UdsAd g @dol
tﬂﬂs}x] O},Q A]EHO]Y;}-

= C’“‘?ﬂl"i\. 3131 224 Asd 224

& F AEdt F UF RN o2 1
‘:9 Za4 Ay °]€=° ol g3t} Euotgy

2 Aled ALL §39 224 U9 A% 2
Z% sk MRE 244 Olr‘?:“)ﬂ*ﬂ%f 2AYA 9
112 X (grain boundary sliding, GBS)9] 7+% ZQ %
Y7172 AAPUNY AHd %-r(grain matrix
deformation, GMD)E 7Hg3tg o, 71& 3371%
ArollA Aty oz Atgs] ox gt pd
(external variable) th A o] W5 $=(internal variable)

& Abgatel Qo 2 AoWe AN Ak

2. &iEYY

2 A7 AEE §EL AL3LI-1Cu-0.5Mg-
0.5Zr(mass%) 22 2.5 g/em’ 9] W& U & 71X
Y2 BEgokgyoz ¥d nlF Allied-
Signal Abell A A z3Gch AlHY Ay
A 25 ~ 40 um 9] FAZ FEL2EH melt-spun 7
2% o] 83 40 mesh ¥LLS AZF F AE
110 mm ¢} W22 2 vacuum hot pressing & 3+ c}.
ol F 18:19 ¢EuE ¢EEHA 63.5x10.2mm 9
woZ Az,

a1 AYAFE 28] 989 450 ~ 520
°Col &5 FHM S o] @A P(load relaxation
tes)S HABIATH AlE AnE dE& FEIME
UWF A B 5ol 8 S o] &3 244 ooz 4
godrt. =3 244U Y BEH L 2AE] 98ty
520 °C ol WMEEHTE WHIAAAM 22U
AlPE A fEe uAzy 9 Hygz3

\O:{o_;_

- 129 -



22¢ dstel FuEny U TRAAPA B
TRRRER-EY

3. 4% Fu % D@

a8 1€ 98X ALLIgEY ¢Ez34e
2 27] Bgo] 4EWgoz 44 oy glod
GFe] AFshES(oxides)o] ZAAA ¢ AHZ &
Aste AL #EAE 5 Aok IY 28 Y4E=2F
o] Fadxgu) R Apo g ofF 2 ~3 umo 2R
H 3718 A2 don Y U 2ge
AEEF ojAg #4H9)a E(dispersoids)e] & 7)
g JdAE we E¥Iy YL BHY F
Atk diFEe] mAF EAYRAEL p(ALZDY R
T2A 4FuE 71A9 A A A (coherency)Z T
A o

3% 32 510 °C oA S¥olgk AFL AN
3t A& FEFH(flow curve)S HoFm 9}
Ao 2 uAY A9 224 WYL FFY
A o] 122 % (grain boundary sliding, GBS)¥ ©]& H
¢alFe 2 Y M3 (grain matrix deformation,
GMD)e.2 FA = Qdn daid Qo P4
FRTo)EolA FEE M2 244 olBoXE
ARHW ¥48 9 FAPA vjnFe FAYA
A4S 42z A (2) 2 (4} 2ol ALt

(" /c") = exp(& / R)® V)

& =f'(c"/u)" exp(-Q' /RT) (3)
&) =(c/Z,-)"™" @

& =f*(Z, /u®)" exp(-Q* /RT) (5)

AEANA QL dolH Y curve fitting & 3 B
obF ALLi @39 3& 52 HL T ¥y
T2 TAEHY UL HAE F Aded 4 ()
o @l Foe Aegd+E FA4srgct

SHolg AFor P FEIHL 10Ysec
order FE 2] WHAZT S Ueliz Y} A
ARAR=ZRE 4 2) @ @ AJY ABZANS
S A% F, 0] EL 0|83 FEIZHE o
2% A OY 39 FL& AHS 984 g, =
24 ¥y JiE HYgr|3Y AAYA vz A
o} lsec 9] T& HUYEHEET T o]277tx =
HY7172 4TS AT ¢ Yot B pM Al -
Ligtse AFAEA HRAANEL 10Vsec oA
R =Y ole SHAAZOAN o2d ANE
Z gdd F3 gk

2 dFdA EAE £ YUY 1R 53 F
J AL YA vinyPo] M=04 9 FAURF
A% E vetdtrs Yol 7&e B d 8090 Al
#3e A9¢E M=1002 HESE AFYA v
ndAE Jebd RI= Aold Aol o= F

A Fzx9

Ye&aHoz Axg B €39 434
= 2 gdgr)

Y #EE 7ML dE Re

4, HE
BUorE ALLi g9 2L EA 244 &
o] #EHY oy AfsE WYIFE NE X
24 ABMe} FdsA FAYA vuzidn
ol RYEFE AP dFo 2 FAEg

1% 1. Three-dimensional optical micrograph of the

rapidly solidified Al-Li alloy.

2% 2. TEM micrograph of the rapidly solidified Al-Li

alloy in as extruded condition.
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1% 3. The flow curve of PM Al-Li alloy obtained from

1oad relaxation test at 510 °C.
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