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ABSTRACT

Precipitation and strengthening mechanisms in squeeze cast Mg-8.5wt %Li-4.5wi1% Al have been in-
vestigated by differential scanning calorimetry(DSC), scanning electron microscopy(SEM), in-situ
and ex-situ X-ray diffraction analysis and hardness measurement. Special emphasis was placed on the
investigation of the precipitation behavior by the DSC technique. Microstructural and calorimetric
analysis showed that § and § precipitates in the b.c.c. A phase matrix, forming two exothermic peaks
at the temperature ranges of 130°C~180C and 236 C~280°C. & and & dissolve into the matrix form-
ing an endothermic peak at the temperature range of 280°C ~352C. The as-cast microstructure con-
sists of @, A and J. Peak strength was obtained after aging for 1 hour at 50°C. The aging time re-
quired for the peak strength decreased as the aging temperature increases. The hardness decrease dur-
ing overaging was due to the coarsening of § precipitates. Microhardness measurement showed that
variation of the hardness of 2 matrix was more pronounced than that of the @ phase, indicating that
the # phase i1s more responsible for the strengthening of the Mg-8.5wt%Li-4.5wt % Al alloy.

LM E 9 vladigel Lig Frisid e 7Hede ¥
A7 BEE B A Lidzis 2394

nlavlEe 55 FAA 7P 9k Y vdE PAA a(MgigA]) ol Fu)7} 7438l Wo] &
7t ¥7) Wil 4% 2B HEHA Be olHE ojet AAYLAEY A(LingA) 7t veht a+ 8
A = gt ) nladge 2o s A 274 TZ2 Hol 7FEAe] gdn?. =3 Mg-Li

Lol A 27kl ofHa, et vwA ofdt | 29¥Ed Alg H7reE 6 (MgLiAl, 8(AILD
Aol Slth. T go] Adsle] AEof AL vA= Aem &



256/ ¥ 2§ Mg-85Li-45A1%8E 9 AEAAF I+

oA gle.

Mg-Li-Al4l ggez LA9II(Mg-9Li-1Al),
LA141A(Mg-14LI-1ADFF Fo| 7d=]o] AL
Ha o, ol #a Al ¥ MEAF, Fsh
7, HAEF Tl B3 B A7 el A gih
McDonald& Mg-14LigHE9 29 0.2~1.0wt%
Al HsidlA Ale] o] J7td& w7} 37IkE
HE3AAY. Kojima & List Ale] J&uld] w}
g AsAFel taEn, ke 27xg B
(Spinodal decomposition)d)] 2§t Ao B3}
o}, =3t Alamo ¥¢] Mg-3lat.%Li-1at.% AlA)
el Mgl i d7elA AT deie 8
ZAL FAEEH f—pB+a+b 2, 200C AR
M f—B+a+0+89 4 Higo] dojyn &
bR 649 ez AErt dolues e
Hu3lgo®. McDonald 5 8 4] Ao = 713
7} doju, A Hx 3o FEt Hadke RS
6 ’do] Ra=o] §4o] APE7| W2l Aoz B
AT

Mg-Li-AlA] sha< @8 2 A% 2 4] Asw
HEE FsATel vl 47 A7 A 11
7o} =39 A7} g} o] gl #E AlaA
T 2 04T 6% el WA, 7 Aol Aslel nl
e 4, W 2% HYdAMe o 2 B A
AE T ¥ A= MEE Mg-Li-AlA &=
M SHA ERE ohz} EHoR AFE] Fa
¥ oojE vty & 5 ok HE EHAdA
o] HEd A%, HEAe] o 2 B9 A mA
o« 9%, 04 2 a4 4Ead B A%t Ase=
a4 9 dFelzds dAske vz /8%
27t 2 oz gdEh

£ Afd A Mg-8.5wt.%Li-4.5wt. % Alg
o] t}3 SHT(solution heat treatment)A}ell, 50
T~150C S=HHlA 28~800A1t T A&
g del, 50°C~350C S EAANA 147 Bt &
A A B Be) JEH(DSC, differential

scanning calorimetry), A= &4, vjM|23 3,

XRD(X-ray diffractometry)®4 & Zajd Al
X e MEY AT, AEdzte] dudA 2
Zt HEol o B AR A vAE d3E =
AH3Ict.

2. WEey

21M B

TEEe) Mg(99.9%), Li(99.9%), Al(99.9%)
& ARl g DFoRERA Mg, Alg &3
& % Lig HArlsle 120 145L(m) o) 2HEL
Azt =rhE BNRER S9E7hE AR
AT ol2T B97] FolAM &3, Fx3IKT)

23E ¥de s AAR F oiy] aFoe
2ojA olzirtag EWA S8l $50 X
145L(mm) 9] S8l 1% 3 100MPaz 7}gtaie]
A58 A zslgch

Az A|He] FaEAdL Table 13} @}

Table 1. Chemical composition of Mg-Li-Al
alloy used. (wt.%)

Elements Li Al Mg
Composition 8.24 4.44 Bal
2.2 gxe|

400CHAA 1AL 5 of2d B97] FolM &
At F A5 YA AHF AHE
sl 507C, 75°C, 1007C, 150CoA 28~
800AI7E Fqt A|l& 2 50C~350°CHSolA 1A17}
ot FA3E §£ HEAI(DSC, differential scann-
ing calorimetry) @ AEZA S )yt

2.3 @84

gxz)d wet YAEE 428 ATE A
A AEHLE FIAL AF 2 21009 A AFAE
FAE eI AlRE AE Sm, A lam A
=9 gzxzz 7estin. 44 ofadvtae] &



42 100mé/mino.2 30~400°C WA 10°C/
min®] $&&5g 7tdsAth. FRAFM] base-
line2 10°C/mino.2 400°C74 4% ¥ 400C
A4 0.5C/minog F&71A] Yztgh AU g v
10C/min2 2 400C7x FAFT FHoz FA3)
%ot

24 Z3T-EH

A AT AlHE AR TR MgOEU=R Aldnt
3o A=g S 3% FX= WilsonA} A
Z model Mo—20439] n|& ¥AA AEAE A
sl 81 200kg, 3} A7t 1522 128 249
F A, Hagke g 1039 BFAE A= g
o2 AR ad E 40 d3t A=EFFL
olgdg A% & Future Tech.A} AlE model FM
—79 mla& HAX AEAE A8 dE 10g,
B3t A7t 1028 &F st

25 XM 3|H 24
fA skl s Aol g HEde] &4 E A,
23 A% & BA3 A8 X4 IH #4483
&t} JDX 80308 ol&3lo] Cu-Kadoz ¢
Arstgon, 38 zH(20)HHE 20~70°, FAKRE
£ 0.02°/step2 0.5%7t #Fsiict. &3kl dt
AEE AL ZAs o GEAFANA e
v 30 dig-she e A8 1R dF 3
AEAE d B4 A9 e 229! 10°C/min.
oz 71gsle #=a7 Yehve 259 150°C, 280
T} £A8x2 2% 400 CAA A8t

3. WEEA W uE

3.1 AFElS FEMTY

Fig. 12 400°CoA 1417 5t &4 slAf2 ¢ §
FEAMZ dajolrh. 130~180TC B4 aLs
7F 153 CQl 2EH 236~280C HAA Halx
7} 262°C<Ql 2709] wdwtgo] B} 7] TV

BRTEAEIE 104, 4% 1997/257

ojde] A AdA 130~180C WY FHaE
6 73] A 27 RAojv], 236~280T '¥siel o
e 649 AR o AL AAF) AFH vt
AT,

400°ColA 1A U LA slHelgt & 50°C,
75°C, 100°C % 150°CollA 28 ~800A)17 F<t Al
A% AJE] s 8 AAE Fig. 2, Fig. 3, Fig.
4 9l Fig. 59 Jepligich. 50 CAIA (Fig. 2)elA
T 0739 Aol MAE] Aot Al7te] el &
67%e] Ao o]d LHo] A 3] Folx], 20047
oA o} Aol om 800AZ oM HEEA] b
8742 A 2% ddvte] #AHL. 75CAHA
(Fig. 3)ollA= 16A12te] AlZR 04e] A4l 9
§ddo] Vel ¢, 649 Al ofd wde
200A17712) A3 Qg @] et 100CH &
(Fig. 4)ollAE 2A17ke] AEZ 6ol A4 o3t
wdo] Al 849 A o¥ LE= ot &
ofz&= ZAgg yvehdrh 150 CAA (Fig. 5)ellAMe
28 B AAINUE AR 0739 A 2%
o] #AE I o] Foll= 4] WA 2F wd
Rlo] Batxm, 50417t o] Fol= §ake] Al o3
HAE PAEA] @3 5129] FHol ALo R o)F
he e Kol g

Fig. 6 & Fig. 7& 71z} 833} §7de] 449 9
g de] WAE A mze] AHA Faje] A
FAZM o vepd Holot. 6] A9 (Fig. 6)
50°C A&ENAE 50212 75°C AEAAME 447,

AQ. A /\/»

0 50 100 150 200 250 300 350 400
Temperature(°C)

Exothermic —-»

Fig. 1 DSC curve of a Mg-8.5Li-4.5A} alloy
quenched after solution treated for lhour at
400°C (heating rate : 10°C/min.).
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Fig. 2 DSC curve of the Mg-85.Li-4.5Al alloy
quenched and aged for various times at 50
°C (heating rate : 10°C/min.).
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Fig. 3 DSC curve of the Mg-85.Li~4.5Al alloy
quenched and aged for various times at 75
C (heating rate ;| 10°C/min.).
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Fig. 4 DSC curve of the Mg-85.Li-4.5Al alloy
quenched and aged for various times at 100
°C (heating rate : 10°C/min.).
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Fig. 6 Variation of the reaction energy of § phase
according to the aging time in the Mg-8.5Li1
~-4.5A1 alloy quenched and aged at 50C, 75
¢, 100°C, and 150°C (heating rate : 10C/
min.).
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Fig. 5 DSC curve of the Mg-85.Li-4.5Al] alloy
quenched and aged for various times at 150
C (heating rate . 10°C /min.).
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Fig. 7 Variation of the reaction energy of & phase
according to the aging time in the Mg-8.5L1-
4.5Al alloy quenched and aged at 50°C, 75
‘C, 100°C, and 150°C (heating. rate : 10°C/
min.).
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Fig. 8 DSC curve of the Mg-85Li-4.5A] alloy
quenched and aged for lhour at various
temperatures( heating rate : 10°C /min.).
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Fig. 9 Variation of hardness according to the aging
time in te Mg-8.5Li-4.5Al alloy quenched
and aged at 507, 757, 100, and 1507C.
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Fig. 13 Microstructures of a Mg-8.5Li-4.5Al alloy heat treated for lhour at (a) A.Q., (b) 50T, (c) 200, (d)
250, (e) 300°C, and (f) 350TC.
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