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Age Hardening and Microstructure in Rapidly Sohditfied
Mg-Al-S1-xCa Alloys

Wan-Chul Kim, Ji-Ha Park, Bong-Sun You* and Won-Wook Park*

Abstract

Rapidly solidified Mg-Al-Si base alloys containing Ca were obtained by melt spinning. The melt-spun ribbons were
aged isochronally or isothermally to investigate age hardening phenomena and microstructural change according to the
alloy composition. Age hardening occurred after aging at 200°C for 1h mainly due to the precipitation of ALCa and
Mg,Ca, which have coherent interfaces with the matrix. With the increase of Ca content, the hardness values of the alloy
ribbons were increased. Among the alloys, Mg-10Al-2 Si-3Ca alloy showed a good thermal stability at elevated

temperature. (Received October 12, 1999)
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Table 1. Chemical composition of Mg-Al-Si-Ca alloys (wt%)

Alloy Al St Ca Mn Fe Mg
Mg-10Al-1Si 9.91 0.87 0.005 ©] 3} 0.01 0.019 bal.
Mg-10A1-2Si-1.0Ca 10.0 2.16 .21 0.01 0.013 bal.
Mg-10A1-28:-3.0Ca 10.3 2.21 247 0.009 0.019 bal.
Mg-10A1-2Si-6.0Ca 9.98 1.82 5.85 0.009 0.015 bal.
Mg-10A1-281-10.0Ca 9.96 1.93 10.07 0.009 0.015 bal.

2. EHYHY

21 AlE M&E

%L Mg, Al Si, Casr U3k ZAH|E AF
gt 3 stainless steel =75 AME-3le] B33l
|52 AEE WRs)7] $isl olET7IAE v
TFYsled 750 ~ 800°C7HA| 7+Ed F 3027t A3
+ ingot® & A|F3oiT}. o|ezke] AxH tFe] 3}
&2 A2 Table 19 Yep i)

w-3ale]EL vjAE F917] 3ke] melt spinner
£ o83l AZaH. 23da= 47 50 gA4=Y
3] Boronite nozzledl ¥l -S-E=F o] 93] L33}
F oF 850°CollM AEE 25 misecE A= AT
300 mm, F7 37 mm® Cu-Be wheelll 4§54
FALslget. o|efk2 v o R Axd FiSalel
F 3~5mm, F7 40~50 umZA, & A RA] S5
4 o] Abgl 2 F7)E3(air entrappingys HFA|S)
7] $13}] chamber]E #-F*jel3t ¥ Ar gas®] EH3
A F971E A

2.2 Yxie|

Az 7 2jRe] AEHele] ofg 4EAEE 24
317] 98] 100, 200, 300, 400°CAA 14]17F, 200°C
oAl 1, 3,9, 27, 81A1ZFE<t 2 fR|sdct. 2
o] Abs} wix] 2 AMogyzte) wh33- AAE}7] 93]
A1 S ZH2} aluminium foil2 B1sled 213-5-2]7]<]
Mg A G| 8 F ZeM viE ANHS air
quenching A Z{t.

23 8z &3

SAIZE - 52 dA 2|3 22 mounting A|EA| &
o] 23k A|He] W3E HIA|El7] $3] cold-mounting
¥ micro-vickers 73 =7](Matsuzawa Seiki, Japan)E
ARSEle] AHEARSIEC AlHERAE o] AlEE

(58)

515 10 g8 AIAIZE 3052 10814 PRe] FAURE
=73l BFRS HAsksdeh

2.4 OM|=Z] g3

83 1E 2ol vy zA3} A Fe w2 MEA}
o] Aes JHASP| 23l AlHe] FAE 10um AE
2 «¢nlgl ¥ jon milling methodel] &3l A|=3}e]
7HEASE 160kV, 7HERA] 100 em®] 2714 3
A8 07 (TEM, JEOL 2000FX STEM)SE =33}
At

25 X-H SHEHN

2] 2715l o3t Al WEE 2Ae) Sla)
o], 7t e we} el AR XA A7)
(Rikaku, USAYS- AME3le] Cu Target, 40kV, 25 mA,
scan speed 1°/min®] £7HLe2 IAHAANE & F
B3] WEE I

3. &1t gl D
3.1 AlgXa] =40 e xS

A&7 2ARBE| HEked $AIZH(isochronal)
1 F&(isothermal) Gx{ejsled ZHEHIHE SA31%
o}. Fig. 12 §9-¢32% Mg-Al-Si-Ca3bael -8 54
ZH(isochronal) Gxj2|8F 39 7J =32 A], YU ¥A
27X Catdo| 715 A8 Aol
AEE F7VRs ARS ERH. =3 Callrtekol
B e FAHSE ARL2E 2000904 Al 87EE
o] FEigE o Jeltom ) Ca%el F7l wet
AE W3le] FoE7)e] & AL & 5 UH. ol
A|E25 200°CelA 2HE3} 3185 U2 AEs)
7] A1zHgEe 2 A SAFefe] o - M HEE
oMl BEshed 7)elshs Ao dMdrt. 17
U A B2 400°ColM e METEe] ZH3EA 45



Vol. 19, No. 5, 1999 Journal of the Korean Foundrymen's Society — 435 -
160
& —O— Mg-10A11Si
/ \ —G-— Mg 10A1-28i-1Ca
140 |- \ :g:hg:1w-2s}-1oéa
0/
5 o
L 1o TN
g v o
5 e
o A-
-fg W00 Av'/ R / 0‘:"‘\‘*8\ \
% ,/'—_ﬁ—_‘o/ \E"""‘"_‘E
g ye——o— x@
8 Q0 e |
§ B0 |- Hivan
/-'"'D-——__u/ n\\‘u O——
— -
Lo \
o
; 0o 00 0 p”
Aging Temp. {°C)
Fig. 1. Hardness change after isochronal aging for 1 hour at the
various temperatures in Mg-Al-Si base alloys
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Fig. 5. TEM micrographs and selected area diffraction patterns taken from Mg-10Al-2Si-6Ca alloy ribbon : (a) as-quenched
microstructure, (b) SADP of the primary precipitated particles in (a), (¢) microstructure aged at 200 °C for 1 hour, (d) SADP
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Fig. 6. TEM micrographs of Mg-10A1-2Si-10Ca alloy ribbon
(a) as-quenched from the mclt (b) aged at 206°C for |
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Fig. 7. TEM micrographs of Mg-Al-Si base alloy ribbons after
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Fig. 8. X-ray diffraction pattern taken from Mg-10AI-2Si-3Ca
alloy ribbons after 1 hour aging at various tem-
peratures : (a) as-quenched, (b) 200°C, (c¢) 400°C
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Fig. 9. X-ray diffraction pattern taken from Mg-10Al1-2Si-6Ca
alloy ribbons after 1 hour aging at various tem-
peratures : (a) as-quenched, (b) 200°C, (¢) 400°C
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