PN

AM60 st §2+9) 748 A5 wlAe Si 9 Ca AbdT- DA QE - AFA

=N

- 364 - e

# X
ZEF2 AM60 nkadls 29 738 A% njx:=
Si % Ca H7pdek

U - TS - AR

Eftect of S1 and Ca Addition on the Strengthening Behavior of
Gravity-cast AM60 Magnesium Alloys
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Abstract

Effects of St and Ca additions on the mechanical properties of AM60 based Mg alloys have been investigated. Hardness
of the AM60 based Mg alloys reached a maximum value after aging for approximately 33 hours but the amount of hardness
increase was negligible. The poor age hardening response of the alloys was due to low Al content, which implies that Al
content must be >6 wt.% to observe age hardening effect. The tensile and yield strength increased with increasing Al, Si,
and Ca content but elongation decreased with increasing Al and Si content. The best mechanical properties obtained in AM
40-2.581-0.2Ca alloy after T4 heat treatment were as follows; tensile strength 193.4 MPa, yield strength 79.2 MPa, and
elongation 11.2%. High temperature property obtained from creep test was also improved by introducing Mg,Si which has
high hardness, high melting temperature and low thermal expansion coefficient. (Received February 6, 1998)
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Table 1. Nominal compositions of Mg alloys

Nominal compositions (wt.%)
Alloy
Al Mn Si Ca Mg

AM60 59 | 0.29 balance
AM60+1Si+0.2Ca 63 | 029 [ 1.0 | 0.2
AM60+18Si 63 | 016 | 1.0
AM60+2.551+(.2Ca 72 029 | 24 | 0.2
AM40+2.55i1+0.2Ca 50 | 025 | 21 | 04
AM20+2.5S5i1+0.2Ca 38 | 0.2 20 1 05
AM20+1Si+0.2Ca 26 | 025 ] 1.0 | 0.2

3l 2tr] &8t &% Al-Si, Al-Mn, Si-Ca &+ =
< AHE3F e, CO, ¥ SF, 7125 o] 83 £47)
Sl Hea A BEE AMgstel FHFES
. olsh R WHez Axd nygFe zHe
Table 13} Zc}.

2 A Azd A9e) wAZHE D)
$]3}ed Nital(EH-<= 100 ml+nitric acid 3 m)Z ¢} A]
& 5 Porav)AS o] $5tain)

A uE A5 HEHIE &slr] ¢35}
LA3 22 o Z-ze] A RA|7be 3 AxE
Vickers 74 27| & o]-8-3te] 315 5kgdlollx 43}
St

Az g 71AA

EX

S4¢ Bhal) dlsted 2

ksl om, Algdslr] A nlA|
k& Zol7] sl 1000 grid AviA]

odmtsleict. QAAIE 2 Instron(Model No. 5565)
2 gl om Ah2oA 2 mm/ming] WEHLT
Ao g 3}yl 7, =23 A P2 Constant load creep rup-
ture testerE ARE-31 0 olu] &%= 200°C, 3=
50 MPa& 1A 8H3tt.

o

3. gl &n

3.1 Ca % Si &7tol| o5t =2| o|Ajs}

Fig. 12 & o4 A== AM60, AM60-1Si-0.2-
Ca, AM60-1Si, AM60-2.5Si-0.2Ca, AM40-2.5Si-0.2Ca,
AM20-2.55i-0.2Ca 352 Farv| e o £ F
HA 2R BRIl lvt Fig 1)l & o 9%
o], AM60 Mg 3HF2] 2 F vlA] 23L& o-Mg ¢
)45} MguAl, A28 740 2 oo gle}. wdl,
Fig. 1(b)~(f)oll 4] E%o] Sie] A7ke} v 8o Mg,Sitt
o] YA =E = RS RFAF 5 9leH, ol#F MgSi%
< Si2] ekl ule} Siof gheko] oF 2 wt.% o) slo|H
chinese script e 22)31 Sie] ko] oF 2 wt.% o]
“4o|= polygon FeHe| F 71x| e 2 Exfsle AL
ghalsl 4~ glt}. Fig. 1(b)2} (d)ol] chinese script 3 &),

b)

(a);, .

(c) "

A

Fig. 1. Optical microstructures of as-cast Mg alloys: (a) AM60; (b) AM60-1Si-0.2Ca; (¢c) AM60-1Si;

(d) AM60-2.58i-0.2Ca; (¢) AM40-2.55i-0.2Ca and (f) AM20-2.58i-0.2Ca.
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Fig. 2. Optical microstructures of Mg alloys aged at 170°C for 33 hours after solution treatment at 410°C for 13 hours:
(a) AM60; (b) AM60-1Si-0.2Ca; (c) AM60-2.5Si-0.2Ca and (d) AM40-2.5Si-0).2Ca.
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Table 2. Comparison of grain size of Mg alloys after
aging for 33 hours

Alloy Grain size (Um)
AM60 237
AM60-1Si-0.2Ca 125
AM60-1Si 194
AM60-2.581-0.2Ca 157
AM40-2.58i-0.2Ca 140
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Fig. 3. Variation of hardness during aging at 170°C after solution treatment at 410°C for 13 hours.
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Fig. 5. Tensile properties of as-cast Mg alloys.
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Fig. 6. Variation of tensile properties with heat treatment in AM40-2.5Si-0.2Ca.
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=2 °“°13‘ A,

2. Si 7ol o3 AE MgSiAt2 Al &kl 7}
2 d oplHe AEe AeE Ao we
Fod 2, Ca H7tell ojal ¥} vl A5}HA| BAbE wlA|
gozn dils A AdHeE w2
NHTH & ATl A Azd AM60 =
o] F2 F A EAL, dA}E 146.9 MPa, 3157}
£ 509 MPa, 341§ 85%= ‘leldgl o], AM40-
2.58i-0.2Ca 2] ZF-oll= UALE 178.3 MPa, &
B7} = 95.9 MPa, A1 & 8.84%% vJehdirt.

3. AM40-2.5S8i-0.2Ca 322 T4 dx]e] 3 &+ 72,
QA7 % 193.4 MPa, a‘l%z}E 79.2 MPa, 141§ 11.2
B2 VA 923 QlRF EXJo] Aol o, ]9 7L
A= FHgE MgrAlidte] JHE S18-F o x| H A
AXlgol & FoF AgET, 2213 op|E=
274stel dxjg] FAE A EA3= MgSitt

-

tlo N
tlo og

Q
S Al
A& F

AR

(66)

T8 Mg, SiAte] Si A7l &3] FA=x|HA AM
40-2.55i-0.2Ca 322 72 EA L FFAH o2 /AL
oz},

=t
=
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