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Development of New Al Alloys for Premium Quality Casting
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1) AA70A (Market Development)

- Semi-solid and squeeze casting technologies

- New casting alloys

- Casting metal matrix composites

gt 318} 7) &4 -9 (Korea Institute of Science and Technology)

Yo-Sub Han and Ho-In Lee

- Improved control and interaction of process

variables

2) M87lE

Improved dimensional control of casting

Elimination of casting defects

Clean cast metal technology to improve product

intergrity
casting thinner walls to yield lighter components

Standardization of cast metal properties

New casting alloys
3) AET|E
- Control of process variables

Breakthrougths in affoldable automated equr

pment

Automated finishing equipment(robots) to speed

the process and improve worker safty

Extended die casting die life

Compressed lead times
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- Waste water recovery and reuse

- Advanced sensors and process controls
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Full characterization of waste streams

Advanced waste treatment technologies

Beneficial reuse of solid waste products

Alternative processes or materials for reduced

waste generation
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Table 1. Minimum tensile properties of premium quality Al
alloy castings

Alloy(wt%o) Class (gg) (1\: :a) (5(:)
! 414 345 5
A201-T7 2 414 345 3
(Al-4.5Cu-0.3Mn- 10 386 331 3
0.25Mg-0.7Ag) 11 379 331 1.5
Typical 495 448 6
1 262 193 5
2 276 207 3
A356-T6 3 310 234 3
(Al-781-0.35Mg) 10 262 193 5
11 228 186 3
Typical 283 207 10
] 310 241 3
A357-T6 2 345 276 5
(Al-7S1-0.6Mg- 10 262 193 5
0.05Be) 11 283 214 3
Typical 360 290 8
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Fig. 1. Casting conditions of various premium quality Al
casting processes
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Table 2a. Product characteristics - Strength and Integrity factors

Solidification Solution  Alloy

Mass ProductionRate-(SDAS) Micrp- Shirinlfage Rressure Heat Rapge MMC Surfaf:e Weldability Available Avail.a?le
Process gm porosity Feeding Tightness Treatable Applicable Applicable Integriyt Strength Ductility
SQUEEZE CAST

Direct 25-75 1 1 ! yes 3 3 3 ! | 1
Indirect 5-25 1 1 1 yes 3 1 1 1 1 1
SSM 10-40 | 1 ] yes 2 ] 1 l 1
SAND PROCESS

Green 40-100 5 4 4 ves 1 3 5 2 3 3
Dry 30-80 4 4 4 yes ] 3 4 2 3 3
Cosworth 25-60 3 3 3 yes ! 5 4 2 3 3
Lost Foam 50-150 S 4 4 yes 4 5 5 2 5 5
PERMANENT MOLD

Gravity, Static 20-60 3 3 3 yes 2 3 3 2 3 2
Gravity, Tilt 20-60 3 3 3 yes 2 4 3 2 3 2
Low Pressure 20-60 2 2 2 yes 3 5 3 2 2 2
Counterpressure|  20-60 2 2 2 yes 3 5 2 2 2 2
Cast Forged 15-40 2 2 2 yes 4 3 2 2 2 2
DIE CAST

Conventional 5-25 5 4 4 no 4 5 ] 5 5 5
Controlled Shot 5-40 4 3 3 limited 4 3 | 4 4 4
Vacuum 5-25 2 3 limited 4 3 ] 4 3 4
FORGING N/A 1 N/A 1 yes 5 3 3 1 1 1
Table 2b. Product characteristics - Casting factors

Mass Production Metal Directed  Degree F/Sec Sec Cavity Fill KSI Degree F Degree F
Process Flow Solidification Solidification Time Solidification Die/Mold Pouring
Temperature Temperature

SQUEEZE CAST

Direct 2 4 3 5-25 15-40 450-600 1300-1350
Indirect 1 1 | 0.5-2 450-600 1275-1400
SSM 1 l I 0.1-0.5 10-20 400-500 1100-
SAND PROCESS

Green 3 4 4 5-25 Atmos. Ambient 1300-1400
Dry 3 3 4 5-25 Atmos. Ambient 1300-1350
Cosworth ] 3 3 5-25 Atmos. Ambient 1300-1350
Lost Foam 2 5 N 5-25 Atmos.

PERMANENT MOLD

Gravity, Static 3 3 3 5-25 Atmos. 600-800 1300-1500
Gravity, Tilt 2 2 3 10-30 Atmos, 600-800 1300-1450
Low Pressure ! 2 3 10-60 Atmos. 600-800 1275-1350
Counterpressure 1 2 3 10-60 0.2-1 600-800 1275-1350
Cast Forged 2 4 2 5-25 Atmos. 400-600 1250-1300
DIE CAST

Conventional 5 4 1 0.04-0.1 10-15 300-450 1175-1250
Controlled Shot 4 4 2 0.05-0.2 6-12 400-600 1225-1300
Vacuum 4 4 1 0.04-0.1 4.8 300-450 1175-1250
FORGING N/A N/A N/A N/A N/A 300-600 N/A

(11)
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Table 3. Mechanical properties of A356-T6 alloy casted by = A BREEE v F3A] SehaL Age
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Table 4. New Al high pressure alloys for premium quality casting
Alloy(wt%) Properties & Characteristics Applications Company Reference
: 0
Sid-6 Mg0.3-0.6 Fe0.5 | Ti0.05-0.2 UTS 300MPa E1.5%, low Wheel UBE JPOS171327
segregation (93)
idi ' . . _ P 4
Si01.-20 Cu0.1-5 Mg 0.1-10 Be .0005-0.01 good fluidity. mechanical thin casting | Nissan Motors | " 021233
properties (94)
Si0.6-1.0 Cu0.5-1 Mg0.5-1.2 Ti.002-0.2 foreine nronerties Furukawa JP07173566
B.0004-.04 ElfE Prop Electric (95)
Si6-12 Cu0.3-0.7 Mg0.2-0.4 Ti.005-0.1 High ductilty toughness light casting Mitzbishi JPO7(§2§486
S19-12 Cu3-6 Mg0.7-2 Zn0.5-2.0 Fe0.5-1.2 As T5, shows T6 properties Showa Denko JPOE:(;C;OBO
S17.5-10 Cul.5-2.5 Mg0.35-0.6 Ti0.05-0.2 |high rigid, castability, T6 heat treat- Tovota JP08060282
$b0.1-0.2 Zn.01-.05 V.01-0.1 able y (96)
Si12-14 Cu2.5-3.5 wear resistant, thermal stable  [diesel FRM piston|  St. John  [US5505171(96)
S114-16 Cul.9-2.2 Nil-1.4 Mg.4-0.6 Fe.6-1.0 | eutectic, 10% « -Al, intermetallics evlinder liner GKN US5860469
Mn0.3-0.6 <10m y (99)
. 0 "
Si10.5 Mg0.3 Fe0.12 Mn0.6 T6 UTS 340MPa EI20% | space framecross |y gy infetdenl 98 Adv.Metal
anti-corrosion member
: . As cast, UTS 280MPa EI8% T, . EP0853133
Mg5 Si2.2 Mn0.6 Ti0.15 Fe0.1 | fatigue 100MPa cross member (98)
S19.5-11.5 Cul.5-3.5 Fe0.3-0.6 Mg 0.4-0.8 | T5-UTS 370MPa YS 230MPa hich streneth Japan
Mn0.4-1.0 Ti0.01-0.15 Ell.5% ShEIERE diecasting
Si9 Fe0.8 Mg0.4 Mn0.4 T6 - UTS 280MPa YS 230MPa " "
El 11%
S15-13 Cul-5 Mg0.1-0.5 Ti 0.05-0.5 Sr.005- o : DE3632609
0.3 B0.5.0.2 T6 - UTS 400MPa E1 5-12% high toughness UBE (85)
S15-7 Cul-5 Mg<1.0 Zn<3 Fe<1.5 s =0.45-0.55, SSM Thixotopy Al Pechiney |EP0886683(98)
Si10.5-13.5 Cu2-4 Ni0.5-2.0 Mg0.8-1.5 : : EP-924311
Ag0.2-0.6 Co0.2-0.6 high temp. strength piston Federal -Mogul (99)
Cu7-13 Mg0.4-1.2 V0.2-0.4Zr0.3-0.;7 : : US5115770
Si.Fe<0.6 T6 UTS , high temp. strength, squeeze casting | Ford Motor (92)
Si7.5-12 Cul-4 Mg0.1-0.7 T10.35-0.8 B0,07- . : : JP09041061
0.16 Ba0.3-1 St 0.02-0.04 No chillzone, toughness Die casting Honda Motor 97)
Si 4-13 Cu<$ Mg0.7 Fe0.3 toughness diecasting Hitachi Metal |JP10298689(98)
Si4-8 Cu0.4-1 Mg0.2-0.4 Fe0.03-0.3 Sr.002- . . : : Nippon Light | JP11012673
02 Z1.005-.1 Ti.B.001 ductile and toughness diecasting metal (99)
5i17.5-12 Mg0.4-0.6 Cul.5-4 Zr0.4-0.8 B Refine and homogenous premium castings [ Honda motor JPO8134576
structure, (96)
Si12-21 Cu0.5-5 Mg0.2-2 Pb0.2-1.5(Bi) : L : nippon Light | JP07224340
Ca&P 100ppm wear resistant, machinability piston metal (95)
S110-16 Cul-7 Mg0.3-2 fe0.5-2 Mn0.1-4 high temp. strngth, toughness, Diecastin " JPO8134578
Ti0.01-0.3 Ni0.2-6 P.Ca 0.01 refined ne (96)
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Fig. 2. Microstructure of eutectic gravity cast Al alloy (3HA)
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Table 5. Mechanical properties of gravity cast Al alloys (T6)

Ultimate Tensile strength(MPa)

Al alloy Hf(‘;fg‘;’ss room 150°C  200°C
temp.  (10,000hr) (10,000hr)
A356 90 280 145 85
A390 145 310 295 230
3HA 155 375 295 210
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Table 6. New casting Al alloys for Cast Forging

Alloy(wt%) Properties(T6) product company
$i3.0 Mg0.45 Cu0.45 Fe0.1 | UTS 300MPa YS 220MPa El 10% wheel Nissan
S13.5 Mg0.5 Cu0.3 UTS 340MPa YS 285MPa El 15% suspension Honda
Si10 Cu3.0 Mg0.8 Mn0.5 Fe0.3 UTS 310MPa El 1.2% valve rocker arm Hiroshima
S13-7 Cu0.3-0.8 Mg0.601.5 Mn0.1-0.5 .
C10.3-0.5 $r0.01-0.05 $b0.05-0.15 ) ] Nippon L.M
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