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Abstract

Mechanical and thermal properties of spray-cast hypereutectic Al-20wt.%Si-xwt.%Fe alloys (x=0, 1,3, 5) were investigated.
After the spray-casting, hot extrusion was performed at 400°C. Intermetallic compound (B-Al,FeSi) and primary Si are observed in
the spray-cast aluminum alloys. The size of primary Si and intermetallic compound of the spray-aluminum alloys became finer and
more uniformly distributed than that of the permanent mold cast ones. Ultimate tensile strength of the spray-cast aluminum alloys
increased by increasing Fe contents, but that of the permanent mold cast aluminum alloys decreased by increasing Fe contents pos-
sibly due to increased amount of coarse intermatallic compound. The coefficient of thermal expansion (CTEs) of the aluminum
alloys became lower with finer primary Si and intermetallic compound, and this is attributed to the increased amount of interfacial
area between the aluminum matrix and the phases of finer Si and intermetallic compound.
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Table 1. Chemical composition of Al-20Si-xFe alloys. (wt.%)

Tabie 2. Experimental conditions for permanent mold casting and
spray casting.

Permanept Spray casting

mold casting
Melt temperature 800°C 800°C
Pouring temperature 750°C 800°C
Mold temperature 200°C
Molten metal temperature 760~790°C
Atomizing gas N,
QGas pressure 6 atm
Flight distance of droplet 440~460 mm
Rotative velocity of the substrate 50 t.p.m

Table 3. Experimental conditions for the hot extrusion.

Diameter of extrusion die 50 mm®
Die angle 180°
Ram speed 2.2 mm/sec
Extrusion ratio 25:1
Die temperature 400 °C
3.4 Y nF
Fig. 12 FAREZSE Al20Si-5Fe §F R EAE FAR

Si Fe Cu Mg Ni Ti P Al
Al-20Si 20.8 0.07 0.054 0.0009 0.05 0.023 <0.0004 bal .
Al-20Si-1Fe 21.07 0.96 - 0.067 0.0007 0.041 0.0181 <0.0004 bal .
Al-208i-3Fe 22.62 2.79 0.009 0.0012 0.046 0.0165 <0.0004 bal .
Al-208Si-5Fe 2234 4.88 0.219 0.0015 0.0789 0.091 <0.0004 bal.
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Fig. 1. SEM and EDX analysis of spray cast Al-20Si-5Fe alloy; (a) SEM image and EDX analysis of (b) matrix and (¢) Primary Si and (d)

AlSiFe Intermetallic compound.
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Fig. 2. X-ray diffraction pattern of spray cast Al-20Si-5Fe alloy. Ao 24 Si Hrle FE50EHEY] s A A5
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Fig. 3. Optical micrographs of as-spray-cast Al-20Si-xFe alloys; (a) Al-208Si alloy, (b) Al-20Si-1Fe alloy, (¢) Al-208i-3Fe alloy and (d) Al-
20Si-5Fe alloy.
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Table 4. Image analysis of spray cast Al-20Si-xFe alloys.

M}

Fig. 4. Optical micrographs of extruded bars of spray cast Al-20Si-xFe alloys; (a) Al-20Si alloy, (b) Al-20Si-1Fe alloy, (c) Al-20Si-3F¢ alloy
and (d) Al-20Si-5Fe alloy.

As spray cast Hot extruded
(Unit: pm) Al-20Si-1Fe  Al-20Si-3Fe  Al-20Si-5Fe  Al-20Si-1Fe  Al-20Si-3Fe  Al-20Si-5Fe
Average primary Si size 9.63 693 6.03 328 2.77 2.72
Aspect ratio of average primary Si 1.85 1.77 191 224 2.14 2.09
Average intermetallic compounds 6.49 4.19 431 271 2.99 2.86
Aspect ratio of average intermetallic compounds 3.82 5.03 5.23 2.6 2.39 222
Volume fraction of intermetallic compounds (%) 1.75 6.02 9.11 - - -

(b)

Fig. 5. Optical micrographs of permanent mold cast Al-20Si-xFe alloys ; (a) Al-20S1 alloy, (b) Al-20Si-1Fe alloy, (¢) Al-20Si-3Fe alloy and (d)

Al-20Si-5Fe alloy.
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(a)

Fig. 6. Optical micrographs of extruded bars of permanent mold cast Al-20Si-xFe alloys; (a) Al-208i alloy, (b) Al-20Si-1Fe alloy, (c) Al-208i-

3Fe alloy and (d) Al-20Si-5Fe alloy.

Table 5. Image analysis of permanent mold cast and spray cast Al-20Si-xFe alloys.

As spray cast Permenent mold cast

(Unit: pm) Al-20Si-1Fe  Al-20Si-3Fe  Al-20Si-5Fe  Al-20Si-1Fe  Al-20Si-3Fe  Al-208i-5Fe
Average primary Si size 9.63 6.93 6.03 78.78 75.44 67.16
Aspect ratio of average primary Si 1.85 1.77 1.91 1.74 1.79 1.82
Average intermetallic compounds 6.49 4.19 431 50.39 60.91 81.40
Aspect ratio of average intermetallic compounds 3.82 5.03 5.23 37.14 6.06 5.76
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rectangular type© 28] ¥4 Wt HFHUch. HNYSE CTEYH B woldle 22 & % ok oled 2%

Fig 78 $ARZE 424 3952 Q249 9454 & CTEv 24 Si ¥ 3508 3¢ ¥ 27, 452
aeme vehiglnh, AR 9EAVH FERE 9SAEG 8, $E) oo JUS UE 0T 27 St IEVIRE
FrE QAEES Ueislem B dEAe) FEE o) A7V} A, SE08RMEY AHEEC] TEFE O w
Fe 4710 S71gdel whet S71sllom 53], Al-208i-5Fedt & CTEsE Yel ¢ €2 54e Yo A& &
9 7 Al208i 294 FEET 7= 100 MPa B Aok &, 24 Sizk FEVEE T A&l vMstEHL
Z 32 UEhile i S93Fx kel AR EE Fe FE7B1E AR B F4F Al VA 273 AE
Arte) SrtetdA o3l Fdste 2AE € F AATh o] AmAA o] Figte] 7EE ALz dAZY.

AubEel AZEME FeZ A7l QAT = 7|AA ol#1g #A-E P. J. Whithers 5°] A3 Cutting and
Ao AdtEe o] v B =5 Qrh[4] 22u £ A Welding o)A AB8la e AlLSi §F<| CTEs 54
Fo Fe& AT BT Aher} 2N ol AATL AThE)
Fed] 7l me} FEe FEUSFERT ofet 274 Si ey Ajze] GUAAFE 2Tt A u AAF gl
o] WAjstAl Z|A Ao At AA wEA X U7 o3k o= F7H= Q1 YAt AR S8k &%
o] ols A&l HFHe 9L BAIe EAE] oz A9 EAl: olejet AMEe] EWY IS SN
T FAE Aos gAY F e 4T SFA 9IS T 5 IE A= JgEm,

Fig. 8& WAFE A2AI9 5952 4SAe ST AE Aol A4 A9 A=t 2255 ¢ ¥ CTEsE 7}
(CTEs: Coefficient of thermal expansion)& &3+ 18] 0] 2 Aom R &, AEAo] HHEH HAESTE AEY

o} BAEER &Y CTEF A L7k

Y
o
N
N

(25)

7} 7|1x) 9] Aol M9 Wert 22 W0l SR



128 BAFER AT ALSiFe §F) 7AA 2 9 Sqo) B 2 vk - F 9w w90 - A - Y
400 22,0
R . ] 21.54| —p— AI-208i Spray Casting
350 -Al-zos§-|= e Spray Casting ] 21.0 ]| —— Al-208i-1Fe Spray Casting | |
300 Al-20Si-Fe Permanent Mold Casting 20.5 o— Al208i-3Fe Spray Casting
_ fry 20:0 1 | —&—AlL-208i-5Fe SprayCasting | .
$ 280 § 195] -
55’. § 19,04
i S 1851
S X 1804
Ea‘: 1754
L 17.04-
16.5 4
15.5 T T Y T T T T
50100 50150 60200 60260 60300 50350  50-400
Fe Contents (wt.%) TemperatureC
@ @
100 22.0
° B A1-20Si-Fo Spray Casting ] 2.8
) P 2004 ,
£ 7
5 g. 4901 oo
5 Z 1804 - —w— Al-2081 Permanent Mold Casting
m & 4757 .| —#— Al-208i-1Fe Permanent Mold Casting
5 170 | —e— Al-208i-3Fe Penmanent Mold Casting | |
18.5 T e AlW20SI-5Fe Permanent Mold Casting
15’5 ¥ i 1 T i 1 ¥
1 3 50100 60150 5020 50260 50300 60360 50400
Fe Contents (wt.%) Temperature ©
(b) ®)
Fig. 7. Variation of tensile properties of spray cast and permanent Fig. 8. Variation of CTEs with temperature for (a) Spray casting and

mold cast Al-20Si-xFe alloys with Fe contents; (a) Ultimate
tensile strength and (b) Elongation.
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(b) Permanent mold casting.
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