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ABSTRACT The purpose of this study is to establish powder metallurgy (P/M) fabrication
processes for high performance 2XXX Al composites reinforced with SiC whiskers. Rapidly solidified
2XXX Al powders produced by commercial atomization technique were mixed with SiC whiskers.
The results of mixing processes indicated that fluidized zone mixing technique was considerably
effective for the large scale production of the mixture of Al powders and whiskers. In order to
consolidate these Al-SiC, mixtures into Al-SiC, composite billets, a vacuum hot press was set
up, and hot processing variables were investigated. Using the hot pressing temperature of 620T
under the pressure of 50 MPa, good quality Al-SiC,, composite billets having relatively homogeneous
microstructure and sound Al/SiC interfacial bonding were obtained. Composite billets were then
extruded to bars having relatively homogeneous microstructures at the extrusion temperature of
450~500C under the extrusion pressure of 700~~1000 MPa. Mechanical properties of the extruded
bars were found to be comparable with those of the composite processed by Advanced Composite
Materials Corp. To improve mechanical properties of the composites, elimination of coarse interme-
tallic compounds, uniform distribution of reinforcements, and minimization of whisker breakage
are suggested.
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Table 1. Chemical composition of the 2009 Al-SiC,
composite matrices processed in the present work and
in ACMC® (wt.%)

Composite Cu Mg Mn Fe Al

POSTECH 383 207 0002 011 bal
ACMC* 328 121 0014 001  bal

2ACMC; advanced composite materials corp.
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Fig. 1. SEM micrographs of the mixture of 2009 Al
powders and whiskers processed using the fluidized
zone mixer (a) 10 min and (c) 65 min.
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Fig. 2. Optical micrographs of the composite b|llet5
consolidated at (a) 600°C and (b) 620°C under the
pressure of 50 MPa”
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2XXX Al-SiC,

Flg 3. Optlcal and SEM mlcrographs of the longitu-
dinal cross sections of the 2009 Al-SiC, composites
consolidated at 620°C, 50 MPa and extruded at (a)
550°C and (b)-(c) 500°C.
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Table 2. Room temperature tensile results of the 2009
Al-SiC, composites processed in the present work and
in ACMC

Extrusion Ultimate Yield
Composite Temperature Tensile Strength Elongation
© Strength  (MPa) (%)

(MPa)
POSTECH 300 361 273 3.8
350 472 345 4.0
400 504 386 4.0
450 572 418 5.2
500 603 456 3.9
ACMC - 635 355 3.9
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Fig. 4. SEM fractograph of fractured tensile specimen
of the 2009 Al-SiC, composite extruded at 500°C.
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Flg 5. SEM micrograph of the 2124 Al-8iC, compo-
site, showing coarse Mn-containing intermetallic par-
ticles."
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Fig. 6. SEM micrographs of (a) particulate reinforce-
ments purchased from Tateho Co., (b) the mixture
of 2009 Al powders and particulates processed using
the fluidized zone mixing technique and (c) the com-
posite billet consolidated at 560°C under the pressure
of 50 MPa.
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Fig. 7. Microstru ture-of the 2009 Al composite rein-
forced with 15 vol.% SiC particulates.
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Fig. 8. Effect of testing temperature on the ultimate
tensile strength of the 2124-T6 Al-SiC, composite
and the 2124-T6 Al alloy."”
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2XXX Al-SiC,,

| Fig. 9. TEM micrograph of the 8009 Al (Al-Fe-V-Si)
"alloy, showing fine silicide dispersoids.”

A B RIF 2L A FE5E A 9l HelAHe
$AR e BPAR AA7b nLol A PHl
L7l N AR 7} Folok Hoh o)

B389 7)|x) 24 2XXX, 6XXX F9 guk Al
gIe TN FErt FASA taslme An
a7 show, 8009 Al 23} e FYsTgoz
A &3 Al-FeA §h3e] Fslcl o] 8009 &2
Al-Fe-V-5i 39 dZFozx, gdsuyyes
o)A & silicide7} 7]2) &2 AR el FAl® o2 4(L
% 9) 22 ZE, dAlE, 3794 52 712 A 5,
o] ulA§t silicideS-2 400T ¢)4te] & -°—EO]/H
& ZOFE7)} dojuta] gol AL wlggl RS

PAZA AE A8 Fe 4 BE D 9
5 9 ReREE B 5 A

AT ANl HYAEE A%
AE et AollEz 226 2THE $5
Y EoklE ol $49 + 3le AL

5 &

T

Al 223} A9 Egpgoz AAEGY
Abgatelom, A4f-FEgY-E AR
I sl 7ised dais e Fdit £
E&£¢ Az = gladch
ZEGFAFHA A LHE AR A4
a;o] oF 35 vol.% <) 620T 2] A& 2xel A 50 MPa°]
A¥ste ZE v RF7Fo] AY gle 9 :

BYME Reobd Azsh JAD 4 P AT 245

U3t Yees dE 5 gl

3) 4EA 7144 *.;‘f“él% s b
2= HaAY gel AwdA 22 &
Lxo Ao BFd A g 7|A A Adae
Hete st $F 7hEe} A4S A ¢4V 4
84+ 450~-500T 9] &%) AHggstdc)

4) Bold whyow Azy 2XXX Al-SiC B
gAEL] ZAA AAe S A% wHow )
2009 Al & 8009 Al 3HE 271219 A, i)
Bl X5 we} FAFA 57 $lsle] #2A
4l YRR B, i) A 5 B g
a3l 7 ARTAY Ao 5L AU ¢
ik

ALl 2
B oodP= 1990 WS- Fheod TR An|(Als
A Fope] Aol ate] o]Fojzeny, oo A}l
=&k

= i

Ho

1. A. P. Divecha, 8. G. Fishman and S. D. Karmar-
kar: J. Metals, Sep. (1981) 12

2. 8. V. Nair, J. K. Tien and R. C. Bates: Intern.
Metals Review, 30 (1985) 275

3. R. M. K Young and T. W. Clyne: J. Mat. Sci,
21 (1986) 1057

4. A. Mortensen, ], A. Cornie and M. C. Fleming:
J. Metals, Dec. (1986) 12

5. R. J. Arsenault and N. Shi; Mater. Sci. Eng., 81
(1986) 175

6. R. J. Arsenault and S. B. Wu: Scripta Metall,, 22
(1988) 767

7. G. J. Mahon, J. M. Howe and A. K. Vasudevan:
Acta Metall, 38 (1990) 1503

8. A3, o] 4%, o|F4, 34 5P
2, 3 (1990) 10

9. 4, HAHE AFY, oA TSI A,
31 (1993) 373

10. &5, HEd 9%5Y, AT PS5,
31 (1993) 381

11. A, L. Geiger and J. A. Walker: J. Metals, 43, 8
(1991) 8

12. T. Christman, A. Needleman and 8. Suresh: Acta

Vol. 2, No. 3, 1995



246 A17)4k - oA e o] - Y

Metall,, 37 (1989) 3029

13. Y-H. Kim, S. Lee and N. ]. Kim: Metall. Trans.
A, 23A (1992) 2589

14. AEA], 474, o)At HEFEEER (1996) in
press

15. D. Kwon and S. Lee: Scripta Metall, 30 (1994)

Journal of Korean Powder Metallurgy Institute

535

16. D. Kwon, S. Lee and B.-I. Roh: Metall. Trans.
A, 24A (1993) 1125

17. J. C. Lee, S. Lee, D. Y. Lee and N. J. Kim: Metall,
Trans. A, 22A (1991) 853



