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ABSTRACT Effects of the extrusion temperature and die angle on the tensile properties of
'SiC,/Al composites in powder extrusion have been investigated. SiC,/Al composites were extruded
at various extrusion temperatures (450, 500, 550C) under the extrusion ratio of 25:1. The ram
speed was maintained at 13 cm/min for all the extrusion conditions. The surface of the extruded
rod appeared to be smooth without tearing at 450 and 500C, whereas it was very rough due to
tearing at 5507. It was found that the tensile strength and elongation of the composites extruded
at 500°C are greater than those of composites extruded at 450C. This is due to the easier plastic
deformation of composite extruded at 500C, compared with the composites extruded at 450C. The
effect of die angle was examined under 26=60, 120, 180° die angles at extrusion temperature
of 500C under 25 : 1 extrusion ratio. The tensile strength of the composites extruded with 20=60°
approved to be higher than that of the composties extruded with 20=120 and 180°. This is attribu-
table to the higher extrusion pressure, which mixed composite powders could be densely consolida-
ted at elevated temperatures, resulting from high friction force between billet and sliding surface
of conical die.
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Table 1. Properties of 2024Al powder

Density (g/em?) 2.78
Powder size (um) : 44
Elastic modulus (GPa) 75

Chemical composition (wt%)
Cu Mg Mn Fe Si Al
4.69 1.13 0.67 0.14 0.13 bal.
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Fig. 1. Degassing procedure of SiC,/2024 composites.
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Fig. 2. Schematic sketch of the degassing equipment.
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Fig. 3. Schematic diagram of SiC,/2024A1 composites
fabrication process.

Vol. 2, No. 1, 1995



46 LR

A dWre AFU=5A7]9 Pycnometer(Accu-
pyc, B30, micrometric Co.)& o]83}e] 2} R g
9 hEEx ghEvieldel wal 1084 =Ast
Hadzs etk

2.4, QIHAIH

olAkA] g Tinius Olsen 50008 ©)-23+e] cross
head speed 1mm/ming] F7o 8 Ah&ol4 3}
dek AAAE F AT QA4ET ST
ERgELE g delztz ) ue} vlmalgct. of
i AZAHEBL] EHA=E 25mm, #73 5mmo)
deon] obEalekal HystA QA PHS Alz3}
ek ol2¥ EFAET o Huji-go wet B
Aeked SR vldzdm QAAE F 7
di-g SEM2 F3lo] TAs|e] ghEFA gl
WE QAA7EES] Aol wasleic).

3. dudn o o

3.1. AF2E wE UEYUH
27 4= BugkEgl Bakal g oleld gEe

s ¥igge] WE YU WiE dehy
Holt}. YEUH L AEFLE7} gopdol whet Zha
550
soof . ——w——"®
<
450 | —m— 4507 -
T ~—a—500T /
- —A— 5501 /
E 400 | . - /
- w3
E 350 .
~
jad]
300}
260 be—L 1 )
0 10 20

Particle Content(Vol.%)

Fig. 4. Effect of particle content on extrusion pres-
sure of SiC,/2024Al composites at various tempera-
tures,
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Fig. 5. Extrusion defects of the bars extruded at 550
°C.



YT LR AXH SiC/2024A81 HYAR) QN GBLE chelzte] ANAR YA wlAE g 47

400 15
Tensile s"‘yl
o . o "
S 50| 7 1o
g — 3
=] " =4
2 . g
E = u ~——-Elangation En
= | ] o
Z 300 5 =
fant —m— 4507
—e—500C
»
M
250 ] 10
0 10 20

Particle Content(Vol.%)

Fig. 6. Variations of tensile strength and elongation
of SiC,/2024A]1 composites with particle content at
various extrusion temperatures,
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Table 2. Relative density vs. volume fraction in SiC,/
2024A1 composites extruded at 450°C and 500°C

Volum percent

Extrusion temp. 0 vol% 10 vol% 20 vol%
450C 99.28 99.17 99.05
500 99.89 99.7 99.58
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Fig. 7. SEM fractographs of SiC,/2024Al composites extruded at 450°C and 500°C; (a) 0vol% (matrix), (b)
10 vol% and (c) 20 vol% of particle content, respectively.
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Fig. 8. Effect of particle content on extrusion pres-
sure in SiC,/2024Al composites extruded at 500°C
at each die angle.

glo] BRygEetdSs A9 dEsEE 19 8
yehfigde) 234 Bz ule} zo] ghEtle]Zte)
i 5 4EYEHLE e AYE sl
t}. o)i= ol o] HAlH 2 shEA] T wha 7))
71e1& Aoz} P2, 20=180°9) clo]ztell M=
tho] EAA EFA EHe) vhEe A g @4
=z Q] Foke] A4 27 Ste] =43
7] gl gdEdHe] Hids HAoE A4
ol2ldl &Y gie BUshEd § gEtle)
o) o} sl discard ¥-¥-& $+EHSEo R Hehdle
kA fE5dE FAHY o8 3] g
¥ 4 el 2® 9). 20=60° tlol(a) 7-fell=
2AF59 38e] AR teliZeMe G5
Fizt ole)zke] wbEER Qldte] tho]¥& ule}
FANY AR sAEYstE e Y48 e

W sle) o gEle]ol A whAuhg wef qf
EZH F FA5- band 2] 71Ae] AL 2E&-& Mo}
EghEA ghEtie] & wavlet dFulEEue]
FAdwge] FAd3A Ao #AY F sk 2
#1} 20=180° t}ol()%) A-Folle The]FZo ¥
£ (dead zone)ol A= glow, &4 2
s} ZA1H band 9] 7HHe] ghEA] B A= F2L

ARl slejd g2Es) thelzte) A AR vAe dF 49

Fig. 9. Extrusion flow patterns of the SiC,/2024Al
composites extruded with various die angles. (a) 60°,
(b) 120° and (c) 180°, .
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Fig. 10. Effect of particle content on tensile strength
in 8iC,/2024Al composites extruded at 500°C at each
die angle.

Table 3. Comparison of relative density of SiC,/2024
Al composites with various die angles at each particle
content

Volumn percent

Die angle 0 vol% 10 vol% 20 vol%
60° 99.89 99.7 99.59
120° 99.74 99.28 98.91
180° 99.7 99.24 98.89
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Fig. 12. Schematic diagram showing the plastic defo-
rmation model of Al powders during hot extrusion.
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Fig. 13. SEM fractographs of 10 vol% SiC,/2024Al
composites with various die angles; (a) 60°, (b) 120°
and (c) 180°, respectively.
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