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A Study on Hot Deformation Behavior of SiC /A12024
Composites Reinforced with Different Sizes of SiC,

Byung-Chul Ko, Heung-Ki Hong and Yeon-Chul Yoo

Abstract

Hot restoration mechanism, flow stress and stain of the Al2024 composites reinforced with 1, 8, 15,
36, and 44 @ SiC,(10 vol. %) were studied by hot torsion tests. The hot restoration mechanism of all
the composites was found to be dynamic recrystallization(DRX) at 320C, while that of the composites
reinforced with 1 and 8 m SiC, was found to be dynamic recovery(DRV) at 480C. It was found that
the Al2024 composite with 15 um SiC, showed the highest flow stress(~223 MPa) at 320C under a
strain rate of 1.0/sec. Also, the highest flow strain of the composites was obtained at 430C. The com-
posites reinforced with 1 and 8 um SiC, showed lower flow stress and higher flow strain at 480 C than
those of the composites reinforced with 15, 36, and 44 um SiC,. These result were discussed in relation
to the transition of the hot restoration mechanism, DRX<>DRV. The dependence of flow stress on
strain rate and temperature was attempted to fit with the hyperbolic sine equation
(¢ = Alsinh(a - 6,)]"exp(-Q/RT)) and Zener-Hollomon parameter(Z= ¢ exp(Q/RT)).

Key Words : SiC,(SiC particle), Flow Stress, Flow Strain, Hot Restoration Mechanism,
Dynamic Recovery(DRV), Dynamic Recrystallization(DRX), Hyperbolic Sine Equation,

Zener-Hollomon Parameter(Z)
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Fig. 1 Optical microstructures of the as-extruded
SiC,/A12024 composites reinforced with (a) 1 and
(b) 44 um SiC, along the extrusion direction
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Fig. 2 Flow stress-strain curves of the SiC /A12024 com
posites deformed at (a) 320 and (b) 480°C under
a strain rate of 1.0/sec
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Fig. 3 TEM microstructures of the SiC,/A12024 composite reinforced with 1 ym SiC, deformed at
(a) 320 and (b) 480°C under a strain rate of 1.0/sec. TEM microstructures of the
SiC,/A12024 composites reinforced with (c) 15 and (d) 44 um SiC, deformed at 480°C
under a strain rate of 1.0/sec
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Fig. 4 Optical microstructures of the SiC,/A12024
composites reinforced with (a) 8 and (b) 15 i SiC,
deformed at 480 °C under a strain rate of 1.0/sec

T e, A3 2717 8 44w SiC, FH A 71A

22245 9T Y AL I
=

SiC,(Fig. 1{a)) Aoz 7N7AgY &4FFol
5S¢ F Aok 23U, A12024 1A R SiC7t

7199 71435 BUARTHE Be 7148 37

Fig. 5 TEM microstructures of the SiC/A12024

composite reinforced with 8 ;m SiC, deformed
at 480°C under a strain rate of 1.0/sec
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Table 1 Relationship between the critical strain (£_) and peak strain (£,) of the
SiC /AI12024 composites deformed at 320°C under a strain rate of 1.0/sec

critical strain(e,) peak strain(e,) £/e,

1 um 0.091 0.165 0.551
8 um 0.115 0.155 0.742
15 um 0.086 0.104 0.827
36 um 0.108 0.129 0.837
44 um 0.123 0.142 0.866

162 / et A 471 BE8|X| /A 7R A28, 19984



SiC, 2718 223 SiC,/A12024 BFAIBS At HPEA A #F A7

3000 o
e A‘ - 1 um
E vy a o 8
& 2000 o ¥y A A 15m
g O:QVVV‘A v 36um
3 ] 08 v A o 4am
O .
B e OlevA, 6
gwoo-
E 6
p
0 0 . . =5 7. |
175 200 225 250
EFFECTIVE STRESS 6, MPa
250
(by 6,
3 - . -
S 0 S !
, l ~—
1 —— ] -
17 .7
W 8 -
160 -—— - 15m
€, ep ........ 16 -
J/ 44 m
100 01 0.2 03

EFFECTIVE STRAIN &

Fig. 6 Determination of critical strain (¢.) and peak

strain (€,) of the SiC/A12024 composites using the
relationship between the work hardening rate and

flow stress
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Table 2 Dependence of flow stress (o) of the SiCp/Al2024 composites on strain rate ¢ and
temperature(T) expressed by hyperbolic sine equation

SiC,/Al2024 composites | Z= £ exp(Q/RT)=Alsinh(a ¢,)In
1 SiC, Z= £ exp(261.1/RT)=1.42x10"(sinh(0.012 -G, ))*"
8 mm SiC, Z= £ exp(250.3/RT)=7.88 x 10*(sinh (0.022 -0, )}**
15 um SiC, Z= € exp(202.9/RT) =1.95x10"(sinh(0.015 - 0, ))*%
36 um SiC, Z= ¢ exp(157.4/RT) =4.48 x 10" (sinh(0.099 -©, ))**
44 um SiC, Z= € exp(176.6/RT)=2.31 x10"%(sinh(0.014 - 0, )1*™

o AU A0 kst

1w SiC/AI2024 BFA RS neWdsle AL /%
g ol &3] 953 (power law, £€=A0"
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