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High Temperature Deformation Behavior of SiCy/Al-Si Composites
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ABSTRACT

The high temperature deformation behavior of SiCy/Al-Si composites and Al-Si
matrix was studied by hot torsion test in a range of temperature from 270C to
520C and at strain rate range of 1.2X10°3~216X10"/sec. The hot restoration
mechanisms for both matrix and composites were found to be dynamic
recrystallization(DRX) from the investigation of flow curves and microstructural
evolutions. The Si precipitates and SiC particles promoted DRX, and the peak
strain( £ p) of the composites was smaller than that of the matrix. Flow stresses of
SiCy/Al-Si composites were found to be generally higher than the matrix, but the
difference was quite small at higher temperature due to the decrease of capability
of load transfer by SiC particles. With increasing temperature, failure strain of
matrix and composites are inclined to increase, the increasing value of failure
strain for the SiCy/Al-Si composites was small compared to that of matrix. The
stress dependence of both materials on strain rate( &) and temperature(T) was
examined by hyperbolic sine law, & =Ailsinh(a ‘¢ )]"exp(-Q/RT)

Key Words : SiCy/Al-Si composites, High temperature deformation, Hot restoration
mechanism, Dynamic recrystallization, Flow stress, Load transfer
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a8 SICE ZFAIY Exge 12R5IA dnBFRo2HE 23
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JtA olEnto|AE o]l Al-Si YFTEUE A RdHoen dojI  Al-SIHFE
TS A 7FESI 100m ©]3te] B AMEsty AYPF LR AMESHATE B ~8m
Aw el SiC,E Al-SiEdol 10, 20vol.% E7Isted 72412 B ¥t SiCy/Al-Si
BatEnte dodom LTIy A(vacuum hot press)E ©o]€3t 107 torrd £2
A3 5o "©rtA A& st A7 50m, ¥l S0me] FoT ittt I
.9./\-"6‘3‘5]— A]i-‘—‘— oléa] 25 1 18 z17=l 10mm«] % 0404 o[ﬁ 1173 7om, 3}7&!7.]3] 10
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o =V3 M(p+q+3)/227 (6 =V37, 1 =Mp+q+3)/2x7) (1)
e =76 /V3L (e=7/N3, v =2rrN/L) (2)
o 714
7 A& Y (shear stress) y ’ﬂ‘ﬂ‘ﬁ%‘ (shear strain)
p: H¥&4& s w7 E(strain rate sensitivity) r : A9 (specimen radius)
q : 7127 3tx]4(strain hardening exponent) L : ¥3 A2l(gauge length)
0 : FAZ(twist angle) N : ¥ A 4=(twist number)
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oloj A mje 8% u ofeie] HAEYH(AI), AL HH(HY), 3}0131%3—1 Apeld
Hapo gy ¢ 4 Ao’
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¢ = Arexp(f-o)exp(—Q/RT) (4)
¢ = A;(sinh(e-0))" exp(—Q/RT) )

714 Ay, A As, a, B : ANEZE Q : BAEHIUX] R 7\ A AA4E LERdTt
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FE&HE F7I8tAch 4 HP L =Y Ao 7|X] 2 E(matrix alloy)ol] u]3]
EYE 588 w4 Uetdta, "I 22d4F B 722179
&g gtel vl & /MRS & £ slgch JAAE W EQE BT A2
A270C) Z7HP A= 7HERASARAE Qs Yo FHs] ZFIsltirt gl
gt 7 F ZYo] ZAst w2 Aol utrt dojubs H3S vehig T,
H| 2 A 12(430Col el el S5 Hele 712 3saze) d3taay By
o] Fo] FYAMENE LehlE vid £ A& Ho|dA mir wAstE B33
Foll 77k 5349 HelE Rr) 370ToAE g 2 ¥ -4 3
o= Q3 Ayt doju ofzte] YA Fo] FAAEl Fzho]l Urhl:s A QY
TAANAE A S Ryct

1A ZQL Al-Si8] RE5ITHo2RE a2t WoE YAMEE )L 712
NEE(6)% FESH(0) BARRE 38 4+ d=d"? 3207, 1.2X10 /s8] HH
ZZoA dL dAWYE ()2 0.0320)2 FHpHFEak e )
ofg] AlghEol uls) ofF =2 ke o olye AL I
&5i8] 2717t nlME} =gder ol &y FESie Fuja 5
71 SiC,E A3t FAAAE S F131elr) w8 Aoz Mzt
Al-SiZIAZ 28] ZB-¢ (DA HeH A (power law)ol] AL3] £ A} n'gro] AW
227} 2710CoAlM 520CE &old4E 1664 863 578 567 547 54328 FajALn)
AEo® Z+EF 7)€ n'o] vyt P JIXER HeHAHe] A greg o 4 ¢l
o, 2|42 (exponentioal law)ol H&3l] BZtL F3to] & A} 0084 0.089
0.105 0213 0305 06402 A-ZoM= 2|¢3bealo] HIUPS o 4 i) wlapy
I2AEHs o't ALugHsIe B 23t sto|mEE  xpow
(hyperbolic sine law)®] a(e=A/n'MPa ")} nZtS F3le] 2 29 LElWEdy &
57} 270CollM 520CE F71tol wial 2bzt 5426 5175 4685 5361 5334 54042
doiA A2 w3t S Belch 2828 AI-SIUES 4712 S & g stoly
AR HYPLE [R58Y, 25 HFHAE Hustes Zo] AR HAs|c}
3L shZlch (10, 20) vol.% SiCY/AL-Si B3 Ee] ZAQox 259 Wadvrs 952
ol oAl FFE ZNAAMEL} npHIRE SlolHEY AlQlAos MuE £ glgo
M olEE FHAHY Yol HEAA S AAE E 1o Ut H3er
of wE HfEse] WiE 18 3o Uehigdsd HE4E5) 216%10 Ysol 2
P27t 4B0Co|dduf SgaEe 52 MNAzgrc} A Uehliy
olFT F5&Y Hol: HUNRE L27FEA % 2L ATHHRANME 7]
A2z et Aol e Yo R BAMEE 2471 4 Aui= AL n)siy At
odE 238 HIAMEI £ YIS M 4 At AE waFE= Aot}
SHPAl BEdHAUR = 7IXAE @ BUAE ZFE Ln((sinh(e o))} 1/T2] =
AlolA JdHEHPL= 2 L=l 2z 3121 3263 354.2kJ/mol& & SiC,2] Eyi
&0l F71ETE Aoy xE 718t o] 72 A8 A yoleE e Ao
2 E¥o] 7¥ 228 EFH WHHSEA Zener-Hollomon I}elwe]™® z=:
exp(Q/RT)=Allsinh(@ - 0)]"& F3hH=d] AM&31990m La((sinh(e - 6))2 LaZ)BA
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HNLE I3 4o YERYTE o] =X H¥LEE, 25, HSYFPE BF 1Y A
22 ztzA8] dolelRtEe] HAIEMT o 3 +FEE & 4 Ak 23 49
71&7) 424 selHEY ARIY AL ng] BHko] IARE ZeZ Kol stolmie A}
AHH ez FFIshe Ao] ElgHE thA] T HAY 4 9lgirt

BN

HYewo| wE wAHYPEL] HIHE 27 5o vehided A2 E digY
zto]7h ZIX A B2t HYMETL AY PE & + UMIL 2208 ALF HYAE
of wis] 71Xz} TAHFEol F7IEE & 4 Adrh oY JX =} HjA)
22 NZE 8 nAHPEY xol§ dotR7] #ste] Z2u|ERFY EE AR 1
o UehfgdEd A3 104E & 4 Xe] ZIXzlEE HE(dimple)o] W3 21 el
9] dale] o] dojit= ¥HA SiCpe FuE&0] F7184S A4 Yeld e
Horh a3 504 10vol% SiC/AI-SiBUANES] mp2AMEE(e ) 430T, 216X
10Y/s2] H¥SHEA Huigiel oF 1.780] k& Ztedl oA L2 HIF2AA
712 2 (5.98) 2t W2 gtolth 20 vol.% SiC/Al-SiE3A 22 ¢ 480TolA )
NAHFPEL oF 161EA SiCo] FuE&o] 3718-& s HPES Folx|&= yid
o} AHPEES Ul 2571 IAAZANA YeldE & 4 gl oyt
Bage] 74" JAE&E SiCGHZIE JAAMRS] SHAAFELY T4t 7XA
E (matrix alloy)®t SiC,Zte] AHEe &7 A3 7] wiEoleta SctHTE Al-Si
7121285 9 Hige] Z¢ mAHPEES HYSze HE2 R0 ulel delxle=dy
71T B ALAHPFETANE AZEAY VFet AAPELSY Aol o
8 APl YEE IPEZR] Elo] 2 AXGolA T o o]En], I2AHY LK
o= AlgFEHOA UHE DRX(dynamic recrystallization)oll £J3t AP E L] F
715l &2 d41&S Belrla i)

4. 31 F

dEogdFe] I2HYPAY F58Y 4L H&E Zo) 3 (precipitate coarsening)
1} W3 g (deformation heating)soll &% ojMZR¥EE7 9= ALE Hsid =3
& f5IAY Helrt Wad, & APl AMER (10, 20) vol % SiCy/Al-SiE-§=]
£} Z|AAME (matrix alloy)®] B¢ FE-SIHERE A3 BPH oM FESi
SiIC,E7IZ2 Ut mjAl7FRe] HIE JM¥em o]Zog 3 FAAZAFTE U
Elgiciz s1zlch SiCLE A3t nM X2 HWHE 23 EH 20 vol.% SiC/6061 Ale)
T2UAZHEF A (500C 5/s) VAT MAFTRE BAL 10vol% FHE 7o
L SiCFslollArt @Yol Uehyget® o]algt 22 Humphreyol 23] =ekR
PSN(particle stimulated nucleation)?] 2" = Mg 2 qg ZHolet, &
DRX(dynamic recrystallization)7} QAHB-EZol ol wE HYL oA Leld
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4 ol o]l#¥ PSN7IFE dzte] 3 E& Ao wpet gel¥ivial stgdch &
ArelA Al-SIZIAAE 2 E3AEe] AE W FESIY SiCE U3t PSNE
27} ¢S 7t43 slgloe|etn siebEch wdF A7UEEA] SICE A H4E 71
Ajze] HPOT Q) SiC,F¢loll nlHgh Z2lo] dPHoRN T2HFPA] AHAX Y
By AgL stod DRXY &Fdol 47 SiC,e) &xdolut Fddute) g AR
A R Aol "oiHe] weg ¥ste] bl JAAMES HA FF5Y = U
wf o GzhAdzo] JzhHyE ARt B3R ARI Loldtria BZHTh
a3l 18] §5 I FElR ol J|AAE U E3xiE BEF FH L2AIP|FE
SAzpAYolel & £ don olyF A& AR 204 370T,12X10%s WP R
A mMERAOA T ®el & £ glded 5539 AFYU oy AXY
Lol M9le] 9 Ztangles)o]l VAEE 2oz Hol FAxARY F3 FAE ¢
4 olch
B oA & FAYAAMLS sto|HEY ARIPASE AME3te FIEsIAE U
7129 UEH 15 vol % SiC/6061 Ale] S Hemxow yehlg o) @43
ozl Lnogt 1/7T8 ZejZofy &2 7]&7)7F A2 Ueh}A] ofotr H4
2 4l sto|H Bl ARIME S o] &3l AHAUAE Pttt £ ATl A
3} JUR]E Ln(sinh( -0 Neh 1/TY e ZojlA F3td =t FHRE7L 7IAAHEE
T} & 8AUAZRS JRAE RS B UM SiCot Z1AAERET R
ez Zar 2o AdwEe o 238 SiCUt NIXAMEL] 2HEE O
mo] 3t E girt wetd SiC, FIE&ol FNEFE SiGU ZIAARE FHEA
7}2 7 BH(additional strain hardening)7t § 58 3197) wjZolt}™ E3t QA Lzo]
Aol A= A7t AxIFES ol AEsT £ o] HelFHo| upE HE A 9 (deformation
zones)®] Aol AoAErt Mo AL HEAEEINI AL P& Holtt. g
o2 AALE ool SiC,E ¢ AAXFIIA} HA5AI 4B ol FA H
W EHI3f gt J)x xRz et AL ZE ASE HA Ho 17 lojAet Zo] 520TelA
L A E § B3R g¥o] AY T2 UL S ¢ F AUdch BT $H3®
o] ZLoA F AE BF ofF L ZoF Hol A R2A] FAHY AHE U
SiC, 2 7o Aeta st € & + Adch
37 oA EgxiEe] JdAlgS AR viE yoked AR B9 SiCot
Za)812] ka1, SiC,el B (clustering) AT ¢loRE Bzl vls] £ A&
S Uepdciz AzbEct BEgopZH e A Z3 20vol% BERRY BF AR F
2 g 2}e} A Ea](decohesion) & ito]l &3 SiC AIHAA HAHH 713 (voids)uhEell 7]
A2 Hrke Y2 ¢8-S vehdcks B3 oot 2 ddolxel Biiw)
NA| 2 Zof vl AR o W2 di&g Hole AL SiCE U Aol F13
o2 ARYA EAste H & Sist TA BEHYLE BT SiCe AW EATL
o $AsHy] wjEoleta gk Te|a A Ar]et FuEge metME
o FFL A=y B Ao AHE3T SiCe AV B 8mE S EY
L AAEL HLAME SiCe FEE, T2oME SiCet 7A=Y AL
Fzbol 28t wF7F M3 wfEQ Aog versich EI SiCpel HIE-&o ulet

bt pot &2

(% o
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AE SiC,F918 7IAAET 2t FRLE4EGZ ST 2] wiel 7R 7
S ziato] ArtE BB A9t e nAA L UehdZlelti? a3 59
A B 20vol% Al-SiEIIESY] AL 216%10 /s8] HPLEAN mAHBFELS
480ColA HelE Ve, o] XM §58Y2 40MPaE Ueikt=d o|Ro®
HE 216X10"/s8] HEEE] 480T e 2EME F5SYE HadfspdaA €77}
24 (hot ductility)& HulEste @772 z2AYS o 4 gtk 22 1.2x10°%s
o WML TAE 520ColA ch BAVHFES VehiA T A&A] HFo £971F
ZAE 7Y EIME A B2 Ao YA UEF ¢AASE Ly o]
2T ojslol| A ANAIIES dhe Zo| FAsitian AT uwretd olxES &
25
%}

_

Hele) AAS ATIBAT WA AEAY BHE Yol 2T YFLEF
fojof grrhi ThuidTh

=

54 &

Al-Si 7)2}1 2 & (matrix alloy)®} (10, 20) vol.% SIC/Al-Si E¥=NEE 270°C ~520°C
o] 2xMelel 12x10Ys,1.26X10%s,216x10 /s & HELEEZ o)A AL5uEH
AHE 8l v 2 AL 44tk

1. §5243 nAHRIFRZHE Al-SiZ| XA R (matrix  alloy) 2 (10, 20) vol.%
SIC/AL-Si B3x15e] 12373 Aot

2. SiC,E 7ol o3 58L& S84, =71 SU13el ulel SHxRT Ll 71R]2)
2o YIS ¥ JPLE v¥IHA UElkted, ol I20A SiCet 71Xz 7Y
AR AR} SAHSHA veht SiCollA 71X ER ¥ H o] oA y] wfZolch
3 WM¥EER(¢), 25T, #5&Y(0)8 HFHFHAE hyperbolic sine law® th3}
Zro| A3 qlirh

Al-Si 71X A& - © & =2329% 10%[sinh(0.015 ¢ p) > ®lexp(-312.1kJ/RT)
10 vol.% SiCy/Al-Si B2 & : & = 4823 X 10*[sinh(0.013 6 5)I*™exp(-326.3kJ/RT)
20 vol.% SiCy/Al-Si B3 & : & = 1.031 X 10%[sinh(0.013 ¢ ;) **®exp(-354.2k]/RT)

4, SiC,/A 7o) 23] E3tAlge SAAAA Loy dAEE Y ()2 XA 1)
3] ol &l ol SiCy7t BA AR YAPAIEE Wl AF3H 7] wiEoltt.

5. ¥ E U2 B¢ BPAEe /X8 A& u|wdtA Uelgol) Wy
257} Z71E+E BEARY Aa&2 ZIxAR vl3] HgkEu ol HPLEF
Zholl whel SiCpot 71X B 7] AdEe] It 4317 wlRolal gkt

371

2 d3E 19999 I5E Fed3zgu|(dlax)] Eohe xdezg 4$3yEglon
olof ZrAl=ZLc}.
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300
¢ 216%10 /s | (D) &-126%10 ¥s
270 L
—_2 —— AIX ——— matrix _
I wonp |7 = 10v/0SiCy/Al-Si T\ ------ 10v/0SiC/Al-Si
= 210 20v/0SiC,/Al-Si ANy » . — 20v/0S5iCy/Al-Si
7] PN ’
g 180 f\/&
5 150 L
g 120
5
Q 90
i
L 60
30
P
0 0.5 2 2.5 3
EFFECTIVE STRAIN EFFECTIVE STRAIN
300 (c) ¢-12x10%s | Fig.1. Flow curves of hot deformed Al-Si
270 matrix and (10,20) vol% SiCp/Al-Si
. composites obtained at
- —— malnx N
5240 e 10v/0SiCy/AI-Si (a) £=2.16X10"/s
€ 210 20V/0SiC,/Al-Si (b) €=1.26X10"s
@ (¢) £=12x10"/s
o
w
c
'—
o
w
>
-
o
|
w :
30 F‘_:\'——;%: --------------------------------
e —veep— TPV T
0 A 1 1 { ! 1
0 0.5 1 1.5 2 2.5 3

EFFECTIVE STRAIN

Table.1. Stress( ¢ ) and temperature(T) dependence of strain rate( &) Al-Si matrix and

(10,20) SiC,/Al-Si composites.
\—?T | ( : N !
S Laws  Power law (lowo highT) Exponential law (higha lowT) A‘;:;’:;;"“
~.L : . n' _ h— -5 —
Materials . £ =A, 6" exp(-Q/RT) € =Azexp(a - o6) exp(-Q/RT) (k]/mob)
'Al-Si  matrix | n'=16.64,863,5.78,567,5.47,543 | £-0.084,0.089,0.105,0.213,0.305,0.640 312.1
i
HOV/OSIG/ALST 609 0 65 5.87.5.85, 5,95, 5.90 | 8-0.074,0.078, 0.089, 0.166, 0.344,0.740| 326.3
| composites |
A :
| i -Si;
20v/0SiCy/Al St 1-19.20, 11.57,7.82, 6 59, 6.07,6.13 £-0.081,0.084,0.091,0.147, 0.152,0.640| 3542
composites
|
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(b) 10v/0SiC,/Al-Si composites
(c) 20v/0SiC,/Al-Si composites

(c) é-12x10%s

-1 300
@, é=216X10"s
“2r 250 | o 20v/0SIC/AI-Si
L 0 10v/0SiCy/Al-Si
-3 200 \ ®  matrix
n=5.404 [ 5334 4685 [ 5175 5426
-4
1 -
50 \
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Fig. 2. Dependence of flow stress on strain rate - ationship be k stress and
through a hyperbolic sine law at peak stress. Fig.3. Relationship between peak slress an
(a) Al-Si matrix lemperature. . Y
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Fig.4. Relationship between the Z parameter and the flow stress
as a function of hyperbolic stress at peak stress.
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Fig.5. Relationship between ductility

estimated by strain to failure
and temperature.
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1.26X10%s

Photo. 1. SEM micrographs of hot

deformation fracture surface.
(a) Al-Si matrix
(b) 10 vol% SiC,/Al-Si composites
(c) 20 vol% SiCp/Al-Si composites
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Pthoto. 2. Micrographs of hot deformed Al-Si matrix and (10,20)
vol% SiC,/Al-Si composites.
(a) AI-Si matrix, 370T, &é = 1.26 X10%/s
(b) 10v/0SiC,/Al-Si composites, 370T, & = 2.16X10 /s
{c) 10v/0SiC,/Al-Si composites, 520, & = 2.16x10™/s
(d) 20v/0SiC,/Al-Si composites, 520T, & =2.16X107/s
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