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Microstructures and Mechanical Prorerties of SiCp/Al-Si-Mg Alloy
Composites Fabricated by Rheo-compocasting and Hot Extrusion

Hag-Ju Lee*, Chun-Pyo Hong**

Abstract

Aluminum alloy matrix composites reinforced with various amounts of SiC particles have
been produced by rheo-compocasting followed by hot extrusion. A relatively uniform distri-
bution of SiC particles in the composites was obtained. The amounts of pore and S1C par-
ticlte cluster were relatively small in the composites. Particle free zones were cobserved in
the hot extruded composites when the amount of SiC particles was less than 20 vol%.
However, the width of particle free zone decreases with the increase of SiC particle con-
tent. Eutectic Si phase play an important role for improving bonding between SiC particle
and matrix. Tensile and yield strength increased with the increase of SiC particle content.
the strenthening effect of SiC particle addition was effective even at relatively high tem-

perature of 573 K.
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8 AISi-Mg /SiC 9A3t 2R 23 9 714% $4-018%, FEE

o, A AEF EFARE AxYoezw 1 8o
AA ZIE )2 B AF2E L o)1) rheo-com-
pocasting® d&FZE 2 719 (hot press)

o] &3t Alghw /SiICYAR3 EFA 9} rheo~'
compocasting #}¢t& (hot extrusion) 5& o] &
g Alg T /AlOs /23 S35 tstod
EgA s AHAA(JAEAML, AR, 71%),
‘—HD]'E_}‘-] gl k] 7].3’_ E/\-] t—'_% _,:lz._}\]_L @J_}_
rheo-compocasting®e] Y2} 2L FAF73) =B
AE Az FIH WIS
O @ ARANE A %
o) wlste] olmrio) A
7R FE W F4HE 7‘§}"§JXH e 2 AR
A 9o - HE € WA
= Al-Si-Mg /SiICiA73s 23xg
compocasting 0. 2 A &3} 1L, %ﬂ%}%fﬂ 3 zA
7 2 AAANEE Y3k, SICYAZ3 =3
59 AAEAHE, 247 EAE 4 71AE BAS

ZAb, AESIHE L
2. Algdgby

2.1 AJEX|E}

7| R4

Al-6.5wt%3Si-1. 7wt % Mg &2,
A3 e o-SICHAE Agste SiCYA743 &

AANBE AxReH, AZFAA L AxEALS
Arde 7)1&39th 1 & F2H ABE sl
% 25ton®] FUYESHARE o] &8s A &
ZZ7(¥EL5 823K, ¢¢=n) 25 gE&En .

2mm /min, ©ho]z}:27°)o) A B A H (g4 : 6mm)

oz ¢E3F, TeAH (773K x 2hr »FY—
453K x 12hr 3Y)E A3l 45 Al & AlHL
2 ARG T B A AMgS 7RSS 2
A 2 SiICYAe] BAXTE Table 1 2 Table 2
o Yepiict.

2.2 OIMI=Z, 71418 ME & mhehod B
- HAIERZAS 0.5%HF s&Ao 3 HAAA 3
gn gz AsIA L, HE e 3 15kgd)ol
4} Rockwell hardness tester(B scale)& ol&
gt A, FAEL Instrons ©]-831o
AFe. 373K, 473K, 573K 92 673Kl A 33},

ol cross head speed: 0.4mm /mino] o1,
QAAEY AL BPF A7 4.0mm, E7

A9 20mmE 7HEsAT. £3 AFANEE AH

(68)

,

Table 1. Chemical composition of the matrix

alloy (wt%)

Nominal composition| Si | Mg | Fe Mn Cr | Al
Al-7wt%Si-2wt%Mg| 6.51 |1.70 {0.15 [0.13 {0.10 | Bal.
Table 2. Properties of SiC particle”

Particle size(um) 20-30

Density{(g /cm?) : 3.2

Tensile strength(Gpa) 3

Hardness(Hv) 2500

Melting point(K) 2773

Thermal exp. coeff.(1/%¢C) 4.2x107°

Thermal conductivity 0.2

(Cal /cm - sec « )
Specific heat(cal /g - C) 0.16
Crystal structure a-type

3.1 SiICRIAIZE SEize| =X
Photo 12 rheo-compocasting®. 2 FZX3}
SiICYAA3H5 vol%) 5 FA & 2 '7-*—5011 u}
€ 9AZzAS Yeid Aoy, (a)= slurryol] ¢
AE H7psta AL (1073K) 3 & 2YAIZ] A
2olH, (b)= A&33 & 53l FYstd I
Azl Afoltt, 2ol Af(a)= SICYPAE &
st AHY Atojddl HMHE HHZ SASH, F
B A-(b)w A7 Hlnd FAdstA E4HH
o] oy, <ol 71E 2 YA} cluster® #HE
HATHARAANA dEE 7132 AR} clusterg
GERATH. A e Asoles AAHEel ZUEHA
FAstER SiICAAE AL-YFaAHL] o|Fd
oF HFE SuFAOZ pushingdF 1, FY<
Aol Z2ARHEY ARl waEislo] SiCHAL
pushing®] 2| o}r 433t FAMVIEE Ve
1 AzrE o, wela] rheo-compocastingol] 28}t
o YA HAANEE AXE o, dAEALL
7R =& e AT A FIE B g
HAte] FAEAS 47 M= &
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Photo 1. Optical micrographs of the rheo-
compocast SiCp /Al alloy composite
reinforced with 5 vol% of SiCp:

(a) slow cooling and (b) rapid coo-
ling
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Photo 2% rheo-compocasting®.2 H3
3t &, Q7rEsk SiCY A3t »3Qge 2
MzA-E el Ao, (a), (b), () & (d)=
Zy7F 5 10, 20 2 30 vol%9] SiCYAE Hrish
ASoltt, 7z}l TARC] SICUAES vl
 FA3A BAaE o] o, 713 2 A clus-
ter= 729 AR ol AHZ EEANEE
Az3 2 Ut = AAAE EdNEE §4
Fe 9—011*1 27V EXNTIE VIAEEY &
AE4E8) oJste] fElo] AEU R EAEHE
712 2 4z} clusterAlol 2 A8 B0 714 713
2 ]z} clustery AE3] Al A=Y, F2A1Y ¢
AHEA AFol FEF=
guisitt, WA AAG7FEFAE YAEC] FE
3 Bakg A4 2RMEE 47 HaiMe F
Z38t wo] QJapRAto] wlg F Qi AlsdEn.
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Photo 3& Photo 2014 ZFARS 93l A}
g3 A|He Avd 2ZS veld Aold, (a),
(b), (c) 2 (d)& 7z} 5, 10, 20 £ 30 vol% 2
SiC A2 A7H8E Agolt} 5 10 2 20 vol%d
SiC A= Frgt A9-o & particle free zone©]
ARE o, 30 vol%e dAE A7 45l
= particle free zone® TAEX gom, YA
M 7}eko] 5 vol%ol Al 20 vol%=. Z7)3to)| weh
particle free zoneJ & ¢F 380umol| 4] 133m

Z a3ty oA i}?‘ﬂi AzA YR}
o] FIIETE ?JZ}%’&"JO] *53AIBE ¢

o3t} ES A EAER 4w FHolA e
A 2AL ko 2 WL o] glovt YR}
HA7leo) FUIELE 73|23 2 Lﬁéﬁ@—‘-’— 2}
o, 30 vol%e] SiICYAE Hriet FA9+ Wy
9= ¢Fx, F9H(Photo 2)9 3-%9 Tr*}@’:%
BalZz1 gl ol& H7HE SiICYAEC] 7R+
20] AAYAES T (pinning) VXA 71AF49]
AQH3 S e sty] wiol AlRE.

ol ARt olEted FEANBEE 3T A
AME ZAFYAE AYolTL HEEr] Ast
2R3 ZAxE JhHob ) 53 FEATY
creepZ ol TS YalM= JAIAR = A
Aol ARFR, AR HIEo] FUVESFE
ghzl sl wEbd QRAAR e YRS S 3A

29 NAH A JdFE wxe FT AR

m 2 Preston'” 2 Gensamer'Ve E3FAEU
o] A7FAg Y #B3F o]EA S AIIUT. &

AP E the7 2 Gensamerd <
AAZHAZE AdsHR

A=2 Dp(1—Vp) /3 Vp

714, Ae YAAR, Dpe 4R AF,
Vpe A AFEES 27 veplie, dAe
AR o] AATFE, NFEgo] FIEFE JA
MR = 24T Fig. 12 2 A4 Axg
SiCRIA7e BEgARlA QA9 A = A%
AR Friel e Wske vebd Zog, A
ol A=A (Y& A FTGH)E vlagd Aol
o gz H@rpgo]l Frhgel wet AAAY
sy, ALY AZX)9] Rpolm A
o, 30 vol%2 A7 Beele At A
2x)7} 7] dAsAr) ozl ¢kel ZAw
(Photo 3)oA] ArHE ulse} o] ¢ixte] Hrbsk
o] Ao ALoE & sl NAFHO] YE
nigko @ Wi go), FodA SiCYAte] WE

o] -&-31]
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Photo 3. Optlcal rmcrographs of the longitudinal section of the extruded SiCn /Al-S.-MVig
alloy composites after hot extrusion:

(a) composite reinforced with 5 vol% SiCp,

(b) composite reinforced with 10 vol% SiCp,

(c) composite reinforced with 20 vol% SiCp, (d) composite reinforced with 30 vol% SiCp.
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Fig. 1. The effect of SiC particle content on

the mean inter particle spacing of the
composites.
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Fig. 2. The effect of SiC particle content on
the hardness of the composites after
Ts treatment.
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Rheo-compocasting & A3ttE o o8t A|x3 Al-Si-Mg /SiC Y733 E3tage) 23 2 7143 B4

—olgF, TEH

Bhd Aot} AAH VR0 SUEFE A
A FAHUeH, 30 vol%e] YAE A S0l
= Hre 58% 7|A5<0l vt Hrs 83743 7
=71 FEEHAY. ole JAESEY Axst &
SiCYALe}l H7VE F7hol W& ZAslads) 53
AE AFA 71N 2453 SICYAe] A 4
Ztololl oidt 7| F&Ue] A LA we 7
a2 AZtEY, FArFrtel e unlrid o)
ggol ZA Zidct

Fig. 32 Tex 2l 37| x5 2 30 volZ%e] SiC
YAHE H7lgh BEAlE e xSl E}-:?:- %i’é
HEES4E YeERd ez, (a)e
o ZA%old, (b)e BgAs9 73%01
71X E49] H$-E Ampd ZE &3
3L AY-SHd v F A
BEE JEY, %9 F7lo] w
ao 2A%3 My &L /e B3 673K
ANXE BA7tA] S 022 AMAYs] 7Has)
fod, MyE&e FA3] Sristich 2y &
RS 498 d¥rd, F2oA 473K A=
H-SHoA vtE AL, 573Kl A= ol
A2 AAHEE S & F gad oy, daA T
Aol Aeel wasgrh. 1@ 673KoME
HY &o) 433 Frkstd, 71AF49) 7399 v
__6}95104 e, §¥¢E 7Ag&A= o
27 A3 o8 $ AEL V1A
F&Ujd &A1 6%: SICY A7} 573K 7kA)+= 7]

:’--%‘—94 Zatol A3e 714 E fom 673K
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Fig. 3. Tensile stress-strain curves of the
matrix alloy and composite reinforced
with 30 vol% SiCp tested at various
temperature after Te treatment :(a)
matrix elloy, (b) composite reinforced

with 30 vol% Sicp.
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)7F 7] 1:’-5‘—(12kg /mm?)el] ¥]3te] ¢F 83%
e F45Q3, 473KNAM 9] 71AEFE FEe}
Bl%:—ék‘if‘n B3 g e JyEdol 100K Ax s
" 23E veilth a8y 673Kl A= g9

74-9F o] 7| & v|ste ol AR F
7V8kA] ekttt 9] 7 9ol SiCYAHTable
2)7F vjnd Z7] djie] YR dEY Y=
93, JAFH) micro voide] A 2 o9
gHalol 23k FE e AW wjFo] YAREEI 9
g Zsta izt At o], Arrt F71ekA] ke
U, %71 As3hd, ZIXaS5Ud S48 SiC
Jztel Ata (273w, WEAR) 7 F2e A -
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Fig. 4. The effect of SiC particle content on
the ultimate tensile strength of the
composites tested at various tempera-
ture after Te treatment.
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Fig. 5+ Tex2] 3 SiCHAZ3} &

2 Hrhg 2 xR wE FERE H3E
UeRd Fojth, Al RE XA AR 7}k
W& FEFE HsbE TS I E(Fig. 4)9
59 HlE o, e Aede dFRE
¢t 28] JAE o] SUIs wet 38 PET}
okt Attt 18 2EFUte) wE dEF

o] 24 Q4P AoRTE AT,

AAEete] zpolm ofF F7] wEo] SiCYA=
gEH 7] Ao 7AFES A AE ¢
T At

Fig. 62 Tex 83t SiCYA7F3 BdAgel ¢
2 FAUH 2 sl mE dils HIilsE u
Ebd Aot} JRHIVFo] Frte s AAlES
Ao, olys AL 573K7HR] Aol b
<3l ct. 2y 673K = YA A7

gAEe]

Fig. 5. The effect of SiC particle content on
the vield strength of the composites
tested at various temperature after Te
treatment,

)
N N (A (A
o 0N o wn
|} || | | . )

Elongation ( X
o

-t
o
¥

0 0 5 10

15 20 25 30
SiC particle content (vol%x) )

Fig. 6. The effect of SiC particle content on
the elongation of the composites tes-

ted at wvarious temperature after Ts
treatment,

BAglel Aage] FH3 PHAL. A&
9 A SICYRATE BS, FeAME ANAFE



—342— Rheo-compocasting %

7Ht2o) oate] A&E Al-Si-Mg /SiC QYA Barge 24 ¢ 7)A3

=4 -ol9F, FFE
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2 799 AL WIE A7, Photo 394
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Photo 4. SEM mucrographs of fracture

at various temperature :
(a) room temperature,

(b) 473 K,
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(a) room teinperature, {(b) 473 K,

7F ddE o] oy, FHAIAH S vebdth
(ARl A A= SICYARME velint)), o] A
2 SiICYAe] FHod 2 AR A7 v}
o} o) JAXRA EAstE FF Siol o]
A= JdA7F IS AT 7= QRE
A dFAsFS FEsE A dujslng, F
Wk Jabe 7)1 AFEH) AR 93 A ¢ e
ol F 3l Rl ofue} AT AH HIAE
o] Zxol| FFE vHA, 573K7HA ] A
A@e F2 g oFe] xejEs &
At It 673K A= AldeA b9} 7]
%9 debonding®l 213k 4212 pull-outdA¢
U Qon, stdd s AR A
. WebA] o]z xe] EdAREade Q)AL
A 54319 AP W o)dte] Fg Aulg

N 0o XN Al

58 673K QHAANRS addF, Photo 5
(d) ot & ¥4 davls vepd Aot
g2 Zhd dimpled Weh)H, dimple®] =
712 fdAkel A7 7o) wiszstar, 7b dimpled)

-

R
racture

(75)

<- _m e : ] o ]
sur faces of the composite remnforced

1L tested at various temprature :

(¢) : 573 K, and (d) : 673 K.

A= v Ag PR BEH A, o]z g dimple
o SiCUAEHe mirrow imagel®7t dAld
Aolg}ar AZEL), wetA] o] 2xoA = SiCY
2te] 243 debondingd A= AT F UL
M, olg]dt UYAte AR ERA AZ-E st Fot
3, &) voidzEA] F&& st AR
S Aoty AZEch 183 o] dimple 7]
2| &4 (Photo- 4(d) &) 7%= ¥d], B2 plas-
tic flows YN R, SiICUAM} 71xF42 4
338 AgS dxte} debonding®iol e, 71AES
& AAHIAAGE A & 5 doH Pl
AF(Fig.3)8 EgAge $H-H¥ & FHo 2
IHE73K)E HALAE < Qo)

Photo 72 SiCY=Fe} 712 F&HA 0o H7
T2 zAbsH] 98k, Photo 5(d)e] shebdo
A FEdie BEXAHE A A0 EA, (a),
(b) 2 (¢c)& z+z} Al Si, Mg imageE el
Zolth, SiE F2 SICYA FYol HAFH Q)
T, Mgt <kgre] HA2 EA3pAIN, vl d o
QA 7IAFEW X FHo Uk SiCYA}
Z29 SiE FEdA2E FHUME Sid 98l SiC
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A2k9} Algerate] whgo] Ao 22 A
Siz F=H 218 o] Siz} ARk} 7R FEA)e]
of A5t SiCe A}l 71 2L7re] AW ATt o
F29 WAL Sgsntn Y8 2
23 B AFoA A5k HYo A= Mgrt A
o} 7IRFELY BHE ST/ PS4

Photo. 7. X-ray images of fracture surfaces of
the composite reinforced with 30
vol% SiCp tested at 673 K :

(a) Al image, (b) Si image,

(c) Mg image
Photo 6. SEM micrographs of fracture sur-
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