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Evolution of silicon phase configuration and
Si-Al interface of Si,/Al composites
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Abstract: The evolution of silicon phase configuration and Si-Al interface in Siy/Al composites (¢(Si)=65%) fabricated
by squeeze casting technology during high temperature heat-treatment were investigated. The microstructure was
observed by optical microscopy, transmission electron microscopy and high resolution electron microscopy. The results
show that the silicon phase configuration becomes round, annular and reticular. The configuration evolution is based on
the diffusion of silicon atoms, and the process is comprised of three parts as follows: the irregular corners and edges of
silicon particles are dissolved, the silicon atoms dissolved from smaller particles diffuse to larger particles, because of the
concentration gradient exists between them, and the larger particles grow up, then the grown particles connect with each
other, and form network configuration silicon. The Si-Al interface of composites is straight and free from interfacial
reaction products, lots of dislocations are found. But after the heat treatment, the interface becomes smooth and
dislocations disappear. Around the interfaces, fine silicon phases precipitate.
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Table 1 Nominal chemical composition of 4023Al alloy
(mass fraction, %)

Si Cu Mg Fe Ni Al
11.99 0.5-1.3 0.8-1.3 1.0 0.5—1.3 Bal.
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Table 2 Heat-treatment processes of as-cast Si,/Al composite

Process No. Heat-treatment condition
1 600 C,1.5h
600 ‘C,2h
600 C,2.5h

2
3
4 600 C,3h
5
6

700 ‘C,0.5h
800 C,0.5h

fufE Gattan—600 25 F iyl LA, Wl
JE 5kV, HIRE 1 mA.

2 HEREHE

21 EEMBHRERAERAET

BRI TE 1. 20 3 fil 4 kRS AR
IR 2

XPLCA BT 1 A T S B AR I Bl T ks
1(a). (@) P HEAHFEACREFAS KU R BOREAR A 43
WORLIRIAR T O, B “Blitk” Bl B 1(b). (b))
HRERIURL IR 32 £ LTS8 Ak, A7 38 23 JIORE T 4d AH B
Bedlis B 1(c)s ()5S E 1(d)s (@) LF I e Rk
H O EERE,, A M S IR, JF S
G IR R TR e 2 . T DL, AE AR [ A 3 5
(600 C)Y, BHAE LIRS AIEI3E I, SRR ASHL )
WORLAR I EAR W HLAH RS, f5 o T R A PR £ 44
[RIREA o

TG AL-Si AP A SR S AR TS, i
577 °C, RS AN 12.2%Si. L Si 7E Al
LA, BEEWRBE N, Si7E Al HrfE g
FEZ s, et FIAR RS, o 1.56%; &
FEFRREE S, Al 76 Si PH)LTFARE . ik, &l
PALPEIN, Si/Al SEM R AR TE S ) AL 1 B A
JE REAEAHIZ VA BB, IR RO AN R RO
ARG ARG, , 5o T RO 20k IR REAH -

H4: Gibbs-Thomas & FEU, %5 T —ANGEMS T A
WL AR RS, AR RSN, Hoh A
JRFPE S AR St Re 2, A A AR, A
S, 5 AT A A T PR T i R S
o HH AL Si IR AR A R 58, R
JOSFROREAT R L, Si 76 AL PR SR s ImAERER
ST RORERT R L, Si A6 AL FP R EE R A,
TEMRFERR R IVE TR, A8/ R REAR JEL TR AT S 1)
R RO AR B O R m by th, A58
BN, e BN GG W i, H AR R4
T, AR IIREARAR T4k, 164, TR ROIR Z5H o
TEER AL BRI, S AR 4L Siy Al BA MR AR
JES AR SRR T 400 3 AP B BB B, AR
TEARKERORL (1) f b BB s i B R A b, R AEORE
MBI 56 B, B/ IMEERIURL J] PR % M fid
A IR B BEE RN, i i 0 i
BCORRERURL T IO S = B, KRR
Wiz W E A, B4, TERa gty . B4R 1)



519 558 3 W) TN, G SiyAl SRR ) FUTAHAR TE S A 479

s T AR R AN UL ] R 2 37 1 8 I 45 K] Bl 2 B AR GBI 2 s DA T 2
I, L RHIERREZ, AL PR ) ST REAS AR TS . 18] 2(a) BT s b BT

Bl AFRMEHT Z)E SiyAl ARG B S CRE )
Fig.1 Microstructures of Si,/Al composites unpolished after different heat treatments: (a), (a’) Process 1; (b), (b") Process 2; (c), (c')
Process 3; (d), (d') Process 4
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Fig.2 Morphological evolution of Si phase in Siy/Al composites: 4, B, C, D—Dissolving silicon particles; E, F, G, H, I—
Connecting silicon phases
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Fig.3 TEM micrographs of interfaces in Si/Al composites
before(a) and after(b) heat-treatment
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Fig.4 HREM micrographs of interfaces in Si/Al composites:
(a) Before heat treatment; (b) After heat treatment
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Fig.5 TEM micrographs of precipitation after heat-treatment

in Si /Al composites
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