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Preparation of high volume fraction SiG,/ Al composites by
vacuunr adjustable pressure infiltration process
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Abstract: The high volume fraction SiC,/ Al composites were fabricated by vacuum-adjustable pressure infiltration
process. The results show that infiltration and solidification are effectively promoted by vacuum-adjustable pressure
infiltration process, which also avoids the gas and the inclusion binds. The preform of a single minimum SiC particle
with size of 17 Bm and volume fractions of 58% is successful infiltrated under pressure of 0. 6 MPa, holding time of
15 min and temperature of 1 073 K. In the meantime, SiC, particles with size of 32 Hm and volume fraction of 60%
are obtained. Furthermore, the single SiC particles with size of 10 Bm and volume fractions of 56% was successful
infiltrated for 15 min under condition of 1 073 K and 0.4 0.6 MPa. The analyses results by OM, SEM, XRD indi
cate that SiC particles are uniformly distributed in the aluminum matrix without casting defects, such as bubble,
shrinkage, inclusion, and the brittle AlsCs phase is not found in the interfacial region.
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1.1 ##

WORAA N SR o Y SiC kL ( B A RS A F A
77, SERPRIARAY B 10 L 17 .21 F1 32 Um, 4iE K
T 97% ; SiC R FHAE A 34T S il B <R |
SRAEAL T AL 3 T2, 56 FH Z8 /KIS U Sic Bk
J&, KERURIAE 500 CHFERYE 1 h, 900 CHI{RiE 3 h.

k& B KM ZL106 &4, HE& 48 A:
7.0%~ 8.5%Si, 1.0% ~ 2.0% Cu, 0.2% ~ 0. 6%
Mg, 0.2%~ 0.6%Mn, Al A&,
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BRI SR R B w%, Hsdl
ARG RIS H A E B 6l e o i 55
T 2585 T, ] SEIL L7 sl B2 1 4 7
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B ML, ROKFRIHIE ) 1 MPa, & & i 5
1000 C. sLE3E WK 1 s .

AARFEIEE ) BRI /N TR 1 kPal s,
JEJJATPAAE O~ 1.0 MPa WAL ™Y, 783H . K
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PR, RBIEER B SREE RS, mEREN
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®— Control valve

®— Pneumatic film switch valve
& — Vacuum pump

B — Gas storage facilities

1 HEEIRERERER
Fig. 1 Schematic diagram of

vacuum-pressure infiltration apparatus
1,8 —Pressure meter; 2, 10 —Relief valve ( safety valve);
3 —Upper kettle; 4 —Furnace; 5 —Moving clapboard;
6 —Graphite crucible; 7 —Metal melting; 9 —Down kettle;

11. 13 —Pressure sensor: 12 —Preform: 14 —T hermocounle
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ST ERERLAR 4> 54 10 L 17 . 21 A1 32 Bm [£] SiC, £
VAT TR L I SHRB S8, SR Rk
L. & 1 AEH, 1 0.3 MPa 548 T,
32 Bm [ SiC, ZfLMASEAEIE, 1017 F121 Bm [
SiC, Z LN RARERE; K14 0.4 MPa I,
E4¥RE T 21 Um 1 SiC, ZfL4A; K4 0. 5MPa
If, 21 Bm 1) SiC, ZfLAK5E 2215, K J1iEH] 0. 6
MPa I, 17 Bm 1] SiC, ZfL4AH/rR¥E, {H 10 Hm
(1) SiC, ZfLIEHA GRS .

R 1 RFRAR SIC, 7E1H I 25 AR BE N
ARIFE S F 555 5

Table 1 Infiltration results of SiC, with

different diameters under different pressures at

constant vacuum and temperature

Infiltration 32 U 21 tm 17 m 10 Um
pressure/ M Pa
0.3 Infiltration = = —
D 14
0.4 Infiltration . l,artld.l - -
infiltration
0.5 Infiltration Infiltration = =
D 14
0.6 Infiltration Infiltration . l,artld,l -
infiltration

SiC, HEFUA IS ML) 2 FLA i, SCHR[ 16] AT
LR H,  ASHE R HE AR 1 2 FLAR SE R FLBR A% r
ki 245 R FEA4E R AR &R

__2e
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XA r BB AUERERALBE AR KD € 0 BORL HE
A FLASLEER, MDY HESRARBURL AR 75 R A
UKL A2 K

HERRFR RN TR U ks HERS A4, L
e B E A EAR I HES 5 R FLBR R 23 531 05 25. 96%

r=

M 47.6%, HIaHES) T LB AT 25. 96% ~
47.6% 2 1) . A1), Sic, kN 10.17 .21
F1 32 B (1 2 FLAA L R (0 25 28 FLAR Al BAE 43 9 A
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BN D), EHMEH ) Fo H Young Laplace J5
FEff e -
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WA .
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Table 2 Infiltration results of SiC, with

different diameters under different pulsed

pressures at constant vacuum and temperature

Infilirabion 32 m 21 Um 17 Um 10 Um

pressure/ M Pa

0.370.5

Infiltration Infiltration Infiltration —

. . . . . . Partial
Infiliration Infiltration Infiltration . . .
infiltration

0.470.6

FEGE I B 28 s 1R B W DL & e s 1
YERTE, » ik 844 B 00 4 F i ik N 3 2 L4k
). SRR B IE L K TFEMEM S, RS F
17 2, WIANRERE . MK 2 BISLI0 45 1A 0. 4~
0.6 MPa JEE N IAZ S, BB AR 10 Bm
SiC, MIZ FLAAR N . &P XX A, AT A —J7 i,
TESEBREB R T, BT 0RRL AR S AN [R] X 35k 1) i
R EAA— R ES, BRI BRIEA—FE . 468
BRAEX BRI M7, r K, Fo 35K, &8s 2
PSS e Pl 28 N A K I AL, LV I B A
0 B) B /N (Rt g, S TR M K, 7 A A T 2R
PIRFLBRER e, &g it — i, JrnlseBlit
—B T, RN, RiE N

HMe o VR HT I A bR DUARSE S 8 77 2K A
b, BB R Y B S A AR B A 1 AR A
TRMEREFT A, (R4 5 ) UK =X s 0 07 X dk AT 4
FER, AR B SE R AE T W kR, AT R TR
IBhaF, PR SRR /INUAL AL I 2R TH 9K ) 45 FH
g, FLBRAERIE AR A, B R w3
AR RIS

H—J7 1, FERFELIE e R IERT, A4
PR T AR AR, AR 2 30Kk T2 B 7 1] (R
BIE D), BB R A MR AR SiC, BRI b, T AE
0.4~ 0.6 MPa JG[H NI R, TR K I
R, &R T SR e R, &R
142 J&8 WUAEAN [F) 7 T A7 A6 Hs 5 T 4 /0N R BIORE £ 3
FRAAE FAFAEIEMRLN, SiC, /N, kL2 8] i 45
MR N ™ B, AR B 2 1T SiC, 2B
FE 27 Ve - HES R 203, A 4 R s ) 4 T e
MU AT 355 N A AR HURE (8] FE il A2 /MRS AR BR 1)
Xk X R R AW HEAT, S B R E
BN, BT RS .

2.2 SEEMRNERRIBEM D
R s FEARER B 4 S SiC RORL I 25 JE v 5. SiC i
Fip AR 4 25, Horh, SiC B0k 89 % B2 B 3. 18
g/ em®, ZL106 A4 1% EH 2. 69 ¢/ cm’, il £ [
SiC,/ Al BE MR EARR 73 B an 3k 3 sl .
F3 HFENRS SIC/ AL A A
e SiC, UL AR 73 %L
Table 3 Density of SiC,/ Al composites and

volume fraction of SiC,

Pressure/  Particle diameter/  Density/ volume fraction
MPa Hm (g* em™?) of SiCy/ %
32 2.985 60. 20
5 21 2.981 59.39
( constant)
17 2.973 57.76
0.4-0.6 17 2.978 58.78
S e 10 2. 966 56.33

BB SRR ) 4 S B MR 14
PERHER, T RAA RAF R iR A&, R
TAREIGYERIFEN S, FHAH B K2
BRI HR, HIRH SiC/ Al EA MR B R
(2%, BUEE R, SiC, WA AR EYE & .

FA R RS B AR B I L s
SiCy/ Al B ARG 2% BB T 00 2 23 1
2 13 o Mo, SiC ok 2GR A, B A R A



55 16 55 9 ) TR, 45 FAARIR ) BRGBIA T AR B SICy/ AL SR + 1555 ¢

M, K2 Bk SiC/ Al E& B 0. 6 MPa
RN TRBEINER R . B 3 iRk SiC/ Al B4
FPEHE 0. 4~ 0.6 M Pa Jikih AR R 414 FRIBHIDE
B, Hob, B 2(a) « (b) AT 3(a) PRI LU
th, SiC./ Al BEEMELN AL EERS), H SiC M
b 2 AIRENL AT . SR 21,106 &4 7E 0.4~ 0.6
M Pa kXA e T ¥ 38 21 LA K 1 B0 ] B 2
B EU BRI LSS, .
MAERE 2(c) F1 3(b) 11, B TREBATESE, fFAAEHE
[ FLI Je e R S w5 i e b, HRRIX 3k Sic Fok 43
RS A0 .

e =%

B

2 0.6 MPa kI T SiC,/ Al E &R B GBIIE Fr
Fig. 2 Optical micrographs of SiC,/ Al

composites under pressure of 0. 6 M Pa
(a) =32 Hm; (b) —21 Hm; (c¢) —17 Hm

LEFIR AR RS 0. 4~ 0.6 MPa ki & 11 4%
R SiCo/ Al EAM B SIS L an i 4 Fios . i

3 0.4~ 0.6 MPa Jiki [ 3 441 F
SiCy/ Al A FHRHRDEBE
Fig. 3 Optical micrographs of SiC,/ Al composites
under pulsed pressure of 0.4~ 0.6 MPa
(a) —17 Bm; (b) —10 Pm
Bl 4 Al W, 1E SiC,/ Al EAFE A, Sic Bk 5
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R 3 nl RO ok B4R 32 Bm 1 SiC, 14
o Hum R, 21 Bm MRZ . A 2(a) F(b) 1]
B, BUREHESI AT 5, AL T A 3 kB
B> X EERB T EAREE AR BN,
BEEETR Sy  WRLEARA 17 Bm 1 SiC 1 TR0k [H]
BAEAE R 0 [B] BN T RTREIR B i /NLAR, A
REREN, TERCT U1 2( ¢) s ()20 & J) i 2 Vel 45 6t
B . TOMOKI ELA2 20 10 Bm (9 SiC, AR HiR/ - X
FEOE R T REAE SiC, ORI R /S, BURE [H]
P ST ARG I, G RR ThAR HG OKH B  R RORE [F)
AR DA RH 3, ZERIBERIRS T, SiC,
TOUI R sl S M 49 3 [RIRE O E0R B2, BURURE ELAR Y
S, A3 E AR SiC AR )

SiCp/ Al AR X S ZeATT i 70 #ir &5 Rt [
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SiCp/ Al E A M A SEM 4
Fig.4 SEM images of SiC,/ Al interface

under pulsed pressure of 0.4~ 0.6 MPa
(a) =32 Hm; (b) —17 Hm; (c¢) —10 Hm
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(b)
. «— Al
. « —6H a-SiC
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260/(°)

Bl5 SiCo/ Al GBI X 5 L it i
Fig. 5 XRD patterns of SiC,/ Al composites
(a) —32 Bm; (b) —10 Hm
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SiC, K Hh 56% K SiCy/ Al A MEL .

3) GJEMAEES R A RBR, &
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