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Fabrication and evaluation of Albased hybrid composites
reinforced with SiC whiskers and SiC nanoparticles

ZHANG Xuenan, GENG Lin, ZHENG Zhen-zhu, WANG Gursong
( School of Materials Science and Engineering,

Harbin Institute of Technology, Harbin 150001, China)

Abstract: Hybrid performs with a controllable volume fraction of SiC w hiskers and nanoscale SiC particles w ere made by
wet blending. M anufacturing process of Al matrix hybrid composites reinforced with whiskers and nanoparticles by squeeze
casting route were studied. SEM and TEM observation results show that the reinforcements distribute homogenously in
the matrix, and the interfacial bonding between matrix and reinforcement is well. Compared with the matrix alloy, tensile
strength and elastic modulus of the hybrid composites increase obviously, while the elongation decreases. When the volume

fraction of SiC whiskers is a constant, tensile strength of the hybrid composites increases with the increasing content of

SiC particles.
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Table 1 Geometrical parameters and properties

of SiC whisker and SiC particle

Thermal
. Length/ Diameter/ Density/  Melting expansion
M aterial 3 . -
Hm Hm (g*em™°) point/ C coefficience/
10 °cC!
SiC,, 10~ 28 0.3~0.6 3.19 2 316 5.0
SiC, 0. 035 3.21 2 700 4.0

K 5 1 VA0 AH [R) ) e 8 1 2451 F il &%
H d 56 mm x 50 mm ] SiC §: 205 40K SiC Pk Vi
FIGRIT 2024A1 HEMRL . A T WS A8 K ORI
TENEEMEMERERE M, K SiC &R AR TR
R 20%, A1K SiCORURL AR B 4 B4 A
2%, 5% 7% .

A H AL S-570 4348 W 7 8 S8 X SR 46 2

RIORL LA K RO SR BEAT W EE,  FFAEFT i FL AT Philips
CM-12 iF 5 L BE T W8 R 7% 1 9 52 & AR OW 40
REER) , IR P GEAE Instron Series 5569 4%}
RIHL EREATIE, FHH 5T AR AR

2 HiR5Hite

2.1 RRHG IR AR

N 58 3 T 5 BOR, ARSI IRER T A
L5 29 K i e UL T 2% 18 5 Lo R pl 2 9 1) o % 7
V5 N TR RO R R B SRR, AR AR
A TP, A4 7 A IR 4557 BEHL
b2 AR ARAIE TR SR A RS 2R A . VR 2% 8 o A 1) T o
Perb el AR ZBT 5 O 2 EEBCK, BT AT BR A AR
RIVERSUT,  ELS IR A7 AE AT R T RURE (1 73 1. 7E TR
AT R B F LR, A SRR BLE S
FIURE 253759 7 A 0 T o A S 36 30 3o 306 Y3 4 A L
VAN G, A6 23 B (08 RURE AR X HE 25 4 B
A RRENE, BaE T AR KE R, JFR

TENUBRR A (R LA E %0 DA 22 ) A AR 8 7 3 4 3 LA
TSR 18 5 A 2 Ta) PR T 2R, (e 490 DK RIURE 7E i 250 1Y
W5 oy A o PRz B e 2 JE 7% R s PR AR, JIF
LT R T 4R T

B 1R 2 Bror 435l SiCo 2RI 40K Sic 5
LRGeS AR B I . vl L, SRR DG
1M H T . 92K SiC Bibi 1 T R & fkb 2, 7%
FRHCIRERBROIR . B 3 BT oA a0 5 0k TR 2% Tt i Bk

Bl1 SiC MAUR TS SEM £
Fig.1 SEM image of SiC whisker

K2 SiC JokiJRIG I E SEM 4

Fig.2 SEM image of SiC nanoparticle

B3 R SR T HI B SEM R
Fig.3 SEM image of hybrid perform
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PR BB . KFB 4 90K SiC BURLAL I 7 SiC
AR, 070 UKL SR AE — i . BT LB AR R i
PRI O B AR, (B R TG oK R 40 /) DA K 44K
RIURE 55 W AJOK G AR 2R ST 22 57 0 SR D, Al b e 9%
o7 R RURE [ 2R AN i SR DL

2.2 FEHETESEMER
2.2.1 WHEESHERE

o SR s B AR L (1) P ARG B2 (£ ) AR T4
B A, MESSNRTRE( . MiZERS
SWHEZ LA — MRS A, PLRIERSH
B ETBRBANIHIPR A K AEREE . iz i
ME, tp tw BEBESERES T, (HEEE
SUR=N| ESS7EE 1) SHTY AL RSy NN 1 1T Ny 1D R s
RS SIS, TR A AR, WA A REIR
TFHiyB N B i B b 25 . H A0 B s 4 v %
SiC/Al BEMEHEE TES BN R KK
JRAL T AR S G ) A R 2k 3% A A b R
##E ¢, 7F 500~ 520 C, 1, {E 750~ 800 CH'H. .
2.2.2 IGFBAER

XF I s N R ok, HAR B 1 1 5 A4 1 B
KRS AR AR H LA KA & 4 i B S Mo .
BB G S SEAEANEE, TR —REANES
FHREAT DU (1) SR MBS A HOIG s A ! > 1)

pe=4®%Y/[di(1- #)] (1)
X SRR, Y ABRS SRR
TS A SCHL 0. 8 J/m?), dp Uk B8 5 20 1 F 2
BT

T AL s A H s B 2%, At &, &
WA R SRARER N SiC 2, W p. 7E 1. 8~ 2.4 MPa;
FrHE R AR Ky SiC BURL, W p. £E 25~ 32 MPa. ff
DA TR 20 s SRR U, BT 9K RUR: RT
SOENRANTIEIR YT ] SR 2 N TR A N
BEFBANTHEIEMFE T . #ie FRA R E A
BRI IE S8 N R SR 5 T 8 — S G SR 1) 2 A
B

S 5 REH, SRAEE 22 MPa it il LB &
50 mm = E TR . X LB S EAE, HS
GRS MRHRIE FB N R IR AR AN . A
PITTH R — 5, AR e Ak S RS
AL, SEhr bRk AR, AR AE — e R
A0, LhrRIEF B AEBESE T (1) 5 cos 0
(RIS . 53 —TJ71H, T AL L B0 94 K ROk A4 AR
SECUN, HIS 08 MR, WSS &S
ANHIBE S BTRRAN B 2 . 5 4h, Cardinal 2517 % 504K

aALOs B E & ALOs R 2 4 T 2% 1 Bk () [ 48
N2y —INAR M IBF SR, AR N /R TR TR AR
BEBR I R ) 22 TEAT O L5 T 2T 4 28 560 1901 Bk (0 4
L, HL5 5 AR TR AR AR 20 250 10 UKL 8 55 T 1 B 14 32 7%
PUIMZERIK . PTEA, 3T A SCHT il 4 B TR 2% 1
Tk, s 5B AR SRAE 2~ 3 MPa W] LA
BEEMABANTEI . —H R 2R EE A
FORHIALER R, Mo a0k B e ek i, H A
A R B K 49K BB A BE L IE J Bk 2L 1) 1k
AE . HF ISP VE DL R 2 — B B FE3E 2 ) B s At
AR AL EE MR SR, HE R E
i, AR R N R . SER R
SRLE 50~ 60 MPa, W] LLIEBIB4F IR .

2.3 BAMERHI%

K U B L HY A s 1 R — R TN [ 5 1 R
H, PR 500~ 520 CHffRifm . HULRIN, BEE
EHE] 750~ 800 C, M2 JEALIFORIR, Lh%e
T SRS AP AR, 7E BB n s
GIIETER UAS A AN R NG ST Y SRS R i
SREVEFN T B LT s ARSI, [R] s T 2k
A SN S B LR AR . AR SERSR AT 2
PIZIN s T792:, BIPEAN R B 1 54 B R FAS TR ) s
o . 2SR 2 B .
F 2 (SiCy+ SiC,)/2024A1 B &M BB E#43E T 2S5

Table 2 Processing parameters of

squeeze casting process for

fabricating ( SiCy+ SiC,)/2024A1 composite

Infiltration Final Holding
t/ C tm/ C velocity/ pressure/ time/
(mm' s 1) MPa min
500~ 520 750~ 800 2 60 5

2.4 TZHREN

Bl 4 Fr o b VR AR 38 0 5 A M R B R R
F . HEREEME SIC WS SiC BURL I B AL
B5) oy A AR BI, AAEAE SiC 2 R 43
i . T2 AR SRS 9 K Uk AE = 4 7 8] Y
SEREL A AR, A RS R R R A
T 7 B0 AR BURL AT T 4 B B, (RRAERE S
B, RAFAE— R A RIS . NBIES R
ARG, ASCHIE K 50 mm /& 706 B gg
RSB E, E A 05 T B e B AR T LR
i . ZETHIEREHE, SiC MAlE AlWEARE . B
5 AT DU £f BEAIE 52, SiC i i 5 R AR A 4 i AR
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K4 RAMEBEESFEH SEM &

Fig.4 SEM micrograph of (20% SiC,+
5% SiC,)/ Al composite show ing

distribution of reinforcements

2.5 JiEetkRe

(SiCy+ SiC,)/2024A1 B & M kLK) =5 o {1
Ren T3 3. T SiC S 2RIk Sic BRI,
TR ARG 58 B A M4 LB By 0k L SR AAOM L B 2 4R
w1, EBEGNK SiC BURL AR TR 4 50 3 n i A =,
LR AR L AR B 0% oA, ERIAVE TR .

F 3 BRI B A
Table 3 Tensile properties of

composites at room temperature

T ensile Elastic El tion/
ongation,
M aterial strength/  modulus/ %7
MPa GPa 0
2024A1 296 70 17.10
20% SiC,/ Al 452 112 0.83
(20% SiCy+ 2% SiC,)/ Al 464 126 0.72
(20% SiCy+ 5% SiC,)/ Al 470 124 0.85
(20% SiCy+ 7% SiC,)/ Al 612 126 0.80

RZRE SRR I R R A, — J7 2 A2
AT LGRS B H B BV A, O RE g B RO
T3 JT R GUKRBURL KT, AAUE R & AR
TR TEAZ IR 22, [ o R PR A1 225 2 & KL )

K5 RAEERIEEME TEM &
Fig.5 TEM image of (20% SiC,+
5% SiC,)/ Al composite

(a) —Distribution of reinforcements;
(b) —Morphology of Al,Cu precipitates
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