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SIC/AL 5 -G R RS I 2546 F0 ) 27 10k Be 1) 5 w15 SR A
THAE, WHIE A G AR G 4, IRIUEIE B S,
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M, ARG IR AL-Siv Al-Cu K Al-Mg BG4
S RFEAR, HIEE T SICHATRR A HCN 40% AN R EAA G
I SIC/Al BEM KL, KH TEM. SEM 4556 ANl
RIIELE SICY/AL AR B IRFAE A W LB AT
THRSE, IFIRA T HRAHsREE, AT T B G Soxi
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1.1 SEIawt#y

S0 38 FH L7 7 K 275k F S 3RVl ) KD- 1T
RUE LA RE LT YE (1L 2K) M B Ak kA ), LT RES
B 1. TEHMEE 4 ZL102, ZL114A. ZL205A
J ZL301, HAFLICRMH & EWME 2 Pidl.

F 1 KD- [ BACRELT i 1 M REFatn
Table 1 Property index of KD-1I SiC fiber

Monofilament Tensile Elastic Density/
diameter/um  strength/MPa  modulus/GPa  (grem ™)
10-15 23002400 150-190 2.50

1.2 XWAHZE

K A 0 % SiCy AR ECh 40% 1)
SiCe Tl Ak, R RSN &ELSL SiCy/Al
HEME, AR AR RE SR GE

R2 WHEEILERD

Table 2 Chemical composition of aluminum

730 'C, LFYETIHGEIE N 450 C, BB HEA
HHATRrEEIN I, 18 7 MPa, £ 1A] 24 5 min. BT
il 2% 1R R ST 4 d6 mm X 100 mm.

AR SCAEE R ARSI M S )
T SR S S AR T Y, U R e 1 DL
Kl 1. SEMEREEITE A B& 2 )IapLes 4
PRI ZYQ250/400 B A AR IRB A . A AURR
BV I b RER B AT R ) A Tl R R AR
Hah#Eil. BT REE B HARTE R A 53/
F 210 Pa, HfBEIRZ 1000 'C, HAFMIES 10
MPa, EEEL; AN RIS RS BPR, Beh
TRE VT4 100 kPa/s, K S0 {E 0~10 MPa WAL
VAT o B A il S R FH RUHR H A 20 Sl 6o 6 i R b f
HEAT SRR RS, W 2 Ve B AT P hIAE £ 5 C

1.3 MEgENR

h T 55 1R A A o v DR g 4 P o S i
WL, Kt 45 U IR 4L SiCYAL B A AR T ez ik
FEUNE 2 Fros o K FH Instron5568 U E 1~ 5 e hr il &6
PUBEAT R AR PERENA, K Nova NanoSEM450 %17
RS T BABL(SEM)N & A A RHET I TE ST
WMEE, K JEM-2100F 8% 5T R 5 52 G a0 Rk 5t
[E R

2 FERE5HM

2.1 EREEXIEL SiC/Al E S HR m A2

SiC £ 4 XRD W40 3 frow. thEl 3 nl 40, SicC
YRR B A SIC, & C K Si0,, L4
C & T AR IR E 44 1 SIC 2T 4 2 1T A7 76 T T 1 i
Rz TSR] 730 °C, ARG E&I0HE
ARG TR R, 5 SRR £ 4 e A AN R R B [
RN, TR 2R ST 45 .

75 SiC-Al &, RS R b R AR AL )
A/

Aluminum Mass fraction/%
alloy Si Cu Mn Mg Zn Ti Others Al
Z1.102 10.0-13.0 0.3 0.5 0.1 0.1 0.2 - Margin
ZL114A 6.5-7.5 0.1 0.1 0.50-0.65 0.1 0.2 - Margin
Z1.205A 0.05 4.6-53 0.3-0.5 0.05 0.1 0.15-0.35 Cd/V/B Margin
Z1.301 0.3 0.1 0.15 9.8-11.0 0.15 0.15 - Margin
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Fig. 1 Schematic diagram of vacuum pressure impregnation
method: 1—TLift and rotate the plug; 2—Cooling water; 3—
Insulation cover; 4—Heating coil; 5—Preform; 6—Digital
control and display; 7—Crucible lift; 8—Vacuum; 9—Power

supply
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Fig. 2 Schematic diagram of SiC/Al composite tensile

specimens (Unit: mm)
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Fig.3 XRD pattern of SiC fiber
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YN GARRE H A R R i B 4(0) iR R
& ZL114A 5 SiC 214 FHIESN, W LA B E 24
2] 89.8 nm JEMMAINE; Bl 4(c)Iin Nk ZL205A
5 SiC £ 4 St esn, Sz 8 REL) 273.7 nm;
4(d)h ZL301 55 SiC ZF4ERIFETE R T 4% B 8 1) S i
2, HJEREZ) N 286.8 nm, FHIH WA E AR,

T A e R R bR WS s R (1 e AR B
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AAMZ g, SRS R A T BRI
BN, S Z S R I TC P (LB 5). X2 St R
FAE GG E T Sty [FIINAE SiICY/ZL301 ARk 7
1 J2 Rl 7= A T HARAT A I FE S A&, v e
& MgALO;s, X5 425 TR RIF 97 2 AL — 3K

6 FTnANIES: SiC/Al A BRI [ A
TEM 5. 1B 6 AT 401, Al,Cs A A 404 T4 48 SiCy/Al
HAMELIE, MK 6(a) W53 SiCYZL102 Ak
FH E4/NERIRE) ALCs AH, TS ALC;s AHEKZ) 92.1
nm, % 6.4 nm, KA 14.5, ALC;AH b F
SRR HAR R SiIC/ZL114A (ST [FIFE B
Rl G i AR TP A (ILIE 6(b)), AR ALC; AHK
25 612.1 nm. %4y 67.2nm. KBEHh 9.1, H A
Lt SiCyZL102 A MR ALCs AHI TR, il L
RSB0 St AHI S R B R R SS, fE— e b
S A i B B 1) ST T EE AT ALCS AR AE e
7t SiCyZL205A [F 5 E(RLIE 6(c)), BT P i fb it
CRYEZ IR BE BRI, AERRE ALCs ARSI PN 7
In] [ BEAR R ARG, BEZEIRAR, R AR AT 4E 2 18] B il 4
W%, MTF AlCs AHK 2 395.4 nm. 954 141.1 nm.
KFEth 2.8, HBEEE K REYOR, H ALC, HERKZ .
7E SiCy/ZL301 i E(WLE 6(d) ALC;s AHIIKZ)
659.6 nm. %) 54.6 nm. KFELLK 12.1. B 7 iRl
ALC; FRTSAERE o
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Fig. 4 Morphologies of interface layer of different matrix continuous SiCi¢/Al composites: (a) SiIC/ZL102; (b) SiC/ZL114A; (c)

SiC¢/ZL205A; (d) SiCyZL301

71.301 matrix

B 5 %4k SiCyZL301 HA MR A 2 1 TES
Fig. §
SiCyZL301 composite

Morphology of interfacial layer of continuous

22 EIKEEFEL SiIC/Al ESMRIEHRER

A

FI A Instron5568 I E WL 4 Fh & & A RHAAESEAT
T AR, RERRI 3 AN, 45 R
SPRME . IR TR I S A AR P B AR LT A A
) HEA, A ARSI 32 B AT e HEAG 7 1) ol 4 B
ANFFEARIR) SICYAL 2GR BHA A 5 B 0] H (0 ]
8), SiCyZL205A M F-¥JH g 385.1 MPa,
SiC/ZL114A ¥ ~F ¥ F fiff 58 &£ 4 4759 MPa,
SiCyZL102 [FIFY R 5k 615.7 MPa, SiC¢/ZL301
[R5 R AR A 769.3 MPa.

H T T P32 G 4 200 BT (L I 6(a)) T 40,
SiCyZL102 ARk ALCs A1 R fe /s HACR fe b,
SRR S N SRR, K RRAL RELT 4B /N, EF A
R AR R I ERAT , A S p A 5 HAS 2 B
X A E BN S 45 S A, AR R AR o S
BB B EATVER, DAL 4E A 780 K A%
HIsRE]; SiCYZL114A EAFERI Si i £ S
AOI AR ZL102 TR sE/b, B R N SiCyZL102
SamelmmE, RELAmEamEmT
SiCY/ZL102 SAMEHE, (R GRAEELF4E B0 1 43 52
BB VEREA S SICYZL205A EAMEH ) #1
Re A, LA & A KR I POIR ALC A, Bath: 1 ALC,
AR S 6 1F R AE W4 i S0, 3 BUET 4
TR R . I, Cu JGE Y & LA ek
T, 76 S AL T A CuAL AL 9), CuAl, ST
WRAURELT R b, BRI eT ikt s, I
i TR ARG I 4 & o, ™ ERRE S
BHE 2 PERE . SiICYZL301 Ha MRk T m
Mg JCE & H Mg o3 BRAGRE LT 4R AT S0 R
ML 10), fEBACRE SR, Mg JCEE
P e TV B AE ST R T, BHAS SiC 44 SR
I TC Y B, ST R Y, FERYT SIC AR 4RI
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B 6 %4 SiCyAl ZAMAELF I R V)T TEM 14

Fig. 6 TEM images of interfacial reactants of continuous SiC¢/Al composite: (a) SiC¢/ZL102; (b) SiC4/ZL114A; (c) SiC/ZL205A,;

(d) SiCyZL301

Bl7  ALC HIITSHERE
Fig. 7 Diffraction pattern of Al,C; phase
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Fig. 8 Tensile strength of continuous SiC¢/Al composite
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Fig. 9 Interface morphology of SiC¢/ZL205A composite

DA, H Mg Joa s AR FAL, TRk R Fi
SEARIE, ARITAL AT I, SiCYZL301 A+
RFRI R A 5 8 e i, AR R AR 40340 B R U R i 45
S MBI 1 2= R AN B N 2R

23 EEKEEMEL SiC/Al EAMBIEEITARN
A
Wiz AT e — e R BT DU SiCy/Al E 4
MERHE 22 vERE, it — BT B SRR 122 Pk BE
K3 T BB (SEM)RXT 4 Rl 4E SiC/AL S Ak
RHERARET CESUEAT T R L. & 11 ool 4
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Bl 10 AFEHEEAAD Mg o % w4 EDS 4
Fig. 10 EDS images of Mg enrichment matrix in different
substrates: (a) ZL114A-0.5%Mg; (b) ZL301-10%Mg

4 SiCY/AL LA MEHAWT LT SEM 5. MK 11(a)H 1]
AE . SICyZL102 5 AMEHE R W25 A 41 4Etk
HILG, R A—, LS 225012 3
W, SiC/ZL102 Ftifl R NAs, H A S5 & 15889 -
M 11(b) AT LA H, S A MRIE B AR IR I 41 4 15 2
R R A NIEAS, Y 5RAANBIS TR, R
AN I A Sy Wi, TSRS G AR 2L,
T TR ) PR LT YE th T ORS e SR A i al,
W G ERARBE LB ATER, ARS8 NIk
P, B RET gk H IS, LW 2R ORI an
K 127, WiZdsrh 4 ANBYB: Brar. b s
ST TR N =Reew b N TN TR RS

MBI 1)l LAF i, SiC/ZL205A A KK
FFSE, JLT A4k, Rau=Ammfeah,
524 JLTAE R —Fin a3, SiC/ZL205A HH
WARLIRI RN, A S ST R N, SR g
HrmER e, WA RIS, A 11T LA,
F Y SRARBAT PR A B R, BAMRHER AR LR T,

SRR AL T SN ) SRR PR AR AL, AR R B AR
PR HIER R Y) Cu JOHR AT AN 51 S e 41 4k
KITE N ALCu AH, JAHRER S, JARA AL 146 R LT
A Ih 8 T 2R 4. H A A R R 248 2o e L [
1200)i75, w5320 3 AN B BT SR AREIR LT 4,
W7 14

SiC/ZL301(ILIE 11(g)) 52 & MR 1A > 47 4
Yot WIS 22 ARV, WA IR,
Ui I AR 4 2 R () AR B A I VE T, TR, IR
WML E R AR e R . PR A IR R N S
JLHGH R 2 B AN 1, SiCyZL301 E Ak
T S N AR EE SIC/ZL205A 54 ARl AT e N R 4%,
N SICYZL102 A0 KL AT s AR BEE, LS T2
GruRfEE T, HI R AN AR D, JLAIE I A
IS5 R TR VER AL R G ARL . HE 28X
N EWE 120w, Al W R 4 N B BLET
CTYEIRT R FEARAE L. W 4) B SiCY/ZL114A(
()R AR S L&A T SiCY/ZL301 B&
MPRLRT SIC/ZL205A EEMEL 2 8], H A 45 G o
T SICYZL301 B & MR B ose K, KT
SiC/ZL205A HAME g Gy, Wbz xaA
FREREEL SiICY/ZL301 BAMPRIKT 5, BeAAAt i 8t
SR MRS R RE T 55— 2L

3 it

1) FEAAG SxELE SiICYAl R ARRL AL 2 JE
S U ETE AR A U] R R, SiCyYZL102 KA MRLA
KU B S 2, SiCYZL114A . SiCyZL205A K
SiC/ZL301 54 MBI Ft 1 J2 B BE 73l k- 89.84
273.70. 286.80 nm; SiCy/ZL102 [{) F1H &I T 40/ K
EFIR AL C3 A SIC/ZL205A (K FL1H KB T HLR K ALCs
A HAEBRACTELT YE 2 [AE B4 M B4 s SICY/ZL114A
J SiCyZL301 FIFHTH I ALCs AR HAR

2) 4 MR AR, SICYZL301 (1) T34 i
K, IE# 769.3 MPa; SiCy/ZL205A (1)~ ¥ i i i
5/, 4 385.1 MPa; SiC/ZL114A & SiCy/ZL102 [F)°F
By AR SR 7359k 475.9 F1 615.7 MPa. F 1 ife A Al
VAN A TEVALEIHFINPS dPSF

3) SiC/ZL102 5GP RHE R A W24 ) W 11 S 2T
PP IS, WA gEKEA—, LW S ZEAFR
FERI R SiCY/ZL205A SA MR 551, JLT- L
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Fig. 11 SEM images of tensile fracture of four kinds of continuous SiC¢#Al composites: (a), (b) SiC/ZL102; (¢), (d) SiC/ZL114A;
(e), (f) SiC/ZL205A; (g), (h) SiC¢/ZL301

dedk i, OO ALRE, RS Y LPAER—F W AL R AR 3B IR BE s SiICY/ZL114A R A4
T W2 ; SiCyZL301 B &1 KLk O F D mef 4 sk i, BHET S U T SiC/ZL301 J% SiC/ZL205A H 4
W e, SRR B T AR, TR, MRl 28] o FEIHEE A o 2 5 2 A AR 2445 2 1
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Fig. 12 Schematic diagram showing fracture mode of three
different composites: (a) SiC/ZL102; (b) SiC/ZL205A; (c)
SiCyZL301
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Effect of matrix alloy on interface and tensile strength of
continuous SiC¢/Al composite

NIE Ming-ming, XU Zhi-feng, XU Yan-jie, YU Huan, WANG Zhen-jun

(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

Abstract: By using four different matrix alloys, such as ZL102, ZL114A, ZL205A and ZL301, as substrate, SiCy/Al
composite with volume fraction of 40% SiC; were prepared by vacuum pressure impregnation. The interface
characteristics and fracture morphology of SiC¢/Al composite were observed by TEM and SEM, and the tensile strength
was tested. The results show that, the interfaces of continuous SiCy/Al composite of different matrix alloys exist
significant differences in their interface morphology, mechanical properties and fracture morphology. Among them, the
SiC¢/ZL102 composite with tiny needle Al,C; at the interface and without obvious interface layer, the interfacial bonding
is weak, with average tensile strength of 615.7 MPa and obvious fracture fiber pull phenomenon. A large bulk of CuAl,
and Al,Cs phase exist at the interface of the SiCy/ZL205A composite, the interfacial bonding is strong, with average
tensile strength of 385.1 MPa, and flush fracture. The interface of SiC¢/ZL114A composite is slightly stronger than that of
SiC¢/Z1.102 composite material, the average tensile strength is 475.9 MPa. The rod-like Al,C; phase exists at the interface
to SiC¢/ZL301 composite, a large number of Mg element enrichment reduces the interfacial reaction, the average tensile
strength is 769.3 MPa, the fracture exists dimple, the matrix changes the direction of horizontal crack.

Key words: matrix alloy; SiC¢/Al composite; tensile strength; interface; vacuum pressure impregnation
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