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Effect of matrix alloy on microstructure and tensile strength of
continuous SiC¢/Al composite

XU Zhi-feng, XU Yan-jie, YU Huan, WANG Zhen-jun, ZHOU Zhen-zhen

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

Abstract: The vacuum gas pressure infiltration was performed for the continuous SiC¢/Al composite with the volume
fraction of 40%, of which the reinforced material was SiC fiber fabricated by precursor method, the matrix alloys were
Z1102, ZL114A and ZL205A alloys, SiC fibers were extracted using NaOH solution, both the effects of matrix alloy on
the microstructure and tensile strength of continuous SiC¢/Al composites were studied. The results show that matrix alloy
has a significant effect on the microstructure and mechanical properties of continuous SiCyAl composites. Fibers of
SiC¢/ZL102 composite are uniformly dispersed and dense, SiC/ZL114A composites have small amounts of fiber reunion,
but SiC¢/ZL205A composites have obvious segregation and microporous defects. Average tensile strengths of the
composites with matrix of ZL102, ZL114A and ZL205A are 615.7, 475.9 and 385.1 MPa, respectively, which are quite
different. Meanwhile, average tensile strength of SiC fibers extracted from composites with matrix of ZL102, ZL114A
and ZL205A are 50.94%, 41.51% and 25.09% of the raw silk, respectively. In the infiltration process, fiber damage and
fiber distribution are the key factors leading to differences in composite mechanical properties of the different matrix.
Key words: vacuum gas pressure impregnation; extracted fibers; SiC fiber; tensile strength
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Table 1 Property index of KD-II SiC fiber
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1 h) AR AT T E A EHG EAE 100~200 nm 157
[ I HBA R RS A A2 . YASUTOMI
S 2E B A 2 R SIC/AL B AR R AL _E A £
T ALCs NA R, ARSI B A s AL AR
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SiC A 4EfE A Mg At kL, EH AL-Si & Al-Cu RE5 4
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1.1 SEIg#r#Y

S0 3 FH L7 Rz K 27 1o S 9k V2t ) KD- 1T
RS AIELT (1.2 KON B A MR, bR S
a2 1 prals S50k ZL102. ZL114A
M ZL205A, HEZICRM &8 WK 2 o).

Fiber type Monofilament diameter/pm Tensile strength/MPa Elastic modulus/GPa Density/(g-cm )
KD-1I 10-15 2300—2400 150—-190 2.50
R2 WEENLER
Table2 Chemical composition of aluminum (mass fraction, %)
Matrix Si Cu Mn Mg Zn Ti Al
71102 10.0-13.0 0.3 0.5 0.1 0.1 0.2 Bal.
ZL114A 6.5-7.5 0.1 0.1 0.45—0.60 0.1 0.10—-0.20 Bal.
ZL205A 0.05 4.6-5.3 0.3-0.5 0.05 0.1 0.15-0.35 Bal.
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Fig. 1
equipment and molds: 1—Lifting and rotating plug; 2—

Schematic diagram of vacuum pressure infiltration

Cooling water; 3—Insulation cover; 4—Heating coil; 5—
Preform; 6—Digital control and display; 7—Crucible lifting;
8—Vacuum pump; 9—Power supply

1.3 PEEEMHR

B8 UF IS SICH/AL A RbRHIN T R it
FE, PR RS W& 2 Fros . B8 R i AR T i)
FARERG SN L s E R ATARE , SR 7 se b
TRIGAL Instron5568 FEATH7 A BEMIR o S FH ot & 70 28
4 10%11) NaOH # A IUZ 544 BEH 1) SIC 2174E, JF
K22 [H Instron5543 BT R A RHRRIEH LN SiC £F
YE ez AT RATINR . B EMERAFELFTEE . bkl
o6, KA S A BB SR B AR R H
Quanta200 B4 HL 1 B U5 (SEM)X A5 SiC 214
AT R IMESIMEL o

100 mm )
€ Tz 7, %‘E
El P "
— 1 20mm LS

Cylindrical composite Reinforcemeént ring

B2 SiC/Al ZabpH il in K
Fig. 2 Schematic diagram of tensile specimens of SiCy/Al

composites
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Fig. 3 Tensile loads of SiCsilk at 25 ‘C and 450 'C
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Fig. 4 Surface morphologies of SiC fiber at 25 ‘C(a) and 450 ‘C(b)
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Fig. 5 Microstructures of aluminum
alloys prepared by vacuum gas pressure
infiltration: (a) ZL102; (b) ZLI114A;

(c) ZL205A
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Fig. 6 Average tensile strengths of aluminum alloy prepared

by vacuum gas pressure infiltration
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Fig. 7 Microstructures of continuous SiCy/Al composites: (a), (b) ZL102/SiCy; (c), (d) ZL114A/SiCy (e), (f) ZL205A/SiCy
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Fig. 8 Tensile strength of continuous SiC¢/Al composites
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Fig. 9 SEM images and corresponding area-scanning electron images of continuous SiCy/Al composites: (a), (d) ZL102/SiCg (b), (e)

ZL114A/SiCy; (c), (f) ZL205A/SiCy
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Fig. 10 Average tensile strengths of SiC fibers in different
states
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Fig. 11 Surface morphologies of SiC fibers in different states:
(a) SiC~ZL102; (b) SiC+ZL114A; (c) SiC~ZL205A
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Fig. 12 SEM images of tensile fracture morphologies of
different SiC¢/Al composites: (a) SiC¢/ZL102; (b) SiC/ZL114A;
(c) SiC/ZL205A
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