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Development of Advanced SiC/Al Composite Materials Through Micro-

structural Evaluation and Design

Hideshi TEZUKA, Yoshikazu IMAI, Masayuki KONDO and Akira Konyama

Synopsis :

Research and development of advanced high performance SiC/Al-alloy composite materials was per-
formed with the emphasis on correlations between microstructures and mechanical properties.
Microstructural investigation was mainly carried out by means of electron microscopy (SEM, TEM,
STEM-EDX). Mechanical property was evaluated by tensile test at room temperature and 723 K.

As the scoping study, SiC reinforced composite plates with varieties of alloys were investigated. Mainly
from the stand point of interfacial reaction A1050 was selected as matrix material for the next step.

SiC/A1050 preform wires were produced by liquid metal infiltration method. At the first stage, forma-
tion of shrinkage cavities and thermal degradation of fiber strength were the dominant issues. Minimizing
these issues by process controlling with the help of new ceramic nozzle for drawing and purification of mat-
rix Al, the tensile strength of preform wire has reached to the value of simple rule of mixture.

Al-Ni alloys were selected to improve high temperature strength of the composites. The Microstruc-
tural design concept of this system is to utilize matrix strengthening by in-situ composite and to improve
interfacial microstructures. TEM inspections of the composites proved the realization of this concept.
As the results, the tensile strength of SiC/Al-5.2% Ni preform wires successfully reached to 1.7 GPa at

R.T. and 1.5 GPa at 723 K.

Key words : SiC/Al ; preform wire ; liquid metal infiltration ; Al-Ni alloy ; in- situ composite.
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Table 1. Chemical compositions of matrix Al alloys.
Chemical composition (wt%) Tensile
Alloy strength
Si Fe Cu Mn Mg Cr Zn Ti Ni Al (MPa)
A1050 <0.25 <0.40 <0.05 <0.05 <0.05 — <0.05 <0.03 — =99.5 80
A5052 <0.25 — <0.10 <0.10 2.6 0.25 <0.10 — — Bal. 190
A6061 0.60 0.70 0.30 0.15 1.0 0.20 0.25 0.15 — Bal. 120
AZ91C <0.30 — <0.10 <0.13 Bal. — 0.80 <0.01 9.0 130
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Table 2. Advancement in tensile strength of SiC/
Al composite materials.

Shape Tensile Fiber volume
(Fabrication Matrix strength fraction
method) (GPa) (%)
A1050 0.62 34
(PHlate ﬁgggZ 0.25 31
ot press) 1 0.31 42
Ist step AZ91C 0.16 37
A1050 0.66
Pref A1050 0
reform wire 1.0
Zndstep | ([ iquid metal |  Pure Al 1.2
infiltration)
Pure Al 1.6 55
3rd step AI5.2%Ni | 1.7
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Fig. 1. Mg precipitation at the fiber-matrix inter-
face of SiC/A5052 composite material.

Photo. 1. SEM fractographs of SiC/AZ91C composite material.
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Photo. 2. Microstructure of the fiber-matrix in-
terface of SiC/A 6061 composite material.
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Photo. 3. SEM images of SiC/A 1050 preform wire.
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Photo. 4. Microstructure of the fiber-matrix in-
terface of SiC/A 1050 preform wire.
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Fig. 3. Difference in tensile strength of SiC/
A 1050 preform wires produced by the same fab
rication process. Shapes of marks represent dif-
ference of production lot.
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Fig. 4. Dependence of tensile strength on Ni con-
tent of SiC/Al-Ni preform wires.

Photo. 5. SEM image of SiC/Al-5.2 %Ni preform
wire.
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Photo. 6. Distribution of AlsNi fibers in Al-
Al;Ni eutectic phase.

Photo. 7. Microstructure of the fiber-matrix in-
terface of SiC/Al-5.2 %Ni preform wire.
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