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Development of advanced SiC/Al Composite Materials : Manufacturing of
Preform Wires by Liquid Metal Infiltration

Yoshikazu IMAIL, Yoshikazu TANAKA, Hiroshi ICHIKAWA and Toshikatsu ISHIKAWA

Synopsis :

The continuous SiC fiber produced from polycarbosilane, an organosilicone compound, possesses out-
standing characteristics and is expected to be an excellent reinforcement for MMC. This study concerned
the research and development of the manufacturing process of “preform wires” which are composites with
an aluminum matrix and are also semi-finished materials used for the fabrication of SiC/Al.

SiC/Al (A1050) preform wires were produced continuously by the liquid metal infiltration method. The
process basically consisted of desizing, dipping for spreading and infiltrating, passing through a nozzle hole
and taking up for winding. Each processing condition was tested and improved on. ‘

As an improved condition, after SiC fiber yarn was heated at 1 373K for desizing, it was dipped into a
molten aluminum bath at 953K for infiltration and then passed through a ceramic nozzle hole (diameter 0.25
mm). As the results, preform wire with a tensile strength of 1 560 MPa at fiber volume fraction 0.53 was
obtained. This strength was about 95 % of rule of mixture, and it is considered that the fiber strength was
highly utilized. Consequently, we consider that preform wires may become promising materials for the fab-
rication of MMC.

Key words : silicon carbide fiber; SiC/Al; preform wire; composite material; fiber reinforced metal ;

liquid metal infiltration ; fiber volume fraction ; tensile strength of composite.
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Fig. 1. Schematic diagram of fabrication process
for SiCpcs/Al preform wires.
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Table 1. Typical properties of continuous silicon
carbide fiber.
Value
Property Grade
600D 1800D
Filament diameter 12 ym 14 pm
Filament/Yarn 250 500
Tex 70g/km 210g/km
Cross section Round
Density 2.55%10% kg/m®
Tensile strength 2.5~3.0GPa
Tensile modulus 180~200 GPa
Maximum useable temperature 1500 K
Coefficient of thermal expansion 3.1Xx107%/K
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Fig. 2. Effects of desizing temperature on the
tensile strength of preform wire, and extracted
SiCpcs fiber. The obtained weibull module for
the preform wire (m,) and fiber (m;) are shown.
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(A) Non-treated

(B) 873K (C) 1273K

Photo. 1. Change of surface appearance of the SiCpcg fibers with desizing temperatures.

(A) Non-treated (B) 873K (C) 1273K
Photo. 2. Effect of desizing temperature on the surface appearance of extracted fibers from preform wire.
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A:953K
SEM photographs of the fracture surfaces of the preform wire showing effects of processing
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Fig. 3. Effect of molten aluminum temperature on
tensile strength of preform wire.
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fabricated without nozzle.
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fabricated with nozzle.
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Fig. 5. Change of fiber volume fraction of pre-
form wire with running distance.

(A) Before use (B) After use
Photo. 6. Change of shape in graphite
nozzle before and after wire drawing.
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Fig. 6. Change of fiber volume fraction of pre-
form wire with running distance for ceramics noz-
zle and semi-graphite nozzle. Broken line denotes
the relation for graphite nozzle.
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Fig. 8. Relationship ‘between tensile strength and
fiber volume fraction for 1 800D SiCpcg fiber rein-
forced wire. Dotted line shows the tensile
strength of the preform wire obtained from rule of
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Photo. 7. Tensile fracture surfaces (A), (B) and typical polished section of preform wire.
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Fig. 9. Relationship between tensile strength and
fiber volume fraction for preform wires for 600D
and 1800D SiCpcs fiber reinforced preform wire.
Dotted line shows the tensile strength of the pre-
form wire obtained from rule of mixtures.
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