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Mechanical Properties of Si-Ti-C-O Fiber Reinforced Aluminium

Composite

Yoshiharu WAKU, Tadashi YAMAMOTO, Michiyuki SUZUKI,
Narihito NAKAGAWA and Tadashi NISHI

Synopsis :

In order to clarify the possibility of application of recently developed Si-Ti-C-O fiber to metal matrix
composite, the compatibility of Si-Ti-C-O fiber with aluminium alloys and the mechanical properties of
Si-Ti-C-0 fiber/SiC powder hybrid fiber reinforced aluminium composite fabricated by using a squeeze
casting method were investigated.

The main results obtained were summarized as follows.

(1) The drop in tensile strength of Si-Ti-C-O fiber immersed in molten pure aluminium and 6061 alu-
minium alloy is significantly smaller than that found with SiC,, fiber. From this fact, it is found that
Si-Ti-C-O fiber has excellent compatibility with aluminium alloys.

(2) For the hybrid fiber reinforced aluminium composite, excellent mechanical properties of high flex-
ural strength of 1.4 GPa in the longitudinal direction and particular high strength of 0.3 GPa in the trans-
verse direction were attained because Si-Ti-C-O fiber uniformly dispersed and did not contact each other.

(3) No fiber surface is exposed in the transverse fracture surface and the dimple pattern showing duc-
tile fracture behaviours is observed. This phenomenon shows that the Si-Ti-C-O fiber and matrix are
tightly bonded

(4) Aluminium composite reinforced with the hybrid fiber maintains its flexural strength of 1.13 GPa in
the longitudinal direction until approximately 573 K. The flexural strength in the longitudinal direction is
not affected by the heat treatment time and has almost constant value during heat treatment at 623 K.

Key words : FRM (Fiber Reinforced Metal) ; ceramic fiber ; compatibility ; aluminium ; squeeze casting ; hy-

brid fiber ; heat resistance.
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Table 1. Chemical composition of Si-Ti-C-O
fiber and SiCy,, fiber (wt%).
Sample Si C [0} Ti B N
Si-Ti-C-0 Fiber 51.1 27.9 17.7 3.1 0.02 0.1
SiCpe) fiber 56.5 28.2 151 — 0.03 0.1
Table 2. Typical properties of Si-Ti-C-O fiber.
Filament diameter 8~12 um . .
Filaments/ Yarn 200+ n{ n=1~8) P.llotf). 1. S.cannmg. electron rfncr.ograph of
Density (at 298 K) 2.3~2.4 g/em® Si-Ti-C-O fiber / SiC powder hybrid fiber bundle.
Tensile strength 2.8~3.0GPa
Tensile modulus 200~220 GPa
Tensile strain to failure 1.4~1.5 60
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Fig. 1. Configuration of rotating flexural fatigue
test specimen.
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Fig. 2. Changes in relation between failure probability and tensile strength of
Si-Ti-C-O and SiC,, fiber before and after immersion test.
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Fig. 3. Changes in relative strength of Si-Ti-
C-O and SiC,, fiber with immersion time in mol-
ten pure aluminium and 6061 aluminium alloy.
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Photo. 2. Scanning electron micrographs showing changes in surfaces of Si-Ti-C-0O ((a),
(¢)) and SiC ((b), (d)) fiber after immersion in molten pure aluminium ((a), (b)) and
6061 aluminium alloy ((c), (d)).
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Fig. 4. Comparision of flexural strength between
Si-Ti-C-0O fiber and Si-Ti-C-O fiber / SiC pow-
der hybrid fiber reinforced alhminium composite.

L5, THWOMTAERTES IO SEM
BEHE L EBREOEA % Photo. 4, Photo. 5 127”7,
LAEMOBEE I BT, Si-Ti-C-0 & o A Tiafb L

Photo. 3. Optical micrographs of transverse cross 72 b O IR 2 SEI A A Ao B Ao T B L S 22
section of Si-Ti-C-O fiber reinforced aluminium o o A )
and Si-Ti-C-O fiber/SiC powder hybrid fiber ~ BEEEL T2, S, BER< Y v 72 Al A
reinforced aluminium composite. BEST, BERLTEML s e a3 RGERY,

— 152 —



Si-Ti-C-0 s b 7 v 3 = LA B oM g 1567

Si-Ti-C-0 Fiber
‘-

—+ Fiber

.
Si-Ti-C-0 Fiber /SiC Powder Hybrid Fiber

crack

Photo. 4. SEM fractographs of longitudinal flexural test of Si-Ti-C-O fiber and
Si-Ti-C-O fiber / SiC powder hybrid fiber reinforced aluminium composite.
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(a) Si-Ti-C-O fiber reinforced aluminium composite
(b) Si-Ti-C-0 fiber / SiC powder hybrid fiber reinforced aluminium composite

Photo. 5. SEM fractograph of transverse flexural tested specimen and schematic illustration of fracture process.
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fiber reinforced aluminium.
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Fig. 11. Typical load-displacement curves of im-
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fiber reinforced aluminium composite.
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