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Study on the Wear Resistance of Fiber and Particle Reinforced Hybrid
Metal Matrix Composites

Graduate School of Engineering, Nagasaki University
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In recent years, metal matrix composites (MMCs) have been expected as a new material which
replaces conventional cast iron for brake parts of automobiles because of MMC’s superior advantages,
e.g., light weight, high strength and excellent wear resistance. Low Pressure Infiltration process is a
new casting process and can produce the MMC at a very lower pressure (0.2 ~ 0.3 MPa), compared
with the conventional high-pressure infiltration method. In the present study, Hybrid-MMCs
reinforced with Al,Os/SiC fibers and particles have been fabricated using the Low Pressure Infiltration
process and the wear resistance of the Hybrid-MMCs has been investigated.

In Chapter 1, the background and the purpose of this study have been described.

In Chapter 2, the methods of preparing the preform and the MMC have been described. As for the
essential of the Low Pressure Infiltration process, the influence of Al particle size on the infiltration
pressure in particle-reinforced MMCs (PRMMCs) and fiber-reinforced MMCs (FRMMCSs) has been
discussed. Moreover, the measurement methods of the wear resistance and the hardness of the MMCs
have been described.

In Chapter 3, the influence of the length of Al,Os fibers on the wear resistance of the FRMMCs has
been investigated. When the Al particles are added into the preform, the length of Al,O; fibers is
shortened by Al particles in the FRMMC containing 7.5 vol.% Al,O; fibers. The wear resistance of the
FRMMC which is fabricated using the preform containing Al particles is better than that of the
FRMMC without Al particles. It has been known from the observation of the MMC’s surface that the
Al,O3 fibers exhibits 2D-distribution when the Al particles are not added into the preform of the
FRMMC, but the Al,O; fibers exhibits 3D-distribution when the Al particles are added. It has been
suggested that short Al,O; fibers tend to exhibit 3D-distribution in the FRMMC:s.

In Chapter 4, the influence of the composition of Al,O; fibers and particles on the wear resistance of
the Hybrid-MMCs has been investigated. Infiltration defects tend to form with increasing the amount
of Al,Ozparticles in the Hybrid-MMCs containing 7.5 vol.% Al,O; fibers. As the ratio of the amount
of Al,O;3 fibers to Al,O; particles (f/p) increases, infiltration defects are reduced. The Hybrid-MMC
containing 12.5 vol.% Al,Osfibers and 7.5 vol.% Al,O; particles (total amount of reinforcements is 20
vol.% and f/p = 1.6) exhibits the better wear resistance in comparison with Al,Os particle-reinforced
MMCs (PRMMCs) and Al,O; fiber-reinforced MMCs (FRMMCs). It has been known from the
observation of the worn surfaces that the 3-D distribution of fibers in the Hybrid-MMC protects Al,O3




particles from dropping off during wear tests. In addition to the above, the influence of the
age-hardening of an Al-Cu matrix on the wear resistance of the Al-Cu base Hybrid-MMCs. Wear
resistance of the age-hardened Hybrid-MMCs is better than that of the non age-hardened
Hybrid-MMCs. It has been found that the orientation of fibers and the hardness of the matrix are
important factors of the wear resistance of the Hybrid-MMC:s.

In Chapter 5, the influence of the distribution of SiC fibers, the interface reaction between
reinforcements and matrix, and the age-hardening of the matrix on the wear resistance of the
Hybrid-MMCs has been investigated. As is the case in the Al,O; fiber and particle reinforced
Hybrid-MMCs, 3D-distribution of SiC fibers in the Hybrid-MMC:s is effective to protect SiC particles
from dropping out during the wear test. An interface reaction occurs in the Al-Cu base Hybrid-MMC
and Al-Mg base Hybrid-MMC, but it doesn’t occur in the Al-Si base Hybrid-MMC. Wear resistances
of the Al-Cu base Hybrid-MMC and Al-Mg base Hybrid-MMC are better than that of the Al-Si base
Hybrid-MMC. It has been suggested from the result that a thin reaction product at the interface
between the SiC fibers or the SiC particles and the matrix strengthens the interface bond. Wear
resistance of the Super Duralumin base Hybrid-MMCs can be improved further by an age-hardening
of the matrix. It has been found that both the interfacial reaction and age-hardening of the matrix
increase the interface bond strength and they protect the reinforcements from dropping out during the
wear test.

In Chapter 6, the knowledge obtained from this study has been summarized.
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