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Fabrication of Aluminum Matrix Composites by a Semi-Solid Infiltration Process
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Abstract

Generally, Aluminum Metal Matrix Composites (Al MMC) are mainly formed in
the liquid because of the advantages of low cost and simple process when compared with forming
in the solid state or gas states. However, forming of Al MMC in the liquid state often has
restrictions that cannot be used with wrought aluminum alloys; because wrought aluminum alloys
have poor fluidity, tendency for hot tearing, and segregation. Therefore, this thesis has developed
a new process for forming wrought Al MMC by applying a squeeze casting process with the semi
solid casting at 1 - 10% solid fraction. The new process allows production of wrought Al MMC
which has high mechanical properties. The new process is called Semi-Solid Infiltration. In this
process, a molten metal is converted into semi-solid slurry by the injection of fine gas bubbles.
The Semi-Solid rheocasting technique is called Gas Induced Semi-Solid technique (GISS). This
thesis investigated the feasibility of applying the semi-solid infiltration process in the production
of composites with different types of reinforcements: Al MMC reinforced with carbon fiber and
Al MMC reinforced the fiberfrax. The study of microstructure and mechanical properties of the
composites was also conducted. The results show that Semi-Solid Infiltration can be applied to
produce wrought Al MMC. The microstructure of the composite is uniform. As a result, the
composite mechanical properties are quite high when compared with the matrix. For example,
results from the flexural strength testing of Al MMC reinforced with 2 layers of carbon fiber after
heat treatment compared with Al 7075 are 732 + 9.8 and 618.4 + 20.3 MPa, respectively. Results
from wear testing of Al MMC reinforced with fiberfrax before heat treatment at the load of 3N
compared with Al 7075 show that the wear rates are 2.302x10° and 5.365x10° mm3/m,
respectively. In conclusion, the Semi-Solid Infiltration process can be used to produce Al MMC

with improved properties at the solid fraction of 1 - 10%.
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5052 0 01T 343°C, 45 min
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6061 T6
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: Solution heat treatment: 480°C, 12hr.
7075 T6
: aging heat treatment : 120 °C, 18 hr
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dumaun | Fanou | man "ll/wn noauas | uunfifen | uwamile | dangd | Tandon | ou
1Al (Si) (Fe) o (Cu) Mg) (Mn) (Zn) (Cr) gl
(Ti)
5 1.20- 5.10- 0.18-
. 0.40 0.50 0.20 2.10-2.90 0.30 0.05

(n3) 2.00 6.10 0.28
ANUKHUIUY (Density) 2.81 gle
AMWUAVSIUA (Hardness, Brinell) 150
mmwﬁmﬂ (Hardness, Knoop) 191
ANULYISoNa (Hardness, Rockwell) 53.5
ANULAIININGS (Hardness, Vickers) 87
mmwfmmaﬁaqafm (Tensile Strength, Ultimate) 175
11589 2 919 (Tensile Strength, Yield) 572 MPa
1esiFuAn158adIAa1MI V1A ( Elongation at Break) 11.0 %
Tugdadangu (Modulus of Elasticity) 71.7 GPa
daduiliweos ( Poissons Ratio) 0.330
ANUITTIAIUMUAITA (Fatigue Strength) 159 MPa
Tugddues uRou (Shear Modulus) 26.9 GPa
mmuﬁﬁmmﬁau (Shear Strength 331 MPa) 331 MPa
mmqmm%’au ( Specific Heat Capacity) 0.960 J/g-°C
IANADULYAI (Melting Point) 477 - 635.0 °C
uvgiliTuRansuded (solidus) 477 °C
uvgiliT AN HAoN (liquidus) 635.0 °C
qquﬁauﬂ'au ( Annealing Temperature) 413 °C
9UN)IeUAZA1Y (Solution Temperature ) 466 - 482 °C
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