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Investigation of mechanical and metallurgical properties of Al6061/sic metal
matrix composite obtained by ultrasonic casting
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As Metal Matrix Composites (MMC) are increasingly used in advanced industries, various manufacturing
methods for parts made from these materials have attracted growing attention. One such method is the use
of high-power ultrasound during the casting process. This study investigates the effect of ultrasonic
vibrations during the casting of aluminum alloy 6061 (Al6061) and Al6061/SiC metal matrix composites.
Casting was performed in two modes (with and without ultrasonic vibrations) for both materials, and the
effect of ultrasonic time (1 and 2 minutes) on output parameters—including hardness, compressive strength,
grain size, and the size distribution of SiC reinforcing particles—was evaluated. Additionally, the
independent effects of the SiC reinforcement and ultrasonic vibrations were examined in separate tests.
Results show that for both Al6061 and Al6061/SiC composite, applying ultrasonic vibrations produced a
finer-grained structure in the casting, with grain-size reductions of up to 57.8%. Consequently, hardness
increased by up to 37.7% and compressive strength by up to 12.8%. Moreover, in the composites, ultrasonic
vibrations yielded a finer and more uniform distribution of SiC particles within the aluminum matrix. These
effects are attributed to cavitation and ultrasonic streaming in the metal melt.
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Fig. 1 a) Laboratory setup for vibratory and ultrasonic melt processing,
b) Industrial conceptual design of continuous ultrasonic casting, c¢) Effect
of ultrasonic power on porosity content in aluminum casting, and d)
Dendritic structure (without ultrasound) and spherical fine grain
structure (resulting from ultrasound processing)
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5 Cavitation

¢ Acoustic Streaming

7 Cavitations-induced heterogeneous nucleation

8 Multifrequency, Multimode, Modulated Sonic & Ultrasonic Vibrations (MMM)
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Fig. 2 a) Ultrasonic setup, power supply, casting mold and element,
melting furnace, mold temperature control panel, b) Molding Die, and c)
Ultrasonic system: transducer, booster, and horn.

w93 058 (B Cuodl 5 5 Tt ) B a3 e ol b lane (G12 JSB
ot gl b 3l degazma (5 5 S5 ) A (0 B slas S5 30 5h0

OI9® 9 P  pogadams

AlB0O1/SIC 5005 Fgolp 5,5z ) il d sl )y 1 Jgor

Table 1 Ultrasonic casting process parameters of A16061/SiC composite
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Fig. 3 Effect of ultrasonic time on the average hardness of ultrasonic melt
processing samples
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Fig. 4 Optical microscope images of samples at 20 um scale: a) Al6061, b) Al6061+UT1min, ¢) Al6061+UT2min, d) Al6061/SiC, e)

A16061/SiC+UT I min, f) Al6061/SiC+UT2min
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Fig. 8 Effect of ultrasonic melt processing time in Al6061/SiC MMC: (a
and b) without ultrasonic treatment, (c and d) 1 min of, and (e and f) 2
min of ultrasonic treatment
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