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completely infIltrated. This excess material collects at the bottom of the preform along the surface
of the substrate such that it would occasionally block through holes in the parts. The presence of
Second, holes of varying dimensions were present in the test geometry to determine if over
infiltration would occur. It was determined that the surface tension effects which drive the
infiltration process are quite weak and close particle spacing is required for infiltration. Holes as
small as 2 mm in diameter were still too large to provide a sufficient capillary force with which to
draw in the infiltrant and remained uninfiltrated. A related concern is the small amount of excess
infiltrant which must be provided in any infiltration process to ensure that the part will be
completely infIltrated. This excess material collects at the bottom of the preform along the surface
of the substrate such that it would occasionally block through holes in the parts. The presence of
the excess magnesium does not cause substantial difficulties in the processing of the parts because
it is very easily removed. The great difference in hardness between the excess magnesium alloy
and the composite part allows abrasive bead blasting or tumbling processes to quickly remove the
excess material. The high hardness of the ceramic phase effectively limits any additional material
removal once the surface of the composite is reached.

The third concern is warping or large scale distortion of the preform. Warpage was observed in
some of the test pieces. It appears that the infiltration process disrupts the light bonding which
exists between the SiC particles. The weakened structure of the preform tends to conform to the
shape of the substrate. This distortion suggests that parts with overhanging features may present
problems during infiltration. Two possible methods to alleviate this problem include packing the
preform in a supporting powder bed which is not infiltrated by the magnesium, or using a ceramic
binding agent such as a preceramic polymer [19] which can be decomposed to provide a SiC
"glue" to hold the individual particles together.

Conclusions
A process has been established for the rapid manufacturing of MMCs based on Selective Laser
Sintering. Parts with complex geometries, containing between 40 and 50 vol% SiC were
successfully produced. The low thermal expansion and high thermal conductivities provided by
these materials may make them suitable for applications such as electronic packaging. Future work
on this process will focus on direct SLS processing of the SiC which would allow the removal of
the polymer binder along with the current debinding I fmng stage. Additionally, the incorporation
of a ceramic precursor to the preform may provide higher SiC content and improved preform
strength and stability during the infiltration process.

References

1. N. Tomac, K. T0nnessen, "Machinability of Particulate Aluminum Matrix Composites,"
Annals of the CIRP, 41 (1) (1992), 55-58.

2. T. S. Srivatsan and D. M. Bowden, ed., Machinins- of Composite Materials Proceedings of
the Machining of Composite Materials Symposium ASMffMS 1-5 November, 1992.

3. M. Wohlert and D. Bourell, "Production of Full Density Metal-Matrix Composites by a
Combined Selective Laser Sintering I Metal Infiltraion Process" To be published TMS
Proceedings October 6-10, 1996 Fall Meeting Cincinnati, OH.

4. D. Richerson, Modem Ceramic Ens-ineering Properties, Processing, and Use in Design, 2nd
ed. (New York, NY: Marcel Dekker, Inc., 1992),540.

5. R. Pampuch, Consitiution and PrQperties of Ceramic Materials (Elsevier, 1991), 68.

86



6. L. E. MUff, Interfacial Phenomena in Metals and Alloys (Addison-Wesley, 1975), 101-107.

7. C. T. Lynch, ed., Practical Handbook of Materials Science (Boca Raton, Florida: CRC
Press, Inc. 1989).

8. W. D. Lynch, H. K. Bowen, and D. R. Uhlmann, Introduction to Ceramics 2nd Edition
(Wiley & Sons, 1976), 183.

9. D. Han, H. Jones, and H. V. Atkinson, "The wettability of silicon carbide by liquid
aluminium: the effect of free silicon in the carbide and of magnesium, silicon and copper alloy
additions to the aluminum," Journal of Materials Science, 28 (1993),2654-2658.

10. M. Gupta et ale "Wetting and interfacial reactions in Al-Li-SiCp metal matrix composites
processed by spray atomization and deposition," Journal of Materials Science, 26 (1991), 6673
6684.

11. M. Kobashi, T. Choh, "The wettability and the reaction for SiC particlelAl alloy system,"
684-690.

12. S.Y. OH, J. A. Cornie and K. C. Russell, Ceramic Engineering and Science Proceedings,
8 (1987), 912.

13. A. M. Alper, ed., Phase DiagramS in AdYanced Ceramics (San Diego, Ca: Academic Press,
Inc., 1995), 96.

14. W. D. Lynch et aI., p.288.

15. M. K. Aghajanian et al., "The fabrication of metal matrix composites by a pressureless
infIltration technique," Journal of Materials Science, 26 (1991),447-454.

16. M. K. Aghajanian et al., "A New InfJltration Process for the Fabrication of Metal Matrix
Composites," SAMPE Quarterly 7 (1989), 43-46.

17. Robert S. Busk, Magnesium Products Design, (New York, NY: Marcel Dekker, Inc.,
1987), 167.

18. K. Schmidt, C. Zweben, and R Arsenault, "Mechanical and Thermal Properties of Silicon
Carbide Particle-Reinforced Aluminum," Thermal and Mechanical Behavior of Metal Matrix and
Ceramic Matrix Composites, ASTM STP 1080, (1990), 155-164.

19. J. M. Schwark and Mark J. Sullivan, "Isocyanate-Modified Polysilazanes: Conversion to
Ceramic Materials," Mat Res. Soc. Symp. Proc. 271 (1992), 807-812.

87



88


