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Abstract.

The applications of RB-Si-SiC and RB-Si-SiC-MoSi, are based on a reaction

sintering process, . whereby a compacted body of (a-SiC + C/Cf) and (a-SiC + C/Cf + Mo/

MoSi,) respectively are sintered and then infiltrated by silicon which impregnates the body, -

converting both carbon powder or carbon fibers to $-SiC or fibrous B-SiC respectively
which bond the original alpha grains and transforms Mo;C, produced by sintering to
MoSiy. |

The dependeﬁce of the green density on both uniaxial pressing and grain size of SiC
powder was investigated. The results obtailned from these measurements revealed that the
green density increases as the pressure increases up to 3'00 MPa, after this point the green
density remains constant with increasing pressure. The green density increases as the grain
size of SiC powder increases. The effect of the green density on sintered and infiltrated
density was investigated. However the sintered and infiltrated densities are improved by
increasing the green density.

X-ray diffraction patterns were used to find out the different phases formed in the
specimens after sintering and infiltration. The obtained results showed that the Mo;C,
formed after siﬁtering due to the addition of Mo or MoSi,, disappeared after infiltration

through the formation of MoSi,. The results showed also that with increasing the content of

- carbon powder or carbon fibers, the volume of secondary SiC after infiltration increases on
the expense of residual free silicon. Finally, these results showed no evidence of carbon

particles, carbon fibers and Si0O, phases after infiltration.

Chemical analysis was -performed for representative sintered and infiltrated

specimens for the determination of free carbon after sintering as well as free carbon,



nitrogen and free silicon after infiltration. The resuits showed that the specimens after
sintering contained free carbon more than in the green specimens. The obtained values of
nitrogen are very small and independent of the composition. Also the results showed that

free silicon vaiues couid be reduced by the addition of Mo powder instead of MoSi,.

The microstructure of the infiltrated specimens was examined. The results showed
the appearance of free silicon as to be in a good homogeneous state with the two phases of

.SiC and MoSi,. The infiltrated specimens with the addition of carbon fibers appeared to be

in a better homogeneous distribution condition than those with carbon powder.

The mechanical properties like hardness, fracture'toughness, bending strength and
elastic modulus were investigated.

The dependence of the hardness and fracture toughness on the volume percent of
the free silicon were studied, the results showed that as the volume of the free silicon
decreases, the value of the hardness and fracture toughness appears to increase. The

specimens which contain MoSi; have slightly lower hardness and fracture toughness than
those without MoSi,.

Three-point .bending tests at room temperature were carried out. The results showed
that the infiltrated specimens of carbon fibers have higher bending strength than those of
carbon powder. The effect of the mean sﬁrface area of free silicon on both bending strength
and elastic modulus was investigated. The results showed that the values of the bending
strength and elastic modulus decrease as the mean surface area of free silicon increases. The
bending strength and elastic modulus were measured as a function of addition carbon
powder or carbon fibers content. The results indicated that as the content of carbon powder
or carbon fibers increases, the bending strength and elastic modulus also increase up to 13

wt. % of C/Cf content, and then decrease.



Four-point high temperature bending strength is measured in two composites of

SiC-Si-MoSi, and SiC-Si. The results showed that the bending strength for the two

composites increases as the temperature increases from room temperature to 1200 °C. It
suddenly decreases at 1400 °C, the melting point of silicon.

The Weibull modulus was calculated. It. was found that the infiltrated specimens
with carbon fibers have higher values of Weibull modulus than those with carbon powder.
The infiltrated specimens containing MoSiy have lower values of Weibull modulus than

those without MoSi,.

Room temperature thermal conductivity measurements were conducted. The
dependence of the thermal conductivity on the mean intercepts length of SiC particles
showed that, as the mean intercepts length of SiC particles increases the thermal
conductivity increases. The thermal conductivity of the infiltrated specimens of carbon fibers
has lower values than those of carbon powder. The thermal conductivity was recorded as a
function of adding carbo.n fibers content and it was, thereby, found that as the carbon fibers
content increases, the thermal conductivity first increases up to 13 wt. % of infiltrated fibers

and then decreases. The results showed that the infiltrated specimens containing MoSi, have
lower thermal conductivity than those without MoSi,.
Thermal expansion coefficient was measured up to 1000 °C. The thermal expansion

coefficient was found to increase as the temperature increases. The results showed also the

thermal expansion coefficient of the infiltrated specimens containing MoSi, to have higher

values than those without MoSi,.
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Chapter 1

Ceramics and Ceramics Properties



1. 1. Introduction.

Today, ceramic products touch our lives in many ways, as shown in Figure (1-1).
Pottery and porcelain veésels_, glass, and cement are only among the more familiar. Their
applications include the magnets in television seths, optical fibers for telecommunications,
automobile spark plugs, and the insulatérs for Japan’s high-speed trains. They are widei;}r
used in electronics, not only as magnets and as insulators, but also as heating elements and
substrates for integrated circuits. As engineering ceramics, they appear in ceramic engines
and cutting tools. In bioceramics, they are used for artificial teeth and bones.

Technical ceramics are defined as those ceramics that exhibit a high degree of
industrial efficiency through their carefully designed microstructures and superb dimensional
precision. In technical ceramics, rigorously selected materials are used in products with a
precisely regulated chemical compdsitioh, fabricated under strictly controlled methods of
shaping and firing.

Engineering ceramics is a technical term sometimes used in the same way as
technical ceramics. In general, technical ceramics has a broader meaning; engineering
ceramics is often more strictly confined to ceramics for structural applications. Thus,
engineering ceramics is a subset of technical rceramics, including principally ceramics with
superior mechanical properties, such as high strength, abrasion resistance, and lubrication
ability. These ceramics have found applications in ceramic engines, cutting tools, grinding
materials, and materials for bearings.

Advanced ceramics or high-technology ceramics is used for many of the same
materials and products as technical ceramics. These terms, however, particularty emphasize
the special value or advanced features which heighten the commercial value of technical
ceramics. Like engineering ceramics and technical ceramics, they are general designations

for ceramics used in industrial applications.



