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F#H A4 v | TiB:-based ultra-high-temperature ceramic matrix composites fabricated
in situ by SHS combining strong and weak exothermic reactions

T HA MV Fabrication of molders by using low energy consuming technology

(1) Appeal point of the researcher

In order to enhance the safety in nuclear power plants, materials used especially near the working
core have to be designed and fabricated with particular consideration. Several severe accidents
recorded in the history have proven that any problem with cooling may affect serious
consequences, like melted core, leaks of radioactive nuclear fuel and contamination of the
atmosphere. Therefore, author of this poster carried out the research with advanced high
temperature ceramics with high TiBsz content, which are expected to withstand such harsh
conditions.

(2) Summary of this announcement study

Ultra-high temperature ceramic materials made of boron compounds are of significant
importance, mainly for nuclear industry, i.e. for control rods or core catcher due to the remarkable
capability of neutron absorption. Most boron compounds can be fabricated by means of SHS
(self-propagating high temperature synthesis), however different exothermic effects can be
expected. By using the method proposed in this research relatively big molders can be fabricated
from elemental powders such as Ti, B, and C in one stage process. Significantly reduced cost of
fabrication was achieved thanks to recuperation of heat originated from highly exothermic
reaction.

(3) The detailed results of the study

Due to the combination of strongly exothermic (Ti+2B=TiB2) reaction the heat was recuperated “in
situ” in order to activate weakly exothermic (4B+C=B4C) reaction. Therefore, TiBz-based B13Cs
matrix composites were fabricated. The composites possessed homogenous microstructure, high
relative density (over 95%) and high hardness of 25GPa when the volume fraction of TiB2 in those
composites was 65-70%. The XRD pattern and whole combination of properties for those same
composites indicates that reaction completeness was ensured. Extremely high refractoriness is
expected, with eutectic temperature of over 2300°C. The corrosion resistance was improved by
increasing volume fraction of TiBz of those composites.

(4) Attention point of this announcement

TiB:2 seems to be a compound competitive to commercially used boron carbide at least because of
better corrosion resistance and better stability at high temperature. The low energy consuming
technology is expected to fulfill the requirements for high temperature shielding, as well as
neutron absorbing materials in nuclear reactors. The proposed “in situ” synthesis is economically
justified method of rapid fabrication. The materials fabricated in such a way are potentially
attractive for private sector (reactor makers) as well as great number of countries which utilize
nuclear energy. Since the number of nuclear plants increases, the potential market is large and
with perspective of further growth.
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