High Throughput CALPHAD Assessments and Phase-Field Calculations For Use In Infiltration of
Ceramic Matrix Composite Materials Discovery
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ABSTRACT

PRELIMINARY RESULTS

The current interest is in materials discovery of infiltrated ceramics, namely ceramic matrix composites (CMCs), as advanced
structural materials for applications in medical and aerospace. Depending on the chemistry of fiber and ceramics materials,
experiments into CMCs can be time consuming and expensive. The chances of producing new materials may also be very minuscule.
To increase the success rate of materials syntheses and minimize the cost, we are looking to design optimal experiments, that will
lead to exciting new materials discoveries, by establish the fundamental knowledge of thermodynamics and microstructure properties
of the materials. Our two-fold approach is the high-throughput (HT) CALPHAD assessment coupled with constraint satisfaction
problem to identify synthesizable temperature-composition region and phase-field modeling to investigate evolutions and
morphologies of the materials‘ microstructures.

To date, we currently have 16 binary phase diagrams that have
been evaluated using our method. We plan on continuing this
computational and experimental approach to enhance the
materials discovery of these CMCs. The building of the database
will lead to exploration of ternary phase diagrams that will benefit
CMC production through RMI and other methodology. It will lead
to learning chemistry changes that can improve our materials and
discovery of solution spaces that help advance materials
discovery.
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REMARKS
We are working on modeling the phenomena of the SiC
microstructure. This is important to understand the basic
structure of this material before we can take into consideration
alloying of the material.
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Thermodynamic properties:
(1) the Si-X alloy (or any alternative infiltration system) should have melting points lower than pure Si to
prevent damage to the fiber reinforcing phase;
(2) the Si-X has should not chemically react with SiC fibers at any infiltration temperature,
(3) issues related to chemical inhomogeneities in the CMC part due to heterogeneous reactions as the
dopant reacts with other components of the CMC preform should be controlled;
Microstructures:
(4) “pore choking” should also be avoided in order to facilitate full penetration of the preform;
Physical/mechanical properties:
(5) the changes in volume associated with the formation of the refractory silicide should also be taken into
account in order to compromise the structural integrity of the part;
(6) the silicide formed from the infiltration reaction will need to match the CTE of the reinforcing fiber (SiC);
(7) finally, the framework should be able to consider melting point and creep resistance of the silicide phases
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