Date: April 1999

TITLE: Compostiondly Graded Alumina/Mullite Coatings for Protection of Silicon Carbide
Ceramic Components from Corrosion

PRINCIPAL INVESTIGATOR: StrétisV. Sotirchos

INSTITUTION/ORGANIZATION: Universty of Rochester
Department of Chemica Engineering
Rochester, NY 14627
Td.: (716) 275-4626
FAX: (716) 442-6686
E-Mail: svs2@che.rochester.edu

GRANT NO.: DE-FG22-96PC96208
PERIOD OF PERFORMANCE: 9/1/96 - 9/1/99

I.ABSTRACT

OBJECTIVE: The main objective of this research project is the formulation of processes that can
be used to prepare functiondly graded dumina/mullite coatings for protection from corroson of
dlicon carbide components (monoalithic or composite) used or proposed to be used in cod utilization
sysems (e.g., combustion chamber liners, heat exchanger tubes, particulate remova filters, and
turbine components) and other energy-related applications. Mullite will be employed as the inner
(base) layer and the composition of the film will be continuoudy changed to a layer of pure duming,
which will function as the actua protective coating of the component. Chemica vapor deposition
reactions of dlica, dumina, and duminosilicates (mullite) through hydrolysis of duminum and slicon
chlorides in the presence of CO, and H, will be employed to deposit compositiondly graded films of
mullite and dumina.  Our gudies will include the kinetic invedigetion of the slica, dumina, and
auminoglicate depogtion processes, characterization of the compostion, microstructure, surface
morphology, and mechanicd behavior of the prepared films, and modelling of the various depostion
processes.

WORK DONE AND CONCLUSIONS: The hot-wall, chemical vapor deposition reactor that
was developed in the past under this project was used to complete the comprehensive investigation
of the kinetics of the chemica vapor depogtion of slica, dumina, and auminosilicates from mixtures
of duminum chloride, slicon tetrachloride, CO,, and H,. In order to obtain results on the profiles of
deposition rate and deposit stoichiometry dong the length of the reactor from a angle experiment, we
used as subgtrates not only small graphite plates but aso thin refractory wires traversing the axis of
the reactor. Depogtion experiments were dso conducted usng methyltrichloroslane (MTS) as
dlicon source. In order to eucidate the effects of the coexistence of the two metd chlorides in the
gas phase on the codeposition process, the kinetics of the depostion of the smple oxides were
investigated as well. When MTS was used as slicon source, much higher deposition rates were
observed, and the enhancement in the rate of codepogtion, in comparison to the sum of the



depostion rates of the smple oxides, was more dramatic. As in the case of SCl,, this enhancement
was chiefly due to an increase in the rate of dlica incorporation in the deposit. The results for the
deposition rate and depost stoichiometry profiles indicated that it is possble to control the
composition of the deposit through manipulation of the residence time of the mixture in the reactor.
SIGNIFICANCE TO THE FOSSIL ENERGY PROGRAM: Slicon carbide, in monalithic or
composite form, exhibits such a unique combination of exceptiona high temperature properties that it
is idedly suited for use as structural component materid in advanced cod technologies, such as
IGCC (integrated gadfication combined cycle) and PFBC (pressurized fluidized-combustion)
sysems. However, in the presence of dkdi, sulfur, and hdide species, SC exhibits rather poor
resi stance to oxidation because the SO, protective scale that is formed on its surface in an oxidizing
environment is destroyed. Successful conclusion of this project will lead to development of methods
that can be employed to prepare mechanicaly and thermdly stable coatings for slicon carbide
components that will be cgpable of undergoing alarge number of therma cycles without damage. It
will dso lead to preparation of protective coating for other materias with very good properties for
energy-related applications, such carbon matrix composites.

PLANS FOR THE COMING YEAR: A mahemaicd modd for slica, duming and
auminoslicate (mullite) depogtion will be developed, and the modd will be employed to andyze the
experimenta data. A detalled model for slica depostion has dready been developed, and
preiminary computations have shown it to be capable of predicting most patterns of behavior
observed in the experiments including that of higher deposition ratesfrom MTS.

[I.HIGHLIGHT ACCOMPLISHMENTS

A chemicd vapor deposition system was devel oped for preparation of metal oxide and other
ceramic films through chemica vapor depostion.

The system was used to study the deposition of slica, dumina, and duminosilicates from
mixtures of AICk and SICl, or CH3SICl; in H, and CO,. The deposition reactions of the smple
oxides (duminaand slica) were dso investigated.

Comprehensive investigations of the thermodynamics aspects of the above deposition processes
were carried out.

A detailed homogeneous and heterogeneous chemistry mathematical mode for silica deposition
was formulated, and preliminary work has been done on the modelling of duminaand
auminoslicate deposition.
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