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1. ABSTRACT
Program Introduction: Rationale and Objective

The overall objective of the proposed project is to study the effects of the air plasma spray (APS) coated microstructures
for making thermal barrier coatings (TBCs) that are suitable for use in industrial gas turbine engines and compare these
with electron beam physical vapor deposition (EBPVD) microstructures for applications in advanced gas turbines that use
coal-derived synthesis gas. In the design for the coatings of the turbine blades, a phenomenological approach has been
used and this study will analyze the applications of selected coatings with the potential of dramatic improvement in engine
efficiencies and life expectancy of the TBCs in conditions using syngas combustion. The role of TBC microstructures in
contact with deleterious substances is of significant interest to increase the life and reliability of materials used in turbine
hot path components. It is of critical interest for advanced applications that materials can be used for temperatures above
1300°C with improved durability and enhanced performance. While TBCs are commercially being used in gas turbine
applications, there is critical need to analyze the potential use in syngas environments where contaminants and elevated
temperature conditions can affect the thermo-physical properties and thus performance of the advanced turbine materials.



Commercial turbine materials will be evaluated at elevated temperatures for their long-term survivability of base
metal/bond coat/top coat and analysis of structure-property-performance relationships of TBC materials with horizontal
(lamellae) and vertically (columnar) produced microstructures used on land based turbines. In addition, syngas
contaminants such as sulfur environment, heavy metals, As, P, V etc, which are not found in natural gas, can further affect
the performance of these materials under high temperature conditions. The effect of moisture at elevated temperatures will
also be investigated for reliability/durability. Lastly, analytical modeling based on laminated plate theory will be
conducted to evaluate the effect of various design parameters on the failure of the TBCs.

Accomplishments Achieved During the Current Period of Performance

This research project got recently funded in February 2008 and we are in process of procuring materials and processing of
test samples. A set of samples are being processed at MSI. TX for bond coat of selected IN 738 samples for further top
coat processing using Air Plasma Spray coating. In addition, selected bond coated samples will be processed with
EBPVD technique for comparative studies of processing effects of microstructures at Pennsylvania State University. The
thermophysical properties and processing effects will be further studied at Southern University and research results related
to processing conditions. Preliminary studies conducted earlier have been presented and reported in ongoing related
research efforts.

Plans for the Remaining Period of Performance

The work planned for the remaining months of Phasel of this research program include the following tasks:

Continue the processing and characterization of APS and EBPVD samples under different elevated temperature test
conditions to develop APS and EBPVD test samples for optimal processing parameters

e Benchmark thermo-physical properties experimental testing of APS processed and EBPVD TBCs
o Publish the outcome of these investigations.
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