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ABSTRACT PROPOSED RESEARCH SCHEDULE
The concept of integrated TBC/EBC/BC Advantages

% Design an integrated and graded bond coat/
environmental barrier coatlng/thermal ba_rrler coating s Good bonding with CMC; TA[3] Integrated TBC/EBC for Next Generation Gas Turbines (Clemson col. with GE
(BC/EBC/TBC) system that can effectively protect Si-based PDC precursors can yield ceramics with the same composition as the composite
and lead to use of SICf/SIC matrix CMCs in next SOP Qr Qr Qr Qr Qr Qr Qr Qr Qr Qr Qr  Qt
generation gas turbine. TBC » Dense Y,0; or Yb,O; top layer ensures low oxygen < Graded compositions without sharp interfaces to mitigate thermal stresses from CTE mismatch; Ta} Detalls wr ﬁ{. ﬁ. ﬁ. wone 1;5’192. ﬁ ?;f?:. o 1;%1. 4550. 751320.

< This Project: develop a novel integrated and graded TR TTRERES high velocity steam environment. SI-B-C-N makes PDC precursors useful in fabricating our graded coating. Cfect ofcomposiion & Temperars S e &
EBC/BC that can significantly reduce thermal stress ¥ o<l %1 e phases and microstucture of wi $ e ¢

. ’0’ : 1 HH 1 1 1 1 Effect of Temperatureon the phase _
gausedhby CTE mismatch, as ;velllgs se}/erlgly §Iowf > Graded composition allows smooth transition from SiC X Ltow oxygen transrzprt rate, low oxidation rate and low volatility in high temperature, high velocity 2.2 st oo e
own the oxygen transport and oxide volatilization o S to SIBCNO with increasing amount of embedded Y,04 >earm EnvIroniment, _ G . . 3.4 Theraml expansion coefficien, —
EBC under high velocity steam, oxidizing conditions. g' = -05 particles Y,0O; has very good resistance to volatilization under the steam environment?; In addition, Y,O; e Dermal conduetvy A
O Inte rated (@) : I I 11 I I Oxidation and volatilization durin ]

. N " = . EB?:/BC 5 o . Graded structure avoids sharp CTE mismatch thhas ?rr]\ (textfrel_r;’;gy Iova gx;;gen diffusion coefficient that is at least two orders of magnitude lower 3.2 :;ﬁ,;;xc:ysteamammp_Uptgm e '

« Future Program: collaborate with GE Power to Obo—————o7 0 « Tolerant to oxidation; further increases TBC lifetime anthato 2 OF £10%- 4.1 Processing of ptimized composiion
develop and demonstrate the performance of a TBC o O 0 o O g coatns using cold spray an v @
system that is compatible with the integrated EBC/BC v “ Tolerant to certain degree of oxidation thereby preventing catastrophic failure; 4.2 Qdation and voatfzaton during _‘
for next generation gas turbines. CMC substrate " > PDC SiC bond coat provides excellent adhesion to SiC- E\_/etn : S'fo\z( fg_rgn > W'gh'\r(] g\t egrattedl EO%%(/:BC-:FS e ttto . OX|da}|t_|ont, th?f reaclts W'Lh S'Obz andfforn;ls ta 43 Tl of s mcei T —

fiber reinforced SiC ceramic matrix composite (CMC). hm'x ure OI 22105 an d'ff2 27 & o o © Iy t_:_lurrt\_ ! |cat e43 emselves have been found 1o Miestones EEE— M
GOALS AND OBJECT|VE ave very low oxygen diffusion coefficient and volatilization rate=. 5.1 o —
. . . . . 52 Processing of graded coatings using APS _

Overall Goal: * Chemically stable and compatible with CMC and TBC (TBC to be developed in future projects) Miestones w1 &

Oxidation and volatilization durin _

% Develop an integrated and graded EBC/BC that has: >3 tigh veloiystoam orcotngs vtz @

1 1 . Thermal cycling of coatings made in _
(@) Gooc_j.bondlr_lg with CMC., (b) Graded RESEARCH TASKS TH —t
compositions without sharp interfaces; (c) Low : : : iestones
oxidation r_ate and low vplatility in high temperature, Task 1: Project management and p|anning Task 3: Thermal and oxidation response of Y203-S|-B-C-N and
high yelomty steam environment; (d) Tolerant to Yb,0,-Si-B-C-N composites
certain degree of oxidation; (e) Chemically stable and _ _ _ _ OUTCOMES
compatible with CMC and TBC <+ Collaborative effort between Bordia and Peng at Clemson University who have

complementary expertise and our colleagues at GE Power Systems. Goal: to develop the needed database for the rational design of graded coatings.

% Create a strong collaborative team with * As P, Bordia will serve as the primary contact with DoE and will be responsible for project . - | . | Development of high performing coating systems for SiC based
complementary expertise and state-of-the-art management, with the assistance of Co-PI Peng * Subtask 1. Effect of composition and microstructure of composites on thermal expansion composites for use in high efficiency gas turbines. We will deliver:
facilities: (a) The Clemson University team of Pls < The PIs will meet regularly with project personnel to discuss results and plans for meeting coefficient, elastic modulus and thermal conductivity | |
Bordia and Peng and (b) The GE team, led by John the milestones. N _ | o o » The understanding of the effect of composite stoichiometry and processing
Delvaux < The scientific/technical decisions will be made by Drs. Bordia and Peng with regular input X Suk_)task 2. Effect of_comp05|_t|on and microstructure of composites on oxidation and volatilization conditions on the resultant phases and nanostructure of the composite

from our collaborators at GE Power team members (Mr. Delvaux will serve as the lead of during exposure to high velocity steam at temperatures up to 1500°C. ceramics.

Objectives: the GE team). » The understanding of the effect of the composition and nanostructure on

< Investiaate the effect of composite stoichiometrv (i.e. [T : - : : n the thermal properties and oxidation and volatilization behavior in oxidizing

) X Y ( Task 2: Processing and stability of Y,0,-Si-B-C-N and Yb,0,-Si-B-C-N and high velocity steam environments.

Si/B/C/N ratio in the precursor and the ratio of the Si- : —
based precursor to yttrium oxide (Y,O,) (or ytterbium composites - [ B ARt
oxide (Yb,0O,)) particle filler and processing | |

| Pt wire '
.. .EH_ @ - ‘ | r. :-.I : :./ Sample
conditions on the resultant phases and nanostructure | Goal: to develop a rational approach to process composites with the desired phases and 1 e — = ——— ==

» The processing of the graded Y,O; (or Yb,0O,;) /SIBCN composite coating
and the understanding of the phase and microstructure stability during high
velocity steam exposure at temperatures up to 1500°C.

» The demonstration of using atmospheric plasma spraying (APS) to make

Exhaust into lab air <=

Ij‘ |

of the composite ceramics. i |
microstructure. b (1 o) graded coatings and the investigation of their performance in high velocity
X i iti . " . var | S paries ' steam environment up to 1500°C.
» Investigate the effect of the composition and « Subtask 1: Determine the effect of composition and processing temperature on the phase Nitgine T P
na'réos't rucwrde Or} thﬁ th'ermsl Empert'les a'gq' d and microstructure of composites Training and education of a next generation work force in this
oxidation and volatilization behavior in oxidizing an
high velocity steam environments. % Subtask 2: Investigate the effect of temperatures on the phase-stability phase and Important area. The proposal will support one post-doc and several

UG students who will work on the scientific issues outlined Iin the
research and will also be exposed to the broader context of research
In the area of energy efficiency.

microstructure of composites during oxidation at temperatures up to 1500°C

L)

* Process the graded Y,0; (or Yb,O,) particulate
/silicon boron carbon nitride (SIBCN) matrix
composite coating and investigate the phase and
microstructure stability during high velocity steam

L)

Al dimensions in mm Alumina furnace tube (1 m long)

(a) (b) The collaborative research program between the two Pls, together

exposure at temperatures up to 1500°C. _ _ _ _ _ _
with our industrial partners, GE Power, will provide a unigue and
< Develop a method to create Y,O, (or Yb,05) and (@). lllustration of the high velocity testing apparatus that will be built to characterize complementary expertise and state-of-the-art facilities.
SiBCN powders suitable for atmospheric plasma volatilization under high velocity steam?.

spraying (APS). The powders will be provided to GE (b) Our home-build TGA unit to characterize oxidation behavior up to 2000 °C.

Power for the fabrication of integrated environmental
barrier coating/bond coating (EBC/BC) using APS.

Task 4: Processing and performance of graded coatings processed using ACKNOLEGEMENT
< Evaluate the performance of integrated BC/EBCs cold spray and pyrolysis
from APS under high velocity steam environments at C Si The support of the University Turbine Systems Research (UTSR) program
temperatures up to 1500°C. Goal: to demonstrate a graded BC/EBC system for effective oxidation protection of SiC based CMC of the Department of Energy National Energy Technology Laboratory
PDC is very flexible in controlling the final compositions (NETL), under contract No. DE-FE00312281 is gratefully acknowledged.
INTRODUCTION AND BACKGROUND < Subtask 1: Processing of optimized composition graded coatings (based on results of Tasks 1
and 2)
< Engine efﬁCie_nCy Increases as turbine gas | Oxidation protection due to polymer derived ceramic coatings REFERENCES
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SiON on 617

% This will require SIC/SIC CMC as the turbine material

. . g Task 5: Graded composition coatings using atmospheric plasma spraying
with coatings However, SiC/SIC CMCs can have

SiOC on 617

PDC coating Systems

Weight Gain (ug/mm2) ¢ Subtask 2: Processing of graded coatings using APS

Silica reacts with water vapor to form volatile hydroxide
species’ We have abundant experience in fabricating and characterizing PDC ceramic coatings “ Subtask 3: Characterization of the oxidation and volatilization of APS coatings during exposure to

Si0, + 2H,0 (g) - Si(0H), (9) (example above is for oxidation resistant coatings for metals)? high velocity steam at temperatures up to 1500°C and performance in burner rig.
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