MECHANISM OF THERMAL BARRIER
COATING FAILURE AT
HIGH TEMPERATURE

eramic thermal barrier coatings (TBCs) are used in gas plasma spraying is a rapid solidification process that results in
Cturbine engines and other combustion components to allawetastable phase mixtures of the monoclinic phase (0-6 wt %
operation at increased temperatures, which increases efficiencyttria), tetragonal phase (4-13 wt % yttria), and cubic phase
reduces cooling requirements, and extends component life. Théy1-20 wt % yttria). It is thought that the coexistence of the
are currently used in aircraft engines and are expected to be tetragonal and cubic phases toughens the TBC through inhibition
adopted for energy-generating gas turbines and diesel enginesocrack propagation; however a presence of 5% or greater of the
the near future. It has been estimated that for the US power monoclinic phase results in coating instability because the mono-
generation sector alone, a one percent increase in efficiency clinic phase transforms to the tetragonal phase upon heating.

would lead to a savings of $140M per year. Since this transformation is accompanied by a large volume

The most common industrial TBC is yttria stabilized change, thermal cycling generates stresses in the coatings leading
zirconia (YSZ), which consists of zirconia, ZjQvith about 8 wt  to premature failure.
% yttria, Y,O; (equivalent to 8.7 mol % YQ). Many factors In order to simulate high-temperature operating conditions,

contribute to the stability of YSZ coatings, including particle sizeve annealed plasma-sprayed YSZ coatings for periods of one to
and homogeniety of feedstock powders, coating deposition teciO0 hours at temperatures of 1000, 1200, and 1400°C. These
niques, and metallic bond coat characteristics. We have been coatings were prepared from two feedstock powders with differ-
investigating the inherent stability of the crystallographic phasemg characteristics; feedstock 1 was prepared by a spheroidization
present in plasma-sprayed YSZ using neutron Rietveld refine- process and feedstock 2 by fusing and crushing. High-resolution
ment for quantitative phase analysis. neutron powder diffraction patterns were obtained on the NCNR

YSZ consists of three crystallographic phases: monoclini@2-detector powder diffractometer at BT-1 and the data were
tetragonal, and cubic. According to the phase diagram, the  analyzed using the Rietveld refinement technique. Results of the
tetragonal phase is predominant at about 8 wt % yttria. However,
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FIGURE 1. Change in phase composition of YSZ coatings upon annealing. P = starting feedstock powder; A-S is the as-sprayed coating.
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phase angkis of the éedstok powvders, as-spayed codings,and
annealed cdamgs ae gven in Rg. 1.

The two feedstok powders, 1 and 2 have quite diferent
initial phase compositiond: has aout 25 % of the mondiaic
phasewhereas 2 has vinally none The plasma-spyed codings
are initially different as vell, with coaing 1 haing 25 % cubic
phase content and dogy 2 being almost totalltetragonal. The
phase content of both doays danges gadually with annealing
for longer times or ahigher tempeature (see K. 1), shaving a
geneal increase in the cubic phase content andefess in the
tetragonal phase content. Mever, with longer annealing times
at 1400°C a signi€ant incease in the mondnic phase content
is seen; both 1 and 2\@nealy identical phase compositions
after annealingdr 24,48, and 100 how and suffcient mone
clinic phase is mrsent to cause ciag failure.
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upon the unit cell pametes of the tetagonal and cubic phases.
It is known thd the ldtice paametera of the cubic phase
increases linedy with yttria contentand tha thec/aratio for the
tetragonal phase deeases with in@asing yttia content. Edier
studieshowever, either undegstimaed the cubic phase content
or assumed equal yiircontent ér the tetagonal and cubic
phasesWe were dle to use the unit cell pametes obtained
from the neutrn dda to etract the disibution of yttia in these
phases assuming ththe total yttia content is constant. Results
are gven inTable 1. Note thathe nominal compositiorof both
samples is 8.7 mol %0, ; but tha sample 2 ppeas to be lov
in total yttia content.

The dda gven inTable 1 gve an indicion as to vy the
phase bangs on annealing occut can be seen thaven d the
lower annealing tempatures the ytiia is leaing the tetagonal

While the gneal phase beléor upon annealing has been phase and entieig the cubic phaseesulting in higher ytta con

known for some time fsm x-ray studiesthe use of the neutn
Rietveld tedinique pemits us to gtract moe information based

TABLE 1. Yttria content of tetragonal (T) and cubic (C) phases given in mol
% Y0, 5; estimated accuracy is +0.2 mol % for the tetragonal phase in the
annealed coatings and +1 mol % for all other values. Yttria content of the
monoclinic phase is assumed to be 3 mol % for the calculation of total
yttria content.

Feedstock 1 Feedstock 2

Sample T (4 total T c total
Powder 7 14 8 6 7 6
As sprayed 8 15 9 8 - 8
1000 C/ 1h 6.6 14 9 7.4 = 7
10h 6.4 15 8 7.1 3 7
100h 6.2 15 8 6.9 4 7
1200 C/ 1h 6.2 15 9 71 5 7
10h 5.8 16 9 6.8 7 7
100h 5.0 17 9 5.3 11 7
1400 C/ 1h 5.2 14 9 5.7 8 7
10h 42 14 9 4.0 9 7
24h 3.8 12 8 3.5 8 6
48h 43 14 9 4.6 11 7
100h 6.7 14 9 7.0 10 7

tent of the cubic phase (do®y 2) and inceased cubic phase
fraction (coéings 1 and 2)As the samples arannealedadr
longer pefods & higher tempeatures,the yttia content of the
tetragonal phase aips belov 3-4 mol %YO, 5, and destictive
transbrmation to the mondaic phase occ.

These esults indicte thd thee is an inheznt limit to the
tempeeture and time o¥SZ component opetion. While
technolagical improvements t&YSZ codings ae possike, new
materials will be needed to agve signifcantly higher opesting
tempeagtures.



