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Thennographic phosphors have been previously demonstrated to provide effective non­
contact, emissivity-independent surface temperature measurements. Because of the 
translucent nature of thennal barrier coatings (TBCs), thennographic-phosphor-based 
temperature measurements can be extended beyond the surface to provide depth-selective 
temperature measurements by incorporating the thennographic phosphor layer at the 
depth where the temperature measurement is desired. In this paper, the use of 
thennographic phosphor (Y 203:Eu) luminescence decay time measurements is 
demonstrated for the first time for through-the-thickness temperature readings up to 
lOOO°C with the phosphor placed beneath a lOO-/.lm-thick TBC (plasma-sprayed 8wt% 
yttria-stabilized zirconia). With an appropriately chosen excitation wavelength and 
detection configuration, it is shown that sufficient phosphor emission is generated to 
provide effective temperature measurements, despite the attenuation of both the 
excitation and emission intensities by the overlying TBC. This depth-selective 
temperature measurement capability should prove particularly useful for TBC 
diagnostics, where a large thennal gradient is typically present across the TBC thickness. 
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Thermal Barrier Coatings (TBCs) are Critical to Current 
and Future Gas Turbine Engine Systems 

Ceramic oxide TeCs can increase engine temperatures, reduce cooling, 
lower emission, and improve engine efficiency and reliability 

TeCs provide thermal protection by sustaining a thermal gradient beween 
the TeC surface and underlying metal component. 
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Background 

• Accurate measurement of thermal gradients through TBC is critical 
- For evaluation of TBC performance 

- For TBC health monitoring 

- For realistic simulation of engine environment 

• Noncontact surface temperature measurements of translucent TBCs 
in flame environment by IR pyrometry has been problematic. 
- Interference of radiation reflected by TBC. 

- Temperature measurement averages over depth due to TBC 
translucency. 

- Emittance corrections. 

• Two approaches have shown promise in overcot11ing these 
d ifficu Ities. 
- Long-wavelength (>10 pm) IR pyrometers operate where TBCs are 

opaque, providing surface temperature nleasurements and near-zero 
reflectance. (J.R. Markham, Advanced Fuel Research) 

- Thernl0graphic phosphors applied to TBC surface provide emissivity­
independent surface temperature measurements using fluorescence 
decay times or peak ratios. (S.W. Allison et aI., ORNL; J.P. Feist and 
A.L. Heyes, Imperial College) 
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Objectives 

• Explore potential of achieving depth-probing TBC 
tenlperature measurements by placing thermographic 
phosphor layer at desired depth within translucent TBC 

pulsed 
excitation emission with temperature-dependent decay 

TBe 
... , 1..-phosphor layer 

superalloy 

Strategy 
, Select thernl0graphic phosphor that can be excited and 

enlits at wavelengths that can be transmitted through 
TBC. 
- Severe restriction because most phosphors are best excited by 

UV wavelengths that do not penetrate TBC. 

• Eventually nlove from distinct phosphor layer to using 
TBC itself as host for layered doping of luminescent ions. 
(Feist & Heyes demonstrated doped YSZ can be effective 
thermogrqphic phosp~or.) i~ ; ',; •. ' 
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Overlap of Y203:Eu Excitation and Emission Spectra and 
TBC Transmittance 
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Raman-Spectrometer-Based Luminescence Spectra 
& Decay Time Measurements 
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Raman-Spectrometer-Based Luminescence 
Spectra & Decay Time Measurements 
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Temperature Measurement from 
Ernission Peak Shift/Widening 

• Temperature dependence of emission peak position and 
width can be used for temperature measurements 
- Both show silllilar, reproducible, temperature-dependence over 

full temperature range 

• Close 10 linear rela1ion!:dlip 

- May show lJndesirable stress dependence (hasis of 
piEL (J~;pE;ct r()~;c()py) 

• Fluorescence decay tirlle measurenlents are better 
suited for tenlperature nleasurenlents 
- l', in her ten)rl(~1 ature sensitivity (exponential dependence) 

- Lack of stress dependence 
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Fitting Fluorescence Decay Curves 
611 nm elnission from Y203:Eu beneatll TBC at 700°C 
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Temperature Dependence of Decay Curves 
Y203:Eu above vs. below TBC 
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Temperature Dependence of Decay Time 
Y203:Eu above \/S. below' TBe 
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wideband bandpass filter (FWHM = 10 nm) 

o Y203:Eu above TBC 

o Y203:Eu below TBC 
DO 0 DOD 0 § 8 8 9 8 

," 
" j. . . 

~,~,:,,) ::,':)\. 
~,:;·:I·;~,I~~iH 

t ,.!"' ••.•. 

200 

.... 

: ~.: ':: .;- ... ~ .. 
.... '~ '~J."I.'· ~.' 

;. I _Il" 

400 

B 
Qr", 

8 
Bg , 

88 ;::J 
u ;,--.: c), .... 

G;::; 
Vr'~l ;,-, 

\..7:;", 
\':""'r\r--.i 

\';';\.:7;'. 

600 

TempE!rature (oC) 

800 

" 
" 

I -','I, .';') 
'0 j ,., 

, .. ,,' .' , t '''I·' 

.:;'J.~~~~di~ 
I .. !" ;; 

. " :::,",~. , .. ' 
.1 ,. " .. I ~1 ... 'I __ 'i.;·!.~ ; 

\",jC) ) 

'or)"", 
.. r; 

\..7,-
1.~':' . > .~ _ 

,..1d .... ,_, 
gOg 

1000 

_ tl.~ 

1200 

"' . 
,';1' ',: 

l' •.• v!::<·· .. ~~,~;.:'.~~~~ 

!" .. 

.! ::" . 
',_.' : 

;.; ". ) 



"'''''''''''''''''''111/'·· . ii' f . ""J"""" 'UIIII"',' 'W:P" .' i ," r I, "I'" .' •• ., " t~"·"'·l"" \", "~'I .' )·"'1'" '''oW;''''''''uf "',,' ,jIIjI'f:-:':.if~;;\i~V,.i~' "'f:~i .l·'· t4·',(th·.iJl-r..- 1·, .... 'PIJ;i!i '1'1. ';"1~ I~""I' 1~1\1i"i~'I: -.,t ·~J.I fl'·t· ... ·"!" •• j· ','~·4 ... l+-1~~ ... ,~I"';T~ .•... !,;:1,.,.;\~t~q:~j.:.~.,. ~.~J 'l~ ,1 
'/ . f i ' •• ,1·, !.,4 t j ".' '.. ,"'. • ' '.\' ··,·1, " . • 0'. _I' " " '. ."., 

::i~' " . ,. ',1\ .~ '( f j'J'1·1;;.":·I." 11,1": : 1 ,,'·'.r.'''.HI~~l·'"·i. ;':~it .. ~,~~ .. ~:~,.,; ;~. :·~t 1"1 ',' 1:! .. JL~·.i .• !,.l·~~~,,~ £F 

-U 
Q) 
U? -........ -0) 

E -t-
.... -ct; 
U 
Q) 

0 

,.;. 
.i . 

.', ;"";;,:~:/i~; 
'.-,~. ;-:.~ .,~I~", :.1 

10000 

1000 I o 0 

100 

10 

1 

I 

o 

, , 
. ~"~\ :\~. ! . 

t~:rr;.' ;)~/;J;!.: 
: ,"I "-"1 l , . 1.:' .... ~.!: .:t!.1!. Jo..~." t 

Rise Time vs. Decay Time 
Y203:Eu above TBC 

wideband bandpass filter (FWHM = 10 nm) 
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587 nm vs. 611 nm Fluorescent Decay 
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Comparison of Temperature Dependence of 
611 and 587' nm Emission Lines 
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Advantages of Raman Microscope Based 
Measurements 

• Can use sarrle instrument to collect emission spectra 
and select ernission peaks for subsequent fluorescence 
decay time measurements. 

• f\Aicroscope-based light collection provides excellent 
rejection of 1herrnal radiation background that can 
interfere vvi1h high tenlpera1ure measurements. 

-- Ligllt c()lIcctinn r(;stric1ed to snlall region (-~1 nllll dianleter) 
surrolindinD lC1ser-exci1Gd area (100 pnl diameter) of specimen. 

_. Added bonlls due to extraneous light rejection: 

• Don't havE; to work in the dark! 
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Summary 
• Successful decay-time-based temperature 

measurenlents up to 11 OO°C from Y 203:Eu layer 
beneath 1 OO-J.lm-1Ilick TBC. 

''f ."" " 

Minor excitation peak at 532 nm produces sufficient emission 
Sufficient transl11ission of 532 nm excitation and 611 11111 
enlission through TBC. 
Close agreement between tenlperature calibrations for phosphor 
above/below TBC. 
Both 611 and 587 nm E:lllission PFClk~~ can be llsed fOI 
telllperature nleasurellients. 

• 611 n III p e c. k ex h i b it sri set ill-I E and d e cay t i III e . 
• 587 n III p e rd( e); hi bit ~ t vv () cI P C c1 y 1 i nl e s . 
• 1611 or 1 ~bl ~ for -I >6ld iCC decay au~ayL '. 

• 1
61 \se or 1 Cb7 decay1 for T<600 c C. 

• 587 nlll Elllission Illay bE aclvc.n12,geolls at hi~lher tellipef citures due 
to lE;ss intE I fCrC;rlCE fl (Jlli thc;r1 nc.1 radiation. 

" ·"1 (~n-iper(=jture cJer)cnd(;t1Cf; <:d (;rnissi()n pcak pu~i1ion and 
vvidth can be us(:;d 101 terrqJbl cjture rnea~;urern8r'lts 

Not as sensitive as decay tirne measurements 
May show undesirable stress dependence. 
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Concltlsion 

• Strategically selected and located thermographic 
phosphors show pronlise for adding depth-selective 
tempera1ure-sensing functions to TBCs . 
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Future Work 

• Increase detected emission signal to enable higher 
temperature measurements. 
- Higher power laser 

- Optitllize width of bandpass filter 

.. Replace discrete Y203:Eu layer with laYEred doping 01 
8YSZ TBC with Eu. 
- VVil1 not affect TBe performance. 

• ~)\Nitch fr0f11 plasma-sprayed TBCs 10 elec1ron-becinl 
physical vapor depositicHl deposited (E~[~-F)V[)) l-(JC:~; 10 

take advantage of nluch hi~Jher 1ran~)nli1tancL of 
ex c i 1 at i () n / e ITI i ~; ~; i ( ) n W [j \I (~ I (-~ n 9 t h s . 
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