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The Thermal Diffusivity Measurement of the Two-layer Ceramics Using
the Laser Flash Methodn
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Ceramics-based thermal barrier coatings are used as heat and wear shields of gas turbines. There are strong needs to evaluate
thermophysical properties of coating, such as thermal conductivity, thermal diffusivity and heat capacity of them. Since the coatings
are attached on substrates, it is no easy to measure these properties separately.

The laser flash method is one of the most popular thermal diffusivity measurement methods above room temperature for solid
materials. The surface of the plate shape specimen is heated by the pulsed laser-beam, then the time variation of the temperature
of the rear surface is observed by the infrared radiometer. The laser flash method is non-contact and short time measurement. In
general, the thermal diffusivity of solids that are dense, homogeneous and stable, are measured by this method. It is easy to measure
thermal diffusivity of a specimen which shows heat diffusion time about 1 ms to 1 s consistent with the specimen thickness of about
1 mm to 5 mm. On the other hand, this method can be applied to measure the specific heat capacity of the solids. And it is also used
to estimate the thermal diffusivity of an unknown layer in the layered materials.

In order to evaluate the thermal diffusivity of the coating attached on substrate, we have developed a measurement procedure using
the laser flash method. The multi-layer model based on the response function method was applied to calculate the thermal diffusivity
of the coating attached on substrate from the temperature history curve observed for the two-layer sample. We have verified
applicability of the laser flash measurement with the multi-layer model using the measured results and the simulation. It was found
that the laser flash measurement for the layered sample using the multi-layer model was effective to estimate the thermal diffusivity
of an unknown layer in the sample. We have also developed the two-layer ceramics samples as the reference materials for this
procedure.
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Fig. 1 Principle of the laser flash method and the example of the
measurement system.
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Fig. 2 A model of the two-layer sample based on the response function
method.
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Table 1 Developed two-layer reference samples ®.
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Table 2 Thermophysical properties of the zirconia reference material ©.
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Fig. 4 The temperature history curves; observed at room temperature and
calculated using simulation software.
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Fig. 5 Measured thermal diffusivity of the dense zirconia specimen,
porous zirconia specimen and the two-layer zirconia specimen.

BofEfiz, kO R0 OBIEEETH L, b
WL Ca—74 Y 7OBRESERIZIAUTTH L DT,
2 @R O BT O BILEER L. ML R CEILEER O
ETEbTATHY, HELEZIHEN T2 v, HlETHE
722 ERAO R OBIEEER S, I—T 1 ¥ T OB
BEOREN R, T, BRICBILHET 5122
WCHRET T %o Fig6 £ 1) . HIBOBEE 0= 7.83 %107 [m”/
s] BT B, ZREFVEHCTENEND S ETH
SN BILECEIE, BEOMEREL Y LN SDICRD
EA5H L, (X5 2FIF-12% ~+6 % RETHL I LN
Do

V=75 v a2 0BIEHERNE O S1X, WH
Ze B R 2 BE L2 AIS, BHiRICBWT 4% BE G
BoOBAMEOBEEZKR) SN D, LT, 10%
Bz HHEIL. FEETHLEEZOND, EVNEEOWK
BRI LNEVEAFRSNLERE LTIE, £BEF)V
2 X BIRITICBT B S 0 RERR, BEas kol
HEDPIHEET D RMEBIEPL, BEREFTEVEHETH D
CEICEDBIRIOBENEZ SN, —FH. KEDLE
e LT, BRICBWTE, ZOZBETNVICL L FEE
VT, B & — R L L 72 R A8 O BGLEEE L. 10% 21
DERSZELH, BHTLZENTELESR b,
WIZ, ZRE D L ERICOVWTOMERF ROV THEN
%o Figb IR & 912, Apea[s] THIE L 72#ERIZ. 400K
DECHEBOEERBE,»SRE N T L, HiRIZBI
L IIETIX, Bl R BB SR EE TR I B AR ISR & 7 e
ERIZTIEPMONTVEY, SAEIZ. Zh5HIZDnT
FHIEEZIT o Tz, HEPE L EEZ LN D, dun
[s] B & O Aewe [s] THRD 7B IEEE L, BEOMERHE RIS

12 —T

-

T

@
«

E 10}
=

<

—

8

~

)

N

b=

2

2 °r

=

b=

=

'a‘ 4+ o two-layer (measure) =~ - N
E v coating (single/measuref -
:s [ ] coating (by Agxcel)

= X  coating (by Aup)

ot 2 - a coating (by Acrp) -

A . coatingI (by AC;,?/ correct?d) .
L L L L L L

0 200 400 600 800 1000 1200

Temperature / K

Fig. 6 Thermal diffusivity of the porous zirconia coating attached on
the dense zirconia substrate calculated based on the multi-layer
model.
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Table 3 An example of uncertainty budget table at about 300 K.

Source Type Uncertainty Relative uncertainty

Specimen thickness A,B 0.2%

Time interval during a measurement B 0.00008 %

Responsibility of infrared thermometer B 0.00002 %

Pulse width correction B 0.1 %

Non-uniform heating B 1.0 % 1.2%

Heat loss B 0.1 %

Base line drift during a measurement B 0.1 %

Curve fitting analysis B 0.2 %

Extrapolating analysis A 0.6 %

Black coating A 1.5% 1.5%

Uncertainty of effective specimen temperature A 1.7K 12%

s o My o] oo |
Combined standard uncertainty (1 o) 5%
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