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1 INTRODUCTION 

Thermal barrier coatings (TBCs) have low thermal 
conductivity values and have a primary benefit of providing 
an insulating layer that reduces the coated substrate 
temperature and mitigates the effects of hot streaking or 
uneven temperature distributions, [1]. Thermal conductivity, 
k, is a thermo-physical property that can be derived from the 
thermal diffusivity, α, of the specimen. It can be obtained 
from the formula k = α cp ρ, where cp is specific heat and ρ is 
the density of the material. Thermal conductivity, k, 
describes the quantity of heat that passes through a unit area 
of sample in unit time with a temperature gradient present. 
This thermal property of TBCs can be measured by flash 
method in which a nearly instantaneous pulse of energy 
(usually laser or other discharge source) is input to the 
frontal surface of a material sample and the temperature 
changes are measured on back side of sample with and INSb 
infrared detector as shown in Fig.1.  A laser flash test has the 
advantage of being fast while providing values with 
excellent accuracy and reproducibility.  

In this study, an instantaneous triangular heat pulse 
from a laser heat flash system (FL5000) made by Anter 
corporation, Pittsburgh, PA was used. The technique 
satisfies the ASTM E 1461. The test method can measure 
thermal diffusivity values ranging from 10-7 to 10-3 m2/s 
from temperatures 75 to 2800 K.  

 
Figure 1 Schematic of the flash method multilayer layer 
 
 The thinness and nature of the TBC specimens 
make it difficult to measure its thermal properties in a single 
layer measurement, hence the composite thermal diffusivity 
of the substrate and TBC have to be measured [2-4] and then 
the properties of the of the coating layer is then obtained 
knowing the properties of the substrate and overall 
dimensions from a multilayer diffusion model as by Lee, [4].  
 This study involves the measurement and 
evaluation of thermal diffusivities/conductivities of five 
variations of TBC coatings deposited on IN738 substrate 
using standard air plasma spray (APS) process and 100HE 
plasma spray system. All the coatings have a dense 
vertically (DVC) cracked microstructure. The coatings had 

different thickness as shown in table 1. The 100HE APS 
process is supposed to have a major improvement in plasma 
gun design that produces superior coatings applied at higher 
spray rates and significantly higher deposition efficiencies. 
 
Table 1 Processing Conditions for Standard APS and 
100HE APS  
Sample  
No 

Thickness 
cm 

Bond Coat TBC 

1 0.047 CoNICrAl
Y-HVOF 

8%YSZ 
APS 

2 0.067 NiCoCrAlY
-APS 

8%YSZ 
APS 

3 0.061 NiCoCrAlY
-APS 

8%YSZ 
100HE 

4 0.0920 NiCoCrAlY
-100HE 

8%YSZ 
100HE 

5 0.0680 NiCrAlY-
APS 

8%YSZ 
APS 

 
2 EXPERIMENTAL 
Thermal Diffusivity Measurements: Thermal diffusivity of 
specimens of dimensions 12.75 OD and 3 mm thickness for 
the IN738 alloy were machined from an ingot using electro 
discharge machining (EDM). The discs were then deposited 
with varying compositions of bond coat and TBCs 
combinations up to 500 µm thickness.  

The thermal diffusivity (αi) for each material was 
measured as a function of specimen temperature (in the 
range 100 to 900°C) in inert gas (Argon) atmosphere. Prior 
to thermal diffusivity measurements, the front face of the 
specimens were coated with a thin layer (~10 Ao) of 
platinum and then sprayed with graphite. The back face was 
only coated a thin layer of graphite spray. This was done to 
prevent direct transmission of the laser beam through the 
translucent TBCs. The precision of the thermal diffusivity 
measurements is within ±5%.  
 
Calculation of Thermal Conductivity: The measured α 
was determined from the measured half time, t1/2, to obtained 
the maximum temperature rise and thickness of the sample 
L, [3-4], using α = 0.13879 L2/t1/2.  From the solution of 
coupled energy diffusion equation for the two layer 
composite (i.e. IN738 and TBC) assuming no interfacial 
resistance, the thermal properties of the TBC layer can be 
determined, [4] for the triangular heat pulse as in this study. 
Discounting for the effects of the interfacial contact 
resistance the normalized temperature rise V of the back 
surface was obtained from equation [4]: 
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γk is the kth positive root of the equation  
X1 sin (ω1γ) + X2 sin (ω2γ) = 0 
Hj is the volumetric heat capacity of the respective layer and 
ηj is square root of the heat diffusion of the respective layer. 
The area of the sample is a, ρj is density of sample, cj is 
specific heat, and li thickness of the samples.  The function 
of the Q for the triangular heat pulse [4] is given by: 
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where β is a fraction between 0 and 1 and τ is pulse time 
(sec). A computer program was developed for calculating 
the thermal diffusivity of the unknown layer (TBC) with 
respect to the known thermo physical properties of the 
second layer (substrate). The time required to reach the one- 
half of the peak temperature, thermal diffusivity of IN738, 
cp and r of both TBC and IN738 were the input of the two-
layer composite computer program to calculate the thermal 
diffusivity and thermal conductivity of the TBC layer. A 
trial value of α1 for the TBC layer is estimated for calculated 
V and value of is changed until V is equal to 0.5 with the 
precision of 0.0001 and γk with the precision of 0.01.  
 
3 RESULTS AND DISCUSSION 

The thermal diffusivity measurements of IN738 are 
presented in the Fig. 2. From experimental data, it is 
apparent that thermal diffusivity of IN738 increases from 
0.03 cm2/s at 100oC to 0.0471 cm2/s at 900oC. These results 
have been validated with available data in the literature [6].  
The reason for the increase in the diffusivity is mainly due to 
the sintering effect in the microstructure of the IN738.  
The thermal conductivity calculated from α measured value 
for the APS and 100HE processes TBCs are depicted in the 
Fig. 3. The results obtained in this study are comparable 
with previously measured as–coated DVC coated TBCs [4]. 
From the plot it can be understood that the thermal 
conductivity value of the TBC not only depends on the 
micro structure of the YSZ but also on its manufacturing 
process. TBCs processed by 100HE showed a very high 
thermal conductivity values compared to APS process and is 
increasing with temperature due to the sintering effect. The 
thermal conductivity value for the TBCs processed by APS 
varies from 1.7 to 1.3 W/m-K at 100 to 900oC. The TBCs 
processed by 100HE showed a very higher value of 3.47 to 
5W/m-K for the same temperature range. It can be explained 
100HE, which is considered as most optimal process for 
depositing TBCs than conventional APS process but has a 
disadvantage of higher thermal conductivity value than 
TBCs by APS process.  
 
4 CONCLUSION 

In this study, experimental results of thermal 
conductivity measurements of TBCs processed by standard 

APS and 100E APS are presented. Preliminary analyses of 
the results indicate that the 100HE specimens have higher k 
values than the standard APS. Further studies on other 
properties such as cp and r of the TBCs are needed to in 
order to accurately characterize the thermal conductivities.  
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Figure 2 Thermal Conductivity Calculated from 
Thermal Diffusivity Measurements of IN738 
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Figure 3 Calculated Thermal Conductivities from 
Thermal Diffusivity Measurements 
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