
Roy M. Sullivan
Glenn Research Center, Cleveland, Ohio

Reformulation of Oxide Growth Equations  
for Oxidation of Silicon Bond Coat in  
Environmental Barrier Coating Systems 

NASA/TM—2019-220028

April 2019

https://ntrs.nasa.gov/search.jsp?R=20190033088 2019-12-26T04:03:12+00:00Z



































NASA/TM�2019- 220028 10 

An estimate of the permeability of oxygen through silica at 1,316 �qC may be obtained by rewriting 
Equation (12) as  
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and by extrapolating the values for B reported in Deal and Grove for dry oxygen to 1,316 �qC. The 
extrapolated value of B at 1,316 �qC is 3�u10�13 cm2/s. Recall from Deal and Grove that the values for B in 
dry oxygen were obtained at P = 1 atm and that N1 = 2.25�u1022 molecule/cm3 for oxidation in O2. This 
yields an estimated permeability of oxygen through silica of �Jox = 5.6�u10�15 mole/atm��cm��s at 1,316 �qC. 
This value is consistent with the permeability values reported by Norton (1961). Norton measured the 
permeability of oxygen through silica at temperatures from 900 to 1,100 �qC. Extrapolating Norton�s 
permeability values to 1,316 �qC yields a value of �Jox = 3.2�u10�15 mole/atm��cm��s. 

Using the permeability ratio from Equation (19) and the estimated permeability of oxygen  
through silica obtained by extrapolating the Deal and Grove data yields an estimated permeability of 
oxygen through the Yb2Si2O7 coating at 1,316 �qC of �Jc �# 3.73�u10�13 mole/atm��cm��s. In a similar manner,  
if  Norton�s data is used to estimate the oxide permeability, the coating permeability estimate is 
�Jc �# 2.13�u10�13 mole/atm��cm��s. These results are consistent with the results of oxygen permeability tests 
reported by Wada et al. (2017), where the oxygen permeation rate in Yb2Si2O7 wafer specimens was 
measured as a function of the O2 pressure differential at 1,400 °C. The ratio of the permeation rate to the 
O2 pressure differential yields a permeability value of �Jc �# 2.3�u10�13 mole/atm��cm��s. 

6.0 Conclusions 
The results of this study reveal that the linear-parabolic growth equation of the form 
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o ox Ax B t� � �  � � � W is applicable to the oxidation of the silicon bond coat in multilayer environmental 

barrier coating (EBC) systems. However, the constant A must be modified according to
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�c�  � � � J � G � J�ƒ , where �Jc i and �Gi represent the permeability and thickness of the coating layers, 

respectively. The constant B is unaffected by the presence of a coating.  
Application of the modified expression for A to previous experimental results indicates that the 

permeability of oxygen through the Yb2Si2O7 coating is 67 times larger than the permeability of oxygen 
through silica at 1316 �qC. An estimate of the permeability ratio for the diffusion of water was not possible 
because of the limited number of data points previously reported for oxidation in the 90% H2O + 10% O2 
environment. When measuring the thermally grown oxide (TGO) thickness growth versus time it is 
desirable to have more than three data points to fit the data to Equation (14a). More research is needed to 
obtain the permeability of oxygen and water through the various EBC layers at the proposed service 
temperatures.  

Equations (11) and (15) can be used to aid the design of EBC systems provided the coating layer 
permeability values are known. They may be utilized to select the minimum coating thickness necessary 
to maintain an acceptable silica layer thickness. Of course, this is only one tool for the design of EBC 
systems. These analyses must be performed in concert with thermal and structural analyses to ensure the 
structural integrity of the EBC over the service life of the coated component. 
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