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X-Ray Diffraction (XRD) and Phase Analysis of Oxidized 
HfSiCN �–Phase Summaries

Table 1. XRD Phase Analysis of Samples Tested at 1300°C, 1400°C, and 1500°C 
for 100 hours, in flowing Oxygen 

 
1300°C 1400°C 1500°C 

Phase 
Chemical 
Formula 

Weight 
Percent 

Phase 
Chemical 
Formula 

Weight 
Percent 

Phase 
Chemical 
Formula 

Weight 
Percent 

Hf(SiO4) 29.7 Hf(SiO4) 50.9 Hf(SiO4) 27.4 
SiO2 34.2 SiO2 15.0 SiO2 61.5 
HfO2 23.9 HfO2 33.2 HfO2 11.1 
Si5C3 12.2 HfN 1.0   
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Oxidation Kinetics of HfSiCN Coating Systems �–Sample 
Morphologies 
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Photo images of oxidized specimens. (a) A pristine
sample. (b) Sample tested for 100 hours at 1300��C.
(Note that coating loss on the sides of the sample is
due to handling after the test). (c) Sample tested at
1400��C for 100 hours. (d): Sample tested at 1500��C
for 100 hours. The images illustrate the different
amounts of spalling that occurred on the surface of
samples. The sample tested at 1500��C had relatively
little spalling.

  
 

Scanning Electron Microscope (SEM) images of a 
1500��C oxidation tested specimen. Image (a) 
�V�K�R�Z�V���W�K�H���µ�V�P�R�R�W�K�¶���V�L�G�H���R�I���W�K�H���V�D�P�S�O�H���W�H�V�W�H�G���D�W��
1500��C for 100 hours, while image (b) shows the 
�µ�U�R�X�J�K�¶���V�L�G�H���R�I���W�K�H���V�D�P�H���V�D�P�S�O�H�����2�Q�H���F�D�Q���Q�R�W�H���W�K�H��
difference in grain texture, as well as the beginnings 
�R�I���V�S�D�O�O�D�W�L�R�Q���R�Q���W�K�H���µ�V�P�R�R�W�K�¶���V�L�G�H��
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X-ray diffraction spectra and analysis for phase fractions on oxide scales 
for HfSiCN coating oxidation at various temperatures. (a) 1300°C; (b) 1400°C; 
(c) 1500°C.
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Summary and Conclusions
�� Oxidation kinetics determined for the HfSiCN based Ultra-High Temperature 

Ceramic coating systems on Cf/SiC CMCs 
�� Pseudo-parabolic rate law observed for the HfSiCN oxidation, where the 

reaction rate is initially more rapid during the transient stage, and then slows 
down at the steady-state. At this steady state oxidation, more protective oxide 
scales formed and reduced further diffusion fluxes of oxygen and metal hafnium 
and silicon through the coating scales.

�� Samples tested at lower temperatures showed greater recession and spalling 
because of longer transient state period. Test Results showed that the 
activation energy of the oxidation reaction was approximately 14.3 kJ/mol).

�� XRD analysis showed that the samples tested at 1400��C had the most 
favorable ratio of hafnia to silica scales, which, along with the steadier reaction 
rate of samples tested at this condition, suggests that the material is able to 
maintain stability at this temperature.
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