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T91 Boiler Tube Oxide Spallation 
Experiments in High Pressure Steam

The growing importance of variable renewable power sources results in coal-fired boilers being 
operated with more thermal cycles than envisioned when they were designed.  This may lead to 
increased oxide spallation inside boiler tubing, which may result in downstream hot short failures or 
turbine erosion.  The overall aim of this research project is to develop an oxide spallation model using 
a physics-based approach, that incorporates oxide morphologies and structures, to improve power 
plant performance.  The research presented here is a parallel experimental approach to examine the 
cyclic oxidation performance and spallation of T91 boiler tubes pre-oxidized with a thick scale.
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Disclaimer

Summary
Cyclic oxidation tests in high pressure steam on T91 boiler tube sections to support verification of 
boiler oxide spallation models  
Progress:
• Critical review of the available CTE data of Fe3O4
• Pre-oxidation at 710°C/200 bar steam of T91 boiler tube sections to establish thick 

initial oxide scales prone to spallation
• 210 μm after 486 h
• 375 μm after 1984 h

• Morphology similar to that found from long-term boiler exposures
• Cyclic test plan to simulate 12 cycles in 29 days—600°C/200 bar to 400°C/10 bar
• Other cycles planned for 600°C/200 bar to 200°C/10 bar
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