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UIUC 

•Magnetron sputtering of FeCrAl on Zircaloy 2 

•700 ºC steam Dm 

•Dynamic autoclave Dm (BWR-NWC, 288 ºC, 48 hrs.) 

•AES, XRD, STEM, SEM, EDS 

 

UT 

•Cathodic arc PVD of MAX (TiAlN) phases on ZIRLO 

•Static autoclave Dm (360 ºC, pure H2O, several days) 

•Optical microscopy, SEM, XRD 

 



UT Work 
•6 generations of MAX phase coatings 

•Static autoclave 360 ºC Dm 

•500 ºC SCW, 800 ºC steam beginning 

•TiAlN (350 ºC cathodic arc, 20 mm)  

  and Ti3AlC2 (400 ºC magnetron sputtering, 3 mm) 

• Gen 1 coating (June 2013) 
– 3 days in 360ºC, static pure water 

• Gen 2 coating (July 2013) 
– 3 days in 360ºC, static pure water 

• Gen 3 coating (September 2013) 
– 3 days in 360ºC, static pure water 

• Gen 4 coating (November 2013) 
– 7/21/39.8/53.8/67.8 days in 360ºC  

static pure water 

• Gen 5 coating (February 2014) 
– 14/32.8/46.8/60.8 days in 360ºC  

static pure water 



Generation 3 







Generation 4 



Generation 4 



UIUC Work 

•FeCrAl various compositions         

 via magnetron sputtering 

 on Zircaloy 2 and YSZ 

•Thickness range 0.51.5 mm 

•700, 1100, 1250 ºC steam, 

 BWR-NWC exposure 

•Several microanalytical analysis  

 techniques 



Dm vs. time 

700 ºC steam 



AES elemental depth profiles 

700 ºC steam 

x = 1.1 mm 

FeCrAl: 62-4-34 



x = 1.1 mm 

FeCrAl: 62-4-34 

Dynamic autoclave 288 ºC, BWR-NWC, 48 hours 

Glancing-angle XRD 

700 ºC 

5 hr 

as-grown 

a-alumina like 

(FeCr)2O3 (R-3c) 



x = 0.3 mm 

x = 1.1 mm 

x = 0.6 mm 

Effect of FeCrAl film thickness 

on zirconia growth in 700 ºC steam 



Fe2O3  

x = 0.3 mm 

Surface topography in 700 ºC steam vs. time, 

varying FeCrAl compositions 

x = 1.1 mm t = zero 

t = 0.5 hr t = 2 hr 

t = 15 hr t = 15 hr Al2O3  

Al2O3  Al2O3  



Conclusions 

•FeCrAl films perform satisfactorily in BWR-NWC environments. 

•FeCrAl coatings with high Al compositions (>20 at. %) 

    promote alumina formation during 700 ºC steam exposure. 

•Alumina formation prevents zirconia formation of base Zircaloy. 

•Fe-Zr 900 ºC eutectic will invalidate FeCrAl protection; buffer layer 

     needed. 

•The FeCrAl-YSZ system stable to steam at 1250 ºC; spinel formation. 

 



XRD analysis 
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