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Introduction 

 

FeCrAl ferritic steel is one of candidate structure 

materials as accident tolerant fuel cladding for next-

generation nuclear reactors due to its good irradiation and 

corrosion resistance. Recently, the mechanical properties 

of FeCrAl have been studied to be improved by solute 

atoms acting with dislocation loops [1,2]. However, the 

mechanism of solute atoms on the loop formation and 

evolution still remains an open question. 

 In this study, Al content dependence of dislocation 

loop distribution was investigated in FeCrAl model 

alloys. Furthermore, effects of solute atoms (Al and Cr) 

and impurity atoms (C and N) on vacancy behaviors in 

bcc Fe were calculated to clarify the mechanism. 

 

 

Method  
 

Fe-12Cr-xAl (x=1, 7.5 wt.%) model alloys were electron 

irradiated at 300 °C to 2 dpa at high voltage electron 

microscope (HVEM). In-situ TEM observation was 

performed to investigate the microstructural evolution as 

of function of Al content. Furthermore, the grid-based 

projector augmented wave (GPAW) method based on 

density functional theory (DFT) was used to study the 

effects of Al, Cr, C, and N on vacancy behaviors in bcc 

Fe. Vacancy energetics were calculated in a 4×4×4 

supercell. 

 

 

Results and Discussion  
 

The calculation results showed C, N, Al and Cr can 

decrease vacancy formation energy in bcc Fe and thus 

enhance the vacancy formation. <111> is the easiest 

direction of vacancy migration. Solute atoms Al and Cr 

can favor the vacancy migration while impurity atoms C 

and N impede the migration along with <111> direction.  

 

 

 

 

 

 

 

 

 
Figure 1 Vacancy migration energy in <111>, <110> and 

<100> directions in α-Fe. 

 
 Dislocation loops of a0<100> and ½a0<111> Burgers 

vector were detected and quantified.  

 

 
Figure 2 Dislocation loop diameter in Fe-12Cr-1Al and 

Fe-12Cr-7.5Al model alloys. 

 

 
Figure 3 Dislocation loop number density in Fe-12Cr-

1Al and Fe-12Cr-7.5Al alloys. 

 
 Results indicated that dislocation loop evolution in 

FeCrAl model alloys was dependent on the Al content. 

Larger loop size and lower loop number density were 

observed in Fe-12Cr-7.5Al at all doses. The earlier loop 

transition from a nucleation-dominated-regime to 

coarsening-dominated regime in Fe-12Cr-7.5Al (at ~1.0 

dpa) than Fe-12Cr-1Al (at 1.5 dpa) demonstrated Al  



addition can promote dislocation loop bias of mobile 

interstitial atoms. A slight decrease of the ½a0<111> / 

a0<100> loop population ratio with increasing Al content 

was found. It supports the idea of the accelerated 

vacancy migration along with <111> direction by Al 

addition. Al additions exhibit a competing response to 

irradiation-induced dislocation loop evolution. 

 

 

 

 


