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EVALUATION OF ALUMINIDE COATINGS AS HARDFACING MATERIAL CANDIDATE IN SODIUM FAST REACTOR



  Many components need to move during :  nominal operation  or during maintenance operation Sodium-cooled Fast Reactor ASTRID (600 MWe) Core components : 400-500°C, 4 years In former SFRs :  Cobalt base alloy STELLITE but activation under neutron flux  Safety issues during maintenance operation Good friction coefficient  Good wear resistance  Good corrosion resistance in Na  Good behaviour under irradiation  Good mechanical behaviour : resistance to thermal and mechanical shocks  Good adhesion CEA-AREVA-EDF program :  Thick coatings (2 mm) : Nickel base alloys deposited by PTA or laser  Thin coatings (<100 µm) : Aluminides Fabrication process = robust and vendor = existing or expected in near future  Good compatibility in Na from results obtained during the « golden age » of SFRs in the 70's and 80's.  Good tribological properties : good friction coefficient associated to the formation of stable surface NaAlO 2 or Na 2 Al 2 O 4 in Na NEEDS | 2 juillet 2015 | PAGE 5 Aluminides coatings synthesis by pack-cementation (IJL) and slurry (University of La Rochelle) Mechanical testing on coated sample : « Small Punch Test » in Na  Na compatiblity  Tribological properties in Na  Behaviour under irradiation (experiments conducted in Russian BOR60 reactor) NEEDS | 2 juillet 2015 | PAGE 6 Aluminides coatings synthesis by pack-cementation (IJL) and slurry (University of La Rochelle) Mechanical testing on coated sample : « Small Punch Test » in Na  Na compatiblity  Tribological properties in Na  Behaviour under irradiation (experiments conducted in Russian BOR60 reactor) composition :  halide activator -CrCl 3 -1 wt%  inert powder (Al 2 O 3 ) -59 wt%  Master alloy (Ni 2 Al 3 ) -40 wt% Furnace When pre nickel plated : 18 µm then vacuum annealed at 400°C before PC 980°C -4h in air (muffle furnace) step : grit-blasting of the top coat to remove the residue (bisque) Less particles stuck on the surface  Lower outwards aluminide growth rate  Thin interdiffusion zone Composite coating : B2-(Fe, Cr) Al with « hard » embedded Al 2 O 3 particles  Outwards aluminide growth  Very large interdiffusion zone Oxygen purified Na by Zr foil getter (600°C) before (3 days) and during sample exposure : [O] < 5 ppm  Cr sample to detect any Al dissolution 2.5 L static Na in Mo crucible Temperature : 550 °C Exposure times : 850 h and 4250 h Glove box Echantillons Specific washing procedure (ethanol+water) to remove residual surface sodium Analyses : mass evolution, GDOES, SEM, Raman spectroscopy, XRD Same observations as coated 316L(N)  T91-SL : tendency for mass gain Other surface analyses are needed since the evaluation of the corrosion resistance only by mass evolution interpretation can be very risky for Na Formation of ternary compounds (Na-Me-O/C) during exposure  Formation of Na carbonates/hydroxide during washing procedure  Na penetration  Dissolution of metallic elements or ternary compounds during the exposure in Na  Dissolution of metallic elements or ternary compounds during the washing procedure of samples  Loss of cement particules stuck on the coating surface  No strong evolution of the surface coating composition as respect to its main elements : Al, Ni, Cr, Fe  Deep penetration of Na > 25 µm in the Al 2 O 3 particles enriched zone : interfaces = high diffusion paths ? EDX analysis on Cr sample surface 3 wt% of Al [from Al 2 O 3 , Fe-Ni aluminides] Yes ! No severe degradation of the aluminide coatings whatever the process used (PC or SL) : Aluminides are quite stable in HT Na

  But still :  Slight Al dissolution  Na penetration (function of the density of the microstucture of aluminides, particles, cracks, …) : effect of tribological behaviour ? What about the tribological behaviour of aluminides in Na ? CEA | 26 avril 2016 |

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  No evolution of the concentration of Al, Fe, Cr and Ni in the aluminide deposited on 304, 316 and IN718 alloys after exposure in flowing Na at 400 °C for 3450 h completed by 350 h at 550 °C[Depierre at al., Materials Science And Engineering 88, 287 (1987)] 

	No severe degradation of the aluminide coatings
	whatever the process used (PC or SL) : Aluminides are
	quite stable in HT Na
	In good agreement with results from litterature : In good agreement with results from litterature :
	 Maximum corrosion rate of NiAl on IN718 = 0.75 µm/year at 625°C  Maximum corrosion rate of NiAl on IN718 = 0.75 µm/year at 625°C
	[Johnson et al., LIMET 1976] [Johnson et al., LIMET 1976]
	 No evolution of the concentration of Al, Fe, Cr and Ni in the 
	aluminide deposited on 304, 316 and IN718 alloys after exposure in
	flowing Na at 400 °C for 3450 h completed by 350 h at 550 °C
	[Depierre at al., Materials Science And Engineering 88, 287 (1987)]
	But still :
	 Slight Al dissolution
	 Na penetration (function of the density of the
	microstucture of aluminides, particles, cracks, …) :

MAI 2016 CEA | May 2016 | PAGE 26

316L(N) before exposure 316L(N) after exposure in Na -4250 h  No clear degradation of the coating and the substrate-coating interface

MAI 2016 CEA | May 2016 | PAGE 28

MAI 2016 CEA | May 2016 | PAGE

This work was funded by

NEEDS project (EDF-AREVA-CEA-CNRS)

2) COMPATIBILITY OF THE COATINGS IN NA
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