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ALTERNATIVE DISSOLUTION AND OXIDATION BEHAVIOR OF 316L(N) STEEL AT 550°C IN LIQUID SODIUM CONTAINING LOW CONCENTRATION OF OXYGEN



  STATE OF THE ART : large literature in relation to fast reactors applications  excellent corrosion resistance of steels at high T & high flow in pure liquid Na but the semi-empirical models (316L -1y -T > 600°C) are not conservative  As stainless steels and refractory metals present low solubility's even at high temperature in pure liquid sodium  But impurities such as oxygen drastically increase the dissolution rates of stainless steels because of the formation of ternary oxides (NaCrO 2 OBJECTIVE : validate the hypothesis that oxidation may occur during transient or alternate chemical conditions in heat transfer systems because of alternate conditions varying with coolant chemistry and materials surface layer evolutions with operating time in agreement with thermodynamic conditions, which is necessary for long term modeling  Plan : the hypothesis will be supported by experimental results performed with laboratory scale setup to separate effects, and characterizations at the finest scale possible,



  Nitrogen controlled, elaborated in accordance with the RCC-MR codification (RM 3331 level 2). After rolling, the steel was annealed at 1120°C and quenched in water. Corrosion Tests : 550°C in static sodium for 4577 h for low oxygen condition (<~1 wppm)  Others samples tested at the same time : Fe-9Cr-1Mo, A800, Fe, Ni, Hf, Al 2 Cleaning : weight gain after ethanol cleaning higher than after water cleaning, meaning sodium remains in the porosities present in the corrosion surface layer  Sample immersed from the beginning, weight gain small but not null: + 0,006 mg/dm²/d (if supposed linear)  Up to 100 times larger weight gain for 650h for the same duration Conclusion : from 2 to 28 mg/dm²/y on the corrosion kinetics based on weight variation 4Zone 2 : black patches that expand for the last period  Crystallites enriched in Na, Cr and O (1µmtriangular shape) Oxide scale (Na-Cr-O) : 500 nm, not function of exposure duration  Cr depleted zone : 1 µm thickness steady with time (no Ni leaching<-> Fe), porosities, carburization zone which is more intense and larger than the one caused by EDM machining, some indications of internal oxidation (SiO 2 )  In between : a Mo enriched zone, 0.1 to 0.2 µm  Sodium profile extends to 4 to 6 µm in depth : sodium penetration zone ? Conclusion : steady thickness but surface extends for the last exposure period even though durations are shorter Oxide scale formation lead to a Cr chemical activity at the surface layer lower than the bulk GD-OES zone 2 -last 3900 h (periods 2+3+4+5No apparent evolution with exposure duration, with quasi-null weight gain  Porosities ~500nm (Mo enriched) -> coral like structure  Crystallites (250 nm to 1 µm, Fe, Cr or Cu rich)

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

TABLE I

 I Composition of the 316LN stainless steel tested.

	Element Concentration (wt. %)
	Fe	Balanced
	Cr	17.27
	Ni	12.13
	Mo	2.54
	Mn	1.74
	C	0.026
	Si	0.31
	P	0.025
	S	0.001
	N	0.069
	B	0.0004
	Cu	0.0029
	Co	0.09
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