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Austenitic 316L steel
in nuclear power plants
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CRISLA-capsule for HLM

CRISLA Facility:
• 5 capsules for HLM
• 3 capsules for air (gas)

Conditions:
 Stagnant Pb or LBE (900 ml)
 Tmax = 650°C
 = 
 = 10–13 mass%

Creep-rupture tests in oxygen-controlled heavy 
liquid metal

Continuous control of oxygen concentration in HLM
• Oxygen activity close to the specimen with air/Pt O2-sensor
• -probes in gas -inlet and -outlet
• Automatic introducing of gas with variable pO2

(Ar, Ar/H2
and synthetic air)
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Tested material: austenitic 316L steel

Lamellae texture enriched in Cr, sligtly in Mo and depleted in Fe, Ni in comparison
with the average composition of 316L

316L

Fe Cr Ni Mo Mn Si Cu V W Al Ti C N P S

bal 16.73 9.97 2.05 1.81 .67 .23 .07 .02 .0183 .0058 .019 .029 .032 .0035

50 m

Lammelas

OM unetched

-Ferrite
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Tests on 316L austenitic steel

Experiments Status

LBE, co = 10–7–10–10 mass%,
550 °C/ 300 MPa

tR =1,060 h

LBE, co = 10–6 mass%,
550 °C/ 300 MPa

tR = 182 h, 231 h, 365 h

Air, 550 °C/ 300 MPa Stopped before rupture, tR > 1,150 h

LBE, co = 10–8–10–9 mass%,
500 °C/ 325 MPa

tR =5,025 h

Air: 500 °C / 325 MPa Test still running,
tR > 9,015 h

LBE, co = 10–8–10–9 mass%,
450 °C/ 375 MPa

Test still running,
tR > 3,795 h

Air, 450 °C/ 375 MPa Test still running,
tR > 2,425 h
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Creep-to-rupture in LBE at 450-550°C
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s=3.19×10-2

(%×h-1)

s=1.38×10-2

(%×h-1)

s=1.64×10-3

(%×h-1)

s=1.7×10-3

(%×h-1)

Creep-to-rupture at 550°C and 300 MPa
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Creep-to-rupture at 500°C and 325 MPa
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s=1.1×10-6

(%×h-1)

s=3.5×10-5

(%×h-1)



10 06.07.2017 25th International Conference on Nuclear Engineering (ICONE25) Institute for Applied Materials –
July 02–06, 2017 Applied Materials Physics (IAM-AWP)
Shanghai, China Corrosion Department

Structural study of 316L tested in LBE
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Structural study of 316L tested in LBE
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Cracks in ferrite zone filled with Pb-Bi

Structural study of 316L tested in LBE at 550°C

Steel

Ferrite

Resin

Cracks 
filled with Pb-Bi

Pit-type corrosion damages as a result of
selective leaching of the steel elements
[V.Tsisar, C.Schroer, KIT]

Ferrite

Steel

Pb-Bi
Resin
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Structural study of 316L tested in LBE
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Ductile-dimple rupture mode at 
RT in air [Structural Alloys for

Power Plants, ed. by A. Shirzadi
& S. Jackson, 2014]
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Structural study of 316L tested in LBE

• Strain at rupture at 500-550°C in LBE is significantly less than at RT. Reduction of
area increases in LBE with lowering of T. But ductile-dimple rupture mode of
austenitic 316L steel is remains in LBE at 500-550°C.

• Ferrite zone at lower T, co and longer tR is more regular distributed and it is thicker
than at co=10-6 mass% (at 550°C)

T / °C Enviroment Co, mass% / tR, h Strain / % Reduction of
area / %

Thickness of
ferrite / m

550
LBE

10-6 / 231
14-22 32

0-86
10-6 / 365 0-37
10-7-10-10 / 1,059 0-326

air1 1,025 3 10 -

500
LBE 10-8-10-9 / 5,025 12 43 93-200
air2 after 7,729 0.4 - -

1 - stopped; 2 - running

RT air 50-70 Comprehensive Nuclear
Materials, ed. by J. Konings, 2012
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316L tested in LBE

Conclusion:

• 316L austenitic steel degrades stronger in LBE than in air at 500 and 550°C 
due to selective leaching of the steel elements leading to :

(i) austenite-to-ferrite transformation at steel/liquid metal interface and

(ii) penetration of liquid metal into ferrite and cracks formed into the ferrite and
propagated further into the steel

• co=10-6 mass% (at 550°C) does not decrease LBE effect in comparison to
lower co.
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Functionality check of Pt/O-sensor
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Pt/O-Sensor after creep-to-rupture test
with 316L in LBE at 550°C, co=10-6 mass%, 
tR=365 h


