


LIQUID METAL SYSTEMS



SODIUM
Outlet temp ~550°C



SODIUM Operationally oxygen 
controlled by a cold 
trap at 2-3 ppm (up 
to 10 ppm during 
maintenance)



SODIUM

• Cr has little solubility as a metal and the transport of chromium from the metal 
surface to form an oxide in the sodium is a stronger driving force. 

• Molybdenum is unlikely to form an oxide at typical sodium reactor operating 
temperatures, and with limited solubility, is likely to stay in the steel. 

• Nickel oxides are not thermodynamically stable so Ni loss from the steel surface is 
driven by the difference in the solubility of nickel in sodium and the amount of 
nickel in the alloy. 

• Iron does not form a thermodynamically favorable oxide yet corrosion data for pure 
iron indicates that the iron dissolution increases with the square of the oxygen 
concentration, indicating a kinetic effect in which oxygen promotes the local 
dissolution of iron into sodium 



SODIUM

MONJU adopted corrosion rate



SODIUM

An important observation after the sodium was drained from the primary 
tank was that the condition of the tank and the components submerged in 
sodium was pristine. There was absolutely no corrosion of the stainless 
steel after 35 years in contact with hot sodium. 

Dr. John Sackett Testimony to the NRC in December 2008

Transport of carbon and nitrogen from the reactor vessel (proposed to be 
constructed from 316 stainless steel), and associated decrements in strength 
was noted as an open question for General Electric as part of the Nuclear 
Regulatory Commission review of the proposed PRISM sodium-cooled 
reactor design



LEAD ALLOYS
Outlet temp up to ~800°C



LEAD ALLOYS

Pb and Pb-Bi are both in consideration

Si-containing alloys provide a more protective oxide

Al-containing coatings are being studied in Europe for higher temperature application



LEAD ALLOYS

•At very low oxygen, both austenitic and ferritic-martensitic steels are subject to 
dissolution, even at low temperature. 
•From 300°C to 470°C, with sufficient oxygen (>10 4 ppm), protective oxide films can 
be formed on both austenitic and ferritic-martensitic steels. 
•For temperatures above 550°C, austenitic stainless steels undergo heavy dissolution 
and ferritic-martensitic steels form a very thick and potentially unstable oxide. This 
thick oxide may be susceptible to erosion at high flow rates. 
•Between 470°C and 550°C, the corrosion behavior in structural steels appears to 
make transition from oxidation to dissolution. Furukawa et al. determined that at 
these higher temperatures, the iron oxide form changed from magnetite to wustite
which is less adherent and thus more prone to detachment 



LEAD ALLOYS

•Tensile properties appear to be unaffected for both T91 and 316 L steels when 
exposed to oxidizing LBE but does lose some ductility when exposed to an LBE 
under reducing conditions. 
•Low cycle fatigue in 316 L contacted with LBE shows only a weak damaging 
effect but T91 shows a decrease in low cycle fatigue resistance. If the T91 is 
brought to reducing conditions, the decrease in low cycle fatigue growth is 
greater, supporting the idea that reducing conditions appear to be detrimental 
to mechanical properties. 
•Creep-rupture tests in flowing LBE at 550°C showed a marked acceleration of 
creep rate at stresses >180 MPa. 

Overall, the mechanical properties of austenitic steels appear to be little 
affected but those of ferritic-martensitic 
steels can be affected and must be chosen carefully. 



COMPARISON

The U.S. has operated multiple sodium-cooled demonstration plants and 
environmental effects from the coolant was not limiting.  Oxygen control 
was critical

The U.S. has only operated test loops to understand liquid lead alloy 
systems but the Russian’s did operate submarines using lead alloys for the 
coolant.
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