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applications
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Outline

Few words about photos

Father of ADS and heavy metal coolant concepts

Metal coolants investigated for reactor coolants

First metal cooled reactors

Pb-Bi coolant for Soviet nuclear submarines

Heavy metal cooled reactor concepts under current development in 
Russia

How this technology was pulled out from the Russian military high 
secrecy ñdata bankò

Period 1991 -1995

Workshop in Trento 1997

Stormy development of HM coolant research after workshop in 
Trento
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Who should be considered as a father of HM 
coolant technology for nuclear power application ?
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Who should be consider as a father of HM coolant
technology for nuclear power application ?

Leo Szilard of many reasons.
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Who should be considered as a father of HM 
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Leo Szilard of many reasons.
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Liquid
m etal

Occurance ,
% of weight

Tmelt

(C)
Cost
$/kg

Chemical
activity

Corrosivity Toxicity

Lithium , Li 0.002 180.5 115
Less than
Na and K

More corrosive
than Na and K

More toxic
than Na, K

Sodium, Na ~2.4 97.8 3 High Low Low

Potassium , K ~2.1 63.5 13 High Low Low

Mercury, Hg ~8.5Ā10-6 -38.8 38 Low High High

Lead , Pb 0.016 327.5 2 Low High High

Bismuth , Bi ~10 -5 271.4 10 Low High High

Na-K -11 High Low Low

Pb-Bi 123.5 Low High High

Cs 6.5Ā10-4 28.4 73000 Medium Low Low

Gallium, Ga 0.0019 29.8 360
Fairly , 

medium
High High

Liquid metals suitable as nuclear reactor coolant
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Price of graphite  

Depends on many factors like purity, density etc.

For HTGRs can be expected to be around 1000 -2000 ú/ton 
i.e. about 1-2 ú/kg
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Liquid metal coolant choices

Å Sodium - for fast breeder reactors

Å Pb-Bi eutectic - for nuclear submarines ( Soviet Union)

Å Na-K, sodium -potassium eutectic ïfor space propulsion
reactors , with a vision to use Li in the future
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FIRST ñNUCLEARò ELECTRICITY PRODUCED BY 
EXPERIMENTAL BREEDER REACTOR ïI (SODIUM -
POTASSIUM EUTECTIC COOLED)

IDAHO, DECEMBER 20, 1951
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In the USSR in early 50ôs the lead - bismuth eutectic 
alloy was chosen as major LMC and parallel 
development to PWRs in submarines.
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1955 - 1958 the first Pb - Bi reactor for 
submarine propulsion has been commissioned

at IPPE Obninsk ïso called 27/VT1 reactor . 
About 70 MW

Full scale : ò Project 645 November -ZhMTò.Commissioned on 30 October 
1963 , as K - 27 submarine .

On 24 May 1968 about one - fifth of the reactor core had experienced 
inadequate cooling caused by uneven coolant flows. Hot spots in the 
reactor had ruptured, releasing nuclear fuel and nuclear fission 
products into the liquid - metal coolant , which circulated them 
throughout its reactor compartment. 9 people died within few days.
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Next , improved submarines propelled by Pb - Bi cooled
reactor

7 ALPHA class submarines òLyreò built 1977 ï1981 ( served until
1996). Powered by one 155 MWt reactor ( type OK-550 or BM-
40A).

The fastest submarines built , over 41 knots submerged . The fastest
was , however , K-222, 2 PWR reactors ï177 MWt , 44.7 knots
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GunterBauer 
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Obninsk 1996
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