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Technology of Heavy Liquid 
Metal Coolants

More than 50-years experience with 
heavy metal coolant  technology



Basic requirements to heavy liquid metal coolants f or 
hydrogen production

- High density of heavy liquid metal (to ensure separa tion of phases)

- Low melting temperature and high boiling point of m etal (for expansion 
of working temperature range of the process)

- Zero chemical interaction between liquid metal and contacting 
gas or liquid

The following coolants meet the 
above requirements:

Pb Pb-Bi

Tmelt. – 327� �                   Tmelt. – 123� �

Tboil. – 1750� � Tboil. – 1700� �

� ~ 11000 m3/kg � ~ 11000 m3/kg

Diagram of working temperatures 
of Pb-Bi and Pb coolants

Corrosion area
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� ) hydrogen-containing substances are heated up by 
their direct contact with HLMC
- significant simplification of heat exchanger design ,
- cost reduction,
- increased efficiency because of separating wall 
elimination.

b) HLMC is used not only for heat removal but also to  
increase efficiency of thermal conversion of hydrogen-
containing substances by the application of innovat ive 
processes of metal-gas chemical interaction.

Advantages of direct mixing of HLMC 
with hydrogen-containing gases 
(water steam, natural gas, etc.) 



Hydrogen production by high-temperature water 
decomposition in heavy liquid metal coolant

)()(2)(2 222 OHQOH NPP +×¾®¾+×

Calculated yield of hydrogen 
up to 90% (T=973 K)

Advantages :

1. The use of high-temperature 
heat from various sources.

2. Possibilities of using at high 
temperatures and low 
pressure levels.

3. Direct contact water steam 
and liquid metal.

5. Scientific and engineering 
experience in heavy liquid 
metal coolant technology.

Problems

1. Creation of high-efficiency 
oxygen pump.





H2 production by water decomposition (experimental res ults ) 

15,2120,2448,17~1××××10-4133810

0,801,115,088,5××××10-4140655

0,040,050,474,1××××10-3130525

0,020,030,212,7××××10-3140385

Measured hydrogen 
concentration,%

Hydrogen 
production, ml/h

Parameters of the oxygen pump
Equilibrium  

concentration of H 2

(calculation), %

Oxygen 
activity

Flow rate 
of water, 

ml/h
� , °°°°�

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

0 1 2 3 4 5 6 7-lga

fraction of H2 

T=1300C

T=2000C

T=3000C

T=4000C

T=5000C

T=6000C

T=7000C

Time of experiment ~ 
70 hours 

Surface of the oxigen
pump ~1 sq.cm





(�� 4) ®®®® <<<<� >>>> + (2� 2)

Calculated yield of hydrogen 
up to 95%

(T=973 K, PCH4=0.1 MPa)

Advantages :

1. The use of high-temperature 
heat from various sources.

2. No slagging on heat 
exchanging surfaces.

3. Minimum dimensions.

4. High intensity of the process.

5. Preparatory scientific and 
engineering work has been 
fulfilled.

Problems

1. Stability of materials under 
intensive deoxidizing of 
HLMC by hydrocarbons.

Hydrogen production by methane thermal decompositio n 
in the coolant (pyrolysis)



Hydrogen production by methane interaction with wat er 
vapor in the coolant (conversion) 

(�� 4) + (2� 2� ) ®®®® (�� 2) + (4� 2)

Calculated yield of hydrogen 
up to 55%

T=973 K, (PCH4/PH2O)init =1/2

Advantages :

1. The use of high-temperature 
heat from various sources.

2. No slagging on heat 
exchanging surfaces.

3. Minimum dimensions.
4. High intensity of the process.
5. Preparatory scientific and 

engineering work has been 
fulfilled.

Problems
1. Development of the 

equipment and materials 
efficient in HLMC at  
temperatures of >700 °°°°�







Experimental results of propane oxide conversion
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Advantages

1. High intensity of the process

2. Effective separation of oxygen 
and nitrogen, no “poisoning” 
of the catalyst by nitrogen 
exist

3. Consistent «updating» of heat 
exchanging surfaces

4. Preparatory scientific and 
engineering work has been 
fulfilled

Problems

1. Structural materials suitable 
for high temperature (~1000 °°°°� )
lead or lead-bismuth reactors

4Pb + 2� 2  ®®®® 4Pb�
�� 4 + 4Pb� ®®®® �� 2 + 2 � 2� + 4Pb
3�� 4 + 2� 2� +�� 2 8� 2 + 4��

4 �� 4 + 2� 2 ®®®® 8� 2 + 4��

Production of SYNGAS in HLMC (T»»»»1000°°°°� )

Materials for Pb, Pb-Bi and PbO 
coolant circuit operating at  
temperature up to 1000 � � have 
been selected and tested

¾¾¾ ®¾Catalysis







1. A concept of advanced energy-effective and safe technology of 
hydrogen production in small-size facilities has been proposed. 

2. Theoretical analysis as a justification of feasibility of hydrogen 
production in all processes covered has been carried out. The first 
experimental results have confirmed a principal possibility of hydrogen 
production in reactions of decomposition of water and steam 
conversion of propane in liquid HLMC. 

3. In case of successful realization of technology reported, it would be 
possible to achieve a significant reduction of produced hydrogen cost, 
as well as that of the «hydrogen source-fuel cell» complex as a whole.

CONCLUSIONS


