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The formation and dissolution of lead oxide in lead-bismuth eutectic is 
studied to design and improve novel filtration techniques
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MYRRHA @ SCK-CEN: an Accelerator-Driven System (ADS)

 Gen IV fast reactor
 Technology demonstrator
 Transmutation of radioactive waste
 Subcritical core

 Lead-bismuth eutectic (LBE) 
coolant

LBE chemistry and oxygen control of 
prime importance
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Oxygen in LBE: Why is this important?

 Due to its influence on
 Corrosion of fuel cladding

and structural steels

 Evaporation of radionuclides

 Liquid metal embrittlement

 Plugging risk by coolant
oxidation (PbO)
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Nucleation and growth: winter edition

http://www.thewaterdeliverycompany.com/2014/11/28/supercooling-water-experiment/
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Nucleation barrier

 Water – Ice 
Homogeneous nucleation Large nucleation barrier
supercooling (up to -35°C)

 LBE – PbO
Nucleation barrier unknown
 Rate of nucleation unknown
 Crystal growth unknown

Impact, safety considerations of PbO in nuclear
reactors cannot be judged ?
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Lead oxide in Lead-bismuth eutectic: Oxygen saturation
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Nucleation of PbO in LBE

 HELIOSIII experiment

 Temperature cycling
 fixed total oxygen concentration

 Oxygen concentration
measurement
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Nucleation barrier of PbO

“Freezing”
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Nucleation barrier – Experimental campaign

 Oversaturation 𝑆𝑆 = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

= 𝐶𝐶𝑜𝑜
𝐶𝐶𝑜𝑜,𝑠𝑠

= ‘supercooling’

 Classical Nucleation Theory Surface tension/Interfacial energy
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Nucleation and growth: model development
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Onset of nucleation

PbO Growth

PbO dissolution
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Conclusion

 1. Measurement of metastable limit = onset of PbO formation
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Conclusion

 2. Model for PbO nucleation, growth and dissolution
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Conclusion

 3. Particle size distribution prediction by model
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Conclusion

 Lead and LBE cooled nuclear reactors need knowledge on PbO
formation
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Classical Nucleation Theory

𝐽𝐽 = 1 ⇒ 𝜎𝜎 = 0.1976 − 2.4075 ∗ 10−4𝑇𝑇

∆𝐺𝐺∗ =
16𝜋𝜋𝜎𝜎3

3∆𝐺𝐺𝑣𝑣2

𝐽𝐽 = 𝐽𝐽0 ∗ 𝑒𝑒
−∆𝐺𝐺∗

𝑘𝑘𝑏𝑏𝑇𝑇 [nuclei/m³ s]
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