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Circuit of XFR Forum-

= The coolant(s) must accomplish the following key tasks
— Extract heat from the core: high specific heat and thermal conductivity ensure good
extraction
— Transfer heat to an energy conversion system (steam generator or exchanger + turbine)
or to a system which directly uses the heat: heavy oil extraction (oil shales),
thermochemical production of hydrogen, desalination of sea water
— Assure safety by providing the system with a degree of thermal inertia
= |In a Fast Neutron Reactor, the coolant must NOT
— Significantly slow neutrons
— Activate under flux, producing compounds which create unacceptable dosimetry
Change the behavior of structural materials
Induce unacceptable safety conditions
Induce insurmountable operating problems
Lead to wastes which can’t be processed during operation or dismanting

Coolant Functions for the Primary GE@““@“‘&“O“&‘
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Why is it necessary to control quality i
and to purify the coolant? GE@ e matond

= Primary coolant of XFR:
- [O] is a key parameter of corrosion
—For SFR-> contamination->dosimetry - necessity to decontaminate (handling, repair, ISl,..): [O]<3ppm
—For HLM-FR (or ADS)=>» necessity to master dosimetry and to eliminate corrosion particles (filtering)
— [O] well mastered can help to maintain oxide layer stable (protection against hard corrosion in heavy liquid metals HLM). It also allows enhancement of tribology.

— [O] can induce precipitation of coolant oxide : jssue for HLM: PbO particles due to very low dissolution rate; in case of very large O ingress, it can modify the composition
of binary alloys ie Pb-Bi... (it is not a problem for Na),

= For Intermediate circuits of SFR (Na) :
— [H] has to be maintained as low as achievable in order to detect as soon as possible a water ingress in Na (Na-H,O reaction generates H,): [H] <0.1 ppm
- In steady-state operation, aqueous corrosion in SGU produces Fe;O, and H: H diffuses towards intermediate Na.

- Moreover, Na purification allows to minimize tritium release. (Nota: Tritium release is a common issue for all nuclear systems, including HLM cooled FRs

= For all the circuits :

—  Control plugging hazards in narrow gaps, tubing, openings, seizing of the rotating parts, reduction of heat transfer coefficient in IHX (Intermediate Heat
Exchanger)...

=> to limit the plugging hazard, necessity to maintain [O] < [O]* and [H] < [H]* at the coldest point of the circuits, for all operating conditions ; value recommended in
SFRs: Tsat < Tcp - 30°C 9
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O & H Solubilities in Liquid Na GE@[ntemaﬁonal

Forum™

[ Primary loop : [0*]<3ppm ] [ Secondary loop : [H]<0.1ppm ]
Wittingham solubility law l
3023
log, [ H(ppm)] = 6467 — m
Noden solubility law
24445 —_
log,,[O(ppm)] = 6.250 - =
21, O(ppm)] (X)) £
1 (Solubilities almost nil :_E
around £
B the melting Sodium &
Na can be purified by Ty0y=97.8° =
cooling, leading to . S
crystallization of O and H Temperature [°C]

as Na20 and NaH SCELLPPAIL LIS LPS S

in a "cold trap"
i = O control: no necessity to keep a minimum value to protect structures (coating)

No risk of Na,0 precipitation in Na bulk)
=> Ternary oxydes (Na,M, 0, limited amount, thermodynamic stability depends on T, [O])
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Cold Trap Principle GE@lluumuoml
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concentration

sursolubility curve

Crystallization kinetics, given for one impurity O or H,]:
solubility curve in [nga,OIs] or [ngaHls]
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concentration
during purification In this equaﬂon;

o Index X refers to Nucleation (N) or growth (G)

Index j refers to the location on wire mesh packing (p) or cold walls (w).

kO is the rate constant (kg/(s.ppmnx.m?)),

E is the activation energy (J/mol),

R is the Boltzmann constant (J/(mol.K)).

Als the crystallization surface of reference (m?)

(wire or walls for nucleation, nuclei and crystals for growth).

nX is the order of the crystallization process.

C*(kg/m?) is the saturation concentration (from solubility law.)

pNais the sodium density in (kg/m°)

(C-C*) is the supersaturation at temperature T(K).
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temperature(°()

Phenomena Nucleation (N) Growth (G)
Impurity Na,0 NaH Na,0 NaH
C. Latgé ' E (kg/mol) -60 -450 -45 -43.6
« Sodium quality control; French developments from Rapsodie to EFR" n 5 10 1 2 15

Conférence FR09 Kyoto Décembre 2009
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Diagram [O]-T (Courtesy SCK PhD K Gladinez

SCK-Mol Univ Gent (19-09-2019) GE@ Intemaional

Forum*

Main results:
- Metastable field: possibility to nucleate, then to favour crystal Growth (Fig 1)

- Nucleation in LBE bulk (particles) or on metallic cooled surfaces (Fig 2), then growth (Fig1).
- Very limited dissolution rate of PbO particles (compared to Na due to its reducing properties):
necessity to perform CFD calculations to follow particles then to find the best location for a

« cold trap ».
- Possibility to foresee the use of a cold trap which includes cooling to increase supersaturation
and promote homogeneous nucleation then filtering area (packing).
- Possibility to favour heterogeneous nucleation on cold walls (Fig 3):
= to be investigated deeply.
=>For Na: cold trap includes cooling to increase the supersaturation then packing
implemented to provide heteregeneous sites for nucleation then to act as « seeded »
surfaces for growth.
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These data will allow SCK to design efficient purifications devices.

Ref: Gladinez, K., Rosseel, K, Lim, J., Marino, A, Heynderickx, G., & Aerts, A. (2017). Nucleation and growth of lead oxide particles in liquid lead-bismuth eutectic. Physical Chemistry Chemical Physics, 19(40), 27593-27602.
Ref: Gladinez, K., Rosseel, K, Lim, J., Marino, A., Heynderickx, G., & Aerts, A. (2017). Determination of PbO fouling (to be in Nuclear Engil ing and Design ) 36






