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Impurities in Primary Coolant Salt of FHRs: Chemistry,

Impact, and Removal Methods

Jinsuo Zhang

The fluoride salt-cooled high-temperature reactor (FHR) is one of the Gen.

IV reactor spts. Considering the complexity of sak ch y, radi rigk,
impurity-induced material corrosion, and impurity-induced solid precipitation,
the salt chemistry should be well controlled. Therefore, molten salt cleanup
systems are needed in operation. Based on the experience of molten salt reactors
(MSRs) and available data, the present study identifies the types of impurities,

the second or intermediate loop. The inter-
mediate coolant may be molten LiF-NaF-KF
(FLiNaK) or KF-ZrFs. The contamination by
the intermediate coolant may lead to a higher
vapor pressure and introduce dements that
are neutron poisons in the primary loop.
Different from the moken salt-fueled
molten salt reactor (MSR), leaking radicac-

their potential sources, and their impact in FHR primary coolants. Cleanup tive nuclides such as fission products must
methods for each type of impurity and future research activities are also pass through the four-layer coating of the
(e, TRISO particle to enter into the primary

1. Introd uction

Using molten fluorides as both fuel and coolantis the motivation
behind the molten salt breeder reactor (MSBR) and other similar
designs, In these schematics, the fuel {typically in the form of
triftuorides or tetrafiuorides) isused as a fuel blanketor dissolved
directly into the primary coolant. Thus, fission products and
other decay daughter products will be generated directly in the
molten salt and require online removal. The fluoride salt-coaled
high-temperature reactor (FHR) is a similar reactor design,
ecept the salt is used only as a coolint and the fuel is maintained
in tristructurakisotropic fuel (TRISO) particle form. The FHR
aoffers a convenient technological bridge between today's reactors
(solid fuel, water cooled) and future molten salt reactors (liquid
fuel, liquid salt cooled). Detail information on the FHR status,
operation performance, and current designs can be found in a
report.]

Of the technological gaps that inhibit progress of the FHR
designs, one of the major concerns is the removal of actinides,
fission products {such as rare carth metals), and other impurities
(corrosion produdts, oxide, maisture, etc ) from the primary codl-
antsalt. These impuri ties can enter into the salt through different

salt. In addition, the coating (C-based mate-
rials) has high retention capabilities for
some radicactive nuclides. Therefore, the
fission product impurity levels in the FHR are low and orders
of magnitude less than in an MSR. However, some contaminat-
ing elements, for emmple, the rare earth elements (REsf™ and
xygenmoisture, pollute the coolant salt and harshly affect the
neutronics, heat transfer, and material compatibility. Therefore,
salt purifimtion processes for an FHR must be dewloped to
temove these impurities from the coolant salt and also monitor
“arious impurityconcentrations during nommal reactor operation P!
Based on the curent mvailable knowledge and operation
experience on previous M5 Rs and other types of nudear reactors,
the paper identifies the major impurities that are related to either
materid  compatibility, salt properties, or radicadive source
terms, and the potential contamination sources of these impuri-
ties, their transport in the primary wolant loop, and available
online cleanup methodalogies for a particular group of impurity.
‘The availible data on the thermodynamic behaviors of the impu-
rities in the primary salt are also discussed as well as the mech-
anisms of the online removal methods of eledrochemical
separation and liquid metal (Bi-li) exraction

ways including lmkage from the fuels, corrosion of the structural
materials, vessel gasket leakage, maintenance access, leakage of
heat ecchanger (HX) wbes, et The leakage of the HX tubes
leads to the primary salt being contaminated by the malten saltin
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Similar to other types of advanced reactors, such as the sodium-
codled fast reactor (SFR),M the impurities in the primary coolant
LiF-BeF; of the FHR can be categorized into five groups: carro-
sion products from structural materials, fission producs and
actinides from leakage of the fuels, nuclear reaction producs
including transmutation products and element decay products,
impurities from operation environments such as maisture and
axygen by ingression of air, and the impurities of the coolant
itself such as hydrogen Auoride (HF). Although the impurity
level {espedally for fission products) in an FHR primary salt
is much less than that in an MSR primary slat, the types and
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Chloride salt

Function of Alumina tube

Isolation of the metal 1on of interest to
prevent it from being oxidized. E.g.
Fe?* and Cr**

Allowing Cl-exchange between RE
and bulk salt.

If the metal ion has only one stable
state (such as Ni**), the alumina tube

can be removed. —
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(a) Different current densities CP curve for 5 wt% NiCl, — MgCl, — KCl — NaCl solution at 873 K. (b) The plateau
potential (zoomed-in (a)) with respect to current densities for 5 wt% NiCl, — MgCl, — KCI — NaCl at varies
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The summary results of NiCl, redox potential (a) and formal potential (b) of three different
concentrations at 773 K to 1073 K. WE: graphite CE & RE: nickel rod.
« E,’=5.798E-04T - 1.363E+00 (Formal potential is using the average value at
each temperature)

Where E,” is the formal potential of NiCl,, and T is the temperature in Kelvin
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_Condit

« The Standard deposition potential of the impurity should be more
positive than major metal ion redox potential but more negative then
F/F-

Reduction difficulty increases

Standard reduction potentials E? (V vs. Fo/F)

In LiF-NaF-KF, La and Ce can not be deposited
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__ W Lan N.Deposkpn: ntial Shifts When KF

» Lanthanum is found to predominantly exists in the species of LaF > instead of
La’** in molten fluoride salts when KF or NaF presents.

3
K3LaF6 A 34 3KF+La+EF2

o o | AG(KsLaFy)
KzLaFg/La LaFs;/La nF

AG(KsLaF) = G(KsLaFs) — 3G (KF) — G(LaFs)

Standard reduction

R 1
edox couple potential E° (V vs. F,/F)

LiF/Li -5.38
NaF/Na -4.85
KF/K -4.83
LaF,/La EYG
K;LaF¢/La P
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With the presence of the KF or NaF in
molten fluoride salts, the deposition
potential of lanthanum shifts to the
positive direction greatly.
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Fig. 5. Concentrations of Ni(Il) and Fe(Il) ions in the molten salt of Alloy 709
+— represent respectively Ni(II) and Fe(Il)
values determined by peak current densities; - and + are Ni(Il) and Fe(II) values

and Inconel 718 tests. —s— and

measured by ICP-MS analysis.
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Redox Control

Separation Kinetics

Materials Transport in Primary Salt loop
Materials Corrosion by Fission Products
Flow induced corrosion (loop tests)
Compound formation and Plating out
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U

Available facilities in our lab

1 Molten salt flow loop
4-High-temperature Electrochemical cell (Up to 1000 C)
DSC machine
CALPHAD saltware
Corrosion model, materials transport model in flow loop
Static corrosion test autoclave (can work at high pressure)
Radioactive laboratory

() R W Ry Ny
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