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Molten Salt
Fuels

Molten salt fuel composition
changes over the fuel lifetime
and is susceptible to
contamination from a variety
of sources including:

e Corrosion of structural
MEICHELS

e Fission of actinides

* Ingress of oxygen or
moisture

* Synthesis processes

Used salt fuels can contain:
* Fission products
e Reusable actinides

« Stable radioisotopes such as
37Cland “Li
* Corrosion products

* Contaminants due to oxygen
and moisture ingression
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MSR fuels are e

o o Limited conditioning with the goal of

unlquely Surted for prolonging the life of fuels could include:
Stream
adva nced fuel . Removal of oxides
l M . Recovery of FP and noble gases A/
CycCles: P
. . Recovery of noble metals @ R Streems
* Enable on-line fuel . N\ 5
o . Removal of soluble neutron poison

conditioning FPs @

Must be protected from

contamination duri ng Full recycling with the goal of maximizing reuse of molten salt fuels

could include all of the above and:

synthesis, delivery, and
use

. Actinide recovery

. . . | . Rare earth element extraction
Online, at-line, in-line and

offline processing options
are all possible.

. Recycling of the 37Cl or 7Li

. Repurification and reuse of the base salts
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Motivation

Which impurities must be
removed will be determined by the
impact on fuel salt performance

Fuel salt performance is governed
by thermal properties.

For example:

* Higher viscosity requires more
pumping power

Higher density impacts thermal
convection and therefore fluid flow
conditions

Higher melting temperature could
result in freezing of salt

Change in thermal diffusivity will
change heat removal rates

Determining how impurities impact fuel
salt properties will provide insight into
which impurities should be removed
and help to set purity specifications

Impurities being investigated include
* Fission Products
* Oxides

e (Corrosion Products
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Individual batches of doped FLiNaK salt with fission

EffeCt Of FiSSiQn product concentrations representing low and high levels of

P ro d u c ts burn up. Doped FLiNaK Compositions (mol %)

Composition 1 Composition 2

Determining the effect of fission Component  (low burnup)  (high burnup)
products and on the properties of F;"‘I':EK 9096655 903-2253

rF, : :

molten salt Mo 0.05 0.25
= DSC was used to measure the NdF 0.05 0.25
thermal ties of the molt Cers o0 o2
ermal properties of the molten CsF 0.05 0.25
salts Csl 0.005 0.025
. SrF, 0.05 0.25
Laser flash analysis was used to Ru 0.05 0.25
determine the thermal diffusivity of Na,Te 0.005 0.025

the molten salts at several
temperatures

Measured property values are compared with those of
eutectic FLiNaK base salt to assess the impact of

A rotational viscometer was used impurities

to determine the viscosity of the Uncertainty quantification based on principles outlined in
molten salts at several the Guide to the Expression of Uncertainty in Measurement
temperatures
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FLiNaK

Thermal
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Analyses 3 ;
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" =L FLINaK-L |
Thermal transitions of three samples each ot ]
. . p T
of FLiNaK, FLiNaK-L, and FLiNaK-H were = N ) .
measured by using DSC T Z Z
= —— | Decrease in melting
= T . . "
Heating cycle performed for each sample: ] % FLINalk-H 3 temperatures and additional
2 \ g low-temperature transitions
=  One 20°C min pre-melting ramp 2 < \' pu ] due to presence of surrogate
[ - 1 fission products
=  Two 5°C min' measurement ramps - , | | , | , , ]

400 425 450 475 500 525
Temperature, °C

i Lower onset of melting and liquidus point temperatures were measured for both
sample indicates measurement low-burnup FLiNaK and high-burnup FLiNaK compared to those of pure FLiNaK,
conditions were stable for which the onset of melting and liquidus point temperatures were 455 °C and
476 °C , respectively

Consistency of transition temperatures
measured in duplicate ramps of the same

Consistency of the transition
temperatures measured with different
samples indicates compositional
uniformity of salt mixtures

= A small peak detected with an onset at 445 °C in analyses with both doped FLiNaK
salts

» Additional pre-peak with an onset near 419 °C is observed in high-burnup FLiNaK
measurements

Differences in melting onset temperatures exceed the measurement uncertainty

'L.D Gardner, K.A. Chamberlain and M.A. Rose. Property Measurements of LiF- o Molten Salt Reactor e U.S. DEPARTMENT
NaF-KF Molten Salts Doped with Surrogate Fission Products. ANL/CFCT-24/23. Argon ne J P ROGU R AWM gﬁEil?REGY
NATIONAL LABORATORY ice of Nuclear Energy

September 2024.




Average thermal diffusivities
1 and expanded uncertainties

. for FLiNaK, FLiNaK-L, and
erma o]

o
o
o
w
o
I
1

m2
o
o
o
N
(6]

T

1

DIfoSIVIty é’o.oozo- § ? A -
BN F‘E 0.0015 | , o & g % % .
 Uncertainties in thermal E & 3 %
diffusivity measurements by gomhr R ’ ]
laser flash analysis (LFA) are 0.0005 |- o PN -
primarily due to: o000 Lt o e
. 500 600 700 800 900

= LFAtimerresolution Temperature, °C

= Variance in multiple

e aSHrEigiie Graphite cells used to contain salt during measurements are
— Random error designed to maintain a known uniform thickness of salt
— Distortion in salt layer
thickness during heating Periodic instrument response checks with a certified reference
= Thermocouple uncertainty material provide confidence that various instrument effects are
: Sl controlled.
* Relative uncertainties at each
temperature are on the order of Differences between the responses of salts with and without
10% dopants are greater than the measurement uncertainty
1L.D Gardner, K.A. Chamberlain and M.A. Rose. Property Measurements U-S. DEPARTMENT
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Viscosity

* Uncertainties in viscosity
measurements are primarily due

Resolution of calipers, bore gauge
Viscometer torque calibration
Variance in multiple measurements
Uncertainty in salt temperature

stability and control

* Relative uncertainties at each
temperature are on the order of
10%

e Draft standard test method is
being circulated for comment

'L.D Gardner, K.A. Chamberlain and M.A. Rose. Property Measurements
of LiF-NaF-KF Molten Salts Doped with Surrogate Fission Products.
ANL/CFCT-24/23. September 2024.
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Viscosities of silicone reference oil measured using three Average bias-corrected viscosities and expanded
different viscometers (A, B, and C) at room temperature uncertainties for FLiNaK 1, FLiNaK 2, FLiNaK-L, and

FLiNaK-H'

A long drive shaft is needed to avoid heating the viscometer head, which increases
gyration

Effects of gyration and bearing wear on measured values can be determined by
performing measurements with a reference fluid using the same viscometer, drive shaft,
and spindle size used for measurements of molten salts to determine a bias correction
factor

= Viscometer calibration is performed by using a commercial silicone reference oil

= Bias factor determined from measurements with silicone oil is applied to
measurements made in a molten salt

Differences in viscosities of salts with and without dopants are greater than the
measurement uncertainty
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Effect of
- Sample 1
' L
Corrosion :
C -
@ L
Products on [l =y
g " Sample 1
= [ Sample 2
Thermal _.LE - Sample 3
o === Decrease in melting
Ir — temperatures and presence
n a yses - FLiNaK-NiF, 1 of low-temperature
- Sample 1 : 1 transitions due to addition of
- Sample 2 E ——Ramp 1 - corrosion products
DSC used to measure thermal [ Sample 3 | ---Ramp2 -
transitions of individual batches of . . . | . Y . . .
FLiNaK salt doped with: 425 450 475 500 525
= 0.9wt % NiF, Temperature, °C

= 0.9wt% CrF,
Presence of nickel and chromium fluoride shift liquidus
temperatures lower and introduce lower temperature
transitions

Heating cycle performed for each
sample:

= One 20°C min' pre-melting ramp

= Two 5°C min' measurement
ramps
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Ramp 1

-—-—- Ramp?2 _

Effect of
Uranium Oxide
onh Thermal
Analyses

urified UF,
Doped FLiNaK

Heat Flow, -endo

X Decrease in melting
]

As Received UF, 1 temperature and
DSC was used to measure oF Poped FLNaK | Tomperature vansions
thermal transitions of three L e ilonalth,
SampleS eaCh Of FLlNaK Temperature °C
doped with ~12 wt % UF
4 Addition of UF, to FLiNaK:
from two sources: Hon o = fo THTE
y o * Lowers melting temperature
= As-received UF, containing ~10 wt
% UO, * Introduces low temperature features
= Purified UF, containing < 1.5 wt % * Produces extended shouldering of liquidus

. L0, The lack of consistency of the transition temperatures (> 2° C ) measured with
Heatlng CyCle pe I’fO I‘med fOI’ different samples of FLiNaK doped with UF, from both sources indicates
each sa mp[e: compositional non-uniformity of salt mixtures
= One 20 °C min-! ore-melting ramp = Effect is more pronounced in salt with higher oxide content

= Oxide is not soluble in salt and is likely not distributed homogeneously

= Two 5°C min' measurement
ramps
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Effect of 26— ANecurs :
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oxides on Heat e — SERE
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Heat capacities were measured by col o oy
using DSC by the ratio method of ' 540 560 580 600 620 640 660 680 700
three samples each of salt’: Temperature, °C

FLiNaK

Addition of NiF, (blue) raises heat capacity beyond the
FLINaK +0.9 wt % NiF, uncertainty of the measurement.

i 0
NG i Additions of CrF;, and UF, with oxygen contamination

FLiNaK +12wt % UF, As received (A) do not change the heat capacity beyond the
FLiNaK + 12wt % UF, Purified (B) uncertainty of the measurements
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Summary

Affects of key fission products, corrosion products and oxides have been
Investigated.

* Impacts on thermal transition temperatures, viscosity, density and heat capacity
are measurable.

Additional measurements are needed to provide data which can be used to
determine which impurities must be removed to maintain acceptable fuel
salt properties

* Effect of other impurities (Fe, moisture, noble metals)

* Different concentrations of impurities to set purity standards

Knowing which impurities should be removed and setting purity standards
will enable developers to define their fuel cycle strategy.
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