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Motivation for transport property

characterization | o Viscosity of NaCl
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KCI

The link to MSD-TP M L

* Very limited data on thermal conductivity

NaCl

for U-bearing salts ﬁ
e \WWe need to know more about: % #
e Alkali fluorides mixed with UF4 3 g
e Alkali chlorides mixed with UCls S i o
e Stretch goal: learn more about BeF2-UF4 :
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So, what are we doing at ORNL?

1. Experimental measurements of
viscosity/ thermal conductivity

2. Ab initio molecular dynamics of U-

bearing salts

MSD development and predictive

— Balance

[4]

— Crucible

— Pt Plummet
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[2] Gallagher et. al, J. Chem. Eng. Data 2022, 67, 6, 1406-1414

[3] Birri et al. (2023). TSEP, 44, 102029.

[4] ORNL/TM-2020/1633

[5] Moon et al, Ind. Eng. Chem. Res. 2022, 61, 17665-17673
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How do we measure
these propertieS? Rolling Ball Viscometer

* Forviscosity we use a rolling ball
viscometer

* Balltracking performed typically with x-
ray radiography

* Terminalvelocity converts to viscosity
after NIST oil calibration

Variable Gap Apparatus

* Forthermal conductivity we use a
variable gap apparatus
* Heat flux driven across sample

* Temperature change versus gap size
corresponds to thermal resistance

e (Calibration with He accounts for losses

Heated on top (") === ]

Specimen (dT) —{-

* All crucibles/containments loaded in
. (A) The measurement section l
Inel’t glOVGbOX (B) The loading section Cooled below—r. ) C X ]
e Gas maintenance system keeps samples (C) Connection to the rotational stage

inert during measurements [1] ORNL/TM-2024/3650

ZS% U.S. DEPARTMENT

 of ENERGY

Molten Salt Reactor
Office of Nuclear Energy 5

4/21/2026




Sources of 2

uncertainty/
error

¢ Va I‘i a b l.e ga p a p pa I‘atu S Gas gubbles causing holdup/slowing

* Temperature fluctuations

* |Inconsistencies between cal./exp.
* |Impurities introduced into the salt
* Gap size uncertainty

* Air cooling inconsistencies

* Bubbles

* Rolling Ball Viscometer
* Dimensional uncertainties
* Angle uncertainty
* Bubbles
* |Impurities introduced into the salt

* Temperature gradient
4/21/2026
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Steel Balls

Gas
Bubble

[1] ORNL/TM-2025/4057
[2] Gallagher et al. J. Mol Lig. 2022, 361, 119151

[1] i

B

[1]

Figure 3. Photograph of the glass and stainless steel crucibles used in this study: (1) the outer
containment for glass crucibles to enable actinide chloride measurements, (2) a glass crucible,
(3) a new 85-316 crucible, (4) a used $S-316 crucible based on the old design from [31], and
(5) S8-316 balls used for measurements.

Fig. 6. The bottom surface of the heater cell before testing (left), directly after testing [2]
(middle), and after cleaning in an ultrasonic water bath (right).
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Recent thermal conductivity measurements

* Addition of uranium halides into your carrier salt will decrease thermal conductivity
* Experimental measurements and theory confirm this

* In MSRE, UF4 loading was small; negligible effect

* Currently, developers are interested in higher molar content of fuel like UF4 and UClI3

Thermal Conductivity [W m™! K 71]
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Why does uranium reduce
thermal conductivity?

A recent paper we’ve been
collaborating with BYU on sheds light
on this

New structural coherence model to
tie PDFs to thermal conductivity

* Predict mean free path of energy carriers
(i.e. phonons)

We’ve learned two major
consequences of actinide dissolution
into the melt:

1. Decrease in the energy carrier transport
velocity
2. Decreased likelihood of coherence after

first coordination sphere

This new model outperforms KTM

when comparing against experiments
in MSD-TP

Follow-on paper in the works

4/21/2026
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What we’ve learned
about viscosity

Addition of uranium halides into
your carrier salt will tend to
increase viscosity

* The one main exception is high BeF2
concentration carriers

 Carriers like NaCl, NaF, NaF-KF
tend to be ~1cP

* Adding in substantial amount of
UCLls or UF4 can increase

 Can double viscosity near eutectics

Viscosity [¢P]

10 1
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What about fission products?

* Overtime, salt-seeking FPs will build into the salt

* The rate at which this happensis dependent on:
Neutron flux magnitude

Neutron flux distribution

Fuel enrichment

Core volume and residence time in-core

* We’ve run ORIGEN calculations to estimate quantity of salt-seekers
Details on our assumptions in the calc are reported [1]

[
9
'—I

[
9
~

Norm. Flux per Unit Lethargy
=
o
o

Decent agreement with original chemistry roadmap [2]
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Table 1. Composition of NaCl-UCl3+FPs used in thermophysical property testing

[1] ORNL/TM-2026/4487

Species Mass (g)
NaCl 9.99816
UCl3 34.60174
Total NaCl-UCl;
Z1Cly 0.68394
CsCl 0.42934
NdCl3 0.06004
CeCl; 0.03447
BaCl, 0.02228
LaCl; 0.01853
SrCl, 0.01380
Total FPs

—— Tlotal

— Zr

— Cs

— Nd

— Ce

—— Ba

— La

— Sr

5 10 15 20
EFPY

[2] ORNL/SPR-2020/1865
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mass %
21.800
75.447
97.247

1.4913

0.93616
0.13091
0.07517
0.04858
0.04040
0.03009
2.7526

Moles
0.17108
0.10047

0.00293
0.00255
0.00024
0.00014
0.00011
0.00008
0.00009
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mol %
61.608
36.183
97.791

1.0569

0.91835
0.08628
0.05037
0.03853
0.02821
0.03135
2.2090
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The effect of fission products on transport
properties

.. 0.4
* The data show generally minimal effects on
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MPS 1

O n go i n g effo rt: Pressure Transducer
surface tension

measurement L))

* The surface tension in a molten P,
salt can be measured by the - LA, =
maximum pressure in bubble '

. 5 Furnace
formathn and Separatlon ; Correction Factor
A flow controller generates f= Zcu-( = )
individual bubbles at a constant ' Bpg

ﬂ.OW rate. Ps=2.19 mbar

2.5

A pressure transducer measures : L=t
the bubble pressure over time to

Ps—Maximum bubble pressure

-
[¢)]

. ] g a; - Coefficient
determine the maximum bubble g Ap~ Fluid density difference
2 g - Gravity
pressure. & os |
20 20.5 Tinf; “ 21.5
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[1] Varlagg Gap Apparatus

Okay, so what’s next?

* Measure thermal conductivity
of FUNaK

 Measure viscosity of:
e Off-eutectic NaCl-UCls
* NaCl-KCI-UCls \”;.4

Fig. 3. Schematic and image of the variable gap system: a) external containment, b) internal containment, c) bellows feedthrough, d) heating module, e) jam nut, f) variance
indicator, g) cooling channels.

g)

Fig.4 Schematic of needle Ni-200 sheath (1c) Fluid annulus (2) [2]

* Continue developing surface
tension system e
Needle Probe

Heating and TC
wires (1a)

* Investigate new thermal
conductivity measurement
methods

Ni-200 crucible (3) Alumina insulation (1b)

THW Apparatus , [1] Gallagher et al. Int. J.
Sheath o weld 10em ?ﬂble Heat Mass Trans. 2022,
Sensing Wire 1 92’ 122763
[2] Ruth et al. Int. J.

/' Thermophys. 2024, 45,
Thermocouple 158

* Investigate fluoride salts with
fission products?

Heating Wire |

High Temperature
Insulation
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Conclusion

* Recent thermophysical property
measurements have demonstrated to the
following conclusions:

1. Uranium halide dissolution in alkali halide

solvents (carriers) will decrease thermal
conductivity

2. Uranium halide dissolution in alkali halide
solvents (carriers) will increase viscosity

3. Salt seeking fission products are expected
to have minimal effect on transport
properties

* These conclusions come from
measurements at ORNL which have, in
part, been validated by models

4/21/2026
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Questions?

Molten Salt Reactor
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Email: birriah@ornl.gov
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