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To aid deployment we are developing
technology for off-gas treatment
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* Quantify fission and activation products in off-gas system

* Monitor off-gas treatment component efficiency
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Laser-Induced Breakdown Spectroscopy (LIBS)




Taking things one
step further...

* Mobile LIBS platform for
deployment

=

* |Investigating molten aerosol
transport

e Correlation between aerosol
concentration and signal

* Elemental and isotopic

monitoring Andrews et al. JACS. 2025. 147 (1), 910-917.

Kitzhaber et al. 2025. Under review.
Andrews et al. 2025. Under review

* Continuous gas monitoring
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Molten salt aerosol stand and mobile LIBS
platform
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Sparge sampling and nebulization were

compared

Aerosol Generation Transport Measurement
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Sparging at low flow rates appears optimal
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Signal vs Aerosol Concentration / Sparge Rate
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Signal vs Trace Analyte Composition
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The LIBS Platform allows for easging
between the monitored sample lines

!

LIBS Platform

Andrews et al. 2025. Under review.



Plasma Temperature (eV)
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Plasma Temperature vs Flow Rate / Laser Power
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Electron density vs Flow Rate / Laser Power
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Xe and Krin He and Ar Bulk Gases A Closer Look at Matrix Effects
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Parity Plots Showing Prediction Accuracy Detection Limits

Calculated LOD values for Xe and Kr in various bulk gases
as a function of the number of shots accumulated.
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Parity Plots Showing Prediction Accuracy Detection Limits

Calculated LOD values for Xe and Kr in various bulk gases
as a function of the number of shots accumulated.
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(a) He bulk gas
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JACS

Elemental and

pubs.acs.org/JACS

ISOtoplcs Real-Time Elemental and Isotopic Measurements of Molten Salt
Systems through Laser-Induced Breakdown Spectroscopy

Hunter B. Andrews,” Zechariah B. Kitzhaber, Daniel Orea, and Joanna McFarlane

* The full power of LIBS is

realized when combining ;E
NUCLEAR . MILESTONES /.

aerosol detection, gas
monitoring, and
extending compositional
measurements to
Isotopic ratios
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The power of LIBS can truly be seen when we
monitor mixed-phase sample streams
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KNO,-NaO, Eutectic salt at ~450 deg C

Andrews et al. JACS. 2025.
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LIBS allows us a unique inspection of our molten
salt experiments
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Monitoring the release of H after saturation when the salt vessel is swept with Ar vs
sparged with Ar.
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Peak Area (O)

Pushing LIBS resolution to the limit provides

isotopic information
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Salt was saturated in D, and then sparged

Using a previous model, transferred using the pure H
sparge data, H/D ratios could be quantified!

Mass transfer profiles indicate mass differences in H, and D,
gasses of 67%. The quantified H/D levels via LIBS match this.

Andrews et al. JACS. 2025.
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Ever forward - where do we go from here?

How does the aerosol signal
change with bulk gas?
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% ; How low can we push our
—, detection limits?

| \i\ Molten Salt Reactor
P R O G R A M

How can we optimize aerosol
P/ AP - transport for remote sampling?
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Thank you
Reach out via e-mail: andrewshb@ornl.gov

Molten Salt Reactor
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The MSR Campaign team is making headway in deployable
sensors and wants to work together with academia and industry
to enable the continued development and deployment of MSRs.
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Liquid LIBS flow cell for molten salts is in
development




Plasma temperature and electron density can be
calculated from the emission peak behavior
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Plasma temperature and electron density can

calculated from the emission peak behavior

by (us~1)
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Bredice Plot provides the shape of the plasma
temperature in time
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