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Round Robin

“In experimental methodology, a round robin test is an interlaboratory test 
performed independently several times. This can involve multiple independent 

scientists performing the test with the use of the same method in different 
equipment, or a variety of methods and equipment.”

Pierson R. H., Fay E. A. (December 1959). "Guidelines for Interlaboratory Testing Programs". Analytical Chemistry. 31 (12): 25A–49A
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Motivation for the Round Robin| FLiBe density variability 

The variability among the prior data for the liquid density of FLiBe is 11% and for the thermal 
expansivity of FLiBe it is 61%. 
• It is not possible to assess if this variability is within the measurement error of the studies since 

the uncertainty in prior density data is not always reported
• no studies report the measurement uncertainty on the thermal expansivity 

Sara Mastromarino*, Ricardo Vidrio*, Evan Still, Louis Chapdelaine, Raluca O. Scarlat
Measurements and Uncertainty Quantification for the Density and Coefficient of Thermal Expansion of Molten 2LiF-BeF2 (FLiBe). 
(Journal of Engineering Data, 2022)
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The liquid density of FLiBe is measured to be:

𝜌!"#$% =2245(7) – 0.424(17) T 

over the range of 447 oC to 820 oC, 

at 33.63(5) mol% BeF2

• measurement accuracy: 0.3% for density, 4% for 
thermal expansivity 

• uncertainty in thermal expansion of the bobber 
and volume of the bobber, uncertainty in surface 
tension on the wire and measurement uncertainty 
for temperature and mass

Motivation for the Round Robin| FLiBe density measurement
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FLiBe sampled before 
density 
measurements 
(reference) and after 
each run
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sources of variability :

salt composition (0.1%), salt contaminants (2%), Li isotopic composition (2%), sample isothermal conditions (0.2%),

dissolved gases (<0.3%), and evolution of bubbles with temperature transients (depending on which cover gas 0.1 to

0.6% for dilatometry, and 1 to 5% for hydrostatic measurements).

Motivation for the Round Robin| Elemental analysis
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Overview of Molten Salt Round Robin 1.0

Salts used: NaCl-KCl (50:50 mol %) and FLiNaK
Purified by: Oak Ridge National Laboratory
Shipped to: UC Berkeley (shipped in plastic vials 
sealed with parafilm, sealed inside of glass jars) 
Distributed to participants: stored in Ar glove-box 
at UC Berkeley; shipped overnight to participants 
when they were ready receive them (packaged as 
above)

Fig. 1. Salt samples prepared by ORNL, stored in 
Argon glove box at UC Berkeley. Nov. 2020.Timeline

Participant recruiting meeting: July 15th, 2020 (defining 
RR1 goals)
Purified salts received from ORNL: Nov. 2021
Meeting 1: Nov. 12th, 2020 (prior to method 
submission & sample distribution)
Meeting 2: Apr. 8th, 2021 (prior to method peer review 
submission & data submission)
Meeting 3: TBD – purpose: finalizing RR1 report

Fig. 2. Snapshot of communication 
platform for Molten Salt RR1 
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Overview of Molten Salt Round Robin 1.0

Objectives
1. Quantify error: identify sources of error, 

demonstrate reproducibility, identify limitations of measurement techniques
2. Share of best practices across the experimental groups, working towards standard 

methodology
3. Establish Establish standard materials: two well-characterized salt lots and can serve 

as reference material going forward.

Apart from the requirement of measuring the samples as received, no further restrictions or 
guidelines were given to the participants to avoid significant impact on the specific approaches of 
the participants. The performance of the measurements and analysis of the raw data, as well as 

data interpretation, were entirely at the responsibility of each single operator or operating team.
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Participants to the Molten Salt Round Robin 1.0

Table 1. Planned contributions based on RR1 
sign-up form. Feb. 2021.

Fig. 3. Registered participants based on RR1
sign-up form. Feb. 2021.
22 organizations
7 countries: USA (14 groups), Canada (3), 
Germany (1), Czech Republic (1), Netherlands (1), 
Denmark (1), Slovakia (1)

Institute Researchers Salt 
Received

INL Ruchi Gakhar, Michael 
Woods 50 g

UC Berkeley Raluca Scarlat 100 g

LANL Marisa Monreal 20g

Ontario Tech University Markus Piro 5 g
University South Carolina, 
Chemistry Hanno Zur Loye 15 g

North Carolina State 
University

Alex Bateller 100 g

Polytchnique de Montreal Jean-Philippe Harvey 5 g

Washington State Univeristy Xiaofeng Guo 50g
Wisconsin State Laboratory of 
Higiene Sean Scott 5 g

Abilene Christian University Kim Pamplin, Alli Mae Berry 105 g

UCSD Jian Zeng 30 g

BYU Troy Munro 100 g
Canadian Nuclear 
Laboratories

Mouna Saoudi 10 g 

ANL Melissa Rose 200 g

ORNL Ryan Gallagher, Abbie 
McAllister, Jake McMurray 215 g

Penn State Nathan Smith 210 g

BYU Matt. Memmott, Kent 
Detrick 525 g

ONRL Abbey McAlister 3g

ITU, Karlsruhe Ondej Benes 25g
Rez Institure, Czech Republic Martin Straka 240 g
Copenhagen Atomics Thomas Steenberg 20 g
University South Carolina Ted Bessman 20 g
TU Delft Anna Smith 10g

Table 2. Distributed salts as of June 2021. 
22 organizations, 6 countries

Table 3. Method procedures and 
data sets received. 70% of 
participants agreed to 
participate in blind-blind peer review 
of methods. Data submitted by Aug. 
15th, 2021.

Property or 
Method

Methods 
Received (as 
of April 6th)

Data Sets 
Received (as 
of Aug 15th, 
2021)

Density 7 4

Thermochemistry 15 7

Composition 5 4
Thermal 
Conductivity 6 1

Viscosity 3 0
Others (surf. 
Tension) 4 1TOT Possible measurements: 59
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Example Procedure Template
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Notes/lessons learned:
1. Calibration is 

important
2. error 

quantification

Round Robin| Density measurement: 4 submissions
NaCl-KClFLiNaK
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Notes/lessons learned:
1. Place for raw data submission
2. Place for fully reduced data submission. 
3. Place to list what is included in the error 

quantification. 
4. Place to upload raw data for calibration 

runs

FLiNaK

Round Robin| Melting point measurement: 7 submissions

Melting point

# Temperature ( ºC)

FLiNaK NaCl-KCl

1 459.9 657.7

2 457(3) 659(3)

3 457.92 658.1

4 456.75 657

5 464.6(4) 660.6(1)

6 452.45 652
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Round Robin| Elemental analysis ICP-OES/MS

wt.ppm • Overall agreement for major constituents: 
K, Li, Na data within three standard deviations 
of each other

• Error bars range from 0.1% to 8% uncertainty 
(reported as standard deviation among 
repeated runs)

Little agreement for minor constituents. e.g.:
4359(21) vs. 10.7(1.3) ppm for Ni
120(26) vs. 15(2) vs. 6.5(8) ppm for Al
289.1(0.7) vs. 466(27) ppm for Zr
454(2) vs. 4.1(0.4) ppm for Cr
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1. Overall: high interest from the community in participating. Time-consuming 
measurements. 

2. Time-consuming coordination across many different types of measurements.
3. Overall: high variability in magnitude of error bars.
4. Elemental analysis: high-variability for minor constituents analysis.
5. Viscosity: 8 registered, no data submitted for RR1. Allow for more time?
6. Challenging to achieve full transparency of experimental and analysis method.

1. Large opportunity for growing the participant pool.
2. Participant poll indicated large interest & capability from participants to also 

perform measurement on Be-containing and U/Th-containing salts.
3. Generally: interest in participating in blind-blind method peer review.
4. Need to upload calibrations and standard materials used for calibrations.
5. Need to list what is included in the error quantification.
6. Need to standardize data submission format and data validation upon 

submission
7. Need to submit fully reduced data, along with raw data

Round Robin| Summary - Observations

Round Robin| What was learned?
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NaCl-KClFLiNaK

Round Robin| Surface tension Low-Bond Axisymmetric Drop Shape 
Analysis (LB-ADSA)
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Round Robin| Thermal conductivity modulated photo-thermal 
radiometry (MPR)


