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Some Housekeeping Items

https://support.zoom.com/hc/en/article?id=zm_kbsysparm_article=KB0064143

www.gen-4.org

Listen through your computer
tƭŜŀǎŜ ǎŜƭŜŎǘ ǘƘŜ άǳǎŜ ŎƻƳǇǳǘŜǊ ŀǳŘƛƻέ ƻǇǘƛƻƴ ŀƴŘ 
check that your speakers/headphones are not 
muted.

Technical Difficulties Search the Zoom Webinars Support 
https://support.zoom.com/hc/en/article?id=zm_kb&sysparm_article=KB0064143

To ask a question
{ŜƭŜŎǘ ǘƘŜ άvϧ!έ ǇŀƴŜ ƻƴ ȅƻǳǊ ǎŎǊŜŜƴ ŀƴŘ ǘȅǇŜ ƛƴ ȅƻǳǊ 
question

Share with others or watch it again
A video/audio recording of the webinar and the slide 
deck will be made available at www.gen-4.org

Please take the survey A brief online survey will follow the webinar.  

https://support.zoom.com/hc/en/article?id=zm_kb&sysparm_article=KB0064143
http://www.gen-4.org/
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To Ask a Question ï Use the Q&A function

Click the 
Q&A buton 
in the zoom 
menu. 

You will
then seea 
window that
will allow
you to type 
your
question. 
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Email: hpatenaude@lanl.gov

ÅDr. Hannah Patenaude is a Director's Postdoctoral Research Fellow in the Inorganic, 
Isotope, and Actinide Chemistry group at the Los Alamos National Laboratory. 

ÅAs a recent graduate of the University of Nevada, Las Vegas Radiochemistry Program, 
Hannah is experienced in actinide chemistry, specifically electrochemical processes, 
thermophysical properties measurements, and materials science techniques with an 
emphasis on molten salt systems to support the safe, secure deployment of Molten Salt 
Reactors. 

ÅOutside of the laboratory, Hannah is involved in public policy and studies the rhetoric 
and public perceptions of nuclear technology. She is active in organizations like the 
American Nuclear Society, serving on the Executive Committee of the Fuel Cycle & 
Waste Management Division and as the Vice Chair for the Trinity Section. Hannah 
spends her free time with her dog, Clementineðnamed after a LANL Manhattan Project 
era nuclear reactorðwho provided support in Hannahôs 2025 Pitch Your Gen IV 
Research video. 
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Patric Federi on Unsplash



Fukushima Daiichi 

Nuclear Power Plant
Japan 2011

www.untersoziologen.com

abcnews.go.com

Three Mile Island

Nuclear Generating Station
USA 1979

www.grs.de

Chernobyl

Nuclear Power Plant
Ukraine SSR 1986

Nuclear Energy 

?

Nuclear Meltdown



Melted Nuclear 
Fuel



Molten Salt Technology

Molten Salt Reactor Experiment, Oak Ridge National Laboratory (1965 -1969)
Rosenthal, ORNL/TM-2009/181, 2009.

http://www.ne.doe.gov/genIV/documents/gen_iv_roadmap.pdf

Molten Salt Chemistry Laboratory, LANL

http://www.ne.doe.gov/genIV/documents/gen_iv_roadmap.pdf


PuPu

Pu Pu

Molten Salt Reactor

How to track Pu?
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Endless Possibilitie
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The Technique:

Electroanalysis



Electroanalytical Chemistry

Cyclic Voltammetry

Anodic Peak:
Oxidation

Mn Ҧ an+ + e-

Cathodic Peak:
Reduction

Mn+ + e- Ҧ an
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Electroanalytical Chemistry
Anodic Peak (╔▬

╪ ):

Oxidation
Mn Ҧ an+ + e-

Cathodic Peak (╔▬
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Mn+ + e- Ҧ an
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Cyclic Voltammetry

Potential & Thermodynamics:
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Potential & Thermodynamics:

Analyte Diffusion:

Electroanalytical Chemistry
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Cyclic Voltammetry

Potential & Thermodynamics:

Analyte Diffusion:

Electron Transfer Kinetics:



Electroanalytical Chemistry

Å Benefits

ï Fundamental Characterizations 

Å Eo, D, k, Go, Ho, So

ï Elemental Analysis

ï Corrosion Kinetics

ï High Sensitivity
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Cyclic Voltammetry
Anodic Peak (Ὁ ):

Oxidation
Mn Ҧ an+ + e-

Cathodic Peak (Ὁ ):

Reduction
Mn+ + e- Ҧ an



Electroanalytical Chemistry

Å Benefits

ï Fundamental Characterizations 
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ÅChallenges

ï Working electrode resilience

ï Reference electrode stability

ï Matrix variations and purification
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The Mission:

Use oxidation to detect Pu in 
MSR fuels with diamond



GEN IV International Forum

The White Whale: Pu 4+/3+



GEN IV International Forum

The White Whale: Pu 4+/3+

Does it exist?



GEN IV International Forum

The White Whale: Pu 4+/3+

Does it exist?

Martinot, L. & Duyckaerts, G. (1970). Inorg. Nucl. Chem. Lett., 6(6), 587.

Martinot, L. & Duyckaerts, G. (1971). Anal. Lett., 4(1), 1.

Martinot, L. & Caligara, F. (1973). At. En. Rev., 11(1), 3.

Martinot, L. & Fuger, J. (1986). J. Less-Common Met., 120, 255 



GEN IV International Forum

The White Whale: Pu 4+/3+

Does it exist?

Martinot, L. & Duyckaerts, G. (1970). Inorg. Nucl. Chem. Lett., 6(6), 587.

Martinot, L. & Duyckaerts, G. (1971). Anal. Lett., 4(1), 1.

Martinot, L. & Caligara, F. (1973). At. En. Rev., 11(1), 3.

Martinot, L. & Fuger, J. (1986). J. Less-Common Met., 120, 255 



GEN IV International Forum

The White Whale: Pu 4+/3+

Does it exist?

Martinot, L. & Duyckaerts, G. (1970). Inorg. Nucl. Chem. Lett., 6(6), 587.

Martinot, L. & Duyckaerts, G. (1971). Anal. Lett., 4(1), 1.

Martinot, L. & Caligara, F. (1973). At. En. Rev., 11(1), 3.

Martinot, L. & Fuger, J. (1986). J. Less-Common Met., 120, 255 



GEN IV International Forum

The White Whale: Pu 4+/3+

Does it exist?

Martinot, L. & Duyckaerts, G. (1970). Inorg. Nucl. Chem. Lett., 6(6), 587.

Martinot, L. & Duyckaerts, G. (1971). Anal. Lett., 4(1), 1.

Martinot, L. & Caligara, F. (1973). At. En. Rev., 11(1), 3.

Martinot, L. & Fuger, J. (1986). J. Less-Common Met., 120, 255 



GEN IV International Forum

The White Whale: Pu 4+/3+

Does it exist?

Martinot, L. & Duyckaerts, G. (1970). Inorg. Nucl. Chem. Lett., 6(6), 587.

Martinot, L. & Duyckaerts, G. (1971). Anal. Lett., 4(1), 1.

Martinot, L. & Caligara, F. (1973). At. En. Rev., 11(1), 3.

Martinot, L. & Fuger, J. (1986). J. Less-Common Met., 120, 255 



GEN IV International Forum

The White Whale: Pu 4+/3+

Does it exist?

Martinot, L. & Duyckaerts, G. (1970). Inorg. Nucl. Chem. Lett., 6(6), 587.

Martinot, L. & Duyckaerts, G. (1971). Anal. Lett., 4(1), 1.

Martinot, L. & Caligara, F. (1973). At. En. Rev., 11(1), 3.

Martinot, L. & Fuger, J. (1986). J. Less-Common Met., 120, 255 



GEN IV International Forum

The White Whale: Pu 4+/3+

Does it exist?

Maybe?
Martinot, L. & Duyckaerts, G. (1970). Inorg. Nucl. Chem. Lett., 6(6), 587.

Martinot, L. & Duyckaerts, G. (1971). Anal. Lett., 4(1), 1.

Martinot, L. & Caligara, F. (1973). At. En. Rev., 11(1), 3.

Martinot, L. & Fuger, J. (1986). J. Less-Common Met., 120, 255 



The Key:

Boron Doped Diamond
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Diamond & Carbon Hybridization

Graphite Sheets Diamond Crystal

Carbon atom Pi Bond Sigma Bond

ά5ŜƭƻŎŀƭƛȊŜŘ Ŝ-έ
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Boron Doped Diamond

Cobb et al., Annu. Rev. Anal. Chem., 2018.

sp3 > sp2

sp2 > sp3

Grown-side

Etching / Polishing

Silicon (Si) wafer Nucleation-side

Grown-side
Grown-side Free-Standing BDD

Nucleation-side

Grown-sideFree-Standing BDD
(~500 ˃ Ƴ)

BDD Film 
(~500 ˃ Ƴ)
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Boron Doped Diamond (BDD): Chemical Vapor Deposition
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grown
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Boron Doped Diamond (BDD): Comparative Performance

Fraunhofer USA

Einaga, Y. J. App. Electrochem., 40, 1807 (2010).

рΜЮΡ

рΜЮΠ

рΜЮΟ

рΜЮΞ

рΜЮΝ

Μ

ΜЮΝ

ΜЮΞ

ΜЮΟ

ΜЮΠ

ΜЮΡ

рΜЮΝΡ рΜЮΝ рΜЮΜΡ Μ ΜЮΜΡ ΜЮΝ ΜЮΝΡ

]ƖŸƽŰ

 ƨĦũĲċƣŔŸŰ

рΝΞ

рΝΜ

рΥ

рΣ

рΠ

рΞ

Μ

Ξ

Π

Σ

рΞЮΡ рΞ рΝЮΡ рΝ рΜЮΡ Μ ΜЮΡ Ν ΝЮΡ Ξ

]ƖŸƽŰ

 ƨĦũĲċƣŔŸŰ

/
ǳ
Ǌ
Ǌ
Ŝ
ƴ
ǘ
 
5
Ŝ
ƴ
ǎ
ƛ
ǘ
ȅ
 

ό˃
!
κŎ
Ƴн
ύ

tƻǘŜƴǝŀƭ ǾǎΦ !Ǝκ!Ǝ/ƭ ό±ύ

/
ǳ
Ǌ
Ǌ
Ŝ
ƴ
ǘ
 
5
Ŝ
ƴ
ǎ
ƛ
ǘ
ȅ
 

όƳ
!κ
Ŏ
Ƴн
ύ

Μ

ΜЮΞ

ΜЮΠ

ΜЮΣ

ΜЮΣ ΜЮΥ Ν ΝЮΞ ΝЮΠ

Patenaude et al., in preparation



GEN IV International Forum

Aqueous Cyclic Voltammetry

Å Side-Isolating Cell 

Å WE: Grown or Nucleation Side, BDD

Å RE: Ag/AgCl (3.5 M KCl)

Å CE: Pt Wire

Å Sample Solutions

ï 1 mM K3Fe(CN)6 (1 M KCl)

ï 1 mM Cl3Ru(NH3)6 (1 M KCl)

Å Scan Rate Studies

ï 10, 25, 50, 75, 100 mV/s
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Aqueous Cyclic Voltammetry

ÅAqueous Cyclic Voltammetry

&Å#. Åᵶ &Å#.

Fe2+ Ҧ CŜ3+ + e-

Fe3+ + e-  Ҧ CŜ2+

Ru2+ Ҧ wǳ3+ + e-

Ru3+ + e-  Ҧ wǳ2+

2Õ.( Å ᵶ 2Õ.(  

Grown Side

Nucleation Side



Exposure Studies: 

Does BDD Survive Molten 
Salts?
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ÅSalt Exposure

Salt Exposure

Scanning Electron Microscopy (SEM)

Profilometry

Raman Spectroscopy

X-ray Photoelectron Spectroscopy (XPS)

Å 10 Day Hold
Å óAs receivedô salt: 

Å Furnace in fume hood

Å Thermally dried salt

Å Vacuum oven antechamber

Å Furnace in glovebox

Å Ar(g), <0.5 ppm O2, <0.5 ppm H2O

NaCl-KCl FLiNaK

50-50 mol% 46.5-11.5-42 mol% LiF-NaF-KF

700 oC 500 oC



New

Scanning Electron Microscopy (SEM): NaCl-KCl Exposure



New

Scanning Electron Microscopy (SEM): NaCl-KCl Exposure

Not Dried | Fume Hood


