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

A As 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.

A Outside 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, Clementined named after a LANL Manhattan Project
eranuclearreactoro who provided support in Hannahos 2025
Research video.

GEN |V pternational - Email: hpatenaude@lanl.gov
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The Technique:
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The Mission:

Use oxidation to detect Pu In
MSR fuels with diamond
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The White Whale: Pu 4+/3*

Does it exist?
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Martinot, L. & Duyckaerts, G. (1970). Inorg. Nucl. Chem. Lett., 6(6), 587. Martinot, L. & Caligara, F. (1973). At. En. Rev., 11(1), 3.

Martinot, L. & Duyckaerts, G. (1971). Anal. Lett., 4(1), 1. Martinot, L. & Fuger, J. (1986). J. Less-Common Met., 120, 255
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Chronopotentiometric reduction of Pu(IV) in LiCl-KCl at 500°C
i = 1.k mA,  [PuCIv)] = 31.93 107 m.r.

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
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The White Whale: Pu 4+/3*

Does it exist?

AE(volt)

el

T T T

0.1 {volt)

1

FIG. 1

Typical chronopotentiograms of the reaction Pu(III) & Pu(IV) + e

FIG. 1

Chronopotentiometric reduction of Pu(IV) in LiCl-KCl at 500°C

o = 1ok mh,

[Puczv)] = 31.93 1072 u.t.

2 = 500°¢ (Pu(rn)] = 0.6.107 mole.ca™ ZABLE 1T
i, = 26.1.10 0.0.C.g.8.cn 2 Aotivation emergy, AH (K.cal.mele™ '), for
the diffusion of tetravalent actinide ioms im Li01-KO1
t(%c) vIv) wp(Iv) Pu(IV)
k25 11.1 11.0 10.3
475 9.4 9.5 9.7
523 7.5 9.5
TABLE I 575 9.2
Diffusion coefficients l>.1o6 (c:-2 sec™ 1) o2 625 9.3
tetravaleat actinide ions in LiCl-KCl
t(°c) w(Iv) wp(1v) Pu(1V)
400 k.45 + 0.2 k.65 + 0.2 k.2 +0.2
k50 8.0 +0.15 8.1 + 0.1 7.2 + 0.2
500 12.15 + 0.2 1.7 +0.2 1.2 + 0.25
550 15.75 + 0.25 16.2 + 0.25
600 22.k + 0.28
650 30.0 + 0.5
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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
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The White Whale: Pu 4+/3+ el el

l | | ' 400 1.024
n . 450 0.9%4
Does it exist? 0,067

AE (volt) ' T T
I [ [ o1t ] The standard potential for Pu(IV) ’Pu(III) in LiCl - KC1 has been
i } I 1 recently measured by Martinot and Duyckaerts (Table XXII) and the
[ — thermodynamic quantities for the reaction AgCl + PuCl,; 5 Agl+ PuCl,
[ i i ] were calculated:
- . 400°C 450°C 500°C
I ] -AF0 (kcal/mole) 16,5 15,9 15,3
. — Chronopotentiometric reduction of Pu(IV) in LiCl-KCl at 500°C 'AHD (kcal/ mole) 24.4 24,4 24,4
FIG. 1 i = 1.k mA,  [PuCIv)] = 31.93 107 m.r. -55% (e.u.) 11.5 11,5 11.5

Typical chronopotentiograms of the reaction Pu(III) & Pu(IV) + e

9 (putin)] = 0.6.107* TABLE II

mole.cm™>

t = 500°C
i, = 26.1.10 u.o.c.g.a.cl-a Activation emergy, AH {K.ﬂll.lolo-1), for
the diffusion of tetravalent actinide ioms im Li01-KO1
t(%c) w(Iv) Np(Iv) Pu(IV)
k25 11.1 11.0 10.3
475 9.k 9.5 9.7
523 7.5 9.5
TABLE I 575 9.2
Diffusion coefficients ».106 (a-2 sec™ ) of 625 9.3
tetravaleat actinide ioms in LiCl-KCl
t(*c) v(Iv) wp(1v) Pu(1V)
k00 k.45 + 0.2 k.65 + 0.2 k.2 + 0.2
k50 8.0 +0.15 8.1 + 0.1 7.2 + 0.2
500 12.15 + 0.2 1.7 +0.2 11.2 + 0.25
550 15.75 + 0.25 16.2 + 0.25
600 22.4 + 0.28
650 30.0 + 0.5
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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 1V International Forum

The White Whale:

TABLE XXII. STANDARD POTENTIAL FOR Pu(IV)|Pu(II) IN LiC1-KC1
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(°C) (V)
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- — Chronopotentiometric redmction of Pu(IV) in L
FIG. 1 1, = 1.b ma,  [Pu(zv)] = 31.93 10
e e e S I R -
i, = 26.1.10 O pp— Aotivation emergy, AH (K.cal.mele™ '), for Fig. 4. Potential—poz_ diagram of plutonium in (LI—K)CI at 450 °C: [PU3+] = [Pu“] =
the diffusion of tetravalent actinide ioms im Li01-KO1 1 0—2 mol l_l.
t(%c) vIv) wp(Iv) Pu(IV)
> e e 03 This diagram must be considered only as tentative because a large error
525 7.5 9.5 is involved in the value of L(PuQ,).
TABLE I 575 9.2
Diffusion coefficients l>.1o6 (on? sec™?) of 625 9.3 !
— ‘:m:“ e ::': — o our equilibrium diagram (Fig. 4). The standard potential of the couple
P . —_
s = — Pu?*-Pu? is equal to —2.86 V versus Cl,-2Cl™ at 450 °C [20]. The only
o ey | arsss || 255 acceptable value for Ep,+_p,+ has been deduced from spectroscopic investi-
0 : 15.75 1 0.25 16.i;o.:; gations [6] and found equal to —0.050 V versus Cl,-2Cl™ at 400 °C; our
22.% + 0. . . . 3
650 3.0 3 0.5 determination by cyclic voltammetry gives Ep s_p,»+ = —0.15 V at 450 °C.
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We use the latter value in Fig. 4.

Martinot, L. & Duyckaerts, G. (1970). Inorg. Nucl. Chem. Lett., 6(6), 587. Martinot, L. & Caligara, F. (1973). At. En. Rev., 11(1), 3.
Martinot, L. & Duyckaerts, G. (1971). Anal. Lett., 4(1), 1. Martinot, L. & Fuger, J. (1986). J. Less-Common Met., 120, 255
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We use the latter value in Fig. 4.

Martinot, L. & Duyckaerts, G. (1970). Inorg. Nucl. Chem. Lett., 6(6), 587. Martinot, L. & Caligara, F. (1973). At. En. Rev., 11(1), 3.
Martinot, L. & Duyckaerts, G. (1971). Anal. Lett., 4(1), 1. Martinot, L. & Fuger, J. (1986). J. Less-Common Met., 120, 255
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TABLE XXII. STANDARD POTENTIAL FOR Pu(IV)|Pu(II) IN LiC1-KC1

l
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Pu(1V)| tPu(lll) ~ Cl|2Cl
(°C) (V)
- S I
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aer R/ a2

PO, i e
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-2.0H
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k
)
- mol

S .

p utomu (Li-K)Cl at 450 °C: [Pu*] = [Pu®*] =

(zv)

11.1 11.0
9.h 9.5
7.5

t° = s00°c  (Pu(min)] = o0.6.107*
i, = 26.1.10 n.o.c.g.s.c-'z
425
475
525
TABLE I 575
Diffusion cosfficients D.10° (on? sec™?) of 625
tetravaleat actinide ioms in LiCl-KCl
t(°c) w(Iv) wp(1v) Pu(1V)
hoo k.h5 + 0.2 4.65 + 0.2 k.2 + 0.2
k50 8.0 * 0.15 8.1 + 0.1 7.2 + 0.2
500 12.15 + 0.2 1.7 +0.2 1.2 + 0.25
550 15.75 + 0.25 16.2 + 0.25
600 22.k + 0.28
650 30.0 + 0.5
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Martinot, L. & Duyckaerts, G. (1970). Inorg. Nucl. Chem. Lett., 6(6), 587.
Martinot, L. & Duyckaerts, G. (1971). Anal. Lett., 4(1), 1.

™3 This diagram must be considered only as tentative because a large error
9.5 involved in the value of L(PuQ,).

9.2 .

9.3 [

our equilibrium diagram (Fig. 4). The standard potential of the couple
Pu?*-Pu? is equal to —2.86 V versus Cl,-2Cl™ at 450 °C [20]. The only
acceptable value for Ep,+_p,+ has been deduced from spectroscopic investi-
gations [6] and found equal to —0.050 V versus Cl,—2Cl™ at 400 °C; our
determination by cyclic voltammetry gives Ep,+_p,» = —0.15 V at 450 °C.
We use the latter value in Fig. 4.

Martinot, L. & Caligara, F. (1973). At. En. Rev., 11(1), 3.
Martinot, L. & Fuger, J. (1986). J. Less-Common Met., 120, 255
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Boron Doped Diamond
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Boron Doped Diamond

Grownside FreeStanding BDD
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G E N Iv ::rg%rr%ational Growth substrate spP> s
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As-grown BDD
sp*> sp

Polished
: freestanding BDD

BDD

Cobb et al.Annu Rev. Anal. Chen2018
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Boron Doped Diamond (BDD): Chemical Vapor Deposition
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Boron Doped Diamond (BDD): Comparative Performance
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i - Copper Foil
A Scan Rate Studies - -
i 10, 25, 50, 75, 100 mV/s ‘J
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Aqueous Cyclic Voltammetry
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Exposure Studies:
Does BDD Survive Molten
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Salt Exposure

50-50 mol%

46.511.542 mol%LiFNaFKF
700°C 500°C

A 10 Day Hold

A OAs received6d sal't
A Furnace in fume hood

A Thermally dried salt
A Vacuum oven antechamber
A Furnace in glovebox

A Ar(g), <0.5 ppm Q <0.5 ppm kD
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Scanning Electron Microscopy (SEM) 50

Profilometry Y 3

Raman_Spectroscopy

X-ray Photoelectron Spectroscopy (XPS)




Scanning Electron Microscopy (SEM):  NaCIl-KCI| Exposure




Scanning Electron Microscopy (SEM):  NaCIl-KCI| Exposure

Not Dried | Fume Hood



