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- A brief history of nuclear power
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- A nuclear renaissance...

DENERGY

* Countries participating in the international climate summit, the
28t Conference of the Parties (COP28), commit to working
together to triple nuclear capacity by 2050:

- . i . Pathways to
For the United States, this would mean going from Commereial Liftoft:

100 GWe to 300 GWe Advanced Nuclear

— World-wide, this would mean going from
400 GWe to 1200 GWe

* “Power system decarbonization modeling, regardless of level of
renewables deployment, suggests that the U.S. will need ~550-
770 GW of additional clean, firm capacity to reach net-zero.”

k‘ COP28 declaration language: https://www.energy.gov/articles/cop28-countries-launch-declaration-triple-nuclear-energy-capacity-2050-recognizing-key .

N atl D I‘l EI I La bD I‘atD I’V N U.S. Department of Energy Pathways to Commercial Liftoff: Advanced Nuclear report, March 2023, 1-62.
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The future of nuclear power

]
NEW NUCLEAR POWER
CAPACITY ADDED BY YEAR . 1
o 1ol .
NP1 1
DISCOVERY DEMONSTRATION PROTOTYPE MATURITY

W U.S. Nudear Power Capacity
M Total Global Nudear Power Capacity
M U.S. Nuclear Power Capacity Projection
Total Global Nudear Power Capacity Projection

SUSTAINMENT/RETIREMENTS

Advanced Reactor
Demonstration and
Deployment

—

NEW NUCLEAR

2042

406W

30GW

20GW

10GW

oW

@ LWR Technology

@ Deployment

First Nuclear

!sleutron Power Plant

Discovered EBR-1 First @ @

i Commercial
First Nuclear Power
Self-sustaining

Chain Reaction,

Fission )
Discovered First Nuc_lear
Submarine,

USS Nautilus

Generation, Three Mile

ner Chernobyl
Shippingport Island

k? Brookhaven

National Laboratory

@ Watts Bar
Unit2

Fukushima
Daiichi

Fuel
Fabrication

Reprocessing

Urani

Recovery [E Facility

E L F

S oy
v 2“

Heap
Leach

Vogtle '\‘“’/‘ = Disnosal
[I]] isposa

Unit 4 hatural

Uranium

= A
- F'C..)

IDAHO NATIONAL LABORATORY




- Molten halide salts and fission productiodine

* Advanced nuclear reactor technologies are an “‘
integral part of the nation’s future clean energy y N
strategy.

* Molten halide salts are expected to play an
Important role as either coolant, fuel matrix, or
pyrochemical separations media.

* lodine is a high-yield fission product of concern
for environmental release due to uptake in the
human thyroid gland, and a precursor to '*°Xe.

* Up to 70% of the iodine generated in the 1975
Molten Salt Reactor Experiment (MSRE) could not
be accounted for in the salt matrix.

-Chernobyl ’
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kr a . Compere et al. Fission product behavior in the Molten Salt Reactor Experiment. ORNL-4865, 1975.

N at' n n a I La h D ratn rv . https://www.britannica.com/story/30th-anniversary-of-chernobyl




- Molten chloride salt radiation chemistry
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Ramos-Ballesteros, Gakhar, Horne, lwamatsu, Wishart, Pimblott, and LaVerne, Phys. Chem. Chem. Phys. 2021, 23, 10384.
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- Molten iodine salt radiation chemistry
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? B rD D k h aVe n“ . Pikaev, Makarov, Zhukova, Radiat. Phys. Chem. 1982, 19(5), 377.
Nat|nna| La hDratn rv . Conrad, lwamatsu, Woods, Gakhar, Layne, Cook, and Horne, Phys. Chem. Chem. Phys. 2023, 25, 16009. I D A H O N AT I O N A L L A B O R ATO R Y
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Research goal

“To quantitatively understand and predict radiation-induced iodine speciation, chemistry,
and transport in high-temperature molten salt environments”

Question: How does the absorption of ionizing radiation (a, B, and y) change the chemical and

physical properties of iodine-bearing molten salt systems?

Central Hypothesis: The radiation-induced conversion of iodide
will yield an extensive suite of iodine radiolysis products that will
alter the bulk chemical and physical properties of the irradiated
molten salt system—the speciation, distribution, and chemical
transport of which will be dictated by the composition and the
availability of multivalent metal cations and metal alloy interfaces.

Brookhaven

National Laboratory

. Conrad, Iwamatsu, Woods, Gakhar, Layne, Cook, and Horne, Phys. Chem. Chem. Phys. 2023, 25, 16009.
. Rodriguez-Laguna, M. R.; Garcia, R. H. L.; Yoo, T. -S.; Anderson, S. T.; Horne, G. P.; Gakhar, R. J. Mol. Liq. 2024, Accepted.
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- Formation of ICL°” in molten chloride eutectic salt mixtures

Normalized spectra from SK-Ana deconvolution of

* Neat molten chloride salt radical reactions: 10wt% Kl in LICI-KCl eutectic at 400 °C up to 1 ps.
° - o— 1.0 - m A - ( T -
Cl’+Cl - ClL, o .-A,:i 0": '.- ~ e
Clz._ + Clz._ — Cl.3_ + Cl- EOS ~ ma A ;‘ ®e
e A A ®
Cl-=Cl,+Cl goﬁ L S
g [0S .
* |nthe presence of iodide: §O4 @ O _:.:' .
C'.. + |- - ICI.._ g 0.2 | 0....-iﬂ AhL L
ICl*-+ICLl*-/CL*- = I,ClorICL,~+ Cl oola® e yunmesgssmmaas s
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. Conrad, Iwamatsu, Woods, Gakhar, Layne, Cook, and Horne, Phys. Chem. Chem. Phys. 2023, 25, 16009.

k? Brookhaven

National Laboratory




- Formation of ICl°~ in aqueous solution?

Fitted inverse absorbance at 671 nm for

* Ershov et al. released a series of articles 10 wt.% Kl in LiCl-KCl eutectic

claiming: 1790
_ ) 700 °C
— the formation of CIBr°*-and Brl*-in 1500
aqueous solution . 1250 |
— that ICl*~ could not formed due to various § 1000
reduction potentials S
< 750
- CIBr*-+ Cl =2 CL,"~+ Br =
500
* Janik et al. recently reported using Raman: -
5 -
— no ICL*~ formation in aqueous solution,

only CL,*~and |,*~ .
ime / us
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— however, ICL°~ is energetically feasible and
must form initially (ICl*"+ "= |,*+ CL7)

Ershov, Kelm, Gordeev, and Janata, Physical Chemistry Chemical Physics 2002, 4, 1872.

National Laborato ry +  Ershov, Janata, and Gordeev, Russian Chemical Bulletin International Edition 2005, 54(6), 1378.
. Janik, Batharachaya, and Tripathi, 4™ International Conference of lonizing Processes, Notre Dame, Indiana, USA, August 2024.

I ' B rD D k h ave n . Ershov, Janata, Kelm, Gordeev, Mendeleev Communications 2002, 72(2), 55.




Deconvolution of irradiated neat molten iodide salt mixtures

Pulse irradiation of Lil-KI eutectic (63.3 mol% Lil,
and 36.7 mol% KI) at 400 °C lodine/iodide literature spectra

T y T . T T T ’ T ¥ T Y T ' — Tt r r - 1 1 T 1T T * 1

-
80 - gip i 10 '3

. === Aqueous
't. N Molten salt

(1]

- a 208
a_ | ™ wm ] 8
.H (o]
e Wh L <
840 | 500 ns 'b’» %y, 10ns " i E

o . T~ .- No4
2 [ 1 us ‘ &) -... E
< o .. 20 ns oo - =
4%, Gog » o
»’O =

S
&
/’
dv
<v
1V
V
dv o
V.
.l
I
on
o
N

‘Wfiz«< ”;;H ; 0-0-

1 I 1 1 1 i 1 L 1 " 1 " 1 L 1

300 400 1000 1100 200 300 400 500 600 700 800 900 1000 1100

Wavelength (nm) Wavelength (nm)

Pikaev, Makarov, and Zhukova, Radiat. Phys. Chem. 1982, 19(5), 377.

Nat|n nal La hDratn rv . Conrad, lwamatsu, Rodriguez Laguna, Ramos-Ballesteros, Gakhar, Layne, Cook, and Horne, Time-resolved radiolytic transient spectra and kinetics in iodide molten I D A H O N AT I O N A L L A B O R ATO R Y

salts. In Preparation.

l f B rD D k h aVe n . Hug, Optical Spectra of Nonmetallic Inorganic Transient Species in Aqueous Solution, National Bureau of Standards, Washington, 1981.




- Deconvolution of irradiated neat molten iodide salt mixtures

Deconvoluted kinetic contributions at each peak

3 species SK-Ana deconvolution of Lil-KI at 400 °C wavelength for Lil-KI at 400 °C.
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- Deconvolution of irradiated neat molten iodide salt mixtures

Second-order decay fits in molten Lil-KI at 580 nm Mixed-order (15t + 2"9) decay fits in molten Lil-K| at 580 nm
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' B rD D k h ave n . Conrad, lwamatsu, Rodriguez Laguna, Ramos-Ballesteros, Gakhar, Layne, Cook, and Horne, Time-resolved radiolytic transient spectra and kinetics in iodide molten
National Laboratory salts. In Preparation. IDAHO NATIONAL LABORATORY



- Deconvolution of irradiated neat molten iodide salt mixtures

Optical spectrum of molten Lil-KI eutecticvs. T

* Neat molten iodide salt radical reactions:
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N at| n nal La hDratn rv . Dias, Gill, Liu, Halstenberg, Dai. Huang. Mausz, Gakhar, Phillips, Mahurin, Pimblott, Wishart, and Frenkel, J. Phys. Chem. Lett. 2021, 12, 157.
. Ramos-Ballesteros, Castro-Baldivieso, Horne, Conrad, and Gakhar, lodide speciation in molten halide salts. In preparation.

<" Brookh “
k' rD D ave n . Pikaev, Makarov, Zhukova, Radiat. Phys. Chem. 1982, 19(5), 377.




- Deconvolution of neat molten iodide salt mixtures

©

* Although reported in aqueous and organic
solutions, I3~ has not been report in molten salts.
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- Conclusions and future directions

©

Diffuse reflectance spectra of solid-state irradiated Li and K
halide eutectic

kS o & (K) LiCl-kCl A
* The labile nature of iodine’s electrons allow -
for multiple iodine/iodide species to formin
high temperature molten salt radiation = , - ~
environments. & |w LiCl-C (K1 100 mb B
* Further deconvolution of neat iodine species / 5 \&E
and their role in solid/molten chloride salt Zoo =
mixtures. g '
o
» Interaction of metal ions (Ni2*, Zn2*,Cr2*, and g0z
Cr3*) with non-equilibrium iodine species. . o me w m m

Brookhaven

National Laboratory

. Ramos-Ballesteros, Gakhar, Conrad, and Holmbeck, Solid-state radiolysis of Interhalogeniodide transients. In preparation.
. Castro-Baldivieso, Ramos-Ballesteros, Horne

, Conrad, and Gakhar, Impact of multivalent dopant metal ions on odide speciation in molten halide salts. [n preparation.
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