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- Generation of Americium by Nuclear Fission

Lighter element

/ electron

neutron \ = —) — —) m
U-235 neutron
U-238 U-239 Np-239 Pu-239 Am-241
+ ENERGY
* Nuclear energy supplies over 70% of the * Approximately 2.5 kg of americium (Am) is generated by a
clean, non-carbon emitting electricity in the pressurized water reactor each year.
United States. « Am-243 formed under high flux conditions (4n + 8 decay).
* Reliant on the fundamental instability of
U-235.
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Il Closing the Nuclear Fuel Cycle

Fuel

LU * Americium is a major contributor to the long-term
radiotoxicity of used nuclear fuel (UNF).

Depleted Uranium

.->$
H<0

* Closing the nuclear fuel cycle has several benefits:

T eve

-
, H<©®
Conversion

Milling

. v Minimize final high-level waste for
eprocessed .
Uranium disposal or storage.
v Recover additional energy from fuel.
v Reduce impact on the environment and
natural resources.

Reprocessing
Facility

Uranium Recovery
2 = =

Deconversion Depleted

Heap

In Situ  Mining Leach

* Transmutation of americium is hindered by the high
neutron cross section of lanthanide fission products.
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- Separation of Americium from Trivalent Lanthanide Fission Products

Trivalent Americium

Separation achieved by preferential binding of
organic ligands to Am(lll) or Ln(lIl).

Exploits chemical bonding differences between
Am(lIl) and Ln(lll)

Difficult because Am(lll) and Ln(lll) are very
chemically similar.

Ln(1l1)
Ln(1l1)

@-.@

Am(ll) il

High Valent Americium i i
*  Penta- and hexavalent oxidation ™ ﬁmw
states are not accessible forLn. ')

Am(V) and Am(VI) are not easily extracted by
organic ligands.

The chemistry of Am(V) and Am(VI) need to be
better understood.

Ln(1l1)
Ln(1l1)

OXIDATION ‘
Am(v)/

Am(Ill) Am(VI)

Am(1l) Am(V)/ p

Am(Vy

Zsabka, Wilden, Van Hecke, Modolo, Verwerft and Cardinaels, Journal of Nuclear Materials 2023, 581, 154445.
Runde and Mincher, Chemical Reviews 2011, 111, 5723.
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- Radiation-Induced Americium Redox Chemistry

* The lifetime of the americyl states are dictated by a combination of
chemical and radiolytic processes.

* Under alpha and gamma irradiation, Am(VI) is converted to Am(V) by
nitric acid radiolysis products (HNO,, H,0,, HO,").

* Disproportionation of Am(V)/Am(lll) system eventually leads to the
Am(III) _ Am(IV) reduction of Am(V) and quantitative ingrowth of Am(lll).
1.68V
2AmV02+ + 4Haq+ > Am'V + AmV|022+ + H20 1.72V

1.59V ' 0.82V 2.62V l

AMO,?" mmmm— AMO,2* wm— A (]V/) w—Am(lI)

2Am" + H,0 - AI'11\,024- +Am'! + 4Haq+ g

1.20V
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AmV02+ + AmIV > AmVI022++ Amlll

Grimes, Horne, Dares, Pimblott, Mezyk and Mincher, Inorganic Chemistry 2017, 56, 8295.
Horne, Grimes, Bauer, Dares, Pimblott, Mezyk and Mincher, Inorganic Chemistry 2019, 58, 8551.




1.0 —— Am(OH), in 15 M NH,F
| | _A F4
- Tetravalent Americium j i
1.8 -
\ AmF \
/4%’//i|g // =X Mra % 1
as’ a T\ Py
. /Tetravalent Am(IV) not observed in solutlon until the 196" \ J
& // o .
/ N d 3 4 & A P W
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RbAMF, ~  Solid State \‘ Heteropolyanio
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/ _ 400 600

AmO,

Penneman, Coleman and Keenan, Journal of Inorganic and Nuclear Chemistry 1961, 17, 138.

Runde and Mincher, Chemical Reviews 2011, 111, 5723. | DA H O N AT | O N A |_ LA B O RATO RY

Erin, Baranov, Volkov and Chistyakov, Radiochemistry 2007, 49, 367.




- Using Pulse Radiolysis to Generate Am(IV)

1.1
1.0 —
* Use of accelerated electrons to create radical species in ool "'waw'"
solution. '
0.8 |
3
- B 0.7 |
Am(lll) + *OH — Am(IV) + HO 5
8 0.6 |
Q0
< 0.5
* Oxidizing *OH radical used to generate Am(IV) in perchloric |
acid. 04T "'-,_
03l | ¥ Am(CIO,); at pH ~4, N,O saturated v“
| | = Am(CIO,), at pH ~4, air saturated
*  Am(IV) characterized through changes in optical absorption. 0.2 . . . . . . . .
250 300 350 400 450

Wavelength / nm

Am(lll) + NO,* — Am(IV) + NO,

Gordon, Mulac, Schmidt, Sjoblom and Sullivan, Inorganic Chemistry 1978, 17, 294.
Pikaev, Shilov and Spitsyn, Proceedings of the USSR Academy of Sciences 1977,232, 70.
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- Americium-243 Purification

Am! Am' Am! Am!
6 M 10M 0.3 M
HNO, HCL HCL
Am'!
- |- — —
o
oc
A Am! 3
-
Multiple acid metathesis cycles
DGA Resin mburitios Conversion to Am(Ill) eluted as required to convert to the nitrate
P , complex used to generate samples.
preequilibrated with removed with chloride complex hygrated
0.1 MHNO, 6 MHNO, AmCL/AmCl
a-decay B-decay
t,= 7350y t,= 2.4 days
Am-243 =) ND-239 ——) Pu-239
a-decay a-decay

t,=2.1x10%y

AM-24] = Np-237 Pa-233

Ryan and Wheelright, Industrial and Engineering Research 1959, 57, 60.
Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and Horne, Dalton Transactions 2024, 53, 9262.
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Temperature Controlled Actinide Sample Holder

AREA
CONTROLLED AREA =
P Required When Handling Samp

k? Brookhaven

National Laboratory
Wishart, Cook and Miller, Review of Scientific Instruments 2004, 75, 4359.

Horne, Rotermind, Grimes, Sperling, Meeker, Zalupski, Beck, Huffman, Gomez Martinez, Beshay, Peterman, Layne, Johnson, Cook, Albrecht-Schonzart and Mezyk,
Journal of Physical Chemistry A 2022, 61, 10822.

Rotermund, Mezyk, Sperling, Beck, Wineinger, Cook, Albrecht-Schénzart and Horne, Journal of Physical Chemistry A 2024, 128, 590. IDAHO NATIONAL LABORATORY
Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and Horne, Dalton Transactions 2024, 53, 9262.




- Transient Am(lV) Absorption

0.005F+ T e Gordon (HCIO,)
; T Am(IV) Hobart (CO,?)
g —e— 10 ns
—A&— 100 ns
0004 5 —v—400 ns
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Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and Horne, Dalton Transactions 2024, 53, 9262.

10

Am(IV) in the absence of strong
complexing agents observed in HNO, for
the first time.

Results consistent with previous reports
of Am(IV) in solution.

k? Brookhaven

National Laboratory

IDAHO NATIONAL LABORATORY




- Ambient temperature Am(lll) + NO,’ kinetics

-+ 1.09 mM Am(lll) in 6.0 M HNO,
0.010 - v 0.81 mM Am(lll) in 6.0 M HNO,
+ 0.54 mM Amlll) in 6.0 M HNO,
= 6.0 MHNO,
0.008

0.006

0.004

0.002

Dose Normalized Absorbance

0.000

0.0 5.0 10.0 15.0 20.0
Time / ps

* Rate constant =(1.35%0.05) x 108 M1 g™

* Am(IV) lifetime in 6 M HNO, is approximately 16 ps.

Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and Horne, Dalton Transactions 2024, 53, 9262.
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6.0 M HNO,
0.54 mM Am(lll)
0.81 mM Am(ll)
1.09 mM Am(ill)
1.87 mM Am(lll)
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5.0
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Time / us

k? Brookhaven

National Laboratory
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I Temperature-dependent Am(lll) + NO,’ kinetics

* First radiation-induced temperature-
dependent kinetics for any actinide
element.

* Unprecedented molecular level insight
into Am chemistry.

* Oxidation of Am(lll) to Am(IV) occurs
via an associative mechanism with
some perturbation of its coordination
sphere by NO;*.

Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and Horne, Dalton Transactions 2024, 53, 9262.
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AH"=17.0 £+ 1.1 kJ mol™
AS¥=-30.7 + 0.7 Jmol" K| |
-4 14
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k? Brookhaven

National Laboratory
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I Conclusions and Future Work

Transient Am(IV) observed in nitric acid for the first time
with a lifetime of 16 ps.

| Am®* +NO;* — Am** + NO,~

First temperature-dependent radiation-induced kinetics
of any actinide conducted.

Absorption
o
o
bS]

Further investigation of temperature-dependent
actinide kinetics under varied conditions.

700

1 1
300 400 500 600
Wavelength / nm

. Am(IV) formation . First temperature- Continued development of multiscale models to
in concentrated dependent . .
predict Am chemistry.

nitric acid actinide kinetics
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Kynman, Grimes, Mezyk, Layne, Cook, Rotermund, and Horne, Dalton Transactions 2024, 53, 9262
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