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I Radiation Chemistry and Used Nuclear Fuel
Reprocessing
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Il Advanced Used Nuclear Fuel Reprocessing
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Figure 1. Concentration of NpO,* (H) and NpO,?* (®) ions as
a function of absorbed gamma dose for formally 2 mM NpO,?*
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Strategies and Considerations for the Back End of the Fuel Cycle, Nuclear Technology Development and Economics, NEA No. 7469, 2021.
G.P. Home, T.S. Grimes, B.J. Mincher, S.P. Mezyk, J. Phys. Chem. B 2016, 120, 12643. IDAHO NATIONAL LABORATORY




- Radiation Chemistry in Nitrate and Nitric Acid
Solutions

Water Radiolysis Direct Radiation Effects

H,O w» e,.~, H", "OH, H,, H,0,, H,y* NO;~ w» NO,* - NO,”+ 0O
HNOg w» HNO.* - HNO, + O

Indirect Radiation Effects NO;~ w» "NO, + -

HNO, + "OH = “NO., + H,0 HNO o "NO, + H

NO;™ +e,,~ = NO
NO, % + H,O0- "NO, + 20H"

NO, =+ H* = HNO.~ = “NO, + OH- ‘-’-’U--ﬂ

"NO, +*NO, = N,O,

N,O, = HNO, + HNO,

G.V. Buxton, C.L. Greenstock, W.P. Helman, and A.B. Ross, J. Phys. Chem. Ref. Data 1988, 17, 513.
Y. Katsumura, The Chemistry of Free Radicals: N-Centered Radicals, John Wiley & Sons, Chichester, 1998.
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I The Role of AHA and its Radiolytic Behavior

Concentration of AHA, BTPS, and H,,* vs. . _
gamma dose for 2 h of AHA hydrolysis. ...concentrations for both

molecules (AHA and SO;-Ph-BTP)
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o8l “ A o] dose...”
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behavior is still required...”

I Exp. 3: AHA + SO;-Ph-BTP irradiated |

“...It is essential to design reliable

A B C D E

- A : simulating strategies to predict the
[y — w— —— long-term performance of
- e - .- extraction systems...”

D.G. Karraker, Radiation Chemistry of Acetohydroxamic Acid in the Urex Process, WSRC-TR-2002-00283, 2002), 1.

J.-H. Wang, C. Li, Q. Li, M.-H. Wu, W.-F. Zheng, and H. He, Nucl. Sci. Tech., 2018, 29, 26.
I. S&nchez-Garcia, L.J. Bonales, H. Galan, J.M. Perlado, and J. Cobos, Rad. Phys. Chem., 2021, 183, 109402. IDAHO NATIONAL LABORATORY




Ml Experimental Methodology

Steady-State Time-Resolved
Gamma Radiolysis Pulsed Electron Radiolysis

J.F. Wishart, A.R. Cook, and J.R. Miller, Rev. Sci. Instrum., 2004, 75 (11), 4359.
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Il Multiscale Modeling Irradiated Solutions
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1. Track Structure Simulation
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2. Physicochemical Processes

Ultra-fast Chemistry <1 picosecond

Z Axis (nm)

3. Nonhomogeneous Diffusion-Reaction
Kinetics

4. Homogeneous Bulk Chemistry ReRaa%t:gE/;stSoggc':g’sd

Intra-track Chemistry < 1 microsecond

P. Clifford, N.J.B. Green, M.J. Oldfield, M.J. Pilling, S.M. Pimblott, J. Chem. Soc., Faraday Trans., 1986, 82, 2673.
. S.M. Pimblott, J.A. LaVerne, A. Mozumder, J. Phys. Chem., 1996, 100, 8595.

G.P. Horne, T.A. Donoclift, H.E. Sims, R.M. Orr, and S.M. Pimblott, J. Phys. Chem. B., 2016, 120, 11781. IDAHO NATIONAL LABORATORY




Il Acetohydroxamic Acid (AHA) Radiolysis
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» Loss of AHA by radiolysis and hydrolysis processes from the
irradiation of 0.5 M AHA In 0.2 M NaNO, (V) and HNO, (A): (A)
51 Gy min—1 at 36 °C; (B) 150 Gy min~t at 40 °C; and (C) 250 Gy

min—1t at 42 °C.




I Dissolved Degradation Product Formation

[acetic acid] / M

A B C
. v
1 1 1 1
40 60 80 100
Does / kGy

0.30

0.25 -

0.20 |

[HA] /M

0.10 |

0.05 |-

0.00

NH;——OH
SRS
' H'-‘ H_}_ '
A .
A

* Yields of Acetic Acid and HA from the irradiation of 0.5 M AHA In
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B Gaseous Degradation Product Formation
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* Yields of N,O and H, from the irradiation of 0.5 M AHA In 0.2 M
NaNO, (V) and HNO, (A): (A) 51 Gy min~t at 36 °C; (B) 150 Gy
min~t at 40 °C; and (C) 250 Gy min—t at 42 °C.

G.P. Horne, S.M. Pimblott, and J.A. LaVerne, J. Phys. Chem. B, 2017, 121 (21), 5385.
C.R. Gregson, G.P. Horne, R.M. Orr, S.M. Pimblott, H.E. Sims, R.J. Taylor, and K.J. Webb, J. Phys. Chem. B, 2018, 122, 2627. IDAHO NATIONAL LABORATORY
J.-H. Wang, C. Li, Q. Li, M.-H. Wu, W.-F. Zheng, and H. He, Nucl. Sci. Tech., 2018, 29, 26.




- Dominant Reaction Mechanisms
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ll Biphasic Solution Effects
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I Conclusions and Future Research

* Loss of AHA by hydrolysis > radiolysis.

- Radiolysis of AHA predominantly by oxidizing radicals
("OH, , and AHA").

- Multiscale model accurately predict loss of AHA In
representative single cycle aqueous phase conditions.

- Biphasic conditions promote negligible changes in
AHA and ligand (TBP, DEHBA, and DEHIBA)
radiation chemistry.

* What is the impact of metal ions?
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Impact of Metal lons
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TBP- DEHBA* DEHiBA"™* Sample Coefficient
" (1010 M1 571
¢ TBP 1.36£0.07
[UO2(NO3),(TBP),]
0 B DEHBA 0.93 + 0.02

[UO,(NO),(TBP),]

[UO2(NOs)2(DEHBA),] | 2.49 +0.06

DEH/BA 1.14 £ 0.04

[UO,(NO3),(DEHiBA),] | 1.59 +0.08

35 T T T T T T - 10 T T T T T
(2]
s | ®
o
30 | - =gl 4
<
= @ Nd}
o
E 25+ 4 = [] i
: B 6 i " Ce 7
= o § Pr La
T Q i % Sm am
w % Yb Tm % z
I 20 - | | | u i
w x 4 Ho Dy %
z o M Gd
° Er
= Lu
15 | d(HEH[EHP]/DD + La®") = 6.55 x 1074 kGy™* - C.) oL |
©
®  HEH[EHP]/DD c ™
® HEH[EHP]/DD + La** 8
10 ) ) . . . . % K(HEH[EHP] + R**) = (2.33+0.11) x 10° Mt s7*
0.0 0.2 0.4 0.6 08 1.0 0 ; : ; : ; : .

0.84 0.88 0.92 0.96 1 1.04

Absorbed Gamma Dose / MGy lonic Radius / A

C. Celis-Barros, C.D. Pilgrim, A.R. Cook, T.S. Grimes, S.P. Mezyk, and G.P. Horne, PCCP, 2021, 23, 24589.
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