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Il Destruction of Active Molecules

Single Cycle Used Fuel
Reprocessing Concepts
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Il Destruction of Active Molecules

233 Distribution Ratio

Horne, G.P., Zarzana, C.A., Grimes, T.S., Rae, C., Ceder, J., et al., Dalton Trans., 2019, 48, 14450.
Horne, G.P., Mezyk, S.P., Mincher, B.J., Zarzana, C.A., Rae, C., et al., Rad. Phys. Chem., 2019, 170, 108608.
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Il Destruction of Active Molecules

DPu = [Pu]org/[Pu]aq
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- Effect of Additives on Radiation Robustness

[1] Table 2 [3]

The values of a dose constant (d) and an electron fraction of n- s
dodecane (g;) for y-radiolysis of 0.1 M TODGA in different y = 2.057E+01 ¢S 087E03x
components of diluent R2=9.915E-01
Diluent d(Gy™") Py é 10.0
n-dodecane (80)-1-octanol (20) 3.1x10°¢ 0.715
n-dodecane (60)-1-octanol (40) 31x10°° 0.512 -
1-octanol (100) 31x107° 0 T o 100 200 300 400 500 600
- Absorbed Dose. kGy
n-dodecane (75)-benzene (25) 20x 10 0.664
n-dodecane (50)-benzene (50) 1.3x10°¢ 0.413 O ALSEPO 1% Octanol —— Expon. (ALSEPO 1 % Octanol)
-7
Benzene (100) 80x 10 0 Figure 7. Plot of the americium extraction distribution ratios determined as a function of absorbed dose
for the static irradiation of the ALSEPO solvent containing 1 % octanol in contact with 3 M HNO;.
[C], mol/L [2] [ aw aIv oV oIX mTODGA | 100
0.06 - 100, TPH 95:5)y0TPH 50:50)0TPH ¥ = 5.030E+0] &3 #4E03x
* 199: Shyoe {50: SPhueai1F R?=9.750E-01

£

2 (]

E y = 5.828E+(01e7355E-03x

é R*=9.389E-01 o

§ 1

= 0 50 100 150 200 250 300 350 400 450 500

Absorbed Dose, kGy

O ALSEP4M HNO3 0O ALSEPO 4 M HNO3
Expon. (ALSEP 4 M HNO3) Expon. (ALSEPO 4 M HNO3)

Fig. 3. Concentration of TODGA and compounds III. IV. V and IX in the different TODGATiTadiated Saiiples (Up 0 1000 KGY) and the

; X 3 : Figure 3. Plot of the americium distribution ratios determined as a function of absorbed dose for the static
corresponding Dy values. Samples 1: 100s,, TPH. Samples 2: (95:5),, TPH/octanol. Samples 3: (50:50),,; TPH/octanol.

irradiation of the ALSEP and ALSEPO solvents in contact with 4 M HNO;.

1. Sugo, Y., lzumi, Y., Yoshida, Y., Nishijima, S., Sasaki, Y., et al., Radiat. Phys. Chem., 2007, 76, 794.
. Galan, H., Nufiez, A., Espartero, A.G., Sedano, R., Durana, A., Mendoza, J.D., Procedia Chem., 2012, 7 (0), 195.
3. Zalupski, P.R., Peterman, D.R., INL/EXT-17-43040 Technical Report, 2017, OSTI.gov, United States.
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Addition of 1-octanol to:

 Organic only TODGA/n-dodecane solutions increases the rate of TODGA
radiolysis, d > = 0.0057 kGy.

« Biphasic TODGA/n-dodecane/ solutions decreases the rate of
TODGA radiolysis, d < = 0.0057 kGy.

Horne, G.P., Zarzana, C.A., Rae, C., Cook, A.R., Mezyk, S.P., Zalupski, P.R., Wilden, A., Mincher, B.J., Phys. Chem. Chem.
Phys., 2020, https://doi.org/10.1039/DOCP04310A. IDAHO NATIONAL LABORATORY




Il Effect of Complexation on Radiation Robustness
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Jll Single Cycle Concepts and Radiation Chemistry

Single Cycle Used Fuel
Reprocessing Concepts
ligands/n-dodecane: /H,O
(x additives)

How does ionizing radiation effect:
@]

1. the integrity and function of Gaseous Phase
ligands and additives? O

2. single phase vs. biphasic
system performance?

Organic Phase

3. the redox distribution of free
and ligand/additive
complexed metal ions, and
ultimately their mass transport?

And why?
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- Radiation Chemistry in Nitrate and Nitric Acid

Solutions
Water Radiolysis Direct Radiation Effects
H,0 = e”, H', "OH, H,, H,0,, Hy¢* NO,™ = NO, ™ — NO,” + O
HNO, w HNO.* — HNO, + O
Indirect Radiation Effects NO;~ w» "NO, + -

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

NO;~+e” - NO, " _ _
Alkane Radiolysis
NO,?" + H,O0- "NO, + 20H"
NO,~ + H* = HNO,” = *NO,+ OH-  R-CH; = e~, R-CH,™, R-CH,’, *CH,, H', H,
"NO, + "NO, 2 N,O,

N,O, = HNO, + HNO,
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I Radiation Chemistry in Nitrate and Nitric Acid
Solutions

Water Radiolysis

e~ s —— — AN = . LN

Radiolysis Products of Concern In
Reprocessing

‘OH, H,0,, and H, from H,O
and from HNO,

e”, R-CH;™*, R-CH,", and H* from organic diluent [ H’H;

N,O, — + HNO,
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Jll Radiation Chemistry Techniques

Gamma Radiolysis Pulsed Electron Radiolysis Self-Radiolysis

Spinks, J.W.T., Woods, R.J., An Introduction to Radiation Chemistry; Third Edition; Wiley-Interscience: New York, 1990. IDAHO NATIONAL LABORATORY



Radiolytic Evaluation
of Proposed Single-
Cycle Used Nuclear
Fuel Recycle Additives
AHA and CDTA
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J AHA Radiolysis — What’s Been Done?

1.
2.
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Fig. 4. Dose dependence of radiation damage [1].
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Fig. 1. Radiolysis rate of AHA as a function of dose [2].

« Main degradation products in solution were found to be

/ and

* No investigation into the underlying mechanisms nor impact of

radiation of AHA performance.

Karraker, D.G., Radiation Chemistry of Acetohydroxamic Acid in the Urex Process, WSRC-TR-2002-00283, 2002), 1.
Wang, J.-H., Li, C., Li, Q., Wu, M-H., Zheng, W.-F., He, H., Nucl. Sci. Tech., 2018, 29 (27), 26
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- CDTA Radiolysis — What’s Been Done?

EDTA

CO.H CO.H
_H,0 HC_ ‘CH
N—CHy—CHy—N_
(8 HyC CH,
COH COH
1
cO.H CO.H
H,C ) CH,
~B0 "N—CH—CH—N
&) H,C (I:Hg
COH CO:H
2
COH CO,H
HyC . CH,
=k “N—CH,—CH, N:
(10) HC CH,
COH COH
3

Hobel, B., von Sonntag, C., J. Chem. Soc. Oerkin Trans., 1998, 2, 509.

Table 2 y-Radiolysis of EDTA (2 x 10~* mol dm?) in N,O-saturated
and N,O-O,-saturated aqueous solutions. Products and their G values
(in units of 1077 mol J!). The yields of ethylenediaminetriacetic acid
could not yet be quantified.

Product N,O N,0-0,
Formaldehyde 0.2 1.6
Carbon dioxide 34 25
Formic acid absent 0.7
Glyoxylic acid 0.5 3.6
Iminodiacetic acid 1:3 2:1
Ethylenediaminetriacetic acid not determined present
EDTA consumption 54 54

IDAHO NATIONAL LABORATORY




I AHA and CDTA Radiolysis — Where Are We Going?
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Grimes, T.S., Horne, G.P., Dares, C.J., Pimblott, S.M., Mezyk, S.P., Mincher, B.J., Inorg. Chem., 2017, 56 (14), 8295.
Horne, G.P., Zarzana, C.A., Rae, C., Cook, A.R., Mezyk, S.P., Zalupski, P.R., Wilden, A., Mincher, B.J., Phys. Chem. Chem. IDAHO NATIONAL LABORATORY
Phys., 2020, https://doi.org/10.1039/DOCP04310A.




- Calculations for Single Phase AHA/CDTA Radiolysis
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Fig. 5. Gamma radiolysis of hydrophilic DGAs in concentrated, aqueous nitrate solution as a function of
absorbed dose: (A) TEDGA, (B) Me-TEDGA,; (C) Me,-TEDGA; and (D) TPDGA. Curves are from multi-scale
calculations predicting DGA decay without secondary degradation product reactions (dashed black) and with
secondary degradation product reactions (solid black) and corresponding accumulated reaction kinetics for
‘OH (red) and ‘NO; (blue).

. Horne, G.P., Donoclift, T.A., Sims, H.E., Orr, R.M., Pimblott, S.M., J. Phys. Chem. B, 2016, 120 (45), 11781.
. Horne, G.P., Wilden, A., Mezyk, S.P., Twight, L., et al., Dalton Trans., 2019, 48, 17005
. Horne, G.P., Mezyk, S.P., Moulton, N., Peller, J.R., Geist, A., Dalton Trans., 2019, 48, 4547..
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Fig. 3. Gamma radiolysis of BTP(S) (M) as a function of absorbed
gamma dose. Curves are from deterministic reaction kinetics
calculations predicting the change in concentration of: BTP(S) without
secondary degradation product reactions with "OH (Dashed Black);
and with secondary degradation product reactions with *OH (Solid
Black) and the cumulative reaction concentrations of BTP(S) with
*OH (Solid Red), e,4~ (Solid Blue), and H* (Solid Green).

Multi-scale Modelling Approach Processes Timescale

. 5 Energy Transfer and
1. Track Structure Simulation Track Structure <1 femtosecond
2. Physicochemical Processes Ultra-fast Chemistry <1 picosecond
3. Nonhomogeneous Diffusion-Reaction :

4. Homogeneous Bulk Chemistry RERE’;C(}:SI'; ;fsl.so;eg;gsed >1 microsecond
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i
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Expected Deliverables

* Insight into the radiolytic working
limit for both additives under
process envisioned conditions.

1 joint manuscript on AHA
radiolysis for PCCP/Dalton
Transactions (FY21).

« 1joint manuscript on CDTA
radiolysis for PCCP/Dalton
Transactions (FY21).

1 joint manuscript of modeling
calculations for PCCP (FY22).

 Postdoctoral research
associate exchange?

Dalton
Transactions
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