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Introduction

* The sensitivity of lab-accessible
spectroscopies to changes In lodine
speciation during Irradiation and/or

acidification was determined.

 Standard solutions of dissolved I, 1057, and
10, were used to calibrate and define
detection limits for multiple spectroscopies.

» Spectroscopies Included UV-Vis,
1271 NMR, and Raman spectroscopy.

FTIR,

* Interpretation of spectroscopic results was
alded through synchronous autocorrelation
spectra from 2D correlations analyses.

Radiolysis Methodology

 Nal solutions were Irradiated using the
Radiological Exposures and Metrology
(REM) Laboratory at PNNL with an

11000 Ci %9Co source.

Solutions of dissolved sodium i1odide
Immediately prior to irradiation

Example 2D Correlation Analysis

32.7 mM NalO, |
28.1 mM NalO,
18.7 mM NalO,
9.4 mM NalO,
. 4.7 mM NalO N
2D correlation = 500 e AL/\ \@6‘
Raman spectrum g | o
- T
of dissolved = 850
NalO, b
g 800
= -
The S 750 -
autocorrelation § 700;
slice Is 700 750 800 850 900
annotated. Wavenumber [cm]
U.S. DEPARTMENT OF

PNNL is operated by Battelle for the U.S. Department of Energy

Spectroscopy of standard solutions demonstrate the disparate
sensitivities of the spectroscopies to solution forms of 1odine
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Typical /I NMR, Raman, FTIR, and
UV-Vis spectra of and respective
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solutions of 10,7, 10, and I-.

UV-Vis spectroscopy probed the formation of I, and |5

INn Irradiated and/or acidified solution

* In the absence of HNO,, Irradiation induces a
transformation from I~ to I;. Little to no I, Is
apparent.
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» At concentrations of 0.5 M HNO,, the formation of
l;71s favored Independent of whether the samples
are Irradiated or not. A small fraction of I, IS
evident.
0.5
At concentrations of 3 M HNQO,, the formation of I, HN
Is favored. Work Is ongoing to extend the
radiolysis studies to 3 M HNO.,.
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Note that because the formation of |5 Is three-fold
dependent on the concentration of the total iodine.
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Therefore, whether |- or [, Is the dominant
species likely depends on both the concentration
of HNO, and the Initial concentration of I-.

Conclusions
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* Multimodal spectroscopic data on several forms of iodine Iindicates that the spectroscopies are

disparately sensitive to 1odine speciation.

* Of the spectroscopies, UV-Vis spectroscopy should be considered the principal method of
discriminating Irradiation and acidification-induced changes in I- transformation into |, or 1.
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Introduction lodine Capture Modeling

The National Nuclear Security Administration’s (NNSA) Office of Conversion (NA-231) has been

Staged approach to iodine capture modeling:

aiding, in part through the National Lab System, molybdenum-99 (®**Mo) producers to convert 1. Thermodynamic Equilibrium
their fuel from highly enriched uranium (HEU) to low enriched uranium (LEU) targets and Used PHREEQC" to compute multiphase equilibrium (solid-liquid or
encouraging domestic production. Pacific Northwest National Laboratory (PNNL) has been gas-liquid) where the non-aqueous species (e.g., 1,(s), 15(9), HI(9))

are equilibrated using solubllity product (solid-liquid) or Henry's law
(gas-liquid) relationships

2. Quasi-Transient
First approximation to a kinetic description using a time-dependent
process model, assuming the solution and gas reach equilibrium at
each step

3. Kinetic Model
Currently adapting Wren and Ball* model to account for expected

supporting these efforts through two activities: (1) emissions abatement for radioxenon and (2)
lodine chemistry to improve capture of radioiodine. This support includes modeling traditional
carbon delay beds, developing prototypes of cooled abatement traps, optimizing iodine capture
techniques, characterizing iodine speciation under different radiochemical processing conditions
and finally integrating the radioxenon and radioiodine capture efforts to best minimize emissions.

Modeling Carbon Delay Beds

conditions ool
Model ***Xe and **Xe abatement Outlet stream: 14 HNO,, [1107 m, 95°C | + i) 14 HNO,, [110°m, 95°C | + i(4/3 S 100l )
Abated activities, Outlet temperature 12 : :EIQ "2 : :EE}*) %
§ 10 10 - 1(+5) N 1072 _v
_ 0.8 0.8 E 1(+1)
Fluid flow: < L 06 E;; 06 8 10'14'\ I(-1)
Darcy’s Law (porous media) Energy balance: 0.4 Y g .
Ideal gas, assume Xe and N, Heat conduction in gas and bed 02 02 10T
Convective heat transfer between : : . N » 107
Digestion Studies |l s TR
Heating due to radioactive decay _ P _ _ ’ F| ure 7 MOleS Of iodine b
o - Figure 6. Pourbaix diagrams 95°C for gure 7. = DY
p— AU W TTEE | | 11077 m (left) and 1x10-3 m (right) iodide  ©Xldation state as a function of
Adsorption to and from sorbent: - & B by ol i in HN03 (EqUIllbrIum Mod el) time In the quasi-transient
Sorbent bed: Competitive Langmuir isotherm g BN .00 o i 1 Rt ) v : : : :
Porosity, Bed density, Permeability Heats of adsorption govern - e Ll s ST T T simulation. Solution starts with
> bed performance at different . 1X10_9 mOleS Of |Od|ne (1X10_7

Temperature, Flow Rate, Activities Linear driving force assumption

Figure 1. Graphical representation of Xe abatement bed model
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Figure 2. Example of a modeled carbon delay bed

showing (a) temperature and (b) xenon concentration
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lodine capture and xenon abatement system spectra of the references

Figure 3. Prototype LN
cooled abatement trap
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