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Background

F » Virtually all chemical reactions in HLW processing
or subsurface science occur in contact with
agueous solutions.

1 Many of these solutions have unique properties in terms
of the ionic strength, acid/base characteristics, and
components present in solution.

1 Knowledge of the agueous species present and the
thermodynamics of their complexation reactions in
complex mixtures impacts.

n waste pretreatment, tank waste retrieval, analysis of impact of
tank residuals, and in determining the migration of radionuclides

In the subsurface.
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of Different Waste Compositions

Pretreatment (AN-107 » Tank Retrieval (C-106

diluted feed) oxalic acid treatment)
1 Na (8.9m) 1 Oxalate (1M)
1 OH (0.84m) 1 Al (0.24M)
1 CO,; (1.6m) 1 Fe(0.05M)
1 EDTA (0.024m) 1 Mn (0.05M)
1 HEDTA 0.01m) 1 Na (0.46M)
1 NTA (0.037) 1 Sr-90 (401 mCi/l)
1 Ca (.013m) > Oxalate completely
1 Ni (0.0079) complexed with Al and Fe
» EDTA complexed with Ca [AI(Ox)5>, Fe (Fe(Ox)5*, ...]

and Ni.
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Approach

M olecular Fluorescence Thermodynamic Thermodynamic Models
¥ Simulations Spectroscopy Data for Complexes For Subsurface and Waste
(metal-EDTA-OH (EWCm-EDTA) Tank App| ications
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Approach

Evaluate the species present in solution.

1 Combination of experimental techniques (NMR, XAS,
TRLFS, IR, ...) and molecular simulation.

P Develop accurate thermodynamic models for the
key species as a function of electrolyte and base
composition.

P Incorporate these data in both reactive transport
model and chemical processing models used at
Hanford.

P Work with site contractors (Bechtel National, CHG,
or their contracted research staff) on model
application.
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Current Situation

Current thermodynamic model development
-~ focusing on the subsurface and the impacts of tank
residuals on closure.

1 Waste Treatment Plant under construction.
n R&D programs cut back in the pretreatment area.

1 Workshop scheduled for this spring March 3 and 4 to
define key scientific challenges related to the nature of
the residuals and their impacts on final tank closure.
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Recent Accomplishments

Defined the importance of polysilicate complexation of trivalent
radionuclides at high base concentration.

Developed a new thermodynamic model for U(VI)-carbonate species to
high concentration.

I New Ksp'’s for Cejkaite (Na,UO,(CO,),;) and NaUO,PO,(c).
1 Cejkaite in C-203 residuals — our data in the release models.

Demonstrated the importance of nanoparticles in misinterpreting
thermodynamic data.

Analogy between U(VI) and Pu(VI)in phosphate solids.

Demonstrated the importance of chelate (or chelate-metal complex)
adsorption to the solid phase in limiting radionuclide migration.

Included our thermodynamic model GMIN in the reactive transport
(rjnodgls used at Hanford and provided an updated thermodynamic
atabase.

1 Reactive transport models : Lichtner (LANL), Steefel (LBL), and Yabusaki
and Onishi (PNNL).
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@M/Cm()-Polysilicate Complexation
(previously unidentified species)

] Eu (7days)
L4 Eu (42days) 8'
v Si (7days) . _
v Si (42days) [SIOZ] = 1
u Eu(OH),(0.5m NaNO,)
Calculated Eu(OH), (no Eu-silicate) 1 - 0092 M
_— Calculated SiO (am)
vemsssenn . Calculated Eu((z)H)s(SiIi mmmmmmmmmm ) 6 2 - 0-029 M

3-0010M
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Increases solubility at high pH Present in fluorescence spectra

Structurally complex is completely coordinated with silca or nitrate, contains no waters of hydration,
and it formation correlates with the formation of polysilicates in solution.

Z. Wang, A. R. Felmy and Y.X. Xia, O. Qafoku, W. Yantassee and H. Cho (2004) “Complexation m'my

E M Of Cm(II)/Eu(lll) With Silicate In Basic Solutions”, Radiochimica Acta, (submitted). ?‘“h’“""‘

& Dropraman ol Evaag

e e L



I) Carbonate Complexation and U(VI)-
Phosphate Solublllty
Presence of nanoparticles in filtered solutions)

®  Expt (27 days)
O  Expt (62 days)
MW Expt (104 days)

N Calculated NaUO,PO,

s

5 A - Raietal (UO,),(PO,),.4H,0)
)

Log U(m)

UO,(OH),

T T T T T T T T
2 3 4 5 6 7 8 9 10 11

12

Normalized Intensity (a.u.)

12 H 3.47

solid

i pH 6.45

| | | | | | | |
460 480 500 520 540 560 580 600 620

Wavelength (nm)

NauO,PO,.xH,O solubility
(0.01M PO, and 0.5M NaNO,)

Solutions from pH 4.5 — 8 contained nanoparticles or trace carbonate

&) s contamination.
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DEVEIOD
with U(VI)-carbonate Complexes
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®  Expt [15] ®  Expt[15]
«=+ Initial Model —— Calculated
0.25 4 —— This Study 0.25 1
0.20 4. 0.20 A
£ NaClO e | Na,SO
% 0.15 - a 4 E o015 2 4
) )
010 1 010 4
0.05 4
0.05 1 ®
""" s
0.00 r r r r r = T —
00 0.5 10 1.5 20 25 3.0 35 4.0 45 50 000 T T T T T T T T T
00 05 10 15 20 25 30 35 40 45 50
NaClO,, (m)
Na,SO, (m)
0.30' 030 0.30
®  NaCl(expt) ®  Expt [15] ®  Expt[15]
= NaCl(calc) ===~ Predicted[12] —— Predicted
0.25 1 025 4 — Predicted (This study) 0.25 4
-
0.20 4 0204 ™~ . 0.20
NaCl | ¢ Na,CO,; | _ NaCl + Na,CO,
EO.IS' 5/015. \E/015
=] o] " =]
=}
- T
0.10 4 ood T 0.10
0.05 1 005 4 0.05 4
0.00 T T T T T T T T 2 000 T T T T T 0.00 00
00 05 10 15 20 25 30 35 40 45 50 00 01 02 03 04 05 06 '
Nal (m) Na,CO; (m)

Also tested on Cejkaite solubilites from C-203.
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auO,PO, Solubility
In Carbonate Solutions

3

Expt (0.01M added PO, 0.5M NaNG; - 28 days) ° Expt (0.01M added P 04’ 0.5M NaN 03 -28 days)

Expt (0.01M added PO, 0.5M NaNG; - 155 days)

Predicted (Plysunova parameters - 28 day data) Y Expt (0.01M added POz, 0.5M NaNQ3 - 155 days)

Predicted (Plysunova parameters - 155 day data) — — —  Predicted (new interaction parameters - 28 days)

--------- Predicted (new interaction parameters - 155 days)
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Reason for the initial lack of agreement for the solubility of NaUO,PO,(c) in
carbonate solutions was do to a poor agueous thermodynamic model.
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omparison between U(VI) and Pu(VI)
Solubilities

(UO,);(PO,),.4H,0 and (PuO,),(PO,),.4H,0
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Felmy, A.R., Y. Xia, and Z. Wang. “The Solubility Product of NaUO2P04.xH20 Determined in
Phosphate and Carbonate Solutions”. Radiochimica Acta (submitted).

Rai, D., Y. Xia, L. Rao, N.J. Hess, A.R. Felmy, D.A. Moore, and D.E. McCready. Solubility of
L M (UO2)3(P0O4)2.4H20 in H+-Na+-OH--H2P0O4--HPO42--PO43--H20 and its Comparison to the
= Analogous PuO22+ System. Journal of Solution Chemistry (accepted).
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Actinide-chelate Complexation

Evaluated the complexation

reactions for Sr and s Tt
trivalent and tetravalent
actinides to high base and e
high ionic strength for J: R T
several chelates (EDTA, oo
HEDTA, citrate, and _ 4 B
gluconate). : o
1 Also evaluated the competing |~ *1 . .° o
metal ions Ca and Ni with e e o
EDTA. ;
1 Data used in several N R
applications in the 5.6 7 & o L 2 13w
pretreatment area. PCw.
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Complexes

First noted in our actinide hydrous oxide solubility studies (Ex:
Hydrous ThO,).

- Limits the range of chelate/metal concentrations that can be
examined by solubility measurements.

1 -1
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DTA Adsorption to Ferrihydrite
(Collaborations with S.B. Clark [WSUJ)

4. . .
EuEDTA 1x10 " M in absence of Ferrihydrite NiEDTA5x10™" M adsorption in Ferrihydrite (0.08g/L)
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ular Simulations of LaEDTA
Complexes

LaEDTA- La(H,0)EDTA-
LaOHEDTA2 La(OH),EDTA>




Future Research Directions

Divalent metal — actinide — carbonate complexation.

1 Example: Ca,UO,(CO,); (aq) —the most important complex in
subsurface applications.

1 Thermodynamic data unreliable — not accepted in the latest NEA
review.

n lonic strength dependence not accurately included.
n Data limited to one pH.

n Experiments oversaturated with respect to calcite.
n Nature of complexes not known.

1 No data for other important complexes (Mg — UO,(CO,),; %, Sr —
UO,(CO,),* or other actinides).

1 Found in Hanford groundwater.
1 Impacts microbial reduction of U(VI).
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Divalent metal — actinide —
*  carbonate complexation.

1 Have a model for the ionic
strength dependence.

1 Molecular s_imulati(_)ns of
complexes in solution.

1 Direct tie to reactive transport
models.
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Future Research Directions

Chelate Complexation

1 Focus on oxalate/oxalic acid.

n Many of the tanks saturated with respect to sodium oxalate.
- Modeling the influence of oxalate important.

n Oxalic acid has been used in tank retrieval (C-106).
- Future use unknown.

1 Progress

n Great deal of past research.

- UniB/ this body of information into a useful thermodynamic model
valid over a range of ionic strengths and acid/base concentrations.

- Completed a model for oxalic acid in different electrolytes.

- Extended to higher base concentration.

Fitting the apparent K’s for bioxalate and oxalate species in sodium containing
electrolytes.

Naffouk! Lahoretaey
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Future Research Directions

» Progress on H,0Ox(aq) - HOx - Ox % -H,O system.

20 20
— Ha ==~ Fhsog
— O3 e HgPO, 45
v Herz & Neukirch, 1923 o Wirth, 1908; Knox & Richards, 1919;
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Summary

Significant progress in subsurface and HLW areas
1 New trivalent actinide — silica complex(s) at high pH.

1 New thermodynamic models.

n U(VI) phosphate phases.
n U(VI) carbonate species ionic strength dependence.

n Actinide chelate complexes (Sr, trivalent and tetravalents with
EDTA, HEDTA, citrate, gluconate).

P New directions
1 Divalent metal — actinide —carbonates.
1 Oxalate speciation in tank solutions.
1 Actinide-chelate complex adsorption to solids.
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