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The Aqueous Thermodynamics and Complexation Reactions of Anionic Silica
Species to High Concentration: Effects on Neutralization of Leaked Tank Wastes
and Migration of Radionuclides in the Subsurface

Highly basic tank wastes contain several important radionudlides, including *°Sr,
99T ¢, and ®°Co aswell as actinide dements (isotopes of U, Puand Am). A fraction of
these wastes are known to have leaked into the vadose zone at the Hanford Site. Upon
entering the sediments in the vadose zone, such highly basic solutions dissolve
concentrations of slicafrom the slica and duminoglicate minerals present in subsurface.
These dissolution reactions dter the chemical compostion of the lesking solutions,
transforming them from highly basic (as high as 2 M NaOH) solution into a pore solution
with dissolved slica and sgnificantly reduced pH. This moderately basic (pH 9 to 10),
high-silica solution has the potentid to complex radionuclides and promote migration
through the subsurface. This path of radionuclide migration currently is not arecognized
trangport mode in the factors that are modeled for radionuclide transport through the
vadose zone benesath lesking tanks. The god of this project is to ascertain the free
monosilicic acid concentration, and the degree of polymerization as afunction of pH and
total concentration of Slicate ions, and to use this data to measure the interaction of
radionuclides of Co(Il), S(I1), Nd(lI1), Eu(l1l), Am(l11), U(VI) and Th(IV) with theionic
dlicate.

Part 1

Dependence on pH and total silicate concentratin of monosilicic acid concentration,
and degree of the polymerization

Determination of the dlicate concentration

Silicic acid was prepared from sodium slicate nanohydrate (NaaSO3 X9H,0).
The appropriate quantity was dissolved in a polyethylene vessd in about 90 ml water and
quickly brought to pH = 2 with concentrated HCIO 4. The resulting solutions were
adjusted to avolume of 100 ml, apH of 2,5 and anionic strength of 0.2 M (Na, H)ClO4
using dilute NaOH and HCIO4 solutions. Silicic acid solutions were freshly prepared for
each experimenta run. A spectrophotometric method used for the determination of the
dlicic ion concentration and the degree of polymerization involved formation of the
ydlow b-silicomolybdate anion (SMo12040™) [1] by silicic acid with acidic molybdate
resgent.

The acidic molybdate reagent was prepared by mixing of 10 ml 10%
(NH24)6M 07024 ¥4H,0 in 1.18 M NH4OH with 50 ml water adding 10 ml 1.5 M HySO,.



The resulting solution was 0.0707 M in MoO4%", 0.148 M in NH4* ion, and 0.188 M to
S04%, at pH ca 1.2. Thisdilute molybdic acid reagent solution is stable for aweek.

The production of slicic acid (monoslicic acid S((OH),) by acid hydrolyss of
tetramethylorthosilicate S(OCHg) (TMOS) was studied as an aternative to production
from NaSO3 x9H,0 TMOS (98% purity, Aldrich). TMOS was didtilled prior to use and
stored over P,Os. For each set of measurements, o-sllicic acid was prepared by addition
of 50 m of TMOS to 10.0 ml deionized H,O and the pH adjusted with HCIO 4 to ca. pH
2.3. The solution was shaken vigoroudy to obtain complete hydrolysis. For the
measurements, working solutions were prepared by dilution of appropriate volumes of
this stock solution (ca. 34 mM).

Procedure.

To 4.0 ml of the molybdic reagent as much as 1.00 ml of sample solution
containing not more than 200 mg SO, per liter (3.33 mM) was added. The volume was
adjusted to 5.0 ml and the absorption measured a 400 nm waveength. A dlicate aomic
absorption standard solution (1.000 g per liter in 2 wt% NaOH) was used for caibration
of thedlicic acid determinations.

Determination of the polymerization degree of slicic acid

The degree of polymerization of slicic acid was investigeted as a function of
increesng S(OH)4 concentration and various pH vaues. Samples of slicic acid obtained
by hydrolyss of sodium silicate were mixed with the molybdic reagent and the
adsorption spectrarecorded at 20 seconds intervals in the range of 380 to 420 nm
wavelength over a period of 15 minutes. As proposed by Coudurier et d. [2], the fraction
of the polymeric slicic acid which does not react with the molydbic reagent in the first 15
minutes was determined by extrapolation of the linear part of the absorption curve
between 10 and 15 minutesto t = 0. The polymerization data with timeisshownin
Figure 1.

In Figure 2 the change of absorbance at 400 nm with time for 0.01, 0.025, 0.05
and 0.09 M totd slicic acid concentration at pH = 1.28 are presented. The degree of
polymerization of slicic acid increases with increasing concentration and with pH for the
investigated solution, the polymerization degree 0.025 M o-sllicic acid was changed from
9.3t056.9t0 71.9 % for pH 1.28, 3.73 and 8

40, respectively.
Interaction of silicic acid with chosen elements

Theinteractions of UO,%*, EU®*, An?*, Co®* and N#* with monosilicic acid were
investigated by a solvent extraction method.



Under the experimentd conditions used, the complexation reaction in agueous
phase between the radioactive dements (M™) and the anion of orthosilicic acid (L7) can
be written as.

M™ +mL" = ML,,"™* (1)

The didribution coefficient of the metd ions between the organic and aqueous phasesin
the presence of the ligand can be described by:

/D = UDo (1 + ba[L] +bo[L]? +...... ) 2)
where D, isthe digtribution coefficient measured in the absence of theligand and L isthe
free ligand concentration calculated from the tota ligand concentration, and the measured
pH after reaching extraction equilibrium. The literature vaue of pK, = 9.587 [3] was
used for theionization to form OSI(OH)s3".

Uranyl ion (UO,%Y)

The solvent extraction system used to determine the complex formation congtants
UO,?" with silicic acid was an organic phase of 25 mM HTTA (thenoy! trifluoroacetone)
intoluene. Severa series of extractions of UO,?*, with silicic acid varied between 0.03 to
0.07 M at varying pH from 2.7 to 4.7 were made. The didribution ratios of uranium were
measured by liquid scintillation counting. Duplicate diquots of 1.00 ml of both phases
were introduced to Ecolite Scintillation cocktail and measured with a Beckman 6500
LSC.

The distribution ratio for UO,?* was measured as afunction of pH. The D, vaues
were corrected for any variation in pH by interpolation from the cdibration curve. The
plot (Do/D-1) versus free ligand concentration was fitted by a parabolic equation to
determine the two gability congantslog by (= 6.72 + 0.5) and log b, (= 13.4 + 0.7) for
formation of UO,(OSi(OH)3)" and UO,(OSi(OH)3),, respectively.

Thefirgt stability congtant obtained in thiswork is smdler then that reported in
the literature [4], (log b1 = 7.38 + 0.08), probably because the literature data was not
corrected for the second stability congtant. All calculations were performed under the
assumption that the tota dissolved silicic acid was present in solution as the orthosilicate
anion.

Europium (111

Preliminary experiments showed that Eu(l11) distributions ratios were not large
enough with TTA, so HDEHP (di-2-ethylhexyl phosphoric acid) was chosen to provide
larger extraction coefficients.

A 3x 10° M solution of HDEHP in heptane was used in the extraction
experiments to determine the formation congtant of the Eu — slicate complex. Extraction



experiments of Eu(lI1) with the same amount of o-silicate in each from 0.03 to 0.09 M, a
pH=45 (@@l in1=0.20 M (NaCl)), were performed. The distribution ratios of europium
were measured, as for UO,?", by liquid scintillation counting.

The first formation constant, b1, was caculated from the dope of linear regresson
plot of (Do/D — 1) vs. the free ligand concentration [L°] and found to have avaue of 7.04
+0.10. No evidence was found for the existence of a second Eu — slicate complex for
these experimental conditions.

Cobalt (I1)

The organic phase in the solvent extraction systems used to determine the stability
congtants of Co”* with o-silicate ion was 0.01 M HDEHP and 5.28 x 10°° M HDEHPin
heptane, at pH = 5.5 and 6.5, respectively. Theionic strength was 0.20 M (NaClO4).

Two series of extraction of Co(ll) in which the silicate concentration varied from
0.03 to 0.09 M were conducted. The distribution ratios of cobat as afunction of S((OH),
were measured by gamma counting using duplicate aliquots 1.00 ml of each phases
measured in an 1soflex Automatic Gamma Counter. The plot of (Do/D — 1) versus
concentration of free ligand is presented in Figure 3. This plot was fitted by parabolic
equation to determine the two stability congtants, log b1 = 4.8 + 0.5and log b, = 9.6 +
0.7.

Nicke (I1)

Solvent extraction was used to determine the stability constant of complexation of
Ni?* with slicic acid. The organic phase was 0.0055 M HDEHP in n-heptane. The
aqueous phases contained different concentrations of free silicateions. Fresh slicic acid
was prepared before each experiment by hydrolysis of sodium metasilicate (NaSO3
9H,0) in1 = 0.20 M (Na, H)CIO4. Severd series of extractions of NP+ were made. In
each series the congtant total concentration of slicic acid was kept at apcH from 5.0 to
6.5 and the total concentration of silicic acid varied between 0.00 to 0.07 M. ®*Ni tracer
used for the didtribution ratio determination was measured by liquid scintillation
counting. The1: 1 complex formation congtant, log b1, caculated from the dope of the
plot of (Do/D — 1) versusthe free ligand concentration [L"] (at a constant pcH) by linear
regression, was 5.41 + 0.23 (R? = 0.93).

The possible sorption of nickel on the polymeric slicic acid was investigated.
The agueous phase after extraction was filtered through the 0.45 mm Nagene filter and
the mass balance in the aqueous and organic phases was compared with the activity of
®3Ni in the blank. The sum of the activity in the filtered phases was within + 3%
agreement with the blank. This suggests that sorption of nickd on the polymeric form of
glidc addisnegligible



Figure 1. Devdopment of polymerization degree with time of two solutions of

[S]T =10mM, pHr ca. 9.7, I=1.0M NaClO4; ¢, a ae samples from the separate
solutions.
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Figure 2. The changes of absorbance in time for difference tota concentration of slicate
acidat pH =1.28; | =0.20 M (NaClOy).
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Figure 3. Plot of D,/D — 1 for Co(Il) as afunction of free dlicate ion concentration;
pH =6.0,1 =0.20 M (NaClO,).
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Part 1T

In the next +contract period, collection of data on the stability constants of o-
silicate with Sr(I1), Eu(l11) and UO,** will be completed. Characterization of the Eu(l11)
and UO,%* complexes by laser fluorescence spectroscopy will also be continued.

The stability congtants will be determined for these metas plus Ni(l1) and Co(1l)
at severd other ionic strengths to obtain the necessary congtants for use of the Pitzer
equations. Thiswill dlow speciation of these slicate complexes in media of different
salt concentrations.



