
@-w#-ou-53

Business Case Study

Los Alamos National Laboratory
Technical Area-3 Revitalization

January 8,1999

.- —..--.. ..——
.;<’
..



DISCLAIMER

This repoti was.prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.

-,-5. ‘f —



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.



ABSTIWCT

This report summarizesthe development and appfiauon of athermod-c modebg .

capability desi~ed to treatthe Envelope C wastescontainingorganiccomplexants. A complete

description of the model development is presented. In addition, the model wasutilized to help

gain insight into the chemical processes responsible for the observed levels of Sr,TRU, Fe, and

Cr removal from the diluted feed from tank 241-AN-107 which had been treatedwith Sr and

permanganate. Modeling resultsare presented for Sr, Nd@I)/Eu~, Fe, Cr, Mn, and the

major electrolyte components of the waste (i.e.N03, N02, F, ...). Onanoverallbasis the added

Srispredictedto precipitateasSrC03(c) andthe MnO; reducedby the NO; andprecipitatedas

a Mn oxide. These effects result in only minor changes to the bulk electrol~e chemistry,

specifically, decreasesin N02- and C032-, and increasesin N03- and OH-. All of these

predictions arein agreement with the experimental observations. The modeling also indicates

that the majority of the Sr, TRU’S (or Nd(III)/Eu(III) analogs, and Fe are tied up with the

organic complexants. The Sr and permanganate additions are not predicted to effect these

chelate complexes significantly owing to the precipitation of insoluble Mn oxides or SrC03.

These insoluble phasesmaintainlow dissolved concentrations of Mn and Srwhich do not affect

any of the other components tied up with the complexants. It appearsthatthe removal of the Fe

and TRU’S during the treatment process is most likely as a result of adsorption or occlusion

ordinto the Mn oxides or SrC03, not as direct displacement from the complexants into

precipitates. Recommendations are made for further studiesthat are needed to help resolve

these issues.
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1,0 INTRODUCTION

Radioactive wastes stored atHanford require different levels of pretreatment to meet

prespecified limits for low-activity wasteor other disposal categories. Wastes currently labeled

asEnvelope C in the waste treatment privatization contract presentdifficult challengesin this

regard asthey contain high levels of organic complexants (e.g.EDTA, HEDTA, NTA, ... ) and

elevated levels of Sr-90 and transuranics (TRU’s). These wastes thus require pretreatment

before disposal. Owing to the complex nature of the wastes, developing such pretreatment

processes hasnot been an easytask and different methods havebeentested including additions

of Fe, Sr, and permanganate (Ekdlenet al. 2000).

The objective of this repofi isto evaluatethe potential for thermodynamic modeling to

help both in understand the underlying chekcal behavior of the wastes and in developing

improved pretreatmentprocesses. Unfortunately, currently availablewasteprocessing models

such asthe ESP model (OLI systems 1999), are not applicable to modeling the Sr/TRU

separation process for Envelope C wastes. For example, using the ESP model for calculating

the volubility of SrCOJ(c) (aphase which readily forms in the treatmentprocess) is in error by

two orders of magnitude (i.e. Io-’m calculatedversus lo-sinexperimental)even in avery simple

solution (1.om NzCOJ) asa resultof the neglectof Sr-CO~complexes. Modeling the volubility

of the TRU’S is also problematic in the current version (6.2) of the code. For example, the

volubility of Am(OH)J(c) is off by five orders of magnitude even in a simple 0.5m NaOH

solution (i.e.predicted > lo-3m,experimentalI@m) principallyastheresultof anunusuallylarge

stability for the neutral species, Am. The situationdoes not improve if the trivalent

actinides are modeled using an analog approach (i.e. Nd@I) or Eu(III)). In this casethe

solubilities arestill in error by approximately five orders of magnitude, but interestingly, the

reasons for the error are different. In the caseof Eu(III) and Nd(IIi) the error resultsfrom an

unusually strong equilibrium constant for the fourth hydrolysis constant (i.e. EU(OH)4-or

Nd(OH);) whereasthe stability constantfor the neutralspeciesappearsfine. Clearly, currently

available versions of the ESP model (OLI 1999) are inapplicable to evaluating the Sr/TRU

separation process from envelope C wastes.

With these factors in mind, this project has been divided into two efforts. The first

effort focused on constructing arealisticthermodynamic model for the envelope C wastetypes.

The second effort applied this model to evaluatingthe Sr/TRU separationprocessusingtheAn-
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107 diluted feed solution treatedexperimentallyby Ha.llenet al. (2000). The iirst effort utilized

the Pitzer thermodynamic model since we have recently completed a database for both the

inorganic reactions (Felmy andRai 1999)aswell asfor the chelatecomplexes (Felrnyetal.2000),

which is applicable to the trivalent actinides. In addition, we have also developed a

thermodynamic model for Srvalid to high baseandcarbonate concentration (Fehny etal. 1998;

Felmy and Mason 1998). Thus we will begin with the development of the Pitzer

thermodynamic model. An analysis of the resultsfor the diluted AN-107 feed follows the

description of the thermodynamic model.



2.0 THERMODYNAMIC MODEL DEVELOPMENT

The aqueousthermodynamic model used in this study isthe ion-interaction model of Pitzer

and coworkers. (Pitzer, 1973;Pitzer, 1991) This model emphasizesadetaileddescription of the

spec~lc ion interactionsin the solution. The effectsof the specific ion interactionson the excess

solution free energy are contained within the expressions for the activity coefficients. The

activity coefficients can be expressed in a virial-type expansion as

(1)

where m is the mokdity and yDHis a modified Debye-Huckel activity coefficient that is a

universal function of ionic strength. ~ij~ and Cjjkarespec~lc for eachion interaction and area

function of ionic strength. Pitzer gives explicit phenomenological expressions for the

ionic-strength dependence of ~. (l?itzer, 1973; Pitzer, 199I). The third virial coefficient, C, is

takento be independent of ionic strength. The form of ~ isdifferentfor like, unlike,andneutral

ion interactions. A detailed description of the exact form of Eq. (I) isgiven elsewhere. (Felmy

and Weare, 1986; Felmy et al. 1989; Harvie et al. 1984).

In order to establishthe model parametersneededfor this study we mustfirst define the

natureof the chemical systemthatis to be modeled. In this regard,the chemical composition of

the diluted waste feed for tank AN-107 is shown in Table 2.1. The principal electrolyte

components include N% OH, NOJ, N02, COJ, F, POA,Al(OH)~, andSOA This ispreciselythe

chemical system for which we (l?elmy et al. 1994a)have developed a Pitzer thermodynamic

model over the temperature range25- 100°C. This model includes all of the essentialbinary

ion-interactions (i.e. Na+-OH-, Na+-NOJ-, ...). important ion associations (i.e. formation of

NaNOJ(aq) and NaNOJaq) ion pairs), necessarycommon-ion ternary interactions(i.e.NO;-

Al(OH)~, Na+-NO~-Al(O~~, ... ) and solid phases(= Table 2.2). A completedescriptionOf

these model parameters along with extensive comparisons with the existing osmotic and

volubility data is given in Felmy et al. (1994a). It is worthy of note that the model does not

include datafor the formation of certainmixed double salts,most impotitly mixed Na-F-POq

solids that have recently been shown in the tank solutions. Adding the necessarydatafor such

solids remains a task for subsequent years.
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With the thermodynamic model for the major electrolytesestablishedthe n-~ data

for the other important “minor” components must be established.The components included in

the model include all of those in Table 2.I designatedwith an asterisk. The metals/cations

considered include Ba, Ca, Cr, Fe, L%Mn, Nd, Ni, and Sr. Srisincluded owing to the obvious

importance of Sr-90 in the separation process. Nd and La serve as analogs for the trivalent

actinides Am(II?) and Cm@I). Baand Ca arepossible important cationsthat can compete with

Srfor the organic chelatesaswell asbeing involved in sulfate/carbonateprecipitation reactions.

Fe and Mn areimportant in reactionswith the gluconate (Fe)andin redox processes (N@. Mn

is also important as a chemical additive (asMnO~_). Cr is important from an

oxidation/reduction perspective and Ni is present as sufficient concentration and can form

potentially important mixed metal-chelate-hydroxy complexes that can tie up the organic

chelates. While some of the other components could conceivably be important under unusual

conditions these components appeared to be the most likely to be relevant to the Sr/TIUJ

precipitation process and were included this year.

The organic chelatesincluded are gluconate, EDTA, andHEDTA. Only selected data

were includedfor NTA. The concentrationsof the chelateswerenot directly reportedby Hallen

et al. 2000 and were estimated from the 9M simukmt data. This constraint effects the model

calculations described in the next section. Howeverj even with some uncertainty in the actual

chelateconcentrationsthe high thermodynamic stabilityof the gluconate,EDTA andHEDTA

complexes makes their selection for inclusion in the model reasonable.

A complete list of the complexes for which thermodynamic data (including stability

constants and ion-interaction parameters)are included is given in Table 2.2.

ExperimentallymeasuredPitzer ion-interactionparameterswere availablefor only afew

of the species listed in Table 2.2 and analogs were used for many of these parameters as

described below. Experimentally determinedvalueswere availablefor the metal ions (i.e. S#+,

Ca2+,Ni2+, ... ) with NO; from Pitzer (1991). The corresponding parameterswithNO~ were

generally unavailable (except for Na+) and were set equal to the NO; parameters. The

parameters for Na’ interactions with Cr(OH)~ were determined by Felmy et al. (1994b) and

those for CrOq2-by Pitzer (1991). The parametersfor Na+ interactionswith NcVEu(OH)A-were

set equal to the valuesfor Na+-Al(OH)q- and tested by Felmy et al. (2000). The parametersfor

the Na+ interactions with the fourth hydrolysis species (i.e.Mn(OH)42-,Fe(OH)42-,... ) were set

equal to the measuredvalues(Rai et al. 1991a)for Cd(OH)A2-.Similarity,the valuesfor the Na+

interactions with the bicarbonate metalcomplexes (i.e.Fe(COJ)22-,Cu(COJ)22_)were setequalto

2.2



the measured values (Rai et al. 1991b) for Cd(COJ~-. The values for Na+ interactions with

Ca(COJ~- and Sr(COJ~-, aswell asS#+-OH- were experimentally determinedby Felrny et al.

1998. The parametersfor Na+ with Nd/Eu(COJ)~> arefrom Fehny andRai (1999). The values

for the organic chelate complexes were estimatedusingthe chargeanalogapproach of Felmy et

al. (2000). In this approach the experimentally measured values for Na+ with EDTA’,

HEDTA3-,H2EDTA2- and HEDTA- (l?okrovsky et al. 1998) were used for all EDTA and

HEDTA species of the samecharge(i.e. the parametersfor Na+ with H,EDTA2- were setequal

to the parameters for CaEDTA2-, NiEDTA2- etc. and the parameters for HEDTA> were set

equalto the corresponding Na+ interaction parametersfor NiOHEDTA’_). The parametersfor

Na+ intera~ions with EuOH(NTA)3’ were experimentally determined by Felmy et al. (2000).



Table 2.1. A.N-lo7 Diluted Feed Composition
Major Compounds Concentration (m) Minor Component.s Concentration (m) Organic I.igands(**) Concentration (m)
Na+ 8.9 *AI 1.7XW Glycolate .30
N03- 3.1 *Ba 3.4X105 Gluconate(*) .022
N02- 1.3 *Ca 1.3x1W Citrate .055
COJ2- 1.6 Ce 2.3x1W EDTA(*) .024
OH 0.84 cd 4.9X1(H HEDTA(*) .0094
so4z- 0.1 *Cr 3.3X1C-3 NT’A(*) .037
Po4~ 0.037 G 1.lXIW IDA .056
***F. 0.39 Cu 3.9X104
cl- 0.046 *Fe 2.4x1 O-I

K 3.8x1W
*LI 1.9X1W
W.n 2.3x1(F
*Nd 5.8x1O-4
*Ni 7.9X103
Pb 1.45X1O-3

*Sr 3.5X1O-5
u 3.6x1W
Zn 3.4X1O-4
Zr 5.6x1 O-4

metais tor wluch thermodynanuc datawere included
estimated from 9M sinndant (SRTC 1999), assumingperfect dilution (i.e. 0.856) .
IC analysis probably includes formate and acetate
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Table 2.2. Aaueous SDeciesand Solid PhasesIncluded in the Thermodyl
‘Component Solid Phases
Alu223inur22 gibbsite, boehmite

4queous Speck
X-1 Al(oH)3(acj,Al(oH)4-
EDTA AIEDTA-,AIOHEDTA2-, Al(OH)2EDTA~
FIEDTA AIHEDTA(aq),AIOHHEDT&

Al(om2HEDTA2”

Barium

calcium

Chromium

Iron@l)

Lanthanu222/
Neodynium

Manganese

Nickel

sodium

Strontium

~uconate Ali-k@+,AIH,G+, Alf2
&#+

S042” BaS04(aq)
co32- BaCO@q)
EDTA BaEDTA2-
HEDTA BaHEDTA

(32+
EDTA &EDTA2”
UEDTA CaHEDTA-
#uconate CaHSG+
COj2” caco3(aq) , ca(co3)& “

cro.2-----
EDTA CrEDTA-. CrOHEDTA2-
OH CU(OH)+-;NaCr(OH), (aq)
OH Fe(OI-I),-
co32- FeCOJ(aq),Fe(COJ)&, FeOHCO@q),

Fe(COJ)2+
EDTA FeEDTA-,FeOHEDTA2-,Fe2(OH)2(EDTA)2+,. . .

FeEDTAj”
HEDTA FeHEDTA, Fe(OH)HEDTA-,

Fe(OH)zHEDTA2-
Fe(OH)MEDTA~, Fe2(OH)2(HEDTA)#

uconate FeH@+, FeHzG-,FeH3G(aq),FeOHHz@
Nd3+

OH Nd(OH)2+,Nd(OH)@j, Nd(OH)+-
C032” NdCOJ+, Nd(COjr> Nd(COj#
EDTA NdEDTk, NdOHEDTA2”
HEDTA NdHEDTA(aq), Nd(OH)HEDTA

Nd(OH)2HEDTA2-
gh2conate NdH@+, Nd(H3G)2+
NTA NdNTA(aq),NdOHNTA-, Nd(NTA)2~,

NdOH(NT A)2*
Mn2+

OH MnOH+, M22(OH)42”
EDTA MnEDTA2-
HEDTA MnHEDTA-

Np+
OH NIOH+
COj2” NlC03(aq)
EDTA NiEDTA2-,NiOHEDTA~
HEDTA NiHEDTA-

uconate N&G+, NizHG-
Na+

NO]- NaN03
N02” NaNOZ

sr2+
Co32’ SrC03(aq), Sr(C03)*
EDTA SrEDTA2-
HEDTA SrHEDTk

barite, witherite

C&it%anhydri% gyp- gaylussitq
pirssonit~ portlandite

Cry

Fed, goethite, hematite

Nd(O1-I)J, NdOHC03,
NaNd(C03)z@6H20

M13(OH)2, M22C03

Ni(OH)z,NiC03

NaN03, NaN02, NaF,
Na@04e8H20, Na3P04*10H2C),

Na3P04-12Hz0, Na2C03*2NazS04,
Na2S04*CaS04,
CaS04@.Na2S04QH20,
Na2S04-10H20, Na2COp10H20,
Na2CO@H20, Naiii04,
Na2C03@H20

Sr(OH)z~8H20, SrC03, SrS04

tic Model
References
hydroxide complexes - Felmy
et al. (199Aa),others Smith and
hffartell (1995)

Stnith and Marten (1995)

carbonate complexes - Felmy
et d. (1998), solid pb~ -
Harvie et d. (1984), others -
Smith and Marten (1995)

Fehny et al. (199Ab), EDTA -
Smith and Marten (1995)

Fe(II) carbonates- Bruno et al.
(199Zb), Fe(JII) carbonates -
Bruno et al. (1992a), all others
Smith and Marten (1995)

hydroxide and carbonate
complexes - Fehny and Rai
(1995), EDTAy HEDT&NTA
- Fehny et al. (2000), gluconate
- Marten and Smith (1995),
solids - Rao et al. (1996zb)

Mm-tell and Smith (1995)

Hydroxides - Mattigod et al.
(1997), OtherS- Marten and
smith(1995)

Felmy et al. (1994a),
CaS0402Na2S04*2H20 -
Hamie et al. (1984)

carbonates - Felmy et al.
(1998), Others - Mm-tell and
smith (1995)
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3.0 kPI?LIcATlONTo SR/TRU sEpARA’HONs FOR AN-107
DILUTED FEED

In this section the thermodynamic model thatwe havedeveloped isapplied to help gain

abetter understanding of the chemical processes that takeplace when the AN-107 diluted feed

issubjectedto permanganateand Sradditions. The experimentalstudiesaredescribedin Hallen

et al. 2000. Briefly, the diluted AN-Io7 feed (dissolvedcomponent concentrations estimatedin

Table 2.I) was subjected to the addition of permanganateand stable Sr to concentrations of

0.05M and 0.075M respectively. These chemical additions signifkantly altered the waste

composition and resulted in the removal Fe, Cr, Mn, and trivalent actinides and analogs

(Nd/Eu). The total dissolved Sr concentration increased upon addition but the removal of

radioactive Sr-90 increased.

The model simulationswere initiatedusingthe dissolvedaqueousconcentrationsshown

in Table 2.1 andthen the permanganateand Srintroduced to identify changesin equilibria. The

resultswill be described for the major ions followed by the resultsfor Sr,Nd/Eu (thetrivalent

actinide analogs), Fe, Mn, and Cr.

3.1 Major Electrolyte Components

The resultsfor the major electrolytesbefore treatmentshow thatallof the components

aresoluble with the exception of fluoride. Approximately half of the fluoride is predicted to

precipitateasNiF(c). The prediction of NaF(c) precipitationalsoagreeswith simulationsrun by

ESP. However, ESP also predicts the formation of Na,FSO,(c) andNa,F(P04)~19H,0, solids

thatare not in the Pitzer database. It thus appearsthatthe analytical fluoride concentration is

too high. This is probably a result of the analyticalprocedure used to determine fluoride (IC),

which can include acetateand formate aswell asfluoride. The Pitzer model also predicts that

the solutions are saturatedwith respect to Al(OH)J (i.e. gibbsite). Though this fact does not

impactthe currentpretreatmentprocesssirm thehydroxide concentrationady increasesasa

resultof MnO~- reduction (seebelow). Other treatmentprocesses,such asdilution of the AN-

107feed to 6M Na andl.OM hydroxide also moves the solution composition away from the

gibbsite phase boundary. Never the lessit is somethingto be awareof should the pretreatment

process be modified.



Among the major components, only nitrite,carbonate,andhydroxide arealteredby the

treatmentprocess. Carbonate is lowered by the precipitation of SrCOJ(c)andnitriteisoxidized

to nitrate by the added MnOA-,

2MnO~ + 3NO~ +2H,0 + 2Mn0,(c) + 3NOj + 20H- (2)

This reaction also results in generation of hydroxide, which prevents any ~bbsite

precipitation. The removal of the Mn andthe decreasein nitrite agreewith the experimental

observations. The details on the Mn changes are described below.

3.2 Sr

In the solutions before treatment the Sr appearsto be tied up with the organic

complexants (e.g. SrEDTA2~. Although the carbonate concentration isvery high the aqueous

carbonate complexes (Table 2.2) are not strong enough to account for the initial observed

dissolved Sr concentration. However when the organic complexants are considered in the

calculationstheSrsolubilize.sandSrCOJ(c)becomes undersaturated.This initialundersaturation

agreeswith the experimental observations of the diluted feed, which shows increasesin total

dissolved Sr concentration (i.e. negativedecontamination factors for total Sr). The modeling

indicates that this resultsfrom organic chelate complexes ratherthan inorganic carbonate

complexation. The addition of large amounts of added Sr in the treatment process then

“saturates”the chelatecomplexes andSrCOJ(c)precipitates. It should be noted thatthis chelate

“saturation” does not mean that all of the chelates are tied up with Sr. In fact only a few

percent of the organic complexants aretied up with Srowing to the low volubility of SrCO,(c).

3.3 Nd/Eu

Nd(III) and Eu(III)areanalogsfor the trivalent actinidesAm@I) and Cm@I). Recent

experimental data (Felmy et al. 2000) haveshown that in the presence of organic complexants

and high baseconcentration thatmixed metakhelate-hydroxide complexes (i.e.EuOHEDTA2-,

EuOH(NTA)24, ...) resultin significantincreasesin thevolubilityof the stablehydroxide phases,

see Figure 3.1.
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Figure 3.1. The solubili~ of Eu(OH)~(c) in the presence and absenceof EDTA asaFunction of
NaOH concentration.

However, even with these complexes included in the model, the results indicate that

EU(OH)J or Nd(OH)J should precipitate from solution. The model predicts a volubility of

approximately 10-5m, which seemsreasonablein comparison with thedatashown in Figure3.1.

However the analyticaldata for Nd before treatment shows a dissolved concentration

approximately anorder of magnitude greaterthan the model predictions. The differencescould

result from a variety of factors: analytical error in determining solution compositions,

incomplete solids separation, or an error in the thermodynamic model. The latter effect is

possible especially considering that the thermodynamic model was developed in pure NaOH

solutions. Mixing termswith the other speciespresentin the dilutedfeed (e.g.model parameters

3.3
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for interactions such as NO; - EU(OH)EDTA2-, NO~-Eu(OH)EDTA2> could account for

these differences. Alternatively, the high carbonate concentration could be resulting in the

formation of mixed Eu-EDTA-CO~ complexes in analogywith the Eu-OH-EDTA complexes.

This latterpossibility could alsoexplainthe removal of Am when carbonate concentrations are

lowered. Experimented studieswith individual chelatesandtherrnodynamic measurementsin

mixed electrolyte systems(includingcarbonate)would be requiredto identifyingthe discrepancy.

The simulations performed following treatmentdo not significantlyalterthe situation.

The added Sr is not effective in displacing Nd/Eu from the chelate complexes since the

carbonate concentration keeps Srinsoluble asSrCOJ(c) and the added Mn is removed asaMn

oxide. If the model is “correct” such resultsindicate that the removal of Arn/Cm/Eu upon

treatmentis not a resultof metalion displacementreactionsamong the chelatesbut more likely

asthe resultof an adsorption or occlusion of the trivalent in the precipitatedmanganeseoxides

or SrCO~(c). This latter conclusion is alsopartiallysupported by the experimentaldatafor the

actinides themselves (i.e. Am-241, Cm-242, and Cm-243 + Cm-244. These radionuclides are

present at quite low concentrations (i.e. Am-241 (5.7x10-7m),Cm-242 (2.1x10-um), Cm-243 +

Cm-2# (7.3xl(P’m)). These concentrationsarefarbelow any predicted volubility equilibrium

with respectto the hydroxide phases,yet they also show significantdecontaminationfactors (3o

- 66). In addition the datafor Eu(IIl), which is present at quite low concentration, “2x104M,

also shows a significant DF (11-12). Hence the removal of the trivalent actinides and actinide

analogs (EU(III)can occur atconcentrationswell below the volubility limits strongly indicating

that adsorption reactions with the bulk precipitatedmanganeseoxides and./or SrCOJ is a likely

mechanism. Adsorption of Arn-241 on precipitated manganese oxides has been previously

hypothesized as a removal mechanism from AN-107 sirnulants(SRTC 1999).

3.4 Fe

The modeling resultsfor Fe in the initial diluted feed indicate that the iron should be

presentasa soluble Fe@l)-hydro~l-gluconate complex (designatedFe(OH)H2G2-in Table 2.2).

All Fe@) complexes, including EDTA complexes and COY-complexes areinsignificant,atleast

if N02-/NOJ- equilibria is maintained. The N02-/NO~- equilibrium assumption is discussed

further in the IVI.11section that follows. The addition of the Srandperrnanganatedoes not alter

this situation. The added SrandMn do not compete for the gluconate complex andthe Few

3.4



present in solution cannot be oxidized further. Therefore, the observed removal of Fe iseither

the result of a lack of redox equilibria between NO~/NO~ resulting in an initial presence of

Fe(II), selective oxidation of the gluconate complexes, or adsorption of the Fe@I)-gluconate

complexes to the precipitated Mn and Srphases. Thermodynamic modeling cannot shed any

more light on these issuesuntil more data is available on the specific chemical effects of the

treatment process (e.g. change in individual chelate concentrations, nature of the solid

compounds precipitated).

3.5 Mn

The chemical behavior of Mn isparticularlyinterestingsince it both redox sensitiveand

is part of the chemical additions usedto help remove the Srand TRU’S. Experimentally, Mn is

added to the simulant as Mn(II) and remains soluble until the addition of Sr and MnOA-,

whereupon w precipitatesfrom solution, presumably asMn(IV) oxides. The modeling re.nh

show some interesting features as regardsthese results.

First, the calculationsbefore addition indicatethatthe initialadded Mr@), should have

precipitated asa higher oxidation stateMn oxide. Three Mn oxide phaseswere considered in

the thermodynamic analysisMnOz(c), MnzOJ(c), and MnJOq(c). Of these, the model predicts

the stabilitysequenceMnzOJ(c) > MnJOq(c)> MnOz(c), indicatingthatthe solutionsarestillat

leastpartially reducing with respectto Mn(IV) oxides. This is also supported by the solution

speciation results,which show afiniteamount (< 0.50A)of Mn(ll) in solution, principallytiedup

with the EDTA chelate. These calculationsarenot supported by the experimentaldata,which

show that the initial added Mn does not precipitate. The solutions therefore appear to be

somewhat more reducing thanthe calculationsbasedsolely upon NOz-/NO~ equilibriawould

indicate. Such effects are not unexpected given the significant concentrations of lower

molecular weight organics that arepresent. These compounds can be effective reducing agents

for the relativelysmall amounts of Mn presentbefore additionl. To try and simulatethis effect,

the formation of all higher (i.e. oxidation stategreaterthanII) Mn oxides was suppressedin the

‘ The importance of the low molecular weight organicsin the Mn redox reactionsissupported
by the recent dataof Hallen (personal cornnmnication) which shows that MnO~ reactsmuch
more rapidly with formate than nitrite. The MnOq-isthusmore likely consumed by reactions
with the lower molecular weight organics than by nitrite.
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calculations. In this simulation, the Mn remains in solution in the form of hln(l?) chelate

complexes. Ewe ignore the possible reducing potential of the organic compounds, then the

addition of MnOA-does not result in any signifkant changes in the calculations since the Mn

oxides are already stable in the NOz-/NOJ- containing solutions. Under these conditions the

added MnOq- simply oxidizes some NOZ- to NO~-, raisesthe base concentration slightly, and

precipitates the same higher Mn oxides in the same stability sequence as occurred before

addition. This resultsbecausethe added MnOq-does not significantlyalterthe N02-/NOJ- ratio

in solution. If the formation of the higher Mn oxides is suppressed,then the added MnOA- is

now predicted to be reduced to MI@) by the N02-. Since stoichiometrically there is too little

chelateto complex all of this additional M@?), Mn(OH)2(c) now precipitates from solution.

This precipitation also prevents the Mn(II) from competing effectively with the chelate

complexes. So even under this extreme scenarioit appearsthatthe additionalMn does not serve

asaneffective competitor for displacingthe other radionuclides/metalsfrom &elate complexes.

3.6 Cr

Cr was initially added to the simulant assodium chromate. Modeling of the initial

solutions indicates that given the N02-/NOJ- equilibria the Cr should remain as CrO~2-. No

signifkant Cr(III) complexes, including hydrolysis speciesor chelatecomplexes arepredicted to

form at these high base concentrations. Recently, under an on-going EMSP project a

preliminary equilibrium constant for adirnericspecies(Cr20,(OH)~) hasbeenproposed (D. Rai

personal communication). However, even when thiscomplex wasteste~ CrO~- remainsstable.

The introduction of the Sr and permanganatedoes not alterthis picture, Cr remainsasCrO~-.

No precipitation equilibria were identified.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

The most significant conclusion from this studythatstillrequiresresolution is that the

TRU, Fe, and Cr removal ismost likely asaresultof adsorptionto theprecipitatedMn oxides or

SrCO~(c). The mechanism does not appearto involve directprecipitation of hydroxide phases.

The oxidizing properties of theMnO~ do not appearto influencethe process since the No;, or

low molecular weight organics, merely converts the MnO~to oxides. If this is true, then the

addition of MnOA-simply servesas a convenient way of adding Mn oxides. It would be of

considerable interestto testthis hypothesis by addingMn oxides (of differentcomposition) to

the feed directly. This would test the adsorption hypothesis. Similar studiesshould be done

with SrCOJ(c) to eliminatethisisaremoval vector. Unravelingthesemechanismsis important if

wastesof differentN02- concentration requiretreatment. If the NOZ-concentration is too low,

the Mn oxides may not form andthe process would be ineffective. The thermodynamic models

for Eu@I)/Nd@I) should also be tested in NO;, NO;, and CO~- containing systems to

evaluatethe importance of the mixing parametersin thePitzermodel andthepossible formation

of EU-EDTA-COJ2-complexes. Other than these issues,the modeling resultsagree well with

the experimental findings of Hallen et al. (2000). Nevertheless, significant gapsremain in the

experimentalandthermodynamic datafor applicationof thesemodels. Thesedatagapsinclude:

undetermined or estimated ion interaction parameters,lack of ternary complexes for many of

the metal-chelate-ligandcomplexes, and lack of information on partiallydecomposed chelates.

Further experimental datawith simplier w&te sirnulantswould also be extremely helpful in

establishingthe chemical mechanisms responsible for the observed decontamination factors.
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