Thermodynamic and Oxidation/Reduction Reactionsand Their Effectson Speciation and M obility of Plutonium in DOE Wastes
Gregory R. Choppin,! Dhanpat Rai,2and Dean A. Moor €

IFlorida State University, Tallahassee, FL

2Pacific Northwest National L aboratory, Richland, WA

PUEDTA COMPLEXES

Reasonsfor Studying Pu(lV) EDTA
EDTA forms strong complees with PU(V) an <o dispased with P
EDTA I eport 1o ennance PuIv) mobilty
Only limited data avalabl or Pu(V) EDTA sysiem
Reported equilbrium consantsvary over many orders of magnitue
Complexation consant data not avaiabl or evironmental angein p values and hghly alkaline conitions
Existing hermodynamic data at odds withfsd studes

Riable predictions of Pu(IV) behavior in the presence of EDTA ot posible

Equilibrium Constants for the Formation of PUEDTA(ag) Complexes
DTA*1) PUEDTA(a)] Reported i the Literature

I3 Toe o Wiahor Rererence
Swengn

7o or T3 Ton exchanee Foreman ana STt (195787

1 01 33 Spectrophotomatric Foreman and Smith [19570]

202 10 0 Spectropnotometric Foreman and Smith [19570]

2614 10 0 Ccaimae Klygin et al. [1959] from data of Foreman
and Smith [19570]

2675 10 0 caaimw® Krot o ol (1962 from data of Foreman
and Smith [19575]

56 01 22 polarography Caucnsitier and Guichard [1973]

22 01 1645  Spectrophotometric Caucnsitier and Guichard (1973

260 01 Polarography. Caenaiier and Guichard [1973)

TContant Tor The Reaciion [FUEDTA (a0) 7 A FPUEDTA]

f4 e s s

Predicted PuO2(am) Solubility from Literature Ther modynamic Data

Pitzer lonnteraction Par ameters Used in This Study

Birery paramees

Species wo w0 o o Reference
oo T Analogy 1 UV, Fa e o (1997
Na“EDTA S 1016 1160 000 0.001 Pokrousky et al. [ 1998]
Na“HEDTA? osesa 522 000 -0.048 Pokrousky et . [1998]
NCHEDTAT 01262 174 000 0054 Pokrousky et al.[1995]

N EOTA 0235 029 000 0089 Pokrovsky ot . [1995]

Non 00864 0253 0.00 0.0044 Haruie o al. [1984)

ot 00765 02604 000 00027 Harute o al. (1984)

wcr 01775 02945 000 00008 Harvie e ol [1984)

Tenary parameters

oo 0.036 Haruie e al. [1984]

bt 0004 Haruie @ al. [1984]

o .05 Haruie o al. [1984]

croHa’ 0,008 Haruie o al. [1984]

Results

Sluilyof PuO(an)vas deemined s nton ofp and 0TA concnvations. A

v s, ave Ve Vo M. P oae wascovoes o PuCom) sty 1
0.0001 M EDTA and as a function of pH and was tested againt all of theather dta. The lose
agreement between the observed and predicted concentations overa wide range n pH (¢14) and
EDTA concentrations (0.0001-1.0 M) demonsirates the relabilty of the mode
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PUO,(am) Solubility in 0.001 M EDTA

PUO, (am) Solubility in EDTA at pH - 9

Thermodynamic Data
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T SO T EDTA | PHOMEDTA s Tivs sy

Put + 20+ EDTA* « PU(OH).EDT) aa7a This sudy

Pu + 30+ EDTA* « PU(OH) EDTA * 49,64 This sty

PuGam) + 210« Pu + 401 5685 Ra (1984)
Condlusions

Pu(V) makes strong complexes with EDTA

Ternary Put- OH-EDTA* complexes impertant n highly acdic to highly alkaline conditions
+ PUV) solubility, thus poential mabilty. ncreases with the decrease in pi and increase in EDTA cancentrations
+ Procescesthat direcly on Inistly lower EDTA concentrations willlesen the mpaet o Pu, for example
~Microbial degradation (direet)
~Metal compatition for EDTA (indirect)
+ PUIV)- EDTA complexes not expected 10 be important under highly alkaline conditions

OVERALL OBJECTIVE
Need for This Study

Puisa majorcontaminant at many DOE si
entonally of nadvenenty reas to sdiments Objectives

behavior n environmentaliwaste sysiems

Ratabe fopdamenta o v ckin, specialyfo

Pu(V) with srongly complexing ligands
o reactions

2
Fundamental data are required for predicting Pu enviranmental béiaior and developing waste processing technalogies

Pu(V) MODEL DEVELOPMENT

Reasonsfor This Study Results
Pury) can it aiticu The objectives of this study were to datermin the slubility of PUO, am) i ar -squilibrated
data userons whre PUY) s Ktoun [0 b h domiran rdation se (<o al, 1980, R 198, s

i ) B T o deter mine whether the on-nteraction parameters for Np(V) with CI or C1Q. repartedn
SR Iiteraiure (Neck ot al. 1995) can be usad wva-anwpreﬂu the corresponding Pu(V) behavior. Two
a aitecent the .

~ Dominant oxidation state I air-equil1brated Puglam) suspensions

e st (F s a s b Al e s
ata nes for predicting Pu behavior in oxygensted ystems No)

show that Pu{V) indeed does behave in an analogous fashion (o

PuO, (am) Solubility in NaCIO, () X 7D OTES) Effect of Time and NaCl Concentrations on pe During

U0, (am) Solubility

Pitzer lon4nteraction Parameters® and Ther modynamic Data Used in This Sudy

Binary parameters

Sorcies o wa o @ Reterence
vt 00765 0.2604 0.00 oo eemARIMOL
nciq 0.0554 0.2755 000 oooue  7apT
raom 0.0854 0.2530 0.00 Oo0s0 B4 HARML
H-clo; o747 02001 000 ooms 7T
o o707 0.2303 72 .00 B4 HARIMOL
arcr 0159 Lo14 0.00 000034 84 HARINOL
Pug-cf 01415 0.2010 0.00 0.00 This syt
Pug-clg 0257 0.180 000 00081 Thissugy
puogen Il pucys e log ke = 18,85 This sudy

“Common fon ternary par ameter wer s alzo use for thess &stems bt are ot reported here

Assumed to be denical 10 the corresponding Np parameters feposed by Neck et al. (1995)

MethodsUsed to AnalyzetheData

. PeDepa'\da'\( Method

PO, +e

(am)
. Pemnqvmumn Method

Whetex =041 endy - 40 for thegen cuiiin The
cltuiate valles of \w(quymu
NaCIO, and 0.28 or NaCl sydems

‘Comparison of Predicted and Observed
PuO,(am) Salubilty

Several observations can be mad from these data: 1) the
ncentations in 40 M Nacl and Nacls

" ved a tnepreci
concentrations are smilar, and 3) the inclusion of Pitzer
fon-teraction parameters for Puc, correctly predict
decrease and an increase in abserved ncentrations

concentrations of the dectlytes war e changed from 0.4 to

u(V) Reduction Reactions

Experiments were conducted over a range of pH (7.9-10.8)

PG, the reaction can bo desebed by the {olowing fate
equation

APUVId: = k[P AOJIH 1
With K = 3.50%11111, 7900 min . Using this squaion,

the radox hlt lfe of PUGy hes been calculate for arange
o environmentally relevant conditions.

NOTE: Detils about thessstucies ar not pesened
because the result have been pubishe n (e open
Titerature (Radiochimica Acta 8:109-113).

Overall Summery
- evopod data on PUV)€0TA complecs

- Developed Pu(Y) mode for concentrated CI and CIQ
systams.

+ Dovioned dat tr praicing P ectoninite
presence

Summarized thermodynamic data for different Pu
oxidation sates

- Osta and modds help

- Predics Pu(V)- EOTA behavior under
rviranmentl condition
ou U EOTA cmplecs s pected
1o be impertant in tank

~ Snow that Np(V) can b used 25 an analog for Pu(V)

~ Provide mathodology to sucy PulIV) complexs
With other strongly complexing ligands.
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- Three publcly avaiable technical reports summarzing
P11, PuIV), PUtY), and PulVI) ther modynamic data
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