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MIGRATION BEHAVIOR OF ACTINIDE COLLOIDS IN NEAR-FIELD

Atsuyuki Suzuki®
Shinya Nagasaki™

Abstract

In the first part, we tried to develop the methodology for elucidating the bond structure
of U(VI) with colloidal particles at solid-liquid interface. We used Raman spectroscopic method
to measure SERS spectra of U(VI) which sorbed on Ag colloidal particles. From the
experimental results, it was found that U(VI) hydrolized products and carbonato-complexes are
sorbed on Ag colloidal particles with ligands releasing partially or without release. We also
assigned the each Raman shift to the vibrational mode. Furthermore, we studied the isotopic

effect on Raman shift and tried 1o use polarizational Raman spectroscopy.

In the second part, sorption behavior of Np(IV) onto bentonite was investigated and
surface complexation model was applied. Diffusion of I;Ip(IV) in loosely compacted bentonite
was also examined and simulated by diffusion-surface complexation model Finaly, we
performed the column experiment to study the influence of bentonite colloid on Np(I'V} transport.
It was found that formation of Np(IV)-bearing bentonite colloids facilitated the migration of
Np(IV) in the column. We also apply the transport model to the experimetal results.

‘Work performed by The Faculty of Engineering, The University of Tokyo under contract with Power Reactor and
Nuclear Fuel Development Corporation. ‘
PNC Liaison: Isolation System Research Program, Radioactive Waste Management Project, Hiroyuki Umeki

3 : The Graduate School of Engineering, The University of Tokyo
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Reaction logK

Hydrolysis
U022+ + H20 = UO0H* + H+ -5.2
UQz2+ +2H20 = UQ2{0H):0 + 2H+ -10.3
U022+ +3H20 = UO(OH)x + 3H* -19.2
U022+ +4H20 = UQ2(OH)2-  + 4H* -33.0
20022 + H:0 = (UQ2)eOH3+ + H* -2.7
20022t +2H0 = (UQOz)2(OH)22» + 2H* -5.62
30022+ t4H20 = (UQ)s(OH)s* + 4H* ‘ -11.8
30022+ +5H0 = (UQ2)5(OH)s* + BH* -15.55
30022 +7H:0 = (UO2)s(OH)r- + 7H* -31.0
A4UQz +7H20 = (UO2)s(OH)* + 7H* -21.9
Carbonate Complexation
UQz2+ + COs2- = UO20040 9.63
UQ22+ +2C0352- = UO2(COs)e2 17.0
UQ22+ +3C0s2- = UO2(COsp* 21.63
3UQz2* +8C0s2- = (UOa)s{COs)st 54.0
Solubility Product
UQozt ¥2H20 = UO2(OH)e(s) + 2H* -4.93
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FEREM 42 KRT, TORL), EESEETNVEERBRERICE{ LTS
EWbrd, SHES N log K, & log K, DIEIFZENEN 159 & 214 THo7z, DT
ERS, NpAV)DRY b A PORESEBHEIREMEFETNVICL T, L(KRHETE
HTEFFREND

4. 3. 2 HEBENVIMFA FRICBYT B

Np(IV)DIEEX 70 7 7 4 V%K 4.3 IZ78 T, Miller & Benson 1383155 FLE EAAIE DV
BD 1 REMEETNVERBLTWS[19, ELOETFVICE, HEL B, 13X
B, HHPCBTIEEBERLIERSATRE, EEHERY A TR, DES
ERIBTETH Y, BROMHBIERTE L, KPR TR, 13 RBEORDYICE
HEETETFTNVERD ANy 7495 4 ¥ T OERE, NpQV)DOEDIEERE L LTD=5
x 1070 m¥Ys 2187,

W T T 7 A VEEEEFMC Lo T (BRERTVS, SO Lk, BIETH
fifi L7 B EHEE O EEH 2 BB EFOOIFERAT AL OREEERLT
WHLEZLND, FLEEORRE, NpCO)DPREHABREIELTEI LD
RENTz, BT/ 7 7 ANVOERRIOFA ) Y7k, BPOBHETIHUI LT
A[13. 20, 211o THIE, XV A FEREF D pH PEHTHEER L LKL I T
YIialb—PEND, T@ pH OWLE, ALALRICBITLEMNG VALY ANT VY
ARERT (11,
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4. 3. 4 RV}IFAbaoq FEETICBT 3 NpaV)DEBAT

K 4.412, 1=0.01 M TO Np(AV)DOHHE MM Z R T, P oL, il N D&
DEABICHT BHERT, THEITBHESNE VO 7 AHEDNZRER Vo @
HaxTRT. BEEREIEZ ViV, THEIbRE, EROFER, 75D Np 254 7 L5 LK
BELILbd ol NpAVIEHE LY PFA Faa4 Fid, I =001 M O&H
Tt HTO L RILFHETH FAHWERBITLT VS, I 7 A0 08H L 7-BHER % B E
BLEER, £2T0 Np PIEBENLILPS, AF VO Np BFEELZWI EHFD
ol —FH NV FFA PaUA FEEERVERTIE, Np OBBRBH S 2P
ot DT ERAY MFA baag FHAEFELLZVEA. Np(CO) % Np(CO) %2 &
DRELSERIE T FAROAERFCHRCEE LB L2 WS, XU rF  bavf FL
BELEES, AEGREOHEARIIHFIZALILZERT S, 2F), XV T
A baaA FEHATEILT, BRPOBITPRES LA LIRS,

B og A FREROBESHE L F0EFVEIGT B ERETT 50010, BBRER
fRsE L. LBk, #¥i. Filtration IR % K2 ZR L B TETVNZER LIz, 7
MOHFT, NpAV)DRY b4 F~OFRELE LTHA2RINH LI pH = 85T
D 2.7 x 10* ml/g % FAV27=, Filtration £238 & L Cid, BIHECERIISITEFE L 72, A
KFEEY T LDV bFA bav4 FOBITFTOME 1x10°m? 2 vz, 72, Npdv)
A% ¥ DRIEBHRAOPELILFE 5 x 10° mlig L KD, RERTIE, 414 VDO Np
B L W20, Matrix HBOMEREERTE S, XV A4 bao A FOEFRE
i1 5x10° m¥s[151CH B, SHODNFTA—FEERHTH T 200 OPEHHED Y I
2= avEToERY, W44 KERLLTRENTVE, 749714 7T
A=FEBVTVRZWRLEDL LT, HBEHEBRERLFEEREI-HL TV,

4. 4 M

Np(IV)® KUNIGEL V1 ~OW7E O pH EKFHEE NNy FEIC L DRI L 2o EEHER
DEFEFEEFNVOBEAERA, RBEHEL—KT 2 L5bhols
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E#HRY b FA MO NpAV)DEBERET W, 7T 7 7 A VvERDz, HEE
HHEEARTR L FRICERTL LT, ERTHELNLEHBHFHRETEL L4
o,

RY MFA baad FRERET A LKL S NpAV)DBITBEH~OHE L 71 7 ARER
WX o TREL-EE, Baof FABRENEZ LT NpIVIOBITHMRESNLZ
LASRE Nin, MERTEFTVICK AETERERE., ERERTREC(HHATEL ZEPFR
é ﬂf:o
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#41 FHL-BOF—F LEARDT—%

Thermodynamic data

Np#* + 20H- -~ Np(OH),2+ logK =~3.0
Np+ + 30H == Np(OH)5* logK=-6.0
Nptt + 40H~— Np(OH), log K =—9.0
Np*t + 30032'1 Np(CO3)3% log K =423
Np*+* +4C05% == Np(CO3)4*+ log K = 45.0*
H* + CO3% =— HCO5’ logK =10.3
2H* + CO3%~——H,C0;3 log K = 16.7
Surface complexation reactions
SOH + H* + Np(CO3)3%" <& SOH,Np(CO3)3~ log Ky =15.9
SOH + H* + Np(CO3) 4+t SOH,Np(CO3)4> log Ky =214
SOH + Ht =——%= SOH,* log K =9.3
SOH =———— SO" +H* log K =— 103
SOH + H¥ + CO3%" =& SOH,CO5" Jog K = 18.8
SOH + H* + HCO3™ - SOH,HCO3 logK = 152

*: Assumed to be the same value as that of Pu(IV)
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Diffusion cell
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