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Investigations and Technical Reviews on the Reliability of Prediction for Migration

Behavior of Radionuclides

Hirokazu Tachikawa *

ABSTRACT

Experimental investigations for the migration behavior in geological media and
for solution chemistry of TRU nuclides were carried out, in order to enhance the
reliability of prediction for migration behavior radionuclides. An expert committee was
established for comprehensive and multilateral studies and discussion.

The subjects investigated in the expert committee are as follows,

(1) Diffusion behavior of plutonium in compacted bentonite under a reducing condition
(2) Radiological formation and growth of techn\c;-tium collides

(3) Formation of actinide (IV) complexes

(4) Fixation of iodate by a functional clay media

(5) Noneguiliburium leaching of natural decay series nuclides

(6) Dissolved chemical spices of actinides

Also, concerning standardization of data acquisition methods, the expert
committee discussed about existing method with noticing progress and action of the

standard committee organized by Atomic Energy Society of Japan.

The work was performed by Nuclear Safety Research Association under contract
with Japan Nuclear Fuel Cycle Development Institute.
JNC Liaison : Radiochemistry Group, Waste Isolation Research Division

% Nuclear Safety Research Association
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TAVIE1IATL) £2002F 1A 16 H (688 ITHAREE 1.2Mgm2 DA T A (I ZET
FBEUTZONVIELATL) REEL-, TOB 55 EHOBKRD pH & Eh #8kEL
oo DHATHETIE, SHEVE 02~ 2mmOBEICAS A AL, THE LN REEE (A5 2
BEREOD 20 fEOBER) THREIH. AAZ Y1 MOV b2 LEZERPICHH Lz, ZO%K
BINRO LB AHETFRL, WK >FL—alhuidy—ick->T, T b:@hﬁ%&%&iﬁu
FL7.

1.1.3 #RBIUER
RSO pH. Eh

VHCIRE T 505 A0 LERARO pH & Eh FIEEREE 1.1-1 1579, 188850 pH
35110 DEET, PEHRBL LA ETEL Tz -7, 68 EBIE2 15 SITIETFLT
v 17‘:;, —7, Eh I3#HIRETII+H00mV TH-7 b0, 18 BEICIZ—60mV Eﬁtiﬁ’l‘ LT
BY, SR EOBMICI DA S ARASR SRR T Z LERLTWS. 68 BED
RO Eh 132 ZE7 F T 151mV, 724V V1 T252mV & ERL TWB X SICRASH, pH
BIMEL TN B AN TR A M L T B,

#1111 #@8ch S A HEEO pH & Eh

sk 7L PR pH Eh
(Mg/m?) & (mV)

»-VF7F 1.0 18 9.8 -70
7-¥7F 1.2 68 2 +151

720V 1 1.0 18 10.1 -80
IVl 1.2 68 3 +252
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B 1.1-9 127 by AOBL p HHERT . IV R LBREE 100M, CHREEE 0.1M. IR
HABEEO EUTEIREZTo /2. Tz, SIRIEALET—F 2R 1.1-31T7R7,
Ho LR S, RPN OEFEREIR> TWA EFBASNSH RITAN b Lnh
SAEMBEEFACRECH - /=& 5L, 18 HE TIIKEFBI4EO TN 2T A
(Pu(OH).). 68BETIX 3 MDD T I b= ADEHEA A A PuClk) THD. 68 BETIE
17 LAHNO EDEIHIBN TS, TV FZILI 3 THET B EEZ NS, F=7EL. BT
FABEATNWD, HHRA T EOHBREERL THWSRREENSH D, O/ DBkOIRIR
BEOBNEREEZSTEEBEZLNS,
BHRA A AITN oD A EOEEEERLCTVD, EoklE LTI Fot )Ly
2 LOFNFELN, i h T ARFEHCTEETH 0. SROBRICHV ETTREERBDT,
BTRIIAED 2WIIB/NETRENEEDNS, $HEOERICBIT SETRIOERICERL TIELA
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#1138 TN EPZULDLERICET 2EN¥T—4

BGE LogK
Pu#+ 2H0=PuO:#+4Ht+ 2~ -34.9
Pu# + 3 H20 = PuOz0H* + 5 Hr + 2 ¢~ 405
Pu# + 4 HoO =PuOzOH):* + 6 H*+ 2 e~ -45.3
Pu# + 5 Hz0 =PuO20H)s~ +7H*+2e” -54.9
Put+ 2 H20 + C0Os2~ =Pu02:CO0+4H*+2e™ -22.9
Pu# + 2 HoO + 2 COs2 =PuQ2ACO222" +4 H*+2e” -19.9
Put +2 HeO + 3 €022~ =PuQ2(CO23¢™ +4H*+2¢” -14.0
Putt+ 3 Ho0 + COs2~ =PuC0H)COs™ +5H*+2e” -25.05
Pu#t + 4 H20 + CO2=PuQ:(0H):CO:2~ +6 H*+2e” -39.9
Pu# +2 Hz0 + 2 CO2~ =PuQO:H(CO2)2~ +3H*+2e” -12.6
Pu# + 4 H20 = PuQ«(OH) 2™ + 6 H* +e” - -376
Put+2Hz0+Cl™ =PuO:Cl+4H*+e” -18.77
- Pu# + H20 = PuOH3* + H* -1.19 .
Pu# + 2 HaO = Pu(OH)22 + 2 H* -1.79
Putt+ 3 H:0 = Pu(OH)s* + 3 H* -4.75
Pu# + 4 Ho0 = Pu(OH)«° + 4 H* -10.54
Put + COg2™ =PuCOs2+ 19.1
Pu#t + 2 COz2~ =Pu(COg:? 33.1
Put+ 3 COs2~ =Pu(COa)s?~ 423
Putt +4 COx2~ =Pu(CO4t™ 45.1
Pu#t+5 COs2~ =Pu(COs)s5~ ' 44.5
Pu#*+H:0+e~ =PuOHZ+H* 99
Pu#+2H:0 +e~ =Pu(OH)z* + 2 H* : 0.1
Putt+ 3 H20+ e~ =Pu(OH)s?+ 3 Ht 9.6
Pu#+4H,0+e” =Pu(OH)s +4H* -20.1
Put+COg2~ +e¢~ =PuCOs* : 23.4
Pu# +2 COg2~ +e~ =Pu(COgz™ 279
Putt+Cl™ +e~ =PuClz+ 16.8

1L14BbDI
1) E~FI68IE. SR EN M MEEE A, SOUIREE TERN o .
(2) 68 1EBRORBRN S A LD pH2~3. Eh150~250mV FEEORTEIR &3> Tz,
(3 68 WRICHE SN/ AT OIEEFREIINTNG 5X10 Pm¥s BETH o7z,
@) BTk VRO pH AT BT L, T h= 2 ANMER A LA LT NI S
EEEL CRTRIOBRET ONENRDH D,
(CINKRSERFER TSR ot —a




1.2 MEBIC X BF 7 X F A0S RER - REBEOBERN
1.2.11XC®IC

BRIV EED O MBS CHEL T, EERORIBERMEST 7 F
)4 REROEETOBGEHIHNT 2HROEBEAML TV 5. EREEFRIC
WA & NI LIV REMAH TR S L B8, TOBITE EN 5 BH M
PR O B & DT MBI &6 < BEIASE B EHEN B 0. HEHERAEE A D
CFMOBEDT OBEME. BHRK. BRICRTED. AHORESORF LSS
MRLNIEBERENTWS, 2L, #MLIO5WBETERO—D2 &L TI01 FED
ERFERIN TS, ER. INFEERBIEBVWTHTEERIC I > TERL
NV bZmoaanS REBEL., FRUECHTKRTZBH L EHES
nTnsl(ll.

e, BLOVERIZENRIC DR > TEWRBRORERBICE 53 N5 T
ERRBED, MERIEEHARNORAREELD, T2T. RENAZESO
SBERMETHS ©Tc CERMM 21 FH) WHE L. REBEMSSICBI500
4 ROERIDNTRIERELE, HEEOBERECBNT, F7XFY AR
D01 ROEREE D BTN, AELLTOERBEE TR, |

1.2.2 EB

BT T RFTLBEAF S (TeOs7) ZEVKER GRE5X107°~3 X107*M)
FRYTOEL VHOREE Gml) KANTHALK. ZOB. BE0OKGHIT
HDHKBWOEMT, 7T PEHE, HBLER (N0 HATNRTUILT
BWirbObERLE, £, FILIHATHRMULABIIE, 350 0DKD
BESHRAMTERTEIPHNAANRS P v —& LT t-butanol Z&HML % (0.2
. M).

R IVRE O FMICIZE Y T AR (0.1 or 0.06 M Ce(SOs)z, in 0.4 M HzS04)
BV, BHE, BATHEERARYS MVORIEETo 2. AR, EREORY T
OV L EBRCAN, FIRXRFULY—Fy bl EENTRAELZ., a5I2EN
FhOREHIEA (20~100mg) MO, 5Culy, n)®*Cu RIGTHERT S
S4Cu DHHEE v BART FOA—F (Ge FEABMIE 4kMCA) THRIEL. B



FUBIC X BRNRBORBEET - 2. |
B, RIEAZRETFHEBEZMARROETF LINAC HoR5N5HEIKRHSR (&
KIFRNF— 30 MeV. SIVAIE 3us . BELE 27~300 pps (pulses per
second)) ZMAz. ZOB. A1 =77 %Ry bEFRLTRERETERELL
A5, 2min 5 Th BH L, 4B, H-CBREAESR (TNIZU LR, §E70
mm. HE 90mm, £EF 340 mm) EEHML, A1 -~ TRy FOBRFICKE
Uk (F 1.2-1). ZORHEBAIIIE. B35, MeFichizoTy—4¥ v b2l
NRTELZENTED., BENORBOREEZMET B0, 7aANTORA)N
(CA) ABMZEZELL. CA ABMIIFHE AN, KMA-ERY TOEL Y
BROFIZELE. BEESREANKC. E—L0THRAMNSKABLEEZREZRL. BH
KL DBELREHVA, BELRIZ. LINAC O/VUVADBELEKEEMS €, &
BRI L s ScEECEDNAY, 7 h BEORE2SDSHO—EOERT
B y—% NORES 17TH3CORMEICBIAB 2 ENTER,
BHHEHIEDO—WMERNAABEL. AET O EER & RIS FE D 99Tc BUH AR
BEERTZZLiIcLoTans REREEZRD K, 9Tc ORNERKES > F
L—2a Ay sy —RnTHELE, £, BAABH%ICHT 3% THRE
HHUEBLIVHFAEREZHAL, TcO BEERDE, £RLEZI0OA( FOER
ZRRBIOIBIWHET o7, 1301 L ORBERZ UTE B 1.5mm. &
T 3cm) IZAN. HEBEEANTE AL 12V BIMLA, BMIR1 h BNTH
3.

EHMETHEME (TEM) T X 2R FHED LOEFHREF. FHEXES 1 (TEM
Rk BiTok.

1.2.3 R EER

TeOs~ KEBERZHEBHRAERTHRHET S &, BENEPAES R ONTHEBRSHK
LEBTATOWEIRILT 7 2F U LK (TcOz2°n H20 ) BERT D, Tiabb,
BT E > TTHOT IR TFILBAMITBITI NI L E2BRT S,

K122 ICRERLERTFO TEM BEFAZFT. BRIV TR BEGF THHR
LizddT, M1.2-2(@)id# 1 MGy, (i 33 kGy DRINHRICBWTRAWEZN



OO THD. [1.2-2(2) &) TIRHBFBEDBEWAH D, @ TR 4TS5V
=4y MRERLEALEBAOAT. OEEMRA (B 1.2-1) 2Fo4EH8T
H5, 1.2 2QDRTFIRIZFHREEL THD, HEDHEHKEL (100 nm §1#)
DRHFL, GITEMEBRTFOELEEAFEZLTIOS REFHBREINTSBD, TO
HEROKEIL 30~80 nm K5V TH oz, MBHHAZIT > BT, BEKHE
RRNADOBRLEOEN,. RERGLRECEDST,. ZOXSBEEHELTD
RFPEEs Nz, COMNSBETFOREIIN 2 nm THD. 204 FOEKBRE
OHHCHEBEPTERELLEDDEEALSNS., —FH. WACEETRHEZT-> &
BEIiE, BERRAENES GhBEEDL) KH 1.2200 X SIRREOR T
FiRBEINDS, LEREWRERE T, %Q)ﬁﬂkbiiﬁf%“@%a oo STabB.
R R S R TR TOMBESET, RRICEOETFRERLTNE T %
RLTWD, TEMBERIZ, ETHE-LAZ—D0a04 RRFIILIED., BET
BHEXBENELHREEN 123 1KRT. 77 2FVAD K, LX RBLUBE
O KX #BiE-oZDEREN, O04 RETOBRITENTIXFUVLERETS
BLEEFRLTVNS, ARYZ MIHEHAOXENR SN BN, Chidang FRT
DXHBEDT )y BEPSREL, Uy Fitad—F 4 » a3k RFRED.
E— BB ELRILF—AIcBbhTWna, £k, ETFHREHRZT -4, BAE
REFNRY —VEE2<RoNd, NTFOHMERERTEN T 7 ATH LI ENbhoiz.

BEEEL. BREARTRIOIOBERENEHE TR NLN, HHRNOKETE
NS, NBEBRT BBk, . BOAMICDES TRECHHR
BEROTVDIHOLHD, X, SRHICEDLIERFHEERETHITENEZLT
Wizghy, Z2ZL, PITTNTY L THEWERE (t-butanol Z2F £/ I
DNTIHABREBEEZES<REDZEMbMD, P ss 8y AUE EEIIBWT
) BEBBROBREZELTWS, ZOBEHRO-HBE2HFBL. EREKETEORE
ERARLEZH, 041 FRFABEP TAICHELTWS I &ftbh oz, B
DpHZFITTW< &, pHS ETHACEETH Y, pH 1.5 TRIKEIFANYEER
U, ER&CE. 304 RRFAREICHEREZFEDLZDICE, NTERAVHE
EHLDOZENEETHY. £/ TeOz2 n H:O I07 FD point of zero charge 28
pH 15~3 OEIZH B Z EHbhoTz,.



RiZ, 55y MHTO TeOs RO DV TER S, HEEEREL LT —
FRGHEBELTHALEERTHY., RARBEABRIHERT ~y OBFEEMN
mEUlz, DBEOERTR. BAEBEEAL TRONET—FIIOVWTOZED
EFazEET B,

B 1.2-4 . KKPTHRBLES—5 Y FKRBEF O TeOs™ DEREEIE 2RI
BEICHLTT Oy kL, BHRICR. LINAC BERO/UL X DEE LR EDLE
#7285 (60pps & 300 pps) D#EEERT. ¥R LD 300 pps DEFITIZ. /1
WA (Bus) MBI 3.3ms THBDIZHL . 60pps DBESITIXTO 5 FICEMN
B, Lizh->T, MUCHRNBEZE5/-0IC1E. MEGETRSEORNBEM OB
BHD, Eley F—0y MERIZBRICZZINF—PEI6NTHLERDIVVANR
RLETOMIZEFT B PANBRT /X FULAORGIKEE T, NIV AD
HEE LEIC & o T TeOs OBRFRSHRELS C EI0s. RCRLELS T, /L
ADBBELEICXDBEIZILALEZINT, RNEBICX> TOIRERERN
AL=REZEELL TWE I ERbhotk, Thbb. FIRFIACEEY 2K
REWHBIAEZ > TWaZ E2RLTNS

B 12511 F—57y MBI AZEBHRAZEABED Te0 BETESE
WRBIZHL T Oy L&, MIZASNB2X 51T, TeOs™ DHERIZAEN
DEEWRAOENDG. TIITHehUDBALTEBWZEB T, HEHNIE
RETERMIC TeOam AHERL TWE, 5kGy FTIRIE TeOz n H20 307 R4 90%
BEERLE. AKTHEBEETIE 10 kGy fFETIOT ROEENBED. T
TR OBEITERTY o< D & TeO MHD L. 20 kGy £TITIFIF 90%
Aa0A RFER->TRWEEhE, —F. BERNEEBXUOBEBICEE R
KBTI 200kGy FTOWNEETIZIOA ROEENE RNEEINT, TeO,
TATDEEE ST,

COREEZRBDIT, KOBHRIMIZDONWTER D, KOPSRIETE
R 27 UANER. PHOBE,

H20 — eag™, H, OH, Hy, HzOz, HeO* )
Gleag™) = G(OH) = G(H09) = 2.7. G = 0.6, G(H) = 0.45. G(Hz09) = 0.7



DESTRB2IEFALONTNS[2]. TOIE, KB FIL (eag”) EBEDHENE
THITHO, DOWTKREIIZANOBILES DAV ELTHET TSNS, BT,
OH PN EEHRNEEAELTHERL, ToEREG KNETFEREEL
Ve i, COLEMECERLCERNEETS L., ANETEHERERTS
ZEBRAENTNS,

eaqg + 0Oz — 02~ ' (2)
es” + N2O — Nz +0- — OH + OH- @)

(3) DEIETIANKE L. BRMICTRVEBLEHNTSS OH T VHINERT S,
Thabt, BECHEHRLCERZMAL LHZLOP T TcOs HRPINAENDIE, K
MBETRBESNTLEDIADEEASN, T OBITBEICIIANEBT <
Bb3 I EERLTNAS. |

BFIAXFVLABRBAA ORI BIBRHUOAT Y T2E£25I0H20. BE
DRVATVH VA OERBEREEITA S, Pikae 5[311E TeOs KBED /L
AZTF) L AEITN, TeOs DFEDAIAKMNEBEBTRED 1 ROBRICHIBZLER
WL 7z FIDBERAT Deutsch 5 [4], Libson 5 [5]. Heller-Grossman 5 [6]ic & -
THHERENTHY., TORBHEEFHIT 1.3 X 1010~2.5X100 L mol~! s~}
DHEETHEEIN TS, Thbb, KNEFL>T6MMOT 7 FFULEAS
> (Te(VDO2™) RNETERT S,

eaq” + TeOs™ — Te(VDOg£2~ @
Te(VDOL WAL ETH - T, FEBIC
2 Te(VD) — Te(VID + Te(V) (5)

DEIITAEEREREREZ T, COKGOEEEHIT. 1.3 X 108Lmol™?! s~ &



FEENTWB[BL 2512, ERLE TV HESITFREELIT
2 Te(V) — Te(VD + Te(dV) ()]

ODREERTAMT 7 X FILNERT 3. KibE) ORETH IR SR
Hhzn, 7L, Heller-Grossman 5[5]id, TeOs DIV AZPF U L ADER
HIZEDOEBERD TeOs DEBENBVWRESICERAONROERZRDTEY., £
U TeO2-nH=0 THAEWRHEL TS,

PEEEEDBE, TeOs N5 TelVOrnH:0 NOETHEBICBN T, AFIET
kBB (RIBW) &. FIEHMIEID TVDB IV TV OFEHER B EE
N5, |

IHNSDORIBTERTS T(VD® TV ERBHICEEER TS EVRET
Bofkd., LRO—EORE ((4),6),6) £bLic., 7075, (FACSIMILE,
AEATechnology) 2AWTYIal—a>d3Bl&e Lk, KOKRRSHICH
TEEBORBEERS N, LRO3IDORKBEMA. TeOs DBWEL{LEFE
L. ZOB, RISC)DHEEERNRNTHZOT. REG)OEEEHLELWE
Lice ¥2D3Ial—3a>TiR. WIVAOERLE. NIVASHED OWRILE
B, MO TeO MEEAAL. TNENOEBREHEZERTLESIC L, T,
RO HS RSO EBN P2 THRBIC. RIT t-butanol EHHREML T I
MR 2SR L Uiz, t-butanol OFEMICE V. OH Z JHIILABREICHE
TN3EHM H IVHbBREING. SRERGEICRT. KBRS T
BEN TeO DHBRRZE. MIICIZI 04 RELTERMICRWE SN Te@V)
ERBEEANICHRETELE, EARMCIEMEMMOEO 1 : 1IEEERT
EEERLE, 2<HIOSIal—2a Y Efo kDbl T, F—u i
HEMEIESDWTHD, A —F— L LTREREELLBRELTWBHEERS.
Thbt, BEICRERTRELA—EO 3DORENEICEE LT, TeOa h5
TelVOx nHz0 MERL THWB T EERET 5.



1.2.4 BHDIT

BT X FULBAT O REUKBERICHBHARBER T Z itk T, 74
FFULAREHIOA FRERT B L2RNE LR, AEBEATIZBVWTERE
L7231 FONER 30~180nm BETH -7z, AR LZI01 RETOBR
REHBEICL>TRE> T, ~40CERETRALZEGIIE. ENnEHOR
B @O~ TRERNEFESTHZOICHL., ENEHORS (B
THEEIROI O REFOERNRRSNAE, £, ¥—% v bOREZ 17CHIEIR
o 2B 20m <SWO/NTFOESHRLL TS REBRINTVSEZ
ERbprok. 3040 RRFR7ENT 7 AEER LR, £, 7LD a0
B TERLAZODOC R BRICEWHB (Dia<Eb8rALL) bioTh
HREBEZRS. PEMIICBWTIHAIRHEL Thiz. 2o RiZEHE pH 1.5)
THEDWENE L5, N

S5, BT 7RTFULERAF L ORBLHBETE, KOBNBRIMICE D ERT
HKMEBEFNEEREREZRELTWB I EBERTE S,

ZEER ,

[1] A.B.Kersting et al. : “Migration of Plutonium in Ground Water at the Nevada Test
Site” , Nature, Vol. 397, p. 56(1999)

[2] Farhataziz, M. A. J. Rodgers: “Radiation Chemistry — Principles and Applications
— ", VCH Pub. Inc., Chap. 10(1987)eds.

(3] A. K. Pikaev et al. : “Pulsed Radiolysis of Neutral Aqueous solutions of Potassium
Pertechnetate” , Dokl. Phys. Chem., Vol. 236, p. 992(1977)

[4] E.Deutsch et al. : “Production, Detection, and Characterization of Transient
Hexavalent Technetium in Aqueous Alkaline Media by Pulse Radiolysis and Very
Fast Scan Cyeclic Voltammetry” , J. Chem. Soc. Chem. Comm., p. 1038(1978)

[5] K.Libson et al. : “Pulse Radiolysis Studies on Pertechnetate and Perrhenate in
Aqueous Media. Decay of the Technetium(VI) Transient ~ , Inorg. Chem., Vol. 28,

p. 375 (1989) Transient ~ , Inorg. Chem., 28, 375 (1989)



[6] L..Heller-Grossman et al. : “ **™Tc Generators — II. Physicochemical Factors in the
Radiolytic Reduction of Pertechnetate”, Int. J. Appl. Radiat. Isot., Vol. 32, p. 501(1981)

[7] J.A.Rard et al. : “Chemical Thermodynamics of Technetium"_ , Elsevier Science,
Amsterdam(1999)

[8] C. Sunder, H. Christensen : “Gamma-Radiolysis of Water Solutions Relevant to
the Nuclear Fuel Waste Management Ptograms” , Nucl. Technol., Vol. 104, p.
403(1993)

{9] S. P. Mezyk, Z. D.Bartels : “Direct EPR Measurement of Arrhenius Parameter for
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B 1.2-4. TeOs OEEFEE (REF THEL BHR)
TSIV ZRRLE - @ 60 pps. O 300 pps  [TeO4 Jinitia=0.1 mM
° 80
— O aerated
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(:_)J" 40 4] N20 saturated
|_
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Dose /kGy
B 1.2-5. B2 OFRMFITEBWTHEL ZEBHIBIT S TeO OEFES
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O : Oz f2fnskl. B : N0 fRfnis
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1.3 447 7 F ) 1 ROSBERICHT 2 BERH
1.3.1 RUBK

HEHREEDLSOZ2FMIIBNWTIEE., 77F /4 FOHRRARIIBIT 320
FHPREBERERE2S, FTH, HTORTHFHZICBWTREL RS 3. 4
WOT 2 F /4 KOEHIZ, HELSOEMORLECERECHEL TS, L
LIs#iS, U952, %7VSUA, TN RSy ARKSEESTIZSH. 6 H25&
DEEERBED. 3 . AMOREEHRET S ENRBET, 0L, 5HD6
HOTAF VA4 MO, . MO AT M3+, MHOBTEWERFEH->TH
Bleth. MKAMOREA T ICESHBEITOT<. BEEOE VS EREK
ERDBC LHABEL D, FHETE, BT S LEEBOXE L 4HDT 7 F
J1TRREDWT, BRACBITLEHIMICBNWTEE LR HER, FERMAFIC
AT BMERERERD D, COB—BEELT. BEEOT 7 F )4 KOK
FAES % ERICIEET 5 5 HERIT 5.

M 13 1IRTEDI. B 7F /4 KO U, Np, Pu 3BT T3 MM S 6 D
BT (BIGRE) 252 ERmTE, ChSORTFMAHAIL. BT OBLET
BRATTIRALS, SBAFBE. pH =5 KAGLEESIC bEKEL. 2.

R RO BTSRRI FET 38R BB, MAT. THF /4 RO
BLRTRISEEGRER S OM 5 HBITEND DL TEETH D ERE O ETE
SR ERERTRRICERT 5T LRABTH B, ZORD. TIF )1 ROk
MBS B M. B IR TR BEEZ UKD, Np(V), Pu(lD L5 0 F 7
25 B MENORTERESEE RV TERICETMERRL 225 ERE
BTV BEND B, |

BEOY 7F /14 ROBEFHBREZCOWTEHERONC, FiEB X UERERN
WHRENTNDS, SOVOBEOTIF /4 REHSEE, aI# - 8B4 - BRARN
ARY MVESOSHMEENESTH S, CNAEMTEBREIL 1074 M 5L
ETHY. REC L~ E RO SR BRI THEAEER 100 ~10°M TH 5.
TRICH LT, I, W E s, W, 1 4 ScHE. BRI
W7 E OLEARECET < AR, MIENEC S TERTRZE—OFET. B
BB 2 A TR S TRIEFTAET. BAREORML. BE0ER



MEABREABLUBRHBOBREICEIDRES., BEIHROEE THRETIEES
BEELURVA, LZREPHNVDFEESEHE (H CHERE) ARLEEcTE2
ETAREEN D V. ERICIEEET 5.

ZZTHEMAETRIOBEMS N —Y—RBEOT IV F /A FIZEBEET.
BREOHB R LELERCE S FEFHREEEEATEIEELE. Tt RE
BERIZHROFETFEAERTZ I LE2MTH D ICREEODREEZ bBERL .
ERBHICHNBT 2 F /1 KT, 416 546, 6 f2MMHF THEICERTE
FTV AEEN, BEBEICIT Np-239 (8. XEHH 2.35 H) %, ¥BBER
i Np-237 (. ¥#H 2.14x1064F) ZHWiz, £/, 4, 5. 6HDETOET
i A3 Bl i LS CHEE R RE R E IM~0.1M A TOFMNZ EIRICEA., Kk
MNEANSHTNSEEOHLSBECHEFBEC DOV TEARORRZTL. €0
e TH%EN/z. HDEHP (di(2-ethylhexyl)phosphate) ZB/KMELILEHIFICEER
THZERIVFAMLAMER LT VEBREAT AR EH W EFESBEEICDN
THL <KL,



1.5 T T T : T 1.5 T T T T T T
i : i i N8O Npogos i
S~ = <R soons
1 S 1)
1.0 | ] ! . 1.0 ~~ - N0, (COa)5t- -
M~ - ! . S ! N0 (PH)3-
L uo,2+ uo,ePy T~ 4 4
U0, (C03)p2- ™ ~~
o T uDy(gHYs ]
> 05 . U0p(C03)a1- > R
~ : ~ NDOzcoa‘\\
w ' N w
T h I
o ' w
w 0.0 -\‘\ . w 1
. 4
=~ Np(OH) 5~
-0.5 UOs(am) , E
1 e
L] — b -]
.
-10 PR S T L
1] 2 4 6 0 2 4 6 8 10 12
] T T
2%~
Py Oz (PH} 5=
PuO,(CO4) 4=
7 1)
> (3 > o5t : B
~ ~ .
w - w = : 4
T E-
Pu(CH)5~ ] 0.0 |~ _ - AEO1*! 4 OGO, {s)
-~ ' Am{OH);(s)
- = d ' -
~ L
9y ~ -
-05 [y 7~ R =05 T T
' PuOHEO(3Y 2 : ~~L
L ' L ' -
: Dals) . '
-1.0 [T S W S W | M R R S -1.0 P S NN T N | T S R S YOO '
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pH pH

K 1.3-1. BNWRET—FICXBTI7F /1 FOLERSG
(IMlr = 1075 M, [COs2]T = 4x1073 M)



1.3.2 EZBFHE

1.3.2(1) 27V UA

FTV oA TOBE (1025 M) Tid Np-237 2HW, hL—P—BE (<
1072 M) TV Am-248 KX D IV F > 7L TH72 Np-239 2 Mz, Np-237 D ofgdl
ERBES FL—2aho s F—2 ZAF AT TITN. Np-239 Oy BHIE X Nal
(T) Yz VB2 FL—2alhury—AFACTITo k. Np OF FHzEs
Bxzo, hl—Y—FhEThE 1.3-1 KRLUAEBETAEZERERER W TS
7ze

7z 1.3-1. Np(IV), Np(V), Np(VD) D&

Np(IV} Np(V) Np(VID)
Hz-gas reduction to .
Cnp = 10725 M Np(ID HONHsC1 hume with HNO;3
. gy Z _ + HC1O4
Np-237 and air oxidation to 5x1073M 'dissolve in acid
Np(V)
-1z
CNPN;.1203; M FeS04 0.02M Fe(NOs)s 0.02M EMnO4 0.002M

1.3.2(2) SREEICHT XTIV U AOREER
ERBEORRIE. 25/ —L%BESOSHELNEREEF €L —X
SP825 (BIEAF L > U ¥ DIVR H BRI T &M+ L — NASEEE,
FRARECTHERUABREZHIFICHLTEIEBL, 4 BRSBSE, 20
B, ROHEZMATHREL, 75C THELE. 8%, ¥iE2 75CT 2 Bt
MEL e fesd, BIEHDASE IS ICHIT TS L EbN5, SBXEEEL
— F#E¥I1Z H & DEHP (i (2-ethylhexyl) phosphate), Al # DEHP, DBP
(di'n-butyl phosphate), CMP (dihexyl N,N-diethyl carbamoyl methyl
phosphonate) @ 4 METH 3, ZD>H., HDEHP & AI'DEHP BERFEL T
NP ETROLD CMAL SO EESBIEHML /=,
(H-DEHP-75) : HDEHP 75% + N> ¥ 25%DRESHR S B
(H-DEHP-60) : HDEHP 60% + X> 1> 40% DR SHHEE 5B
(AI-DEHP-75) : Al 2 HDEHP 75% + N>t 25% DR SHHRESE
(AI-DEHP-60) : A1 %¢ HDEHP 60% + X>¥ > 0% DiRSHE % &5
/2. HDEHP ORFERP S AINDEAORZHIL 1M AINOs)s B 2K &L,
50% HDEHP O Y EEEAEMA L L LBERHICE Do k. ZOME T,



AT ORI D pH L 1.67 TH o248, M1 0.36 T/ o7z, Al ZHiH L =1,

FHEBRE 10 RERETA2BICX DR Y 2KREL Al & DEHP 23R8 /.

INSZRAVWTUTOFHETREERET> 2.

LIANI—=y T (ONRITU—MCELRTANIY I b T4 NI —
fLE 0.22 £ m : UFC30GV MILLIPORE #) OWiZ 0.1 g 0EREIEEZFRET S

2. HEETFMICHB LR 7Y U AOBEHEZE 500pl EAT 5, _

3. /NI FHY— x4 H— (TITEC Micro Mixer E-36)I2& 0 14713 10 274
RS |

4. MEE FROSBER (FEF D) 12k 0EODEEB min) L B EE

5. 7KHMS 100 pl ZWRODHUL, 20 ML SO % 50ul 27V 7L TETEE
Hlse

6. X TV ADQERHEEARABBRAEN SR TV T LAOBHNDERBEE
AR

1.3.2(3) UYBERATARRIZNTHR TV I ADOEREER
TANET =Ry THRICTRBE, AEOMEBEE AR, U EBEMZ -,
(1) BiPOq« 1 : 0.024M (5¢/1) Bi(NOs)s in 0.1M HC104 200 1+ 2M HzPO4 200p)
Cei=1:2x10"2 M, Cpos= 1M
(2) BiPO4-2 : 0.024M (5g/1) Bi(NOs); in 0.1M HClOs 4001 + 85%HsPO4(14.7M)
50l
Cpi=2.1x10"2 M, Cpos= 1.6 M
CNZESRDVIEY 10 2HER. BOSBLAHEERELE 74Ny —XE
ZHo U VB E AT AWBEBIPOr 1. BiPOs2)EERE LTANT, UFOFIE
THRTY Y A OREERET o .
1L.I74NWF—yT (O I 7U—MCELRTA NI =2y b : T4 5 —
fL#&E 0.22 £ m : UFC30GV MILLIPORE #t) ®O®HIiZ BiPOs-1 £/213 BiP0+2 %
Ty hT 5,
2. EEFMICREBL 2TV AOBIKE 500pl EAT S,
3. /NI FY—2 x4 B1— (TITEC Micro Mixer E-36)I2 & ¥ 10 SRR & S
4. NBIE FRLSBER (FESY ) 12X DEOSBES min) U EIRSBE
5. KA S 100 Wl O H L. 20 BEIML 76 D % 500 ¥ 7 22 U THHER
E



6. RT7Y U LADEBHEEELAERERNEN SR TY 2 LAOERNORER
ZatE

1.3.3 #RBIUER

1.8.3(1) 27V ADKFFiHiHEE

9. IM BLU 0.1 M HCIO s DERBERICBNT, ¥3x103M OF 7Y =D

L% 4,5, 6 fiiCHETIHEEZRFL &,

ONp(VD) DA

FTVZT LR BERR TEBERL 2%, 0.1M 7213 1.0 M ® HCIO: THEMH
L72(Cnp = 3.34x10-2 M). 1M HCIO+ A DOWIN A R 7 ML 2K 1.83-2 ITRT . 72
BRIV U LADKRBEIZERO 20 BHFRBRE 00 Y > TU T LkEY VT
L—2a JHIEL TRD*.

K 1.3-2 Np(VDOBIRARZ ML (1 M HCIO)

0.200 . . y T
0.150- -
7w
X 0100 -
JE i
0,050}, N
[].[IDU \/\/\l\‘ 'MAh I 1 \
400.0 600.0 800.0 1000.0 1300.0

R (nm)

132 KD, ZOBBRFORTY I LADEFMIE6MTHB I LBbh 5,
BARPNEEBLCEZORRIIBT 25 THRALEE, £ 1.3-2 ICTHE & L
TR BRART MVOBZRIZENE. 1.0 M © BCIO; DEHE P Tt Np(VDIZ
BRNEZETH S5, BEEN0.IM OB, HERBNE<RZSE (ERN
B) 5EMNEALTL 3,



# 1.3-2 Np(V), Np(V), Np(VDOBARIEE &2 FREREK (1 M HCI04)
| R e & 5 PR

AR SCHR{E SCHR
Np(V) | 724 nm, =124 | 724 nm, e = 127 | [2-4]
960 nm, £ = 160 | 959 nm, £ = 162
Np(V) | 980 nm, e =388 | 980 nm, e =395 | [2-5]
Np(VD) | 1221nm,e=46 | 1230 nm, s =45 | [2-4]

BN AR

(i) Np(V) D 7 &1

DERBRICL TRV UL EZBERB TRREZAL 2%, 0.1IM £ 1.0 M
D HCI04 THEMFEL M, ZOLEETAIE L THONHCL D 0.1IM £zl 1.0 M
HCIO4 B ZEMA 2. (Cnp= 3.34x10-3 M. BICHIBE 5x10-3M ). 1M HCIO4 ¥
BOWIRA AT MV 2R 1.3-3 1T MABRNE & &0 FRAREER 1.3-210RT,
INSXDZOBEER Np(VIOHZZFD I ENGN S,

1.500 : : : :
1.000F -
%
i[ﬁ
E
0.500F i
0.000 i Lo JL\_/L "
400.0 600.0 800.0 1000.0 1300.0
EE (hm)
1.3-3 NpWOBEIRARZ )L (1 MHCIO)
(Y NpIV) DR

27V LEZBREABR TAREEEL A%, IM HCIO: ¥t ml THEMEL Cnp =
3.25x10* M @ 1M HCIO4 & L=, THEZHNESBEERH WKEHRAICKD
IWNFV T Uiz, BEE 2BEONTY I VERIIEAEEZZE0. Np X 3EE



TRESNZOTIORRTNTY > F&E&T L (ZOF Np(ID& Np(IV)Aik
FLTWeEBDbN3) . COBRBDA-ERREZEEHERL. BOhIERE
BRED Lz, 120 58, BROANEANSBACELLEEDELSRRERT
L7z 0.1 M HCIO4 OB TIE. FAHOKERITEIEE Crp=3.26x102 M O
IMHCIO4 BRI DWTITW NT ) 7 THE 1.5 BEZRIC T OEEO—B 2L
DHU., B0 UD L5 BROKBENTY V7 2B T HAEKENA 10 BHFR
L7. 1 M HCIO4BH DTN AT MIVER 1.3-4 17, BRXENEE &5 TRAG
Bek 132 TR d. BED ZOBRFTOXZENTRETMIL 4 iTH3 I 08490
LW, BRART SIVOBEBRIZEIUT, 1.0 M @ HCIO4 DA F TiX NpOV)id gk
HERBMTETH S, BEENIM OBAIIE. HBRENEL25E CERE
E£) SEAREALTL 5, K134 KD ZOBEKTORTFMHIIAMEDOATH S Z &M
BB, BISREERIC Z OBKESR LRIC, BURKARY MLEEELE
LA, DTN 5 ORI E 980nm K ¥ — 7 23BNz, ZOREDSHOEI
WAREBLD, HETE5MOBELEFRLALLIA, KRR THOZOBEROR
FE5 L 410 98.6%, 51l 1.4% TdHo /=,

0.500

0.400

0.300

o 38

0.200

0.100F 4

nﬂmﬂfﬁud- : kh_

400.0 600.0 800.0 1000.0 1300.0
FE (nm}

K 1.3-4 NpIVOWRIARZ ML (1M HCIO4)

1.3.3(2) SBRBIEICHTIEETMOR TV T ADONEEE

BEE 1M, 1L.OMOEEFRBNT, ETMHE 4,5, 6 fliicHBLZ3x108M
DXTV U AOEEBIEICN T WBEHEHERFT L2, & 1.3-313 1M HCIO4 D
EHETHRHLEBRETHSH,. 2hid HE DEHP £/-13 Al 2 DEHP S2& g
?&D‘Fv—ﬂ~ﬂﬁtﬁbf4,Gﬁﬁﬁﬁbsmﬁ&ﬁbﬁm&M5ﬁﬁéﬁm



HETRLTED, AHEOHMETBRTFMBREEELTEATHD I AN 5,

# 1.3-3 SREIEICNTER TV ADEER (1 MHCIO,, EESER-” : 104)

Np adsorbed / %
Np-237, Cnp = 10725 M Np-239, Cnp < 10722 M
Np(IV) | Np(V) | Np(VD) | Np(Iv) | Np(V) | Np(VI)
H-DEHP-60 81.0 2.0 92.1 98.3 3.0 - 99.7
H-DEHP-75 96.2 0.5 96.1 98.1 -0.1 99.1
Al-DEHP-60 96.0 28 | 9686 99.1 3.2 99.6
AI'DEHP-75 | 99.1 0.6 97.8 99.2 0.0 99.6
DBP 98.0 332 77.7 98.5 5.6 91.2
CMP 93.7 15.3 67.1 - - -
| - P IR |
% 1.3-4 SEMBICHT B R TV AOEEE (0.1 MHCIO, & 5B : 10 4)
Np adsorbed / %
Np-237, Cnp= 10725 M Np-239, Cnp <1072 M
Np(IV)? | Np(V) | Np(VD)?2 | NpdV) | Np(V) | Np(VD
H-DEHP-80 80.3 2.6 89.0 99.8 7.8 100.0
H-DEHP-75 91.6 2.6 90.2 100.0 5.3 100.0
AI-DEHP-60 91.2 -0.1 90.3 99.6 4.3 100.0
Al-DEHP-75 92.1 2.6 90.0 99.7 3.7 99.9

1) Np(IV):93.5 %, Np(V) : 6.5 %, 2 Np(VI):92 %, Np(V):8 %

# 1.3-413% 1.3-3 TEE TS5 H-DEHP 3 LU AI-DEHP SB#lgicoWn T,
0.1 M HC104 DBEEFETRKORM ZToBERTH S5, HL ZOFHETTHE.
Np(IV)B L Np(VDIZEEEN BN, ZORFET> 7~ Np-237 2RWEER
Tid MAENSERLEERETFHOESERIZ, ROTIIRLELSRETH .
L7eAio T 1.3-4 DiERIZ. H-DEHP-60 #RRW\W O TR, ZoRMSITHL
Th4, 6HAEEL SMBEBFLENI EERL TV, #IEH-DEHP-60) Ti. 1
THOREEIIBWTS, WERMMOBIEIZEREN, FREEORDO RN
EHRNERESCHEESITNA B0 EEDN %, (H-DEHP-60) & (Al-DEHP-60)
Ti#IECER SN TS HDEHP ORIZIZIEE L WAL, (AIDEHP-60) TI3RE



DFWDIZECTHARY, ZOZEM5, HE HDEHP 2k, Al % HDEHP Tl 4
iRt 6 DR TV 2T ADWENRZ DR T < Ao TNB I EMNANE, Ik
- 70 EDIHRITHNABEDFBRO S PEERICEZ DB B2 TS 20T
i EBbis,

EAED#FMN S Al 2 HDEHP #iEM. 4 i 5 fidb o WiT 6 & 5 Mi0FHAICH
BWTHDHZ LR TER, HLEFETIR 10 20RESHBRERANTED, I
HEIEVDAY, RiCk o TR DEE S BENETFHREBESLEIESNE LAV,
ZITESTHRERBOERERS 2D, IVEVWIRESBHETORB OREEEIC
DWTHEH LA, % 1.3-513 A1 % HDEHP #5100 T, RESEME 14 &L T
BHELEERTHD, TORERLYD, TIO0BEORTYILAIHT 288 EIE
WAESBEL, IREDKEM 1 S TREHEICELTWAREWIENaMNDS, Thabb. b
L—g—EEICH LTI, BESEME 1 SELTETEREETS 2 ENWET
HBEM. T/ DBEICHLTREESKBMEEHTS 2R3 TERL, £, 20
£ED. BIECHTBR T Y2y AOESIE AI-DEHP-75 #1504 4% Al-DEHP-60
BELZDOENC L. TRLEERABART O Al 2 HDEHP O &8 BAE W HEREH
THIHENRFN5.

UEoBHEERNS, SBEEZB WSS
- Al'1 28#iE (Al % DEHPA 75% + benzene 25%DRAAHK 2 SE) £HVS

FESHME 100 ET5 |
EVWIEFEAVWRIE, v70hs5 b —Y—ETOEWRERBETLMBIUG
EAEE LT, SEAEELARNENDS RERRHIEESNE ZEAGN o I,

#* 1.3-5 AlR HDEHP 8R#EIIHT 2RIV I LOEEE
(RESEM: 1)

Np adsorbed / %
Np-237, Cxp = 10725 M Np-239, Crnp < 10712 M
Np(IV)? | Np(V) | Np(VD) | Np{IV) | Np(V) | Np(VD
1M HCIO4
A-DEHP-60 | 19.3 -3.2 61.7 98.1 0.9 97.2
AI'DEHP-75 | 757 | -18 | 965 97.8 1.1 97.7
0.1 M HCIO4
Al-DEHP-60 8.6 ~0.6 62.1 98.0 0.1 99.4
AI-'DEHP-75 40.8 -0.3 94.6 98.2 2.1 99.4

) Np(IV) > 98.6 %, Np(V) < 1.4 %



1.3.3(3) UCBEATAUBRICHTZ2BETHEORTY =7 hOBEEE
EMEEE 0.1 M, 1.0 MHCIOs OG- ICBWNWT, EFfZE 4, 5, 6MHICHEBLAE
#3x1083 M ORIV LD VEBEATALRICHE T 2HEEHERF L.
# 1.3-6 WEERBEEERT, BiPO«+1, BiPO+2 ZANE) S BEEAT ARER
i, BEEOIM, IMRXFIBNWTAHOAEEFL, 5. 6MHITELRNEND
R %M. BiPOs 1, BiPOs2 OB DENVIZE DTV 27 A DOBRFSE DR
HREB SN o iz, FRTBOGBHREEZ<HENENEVIE P, IWREROE
WHROU CBEEZEANS WS HEENS BiP0s+2 ZANDARMEETH S,
BEOERENS ZORETI/OBENS ML —BEETOEVWREGHO R T
ZONIERAEER I ERG NS, LLEOEEMS, UVBEATALBRERW:
W& BV

BiPOs1 £/21 BiPO42 ) VEEEY AT AUBEH 1D,

REHSHME 1I0RETS
EWnS&tEAVIE. <7anrs ML —Y—ETOEWBEREAT4MEAREL

T. 5, BEARELIENEND RFRFFHIZROSND I Mo 7,

£136 VUYBEATAWBRICHTZR YT AOEER
(R E SR : 10 4)

Np adsorbed / %
Np-237, Cnp = 10725 M Np-239, Cap <1072 M
Np(IV)? | Np(V) | Np(VD | Np(@V) | Np(V) | Np{VD
1 M HCIO
BiPOs-1 98.2 1.6 0.5 98.9 1.5 1.8
BiPQ4-2 08.7 1.7 0.5 99.4 1.9 2.4
0.1 M HC104
BiPO4-1 98.7 2.0 24 99.5 0.9 4.4
BiPOs-2 98.6 0.7 0.0 100 0.6 3.7

1) Np{IV) > 98.6 %, Np(V) < 1.4 %,



1.3.4 Bbbhiz
HEPORBEICEFMEREETA 2 HFEOHARICBNT, RATEEBORAI
LBRBOFEFBELERITB2E0M 5. BFERERE LT, (L2812 557 E
BAORERIEERAT 5 HEERN Lz, ZOKE, ALDEHP S8#E. U
BEAYZAUBICHLT, 27V oAR, <70h5 L —— Ok WIEEE
EBNTE 137 CRTIORHRT BT EEMBLE. EHOREE. XITIER
ErET.

# 1.3-7 AI'DEHP ZEHHE. ) >BEATAUBICHT 5 X7V o A QBB

v A% VI
Al HDEHP & 24l O X O
BiPO4 LB O X X

CD2DODHRZEHEASEDEDIELIZED4, 5, 6MORPUERITIZLENTES,
BY 7F /14 FRETMARC THNEBERBICEHTIOT, 75057V
ZUACBHUTEHZOBRERLST., COFRERICIVEEICETMBREETS Z
WTEB, EFERTA NI —Hy 72RO AKHE 5000l BEO/NEERRTHE
REETHY, do5rUdElErrhBREAZTNE Kz 0RBICYT 2%
B, MBI ZMALRIIRE D, BONBEEMERBETHZED. FO—THy
JARATORFEREICHDEL T0d. FOo—7TRy 7 ARTHFSBEE. REE
A RED, BLAMERYy 7 ARNTITAE. MBOBRERRYy 7 AHSWMOEL
TITo TELXAAY. —RICE—HWH BRI, BB BCHSBORETH 5.
0D, SEHAVERLREE VST TRETEY. RESKERIE 10 H&0
IREICR . LML, CNETORNTIE. #ilF. VCBERATILRE. WA
DEFEREFICRTY 2T AOETFMOEEBD 5 Nahoz. LisdoT, &
NEOGERTE. EFHORNZHETIELOBLETRIGIIEI Shne#®
AbNh3,



B 3R

[1] O. Tochiyama, et al. : “ An Overview of Actinide Redox Speciation Methods:
Their Applicability, Advantages and Limitation” , Evaluation of Speciation
Technology, Workshop Proceedings, Tokai-mura, Ibaraki, Japan 26-28 QOct. 1999,
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14 B EHEIC R 2 3 RROBEEICHT SRR
141 REDI

FT-IR 12 & > C. HTNOs BREICINE U7 I0: T OMER BT E TN B I &,
EhF0Z LT HTNOs BRIOKEE L ORMICE > THER I NTN B AFEME
HrBEhiz, TORLDEFRCETEZFEEZEML, 10 ANEL = HTNO: O
BERBEEICX > TIO: MERLICET MR ER/ . _

NOs~ & DA F 3B KISIZ X - T 103~ 4 AEC(Anion Exchange Capacity) £ T
X35 U 7= HTNOs (& [MgeAl2(OH)16]210s 4H20 & WS HBER > TWAH 5D EE X
5H5, TOMMERLELBREEERTFEYFECEST 284, MURO
RFEHFERICEDDHENRH D, 5K, 53EOETE2E DI 2F7HICEDDH
ENHBIEME, FHEIAMOEKVBRAAENS., TORD. FHATIIEEED
— k&L T “CASTEP”(Cambridge serial total energy package)® Fi 2 7z. CASTEP
I3 AT B ISR b X 172 DFT(Density Functional Theory)5tE I — B TH D, FAH
BRGHICED s RuFMOEREFHRAL L THREHETHIZLNARETHS
Z & DIF/H. “norm-conserving pseudopotential” FEIEXN B HF LR T > >+ L
1% BFGS(Broyden-Fletcher-Goldfarb-Shanno) A F—AIZ Xk 2 #ER#E LA £
LOREIR NEMASC ENTRETHBED, ARIBOLBELLHET— Ro—
OTHBEEALSNG., FHTH 1050 O BT &BREKERE L OROKRESE
FMHS 2 &ENFELMLD =D, GGAlgeneralized gradient-corrected
approximation) L~ )L C®D DFT BB EfFof.

HTs(Hydrotalcite-type materials) D EREEZIZ TN —V 1 FEEHEN 288
NEEEINTWA I ENGENTWS, TN—1 FENHEHSFEZ BRI Cdl:
HMERELTHSNSARFRFERADKBRER T2 BB EIT MDA SR L=
##E &0 T, HTNOs TidMgeAl:(OH) 1612103 - 4H20 & W S HBEART & B 1,
[MgsAl(OH) 16l Z BEAr & T 2 KEELIBEBR L TS, BENERETIN—Y
TrDENESHELEDD (,bHAMOFERIRIZ 4 5. cEIAMIZ 265 &0,
EMRCBVWTHHRRT RO RBEMNEERTFEZRAVWTEHEZT . BEKETOD
IHEBICHEL TR, BEODbhbhOMEICL > THESNEEREEMA L.
BEICNELZ 10:” ORMIEOFHEIZEL T, Gaussian98 (B3LYP/Lanl.2DZ)



W&o ThohUDEEbINEEEZA V.

HEMITIE, 107 ERICBNWTS HTNOs BHEICEIAZFFHEENTNS, L
MLEBRS., URTOBHICX> THFFERBEMICKSTFEFD TN, £T,
BEOWFICL > T, HTNO: B O NO: &2 D L FOKEERE LB (BRikz
HEF) HELTWBZEAXRD ICESFH MM SHOEA R E> TS, 25T
DNOFEOMEICBNT, 10s bELAKBERLEZEZGL TSI LMD
Thd, E5IZDTAMTG R ERXHEINMOEEN S, BEIZEENS K TOM
FREFIZHVLWESICL> TEMIZERFINTWE Z EHbhoTHWd. BlEnS,
BREIOKSFIE NOs~ & 10 ORBRIBIZBNT, EKKKNELE 103~ DEEL
WOBRIZBWTHREENNZIVEEZZIONE, 61T 4-H0=12 RFZ2E5
WHEAERICEOS CEIREZHEIAMOELWEINESINZ. LEXN-T
AR TIRADIFEEELVR 141 OREBWTHERBLET > .

ERU-BUETERETBICHED, [0 13 Co BHICETS 4 EABEE L
TWBIZENS, FEREO AL & I0:; FHOREAIZEL T 2 BEOEAME A ZE P HHE
ELTRETAHZENTED(X 1.4-1 FO Str] BXT Stell). FEWIZIEES S
OB EEANTHORENICEIBERELFRICEI > TRDEER L EEREE
NEBNBIETTHB, LALENS, BENIILRELOHERF—LOHMIC
DERENBFTIEE> TLUESREESE L RICEORE L HEN Strl O X
S7aHE (RHD 105~ DI N Al KESZVHE) 2l ET 5. L Stell 2%
Rt & U CAE 2 B L7848, Stell 25 Strl AOHEELOMIE T 1054

“Do< DE?” BENEETZIIEICRDN, ZOBEIEBZEERITARE
REBETHDEEIZOND, BHEBBEAFT—ALATRHIIBEEOIRNF—EZH
BEELTAF—LZRTTZ2D. Str]l KEOEIICHERAF—LDPETL.
BRELTESITE B IN-HEZE SRV TEENE N, LEad > TENE
T Strl BEUII WAFZAMEEE U TRERBLETV. NFOERELET
BZTERIVBBRELEEFLONSHELEL. BERBLHRCHE->TE, ¢
RTOFEFIC 3 REFANOBHEEZELXLEH T TREZ{To 2. £, IXT
DFHEVL Octane Workstation (Silicon Glaphics Ine)iZ & > Tirbhiz,



1.4.2 #EBLUVEE

BEmEtENZRRBEZN 1.4-2 ITFRT. ZOFHERL> TESNEMED
ERIFNVF—ILStr] & StrIL Ik L TENEN-16531.7654eV £-16531.1272eV
THol. COZ LIS, BOBEERMBEL S I THHIENDI I LENTES., FH
ALbsNAEZROERZAI EOEMICELT 2BEORZLZKEEEZ B> TNSE, &
T Al EEERML TWD A-type (K7 * " TRENZAKRE), BEEMLLTH
B D %E Btype(®WH"1,2,3" TRENLZKEE) T3, 3MD ALITEAL L ZKE
HA-typ) DEHE VB EBWEHRTVHEFAS5ND. Stell TR 105 Db
DO M5B 2 DA type” EHEA LTSI —DId Brtype EDBHFEAL TS
ZERDNB, —FSrliCBNTIHIOs PHD 0 DI B 2 DIP A-type” EfEAL
TWBETIEECTH BN, 9 —2i3 Bitype DA TR A-type EBHEEL T
HLENDND, COBENEEREOENELEL, BRELTStrl BE D RERE
BEROTWBERTHBEEZENS,

EHIT, M 142 HICRLUATFEICB T HEMEEIMER 1.4-31TRT . ZO#
BhS Atype CETHRBEN—FRBAEEEZEL TWRLIEAHMNS. I
11300 A-type ICEB T 3 KBETNENSERT TOEBICX D EL2IER—§H4
IR T EAEETH D, 0T EBHEEICIE L 10, ORBELE b5
LTnasbDEEXILNS,

BERE S NIRRT O c B MERER 15.34 LFEI Nz, ZO/IZ XRD
KL > TERBCEBONAETH S 1588 ITH~ 054 ME < FEMES Nz, ZDk
RRARDP TERTEORP O ILLLIFETHEHEEAONS. KFTEED
ERICKD2HEESHRITOTETH 3.

(REKRFERERHERARBZEPRER RE T












1.5 RBRHEBRIZEBEOIFERHBORBIIOWTORERHN
1511 CHIc

FEHEAL S NI MRS T ED O, RAFNPEERE L THHN TV 5,
—H. W ONOT T VI, F7 DORBETFHETIE. RAOHMERFULREOHHIC
SNT, B RETOBEAMRE SN TH B, CORRIERTS D, EhE
TOEBRE I CTREDLEEMAT S 2 LIIRTETH 5% AN FWERA D 5
OFEMS bOL BRI PRBVEESRRTS S,

INETORMERYZRAWENYy FERTORBHERT, BEENERHICEH
ENBEASNEEICRDSNDZ EEHASAR L. BETEO by 7T RTHTFA
ERATAEMET VIS A VUNBCEENET S > - N Y ARG AR
HOMBHEEEHBHBRBICHDLEHOMILTER, TNHOZ EIT. KAHE
FFOHT A& B FFERHARNZTRR TR EBYTH D . A OBICERD
ELURLEBESATND I L EBNCRT bOTH 5. BEITHIT 5 RAME
HEBERFIOBTEHRABNREHOZEEZIRVEARSK TS 54, EEEH
245 RATUR ERIERFI O BT EBIIA BRI X o T H RO KU IE F R
ERARRIGAAL D TH D, SEET. BEESETORNETEERHRSKIZD
WTHRE L7, |

1.5.2 RABBHES Y, 5 OB HEB OB

WEEREE, BHIC MUY ARMARIR DWW TNy FETOPHEOK, BHREBETOR
WRR T, BURELRREORENEETH D I EMmEN, £IT, §F8E
RELHORI S AVWBEBESHE TNy FETRBHERET> .

CORBRICERAL 28T BUEL Y 5 8aTH D MREOMBIE5 (0.125
mm<RiFE<1.25 mm) EZBRHBRICA iz, TOBREPO 28U (284Th & OHHFH
Z{RE) . 280Th, 226Ra (186 keV 7 MMEL D 25U OFHFEELIINWTEH) KU
BWUREZ, v BART MPOAM)—RRLOERLAEEZA.ENEN 310 £ 10 Bg/lg.
320 + 20 Bq/g. 300+ 70 Ba/g. 1565 Bq/g THD. UT VIBE 2.6 % TIZIFHEHFE
WIELAERRY I VS THD I ENERINE,



15-1 1M HEBEREBEMSFBEL b TLT IV a D aANT MLE
KUz Bl15-1 TS HRFID 80Th &7 7 F T LARFOD 27Th K TE QIR
fD 228Ra Do E— U NBHENDH, MUTARFIO 232Th U 28Th O E— 71X
Ronfzn, ZOZERE, ZOBEO NI TASHEERNEEICNENILEZRLTL
B, (> T, SEEUVIRAMETY VFULRFIBROBINEEIZMRETL 1,

100000 a
@
@
L}
[+
b 8
2338 e
10000 f——p0 8 E = s =
SEEF o &
] & ] £
L1 1 E
LI =
/ = o E
= 1000 T ] 22 e =
-] L ; ; o
g g 8 E
£
A
100
T
1 1 ]
ll"‘l!ll r
T i I
AL )
10 :
}
1
o 50 100 150 200 250 300 350 400 450 500
E/keV

1.5°1 BHE,SHEELIZNITLDaXART M)
226Th O E— 2 &5 227Th CERK 18 ) OH2EBEORES
L THEE 40 AEICHIE. |



Purified 2°Th, 0.020m! from 73ml, Sm 0.200mg

10000
Th-230
1600
.3 [ ]
g 120 < nrzzv-grzza
o r.9 t .|
Sar-147
10 =t
RS S S
lCD 1000 . 2000 3000 4000 S000 BG:O T000 8000 9000 1000
E/keV
1.52 6M ISR 1 BB HED v AT ML
1.5.3 BHBMic L 3BHRDE{E

LROYS VEE 2 g BRY TOEL S EELEICHFL. 05M. 1M, 6M R
YW 10ml ZMA T, BRTHEE (9 100rpm) LARSBH L. BHREELS
B (4000rpm) L TLEBBHED afRE r BORARY MV ERAIE L. BHED 177
247 FVEE 162 12, 6MERBH IS 3BHEORMBMELER 153 1

RY o



700
600 ] e Ra
Pb
500
K
Ewo
H o T —-p— —o*Th
%300 238
/Ai U
200 ,‘!/o—\ d ,
/ ] U x10
"""
100 ///’ 230
0 | g ¢ 2y

a 20 40 80 80 100 120 140
' SBHEER (5)

(4 1.5-3 RHFEMICI2BREEOEL

T BRARY ML D#’s‘%ﬁ'ﬂaéyﬁi‘. 210Ph(46.5 keV). 227Th(50.2 keV, 236.0
keV). 234Th(63.3 keV). 230Th(67.7 keV), 235U(185.7 keV, 163.4 keV, 143.3 keV).
225Ra(269.1 keV), O E—arﬁﬁtﬂéhtu ZDS5 5 25U D 185.7 keV E— I 135
ERULRNFE—026Ra DE—7 LEX /D0, BHEL 20Ra BHFITKEND
T, 163.4keV & 143.3keV @ v T 235U £ERL T 185.7 keV F Z5HH - BE
THIEITELYD 226Ra D 186 keVry BOBREEZRDH I EAARTH L. RLULIIT
2R D Y MEEX/L5 228Ra D 269 keVD 7 IBIZDNWTHT > 7 z‘—)i/?ar TN
AEETHD.

BERFIOBEZED 208U, 285U EMIBERFIBE L ObWEKR, BHEOREEL
IWDOWT. RoEDELEEVARDEND, 280 & 35U ORMEIBHER 1K
M TR BRI, TNLUBRIEOMNCHENT 2 EHEPNRASDIIH LT, 5
FEREROBHERIL. CICHRNLUZRABHATIERE-—ETH OBREILERS WV,
IO &R, RIERD, BHINPTLYA MEEL, BEEEZLZORBEHIC
VYA PCHEEL TSI LERTHOLEFERTES, BHikE 1 KRRELIRO
CFHETHET 3 & RIBEHEO 2850 & 250 OBRHEBRK 50% TH B8, RIE



¥R D 226Ra & 210Ph TIX Q0% LA LB HE TS,

154 ERBEICLSBHEOEL
BERBEICL2BHASOELEE 1611277,

# 151 HERBEICLIZBHEOZ(L
(B 2 g/10 ml. BHERE 1 BRI

BHEE (%)
HAER R 5 0.5M HE 1M EE 6M %
S L1 2387 | 9+5 10£5 37+8
230Th 68+ 15 68+ 15 59+ 11
226Ra 92 15 90 + 13 98 + 11
210Ph 95+ 10 106 + 12 98 + 10
THFoILRE] | 2350 16 £ 10 15+8 57+ 10
227Th 62 + 20 68 + 20 83+ 20
223Rqa 93+ 10 110+ 15 93+ 13

REVBMED 280 & 235U OB HEA1E., 6 MEEET 40—50% “CEBD BEL

W EBUHIAINE < 725, ZHICH LT, 26Ra. 210Pb KX 25Ra DB HEI AT
AEHBBEICEEEINT, 05MEE T 0% EBA TS, SHEENKE W
MONERIIESETH S RAEHE S Ra KU Ph OBHEIACIIHES MRS
M. HERFIREMLEMICE Y NCREL TN L HETE S,
E7. U5 L RHD 20Ph DB MBS IXIZIZ 100% TH D EROTH 3. 20 &H3.
210Pb 4% 222Rn D FHICH V. BB OB TICHDND T L7 < FEFITTHEM LIRS
TEALTWAZ ERBRLTING 2P QBN ETHDIEEZETS &,
T DEEIIK 200 FOMIZMEHEIC 5 BEEELE EOREEZIT AL EH
T 5,

MUY LABROBHEISSEHEL DESMTAEWA, Ra RUPb BEKRES
B ZOT LR, RATHOEBEESBHEINPTVIEERLTVS,

155 £&
U5 EREN 2.6% ORAMROREEIEE (0.56M P LOKRIER) L3R

HEBROBR. HO N o HBRFIBEHEOBHEIEN, BRBEIORENT 2HED



Shie. BIC, ¥MICTERTS Ra BB TS K> RO FHICBET B 210Pb 0
BUITA S RBITH 5, SERME N Ra R Pb OBHEEA, H5 T
ERETH B LBBTE RV, 75>k DLEMICHERE B kU v AR
230Th OEHICIE. HER a REROPENZBD 5N,

RIS R EABTRTHEH B ARG AGE =5 1)



167V FRAA > OBBILERICET 2 RERN
1.6.1 1 CHI

BN ORLMETET B12H/ > Tl BHRA THRERENEEOBVEY
5 URROMRBENTOEHEZEML, TLUTTETS I EMNFARER S TY
B, LBLERS. Zh5OTERPHEMEDKERS TEDY TEMIRLEED
ERL. TOMARSBBR+HTHS. COEME. EROEBRLDY ST
EEKOBEIE LV, MELHFTDNS &5 REREILETHE EbNTHB Y.
BEEOLEEES L CBTFHIECET 2 MANTERD 5HTV 3,

EFECBNWTHR, ZOEIARRICEAR, BUI O AREFVT IV FoRaE
— ROV T ORBILEBCHT 2 MR EEDBBAN S, T LR EDORENR
TREANTERNLRNEFS & &bic. BEXRERET BT LEENELT
BY., FEEIRRY S OMASBEE OV THERRLE. 75 > OMAS
BERICONTIIRA B ETROSNTVNS. LHLENS. TOEEAEHE
— KA RERUOHM DB TH Y. BIASREK(UOH2)R EICDNTIE
BEENDRL, LHADELNEERAES ERo T[4l Tokd, AHE
T, BREHTIBT2US OIVOMKSEERZEEHMBEZANTRD,
CHRE & bR U 7z

1.6.2 B

VT CEBE 233U (FIALA LAY 99% LA ) DBR{EAS%E 1.0M HClO04 ITEMR L TR
W72, BEHEIZIE TTA(thenoyltrifluoroacetone) Z ML o+ L B E A
Wi, ZOBFBEBEIC Ar TA2KEASL, BEREERELL. TTA BXUE>
LV BHAMETED () OFERETH . RICRRIETHORM o7,
FEREERTCNVALAZRALEASACET LD, UFORES%E 4
fliic BT L. Eh6MiOU I E2RETSHED. 0.1M O TTA BB E HWIZEE
MHETH, FRBICAMOT I 0BESH L. ZORBEHZRW TR R
ERERDD-DOBEEMEERT - . |

MASRERENE OLDOBEEMHOFEMI. 4 B0V 23V ERBEC
FLLVEMABDIEREI->TTTABREZREL b0 7AW, KB F 25



BEAKFAFBE(H)Z HCIOs U NaClO4 ZAANWTHEL 2D O ZA W,
S ECEENE 233U Do ZPET S T LIk D kD, FHHETO 28U TDODNTIE 2.0
M HCIO1 Z AW THHHIT 5 Z &Ik DR, offtfllE ORFHE, KAO—Hz
WL, RELEIETERLZ.

1.6.3 WiEHIH ORER

B 1.6-1 {0 RERT. AANISEL D O log D. BEALAKHE
FUBEEH)ZRL TWS., S log DOHEAZIZOVTIE. EW pH. OEE T
HERAITEVWD pH A E L R B DONTDEEINE LB TNB Z AR S
NB. 2O LS, TOERKETIHUT OMBFERIGAXEMNITEZ > T
5LEZOND,

Ut + 4HTTA < U(TTA): + 4H* 1)
UOH3* + 4HTTA < U(TTA): + SH* + H20 @)
UOH)22+ + 4HTTA < U(TTA): + 2H* + 2H:z0 (3)

iz, KERICBWTIRROMASMEEWE I > TNEEEZ 5N5.

U+ + OH < UOHs3+ 4)
Us + 20H < U(OH)z2+ (5)

X 1.6-2IZ TTA OEEICHTABIEOERZR L. ZOERNS, pHc DK
WEZ AT TTA OBERH L THEE 4 IKEVEERL TOWBH, pHe AE <
RBCONESINE< B> TNB T ENERENS, DT LML ZOERTIRL
ORTREANBLIBRENHEEEZ N5,

UOHs* + BSHTTA < UOH(TTA); + 3H* (6)

(D, @W-EORCETE, BONCERT—F2H LIz, BRNERKEZZORD



EENENOLEERER 1.6-1 1TRT . 4 RE [=0 ITB1) 5 Ik @E i
SITENIZRVWS Z EIZL DRz, COERISRBEEEEH# I OESTLLA
RESEMo M, (7). QR TRINDZIMKSMERL. B KDWTHR. 4EH
SREMASBERS. e DEELAGFREFNBIEZEAND Z EICKDEETRD
7o

U# + 30H < U(OH)s* : (7)
U4+ + 40H < UOH)s : (8)

SEIELNEREEERZANT pHe CHTAMAMEROEEEIS2FEL
72(B1.63) ZORENS, pH. AR MEMIEEVEL 23 E UOH)MBEICFEL
TWBIZ L, pHEO fHETH AMEO T T LV IRMADBLEBD TWS Z & EMnah
3,

1.6.4 f7k 43 A8 5E B O SCHRE & O Pk

®162ILRTEIIC, SEBSNLBEXINETORGFEICHERTETFENWE.
THDHH, FAEEOBEMHIECX > THEXNE Nplel& Pul7liconTiE. $H
ERIERFOENREIN TS, BEHEEIBWTE. SANFHEREDMD
FRIZHAT, M D{EBED U. Np. PudltHnonNThWBDT, ZOI ENE
ROFETHBI LB BEZONS, Hib, P7FZPFAFORENELRS L,
BREFRIIMA TERLFENERS NI THEMESHDOT, TOZLEBRL
EEALBEER SIS, S8, 3 5BRIRHBLETS 3. '

1.6.5 BbhiT

05 OIS BERIC OV TR L EHETRS BATNAMR, TOREAE
WE—IMKAFEEZR(UOHMTH D, BMASEERUOH 2R EKDNTIE
BWEED PR, T, BESNTWBERAEZESRRS>TWS., Z0kd. B
%#FE%H%W5yGW@MKﬁ%E&%%ﬁH&&&%hTi@tw%w%%\
CNETOREECERTETFAENEZR . BEECHONBIERIIDVTHE,.



AEIAWET 7 F A A OBENEETHHZILBFAENS,
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log B2, reaction (5) 25.97 + 0.40 28.28 + 0.42
log Bs, reaction (7) 36.30 £ 0.47* 39.18 £+ 0.45%
log B4, reaction (8) 46.22 + 0.59* 48.88 + 0.59*
log Ki, reaction (6) -1.72 £ 0.38

% 1.6~ 2. An(IV) D JinK 5 fg & ¥

An(IV) log /1 log B2 Ref.
U{av) 13.46 + 0.06 [1]
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Solubility of amorpheus Th(IV) hydroxide —
application of LIBD to determine the solubility
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By V. Neck, R. Muller, J.I. Kim et al.
Forschungszentrum Karlsruhe, Institut fur Nukleare Entsorgung
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Fig. 2, Dependence of the breakdown probability on the laser pulse
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F. I. Scherbaum, R. Knopp, I. L. Kim; Appl. Phys. B 63, 299-306 (1996)
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// / Appl. Phys. B 63, 299-306 (1996)
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Fig. 3. Dependence of the breakdown probability on the particle
namber dengity: curves are calculated by {2k a} polystyrenc particles,
E, =057 £007mh b} £, = L13 £ 0.09 m)
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1~34 B #I2% BreakdownEZFERL -,
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LIBD+ titration EER#5®R 2 ThO, (coll) 1.5 <pH<2.5
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-log [H*]
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T. Bundschuh, R. Knopp, V. Neck et al. ;Radiéchim. Acta 88, 625 (2000)

BREOHE 1

SERFEOENEEZRWY . an(/FEEREAEL. TORESINS
SHUEBREEL, T o0RREERSERTELIFANLRD
T-Osthols 5D T—4EX{—FLT-,

*Rai LD T—2IL100FLL LDBFREEARLTHY. HoDRBLV=,
FEREFITE TV KEVLDHFOTELIFARIL, AE21mD 74
WEA—EBYRIT. BRICEERICHBTcEINEEan %S

BICEATWSEEZLRD,
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05MNaCiO 4 = 7]
Felmy, Rai E
0.6 M NaCi v ]
D6 MKC = ]

Osthoisetal, o
05MNzCIO

log [Th(1V)]

The 5(en
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GIMNaCIO 4

L ThO ,
[ colloids

L & LBDstudy
0.5 MN&CH

Baesetal. x 1
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S
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-log[H *]

Fig. 5: Comparison of the literature solubilities
with those of the present LIBD method

T. Bundschuh, R, Knopp, V. Neck et al. ;Radiochim. Acta 88, 625 (20600)

FLH

BEEEICEELBICERT2an/FEEs BlChiYREBT
HY. K ERLEZEN, LIBDZRWTZOaRAFIZEBLTR
OT-FEREE (L. BUEERARRIZKYERAE L= Th(OH), (am)Z ALY,
27 AL LOFEHEBREZETHEL-BRREELRHL. KF
FEOFEMEN RS,

*EXAFSIZ& AR R &Y., BFRETHREDRIZHBLTL
anM4FIEFPEL 7 ABRERGOESER/R >FEL Mol
T EEROEBROEL{FELENIOAMROHFDY T NMG
ROT-BHEELFELIFREBROORO-BREA—BTD
FREEMNTDEOTHS,
FHOFEXRERANTRIEYIOSENDROH-ThO,DBEES,
ThO,(cr)ZBMAEL TROFEEL—HL, SHITIRRDENE
MTF—amnostEL-BRERLLAEMEERL.

T. Bundschuh, R. Knopp, V. Neck et al. ;Radiochim, Acta 88, 625 (2000)
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3 T T
® [TTA]=01M —6—pH=
q! T e -
o = o | 4 [ITAI=0004m pH-14
1l m RS ¥ [TTA] = 0.002M
o EI ¢ 2 *a -
a0 0 L ak 3Fv |
k) ’° A ¥ slope =3.8
-1} ® v slope = 3.2 i
® v .
2
_3 1 1 1 1 L L
6 05 1 15 2 25 . 15 -1
PH, log [TTA]
Fig. 5. log D of U(IV) Fig. 6. log D vs log [TTA]
5 Wl -~ [U(TTA),] + [UOH(TTA);, ]
(Ul [U*]+[UOH™ ] + [UOH),™ ]
Table 4. Equilibrium constants obtained by TTA
extraction of U(IV).
=0 =10
log K, reaction (6) 4.94 £0.14
log B,, reaction (2)  13.40x0.52 1471 £0.53
log B;, reaction (3) 2597040 2828042
fog B; 36302047+ 39.18 £045*
log 8, 4622 +0.55% 4888 +0.59*
log K, , reaction (9) -1.72+0.38
* Estimated by a semi-empirical model with the
use of the present data of §, and §,.
X Table 5. Data of log 8,
U%+ 4HTTA PPU(TTA), +4H* (6) able 5. Data of log B,
B 1 o
U+ + OH" T UOH™ P , Ef
Nikolaev et al.(1961) 21.8
U+ + 20 4_U(0H)21+ ()] Davydov et al.(1975) 26.12
K, Moriyama et al.{(1999) 28.74
UOH™ + 3HTTALZUOH(TTA); +3H" (%) Neck et al.(2000) 243

This work 28.42+0.31
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BrsE AT EMIERA(H14.1.10)

L 77 L A — A BT B R TR O R R Il

Se 3X10 FeSe,(cr) HSe"

Zr 1X10 ZrO,(am) Zr(OH) 4{aq) o
Nb 1X10 Nb,O(am) Nb(OH),

Te 4X10 TcO,*2H,0f@m) TcO{OH) ,(aq)

Pd 1X10 Pdicn) Pd{COH),(aq)

Sn 5EX10 SnO,am) Sn(OH},", Sn{OH),(aq

Cs AIRE - Cs*

Sm 2X10 SmOHCOj(cr) Sm(CO,)., Sm{CO,)*, SmCO,* %
Pb 2X10 PbCO;(en PbCO;(aq, Ph(CO,)*

Ra 1X10 Ra-Ca-CO, Ra*

Ac 2X10 AcOHC O, cr) Ac(CQO,),, Ac({CO,),Y, AcCO,?

Th 5X10 ThO,(am) Th(OH),CO;

Pa 2X10 Pa,O;ls) PaO{OH),(aq B
U 8x10 UQ,am U(OH),(CO,),%, U(OH) ,(aq)

Np 2X10 NpO;(am) Np(OH},(CO4).*, Np{OH),(aq)

Pu 3%10 PuQ,am) PU(OH),(CO,).%, Pu{CO,)."*?" (n=2,3.1)

Am 2X10 AmOHC Oy AmM{CO,),, Am{CO,),*, AmCO,"

Cm 2X10 CmMOHC Oger) Cm(CO,),, Cm(CO,).>, CmCO,"

“BE K R TRk 24  pH=8.4, E,=-276mV, EMRFIRE=1.6X102M

HopH BT R EMERS(H14.1.10)
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1o} K. fT l;
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In our laboratory _
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1. Introduction

2. Experimental material and procedure

3. Results

i) Apparent diffusion coefficients of helium as a function of dry density
i) Activation energies for diffusion of helium

4. Discussion
i} Diffusion mechanism of helium (cavity-to-cavity diffusion model)
ii) Estimation of hydrogen diffusion coefficient

5. Conclusions

Introduction

 Background
B L OVRSHERESEH OB, BLT
TRUBEHALFTENT
SR OB RIZHER,
AFRAROFE N

@ 2H,0 + 2e = 20H + H,}

R bR MREM OREBKEIC K DI RENR
2873 a4

| x> 157 rommREE 1031557 2 OBBO BT |
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: Previous works

A A DHHUT NS B BEROWMEH
H,H A DEE#IRE
Eriksen and Jacobsson (1982}, Neretnieks (1985) XV FF1T

J, BERk
“surprisingly low” (Eriksen and Jacobsson 1982, Wikramaratna et al. 1993)

EXRITBIT D2 NETOWA

1. Na#le2®BYDFA bHROANY T AOIBURH (Sato et al., J. Nucl. Sci.
Technol.,, 38, 577-580, (2001))

2. CaREZEVY DI MFOANUTAOEBEREEEY OIS b
B BRROIBIFE O Higashihara et al., J. Nucl, Fuel Cycle
Environ, 7, 51-55, (2001)) .

3. NaB®EEUOF- FRIZBTBIAY T AOHEBROEEE T RN F—

(Higashihara et al. (submitted to Eng. Geol.))

- Purpose of the present work

ERTEY O FRIZBITS

o AUTADHEBHREDIE

o AUVDADEHBDIEHALT RIVF—EHRE
o ANUDADHEE T OUTRERHN

o KFHZX DHBHER R DT j
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Experimental materials and procedure

Specimen

the holes for penetrationt
of deionized water

iy / Q-ring
i~ compacted montmorillonite

(¢20 mm x 20 mm)
acrylic resin cell

sintered stainless steel filter
water saturation (30 d)

. Procedure _

EMNaBEEUOFT b (p=0.8~1.6x 10° kg m?)
| GoHR)
BENU T ADEEL 278 ~315K, 6.0 h) l]:> Diffusion cell

l

L0 mmfERICEI D 4307, BESRICRR

|

MERERM TS (QMSIZLBAU T AROHHT |]::> Vacuum system

AU LADBESR. BT OIBERED, CC = er;fc[

BB OBELIRIINT—E, 2./Dt J
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helinm gas inlet .
P—

deionized ﬁr:;te'r“--
) /]1_ - dissolved helium
i e

porous stainless
l steel filter

Stainless steel

gas outlet ) supporting plate
o~
constanﬁmpemmre magnetic stirrer (5_ water-saturated, compacted
water bath ‘ Na-meontmorillonite specimen

capacitance manometer

lq. nitrogen trap

lig. nitrogen trap

turbo molecular pump electaic furmace

\ rotary pump silica tflbe
for helium release £
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Mass spectrum peak

301[S MIUOILIOUNNOW B mOX)
NI JO JATND ASEIRY
8 [ owm AreIqQry
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Results

Concentration profile

A . r . 10 \

408
Jos
o
o~ 404
3

D, (A)=6.6X 100 3 51 {02

D,(B)=4.4% 1040 m? 5t

[17-9 4

oo B
D,(C)=3.6 % 10°1° m* g1 .
L(CT)R3.0% 1071 md 571

Relative concentration

o4p 200 C

D,(D)=2.5 % 1010 m3 51

sz} 00 D
D(E)=2.0% 10"1° m? 51
o0 N A .
¢ 5 10 15 0 E

Penetyation depth / 10~ m
Concentration profiles of helium in watensaturated
compacted Na-montmorillonite
Dry density, A: 0.8; B: 0.9; C: 1.0; D: 1.2; E: 1.4 x10° kgm
JBubbling thue: 6h; Temperatare: 298 K
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Dry density dependence of D,

Na-type (Salo ct al., 2001}

]

O Ca-type (Higashikars ct al.,, 2001)
Wt 4

v

MX-30
N Kunige!:V1
) ------ HTO (Nakazawa <t ol,, 1995)
:é: A C1' (Kozaki et al,, 2001)
I 3
F
£
g W'
g‘

10 s 1 2 L
06 08 10 12 id 16 18

Dry demsity / Mg m’

Apparent diffusion coefficient of helinm in
compacted bentonite as a function of dry deansity

\_ =

Concentration profile

p:08 x10* kg m*
t:6.0h

2 s
)
CVO

=
1Y

=
o

3
Y

Relative concentration C/C, (-}

@
b

00

0

Penetration depth / mm

‘Typical concentration profile of hellum in water-
saturated, compacted Na-montmorillonite
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g e
8 <
=] 0 |
Rl
3
(=]
= © p=08x10 tE =147

= v 1.0 10° : 172

B o 12x10° : 69
@ o 14x10? : 109
173 A 1.6 10° kg m>: 18.5 kJ mol!
al lu—ll 1 1 L A 1 L 1 i L A 1
f‘n‘ 31 32 33 34 35 3.6

-1 3 el
T /10°K
ARG

R 7 ]
p
s Cs*
. ]
,/ (Kozaki et al.} |
—,-, -
,"
e
HTO

Activation energy / kJ mol”

Hein bulk water |
14.9 kJ mol! (Wise et al.)
0 i L 1 I 1 A 1 L ] I 1 L 1

0.8 1.0 12 14 1.6 1.8 2.0

Dry density / Mg m>
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Discussion

Diffusion coefficients in Activation energy / kJ mol!
waterat 298 K/ m? s | ig water in ice in Na-montmeorillonite
He 7.5 x 102 @ 1496 | 11~13® 69+48~19x28

H, 6.1 x 109 @ 16.5 @ - -

HM0 |0 2% 1000

(d} Nakazawa et al, (1999), (e) Parsons (1959), (f) Kozaki et al. (1998)

* (a) Wise and Houghton (1966), (b) Haas et al. (1971), (¢} Eisenberg and Kauzmaml (1969),

AU A ‘
o KRPZBNTHOIEFEEI D bREDHBAEHRERFD
« RPTBNWTHOEERL D SN RBEEEIRNVF—E2RT
« KOFIBISRLTFOHCHHOE XD SHLNITNEREZERT

AN T ADQRFPYA XidfDbEEL D BAEL, KOF
_OEBORBIEDETBITTES

AU LRBKFTHIKORTHNH,00 TR D LR (cavity) 2B T3
D TRV A (The cavity-to-cavity (Herbert et al. 1994) diffusion)

ANUDARK, K, BEXEVOFA PRIZBWTRACK D ICRSHED
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( ERELEYOIA FRIEBEBAU T AOKEEE )

L ANV ARIREBECS ~ 1.6 x 10° kg m? O IC B W THRAR Z2HEBTS

2. EXEUDTT MEEPFOAZTFRKOLS RS EHEFBEINTHE
ELTH. AU ARKSFROZET L (cavity) ZHE T AW RIERD 2

\, y,

f-4(96)



Diffusion behavior of helium and hydrogen gas

ANUT A LR, KRATRAORTTA AEMOECERIDAI N,
PV KROD,, EJEANVTALFRRBRETH S,

L

EEUOFA MPIZBITSKRTZ DBEEBIZA T OAD
HECEBIC I

EEUOIT FRIZBIFSAFETX DI FEEZE,
N U 7 A DIBARE S 0y THFE

O : EEY OFA MRICBT BAREA R OIBOBMEOETL,
A T A OBTERETE, LS L0

D,(H) = fy. Dy, u,

ESEYOFA FAOBREEEETES L 5L, AU AOLBOBAZY
ER S

S =D,/ DO,He | ®
D, :EEUOFA PRIZBITBEANITLADOEN T OHEEEEK
Dy pet NIV T KB OAY 7 A OIEEREK

BAE : TEY DT A FRICBT SAROIEHETIEINY 7 LA OEEEH &
ERERTH5

[ H, = fre 2)

Lo TEEY OF FRICBITBAKRO LD OUBHRED, H )R
7 KPR DRROELMEBED, , RN T

D,(H)) = fy. Dy,
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Estimated diffusion coefficient of hydrogen in watensaturated

compacted bentonite / m? 57 (298 K)

Dry density /

Mg 3 Na-mont. Ca-mont. MX-30 Kunigel-V1

0.8 5.4 x 11 67x10°  14x10° -

0.9 33 %1000 - - -~

1o 2,6 x 1010 4.5 x 1010 7.6 x 101 9.4 x 10-10
12 2,0 x 1010 3.4 x 1010 6.1 x 10-1° 6.3 x 1010
13 - 2,6 x 10710 - -

14 1.6 x 10-1° 23 x 101 6.2 x 10-1° 7.4 x 1010
1.5 1.1 % 1010 - - -

1.6 1.1 s 1010 - 3.6 x 1010 4.6 x 101
13 - - 2.2 x 10-%®

The diffuslon coefficient of H, in bulk water: 6.1 x 10 m? st (Wise et al, 1966) ===

| Diffusion coefficients of hydrogen

10*

%

3
[

Estinated diffusion coefficients
of bydrogen / w’ 5*

10"

\.

T T L I ¥
©  Na-ype
G Catype
A MX-30
v Kunigel-V1
o
o o X v
® e 0 0O A
(]
L ]

Estimated diffusion ceefficlents of hydrogen in
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Some applications of using a low radioactive source below 100 Bq.

B As arandom number generator

— Personal Digital Assistance

— IC Card
B As a probability generator

— Pachinko machine
— Slot machine etc.,

Table.1 Characteristics of some alpha active sources,

Nuclide | Ti12 | Eq/Mev| Ep/kev | Daughter
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Fig.5 Diagram of 222Ra trap system refrigerating by liquid nitrogen.
The carrier gas was taken at the point of B and C to determine the collection yield
of Z2Rn.
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Fig.6 Collection yield of **2Rn by the liquid nitregen trap.
(operating at 76 K for 21 days.)

27Rn source ; powder of natural uranium ores,
The average flow rate of the cartier gas : 170 cm?/min.
The activity concentration of 2ZZRn at the inlet of the radon collection tube ; 621 kBg/m?,

The differential collection yield of 22Rn is calculated from the ratio of the alpha counts
in the carrier gas at the point of B and C shown in Fig 5.
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RPG OTHiFFRIE *Pb RIROHEHE (2004FEHEDH)

L HERER #100( 1 100 Ba x 10° = 100 MBq
B 2R (B 55 OF ' | 190 Bax10°x03=230GBg
1 T)) S 2 . SIS '
kel - | PRIREE

—_ BARFHERE _ FAFEE

*Ra DHEHE :

BT S Rn % 100%HETHEUT 384 x REHA
* RF 3R : #19 GBq (243 mg)
- SRR - # 3.2 GBq(86 mgp)
- RITRIT - #9960 GBq(26 @)
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Estimated effective diffusion coefficient (m2 s'1)
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pH>5
=Al-O-Cm™(OH)(H20)4

51 ElgE A

pH>7

=Al-0-Cm2+(H20)5
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=(Al-0)2-Cm*{H20)5
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OECD/NEA Sorption project - Phase 2 123151
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EFIWET—A @5—A

1. Np sorption onto iron oxides

2. Se sorption onto iron oxides

3. U sorption onto quartz
(3 Ni sorption onto montmorillonite
) Np sorption onto montmorillonite

ArREERTATEEMAR
2002,1.10-11, LA SR EHHFR KT

® U sorption ontc Koongarra weathered schist and component minerals —

7. Co sorption onto a number of specific soil types
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Np profile in column
(Np in Lig. + Np on Solid)

pH=6.0

1=1x 10" M (NaClO,)

N,-glove box

25°C

column

5 mm? x 300 mm*
8 um SiO,
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In a previous study: NpO,* ions & Np(V)-Fe(TIl) colloids

Np on Fe colloids
2
e "C’g‘”) ‘v, "C‘g") + €8, (x,1) + €5, (x,1) - D, a—f;%’i’ﬂ+ €aC,(x,1) + £, G, (x,1) =0,
Np as solute x>0t>0, ()
2
20l o) LD s ety 5,00y - e, T2 S s e + LD ag,
Matrix diffusion x>0t>0, (2)
qix,t)=-e,D, N .:t) , x>0,>0, )
¥ |,
Kd;: neglected; Kd, & Kd,: measured experimentally
Breakthrough curves of NpO,* ions and Np-Fe colloids
100 - - . ; ‘ Np-bearing colloid
pH=8.0
=high recovery

0IM1=1x10"M __ r00coo o 0o]

migrate at similar

S 60 |- Np(V)-Fe colloids velocity of HTO

o

-

§ 40 NpO,* ion

*retained in column
20
0 Looaod ot tu , X . , V(i e[ulet.i volume
0 0.5 1 13 2 2.5 3 Vg cffective volume of column

VOV,

Numerical result agreed selatively well with breakthrough curve.
But filtration coefficient should be assumed.

f$-14(167)




Filtration coeficient (m™)

Breakthrough curves of latex particles

concentration

Filtration cocfficient A was determined
as a function of particle size.

time Diameter = 50 nm, 100 nm, 0.45 pm, 1 pm

Latex size (pum})

Filtration coefficient depends on particle size.
Minirum value is for 0.45 pm in this study.

S

‘We understand that

(i) size and structure are different,
(ii) interaction is not identical,
between latex particle and HA.

Size distribution of Np-HA in input solution

size Fractionation (%) | Filtration coefficient
(@?)
<0.1 pm 10
0.1 pm ~ 0.2 um 56
0.2 pm ~ 0.8 pm 22
>0.8 Km 12

As the Oth approximation:

Flitration coctBcient (m')

Luiex elze {um)
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Concentration profiles of Np in the columns

NpO,* ion (HA free)
10° T : T T T
v(i)vg=3
g 107 )
Z ,
=] v(i)vs=8
=]
(=]
£ &
g w0t .
]
8
2
=
ﬁ 10° | 1
10'4 1 1 L 1 1
0 50 100 150 200 250 300
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Np-HA
10° e T T T
d
2.
‘.%10-1_ O:-DF L i
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g o °
2 / ,
o
B g2 .
% 0°F  viyvg=05 ]
£
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107 1 L 2 i 1
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FIGURE 1. Diagsam of the ITC cell. A modified syringe contair-
ing the figond rotates in place during the ITC experiment. The
end of the syringe has been modified to provide continuous
mixing. The plunger is computercontrolled ond repeatedly
injects precise volumes of ligand into the cell containing the
macromolecule.
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FIGURE 2. Representative dotu from an ITC expesiment. Top Panel
shows the row heat dato obtoined over o series of injections. The
bottom panel shows a binding isotherm created by plotting the oreas
under the peaks in the top panel ogainst the molor mtio of ligand
odded to macromolecule present in the cell. The box represents the
best values for the stoichiometry, equifibrium constant, and enthalpy,
tespeciively. The x* statistic of the fit s given. The solid line regre-
sents fhie colculated curve using bestfit porameter values.
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Fig. 3 Stepwise enthalpy and entropy of uranyl acetate complexation as functions of

temperature. = 1.05 mol kg NaClO,. .
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Fig. 3. Ew([il)-TMMA systems. Ah, \, as a function of the ligand to
metal ratio (C,/C,,) in AN containing different amounts of DMSO.
(A) No DMSO; Cy"=333 (+), 16.7 (@), 833 mM (&) (B)
[DMSOJ/(Eu] = 5.0; Cy, ®*=33.7 (+), 16.7 (@), 8.34 mM (). (C)
[DMSOJ/[Eu] =7.2; C\, ®=33.8 (+), 25.3 (@), 16.9 (), 8.44 mM
(A). (D) 10.0% DMSO, C,, %=34.3 (+), 20.6 (@), 13.7 (§), 6.85

mM (A).
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