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1.% B

Fh AT THOBSHERERTIE, BROEHIRE, BRE miywE 0
Bl HUFKRE & OSAIRICEET 5. AFIR TR, BREHERESTERNRO—&
LT, 29 ATSYTHO—DTHEAY M1 MMITATEEAL LSS, 20
Ry M MRDHTFAKIZE T 5 BEHHERREOWIRE UK R I U TN 5 52,
BN BIEa. L KR & DSETUREISIC & > TSI E ST = 5 5
BETBILREME LA, Z0kD, RY M MBEBEO LS BT VH VIERIZBT 5
BREILDOVWTENET —ABEHINTOE YT Y 7ACH 2 HFTLRL LTEE L,
MITEF— R ITE IR LI Sn OERE L, RRAERIORSETHEHEHET I VRO
VAT BT 5 Sn DYERRE £ L T, RIS $hE RREEINAY M1 b B
FULBESOEREADSERIR U, $i. RV MNBEEICBIT 5 Sn SR+
REL, RV NEERIZEENZERYEC & AEREOEMLREL L, WERED
HEN% KRG Sn DR THIETE 2D E S PRN T 40, BRENREIZ5T -
THEEE - BROEEREFVCETAMELAEL T, ERLLEFEMEBL., R
B I VB TR S VERC O &, Z OERTOMEEFor,

2. - BEOEIRE FVICE§ SHIEOBIREE

SETORER & MHEEFEROE 2T, e, WREIc>WTREL A,
REBREFET D,
a. THEROXRERBRIL, UTO7NVER 7IVER HET7IVEBIIAEINB[1]
- 7NVREE £ TOpH THEk:
- T7IVEE TN AVICHERL, i3 ATFOBMEAR TR
- HET7IVE HIBICEEA L. TIVAVBERTLEREI AR,

b. ZVREE 73 VED &S BRREER B A OSEURESOTMEER L RDS
B BSBOYEREORDLYIC, EBAAVEHETEIEREOREYAVSHIE
PREEINTW3[2], EEAAVEHRERLC L $B AV EHESTEIERHEDE
ErYEREOLLERINDS, (I + 28)

SRBA AV ELEETEHEREORE AW e GHEERERD 8 LC 13, B
BRTII P, A AVRBEICIHEVEBEZIRWEL 2), £/ 73 VBOHRIZ
LB TN EFRINTVD(RY), 2L, TVAVBERTOB LCOH, 17
VIEE, 7 I VBERANOKEERRERI TR,

c. SHURCESD oH, 1 A REHREE R T 5 kL UT, SEREE0 2R o DR
Bl dahErHH[4]. Sn OFEMIIREALBVN, AL IHEOREA A THD



A Tl
log B(Am) = 3.5 + 10.9 &

THD,
d. SEFBCEROMSE T, LPAS, BUYeHE, BRAUGE, URHEI X BHENELTHY,
HEfED@E N iEA W3] (FE3) .
e. BEEPEIZBITS Sn OBBEOHIEIZFAN > T, ROTE { AEFRAEHERORME
&,
- TS BORRERR Y ERE
- T OBNORREGBBORE 1 AV LA =
L&Dl A A RREE IS B R |
THd,

* BB A VBB EDERIL

IC = 3 DF%] /EEEEDNBIEE oot 1
Des] @ BAIEO7IVELEESER TSR A VOEE
TH%,

ERBOYEEEDORDY I, SBEAY LEATE D EHEDME & B\ V-
DRI |

MY 4 HA(IID* = HACIID) ettt iire i ieesrennnsnssnnnnasnns (2)
SEHTER GHEMEREE) 11
gLC = DMHACIID] / {¥] - (HACTIID It - LC — DHACIID D} ....(3)
LEFZING,
P2, BA(IIDHESEA AV S LS 73 VE. IUIDILIRT I VEDS
BETHD,

LC i3, ARBARIEEA A2 B8RIIMA, ERREEELTHIEBA A VIR
EORIAHENDRDB,



#1. FRALLASESERERCRIETpH, (AVREORE(Z7IVE) (3]

R fA Ay  pH A AVERE log B LC (L/mol) ME:

Bradford-HA(H+) Am(IIT) 6.0 0.1 6.16+0, 38 UV e
Bradford-HA(H+) Am(III) ) 6.42-+0,38 UV IRYERE
Bradford-HA(H+) Am{IIID) 5.0 6.4110.70 UV IR YEE
Bradford-HA(H+) Am{III) 6.0 6.281+(0.34 UV IR

—e e
O

#2, BRALUERERICRIET o, 4 AVREORE(ZNVAR) [3]

73 VEEE 1A pH  AAVEE log BLC (L/mol)  HIEE

Bresbo-FA(H+) En(111) 2.71 0.1 6.2 =0.1 A
Bresbo-FA(H+)  Eu(I11) 5. 56 0.1 6.3 0.1 : b
Bresbo-FA(H+) Eu(III) . 6.51 0.1 6.5 0.1 e
Bresbo-FA(H+)  Eu(III) 2.71 1.0 6.0 +0.05 B¢
Bresho-FA(H+t) Fu(IID) 5. 56 1.0 6.2 =0.1 HYE
Bresbo-FA(H+) Eu(iil) 6. 51 1.0 6,7 0.1 e
23, HWEHick3 An-7 3 VB RE BEmiEDE [3]
73 VERE log 8 LC(L/mol)
UVAN 2 Mgk kR LPAS % PR
(Ultrafiltration)

Gohy573-HA(H+) 6.44%+0,15 6.2240.07 - -

Aldrich-HA(H+) 6.39%+0.14 - 6.11x0.05 -

Bradford-HA(H+) 6.16+0.38 - - 6.53+0.30

UESF: o 6.0, AVEE



3. WEENEREBICA DS R BB OR[N

3.1 B SR y—ay

KREEHOAFHEE R 2D, TVRVYFHBODTIVEBF NI TARRAVE T
NRYwFHEOT I T MY UAR BRAERETH DI, pH3 BUFOWBIRIC TR
BEEBATVB[Z], Thbb, 7IVEBE 7UVREPLLES YEZ LN, MTKBIRRE
BEIIRBTEILEALLND,

TRV FHEDT I VET MY YA 25 %, 0. 1M D NaOH 5K 500nl I2mMA, A% —
F—% VT 8 IR L 72, S RABER, LEARETAVTF—Taitd ) a8,
IR YE Uk, 81 REE2ESFE 10000 DEAZET7 c V& (S URTHEENS
VL7432 kYAHBL, B2 FEHEEE~ Sn OBEEICRIZTERBROYETMR
BRlzid, B2EBRRERLUTHW:, TAL—Yavid, BRICBWTZO—T Ry >
ANTERBL =,

3.2 BT O Y RIR

B 2 FRIC O EWEERIT 7. BEREETIT >/, WEF\EERLIGRT, &
BSEREE 2 BRI A A 3B A D NaCl0, 2 iNA T, S0mL i AR 7w 7L, HEWHERES
% FAVVT 0, IN-HC1 Tii§E U 7=, pH3. 0 25 pHl10. 0 £ T, HHE O E LR a1V
RETVNETHY, pH3. 005 10,7 O CTHEHET S [2],

AAVRED]1 £ 0.30D 1 EBIZHITSLEREE. pHl0.7 25 pliS. 0 £ TORBIOME

EVI 5, OF + I = L0 ORIGDIZHHE L DS pH10. 7 DEHE % plis. 0 £ THET
BOIZHELMRHER V2 2EUEVWTRDE, 1A VEBENS BLUMAVREL3D
2 BEHOHEE T, TEEBBITTOBEED o 2310.4~10.6 THok, FIT. FH I 5
pH3.0 2 CORBOWERERZ VI L U, 08 + B = B0 ORIEOAME U B354 147 pH
HpH3.0 FCHETAIDICHELESGEERZ V2 L UT, SEEE2RD-, HERED
AR R4 IORT, 6 EOWEDLRIMEOTHN S, YEMEY 0. 104eq/L LEEL
7=,

BRI 2 RIS & EN0 7 I VRS OBS B RO D /=i, FHEIEE 2 FRHlIER %
IIATPH] IR, 73 VRO EiRasEL (2, 5], 2HFIEZR 2 IORT, R
U 723008 R 0. IM-NaOH IZiR U 7- 3Rz 0 &, B 2 R AU PR CYERE
2R, HEREOAESERELRL ICRT.,

pH3 25 pH10. 7 £ TIZEERES 5, VRS VNVEITIEY § 25 R0 4 BT MEIL
0.048eq/L THorz, ZOMEIIE 2 BiROW 505D LEIBETH S, Thbb, BRERR
AW EEEERARRATI . BRI RIS BRI (7 X VBB b3 50, VAR A

(7 VARERRSY) B S0hEENT VL VRS,

.



3IE/A A VBB BRMEOTMIGERETT. pHIO T TR, 1 A REDH
ML &b IR R T 525, A A VIREAK 2V Y pHIO BA L CORMEE DM
EW, Tk, pHIO AT CRRMES S EREEIIA A VIRESHEMNT B LR LIZ< <&Y,
pH10 M b CHEsE T 5 BRI MITMIEL ¥ < 0B T L R EORT 5, pHIO BT CREET
BERREIIANVEFIIVE, pHI0 M ETHEETIERERT = ) -V RERLEZLNH[1]
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F4., HEERE 2 FEOYBREFMMSR

FENo AAVHRE #I5A pH Vi - V2% LEIRRE
(=) (=) ) (mL) eq/L
1 0.1 11.29 1.98 0.099
2 0.1 11,26 2.10 (. 105
3 0.3 10, 94 2.08 0.104
4 0.3 10. 60 2,28 0.114
5 0.5 10. 50 2.16 0.108
6 0.5 10. 36 2,10 0.105

TRV HOLIRAE + 0.100eq/L, BARHTMAZHHESE 2 RilE © Znl

HAEE ¢ 50mL

* V1 : pHI0. 725 pH3.0 £ THETSDITEL A FHERFIH pH #3107 AT
DAY, FHpi 5 phi3. 0 EFTHETIOICEL AHER)

V2 : H'+ OH = H0 OBERRIGOAHE LS pH10. 7 DMK 50ml %, pH3. 0
 CIRE T 2 DICHELHGRTEE 2 (FH pH 28 10. 7 AT OIFEI. 405
pH 26 pH3. 0 ECIRET 5 DICHELFRHEER)

o LEGRE = (VI-V2) - HCl JRRE /AR5 2 RiK=

R5. HERTHRSEBEERL ARERENO S ERBEFNMAR(5 2 R

MBI No AAVERE  @HIH V1 - V2« e
(—) (—) (—) (mlL) eq/L

] 0.1 11.53 0.97 0.049

2 0.3 11. 60 0.94 0.047

3 0.5 10. 80 1.81 (0.91)

REICAHWAHCLIREE : 0.100eq/L, BBHIINZ/EHREES 2 FIE © 2ol
ABAR : 50mL
+ V1 : pHIO.7 A5 ph3.0 X THEET 2 DICEL HHEE

V2 @ W+ OH = 00 ORBMEERIGOANEL S pHl0, 7 DK 500l %, pH3.0

FCHETHOICBRELRAREER
w WEEEE — (V1-V2) - HC1 3% /A 2 ks



e A

X 3 &1 A4 REIZSITOEEED pH KK



3.3 ABEOREA A L RBAE RO M

B4 CEERFIE T, EESEE 2 IR AL, Sn OAGEHE ® A T, Sm % 0. 0024eq/L,
L% 0.0104eq/L &3 pH5. 0, 5.5, 6.0 DYFH* KL /=, JHEFBL 7= pH5.0, 5.5,
6.0 @ Sm DFKIEWE (Sm FEE 0.0024eq/L) &, LEBHEERE L, A REFEAIZ NaCl0,
BMA . ZOWHEEIHBELLLIA, (A VEBE 0.3 U LOBRO—TIRIREE
Uk, HBEORRLBHEIIBCOIO—T Ry 7 ACEEL =, B EELRD >/ 1ER
Tld, BMARY M LERIR LGS LTS Sn SO % RA7z, HRT 4 UK
ZoWTIE ERAROBILARY MVinbE{FA SRR » 77 SniBE X R, RS
D Sm/ EEELEFHEL L (F#6) .

B HEEOBIUZ AT Sn ORI TEL, @B AV RHBREEEL Sn O f>f BBROR
ARG MVIrbRD D Z EIZTERPo/, —F, BEBR SR AV EEILERELE
WERRBLPTW2Z] . TIT, KRR Sn/ERE S ERIZBIT S Su/E gt S L
WEEZBE, Sn/EEEIE, A oli3.0 » 5 10.7 £ TORI LT 2 EHERD >
B, SmEHELTVWEEDOEETHY, @B AVRBBEDRBELEZ LIS,

B 5 IZRT & DT, BRE UABIRIZEI SR O Sn/ FHEEBIIMREE L L6
iU, fREEE 0.45 TR 1 IZho/k, Sn/HBRHLE &R AV REFEORBELEX
Y, BEEBORMEED 0.5 L LOBH TR, B AVRBERIL] LEAbN5,

Thbbh, RV MF MIEREUAKDE S BT VAV ISETE. RRESBROSRE 1
AVRBARIER L ITIRL TS EFPRLUL,



AR+ Smis TR SmBEE
HHERE : 0.0104eq/L
Sm : 0. 0024eq/L

Sm : 0. 0024eq/L

NaCl04

pH : 5.0, 5.5, 6.0

pH: 5.0, 5.5, 6.0

(A 7 BEFHBIR)

v I
B
A FVBE : 0.1, 0.3, 0.5
pH . 5.0, 5.5, 6.0
SmiE & : {0.0024eq/L
HRsEEEEE  : 0.0031,0.0052, 0.0104eq/L
v
BEOR
( wmesvrss ) PR 2 U 2 10 o 3 )
EEAD . ¢
RR” Gmamny e S TRBAAAS M
T i3
e : mzaﬁbw®y7bwﬁ
@ﬁﬁﬁﬁ A
R DA E ¥ A
_%ﬁ@@m%%ﬁﬁ
Y
WEhOT <) oL/ EREBH
B OSnE
RO GERE

4 FBEA A VREBE

EFHORRTIH

—10—




F6. YHBPO Sn/fHHRT

IS pH SmybiE W AHEEIUEE Sm/ 43
(=) (= (meq/L) (meq/L) (eq/eq)
e =230" e=500* g=230"*  &=500"

0.3 5.5 2.1 2,2 2.1 0.54 0.79
6.0 2.3 2.0 2.6 1,12 0.90
0.5 5.0 2.0 2.8 3.0 0.73 0.69
55 2.3 2.7 3.0 0.82 0.77
6.0 2.1 2.6 2.9 0.77 0.71

* 1S @ A A ERE

w EESBOEER, PO Sn/ERBIICERE TS, FREBOADERD
B GREIEH 230((L/ (eqrem)), HABU HABDORK Sn/HHEEHLTOR
YerEfREI3#9 500((L/ (eq¥cm) ) RDT, Fﬂ%‘@%’ﬁ%ﬁ’@@%‘r%{@%ﬁt

1.2

i ‘ e I15=0.3
[§=0.5
1.0 ; J

0.8- i/g,z/;_ L

MY U A/ EER L (eq/eq)

0.6

0.4

0.20  0.25 _ 0.30 __ 0.35 _ 0.40 _ 0.45
fREERE ()

5 5 ¥iErHo S/ R LRI IR



4. Sm OERECRIETHEROMEITE

4, | BEEERICBITS Sn OMERREHE L R BOmE

RS 2 ER A FUKCTHERL, NaCl0ll&>TAAVRRER 0.1 ICHEL /-, Ak
YERE T 6x10™*eq/L(TOC $48 « 9 50ppm) & U7z, T O Sm(OH), D#EFEENXZ., NaOH T
pl % 7.0, 8.0, 5.0 iCHEL -, ZhbOFBI, 25CEICIFRE AT O—TRY 7 A
IBOWTEEL - #38Z0EEHT. 5CHICIEENEB—TRY 7 ZBWTHE
L7, HEHRIEOABIT0HELA

RIS EROBNER LI L T, SEAFE 10000 07 4 )VRIZTHRL, FE
TS XTINEET S R W U, 7, B TR ORI XAE 2 E (1RD)
WEYVREELA., B S0, TH-> 7,

6 IZEHEROZRRIO ol L Sn BEOHEM@ 2 AT, ERTENZT -2 [611LEH
U7 Sn DERAREE, Mldsh s — 261 hAE L - Sn* BB TH S, Hil
B ah R SmEEE. 8.5 »5 9.1 ORT 7. 7x10%mo1/L (o=1.2x10°m01/L) T,
PHERTEHEIIFE X A ¥ o e, BT —R[6]HLEHEL /= Sn B I 1x10®mol /L T,
HE X N/ SmiERERE IR Z D 800 fFTH 7=,

VIR ORI IMAEER RIS £ & L TAUE, VARSI A HERRE (LT 5,
EBOTO N AR % 5 neq/g[3] L THIE,

[SmHA(IID) I (mol/L) = 6x10°8- &G HEReIEE (ngC/L)

THd, THHL, pi.5MDH 9.1 DFETIE EHEE lppm H7x ) 6x10°mol/L D Sm {ZEED
Windide s = e ATFEENS,

Sm R & MUKPDESZE T — & 610 HFIHR U /- Sm DB RPAREDE & SnR{SEE kD
TR [SmHACTITY], Sm* A A > DiRE=E@RREE L U T, Kin bOEHIZ &L HSMEERER

BLC = [SmHACIID)] / {[(Sm*] - ([HACIII)]t-LC — [SmHACIID)])} ..... (4)
w3k, pliB. 5 M ECIXEMEOMEEEIL L IDEL, LIkl &2, LCH1DBE.
B LCIXAIZE LW,

B LCOfEE pHicLTF/Oy PUARRER TIZRT, B LCDEI

log BLC = 3.00pH - 19,50 =+0.20 (8.5 <pH<91) ...coenen..... (5



TH-orz, B LCILpHEIFEMEINETVEWS, Kin LOETFIEEILL Tl 7s,
TR VRO X ELREEED Sm(0H),(aq) TH B Z b,

Sm(0H),(aq) + HACIIID) = Sm(0H); HACIII) ovivunvevnnnnnneennnnnns (6)
EWSEHERIR e E A, THRER

B oz = L[Sm(OH) ; HACIIT)]/( [Sm(OH),(aq)3-[HACZID]) ............ (M
HWT, [ Sm(0H) ; (aq) HA(III) 1% SmiEDBMAMFL WL THIL

108 B gz = 6.5 +0.2 (85<PH<O1) toiiriniannenns, (8)

L), pHEREHEIXIZEE A LD o/,

SuEEEORAERH, Q) ROBETH 1O ROBETHEIE. T2 LIET
i, LU, 7K VEHICS SRRSO, BIESETIRIEL AL FELE
U Sm(OH), 6 -HACTI D), ZDKE MO & 5 eSS ), BiEmKCIE S h
SRR BTN ERMIC T VA VB ERT S Z 8 TERY,

SEERERMELD E, R—-507 5748158 BA AV DOBLEMHEY T T
B, U7 MR BHEPLEBAA YRS SHTIANVETRLTEOT, B OENE
HEROLND UMD D D, TOL>% 8 REERDZHEEEEL, BREH»DLRO:
B LHETENE. HISEEEETE5LERD,



SmiEiE (mo1/L)

—— SufHONET— 2 610 b EHE L /- Suif iR

seeee SoEHEOBAEET— & (6155 EHE L /= Snd I EE
HREEHROSIREE (Sn(0H), 2408 RFD)
BB RrPOSTIREE (Sn(0H), % 60H IZH)
75 2 2 R ODSnPsEE (Sn(0H) , £ 40B B
75 7 RS (Sm(0H) % B0 R i)

103 ¢

104 |

10-5 |

10-6

107 |
10-8 ; "‘\

7.0 1.5 80 85 9.0 9.5
pH

B 6 Sm(OH) %5 ¥ U 7o SmiREE L BN 7 — 2 00 b DR FRIED HE

7.8 ——— . : .
[ e 40 0/./

T8y o GOREH e

7.4
2] 0—7

= o] L
o L
= 6.8 &
@ | /
w)
2 6.6 _ S /.

6.4 /)/

- (o]
5.2 7
] . - - : -
8.5 8.6 8.7 8.8 8.9 9.0 9.1

pH
X 7 B LCFHMiE & pHORE{R



4.2 RV hFA MEEHICS TS Sn OEFEHIE

Ry N MEEIL, AV N b S0g i2Bi&Ak 500g 2Nz, 1 HiZ | ERREOHE
TRELLVD 72 HEERUAFERE, 8L O TRWEnwe, TORVY M1 M E
BTSRRI % R DAL L (3000rpm, 30 4), LA ZERL THE2F& 10000 TSi#
Uk, PEO—E% LY, RRBEERE L, A% 1000l I 28U %, 2 HED
W IE NaOH(pHI2) 2N AT, TNFHpHS.0 & 9.0 IZHEL 2, BD | fEDEKIL pH
PRERBL LMo, pHERBOEEO 13 10.40 THh o7z, ZEHE S0nl 52248 L,
FNZ 4 Sm(0H), 259 20mg L 7=, 24 WEFEER. ol 2 BRE L. THhH DM,
25CHICIRANET O —TRY Z ATBOTEEL &, &REHL, 25°CEITIZR =N
R O—TRy 7 ALEWTHEL ., BEHRILAOESLU0HE L,

e S ERORBER L T, 282 F&E 10000 D7 ¢ VXIZTAEL, FE
AT ATHNEET SmiEE R WE Uk, £/, #ER THROERITXIREIEE (XRD)
W& YEEL .

8 ILHEZDEZFNO p & Sn IREOHEMERY, plo.7H5 10.4 FTOBHERICE
VWT. SmisEElE 7. 23107 mol/L (0=1.2 2107 mol/L) CH Y. BAZF—X[6INLEHEL
7= SmERREE 6. 4x10°mo1/L (PHIO)IZEEAT, 100 SBEREP ok, RV M1 MEHK
1D TOC {355 1200ppm Tdhorz, F/-, B Sn(00), L FHE S i,

— BRET—H[6]& YL A SuigaRE
10-3 ¢ —f e AT — 261Xk DR L 2SmovEs
5\ B <Y b MREEPOSEE (Su(0l) % 40BEK)
104 ¢ O ¥ bR O E (Sn(0H), %605 2E)
~ 108 \ _
= 3
B oo oo
i F 3
g 1071 o
Z ; \
10-8 —
10-9 L - P - : '
7 8 9 10 11

pl
X 8 R¥ b+ MEEBIZBH DY Y T LABE



4.3 N b A MBS L UHTFAROEHEBASERE S RIETHE

By oA PROFSBRIEEEMELZHITIE. 73 VA 17.5ppm, 7 IVREEN
168ppn THB[8], —H, SEHEER LAY bF+ MEEHKIE RV b1 b/ HSKE
0.1(g/e) TH3, SEMER LAY N+ NADEERIEELS. RIS THA I iy
Mo P ERBEEHET S, FRBILRERLBEOEEETOERERERIL.
#9 20ppm( 7 2 /BEK) 2ppm, 7 IVAREER 1Tppm) TH D,
LIENCRUAEESIZ, piS.5 MG 0.1 OBFERCIL, BHEE ] pondbiV B LT
6x10%mol/L DY U I ADOBEBEOHEINNH D Z ENFHEINS, R M4 M EEEHRD
FRE IO T8 20pom H O FHE NG, RV hF o MBEEROY <Y 7 ADYEE
FEOEME, 1.2x10°%m0l/L TH S, 4. 2HiORY b1 MNEEBIZBII YT Y T AR
BOWEETI. 7.2x107 mol/L OREHENHED . FHRELARETHS.

Thibb, XY hA MEEBHICBITIH Y O ABEOHEME, X M1 MIEE
NTW=7 I VBEORREEBROBETH L LEAILND,



5. &

[l

BIEDHTRMERE L. BRBIFOMTKPORBEHEE - OSSR L ) #nT
SHEEEN D D, SRR XETHERBOMNEE( O b LBAR BEEYAYOD
BHEEN, FEBREREOREHES) 2RkDD L LIz, TNAVERIZED SEEREOH
T LEUS U 7- 5T B0, B EOSURE SNV E AW THHTE SR L, £,
Ry hFA MREETO Sn DEFREBNOEMEHRN U, DTORBRER.,

a. SHUREREHEERREDE AT, WER, FEEIOWTHEEL, €81 A
BE, L0 2 AWSERERDRBEF T LB bh/k(], 2],

b. EEEEEE 6. 2x10eq/L (TOC #257 : £y 50ppm) DEERIZH 1) SnIEEOHEEEIL,
pHY ICBIHBNET— AP LEHE LU BEE 1. 0x10%n0l /L XV, 7.7x10%mol/L 74
KEMPok, BMEFEEREEIZ, Sr* 1 AV R LTS & U TROAEMRES S I

log 8 (eq/L) = 3.00pH - 19.50 *£0.20 ( 8.5 < pH < 9.1)

THol. BREETNCIE, ZOL5 L5 ol KEE L SHTE 2w,
—7%, B i I CRERNREEERED Sn(0H) ,(aq) HEEERTALEZ SR &,

log 8(eq/L) = 6.5 +0.2 (8.5<pH<9.1)
TdHt), pEFEINE o7,
c. N2 bhFA bEEH (N PFA b JiSaKEE0.1) TO Sn DiERE L. 7.2x107mol/L
(o0 = 1.2 x10"mol/L) TdHY, BHETF—X[EIDLEEL /- Sn DOERE
6.4x10°mol/L (pHI0) k¥, 7.1x107mol/L ZiF KEMn- 7=,
d. R¥ b7 MNEEEROHEGERBEE (19 20ppm [8]) MOHEHELA, eV TAE

BOFRENENL . 2x10° mol/L THY, XV bhFo1 MEEEICB TV o AEE
OEHITEOREE 7. 2x107 mol /L 2 IFF—3 L /-,
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1. Introduction

In order to predict the migration behavior of radionuclides in the natural and
engineered barrier, there is a possibility of the increase of solubility of
radionuclides caused by the complexation phenomena. In thiswork, first, we measured
characteristic properties of organic substances, solubilities of Sm, which
thermodynamic data for dissolution equilibrium had been reported, in the alkaline
solution containing organic substances. Then we examined whether the stability

constant based on solubility data could be explained by existing complexation modelis.

2, Literature Survey for Complexation Model and Existing Stability Constants
Modeling of complexation behavior, methods to normalize the stability constant
and method for determination of stability constant were surveyed, The results are

as follows.

a. Humic substances were classified [1] as,
Fulvic acid : soluble in acidic and alkaline solutions,
Humic acid : soluble in alkaline solutions, precipitated in acidic
solutions ( pH < 3 ), '
Humin ': inscluble for alkaline solution.
b. Normalization method using a loading capacity(LC) for complexation equilibrium
could be reasonable [2,3].

Pefinition of LC is,
LC=3[MP*] /proton exchange CaPaCity, «.vveeeeevevvevenvesnnsensenns (1)
[M*+] : maximum amount of metal ion being complexed
with unit amount of humic aid.
The complexation equilibrium was described as,
W+ HA(IID* = MHACIID) ,  ooieiiiiinirerrennnennnsonnnns (2)

B LC = DMHACIID]/ {IM*]- (MACIID]t-LC = DHACIIDD}, ....... (3)

where, HACIII)* was humic acid being capable to form a complex, and [HA(III)]t was

total concentration of humic acid. The value of B LC was equal to that of



stability constant A when LC was unity.

“¢. B LCwas almost independent of pH, iomic strength and origin of origin acid in
the acidic solution ( Table 1, 2 ).

d. Reasonable methods for measurement of stability constant were use of LPAS, UV

absorption spectrophotometry, time-resoived laser fluorescence spectroscopy
(TRLFS), and ultra—filtration method ( Table 3 ).

Table 1. Effect of pH and Ionic Stremgth on B LC Value for Humic Acid [3]

Humic Acid Ion pH  Ionic Strength log 8 LC (L/mol) Method
Bradford-HA(H+) Am(I1I) 6.0 0.1 6,160, 38 v
Bradford-HA(H+) Am(II1) 5.5 0.1 6,420, 38 v

. Bradford-HA(H+) Am(IID) 5.0 0.1 6.41£0.70 uv
Bradford-HA(H+) Am{III) 6.0 L0 6.28+0,34 uv

Table 2. Effect of pH and Ionic Strength on B LC Value for Fulvic Acid [3]

Fulvic Acid Ion pH Ionic Strength log 8 LC (L/mol) Method
Bresbo-FA(H+)  Eu(IIl) 2.71 0.1 6.2 £0.1 TRLFS
Bresbo-FA(H+) Eu(l 1) 5.56 0.1 6.3 0.1 TRLFS
Bresbo-FA(H+) Eu(III) 6.51 0.1 6.5 +0.1 TRLFS
Bresbo-FA(H+) Eu(III) 2.71 1.0 6.0 0,05 TRLFS
Bresbo-FA(H+) Eu(III) 5. 56 1.0 6,2 0.1 TRLFS
Bresbo-FA(H+) Eu(III) 6. 51 1.0 6.7 £0.1 TRLFS

Table 3. Evaluated B LC Values at Different Measurement Methods [3]

Humic Acid log B LC(L/mol)

w TRLFS LPAS Ultrafiltration
Gohy573-HA(H+) 6.44+0.15 6.22+0.07 - -
Aldrich-HA(H+)  6.39+0.14 - 6.11+0.05 -
Bradford-HA(H+) 6.16%0.38 - - 6.53%0.30

Conditions : pH 6.0, Ionic Strength = 0.1



3. Proton Exchange Capacity and Loading Capacity of Organic Acid
3.1 Preparation of Organic Acid Mother Solutioms

25 g of humic acid-Na form, obtained from Aldrich Co., was dissolved into 0,500
L of 0. IM-NaOH solution. The solution was stirred for 8 hours, settled for 48 hours,
and decanted, The decanted solution ( st mother solution ) was filtered using a
10000 molecular weight cut off filter. The filtered solution ( 2nd mother solntion )
was used in the following experiments. The preparation was carried out at room
temperature. Notice that the humic acid-Na form, obtained from Aldrich Co., was not

purified when the mother solutions were prepared.

3.2 Evaluation of Proton Exchange Capacity of 2nd Mother Solution

The 2nd mother sclution was titrated to evaluate the proton exchange capacity
( Fig. 1, Table4 ). 2 nlL of 2nd mother solution was diluted to 50 mL, and titrated
by 0. 1M-HC1, The titration was carried out at room temperature. The amount of
0. IM-HCI required to titrate the solution from pH 10.7 to pH 3.0 was measured. This
value was denoted by VI. Next, theoretically required amount of 0, IM-HCI 1o titrate
50 mL of a sclution, in which only the reaction H* + OH" = H,0 would consume the H',
from pH 10.7 to pH 3.0 was calculated. This value was denoted by V2. The proton

exchange capacity of 2nd mother solution was calculated as
Proton Exchange Capacity = (V1-V2)(mL) * 0.1(eq/L)/2(mL).

In order to evaluate the amount of humic acid component in the 2nd mother solution,
the humic acid separation was carried out ( Fig, 2 ). A portion of HC! was added
into the 2nd mother solution, and precipitated was recovered. The precipitated would
be the humic acid contained in the humic acid-Na form obtained from Aldrich Co.. The
precipitate was dissolved into 0. IM-NaOH again, then titration was carried out again.
The evaluated proton exchange capacity of the re-dissolved solution was shown in
Table 5. The proton exchange capacity was about 50% of that of the original 2nd mother
solution, Therefore, 50% of organic substance in the 2nd mother solution was humic
acid and 50% of that was fulvic acid.

The degree of dissociation was evaluated from titration curves ( Fig. 3 ). When
the pH was lower than 10.0, the values of dissociation constant were as large as the
ionic strengthwere lower, When the pHwas higher than 10,0, increase of dissociation

constant was large at high ionic strength. This finding suggested that the

_3__



dissociation of organic groups, which dissociate below pH 10.0, would become
difficult, and that of organic groups, which dissociate over pH 10.0, would become
easy. The organic groups that dissociate below pH 10.0 may be carboxylic groups,
and ones that dissociate over pH 10.0 may be phencl groups [1].
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Table 4. Evaluvated Values of Proton Exchange Capacity of 2nd Mother Solution

No lonic Stirength Initial pH V1 - V2% Proton Exchange Capacity
(—) (=) (=) (mL) (eq/L)

| 0.1 11.29 1.98 0.099

2 0.1 11,26 2.10 0. 105

3 0.3 10.54 2.08 0.104

4 0.3 10. 60 2,28 0.114

5 0.5 10. 50 2.16 0. 108

6 0.5 10. 36 2.10 0.105

Concentration of HC1 : 0,100 eq/L, Amount of 2nd Mother Solution : 2 mL,
Solution volume : 50 mL.
Proton Exchange Capacity = (VI-V2){mL) * 0.1(eq/L)/2(mL).
* V1 : Amount of 0. IM-HCI required to titrate the solution from pH 10.7 to pH 3.0;
V2 : Calculated amount of 0, I-M HC] to titrate 50 mL of a solution, in which only
the reaction H' + OH" = H,0 would consume the W', from pH 10.7 to pH 3.0.

Table 5. Evaluated Values of Proton Exchange Capacity of for Humic Acid Component
in ‘the 2nd Mother Solution

No Iemnic Strength Initial pH vVl - V2 Proton Exchange Capacity
(=) (—) (=) (mL) (eq/L)

1 a1 11.53 1.55 0.078

2 0.3 11,60 1.54 0.077

3 0.5 10. 80 2.35 {0.118)*

Concentration of Hel : 0.100 eq/L, Amount of 2nd Mother Solution : 2 mL,
Solution volume : 50 mL.
Proton Exchange Capacity = (V1-V2)(@L) * 0.1(eq/L)/2(mL).
* V1 : Amount of 0. IM-HC1 required to titrate the solution from pH 10.7 to pH 3.0;
V2 : Calculated amount of 0. 1-M HCI to titrate 50 mL of a solution, in which only
the reaction H* + OH = H,0 would consume the H', from pH 10.7 to pH 3.0.

% The value may contain phenyl group dissociation capacity.
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3.3 Evaluation of Loading Capacity

The experimental procedure is shown in Fig, 4. A portion of Smsolution was mixed
with organic acid solution containing Sm. The amount of Sm being complexed with
organic acid was evaluated from the change of absorption spectrum, It was not
available to evaluate the concentration of Sm-humic acid complex from Sm spectrum
shift, because of the interference of humic acid background spectrum. The Sm/organic
acid ratio in the precipitate was used as a stand-in for LC. The results were shown
in Table 6.

The Sm/organic acid ratio had a good correlation with the degree of dissociation
( Fig. 5). In alkaline solutions, inwhich the degree of dissociation is larger than

0.5, LC are expected to be unity.
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Table 6. Sm/Organic Acid Ratio in Precipitate

15% pH precipitated precipitated Sm/Organic Acid
Sm Organic Acid
=) (= (meq/L) (meq/L) (eq/eq)

g=230%x &=500 =230 &£=500

0.3 5.5 2.1 2.3 2.7 0. 94 0.79
6.0 2.3 2.0 2.6 1.1 0.89
0.5 5.0 2.0 2.8 3.0 0.73 0.70
5.5 2.3 2.8 3.0 0.81 0.77
6.0 2.1 2.7 2.9 0.77 0.71

% IS : lonic Strength

** Calculated values assuming that the absorption coefficient of humic acid to
be either 230 or 500 (L/(eq*cm)) at 500 nm, because the vaiue of & depended
on the Sm/Organic Acid ratio in the solution.
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4, Effect of the Organic Substances on Sm Solubility
4,1 Solubility measurements for Sm and Evaluation of A LC in Organic Acid Solution

The 10 portions of 2nd mother solution were diluted by pure water, and were added
NaCl0, to control ionic strength. The solutions contained 6x10™ eq/L of organic acid
and each volume was 50 mL. About 20 mg of solid Sm(0H), was added into each solution,
The solutions were settled in a glove box. After the settling, sampling was taken
from the selution, filtered using a 10000 molecular weight cut off filter and measured
for Sm concentration using ICP-AES.

The settling period was 40 or 60 days. The settling temperature was 2531 C.

Measured values of Sm concentration were plotted against pH in Fig. 6. The solid
line denoted the theoretical solubility of Sm and broken line denoted the theoretical
concentration of Sm¥*, Sm concentration in alkaline solutions containing 6.2x10
* eq/L (TOC : about 50 ppm) of organic acid was (7.7%1.2)x10® mol/L higher than
theoretical solubility (1.0x10® mol/L) at pH 9. The increase of solubility would
proportional fo organic acid concentration, Therefore, increase of Sm solubility
would be predicted as about 6x10® mol/L per 1 ppm organic acid, when the proton

exchange capacity of organic acid is 5 meq/g [2].
According to Kim et al. [2], the 8 LC is defined as,
BLC = [SmHACIIDY] / {[Sm*] . ([HACIII)]t-LC — [SmHACIID)]} . ....(4)

B LC value was calculated assuming that the concentration of Sm* complex with organic
acid would be difference between measured Sm concentration and theoretical solubility,
and Sm* concentration would be equal to theoretical concentration. The value of
LC was unity because the pH of solutions were above 8.5. The evaluated value was

plotted against pH on Fig. 7. The value of A LC is described as,
log BLC = 3.00pH - 19.50 +0.20 (8.5<pPpH<OL ) vovreevnnnnn. (5)
It was not established that the B LC was not affected by pH in Kim’s model.
The dominant species of Sm in alkaline solution is predicted to be Sm(0H),(aq).
We assumed that the complexation equilibrium would be

Sm(0H),(aq) + HACIID) = Sm(OH), -HA(IID). ....ooviiiinieinnnn.... (6



The solubility constant for Sm(OH), HA(III) was defined as,
B sz = [Sm(OH) ; HACTIN]/( [Sm(OH) 5 (aq)]-THACTIDI]). ............ (7

Assuming that the concentration of Sm(0H) ; (ag) HA(III) complex would be discrepancy
between measured Sm concentration and theoretical solubility, the B g, was

calculated as
10g B w@ns = 6.5 £0.2 (85 <PH<OL). corvriiiinnnnnnn. (8)

The B ggs value was almost all independent on pH.

It is not clear which mechanism, equation (2) or equation (6), controls the
solubility increase of Sm in the alkaline solution containing hmic acid. The
possibility of the reaction (6) suggested that the stability comstant data and
complexation model based on the data for acidic solution can not be simply

extrapolated to alkaline solution.
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4.2 Solubility of Sm in the Bentonite Immersed Solutions

Bentonite immersed solution (bentonite/water = 0.1 g/g) was filtered by a 10000
molecular weight cut of filter. The filtered solution was divided into 6 samples,
The Sm(OH), solid was added into each sample. The volumes of solutions were 50 mL.
The solutions were settled in a glove box. After the settling, sampling was taken
from the solution, filtered using a 10000 molecular weight cut off filter and measured
for Sm concentration using ICP-AES. |

The settling period was 40 or 60 days. The settling temperature was 25+1 °C.

The measured concentrations are shown in the Fig, 8. The concentration of Sm was
about 7.2x107 mol/L ( o=1.2x10" mo1/L) which value was about two orders of magnitude
higher than the theoretical solubility in the studied pH range (6.4x107® mol/L).
TOC values of solutions were about 1200 ppm. The solid phase was Sm(0H), .

—— Sm Solubility Caleulated from Thermodynamic Data[6]
103 .. N PR Sm3+Conc. Caleulated from Thermodynamic Data[6]

3 B Measured Sm Conc. (Settled for 40 days)
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Fig. 8 Sm concentration in the Bentonite Immersed Solutionms



4.3 Solubility Increase in the Bentonite Immersed in Groundwater

Sm concentration in alkaline solutions containing 6.2x10™* eq/L (TOC : about 50
ppm) of organic acid was 7. 7x10° mo1/L higher than theoretical solubility (1. 0x103
mol/L) at pH9. If the proton exchange capacity of organic substances is about 5x1072
eq/g [2,3], solubility increase would be 6x10® mol/L per 1 ppm organic acid. From
the literature [8], concentration of organic acid in the bentonite immersed solution
used in this experiment was estimated as about 20 ppm. Therefore, the increase of
the Sm solubility was predicted as 1.2 x 10 mol/L. The predicted value was almost

equal to the measured increase of the sclubility.



5. Summary

There is a possibility of the increase of solubility of radionuclides caused by
the complexation phenomena. In this work, we measured characteristic properties of
organic substances, solubility of Sm in the alkaline solution containing organic
substances. And we examined whether the stability constant based on the solubility
data could be explained by existing complexétion models. Following results were

obtained.

a. Literature survey for complexation model and existing stability comstants were
carried out. Normalization methed using a loading capacity (LC) could be
reasonable [1,2].

b. Sm concentration in alkaline solutions containing 6.2x10* eq/L (T0C : about 50
prm) of organic acid was (7.7-+1.2)x10° mol/L higher than theoretical solubility
(1.0x10® mol/L) at pH 9. The evaluated B LC Value was,

log B (eq/L) = 3.00pH - 19.50 +£0.20 ( 8.5<pH<9.1).

Assuming that the Sm(0H),(aq) would dominantly form the complex, the stability

constant was calculated as,
log B gema(ea/L) = 6.5 =+0.2 (85<pH<g1).
¢, In the bentonite immersed solutions (bentonite/wateFO.l g/g), measured Sm
concentration was about 7.2x107 mol/L higher than the theoretical solubility

(6.4x10° mol/L).

d. The increase of the Smsolubility in the bentonite immersed solution was predicted
as 1,2x10®% mol/L from the complexation constant. The predicted value was almost

equal to the measured increase of the solubility (7.2x107 mol/L).
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