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ABSTRCT

(1)Sodalite and tourmaline are natural-occurring minerals, which can contain halide in their
aluminosilicate lattices. Therefore, these materials have possibilities of immobilization of I-
129. In this study, solubility measurements for these materials were carried out. It was
confirmed from dissolution behaviors obtained for some kinds of sodalite and calculated
results of solubilities based on thermodynamic data that dissolution of sodalite to aqueous
solution could be limited by its solubility. Solubility of sodalite had tendencies of “synthesized
one > natural one” and “chloride > iodide”. Immobilized iodine in sodalite crystalline lattice
was not replaced by chloride ion in the solution. It was indicated that tourmaline has a
possibility as a waste material containing I-129 from comparison of dissolution behavior of
element with sodalite.

(2) Leaching property of a multi-layered waste-form, that is composed of 1) iodine bearing
material (zeolite), 2) coating layer (silica and apatite) and 3) low solubility matirx (apatite),
was studied under reducing condition. The following results were obtained by the leaching
experiments:
1) The coating layer of hidroxyapatite can reduce the iodine leaching rate by 4 order
compared with that of bare iodine bearing material.
2) Ca and P concentration after one-month dipping reached the solubility estimated
by the theoretical calculation using PHREEQE code.
As a conclusion, it was indicated that this waste-form concept has potential to show low

leaching rate.
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(NaCl-Sodalite)
KRR b~=Y v *2
(Natural-Tourmaline) 0 7

*1 ﬁ%ﬁﬁﬁﬁ7ﬁy?%L&%1m%£6££U70B)+ﬁﬁ&@ﬁbl”y?%@ﬂ$%%%wH%¥%lﬂy%@%

DREBROA)  *F REMBEEET Sy F (1,3,7,14,28,56 L 70 B)  + HBREVIEL 1y F (EREMR)
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[ FR R 0.074 mm(200mesh) LA FIZ5R%E
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KRBT TR [E FEAE AR T
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ARER DR LK n=1(B&EORBRYM DN\ F DI n=2)

(b) FRERFE
BEMERRICHIT B pll, Eh 2 b NI RBREOREE 77 7TD L E B,
BMREZBOBERRE L CaRORBBHEE VRR BRI OZEBHEE) LEH

L7, TNGOFHIZT OV TIEARRICEMIZR Lz,

HRREME L HRARYIM 70 B CRETHERETIZEFEHEBIIRoTWLZ L 2R L,
N=2 DNy FIETT HRIZY VY T %2727, N=1(TOBB)DT—% & N=2(7T HB)D
T4 DEE e PG TRBEL Lz, V=874 MOBRICBIT 5 EHEETEREDp
HEFEEELR 2.3-3(D)B IV TI 7L TR L, T, RARELY—F T4 b L
R IV~ ) ORE % THEBREZ LR L TR 2.3-3Q) IR Lz, -, RBRETHE (70
A&y F) OEEO X BREFRO—FI %K 2.3-4 1ZR LT,

O FH#TRBED p HIREH

K2.3-3(DBIV@ITRLIELIIC, ARIVIY—FFA4 FNOEHER I BEL. W)
HSIREIEKEFEE T p HOWME L BB THHEANR O, KX ST BLUALE
BEIZoWTikp HO#EME & bICEMT 2EmMA R 5, Na BEIZOW Tk p HIZK
FELIRho T, '

—X. RAREAY —FT74 Mz o0 TiEp HOBEM E iz, Cl, Si, ALBX U Na DT
NTDILEIC DN THEMT 2R R b,

BRI ERBHTO p HOEADBENOFRREE LTI, AREBERBICERT 5 RRIGD
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O &mEty—-51hk
1x10° = a
Si- b
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E 1x10 . Al ¢ e
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1)(10—5 T NS AU ‘ .........................................
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TboTELT, Si, Al DEIGAE, BEDITONTHE., p HOBWEEIZBWTIL.
INGORENRVEIBIRLTERL, V—F54 NOBEOBEMEA R S &7 7rhett
WD, ZHEERI VLY —F T4 NOEH% AL BEN, p HOBEME & HICEZEIC

BRELTVWAZ ENDLREBIND,

@ FH%THRBED Si BE G
K2.3-3(DBLC@ICRLIEZL DI, BRI VLY —F T4 b DORME 1 I
O ST BENBFIOBE AT O TMIETTA2HARRONZ L DD, FOEET
BHE CITed oz, ALIZOWTIHMERMIRRA O N o7, F=, Na oW Tt
Rohehot,

® NaCl DR
B2.33(DBILTC@ITRLIELSZ, BRI VLY —F T4 bOFME TIREIR. 9
HEHEIZ R 2 NaCl EFORICBVWTETTA2HEMAR LN, T & Cl DA A5 THhE%
LD I A A DRE ERIZR SN 572, NaCl 7T Tl Al DS IEESBRET
RIELT L2 o7y, ZORRIITHATH S, NaCl HFR CIIEMER [ BRENEF/HS
RV, THICOWTIIMERFIZ Na BENELSEETDII NG, V—¥F4
NOEMRPEA TN FEEE IBESET L bOLHRTHENTE 3,

@ BRMEXRRY, Wy —FF74  ea oy —F54 FDiED
M2.3-3(BIV@IRLELIIZ, HBILY—FTF 4 MZOWTIL, &Y & KRY
TEHE A TRBEICRE RENR DN, BRDOF D EH% T H R ESBEE I E
MEot, SREILY —F T4 PERRI LY —F T4 FOREICBNTHELY
—F T4 L OFN, L% TRBESEECE VAR L 2o, SBY (3 B LY
BALY =254 F) 13, RAY GELY —F 54 1) L0 b %R RENRE O ER
BRI,

® Y—=FFA L =Y L OEBEDE »

B 2.3-3(ITRLEEYIC, RABICEVHBIZBOT R L= L DFR, V—F T
A P LY EHEBETRBENMBENMERS RGN, ZOZEnD, AU b Y —FF
A FEBE, ~Na S U REORBAIS TE ML LTOFMESENSH D Z ENTE S
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® BHfEOFFME
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ZT7A4 PROVRR ML U ACONWTIE, HIHDEME T OTREE & FE% OBRE S
DILRBEFENELL TR, FAMBICERL TS Z LR ahoT,

@ HRPICKIT DEMEDOEHE R BN 2 IREW DR
—flE LT 2.3-4 [TAR L2 X 500, BRENERRIRIC, BHEOXREFRE?RD

V—HTA PBEVR I Y VREHIEE L TR O TREREELTNB Z RSN B,
Flo, XKBREHTORFBRER» S 2 REEY O ERITRER SN2 oz, 728, K 2.3-4 O NaCl
EFERITEIT D XBEETER TIERRE THROEMIZ NaCL D=7 BRLNEMR, Zhik
HEE THRBHIAE LTV 72 RBRIAIK P O NaCl BSRBHZBIFICITI L7z b0 b E X D
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() BAET — 5|0 L B VERRH FHELE & ERIE O
AR D AR R L X 510 kY —# 54 MCE L THBERICB VL TRA%ET — 4
WETE LTz, 22Tl BRICB I BBA%ET — 4 & B0 CKBIRICA T 5 BREDHE %

To7,

(a) ¥ =454 b OURICH T 5 FHELORE

V= TA MEOWTCTROBHLISEREL, TORBICBITA4EKBEHRTRLE—
DI b FHER, 1n Kug = — 76.911 23R 7z, VT4 OB S R
F— L AR OBESIC X VBE SN Y —F 74 bOBBERBEBRAT I —EH7e,

Nag (A1Si0,)4Cl, — 8Na* + 6AL* + 6H,Si0, + 2C1° - 24K (7 2.3-2)

(b) WAREFTE

BREEOHB IR EHE - FPHREEQEZAWTITo72, Y—& 74 LML
DALFREO M ELRIL, B LV VB EREML S OFE 2RI £ L O OBEMEFEIZH
WHNTZBNFT —F_R— 2% A L, 3BT p HR OB O Si, Na IRE%E T
A— I E R LT, |

(c) EBRfE & DFHEME & D LLEg ,
QLY —F T MextT2HBEELELY —F T4 FOEREO B

ALY =& 54 M T 2% TRDOBMEFTHME & EREA LB L TR 2.3-5(1)
BLUQ@IR LT,
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BN —F T4 N EBNEHNHEMEOLBHEGR—EICELTH, A%
T, 1RO T—FDHRTHY, 5% p HIKFEMSE, T —20EREITH> 2 Lick
D ZDOEBEEZRFT HILERDH D,
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— = R FEASI=1E-1, Na=0 (mol/1)
O Rl : XBBLY -S54 b

1x100 £
| 10_1 - L RHE : SRRV ~FS54 K
X107 £ : : —
Z - : : : -
= X102 e R RRIERT EETR BT RS e
:Ei ; ,_.\_.a—ga - “:-¢ - -‘
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— = RHAE : HASI=0 Na=0 (nol/ I
=~ = FHHE{E: MEASi=1E-3, Na=0 (mol/I)
— - HHE: WRSI=IE-, Na=0 [nol/1)
O RWfE: RIS ~51 b
10 1 @ mmm:ammiy-s54k

TT

1X1071 it

T

—
>
=

w

UL

by = -
h=
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Q@ LY —FF A MIHTEIHEELEARI VLY —F T A FDOERED LR

X 2.3-6 Iy —F T4 NI TOHBEELGRI VLY —F T4 M5 E
HEZ, "ol v nROBEREIZER L TR,

Wby —#54 b ClBEFHEBELI VLY —FT4 O I BEERMEIX. pHA
EVEEIZBNTIE, BT, AMI VLY —F 54 FOFMERIECL DD, Hits
—HEND B, LU (LY —F T4 b bEfET S CL OFEEA & N ERIEL,
p HOEEME & HIZBMT2EARH A0 LT, BRI VLY —F T4 bhBE
T2 I p HOBME L BB THHEMARLND, ZHIZONTIE, &KV

=S54 MIEHFTARRKIGD Si, Al BRI L~ 8t s b 508, BE
ITAEETE R,

PR O Si BENEH VI LICK2BEMECEKT, 25 CICHHBEFIZRIT S
NaCl BERE W LIC L BBEMEDRTIZOWTIL, #NENEEE L ERIEOER
BT L,

p HRBWREIZBITDI VLY —F T4 b 1 OBMEDORIIZHOWTIL. 5%,
L VEMALRNEITILERDLEEZILND,

AFEDEEHEMEE LTOMBETHEI VLY —F T4 FOBMREIZOWN
T, B pHOBWERBIZBWTHELY —F 54 hOBAEF—Z LB LT, B
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LY —F T NEHEY—F T F TR, YT L ORERYA X HETF
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3. 2. 1—3 AYEEECa-Ag-AZY 45{ b DSEME:
(a) Ca-Ag-ABLE 454} (X5, 00042) |

(b) Ca—-Ag-AZYY 434} (X 30, 00042)
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3.3 BHETFIL O AN
(1) XM AMBRECHISEE ,
ZZTHE, Y17 )V TEM L/~ PHREEQES) DN EFT —F RXR—2B LN
CHEMVAL 1§ # (CHEMVAL Project ; Critical Evaluation of the CHEMVAL
Thermodynamic Database with Respect to its Contents and Relevance to Radioactive
Waste Disposal at Sellafield and Dounreay) IZ#E T &7 /X% 1 bk (Hydroxyapatite,
Fluoroapatite) DIAMRIE 2 RBREEIC L0 > TEHEL . BEAOBHESHIIODVWTER
THHEDTH 5, ’

(a) BREt&H

VEN¥T—4

TNRIA NOEI%¥T—% (CHEMVAL #R7—%) &, 1 ZIVEBBRIEEL -
PHREEQE60 #/1%¥T —F N—X (FRR 9 FER ; gw_tdb) ITH&E L. =70, #
BT ORNFET—FIZOVWTIE, BEICEFIETWADDOTHD., SEOBMRES
BIZBWTHHERALZ,

2RI S A
PSR E (pH, Eh, 14 VRE) B, HBRICBWTHREINET—I RS TNCER
BERICHED S PR ZTVRE L 2. FRENTBWTHEA L 9B REEEE 3.3-1
IRT . '

#* 3.3-1 FIEWSRLE

T A—H5 | By R EE ik
 RE T 25 % 3.22.-1 DERBHE
pH 4 - ] 125 £ 32210pHBHE
Eh mV -312.3 75088 (E=y -k ; 0, 191, 236, 310.5, 499, 793

| Y ) ICHOE, 6 NOFIGEE LT, —
Fe(TOTAL) | moll 1.0X 1018 FHBMERICEDERE. & (0 ) ORERZE/INT A

- —FELT-3123mV)IKEE T DBEZRD =,
Na(TOTAL) | moll 0.03 pH=12.5 HYDBEZZEL =,

by N1 NOBRE

ML ORFRGFICHTE, ETNY A MM OBREFSFEZITo72. StEORKRESE
3.3-2 I/~ 9. Hydroxyapatite DRI BT 5 Ca IBEIX 1.09X10°(mol/); CHEMVAL
~1.29X 10 (mol1);PHREEQE &730. P BEIL 6.55X 10%(mol/1);CHEMVAL~7.72
X 10 (mol1);PHREEQE &73%.,
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* 3.3-2 WREEERER

JLIRIR E (mol/l)
BT | ToRE A N S
T2 Ca(Total) P(Total) Cl(Total) F(Total)

1 Hydroxyapatite 1.09X10°% 6.55X10% = -
Cag(PO,),OH

2 Chloroapatite 2.19%10 1.32X 107 4.39%X10% -
Cas(PO,Cl

3 Fluoroapatite 1.82X10°%" 7.94X 10 = 2.65X100%

Cag(POF

4 Hydroxyapatite 1.29X10% 7.72X10°%7 - -

Caa(POA)qOH

HERFER & DO FRROERR (BITr—X 4 LRBER (~3 »yARR) 2K
3.3-1, 210RT. [ 3.3-1 L& Ca B, FEICL->TRE-7 Ca BEIZ
WY BEmERYT, —F., PIEBEX. K332 AT LYo ENECHE. K3
FEWEREZ TLTVSD, 202 Enb, BBRRICBWTIE, BRORBIZ & bavoK
WL 7 8 A FOFEICAERSNZAEEED L IIFREELEMI ML, KEELT
PREA R ERMOEFEICE U TIBRARPE L TWE LD EZA b5,

< MY U 2B BRI~ DO ESREIE L LTk, BYERRC R E L2V E D 2T R%E
T 20, b LIRS LB+ eid s Bl L 2 b,

1.E-03 A —— A FREFE - oM 0)
— - A RREK- 0 ME(Q2)
1 E~-04 PHREEQEIZ & B 5T EL{E
<
E 1.E~-05 \
il ‘
g 1.E-06 .
[n]
O
1.E-07 —
1E-08
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04

B (B

B 331 BHREBREREFESNIPERE (Ca) Ol
FLEIOEAE (1)1 N # &=,
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E(mol/})

=
Pie

1.E-02

1.E~03

i

1.E-04

e RERA A—B ()
il A BRI -0 —FF (2)

1.E-05

1.E-06

PHREEQEIZ & 251 & i

1.E-07

1.E-08 - :
1.E+00 1.E+01 1.E+02

T BB (B FED)

1.E+03 1.E+04

B 3.3-2 RHEBRBERLHESNCFEERE (P) Ol

FBIOEMEQ), @23 N #EET,
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@QBHEFIICHETEEK

BHETINOBEAKIIOWTR Lz, ZI T, £33, avEFRSEK (0—F

A THED) OBHEFIVIZDWTRF L., RIZT N1 MREEOBHETIVIC

DNWTHRETZB IR %,

() IV RREEEHET IV
EAONDITUFELTUTDE6 DD FUFANRY—2%52%1T, BHAROKE

RNs, TNETNOBHETNEUTOLDITEEL®,

O FVERBEROI—FT 4 FE (TR I—F 4 2RO Y ha—5F
A TBEITERL 3T RREENS ATERNBHT S,

ST NREA NI—T 4 T DOEEBMIBLEINTBS T, KEFIDOAEE
HiZEnbnEEILSND,

@ NEHDOI—FT 4 ITEN, FEEBLERET REOI—F4 V7B
7O RMGENEL. ITENBHT S,

—>TNIA NIA—F 4 V7 OZEEMIBERINTHAN, K> T, FEF
OB D EEZ ENS,

Q@ ABEOI—F 1 > JER. FIFEMRL. NBOI—F4 >V FVEOI /O
REGEHPBEHL, IUENBHT S, 5T, RENEML., IavEDOSB
HEE N3,

S>TNEA NI—T 4 V7 DREBMIBRINTORNWI ENS, AETF
JVDRIEEH TR EEZ 5N D,

@ T4 XTEO—EAHSEICHEHRL . AURNBHET S,

—SEM BEEMNS, WA T NI A NO—F 4 2 TBRELI=HDBRZT
S5NTV5, o T, AEFIVOEIEHRNRBEINS, ULrLARNS, M
STBEMN, 17AT—E&LRD, BELEWRETHZIENS, HIZH
BEIBEHABMTHATERNLEIAND S,

® I—F4 2 TBOWMBBERNEL (FINT 1 MEUSNORERIZLE Y DER
K2R, YU Aha—F4 7 RBOHBRENGEEOS B ICBMT 3,
—@) &k, BHUESIE (1. 5X 10 3moll) AoxETBE, Ty
ZREROERON L XPBEHLEZI IR, RBEREIOBARENS
EFINTHBEELZLNS,

® I—F4 VBB RERNFELEL, BEEOBRARLDY Y hO—F
A4 2T BDHLEENEREOD BITBRT 3,

—(B)EFik. RREREOBARENBZETINTHDEEZLND,

LRERMHERED, SEERLZIUREFRE (-T2 2 FFD) TR, a-—
T4 TELOIAVERFEIORBIVEOHCADHEITZS D Z ENHRTERD
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DD, FNIARNI—=F4 2 F7RBEI A TI—F 4 7B ELHBTH. £
BIOBEICHA DD, §%. I—T4 T BOERAEOK BN EE X
535,

b)T T 1 AR ET IV

@QETORHFERNS, IVERFEOIVEOHUADHEZHET 2101, £
7, BifEREEENRINTVWEZENS, JITETNRY A MNRIBEOBH
EFINELT, IR FNOBBRE (BEHE) OBERFTEIEELE,

K 3.2.2-3 KUK 3.2.2-4 IZRLEEDIZ, PNYAL P EBHETSECa, POR
HEHIEZ> TS, CadfEBNE IIBELNERICLDDDERBINTHD,
BHROEMIERETHD LS., TOBHEEZHMETS Z 3B L VDD &
ZAoN3, —A. PHEK 3224 ITRTELDIC. MYBOBHEFHZRL TNWS, £
DIREILR 3.3-3 DBEMEFELERID SHEES<Z->THD. TORVESER
L TWSHERNH SN, FIHOBHISRRICHATEI DO EKEL. UTOEH
BOREZBIBEIBDET B,

(BHEDRE

LERFHERECIT YA FOBHEOREEZ B IR,

—EREENS TN A IR —EHETRHT DI EERET . COHEED0E
HEEIIR 3.2.2-4 DPORMHANEL D, #FIHD 4 SEHZOBHT—y M S5HHT
5Z&EL,

4 SHFEIEDOPRE  1.7X10" *moll

TR FOBRHER.

1.7X 107 Smol/1X505.95/3=2.87X 10" 3g/l

lg %/=0 OXMEE 80000cm?* &9 5 &, BHERIZ,

2.87X1073g/1X0.1/80000cm? /2day=1.79X 10" °g/cm? - day

TNNEA FOLENRL THHETHE, BHESIL.

1.79X 10" %g/em? - day X lem®/g X 365day/year=6.53X 10~ "cm/y

o T, BREHRZZTTICLERHEE TR TS ERETSE. 10
OAETHO. 7Tcm BHI DML, #. TOFETIET /N1 bOLLEEHE
DFHEIZFREETH D, 5%, LREFKCEHBHOT - Z2REL. BEOS
Wiz B 2D BLENRH B,

(k : TNNTA FHREREHIE, TN POROERNS, 0. 5umoX2um
DEHRE L, TOXREHZ 80000cm? /g ERHL,)
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