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A Study on the Migration of Iodine Species of
Various Chemical Forms in Geological Media ( IV )
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Yasuhisa Ikeda *
Mikio Kumagai *

Abstract

The present study have been carried out to establish the final disposal methods for the
wastes containing radioactive iodines. From the previous studies, it was clarified that the
iodine species exist as I~ ions in the ground water and that anions such as I~ ions are
little adsorbed on the mnatural minerals. Three kinds of adsorbents, i. e., cinnabar,
montmorillopites containing Ag-thiourea complex, and inorganic ion exchangers, were
examined as the artificial barrier materials. Furthermore, the hydrohorbic iodine adsorbents
were studied from the viewpoint of Jeaching-resistant. The results are summarized as
follows : :
1. Adsorption mechanism of cinnabar

D The adsorption of I~ ions on the cinnabar was not affected by an increase in
temperature and the coexistent ions. These results suggest that the adsorption of I~ ions
on cinnabar takes place through mechanism except for the ion exchange.

@ The amount of I~ ijons adsorbed on the cinnabar was found to be around 10 —°
mol/g, which is extremely smaller than that of HgS contained in the cinnabar. The I~
ions were found to not react with HgS reagents. These results suggest that the adsorption
of I~ ions on the cinnabar is due to the formation of Hg, I, by the reaction with Hg(l).

@ The distribution ratio for I~ ions less than 10 ~® M was found to be about 10 4
even in the solutions containing various ions such as ground water.

2. Adsorption mechanism of montmorillonite containing Ag-thiourea complexes

@ From the elemental apalyses and IR measurements, it was confirmed that the Ag-
thiourea complex used for preparing the adsorbent is Ag(tu) ** (tu = thiourea), where tu
coordinates to Ag ions through S element.

@ 1t was supposed that the adsortion of I~ jons on the adsorbents is attributed to the
interaction between I~ ions and Ag-thiourea complexs or the hydrolysis species of Ag * in
the montmorillonite.

3. Adsorptivity of inorganic ion exchangers ‘

Various hydrotalcite-type exchangers were prepared and their adsorptivities were
examined. Compounds of Mg/Bi types were found to have high adsorptivity in solutions
without containing coexistent ions.

4. Wettability of hydrophobic iodine adsorbent containing Agl (HIA) :

The contact angles of HIA were measured by powder method. The wettability of HIA
was found to be very low. However, it was observed that Agl species are eluted from the
surface contacting with water.

Work performed by Institute of Research and Innovation under contract with Power Reactor and Nuclear Fuel
Development Corporation. '
PNC Liasion : Waste Technology Development Division, Georogical Isolation Technology Section, Noriaki Sasaki

* : IRI, Nuclear Chemistry and Chemical Engineering Center
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RE 01:E® ] o a-> 001:2TEEHM
27<41wNo.= 080 ;zii‘—['ﬁpl’% = & J==4
No. & AN IR m i B & (keps) {(EHEE 0
10 0 Ka ik Al 7.2708 47.4990
2 Si SiKa 3:35 A 297.4437 31.5088
3  Hs HglLa 1 3:%k% H 435.8227 13.1114
4 S S Ka 3:k H 55.4764 5.2675
5 Al AlKq 3:: A 9.2083 0.8672
6§ Fe FeKa 3: %0 17.5854 0.8579
7 K K Ka 3:%k # 0.9831 0.2464
8 Cr Crka 3:3% A 1.9233 0.2028
3 Ti TikKe 3:5% A 0.3450 0.1085
10 Ni NiKe 3:3k A 3.1358 0.0878
11 ' V Ko 31k A 0.4730 0.0847
12 Mg MsK ¢ 3:3% 40 0.11286 0.0411
13 Ca CaKa 3:7x Hl 0.1602 0.0342
14 Pt - PtLe | 3:5k A 0.5771 0.0215
15 Th ThLA 1 3:k A 0.3496 0.0208
16 Zr ZrKa 3:k A 1.0831 0.0179
17 P P Ka 3% M 0.2141 0.0104
18 Nb NbK ¢ 3:3% A 0.4274 0.0063
19 Cu CuK ¢z 3:3x Al 0.2730 0.0058
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3.
2.2.2 BWER

amA FRFSRRICET B EERBIE TRD LY U DRE L BILASREOP Z C
WEpHT. 8, RUDPHA 5 THALASRDIZ 5 #EV 0 H Th o7z,
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3.1 BFARRSEOLFTE
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JTE C (%) N (%)
= BR 9.130.6 24.940.9
BE By
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F A BRIE [ag(tuds] (NOz)
NHe bending 1614. 4 . 1610.6
N—-C-N stretching 1471, 7 1488, 0(w)
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N—-C-N stretching 14315.7 1384.9(s)

C=58 stretching

N~C-N stretching

NHz rocking 1085.9 1101. 4(w)
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C=8 stretching 781.0 715.6(s)
N-C—N stretching

tu: FAERSE



PNC ZJ1262 92-002

3.2 REHMOFTE
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JuoFA VRREETZH, FARRBETERE L ERBEHN T2, 8F 4+ RIBEL LTS
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L OEAIEEEOIKSH E) RERT2Z2bEZLHS,
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S.2THEEL ¥ A 2NT, BREHMPLOE AT OBEHEERRIT A2
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Z=d.
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%3—3 I CPOAEHKHR

[Ag™] /M
Sample 1 Sample 2 Sample 3 Sample 4
L ER 0.0174 0.0174 0. 0358 0. 0422
1EEESE 0. 0061 0.0069 0. 0096 0. 0107
2 B ¥ 0.0014 0.0020 0. 0018 0.0019
3 E¥E¥P 0. 0007

DEDHERLY., T2l ot MREFAB I ST I RREEDIV%I LXE
ETHLEELORD, /KL, 3.2 THRBRELIR,. KEROBEEATII LM
b, BErEV ot A M TCEIEEHIETRT[Ag(tw)3INO3 E LTEEL TW DL
DL,

3.3.2 HT7ARER
a) RBRFE
3.2 TRABLERBZ20. 1gFHE U207 ARKEL Sl /minTHEEKZHL, 10

GBI IVaravi¥—KTHIT7L2BRBLEBEOEREY 7Y T Lk,

BHEBHRICEENIBRELZ I CPRTHREL &,

b) MEREE |
RI—ACRBEREZTRT. ThIV. IHCIEBRHEEYEI a T A b2 b

BT 28, —EREEEALHETLELERI—ELRDIZLEDRS. TR

b, KEBEOKI#EZ TEMLEZNEST. BFFTRREETEVTY 0d o bHIRE

BREELIBLEZDND. LKL, BT TACERREES WSS, &

BHINEF T RFEEDRLBERELTLES Z 2 B8FHEEIB,

#£#3—4 HSLEBESR

W 2 FIVERME] (min) BMEHRE (nld iR (ppmd
0~10 15 6. 88
10—~20 30 0. 0560
20~30 45 0. 0525
30~40 90 0. 0357
80~70 105 0. 0301

140~150 225 0. 0268
180~190 285 0. 0250
240~250 375 0. 0235
390~400 600 0. 0240
980~1000 1500 0. 0223




PNC ZJt1262 92—002

3.4 I TAFVRERR
3.4.1 ERE (bv—¥—8) F
a) REBHE
WM (0.1g) KL —%—RDO125 ] 25 LHEEH T ARERIZIHEE K (i) %
Mz, —ERHEE 5 LR, RASBETHE - BHEEPSEELE., ATEOMHEL &
TMEXIe bV —Y—BBROBHELEBRTIZ LTk, Bt a vVRORBFRER
i,
b) B ,
FRABRICAWEREFMI, 3. 2BV THREL RS FELETF A RREKRS T
YEYRFA P EREREDOLOTH S,
Nol : RGBT T RIEERBFELEY) 0w A b
No2 : e T T REBESEEREET TV vt 4 b—Sample 1
No3 : PERERT A RBREEFHELEY vt 4 b—Sample 2
Nod : YeirdRr A RBSEEREF T Y wt o F—Sanple 3
c) HEEHhT oK
FRBICAWEEEHSHT KT, #E5E (PNC S T4262 90—001) kBWTHAN
EHFEZLVRE I, Thbb, 100 0RBKRCKRIERT A2 M. —ER
HRELZR., L.8mD7 4 VT —T2EL TBLREBETHS, .

d) RBER
ARERE2RI-S5ICE TR,
£Z3—5 | EEEBER(M—HB—-FE)
03 6 E:-%:3 BER (%) logRd
No. 1 HTFA (pH=8.5) 94.5 3.24
No. 1 FEE K (pH=7.6) 99.6 4.43
No. 2 @K (pH=T7.4) 99.3 4.15
No. 8 ERA (pH=T.0) 99.2 4.12
No. 4 Bk (pH=8.2) 39.6 1.82

3.4.2 ®mREXR
a) REGE |
FEH (0.1g) MO I A3 2E8TekBE (10n) 2z, 20°CIRERR
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FEESBICRWT—ERBIEL S Le#, 0.45md7 4V F—TABL., FOAEFP
DI AFVEEZBEE/ o~ MERZIVEELE. ZL T, TR LI VRFEZK
B,

(BBREED I RE) — (AT 1 RE) 106
(REEWT 1 ~RE)

B2 (%)=

b) Wk
FRBICEWERAHIL. 3.2 CHES AL Sapled (FAREABHCTHE S
NirT 4+ RREEFESEVEYud A ) Tha,
c) MBS
SRR TREREEEL e, TORELES — 6 lCRT.

£3-6 |° BREEBEE(103MR)

okl mEE (%) mEE (nol/g)

1 min 4].8 4.16 x 10°%
10 min 53.86 5.36
60 min 53.0 5.30
24 hr 55.0 5. 50
80 hr 52.2 5.22

3.5 RISEBO®RE

FEEET. BRERREZALPRT D, BEF T RREGOBEPLE T utF A b

OHEEORBBERTT T3 bk, BERREORLRIEEHO I ‘frzl“/'ﬂ%g"fi@ﬁ'li
BIU I A4 rRERBTICERENCGRERORELZRA .

FORR. ERENEEFFRFSEFZI[A(1)3INO3THY, EVEJ S A bR

ERBWTHLERMICIT Z0BEREELTWA L ERENE, 7L, BEMORBITE
WTAESEL S, MEHRBEL S, THEAESCL VT RERAREL&ED
RSB D LEL bR, BRERIEELNLTHAWN,

EFie, 1AV BERBE (3 -5L3—6) »oid. AEEEEH (BELERE

DS BFAREEEBREHIVERTVWAZ L, HEBHBTAKEFREKTHRFRZKE R
BRLNWZE, BF1SMTRBSEHLLRZIZILEXHLPCENE. ZThED, 70—
OFFTRBRI AT ORBL2ENTI L, ASBELAEFLBELTHWDLZ &,
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WEMCR I A4 VBRERDI LEBFYRL L TET LI, FEBFHOI 44 V%
BRIBFARREFL | A2 2 OLAHHRIC LB L FHERS.
EOEBRYORAEEZ IR, XRD, ESCAZHAWVWTRREYE, 22 bArI A
I OsDAERIIER sz oZ b, ZhbAobaThd 2 EZ2bNh 3,
PEnZ b, FEEMTIE. [ AAVBEVEYV vt A MERER - EAL, K
YA P THEYERRLEESRD LWHBBLSERSNS, 2L, BETVEYm
TAMDBRARFELTBIBAAVE2RFLLENWLEDhTEY., M. #F+RFE
BEEPERTIILELIVRAFTVTHALI ATV EREBELIB LI Rokh, 58
BT ALERDZ. ZOZLHBHENBZZ LTIV, IV RBEBRERALLRESE L
Hfgsha,
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4, BIRA A RRGEOIVREENE

4.1 EEA A UTBGEOA 4TRSS
WA THEL L THLNATND LD, RESFGWUBELUTOLI TS,
a) &ifidEOSKELY
MnOjy - nH;0, TiOjz »nHzO. SbyQs+ 4H,0, Z10; - nH,0%
b) MO ME
M(H;P O, - H,O (M=Ti. Zr. Sn. Ce%)
c) ~AFuRIBEHNX Y ,040 * 1H20
NEYTFY VBIES
d) REtEr a7 el
e) BTNV AERE
SRFEMEBIEERE O DD ARELZA b
SRTEBIEEEZE LD ERBEEEY. FNETAD
1) Zzoft
BRTREZAL b, N KuFid A& .
INHEL DAFVEBEOT T, BA AT VEBFREEZTTLORaBIVIHTDH S,
:ww\%ﬁﬁﬁwﬁm@NMJﬁyﬁﬁwd\ﬁ%mmmﬁﬁﬁﬁwioféﬁénéo
ETEEBA T ONMAKGBIRATRDEND,

M+ 2aH, 0 =M{OH) ;" ?*+ 2mH" (1

MASEBIUZOBRORRBOIHB XURREHR, BE2SE A OEEHREL
THETIFRLIVESOREZHMT 2T SRS, EGOBERIVGLOND A4
RBEDOA AV BRERET S, MASHRRIGORER. M4 - 1KRTE—MATHE
EE KXo THETED, TR, Log*KiBREWR Y, SRR OERE
ERK,,BhESWEE, 2ABIEERLeTV. &bk, BohkeKBILHDO A4
VERBBEHZUTORREER X - TEABLEYEBRTOIFLEREA T OBEICI -
T A4 5tk FtEA 4, BATVRBREDS b PORER boMfiEH®E
3. GKRBILHITBT B3BA4 v RBB L UTBA A VRBREZETAEN (DB LT G)K
TEbshd.
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=M—0--Ht4+Na* — =M—-~0O--Nat+H*

=M—OH+HX —- =M—0H,"X"~

IORIEAF—ALEBLBAAY. BAZT Y OBFEINFROHEET b H
CEET B, ZhEBEOMANPLRZ L, Tu by Fr—b L THRNODIE VB F L%
ML LTEH D LithD, PV FF—LLTORSE, FLEEAF L MOEES
Z. M—OAEE2r 235, M—O--H*OESAIXI° TRAVWEDZHRAEL,
r DHAEWEEHE. B, Thbb, BEE B#H. LESoTEWIHTLEA
AURBHEETT, BIZZBIEL, 1 OREREEA AL MP LR B EAERAYIZ S
M7 7EFF—LLTEBL, BTV STHEL 23, LEBoT, Fig. 4—10LF
CHEEEPLRIEKBIBDITRAZT L RBELLTHE, THCH3LE RS

IKBRALAHIES A A VMR LV EBIT 2 5,

anion
exchanger

Log Ksp

\Ce

0T j}“}\\lhi;w
cation

-60F exchanger ',

i P I

1

~10 -5 0
Log™Kq

Bl4—1 Correlation between Log Kep ©f Hydrous
Oxides and Log* K; of Central Metal lons

o:divalent, a:trivalent, o:tetravalent _
Ksp:solubility product for hydrous oxide, L.G.

Sillén and A.E.Martell, Stability Constanis
of Metal-lon Complexes, special publ, No. 17,

25 (1964).

“Ky: first hydrolysis constant of metal ions, C.F.
Baes, Jr. and R.E.Mesmer, The Hydrolysis

5

of Cations, Wiley, N.Y. (13976)

(2)

(3)
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4.2 EHAAUTREOSR

EHROL I, BAA Y OBEBRIEOprotileid, THAT YO AL L A7 5H
iz 2208 - HEL LCOBRNBRETRES E2 505, EFETRY EiFk
A P24 REAHIZ. Meg(OH), brucite BROMe% 3iE&EA 4 TEHRL
LA TH S, |

A,

(M2 M** . (OH) 2 ]** [A*" ., -nH, O]~

TRbsh, BV ESx0fIE. 2B A T L3MEBAF VOEEFITIVERS,
BRERCBEEREOCHBPCLY. REOERAA VIR L TEVWEREZ b AT VE
MEEERTEZLELONE, 22Tl 2&BA4 > L LTMg Nit. Cu Co.
Ik, SMHieBA AL THEEREOCRLA=ZEOTEAL Fe. La, Bi, Cr&mW
DB, ZThdDEBEKBRICNGCOBEEZHTLTAREL 2.

4.3 AIFERERE

4.3.1 =EBRKE

HE.10giR'25 1 2R L2 L L X10°M K IBEEE I ESERT AR 25
ML, FEOCEETI HEHE - $&EE. BAAET HiEh 2 0oBE THEEO—H 2 o8
L. tHB XUBHEEHAC L3 RFEOBE LT R ok, DHFEKIIKARNTRD .

I.,~-1 o B (mld)
I RHE(g)

Kd=

(17

ZIZTC LIRBGHRERE (Bu/ml) 2RbT.
4.3.2 FERLEE

BENAAFaZ Nt MRIEEHERIT S I BEEZBRORER, Mg—BiZgkams
RObBVWRFRERLE (RK4—1) . ot HTDORELL =B\ER (K%
~10%) T, BX-kfMe sl olk. BoNEARBRILHOAZT L EIZICOs2"
FRIZHCOsBIHESIND., REHUNAS Py b eEZLNEMg/ AlR{L
FPB LM,/ Bi, Mg/ Fell oW THERTAFIZRBT 2 1 RFRB 2T
F Mg/ FelbEMTRBRERBEINRP 0B, Mg/ AIBLIUOMe/BiTiRiZigR
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CRERPGLNI, BERFALT L OREERIT I LRERIETTE. Les-T
Mg/ BiftEHITBI 2BREBFROETIX. HEAAL VBB IDZLELI LN DR, Mg
SAUEEHTREFERPBEALTRY, SHRORNE2ET 3.

F4—1 FVEHYTDLABRBEILEERMT KOS EEERAF

THMEAD I I EA T o OBRE
1X10-%H KIZ#E BESEHE T 7K
LTy HITEIVH 0% %5 52 (% ) SE#i5pH O R = (%) 85 pH
Mg/Bi- 2:1 73.5 10.1 28.7 9.1
Me/Fe 2:1 12.4 9.7 0 9.3
Mg/La 2:1 4.5 10. -
Mg/Cr 2:1 9.0 9.38 - -
Mg/Al 6:2 a.8 8.2 27.1 9.0
Mg/Al 5:2 10.7 7.7 - -
Mg/Al 4:2 11. 7 7.3 - -
Mg/Al 3:2 4.7 7.4 - -
Ni/Al 2:1 7.5 7.5 - -
Co/Al 2:1 8.1 7.4 - -
In/Al 2:1 3.6 7.4 - -
HTDO(H D~ - 9.3 7.1 - -
HTDO(Na™* JE5) " 11.4 8.7 - - -
- HiFEEY
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5. MEHEI TEBRE{LH OFREEKIL & Z O HHE

5.1 BEHoFEE

ZHERFLYy -V = ARE R w—HF (SBP : 1~2m) IHEBELFRS
L, BELERITERL THAEEBEREREM L T2, COREHEN T ACHHEL
TICIMEAEL. 100%MET 2% TL00ppnd Y XK I, F-TaVRZEEML 2.

5.2 EAADBRIE
EEHOBKEEFTET 5 —FHEREMRA BhaA) ORESHS. B, B,
THRRA DD 2 KBRS E L LTERER VAW TRET B2, FFEOLH ITHRRT
FRRICHERLNRBHZOWTIERKEEZ2ER T 5, EHEL. REfAsZ2lRELTE
BRETRBZROREZITV. KX»PLROLBEZLHETED,

Vo phu Y 'ﬁiﬁ%jj
oS =————— o EBE
ve° h® ha! EARS

ZoT. AR GEEMBEETT. REONEE. SBPRT. EFEMEEHRU S
URWBEELOIEEL L, TAThOREEA /) YA THEL., NELIm, B
O H T AEIFIEL . EEAPCEERYT, WIAEERSTLEALELBS2HE
L, Fie. EHEHFECImEREZR V.

BEEREE. MELRBETE. 12mEF Lk, BZATEIEEL & ELRLR
Bote. Fhbb, 3EELGBKMETHELNS Z LIXERBH. FERAVTERRL
BERDBI L IFHERP ok, bREC., LRERI I, RY AT LY OBEMAD
6 =91° Tha,

5.3 BEFEOHRH

FifilicsnWTta vREBEHIZ. BAETHY. KOBAZBESHRODH D T L NS
ENjed, Tk, EBRATEERLEEAR I VROKHEMRTE 2028 55 iT>n
THRFLEZ.
ERALEBEELFZS. 1T TR IVREZEFERELERBTHS., ZOFHTR
EIEERBOEFBRL, UFEFOUEROHRRBL I, 100%THY. $T
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BELTWERZa VB (Agl) RR-TWBEFHEN3, fEoT, BT 33 Y
FEEQEDTERELEZZ DN, br—HF—2AnRITREAESL TR LN EEbh
BOT, AaVHRLERBRIEDIBFOBELZAEL THESh I avEREREEL =,
EROFHEZ., A 1g 2 IOEFAICEEL. WCTHEREEL 5 Lk, X
ROREREZICPTRELE, BEEHRL - LIKFRT. NEERZ. ICPOMERR
(&M@m)ib~ﬁ%woﬁx~m%ﬁ$%%k%i%néaﬂ@ﬁ&%ﬂ@bf&%
THo¥. Agl OBEBRENLHBELEEI VIS BEELTWAZ 283, ZnEE
T2 ED= 201 8EZL RS,

© BEEAHMORPTHEBEOEVWAg] OsBERLTWS,

@ REIEOEBED DVVIHEBERBEL TAHA,

£5—1 BEAEIIZREELEMSOBROBHE

No BIHAMRA AgiRt B BHi =

@ 1H 0. 0285ppm (9. 82X10"° mol) 4, 771073 <
(=2.48x%10"7 mol/1)

@ 27 0.0450ppm(1. 67X 102 mol) 8.19X10°% %
(=4.18X10"7 mol/1)

@ 38H 0. 0324ppm (1. 20X10"% mol) 5.88x10°3% 9%

(=8.00X10"7 mol/l)

ASIDEMETRD B OB E U=  [Ag®1=1.3X10-% mol/l
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6. F&H

—RIT. aVROLOIRT=F R, HTARBETEERWTRIRESREL, Byt
VRESUDREEDETHELSTIRRICREORRICERZE TS, AHEOCHMIIZ. =
DEEREZELTHEPRHBLEIVREUFR R X > THREL TEABE~DOHHEZRS
LT BWBEHOBERER LI FOREBBORRAICL S,

FERE, aUVRBEREM L L TCRAEYOV VB, ATORBH L L TEFHREBR
FEVE)aF A MBLUERAAT U RBEOISEHERZPWTHRNLE. £, BHEBL
w2 L TEARD 2 YREEMMZOWTRF L2, DTEREOEERTRT,

6.1 VB

O FVROBFREL PRTFORBETEL V. BHL 2KECHOTE L OLBLER
TN LY S e,

@ BEERESPERLTLHRFESBLLE2NWI P LHBRFTRRWEHB S,

@ HFAAUCFRLBNWILPD, A FUERIZLIAEFTLRNEHEI SR,

@ TEEHEE. 100/ gBETHY, VUBREENIHSCEATED TS
o<y Bl URPHeSRELREL2WI &b, ERA/THIHS LORKE
Ti2neFiEahE,

® VUBLPLEAKEDUMCIVRLAEEONEYEELITRERE Lok,

® O~O3HRAMICHETILIVEOVVB~DORFIIHLSOX 5 B2 —HDKEE
LEBHERIEL TREROHg I 242K TA D EShE.

@ HTARETEBNWTY, Y URBROIVESEL (R &, EREL51310,000
THY. aVREREM L L THoCBEET 5 Z RS M.

6.2 |{FARFFBFTVEUOFA b

O RRHTOER. BREMOTFRRKFER L EF T REELBE, THREDHEICIE
fILTWB Z B8R SN,

@ FFTRBEBELILEVEY vui A MOBEEBERITILAL Tk,

® FEEHERFEBEARLEETHE, EXPFARZIV/ B2 EBHTITEEDD
LT EHFTHINT,
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@ FEEMOFLBFEMI, TVEV oA PRBRVRENLETFIRBEAN I UE
PRETD. Tk, TARRVHET I LR X > TE UL BEONAKSBREN I ¥
BEWMELTNWBLEZ N,

6.3 B OTRE

O IVREBRORBRETITERODINA VIt A ROLEHETROM
AEEELTERLE,

@ FEEFRBLCHF T, Mg/ BiROLEHIEN 3 URBRBELRL .

©) WTARET TR, HEATVORELRT T, BERPET T 5EALL .

6.4 Bkt RERLH

2 UROREB LM E L LT, Bhic <WBAEEEE (R8FH) 2EELE, St
BEPRETHELERE. ERICBRIE N 2 RBERS hic ., KICEMLEE» b
X, BEOEHSEZ S LEEShE.



