PNC ZJ 1601 97-002

SHEOL

BREROR

RE - WHER IR D TRUBEFEZE B L O
EATROBREFICETIHE

FRE S

b R — b No. = % H

Z

J /6o 97 —002 1199¢.9.30

COBRHBHENEHRERFEEHTY

BECEETAANERSLETY
BAAF - AR IEE SN O RS

199743A

FAERZE R TEHRR



PNC ZJ 1601 97-002

PR E RS
PNC ZJ 1601 97-002

199743/

BEBERNICSTATRIEEERS LU
ERAEOBREXNICHTIHR

®OE -7

| ZE 5

BMUNLVEEGOREREOMTBABLERL ., REDFTELZAENR LD L
THEDITH, BEFOEBENENCRESET 3R EEITAILERD S,

AR TIE, BUSVEBERBETICESENh3TRUERE, R#BTR(Cs, Sr)B LT
NaZ R EDBEET D720, SRABBA T RRERNT I ZhoBEROSERKED
SV 7 LBEERFEZOWTERN Lk, &aiET U F5 B (C-ShA) Izxh L TH,
Na*, Sr*"B LA BRGRSEREETR L, HEEALT T b HSM) 1XCsHic @
WBREZETOIIEBGho7c, THODTREEFBRELAEITLAEZANDT
ik Y, HEMEEE DN, Cs*, SI™"BEVAR® Z AR F X, WMEB
KUHBRT7 =V L 2ERER L THiZ, EBEERESM TS5 TEESAY
fEEhiz, £, CSTRBEL LT, NNR7=2v7 {2 RML, BoEl
RS ETRERTNAMHE RV Lz, RTHER, CTIREVBRERTL,
5 M NaNOsIETEFT T10° cn’/gREOHWKEER L,

AREFIX, HIERE RHETEFRRFTSEAF - BREHEBEEFOSEIZ LY

EfLEFRORETH S, | |

2 # #F F:080D 0303

FEAFEYRRETRICEYE : REFXTTRERFARE BERFE—HRE
*a Hz

k1 BORRER B TR AT



PNC ZJ 1601 97-002

COMMERCIAL PROPRIETARY
PNC ZJ 1601 97-002
MARCH, 1997

Study on the Adsorption and Elution Behavior of TRU Nuclides

and Selective Adsorption of Heat—Generating Elements

Kenichi Akiba®
Abstract

The separation of radicactive nuclides from‘high—level liquid wastes
(HLLW) is significant for reducing a burden to storage fécilities of
solodified wastes.

The adsorption properties of TRU nuclides, heat-generating elements
and Na in denitrated HLLW have been studied by using various inorganic
ion exchangers. A crystalline antimonic acid (C-SbA) exhibited a high
distribution coefficient (K:) for Na*, Sr’* and Am®* ions, and H-form
of mordenite (HSM) had a high selectivity to Cs*. These nuclides were
effectively adsorbed on the mixed column of C-SbA and HSM. The mutual
separation seems to be possible by using HNOs and NH.NOs as an eluent.

Ni-ferrocyanidés (KNiFC) were prepared by precipitation method at
various mixing ratios of Ni/Fe, and an optimum preparation condition was
determined. The KNiFC had high K: values of about 10° cm®/g for Cs*

even in the presence of 5 M NaNOs. owing to its high selectivity to Cs’.

Work performed by Insfitute for Advanced Materials Processing, Tohoku
Univ. under contract with Power Reactor and Nuclear Fuel Developement
Corporation
P N C Liaison: High Level Waste Technology Section(HTS)

Masayuki Yoneya

*: Institute for Advanced Materials Processing, Tohoku Univ.
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1. FREH

B USVRBRONEREIL, BREARCERTIRRBIEL-THBESAE, *
DRUBODEL X, BLBERYTHASIBLUCsA Y—BOTE (BHTR)
KEBELTWS, £IT, WERECABZERL, WLV VERMEET LY
EHEHAR LD LTIEDITR, ThoBATHRERLLEERMOSEL2ITH
R BRWY, '

MUSLVEEPORATEEHENICHETIDITE. TOREEOBREES
BETSEILERDD, fixid, FEFPMCL3EMNCR, BEE2pIERICE
TETIEDIIEHMETHSY, BHShAE® LUK Z, BESETSZ
EREVSIBIUVCsR Y DEREOTREAEPIZR L, TOMOBEEDIR X
KBRDELTHMETIZLNTESY, COBRMBECL-T,. RBITERLAIE
FIZBITTIH, SEHPTIEBBATRUMMIEBRE (W1M) ONaBEHFENT
BY, TONEBRBROZRETIODORFANNOHBE L UOERF - BHERE0F
EERATOILERDD, —F., TRUBFEIZ, B LV RIKREMERCTCBRACS
BEEND2bDD, REEROAEPITIZERE LTHREOTRIBRERS ENLTWS Y
Vo TokD, HEPRBEICSENRITRIBEBSRH - BERECBS VT, ¢
DEICEBHTINEERNTIER LTBSENHS., EbIT, SrBXUCs%
REIHELCES, ThOERFLEREARETOLOERKER - BREOEHHIEB
EELTHATESD, BUEFYL YV OBRAROKEVERFFITHOVTHEE.
BT AILERDHEY Y,

#VSVEERPORMSIEEEOBRASEICE, Bl o RboB R
BRESFATEDY , AFE T, BEEETICEHEEN3Ne, Cs, Sr, Ands
SUUEXRE LT, ThOBEEOERAS IRk 2 5REELHE~,
RREADZ DL ZHEESBEOTREEIESDVWTHENTS, ELHFEEERUTO
B/BYTHB,

(1)%ﬁ%tw&ﬁwmﬁwémﬂﬁaﬁoﬁﬁﬁﬁ
(2) ERA TV ZRBREISACLIIEBOBF - BN
(3) CsSBIRMEORMWERA T RREOCTEE L UCso Lm st
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2. BB VRREIIHTIRNERBOSERE
2. 1 HROBE

BRSBTS T ShBBEE LT, Na*, Cs*, Sr¥, An* B ETU0.* 5%
LT, TNOEROESAS T RREICHTHHEFEZERRS,
Na*IZBRIEDOE WA TR E LTIE, REARDBOLLTT VFEVEN
MBRTVEY ™, 7UFE U EBIL, EEW (Sb0s - 5Hi0), #F RIR (Sbals
~4H30) . B LT R (Sba0s « 4H,0, C-SbALBET) & LTHEET B, Na'iz
BEVEBREERFT O, BEETVFEVBC-ShA)DZATHB, FELY 2k 3
&, C-ShATIL, LiITOSHBREBEF LI SSL, 'EED THRWIHEREELE S X
5ELTWA, “hit, C-ShAZ WS LHROBMBRERDICHRICEET S
Na* ZBIRHICRETIZ LB TEDIIE LRV IHREEE TS, LL., C-SbA
i, BERLDBMRROBDO LHBONTE LT, ¥TAERTRENIZ VE
WHREEZFELTWA, RIFFRTIL, C-SbADEREKZEWT, LREROSERE
BIZOWTRNTS L L bic, X T LEAVERE - BEEBEIC OV TR L,
An* B LTV ICBIREDH D BB A TREL LTI, RO Y S
OBRBIZFIB ENEEXKBEFZ 'Y BAOATWIENMIBESIIBD bR
VW, FERTIE, ERTVFEVEREZEDEW 200 ERA T BRI HT
BAn° B XU Do RFEEEZFR, ThbEROBRBFEIZ SOV THETEL &,
Cs*iIcB L TiE, CsBRENES ., RN BERTEIAXHREL LTRERLY Y
FF4 FBREOATVA' Y'Y RIFRTIL, TRUB LU DOMAKSAE L2300
BREZSEFTOIUMBEKENRLLTEY, MAKSBEMI 3D IEBEENR
BESTESBVETSETELERDD, DD, BRESICRBRIEDF 4
YCHBITNAVERAT V2R L, FHEHEED 28K, FlxriiNa
A FOFERIRFELL R, CSRIRENSEH, P oRFREER, BIROESEPH
EFETIEIRBEL LTHEEET L MEFL603'Y, AWETII. HEE
NFFA PO~ EREEO FEAFEICHSOVTRN L,
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2. 2 xBmiEBEH

¥datE 7 v F& B (C-ShA) DERLEIX, REEH (BR) BLOIXE-3006% AV i,
BREE LTI, 7VFEVBRREVII/LVERHBL, BRIZERBE LD
2300CTHER LTHE LR, BT v FEBIX, 10-20, 20-353 X U65-200 A
w2l BB, MAEET VESTADA-EBHERTCREKEE—EI
BELELOZERLE, KBEEAT A M, NortonthBlOIERI{K (Zeolon—
900H, HSM L B&77) 220-328 £ TUf32-48 R v v 2 IZE L, BHFAEEZ —TERHEFHL
bDERWE,

AT ERZREL OLBORD, SRFEOCERE A T ZREZERA L.,
AFECHAVWERBRED—E X Table 1IZFT, 22T, HRY VB La=T A
(¢-ZrP, HEEER HER), IXEI00G) B LER TV FEVBAX(RESR BR),
IXE-12000) 12 7 Vv FE VB L RROFETER STV D, CTIRBRENH N
#fk L LTit, Fulkafld 7 =u 7 L2, k (KCoFC, 30-602 i =), Fajg
METE () HTBHRkRo= VI FIVEBTVE=VLMP)BITRY 77
A7 VB AP BEIUEEET TS b EAWE, B 74 MI, WTh$20-324
vy 2 llRBRLT=bDERWE,

2. 3 WMARE

THREIIHT I RREEEOREROBREELLE, Ry FERIVARE, T
bbb, HER(.167 g) OERKMER L URIEHE (50 cn®) 2, 25CT9 BHEIE
Ly Lk, —ERMSREREZY 7Y 7L, BL28 G, 000 rpm, 104Y) #,
y HABENI(TD) VY FL—va VHEEBTRIE LR, BFE (B %) REX
REVEH LR,

R= {(A4 = A/ A x100 (%) (1)

I, ABLETAR, ERERAMB KCUREMEBEORBD vy BREEBTHD, 3t
S UloREHEBEIE, **Ne, *77Cs, °°Sr,, °°Co, "TEuB I T 'AnTHY . F*
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Ta~-Y BN L a-IrP)

Nasicon@ V) B ILa=7 L

7 29 YT {63750 b (KCoFC)

WAEYTF/BT e A(ANP)

FEEAR (), IXE-100G

Rt , IXE-1200G
Fulka
OEsE TR G

WA 2 TR7F /BT 22T LGP AL

AB¥ASA b
XEELFIA b
YEEXSA b

Yk 2l

PELES S0

Nafe €T F4 b (NaSH)
WEE/T+4 bCESH
RBELFFAL
sV Fus4 b

¥/ —, HSZ-700K0D

FOEMETR (B

Sba0s + 4H,0

Sba0s + 4H20/Sn04 + nl0
Ze(HPO4)s » nifa0
HZr2(P04)s

K2[CoFe(CN)+]
(NH4) sPO4 - 124005 - 3H,0
(NHs)sPO4 « 12W04 » 3Ha0

Na,2[(A102)12(Si02)12] « 27H20

RE Nass[(A102)44(5102)104] » 264H.0

Norton, SK-40
Linde, IE-95

Norton, Zeolon-900Na
L. Zeolon-900H
NEF. BRR
T BRER

Naso[(A102)34(5102)154] ~ 250120
Nas[(A104)4(8i0s)s] - 13H.0
0. 26Ma20 « 0. 74K40 - A1:0s - 12. 35i0; « 6. SH20
Nas. 7[(A102) 4. 7(8i0s)3a. 5] + 24H.0
He. 7[(AL02)4. 7(8i02)3s. s] - nH20
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¥ U 7EEIL, Am(2.1x107° M(= mol/dm®)) LA EW T H 10 ppmd Lz, **Nad
B THE107? M HNOSEHREZ AV, MioBRTIX0. 1 M (H, Ne) NOSFHKIZ & YV #13
pHE 2 I L CEREEREITo/, **Na, '*'Cs, *°CoB LT **Euit, BET
AV b—THELLEALELOEFRLTAVWE, *AnX, B{ED
(Radiochemical Centre, IE[H) ZHNOS-HFIEIEZ CMAREEL, WBEKTHRLT
A, °SSrik, 'CSr& ML /eSrCosk ¥ —4 vy b e LT, HiLKEHEFO
LINACO BN EFIA L T, *°Sr(y, n)**SrRIGIC L VRIS L,

2. 4 DERR

RIEHE (50 cm®) & A I T80, 167 g) &, HEL (V/ 0300 T—ERFRHIE
EH%, WRERLABEL, EREIZAROFETY HHAEBZREL., FEAK
(K, em®* /@) ZRXUCTEVHEHLE,

K = {(Ai - Af)/At} X V/!D’ (cm’/g) (2)

ZIZT, ABLTVAR, FhERAMBITERL IOy HHEBTHD, AREH
i, REEEOERTHAVWEERBIG TUE AWV, PTUE, UG 2HILK
EHBIFOLINCORBIEESERB L, **U(y,n) YIRS LV RELE, B
HRAEZTBPHHEIR LV SBERM L CERRICERLE, An2. 1x107° B XLTU
(2.3x107° W) 2R &, BP0+ U 7REXL0 ppn U, FIHpHIXI~4D&E
TCHBERE T2, N "OEFTH, HEBEKOATHNYpHEREL, fioA 3
Y THE0. 1 M(H, Na) NO- TR & AV e, ERIZZBCOEBZIF TITV, K I KRR
E5~9HRE&LE

2. 5 HRLER
B T RBRE~OBRREEROBRFIZOVT, BERHEB I UCLERFED

EADRMNLE, BEEEICBELTIE, SNLAETVyFEVR, TVyFEVER
ZBLRYV VBV Na=TLeERRRE Lz, SREFERBE LTI, 2K
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BERFZA—FLLT, BEERBIUVXFA I VBELELLSETHBRHN L,
®HiZ, AnTOSER TR, FHATAVELETORREIT SOV TREFELRA X,
EXBRE~OEROFEEZRENTTEL. 7L LIEK - FHEOE#T —
FET5

2. 5. 1 B¥AE

(1) 7vFEvg

T v F T B (C-SA) Ik A B O R FEORRELEFig 1IZRT,
Na* X ERMENKRE L, EIES5 BTI0%EET IO L, CsHizaERO AR
RATIERFIXIZEAVYED NN oT, CsTOEE TIL0.1 M (H, Na) NOSTEIR %
BOTEY, Na"BEEHRTVFEBIZBREL, CSTORFREILShALD
LEXBND, SIPTECOTTDREFEREITIRERENED B, SK¥TEMM 1A
ECORBFHERAKEL, FRURRBRLZETI3HABALNZORA LT,
CO'RIBHFENIINBETH Y RAFEIFE. An’"1ZH108 TL00%DE AL LR
Li=#%, Eu*HSr*t  AIBEORFHEL T L, M 3R EcCoRFEED
FEFIE, Am®* > Na* > Sr®* > Eu®* > Co®" > Cs*Tho =,

(2) 7vFEVBRAX |
FUFEVEBARERTARAEERORERORMELEFig. 2ITRT, 7V
FE VBT INTOBOBREIZRY, BOT7 yFEVBORS LRKOHE
MBAD B, S BLTC* " EHIZIARMES Y LTHEHITREBELTWA
W, TUFEVBIHTICTTORFIIE#E THoH, TUFEVEBRAXTR
1AM CRBONDBRFREL R LI, SEHFIU T, Wihd 1 HEMRECE
BEHFICELTWS, MY 3 CORFEEDFFIL, An®* > Na* >> Eu*®
Co®* > Sr** > Cs™Thot=,

(3) Vog¥ra=9h

JrBULa= T AT IR SEERORFEORRELLEFie 3ITRT, 1
WA FAOHEITIE, CTTIE1 BLARTH0%BORFIEL TNE A, Na™ T
ITS0%BETHY, FRABIIWIEMEELE, 2HEIFI TR, B
FUSHORAERIE, IHHNEBEECEEEIEL, Wb 10%BEORERE
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RLM, SEAFA Tk, An®"1ZI2IE 4 B CL00%DRFRIZEL, B 1A FHE
FHEETHLIAMEPEL, BFERBREETHo/z, BFHEL, FIH 3 B
TORFEZEITHEETS L, An®" > Cs* > Ne* > Eu®** > sr** = Co**FF
FiThoTme WThOTBREIH LTS, A ORFHEIIREL, TrFEr
BBIUOTrFerBAXRZHLTIE, N OBRFHERESKEVWERBB LN,

2. 5. 2 ZEHE

BRI RRIE~OBRREEBOSEBHFEIT OV THEMN L2, BREEEOERENDL,
BRI LAETVFEVBEADAR T BEUNa OBRFH-EBENZ &M, 7UoFEVE
ZHOWTHEE, SEBIRRIETVWSODORFA—F 2B ESETHEMMEERNL
7=
(1) 7VvFEVB~AOEREOE

O E@EoHOER

TUyFEVRENTHIEBOSE & FHpHE DEFEZ, Fig. 4(a) ~(c)iZFT,
Na"DFEERE, WIS AIMpHIC S TEEpHIZET L, F8pHit1~ 2 0¥k
WEEE & R o Tz, TUFEVESNTERBIRMICIRY A%, IFOH BENEAL
TefeHEEEXDND, 1EIFFOLETIX, Na*DKAEIZ10°~10* em®/gd X
<, N IEH LTEVBREZETHZ B2 D, C" Tk, FfEpHoMMmIz
L EARAVLERSBICET Lk, 70 FE VB TRNa ICH~<TCs" DRBIREIE
., BEPICAET I BECHELZTADLELLNS, 2{IFA VT
X, SrP LU0 RABREDOLEZR LT LC DRELIX2HREDENE
o, 3MIFI TR, LECHTEHpHOERITIZ LA LB DN,
A A AV DREFEOER N BB, FHEpH2 TREZLE L BEORFH
L, Na* > Am*" > Sr®* > U0z** > Eu®* > Co** > Cs* Th ot

Q@ WEERECESE

Fig. 51X, Na*, Cs*, sr®", U0: " BEUVAM ' OARICRETHEREOREY
T, ERbWLAREIIC, BREOHMZIHEVWLERETII3HEHARED L
h, 1 VEEOENHDELQEITETL, A FVRERESXEMTHDZ
ENTPEND, 7L, Na“ITHBEG M) OHEEIEFELTHLERICUED
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BWHEERLTWVWS, ZOdD, WoltAT VFEVRBIZNSBRFTS &, e
TOBEIBELEIOND, BBEGC WOMBRBEP COSEROKEORER]
IREATOEY TH B,

Na* >> Sr** >> Cs* > U0:**, Am**

@ Na"BEOKE

Cs*, Sr**, U0 " BIVA " OHBICRETHRET IS BEOEELFig. 6iT
R, Am*tiXl MONa+tEBZETCTH U 'BEOHWEEZ R LEREOH V2 L BSH
Bo U0 "B EWVSr* ™ H, 107 M Na"#EFTETICLL EOBWLER T, —F.
Cs* iZHETINS BMEOHENRE L, Na " BENEMT S LA EITaEIZIETL
Too TR, BEBEETOAR, Sr* " BIXUU0:* BT VyFEVBIS LTRE
SEETETHIN, CSTORBRIIMOZHRELZERTILERD S,

@ NHOBREOEE .

BEER L LTEALNANHE (HNO) BEFELEGD, FEBOLMEE
Fig. Wi ¥, £FETIHSBESNEMT S LLERETT2ERABBD N, &
HEE (5 M) ONHaNOs B HF LB EDOEERBOKMEDOFFIRUTOEY TH B,

Am®t > Sr?* > Na* > U0:%* > Cs*

KIEORE EHBHT, CSTUMINIMEBTIRIZE 2 FHIIEELZ L 615,
(2) TV FEVBAX~DEROSE
TrFEryBARACHTIHREORE L EHpHE OBFE L., Fig. 8(a) ~ (c) IR
To PUFEVEBOBEIKERT, EBROAMEITRKEREREDLLT,
ThbpHl ~ 3 DFEFETLO*~10° cn®/gDEHZER L, AZHRETHCs ' DEIX,
FHFpHOEMIZ &L b RWETT3HAITBD bhiz, EfEpH 20EEROLER
EETHE, An®t > Na* > Sr®* > Eu* > Co®* > CsTDEFTH o .
(3) VvBIALa=y A~OEBEOSR
YrBIAA=TL(a-IrP) IZRTHERMOSE & EfipH L DBEEE ., Fig. 9
(8) ~()IFRT, WThoBERETHY EHfpHE LOXNEME L OMIICITEREHEN D
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/2N ﬁﬁﬁ@%ﬂﬂ&é‘ei?ﬁﬁ@ﬁ% LM T3HEABBH LN, /1 FURREIIET
BT L RREENS, KL% T3 CHELBESOFFL. Eu®* > An®*
> Cs* > Na* > Sr?t > Co**ThY, SMUFAUABORREER LA,

(4) i‘éﬁmmmmﬁ'am’fa‘aJ:UEu”a)ﬁ}Ea@l:tﬂz

WThOERZBEZH L TH3EIFFTVITEmREEEZR L, EE8E&
~AOETB LA T OSBICERETN BEOCKEBER . TOHERLFig. 108&
UFig. 1R/ T, VvBUra=vh (IXE-150G) x4 BEu* OEECik, 3
TET BNa B EEA30. 1 METHE, K{EiX10* cn®/gA EOBWEEZR L8, Fhil
FOBETITARIZET LR, 7YyFEr# (IXE-3006) BEUTVFEUE#A
X (IXE-1200G) Tik, Na"BEEDEMEL T, LMEITBEBCETTI3HABED
bz, TNHOFRETH L TN IREVBRIEEFTT5720, R—ONa"#E
TR OREEZERDE, TROLDRBREFICHTINERI VB2 LD
FRIESRTHENZEBE1D, —F. A" OREFETIE, WThOXKEBRETS,
1073~1 MONa*BEHEIR T, An’ O LERERERTHEABSBD bR, V VB
YA T= AT BA OB TIE, Na BEN107 ~5 MOWET, KX
10 em®/gBl EOBWEE TR L,

(6) Am* "D ERK OB

ERERSREUANOTHRECHT A OSE L EEpHE OBEBEEEEDT
Fig. 12(a) ~(m 2T~ ¥, i, KLEZHHpH 2(0.1 M (H,Na)NOs) THBI LR
#Table 2IZ/RT, EZ T4 MIMHLSMTIW TR EHHS LR T2HEmEH Y,
YRIEFS A PBEUORABREAT A FPBEBVKAE(L 2x10° cn’/g) 2R L7, £
F5 4 PSS OERIZRE TR, TYFEVERE LBV LE(3.9x10° cn®/g) %
RLU, AR L TEVWRFREERATIZ L BaND, —F., CGIiB8REOH N
7 =1 L7 {8 (KCoFC) I8 L TA~T a1 iR U B (AMP, AWP) ~DAn* "R FHEILEW,
(1) KEHEALF AL P~OEROSE

¥F54 b TH, ELFFA FMICHIZH LTHEVEBREEZRT D &350
ATWa !, =L, NeBEATT A4 FERFRE LTEAT S L BEOEE
pHIZ ERF2EANH 5, A" BLUU: " SOER L2 ORET 3 -2,
ERoMASBREMEE1=D, HEEATFA VOBERABEHESI NG, FE
BT, V7 LrEROERBT—F2/I7=D, HEEATF A FCHTIEER
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Table 2 FREABREDANDFEEE (F)HpH 2T D H#E)

AR Ky (cd/g) [F#pH] et Ky (cd/g) [FF§pH]
ABEA S A b 9.6 [3.90] Fp it b 4.3X10° [3.11]
XHMEAS5A b 3.3X10! [3.84] a— Y BRYNI=D L 1.0X10° [2.04)
YREAS5A + 1.2X10*  [3.79] NASICONB Zr-P | 1.5%x10° {2.09]
ZxYx54} 6.4 [2.26] ERlET e Rk 3.9X10° [1.85]
NaBlE541 b 4.4%X10*  [2.26] TUFEUBAX 2.1X10° {1.90]
HEELTFA b 1.0X10°  [2.07) KCoFC 4.5%10" [2.18]
REENTFA b 1.2X10°  [2.22] AWP 1.1X10 [1.98]
297Fa54 b 8.6 {2.15] AMP 1.3X10? [1.95]
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HHEOLE L Pl S UHBRECHAERFig 131077 T, pHEIRK T,
Cs*"DKAAIZIOCU EOBWMERRLTE Y, CGS'REVWBREREF T I &B8ah
3, CsTUADERIIWTROIOCLU T TCHVHEEAT 4 M 3 RFHEIZE
W, B2, 2MliAFIFehHBSrTBETUG OLEIKIOTTCHIRELEA LR
FLARW, BMBEFEFT TR, BEEOHMIHEVWThOBRLET T2 H A
BHLI, BREG N OMBBEEEBEREA L LTRAVWRE, G UAOERIZE
BEFEEEEZ DD, |

@ N"BRECEE

EBROSELEXFTINBRELOBFEEFig 141277, WThoE@EbNa®
BEOBMIEN, (MERETTI3HEABEADLND, RHEFERT ONa BT
#0.92 MTH YV, TOBRERE TIICS"OLMEITXICBRETHIZ b, IF
LHERIZEY +LEESBETETH D, CGSUADERBOEFEREL . LEIX
0L T TH o 7=,

@ M BEOEE

Fig. 151X, BROSELHFTINHBELOBRETRT, WThoE&ED
NH. BB DIV KEIIE T L, Na"NEFELEBE LV LOETIRELY,
WTHhOBREIZH LTYH, BREAE UTHNLEFIERSESEZ2 2503,

2. 5, 3 ERTFTVFEVRIIHTAIABEEOZHBRAR

BT FEVBIIETITAVAI V&R 4 M LiY, Na¥, K¥, Rb*, Cs¥)
OEBRERY, HENWXBRBOUETR S CHREHBRBIC L VEAR, TREOH
BT, EAFVEREZLIME L, —EFOA FVERIT VFEVrBEHRML
THAR, Thbb, HEMCEROPIELLERR, 7V FEvBBOH LT
DTNHYERAFTVLEDOTREZRODTHEBREREAME D o 7=, Fig. 165k, &
EORMIZ KD TAAVERA TV ORBAROELERT, Na " BEaTICEETD
BRI OA TR TIER L, N ORBRARIT2. 26 neq/gTh o7, KBRE
BOFFE, ATOBRY THole,
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Na*(2.26 meq/g) >> K" (1.38) > Rb™(1.03) > Li*(0.65) >> Cs*(0.226)

Fig. 171X, BR7 Vv FEVBONELZEALBEON" ORRERE T, BES
EELTH., ARCEETIRMLIELAY—ETHY, EE1HDOEKEE S T+
SATICEL TS, 28, Na'ORBERIE, *Nak FL—%—L L, 0.1 ¥
NaClCEafnlE L 727 V?%.f/ﬂ BEOKABERE L TRDAME (2. 30 neq/g)
k%E(fﬁLko

3. XBRENFLICLIZBORE - BHFHE
3. 1 HREMN

EBERA 4V RREBHT IREERROSEFER SOV TRMN L, BT
VFEVBIZR LU TiINa, Sr, AmSEWRFEEZRL, HEGREAT 74 Moxt
LCIHCsEAMmWRIREZET A LB RhoTe, RERTIZ, REEEFOER
B LT, MRETEASHATV SN, RBTRTHHCsH L UST, WHICH
BEASNLTWVWAAERRL LT, ZThOBROT Vv FEVEBBIGT yFEV
B LU ENT A POBEN T L~DRFHE - BEEFEIZOVWTHRHMN L, 74—
FEEEE L UCH, BIREHE VSV BEIR (SW-1IE) R U TR L5 %
(Na-Cs—Sr—Am-HNOs) EHEZ AV, # T AERE LT, B -RE-EHOIF
EEAIZER LR, Thbb, BF TSRS RBFETOEBE L ETH T AITRHF
S, BEATESH, WS ONOEEALEE L THRY RO ICEELL, |
ThoDEREER, BROHESEOWERIZ SV TRN LA

3. 2 HILEER
Fig. 181k, ZEBRTCAVWEIZFLARROEBOBBRE2TT., ¥ 7 AERITIK
FUFEVEBLIUT VFEVBEHEELTFAL POBRESITI LAER W, T

EIZTOARFTOCREBHEIAL, 5CIRFEFLAAEREVSABI T L (9 mo x
400 m) ICFH L=, 74— FERE: LTSRESFEBEREY, MEEERV I
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FV—EHRETCHTLRBHEL, 757 varyavr¥—ic Ly liE%E2 cn*d
SHWLE, BF, RRBLUCEBHBOET T 7 ¥ a v ORKEEIX, NI(TDYUF
V— g VMR Ty HEEE . Eicpure GevAFF X VRATFFA Y —
MCA) 12 & ¥ BB Darea countZHE Lz, MCATHE L =EBERMO- XL F—
B, 3®Na: 1275 keV, **7Cs: 662 keV, °°Sr: 513.7 keV, **'Am: 58.8 keVTh
Sfe, T ZTSr&**Nad5ll keVD y A7 MAXERB D, *°Sriz 2Tk
AT PAVRDRERIT Y VeHE LR, 7577 V3 vyPOEBfDarea count
(01, 74— FEETOFHcount (G) TRL., ¢GHEZEHERICH LT
v FLTHBOBEER®, £, BHEOT T 73 Tk, M Darea
count (D&, 74— FEEPOEFZEROKcount (4o) TERL ., BRER (4/4) T HHE
BRIz LTTey bLk, 5 2EROFHSKESTable 3ITRT,

3. 3 HEREER
3. 3. 1 7VFEVBATLILLIBEEORY - bl

Fig. 19@@)~ ()X, 7V FEVENIT7 ARHTIHEBORYE - BEEEROGBR
2RT, (QEHFTRE, FEROCGHIFLILITTCHY, ETHTFARREFLT
W3, RELTHR, BIFRIZCSTOMBBED biv, FeedPDCsHMRDKIL0% &
REbL N2, HHOFKER, &7 5 ERBOKAPICEET 50" B RHR I
HUebLHEEEND, Kipk, BEKEE LTS M INOZEETH L., An’Y,
CS"BRUSI " OIRICEREL /=28, Na*'OBREEIIHEETH o7, N IIT v FE VR
R LTEWLEQOCUE)ZETARDTHD, FEEOBEEIL, An 95.5%,
Cs 88.8% B L USr 41.3% Tho, BFHEL —7 ORFHER () B K UFIXU
TOREYTHD,

An®* (Ve= 8 cm®) < Cs*(10) < Sr?*(16)

FRVNTS M NHNOSZWEREIR & LTHEIETH L, Na¥, Sr"BRUCs" B 1 BERE
BEL, 51230 e’ LB VA OBMESBE S, An® X5 M HNOs



Table 3

v Bt T A

il TrvFesrBihoh BEAT L

W 4 5 ¢ 5 gC-SbA/5 gHSH
E{E 20“32)‘ b ¥V 20'32/32"432‘ v ?‘/.:L
=R 3.6 cm? 12.8 cm?®

BB 25C 25¢C

maH (kR W)

0.30 con®/min

0. 30 ca®/min

(&) 1.3 cn®/min 1.3 con®/min
Feed B ¥ 58% &+ & HLLY® SH% & & HLLW®
Feed® ¥} #§ 1 4 48
(pure Ge HCA, Area count/
120s/2 cn®, Co**)

*?Na 629 411
137Cs 1385 1463
**Sr 413 431
41 Am 522 449
r B4 8 (NaI(TI),
cpa/2 cn®) 126937 126883

¥: SER A RHLLVAEA X
0.92 ¥ Na-1.61x10"? M Cs-8.78x10"* ¥ Sr-An-10"7 ¥ HNO;
¥%: Co: SEEA FZRHLLYD NCAT @ Area count
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CRELAYREEIREN, TVE=VLAMEBERTLEESRBR SN,
AEBRTIE, FERIIFETERF LAY, fESEIIEE TCHo =, LEL,
BEEY — 7 O REOETIE, SECOLMEICHELTEY, BRERORERE
(FSYzyv b AR BIURAFMEZETIE3ZIECRY, FEEOHE
SEEITFRREEBRA BB,

3. 3. 2 BEIFLZLAEEOGH - BB

7 UFEVEBH T LDEHT B0 ORRED XUCRAFRITEN D, TUFE
VERRRBRORGENTFA FRESL, BREIT AR IDIEEOERN - FHEER
EfFol=(Fig.20(@)~(d), L TOHBRH T AILHRF LN, An>" BET
Sret kPR I I % DM D b e,
YVEEERI & LC5 M HNOs BT B &, An®*, Na"BRUSI O BMNREE I,
ZGEROEREL, An 97%, Na 18%, Sr 29% Thoi, HEEALTFA FiTH
+3Am B EUSr U O RFEREV LD, ChHLOBEBIXTVFEVRY T A
LEBELELDEELbRD, Na*OEMEN, HETALTT A MIZERF L7Na"28
HNOs CEMEE N bDEEFXOND,
€VT5 M NHNOs BT D &, HEEATFT T PO LCs"HEHEL., FEESRIX
97. 7% Tdh o 7=, Cs* D VfEHiZ36 co’fTEE AEbL OND, K%fﬁ'ﬂi\ NatooE
BEWK & LT5 M NHaNOs/1 M HNOSRAWEEAWA'Y , BAWEERIC XY Na 128
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HhBZ LMo (Fig.20(d), Na"OEHEY— 7 BRELTHIERBIL, F 7
LO—EELERS L CRERSSRAETH 5, |
DEDERNS, FEBOMAESMEZERTIDOBREE LTRUTOZ L
BEZ OIS,
(1) TvFEVB~OC OEFEBEN O, HEEAT T4 FE2RETHIE
Cs*EBAMICHFTE 3

(2) S B XA T O SREN, HBREOREICLVEBRTE D, WREARILL
TiEFL— M MAEOER BB LOND,

(3) Cs*&Na*DLBEIX, NHNOo/HNOBEBHMBROBRERIMIZ I VBRI TE 5,
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(4) BABRBEEEALEES. ¥J ARINHS/HHE 2555, 300~400C T
C RTHhEIBREETSZERTERTHE Y, '

4. CsBREDEVERS 4L TREOEN S L UCsORHEHH
4. 1 WTEEH

B UAVBEHE S B OCsDRE SBEIZIE, M ERROVER A F o RHEAEIT X
BAZFUEBRENREZ BATVE Y, CGHREBWA F U RRBREEZFTHX
BEL LT, FERT7zu 7 VEBBER ShTBY ., BRIV ESOXER
ERBEIHLTVWAST ' Fig 21k, MEZ =7V {LBOBRAEVEED
BARETRT, BEAYORBEE 7 =a 7 AeWixmELZ BT FCORELH
LTHY., BHTHEN FEAAVRLBIABEZBELTHWS Y, PrRrrvRICE
T54FV K, Ne*, Ni*Hix, RBEIFIT & LTHE, ARBBFEFOIFZ
VA FVURBTINRERET S, 7207 PR T B0 DA T REBE
RECELUTRESZ 08ESHY V7Y | Bl IV XBREOTTRELHD
BREZETZY, HRECPHEARERERTHWILOBEL, Fic, WBED
NalE IR POWMBEOCs ' ZBRMZBRFTHIZ L BB THY ., BEFRAB IV
BABELV_AVEENMLOC OBRUREZIED TR RRZRETHD, FE
ﬁ7;u97vm%®¢?%m%7=uvrym%mmmmuﬁbruﬁ§<@ﬂ
ERBENTEY®Y* | BlR74 VI VY FCRBEERORKLE o RITE
BlERTWE®*!, FEMET7 =Y T e, 7=a 7 {eBBEE &RE
LOBEKIZEoTBLAOEREFATIZEBALATEY, 7BV ATV E
A, &BAFVEM NE LTAMi-:[NFe(CN) o] (0 < x < D &RBTEHBAMENT
W5%® , KCoFCE BERIBOBMEEZETINR 7= 7 LB KNIFO AL T
i, BROBELGERBESNTELT, TUEEEENCESE, BHLE
BROPHEREIVS T v RREETEERNTILEXH D,

AR TiE, KNIFCRBREORHARAMNKGEEZALIITTID, ANKORE
E/VH (Ni/Fe) R HEMBITEELESE, BONARBOBREOELERAD L L BIZ,
CsDA FV BRHFHEITONTRM L,
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4. 2 R B
4, 2. 1 BREORBRH

AEETRWERE KNIFC) 0B FEDOFIREFig. 22IT7-7, 0.5 M~FH I
TG (MBEIY U5 K[Fe(CN) o]) 3 X T0. 5 MiEEE = » 7/ (Ni (NOs) o) BB D
FER%ETable ADBATNMEERBEIORABM L, BEERR LYV —FE
FE (2.5 em®/3) T, ~FV VT /KB VLBREMB= v 7y VEEIZ
BETL, TOMBEITEICHRE L, BN, LIZOW T, BEDIRFZHEIRL
T, MB=y FVBEEZE~FF T /&(IBA YV T LERITHT L, @TH
T#, 1 FERREE L24RFRI AR L, B, B 2BE(5, 000 rpm, 1053)IZ &
VEESHEEToT, BRELREBEOREKRCEELRD ESBSERELESRE
FFofee “ORELZKEIRYIE LT, BHRSICHEEROEE (10,000 rpm, 154)
Ik OBLEEETo k., LEYIL, 50C T4, 120CTIEMER L. &
B Ut BiE, B =F Ly BoREHRICAR, BEKEEZ -ERZEIZDHIT,
LT e T LABROA - EEHEE (BET.3%) ATHRFLE.

4. 2. 2 HREOSH

(1) RXBEH
ZAREOWMEXBRE (XRD, HEE, Rad-B) 1TV, XREIFROBEMT 2T
S ek, BFER (s A)ERERHLE,

(2) XA 787 F 54 V- EIF3XEBEALBB LTHERSH
FRETHIFICEDIAL, REEFEL, XB~vA 727574 ¥ —(EPMA,
AZX-650S) B L CEEMEFEMBECEN T LY, RSB LI CREBREETT
ofr, MESHOERTEIZ, REOELEK/ND)ZEEL, SEMEL BB LE
DREE RFED -,

(3) RSB ART bIVSHHT

KBriie & 3 FRAMBUR A S RS (IR, B $£260-50) £ 47272, HBILE—2
ORBEFARBZ L LHIZ, 2,100 cn  {FHEDCN OHHEEDICVBRTIRRE—7



(K,[Fe (CN) ¢] (Ni/Fe=0. 1~100)

- EIDRF
- BZiR. R
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[Kz_x Ni_,[NiFe (CN),] - Hzoj

Fig. 22 KNiFCORMBIFIE



Table 4 HEERBEFORESELVH

Sample K,[Fe(CN),] Ni(NO,), BEELE
Nao. {mol/1) ()l (mol/I) (ml)] (Ni/Fe)
i 0.5 100.0 0.50 100 1.00
2 0.5 100.0 0.50 10 0.10
3 05 100.0 Q.50 50 0.50
4 0.5 70.0 0.50 100 143
5 05 250 0.50 100 4.00
6 0.5 30.0 0.10 500 3.33
7 0.5 30.0 0.05 1000 3.33
8 0.5 50 0.10 125 500
9 0.5 3715 3.00 300 48.00
10 05 300 3.00 500 100,00
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LTI, X2EEODZAHLER L,
4. 2. 3 WEEE

EREHZHTACs ORFROFHEERT R, C"OEEFIRFEMIZOVWTER
L7, RIBIETOCS ' OF v Y 7 —MEIX10 ppn& L, FY—H%—2LT*?Cs
CEIRE] 30.0 ) 2BV, £3E 280 gL, T ERIFES cn®L25CT
TRERIIR L 5 L=, B (VBT =T100 cn®/gk L, —EBRREL 5 &,
B SHE(3,000 rpm, 557) 21TV, EEBAEE2 co’®oBR L, HFENI(TD ¥
FlL—ya VHEEBRLY vy BRHEBEZHE L, BERRDZ2.3TRLEQN)
RICEVEHLA, |

4. 2. 4 %ﬁ%ﬁ

SRERIE., BUTOEEIC L V{ToMk, KNIFCHRES0 mg%, RIFHES cn’® & 25C
C4EHMBIRE 5 L, RIBHEIX, ¥+ U7 —Cs"BE®10 ppm& L, hb—H%—&
LT CsEAvie, —ERMEE 5%, WEEHERE L4558 (10,000 rpm, 1557)
L. FBAEEZ2 co’ 4B L., v BB ICEEHERE L, SEEK
(Ki. o, cm*/DI2.4TRLAQRITIVAER L,

Cs*DRFMIZRIETRFA—F L LT, #£EFETH1LHEIFF N2, K, H,
NHa ) DBEORBER =, Eio, BROBER LV /VEEK (SW-11E, 29587%
BE)PLDCsTOEBEERLITo/k, CSOLBRLEETEIRD, 2/AIFI T
HBU0: T OREBWERLITo %,

4, 3 HREEE
FHREOZRME, HEREBICHALESE., (2 TRfitcEEgIae

Zxbh3d, RERTIX, BATNVEEEXTKNIFCEREZERML, §ohiEHE
ORMERTT, SRS BIUCEEEBEITo =
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4. 3. 1 BERF

Fig 231z, BUEHNo. 1 (Ni/Fe=1)% £ TNo. 7(Ni/Fe=3. 33) D X SR EIHF (XRD) &2
2R, WIRHELIFEF FCOMBEEZT LS, GRECIIXRERENED
b, BEOFVRFLEREZALTVS, XKEFZ LY HF LN (220)mEHIZ
BT SEITRE L BRET/NE(Ni/Fe) & DBfFEZFig. 247 T, ENVEIETREX
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Table 5 FMREOEPMAIZL B3R KER(ERENVL, BRXBRER)

Sample|;/EEEIL EREILE BRXREH |

No. (Ni/Fe) [K/Fe Ni/Fe (mea/g)|
1 1.00 1.90 1.050 5.75
2 0.10 1.94 1.030 5.74
3 0.50 1.95 1.025 5.74
4 1.43 132 1.340 5.84
5 400 1.15 1.425 5.87
8 333 1.15 1.425 5.87
7 3.33 - 115 1425 5.87
8 5080 1.08 1.4680 5.88
9 48.00 0.80 1.570 5.92
10 100.00 0.80 1.800 5.93
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