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Characteristics Tests for Recovery of Rare Metals
from Real Sea with Adsorbents
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The present report dealt with experimental procedures for recovery, elution, and analysis to evaluate the
performance of the adsorbent developed by radiation-induced graft-polymerization with real sea equipment for
recovery of rare metals in seawater. The results of characteristic test were described through all procedures, also.

In the recovery procedure, the adsorbent cassettes were packed into adsorbent cage and then they were dipped
into seawater in the depth of 20 m by using a marine equipment. All cassettes were numbered to identify their
positions in the adsorbent cage for later analysis. After a certain period of dipping, the adsorbent cassettes were
pulled up. During the dipping, seawater temperature, current flow rate, and wave height were measured.

In the elution procedure, the adsorbent cassettes were set into the elution units after the sea living things on them
were washed out. The adsorbed alkaline metals and rare metals on the adsorbent were fractionally eluted by the
elution equipment. After elution, the adsorbents were regenerated by alkaline solution. The eluted rare metals were
adsorbed on the commercial chelating resin to transport them to the purification factory.

In the characteristic test, it was found that the adsorption concentration of uranium in the adsorbent cassette was
independent of the address in the adsorbent cage and that the uranium was distributed almost uniformly in the
adsorbent cassette. These results indicated that the amount of seawater supplied into each adsorbent cassette was
almost equal when the adsorbent cassettes were dipped by using the real sea equipment. The experimental

equipments in all procedures were confirmed to work normally.

Keywords: Radiation-induced Graft-polymerization, Recovery of Rare Metals, Adsorbents, Synthesis, Elution,

Seawater, Nonwoven Fabric, Experimental Methods, Characteristics Tests
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(E) 7V—rEEBET7 v 7 IIREBRSEHBT v —T 2 WY 1175,

(F) ZL— @& 7 v 7ICRY TFTFa-7BE2RY 75,

(G) BREBAOBREFRICHEY FFe—7CE#ER0FT5, (RY FTFe—7BBIXURH FTiFa
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—ZCHEY ¥ v 7 NVTRY FTER)

(H) 7 L—r@%x 7y CTREFRYBY EFRBLRY Tifn—7ATRERZ LEEEH
A EF 5, (Fig.a-10)

(1) MARETFEREREHY LT T, BENLHET L— A E~BBIT S,

(]) 71— %7y 7 TRERAMT 7 L —LOFEBELTTAL, BPICRETD
G%Aﬂnoﬁ%7V—AK&%ﬁﬁ§M\@%L&PI5K\EELT%UTﬁéoﬁ
Fcehhif, R TFTROREXRD 4RBICER TN — T 2RV T T, #in—7%X
BLANRG, REKLEE FICBET 5, |

(K) BREEKRY FIFo—7BEHE 7 L— 204 BICRY {115,

(L) 71— %% 7y 7 OREFRIEBFo—7% LF T RERARY TFe—7B, C%
EbEFaL5CLTXR 5,

M) ZL—v@s&s 7y r0u—T%V % v I ALY,

(N) BEX BT —7%FAL, BOINEL kol bn—TEME 7 L— AIRERT 5.
Fig.4-12 [ iEMEE R OME 7 L-LDREZTT .

* BEROER BmYHA4L) T EROFDFIHTITo 7.

4.3 BREHONE
HEXBRY P OWHOFR, RER L TEEICOVT, MER LE&HIHTL IV RE L,

4.3.1 WOEB L OBKREORE L

SREAWIRA D OWROFOES & CHKIRE R, BERONEIBRE & DA€ ) —BREFER
IO AT TRIE Lz, FEICoWTH, 2 SREROIRES O, RERO ETHAB LT
AEFROFEICOVTHE Lz, BIEDHIT, REHAENDOAETY — Ay 7 IRFINT
%%ﬁ(ﬁ%ﬁ)OEWﬁK%%U—Nyﬁéﬁﬁb\@Wbt%%9~ﬂyﬁW®ﬁEkﬁﬁ
DF— 2 I LTz, FERHOREER~ORY LB L CRIEH ROV T, Figd-13 i
Y.

(1) BERE

B OWEABREIL, Fig.d-14 (L) (TRT X 1BMEIC 1 ERELE,

(2) FERE

AEOREIX. Figd-14 (F) WRT LD 1EMOA > ¥ — 0T 145 60 EIRIE L7,

43.2 EEROREHE

SHEBHE D OREOEIT. Toh—7ay s (ABON1E) KB T BEFERERE
CEVRIELE, BIERGIT. BEHAKNDXEY — Sy 7 IRFESNE, BEREHT, WET
50m DT H—7ay 2 IR AES, ARV =y 7 ORRBEETHD, Z0H, H#ll
ERBIMOWE W3~4r8) KADETHAHEZEMLTAEY — Ry 7 ORBEITV, H
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Wth%U~Ny&®ﬁ%¥—7%W$LtoTVﬁ—fuyaumDﬁﬁtﬁ%%%
Fig.4-15 (2R,

4.4 AFxE
%éﬁmﬁhﬁﬁnétbﬁﬁaﬁﬁmﬁfﬁék&%K\@LKHwTBmmﬁ%tgwt
ORLERLIFEHRBR SRR TH D, 20k, LZMIIBERBRETbREN -1, WL BE
CRVTIE, RER (BEM) RZEI L%, BETHIHE T L— A% 28T L TRY
L. Figd-16 IR TRIBETAFMRIF L2, B, £FMICHBOTHH—FHEIC L VIEERHN
w%b\%ﬁﬁ@ﬁ?b:&%%m#btwﬁﬁ74%%ﬁL\%ﬁbto

4.5 WEMOBRERRLER
k@%%%%?ﬂlﬂ?&ﬁwﬁﬁ%lmﬁ%BiTVMIEﬁ\%%bko

<BREXR~DWEM V¥ > bOFHEE>
HONLHWRM I Y MR LED Yy MBS L REEFORMEE AR L TR %, Ity
hOWBEME AW KE L BEITRS X 5 I/ NSRRI EE LT,
KERER~OHEEM I T v FEEONRIZOEDEBY Thot,
No.1 (EE) : NMURER AKBUT 4BKRD S B 2HKICE 1 fAS>BEM I £ MR ol (4
WMOBAERIRFREBRT B 7= 0)
No.2 (FE) : WEURER AKIAT 4KSTITMEM LY F 3 FiE
Bty hE 144 8 (36 18,/ /NEIRAEDR X 4 )
No.3 (FER) : INRIRERZL (HBEMIEY F2L)

<HEPTOLEBOEH. SR> .
REHMPOEBOREIL. AEOI BERRE CEET S L L bich > EEFHER (45
BAL) i TREAWV 3B T VRBBBRICITE, BT 7 L—LA () OEXDER~D
KHEEERRL, BEORWZ L 2RER LI,

SEID 21 AMICESMERR (FHRR) (3. BB A U CABIRER 4 AV TS
Ay NOBREEIT120, BERBCFRASPHEREENED LN 2ot

<HBREMGORNERFE >
WERMM T OWMKRE, BROKE. BLOESORNERREIROLEY ThH5,

(1) #WKIRE

FmAﬂ7KMﬁ%%%%¢o1E@ﬁ*ﬁﬁ@%kﬁ%1@?&0k@ﬁ$%%*®%*ﬁm\
mnli?mthLTmﬁmfibfwtoLmL\%oﬁukwTﬁmﬁu@kuﬁTL\
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REMR TEBITIZ 18CTho7T=, 2B, REHMPOEHHAKREIZ19.9CTHo7,

(2) HiH

RIERE R DO —F% Fig.4-18 & Fig4-19 (273, REDT T A, w4 FTARRITHEDRE D
BVWTHD, SEFESNEFRET. BICHBROELZT TR, RERABSPENRDZ LIZL
BEEBMANE SN TV, Figd-18 131 HHOBEDEALTHY . 77 AL <A T AU FH
Lo TELLTWA D LASND, Figd-19 3IRBEIMFOREEILELTT ey PLEDBOD
Th D, WEFICKEFAOFBEITEST S L 75 ZAT 10cm/s, vA FARIT 10.9cm/s TH
ot F-. EFTHFAOFEDEITT T AT 12.1em/s, v A T 2T 11.7em/s TH 272,
FHITELDB LVBE L BB OV R VERRONR, BLoB e i3, BifsE i
BN TV AREPBREND,

() &

T — 23, 2BMOA L F— T 1043, 05ROy T Y IR THIEL, &L
7o WOREERTICE, —BOCRKES (—FERXEVHO), ARES (KEWIRIC1,/ 3
DY), FHEE (SROEOTFE) BAVLhD, SEORBRHMFICHLALESICSNT
HUTD#EY Th3.

BOKH S : 4.44m

BREEES : 2.78m GREHIM T 2 BMEICHE L TROLEBER CTHRREZ272H D)
FHARER : 0.59m ( " DEERD )
PR ¢ 0.35m (R FOHE TR LRI E R D)

REM I E Y FR~OEAOTRAIR, BHLESEO 207 7 7 F-ilEi>THRESh, FRE
BORERCHELRIET. ZOZ 0L, RBYMT I EOBR L FRIC —EOBRLEH S
TEBEFELYW,
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5. EHHRRABROBMITE

5.1 BREREOBE
ERIRRERIC T B LIS T B SR - IEREEBIL. Fig 5-1 IORT L5 CHAAETRE LS
WEMIEZTOLOTHS, UTIKEBOFTEREBOBRMELET.

5.1.1 RIMAEEE

BEIRZBTER LZHEM by ML, BKPERTIEYRNET S, HEMICAE
W E T B & RS O NABEEER IR T TR ACEBROBEN-BRORFR L 25,
DS, BEEZEN > T DOWMEEYMERETHILOTH S,

< HBKIZ{EE >
R L-dEM Ay 2 2BBICT M BERET A LOTHIRICZRAXa—F 47 L
’C%éﬁ

<hEv FEIEH>
WEM DY MIHE LEBEAYMS2EERT 7Y, 27— (V¥ U—) XV BRETS
LT, BRRSEEGFER LICEEFETH D,

<F LB >
C HEy MESBIC L VHEEM Iy FRRF LR KOEEEZITV, BRI HA L.
BB —FIEEDLE L TRAGTEHILOTHD,

<MK EEE >
LEMNZT LE-REM Iy b 72 @220 EBELRICBITT 2 THIAPIRETZ2H0T
BRI RX T a—F 47 LThB, '

<igKHE>
Ay FMEFBTERTIBAOTBETCIm*OFEEZATHOIRYIF LRI I THD,

5.1.2 473 - IBEtERE
HBEMIIIEREROMIITAIVBIOTA LY THEEBHERET D, ZDD, TAAY
BIUOTAAY LEEBLAEREREIHIGHTILENL0. OIMDIRREE# L 0. MO SBRE
HEREOBEMKIC L5 _BRBEMIBARAL, 1 Moy bbby MIZT2@/E L, &5
2. BESOMEMEZBELEL TERELTOLOOT AL VABTREAZRA L, BEMOFHH
RzED, BERTOFRAERIT, X L-MHBCERESEHFREZHEA L. BNIH~0E
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WO EMER -7, ZOBFBIBRTIE. KEOMARERT S, 0k, BRI 77 b HE
BEEZGA LA CHARBMABRGEREBEZ L.

<VHfa=v >

FIALEE TR L HEM By T2 EEFIE L CUABER, T U AR I U ERE,
FAHYRBTE-DORBRTHD, B TLHVBERIBEENIOEARLR2ELYILTA =
Y7 LTHD, B, ERIBEERCT AN VEPERATED LI S V—T A v THiEL 25T
W5,

<VERELERE >
Bl = v MR L CHERET 27D 0OREER L CRBIEERR» DK, BR2=y b
RAETERR/NTE (1.7Tm?) THRIC=RAXF L a—TFT 47 LTHS,

<No.l FAREREIY >
BEMICRELETAAY FEEBABRT 5700 0. 0IM (BB EEHRLZRE,. HEITHL0
T, 3m*ORBEETEIRI=FLUBF LI THB,

<No. 2 TRBEHRE >
BEMICRE LA RSBEERT 572D 0 0. M SEEEBROBER HE. TS LOT,
SmPOEEEETHRIF LI YF LI THS,

< 2 B VS BRI >
YARE TFR D No. 2 TAREIE S L UK DOLBZEIL - METALOTEm* ORBEZFTIHIARY
TFLWME LI THD,

< AT > ,
0 BRABERNOBEIR Y B L., ¥ L— M THEASBEERT 570D H 7 LTHS, 200
¢ X1200H (FE201) OFHELCHTHD,

<TNH Y BIER >

TR ICAR o=y M FOE I THEMZBRATIZHOOT A I Y LEBEZITI LD
DHLOT, MEHB LUERRNORS, LBEREE= v MBRATERR/NTE (1.7m?)
CHRICIRF Y a—T 47 LTh5b, £, BRRIIMBLET AL ) LBEREZEKT D
%, SUS316 IZAHEMRIREZREL TH D,
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<KOH >
ﬁ%ﬁ%7WﬂU%ETétb7wﬁU%®%¥\ﬁﬁﬁiwwtumﬁ?ébwfbéot
— H— %% 1= SUS3Ie DI T3mPDEEREET D,

<REH>
By P2 EERE LRy NEBTAD Y AKFTSENML LB ERT LI HEM
Ity hERETHLOTH D,

< I >
450 - EEEB CHER L BRA 2T TS Im*OABYAETAIR = F LRI
2 ThDH, FELEBEITPMAIC X Y PROABEICERT 5.

< flikBLEEE >
HiAk GkEA) ZEAE L THAZEET S LD THS. EXRAMARELEE CTHRBEBAL
HiEE (RO) L ERAPUEER (GDI) THREND, FRIZ1m*/hTHD.

5.2 BIAEERBRFIE
AL B OBERER L LT, UTOFIE, FECLY —EORMLERREZTo1,

5.2.1 R
YRR L Y AR LM ATy M. #iKE 2 iR o I KBRIRE (Fig.5-2) (C—HFHR
BL, HELEBREE T 7 TR BROE.
CHEM DTy MORE L AWEE Y o MRS (Fig5-3) THEVRRE, BHHELOME
Mhty MIMAZ 1 - fKSHEEICBE L, Tty MNEMSIIT1EC4EOD
¥y hEAN, BBIEET SRR L CARSEEEL L.
CRELEAMIEICR L, 2R OREEYSIIE LB RS L, B RE
BITRAFAIDLRVE ) ICHARE TG LIz,

522 BRiz—=v h~DOFH

KRR CBE L REM Iy b8 T2 Bl EoRR T, Bl =v I (Fig.5-4) ~
FE LT, Blto=y MIRBEM Iy b 72 BB THE - BREEEICEE UBBEXS
PITOBRB T, MEIR. K- L7/ =0T Th5.

CHEM Y Y FPOBEMMBEEICRY ., ELIAFEFRICLBEMBR-FmE LS XD
o, WEM ATy hoFMEGE L 3EX 3E% 1 & (Fig.5-5) & LT, /A /A T7u—
BEZ SARVE DRI/ Sy Xk LTRMA [WF255 : BB TAHRM] 2507,
1 BEICHEEM Iy FPSERT S (Figs-6) LHIC8EFTHELL,
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RBEMARE LA =y b (Figs-1) 137 4—2 V7 FTHH - BREEBEE TBELL.
5.3 RIrERERBR L
AR BREEBOBMRRE LT, UTOFIE, HEC L —EORHEMRREZT 72,

5.3.1 SBUrsHE

455 - TEEEEER (Fig.5-8) #AVWEBHE ot i3, KEBE (0.00M) OEBREZHAVTOT IV
BYBLEOTADY HESBEREM N OEMT 57— BB L BRE (0.5M) OEFERERNTO
I LUEOERERPREMN ORRET S 2 BIAREO _BREM T ot A0 oERENTV S,

<VABEHR DFRARL >

Ly BT 265 . No.l TABEHE (0.01IM) 35 X T8 No.2 YAREHE (0.5M) OFAMEITS. Nol &
BEHE (0.01M) 1. No.l 7AREHCHEIC K 2m® 2 EEA L72%. 35.0—36.0% DiRHEM 1.8kg ZIEAL,
B LTINS, No.2 WEEK (0.5M) bREERIC. No.2 WRERIEIZAIAK 1.8m® ZHEA LT,
35.0—36.0% D EIEEE 111.5kg # EEIAR L 7 THEAL, B® L THEB LA, No.l 35 LU No.2
WA FARE, pHHBIUREC K- THRRELRIE L.

<Gy RIS RE>

EEEE DTS LA A RE L BEM Iy b T2 EERE LB =y bR
Fig.5-0 (=% L7 iEEE B I U, DRICHANRE Y A TH O HE In*/h T 1 FRHEER LT
AT BT o7, F 0%, No.l IWEEIEIC TR L TR\ 7= 0.0IM OFEBER % #i#E 1n’/h T
No.l TABEIICIENE D T D | BRI LM TR L T 1| BSRER T o7, BRER TR, &
Rt % PR % LUK TR 21TV, KRR~ B LT

RIT. 0.5M OUEERE % #5& 1n®/h T No.2 TABEHEICIR SR Y $he TH 5 2 il B T@u
LT 2 NP A 4T 5 . TAREIR T1%. TAREIR % 2 BRYAREMEICB% L B UWEZK Tt 1m’/h T No.2
VSRR AS R D 383D T A D 30 4337k L CHRR 21TV, TRIFIRIE 2 BRIABEE IS L, o)
RBREHRIEL T LT,

5.3.2 HERE
ERGBASUAEEEEKOBBOBNTRICERET 51T, WEFE, BETOBRORBRE
FOBSBUREDIEMENES S ORENRE LS, ZOMBERXRRT 3700, BRTFOFHER
Px - MEEICERESETCEET A FEXER L,

< B RETH O BER >

WHIEREIE Fig5-10 (R L oI 2 AR 1L L, 2 RFIAR Lz, BAICHIRRICHT 7 2 E-X5
39L RO O EF THRIE L, KWVTH L- Mitls (UR-3100S) % 20L Ahiz. #iIEFCHE.
SIFBROMAZHWVTHIERTE L, avT 1 va=v 72107,
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<FRE&ROEEL (FBERE) >

2 BSBHER D b ERAR L 72 AWVT, 1 RFIH Y SV=2h"1=50L/h(2 FRFITi& 100L) D & THt
JEfRC AR L RIE L. FRASREZEEL L. BEEZEOEIPMEIIE -7z, BEP. HiE
Ak OBMREY 7Y 7L, FRAGRRBREXBE I ARHARATASITEE
(ICP-AES) THIEL CHHRERPEEEICEELIN TSI L 2B L,

5.3.3 PBEHKALEE
AR - BEEEES OHH IR TR TORERIZ. REREDIIGH LAKEIGEEGIEEDOGEH
ML BT L, B, V750 T, BREMEOERICET SHRAOEBEELHETL T
Pk L7,
P EETE
pH :50~9.0
S S : <200mg/1
Fe:<10 »
Cu:<3
Zn : <5
U : <16 »

5.3.4 ffnsLE

1 BB, 2 BRABHER LU TR O OEHR, BICHRBRTHTAN Y RBEGFERENDRD
B 7D Y BEREYDIEICAR, 22 25%0 NaOH IFiE 2 BB 7 THEAL, pH 23 6.75
+0.25 (2B 0% BECPRILE, PRRTH, iE Y7V 7 LTICP-AES TRIEL. U,
Fe, Zn, Cu B X UT'SS (E¥D) OBRENSFHEEUT THL Z L 2R L.

HR%E., ThLOEEEZAVCTLOBEREMOI RS (5 - BEEEEIKTSER) & FR
L. REETEFRREOFAEL2Z %, REEHEBBOILEVDOGL ETHEKED AL 1 AVT D
BT CHAEZEKRLE, ZOROBEMAIZLSEEENITo T,

5.3.5 BALR
ERERAHEBRTER L-ZOMEMEPEEFRTIEDIZ, TAAYAEBEZIT > THEMRE
¥EEEE,

<KOH BikAR I L Um#>

KOH iz 1.8m® DK EZTEA L2, 25%D KOH ¥ 97.4kg Z1EAT B, T D%, #MiAK%EiB
MUTHRE23m & L, B L THBEIKRE L, B2V 7Y 7L THHTL, KOH BEA 0.3
+0.05M ThHZ L X HEFELT-, BERDBE. KOHME#AL-7 OERE AN 85CIZ425 E TR
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L7z ZOREXTAIVAEBEITIMLBENOARAF-FLE,

<T A Y LE>

BEROMEM Y NEBALETI D, Bla=y NCA-BEM | Y 2 REWY
LT N Y REER (Figs-11) (CBB LEHE L%, 85°CO KOH Bk % it 10m*/h T 1 BF
15 4> EmR @ik L. 7 YRR IT o Tz, B T %, IBi% KOH MIZE L7z, KW T,
FAIEREICA - TV 5 2m° DRIKZ VT 30 5y BEM 288 L R T RICPFIICBE L,
FALYREKETHR. Bl =y M REHCBE L. ROEZBROMERARE T pH8~12 D
SHETTRELE, 20 pH ERTIRE T 012, MEMOBENELZRET I THS.

5.4 RIERERBRER
(1) #neE
21 BEIOBERBRBKRT L TEEBICEBT S ABRERN LMY HEh#EM I & v
FORBEICIX, AAFTVLHT, ZheFh=F) aactBIUBRESOBEENIHELT
W, TORMEM Y ey MESBTHRE L, EBRHFREA SV o7, HE
MIREATHO AR EBKE Y RT NI LR, AFICBALE OB RV EERFICH
BERHDZ LR/ oT, LrL, B LARVWT2~3 BRFLERBEM Y &y MIBEAD
IR LU CEB L LS 2R RBVRLEORML, T <CICHREL TRELZEEM I EY b
DHIFEALEVWR LD T, ZOZ D, EEHEDIEBERCRENI LB T.
B CHEAT IS . Fo7  BEBIUORVTREFCES L, BN SN ENo T,

(2) SriraRE
BEHEIT 0.01 BL U 0.5M DiEEER FhBh 26m* A L, BREEIEE L Mg I ey
MMARHIZH LT SV=1.0 B L TR 2.0 TIT o7, 0.5M D EE TrARE L 7-BROERBEd R % Fig.5-12 1
T IFE AN 1 BERIUNTEEENSLOD 0 HLABEDOT—Y VIR EMN2, ThETOR
B 5 I IAEM OE F ISR L CEBIRITERRICR D L) IfTo TE k. TORDOEREH A
BREE DA RA 70 —DEBIZT— Y VI BRZ 2 TWHADO TRV L WD REENLSEO
AEARIIBEME IR L TETHRCEBRSEL, LL, RICRTEOIRT—IV V7P RID
b, REAECEMKREORNNSEOBETHL LEXOND, 4H. T2 HOMEMY
Yy AL, FEBROBEKESD T 54m OBBERGONT,
SRUEHRRIIBWT, £40 7, BE. BRBER L 7BLT W TRV T, ERLP
FEEHBAELBZ L, EFICEEENEHL. ARICBRENTRI

(3) H/ELH

BHMEOREM Iy N T2@ETAH Y AE L THEMEOREZ TV ROBEY A 71 X
THRE L,



JAERI-Tech 2002-040

WEMOTL A VLBIIBWT, §F 07, BE. BRBER TBLO IV TERIZBWT,
BRNPCAEENEL D Z L2, EFCEBBRNVERI L, MBICRIENTA. TAA VY LE
IZ80CTITOMENRH DN, KOHH b —F — 2B\ T 23m3 DT A Y%K 5°C/h OFIRH
BT CETMETE L, £/, FIRLAETAD VBHKEOBERTEEIZMN 0.2°C/h &BL ., &
BOENRKENWZ ERghotz,

1) FHEROEEL

FERER 0@, BHERNI®R TY L 7Y 71T\, ICP-AES TU T VBEZRIE L-ELR.
HHIETEIRT T 4. 35ppm, #AETEIHE T 0. 05ppm DENB/ L. VT U NEERIZBEELLINTWA Z &
PR LT,

(6) B

pH6. 6 £ THM LB 8. Tm® O—E&2 Y 7Y L7 LT ICP-AES THRIEL., TNENOELRB
DOBEMNU: <1.6mg/L, Fe: <10mg/L. Cu: <3mg/L B LT Zn : <SGmg/L DPE/KEHEZH - L T3
k., FERZY TV TR ILRRED . TR EE—H—IZ 200ml 537 L T 200—250°C D A —
T TCHERRBEEI %, EREAE TROLEPOEFS S SS:<200mg/L DEHEETH - L TWD
TLEHRLIE, YKEDAAL AN TEHBTTHEA LT,

(6) MiKkDBLE
BRPOBEBEBEZRET HMEMIIBN T, —EDOHERERARICER T 5 KT MBI D72
WHLOBREEND, AEBICRE L MAREERICIW T, #iKD O HIEHIE 17TMQ ¢« cn D
BHEOKEDLO% 1.1 n/h DEE CHETELZ L 2R L.



JAERI-Tech 2002-040

6. 7T OBREBRESH

EURABR TIL. FH LT 110 MOBEMBHEB SN TWA I £y b E/NIRERT 36 &, X
RIGE T 144 AV TREB 21T o, —EHMBELEZZhOREMCRESWTHR
A U CER COMENEE R IR L LR T - 2 BET 5 - oICREM I &y FNOES
MB L OB HAOBRENT. &LKRERNORBMBICE DV Ty NEMOREDFERDT
TS FEREA L. SBREBEOSHICE, KBRENOEREEITEUETELT T ATH
Y4y HAATIER (ICP-AES) % FITAW,

6.1 FHEMPNOREREST
<HrFYLT>

BB ERR I LT 36 EOBEM I Y FOI b, BAFTOBEM VY bEREHL.,
WEM DY T L RENRRE L, MEMI By M ORTEERTOMEM 5 BERKSHL, A
418 (300X 160 mm) (DX 5X5 AEI L1, 0.5M BT 1 R RIREH L THRBEE1T
i, e, HAITRERN. BEMYE Y FRNOBB L UEH R TOTYRER THEL .
BH L CEAHOY Y 7Y v 7 HiER Fig6-l (LRT, WFhodr 7Y v 7 HEb ETERD
SN/ CTE DI HEE LT

<E B>

VA S B2 BE L OVARE 7 0 & A CREBREET O&BIRE & ICP-AES® THIE Lz, RIE
EFT. B TT . AFUT LA, BTHBERBHC OV TIZZ OEBEE 50— 1000ppb DFEHIC 72
51 5HRL. EEEORHCOWVWTIL, ICP BEHFIEEY (CP-MS) ZAVTERSTE
FFote. REHT, EHEKRE Ak~ R v 7 AR L IRELI

<HERAD 7 REDH>

€ 2 Fig 6-2 Y, BEKNOIEONE Y MOWTRESME LoD, BTOE
BRI HILD b OO BRI — (CHEAK L EERM L TV Z L b ok, BRICEVRERE T
LTWB Iy MZoOWTIHWL D 0BERNFTbNEH, BERNPTTHD. £, E7S
DRELIEY. REROETAEESNER, TOEABRLNZZVED, KON (##) X
p. REKRO ETFER (EH) PRECEETHILRATRENT,

6.2 HEMIEY FROBIHE LIS

B S5 L REDBHHEOEE Fig6-3 [O7T. BERNOFLLETHEA L OBRIFARRZ
% 2 EOREM D £ v MTOWTEIHERE LIz, Figb- 1 ITRLEF 7Y THEICLY,
HBOTHES 1 & LTERT L, WThoREMIEY PO LOBICRNTHY 7V RE
BT ERMECR LN, AL B LTV Z LB hoTl, i, Figb4IRL
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FEHAFTHIRIEY IR EFEINTWALEEZONDZ L, ZZTHHRIFMEVEDOLET
ERANRKESEBLTWALDEEZLND,

Y OEBRNICHEALESSBKYEESE. ICP (BYBEETT7R~7) TAAMLEE%, H
ATERERBROFORINEEOBREICLVBEELRDS, BRERBSCBEDOA—F—%55
B ERT 2 L REB,

) ICP BEEOEBIZICP TAA MbEhi-A Ao 2 NERERESITH TEREMIHIL, =

RETFHEEECRET S, 77 A-RBASRDITEB I, ZEREIHTR ppg (pg/D) LN
NDOEEBZFHATETH S,
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7. ¥&®

1999 &£ 9 A ZBE L= A RS BMEM BENARIC R 2METR,. BREIRE, afkicon
TEFOERFER I UEHRBRETRE L=,

BETETIE. BEM Iy PERERCEHEL, B 20mOESICHEE Lz, BER~D
BEM Iy NOREOBIIZ, BREKRFTOT FLAZHARIIC L. ROBRESHINTICRT S L
Sic L. MEMIEY ME—ERMOKREE. 5% BF. REMMTOMmKER X, L
T 19.9CThotz. FoEIIM llem/s Thoto, o, BMFOEKEREHIL 2.78m Tilp £
BRHBOAEES? 4.3mOK 65%RETH o7,

REITETI., BREPIIABELIEZANTFULITZ, ZheSh<wFYaax EBIUBEFD
WBEEAMPREM LY FODRELEDL, BEMIEY FEBEBi2=y MIFELL, £D
B HEEEB AR L C 2B THEM Ity 0 OTA N ) &R EFREROBBEEITV .
SRTEREA R LT, BEEOBEM LY NIRRT AL ) BIRCHARBZIT 1. &
BEL-EREBIINEBR TR ~RET S, HROX L— MIEICHERE ST,

LEDO—EOBEMRBRICBNT, NI TARTEREREDONRP o &b, REBELZ
BrRELEEREY AV THRELRCYMNABM TRYERICITAD Z L ARRINT.

SIIIHE TS A EANESITER., BET7FAHAEROITEREZHER L T, WEHRT
DEBBE. BEMNOREBREN. BHERTOSBREXRE L. RERNDOY 7 V&
ESIL. W—ThY FHEBFICL2FBINE ot T, BEMIEY FRDOY T DB
BIUESHIL. BEH—ThHY. Ity NA~DEAKORAL OV TIIEO ETEROEEN
K& pol, ZOLEIC, SEOFERROEENLRBEM VLY FOLOEITLY 7 V1938
—CBELTWAI LR, BEKOLOHESChEY MEFRHELTHLY 7 VREICEEI 2N
EWghol,

BIEE

EREEITO T H- - T KEBORBRFTTH AU OFEROEFRF I, RAPOREILE
ZECORE CXEAEEXTILE. LY DTEEROS 4 CRRENOERCESI I TOSIK
by el CREFEEXTLE. LDLVRBREHOELET. BERBORBICHL T, #KX
S = HEBEZEHT MMRERK, RRFTAK, BRREREME D — 7Rt m)IlERK
Lo ofeE, CHAREXELE, BERFEORBICEL T, KRRASHERBER ZRETK,
MRS LK, KRS — - v— A — WMERFHER LY ZHEE, CHHEZEEELE, LLY
BEN-LET,



JAERI-Tech 2002-040

1) ENF. BIRER, PMHRER, PIEZ, MEEE. SAEK : AXRERERRIE.

165, 281(1989)
2) FRERMEMEZEERRARE LEBOMIELHRE JAERI-Tech 2001-020



JAERI-Tech 2002-040

—~iE R EE T T~
BME®RI/S7H8S
c & % & K

i EMH Hh Ly b

= 5

% I B |

X

—ie - § I B
BEEDREMLE

.,

TWVHhUERBDAR

ERaRER o0&

¥

FUL—-FHEABRE

9 B ® =

HEHD
BENE

Fig. 1-1 FR&EHREMEERERTE




JAERI-Tech 2002-040

Table 21 Y—H A — N BIVOEBAY—IVTOERER
14X DEHET

(a) E—=H—X & — IV (EAREEL (V/V) = 2600)

0.01IM 5B 0.1MIEE 0.5MIEER
(55—1#) (5B —4#) (E=18)

[%] [%] [%]

U — 9 91

Fe 17 21 62
Ca 67 33 —_—
Mg 67 33 —
Na 92 8 | —
K 100 — —_—
Ni 78 22 —_
Pb 75 25
Sr 94 6

(b) BEIEE X 4 — )b GRARBSLE (V/V) = 80)

0.01M 2B 0.1MIEE 0.5M B
(B (F=®) (=)

[ %] [%] [%]
U — — 100
Fe — — 100
Ca 16 49 35
Mg 32 49 19
Na 89 10 1
K 79 21 —
Ni S 33 67
Pb — — 10

Sr 17 83  —
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Ex @, @7 -0 ) C| As + a2 ) - Ci ER&E 1985 ERITIcL 2, 12501, 1eV
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1«, 1 0.101972 | 277778 x 1077 0.238889 | 9.47813 x 10°* 0.737562 | 6.24150 x 10'® =4.184J (ML)
1 9.80665 1 2.72407 x 107 2.34270 9.29487 x 107 7.23301 6.12082x 10" =4.1855J (15°C)
% 36x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 107 =4,1868 J (HBELE)
- 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 10°* 3.08747 261272x10®  {HmE | pS (LEH)
) 1055.06 107.586 2.93072x107* | 252.042 1 778.172 6.58515 x 102! =75 kef-m/s
1.35582 0.138255 | 376616 x 107" [  0.323890 | 1.28506 x 10°* 1 846233 10'® =735.499 W
1.60218 x 107'* | 1.63377 x 107%°| 4.45050 x 10726 3.82743 x 102 | 1.51857 x 10722 1.18171 x 10~ 1
hivd Bq Ci abﬂi Gy rad g Crkg R g Sv rem
&t 1 270270 x 107" 8 1 100 ) 1 3876 W 1 100
;1 Rt & g
3.7 x 101 1 0.01 1 2.58 x 1074 1 0.01 1

(864 12 A 26 HHE)
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