JAERI-Research
95-011

BAMEORRE
—DIDPABEN DY 5> DK% —

i LR = « ARE— - ARHREAL

BERFIOHREMR
Japan Atomic Energy Research Institute




AL H— b, AEEFHHFEF>PRERICLTL T2 RBEETT,

AFOMEHE, BREFDHAMAMERREHREHF (T310-11 KRFHATH
WA AT, BELBL (S, b, ZoErcHERARTHLHASER Y 7 -
(T319-11 REBRIMAH A B RRFHHEHRN) THFICLIEREAAZE 24T
BOET,

This report is issued icregularly.
Inguiries abour availability of the reports should be addressed to Information Division,
Department of Technical Information, Japan Atomic Energy Research Institute, Tokai-

mura, Naka-gun, Ibaraki-ken 319-11, Japan.

© Japan Atomic Energy Research Institute, 1995

i R FETT R AR F LW RN
i B OKETAERY YR



JAERI—TResearch 95—011

BoYSRHE DBIR — DIDPA B, 507 7 v Ol —

= F AL e e T S T
BryLR= a8 B - AREZRA

(19954 1 A 31 H52EE)

ERFERE BN B W TRET 558 L~ ABERICE £ 1 5 BEMERE L £ OHEIE P
TGS ICIE DT () L, S4B LABETAAT2EVIEIHOL LS
B o2 2 OHREED TV S,

EfcBWTHERs RSB S oo B0WTR, U vEBEx 2 7 vRHHA DIDPA (Di-
isodecyl Phosphoric Acid) &3 727 % /4 FoMtl7 m 2 0RABRFENTV 5,

ABFi, DIDPA Itk 377 F /4 FiiaMomEo-BE LT, DIDPAHICHENS
U#% DIDPA & b EIRA BT 2 AV TER it E{T-bDTH 5, RRIELLT,
U4 0.5 M iBsizik 5 DIDPA g L7z kT, Cheditid 2 cH0RELRET 5
CEERBRELTIT

ZOFEE, DIDPA diCiHE N U LAMKEEF b U 7 4 —15vo0l% T3 — VIERE T
320 wt% (2.8M) [REEE F3 Y v —10vol% T I—VEHILED, TOHEEMF0ILTT
HHHTEA L MBI - T

7o, HEEF MU ARHEHFEIN O UIRRIEEMERE 1 A o 0EliE I & D EIRE N IR, THER
TR ABRLDERTELI SN, -1,

EHEOERBLUCNE TOREL L, BLXAE#KPOU, Pu, Np, Am, Cm % DID
PAICEOHIHL, WEgicky Am, Cm %, v 27EICLY Np, Pu®%, SOIKKERF I Y
ARWEREEEE FS Y Vvick b UREIRT B2 7o 1R, §78hb, DIDPAILLETIF /A F
D—ESH T 0 ADRIHE -REEHEENTE,

AT - F319—11 HWENREEEN O AFEE 2 — 4
+ =



JAER!- Research 95011

Development of Partitioning Method

- Back-extraction of Uranium from DIDPA Seclvent —
Ryozo TATSUGAE, Koichi SHIRAHASHI® and Masumitsu KUBOTA

Department of Chemistry and Fuel Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received January 31, 1995)

A partitioning method has been developed under the concepts of separation of
elements in high level liquid waste generated from nuclear fuel reprocessing according
to their half lives and radiological toxicity and of disposal of them by suitable
methods. In the partitioning process developed in JAERI solvent, extraction with
DIDPA (di-isodecyi phosphoric acid) was adopted for actinide separation.

The present paper describes the results of study on back-extraction of hexavalent
uranium from DIDPA. Most experiments were carried out to select a suitable reagent
for back-extraction of U (VI) extracted from 0.5M nitric acid with DIDPA. The
experimental results show ‘that distribution ratios of U (VI) is less than 0.1 in the
back-extractions with 1.5M sodium carbonate-15vol% alcohol or 20wt% hydrazine
carbonate-10 vol% alcohol.

Uranium in the sodium carbonate solution were recovered by anion-exchange
with strong-base resins and eluted by NHi NO: and other reagents.

The results of the present study confirm the validity of the DIDPA extraction
process; U, Pu, Np, Am and Cm in HLW are extracted simultaneously with DIDPA,
and they are recovered from DIDPA with various reagent: nitric acid for Am and

Cm, oxalic acid for Np and Pu, and sodium carbonate or hydrazine carbonate for U.

Keywords: Partitioning, High Level Waste, Solvent Extraction, Back-extraction, Ion
Exchange, Uranium, DIDPA, Sodium Carbonate, Hydrazine Carbonate

Strong-base Anion Exchange Resin
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BA T2 X DB L. O~FERNGHIOLHFRS . BRI TEREXA -
NEDENBRICLS (HBLS) §o2Lick). ARDEGEE BT L%
EoERFsLLTWE, P

bt miki, BEPORETIBRNHEERY (FP) BIUT7F /4 FEESH
TFICEAET A EZHELCLOTHSE, TRHIEH LT, FLNVEREFDOLRE .
ZOEE. EREMBIUAKICT L ABREEEHLTOODPORICHEL . 4 I
L7y it BET 2N LR EFMAT L e Il OBz,
ORI OWTIE, 19TERICECKICB WTHIR ATt . 2> 4 TDOth— il
LTV, 19824E7 Iy A BWTRES L, P HARTIIRZE#THI8TEP L. &
VARIVEEBDOHRLESEDHROLOOMERRE 722y 7 27RY 27 M) b
&tHY . BB LUSREERZ L HOICHROREEF R -/, 22, RE 6 AIZFETD
FE4T TEFHRERANBARYEE ) PRESR, 188FEI0RICRES ALK TIRER
RAtEBRRPI G MR B W TR - (FRLE R RRRLIE W 2 eoon
72,9 FLT.1989FE 1 HHOECD /NEA NCC (E#Ey A 7V EES) CBY
T, EEEEOPIER - LRMFECHT 2 BEWRL &OLEE AR - HEOEZWHI
B9 5 EBGHEE (A XH5M) 2RELL., HoETRZCBITAHIBEDOUR
FAFRIS1IBEEICHE SR, [ CRP (AEKHRIFERSR) WO, MPC (&KX
HRAhEE) 2 ERILLELNNVEERHOBEMFEEEICE TS | EEYLAELY
nEetmtFENE L3RBTV ACET AMERRVEBS L, 7

S3EBESSEI O RATE. RYEHTAKICHLTERBOREWT 7F /4 FE (U,
Pu, Am, Cm, %) [ RBEDERTHD . Lo b4 7 AEULEP L DREHEDFGVA
rayFIL—I LB (Sr, Cs%) BIUZTOMOF PRICHHET SBIA,FTH
hiz, ®- 210 IPEHSETOL T OVTE, 1979E L DRERBIC L 53—V FR
BATbOR, BWTERRICE Sy PRBARBENER, Pu t 98%LLE. Am,
Cm:99.99 %LIE. Sr, Cs : WXL ELDERBTHEETE LI EHVHLPEL ST,

ZOi%. 19784 I CRP Publication 30 CBWT. #RAOMP Clzftb->T. AL
I (FROSEMMRE) 288 LAV AVEEYOBENFEERERC I 553 S LU
JBIA I D RIBFEFMA1984FICITbL. SLXVERP LDONp-BTBXUTc-
NDNEHFFLVWERETH S LML PIZINI ., MY Foizd . BaBEPIRZECBY
TIZ19894E P HIENp-237. Tc-99 2ERE LARBOET O R (B 7 Y INERH.
Tc—HEERXLER. Sr—CsPEBLIUZDMOF PRXER) OWIRAREREL L,
FORE. H1. LITRTHMETOEIASPRRBIN GLANIVERD 5D LERTEOD
RECEL T, BEPEDRRERSICE-T,

MERDENET DL 2BWCIZ. TBP (Tributyl Phosphate) 2k HWUBLUPu
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2 2 YBIATAROFEEBEED IDPA (Di-isodecyl Phosphoric Acid)
IhAnBIUOCmEHESETIIEICL > TWed . DIDPAICLETZ2F /1
KO—iEHhEE— 70t A@MBLE W BEARSL . URUPulR2WTLDIDPARLS
SEHNAILVWEZFILNE,

DIDPACk A — B LE LTI, Am, CmRUI Y /A4 FIZOoWTZ
BRCfEE s C L ATRESH D 120 Np OMEERD L OB O>WTdHRES
DWERESH S . 19 Fo Uoilits X EhBic oW TIIAGRE & OB H
5.7 ZEELTY VEECE A UDSEMEERRFELL. U rEr ERTREEMEL
WEETHHH . BEMORBEZEZ AL LTFLLELEIIWIWeo  hodfiiRo
EREFTSIIEELE.

FEBRICEWTIE. 0.5M DIDPA-0.1M TBP—n Dodecane 25D UDME
REFH2LUTFoERICEIVHMEL. HEZER TS 2 EHEADGREL 21572,

(1) BB A RRBEICL S U (V) . U(lV) oEIX
(2) HEXEICL S U (V) o

(3) BeA A TMBIBICL 2 EMEFA,SDUDEIRSE X UEHE
(4) TBPzX3a@#LH 5D UDEIX

(5) U(V) oFfitFictdZr, Y, FedEH

(1) OB Frxidigic s UNRERBRLEEL TR 25 EZ LN Bl
. EECEEE LWERIIEL P, L, (2) Tt OWTEE L
A EBTRUTA, RBERSVVERFETHL I EFah-7, ZNHLDHR
ETIEDIDPABRIENTZ LI TN Y s VEAERTLOTEDMNEEIOWT LK
ES Y AN

HAg70v2TDIDPALYEMEShAUL, By o224 7L T 5
DN FOUREL LTIEIRLEETH S, L L ERFEMERI* 20E 3 7R ANEA
TERICEWPL W, 22T, AREEETRUTLELT, TOBEBBREIDUENEET S
HEOWTES L, CROPLEHEAD (3) £ (4) THE. HIZ (3) dHWSE T
MU AREEYEET. UTA7IERTAIEZBMNELTIT S 720 DTH S,
(5) NEERIT. UFME IR TLBERENICRER > TWATESEDOH L ILEDEE L HX
VAL o1 M S A G T A

B, UoR#HtHilct a7 2+ /4 KL% (Np. Am) OFfMbE#HcO>WT
LEBE2T-70T., IR,
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2. % B

2. 1 HAEHE

TEEYI S (KRS Y) SREWEEICHERL (~100ng/nl) | URES LUk
BEXIELH. MEHRLTCURBERER: L, 70—2B2. 1FRY, USK
BWHOUREB JUHREEOMEZ LI TO@EN T2,

(1) URENEE
BREE /100 CRRLAEBEPS 10u! 0 2#2ML. 2zF 27007
=100 HBE L7-#5RIE37.76 com TH-.
BREOmatElE (RERNEN%)
37.76+60x 2 =0 . 1x100=1259 Ba/ml TH5.
—F . Kk 7 DEG R RIZ
U-238 99.275% R ETEEC=  2.99x10% ¢/Ci

U-235  0.720% » 4.62x10% g/Ci
U-234  0.0054% & ta) 1.62x10% ¢/Ci TH5,
LT

U-238 3.7 x10%°+(2.99 x10® ) x0.99275 =1.23x10* Ba/gU

U-235 3.7 x1019=(4.62 x10° ) x0.00720 = 577 Bg/gUnat.

U-234 3.7 x10'°--(1.62 x10% ) x0.000054=1.23x10* Ba/gl
U—2fk (nat.) ~25200 Ba/gl  E£7% B,
T, UREIRL

1259 =25200 =~0.05 g/ml (2. 1x107* mol/mi=0.21 mol/t) THb.

(2) BiEOER
WEERE 100p] HIML. 0. IN NaOHTHEELL. TOFE. MHEaiz0 85
+0.05mlTH-7z,
—%. Uik ONa OHFHESNE, TORERALY VT 100l (£OE 2
ml ONaOHFHESNZOT,. (1) DERAL0.21X 2 =0.42101 HESNZ,
UO: ?2*+20H- =U0: (OH) 2 |
BT, UBRAOBIEER
(0.85 +0.05) —0.42=0.43+0.05=~0.4 M ThH5,
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(1) DIDP AHHA | -
ANPETZRD IDPA (Di-isodecyl Phosphoric Acid) 10269 RUBIHALYF
TEBEASHBTBP (Tridbutyl Phosphate) 1330% . AXRELERA UL
n-Dodecane 28349 TH®RL . 0.5M DIDPA-0.1M TBP—n Dodecane
PEE LCHELA, (LIFTDIDPARMER &V, )

(2) B4 A4 XHEis
DIDPARHHESAZ UDEIRERICEITABA A Tk LT8R 1T
E-3 5 ] FSKH1(100~200 mesh)BRIFC HP K10(50~100 mesh) | v ArERva
T AL AE Dowex 50 W— X 8 (100~200 mesh)Ri¥u—Ls&N—2itH Anberlite
CG—120 TYPE TI#EHLL.

(3) &tz
DIDPALHEShZUNBREEBICBITAEERE L TR GHIERS TH344
(707 B H ; 20~48 mesh ) 2{ERLA.

(4) BRIV
DIDPAHEShZUSEHHME LTHARE K5V TERASHRTONK
Bt KIY  RlEPFHERLTIERLL. '

(5) BaA A3 fsis
BRSSO UDEIRERIC BT B4 4 RiREE: L TZE#URTERSY A
YAAYPA3L 6. D—AL&N—AHEANberlite CG—-400 TYPE I
BLEUSSY - 7 I ANEEDowex 1 — X 8 (100~200 mesh)ZT*Dowex 1 —X 4 (100~
200 mesh) . ZfFEHLZ.

(6) Hxraetr 7737+ AT A
DIDPAICHHENLULBHETIRICBRINABIMBIVU RN Y a Y
OMBFE LTHRMLA TV I—NOBRERBEST A HFTLELT, Y- TA T
V2R AR Gaskuropack 54 B LTUN Uniport R E{EHLL.

(7) EnMDHHAE
2THEFRZEALL,

2. 3 HEhE
Uohtii. UFRET2 aBILEr BOBEIZI -7,
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B RERIEHEILRKOE D .
& E & i ¥ qE 4% TRIANY—
aﬁ%&ﬂ\l} DZHH.J:%@ z]r?_\/y__ -

(FAFHRIXE 0.1 nl)
Wk (1ml)

rEFH | YD FLOREREY | Ge NS
HZ R

185 keV
(U—=235)

2. 4 EEBHE

(1) B4 A ZliiiEEc 2D IDPATHER»LD U (V) o U (V) DR

BOICROFETA I KBBEOARR T2, 7o—2H2. 2ITR7.

@ A AR BEEEN20%5 E—A— DI . HAHINIT2EEFT 5.

@ 1 MMEE20n |22 BEEFLFATE. F®&%E I CP ( Inductively
Coupled Plasma Emission Spectrometer) Tl . Nat SFEES LD E
TIOREEZRDEST (3~9MH) .

@ SYCTHERBICZLRFTERETS (24~270) ,

FREDMR A RBPBEFHAWCU2E58D IDP AM®ER (LT T U (VD)
SHDIDPAHMER, 43 T UV) D IDPAEHL W) HHdU
DEHIREZIT -7,

U(V) 48D IDPAMIERALOUDEREXDFIRTIT 72, 70—2H 2.
3IZxRT.

A EEEBEBIUCDIDPARMEAZZHETO(NIX2) JWEEFLICAR, ZT/NA
fCIRE (30°C, 304) L. TOH%BLHBEEITI.

@ HHEMO—H (1nl) 2ERNL . »rBRAEERAEETS.

@ HEME (2n)) BIUBA AL HEBME0.1 0) 2REF 2ICAN, ZT/RAH

THRE (30°C, 304r) L. TOHBRBLSERITS.

@ HEME InERL., yBFAELTOORKB BT LI EICLD . UDph

FEPEHETL, HHEE (Kd) ERRcL DD,

A F SRR URE ( ng U7g resin )
BRFOURE (g U nliEH)

U(IV) &8D I DPAMEFD» SO UDEIIIRAFIA T »72. 7o—&H2.

425/,
@ EE 1 dhci@Y) ER0. Sml, WA KO0, 2m I B rKfeS0s (1.8 H) 0.3mi%x A

Kd (ml7g resin ) =
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his<.
® BEEE LU (VD) KREERU:~5ng/nl) 10 RFL-7XNVEVE (1M)
0.5 ml%EMmzs. '

@ WCKHELATLTAXRMICERES 1 BLUD I DPARBRE ANIENRE 2
PHNREFTS.

@ B (24ER) BIERE 20D I DP ARHA2. nlziie. T7/A
hTiRE (30°C, 304) L. TO%BLTERITD.

® HEMHO—ZF (1 nl) 2RBL. rBEUEKFALTE.

® HERMA(2nl) BLUEBA A EBEEIE0.1 9) 2FHE3ICANR. ZT/NLF
TiRE (30°C, 30) L. TOBBELHEZITO.

@ HEMF IENL. rBFEAELTOORAH L ERTZ I EICL D HTHRE
*HHT 5.

HEBIENHERNEETER2. 1IIFRT.

(2) DIDPAfMHFIRLD U (V) it

U (V) 4D 1 DPAHERL SO UL 2 XOFIRTH»72. 70—%X

2. S5IRT.

@ REEHBIUDIDPAMIAZZEIOGNIN2) BRELICANR, ZTNHR
ek (30°C, 304r) L. 2OBBLOAEERTD.

@ FHEHO—H (1n!) 2HNL. rRAESXBLTH.

® HEM (2 0) BIFEHMEF (2 nl) 2REF2ICAR. T NPT
(30°C, 30) L. ZOBEBELAEEI .

@ HFEEBICAA»S 1nlFORNL . &2 LCHRE (FEB/Y/KH)
FEETS,

22—y FRBOERENFEXR2. 21077,

(3) fad A riciaiigic I aNa . CO, FbAD 5D UDEIY

Red o imiifsic LA Na, COs FtHy 5N UDENERDFIMTIT 72,

e A4y THEMEOAES IV UNERN7O—%3KM2. 6~2. 8IZTT,

@ FE2) D. OLAROBELCIVUZEOEMERN (LITTUEHENa:
CO, LR i) 2HEHT S,

® HATHFL. HEEICA2 T TRHELLERA A SREE0. 10)ZRELECFHD
WH. UBHNaz COs BHEH 2n %0z Tz 7/Xx2hTiRE (30C, 3007)
L. ZO%BLOAEEITI .

@ AHEF InIRRL. +BEFATL THAERERELTS.

(4) a4 FrTHEBErSDUDEE
Bad A taisliehr s UZ N3¢ 55, HNOs Na NOs NaCl.
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NH. NOs BIUNH, ClIzL2EHEXBT XOFIETT»7z, 70—%H2.
9IZRT.

@ FHEG) O. OLAROBEICLI D UXERL RS A HElE (LT Tus
HigA A iilis) tvwo) 2ERT S,

® UsaHEA Ay SEiigickzms o7 NAhTHRE (30°C, 3047) LTH&%
BL. ZOBRBLNEERITD.

@ UAHEA G ZHSRICEEHREF ML T2 7 AR THRE (30C, 304) L.
FOHBLAREELTS .

@ AHF IR . y8FWE L CEERICL 2 R ERLT S,

(5) TBPIzXBNaz COs FHtiFlHLDUDMEIL

B A RBEEEC L2 UDERELFTLT. TBPICLSNa, COs Filll
Al LD UDEINESG 2 XOFIETIT-72. UDERD7a—%F2. 1 0ITRT.
@ U&#ENa: CO; FHMHFEHERHL. 2020 ZEEEF L CTNT 5.

@ BHEFIICI~6MBEZRAICIMITNa, COs 25ET S, ZOBFAD
RELCEETS. '

@ TA—F—NAPTSIHRERHFTS,

@ 30%TBP—n Dodecane (LIF T'TBPHHH,; w3 ) ML TLT/SAH
CTHE (30C, 304) L. 2OELNREERT) . OB, HEMBIUKNHESR
THBERL., »BFAFELTTBPH#EFICLIZUNGELEEZRELTES.

G HEM2NEZBERE2CHIL. 0.01~1.0 MBBTU ST 5,

® FOArEEE . AERABIUKHEZE IMRNRL . yB8FUELCHEMBICL S
EELT S,
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R U O,

W
& iz (HNO; )

Y -
I , U (VD) aigs@idlie
7 Hr o

HNOs - 1§ <

v
i PiN (#k+ HNO3 )

V

U (V1) AEHR
~5 mg/ml
(~130 Ba/ml)

M2, 1 U (V) SEERIEED 7 o —3— k

1 Sl

v
s & (Hf 7K)

(1M HNO,; )

5 > NatE

72 2 | {(85°C)

H2. 2 A4rgitEodlEra—v b
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U (V1) 3ENsGE
(~5mg/ml)

DI DP AL
(DIDPA:01, 0.5 M)

(HNO; 0.5, 2.0 M)

(3ml x2) (3ml %2}
vy v
b i
Ik &
(30 °C, 30 min)
A A Adtusiis
=4y B (X3 @)
(2000 rpm , 5 min)
| /(O. 10)
i 2nl), s
i(mﬂxQJ (30 °C. 30 min)
I y i

I

B
2000 rpm ., 5 min)

|
£l i

J/(Iml)

7 EAlE

[2. 3 B4 4 RBEEREFCELAD 1D P AT
peU (V) EREH72——
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| Hs PO,

s

]HZO] FeSO,
(9800/1)
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3. HERBLIUEE

1 B4 SEBIESLAD 1D P AMERS SO UDEIE

FRENRICHBINL T 75 /4 FoRRBEo—>28 LT, HEEE A 4 0l
BierdHEL-RANEESRTWS , 972 Hayankutty o id LB TRIZBITATB
PrhizBIT2 U, PudiiElc>nwT Pu (V) Bt L 258 LstoEE LTA
FAUEHESHENTH L L L. MG A A cHElg Anberlyst 15 (X SEEEAT
Hfz 19 zogeE Py (V) 34 F rEsRoRE ST WA L U (VD
HREXTUS WERRT WS, /4. PillaisizDowex 50 W— X8Iz &k DRIHDE
BEir-Tnwa,

AWEIZBWTLD I DP AfHFuciE S e U (VD) DEGED—DE LT,
B4 A ZRBIRSC L2 U (V) Xz U V) OougR2FARLZEBRTIT 2.

kFZBicBWTiE. D IDPAfEFhicHE Eh U (V) 23 LTid. #80k
4 A BRI B LUERRICOWT, U (V) (2 LTIRA 4 v iR WT
FRAEHEOHER T -7, FOEE. X3, 1iITRTED . SO 4 EHBIES L
UERE LB & RBBRTHERY D r BRECHELXZIRD oNT . EURERD
FRARSSNAIEE IR NP 1L /Ll b AN

.2 REEFRUTLABEICLZD IDPARMEHNSD U (V) DEHlL

HESICRIE S USRI ES I3RS EL L. TV HVFEE
FALERASSESIR TS 17202 Al AIED 1 D P ARGl S ne
U (VD) R e LTy 2l U UBSIU Y vBIC L 2% mEEREPRL .
DY RAEYTHLEFTHLPICLTED . ' F Hannone SIZHDEHP (Di-2-
ethylhexytphosphoric acid)nbdicil Sho UnwitEe LTNa . COs &
HHELE7REAEHELTWS , 2 27, PUREXT70RACBITLHRERESD
DEWERDOEZFIELT. Na, COs CELE VIV 7Y —FEEFHIFHRINT
V2 L 2079 hig 53t K9 VU RBRIC K DR 5 2V FORGFITHRTH 5 &
LTHEY 2 HELIZY 27BE KT I VBN USORENRIFICITZ S &b
Twh, *2

APRi-BWTE. DIDPAfER SIS U (V) ofihEs LT, #
B (RS, BERE, AR T UEE, TRAIACVEZR) . TAALY) (RETRUTL,
KEEALF R UL, KEELA U ABLUTYyEDTK) RUEZOM CGABEEAS, K
% DTPA {Diethylenetriaminepentaacetic acid) , e KoY, ¥ avHBEFZ
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ORBEDAP )~y FARFERL (]2, 2BR) | EERICHELL, 20K
2 OEMEMEANSEShA L LT EETRY YL KT RSV A L KEE
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BESH. fEFTETH-2, FoC. T2V s YEREBETZHEELT. N
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BrGo7-%. USHED I DPARER o USSR ET 7. ERELTIC
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DIDPAMMEAENa . CO; HREESE - BHLLHOLILY 3w DBRD
HFEYNa, COs BEBIVRELEZ CANLERER3. 2015RT. 60CLT
TIToNY g AR L ch 74 65°CTIE . SMPLEANa 2 COs IERWIr
BT L%, TVCTIENGa 2 COs 0.5 MUERSRHET LI LH Y
hoie,

[.Hannone 50U% AT HDEHPHIHFIE Na » COs OREFHICOVTOMER
Tk, 1. OMELEDN a2 COa THSICTREGHEEE R LB TVBH,
20 AFFIZBITED 1D P AMBEROREIT - KEBTLE5C, RTHNBU
S#HD [ DPAHBATIINCE VI BBPRETH L I LWL, -T2,
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DIDPAHIEH Y Na, COs BHBIC7TAI—NEEFRNT LI LD it
TEEENMEBLPHL I EXBWNE LT AF /—N, Z¥/—b n -7/
W BIUn T Y = NERMLAE A A Y - EISHIHRYH D . 30CT L
TNV yOEREHS I ESTRETH 7, FIT. LY/ —ILIIHEFERD .
IeNYa Y HBETALY /—NVEELBEOEFREFEETLONKEE I
RRE - L NFForz, T8/ —VAREHOARME L UCFEHOERLA 13 1IEH
L. A (HFEHTLHEAL) o i~15 volXicHY$aEZ MM, B3, 1
FIED . REROLY /—MEAKEBLUCHEERICHRL . ST 2HICaREL.
HAEE I OWTHRLEREEZRS. 3BIUR3. 2~3. 5TRT.

TNV ayoERIE. Na, COs @&, BEBIUEMTSLS /— )V OuwiE
CHEET S, k3. 3OBRIIONIIA Y a YORH LKA Y P TXBPEINY
2 VDERT BRI NEERLLTWS, H-T. Ok XOHEIIHREEDOREE 57
AR EETSE, TRHRMERTAEEEM3. 2~3. 5&45. HIbH, Nag
CO, BEFSVWIF I 2 Y s VEEERIIEYD . L9/ —JVENEFZWIL
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R THETREIC A EERLTWE, BT 2L/ —VORIE. KHDERIT
FHLTI0~15% YA SHET . S % TiHF DEEBLHPTFETE LW

Ay LY ILEOTRMEZRC . ERAE LRI HEZRNT S I o
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(NaCt, NaNOs , Na, SO, , NH, C1l, NHs NOs , KNOs ,
Kz SO. ) #FMUAKBLERLL, LELWTFNRoOEHRAL KETHITEEE 1
HEIC T 52 il iz,

3. 2.3 UAHDIDPAm&ﬁﬁgmumﬁm&

TH /- NOFEMCE ) AEOBRERETLNa, COs #FATE 22 M0
— L KRB THASAS, wic. U (V) 4D 1D PAHEFRIICH LRIKOMHEE
v, HSEEOREIBICUSIHOFER -7, HRFR3. 41277,

U (V) 8D 1 DPAIEA» SO UDFEMBICBWT L BRI F
NBLrRBRT. Y /- 10%TiE. Na, COs 1. OMELTTR3IMIMBRIN
1. SMULE TR SEY RL, T8 /= 15%TiE. Na, COs 0. 5MELED
LEWHEEZRLL,

NEEE . T8 - VBEOBEBIER WY, Na: COs BREEFTS.
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BECARARZ L 512, Na, COs % U (V) o e LR A BT, &
E% FFAHPTY /- VERMTBEIEHLBETHE, £IT. Ay —RZEITS
Na, CO; BE-MELOERZHAEL,

IY /L RFERML A WROERTOBEIL. 2V KRBT CTROHTHEE
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BEHIZ. Na. COs BENEWIE/NSLD SEiAEc2 08T 5.
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1SCICIMB L r—2 T8 /=L EEMLLy— A0 TIE il lizsr—2X
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3. 2.5 WHMHEBICEITA0 /Ao

PUREX 7Ot XICBITABENREFRICBWOL. B /SRERDE (0rganic
phase . Aqueous phase = O, A ) H20~30 WHLEBANa » COs HTHFLT
e H A LB F ATAUjoSIZR T WA, 2 DIDPAPSLOUERMEHIZBWTL
Na, CO; EEFHADITL I LR ALRE N,

KRBT 2HET TOBRIZIONA=1/1TH20T, HFiHiRlomlb iy
SETURETHAEPETHLMITALSD . O AR ~10/ 0DEATERSE
o, BRERI3. 6K,
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FEOWHTIY ) —IEIMEICOWTHARZ BB HS S .

3. 2. 6 WLy /Lo (72— FEER)

DIDPAMEREFHBRAICLY /— N EFRNLHE. Bl 3HIPNRT
WCLFEEROMII 2HELD . Ty /— Ak RB L UCEBHICHESI NS, 2D
SEREODELBETL-O . HERbhOL Y /N E Ao ae 578 (TCD
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7z, BEEFR3. TBIUM3. 7T,

DIDPARIEFAB I NG, CO, FMHF 15 1zl . L5/ — i3
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DI EWENT 2HAMERLL., F—8ORFDPLVOTIE-»E D TN
ALy = ONEE. Na . COs BESRLUTHNUL. .7/ —ILENEC
LHFI-FETHBIOITHS,

3. 2.7 DIDPAHEFLLOLY /—LOBE (2—IL FHE)

WP BOFERICIITY / —ADRALTL BN, IRETOMRTIEITY /—
w%ﬁUDIDPAM$ﬂ®E%ﬁ&éhTWQMOﬁof\DIDPA%U##?
LFAT 2. BT /N ERETEZEHNEETH S,

Ty /L EREIRMC T B A LTERESLE L o b, AR TILH
BARICIDHEBHENPLOIY /—LO%kE - BEZHAAL, BREFR3 . 81T,

DIDPAfYEFIHICETRALY /I EHEEERTESTLIENTRTH -
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k&, BREFI%H -7 /LB IEOMBETRHERN TS 2<% 5L
(HHIRRF3000M) F THETE L, BREAFEIHBERORECE LA CKIFLL
WA, B3, 8ITmein0. S MBS TRREWVERESRL, L. 0. SMEHE
TLABREETRETH S, I MU EOWETIE, HELEH . 1Ty /—)VED ]
DPARHAL DEIRTE 5,

.3 BEAA YIS ANa ., COs BERAPLNAUDEIR

U pflifie o T2 ke LTIE. A A4 ik, Bt (CPRERESE
CrDBERLHETAFESNHVWLN S, Joseph J.Katz HIXEEA & AMEIRT
UOz (COs) s RUUO., (SO, )5 A4V FERTELEENTWVE,
24) AFEANa . CO, WiHEFRIcBEWT, UDEEBIZUO:.: (COs ) 7T
HLEHEINBEDT, B4 A THBIBIC Y 2 UnEIRE Ny FHBETHEL . BifE
DESE . TIRBBOHET T -7 DOTLTIZHEXRS,

3. 3.1 AxArXBEEOREE

BEEAEI . SICHHREE LTRT. H4HE1L. USHENa : COs FEhHF
LR A A & 30CTIONRIRE L TR HCEE I LB . ARHEEICR
72 UD r BEEORE, S | B A THERICHIEShZUZERT S I LIRE
N, B3, ORI HREONa ., COs EBEKFEEZRT, HEZEE -3
ThHho7z,

THheoERICLED. Na, CO; BT UL, BA A BB THET
X2 kMypot, o T, BHEFIZY A ZNEHFTRETH S, 1250
COs 2 HURL->THBESN AR LEAFSETH L. 14 s EaE
XD aHEEICRLOENSD . Diaion PA3E >Anmberlite CG—400 >
Dowex 1- X 4=Dovwex 1—X 8DIRTH» 7=,

AEEBTIL. FHMEORICIE. 1.9 M Na, CO; BREFHEME LTERL.
THUCAREMZ CTEHEEICHEL A AVEBLLLOTHS ., TOFR. FHEF
%ﬁﬁ@ii%ﬁyﬁmbt%éwﬁﬁ%ﬁ;O*Tﬁﬁtt%é@ﬁﬁ%ﬁﬁ@i
T AMEEELL. FORM. BRYT 22 LidaintiFe LTHAAT 254 CAF
Y BESLHREOBNL Y EERELTUEBBEEDS.

3.3. 2 AFXUrRBREEOHE

4 4 U REBIEOERIB TIINRERLEETHE. X3 . 1 0EA AR
BWIEOEEE TS, 2222 £y SRARBRSMEFEROE W Dovex 1- X4 RUF
Dowex 1—X 8% 3.3~3.5 meq /g dry resin 2 k&< HFpFEEOEGVDiaion
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D A3TE A51.05 meq g dry resin E/hIVWT EFRLTWVS,

UDA AV RBEBOBMBEFRATIHEE LTROREE >, —EEDAF
G —EREOUSHEEMERZ . 853 T ML, 1 A ZKRED R
T 5 AT A VRMERE Lz, RBHEEN Yy FETHEE CEE—FE
THDH, BEE¥%R3. 1 1BLUM3. 1057, Diaion PA3G OUEHT L
4 AV ARHAEII00 ng g dry resin Tho7x, 4D AL LTAFYE
BMLTWALEET 2 ETMARIIWNI. 7T net 743, Diaion PA3IE DA A UK
&@%H%B.10Eié&t%mm?%0\Uﬁ4ﬁﬁﬁfﬁ&m:tﬁ%%éh
5,

Db, &A@ CHWe A0S A o lBfR Tz, Diaion P A3 BIREDN
HERHBIUTREROHERL LBHLIWHEFEHELTWA I EBgho 7z,

3.4 A AyEREEiED, LSO UNEE

3. 4. 1 HREFIOBEE

Joseph J.Katz &idkeA A v icHilsh 5D UDEER L LT, B E 2w
HENF YD ARET Y ELTLABIEETH B EERXT WS, 27 KR TSR
SE RSV yoHlaY. BET YA BT RY YA BTV EITLARUE
{7y LeWCEREBL L . BEROEELTIT-.

HEHPERI . 1 2EHHERE LORT, HNOs TEO . 5~ 5 MOH TEHEY
4+ NaNO; . NaCl_ NH,NO; RUFNH, C | Td& 2 MOERTHHL
7o, ERIVVIEABBTIIERYT. BMBLORGHRTERL.

ThOLDER BAAYRREETOUIRBREVVEETHL Z &P,

BHENOMEEIZABOEB LUHE - LRIV VRGHRVEBED MHRET.
7.4 ~13.6ml7g resin TH-7>. LirL. NaZ&OHETUFHERELLOTI.
Nao, COs #iE D UREEA A4 SHIEICRE SETLERSE LS., T, &
FY—TC 1~ L&F%WNH. NOs AUDHERNE LTERLBHEZ LD,

BEEmoRIERA E L TIERAPFRESINS.,

R,UOQO, (COs)5 +4NH. NO;
= ARNOs + (NH, )4 UOz (COs) s (3.1)
R A &R
Ty -4 EH

3. 4. 2 BEFREOPE
APETIENH, NO5 0. 2~ I MORBERMICHBIT 2 EHENEHICOWTEEE
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ForeiRE. %3, 13BLUM3. 1 1IRTEREEL.

NH. NOs BEFSHFREOBRIZ. NH, NOs BES I MEUTTHEA A XK
Wi L EROMmMERTH . I MU LETRESHFFoOEmMERLL, HH . @RI
L7BEIR L METHEZ a7z,

3. 5 TRPHHHECLZERET M7 AERYP SO UDEIR

Na, COs FHEFNLUREINT A70HICNa. COs #HNOS TENHHEL.
30 vol%TBP —n Dodecane (LIF T TBPHHEH &I ) Tkl . HHEERT
WA FERHA LA, FOERER3 - 14127,

Na, COs OFBICIZTAMEG6MAHN O3 fnw, #THESINLINO,; ~ D
SEELBIWT . HBREOH N O BESFNEFNG . 5M | R 2MEL 5 L@
Ly, SMROBHE . UsHNa, CO, FEFEHROEIEOTH-LDH . K
HIES T b 7, COBERCT B PR F N T UL LR i s
7. 0~4 . (rHE ORI TARBRICHAZNAUSFE»72, ZOZ 3D
Zib b EEGE TS . UDREROEICBRT 2 LDES 2 H1h, EBEOUNE
DL DAL FBIZEHELPETHTHS.

TBP SN/ U BHBEE Tl LoERIZ. HNOSRENUI~1.0 M
DR THEME LT L AHBANOSERIZ0. 70~1.9 L Epof, ZORERELKIZHEN
UDLFEBICEHL LOLHEEINS,

ZITROFEL LT, HBBCERLHEICOVWT, TBPHEFITHET 2R
BrEmLY. SRBEEAROEFEEIEY . TBPTHELLSF#H2 0 & RN
hAX3 -7, BBV LHHE R TUOFEHMEBEH THECH 7. MWD, Hi
Ik UdREEEkIIsESic b, U0, DB -7 DEEZLHNE,

M2 LS5 TLCRENRETHE VBRI PITITLUNEBEER2ICELS
TR WL O EHEES NS,

3.6 RETYELUAEHICLADIDPAMEBH,SOUOHHL

BEET CELUARELAZ Y — Sy 7O, Uodgiib# e L CHRERS TH
BB, LL, PAa—LERNT S LICk» TNy 2 »y OBKIGIIH S
T . UEHEH SAMAERES NN . SooRiErER Lz, TOnkid. it
KR SBEMTEL LTHWARTWAEY I VBT Y227 AE (ADUK) LK
NDRIGEHEESND, > T KR TIHRBEERO L WHEE R TAHHTH LD
T, BT yEITARL A FEIICORBEThELL.
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7 BEREEREIVVEBERICIADIDPAMERL LU

REE RIVVBERLAZ Y —2r 7OR . Uniifinhifl s L THM TR 5 M
DBHLRED—DThHS. BICYNF 7V —DRHUDBREIZEZHENTH S, H L
S IIEHEBCOTESES DD FHENLIAETH D,

3. 7.1 BREBERIVVYBIULY / —VBEOEZE
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BETLEIHEFBR L WRERBSFELL.

Uit s oER%$%3. 158LU0H3. 1 210757,

Y —AEIREEE Ko Y VBRI 2L T KB B VWS B
T UDHE LIRS 2D. 28 /—VERNOBSIE USRI EA Y —FT
BREL RSV BRERNRDE EDANELLSRRER L, 7 /- ERMTL
— S RE e LCHEATE 2 0ERIZE SN AN, LY/ —IilEosEIT T
KEL . REBEE RSV UAERETHI I s EBICHEBATLIZET IO —ILE
DR KRS AL TWAE EHIENS,

3. 7.2 TAa—LoBEBLUVRENHE

REEF R U ARFREAE LTERT R, BT 570 a—-OBERIZD
WL EOTI A= OoWTIEEEFER L/ BICEAZINTFTLS /
— . n—TFATAAI-N (LT 77 /=1 L0nd) BEIUFn—-~"FIILTi
I (BT AR /=) EWwd) #REL R dinbRicgm L7551
DWTRBEFIT-7, KEERI I yOBREX10~30%. 7L 2—INDiREE 3~10
%e iz,

HEHRPR3. 160, —HOTF—FZFR3. 1 3Zxw7,
FEI3HASBRINPTWEMFLREL F IV BEE T LI VENRFEVGE
T, THAA—ILOBRICEREBEINWEEbR S,

UDSrEHIE. BEBE RSV yORBEBIUC TN I OENFEITRE BEIN
3, REE RSV VBEEFEZ LA . 13T, Hi2E3E-4TH-%.

3. 7.3 FHUBIUHRFCBTLTAI— DS (20 REE)

P TIRICBWTZY /e 7% /—NVEHBHB L UAKHORFIZHECT 5.
AN VI HEBHOATARICERE L Z2W, - T AX T/ — L2 HBRD
LNEET A HEIIEETH S,

IY /N ETE S —ANIEEHEHRECRESTLIEICE>TDIDP ARG
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SR ET 2 D L FTEETH D . D IDPADY YA 7 AR ITHE L E
THE,

I MBE L 2REERER3. 1 7TBIUVRH3. 1 4R T,

WERE KTV R L D 1D P AMEAE 7L KTEG LR, 18/~
AR 2 DEALL WIS T8/ — kR £ FRHICEEC A L,

$7. T VIHEETY | MBRTHRST S ILICE IEBIRET LI LN
TE B, TH ISR 72,

BLED#Rr L | BRI AT AL E LTRES /= BAEY ) —A 5%
2 oD, TP ) —MTESICHESIITL 5725, D1 DPADBEEFBMETHE.
~EIF /= AZT@D 1D P AT AN T HAULHERESL L W LEH T2 2H b L0
B oML TRE BT 2 BB A WERHRT 5 LENH 50, MBICIENHRE
B,

8 UNHETEIBIZZr. YBIUF en®#) (32— FERK)

%V&»%E#%DIDPA%&%T%&L\?7%/4Fﬁ%%ﬁ%&?%lﬁ
(R3. 1588 cBnl. ViRHOFHETIRTH S, COLRIEBITADID
PAMERICHFET B URENSZTEIRUOMIZZ r, YBIUFeTHH, AL,
%ﬁ&ﬁiOEDKW%ﬁQEﬁE§ﬁ§Lt%%E@\%@%%TZrﬁ%ﬁth
%féhfméoFemowfm\Uﬁm&@ﬁmvivﬁmiéﬁmmT#&OQ%
SeEINZOTE>TWADELTHITHS.

UnFiEAE - R TOEEDP S . 15 B YL 15%T8 /L BT
20% (2. ML KT Uy — BT Y /— AL THS S EBbRENT, ZDHH
Wic kA ES E R L, L. IS I ERORBE F TP ik
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