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Studies on Actinide Separation Process from High-level Liquid Waste
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The present report describes the results of a joint study between Japan Nuclear Cycle
Development Institute (JNC) and Japan Atomic Energy Research Institute (JAERI) on actinide
separation process from high-level liquid waste, which has been performed for three and half years
from September, 1998 to March, 2002. The purpose of the joint study is to point out common
subjects in process development by an overall evaluation of each actinide separation process:
TRUEX/SETFICS Process studied in JNC and DIDPA Extraction Process studied in JAERL.  This
would contribute to more effective process development.

The result of the evaluation showed that both processes have common subjects to be studied in
sub-processes such as treatment step for spent solvent or DTPA waste solution and solvent washing
step for recycling, although the main process for actinide separation is different from each other. In
the way to the demonstration of both processes in an engineering scale, it is necessary to develop the
sub-processes and to test the whole process including the sub-processes. Two essential requirements
in the process development are the cost reduction and the minimization of secondary wastes. Future
continuing research and development should be performed for more rational and effective actinide

separation process so as to fulfill these requirements as much as possible.

Key words: Actinide, High-level Liquid Waste, Separation Process, Solvent Extraction, SETFICS, DIDPA

This report is the result of the joint research with Japan Nuclear Cycle Development Institute.

* Japan Nuclear Cycle Development Institute
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1. IZC®IZ

BN A 2 VBIREE (1 2 V) L BARRT AR (R &k, [Er -~
BN OLDOT 7 F = RyBE7 v XAOWE) OTF—~Db &, FRRKI10FEIR L0 Frk14
FIARFETOIEROM, HEAWFEELER L, AELRHFAEROBHIL, A 7 VEER
DR TCENENRRETOT 7 F = N7 0t AORERZ2FhICESX, HBEHLER
BEAME L, EXRFELZERT I LICL > THERNAR T RORRICETEZ LILH D,

MBI, VA JIVEEBRINEEEER £E ) VA 7LV HERRE LEFLEEH
X7 V—7 (BWHSPIEE AP RAEEREEN RiEE¥Er BOABEERRE 7
JF=R7atX - SFRARKE) | BRSPS EEWER DEREHRER M oBELE
W7 —7 (BRESPITRE R BEORENRE) Thod,

£REFEDOBEHRNEL, (77 F= FoBEEORBFME & IHFLBETRENLLOT 2
F = NoBEE BRI WO T O, AIE TIE, BRXHMAEBEL, FHTED LR TY
HDIDPAT 1 & A B O A 7 VA CHED 5TV A TRUEX,SETFICS 7' 12 2 R (2D THH
HEMHZ2TV, 727 F= FOBET 0 RBERIZKRD SN D LERLERREFNENOHINTHE
BEPBEBLC, 2LV T 7F = ROl ot X% TEEEREICE T2 0@
BRREGELEY - BETAZLE L, BEFO HELEIENOOT 7 F = NoBEELLEET
HRFFE) LT, 77 F= FEROKEBRUE LTI ZOICRFARDO, AmERUOCmDH#
HHTEN S DSBEIC OV T, FEAFIIDIDPAR LA & ODTPAIC L ¥ EE . 41 70
A& 1 XCMPO-TBPIR A TR > & ODTPAIZ L A itk (SETFICS 7 m® X) %, ThTh
MERFELTWVWD, ERFETIE. ThOOFEIZOWT, T77F= FeFEtETR LD
B ETARFICOVWTRHNEITIZE E LT,

AHEEL, ULV A I VB -FHERHRE BLXABRPOOT 7 F= Kok
Tat A0 OREEELDHIZLDOTH D,
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2 . DIDPARIH 4y BEiE DB R AR & iRRE

2.1 FFFEBAFE OB

2.1.1 BKY

BRI BT BB BEORFZEIT 1973 E (BB F484F ) N G BRME S hv. 1984 (BBFISOFE)NI AT
T, BLVEBRICEEND TRz EY, BV 7 UTR(TRUYEE, Sr-CsEER U E DALDITTREFED
IBEICSEET A T o RO RER 2 FEMR L"), TRUBOSBECIX, YA YT Bk
(DIDPA: diisodecylphosphoric acid) 1\ & 2t BE 7 0 A2 MBICHB L TEATHZ L
L. BB AED -, £7-. 3BESB T o XTI, MliD7T 7 F= FAnGB) & T F
= ROSBEIZEA A B Z &R L,

19854E(BBFN60ME)E M H 13, 3WHLH T 0t RO RBERFHEOKREZX T, Npk
UCTeDDBEICEAYEE, Tc-HeBETEBLZ TR oBTREL L TIMA AT/ o
Y ZOBEREABEE L, 2 THTRUBOSBECDIDPAHIHEZBEHAT 52 L L L. #IINp
DLSBEFIEERICEAS BV THELX T 7, £, AnR)ELnDO S BEZ D>V T, HEfEH
VENEIRER FiE & LC. DIDPAD> b Dl OB Tl 2 5Bk 2 HFikIZ DWW THFE L7z,

DIDPAMHH BT = & XBASE D BRI, BMERE L ~SAVBERE Y. T3 TOTRUTHE(Np, Py,
Am, Cm)Z EWVEIRERTHEET B FEEMITHIL THD, SHIT, B VVEERTOT
s F= FCHRELHEEROZ U (DIDPAICHH S 3)0. BoREMME L BRI
HL., BIEOFERESTEL o R ET5RICHLERREBE VS

2.1.2 EBHMR R O5TEEB R

IR RIT. WEEBEIMOBNES L-~ULVEEK & Lz, {EL. DIDPAIZ XY & LV
M HAMKROCmERE T 5123, B L VERH OHBIRE A0 SMICTHE ST D Z L ALE
Thbd, 2D, BRI L HRMAEEZRE LI

SBEREL LTI, ABEREDRE Y o 2 X DOBAR L FIE. Np 99.95%, Pu 99.9%, Am 99.99%, Cm
99.9% % E L7-90 . BRF CONBERE Y A 7 VBT 5~ A F—7 7 F = F(MA:Np, Am,
Cm)DALEE D B IEEI199.5% TH B0 T, HHMICK T 2EIRRLBEICH TDLEHN
RNz EMOMADEIN BAEE & LT9.95%ICEE LT,

213 HEET o ADOBE

DIDPA 4 BEE ClE. AmR UCm%E FBRRE 2 0. S MOBIR L Y I TE 5, UKUPu
Rt LT dh bW A BEBEICBWNTEHE VSR EZE X 5, Npii 2\ ThAmK UCm & [RKF
ICHHE T 2 F B RHET 2 L ADIDPARIE 7 E AR OER Tholz, T XTOT 7 F
= F&E—fFE L THH L%, SHMEOBRETERENOFAMEEILE CTEE L Y EIRY
%, Am, Cm& FRICHIE E NS T v ¥ = OSBRI OV T, KETH% & iz Talspeakik
THAVWLRTWAEYTF Ly b 7 I USEEBR(DTPA) & 85T RRAT & L TRV TAME UCm %
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WA YT B H A EA L, RETCR~DHIFERSE ORUR & FICH#EE L 72 DIDPAfH
H7 1 X 07 1 — % Figure 2-1IR Y,
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214 THETORE 1000
(1) DIDPAHRHHVE ERERER

DIDPACH < 726 B < &1 5 7L TV 5 DEHPA
(di(2-ethylhexyl)phosphoric acid) DEEME: V R
T AT REEEI TR, AmMRUCmEMEd 5
T2 I IITEERIREE & T F B ME R B B MBS KA
ThBLEND, Livl. DEHPADHATEEE
BEZIMEBEICTITRITERLRVDIZ
%t L, DIDPA CIIFHERIREO0SMEBE £ TOHIK C
FC+4Ch s = & BDIDPADFIETH 5, o1 L
Figure 2-2(Z, DIDPA & DEHPA & O#% . Am 0.5M DEHPA
LIZIER L EB % & HNAD S E L TRT, I R A
DEHPAD 4. NdD4HEL & LTI08 %75 T gq TOM OSM o 10
BT ILREER I & 02MBREE (IS T 22 < TR THERE (M)

59, ZOBAEAN, CmEOHKLENEHRTER Figure 2-2 DIDPAJX U"\DEHPAIZ k5
WEERD, BT 2 NAELLL

100 £ 0.5M DIDPA

-01M TBP

NdD S E2LE
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NpIZOWTid, MBI 6MIZM. &L NVERP TEEICFEL, —RICHE R L
INBSMEONpA, B2l TIEHBMDIDPAIC L VHIHEND Z EEALMNIT LY, b6
STEONIZ DU T OFfHEE ORI OV TR L BB LR R 2 F S L Z LI oto*c\
MHEREXBETEHZ L2 RH LAY, MERICEBEKRELFIELEE. NpidF
B THMEORIE L 22D,

Am, CmEORRHCHHEND T ¥ = FiZdMiEEE T T & 5, 4iDONpR U Puid s
2 G, 6HOUITREET M) U AOTHME TEXAZ EEZALMNI L,

AMBUOCmM» 5 T v & = Fa ST 572 ODTPAIZ L A BIRVEHEEOH R TIX, K
FADPpHA3.0~4.0DFFETT ¥ = KL AmD B D TH 5 BRI 10LL ETH Y . K
FpHA3A4LL L L 45 2 & CAMDO BB A IUTIZTES Z L AL LIEY,

(2) 7ut AEERR

B L ULERH O ONp(S)DyBEE BR)E LT, DIDPAIZ K ZNpDflit & &= VBRIC K D
WHREBE Ix Y —k b I —2 AT R, @bARZRMTHE, SEEHLV
VBRI B, 99.96% LA EDONp(S)Z#MIHTE 52 L AR LY, AR TIE. 0.8MD
o UEET99.94%LL EONp AW TE 5 Z L ZHALMIT LY,

BEE LA FETMHZ CODIDPATMH B 1 & 2281 2D TR OFEH OV THE Lz
R AmE Cm & HEEHAITIER —ONAIL99.99% L, Es i S5 Z & | 99.9%DFe & 1%6.5%
ORuMADIDPAIZHIH SN B85, B L~V EERF OBNED KD Z S DHSr, Csip & D
TEITITEACHE IRV EBbhoTr, S Feid v = UBRIZ X 0 #ifiH S 4,
AIMBEEEIZ L AHIE CE LN AMKR UCmE §LERFIZIE, 7 v = RUADRADHE
DTHRNT LR LY,

DTPA% Al X 4 A Am, Cm& 7 ¥ = REOGBEISOWT, FiRa9RERE LT, Ndi
RATHOIFY—% bF—Z2AVEGESMHEOSBRIZB T 2pHR UNIDORENMIZD
WTRE LTz, ZORBER., KMEOpHIZ, ABHEADMETY VE=U A F 2 OMBICHEN
BT HHDOD, FEROpHSFII NNy FEROBERPOHAELLELIZE-&KL, Zhitk
n#rstufmzx@/\ alb—a VHERFRERIEZHOLMMILE, NdDBESFHITOW

CEHENLRDIZL O EIFIE—FK LD, 5T, DTPABROpHZ 42K IZ £ Nd23Am
mﬁa‘%fnﬁk LCHE1T 2 L HIZ8EL T, LabNde OSBERBR AT 2R, 1 JIFHEE
CRY . Lak HEEICE L., NdEZDTPARERAI~¥HH LT, MTcRZ RFICHOBETEDZ
EERER LY,

ULEORBERESHEIC, Am, Cmé T Z = ROKFERTOEBREOpHO M EEBR LT
Iab—varHERTV, 707 = FORBRERORHZEH L, AmKTCm#%99.99%
PAEEMN L7~ ETOAm-CmBL SR E RO, TOER. Am-CmBHB~DF - Z = FIBA
BIISBRTOBRICKH LWINEBETH Y, BAEME L LTIw%iHOND T Ehbho T,
I OFER%Table 2-1107RT, &5, ¥YIalb—arvHBETIEREAI I 7EMRT=T
O+ 2 TIEAM-CmBL G DM & LTI8%NEOND EDRBLER LI,
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Table 2-1 DTPAMHHIEIZ L DAM Cmé T X = REDHBMD L I 2L —a v
HEIZ LA
HEARH HHME : AmCm,7 ¥ = F(Ln)% it L 7-DIDPATAHE,
7K#8 : 0.05M DTPA-IM¥LEE-THfET > €= A, pH 3.52
BHAR KM RER 1, B : 16BX, Am@ifhHIER : 99.995%
TR B RBEEE4S5000MWd/t, SEESEIOME FEBRE tonh b D E L~ )VBERK

_ S BEAT SEk
¥ DF
E )L (mol) - (°)) E JL#(mol) ER& (9 K (Wt%)
Am 1.865 450.45 1.865 450.45 70.06
Cm 0.1393 34.00 0.1393 34.00 5.29
La 12.00 1656 5400 0.0022 0.307 0.048
Ce 23.21 3271 560 0.0414 5.842 0.91
Pr 10.82 1526 190 0.0569 8.029 1.25
Nd 38.3 5550 56 0.684 99.11 15.42
Pm 0.30 44 1 37 0.0081 1.192 0.185
Sm 7.41 1107 31 0.239 35.72 5.56
Eu 1.26 193.1 36 0.0350 5.365 0.83
Gd 1.00 156.4 55 0.0182 2.844 0.44
Tb-Yb 0.0321 5.146 86 0.00037 0.0598 0.0093
Am+Cm 2.004 484.45 2.004 484 .45 75.35
2RE 94.33 13509.3 1.085 158.47 24.65
st 96.34 13993.8 3.090 642.92 100

LA EODIDPAFHIEIZ DWW TOMARDOERREZ EIZ, & LVVER? ODTRUR U Z 7RES
BEDOME TR ERAREE L, I TORMNEA LV Mi, DTPAIZ L 5 AmKZE VCmDiE
REOSRHHETRY2 PO X IHARAL»TH D, . TRURVDUZ —fERH L72%&, 4aM
ERIC L AW ORI O TEREZAND Yo A1V A 7 VT o X)L LY, L
L. DTPAIZ LA iHIc VW T vV g Y RAR L WAEBET THRRBEORR(RIE
EYMEWZ LA LN R o T, —TEHBEROFE#AIIFeCUL bR, 207 et
ATHAEBETOTRBREZ TTOLERD Y, BIEORE LV VERELETHDILEE
OMHBEHEZER L2TER b2 4B L7z, DIDPABEOMHER, =</ Vs
VERBRICETATFT -2 EICHE L LA, AMEBETAM, CmR V7 ¥ = R
M L7-%. BODIDPABH T b DR LM L(E2Y A 7 /1), RIZDTPAIZ X 53R
BHE TR AN 7o 2A0EFR, BREOBERDREN DWW EBbhrot, Z0E
ZATESXHE L 7-DIDPARIH 7' 2 & 2D 7 1 —7)3Figure 2-1 TH 57,

Z ODIDPAMIH BT ADRBEE L ODH LRD L IR B,

- BAEE LUV A SR E LTV,

s TRUDH TE b B ENNR TOLBEAEE LV INpIZDUT99.95% LA DR THE L
JVBRHR £ 0 Sy BEDS AT RE,

- BEEHRATIEH BB T 7 F= FOFRTROFEENLZ VUK L TH ¥ ED H

_5_
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FKENTND, MOTNTOTHEOWHHGARET, ZHhC LY, BEOY A 7V
FERPHEERLDLR>TND,

o [f—VA#CAm, Cm& 7 % = K& O5BES Rl HE,

o B B K X\ O DIDPA DR R 43 fR AR #)IXMIDPA  (monoisodecylphosphoric acid.
EAHYICDIDPA & O ® 2 L 5,) THDHM, MIDPAREZ—EILHR2E W
HEHTTLEARBEENTNS, (VIA 7 VENDEEO—FELEREE L, €
D4YMIDPA % & £ 72V DIDPATR S 2 I 2. TV 5,)

C BHEIE L LT OE LV BRIR OREBRTR EE 2 R0 SMICTRE T 2B ENRH D, (ZHEX
BT B, —F CTHIHRR% O Te- B & TR R OSr-CsD Bt DB E & 72 5 Zr, Mo
P DOBRMETHRETEDLZLVWIFRLH D)

(3) DIDPAHIH| 438 7 2 - 2 D BAE O FHA

HH 7 22 2OFEE, BRWREREBEETREIND, BERWEEIZ DWW T, DIDPA
M OEBE., TN Pa v EERLROVEBHETOTRBRBENOEEOLERSRD L
N5, TAOFEER, HRBEE33,000MWdADHE FIBERE ton> & DB L~ VEEROHE T, 51
YA 7L 3.0m. BV A 7V 40mP OEENSBER T L BDhHo OO KO R E
Bii. 7 av R LCRERERE KELLVROONS, LEOKRE ZNETIZ
BREESNTVWAERT v TONLERK L #8bE T, Figure 2-31Z, DIDPARIH 7 @A D
AR, CORRVERE. Pa—Lly s X7 A TOBRBEOEEDKZ0%TH 5,

’IFJSW

ROTHEA ' HREME
, 0.5M HNO3

...................................................................................................
Y

meiygaon

3 -y
yH L9 §4m :‘. ........ RIS
S :
ﬁh\l;ﬁi S Yu ------ \-1-;/;%.0..0> &m%;@ﬁ

Figure 2-3 DIDPARRH] 7 = & 2 DHAMK
B ORAE K IF A R EH(33,000MWd/t) Tton & ¥ FE4E 35 8 L~ VBEIR & J0EE 3 2 BROD Rl VR B
KBOEFHITMHEELE L. SR, BOBKICHAI S ETRE & & L, RIBAORMEIIERE
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2.1.5 HEATROBEE

PLEORRREREIC, BREY A 7 NV EE2TERRRHRNUCER)D 7 1 2 2/LRICRE L7
HABREBEBIZLY, ERHLVVEREACERRYER Lo, BHoBRBRER 2SO
XY —¥ FF—%H L. DIDPAFIHIYBE TRICE U-CiE, Hl-vEE. IMEBRR UL 2y
BElC L AUHEOETENS., 772 FOMI0TOIOBRBETHRERTE 5, Bfam L~V
B O RBRVORE R, Am, CmiZ DWW T, 99.998%LL EDHIHER, 99.98% D il H Z )3
‘o7z, NpDHHERIT8 2% o783, Zivk, AR CTOEELRHLNpOEEUETO
A B MBI R L TR N 12120 TH D, LLANIIT - 72NpZ BN L 7o AR I
L ZNpHIHRBR PIORER L A EORBRFBER & TiE, NpOMEHEENIEN 2L £->T, £
BRI S OB BV T b RE R SEE L TE, LETONpHIHRER TH 5 117299.95%
PEE W) SEINEAERTES E/BRLED, P avBIC L5 8METRICBW T, Np
799.93%LL . Pud99.98%LA EASHH Sz, LA EOFERIIDIDPARE 7' 1 & X TO 4B
BExiEl- T bDTHhs, LiL, DTPAMHHIEIZ L DAm, Cmé 7 F = RO OV
THERERICLDBBRDERS LTV,

Z Off. DIDPAREH 7" 1 & 25 bR AT 5 TR BEFEM(BEE K UNaBEEEMIZ OV TR
L. BEEMT D o HEHEEREDN o« BEHO—LORSBRZETHHIGBtL Y /hanZ & %
T EBIRERSEELH LM LS

PLED X 51z, DIDPAHMHESBE Y 2 2 ADETRRIZ OV CTIE o BEMERE R ORI E EFE L
FEEICELEEEZDLN, DEESNIET TS a O - OB TREED OLEE
LW T TR T T-BEICH 0T, 4%, EROKRET. BEMN2BENEZTT
IVELRDH D,

22 S#%ORELKOREE

L, EODIDPAHIH 4B 2 & AFFERBORBR, ML ABERNOOBY 7 TR KR TU
DHBEZHDNT, Tt AONELZHER L, TTRICH L THRERL~DORBLERLLE
2%, {EL. DTPAMHHIEIZ X DAm, Cmé T ¥ = ROGBETRERKREET U U AEK
2 L AUDHRIH TRIZ OV T+ R AREBHMERRA R SN THRVWO TER DRE
BUETHD, BIRHLTETIE. Am-CmODTPAEHK., Np-PudD ¥ = U EEIRIE K QUD [KEE
F MY Y ABKROIEDT 7 F = NEERONE TR, BRAEEUNaEROLETRERICOWT
ORFPBEL L TERINLTWD,

By RREONBEEYEOENM T 0 A2EIIHONT, SR I LICHRRRE L ER TS
WM ST, AANHEF = 77 RLE2—9THbEHINLZLIIC, BEERLEL
TRBENREBBEELERTH D, AHESRE 0 ARV I OFODIDPATIH /R 7 &
ATk, BHESLALVERERRET DI ETT o ABBEORE/ NOW TR EER 5
&> TWAN, —H TLEMIIBREE LB S 2 TREORW LRIV TR S0 E
Lo TWA,
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BT mROMESBERTO B AR Z BB 55 LT, fiEIC &9 BT
FTHAHLIEUOMoZ FTOBRET I FHE, RUBLVALVEROMBBRELZETIETICAEY
SRR HHOMT 5 FEAEX LD, AIEICE L TX. ZhE TICDIDPARHEOE
OO (Rehthk R A7 ¢ RIHAIOBER ZREt L, #FICEL QI BIRFICRENT
By oaRIcd LEVWHEENEZR L, RTFVICHERFTREZRZERMOMEHAITH S
N,N,N’,N’-tetraoctyl-3-oxapentanediamide (tetraoctyldiglycolamide, TODGA)H BFE = Y, 7'
+ ABRABE SN BEICH 52D, ZOTODGAH BT 0+ AR+ ¥ mOE RS
EREMT TR, 5ROMECERSEF/IND, Ll RBREREREE VNI EZXHD
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3. SETFICS EDBAFRRE & iRRE

3.1 HFERAR OBIR

3.1.1 BH#Y

RENY 4 7 VERREEE (LU, B4E) 13, FBR 29l & L7oEBREIY A 7 WV ORESLZ
BRIE LT 72 F= RUHA 7 MCBETHHERRELTV D, BETERCERIEREME
AEHTNS 2, BREBEEND—oL LT TRU TROFHEFEFA LIREZZT TEY .,
FUEEFIZBVTIE, PUREX BICE2BLEERPOOT AV VT LARTFx a2 Y v AD
B, ¥R Z6OF EETHKRE ORESBENSBETH D, BBIIHLER L~V
b Am R Cm 20 ETAH7 7 F= FERERINT 5 &M & LT, TRUEX
(TRansUranium EXtraction) ¥ ¥ O@AROISHICET 2HERFELIT>72 9, TRUEX &
AEEBMEEIES S Am X Cm 2RI T 22 L2 FREL 77545, A EBTHR L O
EOBACTETHBNBRSEEN TV,

TRUEX EQ 7 n—— MIBBEMA, ZMO7 7 F= FaReftETR» oo L
TENT 5 7t AOHMESL% B L. SETFICS (Solvent Extraction for Trivalent f-elements Intra-
group separation in CMPO-complexant System) EOMFAFE LR 5 FLVEDTEZ, K
¥ Tid, SETFICS HOBBERROBME L SEROBREICONTHE~D,

3.1.2 WEHR RO oREEE

IR & OV B BRI ER B REMEORE BBICE S, EREBIBRERET
iX. Table3-1 {2574 & 572 FBR BAEMIRRA B ERFEL LTRELTWS 9,

REHF A 7 L COEINRIL 99~999 % & LTEY, BETRIZOVTIX 99 % %
BiEL 45, MA & FP DBARBSHEERBRNETRETHDLLEINLTVDHRE, BFO
BEEAVWSE, BERICE BB TIE MA:FP=1:04~2 &£72%,

Table 3-1 FBR BREHZ R4 ARETER (ki)

HE A%
PRBERE 15 5 Mwdt BE (F.L0FH)
MA BAZE 1~5 wt%/HM
FP BAR 2 wt%/HM LT

FHH A 7 VB 5
Eles 99~99.9 %
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3.1.3 D v X OHE

3.1.3.1 SETFICS {EDFE

MBSz, ZERMBEAER ) A TH DS CMPO (n-octyl(phenyl)-N,N-diisobutyl-
carbamoylmethylphophine oxide) % &3 TRUEX W% Fv %, TRUEX W ORI, HBA
#912130.2 M CMPO—1.4 M TBP— [R{LAKFEFAIRFITH 5, Am, Cm ROEHSKERY TH
A& T2 OV T TRUEX BHEORIRMEIZ/ NS W o, DBERE A M L3 5 72 DICKEH
DXL — rEl (DTPA; P=F L > b 7 HEFEE) %A T 5, DTPA L =& B 4
v (Am, Cm, Y, Ln) OLEEEHIIZMT 7 F= F (An(ll)) & DEEETREL, ThEF|
3%, TRUEX &2k Y Ln 2L, —F T, DTPA & An(lll) DEEEEZTHRIE
An(lll) ZKBERPIZE EDD Z & THBEEZERNT 5,

DTPA 13E VA UVBEIR D L O 7258 AR Tl BEFERE L 2\ o DIZeERAl & L TR
BETEARV, B 1 RO 2 BROBBEBERS AL 182, 265 THHDT, pH i 2 7«
WLZENLL EICRET A LENRH D, TRUEX BHEIC L 2 HHITHEEE A 4 REICKFL,
% pH OWHEN O ZMERZ T 572 DI IIRHEE A A v 2tk & LTl L 2T iz
YA AN

3132 7a—i— k7

TRUEX {EIZ—fRRO72MF £ EAMHEB OB AN FRETH  (SETFICS bR TH 5,

TRUEX ¥D 7 m—3— ME, 8K & MHE KL B4 20 - el & FmRRER %
BB CH R &b, SETFICS 7 o —3— hI, TRUEX JEOHH - o
%o, EREMTOMEEEZRET HHEEYHEE, An(l) ZBREISHERHET S An(I) &
HHEAMZ S b, BEOUEHEMITAEEICEE TS L 23T 5729, Lo #fiH
¥ & BESY, SETFICS &7 m—3 — b % Figure 3-1 127”7,

i - BT, SlEBA A & bICHEEAE END, T OREN An(ll) Fih
HERICHRAT D &, TRAO pH 28T ¥, HBERGZHELRI BTN H D, ZDDH,
FDEREE NS HBARET S BN T, BYRBEOTIHMBEL SURKREMET M
EE A NE LR D,

3.1.4 THhETORE

3.1.4.1 FBEXROHECES
(1) #EET#E®

Ce, Nd. Eu BT Gd #HWTHEX ONBESGG TONEEB L7, $IE% Table 3-2 {2
T, SEII L TEbEEY 5 X B5HEFIE pH THD, 02 M CMPO—1.0 M TBP in n-
dodecane & 0.05M DTPA—3 M NaNO3 RO RIZEIS DBt %Z Figure 3-2 1T,
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Table 3-2 TRUEX Vi DTPA— MEBEREIAK RIZE T 5 =& R O HELED)

K+ == )

pH wWime & HICHEEENK 3 OEETETT 5, 1.5 U ETH
BZHIIHE AL, 1.8 ULTIRE—E LD,

REEE A AR HENE L BICHBESHAENY D, NaNO3 RUMHBEE Kr ¥ v
VT I DEE, SHERE~OREITIE L A LR,

DTPA #f B L & HICHEARY -1 OBE TIETY 5, |
L > W | SULEDIRYE 5 TIRE—E LR D, HEHHITERONTHB.
LA BN &b ICSERAET Y B,

TEERHE OFERR A A & DIPA & DSEEROEEEERDPEET D, T/
U R Al HETISEHMET T 5,

) FEETHE. Am RO CmO o BEREY

Sy A= RRROSELIIEFERS L EbICEBY TS, Y OHELIZGd & Tb OFRMT
b5, SEREOETEEKFEMSL Figure 3-3 12777, Cm & Eu © Am (I3t 5 5B
iz, ThENK 05, 2 THD,

(3) THBE & =& D IBEY
SEFRVRIE A O RSB A B IRAIC IR ET A &G ERD S 20, HEICL Y ERBEOZEZR
H7z, pH2ATFAE L2 0.3~0.5MNaNO3 BEAEL TH D,

3.1.4.2 BEREHE & MR
(1) EEsE
SHEROMEIE. CMPO 2L 5 =M&Bomt, DTPA & &RBOEHAK T DTPA O

BEARREE SR LT S A CRBITE 5. pH ORMICHE D HEIOBA L, DTPAS A 4w
DERK L BT 5, MEEEE LS LT NaNO3 MR L e X7 I U2 AVTSRTH,

IHRBBA AL DTPA OSERRIGIIEE TE 5,
pH 1.8 Ll > DTPA BS-+4CEERERET 24T, €B 1| RO 2 ORESBRE o o
AR TERT B2 ENTED,

3 D DeKe(i+k[H)
"D DK (+Ka[H])

I I, Dg \IRSERYAMEN GO TRUEX WHHZ K2 0EH. Ko i DTPA L &R OSHED
REETH. Ky 372 b 2L~ DTPA SEEOREEER L TN LAY, D
TRUEX ¥t & DTPA BHRIZBIT D 0B TH D,
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(2) MDA & DLk

CMPO % TBP, TOPO BRI 7 2 K (DMDBTDMA) (%, fTEH TR OHREREE
KT, SEERREE Figure3-4 (R, WTNOBEES CMPO LERTHY ., T F=F
ONEHITEFES L L HITEAD 5, TBP ROV T I RILEKBRBEBRY O O 7123
B/, BREOCHEARUHENFIEELLELT S, TOPO OEASBEMREIX CMPO (T
NTHAEN, FERELT, B LZHHAIOF CTE CMPO 23 DREMREN RV L2345
MoTr,

3.1.4.3 (At Bt COsrREHERE™ P

Figure 3-1 |ZR Lc 7 v —3— M A RICMRS BRBHERZTV., =7 7 F= FRUH
THETRERODBEMEREZ T/, TRUEX %&#12130.2 M CMPO—1.0 M TBP in n-dodecane % ffi
Y

ERSHEAREHR L2 ERICE Y . TERRSODREZEE 2RO, BEHEERII RS
BRELE BV 72 PUREX RICBT2ERTHRONTZ LD TH D, ZEIOFER TRO ERYPR
¥ % Table3-3 127", La, Ce.Pr RO' Nd X Am RO Cm & B BfSN 5, —F T Eu
& Sm IR0 0BEETRBICEAT S, Y 1T DTPA B &L OFZR TOEET Am & Rk
ThDHH, HEERIED S ORI TIINELA/NE | MBYHHTE T -HNREEND,
R LUTHFIETEDKH 90 % ZBRETAHZ LIRS L, C X Ru HZ0MOBELSRE
i, EICHH - R TREIN. BRERKITHER L TRUEX TRObH O L KR T
hdEEZLND,

THhODERTIE, Am X Cm O—#FA Ln 2 80EIER~EBT Lz, MEEER~DHE
NEELVALTSD, HHETEZAV-ARSEMHEEREZITV., FHEEFLZEL
ICRRE L7, WHEO pH CMEAEYNORETHZ LIk, BIREERLELIDZ L
Mo T,

FEER R T TRV 2 HETANICIE NaNO3 OfIZEEERE Ra X7 I &2 A7,
FIREA K PR RETH T LN TE 2, B FaXx T I U OERITRKRIZEEY O
BWBLIZETHEEZLND,

SVBEPOSEBRELAED C, LBIETABEERLZERE TS0, 14 M BEROEH
AR LT,

3.1.4.4 THEHETOHBEY 0 — 32— b OKRE

Figure 3-1 » 71— — b CRAOLNIHEAERIL DTPA LEBEL S0, TNALOER
ZEFAL, 72, An(lll) OEBLEEESIZT H7-9I1C1E, TRUEX EIC L 20BN E A
Thb, 8BGO pH %2 1.5 25 1.0 BEICT, #87% TRUEX TRICHEE T L, ®
SHIRIR & A THBIAR ICERT A Z L TE D, MIRIKIL pH LMD RE 2 0% L THA
A+ 5%, PUREX FiE )5 TRUEX LTEFE COHREAEY7Z2 7 v —— M % Figure 3-5 |27~
R
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Table 3-3  [AIRZEMHERTO 241Am OFERH I D OERLREK

Component Decontamination factor
First run Second Run

241 Am 1.0 1.0
106R, > 110
125gp > 700
137¢g > 22000
144¢c¢ 72 > 2600
154, 1.4 1.9
155y 1.1
242Cm 1.1
244Cm 0.95 0.83
La ) > 11
Ce >10 >26
Pr 28 >28
Nd 46 >31
Sm 23 43
Eu 1.6
Y 1.3
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3.1.5 HAfROBIEE

SETFICS D ER &L R A EELKOSEEE), Y CICBEEZHAL L, ZThbDfF
MITESE . ARSEMBEOEAT 0 —— BT, BREERIRS XAV ERIC K
. Am B Cm % 90% OBEFH NGB L TEIRTE S Z & &R LT,
THMIZRIE LD ) XL THEHELEZ NS, BERENT v —— FOEHM, B
B DOMBAER~ORKE, REOBFHORBELZHT,

2 A% RE L KRURE

BIECOERNO. wwms&ml%ﬁ&fwmﬁﬁ&%mlﬁ WEALYSLEZD
N5, L LS EREOZOIITE IR~ ERED H 5, SETFICS {£iX TRUEX &
D—2>DEETH Y . §<®&EiTmmx&&£ LB, TOBRNOHRBEYERL
T Table 3-4 {Z7~"7,

IRLOBBEITVTRLEETHLN, ot AOKMMEE K& S EET 5 BEEDDER
LC B 5T ARELIERE O, BEMBEORR, /-, TE2FMIcF 5T 5B HA IS
OSWTEHARZBVW UHERELEDDITFETH D,

Table 3-4 SETFICS ¥EDBHIRE

HH = TRUEX 1 & OBEhE

WESEBEDORE - FHTAHBECERYEETA D
DTPA (ZftH B F L — FNRIZERT S,

EEMREORE - LVERESEBEICENTXLIEHELE LB
418, TBP KO n-dodecane {2t %
FEERAEZBEET D,

HEa—F c FERRS (T2 F= R, BHORERY. HEREEN O OH
WEM s, WHBE. BE%) OFBZ T HIZoVTiTihE
42— ReBET 5,

« a2 EE, DTPA 2 X A8EAERMKIGDE

FALEET 5,
BLL - BE - CMPO DEML{cZE 2, Lz LB
BANHE LRSI T D, .
BER AL - CMPO REHH. DWA&Um%ﬁé-%Fﬁ%ﬁ

BUOBRONEREZHLT D,
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Solvent Feed Scrub
: I TR
TRUEX:solvenl with oxalic acid T;:fzi:‘;\ld Sol'vent Strip I# 1
: TRUEX solvent  03-0.5SMNaNOyHAN o1 Strip #2
ey pH2 : |
v . y TRUE)f( solvent Olii m rl;);[‘r:’g; s"i‘l’ #3
: : pH 2 Dilute nitric acid
Raffinate ¢ A 4 A 4
Acid waste + Y A 4
An(IIl) Product :
v v
Ln waste Used solvent
Extraction-Scrubbing Acid Stripping An(I1I) Stripping Ln Stripping

Figure 3-1  SETFICS (EDRBEERMBHOEAT7 v —I— b
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2 10 E =
s E E
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S L ]
= [ |
] L .
=
a 1 F :
0.1 3 :
001 1 L " 1 1

Figure 3-2 S v E = FROSELLD pH KEFEHE
¥4 ;0.2 M CMPO— 1.0 M TBP in n-dodecane
7&#8 :0.05 M DTPA—3 M NaNO3
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T T T T T T T T T T T T 1
1000 F A salting out reagent initial pH E
o 2MNaNO3 1.8,20
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Element
Figure 3-3  FEx OKBFBEHICBIT DA v M) VAT DT % = ROSBHRE

A48 : 0.2 M CMPO— 1.0 M TBP in n-dodecane
AFE: 0.05MDTPA—2 KRUF 3MNaNO3 /i3l Fox A7 I VR (98 pH 1.8-2.2)

IOJED E
EQ O CMPO 3
[ (m]
- & TBP
, [ % X  TOPO .
U °D O DIAMIDE 3
& i x 8
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1 X
5 0 F 8
g x
g r 0]
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& 10 ] 3
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107 E o §Q 4
oo -3
o ]
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10'2 1 i i i 1 1 1 1 1 1 1 . 1 1 1
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Elements

Figure 3-4 fE4 O FHBEEICE D4 v U O AT 5T & = FOSRERE
CMPO system; 0.2 M CMPO—1.0 M TBP in dodecane/0.05 M DTPA —2~3 M NaNOj
TBP system; 100% TBP/0.05 M DTPA—5 M LiNO3
TOPO system; 0.1 M TOPO in dodecane/0.05 M DTPA—1.5 M NaNO3
DIAMIDE system; 100% DMDBTDMA/0.05 M DTPA—6 M NaNO3
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Extraction—scrubbing

Stripping

|

Raffinate

f

Am:Cm  (Ln) Used solvent

PUREX processing
f -
Solvent Feed Scrub Pu Partition U strip
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Co-deconatamination| | Pu partitioning E U stripping l
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. . Wash solvent An(III) strip Ln strip
: Extraction—scrubbing CMPO-TBP DTPA-nitrate dil. HNO3
Acid stripping ¢
Raffinate r ||
) An(III) stripping Ln stripping
Acid waste : I
AmeCm (Ln) Ln waste Used solvent
N J
I |
Adjustment [—HNO 4
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v

Figure 3-5

Am/Cm separation
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