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Study on the Nuclide Behavior in Nuclear Fuel Recycling System

Toshiyuki Fujii* and Hajimu Yamana*

Abstract

For establishing a recycling system based on low-decontamination, the distribution
behaviors of radionuclides in the process are essential information for the design of the
system. Molybdenum and palladium are less radioactive fission products, but attention
should be paid to them because they are likely to extremely affect the performance of the
recycled fuels. In this context, in this study, the extraction behaviors of molybdenum and
palladium under conditions of PUREX and TRUEX extraction process were experimentally
studied, and their chemical mechanisms were discussed. In conjunction with the extraction
experiments, absorption spectrometry was applied to identify the related species and the
extraction mechanism. As a result, knowledge for the distribution characteristics of
molybdenum and palladium in PUREX and TRUEX process was reinforced.

This work was performed by Research Reactor Institute, Kyoto University under the contract with Japan
Nuclear Cycle Development Institute.
JNC Liaison: Reprocessing System Engineering Group, System Engineering Technology Division,
O-arai Engineering Center
* Research Reactor Institute, Kyoto University
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Fig. 1. Absorption spectra of peroxomolybdic acid.

Fig. 2. Relation between concentration of Mo and
absorbance.

Fig. 3. Relation between normality and density of HNO,.
Fig.4. Absorption spectra of U(IV) in 1 M HNO,.

Fig. S. Absorption spectra of Pd in 13.5 M HNO,.

Fig. 6. Relation between concentration of Pd and
absorbance. ‘
Fig. 7. Extraction of Mo(VI) from 1.7x10° M
molybdenum solution of various HNO, concentration.

Fig. 8. Extraction of Mo(VI) by CMPO mixtures with
and without TBP.

Fig. 9. Balance of Mo amount in two phases between

after and before the extraction.

Fig. 10. Extraction of Mo(VI) and U(VI) by PUREX
solvent.

Fig. 11. Absorption spectra of Mo in 0.09 M HNO,.

Fig. 12. Effects of the copresence of oxalic acid or
dysprosium nitrate to the extraction of Mo.

Fig. 13. Extraction of Mo(VI) from 3 M HNO, solution
([H'] = 2.8) by using various concentrations of CMPO.
Fig. 14. Ext:action of Mo and Cs from HNO,-CsNO,
mixtures.

Fig. 15. Extraction of Mo(VI) from HNO,-LiNO,
mixtures.

Fig. 16. Equilibrium distribution of palladium ion and its

nitrate products.
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Fig. 17. Absorption spectra of Pd in various
concentrations of HNO,.

Fig. 18. Absorption spectrum of Pd(II).
Fig. 19. Extraction of Pd(II) from aqueous HMO,.
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BRI YA 2 NVT5 Y P OIRICBI 2BREEOBTES (s, 7 H2BT%
B%E) 3772 MREH LA ROBERTH 25 FBRBHEHEEECOW TR LHARShTY
250D, WDOHD FP RREODVWTRT—IHBF+5TH 3. M [, BEEEXRENDI) Y
1 2 VIR OHEENDREE DLV N D ODIEHK. Mo, Pd. Te FiZDOWTiX. HiiZd), 47
HABTEHHRCHI Y RFARSGNTEL TEZDMLEHIRA D =X LICOVWTHRIERZH
TRV, COILEZRERNEINTNBERECOV VA INI AT LIZBNT, PHEFHH
BLERTHMOB AL SHROHIBHEICEEL2EX %,

Mo, Pd, Te B89 257 —% OBEHEIFDLRVWEROVD L DIZ. BBAICBIT 24 FVEERAZ
v DR, BREEICLL2EKEA T OERCERORHIRBOFAES OB RLPRE
NETOoND, KAIRIX. RHBRZRFFEBRMOTIAARFRcCRELBGIE N —Y2F
BHICRAL, RET—H 0D Mo, Pd. Te ® PUREX. TRUEX 7D+t XIZBiT K&
B 2H#ERT S 2NEL. ZOMBBEHOMENAA=XLCETIARE2G2 22BN
LT3,

AfE X, LiBoBERICE S X, PUREX. TRUEX HIHIEHTTO Mo BLU Pd SERED
EERRHE & Z DILENRA DX LDOREEZTS> D TH 5.



2. KR

2-1. V)75 D HiHER

AWATIE. PUREX, TRUEX 7DERKHEBELETY 757 OMMBICE LTUTDNS

A=Y kEEERN D,

* PUREX. TRUEX {&##ZHAWHHRIZBIT 2 2R OB B EkEM.

* U5 UHEF T TO PUREX RICHIT 2 HEFE ORSIRE Bk

* TRUEX RIZBIT32EREOHBEREY (BBES YA, BERYF Y L2HNTKED
THEEA AV BEZEET2).

iz MO &5 RSBFEDOELEZTARS,

* TRUEX RICBVWT, Y aoBEFEMU. ¥ 70+ 2 24042888 U = BoSRE 0 24t

* TRUEX RIZBNT, MBS H=F (MBS R70VY0) 2HEMUEEOTY) 757 U84
Z oI L 3 HEEHE 0L,

2-1-1. BEHE R L—Y Mo O
RBRZFR FIFERFMFAT OESHES 27 L Pn-2 (BT EFHE ¢, = 234 x 10° n/cm?-
sec) ZAWT, €Y 7T U 100mg (=5 0%k, EX 0.05Smm. $E 99.95%) % 30 SRGHT
FRAI L. Mo (7L 24.13%. RPUFRIUZIGKTER o=0.14bam) @ (n,y) KiHiZ & D Mo
CEHE T, =66 Ff) %#13x10°Bq /R L1,

2-1-2. €Y IFEDBAE

FHFBHROE) 77275 XICEB LT 73 M ORBEIML. Sy M 7L — kLTl
S50°CICRE D5 8~ 12 RIDIT TR Lo COBHERR LAttt oAEZRR L,
EREV 77 VI BB AVCHRT 2 LERAICTHEE R UAR LR RS, I
FHRZANS L BRICERCRVWENZET 2, COLDBLRBEOWBIC LT ) 757
BOBWREHRIT L. FAETIZ 7.3 MHNO, AW =,
BVITTFUEROMMIC L 2BMTIE. Mo IEBEEY 75> MoO, & TH, ) 758
AZY MoO> &%, LALRYS, BROBICHEBED 70°C2H2 3 L RO RE
HMoO,P92E U AMIERICB VT, HERRMOUBRI BRI THRIIN B AT 24 B
HELEEBZOLBAZMELTRB Y L. KEE2AR UE,

2-1-3. EVIFUVIREDERMT
Rl (AR TAFELTV3EY) 750 OERMNL. AR AREZAVEEEY 757
YBA T2 MoO> DR EMTEKICL DT ok €Y 75V BHICEBMARAEME 3 &,

2



BVITVIEBEY) 7T UBA AV RBEEh, BEY 757V BRIIEB AR CREEET S,
BREBBEERT 210, LIBBRER LV RRCBRUEABRABEDT) 757 Bl AN,
TVIFVREDRRD 27TM HBABERAN L. AHEEIVIC 3 mL SHL T, 100pL O 30%H,0,
EMA T ET. BAIRY MV R ENTRERADINESH (SIMADZU, UV-3100PC) % FIWT
RE LIz ZOBHANRY MVE Figl KiRT . AERZATOINRY MVRHETRIZHEST 330
nm T THolko BEY TTVBA XY ORNYE — 2 BERBONELFAEETH 5 /=D, Kif
AT 370 nm BT 2HBNAEEZAVTREBEEZERL (Fig2). Bl (BESRK) CBELTY
3EVTT U OERART o7,

2-1-4. HHHEOHFN

Tri-n-butyl phosphate (TBP) % 1 M (30vol%) ODEEET n-dodecane IR L=#W (PUREX
BIR) ZAB L. PUREX 7D v X E£H 2 BE T 3 ERICH W=, Octyl(phenyl)-N N-
diisobutylcarbamoylmethylphosphin oxide (O¢D[IBJCMPO or CMPO) (#hiff 95%. EIf Atochem North
America, Inc.) & TBP % n-dodecane i & . 52 02 M, 1 M OEBEICHRN L% (TRUEX &
B ZASL. TRUEX 70t XRG288 LEERICHAWE, HEBEOR®, 02 M CMPO O#H
% n-dodecane IZHARRE L= LRAR L. Y 7FUHHO CMPO BEKEN2HIET 28
IZ, CMPO HEH025M, 0.5M, 0.1 M, 0.15M DEHERAR L ([TBP]=1M), CMPO 25
LHEBITBILTIX. 05 M BT MY Y A Na,CO, KAH T 2 Blgkd L. CMPO REDT i %
FRE L. A, ZhZhohBEERELE,

2-1-5. KtpFH

HHICAHW2KEE. BUYESORME2EZ2AB2H 50 LHANL. ZhiCHEBD Mo K
WEMA 2 ETRELE. Y 7T U HHOMBREEREH2ARS=DHIC. 0~7 M HNO; &
WERN LU=, T HEEREEE2ERZ7-0IC. [NO %2 3 M ICEHE L THERY F ¥ A LINO,
LIHEE HNO, ORAHLEEX =B, BLUNO; 1% 1 M ICEEL THEBES Y A CsNO, L8
B HNO, DIRAHZEZ AMEBIERFARN L. CMPO BEREFH 2B RIEROEDHIZ3I M
WA ERR U, AHEHANE, A, FEHEOFEEZ 20 mL 7251 PRI SR L TiRie
L. FlaFEEZL ok,

HMHERICEEL T, KMEICE) 7TV REB X UBBRY > VBB 25T 3 L AKIEORBE
BEREAT S0, MHERICHEHT KB, SNEOEBMEELS LIZoMRIcRs L 5IE
HESN L. U5 U HEROERICEAT 2KkIX. KRRV S OWBY > )VRBEEZHAR L. [U]
=025MICRS K5 ICHELE. ZXRARTHW=FAHOMAL% Table 1 I[Z/RT,

2- 1- 6. BIRIGHIRIE



50 mL BREBICERRY —F—2 AN, A% 15 mL X k. SZITEY 757 VRHEE 100~
300uL A0 % 7= ([Mo],, = 0.00026 M~0.0017 M)o &> U AR AVWERTIX. F¥ V¥ 7Y —0 ¥CsCl

(Amersham International plc) B % —EBEEL. MKCHRLEbORDBFMUE, T2
FREEHROEHIEE 15 mL X, EBT 20 HRAEIRLE, BibE BLPERICL-oT 24
Z5EEL (1500~2000 rpm. 1 2). ¥4 27 0ERw b L IFZAEA M2 AWTCHEED SB mL

(%8) ¥Fo9 7V ¥ L

Table 1 OFS 19 & 25 ORI FEERICEIL Tid > 2 YE(COOH), 2 BT 2 LB IfT o/ Y
TV REEIRBICHIAMIC 045 M Va2 UE, 015 M WEBORARKE 700nl NZ

([(COOH),],, = 0.025 M), FHEHHEEET> -,

X7z. Table 1 DFS 30 OMHEBRICEAL T Y X 70> Y A DyWNO), 2HMT 2 LR
ol Y7V U JHEERREBICH 2 BWIC 0.025 M BEEY X 7D A Dy(NO),. 0.15 M &
BOEAEH%E 700uL X ([Dy(NO),),, ~0.002 M), BEMHEEZTo k.

2- 1- 7. ZEHAE

Yo7V UERHIIER LS, Voo A8 EkBRHE2AVWTHEAERZT o o
TV TTFT TN TE ®Mo OB EEICEELE T 2 740keV DyfEZE., £ Y AICEEL T ¥Cs Op-
BRECHEH TS 661.6 keV DyiRERRE Lz, SHL AMITAKEEGF b Y YA NaOH IZ&K b
MEEZTV. KEPOHNBERZ L. VIV 2AVERTRAEETOEROYS L OFik%
BITZ7=80, BEB7 U EZD LANHYSO, ZHRMULTYS V2 XX U T LTHSPNEERT
2k M VFOLl XU L, VIV EAWEROAMEIZ. 2MULEAKEY Y Z7VORKESRZD
E®zo 20t CKEPHBLEY 75 0ADR) KBELTIE. HECL->THESNE7D b
YEEMD»S. HBOBEE L LEOBRY (Fig3) 2AWTHERFHELE, MEXDYY
TVOHEZEHOGAECHRE L. mHEOBAERES - b OBEHEOL» S HEHE S L=,

V7 OSERECEL T, M EEROKERD U BE LM FHEOAETD U BED
EZzABETO U BEL LTHELRE2 O LD KERDY SV BEOSITX. KiHZ 1 M 34
FRVAMICHAN LRI 414 mm OBEEIC K DI EERICK T oz REBE2(ES =0T,
FTBRFRRO-BIED S > U0, BB TCHMA L. [UVD] =001 MBXT0005M D1 M WNEERA
WERARL. BEAKY Uk COBBO 414 nm OFEEITHIT 2 ENVENFZRHK (cm M) 2K
7zo BERHOWNARY MV Figd IR T,

2-2- ST AR
2-2-1. BHMHE P L—Y%Pd DFR

REBRZRFIFEBRAAEFOESRRES AT A Pn-2 ZHNT, ST Y AH 1omg (=5
a%t. B 0.05mm. HHEE 99.95%) % 30 ARIPEFEH L. '®Pd (FFEH 26.5%. #APUFR

4



JOHHERE o=7bam) @ (n,v) RSz & b 1%pg (EEH T\, = 1343 FK5R) 28 7x10" Bq A%
Ul=o

2-2-2. XSO ARHBDRE

PETFEFEEONZ VY LAEENS ZVERCEB LT 135 M OBEEZMA. vy b7L—}
ETHRHBLRPOBRLE. ¥ 12 RERICBRENS VY LEEZIEL. COBRBRERRLT
B HOKERZAR L .

R () WBE L TWANS DY AOERMTIE. BFEBEBRDO/IN5 Y Y LAD 4350m
TORBIC X D IRAKREMTEC LD ITo. RERZERT 201 LEdBREIC X b ELI
BRUBEMBEONS PO LABHBZAWINS UV LAEEDRRS 135 M BMBRAHRE2HAY
L. ARENVICHOBMUTREERAE L. 85N EREHRE Fig6 IZRT,

2-2-3. BHHHHERIE. SBIEAE

TV 7T OMEERAERK. AEZ2ERLUTCHFREEE2 Lo L8, AEMEEERTo k. W
MHOHHIFEEL % Table 2 TR T, MHRE. FEHAERZEY 757 2AKTHD. 2-1-7Hi23
BXIh=0, yBAETIX °Pd OB IBEICHELET % 88keV DyRZRIE L 2.

2—3. ®EVTFL VN NSV AANOBRNST

KERTOE) TFVORRY T~ a v 275 DI, EFBEEOE) 77 BHlEHAN
L. 250 nm fHEQEEEREBICBIIZHENAERRY PV EHRA L. ChIZHROBEICLSTF
BERTZ=DTHD. Flzi AT M OEREMOBRUEAA T KHPTONRZPULD
AR T—3 avBIT5 =0, 300~700 nm OWLHEZARZ bve, HBREBEOHBEIEZRA .
WA, XV Y rME2nm, Y7V TEYF 0.5mm TiTo k.




3. BRLER

3-1. )75 (VDHIH KR

Table 1 DHIHBES 1~12 OFER% Fig. 7 IR T. ZORMP S, CMPO-TBP BE&EE (TRUEX
) 13 CMPO 2 AWRW PUREX B L b €Y 75 ol icB T 2 i S e 55b
7%, TRUEX @#ICBIT 3 TBP OFE VX, BEOBE%EED. D CMPO HSERT 58tk
CHEEMT2BICX A eAHEACERREUE 3 HERZ2HITS. W5 THb, TBP
20X 3 CMPO (D&% n-dodecane AR L= ROEKRER (MHES 13, 14) % Fig. 8 I,
ZDYRAINT X% Fig. 9 1. AEHERPRRICEET 257 —4 % Table 3 IZ/”9 . TBP Z AW
RUWHHR T, BRICK->TE I H2HERELE. COZ L Fg 9 KR LERANT Y AD5
YR TEZ D, TRUEX BREZHAVWERTOER) ITFVDRANT Y RX S5KRFhTnsde
WA LUT. TBP ZAWNRW CMPO OADHIHMRETIX 40%LL EHEE 3 HICRELTWB I LD
D%, 3P Table 3 &b, HHFEEIHERRNL 20 2BATH O, »oE 3 b 20 2LUIRTER
INTEBBIZEE L TCWRWI 2 hbh 3, Fig. 8 5, TBP OFMICL H Mo Hilis#kos
HHHAOBMEIM L LTSI LB XU, EHEBRBEFEEL b b SHEEE SR T Z OZEEN
WRTEDZ DI,

Fig. 10 IZU 5V HERTOD PUREX BIEICL 2T Y 7T OMERE R T. Vo VIEHER
TOE) 7TV OMBRERLSEDDE70Y F LT3, M&bD, U5 UHERICBISE
) 75 AERLIEH S I EMBEEREBTAEZ  RoT\ 3 100, SHHBEEREICBW1 T,
U UHERDE) ITFUoARREY S VIERERODIOLD H/han, BHRBEEFIRTOE
) 7FUOAREDETR. Y5 oMic ks TBP OWBORKRL LTHRTE, o
TREVIF VS ORICIIEMBORA DX LABEELRNW D>, —A. U5~
HERDEFBREBERIBICBVWTI TBP PHBINTWBIC122DST, TV 77 28R
E. IS VEREROBDID HRELBR>TWVWS, COZ LIEHBREEFRBICBWTIATY
TFUHY S eI T B AREEZ TR T 5, TROLEMBRERBICBNTOAY
SINVAZVERVTTFUVOBAAVEBLORABITLZHHMHUIRBI oTWEEELILN D, £
CTEBATVTHBE) ITUVBOEBHONTERT 2,

AEBAHOL T THZEY 77 VBA A MoO i pH = 7 Z2BX 37 NVAh ) EoBRBH
TRECHFELTVWEZ LR IASN TS, TOBBICEBBMAShTW k, EVTT Y
BA4Avic7n bUREML. HMoO, . H,;MoO, L WS {LFEHBERT %,

MoO,* + H* « HMoO,", a
HMoO,” + H* & H,Mo00,. (2]

IS5 IBUEOBHEATIE. EVIFVBAAVREALTEATER2DL 3. Z0—HBRORAR
6



JDEScREND,
P MoO/ + gH* & [H, Mo, 04, ]% % + r H,0. )]

CORED, AVRVE)IFUVBOLZEEE) 7F EEICNTZ 7D M BER 2 =
[HY/Mo] LBEE DI THIEINT NS, A VHRVEY) ITFUBORIGOREMNEZET S,

7 MoO,> + 8 H' <> Mo0,0,,% + 4H,0. Q)

ZOEYTFVBOTEARE Z = )Mol 15 (ERAHBRAFRETY 75 BAK
BAWVWAOT, pH = 3 BE) LD NAIWEBTHEELTVWS I MEIhTHD., f VK
V&Y 77 VROMFE. BAUZRESHEBNSZ LW pH = 3~7 OFE, T4RbH 7EGEXT
PIEFFEFhTHEEINATNS, B8

XSICERMENET L s EAENERT 3, ©12131517.18)

8 MoO,> + 12 H' & MogO,*+ + 6H,0, or )
8 H,Mo0,0,," + 4 H* <> 7 MoO,c* + 10H,0. ©)

SHICHBMEIEL,. pH P LUTH LA 2 B2 EICRBZ &4 VR ) 75T VBRI FE
L. BT U EPERT 2. BAZAELELTE, EVTFZNAF Y MoO*ZIZLOH & L.
HMoO;'. H;MoO,". H,Mo0;%*, H,M0,02*. Mo,0s2*® HMo,0,'%. IR/ NV—T I &> CRE
INHZBPAAVEIRR TN, WO25R] £1) TFUBA T U EORNEZIRY bNVIZDODWTIR
246 nm IZIRFEE— 2 H3d P |E I N TN S 7280, KFIFEIC BV T H[Mo] = 1x107° M, [HNO;] =
009 M DBRBERM L. BN EToe TDORRE Fig. 11 KT, RPSHSHRIC,
AMROWBEERAB CRBRIBEEORFERRIIBVWTY, BV ITFUVBA T EFBELT
WARI DI B. FVRVEVZFUBIXZ70 N EEH] = 8 MUTCIIEEICHEEELTY
RVWEIE WS Y GRIBERRER) bH DD log D ¥ 0~1 LBEWHIHERRL TR Eh 5,
HHFOEFEEICLI>TAIVRIE Y ITFUBOREIRE L. B2 EO CMPO BAEHIR
RICBWTKERNTHE LEZIOSND, Fig R IV 2VvBBIUMEBSA70Y v a2BMLUE
ROAEEZETR T, Y2YBOBIMCLIE) 7TV OLREDNE LLETTII L6, Ak
FTOEY 7T VOB EVIFTVBATIVELLTAEL WS LEIALNS, Y2 VR
Y IFUEOBERRIGEAWTHERLEZ T2 FEE, EBREFEHCBWTEIRFETH
%o LPLARDS Fig. 12 KBWT, Y2 UBRNCX35BEOBDRIGHBEETIEHTK
E, COZkiZTRbLE, 70N BENNTICONTAIVRIE) TTUVBIHELCEY
TFVBA T VEREERLTWA I L 2RET 5, TRUEX BEIXT % = FxRomtiic



W, Fig. 10 TRLAEY S VU HERORBRLARK. 5V %= FHEROMBERTIIE) 757V
BAHY Y I =7 & UTHIE h 3 WREMED 3 % o Dy(NO,), % % L 7= ROHiHISER (H']
=1 M OHBREBERE) BT, EVITFVoRELIIEFEUEBEICLYE R, 2O
RY Fig 100V 5 U3 - EHEROE ) 7TV HREO S, BLU, Fig. 7ICBWT[H] =3
M (HEZEZ % L AEEOHMEHIETI L5, 1~3 M WHEBEEFBICBN TSI VRV EY
77T BRITIIEEME L WS EEI NS,

[Mo] = 10* M RHOFHERBBCBEL X7 0 bV EESHELTHAR) ) 7T U BOERK
WERHEETICBA T VECRIPALVWSREXD D, BUEBRBANTOEY 7S VB4 AV ED
HEEZ BRI 22010, RVEY 7T UVBRZ2BHLRVWEBREZRD LS EHEZ TH 5B

MoO,>

V1 H
HMoO,
VAN o

H,Mo00, or MoO,*H,0
V1 H

H;MoO,"or HMoO;* (pH<1)

{1t B

H,Mo0,*" or MoO,**

EVIFUBAZT B, Mo] = X103 L EOBEIZRZ LB A 2 BAEEZ KT 552
ERESINTNWEH, ARRDOEY 757 L BEFREIZ[Mo] = 1.7x10° LT TCHZDT. BA A~
2 BREOEEZIZRLEV. AIREBWTRAG)DA VRV EVTIFUVBEE) ITVBA
ZEMEOFHERISB LT LRDOPE RIS EZBRTILEF DD, WThORIBEZBRT D
725 T¥. Fig. 11 OEFKZARY MVORRREAD RN &6, KEPFTCOEY) 75 16¥ER
DOFEEHIERETCERINTWABIZ bR 3,

EHEBEESAET. KHCEEY 7FVBA A BOADPBEL TS L T5 L TRUEX B
X ZHHBEBIIRD L 51tk B,

HMoO," + NO,~ + nCMPO <> HMoO;(NO;)(CMPO),, )
H' + HM003+ + 2N03- +nCMPO « MOOz(N03)2(CWO)n + H20, (8)
MoO,? + 2NO,~ + nCMPO <> MoO,(NO;),(CMPO),, ©)
H;MoO,’ + NO;~ + nCMPO <> H;MoO,(NO,)(CMPO),, (10)
H* + H;MoO,’ + 2NO,~ + nCMPO < H,MoO,(NO,),(CMPO), + H,0, an
H2M°032+ + 2N03_ + nCMPO - HzMOOa(NOs)z(CMPO)n, (12)

BRBEANRZEVIFVBA AL EO70 b ATINEEZER L= TH 3,



Fig. 13 12 3 M THRAED» 5D E Y 77 &80 CMPO BEMKEM 2T Lz, RicBIT3
& S EHRBRA)~ADI BN TRIBIZES T2 CMPO X n = 2 TH B bbb, WS
WA AV EEENO = 1 M KEELE. €3y AREROHMERE RS Fig. 14 KR T.
TRUEX 702X ICBNT, U AOMHEIERICENC LRIELAShTE YU, K%k
BRIZOBROEMITLR> TS, Y Y AOABMUEDBERBITIINI LIS, TOE
BRATRIEVITUVBA I OHMHEEE T 2 LB R, Fig. 14 KBIF3E) 7FU4EE
OEZIIEREACRIZE LI THEHBT0 P VBENETIEONh, 1 hhEHoT, &
Do LBANATCRINEFEHRIGHETD b VBELSHTICON. Q)R cEEh:
FERIBITBIT LTOKRTFH I 0L 5. (MBS 2TV BERZNO ) =3 M KEELE. VF
U AHREROMHERFg. 15T, RU@ERRAShRbo7%k). Figld THONERRE2SE
ATCHEFg 728575, RicB\WT, [H] =1 2B 3SWBEEREBTCI7D M EBED
BmeHRCE) IFUAREDEEHN 1 56 2 ~AEBLTHL, Fg. 7 OXEMI 7O N #BE
TH3LARC, BRI TV EETH I, ®oTCRODAO)TRI B EEREH, RO)(12)TH
SNBZTFHEEIBICBIT LT3 2 b3, UERS, £Y 7520 TRUEX B L 2HH
T WREEPETICON. FERBR?)—>®@)—~>)d L RA)—-A)>12)DRiE~LH
fTLencesbdrd, 25, MALAORA. @R EADALE LLZORX La)RDEN
. KLU TW22EPTH 5. TRUEX BHICLZE) 7T oMBiic 20Tk, BAHBREA
7 R MoO O HIDERI I T\ B, @

BEXb, ZFAROKMEP TR o T3 iR 2 BKIIEICOWTERT,

8 MoO,*> + 12 H' «> MogO,* + 6H,0, &)

MocO,2 + 3 H' & HMoOs' + H,0, a3)
Mo;0,6+ + 12H* < 8HMoO," + 2H,0, (14)
HMoO;* + H' < M00,> + H,0. as)

TRUEX BHIC L 2 € ) 757 OB EE BRI, [H] =1 282 25MBEERE T,

HMoO5* + NO;~ + 2CMPO <> HMoO,(NO,)(CMPO),, %)
THbh., T5ICEVBEBRBEFRETE,
M0022+ + 2N03- + 2CMPO « MOOz(NO3)2(CMPO)2, (9)

THEILHHRING, T U524 UOHHHELTWAIBAIIE. EBRERAEIC
BOWTEY IFUBATY MoOFEY S ZI4Z v LOHBRIZ¢EI 0D, TENR



HHSi. BVIFVBAAVEOHE. BLUEY)V IFUVBAAVELBA A VBB LOR

fHOMMHRIERERSER L= LTO, BV ITFVREV AT LARRETILEDNHHLE
A6h5,

AMATHRDHHEBREEORWHNO, ], = 7 M DFERICOVWT. RRTO)RDFERIEDA IR
ZoTWVW3L LT, RPJOMMTEES. K, 25T,

K. = _[MoO,(NO,),(CMPO),]
*  [MoO,*][NO;J’[CMPO}*

- D -
= No-FCMFoE % (16)
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3-2. X2 T AADHHIEER

NZTY LAOTRHET 28kIE. FELIC 4 BAELEBOTHZPLNSZ L, Kb
NEZLTHD. BMBABICEELTWS, N5 VY ARREA 2> DB LESB&IconT S
HULTIRINTED., ZRZhOBEKL SV Y AL T PETICOTERIGIC BT 3 EE
ERDWEETh TG, W

Pd* + NO; < PdNO;*, B, =14, a7
Pd* + 2NO;~ < Pd(NO,),, B,=2, (18)
Pd* + 3NO;™ < PANO,);", Bs=20. 19

LROTEEEREAWC, AERRROHBEEGHICBI 2 ZhZhoREEOFELSA:
SHHE LU Fig. 16 KRR L. COND S EHBEEFREBTINS VY AIBA I BL LA
LTW3Z eHbhrh, PUREX, TRUEX 7Ot ZAHIZZ OEHCRIABREINNINWTHE S L
FRENZ NSV LADBBEL TN IWBABOBRKEZARY MVE Fig. 17 IZRT. (PA¥*BX
Ut PANO;"OIRKZARY PIVIZEERFABTOIHRATE 2. 2F50:DIC. BIEBREEDOBWHT
DOWFEZART MV Fig. 18 IZ/RT ) Fig 17 KD BRI RY MVIBHHS PRI IANY 7 bR
LTWBZ Db, ZHAEIPSH/ETI AT 7 M, HEBEEIIMTICONTEHEERED
A2 UBAEICEL LT WS Fig 16 DEfFIT & R>TW3,

PUREX 4. TRUEX BB ZRAWENS O AHHEROERZ Fig. 19 01T, ERERD>
5. PUREX &, TRUEX BEILIZNS O Y A OHMEEDE <. TRUEX 70t XIZHBNWT, TBP
PRV LB L T2 aEeEDH 2 2 L 2mB LT3, F/= TRUEX B D55 PUREX
BRI NI AHHMEIE L. SHBREEREIC BT TRUEX BERESELERTHD
W WVWEWS TRUEX BB EOMELGBZ CO» 2, MBHRLE HIC[HY] = 0.5~1 M OINERE
EHETAREIBLELRD. Zhihd 70 N BEIELTW L LARENTHo>TNL
CCIHLHITH B, Chid Fig. 16 S5 FREINELEBY NZVTVLABITUVETH D
PANO,), DEBIC LB D TH 3, Fig. 19 CBWT, Y2 UBZHEMT 3 &IicL b, TRUEX
BRATONS Y ASBREDPKBICTNRZ D, TOZLd Fig 16 ORIV LBA T E
PA*B LT PANO L 2 VA T DR LR L0 TH B LIIXPARTH %,

PUREX. TRUEX ¥##%HAW=/15 Y0 LAOMBICEEL T, SEREEFRECRZOAEHIX
MELRBLLEDSD, BREZHNLTH2I2NRMD S THIEGONESBEILEARE N, 1N
VUL 2 fiOBAZ L THO RS, BAFOMEERRICEET 2 THIFRETHS S5, K
WEREEFREICBNTH > 2 VBENC X 52 EROBFELIZSH X b BV, U EOKRES
FXETCONRSIVGLABREY XT LOREDEZND,
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4. &&

PUREX. TRUEX 70t ZARHZEBEUEHHEGTTCOE) 77V BLUNRT VO AL ER
HOEBRNFEM L Z DR RA D= X LAORER T %0

EV 7T VDOMHERP SB/IARIUTTH S,
- [H] =1 2B 25RBEEABTCIRT) 7F VRS FUoESEh T\ S5, (EEREE
FHTEEYV ITUBH LA VARVEY) 7F U BHHBBICES LW 3 aleEErH 5.
* TRUEX 70t ARG 2 L= T, 2 2FD CMPO HBXE ) 75 VIZBHL LT3,
- REBEEREICBVNT. BV 7FUVBA I VERTD N AMB L UBARGEZECHIHE

T3,
B E»6, TRUEX BEZHWEEY 77y OMHFEERIGIX. [H] = 1 2822 SHBEE

R T

HMoO;" + NO;~ + 2CMPO <> HMoO,(NO,)(CMPO),,

L
H,MoO," + NO;~ + 2CMPO < H;M00,(NO,)(CMPO),,

THH. &HICEVERBESECE.

Mo0,?* + 2NO,™ + 2CMPO <« MoO,(NO,),(CMPO),,

b LI
H,M00,* + 2NO,~ + 2CMPO <> H,M0O,(NO,),(CMPO),,

THbo

NS AMDDHIHNERD> S/ AMRIZL
- PUREX. TRUEX %% HAWENS Uy A0SERERHIX. KEICAEL TCWANS VY ALK
f&. PdNO,*. PA(NO,), DFEEIKEVWH] = 0.5~1 M OWBEEFEB CAREIRIER

D, T5ICHMBBEIIYT L PANO,), OFLEXRIS Y TADICHBRESET TSI L&, Hil
EER L KEOBNNRESMTRSBHS IS Uiz,
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Table 1. Initial concentrations of Mo, U, Li, Cs, HNO,, TBP and CMPO.

Extraction Aqueou.s phase Organic phase
unnumber M1 [UMOy),] [LiNO;] [CsNO,] [HNO,] ~ [TBP]  [CMPO]
™M M M M M M /M
1 1.7x10° 0 0 0 0.14 1 02
2 1.7x10° 0 0 0 05 1 02
3 1.7x10% 0 0 0 1 1 02
4 1.7x10°% 0 0 0 2 1 0.2
5 1.7x10°3 0 0 0 3 1 0.2
6 1.7x10° 0 0 0 4 1 02
7 1.7x10° 0 0 0 5 1 02
8 1.7x10° 0 0 0 6 1 02
9 1.7x10°3 0 0 0 7 1 0.2
10 1.7x10°% 0 0 0 0.14 1 0
11 1.7x10°3 0 0 0 3 1 0
12 1.7x10°% 0 0 0 7 1 0
13 1.7x10° 0 0 0 0.14 0 0.2
14 1.7x10? 0 0 0 3 0 v.2
15 1.7x103 0.25 0 0 0.14 1 0
16 1.7x103 0.25 0 0 0.5 1 0
17 1.7x103 0.25 0 0 1 1 0
18 1.7x10* 0.25 0 0 3 1 0
19 5.5x10* 0 0 0 3 1 0.025
20 5.5x10* 0 0 0 3 1 0.05
21 5.5x10* 0 0 0 3 1 0.1
23 5.5x10* 0 0 0 3 1 0.15
24 5.5x10* 0 0 0 3 1 02
25 5.5x10* 0 0 0 0.1 1 0.2
26 5.5x10* 0 0.9 0 21 1 0.2
27 5.5x10* 0 2 0 1 1 02
28 5.5x10* 0 25 0 05 1 0.2
29 5.5x10% 0 29 0 0.1 1 0.2
30 2.6x10" 0 0 0 1 1 0.2
31 2.6x10% 0 0 0.29 0.71 1 02
32 2.6x10% 0 0 0.61 0.39 1 02
33 2.6x10* 0 0 0.77 0.23 1 02
34 2.6x10* 0 0 0.9 0.1 1 0.2
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Table 2. Initial concentrations of Pd, HNO,, TBP and CMPO.

. Aqueous phase Organic phase
o ] [BNO;J  [1BP]  [CMPO]
M M M M
1 1x10° 0.14 1 0.2
2 1x10° 0.5 1 0.2
3 1x10° 1 1 02
4 1x10° 2 1 0.2
5 1x10° 3 1 0.2
6 1x10° 4 1 0.2
7 1x10° 5.5 1 0.2
8 1x10° 7 1 0.2
9 1x10° 0.14 1 0
10 1x10° 0.5 1 0
11 1x10° 1 1 0
12 1x10° 2 1 0
13 1x10° 3 1 0
14 1x10° 4 1 0
15 1x10° 55 1 0
16 1x10° 7 1 0

16



Table 3. Distribution ratios after stirring for 20 minutes or 120 minutes.

20 min. stirring 120 min. stirring
CMPO+TBP system 12 1.7
([HNO;},. = 0.14 M) ) )
CMPO system
25 24
c ([Hé\foalm =0.14M)
MPO system
0.12 0.14
((HNO,J,, =3 M)
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370 nm

315x 103 M

221x103 M

Absorbance

1.27x 103 M

074 x 103 M

450 500
Wavelength /nm

Fig. 1. Absorption spectra of peroxomolybdic acid.
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Absorbance of 370 nm

y = 0.0097617 + 0.57007x R= 0.99996

1.8

1.6
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1 2 3 4
Concentration of Mo/ 103 M

=)

Fig. 2. Relation between concentration
of Mo and absorbance.
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Fig. 3. Relation between normality
and density of HNO,.
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Fig.4. Absorption spectra of U(IV) in 1 M HNO,.
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Fig. 5. Absorption spectra of Pd
in 13.5 M HNO,..
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Absorbance of 435nm

y = -0.002547 + 0.022471x R= 0.99989
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Fig. 6. Relation between concentration
of Pd and absorbance.
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¢ 0.2M CMPO+1.0M TBP
e 1.0M TBP
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Fig. 7. Extraction of Mo(VI) from 1.7x10°M molybdenum
solution of various HNO, concentration.
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Fig. 8. Extraction of Mo(VI) by CMPO mixtures
with and without TBP.
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Fig. 9. Balance of Mo amount in two phases
between after and before the extraction.
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4 D of Mo with the copresence of U
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Fig. 10. Extraction of Mo(VI) and U(VI)

by PUREX solvent.
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Fig. 11. Absorption spectra of Mo in 0.09 M HNO,.

28



®0O- [Mo}],, = 5.5x10* M
®[1- [Mo],, = 2.6x104 M

101 ¢
i o
.9 002M A m
- (o)) I WUZM N B
§ 10 - Dy(NO;), I Ol
ot Z
.© - O
~N— L
= 0.023 M
s l(coom2
RZ R
)] 10 - e 0.023 M
- (COOH),|
. Y
- ®
10-2 1 1 el 1 11111
101 10° 10!
[H*] /M

Fig. 12. Effects of the copresence of oxalic acid
or dysprosium nitrate to the extraction of Mo.

Open marks show D's without the copresence of (COOH), or Dy(NO,),.
Solid marks show D's with the copresence of (COOH), or Dy(NO,},.
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Fig. 13. Extraction of Mo(VI) from
3 M HNO; solution ([H*] = 2.8)
by using various concentrations of CMPO.
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Fig. 14. Extraction of Mo and Cs from

HNO,-CsNO, mixtures.

Ionic strength was fixed at 1, [NO;]. .. =1
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Fig. 15. Extraction of Mo(VI) from
HNO,-LiNO, mixtures.

Ionic strength was fixed at 3, [NO, ], . =3
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Fig. 16. Equilibrium distribution of palladium ion
and its nitrate products.
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Fig. 17. Absorption spectra of Pd
in various concentrations of HNO,.

[Pd]=3x 104 M
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Fig. 18. Absorption spectrum of Pd(II).
[Pd] = 3x10* M, [HNO,] = 0.44 M
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Fig. 19. Extraction of Pd(II) from aqueous HNO,.

Solid marks show D's without the copresence of oxalic acid.
Open mark shows D with the copresence of 0.023 M (COOH),.
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