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Basic studies about CMPO, Diamide comparison

Properties of Ln(1II) extraction and behavior of third phase formation

Atsuhiro Shibata’, P. Y. Cordier ", Tatuo Inada™,

Shinichi Nemoto’, Masaki Ozawa’, Fumitoshi Okamoto’, Yasumasa Tanaka"
Abstract

PNC has developed the TRUEX process to recover transuranium elements from high level
liquid waste. This process uses CMPO as extracting solvent. DIAMEX process which uses Diamide
has been developed by CEA in France.

The aim of basic studies was to get some comparison data between CMPO and Diamide.
We have conducted the experiments regarding properties of Ln(III) extraction and behavior of third
phase formation. Also, we have investigated properties of Ln(lII) extraction with TBP and DBBP to

compare bidentate ligand with monodentate ligand.

This study was conducted as a frame of PNC/CEA collaboration on minor Actinide
partitioning.
The conclusions drawn from our studies can be summarized as follows;
(1) Trivalent Lanthanides extraction reaction
CMPO, TBP and DBBP ; Ln™ + 3NOx + 3Extractant & Ln(NO:): * 3Extractant
Diamide ; Ln™ + 3NOr + m Diamide <> Ln(NO:): * m Diamide : m=0.7~1.8
(2) Extraction equilibrium constant
Apparent extraction equilibrium constants were calculated from the trivalent Lanthanides
extraction reaction. The value of the constants were CMPO >Diamide > DBBP>TBP. CMPO
has high extraction eff:ciency for trivalent metals such as Am, but the back extraction is difficult

in nitric acid media. Diamide indicated better behavior about both extraction and back extraction.

* Power Reactor and Nuclear Fuel Development Corporation, Tokai, Ibaraki, 319-11, Japan
** COMMISSARIAT A L'ENERGIE ATOMIQUE, France
**¥ Joyo Industry Co. Ltd., Tokai, Ibaraki, 319-11, Japan
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(3) Separation Factors
We got separation factors (SFs) for intra-group in nitric acid. So SFs for CMPO and
Diamide were nearly one, that these solvents could not separate each Lanthanides elements. The
other hand, SFs for TBP and DBBP were 2 ~ 10.
(4) Behavior of third phase formation
When using CMPO or Diamide, even in the case of extraction of nitric acid, third phase
formation was found. When third phase was formed, the nitric acid concentration in aqueous
phase was 6 N for CMPO, 4 N for Diamide.
If Diamide diluted with Decaline was used, third phase wasn't found under ~ 6 N HNO: in

aqueous phase. TBP - n-dodecane is superior to Decaline as diluent for CMPO.
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- CMPO, TBP, DBBP  Ln* + 3NO»s + 3Extractant < Ln(NOs): - 3Extractant

- Diamide Ln™ + 3NOx + m Diamide <> Ln(NOs); * m Diamide: m =0.7~1.8
() RMT oM EEER
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CMPO >Diamide > DBBP>TBP T& o 72 CMPO (X Am %) M(III) Z 3 5 121346F
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WIHEERR TS ), Ln XREESEETTRTH D, EERNFTHS TBP R
DBBP NiGaE. 2~ 10 EEDOHTEZRENF RO,
(4) B =R A
CMPO, Diamide DT iEFFE E b, WEABECICB W TESHYER L, £=4
£ R AEIRIE CMPO TIZ/KHBHEZREA 6 NLLE, Diamide TIZ4N M ETH o7,
Diamide & T TPH ®fX#H 1) IZ Decaline ¥ V3 - &2k ) CMPO L FREEST T
FRIEEBFLESNDI N oz LALEAS, CMPO DFRFE LT
Decaline & ) & TBP - n-dodecane M {3 ) HEN T W/,
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1. TLHIZ

B UVANVIRSEER, S OB Y 7y REOBIUCET 2% - BRELT. FEMATI
CNZTIZCMPO 2 IiER & T ATRUEXiEZ MR L L SEOERREZERHL T
bo INOLDRERERTEII, Am/REFEE T A 24T 2% AR TRUEX7 O —
V- MORBEEREDTVE,

—H. 77V RIBVTE, YA F—T I/ F o FHESO L AD0R-Y Y EHIEL T,
Diamide™ & flithiE&E & L 4 DIAMEX iEDBRAIED LN TV R, ZORED—EI
PNC/CEA R TEEMRSB O IIBVWTHIHEEA TV S,

FERFEOBHIE., EdoMEiEE (CMPO 3 & U Diamide) 2B+ 2 &7~ % %
BRTBILTHD, FERMETIZ. RO 2FEICOVWTHREBEERL .

() ZHEEEEOMBEEORS
SIREHEBRICBT A HMERBRLIT. SBEOMIBSEN L ET 2, 2B ER
WVFEEERMFOENEFHRS 28 TBP #° DBBP 2DV THREWNR & L, v
THET 5,
(2) SZHEREHOHAZE
EHREIEFRRE N T A2 HSHAREH ERET 2,

8. KX, PNC/CEABWBABEIZE T TERXSEMEIZMET 2 M BRI L
LT7 7> X CEAM G PNC IZiRiE & N 2o & DRFBFRL L TERM L2,

* O ¢ D[iBJCMPO (octyl (phenyl) - N, N - diisobuthylcalbamoyl-methylphosphine oxide)
** DMDBTDMA (Dimethyldibutyltetradecylmalonamide)

-1 -
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T R RER

2.1 HEREM

TRUEX {£{2 3 > T CMPO X F A n-dodecane. 1HILEA| TBP &LiRELTHWO
TWwb, 7. DIAMEXiEIZB VT Diamide IS TPHIZ L D FREINAVS A T3S,
Lo Land’s, REBHFRTIE. CMPO & Diamide DB D EELE*1TS 12
O, FAl—&RAl. 2% 1) Decaline Z{EMH L7,

B THERNFEEERMFOENVEFHRSLLHEMERMTFTa»5S TBP & DBBP §
wHERELL,

2.1.1  fHEE R USRS
FRHRIERA L CHMEERRUFRAZLUTICR T,

+ CMPO O ¢ D[iBJCMPO. octyl (phenyl) - N, N - diisobuthylcalbamoyl-

methylphosphine oxide. 7-F& 407.58.
=P(CsHn)(CsHs)-CH:-C(=0)-N(CH:CH(CH:):):.

+ Diamide (RR'NCO)CHR" ##f. CZTRR\R'II7TVFIVEDHZ VI
FFXTHENE BL, FHREETRIEILALOHES
DMDBTDMA D Z & 187

- DMDBTDMA Dimethyldibutyltetradecylmalonamide. 4~ 438.5.

(CGHs(CH3)NCO):CHC::Hos.
- TBP tributyl phosphate. 5F1& 266.32. (C.:H.O):P=0.
- DBBP dibutyl butyl phosphonate. %-F& 250. (C:Hs0):POC.H>s .
- Decaline decahydronaphthalene. J7F & 138.25. CwoHu.

DMDBTDMA (& CEA TERK. BRLZLDEAFLY,
FRBICEALABHBEEEL L TIE, UTOEMRMEOEFLEATEOHENE 2 F
Wwite
- Pr(NOs)s -6H:0  BHEER T 5 b4 ¥ 4 (1IN AKkFiw. 5F & 435.01.
- NANOs) -6H:0  BEEE A 4 ¥ 4 (1) /<7KFY). 5F&E 438.35.
§Eg o €y 4 (1) XK. 5T & 446.07.
ik 1

- Eu(NOs): -6H:0 BH
- Yb(NOs): -3H:0 B# v FIVE Y L () =K. 5F= 413.10.
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2.12 HERE

FRROAFRELE 1,2 /2R o CMPO i2EEZ 0.1~0.4 mol/l. Diamide i@
0.1~0.4 mol/l & U 50, 100 % (1.0, 2.0 mol/l). TBP, DBBP i1 50,70, 90, 100 % &
El3d,

R1ICBITS La THRBRER La TEREBHEPOE 4D La TRBEEZTT.
12 R2ICBT S La TRBEL La TRERBFBFOE 4D Ln THRREZR T
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22  EROECER

22,1 REBRAE

FRROBIE7U—%2E 1 IZRY, MBHERE, ARA & L T Decaline # AV Er
TEREICHAR L, B SELTEREDHEZ OA=1 TS5 5ERE 5 L. BiLH
BERRICL ) 5B %2 1To e FIRIEXGEI2E (TBP,DBBP 22V Tix3[@) #hE
L, EHOBRBEZPMECEICIVNEL. SEFROBRIET— 7 2HEL
2o B CNHDIRE ) EEUL, KBDBRBESTOZR. BREFHIETI0I1%S
THol,

222 #R

BRTET — Y TR3IRT. T FREEENRE [HNO)w. T /KIBTHERIRE
[HNOJu X LT7Oy FLAST T 72E2~5ICFR T TNODFEEIS., M
[HNO)ws. = f((HNOs)) ISEARTH D . Y #& DY) F 1L Diamide 257 1 F X, iz 75
ATHHIE, 2%, KIHELBRE TIZ CMPO DI S A% Diamide & ) & { ThBE % i
H L. BEHELRE T Diamide DI )AL W Z B Z BT A LA 90 5B, S h
(X, (KTHBRBEE TIX, KFEA 4 Vi 28 F 5 Diamide & Y $ CMPO D135 ¢
KREWLDZEEZEZOND, T, HIHERETIX. HNO -Diamide $5§75%, &k
D HNO L DEDKRERESICEINEZ L DHNO: 2 LT A & #flah 2 9,

FREHEAE & MRS RREO L 2 KAHBRREICHLTTOy FLAYF 7
¥@6IFRTo DY 5755, Diamide & CMPO K& U TBP & DBBP DH4ER M D
BWATL DEIREL 22, TBP & DBBP IZEMRAICIEML . KIBEHELBEAT ION D&
CAHTH IBETHS, CMPOIZBWTIL, /KBWEEEREL L b2l A
THERREE L ISR EOSH 20 LA THRML TS, 7 Diamide i2BWnT
IZ, KIBHELREA 2N LD L S A TEMBRMIZEML . KIBHELBEMNSND L Z
ATIEIINELTWS, ChidmERICDEVZRL TS, TBP,DBBP & CMPO,
Diamide D&V BEE F & ZHERVFDENTHA ) LZRX HND, Diamide 2
DWTRKEZEICLBLDINELBEDNS,
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2.3 La(l) fHE 5RER
231 REBRAFE

FABROBRE7TU—2RTIIRT. 3T, BBOBRRBR LA FECHEEROET
FziToke RiZ. EEEHMEREH L BTEHEMBEELSEE (5~25ml) =&
BIERL. REIBICID 5TMRE - ML %2To e 2ADS, I ZTFo 1
HEREZRLOTEERICEY PL. 3000rpm TS5 5BHESTERTo 720 20K, <4
ZJUOERy ZIZEYKAY Y TVERHL. £BRBREMT2T2 7

IKABH > TVRBBFIL. Y1 7 0ERY ¥ F 9 TORBIKMISET LT TIZER
VIFRBEDER b Y 2L L TRAEHBE €. F v THICHRENEAT S S
& ZFAIE L7ze KBRBZF v 7RCEBHEIBAL TV AW & 2L, KiF
Tk Lz,

ERBESTFEL LT, RIRLERFBELGOHEIE. ICPRESHSH
B, ki, FRELLICHELL, R2IRLARKBRELRGDOHSICITEN
APRTATETRAV, KEOAHEL. FHRHEOEEREIHEBRENZOKED
ERBEDEL L1,

% 3. TBP, DBBP R U *—#B? Diamide {22 Tid Ln TEEMRAIZ T, Diamide B
U CMPO IZOWTR Ln TRIRERICTHEREERL 7=

1

232 #R

FET—5%2&R4A451IRT, T, HFREZMEEEBE (Extractant) 13T LT
Oy bLAZI772R8~11IKRT, SNHDERN S, CMPO, TBP, DBBP iZ0W»
TIREDHERBENIHETH., F2IITITHY, CNITIIREEA TV SAHEHE
A

Ln* + 3NOr + 3 Extractant < Ln(NO»): - 3 Extractant

ERILTH B ENMEIETEL" Diamide I22WTIZIEERREIZ L DIEE A 1L
L7zo KIBTHERBENANDEL ZMFEH1.5~1.8 THo DA, KBHBREDH
VB EAAS (LY, KBHERIBENSNOL AMEH07~09 & 207z D
T, MBRCHHERIREIC & D &L

Ln" + 3NOy + m Diamide <> Ln(NO:);' m Diamide :m =0.7~1.8
kB EBbhB,
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FECHE 2 KMEHEGRE (HNOL IS LT7Oy LAY T 72 12 ~ 15 I3F
Fo CMPO IZ DWW TIZEDBEIZHKS 3 Pr,Nd, Eu 22 IZEI L#IIC Do TH Y,
CMPO izEMDEME & bIZHEHAENM L TV 5, Diamide {22 W TIE ZDIREEIZIK
5F 4LnTCETRTANUZE LBFRICD o TH ). Diamide iBENEIE & b 125
BLEAEML T3, LA L. ZOHENIZ CMPO DIFEITH~NR 1~2 i/ X1,

TBP{ZDWTIZ TBPIBREAT100% D & ELERE*IC—FLTHH . Pr,Nd 12132
FLHFRICO- THY) ., BHEERENEVWE A TR, Eu® Yo L DRICHEKDE
HELBH, TBPIBEME)IHE L. Pr,Nd XISIZE LHRISD-TH Y., EEEEE
FEWEZATIE, Eu® Yb & OEICHELDZEAN 4L %, DBBP I3 TBP LRI L{E
MERLTWA,

3 6 12 Eu/Pr, Eu/Nd, Ev/Yb D5 EEfR E1 % 7R §"o CMPO, Diamide 13 1 (2 5 REGR
THH, LnTRBEDGREISTTEETSH 5 A, TBP ° DBBP DL IIHEELRE N
WEIAHATHENTRETHLZ LAbhrS,

E8~11 RTBANBREILEIYV 74971 V7 LERETAVTHELE, Bd
HOMEFEHER ke TR TISTRT,

B RICIERD & ) IZEE L7

Ln* + 3NOs + m Extractant < Ln(NOs):* m Extractant

M FEHER kAR EEEL L,
_ [Ln(N03)3 -mExtractant)
" L3Nz PExtractant”

k,

F 7=, [NOr ] =[HNO:s ], [Extractant] > Ln(NOs):- m Extractant & R LEtE L7,

EDHMEFRENFEIZBNTS Ln TEDBVIZL MU FHERDEIAONL
Moll, —FA. MRS RL L L, MUFHERICEISHY . TBP. DBBP,
Diamide. CMPO DJEIZHTEVIZKE (& B,
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3. S=1HERGRER
3.1 HEREH
RTULATRESMHORE L L WREGEHEIFEEL T -5 L 25, Lo T, H5F
& L T Decaline &, E£70t X THVSNTY 3 30 % TBP - n-dodecane (CMPO D54
& % 23 TPH (Diamide DiB4) 2EA L7,

3.1 HHEER URRRE

FABRTHFE L LAHBEREIZ CMPO & Diamide (DMDBTDMA) TH 1) . 2 ED
HFF1ERER & F U <. DMDBTDMA i3 CEA T&R. HBLLODXAFEL, FAHL
720

FHRICEA L AFRAE LTSRS,

- Decaline decahydronaphthalene. %F& 138.25. CuHu.
- n-dodecane JWV=N-FT7H Y. 55F& 170.34. CH; (CH:)w CHs .
- TPH hydrogenated tetrapropylene. 7 7 ¥ AOBRE ST >~  CHERA &

NTWEHRA. TEUKBISEFTH ViREW.
TPHREATHEIN TV LoD T, 773V ADGEALLODEERL
A
FREBRICEALHEBEERIE, R A VL4 () AXkfIWTH 5,

3.2 HHERIC LA E=HERERR
32,1 HEAAE

FRBRDFME70 -2 16 1RT, MHIER & FRA (Decaline X i 30 % TBP -
n-dodecane HAHMI TPH) ZEZE L. FTEMEISEELANT 2, MEiFRLEERE
DB O/A=1 TSTMIRE I L. ESHEZER S5,

#KETVy v ahERERREIMT 5, SHMIRE I Lk, EO5RERICLY
SHEITIo 10~ISHBEB LR, BESHOFAETBRICTHERT S, SSMEMNE
BENTO COBRMEERDET,

FHEMNHELLCO, SHOBRBETPMEEEIC L) AT LL, KT 7 IViE
BBfiE, 23.1 H (Lol fIHERER) L RRDOFETIT., HRHEDRAICESL
2o HEBAAT Y FVIZOWTIE, 7l sy ) —VEREMLED bS5 LT,
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322 #R

IHERH RO S =MHIER L 2 WERAHBRBEY RS IIFRT, 7. MESEEE
RS R L EDEZMPER L L VRAKEHBRBEDN S S 7% 17, 181577
o

CMPO 22V Tid., FHIRAIH Decaline DA, CMPOEED 03 molN LT L &
IKABTHERIREED 6~ ION DAL THE=MHI 4R Lo CMPOBEDT 03 mol/l LED & &
IKABMHERIREEA 6 N LLE CHEZMA MR L 720 FHRAUAT 30 % TBP - n-dodecane D35
& FMAERT HKIBRELREIS. S EORREETIS CMPOREHIENT 2
v, B LA, LA L. Z0BEIZHIRAID Decaline DIFE L H bEd o7,

Diamide {22\ T, FIRAIA* TPH D4 . Diamide iREIZKS 7 AMEHEERREN
FIANLIECE=MIER L. ATRAA Decaline NIFEIE. SSHERICHT A
ENHLON, KIEWEBRREIS D NLULETEZMEIERL 2.

19, 20 (B IERIREE I3 T S THERIMM RO F=MAER L 2 WRETORKE
BARTERREED 7T 72T CNOLDFERMN S, 30 % TBP - n-dodecane THIRL 7=
CMPO D& R\ T, FIRAHERE S ERBE ICIZIZREIL TEML TY
AT EeHbhsb,

30 % TBP - n-dodecane TR L 7= CMPO DiF4& 1%, &+ TBP bEEE ML ¥
5702, CMPO BENEWVWE 2 TH LSmoll BENHEELHME L T2,

Diamide NI E(21L. FIRAUIC Decaline Z BN EDAMNTPHO L E LN L E
BREWHRREIEL. HI18DERTEMFT 5,

CMPO D& 121X, TBP DEEMBKE W,
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33 NdIZEBE=HRER
331 RERFE

FRROJETOU—-2R21 1KY, 9. BESERKEREL B L FIECHESEDR
FR2ITV. MEEREZERT 5, RIC. BEHFHBISTE L ZIRE NdNO:): fEE
BHTFE O05~3ml) RERFICHEFL. REHIBICI Y SHBIRES L. £=4#%
R SE B,

PREREWERE 7V y Y a REBTPEHEFRLBE L SER/NT 2, sHREE S L
B, BUOTERICIDDEEIT I 100~ISHBELLE. SSHoFEYERICT
BT 5, F=HIFERINLO T OBRMEEEYET,

SHEAHRE L 26, KD NdAID BE X RILTHRAETITEIZ L Y 5L 7
KT ZIVERIERZ. 23.1 0 (La(l) B ERER) & EHROFETTV. Fig#EO
RAICEELL,

332 #H

Nd HERFOS=MAPER L 2 VB AN EFTEEZERIISTRT, T, KIBHEE:S
Rz RS ELHENE=EPER L 2 WRANIEHELEH 22, 231277, H22
& E23 DIE A S, CMPO & Diamide D Nd EFHENHIEL RL BT b1 5,
& 22 7 & BIEL [NA(NO:)s)ow. = f([HNOs)sq ) 12 7KATE BB EE AT 2.5 molN fHED & = A 12
B/AMEZ D OTICMOMMRTH ). FMBIFRREIE VT ) AR A NI EHFEIFW
CEedbhh s, —F. &23 55 BEL (NANO:)Jw = f([HNOs) ) IXKABTEERIBEEAT 1.5
mol/l fHEDE CAHIEHMAZ L OETHYOMBETH ), MEFHBEIEVIZ
PERANIEFENBV L2 DI B,

ML ERBE LTS BAOEHIER L 2V EBRANIEHELR 24, 25
IZRT o 24 56 BAEL (Nd)ew. = f([CMPO] ) 1& CMPOIBE A 0.25 mol/l D & & Z5H
ExLO6THNDOBERTHALI L bhrb, E25H 5 M [Ndw =f((CMPO] ) i
TIOHOBBRTH B A2 b,

& 26 (ZKABEERIRE DR E L L TORA Nd EFE X M EHREDENI L) B
L%% 5 7%K¥T» DMDBODMA it Diamide D —f&T&H 54, CMPO & EEHR
LHDELHEAANDI L, FAHRERTHW Diamide DDMDBTDMA & 3 {@M]HT

£k b,
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4, LD

AFFF TIX. CMPO & Diamide @ La(Ill) fH4FER U5 = HAREH O LEBEFHELY £
LAY ERLYS, 28, MBI OWTII TR T L EERMFOBRED
HOFEGIT) 72, BERMFTHS TBP £ DBBP bR Lz, T4, £=4
EREFGHIHLTIE E70LATHWOR TV AARA (FICEEY) oL T, &
BRzARANETHIRTORBEEMO MR 72,

CNOEBHBROFER. LTIRTHR*E.

(1) THERTH L 41

BRI FOTBP. DBBP iX, MHFRBREZEBA 2 VEBATHERZ B L. TER
{LF CMPOIZ, FIEIRIBED 2 (EEDRE CHBEMEES ML, 2% 1.
o DMEERISEM L FBOBETME T 5 &2 5, —7 Diamideix. KIHES
FRBENSND L 2 IZIHMMERBED 3FLMELHME L, Shid, Diamide &
ELTV AT FHRKEGSICL D EICHBEHETALOLEEEL LN,

(2) R
 CMPO. TBP. DBBP ¢ HERIGHLPICTHFET 57 ¥ = FUE L Ot RICIZBEIS
HE SN TV B RICRTETT %0
Ln"™ + 3NOs + 3 Extractant < Ln(NO:):* 3 Extractant

- Diamide (I RDHELBEIZ L ) EORERAPELY, ¥YIa2b—-Y 3 a—- FTE

it 2123, WEEBEIICLARERLEZNODERFF -2 LBELTH L HDH

272

Ln* + 3NOy + m Diamide < Ln(NO:)s-m Diamide :m =0.7~1.8
(3) BT o S i 58 £2

ERRERICEY. RATOMEFEHERZRDZZ. KEWIZH 25 CMPO (10~
10%), Diamide (10*~10"), DBBP (10°~10?), TBP (10*~10") DMETH > 7=,

THEERMF L EERMFERET AL ZERMTFOIT) MA5ERILA . Ml
ENTWv5A, CMPO & Diamide BT 5 &, B L NIVEHA S Am, Cm D M(IID)
FHE T 51212 CMPO H4F F L VA5, CMPO DM IXTHEER D 4 Tikile THEE
WX B, —7/. Diamide i3fhiti, FMEOTE LR S5 EL L MBERTH L EH

Breh s,
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@) 7~ ¥ = FEEEE S EEES

CMPO, Diamide {28\ THHERIZE AL L TH Eu/Pr, EwNd DG EEREIZ 1 5%
ftL%adh o7 23 1) CMPO, Diamide #£ICEBERBRATNS ¥ = FTEHE R
THERETHBI L bhol,

TBP. DBBP (28 THERIBE D LRIV, Eu/Pr, Eu/Nd DFREGREDIE A A S
N7ze 7o, TBPII A F THEEIN TV LB HERRENEWIEIES VS FER
HEDENPESHL A & 2FEFE L7, DBBP b TBP & EifICHEBENSBWIEIL S
Y FRFWHESENETRHERLI DD o,

(5) FEER I & B E=HEK

5 =HHE RIS, CMPO TI/KAHTHERBEEA® 6 N LA L. Diamide in TPH TIX[E] 4 N
LL_E. Diamide in Decaline TIZE 6 NLLETH o 720

CMPO i Diamide & 1) b #R{E&EEAYL <. CMPO Ti 30 % TBP - n-dodecane % .
Diamide T3 Decaline # FRA & L THEALZIEZ I PEZHAHPER LIS W &atHh
2 725 Diamide {22\ TIZFIRAI 2 ISR TH 5 Decaline ICEE LA T & T, CMPO
LA CIRMEGHTUETZ A EFHBALL,

(6) Nd Z£FrEE)

CMPO in 30 % TBP - n-dodecane & Diamide in TPH T3k Fh'Kk& { £7% %, Diamide
DIFEITISTEHEEE Nd OHEPESFRICTH 5 L BB H5. CMPO DIFEITHUEA
@ TBP ANRIMEN TV 2 723 Nd DI RIG I3 IC ko T B,

%fi:h%o)m&jigﬁ%@%m{t’:m‘j.f‘ Am ’:t t\‘7 7 +: Fiimmﬂﬂﬁﬁ%ﬁéﬁﬁ-
helbiz, EoHERFABTIEELREEEZILAT 2L-OOMAARLLETH S,
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1)

6)

7

& I

[BVANVEEBDT 7 F= FUEDEXTEICBT 5 PNC/CEA Hi#iihH5E 2 @
BEMR&EHE] , PNC ZN8100 92-012 PNC/CEA(FC)-P002, (1992)
[BUNWVEBRPDT 7 F= FREDEXSEICHT 5 PNC/ICEAEFKIBHE 3 @
BEFIR&EHE] , PNC ZNRG600 93-802X PNC/CEA(FC)-P003, (1993)
[BLAVRHEEDT 7 F = FREDER SR T 5 PNC/CEA H#ith H 5 4 @
EMRKHEME] , PNC ZNR100 94-801X PNC/CEA(FC)-P005, (1994)
L. BERTHON, Report CEA R-5610, (1992)
D. Scargill et al., "Tri-n-Butyl Phosphate as an Extracting Solvent for Inorganic Nitrates — II,
Yttrium and the Lower Lanthanide Nitrates", J. Inorg. Nucl. Chem. 4 (1957) 304 - 314
E. Hesford et al.,"Tri-n-Butyl Phosphate as an Extracting Agent for Inorganic Nitrates — VI,
Further Results for the Rare Earth Nitrates", J. Inorg. Nucl. Chem. 9 (1959) 279 - 289
PNCT N8410 87-08, (1987)
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£1 AKBE (REEER)
AR , 7k48 /A
THHEER | R (moll) | [HNOJ (molf) | (L] (moln)
0.1 4/6/8 0.0005 each 1
0.2 4/6/8 0.0007 each 1
Diamide

0.3 2/4/6 0.001 each 1

04 2/4/6 0.001 each 1

0.1 4/6/8 0.0005 each 1

0.2 4/6/8 0.0007 each 1

CMPO
0.3 2/4/6 0.001 each 1
04 2/4/6 0.001 each 1
F2 NERE (EMEHER)
Figl 7k O/A
MHEE | BE(FEE%) | (HNO)(moll) | [Ln) (mol)
0.01 (Pr. Nd.Yb),
50(1.0 4/6/8/10 1
Diamide (L9 / / 0.04 (Eu)
100 (2.0) 4/6/8/10 0.01 1
50(1.83) 4/6/8/10 0.02 1
70 (2.56) 4/6/8/10 0.02 1
TBP
90 (3.29) 4/6/8/10 0.02 1
100 (3.66) 4/6/8/10 0.02 1
50 (1.89) 4/6/8/10 0.02 1
70 (2.64) 4/6/8/10 0.02 1
DBBP

90 (3.39) 4/6/8/10 0.02 1
100 (3.77) 4/6/8/10 0.02 1

* REDHEDH v IRDOEALIZ molt
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3 EBROET—% (R
iBiEE [HNOG:Jie. (N) | [HNOsJor. (N) SEcH
4 0.11 0.028
0.1 mol/l Diamide in
Decaline 6 0.24 0.040
8 0.33 0.041
4 0.19 0.047
0.2 mol/1 Diamide in
Decaline 6 0.37 0.062
8 0.50 0.063
2 0.072 0.036
0.3 mol/l Diamide in
Decaline 4 0.29 0.072
6 0.56 0.094
2 0.11 0.055
0.4 mol/l Diamide in
Decaline 4 0.40 0.101
6 0.75 0.125
4 0.11 0.029
0.1 moll CMPO in 6 0.14 0.024
Decaline 8 0.17 0.021
10 0.19 0.019
4 0.24 0.060
0.2 mol/t CMPO in
Decaline 6 0.30 0.050
8 0.41 0.051
2 0.27 0.134
0.3 mol/l CMPO in
Decaline 4 0.35 0.087
6 0.44 0.074
2 0.34 0.172
0.4 mol/t CMPO in
Decaline 4 0.47 0.118
6 0.62 . 0.103
4 BRERFLT —
6 0.001 -
Decaline
8 0.002 —_—
10 0.003 —

— 14—
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#3 BOERT—-2IHE 2R

b1 fanyeo3 g [HNOsJe (N) | [HNO:Jos (N) Bt
4 1.16 0.29
Decaline 8 1.58 0.20
10 1.72 0.17
1.59 0.40
70 % TBP in 6 1.96 0.33
Decaline 8 2.23 0.28
10 2.49 0.25
1.89 0.47
Decaline 8 2.80 0.35
10 3.14 031
1.99 0.50
2.58 0.43
100 % TBP
2.97 0.37
10 3.38 0.34
1.35 0.34
50 % DBBP in 6 1.60 0.27
Decaline 8 1.76 0.22
10 2.07 0.21
1.83 0.46
70 % DBBP in 6 216 0.36
Decaline 8 237 0.30
10 2.80 0.28
2.25 0.56
90 % DBBP in 6 2.73 0.46
Decaline 8 3.10 0.39
10 3.61 0.36
2.39 0.60
6 2.99 0.50
100 % DBBP
8 3.31 0.41
10 3.92 0.39
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PNC TN8410 95-112
PNC/CEA(FC)-P006

%6 LntEMHESRERT1/3)

P [HNO:)se 5:‘52 T, [HNO:se ﬁgﬁ
(mol/) i (mol1) 153

4 0.91 4 1.36

Eu/Pr 6 0.95 Eu/Pr 6 1.27

8 0.81 8 1.91

0.1 mol/l 4 093 | 0.1 moln 1 1.31
Diamide in | Eu/Nd 6 0.78 CMPOin | Eu/Nd 6 1.30
Decaline 3 1.23 Decaline 3 1.65
4 — 4 2.74

Eu/Yb 6 0.81 Eu/Yb 6 1.59

8 0.94 8 0.80

4 0.64 4 1.01

Eu/Pr 6 0.99 Eu/Pr 6 1.30

8 0.89 8 1.89

0.2 mol 4 0.76__| 0.2 moln 4 1.01
Diamide in | Eu/Nd 6 0.91 CMPOin | Eu/Nd 6 1.08
Decaline 8 1.28 Decaline 3 1.89
4 1.79 4 3.51

Eu/Yb 6 0.90 Eu/Yb 6 1.72

8 0.66 8 0.92

4 0.94 4 0.70

Eu/Pr 6 0.68 Eu/Pr 6 0.91

8 0.80 8 1.32

0.3 mol/l 4 094 | 0.3 moln 4 0.70
Diamide in | Eu/Nd 6 0.69 CMPOin | Eu/Nd 6 0.84
Decaline 8 0.90 Decaline 8 1.44
4 — 4 5.40

Eu/Yb 6 1.66 Eu/Yb 6 4.30

8 0.72 8 1.81

4 0.44 4 1.07

Eu/Pr 6 0.62 Eu/Pr 6 1.14

8 0.79 8 1.00

0.4 mol/l 4 044 | 0.4 moin 4 1.07
Diamide in | Eu/Nd 6 0.66 CMPOin | Eu/Nd 6 1.07
Decaline 8 0.88 Decaline 8 1.07
4 —_ 4 10.0

Eu/Yb 6 1.57 Eu/Yb 6 5.45

8 0.70 8 1.32




PNC TN8410 95-112
PNC/CEA(CFC)-P006

#£6 LnTTHEHAEITRERE (@A)

o [HNOJ. | 57TRE e [HNO:). | 778

M SR (mol) R Wi iEE (moll) e
4 - 4 6.45

6 10.4 6 6.11

Eu/Pr Eu/Pr

8 4.88 8 5.39

10 8.03 10 10.9

- 4 2.81

6 5.19 6 3.54

i?]OD%czﬁrI:e Eu/Nd 8 4.21 i?lOD%;E:e Eu/Nd 8 T 4.1
10 6.30 10 6.02

- 4 2.05

6 1.48 6 0.72

EaYb ™3 5.40 EuYb ™ 0.25

10 0.22 10 0.13

4 - 4 2.56

6 30.1 6 126

Eu/Pr Eu/Pr

8 9.50 8 5.78

10 - 10 1.74

- 4 2.18

6 16.0 6 9.34

10 % TBP | Eunvd A o5 100 TBP | BuNd — v
10 2.90 10 5.41

7.39 4 1.44

EufYb 6 5.09 Eu/Yb 6 0.45

8 298 8 0.20
10 0.10 10 0.052
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#£6 Lo TEABETRERE(3/3)

- [HNO:) |  5BE - [HNOs)x. ﬁ\%ﬁ
(mol/t) 5354 (mol/l) &
4 3.05 4 2.70
Eu/Pr 6 3.88 Eu/Pr 6 -
8 3.56 8 4.56
10 5.88 10 0.78
1.93 4 1.84
6 2.66 -
o ccating | EWNA. ———T>"——n Decaline | B¥Nd
10 4.62 10 0.39
1.18 4 0.80
Eu/Yb o 046 Eu/Yb 8 —
8 0.22 8 0.012
10 0.16 10 0.011
4 2.58
3.27
Ew/Pr 4.92
10 -
1.85
70%DBBP | p pyy |8 L 239
in Decaline 8 3.20
10 -
0.76
0.38
Eu/Yb 0.10
10 -
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®7 MBTFEER

g | TR0 | s | ke ke k. kn
(mol/)
CMPO 4 3.13 2.57 E+l 2.83 E+2 2.15E+2 2.67
6 3.03 6.34 5.82 6.47 4,51
8 3.23 7.98 5.70 1.44 E+2 1.17 E+2
Diamide 4 1.63 1.47 E-1 1.68 E-1 1.78 E-2 4.34 E-2
6 1.20 1.68 E-2 243 E=2 1.53E-2 1.47 E-2
8 0.821 1.43 E-3 1.56 E-3 1.31E-3 2.57E-3
TBP 4 2.52 9.99 E-5 404 E4 257E4 2.57E4
6 3.19 1.41 E-5 4,73 E-5 3.16E4 3.47 E-5
8 3.16 1.03 E-5 9.85E-6 438 E-5 3.23 E-5
DBBP 4 2.20 844 E4 1.53 E-3 3.13E-3 2.09 E-3
6 2.60 1.04 E4 1.39E4 494 E4 3.17E4
8 2.60 2.63 E-5 3.62E-5 8.32E-5 1.37 E-5
10 2.69 3.69 E-5 272 E-5 — 2.09E4
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R 8 THERMILERDEZMHER L 2V B KIHELRE (13)
CMPOin 74 Y ¥

CMPO |[HNO:lwins. | IHIE [iRANMR | KA | EF R |BBABH | [HNO L |[HNOJos,
(mol/1) | (mol) (m) | Eml) | Eml) | #HEm]) | THEmD | (mol) | (moVl)
0.1 134 3.0 0 3.0 small - —_
0.6 3.6 small — -
065  3.65 small — —
0.7 3.7 small —_ -
0.8 3.8 0.0 3.8 10.1 0.195
0.2 13.4 3.0 0 3.0 Y — —
1.4 4.4 3] — —
1.5 45 Y — —
1.6 4.6 small — —
1.7 4.7 0.0 4.7 7.98 0.364
0.3 13.4 2.0 0 2.0 Y — —
1.5 3.5 small —_ _
1.55  3.55 small — —
1.6 3.6 small — —_
1.7 3.7 small — —
1.9 3.9 0.0 3.9 6.48 0.487
0.4 13.4 2.0 0 2.0 Y —_ -
1.5 3.5 Y _— —
1.6 3.6 small — —
1.65 3.65 small — —
1.75 3.75 small — —_
195 3.95 0.0 3.95 6.25 0.641
0.5 13.4 1.0 0 1.0 0.4 0.6 —_— —_
0.1 1.1 0.4 0.7 — —
0.3 1.3 0.4 0.9 — —
0.5 1.5 0.4 1.1 — —_
0.7 1.7 03 14 — —
0.8 1.8 0.0 1.8 6.27 0.759
0.6 13.4 1.2 0 1.2 0.5 0.7 — —
0.2 1.4 0.6 0.8 — —
0.4 1.6 0.7 0.9 — —
0.6 1.8 0.8 1.0 — —
1.0 2.2 0.0 22 6.33 0.874
0.7 13.4 1.25 0 1.25 0.6 0.65 — —
0.2 1.45 0.6 0.85 — —
0.4 1.65 0.6 1.05 — —_
0.6 1.85 1.0 0.85 — —
1.0 225 0.0 2.25 6.28 1.01
0.8 13.4 1.2 0 1.2 0.7 0.5 — —
0.2 14 0.7 0.7 — —
0.4 1.6 1.0 0.6 — —
0.6 1.8 1.0 0.8 — —
1.0 2.2 0.0 2.2 6.13 1.14
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£ 8 HERMBROB=MHIER L 2 WRAEEEERX 273)
CMPO in 30 % TBP - n-dodecane

(mol/1) | (mol) (ml) | E(ml) | E(m)) | EE(ml) | "R | (moll) | (moll)

0.1 13.4 2.0 0 2.0 1.0 1.0 — —
0.05 2.0 0.8 1.3 — -
0.07 2.0 0.8 1.3 — —
0.1 2.1 0.0 2.1 11.3 1.54
0.2 13.4 3.0 0 2.8 1.7 1.5 — -
0.1 29 1.7 1.6 — —
0.2 3.0 1.8 1.6 — —
0.3 3.1 1.8 1.7 — —
0.4 3.2 1.9 1.7 — -
05 33 2.1 1.6 — —
0.6 3.4 0.0 3.8 9.68 1.41
0.3 13.4 3.0 0 2.8 2.0 1.2 — -
0.2 3.0 2.1 ‘1.2 — —
04 3.2 23 1.3 — —
0.6 3.4 2.6 1.1 — -
0.8 3.6 3.2 0.6 — -
0.9 3.7 0.0 4.0 8.69 1.72
04 134 3.0 0 2.6 22 1.2 - -
1.0 3.6 3.2 1.0 - -
1.5 4.0 32 0.6 - -
1.6 42 0.0 4.8 1.37 1.70

Diamide in Decaline

Diamide |[HNOsqine. | 05 HE [ iF00IE | KA | AR |EHIRE |[(HNO). |[HNO ).
(mol/1) | (mol/1) (m) [ F(ml) | E(m) | @& (ml) | #E(mD) | (mol) | (moll)

0.1 13.4 2.0 0 20 0.0 2.0 — —

0.2 13.4 2.0 0 20 0.6 14 - -
0.5 25 small —_ -
1.5 35 small — -
2.0 4.0 0.0 4.0 6.13 0.383

0.3 134 20 0 2.0 0.8 1.2 — -

0.5 2.5 small - —_
1.5 3.5 small - —_

2.0 4.0 0.0 4.0 5.86 0.548
04 13.4 2.0 0 2.0 1.0 1.0 - -
1.0 3.0 small — —
1.2 3.2 small - —
1.7 3.7 0.0 3.7 6.19 0.761
0.65 134 2.0 0 2.0 1.5 0.5 — —
1.0 3.0 small — —
1.5 3.5 0.0 3.5 6.38 1.28
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RS WEMLROBE=MHIERL 2 WRKHEIBERE (33)

Diamide in TPH
Diamide {[HNO:)sqine. | SIEAEE [iRN0ME [ KABM | ZEHEAE | EH1RM |[HNO)w |[HNO oy
(mol/1) | (mol/1) (m) | EmD) | E(ml) | EEmI) | #HEm) | (moll) | (moll)
0.1 8.0 1.0 0 1.0 small —_ —
0.3 1.3 small - —
0.5 1.5 small —_ —
0.7 1.7 small —_ e
0.9 1.9 0.0 1.9 3.94 0.009
0.2 8.0 1.0 0 1.0 0.2 0.8 — -
0.2 1.2 0.2 1.0 - -
0.5 1.5 small —_ —
0.7 1.7 small — -
09 1.9 small — —
1.1 2.1 0.0 2.1 3.65 0.167
0.3 8.0 1.0 0 1.0 0.3 0.7 — —
0.2 1.2 0.3 0.9 - —
0.5 1.5 smatl -_ —
0.7 1.7 small — -
0.9 1.9 small —_ —_
1.1 2.1 0.0 2.1 3.57 0.257
04 8.0 1.0 0 1.0 04 0.6 - —
0.2 1.2 04 0.8 — -
0.5 1.5 small — -
0.7 1.7 small - —
0.9 1.9 small — -
1.1 2.1 0.0 _2.1 3.50 0.346
0.55 8.0 1.0 0 1.0 0.5 0.5 —_ -—_
0.2 1.2 0.5 0.7 - -
0.5 1.5 small - -
0.9 1.9 small - —
1.1 2.1 small —_ -
1.2 22 0.0 22 3.34 0.476
0.65 8.0 1.0 0 1.0 0.6 0.4 - —
0.2 1.2 0.6 0.6 - -
0.5 1.5 small —_ -
0.7 1.7 smali - -
0.9 1.9 0.0 1.9 3.66 0.615
0.75 8.0 1.0 0 1.0 0.7 0.3 —_ -
0.2 1.2 0.7 0.5 - -
0.5 1.5 small —_ —
0.6 1.6 small —_ -
0.8 1.8 0.0 1.8 3.80 0.738
1.0 8.0 1.0 0 1.0 0.8 0.2 — —
0.2 1.2 0.9 0.3 — —
0.5 1.5 0.0 1.5 4.94 1.43




PNC TN8410 95-112
PNC/CEACFC)-P006

K9 HKNIEFE

b [m)%"' [NdJ (moll) | [NdJes (mol/l)
1 5.94 E-2 348 E-2
Oi-; ;r(\)o%l %/{)PP 2 1.63E-3 2.34E2
n-dodecane 3 1.79 E-2 2.62 E2
4 5.01 E-2 426 E-2
1 2.80 E-3 3.09 E-2
0.2 mol/t CMPO 2 1.01 E3 2.27E-2
in 30 % TBP -
n-dodecane 3 1.10E-3 2.00E-2
4 2.04 E-3 3.37E-2
1 1.84 E4 322 E-2
0.3 mol/i CMPO 2 1.13E4 1.30E-2
in30 % TBP -
n-dodecane 3 246 E-4 1.33E-2
4 6.11 E4 3.27E-2
1 779 E4 2.46 E-2
0.4 mol/l CMPO 2 4.99 E-5 7.45E-3
in 30 % TBP -
n-dodecane 3 - —
4 2.19E4 2.48 E-2
0.5 4233 E-] 1.205 E-2
0.3 mol/l Diamide 1 2.388 E-1 1.077 E-2
inTPH 2 5.104 E-2 1.447 E2
3 5.538 E-3 8.128 E-3
0.5 3912 E- 3.303 E-2
0.5 mol/l Diamide 1 2.270 E-1 3327 E-2
in TPH 2 4.985 E-2 3.231 E2
3 5.826 E-3 1.582 E-2
0.5 4233 E-l 7.036 E-2
0.65 mol/l Diamide i 2.345 E-1 6.209 E-2
in TPH 2 5.117 E-2 5.162 E-2
3 6.032 E-3 2.455 E-2
0.5 4.382 E-1 1.078 E-1
0.8 mol/l Diamide 1 2.396 E-1 9.128 E-2
in TPH 2 5.432E-2 7371 E2
7.071 E-3 3.952 E-2
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iEE (CMPO %)
#FR#E (Decaline) E&

i}
Yt
%ﬂl
i

PTSE iR BE HNO;
H 0/A=1
Sminig&

1 =ig (22 +2 )

- I

s PR
*E 5 min, 3000 rpm

ESREAN || BRRESHR | whibs

M EERA

1 &Gk (B ECHER)
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] ] 1 I I 1 1 1) ' ] 1 ] I [ 1 T l T T T
" | —a— [CMPO] = 0.1 mol .
-~ | —=— [CMPO] = 0.2 mol/l -
~ | —o— [CMPO] = 0.3 mol/l .
0.8 —o— [CMPO] = 0.4 mol/l
3 - i
E
S" 06
E‘ -
0.4
0.2
{ 1 [ I [ t ] I i | [ I 1 i [ I 1 { §
0
0 2 4 6 8 10

[HNO,],. (mol)

2 CMPO (C & 3 IHES M OB AR BB Z1L
(FIR& : Decaline)
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PNC/CEA(FC)-P006

0.8

[HNO,) . (mol)

—a— [Diamide] = 0.1 mol/l

—#— [Diamide] = 0.2 mol/l

—o— [Diamide] = 0.3 mol/l

—— [Diamide] = 0.4 mol/l

2 4 6 8
[HNO,],. (molf)

\

3 Diamide (C & 2 EERHHF OB EAREESEE 2L

(FIR%I : Decaline)
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4 1 1 1 l H 1 1 I t 1 1 I 1
[ [ ——[TBP]= 50 % (1.83 moll)
2t —=— [TBP] = 70 % (2.56 mol/l)
~ | —o—[TBP] = 90 % (3.29 mol/i)
- | —=— [TBP] = 100 % (3.66 moli)
_ 3 [
% -
é -
5 25 [
@ _
P
E -
2 L
1.5 L i
1 | -
0.5 | .
EET B BT ST A S ST B
0
0 2 4 6 8 10

[HNO,],, (molr)

4 TBP |- & AIEEIM S OB IEEESRET(L
(#5FR%El : Decaline)
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(mol/l)

[HNO,]

3.5

1.5

0.5

1) I T [ 1 I ] l 1 I ] ' 1 ! I l 1 I 1 J_
~ | —a— [DBBP] = 50 % (1.89 mol/l)
. | —=—[DBBP] = 70 % (2.64 mol/l)
| | —o— [DBBP] = 90 % (3.39 mol/l) i
_ | —=— [DBBP] = 100 % (3.77 mol/l) ]
B 1 1 1 l 1 1 1 I [ | 1 ' 1 1 1 l | 1 [ ]

2 4 6 8
[HNOJ,.~ (mol)

5 DBBPIC & 2 hEESiHE OB EAREEEE T4L
(F¥RE : Decaline)

o
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[HNoa]o 0. / [Extractant]

3.5 ] 1 ] l 1 1 1 I I ] 1 [ 1 ] 1 I‘f
| | —a— Diamide (0.1~0.4 moly | i -
- | —=— CMPO (0.1~0.4 mol/l) ’ f -
- | —e— TBP (50~100 %) .
3 7| —o— DBBP (50~100 %) i
2.5 t
- A -
2
1.5 |-
1
0.5
0
0 2 4 6 8 10

[HNO], , (mol/)

6 A & FHAEERR L DIBELEDEE
(7R : Decaline)
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Spia b 2 AR %

B FALIE FREIREE HNO, & %
<8 A P E IR BE Ln(IID) BH B
T & Poﬁﬁ%i% n(IID) B EETE X

Ln:Pr, Nd, Eu, Yb

tH Sminik& 5
=g (22 +27T)

.
4 * E ;— mLmﬁ §%00 pm

AR | l kA8

N::: NPl W Tl
Ln(ll) JRE 21| CRiakamne

Y
Ln(l1) iIBES | icerrnnsms

7 RERHFIE (Ln(lD) HiEHER)
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10°

DLn(lll)

10°

8-1

log D, =3.33 log [CMPO] + 3.22 ;

log D, = 3.36 log [CMPQ] + 3.26 -
log D, =3.15log [CMPO] + 3.14 .

log D, = 2.67 log [CMPO] + 2.23 -

0.1

[CMPQ] (mol/)

CMPO BE £ Z1L 3 € =358 D Ln(lll) DHECLE

(HNO _ = 4N)
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b Lty

0 -
10 log D,,, =3.08 log [CMPO] + 3.14 ]

5 log D4 =3.03 log [CMPQO] + 3.10

log D¢, =2.97 log [CMPO] + 3.15 _
log D, =3.04 log [CMPO] + 2.99 .

10"

0.1
[CMPO] (molA)

8-2 CMPOBE#Z{L& B /1880 Ln(lll) DHECLE
(HNO , =6N)
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PNC/CEACFC)-P006

DLn(III)

10°

10

8-3

—e—Yb

log D, = 3.34 log [CMPO] + 3.61 |

log D, = 3.13 log [CMPO] + 3.46

log D, = 3.31 log [CMPO] + 3.87+

'llll

log D, =3.13 log [CMPO)] + 3.77-

0.1
[CMPO] (molff)

CMPO RE £Z{LE € /158D Ln(lll) DHECLE
(HNO , =8N)
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102 : 1 ) 1 L { L LR | ll L]  § 1] 1) | § 1} l:
[ | —a—Pr ]
[ | —e— Nd ]
. | —s— Eu J
—eo—Yb
10' | E
¢

10° |

DLn(III)

log D, = 2.05 log [Diamide] + 1.01 |

10" log D, = 2.16 log [Diamide] + 1.06

log D, =2.03 log [Diamide] + 0.85 -

log D, = 1.47 log [Diamide] + 0.44 7

[Diamide] (mol/l)

9-1 DiamideiBE £ L& € /=358 Ln(lll) DHELE
(HNO , = 4N)
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10° [ —— ——
—a&— Pr ]
—e— Nd ]
—a— Eu A
—e—Yb ]
. i

10’ -

llll

T )
(]
10° " .
i log D, =1.20 log [Diamide] + 0.56 ]
' log D,y = 1.39 log [Diamide] + 0.72 .
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I/INTRODUCTION

The aim of the studies we have undertaken was to get some comparative data about CMPO
and Diamide, the two extractants under development in PNC and CEA.

These data deal with basic properties such as the extraction of nitric acid, and the extraction
of some trivalent lanthanides.

We have also investigated the behavior of these molecules regarding the third phase
formation phenomenon.

We have conducted the experiments regarding two points of view :

First, we compared some properties of the molecules by testing them in the same conditions
(diluent, concentration).

Then, we made the studies about their properties using the same conditions as the practical
conditions of the processes (TRUEX and DIAMEX) they are used in. Thus, we had some
comparison data about the process by itself.

Also, we have investigated the behavior of Diamide in contact with high concentrated nitric
acid solutions, in comparison with TBP and DBBP.
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1/ BASIC STUDIES:COMPARISON BETWEEN DIAMIDE AND CMPO
II.1 Experimental conditions :

Both molecules were diluted into the same diluent, i.e. Decalin. The experiments were
conducted in the following range :

Table 1 : Summary of all the experiments carried out

ORGANIC PHASE AQUEOUS PHASE O/A
Extractant Concentration [HNO4] [RE]
(mol/l) (mol/l) (mol/l)
DMDBTDMA 0.1 4/6/8 0.0005 each 1
DMDBTDMA 0.2 4/6/8 0.0007 each 1
DMDBTDMA 0.3 2/4/6 0.001 each 1
DMDBTDMA 0.4 2/4/6 0.001 each 1
CMPO 0.1 4/6/8 0.0005 each 1
CMPO 0.2 4/6/8 0.0007 each 1
CMPO 0.3 2/4/6 0.001 each 1
CMPO 0.4 2/4/6 0.001 each 1
Experimental procedure :

First, the solvent was preequilibrated 2 times with the corresponding nitric acid aqueous
phase. Nitric acid titration was performed on the organic phase. Then, an equal volume (10 ml) of
acid preequilibrated solvent and aqueous phase of the corresponding acidity containing the RE were
contacted in 30 ml test tube. Shaking was then performed for 15 min, and the tubes were
centrifuged for § min, to help the disengagement of the phases. After that, an aliquot (S ml) of the
aqueous phase was taken, and the sample was sent for analysis by ICP (Inductively Coupled Plasma
emission spectrometer). The difference between the RE's concentration at equilibrium and before
contact is assumed to be the RE's concentration in organic phase.

[1.2. Results :
I1.2.1 Nitric acid extraction.

The nitric acid concentration in organic phase was measured after 2 preequilibrations. Thus,
itis considered that the organic phase is saturated in nitric acid, for the given conditions. The
results are displayed in Fig 1 and 2.
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From these results, we see that CMPO extracts more nitric acid than Diamide for low
acidities; and Diamide more nitric acid for high acidities.

For low acidities, this can be explained by a greater affinity of CMPO than Diamide for the
proton. For higher acidities, we can assume that the HNOs-Diamide complex allows the extraction
of more HNO: molecules, by hydrogen bindings between these molecules and the HNOs bound to

the Diamide[1].

InFig. 3, for acidities higher than 4 M in aqueous phase, and for both extractants, the ratio
of the concentration of organic nitric acid over the concentration of the extractant is superior to one
Also, this curve shows that the HNO: extraction by hydrogen binding occurs in the case of CMPO,

but to a lesser extent.
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Fig.3 : HNO: extraction by DA and CMPO, 0.4 M in Decalin

11.2.2 Trivalent lanthanides extraction

The experiments were conducted in a way that a direct comparison of the complexing
properties of Diamide and CMPO would be possible: same aqueous phase (nitric acid solution
containing the RE nitrates), same diluent (Decalin), same concentrations of the extractants.

And more, the concentrations of the RE were chosen in order to be neglected over the
concentration of the extractant. In that case, we can perform the slope analysis technique, assuming

that the concentration of the free extractant in the organic phase is stable.
The results of the experiments are displayed on Fig.4 and 5.
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Fig.4: Ln (III) extraction by CMPO in Decalin for HNO:=4 M

For CMPO,the average slope for the Lanthanides extraction by CMPO is : 3.1.

Thus,we can propose,regarding the experimental conditions,that the formula of the complex
should be :
Lo(NOs)s - 3CMPO
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Fig.5: Ln(III) extraction by DA in Decalin for HNO:=4 M

The average slope for Lanthanides extraction by Diamide is : 2.1.

In the same manner as for CMPO, this figure leads us to a possible formula for the complex

Ln(NOs) - 2DA

—87—



PNC TN8410 95-112
PNC/CEA(FC)-P006

The two others main results are:

* Inthe case of the Diamide, the back extraction of the Lanthanides is very easy. Butit is a
difficult task for CMPO as shown in table 2.

Table 2 : Back extraction of Nd from DA and CMPO solutions, 0.4 M in Decalin

Vorg./ Vaq. | Aqueous phase | Shaking time % back
extraction
CMPO 1/2 H,0 5 hours 0
Diamide 1/1 H>0 5 minutes 95

* These results show that more or less, the distribution coefficient for the Lanthanides
(Dvam) are 10 times greater for CMPO than for Diamide, all experimental conditions alike.

11.2.3 Third phase formation with nitric acid

The formation of a third phase, or heavy organic phase, must be prevented by any means in
a liquid-liquid extraction process. Furthermore, the conditions of occurrence of this phenomenon
are quite fuzzy, and depending on a lot of parameters : concentration of the extractant and nitric
acid, temperature, nature and purity of the solvent....

Thus. in this part of the study, we have investigated the condition of third phase formation,
in the case of nitric acid extraction for Diamide and CMPO in the same diluent. This gave us
information about the affinity of the extractants for the proton.

Experimental conditions :

The maximum solvent loading without the formation of a third phase was determined in the
following way : the same volumes (usually 2 to 5 ml) of solvent and high nitric acid aqueous
solution were contacted in order to create a third phase. After this, the system is diluted by equal
volumes of fresh organic and pure water. Then, shaking is applied for 10 minutes, and the phases
were disengaged by centrifugal forces. This procedure was repeated until the third phase

disappears.
The two phases were analyzed after separation. All this procedure is conducted at room

temperature, i.e. in our case, 22T(+17T).
To obtain one experimental point, this procedure was repeated 2 or 3 times, in order to

ensure a good precision.

The results are shown on figure 6 and 7 :
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These curves show that the nitric acid concentration is higher for Diamide than for CMPO.
But the distribution ratio are of the same order for both extractants (i.e. for CMPO and DA, 0.4 M

in Decalin : D(HNOs) = 0.1 and 0.12 respectively).

Inaqueous phase, for a range of concentration of the extractants from 0.2 to 0.7 M, the
maximum HNO:; concentration is :

forCMPO: 64 M
forDA : 84 M
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Besides, for both extractants the fact that [HNOsJosna = f([Extractant]) is a straight line
shows that just before the third phase formation the system is like a classical extraction system.

And last, in some case, we could not find any third phase :

For [DA]> 0.8 M, there is no third phase up to 13 M nitric acid in aqueous phase.

For [CMPO]<0.1 M, there is no third phase up to 13 M nitric acid in aqueous phase.

ITl/ PROPERTIES OF DIAMIDE AND CMPO IN EXTRACTION FROM HIGH NITRIC ACID
MEDIA

IIL.1 Experimental conditions :

The experimental procedure was almost the same as describe earlier. The differences were
that the Lanthanides were tested separately, for reason of accuracy of the analysis, and that the
analysis was conducted using direct U.V. spectrometry.

The experiments conducted are registered in table 3 :

Table 3 : Summary of the experiments carried out

ORGANIC PHASE AQUEOUS PHASE O/A
Extractant Concentration [HNO;] [RE]
(% vol.) (mol/l) (mol/l)
TBP 100 4/6/8/10 0.02 each 1
TBP 90 4/6/8/10 0.02 each 1
TBP 70 4/6/8/ 10 0.02 each 1
TBP 50 4/6/8/10 0.02 each 1
DBBP 100 4/6/8/10 0.02 each 1
DBBP 90 4/6/8/10 0.02 each 1
DBBP 70 4/6/8/10 0.02 each 1
DBBP 50 4/6/8/10 0.02 each 1
DMDBTDMA 100 4/6/8/10 0.01 each 1
DMDBTDMA 50 4/6/8/10 0.01 each 1
II1.2 Results

This experiment was conducted to investigate the behavior of Diamide as an extractant from
very strong acidic media (up to HNO: = 10M). As a matter of fact, it has been shown that
phosphorous extractants (e.g. TBP) present an ability for Lanthanides intragroup separation at high
acidities (up to 15 M)[2]. We wanted to know if such a capacity could be found for Diamide. Also,
these results can be compared to the one obtained for CMPO in Decalin, although the CMPO
concentration was lower (0.2 M) for these acidities.

Some results are shown in Fig. 8 and 9:
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These results show that for Diamide at high acidities, we only find the classical competition
forextraction between the proton and the metallic cation, which is responsible for the decrease of
the extraction coefficient. It was also very interesting that heavier Lanthanide, i.e. Yb, showed
significant difference of Dwam comparing that of light Lns in the lower nitric acid conditions.

For DBBP, the same effect as observed for TBP is pointed out, naming an increase in the
distribution coefficients and the separation factors when the acidity increases. The explanation for
this effect is not quite clear yet. The distribution ratio are obviously related to the ionic radius of the
trivalent Lanthanide : the heavier the Lanthamide, the stronger the extraction. But the fact that this
distinction between elements occurs only for high nitrates concentration is quite difficult to explain.

This can be compare, to a lesser extent, to the data we collected before, for the lanthanide
extraction by CMPO 0.2 M into Decalin. The nitric acid concentration in the aqueous phase was up

to 8 M(Fig. 10).
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Fig.10 : Ln(III) extraction by CMPO, 0.2 M in Decalin

The curve shows an increase of the distribution coefficient for all lanthanides with the
increase of HNO: . We can also point out that for CMPO and Diamide, the distribution coefficients
of Yb (the heaviest Lanthanide in our study) are lower than the others at low acidities (4 M),
indicating the importance of the covalent binding in the mechanism of extraction for these two
molecules.

IV/THIRD PHASE FORMATION FOR PROCESS CONDITIONS

This time, the investigations about the third phase were carried out using the classical
conditions of the TRUEX (0.2 M CMPO in nDD/ 30 % TBP) and the DIAMEX (0.65 MDA in
TPH) processes. This enables us to compare the process and not the extractants, from this peculiar
pointof view.

IV.1 Experimental conditions

The experiments were conducted using exactly the same procedure as described above (II
23).

IV.2 Results

This time, the nitric acid concentration in organic is higher for CMPO than for Diamide.
The curves show that the solvent is saturated in HNO:, due to the high concentration of HNO: in the
aqueous (from 8 to 11 M) and to the extraction by the TBP. For the Diamide, the straight line
shows a simple extraction system, without saturation. The aqueous HNO: concentration is lower (4

M).
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V/NEODYMIUM LOADING CAPACITIES FOR PROCESS CONDITIONS

V.1 Experimental conditions

The same procedure as the one for the determination of the third phase formation with nitric
acid was applied : the organic phase was first pre-equilibrated with the nitric acid phase, then
contacted with a solution of same acidity containing the Neodymium nitrate in high concentration.
Then, the system was then diluted by pre-equilibrated solvent and nitric acid solution.

The experiments pointed out a completely different behavior for Diamide and CMPO.
First, if the concentration of CMPO increased in organic phase, the loading capacity
decreased. Then, regarding to acidity, there was a minimum loading capacity for HNO:=3 M.
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Fig.12 : Maximum Nd concentration in organic phase before third phase apparition
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These results show that in the case of CMPO, the loading capacity in Nd (III) depends on

various parameters :
— Extraction of the Neodymium nitrate.
— Solubility of the complexes metal-extractant.
— TBP / CMPO ratio in organic.
— Free TBP fraction.
An equilibrium between the influence of these parameters may explain the results we

obtained.
For Diamide, the evolution is opposite : if the Diamide concentration increases in organic,

the loading capacity also increases. And for arise in the acidity in aqueous, there is a constant
decrease in the loading capacity.
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For Diamide, the loading capacity in Nd(III) follows also the dependency on the same
parameters (extractability and solubility). But the mechanism is easier to understand ; we can think
that the most important parameter is the extraction one : the loading capacity increase when the
concentration in extractant increases because of the increase in the Nd(III) distribution ratio. The
loading capacity decreases for higher acidities because of the competition for the extraction by
nitric acid.

If we compare the loading capacity for CMPO 0.2 M in TBP/nDD and DA 0.65 M in TPH,
we find more or less the same result, i.e. 0.02 M of Neodymium nitrate in organic phase.

Finally, we got some data about the composition of the third phase.

The experiments were conducted with the same aqueous solutions, creating third phases for
both extractants into their respective diluents.
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The curves show that the CMPO is immediately concentrated in the third phase, and that
whatever the Neodymium concentration. On the opposite, the concentration of Diamide increases in
third phase with the Neodymium concentration in aqueous, to its maximum (all Diamide in third

phase). The mechanism of third phase formation is different.
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Fig.17: Neodymium(lII) in third phase

But with both extractants, we find an increase of neodymium concentration in third phase
when the aqueous neodymium concentration increases. For Diamide it can be explained by the
increase of the extractant concentration, and for CMPO by the increase of distribution ratios of

Neodymium.
The table 4 summarizes the ratio of the Neodymium concentration in third phase over the

extractant concentration in the same phase :

Table 4 : Metallic cation over extractant ratio

[HNO;]aq. [Nd(NO3)3]aq. init. [Nd]/ [CMPO] [Nd]/ [DA]
(mol/) (mol/)
3 0.05 0.26 0.06
3 0.25 0.47 0.2
3 0.5 0.62 0.24
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VI/ADDITIONAL RESULTS

VI.1 CMPO titration by HCIO.

In CEA's laboratories, in Fontenay-aux-Roses, the analysis of the concentration of Diamide
in different organic solvents is performed by using non aqueous acid-base titration. We try to
transfer such a method for the analysis of the concentration of CMPO in organic solvents.

VL 1.1 Diamide analysis

Diamide is analyzed by acid-base titration. But, due to the fact that Diamide is a very weak
base, this titration must be performed in a non aqueous medium. The reagents used are as follows :

—Titration solution : perchloric acid (HCIO4), 0.1 M, in pure acetic acid.
—Media : acetic anhydride

Since Diamide and CMPO present strong similarities, the same kind of titration has been
checked in the case of CMPO.

VI.1.2 CMPO analysis

Different concentrations of CMPO, in different organic diluents have been checked. Here
are some results :

Table 5 : CMPO titration

[CMPO] Solvent Eq. pt. (calc.) | Eq. pt. (graph.) | [CMPO] (titro)
(mol/l) ~ (mol/1)
0.1 Decalin 0.919 0.104
0.4 TBP-30%nDD 1.871 0.426
0.2 TBP-30%nDD 1.85 0.211
5.15 E-4 mol pure 4.55 5.18 E-4 mol

V1.1.3 Conclusion

The titration were done with a hand-made solution of perchloric acid instcad of a

commercial one generally used.
Also, standard aqueous electrodes were used instead of the specific electrodes required to

have a clear end point titration.
But, despite these conditions, the titration is quite accurate. It seems that this technique,

used in good conditions offers a very interesting analysis solution.
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V1.2. Third phase formation point determination by titration

The experimental procedure we used to determine the maximum HNO: concentration in
organic is a considered as a classical one.

But the fact that it involves the experimentator's observation to determine if or not there is a
third phase, the accuracy of this technique is difficult to measure.

Another way is to contact the same organic solution with different aqueous nitric solution,
the acidity increasing step by step, and to determine the concentration of HNO: in organic (and after
third phase formation, light organic) by titration.

The curve [HNOs]or =f(JHNO:]s) will show immediately the point where the third phase

appears.

The use of the acid-base titration to monitor the nitric acid concentration in organic seems

more reliable.
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VII/CONCLUSION
In this work, a lot of different fields have been investigated.

What is pointed out in this study is the different behavior of the extractants for very simple
systems, such as nitric acid and lanthanides(III) extraction. This behavior can be sometimes
completely opposite, in the case of the third phase formation.

To investigate furthermore these phenomena, more studies are needed. And we need some
basic data to understand the relation between the diluent and the extractant, especially in the case of
the CMPO with the TBP modifier. This pointis a key problem for the understanding of the
mechanism of third phase formation.

Also, the separation effect pointed out for DBBP in high nitric acid condition will have to
be investigated. One way will be to replace the nitric acid by another nitrate : Lithium or Aluminum
nitrate.

The aim of this study was not to establish a ranking between TRUEX and DIAMEX
process. But these comparative studies, either upon the molecules by themselves, or upon the
molecule in their process conditions, are a very interesting way to point out the strong point and

weak point of each process.
For example, CMPO in Decalin has a better behavior in acidic media, but the back-
extractionis difficult. Diamide in Decalin is more sensible to nitric acid, but the back-extraction is

easy.

So, we can only hope that these kind of studies, made possible by internal cooperation such
as PNC/CEA one, will continue in the future.
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