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Literatures Survey on TRUEX Process

Technology
Tadaya Hoshino 3¢

Abstract

Based on literatures collected by PNC, technical informations of TRUEX process has
been surveyed.

In order to make clear whether the informations necessary for the process evalua-
tion are avairable or not, informaitons obtained from the literatures are arranged and
combined for future R&D planing.

This report describes a present status of TRUEX process development in the US and
Italy, the data on physical properties of TRUEX solvent, and extraction-separation be-
haviors of TRU, FP and inactive elements have been arranged and filed for the process
evaluation.

Merits and demerits of the TRUEX process have been compared with those of two other
processes ( DIDPA : JAERI and Malonamides : CENFAR ) Which have the same objectives as

that of the TRUEX process.

Further, R&D plans necessary for the conformation of applicability and for the

realisation of this process have been proposed.

Work performed by PESCO Co., Ltd. under contract with Power Reactor and Nuclear

Fuel Development Corporation.

Contract No : 010C0072

PNC Liaison : Tomio KAWATA (Tokai Works Reprocessing Technology Development Division
Components and Materials Development Section.

% : Pesco Co., Ltd. Engineering Division
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Fig. 1. Distribution ratios of selected actinide ions as a func-
tion of the aqueous nitric acid concentration. 0.20 H
CHPO - 1.2 Y TBP-dodecane. 25°C
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Fig. 2. Distribution ratios of selected actinide ions froam low
nitric acid concentration. 0.20 H cHPO - 1.2 H
IBP-dodecane. 25°C '
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Fig. 3. Distributfion ratios of selected actinide ions as a
function of the aqueous  hydrochloric acid concentra-
tion. 0.50 M CHPO in TCE. 25°C
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residual alpha activity (%) in the liquid waste

residual alpha activity (%) In the liquid waste
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FIG. 5 Extraction test for acidic wastes (O/A = 0.33).2”
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FIG. & Selective stripping test for acidic wastes (O/A = l):“’
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10.0
- A oxalic soln
«0- B oxalic soln with HNO5
1.0 adjustment
) ‘M- C oxalic soln with
Al{NOg3l3 adjustment
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FIG.”7 Extraction test for oxalic wastes™’
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FIG. 8 Exiraction test for acidic + oxalic + sol-gel wastes (volume ratios 63.5:1 0.2:]).2‘n
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FIG. 9 Continuous countercurrent hot test: Extraction-scrub section results showing
TRU activiry concentration (O/A = 0.2).”*’
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Mixing of Chemical-physical

» Wasles : ' Characlerizalion

——P Chemical '

b Adjustment
Filtration —- Solid Wasles HNO3 0.04 M
and/or HF 0.05 M
Centrilugation HNO3 0.2 M RF=0.052 RF=0.04

RF-1 B.A.N. RF=0.03 L
LLw ’

Exlraction Seclion

16 Slages
O/A = 0.15

-

CMPO 0.25 M
TBP 0.75 M

n-dodecane

RF=0.16

Scrub Seclion
4 Stages
O/A =3

Cumulalive Strip

Section 16 Stages

__a,_ O/A = 4

RF= Relative flow

B.A.N.= Basic Aluminum Nitrate

T.R.U.
FINAL PRODUCT

\

to Solvent Regeneralion and
Rocyclo in Exiraclion Section

FIGURE 10 — The TESEO plant flow sheet .
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TABLE l; TRUEX Process Solvents

CHMPO, H I8P, H Diluent Use
0.20 1.2 to 1.4 Normal Paraffinic Hydrocarbon HLW
C127Cy3
0.25 1.2 Iso-Paraffinic Hydrocarbon HLW
C12
0.25 0.75 to 1.0 CClh, TCE* Pu Scrap Waste
0.50 0 to 1.0 © 1CE” Chloride Salt Waate

*TCE = tetrachloroethyléne

100-16 60%8[L ONd
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TABLE 2. TRUEX Flowsheet Features

Application Scrub Strip Concentration Factor”
MW —PauteHNO X D1:Lute~HNO3—(An, Cr) TRU (II1) - 3
' ' HNO4-oxalic acid - HF or H,C,0; (Pu,Np) TRU's (III,IV) - 10 to 25
Pu Scrap Dilute HNO4 Dilute HNOa (An) An (III) - 3
Waste Dilute HN03—HF (Pu) Pu (IV) - 6
Chloride 6 ¥ HC1 1 to 2 ¥ HCL (@p,Th) Am - 5 to 10

Salt Waste

*Conc. Faclor =

HF or HyC504 (Pu,Np,U) or

Reductant (Pu,Np)

Pu, Np - 5 to 10

(TRU] in Strip/(TRU) in Feed

100-16 60%8[L ONd
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TABLE 3. Composition of Candidate TRUEX Process Feeds at the U.S. DOE Hanford.Site

PFP® Waste cC® Liquid Waste
Constituent® Concentration, M Constituentd Concentration
NO,~ 3.0 ~ Ma 9.9 M
N0, 1.5 N0~ 3.6
Al 0.43 NO, 1.1
¥ 0.09 0032' 1.1
| 0 to 0.02 Al(OH)q— 0.37
Pu 1073 to 107" OH™ 0.18
2415 1076 to 1075 ToC® 0.039 kG L°F¥
137¢4 1.4x10% Bq wl™!
89, 30g 6.4x10%
241 1.9x103
233,24 0py 2.1x102

Tplutonium Finishing Plant. ’

bComplexant Concentrate.

CConcentrations of Be, Cr, Ni, Cu, Zn, and Pb all <6x10~"jg

dswall (<1072 H) concentrations of Mg, Mo, Cr, Zm, Cd, Ca, Cu, Pb, Zr, Ba, La, Ni, and Nd aloo
present. ,

€70C = Total Organic Carbon.

100-T6 60%8[L ONd
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TABLE 4. Initial TRUEX Process Tests with Actual PFP Waste

Feed:Clarified PFP Waste Containing 603 uCi/L

Solvent:0.25 Y CHPO - 0.75 H TBP-TICE
Scrub:O.l__?:_!_HNO3
Stages?:5 Extraction, 3 Scrubd

Flows:Feed/Scrub/Solvent = 250/50/100

Aqueous Raffinate: TRU uCi/L
Run 1} Run 2
lbl 3'2

_30_
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Table S. ALPHA LIQUID WASTES TO BE TREATED ™™
acidic waste oxalic waste alkal. waste an_alytical‘ wvastes
Type 1 Type 2 Type 3 Type 4a Type 4b
HNO3 37M OxalicAc. 0.6M NH4OH 11M HSCN 0.02M AgNO3 20911
Pu 24 HNO3 1M NH4NO3 0.5M Fe(SO4)3 0.03M Fe(SO4)3 0.01M
u 433 g Pu S0.19 CCly traces H2S0O4 0.7M u 1017 g
U 9.14g THFA() o0.5M H3PO, 2M  Pu 1256 ¢
Pu 14g HNO; 0.06M olhers(®) traces
U 8159
Pu 209
olhers("") Iraces
Volume 934L Volume 153 L Volume15.1 L Volume SO L Volume 36 L

(") letrahydroludurylic alcohol:

(°) ANOg)3, HSCN, Cep(SOq)3

(") (NHg)gMo7024:24H0, (CgHsNHCgH4SO3)2Ba, KoCrO

-3]-
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TABLE b VOLUMES AND U AND Pu CONCENTRATIONS OF HIGH
LEVEL LIQUID WASTES PRODUCED BY THE CASACCIA PLUTONIUM ™

PILOT PLANT

Waste type Volume (L) Pu (p) Enriched U (g)
Nitric wastes 952 244 63

Oxalic wastes 154 51 9.2
Analytical wastes 86 33 1885 (U,.)
Sol-gel wastes 15 14 —

Other solutions stored in the plant

Pu in nitric soln 6.5 21 -
Pu and U in nitric soln 27 3.2 5.7
U in nitric soln 4 - 0.7
Organic wastes 21 3.1 -

Total 1265.5 369.3 1963.6 (U,.)
' 8.6

-32_
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TABLE 7 DISTRIBUTION COEFFICIENTS OF INERT IONS AND TRU IONS

IN DIFFERENT DILUENTS ***

(Feed: mixed waste solution of acidic + oxalic + sol-gel wastes (volume ratio
63.5:10.2:1); organic phase: 0.25M CMPO + IM TBP in various diluents;

0/A=1.)
n-dodecane CHC, ccl, TCE
Fe(Ill) 0.04 0.18 0.25 0.08
Ag 0.3 0.6 0.8 0.2
Mo(VI) 0.28 0.18 0.33 <0.1
Cr(ilD) <0.001 0.1 0.15 <0.08
Al <0.01 0.05 <0.01 <0.003
Ba <0.01 0.01 0.01 0.01
HNO, 0.3 0.7 0.9 0.3
Pu(IV) >100 > 1000 > 1000 > 1000
Am(III) >100 >10 >10 >10
VA%)) >100 >100 >100 >100

Note: The following analyses were performed: atomic absorption spectfometry for metal
species, potentiometric titrations for HNO, and radiochemical analysis for TRU

elements.
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3. TRUIEXZo&RF—%—T774I

BREAROFUETHTRET 28 L NUVBE~OBEREBEL. TRUEXERE LT
CMPO/ TBP/ NPHZE(ER 9 2 FREHLICT— 7 2L LI, BIFChoZWL oHhDIEH
WELEHDTRBIUTERTR LI,

3.1 JEEREER
7 2 Y Z1dDHanford, Idahod K ULos AlamosH A MESTMTA & Y T dDCasacciath A b
BRI TV B BN RERDMRR%E Tablel ~5, THXUBITRLA, i TRPD
HAWE Ch & DBER DR % Table 6 IR L7,
Table 1 &RBEKHERR (AW, DSW, KT SFP)
Table 2 REREIBEHES L NIVBERAEAR
Table 3 HREHIIPuURS 5 v TREEOMHERRK
Table 4 Hanford¥ 1 h DMEEXIRBER
Table 5 HanfordftsAHtiABERKERL
Table LR R LB

BHATHERR O BB T 5 E K

7 A Y /@ HanfordicdiF 2AWE DSWEEHEE LT TVFE /(ITRPHAW S HulR L 7o & D
RSB ZMEITR LT,

CMPOZ 3 {fiDAn, LnZitid 3384 1mol i< LT 3mol DiHHFIASEEIZRICES
% O THIFIHH L B EE 12 CMPOMBEE %0, 20M DA 0. 06TM & 13 3,

UL T TRUAS TVFCO0.05M,/ £ TRPHAWTO. 01MIE < 1272 D FPLniRVWThoBa b
0.12M &R VBJED O —T 14 7 EBTLROER L DaffinityDENREEICES bDEH
Ao, 70—y — bFYPA LV OBEOL I BWREERLIHET — 5 BBEICR S,
D& S BERBRITOVWTRAE T — 7 —OHEALPHE 3 — FEVFEIZL M LW
CEIBBHDEEZASNS, HAICL->TIE PurexiBifick D <7 oS ThH 3 418,
6 flid TRUZBRZE. EMX L 7-BEMkIc TRUEXZEZEHT 5L bEX SN 5,

Table 7 MBEI~NEa—-KEREH (1F7V7)
Table 8 Table8 Casaccia Pu/Sf oy b7 FTHERKL LV NIVEER
DEMEU, PultE
3.1.2 TRUEXmt&zx7p—Y—}h
Pig. 1 HEA& TRIEXS o225 BEXF—L4
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3.2

3.3

3.4

3.5
3.5.1

Fig. 2

—# RUBXFOER 70— — b

TRUEXZ 0t XD 70— — DR & Al

Table

9

TRUEX ot 2 ¥ — b D%

Table 10 TRUEXZ o+ XDkl

BROO—F 4 v 7 &8 3 HER
Table 11 CMPOMIHFIORAO—F4 7. N — 0. 2MCMPO— 1. 2MTBP

Table

Table

Table

Table

12

13

14

15

—Norpar—12, 3 MHNOs, 25°C

0 ¢ C(IB) CMPO, EH¢D (IB) CMPOIB KL TF TBPOSECLEL  0.2MCMPO
— 1.2MTBP —Norpar—12 |

0°D (IB) CMPOZAIED O —F 1 ¥ S FRICRIZTHFAOHOR XD
2

HHHE  0.2M0°D (IB) CMPO— 1.2MTBP --NPH

K NI /1 MBXT 3MHNO;, T=25C

T~ OCMPOREED 1.2M TBP—Norpar—12/8i Do —7 4 V /AR

7kt Nd(II) — 3 MHNOs, T=25C

f@%x @ TBPEED 0.2M 0 ¢D (IB) CMPO—Conoco (Ci12—C14) &
Boo—74 v 7ER, T=25C

DiluentDFHER

Table

16 NPHOFERK (E&E%)

TRUEX7 o X b} 500 T—4 —
TRUEX 7ot RicHiF 3 An(TRU) OHREEF—5 —

Fig. 3

Fig. 4

Fig. 5

JKHEHNO, IREE ZBRER & § BRI T 7 FF 4 F14 4 Y DLEL

0. 2MCMPO— 1.2MTBP —dodecane. 25°C

(EKIHERBEEIC B BHRNET 7 F+4 F4A O3Bk 0.2M
CMPO— 1.2MTBP —dodecane. 25°C |
0.2MCMPO— 1.2MTBP —Norpar—12ick % An(I) Ofithicss 3
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BRERTFYE

Fig. 6 0.2MCMPO—0 ¢ (1B) CMPO— 1.4MTBP — Conoco(Ciz—C14) %
AW D aaDBRIRFIEICRIZ T REDOKE

Fig. 7 0. 2MCMPO— 0.8MTBP —Dodecanei= & 3 Am(Il) DOHiHiDBKFE
25°C

Table 17  HNOs,NaH0s i SdD0. 25MCMPO,/TCE i< & 2 AnDfliH. 25°C

Fig. 8 AnD S EELL OB BEE(RTER:, 0. 25MCMPO—0. 75SMTBP /TCE —HNOs R

Table 18 HNOs/CMPO/TBP /NPH BRIz} BAntf A > DHET—F—Y X b
Dam— (HNOs) 1o CO~10M) BRERZEMY 2 b

3.5.2  TRUEXZ o+ Xic3iF BFP, FPREDHE T —5 —

Table 19 BEHER L-~OLBGHEAD S DS (0. 15MH,C.0,) HHHE 0. 2MCMPO—
1. AMTBP — Conoco Ci2—Cis 0/A=0.5 T=40C

Table 20 PuRZ 35 v 7R, SOLEE FHEHE0. 25MCMPO—0. TSMTBP —
CC1,0/A =0.33, T=30C '

Table 21 HHRKHOERBEOREKE Lz DSWRSOSECH HHME 0.2M -
CMPO— 1.4MTBP — Conoco, 40°C 0/A=0.5

Table 22 ERMICKITTHEBEEOSE HHME 0.2M0 ¢ (1B) CMPO- 1.4
MTBP — Conoco 7K#8 SFP — 0.1MHzC20,, 0/A=0.5, T=40C

Table 23 TRUBXFo+tzicki5U, TRU, FP, FPLak X UEREA 4~ DL
F—s—Y 2+ GEREH—E)

Table 24 HHEETFOEL ORGSO EILICKIE T SHRIAROKLE

Table 24-2 HHAKTOBEBBEEEEE LicfHalRS OSEL
F#8H  0.2MCMPO— 1.4MTBP — Conoco, 40°C 0/A=0.5
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Feed Solution DH#

AW DSW SFP
Non FP Cation (M) 1.12 0.35 5 x107*
Anions (M) 0.35 0. 02 -
FP Mo Aw, SFP
?D1/10

* Non FP Cation® &k UAnionsidEHFIE L TEREA A L ORBECLEKRE (T 5,
* DSWCTMoAMEWDIRPFIL IR T v VEBEMLIBICBETR-icHEEZL o3,
+ SFPIZi3 NonFP Cations®Anionsitiz LA EES TN,

Dy DH,C,04 BRI
HoCo0 B LR Dy OFEALDBED TV DHD (2 5~ 1/2(ZDHFEA)
Sr, Y, Ru, Rh, Pd, Cd, Ba, La, Ce, Pv, Nd, Sm, Eu, Am, Mn, Fe
HoC20.BE ERTDu PRBUTNES BB BDN/2EUTIRIEE D)
Ir, Mo, Al, Cu
HoCo 0. BEKEN B -Z O LEBWHD (F—F—12L)
Te
HBREDEEICOWT
Non FP Cation 3L UfAnionsZ& £\ SFPE DSWODDw %< 5X5 &ML 4 SV
=Nz LofE~2. FPI3 1.4~3EBZVIIEICKEE(NTEEBIA L bDH B,
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3.5.3

ARREHEE DSWICEY SRS R/ 81 7 LIcBRRE W28 v F il
SRR T — 5 —
Table 25 ARRMEEER, 1 7 BElHRK (DSW&CAW)
Fig. 9 DSWEEIK 7 o — & — b
Fig. 10 CAWBE#K 7 0 — ¥ — b
Table 26 CMPO— TRUEXZ ot RiEHEF\\ X D DSWERSDIBECHRER 40°C
Table 27 C(MPO— TRUBXZ ok REBEHER /4D CANESZDREFRE 40°C
Table 27-2 4@ DSWis &k TX CAWRRS DCMPO— TRUEXIAHE % R\ 1o BE D ECFREK
DHE BRE : 40C
DSWis & UF CAWER S DR ERHDEEIZ O W TOER
M7
FP, FPRE, An CAWid DSWoD 1.2f% Chid CAWRODA!H0.7IM/ £ TH 5
DI DSWTIZ 0.046M, £ N0~ 14D 3.0M/ LIzl TLI M/ ¢
LR -TED, THoDA A v OERHBICLBZbDEELI SIS,
Am 71— FEXT 5.4 ({iDBRD45%) 71 — FBROBODET10 (DB
D83%) fhwErT12 (DSW, CAWZZhZi DSWD 1.28) &75->THDOFPRE
(0.0TM/2) Dua—F4 7k DA EENEEEZ S b L Bb
ha, (LTX107'M.2)
FPRE bAn& [F] CHERNCH B, fd, #HRKRPOUIR 1.3X107'M,/ £ To—
T4 v TOEBRERTE S,
FP HMHINPTVFPIX T 1+ — FROAWSWA 4 v EHITBEWA A UM
b ThThERTMHESHEZRLTVS,
s a
B1HRBRBLUE G TRILESRRZERLTED DSWE CAWDIBEIC
EBA A v OSELIZENTHE LEEZRLTHS,
Fig. 11 EFMHRBRIC BT 5 ERIRED/ NV 7 ABBROKIEE L UEBESD
DAnDEE
Fig. 12 EIPuDBEE
Table 28 [MEFMHRARICEITZEBOT 7 F5 1 FOKERLEL
Table 29 ##E DSWOD TRUTHR I L UUDEERRELREL
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Table 30 [EflHRRICE T 2RED Non—FPOAELL
Table 31 [EIFPOAEZLL
3.5.4 TRUEXZ ot RicHl) BHHEE. BREXUTCORET -5 —
Fig. 13 BB, EEB K UTcOM vs THBRMES
7A4%0. 20M 0 ¢ D[iBICMPO — 1.4M TBP—Conoco (Ci12—Ci1a) .,
DH2C204 & D1 4340°C, (HNOs) org (325°C
Table 32 TRUEX— NPH/EHEIC & BHNOs DfbHIICRIX Y NaNOsDZhR FHHE
0.2 MCMPO— 1.4MTBP —ConocoC12—Cis (F513. 80
Fig. 14 TERR O M S ihiR
0.2 MCMPO— 1.4MTBP in Conoco Ci2— Cia (FF3513.4)
Table 33 HNO;\ EEEBXUTcORELT—5—U X b
3.5.5 FEBEKICK 2 TRUEX Y o0& REAER
Table 34 %1% TRUEXY 0k 2 OB & 5 HER

3.6  ICPP Fluorinel HiHiBE#kZmM\\ /e TRIEXS 0 RRART—5 -7 7 1)

Fig. 15 AndD 53 ECEL vs HNOs #EEE

Table 35 [ICPP FluorinelflitHBERD < 7 Ak

Table 36 0.1MCMPO 1.4MTBP Dodecane®f\ 7z FluorinelititiBEsH 5
OfE % DITRDSHCLL

Fig. 16 An& 5 v % = FOSE vs NOs#BEE 0. IMCMPO, 1. 4MTBP “Dodecane
BEEEIEIZA1 (NOs) s & L THEYI

Fig. 17 U LPuDSEE vs NOs#REE 0. 1MCMPO,~ 1.4MTBP Dodecane

Fig. 18 Tc &LrDAE vs NOs#REE 0. 1IMCMPO,” 1. 4MTBP “Dodecane
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3.7 CMPODMIHE & 2SS

CMPOD #nt4:
® E 1 (0.97~1.02)g/ m*
#i E  CMPO% 95(min)by HPLG, 97(min)by P31 NMR
B OB 10° ~ 10°%cp (REEEAT oi | —BEDKEITIEWV)®
SFE  407.58 g mol
FHRS
LEUREL
TERREE KIS, 7a—Licb Ligi) 5, 0.25NHNOs 6.94<107°M (2. 8ng,/ £)
(FFA V)
ARIE N/A
RIFE N/A
RIEE N/A
R R 40~42°C. 4~45°C>99% THElE, <98%6H:FRS 0il RISRKEYT 5&
Rl
BEE = N/A
B A ~95% ~ 210°C ~0.02torr (~ 220°C ~0.001 torr)*
Rt QEEEE

c BHEICOOLTRERICEFINTHIN,

cFREED. FEREET. REDIRERDS,

- BYRBEHFHONTV BHCHEAT 3,
HER SN B IS RNE

L CMPOIC & 5 AN IBA. BRINTVWEVWLTY 7iGER L. EMICHSRT 3,

 ERIZOVIBE, GRKTERICEY. DD DD LTRE SEMCHERT 30

- BRI RIRSES T 5.

CRICA - 78E, BBICSBOKTISHES L. EMOSRERT 5,
kK. 1BR

~«flash point B\ REENEL . 2 FEINK~ TBPLD53%K)
- BARKERE N/A
- H:KH Ak, Fs4453IA), C0.
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HKITXHd 5 R
* R & M~ DiEME BT 5,
*Ea—LAFRBEIERALL,
- REKK. BREFEESEINATOHAE,
LTIIRES
* DOT Proper Shipping Name
Hazard Class
Label
IDa
WFN BBREN Lo

- BBIRE SR

B X BT R& =,
P FFRARER NIOSHABERSA— MY v URFIFEN— M v DRBEMR
* TODRER. BE TFNELB=PYLTE

R PLANE
CHRICAZ EHLVWESERL 5,
cKEICO LB PN AEND,
- BB WVRIITERICE D

R & Bk
- BEAEOBETNITE,

0.2M 0¢ [1BICMPO,” 1.4MTBP /ConocoC 12— C 14 DHYE*
* Flash Point 114°C
-l OB 0. 854
<K B 7cp

0.2M0 ¢ (IB) CMPO— 1.4MTBP  Conoco C12— C1.D¥it*
« Flash Point 114°C
‘i E 0. 854
R E Tcp
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Disposal In Deep
Geologlc Reposilory

Fig.'1 Basic TRUEX process separation scheme**?
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Llquld Waste /
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TRU from Curium’from Neptunlum
Uquid Wastles Solvent {rom Solvent \;
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' " TRUEX
Solvent
Flow
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& |
TRUEX® Extroction Foed Scrub’ :
Solvent 1

T HNO, 0.7-5K 0.5-1.54 HNO, '

! H,C,0, 0-0.3 0-0.03Y H,C,0, !

! 100X Aclinldss® !

| 100X F.PK.E' i

I 100x F.p.¢ !

1 100X Inerts* ]

1 I

I I ip? !

L] i Strip !
. Solvent
Extraction Scrub 0.01~0M HNO, Moke-up
' 0.005MHAN"
T - A
l - !

! : Strip~Wash :
Aqueous Y Y ]
Rof{inale' 0.05-0.1M !

Strip ' t= :
~100% F.P, H,C,0, !
0-90x T¢! ' 1

~100X Inorls : |
100X H,C,0, 3 ¥ !

* TRU Producl : :

Solvenl Wash "

To Racovery of ~100X Am, Np, Pu 1

Salacled Flaslon 10X U T I

Producls ond/or ~100X F.P.R.C. r‘] : !
Disposal <2X F.p. i !

<2X Ineorls Spenl Solvanl .o » Solvent

10-100x7c! Waooh' Clean—up'

l 90X U Mocroporous

To Recovery of <iX Np, Py Anlon Exchongs
Actlaldes ond/or <2X Ur Resln

Dleposcl 4

To Disposal
Flg., 2

Cenerf{c TRUEX Process Flowsheet ©

(footnotes to flgure are on on page47)
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Footnotes

®Efcher 0.1-0.3H O#D(IB]CBPO/I:O-I.QE TBP/NPH or 0.4-0.5H DHDECHP/
1.2-1.44 TBP/NPH. Ranges of the bifunctional organophosphorus extrac-
tants and TBP are functions of the diluent. An NPH mixture with a
lover average carbon chain length will allow the use of higher concen-
trations of extractant and lover concentratifons of TBP without third-
phase formation problems.

YActinides = soluble species of U, Np, Pu, and Am.

€F.P.R.E. ~ fission product rare earths.

dF.P. = fission products (except F.P.R.E.).

®For example, Nat, AL3+, Fe3+, co3+, N{2+, 5042', F-.

fLover HNO3 concentration for the CHPO-TRUEX process; higher concen-
trations for the CHP-TRUEX process. Oxalic acid only required vhen fis-
sion products are in the feed.

8Lover concentrations of HNOy for CHPO-TRUEX processes; higher ones

for CHP-TRUEX processes.

thdroxylammonium nitrate.

IThe actinide activity level in this stream is less than 100 nCi/g

of solidified waste form.

JThe solvent extraction behavior of technetium is greatly dependent

on the TRUEX process solvent and the relative streasm flows.

kKNon-TRU vaste stream.

lan optional operation where resin would be removed for recycle or
disposal.
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5= Pu (1Y)

U (YD

Am (N

0 1 2 3 4 & 8
[HNOZ),, W

Fig. 3. Distribution ratios of selected actinide fons as a func-
tion of the aqueous nitric acid concentcation. 0.20 M
CHPO - 1.2 M TBP-dodecane. 25°C »
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Fig. 4. Distribution ratios of selected actinide ions froa low
nitric acid concentration. 0.20 M cHPO -~ 1.2 H
IBP-dodecane, 25°C ™
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Fig. 5. Acid Dependency for the Extraction of Am(IIL) by
0.20 M CYPO - 1.2 M TBP-Norpar -12, 40°C,"
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Fig. 6. Influence of Temperature on the Acid Dependency of D,
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Fig. 7. Acid Dependency for the Extraction of Am(III) by
0.20 M CMPO - 0.80 M TBP-Dodecane, 25°C.
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DSW
1.04 KHO3 FIRST SCRUB (DT) SECOND SCRUB (DS)
0.184 HyC3 °ﬁ
Actinides
F.p.R.E.(4) HNO3  2.5M HNO3 0.4
F.p.(5) HaC204 O0.0&4 Fe(N03)3 0.01H
Flow = 1.0 Flow = 0.1667 Flow = 0.1667
L
J
: > 4
v ORGANIC PRODUCT (OP)
FEED (DF)
0s0(18XHPO 0.24
8P 1.44
N .
HNO3 1.4 ' HNO3 0.284
H2C204 0.184 Y HaC204 2x10-54
Fe(NO3)3  0.1%4 *;— Fe(NO3)3  4x10- 43_
A (NO3)3  0.0464 = La(NO3)3 1.5x10-3K
- :
La(K03)3 1.0x1073H =2 Am(NO3)3 2.5x10-%H
= l
Am(NO3)3 1.7x107% 2 Conoco 12-14
=
other(l) " S other(2)
Flow = 1.0 5 Flow = 0.667
P~
=
{78 ]

RAFFINATE (OW)

EXTRACTANT (DX) HNO3 0. 96
H2C204 0.1&4
‘ . | Fe(nO3)3 0.11H
04D(18)JCHPO  0.24 La{K03)3 5:10'7§
8P 1.4¢ Am <3x20-94(6)
Conoco 12-14 Other(3) =
Flow = 0.667 Flow = 1.333
NOTES

I. Other cations and anions from fuel,

2.
3.

oW O
. s .

cladding, and fissfon products fn QSM
as listed in Table 1VY-7. :
A1l other lanthanides, actinides, technetium,
Table 1V-7.

All metal fons not in organic eff]uent including almost all the non-rare
earth fissfon products (see Table 1Y-7). Low americium concentration

{s based on having seven extraction stages.

Fission Product Rare Earths.

Fission Products
€quivalent to <100 nCi/g solidified raffinate as metal oxioces.

and yttrium,.-3as Y{sted in

‘CHPO-TRUEX Process Flowsheet for Extraction

Fig. 9.
of TRU Elements from DSV Solution®
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CAM
FIRST SCRUB (DT) SECOKRD SCRUB (DS)

1.0 HNO3 :

Actinide

F.p.R.€,(4) HNO3  2.54 HNO3 0.54

F.p.(5) HaC204 0.064 * Fe(NO3)3 0.014

Flow = 1.0 Flow = 0.1687 Flow = 0.1667
«—] 16 9 HaC204
- per liter CA¥

3 ORGANIC PRODUCT (DP)
FEED (OF)
: 0-0(18)cHPO 0.2H
’ TBP 1.44

HHO;3 1.0 - HNO3 0.284

HaC204 0.184 NE H2C 204 2x10-4

Fe(HO3)3  0.134 2 Fe(NO3)3  4x10-“H

Al1(NO3)3  0.71H 3 La{NO3)3 1.5x10-3H

La(NO3)3 1.0x10-3H v 3 Am(NO3)3 2.5x10-4H

Am(NO3)3 1.7x10-%H = Conoco 12-)4

Other(l) EE Other(Z)

Flow = 1.0 = ‘Flow = 0.667

= .
= L.
A
RAFF INATE (OW)
EXTRACTANT (DX) HNO; 0.984
H2C204 0.144
Fe(NO3); 0.104

0,0(18 XCHPO  0.21 Le(Ri3)3  ex10-7H

T8P 1.44 Am <5x10~94(6)

Conoco 12-14 Other(3) -

Flow = 0.667 Flow = 1,333

NOTES

1. Other cations and anfons from fuel, cladding, and fission products in
CA¥ as5 listed in Table 1Y-9.

2. All other lanthanides, actinides, technetium, and yttrium, as listed
in Table 1Y¥-9. ’

3. A1l meta) {fons not in organfc effluent including almost all the non-
rare earth fission products (see lable 1Y-9)., 'ow americium concen-
tration {s based on having six extraction stages.

4. Fision Product Rare £arths.

5. Fission Products.

6. Equivalent to <100 nCi/g solidified raffinate as metal oxides.

Fig. 10. CHPO-TRUEX Process Flousheet for Extractlon
of TRU Elements from CAW Solution%
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Fig. 11 . The Americium Concentration in the
Organic and Aqueous Phases of Each.Stage
of the Countercurrent Experimen: at
Near-Steady-State. (Darkened symbols,

not connected by line, were batch con-
tacts.)
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Fig. 12 . The Plutonium Concentration in the
Organic and Aqueous Phases of Each Stage
of the Countercurrent Experiment at
Near-Steady-State ¢
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Fig..13.
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Extraction of Nitric Acid, Oxalic Acid, and Technetium
versus Aqueous Nitrie Acid Concentration using
0.20 M 0¢4D({3)CMPO ~ 1.4 M TBP-Conoco(C;5-Cj4), Dh,C,0, and

Dpe at 40°C, [HNO3), . at 25fc3‘
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Table 1. Composicion of Synthetic Waste Solutions.'’
Concentration, mol/L

AW DSYW SFP
"Acids
RNO, 1.0 1.0 (1.0-6.0)2
H,C,0, (0.10-0.20)2 (0.05-0.20)% 0.1
Non-Fission Product Cations
Na 0.20 0.15 -
Mg - 0.0016 -
AL 0.60 0.046 -
Ca - 0.0014% -
Cr 0.0L5 0.014 -
Fe 0.15 0.15 5x1073
Ni 0.007 0.0080 -
Cu - 0.0018 -
Anions
130 0.15 0.008 -
5042- 0.20 0.012 -
N02~ - 00005 -

a - concentrations were varied within this range.
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Table 1. ~ Composition of Synthetic Waste Solucions:’ (Conc.)

Concentration, mol/L

AW DSW SFP
Fission Products
Se 4.2x107> 9.5x107° 4.3%x107°
Rb 2.6x107% - 2.7x1075
st 6.2x107% 1.4x1073 6.4x107
Y 3.5x107% 7.0x107% 3.6x107%
Zr 2.6x1073 6.2x1073 2.7x1073
Mo 2.4%1073 1.6x107% 2.2x1073
Ru 9.9x10™% 2.0x1073 1.0x1073
Rh 2.5x1074 5.7x107% 2.6x1074
Pd 8:8x107% 6.6%10"% 9.1x107%
Ag 3.7x1073 3.0x1073 3.8x1073
cd 5.0x107° 4.4x1073 5.2x107
Te 2.9x10™% 3.3x107% 3.0x1074
Cs 1.2x1073 - 1.2x1073
Ba 8.1x1074 2.1x1074 B.4x107%
Fission Product Rare Earths
La 6.1x1073 1.0x1073 6.3x1074
Ce 1.2x1073 2.4%1073 1.2x1973
Pr 5.7x107% 9.2x1074 5.8x107"
Nd 1.9x1073 2.7x1073 2.0x1073
Sm 3.9x107% 3.9x1074 4.1x107"
Eu 7.5%107> 4.8x107° 7.7x107°
- 1.2x1073.

Gd
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Table 2 Typical Composition of Acidic High-Level Waste™)

Component Concentration, M Compcnent Concentration, H
" HNO,4 1.0 Rh 2.5x1074
Pd 8.&x1074
Na. 0.20 Ag 3.7x1072
Al 0.60 cd 5.0x107°
Cr 0.015 Te 2.9x10”
Fe 0.15 Cs 1.2x1073
Ni 0.007 Ba 8.1x1074
F- 0.15 La 6.1x1073
so&%j 0.20 Ce 1.2x10~3
NO, 0.005 Pr 5.7x10™
Nd 1.9x1073
Se 4.2x107° _ Sm 3.9x10™
Rb 2.6x1074 Eu 7.5x10”
St 6.2x10~4 cd 1.2x1077
Y 3.5x1074
Zr 2.6x1073 ) 12-48 mg/L
Mo 2.4x1073 Np 25-50 mg/L
Te 1.0x107> Pu 0.2-0.4 mg/L
Ru 9.9x104 An 0.005-0.05 mg/L

Table 3. Typical Composition of Plutonium Scrap Waste

Component Concentration, H Component Concentration, M
BNO4 1.5 Mn 0.003
Fe 0.03
F 0.09 N4 4x10”
Cu . 3x10~
Be 7x107 Zn 6x107!
Na 0.04 Pb 5x10°
Mg 0.06
Al 0.43 U 0.7-700 mg/L
K 0.003 Tu 3-14 nmg/L
Ca 0.06 Am 1-3 mg/L
cc . 4x107%
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TABLE 4. Composition of Candidate TRUEX Process Feeds at the U.S. DOE Hnnford.SLtes)

PFP? Waste cc® Liquid Waste
Constituent® Concentration, H Conatituentd Concentration
No,” 3.0 Na 9.9 ¥
RNO 1.5 N0~ 3.6
Al 0.43 Noz' 1.1
F- 0.09 c032‘ 1.1
] 0 to 0.02 AL(oR), 0.37
Pu 1075 o 107" OH™ 0.18
28 1pn 1076 to 10”5 TOC® 0.039 kG L~!
137¢4 1.4x10% Bq wL™!
83, 305, 6.4x10°
241pm 1.9x103
233,24 0py 2.1x102

“Plutonium Finishing Plant. -

bComplexant Concentrate.

CConcentrations of Be, Cr, Ni, Cu, Zn, and Pb all <6x10”Y M.

dSmall (<1072 M) concentrations of Mg, Mo, Cr, Zn, Cd, Ca, Cu, Pb, Zr, Ba, La, ML, and Nd also
present.

€10C = Total Organic Carcbon.

100-16 60%8[L ONd
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Table 5 . Vaste Feed Soluticos

Conceatration, H

— Hodi{ficd :
Bsv7| DSwa CAV
Acids
HNO4 1.0 1.0 1.0
HCo0y 0.2 0.2 0.18
Non-Fission Product Cations
Fe 0.15 0.136 0.13
Al @048 @7 @7
Na ‘ 0.15 0.136 0.18
Others? (€2, 80, Be,S Ca, Cu, Hg,
Hn, Si,¢ Ti) 0:031 0.025 0.03¢
Anions
-d -
NO3 1.9 3.8 3.0
F- 2- 3-¢ 0.008 0.007 0.15
Others® (so;”, Po; ) 0.012 0.011 0.27
Fission Products
ir 5.6E-3 5.1E-3 S.6E-3
Ho 1.8%-4 1.6E-4 1.8E-4
Y 7.38-4 6.6E-4 7.3E~4
Ru 2.1E-3 1.9E-3 2.15-3
Pd S.4E-4 4,9E-4 S.&E-4
TcC 0.0 0.0 9.8E-4
Others® (Cd, Nb, Se, Rb,€ Sr, Rh,
Ag, Sn, Sb, Te, Cs,© Ba) ,
3.6E-3 3.3E-3 6.5E-3
Fission Product Rare Earths
La 1.0E-3 9.1E-4 1.0E-3
Ce 2.4E-3 2.2E-3 2.4E-)
Pr 9.2E-4 8.4E-4 9.2E-4
Nd . 2.7E-3 2.5E-3 2.7E-3
Others® (Pm, Sm, Eu, Cd) 7.4E-4 6.7E-4 7.4E-4
Actinides Including TRU
Am 1.7E-4 1.5E-4 1.7E-4
Others® (U, Np, Pu) % 4E-4 3.1E-4 3.hE-4

’AI(NO3)3-9H20 sadded when processing DSW with DHDECHP extractant.
DThe sum of the concentrations of all constituents in this category.

CThis coostituent i{s not found in DSV wvaste feed solutions.

dIncludes nitrate from nitric acid.
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Table 6 {#SuRfHRAREEEZ"Y

AW DSW SFP TVF TRPHAW {ik -
Eﬁ .
NHOs LOM/ /72| LOM/2] 1.0~ 6.0 50 M/ 2| 2.0M/2 | TYP, TRHAWIZ®\
M/ ¢
HzCzOq 0.1 ‘*0.2 0.05"0.2 0.1
Non FP ##iy
Na 0.20 0.15 1.94 0.97 TVF, TRPHAWIZAWD
Al 0.60 0. 064 10~5 %,
, AlR&Ehizw,
Cr 0.015 0.014 0. 004 0. 0074
Fe 0.15 0.15 5 X108 0.15 0. 04 TRPHAWA#91/4 it
Ni 0.07 0. 008 0.04 0. 0051 2E L,
Non FP 721y
- 0.15 0. 008 TVF, TRPHAWIC (2 & &
50,2~ 0.20 0.012 hisu,
N0z~ 0. 005 ‘B E
FP TVF, TRPHAWIZAW,
Rb 2.6X10™* - 2. 7X10"* 7.4 X10°°* | 7.1X10"% |DSWiickkLT1#4
Sr 6.2X1074 1.4x10°° 6.4x10™* 1.76 X107 | L.7X10°% | —%—BBEMEL,
Y 3.5X107¢ 7.0%X10°4 3.6X10°4 9.82 X10°% | 9.8%10"®
Ir 2.6X10™° 6.2X107° 2.7%10°° 7.04 X107 | T.1X1072
Mo 2.4X107% 1.6X107* 2.2X10°° 6.04 X107%| 6.1%x10°2
Ru 9.9%10™ 2.0X10"* 1.0x107? 3.38 X10~* | 3.4Xx10°®
Rh 2.5X1074 5.7Xx104 2.6x10°* 7.78 X107% | 6.8x107°
Pd 8.8x10°* 6.6x10™4 9.1x10°* 1.75 X1072 | L7X1072 | 24—%—FE\,
Te 2.9%1074 3.3x10™ 3.0x10°4 1.48 x107?| 1.5%x10°2 |[@ kt
"Cs 1.2x1072 - 1.2x10°° 3.26 X107 | 3.2x1072
Ba 8.1X107* 2.1x10™¢ 8.4Xx10°* 2,10 X102 | 1.9x10°2 |[F L
FP RE 1A= —%\,
La 6.1x10™* 1.0X107% 6.3x10°* 1.55 X1072 | 1.6X10"2
Ce 1.2x10°° 2.4%107° 1.2x10"° 3.00 x10°%! 3.2x10°?
Pr 5. 7X107* 9.2Xx107* 5.8X107* 1.41 X107? | 1.5X10"* | 24— —&\,
Nd 1.9x10"° 2.7%x10* 2.0%107* 4.92 X107 | 4.9x10°*
Sm 3.9x10°* 3.9x10™* 4.1%X10°* 9.90 X10~%| 1.0%x10°? 1~24—F—Fwn
Actinidss
U 12-48ng,/ 2 1.6 g/2| 1.2¢g/8 TVF103~ 240f%
TRPHAW 102~25{%
Np 25-50 0. 758 0. 758 30~125 f&
Pu 0.2-0.4 51 g/ £ 52 ng/ £ |250 ~ 125¢%
Am 0.005~0.05 | 41 mg/ £ 120 120 DSW icHL 3{%
Cm
Z0fth 82 82
(AnBA54)
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Table 7

ALPHA LIQUID WASTES TO BE TREATED

)

acidic waste oxalic waste

- alkal. waste

analytical wastes

Type 1 Type 2

HNO5 37M OxalicAc. 0.6M

Pu 24 HNO4 ™

U © 433 g Pu 50.1¢g
U 9.14g

Volume 934L Volume

Type 3 .
NH40OH 11M

NH4NO3 0.5M
CCly lraces
T™FA()  0.5M
Pu 149

153 L Volumei1s.1 L

Type 4a Type 4b
HSCN ' 0.02M AgNO3 209/
Fe(SO4)3 0.03M Fe(SOg4)3 0.01M
H2504 0.7M U 1017 g
H3POy4 2M Pu 12.56 ¢
HNO; 0.06M others(®) lraces
U 815g

Pu 209

others(™") lraces

Volume 50 L Volume

36 L

(°) telrahydrolururylic alcohol;
(°) Al[NO3)3, HSCN, Cep(SO4)3

() (NH4)5M07024‘24H20. (CsHsNHC5H4503)283, KoCrOy

TABLE 8 VOLUMES AND U AND Pu CONCENTRATIONS OF HIGH
LEVEL LIQUID WASTES PRODUCED BY THE CASACCIA PLUTONIUM

PILOT PLANT ®

Waste type Volume (L) Pu (g) Enriched U (g)

Nitric wastes 952 244 63

Oxalic wastes 154 . 51 9.2

Analytical wastes 86 33 1885 (U,

Sol-gel wastes 15 14 —

Other solutions stored in the plant

Pu in nitric soln 6.5 21 —

Pu and U in nitric soln 27 3.2 5.1

U in nitric soln 4 —_ 0.7

Organic wastes 21 3.1 -

Total 1265.5 369.3 1963.6 (U0
78.6
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TABLE 9. TRUEX Flowsheet Features>

Application Scrub Strip Concentration Fuctor*
—_)ﬂfi_________—————Bk}ute—ﬂﬂ63 (02 Dtlute-HNOJ—éAmTCm) TRU (III) - 3

HNOJ—oxalic acid

HF or H,Cy0, (Pu,Np)

TRU's (III,IV) - 10 to 25

Pu Scrap Dilute HNO4 Dilute HNO, (An) Am (TII) -3

Waste Dilute HNO4-HF (Pu) Pu (IV) - 6
Chloride 6 M HC1 1 to 2 ¥ HCL (An,Th) Am - 5 to 10
Salt Waste

HF or H,C,0, (Pu,Np,U) or

Reductant (Pu,Np)

Pu, Np - 5 to 10

mwhm——*_———__t:
*Conc. Factor = [TRU] in Strip/(TRU) in Feed

100-16 60¥8[L ONd
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TABLE 10 TRUEX Process Solvents>

CHPO, H Inp, M Diluent Use
0.20 1.2 to 1.4 Normal Paraffinic Hydrocarbon HLW
€127C13
0.25 1.2 Iso-Paraffinic Hydrocarbon HLW
- C12
0.25 0.75 to 1.0 cc1,, TCE* Pu Scrap Waste
0.50 0 to 1.0 TCE” Chloride Salt Waste

*TCE = tetrachloroethylene

100-16 60%8[L ONd
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Table 11 Maximum Loading of CMPO Extractants with Nd(TIL) 0.2 M
CMPO-1.2 M TBP - Norpar -12, 3 M HNO5, 25°C."

Extractant Z Loading
TMPe ¢D(1iB)CMPO 50
FH¢D(iB)CHPO 60
0¢D(1B)CMPO 70

Table 12 Distribution Ratlos of 0¢D({B)CMPO,

TBP 0.2 M CMPO - 1.2 M TBP - Norpar -12.0

EH¢D(iB)CMPO, and

Extractant

04D(iB)CHPO

EH4D(iB)CHPO

EH$D(iB)CMPO

EH¢D(1iB)CHMPO

Aqueous Phase
1 4 HNO,
1 ¥ HNO,
1 H HNO,

0.25 H Na,CO4

Temperagure °C
25
25
50°c

25°C

Deeo

6.1xlo?
6.7x103
1.0x10%

2.0x104

Drgp

1.6x10°

l.3x103
1.9x10°3

2.8x103
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Table 13- The Influence of Chain Llength of the Diluent on Loading
Capacity of O'D(iB)CMPO Solutions."
Org. Phase 0.2 M O'D(iB)CHPO - 1.2 M TBP - NPH
Ag. Phase Nd(III) in 1 M and 3 HNO;, T=25°C

Z Loading
Diluent (NPR) 1M HNO4 3y HNO 5
Decane 100 [00
Dodecadne 100 70-75
Tridecane 55-60 30-35
Tetradecane 30-35 *
Hexadecane <5 *
100Z C,,/0% C)4 - 70-75
15% C)o/25% Cy5 - 50-55
507 CIZ/SOZ Ci3 - 45-50
257 C12/7SZ C13 - 30-35
0% Cy,/100%Z C,54 - 30-35
Norpar—12 100 70-75
‘Conoco(ClZ-Clh) 50-55 25-30
SRP Solvent 45-55 20-25

*Second organic phase forms with 3 i HNO5 in the absence of

Nd(I1I).
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Table 14 . Loading Capacity of Variable Concentratloas of
04D(1B)CMPO in 1.2 M TBP - Norpar ~12.")
Aq. Phase Nd(1II) in 3 M HNOj, T=25°C.

0¢D(iB)CHPO T3P/CHMPO % Loading Total Capacity
| M of Na3*
0.20 6.0 70-75 0.046
0.25 4.8 55-60 0.046
0.30 4.0 45-50 0.045

Table 15. vloading Capacity of 0.20 M O04D(iB)CHPO in Conoco
(CIZ—clﬁ) Containing Variable Quantities of TBP.

25°c ¥/
(TBP) 7Z Loading
B 1.0 M HNO4 3.0 M HNO,
1.20 50-55 25-30
1.40 100 50-55
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Table16. Compositinon (in weight peccent) of NPH Diluents."?

Catrbon Chain Worpar -12 Conoco Cy4H_y SRP
Length

10 13 1 -
11 36 ' 2 0.5
12 44 12 9.5
13 7 56 48
14 - 28 40
15 - 1 2

Table 17. Americium Extraction by 0.25M CMPO in TCE
from HNO3/NaNO3 Solutions, 25°C

DAm
[HNO3], [NaNO3], '

H H Measured Calculated
0.5 1 63.3 63.0
1.0 1 30.1 30.6
2.0 1 8.6 9.7
4.0 1 2.2 2.8

0.25MCHPO—0.T5MIBP TCE —HNOsR
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Tablel8 HNOs/CMPO/TBP/HPH FRIiT 353> B A m 1 A I DEFEETT—FZ — U X bk

Dan— (HNO) aq (0~10M) BEZ&HEY X b

Ref « No. (HNO3) aq (H2C20.) aq  ZoOfthZE=E TRUEX solv. #BX B E Pig. 7= Table W %
(M) M) CMPO.” TBP./ NPH C)
M M
3) 0-6 - - 0.2 / 1.2/Dodecane 25 Fig. 3 Pu(IV), Np(IV), U (VD)
Np(V) dhigdb b
0 —0.08 - - 0.2 / 1.2Dodecane 25 Fig. 4 Pu(IV), U (VI), Np(V)
i = EY)
1) 0.01 - - 0.2 / 1.2/Norpar-12 40 Fig. 5 EHéD (IB) CMPOHEERS b
~10
1 0.01 - - 0.2 / 1.4/Conoco (C12—C14) 30, 40 Fig. 6 BEORE
~10 & 50
1) 0,01 - - 0.2 / 0.8,/Dodecane 25 Pig. 7 HOE®D (IB) CMPO, EH¢D
~10 ) (IB) CMPODF—5—3 b

LA DT — & — i3 CMPOBEBEAS 0.25, 0. SM# /it 0. 1IMT TBPAS0. 75SM &4 O M Diluentd® TCBy CCLow FHY V. 0=+ LY. DEBST YHTREVDTER LA,
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Table 19. Disccibucion ratios from an acid high-level wascte
(0.15 M HyCp0,) ™
Organic Phase 0.2 M CHPO -~ 1.4 M TBP-Conoco CIZ‘CIA
0/A = 0.5, T-= 40°c

Component D Component D
HNOj 0.3 Rh <107}
Pd 0.4
Na <10—2 Ag <1o-1
Al <10 2 cd - <107}
Cr <1072 Te <10~}
Fe 0.05 Cs <10~
N1 <1072 Ba <10™2
F. - La 4
50,2” - Ce 6
NO, - Pr 6
Nd 6
Se <1072 Sm 6
Rb <1072 Eu 5
Sr <1072 ) Cd 4
Y 2
Zr 0.04 U(VI) 310
Mo 0.2 Np(IV), Np(V) >10°, <0.5
Te 3 Pu(Iv) >103
Ru 0.4 Am(III) 7

Table 20' Distribution ratios from a Pu scrap waste solution
Organic Phase 0.25 M CHPO - 0.75 H TBP-CCL, ™

0/A = 0.33, T = 30°C

Component D Component D
HNO, 0.2 Mn <0.01
' : Fe 0.06
F - Bu <0.01
Cu <0.01
Be <0.04 Zn <0.0!
Na <0.01 Pb <0.01
Hg <0..001
Al <0.0001 u(v1) 5102
K <0.01 Pu(IV) - >103
Ca <0.01 An(III) 17
Cr <0.001
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Table 21 Distribution Ratios of DSW Constituents as a Function of

Oxalic Acid Concentration in the Feed.'’
Organic Phase 0.2 M O¢D(iB)CHMPO - 1.4 ¥ TBP-Conoco
40°c, 0/A = 0.5.

Distribution Ratio

Element 0.05 H 0.10 M 0.20 H
St <1072 <1072 <1072
Y 1.5 1.5 1.1
Zr 0.58 0.13 0.013
Mo 0.80 0.31 0.11
Tec NA NA 3.0
Ru 0.39 0.38 0.30
Rh 0.078 0.080 0.11
2d 0.71 0.65 0. 44
cd <0.04 <0.04 <0.05
Ba <1072 <1072 <1072
La 5.2 5.0 3.4
Ce 8.2 8.2 S.4
Pr 9.1 8.0 5.7
Nd 9.0 8.6 5.6
Sm 7.9 7.8 5.1
Eu 6.8 6.8 4.4
Am 10.0 10.0 7.1
Al 0.012 0.0097 <0.006
Mn 8.5x1073 9.5x1073 1072
Fe 0.057 0.057 0.041
Cu 0.014 0.014 <0.007

NA - not analyzed.

g
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Table 22. The Effect of Nitric Acid Concentration on Selectivity
- Organic Phase 0.2 M 0¢D(iB)CMPO - 1.4 M TBP-Conoco "’
Aqueous Phase SFP - O.l_§.H2C204
0/A = 0.5, T = 40°C

Discribucioa Ratios

Element 1 H HNO4 3 M HNO5 6 M HNO,
Am 7.2 11 8.3
st <1072 <1072 <1072
Y 0.74 1.6 3.0
Zr 0.005 0.039 2.7
Mo 0.08 0.15 1.1
Te 3.0 0.78 0.27
Ru 0.22 1.1 0.38
Rh <0.2 <0.2 9.2
Pd 0.23 0.22 | 0.2i
cd <ot . <07} <107}
Ba <1072 <1072 <10~2
la 3.2 3.8 2.3
Ce 4.7 6.4 4.6
Nd 4.3 6.9 5.8
Sm 4,7 7.9 8.1
Eu 4.5 7.1 7.8
Fe 0.017 0.077 2.3
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Table 23 TRUBK o 2ickit AU, TR, BP, FPLy BLUF
BT /ORRT-5-V A ) GRAH-B)"

H2C204
M 0. 05 0.10 0.15 0.20
HNOsM
1 DSW DSW HAW DSW
SFP
3 - SFP - -
6 - SFP - -

Solv.  0.2MCMPO 1.4MTBP Conoco (Ci2—C14)
® E 40 °C, 0/A = 0.5

DSW Dissolved Sludge Waste

SFP Synthetic Fission Products Solution

HAW High Active Waste
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Table 24 The Effect of Feed Composition on Distribution Ratio of Various
Constituents in the Feed Solutions Aqueons Feeds : DSW, SFP. HAW
C(HNOs, 1 M H2C204 O.1M, O.15M& 0.2MD , Organic Phase
0.2 MCMPO/1. 4MTBP/Conoco 40°C, O/A=0.5

Distribution Ratio

=1.-

Element 0. IMH.C,0, 0. IMH,C,0, 0. 15MH,C;0, 0. 2MH,C,0,
DSW SFP HAW DSW
Am 10.0 7.2 7.0 7.1
Sr <10°? <1072 <10-? <10~
Y 1.5 0.74 2.0 1.1
Ir 0.13 0. 005 0.04 0.013
Mo 0.31 0.08 0.2 0.11
Te NA 3.0 3.0 3.0
Ru 0.33 0.22 0.4 0.30
Rh 0. 080 ' <0.2 <10-! 0.11
Pd 0.65 0.23 0.4 0.44
Cd <0.04 <10°! <10°! ) <0.05
Ba <107 <1072 <107 <102
La 5.0 3.2 4 3.4
Ce 8.2 4.7 6 5.4
Nd 8.6 4.3 6 5.6
Sm 7.8 4.7 6 5.1
Bu 6.8 4.5 5 4.4

Pe 0. 057 0.017 0.05 <0.041
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Table 24-2 Distribution Ratio of Peed Constituents as a Punction of Oralic Acid Concentration in the Reed

Drganic Phase 0. 2MCHPO-1.4 M TBP~Conoco, 40 0/A = 0.5

Distribution Ratio

Element H.C.04 0. 05M 0. 10M 0. 10M 0. 15M 0. 20M Note
Feed DSW DSW SFP AW* DSW
Sr <10-2 <1072 <1072 <1072 <1072
Y L5 1.5 0.74 2 L1
ir 0.58 0.13 0. 005 0. 04 0.013
Mo 0.80 0.31 0. 08 0.2 0.11
Te NA NA 3.0 3.0 3.0
Ru 0.39 0.38 0.22 0.4 0.30
Rh 0.078 0. 080 <0.2 <10™! 0.11
Pd 0.71 0. 65 0.23 0.4 0.44
Cd <0, 04 . <0.04 <i0! <107t <0.05
Ba <10™2 <10-2 <10-? <107? <102
La 52 5.0 3.2 4 3.4
Ce 8.2 8.2 4.7 6 5.4
Pr 9.1 8.0 - 6 517
Nd 9.0 8.6 4,3 6 5.6
Sm 7.9 7.8 4.7 6 5.1
Eu 6.8 6.8 4,5 4 4.4
An 10.0 10.0 7.2 7 7.1 ¥ AWIZHoW\WT
TRUSEL
Al 0.012 0. 0097 1072 <0. 006 U (VWD) >102
Mn 8.5 X103 9.5 x107? - 10-2 Np (VD) >10°
Fe 0. 057 0. 057 0.05 0. 041 Np (VI) <0.5
Cu 0.014 0.014 <0, 007 Py (VI) >10°

NA—not analyzed
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Table 25 Waste Feed Solutions?®’
Concentration, M
AW DSW SFP
Acids
HNO, 1.0 1.0 1.0
H2C20, 0.15 0. 05~0. 10 0.10
0.20
Non-Fission Product Cations
Fe 0.15 0.15 5 %x107?
Al 0. 60 0. 046 -
Na 0.20 0.15 -
Others ( Cr, Ni, Be, Cd, Cu, Mg, Mn, 0. 165 0.023 -
5i, Ti)
Anions
Nos~
F- 0.15 0.008 -
Others ( S04%-, P0O%~) 0.20 0.012 -
Fission Products
Lr 2.6x107% 6.2 x10°8 2.7%x10°8
Mo 2.4x%107° 1.6 x10™¢ 2.2x1078
Y 3.5x10°* 7.0 X10~* 3.6x10"*
Ru 9.9x10™* 2.0 X107 1.0x10°3
Pd 8.8%x10°* 6.6 x10°4 9.1x10*
Te
Others ( Cd, Nb, Se. Rb, Sr, Rh, Ag, Sn,
Sb, Te, Cs, Ba ) 3.56x107° 2.68 X107 3.64%10°°
Fission Product Rare Earths
La 6.1x1078 1.0 x10°% 6.3x10*
Ce 1.2x10°% 2.4 x10°° 1.2x10"%
Pr 5.7%x10"* 9.2 X101 5.8X10™*
Nd 1.9x1073 2.7 X10°° 2.0x10°8
Others ( Pm, Sm. Eu, Cd) 4.65x10™* 4.38 X107 5.0x10"*
Actinides Including TRU
Am 1.7x107* 1.7X1074
Others ( U, Np, Pu) 3.4x10™ 3.4X1074
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Table 26 Distribution Cocfficients for Various DSW
Counstituents Using CHPO-TRUEX Process
Solvent at 40°C*
Distribution Coe(ficients®
Extraction Scrub
Other " MNext to Feed
Stages Feed Stage Stage First Second

Acids

HNO;y 0.3

H.C40, 0.06
Non-Fisslion Product Cations

Fe 0.04

Cr <0,001

Ni <0.001

Al <0.01

Na <0,001

Ca <0.01

Cu <0.01

e (<0.01)®

Hn <0.01

Ti (<0.01)b
Fissfion Products

Zr 0.04

Cd <0.1

Nb (0.04)%

Ho 0.8

Se (<c.01)®

St <0.01

Y 4,0 3.3 1.8 1.97 1,0

Ru 0.10 0.15 0. 4

Rh <0,1

Pd 0.40 0.40 0.50 0.3 0.5

Ag . <0.1

Sn {<o0.01)b

sb (<0.01)®

Te (<0.01)®

Ba <0.01

Te 2.5 2.5 3.0 J.0 3.
Fleslon Product Rare Earths

La 6.4 5.4 2.9 3.3 1.7

Ce 11 8.8 4,8 5.2 2,6

Pr 12 10 5.4 5.9 3.0

Nd 10.3 8.6 4.6 3.1 2,3

Pw (8.8)% (8.6)® (&.6)0 (5.1)® (2.3

Sw 7.5 8.6 L.6 5.1 2.3

Euv %.0 7.5 L,1 L.5 2.2

Ccd 5.8 L.8 2.6 2.9 1.3
Actinides Including TRU

U >100

Np >100

Pu >100

Am 12 10 3.4 6.9 a
SI( one valuc appllcs 70 all stagces, this value s shovn In the {eed atage

coluan.

Ofatlinated.
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Table 27 Disctribution Coefficients for Various CAV
Constituents Using CHPO-TRUEX Solvent at
40°CH

Dlstridutioo Coefficiecots?
Ixtraction Scrud
Other Next to feed
Stages Feed Stage Stage Firat S<cond
Aclde
HNOJ 0.)
H3C90, 0.06
Non-F{ssfon Product Cations
Fe 0.048
Cr €0.001
N{ <0.001
Al <0.01
Be (<0.01)®
Ra <0.00:
Ca <0.01
Cu <0.01
Kg (<0.01)®
Hn <0.01
st (<0.01)®
T1 (c0.01)b
Fleslon Products
2r 0.048
cd .1
Nb (2.048)°
Ho 0.3z 0.3% 0.28° 0.28
Se (<0.01)®
RD (<0.01)®
St <0.01
Y L.8 3.96 2518 1.97 1.0
Ru 0.12 0.18 08 < N
Rh <9.3,¥
Pd 0.46 0..8 HeY v, 0.5
Ag <0.1
Sn (¢0.01)®
st (<0.01)®
Te (<0.0i)®
Cs (c0.01,®
Ba <0.01t

Te 3.0 3.0 PR 3.6 3.

Flesion Product Rave Eatths

La 1.2 6.9 L 3. 1.7
Ce 13.2 0.6 (I}??ﬁ 5.2 2.6
Pr 4.4 12.0 . 3.9 3.0
Nd 12.¢ 10.) 5.3 5.1 2.9
P (1c.8)® (10.3)® (5.3)b 25.1)%  (2.3)0
Sm 9.0 10.) 5.3 3.1 2.3
L 10.8 9.0 L.y 2.2
cd 1.0 5.8 ﬂﬂjf? 2.9 1.3
Actinides Including TRV

u 2100

2100

Hp

Pu O
An 16,6 12.0 ‘EEE;) 5.0 3

“1f one value applics to all stages, this valuc ts shovn In the {ced stage

coluen,

bratiasted,
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Table27-2 FE %~ D DSWI5 I TN CAWEK ST D CMPO-TRUE X2 ikt =4
FHA W7o DS ELCREL D EEET 782 - 40°C (1/2)

43 B /L B2

fthd TJ4—F 74—F k& kB
RTF—=Y RDRATF— AF—T F 1 g 2
DSW CAW DSW CAW DSW CAW DSW CAW DSW CAW
Acid
HNO3 0.3 0.3
H2C204 0.06 0.06
Non FP cations
Fe 0.04 0. 048
Cr <0.001 <0.001
Ni <0.001 <0.001
Al <0.01 <0, 01
_Na <0.001 <0.001
Ca <0.01 <0, 01
Cu <0.01 <0,01
Mg (<0.01) (<001
Mn <0.01 <0.01
Ti (<0.01) (<0.01)
FPs
ir 0.04 0.048
Cd <0.1 <0.1
Nb (0.04) (0. 048)
Mo 0.34 0.34 0.28 0.34 0.28 0.28
Se (<0.01) (<o0.01)
Sr . <0.01 <0.01
Y 4.0 4.8 3.3 3.96 . 1.8 2.16 1.97 1.97 1.0 1.0
Ru 0.10 0.12 0.15 0.18 0.3 0.36 4.0 4.0 4.0 4.0
Rh : <0.1 <0.1
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Table27-2 4~ > DSWIES k¥ CAWEK ST CMPO—TRUEX 725 45 =

W72 R D STEESRECD EEET B2 : 40°C (2/2)

5 BHo R &K’

100-T6 60%8[L ONd

fth J4—F TJ4—F ® & & &
AF—=Y RORF =Y RF =Y 1 £ 2

DSW CAW DSW CAW DSW CAW DSW CAW DSW CAW
Pd 0.40 0.48 0. 40 0.48 0. 50 0. 60 0.5 0.5 0.5 0.5
Ag <0.1 <01
Sn (<0.01) (<0.01)
St (<0.01) (<0.01)
Te (<0.01) (<o0.01)
Ba <0.01  <0.01
Te 2.5 3.0 2.5 3.0 3.0 3.6 3.0 3.0 3.3 3.3

FPREs
La 6.4 7.7 5.4 6.5 2.9 3.5 3.3 3.3 1.1 L7
Ce 1.0 13.2 8.8 10.6 4.8 5.8 5.2 5.2 2.6 2.6
Pr 12.0 14.4 10.0 12.0 5.4 6.5 5.9 5.9 3.0 3.0
Nd 10.3 12.4 8.6 10.3 4.6 5.5 5.1 5.1 2.5 2.5
Pn (8.8) (10. 8) (8.6) (10.3) 4.6) (5.5) (5.1) G.1) 2.5) (2.5)
Sm 7.5 9.0 8.6 10.3 4.6 5.5 5.1 5.1 2.5 2.5.
Bu 9.0 10.8 7.5 9.0 4.1 4.9 4.5 4.5 2.2 2.2
cd 5.8 7.0 4.8 5.8 2.6 3.1 2.9 2.9 1.5 1.5
Actinides Including TRU

U >100  >100
Np >100  >100
Pu >100 >100
Am 12.0 14.4 10.0 12.0 5.4 6.5 6.0 6.0 3.0 3.0

cRRF—VICED 1 DOEDBE S HET 4 — FRF— UicR Lita
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Table 28 Distribution Ratios of Actinide Elements
in Each Stage of the Countercurrent
Experiment ¢

Distribution Ratio

Stage? u® Np Pu® Am
0 NAC NA NA 7.6
1 NA 0.36 NA 7.5
2 NA 0.68 NA 7.4
3 NA 0.96 NA 7.3
4 NA 1.2 NA 7.2
5 NA 1.7 34 7.1
6 <102 1.9 39 6.5
7 2.6 x 102 3.3 32 5.2
8 5.1 x 102 4.2 NA 9.4
9 6.1 x 102 2.3 NA 9.7

10 6.5 x 102 4.1 NA 9.1

11 6.5 x 102 3.1 HA 10.0

12 N4 2.3 N 6.7

13 NA 2.3 NA 3.0

4Stage 7 is the feed stage; stages 0-7 are extraction
stages; stages B8 and 9 are scrub onc¢ stages; and
stages 10-13 are scrub two stages.

bOrganic phase concentrations were not measured; dis-
tribution ratios were estimated by material balance.

CNA means not analyzed.

Table 29 Steady-State Decontamination Factors of TRU Elements and Uranium
from Simulated DSW<?

Number of Extraction D.F. Calculated or
Stages to Heasured Heasured Heasured after Seven
Element D.F. D.F. Extraction Stegces
u 2 1.3 x 10% 1.0 x 10l6°
Np 7 6 6
Pu 4 1.0 x 103 5.0 x 10l4®
Am 8 4.6 x 10% 1.0 x 10%

2Because stripping of solvent is never perfect, some residual concentration
of these species will be in the recycled solvent; therefore, thesc values
would not be achieved in actual practice.
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Table 30 Distribution Ratlos of Nonfission Products in Each Stage of the Countercurrent Experiment ¥’

Distcribution Ratio 2,0

Stage No.C Hzoxd Hg Al Ca Cr | Hn Fe Ni Cu
L 1.1 x 10-1 <10-2 <10-2 <10-2 <10-3 1.1 x 10-2 3.7 x 10-2 <10-2 <10-2
2 1.0 x 10-! <10-2 <10-2 <10-2 <10-3 1.2 x 10-2 4.2 x 10-2 <10-2 <10-2
3 NA® <10-2 <10-2 <10-2 <10-3 1.2 x 10-2 4.4 x 10-2 <10-2 <10-2
4 NA <10-2 <10-2 <10-2 <10-3 1.2 x 102 4.3 x 10-2 <10-2 <102
5 1.1 x 10-! <10-2 <10-2 <10-2 <10-3 1.3 x 1072 4,4 x 10-2 <10-12 <10-2
6 1.6 x 10-1 <10-2 <10-2 <10-2 <10-3 1.2 x 1072 4,2 x 10-2 <10-2 <10-2
7 9.0 x 10-2 10"2 1.6 x 1072 «¢10-2 <10-3 8.9 x 10-3 3.8 x 10-2 <10-2 <10-2
8 2.1 x 10-} NM N N NH NH 4.7 x 10-2- N N
9 2.2 x 10~} NK NH NH N NH 5.3 ; 10-2 N N

10 2.4 x 1071 NH NM NM MM Rl 4.2 x 10-2 NM NH
11 1.7 x 10-! i NH NH . . N N 4.8 x 10-2 NH NH

MA number vritten with “¢" prefix mesns that the concentration of that specles in the organic phase was
belov [ts detection limit., The number jiven Is the detectlon limit divided by L{ts aqueous phase concentra-
tion.

PHH means that the concentration of a specles vas below the detectfon li{mit in both phases.

Stage 7 Ls the feed stage; stages 1-7 are extractlion stages; stages 8 and 9 are scrub one stages; and
stages 10 and 11 are scrub two stages.

ﬂNZOx = oxzlic acld. The distribution ratlo vas measured by adding L4C labeled oxallic scid to the near-
stendy-state solutions of the cold countercurrent run and equilibroting them at 40°C.

SNA means not dnalyzed.

100-16 60%8[L ONd
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Table 31 Distribution Ratlos of Flssion Products In Each Stage of the Countercurrent Exper{ment ¢°
Distribution Ratio®b

Stage No. St Y ir Ho TcC© Ru Rh Pd Ag
1 <10-2 1.4 3.3 x 10-3 <101 2.7 4 ox 102 <10-1 <10-1 <1o-1
2 <10-2 1.4 7.1 x 10-3 <10-1 2.2 4 x 10-2 <10-! <10-1 <10-1
3 <10-2 1.4 1.2 x 10-2 <10-1 NAd 4 x 10-2 <10-1 <10-1 <10-1
4 <10-2 1.4 1.2 x 10-2 <10-1 NA .3 x 10-2 <10-1 <10-1 <10-1
5 <10-2 1.4 1.7 x 10-2 <10-1 2.6 8 x 102 <10-1 <10-1 <10-1
6 <10-2 1.3 1.6 x 10-2 1.0 x'10°L 2.9 1 x 10-1 <10-1 1.7 x 101 «<10-1
7 <10-2 1.1 1.1 x 10-2 1.1 x 10-!1 3.6 .5 x 100 1.1 x 107! 2.6 x 10°!  «<10-1
8 NM 1.2 1.6 x 10-1 NH 2.3 1.2 NH 5.4 x 10-1 N
9 M 1.3 NM NH 2.0 2.3 NM 1.0 NH
1c NH 1.2 NM NH 7.0¢ 3.0 NH 1.0 NH
1l KM 1.0 NM - NH NA 3.0 N NH

(Contd)

1.0

100-16 60%8[L ONd
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Table 3] . (Contd)Q)

Distribution Ratiod,b

Stage No. Cd Te Ba La Ce Pr Nd Sm Eu
1 <10-2 <10-2 <10-2 N N NH NM NH NH
2 <10-2 <10-2 <10-12 N N NH NH NH NH
3 <10-2 <10-2 <10-2 3.2 NN NH N NH NH
4 <10-2 <10-2 <10-2 3.4 NH NH NH NH NH
5 - <1072 <10-12 <10-2 3.7 4.6 N NH 5.3 4.0
6 <10-2 <10-2 <10-2 3.5 5.1 6.4f 4.4f 5.8 4.2
7 <10-2 <10-2 <10-12 2.9 4.5 5.2f 4.7£ 5.1 4.2
8 HnH N NM 3.7 6.3 7.0 7.0 7.0 5.6
9 NH N NM 4.2 7.3 8.1 8.3 8.2 7.0

10 NY NY NH 4,2 8.7 9.6 9.5 9.5 7.7
1l N NM N 4.8 7.7 8.1 7.8 7.8 6.2

100-T6 60%8[L ONd

84 number written with "<" prefix means that the zoncentration of that specles in the organic phase was
P ) 8 P

below fts detection limit. The number given Is the detection limit divided by its aqueous phase concen-
tration,

YUH mesns that the concentration of a species wos below the detection limit L{n both phases.

€Tc distribution ratio analysis was performed by taking the near-steady-state solutlons from the cold
countercurrent run, splking them with 991¢ and equillbrating them at 40°C,

dMA means not analyzed.
€A sccond contact of the organic with unsplked, fresh aqucous phase gove o Tec distribution ratio of 11.7.
EThere vas an Interference in the atomic emisslon lines for these elements that puts these values {n doubt.
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TABLE 32 Effect of NaNO3 on the Extraction of
- HNO3 by the TRUEX-NPH Solvent, 25¢C ¥’

Organic [HNO3], M

(HNO, ], [NaNo,], LY Measured Calculated
H H H
1 4 5 0.82 0.81
2 3 5 1.04 1.08
3 2 5 1.19 1.23
4 1 5 1.27 1.35

0.2 MCHPO— 1.4MTBP —ConocoCiz— C.s (F3513.4)
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Table33 NHOs. fEEEE R &k ONTcDSFEREE = — & — 1y = ~ (GEERSTHF VU X

* Dre— (HNO2) aq (0~10M)

Ref « Na (HNOaJ) ag
(M)
1)) 0~10

. DHzCzOq_ [HNOS] aq (0~10M)

Ref « No. (HNO;) aq
M
1) 0~10

+ (HNO;) ag— (HNOs) org

Ref - No. (HNOs) aq
(M)
1) 0~10

CMPO~ TBP,/ NPH
(M)
0.2/ 1.4/Conoco

CMPO,~ TBP/ NPH
M
0.2/ 1.4./Conoco

CMPO,/ TBP,” NPH
M)
0.2/ 1.4/Conoco

B
C)
40

C)
40

)
30

Fig. £7z12 Table

Fig. 4

Fig. £7213 Table

Fig. 4

Fig. £7213 Table

Fig. 4

DT:

0.3~3.5
~0.17

DH.C.0,4

0.25~3
~0. 04

(HNO2) org

0.03—-1.4

=D

100-16 60%8[L ONd
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TABLE 34 Initial TRUEX Process Tests with Actual PFP Waste®

———————
—

Feed:Clarified PFP Waste Containing 603 uCi/L
Pu + 24lap

Solvent:0.25 M CHPO ~ 0.75 M TBP-TCE
Scrub:0.1 M HNO,
Stages®:5 Extraction, 3 Scrub

Flows:Feed/Scrub/Solvent = 250/50/100

Aqueous Raffinate: TRU uCi/L
Run 1 Run 2
1.1 3.2

_90-
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Distribution Coefficient

100.00
: J | ] I | :
N V‘V’z'v E
10,00 |- £ ., -
: ?5v[] ____________________ (|
E[ EEJ.I}“ ZL- """"""""""""" Oeeevennnnn...... i N O ]
1 OO O ———
A ~ _0~~._~___°______,_°.’- A
1.00 = \\A~ — "-'..
B T — T 3
- 0.3M CMPO In DIPB i
0.10 [>~ & —-A 0.2.M CMPO In DIPB -
E  O—O 0.1.M cMPO In DIPD =
-~ O---{3J 0.1.M CMPO/1.4 M TBP In Dodecane N
- ©—-O 0.1M CMPO/1.4 M TBP In DIPB -
0 2 4 6 8 10 12

HNO3 Concenlralionﬂ)_

FIGURE 15 Am Distribution Versus HNO3 Concentration >

Table 35
MACRO COMPOSITION OF ICPP FLUORINEL RAFFINATE'®?

Component Molarity

ir 0.55

Al 0.31

F 4.2

cd 0.13

B 0.37

Fe 0.001
HNO, 1.2

_92_
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Distribulion Coellicient

1000.
00.0 l l ] | 1 ] I | | 3
" O Ce ]
. OH— ——-A Eu -g
Ceenee- Ani ’
100.0 |- o -
10.0 |- -
- 4
1.0 |- -
0.1 I I 1 | ! | ! ! 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Nilrale Concenlration (M)

FIGURE 16 Am and Lanthanide Distribution Versus NO3 Concentration.

1.0 M CMPO/1.4 H TBP in Dodecane. Nitrate added as A1(NO3)3.'

1000.0 ¢ " . . '
1000 - o
< E@EFP 3
L3 - -t
] - & .
é 10.0 B |
c Y E 5
5 3 D U —25°C 3
3 - -
2 - O——0 Pu—25°C a
v -
o o ko O —~~A py—136°C
oL 3
0.1 1 1 1 L 1
0 2 4 6

HNOj Concenlration (M)

FIGURE 17 U_and Pu Distribution Versus Hi03 Concentration.

0.1 CP0. 1474 TBP in Dodecane. ‘o)
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Distribution Coellicient

100.0
= T T T =
10.0 |- -
—A.- ............ - -
B

we=/s 0 . =
» o——o z T Q... 3
- Lyeeneeeees AaTe e N
BN

0.1 l | |
0 1 2 3 4

HNOg3. Concentration (M)
FIGURE 18

Tc and Zr Distribution Versus HNO3 Concentration.
'0.1 M CIPO/1.4 ¥ TBP in Dodecane o>
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Table 36

Distribution Coefficients for Various Elements from Fluorinel
Raffinate Using 0.1 M CMPO/1.4 M TBP in Dodecane'®?

Element Extraction

Am 6.
] 90.
Pu 2.
Ce 4
Eu 3.
Cs 0
Cd 0
Al 0
ir 0
Sn <0.
Se 0.
Sr 0.
Tc 1.
Mo 2.

.
D - g

.001
.004
.01
.07

005
08
002
3

7

a b
Scrub Strip - 1 Strip - 2
8.0 1.2 0.007
130 34 0.024
66 32 <0.001
7.0 1.3 0.01
6.0 1.0 0.0}
1.9 10.4 0.6
1.7 2.6 0.03

20.4 M A1(N03)3/0.4 H NH4OH (1/3 volume)

bo.o1 M HNO;

€0.05 M HyC,04

%0.5 M Na,CO5

Strip - 3
0.601
<0.001
<0.001
0.02
0.02

0.09
<0.001
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4. DT o+ R EDHE
4.1  DIDPAF o+ R DIFE

B 2 BAMOTIRO—BRE LT, BLILEERED S TRUE ST 3 Dic DIDPA
ZRVA 0 2HBRINT VS, DIDPARBEARBBILAMZROMMHIT TRUFEE
BLURBTTREME. S8 3R8EE LTROLI(TFEINTED., ERkEAVLES
7 URRDT o ZARBRITONTWVWS, '™ (Figsl — 38R
4.1.1 DIDPAT ot XDH#

DIDPAZ o & iAW S B HHFID DIDPAIIASHEME B & { . + /- ESRL
KREFFRAZA NS C EITRENZ VL W) SN OMERIOAE BEFTH 5, O
HiFNZ HDEHP X 0 W BRRE OREL S 3 MOTHE MM T30 TE S, T/ Np(V)
b TES L3N TVWE, NI(M) HLYC An(ll) DLEEE% Figsd— TiIcFd, + 9
FRETEDORELZEFig. 8ITRT, VY 4 liB L6 fliDT 7 FF+4 FOREEH A
. SR L TRFEFEROLENE, (Table 1 2R)

VR (FIAIE 4 MHENO;) TAnb XU Cn%E. BETNE L UPuZSHHHT 5 &N TR
5, HIMEHREMA, HHEELLTH7 TBPHERMEN S, FeDBENEL LS
3HEMNERT 5,

4.1.2  TRPOE LV NIVEKR~DEH

DIDPAIZ 8 fliDT 7 FF 1 FOSRRENBREBE CAZ . BRBETINIVOT, &
VAIVEERIN G SIDT 7 F 74 FEHRE BT 52012t FRASMRELTWS X
DT BV NIVBERP OB L 0. 5MHNOs & 3248 h0H 0. £k L7tEii 58
L. BESEEKRE LSTHEESIEW, 17 (Rigsl — 32M)

Bt Np(V) 235388 < (99. 94% 2L L) BRET 30,0, 2HVW S5 o 2H BRI h
w5, ®
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oS
sowmar 4m NI e DTRA
- (R4
: * ; —ﬂh-. c..i
- 1] s
“ m e L
- 4

2 Mo, Te

S, Cs

3N

=1 FEETHREhRBAET e~

Sich-levsl wosle
; 124 HNO3)

: H
T8P Solvenl =oxiraclion
'

Formic czid —tenitrotion (pH 0.5~ 0.8)

[
Filtrotion Zr( MoO4),
!
DIOPA Selvent 2xtraction I
Rore ecrihs i!'-:.’-i). \
Am,Cm in 4 pyoy  2oolle

; foo
Oenilrciica Tlienle acid —

Calion c1home
sepcretion

N\

Am,Cm | =g

Fig.2 Conceprcl fiow scheme of the previously
developed paritior:e process, tested with acneal
high-level waste in 1953 *?
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High-level wasle

Formic ocid—Deniiralion

Filtration ———1r, Mo

DIDPA or __ Solvent extraclion
Oxalic ocid  or Precipitation

Formic acid ___Precipilation

or Aclive
carbon
Am , Cm,
Rare eorths

Zeolileond ____

i Tilanic acid
Denilration

Calion exchange
_separalion

/

Am,Cm| Rore eaorths

Fig.3 Conceptual flow scheme of the advanced partitioning process ¥

. exchangers

N

Tc, Pd,

or Adsorplion

Separation wilh
inorganic fon

Rh, Ru

_

—— (o]

R 7] T =
W
e “‘ . -
* a,a: Nd(m)
\f. o, x : Am(I)
1 '\q“\
10 .“\‘ -
\)
- Ny -
[\
-— "
CD \J
1% -

10'

10
HNO3 (M)

Oryanic phase: 0.5M DIDPA-NPH (2, ). 035 M
DiDPA4L,1 M TBPNPH (4. X)
R Acid* dependence of Df of
1. 4 Nd(Il) and Am(I)*
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CHOEPA

ig Of (Am)

ig Of (Am)
~
7

l'-'/

/*

o111 1
H o 02 03 o0& 057
] MIOPA (MEHPALM
:
!
]
1
'
]
U
ol
]
P | 1 | | J
a5 0¢ 03 02 01 O r

DIOPA (DERPA)\M

Fig.6 Effeci of yircadiation of the extracuants in the presence
of a diiuent on the extnraction of Am(lll). Osganic phase:
0.1M DIDPA (), 0.1M DHoEPA (o) and 0.5SM DENPA (2}
in NPH. Aqueous phase: 1M HNOM’

Fig.5 Synergistic extraction of Am(I1l) with MIDPA ~
DIDPA mixed solvent. Organic phase: 0.5M mixed
sofvent, MIDPA — DIDPA (+), MEHPA —~ DEHPA (¢)
Aqueous phase: |M HNO,®
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0 | -
] 4 19 1 i 1] 1] 1
° A i
= DIDPA « 0IM DIOPA -
& 2 I~ A | MDeHPA -
s 1[I -
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e -
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2| DEHPA
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| | 1 1 1 1 ] 1 (1 1 i
03— : La Ce Pr Nd PmSm Eu Gd
i0 f {0

Elements
HNO3 Conceniralion (M)

Ocuanic phase: 0.1 M DIDPA or 1.0M DEHPA in benzene
Aqueous phase: 0.1 6 [INO; solution

Fig. 7 Distribution ratio of neodymium in the
extraction with DIDPA and DEHPA. 0.5M

i loy D .2 28 sl
extractant in n-dodecane S? Fig.'B oy D¢ vs curvzs for lanthanoids

LU0) in light region ™
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£—1 BYISVRROMEKBIADIDPALTBPokE”

0.5M DIDPA 1.1M TBP (30%)
0.5 IINOs 34 IINOs | 0.5 HNOs| 34 IINO,
Np(V) | >1000 | >1000 0.2 3.8
N p (V)X 0.4 0.3 ~0.001| ~o0.1
Np(v) | >1000 | >1000 2.2 15
Am () 20 0.1 <0.01 0.03
Cm () 20 0.1 <0.01 0.03
P u () 20 0.1 <0.01 0.03
Pu(v) | >1000 | >1000 0.5 16
U >1000 | >1000 2.7 30

) Np(V)ofllticowTiz 1 55Wikofiie DIDPARS W
T TBP &FULD, 0GR AESS BB IEMNL, 3048
#Ti0, BMMEBUTR CHRIAM0.8 L3,

O TBP®, SMMiiEIFE T Np(VDDy Pu(VRTU(DIEL THY
IfES 2RSS OO, —HRMEIGEPTRERN p(V)y Am(ID RV
Cm(I)ic>wToflitifit 1z w,

O DIDPA., O.5MMEENTFETN p(VI)s Pu(lV), U(VDiEgMO
CENPUVI. Am()y Cm(INEUP u(ODicx LTFEWIlLGE %R
3, ESRNp(VIKD2WTH, TBPOPARIEANE, XhEWIILAE
FJ1%R L B 438 &Ik i AL MBI T 2.

O cidboTtMSDIDPA, 0.5MMMIEHNMNS BT MR NI f6DY
BRI, FRTOMY 5 viKElCE 3 EER>TWS, |

-103-



PNC TJ8409 91-001

4.2 Malonamides 7wt 2 DRIE

4.2.1 Diamidesie& 372 FH4 YOI 51 3 fidans 5 vy = FENYT 5, An
Diamides O CnalonamidesRRINCO): CHR® 1% 3D 775 K &F-%i9me= brkdilit

3 3o FRGHY (DEOHREES 2ADERR SV R DERM TN R

WeHs BRI hEROT. RUBEST7TVFELEREAF Y7 ARLERL Y BOER

AR5 Ehbho, 4P (Fig.l HLUTables1 ~ 4 BR)

Tetraalkyle malonanidesDBHE THVWAELHLE ST B0}, ThSOEVEEME
EREND B, ZhuIDianidesDIEREAY A M S An(ID) EHNO;OFHRICES b
DEEZBIENTE S, A DADEREA A v OMHIZOVWTIE Tabled BX T
Fig. 2i1cZ% N 5 DAEILONORFHARENT WS, * * © HN0s 5 MTEu®™, PuIV), U

(WD, Zr(IV) BT Fe() B&EHHINZT LDbM3, Ir(V) RDBOERD
EMcE O EMI B2 E0TES, ThoDEREZERE LT, NN -dibutyldimethyl
2 (3- oxanonyle ) - propane diamide ( CsHs CHs NCO )z CHC:HaO CeHis ) DBM3 —
ONPDA 2FHWT. Table5icZ DR ERLAERKICSENET 7 FFH 1 FORNYFR
r—VOSHRBRET 7o ™
Jo—3i— h%Fig 31c. RBEREZETables 6 BLU TITRLI, V277 corot
ZLFEHED S a —IREHEEER DICBERHTH B Ldbh b, ZORBEHT A (D) »E
BBKETRESNI D |2 ORI NIBBARICERHESREVWI LD T,
An(II) —Tc0,~ OIHOFFRERIC LT, BEHBRRE (Cuvos ; 1 N) IZH5W An
() NWEBHICEEINBEDR, T~ OEEICKZEEISNS, ¥ (Fig. 43R

5 NRyEEE 7212 0. SNRSEE & KIHDOEET T Co-60D v #RTHES L7 1 MDiamide/t-
butylbenzene& ®fEID Pu(IV) &Am () OHEHZRBEORSFEDHRLE LTFig. 5
IOy b Uio U © SECHLIZIBENC & > TEMCELT 208, BROFHLERMIC L 5
7 7 FF 4 FOBRNEEEE IFEREARRSNEV, JOLITRZVI. B
Ik D EREBETERIBICER A A VERBT 3 H(LEBRMEET 2 FRBM LAY (TBP,
(MPO) & HATIBE. BICHRE HDTDH 5,

4.2.2 TRPOE L NIVEEKR~DEH
Malonamide (3 SEEBEE CTD and'A X { 72D HNOs 5 MOVREBREL SNBDT, ZDZE
FBMBEOREE LISV B ERNT 5 - & THBICNT 5T LTE S,
TRPDE LA VEEIRIZ 7 A Y 51 THEEIR & ShBE L ~IVEERICHA~T TRIORER
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By 55 = FIPOME bR OMPODIRE, B DO 0 —7 1 » 7R P5E 3 gL
WTISRRAPBELEZ 34 MalonanideDFE 0.5M & HMHFIOBEHEH VDT,
O—74 VIHRBEX R THEVERDNINRR D ERTHREVNLETH S,
MalonamideiCk BFP\ 7% = FOMBEEITOVWTRINETHEVHRENBLVEKI T
HBN. IWOT 7 FF+ 4 FOMUBHEN S, 505 = FicoWTHREIL L S siliigE<
fHIns EBbNs, L LEH S OTHBRBEHCMPOD 2 MAiT%H SMalonanide
DIGEIHN0 SMEBWC & dH D, RIS K > TIRARIEOMPODIES &t K
EDBILbEIONS, £/ TRUBKETRIEICIES Np(V), Ru, Tc OHIHZEEIOW
THHICERMEL Bbh 3,
4.2.3 DiamidesDli7—% >
1 HitisaFoER
Fig.(1)  FHERPOAR®* DI
Fig.(2) Dan? MICRITFHMHA (R” = Colys )EBEDRE ; /K18 : HNO; 5 M,
FH#H : t-butylbenzene, 10% decanol, fiHH#
Table (1) WHEEHPOADZEL (Dan®") ICRIZTHBEOHEDOHLE
Table (2) BEOEEEICRITHEDOHE
2) Bofi
Table (3) HzCo0,DIH—¥5#E R” = CoHa-0-CoHys 0.5M,t-butylbenzene —#IiH
H.C.04 0.3M
3 SBEOMH
Fig.(3) AmDHiHICRIFTTcOREE
Table (4) BB OE~ DSBEO5ECL
0/A =1, t =25C, A 0.5M,“t-butylbenzene, R" = C,Hs-0-CeHis
Table (5) PuRY < —DiliH & ¥
4) Ir&FeDHitd
Table (6) a)BEEFEATICH IS BFe —An®*DO53EE ; i3 R” = C.H,-0-Cellys 0.5M
.7t-butylbenzene ; 7K#HHNOs 3 M
Table (6) D)EBMEFEETICHITBIr (IV) O ; B R” = C;H,-0-C2H,-0-Celys
0.5/t-butylbenzene
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5) fhHAIDONIKSIAE & RS AR
Fig.(4) &R C=0fEikD NMRRRZ bV (MK %A
Table () 7EMREDMKSIAET DIEMEER (R™ = CHi-0-CoHir 1. 044M /benzene
5 MHNOs & $#2fih)
Table (8) HBEEFESLDVL DO DEBOHEI (Du ) R” = C2H-0-C2Hq-0-CeH,y s
0.5/t-butylbenzene t=40°CHRETHRET1. 3SMRad
6) IFY—k bI—IKKBERPDT 7 FF1 FOEE
Fig.(6) TIFF+A FORVFRr—NGHRBO7o— 32—k
Fig.(6)  EtEAERE LB LB Y 7 ADAnDSE
Table (9) XUFRI—)L I FH—+t b5 —SRHICHO AR DOHERK
Table (0 X FH—+t FF—/3V 7 THONIBREFHK
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4.2 BEXH

1) C. Musicas et al. ISEC’ 90 Kysto (1990)
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3) C. Musicas Separation Science and Technology, 23(12%13) 1211 (1988)

4) C. Cuillerdier et al. “Extraction des Actinides par des Amides ou des
Diamides Substitués des Acides Carboxyliques” Summer School on
Extraction Toulouse (France) 7-11 Sept. (1987)

5) C. Cuillerdier et al. “Malonamides as New Extractants for Nuclear Waste
Solution” Sep. Sci and Tech. (in press)

6) C. Musicas Proc. of the Workshop on Partitioning and Transmutation of
Minor Actinides, Karlsruhe, 16—18 Oct. (Session HI) 44 (1989)

7) ). Bourges et al. “Status of CEA Experience on the Minor Actinides

Separations, First OECD/NEA Information Exchange Meeting on Separation
and Transmutation of Actinides and Fission Products

November 5—9, 1990, Mito Japan (1990)
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Fig. 4 Distribution ratios of Am(llI) between 0.5 M malon-
amide solutions into t-butylbenzene and HNO; solutions as a
function of aqueous HNO3:

Can\
mi. /N-C CH,
cHy” 4/,

CqHy
3) >N=C | —CH-C;Hq=0-CsHs
CHy ’

CqHy
@ ( >N—C—) ~CH=C3Hq=0-C3H4~0~C¢H ;3
CH;

100 -
0 — Fetin
Dy
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Zriv)
* 0IM H,C,0,
+
T T
o) 1 0

HNO; [Moles. 1)

Fig. 2 Distribution ratios of metallic ions between 0.5 M

'CqHy

( cH >N—C ) =CH~C;H40C;H(OCsHy3 into t-butylben-

3 .
]

zene and aqueous nitric acid solutions as a function of nitric
acid concentration®?
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EXTRACTION STRIPPING - fjolgc:n; -
asa=1 |2 G/A » | LS°C ’ |
Y= L0681 | 17 stages
12 stages Y=z L0881\
miftiate | e
Feed HNOy 2 N | Aqueous phase KO, .} H
!:f:, f /: % ol/h | A, Pus 10 al/h
m
Actinides
mixer 4°
,,s_;",:"-:‘ selttler 15°
Lbulylbenzene
10 mi/h
( STRIPPING U STRIPPING Np
HNO, 103 H Fe——] HC,0, 05 H ]
Figure 3 - Flow sheet for the counter current separation of actinide using

DBDM 3-ONPDA.Y!
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ADAmB
= Am®* + Tc 200mg/1 _
- _—e
T.Jl\‘\\ ._,_,—-J"""—’——’.
: .\\JJL_gfj’//
: o
y
107 = 4 e
N Am3+ ///
5 E]/'/
1077 = //
: pd
I HNO; M
1073 | 1 | Ly
0 0.5 1 15 2

‘ Fig. 4 - Influence of Tc cn Am extracticn.”’
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e vl
100

10— -~ Vv

A= 10

s s s s s G S —— S _——— St - - ——

0,1

Oose Mrod

Figure 5 Effect of the 60¢o 4

dose upon the distribution ratios

of U, Pu, Am between 1Y DMDB3, 60DPDA
into t-butylbenzene irradiated and

5 N — or 0.5N --- aqueous HNO,."
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TABLE { Influence of the Substituents R, R’ upon Am(l1I)
Distribution Ratios between HNO, Solutions and 0.5 M
. R

R
. Malonamide( >N-C-CH3-—C-N< into Benzene™"
R § § X

Malonamide R R’ DAm(III)‘
acronym

DCHDEMA CeHpy CaHg 0.11
TBMA CqHy C4Hy 0.18
DPDOMA C3Hq CsHyy 0.45
DMDBMA CH; C4H9 0.55
DMDOMA CH, CgHpy 1.18

aDjstribution ratios at the maximum of the curve D Amqun
as a function of aqueous HNOj3.

Table 2 — Influence of solvent struchme m the distributim
coefficdent of americm (Djsm”) :inHND:’

R R R! Dyse Corditions

H CcH,, C,H, 0.11 Solvent 0.5
H C.H, CH, 0.18 In benzene
H CH,  CH, 0.5 D meximm

H o, C.H, 0.55 HNO, 2 to 41
H o, CH, 118

CH,, cll, G, 1.16 Solvent 0.54
C,H,-0-C,H, CH, 3.28 in
C,H,0C,H, CH, 7.55 . butylbenzene
C,H,~0-C,H,-0C,H,, cCH, 9.43 D, S
CH-O-CH-C-CH-CH-C(®,), CH 10.38

C,H,~0-C,H,~0-C H, CH, O, 11.48
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Izble 3 - Influence of the structure en solvent bae't::i.ty“

R=CH, R = (4 B, - B R=CH, R =CH, &, - Ky

Radicals R~ Radicale R
H 3.43
o, - 3.10 _ C,H,-0CH,, 2.74
C,H, 3.06 1 CH-OCH,, 2.67
CH,, : : 3.17 T C,H-0CH,, 2.65
1CH-OCH,, 2.66 1 : linear
T CH-OCH,, 2.56 r : with branched
1 C,H,~0C.H-0CH,, 2.77 carban chain
r C;H-0-C,H,-0CH,, 2.76
(n*] u 4
+ | 0,06 | 0,5 1 3 y 5
{on+ ,
Am** 0,0012{0,0071| 2,45 | 5,65 | 11,14
Eu®* 0,0015/0,0043f 1,19 | 3,14 | 5,73
Pu(IV) 0,09 {1,89 |[8,16 184
u(vI) 0,1 |3,75 |9,09 |s5,3 1
Zr(1vV) 0,092 | 7,86 170,2
Zr(1IV) 0,020 | 0,10 1,46
+H,C,0,
0,1 M
Fe®? 0,0062}0,01 0,35 66,2

TABLEAU 4 - EXTRACTION DE DIVERS METAUX EN MILIEU
NITRIQUE - SOLVANT 0,5 M DANS LE TERT:OBUTYLBENZENE
T =20°C=-0/A =1 - R" ==C,H,-0-C,H,-0-C H,,*’
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TABLE S

Composition of aqueous phase used in the bench-scale mixer-settler aePatat1°:

Element Content- Element Content

H+
_ sy Fe 500 mg/1

(o]

NO4 5.54 Protal 270 mg/l
Pu 110 mg/1 N§;37+239 50 mg/l
Am 0.91 mg/l 152g, traces

u 5.9 g/1 Dactivity 50 mci/1
Tc 134 mg/l
TABLE ©

Decontamination factors obtalned in mixer—-settler batteries for a
treatment with DBDX 3-ONPDA compared with TRUEX process one* '’

Element DF extraction DF stripping
Am 1.26 10% - 5 104" 800
Eu 6.7 103 250
ot S 1. 10, 5 125
Pu s 10° - > 10 274
Np 144 400
-
U(VvI) > 1000 - > 10°
Fe > 1000

Tab.“7 Decontamination factors for the bench scale separation of the actinides using DIAMIDE -
Comparison with the TRUEX process

Element TRUEX | DIAMIDE
TOg2+ >108 >105
Pud+ >105 . >105
Am3+ 5x104 1.2x104
Eud3+(Cm3+) - , 6.7x103
Np 6 144

DIAMIDE 0.51 in t-butylbenzene
(C4HoCH3NCO)2 CHC4HoOCgH 3

-115-
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4.2.3 X
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Capticns of the figures

Fig.

Fig.

(1) - BExtracticn of Am’* in nitric zcid.

I- R =H R =CH, 2-R'=CH,,

3- R' = C,H,-0-CH, 4 R* = C,H,~0-C,H,-0-CH,,

. (2) - Influence of the extractant (R" = C.H,,) concentration on Dyse i Aquecus

phase : HNO, 5M, organic : t-butyulbenzene, 10 % decarol, extractant,

. (3) = Influence of Tc a Am extraction.

. (4) = C =0 region of the MR spectrum of the solvent.

. (5) - Schematic flow sheet for the bench scale separation of actinides.

(6) — Am repartitian in the extraction battery camared to calculation.
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e
//./ e

= N
VE A/
c::< /
1072 — —
O
/a
®
03 -/‘/ _
4
l I | I l
o 1 2 3 L 5 6
HNO; (mol.I™)
Fig. (1) - Extraction of Am** in nitric acid.
- R = H R =CH, 2-R'=CH,

3- R' = CH,-0-CH,
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log (DAm3+)

1.61—

0.99—

0.38—

-0.24 —

-0.85—

"1.1'}7' /’

l l l | | l

| | |

-0.87 -0.74 -0.61 -0.48 -035 -0.22 -0.09 004 047

log ([amidel)

log (lamide]) with [amide] in mol.l™" in organic phase.

Fig. (2) - Influence of the extractant (R" = C.H,,) concentration on D, ,, ; Agqueous

phase : HNO, 5M, organic : t-butyulbenzene, 10 % decarol, extractant.
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Am>* + Tc 200mg/!

—
S —— ——

1071

T lllI.ll
\

|
\

\

102

N\

I

HNO, M

1073 | 1 !

L;

0 0.5 1 15

Fig. (3) - Influence of Tc an Am extraction.
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EXTRACTION S — STRIPPING
07A=1 ¢ 0/A=1 45°C Selveat U+NplU
V=1.0681 Ul 1 12 stages
12 stages | B —1  V=1.068l <
AAIO
Feed Aqueous NHA 0.2M
HNO; 5M HNO, 2N phﬂse HNO; 0.1M
140nl/h hml/h Am. Pu 140nl/h
Aclinides ' { '
Mixer &'
Sefter 15° '
Solvent .
05H in | STRIPPING U B STRIPPING Np B
t. butylbenzene HNO, 10-2M h H.C.0, 0.5M
140ml/h 1 e

SCHEME OF THE EXPERIMENT

Fig. (5) - Schematic flow sheet for the bench scale separaticn of actinides.
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Y count/10mn/ml-2m
108 ~2___ g th (6N)

L
P

=1, th (6N)

T T ]_1]T”l T 1 rlllH]

T T TTTIHI

I Illllll

102

ok 4/

Feed |
l Stages
TN T N

| .

! | | 1
0 2 & 6 8 10 12

Fig. (6) - Am repartition in the extracticon battery camared to calculation.
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Tzble (1) ~ Influerce of solvent struchrre e the distribation
ceefficient of ameriam Dy ) in BND,

R" ' R R L Conditions
H CH,,  CH, 0.11 Solvent 0.5M
H C.H, CH, 0.18 In benzene
H CH,  .CH, 0.45 D meximsm
H CH, CH, 0.55 HD, 2 to &
H cH, CH,, 1.18
CeH, C.H, o, 1.16 Solvent 0.5
C,H,~0-C,H, CH, o4, 3.28 in
C,H,-O-C.H,, C.H, i, 7.55 t.butylbenzene
C,H,~0-C,H,-0-C H,, CH, 9.43 o, M
CH-0C,H, 00O, C(H,), CH, 10.38

C,H,
C,H,~0-C,H,-0-C,H, , C.H, CH, 11.48

Table (2) — Influence of the struchme on solvert basicity

R=CH, R = G B, - K, R=CH, R'=CH, K -p,
Radicals R" Redicals R

H 3.83 |
aH, 3.10 C,H,~0-CH,, 2.74
C,H, 3.06 1 C,H,-0C, 1, 2.67
C.H,, 3.17 T CH,-0CH,, 2.66

1 CH~0-CH,, 2.6 1 : linear

T C,H,0C,4,, 2.5 T : with branched

1 CH-OCH-OCH, 2.7 carbon chain

r CH-OCH-OCH, 276
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TIable (3) ~ Extxaction of H,C,0, ~ solvent with R = C,H-O0CH, 0.2

in t-butylberzene — imitial H,C,0, 0.3

BN, M By co,
0.05 0.08
0.1 0.14
1 0.04
6 0.06

Table (4) - Distrihution coefficients of varicus metals in D, O/A=1 ;
t = 25°C ; solvent 0.2 in t-butylbenzere R = CH-OCH,

Metal (N0, )M
0.5 2 3 4 5 6 7
Te(VII) 0.72 1.09 0.88  0.77 0.75
No(VI) 3.81 5.20 7.9 15.11 73.0 81.6 152 %.5
Np(V) 0.019  0.029 0.430
Np(IV) 512 15.03 55.2 58.5 67 266 151 113
Am(I11) 0.0026 0.020 0.268 1.30  3.94 5.82 7.3 7.37
On (III) 0.0019 0.012 0.147 0.706 0.249  3.91 5.50 5.0
Fe(I1I) 0.0016 0.002 0.027 0.682 7.93 47.79 203 353
Pu(1V) 7.0 1.5 29.2 4.1 50 54 94
uvI) 5.5 7.3 37 67 69 72 75
Izble (5) — Extraction and stripping of Pu polymer
a) Bxtraction b) _Stripping
(00, Dy Doy Stnn:mg Dpy
Fresh polymer  Old polymar corditions

1 11.4 1.1 0.2 M NHA * 0.8

2 49.2 9.6 0.1 HNO, 45°C

3 113 13 0.2 to 0.5 H,C,0, 0.01

4 108 572 0.1 HF 0.01

5 122 369 0.05M HNO,

* NHA : hydroxgylamine nitrate
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Table (6) a) Separation Fe’* — An®* in the presence of axcalic acid ; solvent
with R' = C.H,-O-C;H,, 0.3 in t-butylbenzene ; aguecus BNO, 3

(H,C,0 M (Fe3*)M Dam Dpe
0.213 0.05 0,93 0.04
0.213 0.1 1.06 0.09
0.213 0.2 1.05 0.3
0.5 0.2 1.2 0.12

b) Distributim ratics of Zr(IV) in the presence of axcalic acid ; solvent
with R = C,H,-0-C,H,-0-C;H,, 0.5M in t-butylbenzere

(HNO, ) (4,C,0,1H Dz (1V)
1 0 0.092
1 0.1 0.02
2 0 7.86
2 0.1 0.12
3 0 170.2
3 0.1 1.46

Table (7) — Results of degradaticn under hydrolysis of solvent
R = CZH,.-O-C,H”) 1,044 in benzere cortacted with 3 ENO,

Time C Potentiametry 13C NR
6 days 40 dizmide 1M octarpl only
moreamide 5.1072H 0.1
10 hours 103 dizmide 0.6344 octarol 0.355M -
morncamde 5.8.1072M  monoamide 0.155M
dizmide 0.525M

Table (8) — Distribution coefficients of scxe metals
in degraded solvent (R" = C,H,~0-C,H,-0-CH,.)
0.5 in t-butylbenzene t = 40°C - dose 71.34 Rad

Aquecus HNO, -D Am DEu DPu ' DU

SH 9.6 5.8 29 30
0.5 0.16 0.07 - -
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Table (9) - Corpositien of aguecus phase used in the berch-scale
mixer-settler separatien

Elerent Content Element Content:

H* M Fe 500 mg/1
NO, - : 5.5 PTot:al 270 ng/1
Pu 110 mg/1 Np 337+239 50 mg/1
Am 0.91 mg/1 153y traces stit
U 5.9 g/1 aactivity 50 nCi/1

Te 134 mg/1

Tabie (10) — Decontamination factors cbtained in the mixer-settler batteries

Eletent DF extraction DF stripping
Am 1.26.10% 800
5,104+
Eu 6.7.10° 250
Lo 1.1.10% 125
Pu > 105 274
> 105*
Np 144 - 400
U(vD) > 1000

> 105%
Fe > 1000

* from TRUEX literature (1) and ([2)
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4.3  DIDPA#:, TRUEX#:, Malonamideikd Huik

ChETIRBRIZZNZFND TS0 RDOBEEX—XIZ, TRPO HLWA S TRUZBREY
BIHDIZINGDHEZHE L, HREE LD TTabled. 3. LITRT, “DZEIT Musicas
SDOWEIHEbDEHLICHEEZHEL THE LA bDOTH S,

3207 A B LIRS, BRDLSHRINTWEDN TRIEXS 02X T, Fl
BTc oW TH—E D DREDMTHNAT WS, 72 Y ATHREMREREEL SHTH
BbDIDOVWT, BT — 5 —3i3THi - THY., /31 o v MRIEOEIERER & EHUED
EIERBAE->TVWE bDEEL NS,

Malonamides 70+t X TIIFPS v ¥ = KD F— % —H%, HEHLEGEMESBRRICE
> BDF%. TRUEX7 0 & XBEDT— 7 — i » TWIXW, BEBEFORAEMICOVT
bEKTH %,

DIDPAZ O & RITDOWTIIFPT v ¥ = FOSEHPEGt S BB OIFED 7 — & —
BB IEY . FDERAIZ SEREGPHEEREICDVWTRREEF -7 -k
2B bns,

MIBH R B DHBRNED - 1FEHIT. ThETKBLNAT A ) ONEMYREER T
DTF—=7—NZDEFHETEXBENEI NI, TOLHIBEHET. ALT—7%2RELT
8, Bt LRI DN -TWBEEZ 5N 5B,
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Table 4.3.1 DIDPA, CMPO =5k TX Malonamides 27 0 &= X DO EEZ C(1/3D

0.5M DIDPA-0. IMTBP /- F7# >

0. 2MCMPO-1. 4MTBP /NPH

IH E] DIDPA CMPO Malonamides
RO AR S L Uksnl - 5 B
& BETREW 5008 ke 408 ke
BiEE TRUBRE 2 TN
kg ® CMP O >Malonamides
metEaR HDEHP&LOZEE G~6 G~5
BREYE Naz:C0s, o A 538isilE, Bk HERERDIZEV, Purexiz&EFL
Rl Bkt AMHE 2 Eslese oty btz %S SEABEHIETEE
g iEny BEESL T 0.5MHNOs, Mo, ZroDibRhitems, 1 ~ 3 MHNOs i Z5%e 5 MHNO; ic 3%
58, BHRIENKE
el ae
hibsgk ]
HNO, mhNO; E m=1~3 iNOs « E=. HNOs - 'E, HE*~ NO, - HNO,
An?* (E!l“‘ ) Am(HB:)a A[Il(NOs)aEa(HNO:)m m=0~3 (AD(NO:)s E: ] E:
Du Table & Fig. &b Fig. &b Table &b
Am®* 7 15 11
uo,** >10° >10° 111
Py*+ >10° >10¢ 184 (4 MHNO,)
Pu0,%* >10° - -
Pu®* 20 - 266
Np** 0.4 0.4 0.43 (2 MHNO,)
Np** >10° >104 82
Npogz-f- >10:I -— —_—
EEEHRERODF
U, Pu >104 >10° >108
An(10) >10* 5x10* 1.2 x10*
Bu®* >10* 6.7 x10°
Np®* 100 (H.0.75M) 6 144
T7FF4 Fe—Eiche Pr, Nd. Pm. Sm. Bu, Gd Te, Ir, Pd. Mo(VI), Fe(H).Y. La Ce Te(V) D=0.75, Cm
ShouH (Du 1BIE) Pr, Nd, Pm, Sm EBu Am Cnm Fe(H)
(Du 1~20)
prticifi) Am, Cm (DTPA-—-FLED) Pu. Np (HF), U, Tc (Na,C0s) Am, Pu (HAN)., Np (7EE)
Np, Pu (EED) Am, Cm, Ln (HNOs-H.0.) U (HNOs)
An, Np, Pu, Ln (HAN)
An, Cm(HNOs), Np, Pu (HP)
iR 0.5M DIDPA/n- FF# >~

0.5M Malonamides,/t-butylbenzene

100-16 60%8[L ONd



-0€T-

Table 4. 3.1 DIDPA,

CMPO Fs kXN Malonamides 7 o1 4=z = oD kRilizE C2/3)

¥ =] DIDPA CMPO Malonamides
5 3 1B IE TBP#mM TB P&
MR R — HAW 1 ~ 3 MHNO, HAW § MHNO,
4 ( :
Solv. ~— 0.2 MHNO, Malonamide —
o Im&wﬁﬁl | 107" MH:C10, p |tk B [ 2 M0,
0.1 MHNO,
An, FPRE = An, LnFP
0. 04 MHNO, ‘ 0.2 MHAN
0.5 MH,0. 0.1 MHNO,;
DIDPA/n-DD - -
i 0. 5MHNO, 0. 05MHNO, 0.5 MH:C20.
0. 0SMHF
Solv. V4454 4 MHNOs - 0. 01 MHNO,
B
Am, FPRE U, Te =— it [+~ 0.25MNa,C0, Solv. U${in
s 1,
- Solv. VHM
A F 55
An, PpRE
HEL~ RV F R =) — LRl N ay bR - -EREik Ny F R — v —EEik
EERMA JAERI (B%) ANL, Hanford, Idaho, Los Alamos CENFAR (75v%)
(TAYA)
N F R — ) — Rtk
ERE - FRE
Casaccia (1 7V 7)
& i Iz 3FH—t b5~ HERERZOHBE/ > Y s IFY—Bp5—

SHARRIC 558, IHBEERIFLE
Fv bEATERE

Fy bELIARTERE

&y bEITELR

BB (TRPEBEETIR
ET384)

fiit, iy

D I DP ADBAHRKANTSE. HiE
TEIFABLDERRNIZ D,
Total flowidCMPOFotx&AZEL L,

2 ¥ 3 L OBROf lowidilER D=
NIRRT 2D TCMP 0ODBAI A
&\,

fthd 2 oL T L T L BROER
NEZ BlactorA SV D Trotal flowldfh
133,
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Table 4. 3.1 DIDPA,

CMPO #H5 Ik TF Malonamides P2 &= ks (3/3D

15 B DIDPA CMPO Malonamides
fhil, % Total flowidD IDPA7 ot REKEN
Lo
SERICHOWHEE LTIEb&ED Purex7o B & B £
REBIFRICREEEZEI SN I FokR
FREIFEURELE L3,
Ul ] Total flowidiZfDf lowickfl T3, £7-
BROflwiBOa—F 4 v 7+ vy
74 KRR 5,
- TTotal flowid Malonamedes” ot X Total flowidftd 2 Yo kb4, Total flowidD I DPA7 o+ x&iFRE L,
ERER L,
Higmn R, 58, %k# BRIENLE, SHEIL L, HEL L,
R Purex” o & ADILERGEY 1 7 LDERSF B £ B %=
&bk,
Bfett EMEEOZTRIC L 5 Dy DLEHA EmEOZicH LTDy i3d F DT,

OB Ictid B1lexibility

x

PHEAIE DB 5 MATIR TDu OEALIZAEC
LA

th
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5. TRUEX’o-EX®R&D
CHNETICRE L7 TRIBXEORMHERE b &ic, BRFARD TRPOE L XVEE~D
COT O XROBMMEHRT 512HORED & LTKRO L HBIEE. ABAEL Lh 3,
L. —70—Y— bPRIZBY ZETROHELOMR (U& b L—H—RER)
D it v a v OFuv REHICET 35 REEORIE
1) TRUSTCHREHRER (URELIS I —+ b L—9—)
i) PP inactivesuHRIRBIBEME (FPIZBEHEFP+ b L —4—)
i) SEAEERREE (i) +ii) ofikEd3)
ZRVWT Ny FBTEMBRICSWTEETROSERERIET 5,
2) BBtV a OTavREHITEIT B HREOHIE
FiRi) —ii) TESHAHBBRICOWT Ny FRRETRERBRIZOWT
FERXEDOHBEHERET 5,
3) it s ¥ a O o AFZHICEBT BHELORE
LE)THON 1) —ii) OBERBERICOVWT/Ny Fihi TR
BRIZOVWTEERROSERLERIET 5,
4) _LEEoHi. Bt BHMBO&Y 7 v a U TRILAIZE GERR, HF HAN, H,0,%%)
ZEAT 5481, FWThO o0 IE&HICADETENSER/N LSS
ZHE LI EBExROHBELENET 5, '
5) 7o XEHRBEILDOIDOHER
D-DETORRERBLUCNETRTAYVAITEONTVAEHRE D &
IC 70k REGORBELD/D, B UL S, k. SHLRRE Sy F
TITVWEETLROSRELERIET 5,
6) & 3% L UTEBRDAERR
L5821 —5) DFRERTE 3B L UTERAER LIZWC & 22T 5,
PEDHERERELT, TRPOFUNLVRERENRE LIBEORE T o0& &£ R
» 3,
2. BEL7o—Y— FRICEIIZETROMELDHER (kv MR
1) #itE7 Y a rOF ok REMtICHIT 3 AEREOHIE
i)  TRUFTHRAAREEIR (TRUSE L XIL)
i)  SEEEHE (TRPTHAE U7 EBEiK)
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ERVWTNNy FHE T, SHHBICSWTEBETRORRRERET 50

2) BEEEI Y a DTk AEHICBIT 39 LEORIE
EiEi) BLUH) THONAHMBBERICOWT Ny FRGTRESRICD
WTEBRTROABELLERET 5,

3) Wit a3 07 ok REHICET 3 HEEDRIE -
EiEE)TiRohic i) BLUH) OBREBBERICOVWT Ny F il T&M
MHEBRISOWTEETROSELERET 5,

ULDERERAE L TRETS 0t XEHE2RD 5, HESERRERA VTR

B0 REHET, Ny FHlllH, & St Vs L OEBETROSELE

3. Iz IF¥—% -V IEERBSERR (U& ML —H—EHB)

i) TRUSCHREERFER (URELVNUMIZS I —+ bL—%—)

i) FP, inactiveruHiEEIBEIR (FPIZMEBEFP+ L —4—)

i) SEeERERER (1) +i) OHkEd 3)

ZAWOEGMHSBRBREER L. FETROMENG. EIE. BRER,
DFESRBELET— 7 —%i55, ChoDER%E b EICT Ot AGHOKE{LZE I3h
. &E{L7o0—-v— b TREREZTV. ThZHERT 5,

4, I= - IFY—t bS—EEVIEEHHASMRR Ry MR
i) TRUSTTEEREEIR (TRUELNIL)
i) FEBEME (TRPTHRA4 L 7o EBER)
ERAWCERMEABRBEERL. FETROMEN. EIER, BREE,
DFENERT -5 —%185, CHhoDERE b EICT o AFZHFORE(LE M
D, HBET7O—-Y— FTRREZTV. CWEREL L 7ot R&GERREICHRD
%o
5. 0L IFH—+ b5—ick?b 70— — hOMEIERR
6. I EmOhHBIC & BEGEh B, Al AR

kot RBR T FEINSOIMEESRR SRS R, /Sy FlHERE TR
HEid- % b 2470 ALKHFORELZ IS,

0TLD 3 F4—+ b T —Ic L ZEFERRT TRITRIZ>VWTHEEEZERTE I, /S
{0y MUETEFINTWbDEEZLBIENTE S, RORT v TREFIREITR

—-133-—



PNC TJ8409 91-001

BTdh3,
I EOHHRNC & BRBATHRINANBEEE R, /Moy MIE, EHED
KARRE R T v TRB->T T O ROEH AR B LATE 3,
7. BEETOEIERR
PLED | — 6 £ TORBT, ML, BRBEORRENCTHS, & /h
HBEER OFFRAIESR IS >V T HREBEITS
8. TRUSECERRT — 5 —DRIE
1) & TRUFCHEIZDWT TRU—HNOs —TRUEX solvent ik} 3% TRUA A 5@
O R 2Rk 5,
U02%*, Pu**, Pu0?*, Am®*, Np'*, Np0,%*, Np®*ZEhZhBUDIFE oW
THNO; BE% /ST A -5 — L3 3,
( TRUEXZ7 o — ¥ — bD¥EH, #E#, St 7 ¥ a ViIcBIF 38V 7RO
IKIEFP DN BEE 1 /3—F3) o
2) TRUAHEBRERKRZR\T U022, Pu0?*, Pu't, Am®*EDILERT TRU—HNO;
TRUEX solvent R TRUA # V@O FaraHR ZHNO BEZ /S5 A — 4
— & LTRD B, INO; DRERFIZ) OBEEEHRET 5,
INE TR TRIEXT 02 ZDEIED Y 4 AR D 2 —NVI3IRD L5 i1ctis bDEE

ZbNb,

-134-



-S€1-

o BRIAH

TRUE X o+t XO:EHMHESESESER

1 6 7 12

Ja—Y— bRy F
U& b U—4—HE&
Ja—Y— RNy F
Fvy M (CPF)
7 o—— b

U& b LU—4—HER

7 o—— bl

Fv bEER (CPF)
OTLIH#Y—EbF—
Ry bEGERER

3 RO

3 —)b P ER

B T SERIE SAER

TR UEREH 7 — & filE

100-16 60%8[L ONd



PNC TJ8409 91-001

6. HLHX
TRUEXZ & & 2i22W\WT, BREIRETE OX#E b & ICHAEET 7o EXMICFIAS
NTVWEREXMOY X b ERZ L, 47 L HFIAXMOLTHED SNTVWEDIFTIX
B YL TBBESHRBLTVWE LS ICBbNS, LMLIENS, FBEF—5—
KOWTIRIGEAFTE DD LEEI NS,
—FRBoNIT -5 —RBBEET A ) ATHBINTOBE VVEER (PuAEEFOMRYE
BEOHFODE MWK EME U7 Ic e T 2BIRE) PHBERR T v V2 BEEL
T-BEM. PuREBIT S  h D TRUBEHESE. BhRMIROMIBSEE L NIVEEIKE B LEUP
TRUBREE HEL . FPERELH /D 1 L& AIRIrOBE ISR O LRI 15 B I
LBHDPF™ LT BDIMAZE. TRPOFLUANNUERPICIZEENRTHEVWE
RELRBITEATWVS,
COEXIITHRE T EREOMBNRIL B720, HIEINIFBELLD. T A Y HDOME
HWRERDHERZE b LI LIcbONE L FIHOBRICR T REBRNSBETDH 5,
AR DE D 25% 30  DRFEFEDEA D 3 Z & 2fEE A T, TRUEXZEICEI T 2 HiaEE
(ID BLY (D) & LT, FlEEXEAEET I BSOFAEEE £ OMIC OV TORSE
EIRIRT o
TRUEX 7 &1 & X B3 2 EfiTasd ()
1. TRUEXZ o& RGBT — 7 — (Bill) HBE. BE
2. TRUEXZ o+ 27— 7 —DHRboR
3. BEIEmORE
1) BEEREORE
2) MibRERORFHIGEFEOTAE
3) EBEROWMHT—7 -BLUSRAEORAE
4) TRUEXFo-&XICBET 2EERSFEORE., BHE
5) ZDOEALEMOREE
TRUEX 7 0 & X icBd 2 EeffiaasE (1D
1. TRUEXZ ot ZDORBRICEI T 2 HEiiTAE
TRUBX 7 &0 & 2y 7 — & — D¥R LB LU E 2 — Mk
3. TRUEXZ ot Riciif BNp. Te. RuDiliti#EhHE
4 TUIFFAFES Uy = FoRBEORE

o

-136—



PNC TJ8409 91-001

5. TRPOHLWZX{R & BTRUEX 7 0 — ¥ — + DKES

6. ZoAAETORE
KHESRFT. HERSEIREOBMAELERE L, LEMB3ERHREZ (D LU
(ID 22w TENENG6 r AL T 5,

AAEORBEICH/ D, BELEER. MEEEWXV /o BABEENEZEER CMSHH
ER. NREEBIUFHFHEBICERL5HELZRT 5 L, @gh. @BV
W BB REERT S LU (MSORREOHRICH LTl oiltlzm L EIFARET
H %5,

-137-



