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Separation methods used for large~scale production of
transplutonium elements - Literature survey of the chemical
processes of partitioning transplutonium elements in

the high-level liquid wastes of fuel reprocessing ( I }-

Shoichi TACHIMORI
Division of Radioisotope Production,

Radioisotope Center, JAERI

(Received April 16, 1979)
The production of transplutonium elements by fission

reactor in countries of the world is by combination of

reactor technology and chemical engineering.

A review is made of the chemical processes for production

of transplutonium elements on a large scale from neutron-

irradiated actinoids; first, historical progress of the

production in macro quantities of transplutonium elements

in the world, and then the principal processes developed

in respective countries and organizations. Finally, these

methods are discussed with emphasis placed on the possibility

of application to the partitioning of high-level liguid

wastes in fuel reprocessing.

KEY WORDS: Transplutonium Elements, Large-Scale Production,
Americium, Curium, Californium, Solvent Extraction,

Ion Exchange, Lanthanoids, Waste Partitioning.



JAERI—M 8240

T I 1
1. E—'ﬁ .................................................................................................................. 2
9 ABEEAMEEEE  crereeeeees e oo e L 17
9 1 [E| eeeeee oo e e 17
9 1 1 AN BFEH  croreeeeessressessseesotsssess om0 L e 17
2 1.3 ORNLBEFE  eoeevrereremeemsmmms s ss s s e s 95
9 1.4 ROCKY FIats PIANE wereoersesemmss ettt i e 41
015 T RETIHFIEHT  orveseroee e serssmsssms s o s 49
9 0 G ER eeeeeeeesieeesessies e L 51
2.3 European Atomic Energy Community (Euratom) oo 55
9 91 MOl EITTPIFAEER  weereersresstresermmmsesss st coemm s e s 55
2 3z European Transuraﬂium InSt]tute ............................................................... 55
D 4 P F A ' eereeeeeeess e L 61
O 5 T F LR eeeereesmes eseeseses e e L S 71
2.6 H 7N --- 79
G & FH e B CAISTEETTITPRRTS P TR 81

£3 G D oeemereseres st R e 8%

& - 88

g“fﬁkm ..................................................................................................................... 84_



JAERI-M 8240

Contents

Preface Y 1
1. Introduction e eseaaarens eces i aen e ceec e ceas 2
2. Separation methods e verearss e e reesvamanas A
2.1 USA e e dia e as I )
2.1.1 The ANL Program srreseerey besrEeanoaon .
2.1.2 The Savannah River Program  «..c.ecseseovancnns P )
2.1.3 The ORﬁL Program s et arareennaa batesansssas s 25
2.1.4 Rocky Flats Plant cheh s sruneennn tees s ssenr s as 41
2.1.5 Argonne National Laboratory @ ..«ccccccece. chaseaaa A49
2.2 USSR D 51
2.3 European Atomic Energy Community (Euratom) seeesas 55

2.3.1 Centre d'Etudes de l'Energie Nucleaire C.E.N.(Mol)., 55

2.3.2 European Transuranium Institute (Karlsruhe) ......- 55
2.4 West Germany ...« I R I R ceestnesoesssanen 61
2.5 France  «se-«ss-» ce v et e s s scearse s st Y §
2.6 Japan  eseseces cear e aa s Praeava treeaseuaana veoens 19
3. Summary diSCusSSion  teeeesirsireiirintitaiseeeaan . 81
Conclusive remarks Chsertesssensnraeananns ceeaneean 8%
Acknowledgment e s reaereessasas ceeensn s reeee e 83
References N R R 84



JAERI—M 8240

3 L & I

B 4 7 A TRET A ERETHORED RN EERYOUEL ORISR, FFhsav
& R BT IC O, BABEQEELIL T NAE. BTh, BHTHGMIE L, BREOK
XVBEY T yIEEDORAL, BEORBEARELLDICLTNG,

BT, HAUEE LS ER (HLW) hicaEng 7 o ¥/ 4 Pk (BicPu, Am Cm)
L FUESOFPHE (WCs, Sr) 0 BASMEEOMBEET - TO A5, £ OFELREH,
fimh, B, REEME, FEM, BESHE, ZLTEANZOETHED TR LOESSER SN
%o F1Z13, AL fErs Hrisk DA, HOHLBEREROBRMLSULIDRB L.

S BE ML, BAETS ZREOELMESESR, RE SN TR0, BEQHEIL
s sl 2 TN OAER TH A « HLW L E 0 R B D 1 20 £ OLEAR ORKE S 55
Fond. HLW oticid 4 4 VR D Tul, ik, 204 FIREETHETALE DB -

L Lishs s, BkIzs 28 H0E 0k SHE LT, 1980 FAAFHTI, 15 »osHE,
S, GHEAE T ROHE, &2 0RTRERERTT ILBEROEEEDREN
ENAETHAD

FRE REIC BT S, HOER, BET-THWAERY) YBEIX T VL ERMEE S
U4ﬁ?§ﬁ&%%$ﬂ,%ﬂ@mﬁﬁé%Qﬁ&%§,ﬁ%,ﬁﬁbmwnﬂm%mme&%
FETIE, AEICT TS L N VREHESEL S v P RETRE - BEURBRER L, £
T oA LI IR B O BEFE L OO Y R T s OEAUF/HICELINLITHS
5, tol, REREOTMTRESINLENT S,

ClEQESED LTS, SHORMCBYTATELZENC BRIIBLT, BFHaETH
LA R A Y — L TEB SN & DB HIESAERE (FE LTIV =Y 4EK) &2H
#HL, KEHAZERLT.

?@bé,%Iﬁ?ﬁ,%7wb:ﬁAﬁ%@kE@ﬁ%é%&bt%@f%%éntﬁ%f
Ok A NTRARD . i, BIETH, T&LTEVSVEROLEIZNEZED, »D, 5
A A LSS SRR S R E LTHRESN TV AR DHEDTELD S

@ ETRNEBTA b 2 ATEREER, bbHA, HLW OME LN DD OATRENL
50Wid,ﬁﬂ@ﬁ&(&nﬁiﬁi%,&Puﬁ%,ﬂ—%fvbvavﬁZ%E),
%%mﬂ%&%ﬁ%m%%mmEU5nL@L@ﬁe,?7%/4Fii%ﬁ%ﬁ5¢wiﬁﬁ
DHE L, BRSBTSk SE, EREESCECTE, BEMEEERED 8T
BHENE, BECRIELT LB NG



JAERI—M 8240

@7 b= 6eE (TPE) 2185 FE i, MESKLAWERLTE, BRRICLL T
FRA TS, EFER L2 0ETFREEE DR Ae 5. TPEAKBICGS oD, BFH
= Wpy AT ZHESELNTHA. &5 T, HEFFICL 2 TPED BB SO T DS
%o
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Table 1-2

Yhe isotopic compositions of the Pu, Am and Cm processed in the

Cm-I and Cm-1I campaigns( Atom-% ).

Cm-1 Cm-IT Cm-1 Cm-TII
Plutonium %65.4 kg *9.7 kg Curium *130 g *5.9 kg
Pu-238 - 0.156 % Cm-242 ~30% 0.40%
239 22.4 % 0.025 244  ~70 94.97
240 49.9 1.19 245 - 0.70
241 15.1 0.102 246 - 3.8
242 12.6 98.17 247 - 0.063
244 - 0.180 248 - 0.060

* *
Americium 1.1 kg 2.7 kg
Am-241 36 % 1%
243 64 >99

* Ouantities of actinides processed.

Table 1-3

USAEC stockpile of high-grade 252Cf

intermediates (normalized to FY 1975

irradiation campaign).

Nuclide Grams
Table 1-4
2440 1413.4 bss
245Cm 24.2 Backup stockpile of low-grade Cf
246Cm 817.6 intermediates (unseparated) .
247Cm 25.2 Nuclide Grams
248
Cm 57.9 542
Pu(55% Pu) 59,400
2338.3
241
( A = 244.84 ) 243Am 526
Am 5,176
2440y 2,364

246Cn‘t 47
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STARTING MATERIAL: PuZ3¥ FLUX=3x10" n/em®/sec
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GRAMS PER INITIAL GRAM OF 2%42p,

1o ® ! i I ! |
o : 2 3 4
IRRADIATION TIME (years)

Fig. 1-3 Transplutonium elements produced
by irradiation of 242Pu in the

High Flux Isotope Reactor.
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OQUTER CONTROL ROD

, INNER FUEL PLATES

OUTER FUEL
PLATES

TOR
PRESSURE VESSEL -
REACTOR CORE

L g_.. CENCRETE
". : .-‘ SMIELD

T 3

Fig. 1-8 HFIR core, vessel and shield.

Al Innet Housing

Al Quter Housing

Al-3.8% 2350

Al.3.3% 235y

Inner Fuel

Quter Fuel

Dimension, inches

Outer housing, 0D 3.420
Outer housing, 1D . 3.300
Clad outer fuel, 0D 3.020
Bare outer fuel, OD 2.960
Zore outer fuel, 1D 2.796
Ciad outer fuel, 10 2.736
Clad inner fuel, J0 2.354
Rare inner fuel, OO .94
Bare inner fuel, 10 2.108
Clod inner fuel, 12 2.048
{nner housing, Q0 1.740
laner housing, 1D 1,640

Fig. 1-9 High Flux Demonstration Lattice in a Savannah River

Reactor and cross section of fuel assembly.
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“Table 2-1

Actinides and Fission Products in
Solvent Extraction Concentrate

{(About 1 year cooling}

Actinide kg Mo les Lanthanide Moles
24lam 0.05 0.21 La 20,5
Ce 41.6
BeaWpn 0.001 - Pr 19.1
Nd 59.9
293am 1.7 7.00 Pm 0,78
Sm 16.6
i42cn 0.02 0.08 Eu 2,87
Gd 5.72
hbem 0.7 2.87 Tb 0.03
Dy 0.01
2430m 0.004 0.02 -
10,2 167

Total An+ln = 177 moles

Table 2-2

Decay Heats of Actinides and Fission Products in
Solvent Extraction Concentrate

(About | year cooling)

a Heat, Fission B Heat, v Heatl,

Actinide watts Product watts wattls
2431am 5 iy 31 0
243 am 10 *3zr 3 19
t42cm 2400 ¥ *\b 3 37
2640m 2000 193py 0 3
19%pu 27 0
19%ph 2188 509
Lelea 1 1

lebce 654 321

Labpr 7296 603

1%7pm 51 0

BER il oftTY 20 120

Total =+ 4400 10,270 1610

Total heat from atBty = 16,300 watts
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Irrad. 10% Pu-Al shim rod

Digssolve in 8.3M NaOH-7.8M NaNO3 soln.

l

Centrifuge

p.P.L. lsoln.

Pu, TPU, f.p. hydroxide (Al, Sr, Ba, Cs)

|

Dissolve in 6M HC1

Evaporate to dryness

!

12.5M LiCc1-0.5M HC1l soln.

v

anion exch. (Dowex-1)column (2 x 16 in.)

3) (2) {1)

cooled 87°C
0.5M HC1l 8.5M HC1 10.5M LiCl-0.5M HCl
Pu (IV) { TPU ) ( rare-earth f.p. )

!

Evaporate to dryness

|

0.5M HC1l soln.

Y

Cation exch. (Nalcite HCR)column (2 x 18 in.)
(L)

(2) l
12M HCL 0.5M HCl
TPU sr, Cs

Fig. 2-1 Separation scheme for transplutonium elements

from an irradiated Pu-Al shim rod.
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SRP [ &y 1ARGETS
CONCENTRATE DISSOLVED IN_HCi
Am, Cm IN HNO3

!4‘c ZGZCN l
m lzazpp,
oy |
ALUMINUM l oy
REMOVAL STEP, RATIO
|
,_.—.———._I.
1
¥
TRAMEX CYCLE

ACTINICE RECOVERY|———=y
FROM 1iM_LiCI }3 Cm
| PRODUCT
CONVERSION
PURIFICATION SHIFAS
AND SEPARATION .
STEPS

25am]  [M4cn)

Fig. 2-8 oOutline of Am-Cm separation process at the Curium Recovery
Facility.

WASTE
84/ LINO, SOLVENT
12 M ALINO,)3 [
EXTRACTION PING

0.6 2¢ ALAMINE
336-HNQ5 - DES

0.5 4f BLAMINE

336 (NEUTRAL)-DES

WASTE PRODUCT PRODUCT Am, Cm,RE.

Fig. 2-9 Flowsheet for Clanex process.
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FEED
CLARIFICATION TRAMEX
SOLIDS REMOVAL . PRODUCT
(PRIMARILY ZIRCONIA)
I BY FILTRATION

ELUTION SEQUENCE

ey [ 10 M LiC1-0.1 M HCI-0.1 M NH,OH-HCI
‘ ADJUSTMENT FEED § VOL % CH,OH (~1.1 LITERS)

4-10g Cm/BATCH | CLARIFICATION e ¢ M LiCI-0.1 M HC| (~0.7 LITER)
ADJUST TO 12,5 M LICH SOLIDS REMOVAL .
BY EVAPORATING TO | | (PRIMARILY ZIRCONIA) B M LiCI-0.1 M HC1 (0.7 LITER)
137°¢C #Y FILTRATION e B M HCH {~0.9 LITER)
ADJUST TO 0.1 M HCI
FINAL VOLUME ~1 LITER
i i | L
! 'y Lict
o | ANION EXCHANGE
; by COLUMN
o A Lo
| b DOWEX 1. X8
NEUTRON L {200-300 MESH)
DETECTOR TO ‘ Lo 450 mi
SCAN Cf BAND ! | 80°C
FROFILE ON Choy
COLUMN . |
C DU | peED FLOWRATE: 2 ml em Y min”!
Db U ] ELUmON FLOWRATE: tmlem ™ min”!
: Pl I | I
! i
; po . « DETECTOR ON
i ‘ R ELUATE STREAM
: pod ]
WASTE Am-Cm Cm-Bk Bk-Cf
RARE EARTHS 90% OF 10% of Am-Cm 40% OF Bk
NICKEL Am-Cm IN 60% OF Bk ~100% of CF
9.2 M LICH IN 0.5% OF Am-Crm
= 8.2 M LiCI N
| bt 1 M LiCI
6 M HCI

Fig. 2-14 Transplutonium-element partitioning of Tramex product
by LiCl-base anion exchange(Liclix]). '
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4 N HCI

1.5 4 HCI—1 s‘gﬁ\s.r;r%n
$ g
FEED - &
{ M HCI —_—— g o
Am=-Cm~-Bk-Cf K e
x n
I
LOM 2-EH($PIA
IN DIETHYLBENZENE 2
PRODUCT PRODUCT
Am-Cm Bk-Cf
1.25 N HCI 4 N HCI

Fig., 2-15 Flowsheet of process for separating transcurium elements
from Am-Cm by phosphonate extraction{(Pharex process).

0.8 M HDEHP-AMSCO 125-82

FEED iN 0.5 &4 HCI 0.5 A& HCI
3
bl
= - ‘ [
(N)RELATIVE FLOW RATE
98.7% OF Cm 99.2% OF Bk
0.8% OF Bk 1.3% OF Cm

Fig., 2-16 Six-stage Hepex separation of berkelium and curium.
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TRANSCURIUM ELEMENTS FRACTION
FROM LiCI ION EXCHANGE

"BUT"” COLUMN FEED ADJUSTMENT

ADD CARRIER, (Fe OR Cm), 0.25 M a-HYQROXYISOBUTYRATE
PRECIPITATE METAL RYDROXIDES WITH NHa0H. pH 4.2, 5mi/min
DISCARD FILTRATE AND WASHES (Li*, CI°, NH}
CISSCLVE SOLIDS IN 15.8 M HNO3.

DILUTE TO O.1 M HNO3. —— 0.5 M aHYDROXYISCBUTYRATE

U\&u!\.\-—-

pH 4.8, Smi/ min

FLOW RATE; 6 ml/ min

DOWEX 50-X8
(20-MICRON)
NH{ FORM
80° C

NEUTRON DETECTOR * %g=1N. 0.0. x 48-IN. HIGH

TO0 SCAN '
Cf BAND PROF[LE//‘Q
ON COLUMN ¢

ELUATE WASTE

a DETECTOR ON
ELUATE STREAM-—=fh

! ! il

EINSTEINIUM CALIFORNIUM BERKEL UM
FERMIUM FRACTiON FRACTION
FRACTION 10 10

TO cf PRODUCT STORAGE FINAL BK ISOLA | ION
E£3-Fm SEPARATION

Fig. 2-17 Transuranium element isolation by elution with

a-hydroxyisobutyrate from a cation resin column.
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Fig. 2-21 Mainline processing steps used for r
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elements from irradiated SRP reactor tubes and HFIR Am-Cm
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2.1.4 Rocky Flats Plant

MAmOBEID #* Pubh o BRI L TiTH 55, KETH, Rocky Flats Plant (RFP)
DHIEAOBEBERTSH 5. #E-> T > TIZRFPERFEH & L TH L Lif 5. HanfordiT kit 3
MIA M EIC DO TIBIN A TR %, Los Alamos Scientific Lab. (LASL) T& **'Am
DEMEDBITHNT OGS, BIOSE AERRAENTEL .,

MWMAH:EMM@$$WPu¢@mﬂ¢bfi%1¢uXkﬁ@Puéﬂﬂbf%tﬁ
l%ﬁﬁﬁﬁb,Cﬂb@Pu@bﬂﬁT%“UM1@@W%ﬁ%ﬁﬁbt;m%@@@i@g
i, g SETH-12081965 FHOEETRH4~5kg EX ST -Tb . DEEOTED
DwrmemlQLﬁﬁ%@ﬁﬁ%ﬁcfwt1%5@@@@%%%&&—%@%—%#9?
VEA AV EBETH -7, FOR, WEBE -FA4 T VEEBA L VB v RBIEICE
s

AR ML, LASL SANLIC 5172 Pu 0BREOBREML LILh-TEY, *An %5
AtEPu &£EB % 750‘C‘6KC4;)—NaCI ~MgCl 7AmiE S A EM S 4, AmA AmCLICE L L THA
BEFICHIN T 26D TH Do Fig. 2—24 WRFPICEB T 5 2BH ~» FHIH 7o € 2Z R
itz v, BB TAST Y BESPTIbONRS M Am 25 ALBME R IM HCl T
W INGE . COBBTICIESEOK, Na ", Mg?", C17! 2 NT 30T, thBENIES &
Vﬁ@%fcnawxﬁ%%%i&%4%7&@ﬁ55?Pumﬁiéﬁﬂﬁcmgzﬂsm&
Wik SEB A A AWM E R L TR Lz BIETHE, CIT BEFRICHERICELOT, ROEH
IS CEULCI—NO, BAHIES, BRAEBA L. Am i3, BAA Y B#H7 60005
7N HNO; T## L, 04N HNO; AR %Dowex 50 W 54 A4 »ac#a 7y 7 £1CET,
Am(RE)77¢/f§ﬁ5MNmCNS(F%L K@Hmwzﬂ&4j/x%ﬁ7bf
Am & RE OSEAT 5o Am B X SICEA &+ 2, BAX R84 T 4 THE &N 5 (Fig.2-26)
FAVT v RAA BT O AE, 1960F 5K 15 FH7 7 v MERTHRIDEBITEER S
1273, el EHEIC X 2 TTRSRA A7 oER, AmITEN 60~T70 % LB, HEHORELLERE
FA T SBERORFEOBEFTEC R - THLFORMBELRL 2.

1975 FE ey, Fig2—2TRKRTHA & v ~BA 4 v tan T 470 E}zﬁi%ﬂ?"m 2 R &
S Thbate ZOHERBBRTHESRS, #EOSH AmPBR LGNS

EUR L 222 Ami2 AmO; & LTORNLIZE S5 4, AEOHME 0 A THELNLELAM
05~5wt. ORI E ST OT, SHED Am BN ELRICIIEICE-SITHN 5. RFPICE
" T Proctor &A% L ® A Fig. 2—28, 2-29W e, §1E I RE @7 » {tHtE%RE,
Am D 2 v&%&)@z ZLTHEROEMIERERELOED . B o AmO, DA EI
#1600ppmT H o7c. COFEICL-T 200g DALL 5T g CAm O AL Thi: . RER
Kﬁ%@¢f§%§<@in5@(mﬁw%ﬂ@%%&f,Am«@Ce®%§$%5mpmj
PIFi T &1z, hoFRidH s 50ppm DLV &N, AmOERZ I BLUNTHL.

Fig.2-30 ICLASL TiTh 17 Am@%@iﬁ%&&%ﬁ%@o chsiz, AmVIO TR &BER
Bt - o BE, AmVI-AmID © 7 v (L8, BB ILERE L Dk 5. LASL TR,
EHERGA A Y BEEHOLNTN S,
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8M NH40H (NH4)28208

Dissclve with +¢ Ag,0 2_¢
8M HNO, — —>[H ]=0.1M—4'——->800C (5,071 0. 25M
[Am]:0.28M [ag,0] : 0.002M
80°C for 40 min.
HF Am( ) —> Am(VI)

[HF]: 0.2M>‘/

Mix for 3min.
Rare Earth
=

Precipitation
A(,/////’ ‘\\\zfltration
Filtrate REF3 pP.-pP-E.
&hAscorbic acid \\\\i
Am(VI)-» A (III) Calcine
H2C204——* 60 C2_
[C204 ] 0.1M—> Over-night-digestion Amz(C204)3
.p.t.
: Filtration
P.p.t.ég//// Filtrate
4« Wash with H,0
Calcine
/ at 600°C
for 6hr.
Dissolve
with 6M HNO3
L&——v———NH4Cl
[NH4ClIZ 0.1M
PbCl, & AgCl p.p.t. ﬁzczo4
Filtration » Oxalate p.p.t. —3>»An, {(C,0,)
\ 2'7274°3
Filtrate rocess ¥
p Filtration
p.p.-t. Wash

- ——sou

Calcination at

*. _product’ 600°C for 6hr.

i

Fig. 2-28 Process flow sheet for preparation of high purity

AmO2 at the Rocky Flats Plant.
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Dissolve with 6M HC1

( 30g/1 )

60°C ¢ 20 vol.s NH,OH

PH 5.0
90°C
< Hy0,
2.5M 13 H202
Cool to room temp.
CeO3 p.p.t.\\ﬁflltratlon
¢ CeO3 Calcine at 600G°C

] 4 .
Filtrate for hr

- .
l Solid HZCZO4
0.2M in oxalic acid

!

60°C
Over-night-digestion

Am, (C,0,) 5 P.P.t.

Filtration

'

Wash with H20
Alr dried

l

Calcine at 600°C for 4 hr

< AmO2 product)

Fig., 2-29 Process flow sheet for separation of Ce from Am
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“ HEAT
— DISCARD
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{including rare earths)

2f K,GO,4
CARBONATE  PRECIPITATION P T

KAMO,CO,

Ty
it HNO,

DISCARD |
FLUORIDE KNSOLUBLES
DI1SCARD O"for 1hr.
SUPERNATANT LIQUID ‘o

mSCARD ICE BATH
SUPERNATANT  LIQUID
90°forlhr
Am F3
HKE%‘;” FLUORIDE PRECIPITATION
- / DISCARD
It GNO, SUPERNATANT LIQUID
NH3 T
Am{OH},
f K,60, DISCARD

HEET SULFIDE  INSOLUBLES
SODIUM SULFIDE

{or"Sulfa -down ")

SULFIDE PRECIPITATION

SATURATED

KOH

Fig. 2-30 Purification scheme for americium involving an oxidation-

reduction cycle.
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215 7TadryxEHER (ANL)
ANL Ti2, 19644EHX @Horsvsv}itz Sickh, BE LM AMmA S Cm A0 T 270 &2

BiFE £ S ANz, IO 7o £ 213 NaOH —NaNO; itk 5 AmO; —Al 5 + TeNDERE, T

2 v (Alamine—336) itk 3 Pu % @i, LiCI-HCl- A4 »22# 7% 7 41K L 2Am—Cm
LOFP £ o4, #L7T KAmO,COEBZIC L 5 Am & Cm 035'5%%’&& CmoEHITRELD
BWoT Ve FOROEBTIRRIWR &N, 1969F oREicLnE, 4 -7 » Hid TMHNO;
— 0.005MHg?* I X D IEREL, L7M Al (NOg)s— 005 MH % #iA & 0.4 M Aliquat  336—nitrate
“Pull¥), Am—Cm, REMD % #H LT Cs, Sr, Zr —Nb, AIZH<, RICAMEKAmMO,CO L
Bprbir L0 B4 5. FO%, Aliquat—336% L UDEHPA EEFNEFARSB LIcAH 7 LI K BM
Hroe b 437 4 —E->THCmOEEETH>. Amé CmO SRR TE % Fig. 2-31
157 L#co LiNOsi2 2—ethylhexyl phenyl phos phonic acid (2EH($P)A) WA TET
BisilB. M7 o= 257 4« —HBOSEEESESH, KESREL . Horwitz o, 3
ST 120CIEL LM ICmA 28 L 7o 2EOFEHIERRN 0% T, BREIELLT
KAmMO,COs phBticiElNT 2 (8~9%) o *Cmtbd AmDO&IT 100ppmll T TH L T

DTEAMHZZIIT10~12 BEET L,
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M HO

AmilE 1722 mg)
Cibit) 18 mg!

5 mg il
conc NHgOH
pH §-9
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3 He!
Evaparate 1o Dryness
Dissolve in 4M KoCOy

& B°C
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1.ty
AmiHL Cmilin)

% NaOC!
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~ 1M K5
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X Am0;COy (Solid Phase)

Neutrilize with 6M HCI
Cone NHOH, pH-9
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4 HNGy
Eviporale o Dryress
Dissolve in 6.5 LiNOy (1072M KNG

Hlam 720 mg), 2200 @AM g1

JAERT—'M 8240
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€54 1 iNGy 102 oy | LR FCy
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A 0
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2.2 VER

/@‘CMTPE@&}QEHE& LT, DEHPA% B it I mMmEsa= b7 74 — miBHE
é#’L’CL\%o 2o DhERNL,

{a) Topex 7o A

z i3 Talspeak HEDOHRBTH 5. 1 MELE —DTPAMEK »» 5 DEHPA — 7 41 »iC &0 RE
ZHE L, RICA (NOs ) 28 1 METMATHS, 30%TOPO— ~y¥ s TTPEART TS

(TPE®DI (3% 10°%) o R 6MHNO, “TPERMME a3 (Df=107" ) . COHETH
Tdspeak It 8153 X570 pH % 15 CHRETT 2RIEVEW TE, WMEBT o FOBS
AT Zr OBREHELEL (10°).

Kurchatov BT AT T, Topex /o2 2Dt 7 o<t »57 4 -RBE L. TD5
& TPE-RE o 1 MILEE - DTPABR A H 7 0% } 77 AL EZELTREDARESEEL
EHBTESL. COFERFAAIE, 300mg DMCm oK L, BEF**CmE -7y F DALEE
<= Cf #4t TPEEA#® RE »o0A8ITIEA NI,

(h) Okvibek 7 B-£R

& #it [Oxidation—reduction separation of berkelium by extraction using
complexing agents | ICHXT %o '

Bk {2KBrO; (03M) — 6 MHNO; - 4ficEibah (80T, 304), 05 M DEHPA -7
b o iTHI X715 RIC hydroxylamine 10X »T 3 HICRIE LT, FEE ~ DTPABH TKIMIC
HET. Fig 2-32 MM TEER L. T, Okvibek 7o € ZOMB 7 o= 275 7 4 =~
D IEEFAFig 2-33 KRL1c. ZHHDHERBKk £Ce D AEE, B B2 Bk O TPED &
D 43EIC A X A7. SM— 2T TS L7 Pu H 5 103 MCm# —4 v b 5 Bk A
4 241 %ic, Okvibek 7O tz&Topeme'tx%}éf%ébf:j’u L AMEZ LN THEDD,
KurchatoviZ2di Tid, SM—2HF4 (2 X 10%n-cm~2esec™t) T2~6 X 10%n-cm™ 720
s L7 Pu B LU AM-*Cm & -4 v b5 5 TPEZSEEIRTY 5 BWITFig. 2—34 {TRY
m%@ﬁfuﬁz%ﬁﬂkocn5®gx%yfuﬁ&55mmﬁw?b¢?74~émmtm
Z. Pullfl i, 4M HNO;—1M Al (NOy)s 57 1 (TOA) =¥V AT NA T LCRE
x4, 99 %DPu iz 04M sulfamic acid— 01 M HNOs T BT 3. Pully o vBENRE
R4 % . Bk 04®I3, Okvibek, Topex M7 9 e REFHICEDELTITS. 2947V
O EMmOTPER LT Pu e ook EEi2 10%, Bk OREIZ1IELUTTH-T Al OERER,
met hylphoshonic acid @ diisoamyl ether (DAMP) #7 & ~DTPEORFILL DT 0 &
DRI BTHAKET 0 BTH-T.

TPE& RE & 42 Topex” 2 22 kD, FCm&Ci- Es & 0483 0.5M HNO; B
i LDEHPA £ 7 £ Cf & Es AWET AEIC L 0T, CiE Es 058, TOA # 7 & %Al
Wi row b7 57 4 ik DITH . Cf ~Esid 8M LiNQ;s (pH 25~30) »ol&EL, 6
M LiNO, (pH 25~30) #sii© Cf »Es olficif# s nfc. CE7 7 7 a XFRE B0ET
Es DEER 10K, Es 757 v avi3EK 50%T CfOaHR2 X 107% THote

PlED 7oA ENELOE -4y P BRESH, BFITHmE DEICE, MEH ng OBk,
ZLTHug O Es BRI
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fs, BEFEREHEHR (NITAR) KBTS, m&z@%mfﬁﬁbtﬁ&wﬁﬁmﬁ vl

59)
y b5, TPEASEERETZ 7o AnHRENT. £TTH, BEZ—-ryrx3~4M

NaOH — 1.9M NaNO; &k ¥ 4 ~ 10M HNO; TR L, Pu# 30%TAA-FH » THIH LY
¥4 %. TPE& RE 4083, 03M sz /B (pH3~35) 5 03M DEHPA-DERTHLiH
ik, 0015M DTPAK#K CTPED AT 5. REF4~6M HNO; TEfMHT 5. £ 0k
O TPEDA T i1, HICHBMBEZ2Z 231C L3 DEHPA- 7 YHHTIT 5o 70 20D
B4 Fig. 235 KA L. O a2 EDBONSCmEC, 77 7% 2 » D5 % Table

2.— 3 KRT o

ZEMICER L.

Table 2-3 Characteristics of the curium and califcornium

preparation obtained

BEOMBRT v 7}, HQ o 3 ICf— M T B 6, P2CE &2 DRO M CmESME I T

Curium Californium
Characteristics fraction( % ) fraction{ % )
Isotopic composition 244Cm, 65 249Cf, 7
245Cm, 1 250Cf, 10
246Cm, 30 251Cf, 3
24700, 1 520, 80
2§8Cm’
Content of fission
products (Ci/qg)
lOGRu_lOGRh 10—4
144Ce 10—4
141 -4
950e _ 10_4 Not detected
Zr 10
PSup 107°
137Cs _10-5
Contribution of fission
products to total y-dose
rate 2% 12
Content of nonradicactive
‘impurities 3% 3-10mg/mg 252Cf
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Extraction reagent
0.3 M D2EHPA

Initial solution of

TPE + REE + fission

Wash solution 0.3 ™M
HyCit 0.5 M NaNO,

in DEB roducts, 0.3 M pH = 3-3.5
| L, Cit pH = 3-8.5
!
1 i |
¥
I'_l 7 Steps i 3 Steps ___]
' i . I
* |
TPE + REE v
Fission preducts
to burial -
Reextraction
Frraction reagent 0.3 M
xtraction i
reagent l H,Cit 0.5 M
i NaNQy 0,015M
| DTPA
: | T
' REE
T Steps i T Steps _
Solution
of TPE

Extraction reagent
0.5 M D2EHPA in

decane

Cf 0.3-0.5 M 0.3-0.5 M

Solution Cm, BK, | Wash solution
HM3 Hm!

I
|

|_| 7 Steps 7 Steps |__
| Solution of l
curium Reextraction of .
reagent 1-6 M HNO,
l {
l_l 4-6 Steps |—-——!
1
e i {Solation of
e gt |
Extraction reagent Solution of Bk, and © | Wash solution
0.5 M DZEHPA Cfin 0.6-0.8 M 0.6-0.8 M
in decane HNO, HNOy -
_‘ .7 Steps ﬁ 7 Steps I__
I Solution of l
berkelium Reexuraction reagent
4-6 M HNOy
—| 4 Steps —
| i
Extraction Solution o
californium
| _reagem
Fig. 2-35 Scheme of separation of berkelium and californium.



JAERI—-M 8240
2 3 European Atomic Energy Community (Euratom)
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Fe: 055%, Nd: 0.46%, Al: 027%,La: 018% %28, @ TORIMER, 25cmDKERE
Hehw=aTl—4—kAHT, 75 AEBICLVIThN. FSlLLTCmOY 2 YEEIR
HAEYZFL U BE—»-NTHERL, A4RPAETPRsN. AmORER, 2RO
so<wkd5a (58cmeé X 45cmh , Aliquat 336 5 XUDEHPA) &, A4 v XA 7 4
(5.8cm ¢ X 45cmh ,Dowex 50W X 8) W khftbhi. A7 a<vrA7 1 - izt
KBrOs%z T Pu OBREAHER LTS BEOKA 4 R H 5 413, DEHPAAL T &1
K% TéEDS, DEHPA R (kieselguhr ) 50 Si §HEHCm DM 754 ¥ a /i
BAT B, REEEDOSIC LB AmD B (80T, 10K:) & REMEILRIESRA S0z,
Fig.2—41 &Pig 2—42 K Ezhehfitis v =t 77 7 ¢ —ick 2™ CmD BB R L7
ST DEETEONIMMCmO248g T, R L LTI, 028%0* Am, 4000ppm D
Fe 2t st |



JAERI—M 8240

Shug

50g Al {’;;\\
2.5¢%1Am U

5.32 - 10%nvt

caustic dissolution L » fission gases
centrifugation | » caustic waste (Al 4 fiss. prod.)
washings
dissolution agua regia —  p insoluble residue
conversion into sol. '
' 8 MHCL
8MHCI solution '\
actinides B
fission products _j
lithinm nitrite (Pu IV)
c adsorption on Dowex AG1X8
. -« elution 8 MHCI
Solution elution SMHCL  |~————3 plutcnium {raction
Actinides - elution 0.5 M
Fiss. Prod. HC fiss. prod.
I |

conversion into
golution 12M
LiCl

adsorpticn on
Dowex AGIXS

elution 10M . . et }
Lict p LiCl waste Fission Products DL DI
EI 4+ EIX

l Cm - Am fractions | precipitation, target
elution 8M fabrication

LiCl

» insol. residue

Bk +Cf fractions _.—— ) purification extraction
chromatography

elution 0.5BL @

HCl ——=p fission products

Fig. 2-36 Flowsheet used in processing irradiated aluminum~
americium oxide cermet slug at the Centre d'Etude

de 1'Energie Nucleaire, Mol,
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caunting rale
30004
Cm
Am 8k Ct
20004
10001
- . i drop number
50 100 150 200
- s " " " N - " . N N N , __column volume§
2 4 ] B 10 12 14 16

Flig.2- 3% Elution of *'!Am, *Cm, **Bk and *9-#:Cf with 0-5 M HCI from HDEHP-
kieselguhr columns (ratio 1:8-5), 4 mm dia., 8¢ mm high at §7°C. Drop volume 35 4;
free column volume 12-5 drops; elution rate 1 drop per 45 sec. Counting rates in

arbitrary units.

35M | KyC0y
- "o
2
Prectpitation
8M Li NOs K3Am Io;_(cogiz M | HNOy
8M LHNO
3 00IMHND; 3M HNO3 0.25M Oxalic acid
. . Autereduction
Bissolution 05 M KBr 04
F=t--q 1M HNG, Precipitation
iAm |
E‘RE. ! Am-oxalate
M HNOj I
0,5MKBr03 6M HNO3 [ Am
0,1 M HNC { Calcinutionl
/ =  —
Fe ,Ni A Li K
’ I 4
crpe P -
Aliquat Dowex 50 &02_
column column

Fig. 2-38 Purification of 7g of AmO, by precipitation

and chromatography technigues.
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Fe Mn,Ni,
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Py ¥

Dowex H0WX8

—NH,SCN 8M

HEl 1M

[ X1

Dowex 1X8

HCI M

YYY

t9

HNO3 cone.
fabilt

Cowex 5S50WX8

Oxalat

|_Filtration

Purification of 5g of AmC, by ion exchange.
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001 HND; b == H ===
B R 1 O R I B RS
L 35m Kl == Lo =28 5 || === Calcination
_— - 135 HLIN03 | | t r= ___._.I | LEH HNDa_J' i
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Dzonization i UUEHDTPA | |
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(93 xirdy | e | r .
03 il Cn f '
KlAmDI IC 332 | ! A A
| ‘-—T Y Fiem )
==
L & ~an L‘ T i LT
— Fe.Ni.Pb L LK, Lactic acid , DTPA
Fig. 2-40 1Isolation and purification of 5.9g of AmOz,
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2.4 BHFAY

7E KA /@Karlsruheﬂlﬁ) iR A duCfT o417 [Projekt Aktiniden Jid, 19704451973
ek &, Clighi X ifr. 27 aP Ty Mg, B LTHHL®? Py, M CmOABEE
LTS LTOMCE 0/ T A BEToREAFNE L, FAE (WAKS LV SVERP 5D
Np, Am, Cm @[T, FN OO ETFHEBESIC LA Py, PICf o, LT, &Yoovikh
PR A TR S 7o b D R BB (B2 IEMILLL , AGATES) 2&A TV . TOHEDE, ©
Z Ti2Pu, Am@@ﬂﬂﬁ%ﬂ%ﬁ ik 5 TPEEIE (EBiCiE, tv e TOFHRERBROATOILT
pi) DEHCIR - Tl 1\7 o ml/fvl/%?ﬁbw@fxm, CmoOsEELTRBIRTEDHT 5o

VEARGIES -0 o K HEERTRFSAEE LELOT, oYL FTE, ERERD
PR 2, MZEFR, HDR %ofliic, ©V@BR2, # 5 & (Petten ) DHFR O # DFEFHIC
LINTESEE, REERSTORI. BERAEOE -7 ¥ b%géipu&zﬁAm%zﬁﬁﬁﬁéi S
B . ENENOREMEOLFENET 0 2% Fig. 2-43, Fig. 2—441CR ¢ Pud =4 v b

wid, 42—+ b OWEEHK, Pui =873~ (Alquat 336 ) fc;q’cﬁ%&@ﬂm‘é FR 2

B X APu® XUZr —Nb, Ry —Rh o #h it 35 BaHE oz Table 2—44 7,1““9’”0 Pu i g ie
SEPZ kit 1 /lo@”&ﬂ%%@uog £ LTEREN5. RE & TPERRDTPA-%
s & L TDEHPA 500 iDowsex 50 # 3 4@, “Lanthaniden—filtration” %775
DEHPA)‘J?JA@#%%}Flg;—AISJ 2. Fig. 246 i2{3Dowex 50x8 KL ARE £ Am,
Cm DOREER & 7 HEF ) /Tbﬂ.o DEHPA % B 2 &k HBENE LN LS, BER
002~003m Mol g &/hEle Am &CmOoEiT, AmVioRBEELREEANTITHN
Z. AmidFO®E, BAA o THRETEIDEHL, AmO; & LTERT %, Cm iDE HPA f#i it
e BA A O RBETERER AT, CmO, & LTtiE%.
—F, AmO;—AlZ -4 v bOFERETE, $TAl % 8M NaOH T, E:{r# % M HNO; T
FRENHEEL, @4%’7&%&735}5 (Dowex 1 X 4) K& »T Pu%fp <. # 7 »BEHEDK
e s DB A Fig. 2 -47 IR Lice RE-TPE me iR I X O R s (pH20) , FB%
Tnlt BB 4 AT LI LA BHR TS5 7 4~ (DTPAFZENTA) TAm, Cm
DTN &7 T I Y a v A ST, B4 /5T L TAHIB ICE D FERER =1,
Bigir, B4 & MR E - EE TBRILBE LTR NS, cnbooj’ntz%ﬁ L
Pu %t PAM/Cm OWMEINE (E) 2870 A TERD LOWFE 2-48 T&sé # A
BAINERE, Pu=67%, Am/Cm=54% B8, T0ERRRREES D Binidos4 FHICHE
AEHLERICLLZHEATHE.

W4T, Db~ T 7 FF4 ¥ 7 a Yy FERRETIT, Hohlein 5435 2 /eé)\ %Eﬂ
K¢, THEFEE L AmGE 100mg)7b>6%'j 10mg O Cm o AR LT D T
Hi, AmO,—AlZBR 24 (47 X 10" necm™? "seg - TH4# (66x10%ncm™) L, 200
Ha RIS Lt . 2870 & 2 DA Fig 2 -49 [0RY - NaOH- NaNOsit £ % Al DI,
NaOH ic .t % ieipih, ALY & KBS e L 122 & RIE TRE, KAENATOL
M HCl i e LTihoBA 4 w55 n 5 4 CET ERE, TPE, Zr, Nb, Pu @REL, Cs,
Ru 2887 3. 05M M50, TEHDORu%, 05% C:H:O4 =¥z 9Nb, PullV) 25 L,
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MEDTE 05M NH—AHIB (pH6) BHRTHEET L. MiECE OEK (3R IM HCL T
pH 9 CHEELUEA A R AT s (25cm ¢ X21lem) WET . RE, TPE S H4EE

, ~AHI BopH-gradientiF#EIiIc L DT 2, 3705, TEEER 1T cone NHy 2L 73836
Miﬁ%%&mtﬁ'®H3*5),AMB@41/%%ﬁE%£m(%k)§%5C&C&@%x
2oL SR, HRNICT 56O THS. Fig 2 281 AHIB iH D pH &BA 4 718
B oBR%E, itf‘lg 9—51 (CIRIERIED pHEETEOE M EE OBFEET L. BRiE
DFj% Fig. 2-52 IC CEE . CEUHEICE AN RDOREZBRT BT, BRI 20vol.
BPAR ) —NENLTOE. Cm7 77 ¥ avid, BRESZLICEL EM HCICHE#E L7z
PlEORIETHR éa"Lf_Cm@umiigls%, BT 98B TH T

Table 2~-4 Yields of Plutonium and fission products separated
by the Aliquat-extraction in batchwise. ( 30 vol.%
Aliguat in xylene, aqueous phase 3M HNO3, FR2~-fuel
16.500Mwd, ca. 0.2kg/1l)

Cehalt in % der Anfangsmenge

Extraktionsschritte . Pu Zr/Nb Ru/Rh
A}iquat-Phase»nach Hinextrak- 97,3 0,4 3
tion

giigfif1;$;fe nach 1. Waschen 97,2 0,4 0,8
ﬁiiqg?t—;h;§g3nach 2. Waschen 96,7 0,35 0,8
giigﬁ?gél?ﬁckextrakt (0,4 M 96,4 0,1 0,2
A}iquat-Phase nach Hinextrak- 98,8 0,2 3
tion

giiqga;-gg?se nach Waschen 93,3 0,2 0,5
:gzg;?gélg?ﬁckextrakt (0,4 M 92,7 0,3 0,2
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ENTHOLSEN -

CHEMISCHER AUFSCHLUSS
1) 6 M NaoH, 2 M NaNQ,
2) Filtrieren
3) L8sen mit konz. HNOg

}

‘ PU-ABTRENNUNG

ws, Phase: 3 - 6 M HNO3, NaNO;
org. Phase:iglv/l Aliguat in Xy- |
Reduktions-Riickextraktion des Py

PU-ENDREINIGUNG
iAnjonenaustauschl
SPALTERDEN-ABTRENNUNG 7M HNO,
Spalt- 11) Zwischenextraktion
produkte 2) Lanthanidenfilter
Aluminium Filter: HDEHP auf Kieselgur oder
Kationenaustauscher
ws. Phase: HSDTPE + Milchsdure
AM-ENDREINIGUNG AM-ABTRENNUNG
;§§§;°22‘g§:gggzifns' Fillen des Am als Kali-
ustauscher umamericylkarbonat
CM-ENDREINIGUNG
1) Extraktions-Rilckextraktions-
zyklus mit HDEHP
2) Abtrennung des Rest-Am
3) Sorptions-Desorptionszyklus
am Kationenaustauscher
L 4 L i

0XID - HERSTELLUNG

1) Fillen als Oxalat 2) Kalzinieren

Fig. 2-43 Flowscheme for processing of irradiated plutonium.



JAERI—M 8240

1. alkalischer AufschluB Lésen des Al in
NaOH 3 RUIAL,Sp.P. oo
Filtrieren
1 Act,.Ox.
2. saurer AufschluB L&sen der Oxide in
HNO
3
Filtrieren
l Act./5p.p. NO3
3. Pu-Abtrennung ' Adsorption des Pu
- : an AGIXE& aus
>
= Zn HNO3
l Act./Sp.-NO,
4. Einstellen der Siurestirke |Denitrieren mit
auf pH = 2 HCOOH Sp
__& » Waste
Filtrieren
l Act./S.E.
5 Actiniden-Lanthaniden- .
* Verdringungschroma-
Gruppentrennung tographie auf _—
und Am/Cm-Trennung AG50X8, 2Zn2+ Form -—-—&-pb Waste
mit DTPA oder NTA
l Am/cm
6. Peinreinigung von Am und Elutionschromato-
Cm graphie mit a-HIB
und AGS50X8

Fig. 2-44 Flowscheme for processing of irradiated americium.
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Lanthaniden - Filtration
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1 1 L (
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Auslaufvolumen [ml]

773 a - Aktivitat Cm - 244,242
=3 7- Aktivitat, Ce - 144

Activity-distribution of the effluant from DEHPA-
filtration column( 180ml DEHPA-ylass, 3 nMol DEHPA

on 10g glasspowder)in the processing of irradiated
243Am, 242'244Cm + ca. 150mg of fission

Pu{ l2mg of

products). Feed and washing soln.: 1M lactic acid,

0.1M DTPA pH 2.4.
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q

log

3 1 I ]
Feste Phase © Dowex 50 X 8, 100 - 200 mesh, NHJ-Form

Wésserige Phase : 0001 M DTPA
1M Milchsaure

0.1M NOj ColAm

Pm/am

log a

EulAm

T T ]

5 20 25 o H 30

Fig. 2-46 Distribution coefficient and separation coefficient
in the system of Dowex 50-x8/1M lactic acid, 0.001M
DTPA.
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re— Am - Froktion ———s=\Wasle iPu-Fraxtion

i 156 ml . v 20 ml
5 :
| ‘ ;
: |
Y
. z
e I
| ;l.n S
w05} ! 2 ie
bre i Autgabe :‘3gi £2.5
a ! Tn HNO, :§,:§:1§w
= | g Cd
5 1 !gﬁ ;'S ‘5:
2 I ' . e
£ . i H
g | !
™ I
04
i
Wl
b i 1
0 Ho 200

—— Volumen (mi)

Fig, 2-47 Typical activity-distribution of effluent from
anion exchange column for Pu-separation.
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, 5,2 N NaOH + 2,61 NaNO3
—-1 Aufschneider l 5 AN NaOF
| r
- T=90°C
Lisen, Rihren con2. HCI
Fittrat ———
JI—___.___“- 15aler~ | 1ag0°C
Filtrieren Hy0
i
4 1. Auffang-
ge‘faﬁ 0,5°/o Cszoa
05N Ha50,
RN T — i ; | g0 « IN NH, I
P T— ——==U 1) 0,5NHaut, py, b
L5aule == | v=16ml
AN HC!
¥
2. Auffang-
¥ gefifl .
Cm 0,5 N H but, py, -Gradient
Am | INHCL
Ce i T 3N NHHCL
Pull Z.ELie_ ] l
————— |y-95m 6N HOL
Fraktionsteiler BNHCI
p——
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Fig. 2-50 o-Hydroxyisobutyrate anion
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Fig. 2-51 Increase of pH-value during elution
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Fig. 2-52 Elution curve of Am-Cm separation
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Pl bk 2 e b 43 BERIT, CHSOMBEAEREE TAMERE, FURTLO LY
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Table 2-5 Transuranium element analyses

Sample Number (a) ) Overall
Neutron Exposure (16* n/cm’) 5.34 2.93 4.99
Mean Flux (10'% n/(cm® sec)) 8.78 4.82 8.22
Initial Pu Content (g) 17.850 3 20.850
at. (%) mg at. %o} mg at. (%) mg
2py 1.36 27 0.69 4.7 1.15 31
;"’Pu 2.52 49 18.18 116 6.12 165
%f 41.69 822 55.49 355 45.27 1177
S Pu 12.00 238 12.69 82 12.31 320
M2py 42 .43 844 12.95 83 35.15 927
1980 640 2620
241
Am 39.81 53 76.89 11 42.9 64
Am - 0.26 0.04
#3am 60.19 82 22.72 4 57.1 86
135 15 150
;‘ZCm 0.5 0.67 2.5 0.007 0.55 0.677
Miom 995 14 97.5 0.28 99.45 14.28
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Flowsheet for the separation of Pu, Am, and Cm by TLA
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F'is .9-55  Selective elution of Am and Cm from a Dowex

1 x 8 column,
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Fig. ? -56 Separation of americium and lanthanides in the system
of 6M LiN03-0.1M AI(III}-0.1M DTPA pH 2.3.
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Fig. 2-57 Treatment of the irradiated 239Pu—target and

separation of actinides and rare earth elements.
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Fig. 2-58 Separation of Am and Cm by TLA extraction.
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Fig. 2-59 Flowscheme for recovery of Am and Cm used in the pilot

plant at Marcoule.
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2.6 B &F

AATEEGI c;«;fn:bﬂt%% B1A 0, # 62mg F8MgO <L v FEJMTR T
W% 1 ERKE (3 x 10%ncm™ ) L, 10 s ABE®, 44 /HRE, B, BEMEEOM
AR E -TPu, Am, Cm, Bk, CIES# L bDTHL. L BE D e 2 A Fig. 2—60 KR e
MgO—-AmO, < L v i 8MHCI 44, NH,OH EINIC & AKE{LEIBRET Mg 12 0Bk S
h, s & RS TMHNO; CHER KL tre Pull) (B4 & L RXMEA T L THRE,
RE & TPEILICIREA + &t n 7 & (Dowex 1 X8 VT4 X LT . TPEIIMEREA A~
5cHi# 7 4 (Diaion CK-08-Y) T 0.5M AHIB (pH 37, 60C) KL hHEESEE S8/ Bk
_Cf 774 v a i3 LaFy ik, LiClRiEA & Mk, AHIB ~BA A I REFICE-T
% oickEs |, Bk #NaBrQ; 'THLik, DEHPA st iZ & STHiME L, CfRE5IC
A A TS T A TER SN, M EDTE 22K EZ Pu, Am, Cmo{t224E &~ DF £ Table
9 — gz, 1, LEOEINE LEAA L% Table2 =17 wENFNTE L. T2 TR OGN CE

RICIRR—27T 2 X 10%n-cm R ST ZOEREG T X 1070%%g © Cf 5 29x10°
@i@*"”Es EF-MER LT c‘:73>7bb>-3to)
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Fig. 2-60 Separation scheme used in processing of irradiated

| .americium.

Table 2-6 Chemical yield and decontam-
ination factor for plutonium,
americium and curium

Chemica]l Decontamination factor

y(i;]}d From "From

@ a-activity S-activity
Plutonium 89 3x10% 102
Americium 80 6x 107 2x 10
Curium 79 > 108 2% 168

Table 2 =7  Isotopic compositions

Isctopic ratio

u =
Nuclide récovered Calculated
(ng) Measuredt [0 o°%
irradiationt?
Pu-I38 7.3, x 1? 1 1
1 <10 0123 +0.002 1.2
240 19;x 10 0.62613 - 0.00032 0.066¢
Ul B4 0. 01147 = 0.00024 0.0,
0 17,x 100 0.2380 -£0.0038 0.63,
Am-24] 2.8, x 102 1 1
HWm AL, 0.01420 +- 0.00029 0.013,
23 1.8;x 10 01708 +0.000% 0.17,
Cm-242 1.0y x 102 1 1
43 L4y x 10 0.1386 +0.0012 0.028,
Pt Ly x 10 0.1560 +0.0015 0.032,

85 41> 10-1  0.00384+0.00006 0.00079;

9% .0 x10-2  0.000670.00008 0.00014
Bk-24 22 x10-8 _— —
Ci-My 2, xW W _

7 Ly =¥ 1 1

250 3, x1-* DI 0.3,

+ In Aug. 1973 for Pu, Am and Cm.
Qct. .

Dec. .  Cf.
1+ July 1972
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Table 3~1

Resumé of Processes Used to Recover Americium and Curium from Various Solution Types.

Solution Type
Reguirement

A

To remove bulk
contaminants such
as Al¥+, NO73, etc.

B c

To separate To separate
trivalent actinides Am and Cm
and lanthanides

D

To remove ionic
contaminants from
separated fractions

Process Type

Salvent
Extraction

fon Exchange

Precipitation

Neutral phosphate
(TBP)

Acidic phosphate
(HDEHP)
(“Dapex™)
Amine {tertiary
and quaternary)
("Clanex™)

Phosphonate (DBEBP)

Cation

{Sulfonic acid
resin)

Elution-
Chromatography

Anion
{Strong base
resin}

Fluoride (HF and KF) Ce'V peroxide

Hydroxide (NaOH,
aqueous NHa)
Double sulfate

Amine {tertiary) Amine (tertiary)
(“Tramex'")
Acidic phosphate
{(HDEHP)

{("Talspeak’’)

Cation
(Sulfonic acid
resin)
Elution-
Chromatography
(“BUT Column™)
Displacement-
Chromatography
(“Zinc Barrier”}

Anion
(Strong base
resin)
Elution-
Chromatography .
("'LiCl column™)
Pressurized
Systems
{Any resin
flowsheet)

AmV carbonate

precipitation precipitation

Samae as for "B”

Acidic phosp})ate
(HDEHP)
("Dapex”,
“Cleanex'')

Same as for "B

Oxalate
Hydroxide
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Fig. 3-1

Principal processes for th
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Vers séparation Am/Cm

elements.

e recovery of transplutonium
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