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ARSTRALCT
1o -0XODANIR [I0STH688 hanv® taldil doveloped for isolation of
plutonium and U;"SJ. e plutecius prossss consisve in gsorsing

Pu{11l) end uwrenlus present i tae niLTie ediu solution outo a

cstion-exehangs resinu, ssieciival, eluilag the ureniun itk cilute

gulfuric scid, sod then eluling W plutonium with styong aitrie

<9
agid. Tse U“'B PPOCEss couglels 11 sUrding the uranium as the

urenyl iom frem ciluke aitrie geta and tagm eluting with amacaium

acetate-geatic acid. _ .

ol A



Ll
. .
o ‘ -
. - )
+ » .
" v

Chemical processes for the separation of fispionable material
from fissicn products and other eontaminents usually produce &
‘dilute soluticn of the produét in nitrie ecid. Before the fissicmable
material may be converted to the metel it must be eoncentrated end
further purified from residusl fissich end corroeica produéets. In
order to accomplizh this concentration and purificeticn, such methods
a8 eveporation, solvent extraction, preeipitation, and ion exchange
have been propessd. The evaporation procedure used for comcemtrating
Plutonivm end wranium solutions incresses the exount of lamde
impurities and gchieves po rediochemical decontamination, A methyl
isobutyl ketous solvemt extration process, yrevicusly investigated
et OREL, proved to be mechanieslly incperedle, while precipitetion
mmwemmngmmmmpmmmwm
30lubility losa 18 high when the precipitation is carried out from
a1lute soluticns,

Ion exchenge processes bave been developsd which both concemtrats
the fissionable materisl enil give slditicoal separeticn from corrocion
and fisgion producte. The processes were developed specifically for
the plutomive product from the Purex process end the uranius from the
Thorex process. m:,mmmmmummm@
vreniuk isolstion from other processes. Tuess two procesues hgve been

ated through the pilot plant stage and plent scals runs have bdeen

#he plutoniua icn exchange isolstion process, which is $0 be used
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N
at the Severmel Plvar plant, bes becn studied umier coallitions
W@mw-mw, exd 18 was fouwd setisfestery.
In the plutcatin lon exchangs isoiation process, boda ool s
desontemimetion faotors of 30 end 50, respoctivaly, heve veen cbtaizel,
The lues wmw&wmm_mmtmmmzﬂﬁu
consentretlon of sdbout 50 o/liter.

- on @ plant scalse applicatim, Orose beta and geves Gecontesidet
Tactiors of e order of 10 ol 50, rospectively, hsve beonw ovtaioed,
mmmwm’3wrmdw@3wmmum

et & eomsantraticn of aboud IO gfiiter,
If the produst stresms from the Parex and Thorex prooeases are
used ap foeds, volume roductice fmstors of edbout 250 are cbisined,

hoe tw DrOCOBIGH Qi2Par pomsdat arl oo cansidered

in this paper,
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Fart 1, YON-BXCHAHGE PROCESS FOR FLUIORIGE ISOLATTON

CYCIES IF PROCESS
The cyolms in the 9

nge proceas for isolgtlon of plutcaiuwm
are the following {ses Pig. 1): -

1. Bcrptics of plutanium end residusl ureniw: from the Purex
{sclvent-extraction) plutoniws rroduct strecm,

2. Urgniua elution (optiomal).

3« Plutoadur eluticn.

The feed to the ion-exchange isolation process s the Purex
plutcaiur product, thet is, the agueows nitric ecid solution thet hes
besn used to strip the plutomiua from the orgenic solventd. The plutoniwn
eomceptyation of this sclution veriss frem 0.2 g/liter vith s Purex So. i
flovsheet to 1.82 g/liter with a Purex Ho. 3 flousheet, and mxy bo oo
high s b t0 € g/liter vith a modified Purex No. 3 flowsioet. The nitric
ecid concentretion of tho feed varies from 0,15 0 0.5 K. The feed
costains ydroaxylenine sulfets, whick s afided to the agusous stripping
m@—ﬁmmplwm to Pu{IIX). The principal impurities
ere uranium, fission products, end corrosion products (ses Tables 1
et 2).

In the sorption cycle, plutonivm eni iepurities are sorbed by 12
per cent cross-linksd S0-to 100-mesh Dovex 50 resin. e Glstribution
of uraniue and plutoniun en the regin during this cyele depends om the
relative Sorptios cosfficients™ of the two metals, namely, k.3 x 107
fm'm(m)MJ.ermafwthewlim, in 0,25 § Hi0;. A bend

* The ehsorption cosfficient ls defined a8 the grams of plwtcaiurm por
grem of resin dividsd by the grams of plutonius per grae of sclution gd

eguilibrium,
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of plutomivn containdiy some urenium fores st the top of the columm,
and @ bend of uraniws forms below it.

The ursnive 2lution cyelo 18 optiocnel; bowever, if e wenitm
in the feed to the resin eclumn 48 more than 1 per cemt of the plirtoniws,
the wranlus elutien is eployed fowduce the coxtemlmtion €0 1983 than
1 per cent. The wioniux elution 18 csrvied cut éowflow with 0.25
B R 50, vhich contains 0,05  lydroxylanine sulfste to keap the
plutcaium in the trivalont stwte.

Partial slutics of the wesimz or pevely moving the urenius baod
down, but not aff, the celuxm hea been ghoun to glve sufficient
deccatenination of the plutcaimn product simte the plutosiue ia eluted
wpficw. T volune of mulfuric gsid elutrisut required o move the
weniva dovn the ealwms ig considovebly less ther thet regpuired for
emmum,mmwmmmmmm.mm“
por esiite

In order for the plutemimz $0 be eluted in s reasonsble lengih
of tine end @t @ eufficiently high concentration, the kydrogen ion in

; 201y 6 M. e elutricat used is 5.7 ¥
mgmwagmmm,oagmmm,'&omnm
cxidation of Pu(ITX) to Pa(IV) by the stroog mitric ecid. Sioce the
plutonium bard is &b the top of ths colin whem the elution sterts,
uptlow elutioe is emplayed to cotain s bigher concentretion of plutoniws
in the eluste. A fypical plutomnima elutica cwrve io shown in Pige 2.

A cycle type of operstion is used for the plutonive elutiem.
Klutrient egual in volime to the product eut desired 1o fed upflow to
the colwm. This 1s folloved by ¢wo column volwmes of dilwbe mitrie
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e2id (Gol 3) rescwmiitioaing colwicm.

dintng very shell eocwnts of plutoniun, (8) the Aseired volume ef
ofust in 5 i By, ek {3) cme volume chamge of recenditicwing
tion (about 005 B %) whieh contalng ah of plutosdv,

&0

&% tw coppletion
eole e resin eoluan 1n realy for the mcxt gorpiion.
of %o plvbonios




(m W 1 w 2)6 m m m m SanortEi ntion
tely 30 enf B0 respectively, beve besn cbtelned in the loo-

Wmim Of AR E LS ;A
conbined {see Tedle 3). Jonic veducties

constitummts vory from 1 to 200 in e lom-eeshumae

RADIOEITCAL ARD TOEIC Dt CRPREM I BATRON

Yhen 1€ DEOOESS NECONAETY
refiochezicel ectivitiss the pivtemiwm is cmpletaly
colimm with dout 12 columa valmes of $o7 J My, 0.3 f sulfeme ecid,

eluted from the

mmmwg%mmwmwmmm

ere then rosoved wild shoud foor coluss volumen “@esﬁm acid.
e trestnt sl removes residusl amumts of irom ecatamination. e
mmwwwz&mzroowmwxmlgmgmm

resin eclumn i reely for the saxh sorpticn.




Table 1 -- Radiochemical Contgnmingnts in Ion-@xchange Plutonlum Isolation

Procegs Fead and Prcduct

Conteminant, per mg of Pu: B, ¢/m; ¥, mv

In Peed : In Product
Rup Zrf M3 TREP UL +UW,p Total B 7 Rup Zrp Fop TRER UK +UK, B Total p 7
| 2,350 1,330 560 320 150 b,700 17 Yo 33 2k 27 34 582 2
515 16,700 859 465 118 19,000 51 keo 160 39 £0 6 705 2
1,620 20,800 T34 &6 391 24,630 102 1k eoh ko 13 T2 1,233 3
1,380 - 3,000 220 3e 76 4,650 20 630 86 12 22 22 718 2

P
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TaLle 2 -« Iomic copbsmicents in Ton-Exchenge Flutonimn isolation Procees
Feed api Profuct

QQWFM,}?{%“W SUURR—

e e o e .ig-.__-w\w_,._..,,..,.......,N, e et 2 e -W,...g;lé ¥

Alce,cr:um'mmnxmmzmmc‘r,>mmwmm

ol 6.7 20.5 00T 007 15 10 <hed i@l 6 005 == 03 027 0.85 2.0 0:00 8.7
0.5 7 0.7 0. 1.2 10 <05 <3 < 6 043 24 023 015 3e3 1,07 0.08 Q.20

1.1 11 1.5 0.5 @6 B0 <04 we U g 0012 5 0.5 0.10 & 0.9 0.2 0.6

£l 3 1.8 == 0.6 805 €1o2 365 <15 <25 1.6 6.1 0010 0,06 1.8 0965 0.03 2.4




Part I1. TCH-SXCEATGE PROCESS FOR UPSS ISGLATION

CYCIES YH FROCSBG

e cycles in the lon-exchemge process for isolatios of US0 are
the following (des Flye 3): |

1o FRemoval of residusl protectinium and thorium froe the solvead-
extraction U555 profuct streem.

2, Sorptiaa of the 5,

3, Tiution of the T-03,

The fead to thauﬂ?‘s ion-exchange womimrpxweas 18 tha agueocus
pitric acid solubicn that hes been used to strip the 023302(303)2 frem
the organic solvent in the sclvent-gxfrsction prucess., When the leed 18
from the Thorex process, this stresz is 0.02 ¥ in mitric ecid eod
souteins 0.5 g of U35, as wwyl nitrate, par liter. The principal
impurities are thorium, eorrosiun productc, fission products, snd
alsdimm (Tables & gpd 5). Dovax 50-W, 50 to 100 mesh, 3 per cemt crose-
linked, resin is used in thls process.

Eefore the process stress goes to the maln Dowex 50-% resin column
for sorpticn of the urenium, it passes through & silica gel bed amd &
gmgll Dowex 50-1 resin colwm for removel of the residusl protactiniwm
and thorium, The protectiniun is essentially all removed Ly the silica
gpl, with negligible loss of weamium, ¥ore tham 99 per ceat of the
Mm,muhmmmtmrmmtmmtwmoa?sm
cent of the wenium, mmbymmumso-wresmcnlm.
*he ursniuas bresks through this small columa %0 the main resin colum,
The residual uraaiue on the gmall resin colwm i pericdically eludsd .




S

and roturned to the solvent-extrastion prossss. These two colwmms
reduce the redigtion hagzard of the largs colums., The total lces of
urentum in the two colums 18 ebout 107 per cemb.

The elution of the urenius frem the vesin is cerried out domflow
WMQMmmi.ogmucaetaat'zc"c‘:“”ﬁ;"“‘*’
99.8 per cont of the wromium on the colwm gt @ conesmtration of about
140 gfliter. Two sditional colwm volwmes of the elutrignt ave
reguired to slute (99.99 per cemt) the eclwmmn, Too apmonium acstgte--
acetic geid solution is displaced from ¢he colwm with thres eclumn
voluaes of 0.02 ) SO, and the resin 1a ready for @ subssquent eorpéions
The tailing cut sgnd reconfitionming cut are recycled o the primsry
sclvent-extraction procees,

“11-






Taile & - Nedioshenmiepl Decontsmingtion Fectors Residual
Activities of Resin Isolsbed URo

Aotivity ing in Product

Decontamination Factors | per mg of P By ¢f5; ¥, BV

Grocs Ru Ir ®» e Gaoss P Zr 5o TRE Grons
£ 2 B 8 B 7 B g g g 7

%.7 1.7 109, &3 7 52 T7eh 355 20,0 65.3 0,71

10.0 2.2 93 9.3 wae =7 23,9 8.5 27 8D 0.72

83 343 5 3.8 b5 52 b3.5 1749 Ghol 6.2 0. 70
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Photograzh ¥O. 10010 - Srvamazh R[ver Mlant ProtcivyR
Jon-excrangd Celumn Conteinlig Pall Plutomiua Load
(350 z). Jote the Cerker enlar et tne iop, showiag
va extent " *he plotonium down 06 coluzn.







Insars:

Photogrsph ¥o. 10531- Ion-exchange Plutonium
Isolatics Pllct Plant Installation (m?"w
River Plant Capesity)







PUREX PROCESS
FLOWSHEET Nol

Figure | !
ION_EXCHANGE PLUTONIUM ISOLATION FLOWSHEET No 2§
Basts. 350 grams of Plutonium in 8 hours :

RESIN COLUMN SPECIFICATIONS
Resin' Dowex 50, 5010100 mesh,

NH20H & 2504 ,005 M

':2298 025M 12% cross linked. -
: 09 i | ch Resin Bed Size 17.80cm(7") dia., 35.2 cm height;
1790 hters in 8 hr 09 liters, 25 vol chonges. 249sqcm cross section, 8. 72 liters
- Flow Rote 2 mi/min/cm?2 volume
Fu,0.2 g/hter ; me,
HNO3 ,0.3 M * ' Excess Resin. 300%
NH20H - ¥ H,S0, ,0.05 M :
Flow Rate: 15mi/m/cm?2 e
l G — ..
e
8.8 hters 70 iiters
| HNQO3,~ 05 M HNO3 ,~48M
v L EGEND Pu ,~0.5 g/hter Pu,~50 g/liter
| Pu 8 U Absorption cycle ~ 0.5% of Puin feed ~90% of Pu on column
! U elution cycle NHpSO03H ,~ 0.05 M ( ~ 10 % remoins on column)
;=== Pu elution cycle NH,SO3H, 0.3 M
_______ e ————————
WASTE STREAM A
—————— -
1790 hters In 8 hr
HNO3 0.3 ¥ a 109 liters,0.25 M H;SO :
. irer . q
H2Or g 150,005 Pu 103 ¢/m/mi 70 liters,5.7 M HNO3 881iters,0.1 M HNO
v ooty T e/mam 99% of Uin feed +0.3M NH,SO03H y +0 1M NH; SO 3H
Flow Rate 0.2 mi/m/cm?2 !-‘!ow.che‘O,Zml/m/cm2

JEF
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Piutonium g /liter

t Displacement

100
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Figure 2

PLUTONIUM ELUTION FROM ION EXCHANGE
COLUMN

RESIN. Dowex 50, i2% cross linked,
50 to 100 mesh.

COLUMN DIMENSIONS . 3n. diameter, {4 in. height.

ELUTRIANT: 5.7M HNO3 ,0.3 M NH,SO3zH
FLOW RATE: 0.2 mi/m/cm?2 , upflow.

COLUMN LOAD: 91 g of plutonium.
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Figure 3

ION EXCHANGE U23® |SOLATION FLOWSHEET No |
Basis: 320 grams Uranium 233

PRODUCT STREAM
U,0.5 mg/ml as UO2(NO3)2
Th,0.0img/ml as Th(NO3)4

e e Absorption Cycle
HNO3, 002 M Lo . e E {ution Cycle
Pa B, IQ%c/m/mi CH3COONH, , 2.0 M
Flow Rate 7.5 m(/m/cm? * CH3COOH, O M RESIN COLUMN SPECIFICATIONS -
‘ : pH, 5.12 Resin: Dowex 50W, 60 to 90
: Flow Rate. 0.5 mi/m/cm?2 mesh, 8 % cross-linked
P Temp. 70°C Resin Bed Size: 10.2 ¢cm dia.,
{: 30¢m height
Pa—Th Resin Sorption Bed i
Dowex 50 W Water Jacket and
Qscfnmhé’{;’?f'e' Shock S\h'e’d 319.4 gofu?®
T3] ! e : U, 1275 g /liter
Q2 fiter volume 319.4 g of U233 pH, 1.5
(99.8 % of U232 2.5 liters
in feed)
0.6 g of U233 U, ~ 140 g/liter
(0.2 % of U233 in feed) 2.3 liters
: 3.2 tliters
SRR WASTE STREAM.....' ''''' —

u233a, 102 ¢/m/mi
HNO3, 005 M

~259%, of Pa B activity
in feed

at IR
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»URANIUM ELUTION FROM ION EXCHANGE

Figure 4

COLUMN

RESIN: Dowex 50W, 8% cross linked,
50 to 100 mesh.

COLUMN DIMENSIONS: O.75 in diameter,
8 in. height.

ELUTRIANT: 2.0 M Ammonium Acetate,
1.0 M Acetic Acid.

FLOW RATE: 0.5 mi/m/cm2  downflow at 70°C.
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