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Bubject: Purex Process for Plutonium and Uranium Recovery

Laboratory date have been obtained which indicate that the recovery
of plutonium ana uranium, and aec_On‘kaanimtien from flssion producta;, ia‘
feasible in & sclvent extraction procéss using tributyl phosphete. Since
nitric acid, rather than solid alumimm nitrate, is used as a salting agent,
subsequent waste disposal problems are greatly simpliffed. By distilling
off the nitric secid for reuse, the yfs._-_ssiém yroducis are made readily availe
‘able in a."packaged" form.

In lsboratory countercurrent batch runs, losses for plutonium and
wranium were less than 0.1%, wit$ bei.:a, ,d‘gc‘cmtamimtian faetoré of greater
than 71163 in a single extr&ctiénc Thege ‘d&ta compare faverably with ‘thone
previocusly obtalned with the Redox Process. &'h&y procedure co:ﬁaists of ex~
tracting plutonium IV and uranium withl% tributyl phosphate - 85% "?aré;al" s
using 5.0 W nitric as a gnliing ag_enﬁ. vteiha optimm uranium concentration
in the feed is a..heutlamev molar. k

since th&prelimimry results éare very promising, ﬁn_’bhei laboratory

development 1s being actively pursued, and as soon as pésai'ble the process

will be tested on a larger scale,
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To distinguish this process from Redox and from the procéss for the re-
covery of uranium from metal waste using the same solvent, the name Purex
~ has been applied (Plutonium, Uraniwmm, Reduction, EZtraction).

The equipment necessary for this process willi be very similar to that
required for Redox and the construction of the Redox plent should in no way

depend on the final demonstration of the Purex Process.

Laboratory Countercurrent Batch Demonstration

Although further development will be required to determine the optimum
process conditions, a temtative flowsheet for the first extraction is as
followes

Feed Solutions

Metal feed: 1.0 M UOL(NO3)p, 6.0 § msm3, Put?
Orgenic feeds 15% tributyl phosphate, 85% "Varsol", 0.15 N HNO,
Servb feed: 3.5 X 3
Flow Ratios
Metal/Organic/sSerub = 3/15/2

A meries of runs wes made in a leboratory countercurrent batch extractor
with a nitric acid concentration in the extraction section of a‘bout 5 H» The

solvent to total aqueous flow ratio was mintained st 3 to 1 to obtain a setig-

facgtory plutonium extraction factor at the feed plate. To insure thet the
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ﬁlutanium tracer used in these giudies was all in the tetravalent state,

the nitrous scid oxidation procedure developed by J; R. Thomts and H. W. Crand-
all (CN-3733) wes employed. Uranium slug dissolver sclubion,diluted with acid
to the necesseyy uranium and m3 concentrations, was the gource of the fee&s
for the various rma. It was found in these runs that the tactors which con-
tributed to increased separation of plutonium and uranium from fission pro;
ducts were (1) lowered acid concentration in the serub solutiom, from 5 N

to 3.5 B (Bum 2), (2) 8 high percentage uranium concentration of the solvent

at the feed plate (Runs 3, 4, and 5) and, (3} a solvent mixture low in re-
ducing impurities (Rum 6). The conditions and the results obtained from the

laboratory runs are given in Table T.

Plutonium Distribution Studies

The Purex Process wes based on lsboratory batch studies showing the
effect of nitric acid and uranfum concemtration on the digtridbution coefficients
of werious velence states of plutonium.

The extraction of plutonium IV by 15% tributyl phosphate in Varsol from
1.0 M Eﬂ% wss greater than plutonium VI by & factor of ca. 10, and greater
than plutonfum ITT by & factor of almest 100 (see Tables 2, 3, k).  However,
plutonium ITT wes oxidized to plutonium TV at o~
3.0 ¥» Also, in the initial experiments, untreated, commerical graée' tribu'byl

concentrations grester than

phosphate was used in the solvent mixbore and considerable reduction of plu—
tonimg‘was eaused by the presence o:t’ bubyl alcohol and other reducing fm-
purities, Washing with Ol M KQ&C’QBTQJ ¥ BHG3, followed by washes with

sodium carbonate and water, lowered the reducing noymelity of the t¥ibutyl
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phosphate from 0.19 to 0,06, *.me reducing normlity of a fisal 504 cut of
& fractional vacwum distillation was 0.005. These golvent pretreatment pro-
vedures successively improved the extraction of both plutonium IV and pln;
tonium VI (see Tebles 2 and 3)s In all cases, however, the extraction of |
plutoniwm IV was higher than that of plutonium VI by facters of 3«-;3.0»

In 'bhese experimemts, plutanium 111 wes pregghred by reduction with
0.02 ¥ hydrexylamins in 0.5 M ENO, and plutonium 1& was prepared by cxtdn-
tiom with Oul M ECry0,, 0.1 M HNOy, at 85° for k.5 hours. To establish
plutonium zv, the procedure oubtlined by Crandall and Thomss in "The Ghela'be
Process” (CN-3733) was used, In this mgthaé, all plutonium is reduced to the
three state and then rmiaizea to plutoniwm IV with NaNOs.

Tt wae found highly desirgble in the development of & progess for *hri;
butyl phosphate solvent extraction of uranium from waste metal (ORNL 260) to
maintain the selvent at the feed plate near gaturation in uranium to cbtain
waximm separation from fission produscts. Based on this consideration, plu-
toniuwm IV was the only walence state about which a process could be designed
{Teble V). If the solvent were --@ereérxt_ saturated in urantum, the plu-
tonimm IV distribution coefficients were 0s375 0,51, and 0.75 using agueous
feeds b, 5, and 6 normal in HNO3, respectively. Under these conditions, the

uranfum distribution coefficfents were 1.4, 1.45;, and 1.6, respectively,

Sapaxation ef Uranivm and Pltzt:onim

The separation of uranium from plutonium wes ﬁemnstmted batchwiss In &
manner similar to thet employed in the Redox Process. Thabt i, the plutondium

in the solvemt (Pu’') was essily stripped (as Pu'>l) into a nitric aeid solution
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containing ferrons sulfamate, the uranium rempining in the solvent.

Tn one series of experiments, the reducing agent concentration was held
 comstent at 0.03 N and the acld concentration varied from 0 to 6 N. The plu-
tcmium and wranivm distribution eoefficiwta were determined and the separation
factors were calculated as functioms of MO, e‘enéentra.t-ion (Table VI). The
values varied from 13 at O N HNO; to 78 et 4 X 3; In another series of
experiments, in which the concentration of ferrous sulfamate was varied from
0.01 to 0.4 W, the concentyation of reducing sgent showed no effect on the
separation of nraniwm snd plutontom, Other reducing sgents {bydrazine, hy-
droxylamine) are being investigated as a substitute for ferrous sulfamate.

The distribution of fission products during this separstion has wot as

yot been sccurately determined.
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i*a.‘b&e 1

Results of Iaboratory Cowmtercurrent Batch Extraction Funs for the Recovery of Plutonium

Seven extraction and six scrub stages.
Three minute equilibrations in each stage.

Pu o in all feeds = 8x10° o/m/ml .
Gross beta concenbration of all feeds = 3x10° o/m/ml

LG

. : ‘ | Grosg B Saturation of

Plow Batio | I J . beconbami-| Solvent at feed |
M/Sc/sol, | ; mation | Plate in Uranium |
M ) M) MO Rk oy ee 1 % B L Facter | L
08 |5 | o0a5i15 | 6/4/30 I | 180 6k
6.0 | 0.8 3.5 1 o0as)15 | 630 | | - boo | 60
640 6.8 | 3.5 | 0.15 f12 | 6/4/30 ! 1_.6@,03 | 78
6.0 0.8 | 3.5] 0.5 s | 0,05 | L7m0® | 97
6.0 1.0 | 3.5] o0asjis | 6/ | | 1.5m03 | 87

Gax 6.0 | 09 | 35| o0as|i5 | 6M/30 | 7m0 | 72

“Golventk

# Dribubyl phosphate (TBP) diluted with commercial "Varsol"
%% The solvent used in this run was given the Cr,0;" - (057 - B0 wash described in the report.
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Table 2
Effect of HNOs Concenmtration and Solvemt Pretrestment on pull

Bistribution “oelf fmta

Aqueous Phases Pu' tracer in

organic Phase: Houal \mlme 15% t¥ivubyl
: phosphate - 854 “"varsol"

Temperature:  20°% % 0.2

HNO3 Concenmtration rulV Distribution Coefficient
1 (Org/Aa)

2 |
0.01 | 0.3y | B 2.19
0.5 i 3.h5 : 8.7h
1,0 0.65 ] 9-39
3.0 | k. 7.03 11.83
5.0 1o | 13.12 | 12.36

8.0 15.18 17.03 § 17.13

Copmeyreisl tributyl phosphate was used in golvent. Beducimg normality
of the mixture was 0.03.

Tributyl phosphate was washed with 0,1 M HNO, ~ 0.1 M crze =

Tollowed by mshes with 1.0 ¥ ¥a, co . and water,

Reducing normality of the solvent ture was 0.02.

Tribubyl phosphate used wes last 50% cut of a vacuum distillation.
Reducing normality of selvant mixture was 0.0025.
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Table 3

Agueous Fhage: Pﬁvi-traaer in #NO

Orgenic Phage: Iqual volume 154 t#ibutyl phosphate -
85¢ varsol

Temperature:  209¢ T 0.2

TNO; Concentration B B
in Kqueous Feed Pu'T pistribution Coefficients

sy POICOST

0.0 1 0.006 | ©o.00h 0.02 1.99

0.50 } o.an 0.1 0.26 0.73
1.0 o.k00 | 0.372 0.51 0.66
3.0 e | oas | oask | o
240 T L | 27 i 2,hé

8.0 o194 203 | 150 | 2.9

See Note 1, Table 2
Ses Note 2, Table 2
See Kbte_3, Table 2
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Table 4

Bffect of B B .:, on Plutanitm III Bis’cri‘bution Czsei‘ficients

HNO~ Concentration
{ in Aqueocus Feed
M)

0.01

0.5
1.0

3.0

Roteg A% higher nitrate concentrations, pulll smg
apparently oxidized to pralV very rapidly.

Zeble 5
Lffecs of Uranium Comcoutration on Plusonium Pruraction

Agueous Phase: Pu tracer, 3.0 M HNOa, 0§ 3)
Organic Phage:s 15% tri‘but‘yl phosphate Varsol"
Temperature:  20°C t 0.2

“Agueous Uraniim : : T
Conecentration i Dietribution Coefficients (COrg/Aq)%i

20 ] 2;26 . 0,9491
%0 | 1.13 0.56
8o o. 34 . 0,16
100 o 0.23 0.11
200 0,11 0.0h4

¥ The tributyl phosphate used In these experiments wes nob
pretreated (reducing normality equals 0.19) and these figures,
ag previously indicated, are probably low.
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Zeble VI

Effect of HNO, Concemtration in Stripping on Plutenium and Uranium

Distribution Coefficients and Separstion Factors
Conditions: |
Solvent Feed: Solvent product from countercurrent
batch extraction 15¢ TBP in Varsol,
| Us42 mgfel, Pux = 2.62107 c¢/m/ml,
0.15 B E§€§3

Agueocus Sirip Feeds 0.03 N ferrous sulfemate, varying
acidity

Equal volume squilibrations for five mimites at 20°%

T Separation Factor
ok -pjsox;uti”an : ~
(M)

Q
1
2
3
\
5
6




