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To: ¥. L. Steahly Date: October k, lSh9 

From: W. B. Lanham and T. C Btmlcm 

Subject: Porez Process for Plutoiium aad Uraaaitaa Becovery 

Laboratory data have been obtained idiich indicate that the recovery 

of plutonitra and usranitim, and decontamination from fission piroducts, is 

feasible in a solTsnt extraction process using tributyl phosphate. Siaje 

nitric acid, rather than solid aluminum nitrate, is used as a salting agent, 

subsequent waste di^>osal probl^is are greatly simplified. By distilling 

off the nitric acid for reuse, the fission products axe made readily avail-
n n 

able in a packaged form. 

In laboratory countercurrent batch runs, losses t o r plutoMum and 

tiranitim were less than 0.1^, with beta decontamination factors of greater 

than 7x10^ in a single extraction, ^ese data compare favorably with those 

previously obtained with the Eedox Process. 5Ehe procedure consists of ex

tracting Plutonium IV and uranium with 15?̂  tributyl phosphate - Syf, '*varsol", 

using 5.0 H nitric as a salting agent. Bae optimom uranitm concentjration 

in the feed is about one molar. 

Since the preliminary results axe very promising, farther laboratory 

development is being actively pursued, and as soon as possible the process 

will be tested on a lEorger scale. 

t ** 
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To distinguish this process frcn Bedox and from the process for the re

covery of uxonitm from metal waste tusing the same solvent, the name Purex 

has been applied (Plutonium, ̂ ranium, Beduction, Extraction). 

The equipment necessary for this process will be vezy similar to that 

required for Bedox and the construction of Hhe Bedox plant shoiald in no way 

depend on the final demonstration of the Purex Process. 

Laboratory Coantercurr«rt Batch Demonstration 

Although further development will be required to determine the qptlmtm 

process conditions, a tentative flowsheet for the first extraction is as 

follows: 

Feed Solutions 

Metal feed: 1.0 M 1102(503)2* 6.0 H HHO3, P u ^ 

Organic feed: 155̂  tributyl phoE^phate, 855̂  "Varsol", O.I5 H HHOg 

Scrub feed: 3,5 U HHO-

Flow Batios 

Metea/Organic/Scrub = 3/15/2 

A series of runs was made in a laboratozy countercurrent batch extractor 

with a nitric acid concentration in the extraction section of about 5 IT. The 

solvent to total aqueous flow ratio was maintained at 3 to 1 to obtain a satis

factory Plutonium extraction factor at the feed plate* To insure that the 
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Plutonium tracer used in these studies was all In the tetravalent state, 

the nitrous acid oxidation procedure developed by J. B. Thooas and H. W. Crand-

all (CK-3733) vas enployed. l}!ranium slug dissolver solution^ diluted with acid 

to the necessary \aranium and BBO^ concoxtrations, was the source of the feeds 

for the various runs. It was found In these runs that the factors which con

tributed to increased separation of plutonium and ujranlum from fission pro

ducts were (1) lowered acid concentration in the scrub solution, from 5 5 

to 3.5 "S (Bun 2), (2) a high percentage uranium concentration of the solvent 

at the feed plate (Buns 3* ^f and 5) and, (3) a solvent mixture low in re

ducing liqpurities (Bun 6). The conditions and the results obtained from the 

laboratory iruns axe given In Table I. 

Plutonium Distribution Studies 
• I ^ H W I i ^ l i ^ — ^ ^ • ^ W — ^ H — ^ W W I M I p i • M l lWiMIWi l^Ml I PI WIMI • M 

The Purex Process was based on laborat<»y batch studies showing the 

effect of nitric acid and toranium eoneaoctxtttion on^tid distribution coefficients 

of -various -valence states of plutonium. 

The extraction of plutonium 17 by 15^ tributyl ^osphate in VaxBol from 

leO M MOo was greater than plut<mium 71 by a factor of ca. 10, and greater 

than plutonitm III by a factor of almost 100 (see Tables 2, 3, k)* However, 

plutonium III was oxidized to plutonium 17 at ISO." concentrations greater than 

3*0 H. Also, in the initial ezperlments, \mtreated, cooaaerical grade tributyl 

phosphate was -used in the sol-vent mixture aaid considerable reduction of plu-

IV 

tonium^ -«as caused by -the px«senee of butyl alcohol and other reducing Imr 

purities. Washing with 0.1 H E^C!r20u-0.1 M H^o* followed by washes frith 

sodium carbonate and -water, lowered the reducing normality of -the ttibutyl 

file:///aranium
file:///mtreated


-6- October k, 19^9 

phosphate from 0.19 to 0.06. The reducing normality of a final 50^ cut of 

a fractional vacuum distill at ion was 0.0(^. These solvent pretrea-tment pro

cedures successively Improved the extraction of bo-th plutcmium 17 and plu

tonium 71 (see Tables 2 and 3)« Jxi all eases, howe-ver, -the extraction of 

plutonium 17 -vas higher -than -that of plutoni-um 71 by f)a.ctors of 3-10. 

m -these eaqperlments, plutraiitaa H I -«as prepared by reduction -with 

0.02 "S hydrozylBffline in 0*5 M BNO. and pluttniiTim •§ was prepared by otxida-

o 
tlon with 0»1 S-E^CrgO-, 0.1 M WSO^* ^^ 8^ fo^ ̂ '.5 hours. To establish 

plutonium 17, the procedure outlined by Crandall and Thomas in "The Chelate 

Process" (CH-3733) vas -used. Bi this method, all plutonium is reduced to -the 

three state and -then reoxidlzed to plutonium 17 wl-th 1̂ 33902. 

It was found hi^ily desirable in -the development of a process for -tri

butyl phoî pdbate solvent extraction of tiranium from waste metal (QB5L 260) to 

maintain the sol-vent at -the feed plate near sa-turation in uranium to obtain 

maximum separation from fission products. Based on -this consideration, plu

tonium 17 was the ooly- -valence state about vtilGh. a process could be designed 

(Table 7j|. If the solvent were 90 percent saturated in uranium, -the plŝ -

toolum 17 dis-tribution coefficients -were 0.37> 0.5I/ and 0.75 using aqueous 

feeds k, 5/ BXUBL 6 normal in BNOo, respectively. Vndex -these conditions, -the 

uranium distributiou coefficients -were l,h, 1*45, and 1.6, respecti-vely. 

Sepegaticm of Xteanium and Plutonium 

The se^oration of uranium from plutoniimt was demons-tira-ted batchwise In a 

manner similar to -that employed in -the Bedox Pi^jcess. That is, -the plutonl-um 

In the sol-vent (Pu ) -was easily s-trlpped (as Pu-'̂ -'-) into a nitric acid solution 

-5 
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containing ferrous sulfamate, the uranium remaining in -the sol-vent. 

3^ one series of e3q[)erlments, Has reducing agent concentration was held 

constant at 0.03 "S and the acid concentration -varied Aram 0 to 6 H. The plu

tonium and uranium distribution coefficioxts -were detexmlned and -the separation 

factors -were calculated as functions of BSO^ conceixtration (Table 71). The 

-values -varied f^oa 13 at 0 H HSOo to 78 at 4 H EBOo. la anottor series of 

experiments, in idiieh -the concentration of ferrous sulfamate -was -varied from 

0.01 to 0»k 5, -the concentration of reducing ag^it showed no effect on -t̂ e 

separation of uranium and plutonium. Other reducing agents (hydrazine, hy-

drozylamine) are being In-vestigated as a substitute for ferrous sulfamate. 

The distributicm of fission products during -this separation has not as 

yet been accurately determined. 

^ 
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Table I 

October k, 19*̂ 9 

Bestilts of Laboratory Countercurrent Batch Extraction Buns for -the Becovery of Plutonium 

and Uranium 

Se-ven extraction and six scrtib stages. 
Three minute equilibrations in each stage. 

1 

Bun 
Humber 

1 

2 

3 

h 

5 

6** 

\ Conditions 
Metal 
Feed 

BNO3 
M 

5.0 

6.0 

6.0 

6.0 

6.0 

6.0 

U02(H03)2 

0.8 

0.8 

0.8 

0.8 

1.0 

0.9 

Scrub 
1 Feed 

HHO3 
M 

5 

3.5 

3.5 

3.5 

3.5 

3.5 

Solvent* 
Feed 

M 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

TBP 

15 

15 

12 

12 

15 

^5 

Flow Batio 
M/SC/SOI . 

cc 

1 6/V30 

6/V30 

6/V30 

6/V25 

6/V30 

6/V30 

Pu 
; Loss 

0.09 

0.03 

0.08 

0.10 

0.05 

0.06 i 

u 
Loss 

0.001 

0.001 

0.001 

0.05 

0.001 

0.15 

Gross ^ 
Decontami
nation 
Factor 

180 

1̂ 00 

1.6x10^ 

1.7aclo3 

1.5aElo3 

7.5xlo3 

Saturat ion of 
Solvent a t feed 
Pla te i n tJjranium 

i 
6k 

60 

78 

97 

87 

72 

* Tributyl phosphate (TBP) diluted with commercial "7arsol" 

•*» The solvent used in this run was gi-ven the Or^Oj^ - COo" - H2O -wash described in -the report. 

M 
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Table 2 

Effect of HHOo Concentration and Solvit Pretreatment on Fu-^ 

Distribution Coefficients 

Aqueous Phase: Pu-'^ tracer in HHO3 
Organic Phase: Equal volume 15^ tributyl 

phosphate - 85^ "7a3rsol" 
Teos>era-ture: 20®C t 0.2 

' EROo Concentration 
(H) 

0.01 

0.5 

1.0 

3.0 

5.0 

8.0 

Pu-"^ Distribution Coefficient 
(Org/Aq) 1 

1* 

0.^3^ 

3.45 

2.1*9 

k.k 

-

15.18 

2* 

-

-

0.65 

7.03 

13.12 

17.03 

i* 
2.19 

8»lk 

9.39 

11.83 

12.36 

17.13 

1« commereial tributyl phosphate -was used in solvent. Seducing normality 
of the mixture was O.O3. 

2* Tributyl phosphate was -washed -with 0.1 M HHO3 - 0.1 H Ct^rTf 
followed by -washes -wl-th 1.0 H HaoCOo, and water. ' 
Beducing normality of the solvent mixture was 0*02., 

3* Tributyl phosphate used was last 50^ cut of a -vacuum distillation. 
Beducing normality of solvent mixture -was O.OO25. 

3 
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Table 3 

Effect of BBO3 and Sol-vent Pretreateent on P u ^ Distribution Coefficients 

Aqueous Phase: P u ^ tracer In WO^ 
Organic Phase: Equal -voluxae 15^ tr ibutyl plujerphate -

8556 7arsol 
Te^era-tuire: 20^0 ± 0.2 

HSO3 Concentra-ti^ 
in Aqoeotis Feed 

(H) 
Pu^ Distribution Coefficients 

0.01 

0.50 

1.0 

3.0 

5.0 

8.0 

1^ 

0.006 

0.171 

0.400 

1.66 

1.94 

^ 

0.004 

0.141 

0.372 

1.55 

-

2.03 

^ 

0,02 

0.26 

0.51 

1.54 

2.47 

1.50 

k* 

1.99 

0.73 

0.66 

1.94 

2.42 

2.29 

1* See Note 1, Table 2 

Î < See Note 2, Table 2 

4* See note 3, Table 2 
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Table 4 

Effect of BHO, on Plutonium H I Distribution Coefficients 
• • J •' • • . • .11 • • I. • i . 1 1 1 1 

mPo Concentratlcm 
in Aqueous Feed 

ISI 
Pu-III Distrlbuti<m Coeff. 

0.01 

0.5 

1.0 

3*0 

0.003 

0.03 

0.03 

0.16 

Hotes At higgler nitrate conceixtratlons, Pu-̂ 1-̂  was 
apparently oxidized to Pul^ -very rapidly. 

Table 5 

Effect of Uranium Concentration on Plutonium Extraction 
I !• i> • ! • • • • • i | • — p i w i i ^ . ^ I • III w n II m^i^——ii«i»iiiwpi.iiiw^wi——.11 mw • Jm«<m»m<^»««mi^ mum im • n i — o — — i — — 

Aqueous Phase: Pu tracer, 3*0 M HHO3, UO2(H03)2 
Organic Phase: ly^ tributyl phosphate - 85^ ̂ 7arsol" 
Teaperature: 20°C t 0.2 

Aqueous Uranium 
Concentration 

20 

40 

80 

100 

200 

Distribution Coefficients (Org/Aq)-*! 
PuI7 pvi7I j 

2.26 

1.13 

0.34 

0.23 

o.n 

v n 0.9^1 
o - s ^ S w a t 

0.16 

0.11 

0.04 

* The tributyl phosphate used in these experiments was ,not 
pretreated (reducing nanaality equals 0.19) and thede figures, 
as pre-viously indicated, are probably low. 
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O^ble 71 

Effect of HHO3 Conc«itratlon in Stripping on Plutonium and Uiranium 

Distribution CoeffIcieots and Sepeareitlon Factors 

Conditions: 

Sol-vent Feeds Solvent product from countercurrent 
batch «rtracti^ 15^ 5ffiP„ln Tarsal, , 

0.15 H 1103 *• 

Aqueous Strip Feed: 0,03 N ferrous stilfamate, -varying 
acidity 

Equal -volume eqtillibratians for fi-ve minutes at 20®C 

iM)3 concentration 
of Strip Solution 

(M) 

0 

1 

2 

3 

4 

5 

6 

Distribution Coefficients 
(Org/Aq) 

^K 0 

0.55 

1,9 

4.0 

5.8 

7.6 

7.2 

6.9 

« P U 

0,04 

0.08 

0.09 

0.09 

0.10 

0.09 

0.10 

Separation Factor 
(U B.C. ) 

' (PuD.C.) 

13 

23 

46 

62 

78 

79 

66 


