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PRECIPITATION OF PLUTONIUM(IV) OXALATE 

INTRODUCTION 

The plutonium(III) oxalate precipi ta t ion p roces s was developed at 

Los Alamos for the final plutonium purification s tep p r io r to the dry 

chemis t ry and meta l reduction opera t ions . As originated the 

p roces s employed hydriodic acid for the reduction of plutoniuni(IV-VI) to 

the plutonium(III) s t a t e . However, the co r ro s ivenes s and cost of the 

hydriodic acid made i ts rep lacement des i rab le , and exper imenta l p r o ­

g r a m s pointed toward the development of a l t e rna te p rocedures were c a r r i e d 

out at Los Alamos and at Hanford. 

The precipi tat ion of plutonium peroxide was substi tuted for the 

plutonium(III) oxalate p r o c e s s at Los Alamos^ ' and was tested at Han-
(2 3) fordi ' ' When it was found that e i ther an alcohol wash or a slow, drying 

s tep was needed to p r e p a r e the peroxide for hydrofluorination, attention 

at Hanford was turned to the precipi ta t ion of plutonium(IV) oxala te . Work 

on the la t te r compound had been done by Brown and Reas , ^ ' who showed 

that hydrogen peroxide could be used for the plutonium valence adjustment . 

The subsequent work in the 234-5 Development Labora tory is descr ibed 

in this r e p o r t . It was done to find the best conditions for the precipi ta t ion 

of plutonium(IV) oxalate and to prove that the p roces s could be used a s 

the final s tep in the purification of plutonium. 

SUMMARY AND CONCLUSIONS 

Conditions were set for the precipi ta t ion of plutonium(IV) oxalate, 

Pu(C20^)2 .6 HgO. from plutoniuni n i t ra te solutions which contain 10 to 

550 g r a m s of plutonium per l i t e r and from two to six molar n i t r ic acid . 

1 
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Thus, the plutonium(IV) oxalate p r o c e s s has proven adaptable to use with 

the following feed solut ions: a) product from the Redox and Purex plants; 

b) product from the plutonium peroxide p r o c e s s in the Isolation Building; 

and c) product from Recuplex. 

The p rocedure r e q u i r e s the use of 0. 5 to 1. 0 weight per cent hydro­

gen peroxide (for plutonium valence adjustment) and of enough oxalic acid 

solution to provide 0.1 molar oxalic acid in the supernatant after al l of 

the plutonium is prec ip i ta ted . Studies of p rocedura l var ia t ions gave these 

r e s u l t s : 

a) Rais ing the s t r i ke t e m p e r a t u r e from 15 to 60 C inc reased the 

f i l terabil i ty of the p rec ip i t a t e . Strike t e m p e r a t u r e s of 70 to 

75 degrees or higher gave gummy p rec ip i t a t e s . 

b) With pure stock solut ions, plutonium(IV) oxalate solubili ty 

was sma l l e s t when the excess oxalic acid concentrat ion in the 

s l u r r y was between 0. 04 and 0.16 m o l a r . With as l i t t le as 

10, 000 pa r t s of a luminum, iron, or chromium per mill ion 

pa r t s of plutonium in the feed solution, 0.10 molar excess 

oxalic acid was needed for low solubil i ty. 

c) As the p r o c e s s was scaled up, it was n e c e s s a r y to i nc r ea se 

the t ime requ i red for oxalic acid addition in o rde r to produce 

eas i ly f i l tered p rec ip i t a t e s . 

d) Any i n c r e a s e in the n i t r ic acid concentrat ion of the s l u r r y 

above th ree mola r i nc reased the plutonium loss to r ecyc l e , 

e) Small changes in the f i l terabil i ty of the prec ip i ta te resu l ted 

from changes in agi ta tor speed during the precipi ta t ion. 

f) The s l u r r y had to be cooled to l e s s than IOC to prevent post -
p r e c i p i t a t i o n . 

Recommended p rocedures for precipi ta t ion of plutonium(IV) oxalate 

a r e descr ibed in DISCUSSION OF RESULTS, below. 
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EXPERIMENTAL 

Solution Composit ions 

The following r eagen t s and plutonium solutions w e r e used in th is 

investigation: 

Valence Adjustment: 

Prec ip i ta t ion: 

Wash Solutions: 

AT Solution: 

Redox PR Solution: 

Stock Solutions: 

5 or 50 per cent H2O2 
(Becco, s tabi l ized with one mi l l i g r am 
of sodium pyrophosphate per l i t e r of 
50 per cent H2O2). 

0. 67 - 1. 7 molar H2C2O4, 
1 mola r p re fe r red ; solid H2C2O4 • 2 H2O 
(Baker and Adamson, Reagent g rade) . 

0.05 molar H2C2O4, 1 - 8 mola r HNO3 
(2 mola r HNO3 pre fe r red ) ; water 

300 - 400 g/1 plutonium, 10 mola r HNO3 
(prepared by evaporat ion of n i t r ic acid 
solution of plutonium peroxide) . 

10 - 20 g/1 plutonium, 2 - 7 mola r HNO3 
(plutonium solution from the Redox 
product evapora tor ) . 

1 - 550 g/1 plutonium, 1 - 12 mola r HNO3 

The inapurities found in these plutonium solutions a r e l is ted in Tables 

I and XXV. 

Equipment and P r o c e d u r e s 

The equipment and p rocedures used for precipi ta t ion in th is 
(5) investigation were s i m i l a r to those descr ibed in another publication. 

The precipi ta t ions were made in cyl indr ical , pyrex g lass v e s s e l s 

which va r i ed in s ize from 100 to 2500 cubic c e n t i m e t e r s . The contents 

of the precipi ta t ion v e s s e l s w e r e s t i r r e d with e lec t r i ca l ly driven, 1750 

r p m , s t a in le s s s t ee l i m p e l l e r s and were heated or cooled by a water bath . 
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Reagents were added from sepa ra to ry funnels. Supernatant liquids or 

s l u r r i e s were t r a n s f e r r e d from the precipi ta t ion v e s s e l to a f i l ter or to 

a platinum boat, as des i red , by way of a s e p a r a t o r y funnel which se rved 

as a vacuum head tank. 

The plutonium(IV) oxalate p rec ip i ta tes were separa ted from the i r 

superna tan ts e i ther by decantation or by fil tration through a medium (15 

mic ron average pore opening), s in tered , pyrex g lass fi l ter or a ten to 

twenty mic ron (average pore opening), s in tered , s t a in less s tee l f i l ter . 

After washing, the prec ip i ta te was t r ans f e r r ed , e i ther as a thick s l u r r y 

or as a damp fil ter cake, to a platinum boat for dry chemis t ry opera t ions . 

The plutonium.(IV) oxalate was dr ied or converted to plutonium 

dioxide by pulling a i r a c r o s s the platinum boat in a tube furnace held at 

130 to 300C. 

Analytical Work 

Most of the analyt ical work for this investigation was done by the 

Isolation and Fabr ica t ion Labora to r i e s , Analytical Contro l . Special 

analyses were made by the Analytical Labora to r i e s , Separat ions 

Technology Sub-Section; by the Redox Labora to r i e s , Analytical Control ; 

and by the Methods Improvement Labora to ry . 

DISCUSSION OF RESULTS 

The following p rocedures have been recommended for p r o c e s s 

use at HAPO: 

F o r Redox PR Solution Fo r Redox, Pu rex or Recuplex 
(10-20 g/1 Pu) Product(60-100 g/1 Pu) 

Adjust acidi ty to 2 - 5 M HNO3 3.5 - 7.0 M HNO3 
Add 50 pe r cent H2O2 

to give 0. 5 weight per cent H2O2 
Heat to 50 C 
Add 1 M H2C2O4 to give 0.1 M excess H2C2O4 
H2C2O4 addition t ime 45 - 60 minutes 45 - 90 minutes 
Chill s l u r r y to 5 C 
F i l t e r 
Wash cake with 20 g /g Pu of 2 M HNO3 - 0. 05 M H2C2O4 

The effects of var ia t ions in these p rocedures a r e d i scussed in the sect ions 

below. I H H ^ B B i 
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Plutonium Solution Composi t ions 

In te res t in the precipi ta t ion of plutonium(IV) oxalate from solutions 

which va r i ed widely in composit ion was caused by the need to adapt the 

p r o c e s s to a va r ie ty of plant solutions and to plant equipment which var ied 

in s i z e . The f i rs t plant plutonium(IV) oxalate was precipi ta ted a s a d i rec t 

r ep lacement of plutonium(III) oxalate in the rubber glove line equipment of 

the Hanford 234-5 Building. This precipi ta t ion was made from diluted 

AT solution, containing 40 to 75 gram.s of plutonium per l i t e r , in g lass 

ve s se l s of eight l i te r working capaci ty. Subsequently, plutonium(IV) oxa­

late was precipi ta ted d i rec t ly from P - 2 cake solution (20 to 40 g r a m s of 

plutonium per l i te r ) and from Redox PR Solution (10 to 20 g r a m s of plu­

tonium per l i ter ) in the Isolation Building, in s ix ty - l i t e r , s t a in le s s s tee l 

v e s s e l s which were or iginal ly designed for the precipi ta t ion of plutonium 

peroxide . It is planned to use the plutonium(IV) oxalate p r o c e s s in the 

new wet chemis t ry operat ion (Task I) of the r emote mechanica l line of the 

234-5 Building, with concentra ted product solutions (60 to 80 g r a m s of 

plutonium per l i te r ) from the Redox and P u r e x P l an t s . Thought was a l so 

given to inc reas ing Task I batch s izes by using, as feed, solutions con­

taining 200 to 400 g r a m s of plutonium per l i t e r . 

Plutonium Concentra t ions 

In the labora tory , plutonium(IV) oxalate was precipi ta ted from 

solutions containing from one to 550 g r a m s of plutonium per l i t e r . The 

maximum concentrat ion is set by the stabi l i ty of the solution at room 

t e m p e r a t u r e with r e spec t to c rys ta l l iza t ion of any of the solution con­

s t i tuen ts . Ions which have caused crys ta l l iza t ion from Hanford p r o c e s s 

solutions a r e sulfate in AT solution^ ' ' and aluminum in Redox PR solu-

tion.^ ' With Redox product solut ions, the upper l imit of plutonium con­

centra t ion is 200 to 300 granas of plutonium per l i ter , s ince formation of 

solid aluminum ni t ra te occu r s at these concent ra t ions . When plutonium(IV) 
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oxalate was precipi ta ted from plutonium solutions containing suspended 

aluminum n i t ra te , the resu l t ing s l u r r y became too thick for p rope r 

agitation, plutonium losses w e r e ten to 100 t imes g r e a t e r than normal , 

a luminum separa t ion was ve ry poor, and the prec ip i ta te was thixotropic , 

s low-fi l ter ing, difficult to wash, and s low-dry ing . 

Ni t r ic Acid Concentrat ions 

It was found that plutonium(IV) oxalate could be precipi ta ted from 

any plutonium solution containing m o r e than 1. 5 molar n i t r ic acid, as 

long as the final s l u r r y was 1. 5 to 4 .5 molar in n i t r ic acid . At ac idi t ies 

lower than 1. 5 mola r , the co-precip i ta t ion of impur i t i e s was favored, 

plutonium recyc le was high, and fi l tration tim.es were long. At s l u r r y 

ac idi t ies higher than 4. 5 naolar, plutonium recyc le was high and fi l trat ion 

t i m e s were v e r y long'(Table II). A final s l u r r y concentrat ion of 2. 5 to 

3 . 5 mola r n i t r ic acid was found to be opt imum. 

Anionic Impur i t ies 

In a brief study of the effect which anionic impur i t i e s might 

exer t upon the precipi tat ion, it was observed that ce r ta in anions markedly 

affect prec ip i ta te quality. Normal plutonium(IV) oxalate was obtained 

from feed solutions containing 0.055 M H2SO4 or 0.055 M isobutyr ic acid, 

but milky plutonium(IV) oxalate was obtained from feed solutions contain­

ing 0.055 M oxalic acid, 0. 055 M t a r t a r i c acid, or 0. 3 M sulfamic acid . 

Plutonium Valence Adjustment 

Since plutonium in feeds to the purification p r o c e s s i s genera l ly 

p resen t at least par t ly in the hexavalent s ta te , use of a reducing agent is 

n e c e s s a r y . * Although ei ther plutonium(III) or plutonium(IV) oxalate, or 

•At tempts to make an oxalate precipi ta t ion from solutions containing some 
hexavalent plutonium. have given high lo s ses , s ince plutonium(VI) oxalate 
i s re la t ive ly soluble . It has a l so been found that plutoniuni(VI) oxalate 
decomposes too vigorously upon heating for i ts use in dry chemis t ry 
opera t ions . 

http://tim.es
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a mix ture of both, can be used as a s t a r t ing m a t e r i a l for the d ry chemis t ry 

operat ion, the optim.um precipi ta t ion conditions for the two compounds a r e 

sufficiently different that appreciably be t te r yields a r e obtained if one or 

the other valence s ta te i s es tabl ished completely and the precipi ta t ion 

made under the appropr ia te condit ions. 

Hydrogen peroxide was found to be the most sa t i s fac tory reducing 

agent of those studied, for p r o c e s s use in the p repara t ion of plutonium(IV) 

so lu t ions .* It i s noncorros ive , ac ts rapidly, in t roduces no foreign ions, 

can be used with plutonium n i t ra te solutions of any acidity, and is inexpen­

s ive . 

The reac t ion of hydrogen peroxide with plutonium ions occurs 

s tepwise , with the success ive appearance of the brown and red peroxy 

complexes , ^ ' blue plutonium(III), and finally the des i red plutonium(IV). 

In genera l , the reac t ion r a t e s d e c r e a s e with dec reas ing t e m p e r a t u r e 

(Table III), and can be so low that 24 hour digestion will leave p r e d o m i ­

nantly plutoniumi(III). In the Hanford p r o c e s s , the valence adjustment 

occurs rapidly both because of the impur i ty content and because of the s t r ike 

t e m p e r a t u r e (50 - 55 C). The r a t e s appear to be inc reased by the p re sence 

of impur i t i es which catalyze the decomposit ion of hydrogen peroxide ( e . g . , 

i ron sa l t s ) , Reas and Brown^ ' have found that sulfamic acid may be used 

to s tabi l ize plutonium(III) solutions which have been p repared by reduct ion 

with hydrogen peroxide . Other impur i t i es may exer t a s imi l a r inhibiting 

action upon the plutonium(HI) to (IV) convers ion. 

*Other reducing agents which were considered included: a) oxalic acid, 
which ac ts too slowly for p r o c e s s use as well as giving milky p rec ip i t a t e s ; 
b) ammonium sulfite, which would introduce the objectionable sulfate 
ion into the solution; c) hydroxylamine, the common sa l t s of which would 
introduce e i ther chloride or sulfate; and d) HI, which is co r ros ive and 
which is unstable in solutions containing > 3 M HNO3. 
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Three p rocedures for plutonium valence adjustment in the feed 

solutions to the plutonium(IV) oxalate purification p r o c e s s were inves t i ­

gated, using t e m p e r a t u r e s of 35 and 50 C, and solutions containing 10 to 

75 g r a m s of plutonium per l i t e r , two to seven molar n i t r ic acid and up to 

100, 000 p a r t s of a luminum and 3000 p a r t s of i ron per mill ion p a r t s of plu­

tonium. 

P r o c e d u r e 1 a; The hydrogen peroxide is added to the plutonium 

solution at the s t r ike t e m p e r a t u r e , and the mixture is agitated until the 

blue color d i sappea r s (with Redox PR solution, this r e q u i r e s th i r ty minutes 

at 35C and ten minutes at 50C), before addition of the oxalic acid is begun. 

P r o c e d u r e 1 b : Addition of the oxalic acid is commenced imnaedi-

ately after the hydrogen peroxide addition. 

P r o c e d u r e 2; The hydrogen peroxide and oxalic acid a r e added 

slowly and s imul taneously . In the labora tory exper iments , the two were 

mixed. The s ame r e s u l t s should come from use of s epa ra t e s t r e a m s of 

the two r e a g e n t s . 

P r o c e d u r e 1 a has been used extensively in the plant and has 

proven genera l ly sa t i s fac tory when c a r r i e d out at 50 C. In the labora tory , 

with solutions containing 1. 5 to 4. 5 M HNO3, 10 to 75 g/1 plutonium, and 

up to 100, 000 ppm aluminum, this method gave low plutonium solubil i t ies 

and low fil tration t i m e s at t e m p e r a t u r e s of 25 to 50C (Table II, IV, V). 

When the feed solution contained m o r e than 4. 5 M HNOo, the method 

proved unsat is factory at t e m p e r a t u r e s l ess than 50 C. The plutonium 

solubility was high and the prec ip i ta te was th ixot ropic . 

At 50C, p rocedure 1 b gave the lowest plutonium solubil i t ies which 

w e r e measu red , and a s sho r t f i l trat ion t imes as any procedure which was 

t r i ed (Tables IV, VI); however, it was demons t ra ted that with p rocedure 

1 b at s t r ike t e m p e r a t u r e s below 50 C, thixotropic plutonium(IV) oxalate 

p rec ip i ta tes were obtained from most Redox PR solution (Table II, VI) and 

from plutonium stock solutions spiked with 100, 000 ppm of aluminum 

(Table V). 
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Neither p rocedure 1 a nor 1 b was sa t i s fac tory for the valence 

adjustm.ent, at 50 C, of Redox PR solution which had been concentra ted 

to 60 g/1 plutonium. The hydrogen peroxide decomposed rapidly and caused 

excess ive foaming. No such difficulty was exper ienced with Redox PR 

solutions containing only 10 g/1 plutonium. 

At 50C, p rocedure 2 gave the best plutonium(IV) oxalate s t r i ke s 

from solutions containing 30 to 550 g r a m s of plutonium per l i te r and an 

acidity such that the s l u r r y contained 1. 5 to 4. 5 molar n i t r ic acid . 

With Redox PR solution at s t r ike t e m p e r a t u r e s below 50 C, p r o ­

cedure 2 gave "non-equi l ibr ium" precipi ta t ions when used with the s tandard 

labora tory p r o c e s s t i m e s . * Whether the apparent solubility was higher or 

lower than the t rue solubili ty depended upon the acidi ty. When the feed 

solutions were 4 . 5 to 6 mola r in n i t r ic acid, the fi l trat ion r a t e s were 

high and the plutonium content of the f i l t ra tes was low (Table VII). When 

the feed solution contained l e s s than four molar n i t r ic acid, the apparent 

solubili ty was high. Digestion of the plutonium(IV) oxalate s l u r r y at the 

s t r ike t e m p e r a t u r e brought the sys tem c lose r to equi l ibr ium. The apparent 

solubili ty was reduced to a sa t i s fac tory value in the low acid s l u r r i e s and 

inc reased grea t ly in the high acid s l u r r i e s (Table VII), 

Oxalic Acid Addition 

Reagent Concentrat ion 

Reagent oxalic acid concentra t ions ranging from 0.6 to 1. 7 molar 

have been used for l abora tory s t r i k e s . The only l imitat ion found was the 

solubil i ty of the oxalic acid: a one molar solution is a lmos t sa tu ra ted at 

room t e m p e r a t u r e , and heat i s n e c e s s a r y to maintain a solution which is 

much m o r e concent ra ted . 

*15 minute oxalic acid addition t ime followed by immedia te chilling to 5 C . 
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Labora to ry a t tempts to prec ip i ta te plutonium(IV) oxalate by adding 

solid oxalic acid to plutonium solutions were unsuccessful . The oxalic 

acid pa r t i c l e s became occluded by plutonium(IV) oxalate, and any further 

react ion was too slow for p r o c e s s u s e . 

S lu r ry Concentrat ion 

(22^ Because of the complexing effect of oxalate upon plutonium(IV), ^ ' 

na r row l imi ts have had to be se t upon the excess oxalic acid to be added 

for a precipi ta t ion . The lowest plutonium solubi l i t ies (0.02 to 0.05 g/1 

plutonium) were foundwith 0.1 mola r oxalic acid in the s l u r r y . With pure 

plutonium solut ions, l i t t le var ia t ion resu l ted over the range of oxalic 

acid concentra t ions from 0.04 to 0.16 mola r (See Tables VIII, IX). The 

p resence of i ron, chromiuna, or aluminum, in concentra t ions often found 

in Hanford p r o c e s s solut ions, was found to resu l t in inc reased plutonium 

solubi l i t ies when the excess oxalic acid concentrat ion was only 0. 05 M 

(Tables X, XI). The effect, caused by the complexing action of the meta l 

ions on oxalate , was overcome by using 0.1 M excess oxalic ac id . 

Addition Ra tes 

P r o p e r control of the r a t e of addition of oxalic acid proved to be 

quite important to the formiation of an eas i ly handled p rec ip i t a te . Too 

rapid addition produced s m a l l prec ip i ta te pa r t i c l e s which were difficult 

to f i l ter . The requ i red addition t imes were found to depend upon the 
f 12^ s t r i ke t e m p e r a t u r e and upon the composit ion of the feed solution.^ ' The 

bes t t i m e s , in the plant, w e r e between 30 and 90 minu te s . 

One might expect the shor tes t p r o c e s s t i m e s to r e su l t from, the 

p roper combination of reagent addition and fi l t rat ion r a t e s . In the l abo ra ­

tory , f i l t rat ion t i m e s were found to d e c r e a s e hyperbol ical ly with inc reased 

oxalic acid addition t i m e s (Tables XII, XIII). On a five g r a m sca le , the 

shor tes t p r o c e s s t imes w e r e achieved by addition over a five minute per iod. 

The difference between labora tory and plant r e s u l t s may be due to m o r e 

vigorous agitation in the l abora to ry equipment. 
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The apparent plutonium solubility was found to i nc r ea se sl ightly 

with inc reas ing oxalic acid addition r a t e (Tables XII, XIII). 

T e m p e r a t u r e Relat ionships 

Strike T e m p e r a t u r e 

Plutonium(IV) oxalate s t r i k e s w e r e made at t e m p e r a t u r e s from 15 

to 9 0 C . These prec ip i ta tes p repa red at t e m p e r a t u r e s below 20C were 

v e r y finely divided and slow to f i l ter . The prec ip i ta tes p repa red at 

t e m p e r a t u r e s above 75 C w e r e too gummy to handle eas i ly . The best 

p rec ip i t a t e s , judging from fi l trat ion r a t e s and waste l o s s e s , were obtained 
f 13) at approximate ly 50C^ ' (Table III). In the labora tory , it was observed 

that when plutonium te t raf luor ide was p repa red from plutonium(IV) oxalate 

precipi ta ted at 60 C, it was l e s s free-flowing than when p repa red from 

m a t e r i a l prec ip i ta ted at 25 C (Table XIV). No caking prob lem has been 

encountered in the plant with plutonium te t ra f luor ides p repa red from 

plutonium(IV) oxalate prec ip i ta ted at 50 to 60 C. 

Chilling the S lur ry 

The solubili ty of plutonium(IV) oxalate i n c r e a s e s with the t e m p e r a ­

t u r e (Tables XV, XXV). Also, the final s tages of the precipi ta t ion a r e 

slow, giving r i s e to poss ible pos t -prec ip i ta t ion . In o rde r to achieve 

min imum solubili ty rout inely and to prevent pos t -prec ip i ta t ion after the 

s l u r r y is f i l tered, it proved n e c e s s a r y to cool the s l u r r y to l e s s than IOC. 

A 20 rainute cooling per iod was requ i red in the labora tory work . Neither 

s lower chilling nor digestion at the low t e m p e r a t u r e proved helpful. 

Agitation 

Agitation r a t e was not found to be of g rea t impor tance , provided the 

s l u r r y was well mixed. Oxalates were prec ip i ta ted with s t i r r e r speeds 

of 300 and 1700 r p m , Conaparison of the i r p rope r t i e s showed that p r e ­

cipi ta tes made with the higher s t i r r e r speed were finer and requ i red 20 to 

50 per cent g r e a t e r f i l trat ion t imes (Table XVI). 
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Decantation and Fi l t ra t ion 

Both decantation and fi l trat ion have been used with s u c c e s s , in the 

labora tory and in the p lan t , ' ' for separa t ing plutonium(IV) oxalate from 

i ts supernatant solut ion. 

Microscopic examination of plutonium(IV) oxalate pa r t i c l e s showed 

that the diam.eters of 95 per cent of them fall within the range of five to 

seven m i c r o n s . In f i l t rat ion exper iments , the oxalate was re ta ined com­

pletely by the following fi l ter media: 
(Q\ 

a) 100 X 950, twilled Dutch weave meta l cloth;^ ' 
b) medium fil ter pape r s (Whatman No. 40 and No. 42); 

c) one-eighth inch thick, medium, s in tered g lass f i l ters (Corning 

M, 15 mic ron ave rage pore opening); and 

d) se lected, one-eighth inch thick, s in te red s t a in less s tee l f i l ters 

having average pore openings of l e s s than 25 mic rons and 

maximum pore openings of 40 m i c r o n s . 

Appreciable amounts of plutonium(IV) oxalate were passed by such 

media a s : 

a) 100 X 250, twilled Dutch weave meta l cloth;^ ' 

b) Whatman No. 41 or Reeve Angel No. 802 fi l ter p a p e r s ; 

c) Corning C (35 mic ron average pore opening) s in te red Py rex 

f i l t e r s ; and 

d) s in te red s t a in l e s s s t ee l f i l ters having a l a r g e r than twenty-

five mic ron ave rage pore opening. 

In the Isolation Building p r o c e s s , an average timie of two hours i s 

r equ i red to fi l ter and wash a batch of oxalate under these condit ions: 

s in te red plat inum fil ter sur face , one -qua r t e r inch thick and with an average 

pore opening of 15 m i c r o n s ; a p r e s s u r e drop a c r o s s the f i l ter of 15 to 20 

inches of m e r c u r y ; twenty granas of plutonium, in two l i t e r s of s l u r ry , 

p e r squa re inch of f i l ter sur face ; and twenty g r a m s of wash solution pe r 

g r a m of plutonium. 
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Plutonium(IV) oxalate settles at about one-fourth to one-half the 
settling rate of plutonium(III) oxalate. Fines account for ten to sixty per 
cent of theplutoniuna wastes in a decantation process . 

Washing 

Water and mixtures of nitric and oxalic acid solutions have been 
used for washing plutonium(IV) oxalate. When washing by decantation, 
the best results (lowest plutonium solubilities and turbidity of supernatants) 
came from the use of wash solution containing two naolar nitric acid and 
0,05 molar oxalic acid. When the cake was washed on a filter, wash solu­
tions ranging in comiposition from water to four molar nitric acid, 0. 05 
molar oxalic acid were used with little difference in plutonium solubility 
(0,03 to 0.06 grams per l i ter) . Water peptized the oxalate somewhat, but 
would be a good final wash if it were desired to reduce the acid content of 
the cake. The plutonium oxalate solubility increased greatly with increases 
in the nitric acid concentration of the wash solutions above five naolar 
(Table XVH). 

Twenty grams of wash solution per gram of plutonium are adequate 
for washing plutonium(IV) oxalate cakes prepared from either P-2 cake 
solution or Redox PR solution. 

Cake Properties 

Color 

Freshly precipitated plutonium(IV) oxalate (Pu(C,0 . )„ ' 6H„0^^^' ^^^ 
(IT) has a cream to tan color, normally within the Munseir ' color range of 

2. 5 Y 8/4 to 2. 5 Y 7/10. The most common color (2. 5 Y 7/6) is that of 
Figure 1. The color is lighter for finely divided precipitate than for coarse 
precipitate. Traces of plutonium(III) oxalate give the precipitate a green 
color, and plutonium(VI) oxalate contributes a salmon tint. On standing, 
plutonium(IV) oxalate develops a green color (more rapidly when damp than 
when dry), which is probably due to some plutonium(III) oxalate formation, 
but the change has no observed effect on subsequent dry chemistry operations. 

•• • « • • « • « • •• • • • « • ••* •• 
• • • • e • • • • • • • • • • • » • 
• • • • i • • • > • • • » • • • 
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FIGURE 1 

COLOR OF TYPICAL PLUTONIUM(IV) OXALATE 

Bulk Density 

The fresh prec ip i ta te se t t led to a deposit containing 0.1 to 0 .4 

g r a m s of plutonium per cubic centinaeter, with an ave rage of 0. 3 . The 

fi l tered p rec ip i ta tes contained 0 .4 to 0.7 g r a m s of plutonium pe r cubic 

cen t imete r , with an average of 0 . 6 . There was no apparent change in 

bulk density during the remova l of free water from the fi l ter cakes , but 

the i r bulk density inc reased approximate ly 25 per cent upon removing the 

water of hydrat ion. 

Dry Chenaistry 

Myers^ ' found that in a i r , plutonium(IV) oxalate lost i ts water 

of hydrat ion at 100 to 140 C and decomiposition of the oxalate began below 
(19) 140 C. An investigation now in progress^ ' indicates that plutonium(IV) 

oxalate loses sonae water of hydrat ion at room tenaperature in a i r contain­

ing about 20 p e r c e n t humidity. 
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Plutonium(IV) oxalate has been fluorinated directly^ ' to plutonium 

te t raf luor ide or converted to plutonium dioxide^ ' before further p roces s ing . 

Purif icat ion F a c t o r s 

The plutoniumi(IV) oxalate precipi ta t ion is depended upon for the final 

plutonium purif icat ion. The naajor impur i t i e s which may have to be removed 

in p rocess ing at Hanford include aluminum, uranium, lanthanum, s t a i n l e s s -

s tee l co r ros ion products ( iron, chromiuna, nickel), and fission products 

(ruthenium., zirconium-niobiuna). 

Chenaical Separat ion F a c t o r s 

The average separa t ion factors obtained by naeans of a plutonium(IV) 

oxalate precipi ta t ion and no rma l cake washing were 100, 120, 1. 5, 115, and 

60 for Al, Cr , La, Ni, and U, respec t ive ly , with 100, 000 pa r t s of impur i ty 

per million pa r t s of plutonium in the feed solut ions. With 5, 000 pa r t s of 

inapurity per naillion pa r t s of plutonium in the feed solut ions, the factors 

were ten to twenty for Al, Cr , Fe , Ni and U, and approximate ly one for 

La . Additional separa t ion factors of 40 to 80 were obtained for Al and Cr 

during the reduct ion of plutonium te t raf luor ide to plutonium me ta l . More 

conaplete data a r e shown in Tables I and XVIII through XXIII. 

F i s s ion Product Decontamination 

Decontamination factors of 1, 12, and 3 to 6 were obtained for Ana, 

Rir, and Z r - N b , respec t ive ly , by plutoniuni(IV) oxalate precipi ta t ions from 

Redox solutions containing 10 to 60 g r a m s of plutonium pe r l i t e r . Conaplete 

data a r e shown in Table XXIV. 

Li t t le , if any, separa t ion of t r a c e r thorium(UX,) from plutonium 

was achieved by plutoniuna(IV) oxalate precipi ta t ion . 

Supernatant Trea tment 

The equi l ibr ium solubili ty, at 25 C, of plutonium(IV) oxalate in 

mix tu res of n i t r ic acid and oxalic acid is shown by F igure 2. By chilling 
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plutonium(IV) oxalate s lurr ies to less than IOC during processing, the 
plutonium concentration of the supernatants may be reduced alnaost to the 
25 C equilibrium, values (i. e . , twenty to fifty milligrams of plutonium 
per liter). 

Before recycling to recovery the filtrates or supernatants from 
plutoniuna(IV) oxalate precipitations, the oxalic acid and any plutonium(IV) 
oxalate solids may be destroyed by: evaporating the solutions to a nitric 

f 21) 
acid concentration of greater than ten naolar;^ ' adding potassium perman­
ganate solution and heating; or adding a mixture of nitric acid and hydrogen 
peroxide and heating if required. The last procedure is not applicable to 
plant processing, because the reaction is too vigorous to be completed in 
vessels with limited free space. The reaction is useful in the laboratory 
for dissolving plutonium(IV) oxalate without introducing foreign ions. 

Under unusually favorable conditions, plutoniuna(IV) oxalate will 
dissolve completely in an excess of more than eight naolar nitric acid, 
but normally a large percentage of cream-colored, gum-like, residue 
will be produced if some hydrogen peroxide or potassiuna permanganate 
is not included with the nitric acid. Formation of the gum-like residue 
was not observed when two to four naolar nitric acid was used as the sol­
vent, but dissolution rates were too low for process use. 
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TABLE I 

Spectrochemical Analyses* of Plutonium Feed Solutions, Plutonium(IV) 

Oxala tes , and Plutonium Metal from Typical Labora to ry Process ing Data 

• • • » • • • • • • •• 
• • • 
• ••• 

• • • 

• • • 
• • • 

• • • 

Runs 

Element 

Al 

Bi 

Ca 

Cr 

Fe 

K 

La 

Mn 

Na 

Ni 

P 

Si 

160 to 165 and 168 
AT 

Start ing Sol, 

<5 

500 

200 

500 

>1000 

500 

20000 

200 

1500 

100 

>1000 

<5 

Oxalate Cake 

200-500 

130-500 

5-50 

500-20000 

500-1000 

3000-10000 

3-50 

>1000 

<5 

Plutonium 
Metal 

<20 

< 1 

30-100 

2-10 

70-180 

<10 

2000 

5-50 

200-500 

50-1000 

<100 

10-20 

" J-BP 
Start ing Sol. 

5x10'* 

100 

<130 

2000 

5000 

1000 

800 

1000 

1000 

1000 

<200 

>2000 

191 

Oxalate Cake 

50 

<50 

20 

350 

400 

130 

30 

100 

Plutonium 
Metal 

1 

< 1 

<10 

2 

135 

2 

400 

100 

20 

50 

<200 

10 

* P a r t s of impur i ty element p e r mil l ion pa r t s of plutonium by weight, AT Starting Solution 
contained 60 g r a m s of plutonium p e r l i te r and 2 M HNO3.. 3 B P Starting Solution was a 
f i l tered solution containing 12 g r a m s of plutonium per l i t e r and 6 M HNO3. 

I 
ts» 
O 
t 

CO 

CO 



TABLE II 

Effect of Hydrogen Ion Concentration Upon Filtration Rates and Plutonium 

Oxalate "Solubility" with Different Valence-Adjustnaent Procedures 

Feed Solution 

10 g/1 Pu, P u r e Stock: 

2. 68 M HNO3 
3.78 M HNOo 
4. 87 M HNO3 
5. 96 M HNO3 

10 g/1 Pu, Redox PR:** 

1. 7 M HNO3 
2. 0 M HNO3 
3.2 M HNO3 
4. 5 M HNO3 
4. 7 M HNO3 
5. 0 M HNO3 

P r o c e d u r e 
1 a* 

g/1 Pu in 
f i l t ra te 

.017 

.020 

.139 

.148 

.057 

.049 

.049 

. 2 6 

Fi l t ra t ion 
Minutes 

12 
12.5 

102 
80 

4 . 7 
4 . 1 * * * 

>90 
>120*** 

P rocedu re 
1 b= 

g/1 Pu in 
f i l t ra te 

.013 

.014 

.013 

.029 

.035 

.037 

.033 

.025 
2.18 

*: 

Fi l t ra t ion 
Minutes 

23 
10.3 
10.5 
25 .5 

15 
14. 5*** 
15 
60 

>60*** 

Procedure 

g/1 Pu in 
f i l t rate 

.017 

.009 

.034 

.037 

5.17 
- -

3.83 
. 2 9 
.034 

1.07 

2 * 

Fi l t ra t ion 
Minutes 

21 
14 
11 

24 

4 . 5 
3 . 0 

18.4*** 
12 
15 
7.2*** 

All strikes were made at 35 C, and except where otherwise noted, 5 to 6 gram plutonium 
batches were filtered by 60 m l , Corning M, sintered pyrex filters, with 20 inches Hg 
vacuum. 

* See text, Plutonium Valence Adjustment, for details of procedures. 
** Redox PR solutions from plant runs S-53-01-L-22, S-53-02-L-24, S-53-03-L-37 

and S-53-03-L-44. 
*** Filtration times for one-gram, plutonium batches through 15 m l . Corning M, sintered 

pyrex filters. 

I 
tNJ 

GO 
K-' (—' 
c» 
03 
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TABLE m 

(13) 
Effect of Str ike Tempera tu res^ ' Upon 

Plutonium(IV) Oxalate P r o c e s s Var iab les 

Str ike Temp. 
(Degrees C) 

30 

50 

60 

70 

80 

Valence Adjustment 
T ime (Minutes) 

35 

6 

3 . 5 

2 . 6 

0 . 6 

Prec ip i t a t e 
Settling T ime 

(Minutes) 

10 

2 . 5 

1.75 

2 

1 

Fi l t ra t ion 
T ime 

(Minutes) 

6 . 5 

3 . 5 

6 

7 

13* 

P e r Cent 
Recycle 

- -

0.24 

0 .25 

0.31 

0.42 

All s t r i ke s were made from the s a m e Redox PR solution, using one 
hour for oxalic acid addition, thir ty minutes for chilling to 5 C, and 
fi l tering a two g r a m batch of plutoniuna through a 100 m l , Corning, 
medium poros i ty , s in tered pyrex funnel. 

* Gummy Oxalate, 
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• • • 
• • • 
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Labora to ry Prec ip i ta t ion 

Feed Sc 

HNO3, mole / l i t e r 

2 . 2 

3 . 6 

4 . 5 

5 . 0 

5 . 8 

6 . 0 

7 . 2 

)lution 

Solution from 
Plant Run No. 

S-53-03-L-44 

S-53-01-L-110 

S-53-01-L-94 

S-53-01-L-110 

S-53-01-L-44 

S-53-01-L-105 

S-53-01-L-94 

TABLE IV 

of Plutonium(IV) Oxalate from Task I Type 

P rocedure 
l a 

g/1 Pu in 
f i l t ra te 

.190 

.048 

.174 

F i l t r a t ion 
Minutes 

2 . 0 

4 , 0 * 

4 0*** 

P rocedure 
l b 

g/1 Pu in 
f i l t ra te 

.234 

.077 

.062 

F i l t ra t ion 
Minutes 

2 . 0 

2 . 7 * 

4 . 2 

Feed Solutions 

P r o c e d u r e 
2 

g/1 Pu in 
f i l t ra te 

.102 

.064 

.041 

.100 

.170 

.413 

F i l t r a t ion 
Minutes 

2 . 9 

16.5 

13 

3 . 0 

6.0** 

10 ** 

I 
P 

1 

CO 
1 

All str ikes were made from Redox PR solutions which had been concentrated in the laboratory 
from 10 g/1 plutonium, diluted to 60 g/1 plutonium, and filtered. Strikes were made at 50 C, using 
six gram plutonium batches, 30 minute oxalic acid addition, 0.1 molar oxalic acid concentration 
in the s lurr ies , and a final digestion temperature of 7 C. 

Oxalates were filtered by 60 ml. Corning M, pyrex filters, using 20 inches Hg vacuvim. 

* Very vigorous pre-reduction with som.e reactor overflow. 
** Thixotropic precipitate - still muddy after one hour of air flow through the cake. 

M 

00 



TABLE V 

Effect of Feed Composition Upon F i l t ra t ion Time 

Fi l t ra t ion Time, Minutes 

3 . 7 8 M H N O 3 4 . 87 M.HNQ3 

P r o c e d u r e P r o c e d u r e P r o c e d u r e P rocedure P r o c e d u r e P r o c e d u r e 
Feed Solution l_a Lb 2 1 a l^b 2 

P u r e s tock solution 12.5 10.3 14.0 102 10.5 11.0 

100, 000 ppm Al in stock 
solution 10.5 27.0 9 .5 - - - 19.5 14.0 

100,000 ppmAl and 3,000 
p p m F e in stock solution 30 11 

All s t r i k e s were naade at 35 C, with 1 per cent hydrogen peroxide; 12 minute, oxalic acid addition 
t i m e s ; and s l u r r i e s chilled to 7 C before fi l tration. 

5 g r a m batches of plutonium as 10 g/1 plutonium solution were used fOr each run . S l u r r i e s were 
f i l tered by a 60 ml . Corning M, pyrex fi l ter , with a 20 inch Hg vacuum. 
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TABLE VI 

Effect of Increased T e m p e r a t u r e and Digestion T ime 

Upon F i l t ra t ion T ime and Plutonium "Solubility" 

Valence-Adjustmient P r o c e d u r e 1 a 

Run No. 
S -53-03-L-37 : 2 .74 M HNO3* 

F i l t r a t e , g/1 Plutonium .457 
F i l t ra t ion T ime , Min. 4.4 

5.0 M HNO3 
F i l t r a t e , g/1 Plutonium .258 
Fi l t ra t ion T ime , Min. >120 

Run No. 
S-53-03-L-44 : 3.84 M HNO3 

F i l t r a t e , g/1 Plutonium 
Fi l t ra t ion T i m e , Min. 

5.0 M HNO3 
F i l t r a t e , gji Plutonium 
Fi l t ra t ion T i m e , Min. 

35 

l b 

.100 
7.5 

2.18 
>60 

.76 
15.5 

2 

5.95 
3.7 

1.07 
7.2 

3.12 
8.2 

1 a 

.101 
4.3 

.056 
6.0 

50 

1 b 2 

.033** 
4 .6** 

.012 .020 
4.7 7.0 

.021 .076 
5.8 3.7 

One gram, plutonium batches of Redox P R solution (nominal 10 g/1 plu-
tonium.) w e r e used for a l l s t r i k e s , and al l s l u r r i e s were f i l tered by a 
15 m l . Corning M, s in tered pyrex f i l ter at 20" Hg vacuum. All 35 C 
s t r i k e s w e r e made with 12 minute oxalic acid addition and, with one 
exception, 50 C s t r i k e s w e r e m.ade with 30 minute , oxalic acid addition. 

* S t r ikes at 2. 74 and 3 . 84 M HNO3 made from PR solution a s rece ived; 
at 5. 0 M, f rom P R solution diluted with cone. HNO3. 

** 45 minute oxalic acid addition plus another 45 minutes of digestion 
at 50 C. 
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TABLE Vn 

Effect of S lur ry Digestion 

HNO3 in Feed Solution, 
m o l e / l i t e r * * 

RC - Run No. 

Digestion t ime in m.inutes 
after oxalic acid addition 

g/1 Plutonium in F i l t r a t e 

F i l t ra t ion Time, *** 
Minutes 

at 35 C 

2 

163 

0 

6.25 

1.75 

upor 

0 

I Plutonium 

165 

30 

0.13 

2 . 0 

"Solubility" 

5. 

164 

0 

0.23 

2 . 5 

0 

* 

166 

30 

1.21 

2 . 0 

* All s t r i k e s were made at 35 C with the hydrogen peroxide and oxalic 
acid added a s a mix tu re over a 12 minute per iod. 

** Redox PR solution frona plant run S-53-02-L-24 was concentrated in 
the l abora to ry to 300 g r a m s of plutonium. per l i t e r , cooled to room 
tem,perature, f i l tered to r emove any so l ids , and diluted to 10 g/1 
plutonium. 

*** A one g r a m batch of plutonium was f i l tered by a 60 ml Corning M 
pyrex g lass f i l ter at 20 inches Hg vacuum.. 
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TABLE V m 

Variat ion of the Plutonium Concentrat ion in F i l t r a t e s from Plutonium(IV) 

Oxalate Prec ip i t a t ions with Concentrat ion of Oxalic Acid in the S lur ry 

(Ten Gra ins of Plutonium P e r L i te r of Star t ing Solution) 

Run No. 

RC-68 

RC-77 

RC-78 

RC-67 

RC-69 

RC-74 

RC-73 

RC-72 

RC-71 

RC-103 

RC-104 

RC-106 

RC-105 

RC-107 

RC-108 

RC-109 

Start ing Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

3BP 

3BP 

3BP 

3BP 

3BP 

3BP 

3BP 

Star t ing 
M HNOg 

2 . 0 

2 . 0 

2 . 0 

2 . 0 

2 . 0 

8.1 

8.1 

8.1 

8.1 

4 . 6 

4 . 6 

4 . 6 

4 . 6 

4 . 6 

6 . 0 

6 . 0 

Slur ry 
M H2C2O4 

0.05 

0.05 

0 .05 

0 .08 

0.14 

0.05 

0 .08 

0.11 

0.14 

0.07 

0.10 

0.10 

0.13 

0.18 

0.07 

0.13 

Gms Plutonium 
p e r l i t e r of f i l t ra te 

0.012 

0.015 

0.016 

0.017 

0.020 

0.89 

0.91 

0 .74 

0.99 

0.024 

0 .055 

0.042 

0.025 

0.015 

0.026 

0.024 

All s t r i k e s were made at 25 C, with a 30 minute p re - r educ t ion , 15 
minute oxalic acid addition t ime and 7 to 8 C final digestion t e m p e r a t u r e . 
The concentrat ion of oxalic acid in the s l u r r y was calculated on the 
assumpt ion that al l of the plutonium had reac ted to form Pu(C204)2 and 
that no other ions had reac ted with oxalic acid . 
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TABLE IX 

Variat ion of the Plutonium. Concentrat ion in F i l t r a t e s from Plutonium(IV) 

Oxalate Prec ip i t a t ions with Concentrat ion of Oxalic Acid in the S lur ry 

(60 to 75 g r a m s of Plutonium P e r L i t e r of Star t ing Solution) 

Run No. 

RC-43 

RC-65 

RC-59 

RC-47 

RC-60 

RC-56 

RC-57 

RC-58 

RC-61 

RC-62 

RC-66 

RC-52 

RC-63 

RC-54 

RC-53 

RC-64 

RC-55 

Start ing Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

Button Solution 

A T 

A T 

A T 

A T 

AT 

A T 

Start ing 
M HNO3 

2 .1 

2 . 1 

2 .1 

2 . 1 

2 . 1 

2 . 1 

2 . 9 

2 . 9 

3 . 9 

3 . 9 

3 . 9 

3 . 0 

3 . 0 

3 . 0 

4 . 5 

4 . 5 

4 . 5 

Slurry 
M H^C^O^ 

0 .05 

0.07 

0 .08 

0.11 

0.13 

0.15 

0.07 

0.09 

0.07 

0.09 

0.11 

0.05 

0.075 

0.10 

0 .05 

0.075 

0.10 

Gms Plutonium 
pe r l i t e r of f i l t ra te 

0.051 

0.022 

0.023 

0.034 

0.032 

0.040 

0.041 

0.012 

0.037 

0.018 

0.017 

0.151 

0.032 

0.016 

0.062 

0.013 

0.36 

All s t r i k e s were made at 25 C, with a 30 nainute p re - r educ t ion , 15 
minute oxalic acid addition t ime and 7 to 8 C final digestion t e m p e r a t u r e . 
The concentrat ion of oxalic acid in the s l u r r y was calculated on the 
assumpt ion that a l l of the plutonium had r eac t ed to fo rm (Pu(C204)2 and 
that no other ions had reac ted with oxalic acid. 



TABLE X 

Plutonium(IV) Oxalate Prec ip i ta t ion in the P r e s e n c e of Aluminum, Chromium 

ajid Iron, f rom Solutions Containing Ten G r a m s of Plutonium P e r L i te r 

Run Numbei^ RC- 41 39 42 37 40 38 36 

• • •• 
• • • 
• ••• 

« 
• « 

• • • 

• • • 

9 • 4 

Impuri ty Concentrat ion, g/1 0 2 .04 Cr 2.20 F e 1.06 Al 0 2.04 Cr 1.06 Al 

H2C2O. in Slur ry ; m o l e / l i t e r : 

assunaing no t ie-up of 
oxalate by impur i t i e s 

assuming R2(C204)3 
formation 

Pu in F i l t r a t e , g/1 

Pu in Wash, g/1 

0 .05 0 .05 

0 .05 * 

0.053 0.075 

0.029 0.035 

0 .05 

* 

0.123 

0.057 

0 .05 

* 

2 .35 

0.088 

0.106 

0.106 

0.150 

0.017 

0.106 

0.05 

0.120 

0.230 

0.106 

0.05 

0.046 

0.048 

1 

CD 

* Very slight oxalic acid deficiency 

The s ta r t ing solution for al l r u n s contained 9.4 g Pu /1 and 2. 7 M HNO„. Str ikes were made 
at 25 C with an 8 C final digestion tenaperature . Oxalic acid was added in fifteen minu tes . 

00 
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TABLE XI 

Plutonium(IV) Oxalate Prec ip i ta t ion in the P r e s e n c e of Aluminum, Chromiuna 

and Iron, f rom Solutions Containing Sixty G r a m s of Plutonium P e r L i t e r 

Run Number RC- 43 44 51 45 46 47 48 49 50 

Impuri ty None Al Al Cr F e None Al Cr F e 

^ 2 ^ 2 ^ 4 i^ s l u r r y ; m o l e / l i t e r : 

assuming no t i e -up of 
oxalate by impur i t i e s 0 .05 0.05 0 .05 0.05 0.05 0.11 0.16 0.10 0.10 

assuming R2(C204)3 
fornaation 

Pu in F i l t r a t e , g/1 0.051 0.057 0.043 1.10 0.67 0.034 0.022 0.029 0.087 

* Slight oxalic acid deficiency 

The s ta r t ing solution for al l runs was a pu re plutonium. solution containing 60 g/1 Pu and 2.1 
M HNO3. 50, 000 p a r t s of inapurity were added pe r mill ion p a r t s of plutoniuna. Str ikes were 
made at 25 C, with 15 minute oxalic acid addition and 8 C final digestion t empera tu r e . 

1 

formation 0 .05 * * 0 0 0.11 0.05 0.05 0.05 w 
I 

I 
CO 

0 0 
OS 
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TABLE X n 

HW-31186 

Variat ion of F i l t ra t ion Time and Plutonium Recycle with 

Oxalic Acid Addition T ime : Synthetic Redox PR Solution 

Run No. 

RC-155 

RC-153 

RC-152 

RC-145 

Minutes to 
add H2C7O4 

3 

12 

0 .33 

12 

Plut( Dnium in F i l t r a t e , 

0.021 

0.018 

0.030 

0.019 

g/1 
Minutes to 

f i l ter ba tch* 

16.7 

11 

19 

14 

* Five g r a m s of plutonium per batch, using a 60 ml . Corning M, s in te red 
pyrex f i l ter . Start ing solution for a l l runs was a pure plutonium solution 
(10 g/1) spiked with 100, 000 ppm Al. Runs 153 and 155 w e r e from 3. 78 M 
HNO3 solution, and runs 145 and 152 were f rom 4 . 87 M HNO3 solution. 
All s t r i k e s were made at 35 C with a 7 C final digest ion t e m p e r a t u r e . 

TABLE X m 

Variat ion of Plutonium Recycle with Oxalic 

Acid Addition T i m e : Diluted AT Solution 

Run No. 

RC-81 

RC-79 

RC-82 

RC-80 

Oxalic Acid Addition Time 

0 .33 Minutes 

3 .5 Minutes 

15 Minutes 

20 Minutes 

Plutoniura in F i l t r a t e , 

0.056 

0.018 

0.020 

0.019 

S/1 

Star t ing solution was cut AT solution containing 60 g/1 plutonium and 2. 9 
M HNO3. S t r ikes were m.ade at 25 C; and immedia te ly af ter the oxalic 
acid addition, s l u r r i e s were chilled to 8 C and f i l tered. S ix -gram batches 
of plutonium were used. 

• ••• • • • •• •• • ••• • ••• 
• • • • • • • • • • • • • • • 
• • • • ••• • • • # • • • ••• • • • • • • • • •• • • • • • • 
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TABLE XIV 

HW-31186 

Variat ion of Plutonium Tetraf luor ide Caking with the Strike 

T e m p e r a t u r e for Plutonium(IV) Oxalate Prec ip i ta t ion 

Run Number RO-

Strike tenapera ture , deg rees C 

Pu in f i l t ra te , g/1 

Plutonium los s to r ecyc l e , pe r cent 

P e r cent free-flowing P u F . obtained by 
hydrofluorinating the product oxalate 

30 

100 

31 

75 

33 

25 

0.053 

0 .23 

55 

0.049 

0.20 

60 

0.035 

0.14 

65 

Start ing Solution: 

St r ike: 

Washes : 

45 g r a m s / l i t e r Pu; 2 M HNOo- Stock solution, p repa red 
by dissolving l abora to ry but tons. 

10 minute oxalic acid addition. 
20 minute digestion while cooling. 
25 C final digestion and fi l trat ion t e m p e r a t u r e . 

Four washes of f i l ter cake with 7. 5 ml of 1. 0 M HNOg 
- 0. 02 M H^C^O. per g r am of plutonium pe r wash. 

TABLE XV 

Variat ion of Plutoniuna Concentrat ion in 

Supernatants with Final Digestion T e m p e r a t u r e 

Final Digestion Tenaperature 

Run No. 158 
159 
160 
163 
161 
162 
164 
165 

Plutonium in F i l t r a t e , 

25 C 

0.027 
0.031 
0.031 
0.021 

50 C 

0.049 
0.082 

g/1 

75 C 

0.423 
1.163 

All s t r i k e s weremade from the s a m e batch of cut AT solution (2 MHNO3 
and 60 g P u / l i t e r ) , using 10 minute oxalic acid addition and 20 minute 
digestion. Oxalic acid addition, digestion, and decantat ion were al l done 
at the s a m e temiperature for a given s t r i k e . 

• ••• • • • •• •• • ••• • ••• 
• • « • • • • • • • • • • • • 
• • • • ••• • • • • • • • ••• • ••• • • •• •• • • • ••• 
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Effect of Agitation Speed 

Rim 

1 

2 

3 

4 

5 

6 

Agitator 
Speed 
r p m 

1700 

300 

1700 

300 

1700 

300 

^ ' upon the 

Feed Concentrat ion 

g/1 Pu g/1 H-' 

12.3 

12.3 

62 .6 

62 .6 

60 .9 

60.9 

2 . 4 

2 . 4 

3 . 5 

3 . 5 

4 . 7 

4 . 7 

TABLE XVI 

Fi l terabi l i ty of the Resulting Plutonium(IV) Oxalate 

Oxalic 
Acid 

Addition 

60 

60 

30 

30 

1 

1 

Time 

Digestion 

0 

0 

0 

0 

30 

30 

in Minutes 

Cooling 

30 

30 

30 

30 

30 

30 

Settling 

3 .7 

4 . 5 

2 . 7 

1.5 

2 , 9 

3 . 0 

Fi l te r ing 

3 . 2 

2 . 5 

1.9 

1.6 

3 . 2 

2 . 1 

I 
CO 
CO 
I 

Strikes were made at 50 C, from Redox PR solution or from concentration prepared 
frona Redox PR solution. Three-gram batches of plutonium were filtered through a 
100 m.1. Corning, medium porosity, sintered pyrex funnel. 

I 
CO 

0 0 
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TABLE XVII 

Variat ion of Plutonium Content of Wash Solutions with Acidity 

Wash Composit ion 
Run Nunaber H^C^O. , naole / l i ter HNO„, m o l e / l i t e r g r a m s / l i t e r Pu 

RC-24 

RC-25 

RC-26 

RC-22 

RC-30 

RC-31 

RC-11 

RC-13 

RC-15 

RC-16 

RC-17 

RC-18 

RC-12 

0.05 

0 .05 

0 .05 

0.05 

0.05 

0 .05 

0 .05 

0.05 

0 .05 

0 .05 

0 .05 

0.05 

0 .05 

2 

2 

2 

4 

4 

4 

6 

6 

6 . 

6 

6 

6 

8 

0.022 

0.020 

0.033 

0.037 

0.031 

0.057 

0.119 

0.257 

0.239 

0.152 

0.133 

0.147 

0.447 

All s t r i k e s were nniade frona Redox 3-BP solution containing approximately 
ten g r a m s of plutonium per l i t e r . 
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Run No. 

RC-28 

RC-27 

RC-29 

RC-33 

RC-32 

RC-31 

RC-30 

TABLE X V m 

Uraniuna Separation by Plutonium(IV) Oxalate Precipi ta t ion 

HNO3 in 
m o l e / l i t e r 

3 . 2 

3 . 2 

3 . 2 

3 . 2 

6 . 4 

6 . 4 

6 . 4 

Pari 

Feed Solution 

100,000 

10,000 

10,000 

1,000 

100,000 

10,000 

1,000 

ts of Uranium, pe r Million P a r t s of Uranium 

Pu(C204)2 
No Washes 

41, 000 

1,200 

1,500 

410 

11,400 

5.200 

110 

Pu(C204)2 
One Wash 

9,600 

280 

500 

150 

3,200 

1,100 

80 

Pu(C204)2 
Three Washes 

2,400 

160 

150 

70 

990 

570 

70 

Pu(C204)2 
Five Washes 

2,000 

140 

110 

36 

860 

410 

65 

I 1 

CO 
c;i 
1 

The same pure stock solution (60 g Pu/1) was used for all r u n s . Solid uranyl n i t r a t e 
was added to spike the stock solution to the des i red uranium concentrat ions. All 
s t r i ke s were made at 25 C, with 30 minute p re - reduc t ion , 15 minute oxalic acid 
addition t ime , 20 nainute digestion, and no chilling. Supernatant liquids and washes 
were renaoved by decantation. Each wash consis ted of 20 ml of 2 M HNO3 - 0. 05 M 
^2*^2^4 P^^ gr*am of plutonium. 

to 
I — ' 
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TABLE XIX 

HW-31186 

Aluminum Separat ion by Plutonium(IV) Oxalate Prec ip i ta t ion 

Run No. 

192 

193 

163 

RC-99 

191 

153 

Start ing Solution 

Type g/1 Pu 

Spiked 
3 - B P 

Spiked 
3-BP 

Cut AT 

Spiked 
Stock 

3 -BP 

Synthetic 
2 -BP 

60 

60 

60 

223 

10 

10 

P a r t s of Aluminum 

Feed Solution 

300,000 

300,000 

10,000 

50,000 

14, 000 

p e r Million P a r t s of Plutoniuna 

Pu(C204)2 Cake 

1750 

1550 

800 

640 

50 

20 

Button 

40 

20 

20 

- -

1 

All s t r i k e s were made at 25 C, with 30 minute p r e - r educ t ion , 30 
minute oxalic acid addition and digestion, and no chilling. Super­
natant liquid f rom the s t r i ke s and washes was separa ted by decanta­
tion. Sufficient oxalic acid was used to r eac t with al l of the plutoniuna 
to forna Pu(C204)2 and to make the s l u r r y 0. 05 mo la r in oxalic acid 
if no other ion r eac ted with the oxalic acid . Two washes of 20 ml of 
2 M HNO3 - 0. 05 M H2C2O4 pe r g r a m of plutonium were used for 
each run. 



TABLE XX 

Chromium Separat ion by Plutoniuna(IV) Oxalate Precipi ta t ion 

• • •• 
• • 
• ••• 

• • • 
• • * 

• • • 
• • • 

• • • 

Star t ing Solution 

Run No. 

192 

193 

174 

163 

153 

191 

Type 

Spiked 3 -BP 

Spiked 3 -BP 

Synthetic 3 -BP 

Cut AT 

Synthetic 2 - B P 

3-BP 

g / l P u 

60 

60 

60 

60 

10 

10 

P a r t s of Chromium pe r Million P a r t s of Plutonium 

Feed Solution Pu(C204)2 Cake Button 

200,000 200* 40 

200,000 200* 4 

100,000 800 <10 

500 50 2 

141, 000 

2,000 

80 

20 

* Values a r e about one fifth a s great a s might be expected on a s t ra ight dilution b a s i s . 

All s t r i ke s were made at 25 C, with 30 minute valence adjustment, 20 minute oxalic acid 
addition and digestion, and no chilling. Supernatant liquid from the s t r i kes and washes 
was separa ted by decantat ion. Sufficient oxalic acid was used to r eac t with all of the 
plutonium to form Pu(C204)2 and to make the s l u r r y 0. 05 molar in oxalic acid if no other 
ion reac ted with the oxalic acid. Two washes of 20 ml of 2 M HNO3 - 0. 05 M H2C2O4 
p e r g r am of plutonium^ were used for each run. 

I 

CO 

I 

I 
CO 
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TABLE XXI 

Iron Separat ion by Plutonium(IV) Oxalate Prec ip i ta t ion 

Start ing Solution P a r t s of Iron pe r Million P a r t s of Plutonium 

Run No. Type g/lPn Feed Solution Pu(C204)2 Cake Button 

RC-99 Spiked stock 223 10,000 950 

RC-101 Spiked stock 100 10,000 310 

192 Spiked 3 -BP 60 5,000 - - 230 

193 Spiked 3 -BP 60 5,000 - - 200 

191 3-BP 10 

169,170 Synthetic 3 -BP 10 

153 Synthetic 2 -BP 10 

5,000 

4,000 

1,000 

350 

100 

135 

170 

All s t r i k e s w e r e made at 25 C, with 30 minute p r e - r educ t ion , and 30 
minute oxalic acid addition and digest ion. Sufficient oxalic acid was 
used to r e a c t with all of the plutonium to form Pu(C204)2 and to make 
the s l u r r y 0. 05 mo la r in oxalic acid if no other ion r eac t ed with oxalic 
acid. The oxalate cakes were washed with 20 to 40 ml of 2 M HNO3 -
0. 05 M H2C2O. p e r g r a m of plutonium. 
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Run No. 

RC-68 
191 

RC-86 
RC-76 

TABLE XXII 

Nickel Separat ion by Plutonium(IV) 

Starting 

g / l P u 

10 
10 
10 
10 

Solution 

g/1 Ni 
0 
0.01 
0 . 5 

10 

F i l t r a t e 

g / l P u 

0.012 

0.030 
1.11 

Oxalate Prec ip i ta t ion 

Pu(C204)?. 

ppm Ni 

0 
30 

500 
2500 

Ni DF 
- -
33 

100 
400 

The same pure stock solution (2 M HNOo and 10 g/1 Pu) was used for 
all runs except 191, which was naa3e with 3 BP. All str ikes were made 
at 25 C, with 30 minute pre-reduction, 15 minute oxalic acid addition 
time and 7 to 8 C final digestion temperature. Sufficient oxalic acid 
was used to react with all of the plutonium to form Pu(C204)2 and to 
make the slurry 0. 05 molar in oxalic acid if no other ion reacted with 
the oxalic acid. 

Nickel was added to the stock solution as solid nitrate. Oxalate cakes 
were washed with 40 ml of 2 M HNO3 - 0, 05 M H2C2O4 per gram of 
plutonium. 

TABLE XXm 
Lanthanum Separation by Plutoniurai(IV) Oxalate Precipitation 

Run No. 

RC-
RC-
RC-
RC-

-68 
-85 
-84 
-83 

Start ing 

g / l P u 

10 
10 
10 
10 

Solution 

g/1 La 

0 
0 .2 
2 .0 

10.0 

F i l t r a t e 

g / l P u 

0.012 
0.085 
0.089 
0.627 

Pu(C204)p. 

ppm La 

0 
3 X 10^ 
8 x l 0 4 
1 X 105 

La DF 

1 
2.5 

10 

The same pure stock solution (2 M HN03)was used for all runs. All 
str ikes were made at 25 C, with'50 minute pre-reduction, 15 minute 
oxalic acid addition time and 7 to 8 C final digestion temperature. Suf­
ficient oxalic acid was used to react with all of the plutonium to form 
Pu(C204)2 and to make the slurry 0. 05 naolar in oxalic acid if no other 
ion reacted with the oxalic acid. Lanthanum was added to the stock 
solution as the solid nitrate. Oxalate cakes were washed with 40 ml of 
2 M HNO3 " 0. 05 M H2C2O4 per gram of plutonium. 
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1 r A B L E XXIV 

F i s s i o n P r o d u c t S e p a r a t i o n Ob ta ined b y O n e P lu ton ium(IV) O x a l a t e P r e c i p i t a t i o n * f rom 3 

St 

Run 

162 

160 

163 

164 

161 

159 

3 - B P 

3 - B P 

158 

r i k e C o n d i t i o n s 

M H N O 3 g/LPu 

2 . 0 

5 . 0 

2 . 0 

5 . 0 

2 . 0 

4 . 9 

** 

*** 

5 . 0 

1 

1 

10 

10 

60 

53 

11.5 

P u 

c/min ./samples^**** 

6 . 4 5 x l O ^ 

4 . 9 3 x l O ^ 

3 . 8 0 X 10^ 

4 .14 x l O ^ 

5 . 5 7 x l O ^ 

4 . 7 8 x l O ^ 

4 . 50 X 10^ 

5. 22 X 10^ 

5 . 5 2 x l O ^ 

D F 

15 

2 .3 

10.6 

15 

15 

10.2 

- -

1.0 

9.4 

Ru 

c ^ a i n . / s a m p l e 

**** 

3.14 x l O ^ 

0 . 52 X 10^ 

**** 

0 . 5 2 x l O ^ 

0 . 6 4 x l O ^ 

6 . 8 7 x l O ^ 

7 . 7 2 x l O ^ 

0 . 9 2 x l O ^ 

F i s s i o n P r o d u c t 

D F 

6 . 2 

1.8 

6 

6 

3 . 8 

2 . 4 

2 . 8 

5 .9 

Z r - Nb 

c/inin . / s amp le 

0 . 2 8 x l O ^ 

0 . 7 4 x l O ^ 

**** 

**** 

0 . 3 9 x l O ^ 

0 . 5 7 x l O ^ 

3 .66 x l O ^ 

1.52 x l O ^ 

0. 81 X 10^ 

DF 

0 . 7 

1.0 

0 . 8 

1.1 

1.2 

1.2 

--1 

1.0 

1.0 

I 
- B P Solut ion • 

A m 

c / m i n . / s a m p l e 

8 . 4 2 x l O ^ 

4 . 5 2 x l O ^ 

4 . 4 4 . x 10^ 

3 . 7 4 x l O ^ 

4 . 3 7 x 1 0 ^ , 

3 . 9 8 x 1 0 ^ 0 

4 . 52 X 10^ 

5 . 0 8 x l O ^ 

5 . 4 6 x l O ^ 

* strike at 35 C, by addition of mixed H2O2 - H2C2O.; no pre-reduction. 
** Solution as received in PR can frona Redox. Starting solution for run 158. 

*** Starting solution for runs 159 -162 inclusive. This was prepared by evaporating 3,-BP solution 
to 300 g/1 Pu, diluting to 60 g/1 Pu, and filtering. 

**** Not detectable. 

(
***** Each sample contained 3 ml of 10 g/1 Pu solution. 
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TABLE XXV 

Prec ip i ta t ion of Plutonium(IV) Oxalate from Concentrated Plutonium Solutions 

Run Number R e ­

s ta r t ing Solution: 

g/1 Pu 

M HNO3 

ppm* Al 

ppm F e 

ppm U 

Pu in F i l t r a t e : 

g/1 

Pu in Washes : 

g/1 

P e r Cent Recycle 

Product Cake: 

ppm Al 

ppm Fe 

ppm U 

101 

100 

4 . 0 

10000 

10000 

10000 

0.055 

0.025 

0.19 

310 

55 

100 

150 

5.1 

10000 

10000 

10000 

0.027 

0.027 

0.12 

250 

180 

21 

99 

223 

6 . 3 

10000 

10000 

10000 

102 

393 

12 

>10000 

>10000 

10000 

0.078 1.21 

0.037 2.42 

0.22 

640 

950 

550 

8 . 8 

640 

700 

9000 

142 

550 

9.63 

Nil 

Nil 

Nil 

0.053 

ppm = p a r t s of impuri ty pe r mil l ion p a r t s of plutonium 

Each s t r i ke was made at 35 C with one minute p re - reduc t ion , 15 minute 
oxalic acid addition, 0.1 M H2C2O4 in the s l u r r y , and 7 C final digestion 
tem.perature . Eleven g r a m s of plutonium were used for each run. 
Spiked plutonium stock solutions w e r e used for runs 99, 100 and 101, 
spiked 3 BP was used for run 102, and a pure stock solution was used 
for run 142. Three washes , 10 ml of 2 M HNO3 - 0. 05 M H2C2O4 pe r 
grana of plutonium per wash, were used~?or each run . 
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TABLE XXVI 

Pe rcen tage of Plutonium Recycled in F i l t r a t e s from Typical Plutonium(IV) 

Oxalate St r ikes Made at Different Acidi t ies and Final Digestion T e m p e r a t u r e s 

Final Digestion Tenaperature , Degrees 

M HNO3 in Start ing 

2 

3 

4 

5 

6 

7 

8 

Solution 

C 10 

0.16 

0.18 

1.4 

3 

10 to 20 

1.7 

3 . 3 

5 . 6 

20 to 30 

0 . 5 

3 . 3 

12 

40 

Star t ing solution for all runs was 3 B P solution containing 10 g r a m s of 
plutoniuna per l i t e r . All s t r i k e s were naade at 25 to 30 C. 

Final oxalic acid concentrat ion in the s l u r r y was 0 .05 naolar in all 
r u n s . 

• 
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