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agency of the United States Government. Neither the United States
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Precipitaticn from solutions containing 50 to 100 grams of
_plutonium per liter (diluted AT solution) gives satisfactory:
results, This process was used in the 234 building RG line
from Jamuary, 1952, until “he wet chemistry hoods were shut
down in July, 1952, o

Precipitation from R=Zox FR solution [3BP c:oncentrated by evap~
Jrétion) gives, at 10-20 grams of plutonium per liter, sufficient .
separation of plutonium from the bulk and fission product im- t
purities nov found in 3BP,

Objectives

This memorandum has been vritten to summarize the laboratory experience
wvhich has demonstrated the feasibility of precipitation of Pu(IV) oxalate
in Task I. |Where possible, a comparison between the laboratory results with
tvo solution concentrations - 10 g/l Pu and 50 3/1 Pu - has been given to
provide a basis for the prediction of Task I performance from 221 Building
process data,

Colp).o‘ta data from laboratory studies are available in monthly progress :
reports issued since Octo?es, 1951, by V. R. Cooper for Separations Technol~gy =.
Process, A final report (1) on Production Test 234-5 has been issued.

8' and Conclusions L_.

1, Readily filterable plutonium(IV) oxalate with a filter cake density
of 0.6 to 0,7 grams of plutonium per cubic centimeter of cake has been .pre-
cipitated from Redox PR solutions containing from 10 to 200 grams of plutonium
per liter and from two to six molar nitric acid, Variations in purity of feed
solution have resulted in marked variations in precipitate characteristics,

2. Rase of filtration vas found to increase with strike temperature over
the range of 35 to 60°C; temperature higher than £0°C causaed the formation or
gumy precipitates. To prevent post-precipitation from the filtrate, especially
vhen processing solutions at the high end of the acidity range, it has proved
necessary to cool the slurry to a temperature of less than 10°C,

3. 1In order to produce easily filtered precipitates as the process has
been scaled up, it has been necessary to decrease the rate of oxalic acid addition
as the reactor size has increased., This vas probably caused by less effective
agitation in the larger reactors. 3 1

k., With Redox PR solution containing 60 grams plutonium per liter (prepared
by evaporation to remove excess nitric acid, followed by dilution to the desired
concentration), the use of optimum precipitation and vashing techniques has given
results which indicate:
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Anticipated process times of 1.5 to 3 hours for pre-

.. reduction (reduction of Pu(VI) to Pu(IV)), precipitation
~ and digestion and ons to thres hours for filtration and -
vashing; 55
Separations factors ot 80 RO, 20 and’ 12 for Al, Cr, Fe

. and U, respectively; - |

Docontnimtim fnctorn of 1.2, 12 and 3 for Am, Ru and
Zr-Nb, respectively, (compared with factors of 1.0, 12 and
6 for precipitation from Redox FR solution oonuining 10 to.
20 grams of plutonium per liter).
Recommendations g ‘
From experience in the Development Iaboratory, we recommend:
1) That Task I equipment be designed:

(a) To permit variation of solution and slurry temperatures
through the range of five to sixty degrees Centigrade, .

(b) With provisions for ﬁgoro\u agitation,

That attempts be made to lower and standardize the aluminum nitrate
content of Redox PR solution to assure plutonium(IV) oxalate of
uniform precipitate characteristics and to permit the concentratiom
of FR solution to greater than 200 grams of plutonium per liter
without supersaturation with respect to aluminum nitrate,

That couidcfcfion be given to designing for a pouiblo 1200 gram
bateh (vide ) by either increasing the working volume of Task I .
reactors to 18 1i%ers or providing a Jacketed storege tank and lines
to permit tha use of two to three molar oxalic acid,

rimental

Laboratory vork was done on scales of 0, 5 to 25 grau of plutonium,
using pyrex glass cylindrical reactors (2" 0.,D, x 6", 3" 0.D, x 8", 6" 0,D, x 6'
1750 r.p.m, stainless steel stirrers were used for agitation. Preeipiuuc vere
either settled in the reactor and washed by decantation or they were filtered
through a Corning M (15 micron) aintered glass funnel or a Micrometallic ¥ to G
(20 to 10 micron) sintered stainless steel fumnel, Filter cakes were werhed
on the furnels,

Results and Discussion

A listing of optimum precipitation conditionc for Radox FR solution, pos-
sible range of variations in these conditiors, and typical results cbtained




under optimum conditiond 16 conpimd in Tablcs T and II. The discus

{ follows L& based upon. laboratory experisnca vith a va:: ety c¢f fesd solutionl S&x
and, unless othervise ltated, is generally upplﬂcubln, Plutonium(IV) oxalata
bas been precipitated from sclutions containing 1 to 550 grams of plutoniun
.per-liter, ince *he plutonium concentration in filtrates and washes does 3

* vary appraciabl_y vu.n the. plutoniun concentration of the starting solution, &

centmtion‘in‘fhe :tnrt‘.nglnolutiom. _ The upper limit seems to be the highes
concentration at which the solution 18 statle at room temperature with respest
to crystallization of any of its constituents, With current 3BP, which fre-

Quently contains as much as 100,000 parts of aluminum per million parts of " °
plutonium, the upper limit appears to be less than 200 grams of plutonium per
liter, The'results of hbora},gfy studies of solids in concentrated 3BP are

cussed in another memorandum ;

Using one molar oxalic acid and 3BP concentrated to 200 grams of plutonium -
per liter, it can be sean from figure 1 that the largest batch vhich can be
processed in the proposed Task I reactor (lk liter vorking volume) is 900 grams
of 1'.uu?.oniuxu}s To attain the 1200 gram dbatch which has been considered in another.
memorandum </, it would be nacessary: to use a reactor with an 18 liter
vorking volume (see figure 2); to use 1.% molar oxalic acid (see figure 1), 3Gy
which would require heating of storage vessel and lines to prevent cryauluution; ' e
or to reduce the aluminum content of Redox PR solution to less than 10,000 parts
per million parts of plutonium and to use concentmt.ed 3BP eonuinm@ approui-
mately 500 grams of plutoniun per liter (figuro 1)3 :

et -
i Plutonium(1V) oxalate may be precipi ate‘ from w sol ticn contuning =oTe
‘than 1.5-molar nitric acid, as loug as the final slurry is 1.5 to 4.5 molar in .
nitric acid, At lover acidities, the co-precipitation of impurities is favored, .
plutonium recycle is high, and filitration times are long. Atislurry acidities
higher than 4,5 molar, pre-reduction becomes slov, plutonium recycle is high,
and fi{ltration times are very ..ong. A final slurry comentmuon of 2.5 to 3.5 $

molar nitric acid was found to optimum, H 5
1

Px-e-roduct.ion, as far a3 is knowvn, is dbest ncco(punhod by addition of om-hll!
to one per cent by weight of hydrogen peroxide and digestion of the resulting
solutions, lover concentrations of hydrogen peroxtdo give slow or incomplete

_reduction, and at higher concentrations, plutonium peroxide sometimes precipitate
In general, the reduction rate increases with increasing plutonium concentration
and decrcases vith increasing hydrogen ion concentration, The required digestiom
time ‘also varies vith temperature (for current 3BP, 30 minutes at 25°C or 15 °
minutes at 50°C suffices) and solution purity, The optimum temperature for . .
plutonium(IV) oxalate precipitation lies between 35 and 60°C. At strike tem-
peratures below 20°C, the plutonium(IV) cxalate vhich is formed is so finely "
divided that it cannot be filtered cr settled within reasonable time periods. Tis
1f the strike temperature Is too high, a gum is forméd which camnot be procassed,

3 \p




Increasing the strike tamperature from 20°C to 6C°C decreages f{ltra{on times,
but the laboratory fluorides ontained by direct hydrofluorination of the oxalat

* - No difficulties have been experienced in plant handling of the fluorides prepared
from plutonium(IV) oxalate, precipitated at 50°C from current Redox PR solution, .

’l'he amouct of oxalic acid used for a plutoniun(IV‘ onla’e precipitation
may be varied co give the slurry an oxalic acid concentration between 0,04 and
0,16 M with little change in the plutonium recycle (See Table II). Lowest
recycle (0,02 to 0,05 gms Pu per liter) is cbtained with 0.1 M EoC0y in the
slurry, With lower oxalic acid concentrations (0.05 M) in the slurry, plutonium
recycle has been found to be increased ten to firty f014 by the presence nf usual
amounts of iron, aluminum and chromium.

One molar oxalic acid 1. the highest concontntion that can be handled without
some crystallization at room temperature, Concentrations of oxalic acid from 0.6
to 1.7 molar have been used for laboratory strikes, and higher concemtrations
should be equally satisfactory. Laboratory atunpu to precipitate plutonium(IV)
oxalate by adding solid oxalic acid to plutonium solutions have been unsuccessful,
The oxalic acid particles became occluded by plutonium(IV) oxalate and any further
reaction was too slov for process use,

In the laboratory, plutonium(IV) oxalate filtration times have been found to
increase hyperbolically with decreasing oxalic acid addition times, On a tive gram
cale, minimum process times vere achieved by a five minute oxalic acid addition,
The optimum oxalic acid addition time for 231 and 234 Building operations is
betveen 30 and Y0 minutes, The difference between optimum oxalic acid additica
timas for laboratory and plant operaliovns may bée due to using more vigorous
agitation for laboratory processing t.hu:; is used ¥or plant processing,

If plutonium(IV) oxalate slurries are not chilled before filtration or
decantation, the precipitate will continue to form Zun the recycle solution,
No such post-precipitation has been observed in the laboratory vhen the slurry
has been chilled to less than 10°C before separating the supernatant or filtrate
from the precipitais,

! ! 3
No process improvement has as yet been demonstrated for any of the followingt

digestion at 35°C after the oxalic scid addition; variation in the time required

to chill the slurry froam 35° tc below 10°C; or digestion at dbelow 10°C,

If the plutonium(IV) oxalate is vashed by decantation in the reactor,
minimum turbidity of supernatants is obtained by using a 2 X nl03 - 0,05 M E2C20)
vash solution. If the plutonium(IV) oxslate cake is washed on a filter, vater
or 2 to & M HNO, - 0,05 M HpCp0, may be used for vashing with little varietion
(0,03 to 0,06 al Pu per liur’ in plutonium recycle to vashes. It 1s thought
that 2 M HNO3 - O, 05 M HpCo04 will give beat vashing, but that e final vater vash
may give a cake best suited for Teik II use,




ST TSR AR AR e

W

RIS

E:
¥
5
¥

.

e

LY

The separation of plutonium from f{esion products in 3BP solutiom, by
plutonium(IV) oxalate precipitations from solutions containing 1l to 60 grems of!
plutonium per liter, is shown in Table IV for laboratory runs.  Little difference
in results at 10 and at 60 g Pu/l can be shovn for ruthentium,  The decontuin- 2
ation from Zr-lb may be tvxco as good at 10 g/l as at 60 3/1 Pu, ]

In addition to a hig&t Soncontntion of nlunimn nitnta » curnnt 33? con-
tains alumina and silica '3}, This material cennot be removed by filtration
of Redox 3BP solution, but upon evaporation of the 3BP solution to 100 to 300
grams of plutonium per liter, a gelatinous proeipituto is formed, In one case, _\'
separating this precipitate by filtration removed (Table IV) about 0% of the
urooniun- niobium gamma activity in the 3BP, i =4 SR p s S

Plutonium(IV) oxalate as cm—rontu precipitated is rotlinod cc-plouly by
sintered filters of less than 25 microns average pore opening. Sintered -tomn‘
must be carefully checked for largest pore openings, and material Mvine pores
larger than 40 microns should be rejected for plant use, -

Jetferepces

(1) HW-26450 riml Bepart Production Test £34-5, Plant Process
; ©  Evaluation Precipitation of Plutonium(IV) Oxalate,
W, B, Kerr, * Dooo:bor 3, 1952

(2)  HW-26u88 " Cc\midontion of the Plutonium Nrificl.ti.on and
Fabrication Process with Respect to Replacement of
Part I of the RG Line; R, W, Benoliel. December 5, 19%2, =

W -27562 Iaboratory, Batch Evaporation of Redox PR Solution,
K, M. Harmon by R, L. Beede, J. F. Facer, and
R. A. Pugh,  April 3, 1953.
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Teble I - Plutonium QV) Oxalate Precipitation from Redox Product 801ut16n"" 1

LS : : R ~ Optimum Eain Optinun
Range i 10°g/1 Pu 60 g/1 Pu =

dtarting Solution: e m e G
w/1 Puigd it 'L - 200 - f oA
g/1 n" . 10-75 g/1 1 Pu / T1.55-.6. 50 ©5.0
200 g/l PUSRASS T, 5 =L 127 (3 i

Pre-reduction: SO ST
W% Ha0p S 05719 51,0 3

Temp, ~C § R0 3= 30 & 50 -
Fréclpitiﬁionx . s

Reagent,, M HpCo0y, 0.6 = 1.7 4, & 1.0

Temp, °C - -60 SN : 50
8lurry: 2 - A ) e X
moLe/l HC0y 4 - o 16 IR0, 1
g/1 8 : ¢ 3.2,

Final Temp, . C R L 10 °
Preciyltutcl e L T

Settled Dcnuty, g/cc Pu

Filtered Density, g/cc Pu .
Munsell Color :

Filtrate: . v ; : : '
_BolubtiMty, g/l e kil : f 0.05

Washes:
Solutility, g/l Pu




Table II - Variation in Solubility with Oxalic Acid Concentration in Slu

Feed Bolution: ;
g/1 Pu {
g/1 8* { ; 13

Filtrate:

0.015 0.9
0.017 0.9
s 0.0%9 ti=aw
0.020 0,03 1.0
=% 0,02 M.ia

All slurries chilled to less than 10°C before filtration.

3
2 5

.
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Table III - Separation of Plutonium from Aluminum, Chromium, Iron and Uran’ um

Metal Content B

Element Run Ko, 8olution - Feed Bolution Pu(CQOhg Cake Button
R e

Al 192 Spiked 3BP 60 g/l Pu 300,000 1750
193 8piked 3BP 60 g/L Pu 300,000 1550
163 AT 60 g/1 Pu 800
191 3BP 10 g/1 Pu 50,000 50
99 Bpiked stock 223 g/l Pu 10,000 640
192 Spiked 3BP €0 g/l Pu 200,000 200(2)
193 Spiked 3BP 60 g/1 Pu 200,000 200(2)

17h 8yn. 3BP 60 g/1 Pu 100,000

191 3BP 10 g/1 Pu 2,000

9 Spiked stock 223 g/l Pu
100 Spiked stock 150 g/l Pu
191 3BP 10 g/1 Pu

192 Bpiked 3BP 60 g/1 Pu
193 Bpiked 3BP 60 g/1 Pu

Spiked stock 60 g/l Pu 100,000

, 3
27. 29, 31 Bpiked stock 60 ;/1 10,000 150-570
30, 33  Bpiked stock 60 g/1 Pu 1,000 70

(1) Parts of impurity element per million parts of plutonium

(2) These values are one fifth as large as would be expected on the
basis of dilutions ocourring during filtration and washing.




Table IV - Fission Product Separation Obtained by Cne Plutoniux (IV) Oxalate Prefipitacion(l)trom 3-BP Solution

ission Product
trike Conditions

Pu s) R
Bun’ M HNOy  z.Pu/l, c/:.in.]sa.rxple‘“ DF

u Zr - b Am
c/min./sample of c/min,/sample [ c/min./semple

162 2,0 1 6.45x10% 15:85 (8) 6.2  0.28x10° 8.42x105

160" 5.0 .1 4,93x10°% | 2.3 3.1x10° 0.74x10% 4.52x10°
163" 2.0 3.80x10° 0.52x105 6 W) b blx105

5.0 b.14x10% (%) 6 (5) 3.74x105
161 2.0 5.57x10%. 0.52x10% 3.8 0.39x10% k.37x10°
4.9 §,78x10% 0,64.:103 2,5 0.57x10% 3.98x105
(2 R oSN L 6 aTa00 —  3.66x00% b.52x10%
(3 e 5.22x107 1.0 7.72x10° | 2.8 1.52005 5.03x10%

" Qi < 118 5.52x10%% 9.4  0.92x10° 5.9 0.81x10° 5.46x105

%4y

Strike at 35°C, by addition of mixed H;0n = HoCg0); no pre-reducticn,
Solution as received in PR can from Redox,
Starting Solution fcr run 158,

3-BP evaporated to 300 g. Pu/l, diluted to 60 g Pu/l, and filtered,
tarting solution for runs 159 = 162 inclusive,

(4) Not detectadble,

1%)  Eack' zampls contained 3 ml of soluticn containing 10 grams of plutonjum per liter,

4
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