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TEZ PRECIPITATIOK OF PaTOMUHdV) OIAIATK IW TA5K I 

I n t r o J j c t l o n 

A r e v i s e d Task I Is be ing designed f o r the p r e c i p i t a t i o n of p lu tc r . l ' . j : aa 
Pu(IVy y x a l a t e , fo l lowing r cduc t lo : . of Pu^YI) t o Pu(IV) with hydrut?er. pe rox ide , 
in th« RM l i n e J the 2^}\-l B j l l d l n g . Feed eo lL t lons f o r Taak I w i l l be P ' d s x , 
Pur fx , and R«>c^:ier product solLt l .T.s whi'-h w l K c o n t a i n JO-75 gri.xs of p . - t : r . l ' - s : • 
P ' - r ' ^ l l t e r ( j a . /y^ P u t ^ l ) , lOJt P u ' I V ) j , ,not xore than f i v e t o a ix s o l a r n i t r i c 
ttcld, and vary ing aaounts of a i ' . ^ lnua ( c u r r e n t l y / Pedox PP s o l u t i o n c;r.t*;.-„. 
'̂OOr' t o 100,000 f « r t 3 u l a a l n u a per m i l l i o n p a r t e p lu ton lum) , i r o n , c n r c = l - s , 

u ran luT , and f i s s i o n p r o d u c t s . 

UiLoratory vor^ has shown t.-.nt t he p r o c e t s i j odap ta lxe t o TfioK I . A.t:.-^,,"". 
no f r e c l p i t ' i t lor.2 ua ln^ Taak I feedc huve been a-ade in the p l i n t , p lar . t e x ; e r ; e r . e 
with PUilV) o m i a t d ha:> coi i f i rscd l abora to ry cbi,orvut Ions t h ' . t : 
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1) Precipitation from solutions containing 50 to 100 grams of 
plutonluB per liter (diluted AT solution) gives satisfactory 
results. Ilils process vas ucau In the SjU building RG line 
froit January, 1^52, until '.he wet chemistry hoods were shut 
down In July, 19'52. 

2) Precipitation fro« R"lox HI solution '.3BP c:;ncentrated by evap-
ji«tlon) gives, at 10-20 grana of plutonlua per liter, sufficlen' 
eepairatlon of plutonlua from the bullc and fission prt^uct Im­
purities now found In 3BP. 

Objectives 

This sMBoraaduB has been written to suaaarlie the laboratory experience 
which haa deaonatrated the feasibility of precipitation of Pu(I7) oxalate 
IB Taak I. Where possible, a conparlson between the laboratory results with 
two solution concentrations - 10 g/l Pu and 50 g/l Pu - has been i/lven to 
provide a basis for the prediction of TasV I performance from 231 Building 
process data, 

Coaplate data from laboratory studies are available In Bonthly progress 
reports lasued alnce October, iy51> by V. B. Cooper for Separations Technol-gy -
Procass. A final report (̂ ' on Production Test 23l»-5 haa been Issued. 

SuMsory and Conclusions ^^ 

1. Beadlly filterable plutonlua(r7) oxalate with a filter cake density 
of 0.6 to 0.7 grama of plutonlum per cuMc centimeter of cake has been .pre­
cipitated froa Redox FB solutions containing froa 10 to 200 g^aas of plutonlum 
par liter ood fra« two to six molar nltrlo acid. Variations In purity of feed 
aolntton have raaultad In marked varlatlona In precipitate characteristics. 

2. loaa of filtration waa found to Inereasa with atrlke temperature over 
the range of 35 to 60*Ci temperature higher thin 60*C cau£6u the formation or 
guiay pi;eclpltates. To prevent post-proclpitatlon from the filtrate, especially 
when processing solutions at the high end of the acidity range, it has proved 
mceasory to cool the slurry to a temperature of less than lO'C. 

3. IB order to produce eaally filtered precipitates aji the process has 
been acalad up. It haa bean neoeaaary to decrease the rate of oxalic acid addition 
aa the reactor alte has Increased. Thia vas probably cauaed by less affective 
agitation In the larger reactors. > 

K. Vtth Redox FS solution containing 60 grama plutonlxm per liter (prepared 
by evaporation to remove excess nitric acid, followed by dilution to the desired 
ooDcentratlon), the uae of optimum precipitation and washing technl^ikes has flven 
results which Indlcatei 
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(a) Antlclpat«d process tlswa of 1.5 to 3 hours for pre­
reduction (reduf-tlon of Pu(Tl) to Pu(IV)), precipitation 
and digestion and one to three boura for filtration and 
washing; 

(b) Separations factors of 80, l«0, 20 and 12 for Al, Cr, Fe 
and U, respectively} 

(c) Deeontamlnati« factora of 1.2, 12 and 3 for Am, Bu airf 
Zr-Sb, respectively, (c<»ipared with factors of l.O, 12 and 
6 for precipitation frost Redox PR soluti<Hi containing 10 to 
20 grama of plutonlum per liter). 

BeeoMmandatlona 

Froa ezparleoce In the Developswnt laboratory, we recomaend: 

1) That Taak I etiuipasnt be deaigoed: 

(a) To permit variation of aolutlon and slurry teaoeraturea 
through the range of five to alxty degrees Centigrade 

(b) Vlth pTovlslosa for vlgoroua agitation. 

2) That attemspts be made to Icwer and atondardlie the alumlnun nitrate 
content of Redox Ht solution to assure plutonlua(I7} oxalate of 
uniform precipitate characterlatlos and to permit the concentration 
of PB aolutlon to greater than 200 groat of plutonlua par liter 
without aupersaturatlcm with respect to aliaOnam nitrate. 

3} niat eonaideratlon be given to designing for a poaalbla 1200 graa 
batch (vide \^>) t»y either Increasing the working voluaa of Task I 
«»rtors te iS liters or pro¥iaing a Jacketed storage tank and llnea 
to permit the use of two to three molar oxalic acid. 

KicperiaeBtal 

laboratory work vaa dona on cealea of 0.5 to 25 grama of plutonlum, 
ualng pyrex glaaa cylindrical reaotora (2" O.D. z 6", 3" O.B. x 8", 6" O.D. x 6"). 
1750 r.p.B. Btalnleaa ateel atlrrera were used for agitation. Preclpltatea were 
either aettled lo th* reactor and waah^d by decontatlon or they were filtered 
through • Coming N (15 micron) sintered glass funnel or a Kiei-omBtalUc F to 0 
(20 to 10 micron] sintered atalnXeas ateel funnel. Filter cakea were vpnhed 
on the funnela. 

Results and Diseussloo 

A Hating of optimum precipitation conditions. Tar Rsdox PR aolu'lon, pos­
sible range of variations In these conditlots, and typical results obtained 
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•anJ"r optVKum condlf.ond lo compiled In Tables 1 and I I . The discuSRlcn iihi%h 
Ic l lows iB based upon laboratory experience with a va«-ler;y cf fe-'d to lut ions 
and, xmletss otherwise s ta ted , i s geivsrally appllcablft^ Plutonl\jB(IV) oxalate 
has been precipitated from •solution* cont-alnlr^ I to ^50 grama of plutonlua 
per l i ^ T . S'-vce 'he 7lv*or.l-a concentration In f i l t r a t e s and washes doss r -̂t 
vary apprf^clably v i t n the plutonlum concentration of the s t a r t i n g so lu t ion , 
the lowest rlutonlum recycle w i l l r e s u l t from using the malmum plutonlum con­
centrat ion in the s t a r t i n g so lu t ion* . The upper l imit seems t o be the highest 
concentration at which the so lut ion i s s tab le at rooa temperatvure with respect 
to c r y s t a l l i i a t l o n of any of i t s cons t i tuents . With current 3BP, which f r e ­
quently contains as much as 100,000 parts of aluminum per mi l l i on parts of 
Plutonium, the upper l imi t appeara t o be l e s s than c<X} grama of plutonlum per 
l i t e r . The re su l t s of laboratory s tudies of so l ids In concentrated 3BP are Ci-i-
cussed In another aeaorandum ( 3 / , 

Using one molar oxa l i c acid aitd 3BP concentrated t o 200 grama of plutonlum 
per l i t e r , i t can be seen froa f igure I that the largest batch which can bo 
prt^essed in the proposed Task I reactor (lU l i t e r working volume) la 900 grama 
or Plutonium, To a t t a i n the 1200 gram batch which has been considered in another 
moaorandua ' '- ' , It would be necessary: to use a reactor with an iB l i t e r 
working volume (see f igure 2 ) ; t o use 1.5 aolar oxal ic acid (see f igure l ) , 
which would require heating of storage veaael and l i n e s to prevent c r y s t a l l l z a t l o n t 
or t o reduce the aluminum content of Redox IK so lut ion t o l e s s than 10,000 parts 
per nd l l l on parts of plutonlua and t o uae concentrated 3BP containing approxi­
mately 500 grams of plutonlua per l i t e r (f igure I ) . 

Flutonlum(lT) oxalate say be precipi tated froa any sol'...tion containing aore 
tliafi X.; molar n i t r i c ac id , a& loii^; a.a the f i n a l KIUTT^ la 1.5 t o 1 .̂5 okolar in 
n i t r i c a c i d . At lower a c i d i t i e s , the co -prec lp l ta t lon of Impurities i s favored, 
plutonlua recyc le i s h igh, and f i l t r a t i o n t i a e s are long. At alurry a c i d i t i e s 
higher than U.5 molar, pre-reductlon becoaes slow, plutonlua recyc le i s high, 
and f i l t r a t i o n t i a e s are very long. A f i n a l slurry ooncentration of 2 .5 t o 3 .5 ^ 
Btolor nltr..c acid was found t o be optlnua. , 

J 

Pre-reduction, aa far a» Is known, la best accomplished by addit ion of oae-half 
to one per cent by weight of hydrogen peroxide and d iges t ion of the resu l t ing 
Bolut lons. Ixwer coocentrationa of hydrogen peroxide give slow or Incoaplate 
reduction, eind at higher concentrations, plutonlua peroxide soas t laes p r e c i p i t a t e s . 
In general , the reductloh rate Increasea with Inoreaoing plutonlua concentration 
and decreases with Increasing hydrogen ion concentration. The required digeat loa 
t l a e a l s o variea with temperature (for current 3BP, 30 minutes a t 25*C or 15 
minutes at 50*C s u f f i c e s ) and so iut ion pur i ty . The optimum temperature for 
plutoniua(lV) oxalate prec ip i ta t ion l i e s between 35 *nd 60*C. At s tr ike tem­
peratures below 20*C, the plutoniua(IV) oxalate which i s formed i s so f ine ly 
divided that i t cannot be f i l t e r e d cr s e t t l e d within reasonable t l a e per iods . 
If the s t r ike temperature in too h l ^ , a gu" 1» formed which cannot be procs^ted. 

" M*t' « . ' t i f ' i i r?" 
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Increasing the strlKe temperature from 20*C t o 6C"C decr^aees f l l t ra*Ion t i a e s , 
but th9 laboratory fluorld"* "Pt^lned by d i r e c t hydrofluorinatlon of the oMla te 
precipi tated at a temperature of 50*0 or above have n->t beer completely free - f lowing , 
Ro d i f f i c u l t i e s have been experienced in plant bandlirig of the f luor ides prepared 
from plutontum(IT) oxa la te , prec ipi tated at 50*C from current Redox PR s o l u t i o n . 

The aaou::t of oxa l i c aold used for a plutonlum(iv) oxalate prec ip i ta t ion 
may be varied co give the s lurry an oxal ic acid concentration between O.OU and 
0.16 N v l t h l i t t l e Changs In the plutonlua recyc le (See Table H ) . Lowest 
recycTe (0 .02 to O.O5 gas Pu per l i t e r ) i s obtained with O.l JJ HgCgO;̂  in the 
s lurry . Vlth lower oxa l i c acid concentrations (0 .05 M) In the s lurry , plutonlua 
recyc le haa been found t o be Increased ten t o f i f t y fo ld by the preseni-e nf umi^l 
aaounts of Iron, aluainua and chromium. 

One aolar oxa l i c acid i s the h ighest concentration that can be handled without 
SOBS c r y s t a l l l t a t i o n at room temperature. Concentrationa of oxal ic acid froa 0 .6 
t o 1.7 aolar have been u&ed for laboratory s t r i k e s , and higher concentrations 
should be equally tat i s facto iry . Laboratory attempts t o p r e c i p i t a t e plutonlua(IT) 
oxalate by adding so l id oxal ic acid t o plutonlua so lu t ions have been unsuccessful . 
The oxa l i c acid p a r t i c l e s becaas occluded^ by plutonlum(IY) oxalate and any further 
react ion vaa too slow for process u s e . > 

In the laboratory, plutonlua(rT) oxalate f i l t r a t i o n times have been found t o 
Increase hyperbol ica l ly with decreasing oxal ic acid addi t ion t i a e s . On a l i v e graa 

c a l e , Blnlaua process times were achieved by a f i v e ainute oxa l i c acid addi t ion . 
The optlBua oxa l i c aeid addi t ion t l a s for 231 and Z^k Building operations i s 
between 30 î nd 90 a lnute s . The di f ference between optiavss oxa l i c acid addition; 
tiaats for laburatory Oud plant oparatiuo* aay be due to using more vigorous 
a g i t a t i o n f o r laboratory process ing than i s used *'oT p lant prooesalng. 

I f p lutonlua( iy) oxalate s l u r r i e s are not c h i l l e d before f i l t r a t i o n or 
deoantation, the prec ip i ta te v l l l continue t o form in the recyc le s o l u t i o n . 
Ho such pos t -prac ip l ta t ion has been observed in the laboratory when the slurry 
has been c h i l l e d t o l e s s than 10*C before separating the supernatant or f i l t r a t e 
fru* Uw iireuiVltaW. 

lh> prooess Improvement has as yet been deaonatrated for any of the fol lowingt 
d i g e s t i o n at 37*C a f ter the oxa l i c acid addit ion) var ia t ion in the t l a e required 
t o c h i l l the slurry froa 35* t o below 10*Cj or d iges t i on at below 10*C. 

I f thm plutonluB(IT) oxalate Is washed by decantation i n the reactor , 
Blnlaua turbid i ty of supematants Is obtalnsd by using a 2 K HBO3 - O.05 M EsCsOî  
wash a o l u t l o n . I f the plutonlua(r7) oxalate caka i s washad^on a f i l t e r , water 
or 2 t o k M HIIO, - 0 .05 M HjCjOt aay be used for washing with l i t t l e var ia t ion 
(0.03 t o 0706 gas . Pu per l i t e r ) in plutonlua recyc le to washes. I t la thought 
that 2 N EXOj • 0 .05 M H^CsOh w i l l give best cashing, but that a f i n a l water wash 
aay give a cake beat iTuited for T*'.x II ut>b. 

I 
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The separation of plutonlua froa fleaion products in 3BP solution, by 
plutonium(IV) oxalate precipitations froa aoluilons containing 1 to 60 greas of 
Plutonium per liter, is shown in Table 17 for laboratory runs. Little difference 
In results at 10 and at 60 g Pu/l can be shown for r-jthenium. The decontaain-
atlon from Zr-Ifb nay be twice as good at 10 g/l an at 60 g/l Pu. 

In addition to a high concentration of aluainua nitrate, current 3BP con­
tains alumina and silica ^3). This material cannot be reaoved by filtration 
of Bedox 3BP solution, but upon evaporation of the 3BF solution to 100 to 300 
graas of plutonlum per liter, a galatlnoua precipitate is formed. In one case, 
separating this precipitate by filtration reaoved (Table IT) about "0^ of the 
tlroonlum-niobium gaasa activity in the 3BP. 

Plutonlum(IT) oxalate as currently precipitated is retained completely by 
sintered filters of less than 25 microns averags pore opening. Sintered materials 
•ust be carefully cheeked for largest pore openings, and material having pores 
larger than kO microns should be rejected for plant use. 

References 
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Tuble 1 - Plutonium (IV) Oxwlat'; Prec ipi tat ion from Bedox Product Solution 

Rnnge 
Optimum 
10 K / I PU 

Optimum I 
60 g / l Pu 

Jtertlnf; Solut ion: 
tf/l Pu "l - POO 
p./l H*: 10-75 g / l PM 1.5 - 6 U.o 

200 g / l Pu 1.5 - 12;, 

Pre-reductlon: 
Wt.* HpOj 0 .5 - 1.0 
Temp, *C 2 0 - 5 0 50 

Freo lp l t s t l on : 
Peagent, M BgCgO), 0 .6 - 1.7 j , . . ^ , 1.0 
Temp, 'C ~ 25-60 50 

Slurry; 
moie / l . HgCjOi, 0.0l» - 0 . l 6 O.l 
g / l H* 1.5 - '•.S 3 .2 
Final Temp, *C 5 - 3 0 L 10 

Precipitate: 
Settled Density, g/cc Pu 
Filtered Dnnsity, g/cc Pu 
Munsell Color 

0.15 - 0.35 
0.35 lf^fi'3/ 10 

5.0 

50 

l.O 
50 

0.1 
3.2 

L 10 

Typical Values 
0.3 , ^ 
0.6 ( 

2.5 rV6-

Ftitrate: 

flc^hiMMty, g/ l Pu 0.02 - 2 0.C5 

Washes: 
Solut i l i ty , g/ l Pu 0.015 - 0.3 0.03 

T m l « k « a « - V « » r 

0.3 
0.6 
2.5 rV6 

0.05 

0.03 
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Table II - Variation In Solubility with Oxalic Acid Concentration In Slurry 

Feed Solution: 
g / l P u 
g / l H * 

F i l t r a t e ; 
g / l Pu at 0.0l» N B2C20|j 
g / l Pu at 0.07 M HgCgOlj 
g / l Pu at 0.10 M H2C201, 
g / l Pu at 0.13 H HgCgO), 
g / l Pu at 0 . l 6 R BgCgOj, 

2 

0.015 
0.017 

0.020 

10-20 
it 

0.05 
0.03 
0.02 

0 

0 .9 
0 . 9 

1.0 

2 

0.05 
0.02 
0.016 
0.03 
o.oi* 

50-75 
3 

0.06 
O.OU 
0.012 

It 

0 .09 i 
O.OU 1 
0.016 ' 

All alurrias chilled to less than lO'C before filtration. 
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Table III - Ueparatlon of Plutonium from Aluminum, Chromium, Iron and Oran ym 

Metal Content ppm \^) 
Feed Solution Pu(C20ij)2 Cake Buttctn Element Bun No. Solution 

Al 192 Spiked 3BP 60 g / l Pu 300,000 1750 
193 Spiked 3BP 60 g / l Pu 300,000 1550 
163 AT 60 g / l Pu 800 
191 3BP 10 g / l Pu 50,000 50 

99 Spiked stock 223 s / l Pu 10,000 6U0 

Cr 192 Spiked 3BP 60 g / l Pu 200,000 20o(2) 
193 Spiked 3BP 60 g / l Pu 200,000 200(8) 
17'» Syn. 3BP 60 g / l Pu 100,000 800 
191 3BP 10 g / l Pu 2,000 20 

Fe 99 Spiked stock 223 g / l Pu 10,000 950 
100 Spiked stock I50 g / l Pu 10,000 IBO 
191 3BP 10 g / l Pu 5,000 350 
192 Spiked 3BP 60 g / l Pu 5,000 
193 Spiked 3BP 60 g / l Pu 5,000 

U 28 , 32 Spiked stock 60 g / l ?u 100,000 1000-2li00 
27. 29, 31 Spiked stock 60 g / l Pu 10,000 150-570 

30, 33 Spiked stock 60 g / l Pu 1,006 70 

20 
20 

I 

llO 
u 

10 
2 

135 
230 
200 

(1) Parts of i i^urity e lsaent per a l l l l o n parts of plutonlua 

(2) Ibese values are one f i f t h aa large as vonld be expected on the 
baala of d i lut ions occurring during f i l t r a t i o n and vashing. 



Table IV - = oslon 

Fiss ion Prod-ct 
S t i ike Conditions 
=aa •' HJO, z.P-

Pro! 

Vi. 

ict S 

Pu 

er i -a t ion Ob* 

i c / s a n p l e ^ ^ 

aln2d 

UF 

oy Cne 

Pu 
c/niin 

Plutoniui 

. / saaple 

(IV) 

T - . ^ 
Ui 

0X3 

Zr 

la te 

- Sb 
c/sLiE 

Pre'lTjltatlon^^'from 3-3P Solution 

./sample :? 

Affi 
c/mlc./saraple 

t 

162 

KO 

163 

16U 

l6 l 

159 

3-BP 

3-BP 

153 

2.0 

5.0 

2 .0 

5.0 

2.0 

h.9 

(2^ 

(3) 

5.0 

1 

1 

10 

10 

60 

53 

U5 

6.45x105 

U.93xlo5 

3.80xlo5 

it.iUxlo5 

5.57xlo5 

it.78xlo5 

U, 50x^5 

5.22x10^ 

5.52xlo5 

15 (U) 

2.3 3.1''xlo5 

10.6 0,52xlo5 

15 (U) 

15 0.52xlo5 

10.2 0,61* j.o5 

-.- 6.87xlo5 

1.0 7.72x10^ 

9.U 0.92xlo5 

6,2 

1.3 

6 

6 

3.8 

2,U 

— 

2.8 

5.9 

0.26i lo5 

0.7Uxlo5 

W 

w 
0.39xlo5 

o.57xlo5 

3,66xlo5 

1.52x10' 

O.Sljclo' 

0.7 

1.0 

0.8 

1.1 

1.2 

1.2 

1.0 

1.0 

8.U2xlo5 

U.52xlo5 

U.Wtxlo5 

3.7!*xl05 

U.37xlo5 

3.98xlo5 

U.52xlo5 

5.oaxu>5 

5.U6xl05 

'Hi 

(1) StrlJte at 35*C, by addition of mixed HjOo - HTCOOI,; no pr»-rMuctlon. 

(2) Solution as received in PH can from Redox, 
Start ing Solution for run I58. 

(3) 3.BP e\-aporated to 300 g. Pu/ l , di luted to 60 g Pu/ l , and f i l t e r e d . 
Starting so lut ion for runs 159 - 162 i n c l u s i v e . 

(It) Sot detectable . 

,5) Each ^"srlo contained 3 mi. of solution containing 4.O grams of plutonlua per l i t e r . 

i 

t . 

S 
I 
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.'ON/UtiTKATlOK OK rumiNIUI! IN GhAt-V? PER'LITKR 
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