
OCy 

UNCLASSIFffiD 
( CL ASSIFIC A TION MASTER 

• o / G E N E R A L E L E C T R I C 
HANFORD ATOMIC PRODUCTS OPERATION RICH LAN D.WASHINGTON 

THE RECOVERY OF FISSION PRODUCT RARE EARTH SULFATES 

FROM PUREX IWW 

DOCUMENT NO. 

HW-63O5I 

DATE 

1̂ -27-61 
COPY NO. 

AUTHOR 

E . J . Wheelwright and W. H. Swift 

D I S T R I B U T I O N 

2 . 
3. 
4 . 
5. 
6. 
7. 
8. 
9. 

1 0 . 
1 1 . 
1 2 , 
1 3 . 
lif. 
1 5 . 
1 6 . 
I T . 
1 8 . 
1 9 . 
2 0 . 
2 1 , 
2 2 , 
2 3 , 
21^0 

2 5 . 
2 6 , 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 

B U I L D I N G AREA 

G.J , A l k i r e 
C.R<L Anderson 
SaO . 

L.A. 
L . P . 

Beard 
Bray 
Bupp 

R.E. Biiras 
E.W, Chr i s topherson 
V.R. Cooper 
E . Doud 
J . B . Fecht 
R.G. Geier 
K.M, Harmon 
M.K. Harmon 
O.F. H i l l 

Honstead 
Hopkins, J r . 
I r i s h 
Judson 

P . S . Kings ley 
C.E. L indero th 
L . F , Lust 
P.R. McMarray 
R.L. Moore 

Nelson 
Nie l sen 

A.M. P i a t t 
WoH. Reas 

Rober ts 
Rohrmann 
Ryan 
Schmidt 

J . F . 
H.H. 
E.R. 
B . F . 

J . L . 
J .M. 

F . P , 
\* 0X1. c 

J . L . 
W.C. 

326 
27IT 
270ij-W 
325 
326 
222s 
329 
270it-E 
27IT 
27IT 
202A 
222s 
202s 
326 
222U 
23^^-5 
202A 
270itW 
27IT 
325 
325 
202A 
325 
222U 
325 
326 
325 
325 
328 
325 
202A 

300 
200 West 
200 West 
300 
300 
200 West 
300 
200 E a s t 
200 West 
200 West 
200 Eas t 
200 West 
200 West 
300 
200 West 
200 West 
200 E a s t 
200 West 
200 West 
300 
300 
200 E a s t 
300 
200 West 
300 
300 
300 
300 
300 
300 
200 Eas t 

32. 
33. 
3i^. 
35. 
36. 
37. 
38. 
39. 
l)-0. 

kz. 
i^3. 

he 
h9. 
50-

L.C. 
H.P. 
F.M. 
I\ •JCJ » 

W.H. 

Schwendiman 
Shaw 
Smith 
Smith 
Swift 

R.E. Tomlinson 
H.H. Van Tuyl 
E .E . Voiland 
A . J . Waligura 
M.T. Walling 
J . H . Warren 
E . J . Wheelwright 
F.W. Woodfield 
L.L. Zahn, J r . 

4 8 . 300 F i l e s 
Record Center 

52 . T . I .S . -Oak Ridge 

325 
270i*-E 
325 
328 
27IT 

300 
200 East 
300 
300 
200 East 
300 
200 East 
300 
300 
200 West 

53'77. Extra 

LEGAL N O T I C E 
ThlB report wao prepared as an account ot Government sponsored work Neither the United 

I States, nor the Commission, nor any person acting on ttebaif of the Commission 
A Makes any warranty or representation, expressed or Implied, with respect to the accu* 

1 racy, completeness, or usefulness of the Information contained In this report, or that the « 
I of any Information, apparatus, method, or process disclosed in this report may not infringe 

I privately owned rights, or 
B. Assumes any liabilities with respect to the UB« of, or for damages resulting from the 

use of any information, apparatus, method, or process disclosed in this report 
As used in the above, "person acting on behalf of the Commission" Includes any em­

ployee or contractor of the Commission, or employee of such contractor, to the extent that 
I such employee or contractor of the Commission, or employee of such contractor prepares, 

disseminates, or provides access to, any Information pursuant to his employment or contract 
I with the Commission, or hie employment with such contractor. 

ROUTE TO P A Y R O L L N O . L O C A T I O N FIL ES ROU TE 
DATE 

S I G N A T U R E AND DATE 

54 - 3 0 0 0 - 0 3 0 (1 -61 ) 

AECGE RICHLAND WASH 

UNCLASSIFIED 
( C L ASSIF IC A TION ) 3rJ OOi 

TO BE USED ON UNCU. ASSI F IED AND O F F I C I A L USE ONLY DOCUMENTS. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



UNCLASSIFIED HW-6305I 

THE RECOVERY OF FISSION PRODUCT RARE EARTH SULFATES 

FROM PUREX IWW 

by 

E. J. Wheelwright 

and 

W. H. Swift 

Chemical Research and Development 
HANFORD LABORATORIES OPERATION 

May 10, 1961 

HANFORD ATOMIC PRODUCTS OPERATION 

R I C H L A N D . W A S H I N G T O N 

N O T I C E ! 

This report was prepared for use within General Electric Company in the course 
of work under Atomic Energy Commission Contract AT-(45-l)-1350, and any 
views or opinions expressed In the report are those of the authors only. This report 
Is subject to revision upon collection of additional data. 

LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. Neither the United States, 
nor the Commission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, express or implied, with respect to the accuracy, com­
pleteness, or usefulness of the information contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of 
any information, apparatus, method, or process disclosed in this report. 

As used in the above, ''person acting on behalf of the Commission" includes any employee or 
contractor of the Commission to the extent that such employee or contractor prepares, handles or distrib­
utes, or provides access to, any information pursuant to his employment or contract with the Commission. 

54-3000-366(9-59) Aic-ol RICHLAND. w«SH. O f ^ '•.'0 2. UNCLASSIFIED 



UNCLASSIFIED -2- HW-63O5I 

THE RECOVERY OF FISSION PRODUCT RARE EARTH SULFATES 

FROM PUREX IWW 

E, J, Wheelwright 

emd 

W. H. Swift 

I. INTRODUCTION 

A research and development program aimed at devising processes for 

the economical recovery of the potentially vaJLuable long-lived fission pro­

ducts from Purex waste has "been under way at Hanford for several years. When 

this work was begun, the concentrated waste was primarily a nitric acid 

solution (6 to 10 M HNO3) containing the fission products eind relatively 

small concentrations of iron, sulfate, and other corrosion products. Flow­

sheets based on classiceil separation schemes and rSither similar to processes 

used by the Isotopes Division at the AEC's Oak Ridge operation served to 

separate the desired fission products from one amother and from the corrosion 

products ^•^»^>3;, These separation schemes employed careful step-wise pH 

adjustment to precipitate first the iron and then to separate the desired 

fission products from one ajiother. The flowsheets were demonstrated on a 

pilot-plant scale with full-level plant waste. However, since the earlier 

work was completed, plant operations have been modified. The plant waste 

is ,now more concentrated and is a high salt solution with nitric acid actually 

a minor constituent. The previously developed flowsheets' are not satisfactory 

with the new waste. The exact conrposition of,the Purex IWW waste is variable; 

however. Table I indicates typicaJL concentrations of the major constituents. 

ori P03 UNCLASSIFIED 
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Table I 

APPROXIMATE COMPOSITION OF PUREX CONCENTRATED IWW 

FISSION PRODUCT WASTE 

Molar Concentration 

0.6 M 

0.5 M 

0.1 M 

0.01 M 

0.01 M 

0.01 M 

1.0 M 

2.0 M 

0.01 M 

In addition to the change in the composition of Purex waste, there has 

been a change of emphasis as to which fission products are desired. Ciirrent 

interest centers on the heat-generating isotopes: cerivim-lM<-, promethi-um-l̂ i-T, 

and strQntium-90, BJLI potentially valtiable for thermoelectric or thermoionic 

(k) 
isotopic power packages^ ', rather than in the gamma emitters, cesivim-137 aj^^ 

zirconium-niobium-95 • Regardless of the change in the Purex waste composition 

and in the desired product or products, there has been no change in our guid­

ing philosophy regarding the type of unit operations and recovery efficiencies. 

Because of the availability of the idle Bismuth Phosphate canyons for potential 

large-scale (megactirie) production emd of the Purex head-end centrifuges for 

pilot plant and Interim production use, we have continued to favor precipita­

tion processes where these are applicable. We are more interested in economy 

of operation and in purity of product than in high yields and feel that 

fission product recovery will be of only marginal value to waste disposal. 

3 7 d 0 0 4 UNCLASSIFIED 

Constituent 

NaNOo 

Fe(N03)3 

A1(N03)3 

Cr(N03)3 

Ni(N03)2 

U02(N03)2 

H2S0i<. 

HNO3 

H3PO4 
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Other process limitations are; l) that reagents cannot be used which will 

corrode stainless steel equipment or oxidize and volatilize radioactive 

ruthenium and 2) dilution of the waste and increase in its solids content 

must be held to a minimum. The process must not be unduly sensitive to 

changes in feed composition or require highly precise control. 

II. OBJECTIVE 

The objective of the work described in this report was to determine 

flowsheet conditions by which cerium, lanthan\mi, praseodymium, neodymium, 

promethium, samarium and yttrium could be removed from the purex waste with 

a minimum of contamination from corrosion products or from other fission 

products. The process must be sufficiently insensitive to process variables 

that it can be carried out in the existing Purex plant head-end equipment 

and there must be no danger of rutheni-um volatilization and no excessive 

corrosion of the stainless steel eqiiipment. 

III. SUMMARY AND CONCLUSIONS 

Cerixim-lii-ii- and promethi\mi-1^7> accompanied by the other rare earths 

resulting from fission or decay can be removed from Purex IWW in>905i yield 

as an insoluble, crystaline sodium-rare earth double sulfate. Precipitation 

is initiated by a one-to-three hoxir equilibration at 90 C and centrifugation 

at 90 C to take advantage of the lower solubility of the double sulfate salt 

at a higher temperature. The sulfate concentration should be one molar and 

the solution pH at the time of precipitation should be 0.5 to 1,5, The 

addition of tartrate ion to complex the iron allows the use of a higher pH 

and sulfate concentration, gives a more complete separation from iron, and a 

quantitative recovery of the rare earths. The double sulfate precipitate 

cem be dissolved in dilute nitric acid or converted to the carbonate and then 

dissolved to yield a solution for fxorther processing. 

The double s\ilfate precipitation of the rare earths, with tartarate 

added, gives a good separation from irap-urities. One-cycle decontamination 

J I 6 T' 0 i) UNCLASSIFIED 
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factors of I50 for Zr-Nb and 1100 for Eu™Rh have been achieved xn laboratory 

tests. Tests in the Purex head-end equipment with up to two-megaciorie batches 

of ceriTjm have corroborated the laboratory results. Decontamination factors 

of TO for iron, 10 for zirconivim̂  20 for niobium and 25 for ruthenixmi have 

been obtained. It was fo\md wise to limit the batch size because of heat 

generated by the cerium-lit̂ -̂. Otherwise the intense decay heat leads to partial 

calcination in the centrifuge and to difficixLty in redissolution. 

IV. DISCUSSION 

The high iron concentrations in current. Purex waste rule out the 

controlled pH approach. The volimdnous iron precipitate would clog the tanks 

and centrifuges and the high sulfate^ in the presence of iron, has been found 

to cause most of the cerium and trivalent rare earths to co-precipitate with 

the iron, "Acid side" processes which would enable the rare earths to be 

precipitated at low pH - without formation of bulky iron precipitate - were 

(5) 

accordingly sought. It was found^•^ that the high sulfate concentration in 

the waste could actually be used to advantage to precipitate the rare earths, 

carrier free, as a sodium-rare earth double sxilfate REp(SOĵ )_,Nap,S02̂ .2HpO. 

Laboratory Investigations 

A series of experiments were conducted to define the optintmi condi­

tions for the precipitation of a sodium-rare earth double sulfate from the 

Purex concentrated fission product waste. A synthetic waste solution of the 

same composition as that shown in Table I was prepared. Samarium was used as 

a stand-in for all of the rare earth fission products. A quantity of samarium 

equivelent to the total amount of rare earths in a similar volume of the Purex 

waste was added to 250 ml of the synthetic waste solution. Fifty percent 

sodiimi hydroxide solution was added dropwise with strong continuous stirring 

•until the pH increased to near 1.0. The solution was diluted with water to 

500 ml smd a final pH adjustment to 1,0 was made. During the neutralization 

and dilution the solution temperature was kept below 60 C, At this point, no 

O I U Ouij UNCLASSIFIED 
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precipitate had formed. The solution was then heated to 90 C and held at that 

temperature for one hour. At the end of one hour, while the solution was 

still 90 C, the precipitate which had formed on heating was removed by filtra­

tion. The precipitate was nearly white, quite crystaline, and very easy to 

filter. Iron contamination appeared to be only slight. The precipitate was 

dissolved in hot nitric acid and the samarium was recovered by an oxalate 

precipitation followed by ignition to the oxide. The samarium recovery in the 

r\xn is indicated as run number 1 in Table II, 

The experiment described above was repeated and the resvilts are shown as 

run 2 of Table II. 

In an attempt to increase the samarium recovery, the sulfate concentration 

was increased to 1 molar. As in runs 1 and 2, samarium was added to 250 ml 

of synthetic waste solution and the solution was neutralized to pH 1.0 at a 

volume of 5OO ml with 50^ NaOH. Then 35 grams of sodium sulfate was added 

and the solution heated to 90 C to induce precipitation. The addition of the 

sodiimi sulfate increased the solution pH to approximately I.5, Following a 

one hour equilibration at 90 C, the samaritim was recovered as previously 

described.' The results of these two experiments, given as 3 and h in Table II, 

indicate good recovery at pH 1.5 when the total sulfate concentration is at 

least one molar. Once again the iron contamination of the precipitate seemed 

to be negligible, but no analysis for iron was made. The samarium precipitate 

was crystaline and very easy to filter. 

In the fifth experiment, lanthanum, neodynium, praseodynium, samarium, 

yttrium, and cerium were added to 250 ml of synthetic Piirex waste in the same 

amounts as they are present in Purex concentrated waste. A spike of Pm-l̂ fY 

was added for analtyical pxirposes and the double sulfate precipitation was 

carried out in a manner identical to runs 3 and k. The results, based on 

beta coxinting, axe given as run 5 Table II. Completeness of recovery is seen 

to be virt\ially identical to the samariimi-only runs. 

f,n ; UNCLASSIFIED 
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Several precipitation experiments were carried out to define other factors 

which are useful from the standpoint of a plant process. Since the composition 

of the Purex waste is subject to change, the concentration of rare earths in 

the waste could, at times, be lower than the concentration used as a basis for 

r\ms 1 through 5« The possible effect of such a decrease on the recovery was 

determined in run 6. This run was an exact duplicate of runs 3 and k except 

that the samarium content in the feed solution was cut in half. The experi­

ment was normal in every respect and the recovery is given as run 6 of Table 

II. The percent recovery is a little lower, but is still satisfactory. 

Table II 

PRECIPITATION OF SODIUM-RARE EARTH DOUBLE SULFATE 

Run ̂  
Nuniber 

1 

2 

3 

k 

5 

6 

8 

10 

11 

Precipitation 
and 

Filtration 
Temp. ("C) 

90 

90 

90 

90 

90 

90 

90 

90 

90 

Precipitation 
pH 

1.0 

1.0 

1.5 

1.5 

1.5 

1.5 

1.5 

0.8 

0.1̂  

Sulfate 
Concentration 

at 
Precipitation 

0.5 M 

0.5 M 

1.0 M 

1.0 M 

1.0 M 

1.0 M 

1.0 M 

1.0 M 

1.0 M 

Percent 
of 

Samarium 
Recovered 

73 

69 

97 

97 

96 

92 

91 

97 

96 

Experiment nvmiber 5 'was repeated (run 7 - not tabulated), except this 

time the Pm-lk'J spike was omitted, and the volume of the precipitate was 

measured. It was found to be 2.8 ml. Thus, the sodium-rare earth double 

sulfate precipitated from Pui-ex waste would be only approximately 11 ml of 

precipitate from each liter of waste solution. 

o n, Q, 
\ • v.- ^ ' 
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In the seven experiments described, no attempt was made to wash the precipi­

tate after it had been collected on a filter. Possible precipitate losses during 

a washing cycle were determined in experiment number 8. This experiment was an 

exact duplicate of experiment number k up to and including the filtration step. 

The precipitate was collected on a "M" porosity sintered glass funnel and 

vacutmi dried, A one molar sodium sxilfate wash solution - adjusted to pH 1.^ 

with HNO3 - was heated to 90 C and the precipitate was slurried for 5 minutes 

each time in two separate 100 ml portions of the hot wash solution. The washed 

precipitate was then dissolved in hot HNO3 and the samarium recovered as the 

oxide. The 91 percent recovery shown in Table II indicates some loss of precipi­

tate during the washing cycle, but the loss is relatively small. 

The decontamination of the rare earths from zirconi\mi, niobium, ruthenivmi, 

and cesium was determined in run number 9. A 2 ml spike of a 1-to-lOO dilution 

of Purex concentrated waste was added to 250 ml of sjmthetic Purex waste 

solution. Lanthanum, neodymium, praseodymiun, samarium, yttrium, and cerium 

were added in the same amounts as they were present in Purex concentrated waste. 

The double sulfate precipitation was then carried out in a manner identical to 

rtrn 8. The washed precipitate was dissolved in hot concentrated nitric acid, 

diluted to volume, and analyzed. The rare earth feed-to-product decontamination 

factors were as follows: 

Ru-Rh 1100 

Cs-Ba 75 

Zr-Nb 150 

Several scouting experiments indicated that when the precipitation pH 

is much above 2,0 and/or the sulfate concentration much above one molar, 

iron contamination of the precipitate becomes quite serious tinless the iron 

is complexed. At higher acid concentrations and lower sulfate concentrations, 

UNCLASSIFIED 
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iron contamination is not significant but rare earth solubility losses do become 

significant. Two experiments were conducted tinder slightly more acid conditions 

to evaluate the solubility losses. 

In experiment number 10, a qtiantity of samarium equivalent to the total 

amount of rare earths in a similar volume of Purex waste was added to 250 ml 

of the synthetic waste shown in Table I. The solution was neutralized to 

pH 0.5 at a volume of 5OO ml with 50^ NaOH. Then 36 grams of Na2S02̂  was added 

and the solution heated to 90 C for one hour. The sulfate addition caused the 

pH to rise to O.8O. Following the equilibration, the precipitate was filtered, 

then dissolved in nitric acid, precipitated as oxalate emd ignited to the 

oxide. The samarium recovery of 9li> "was equally as good as that at a higher 

pH. 

Run number 11 was similar to 10 except the neutralization pH was 0.12 and 

the precipitation pH was O.ifO. A recovery of 96^ of the samarium indicates 

a fairly broad precipitation pH range,at least from pH 0«k to 1.5. 

The rare earth double sulfate precipitated under the conditions described 

in this report is compact, crystalline, and easily filtered or centrifuged. 

On heating to 300 C, the double sulfate can be dehydrated and is then in a 

convenient and stable form for solid shipment, A Hanford designed shielded 

filter cask is being constructed to utilize these physical properties. The 

precipitated double sulfate will be slurried into the cask. The precipitate 

will be collected on a filter element within the cask and then dried in situ. 

Plant-Scale Tests 

The validity of the double sulfate precipitation process for removing 

cerium-l̂ i-i)-, promethium-1^7^ and the other rare earths from Purex IWW waste 

was demonstrated by fo"ar tests (conducted expressly for this purpose) in the 

Purex head-end equipment. In the first run'°^, 1000 gal. of IWW were centri­

fuged to remove existing solids. The resulting centrifugate - 0.3 M Fe, 

1.56 M SOlj." - was neutralized to pH 0.7 - 1.1 and digested at 90 C for 30 

0 ( b '̂ U UNCLASSIFIED 
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minutes. The slurry was then cooled, centrifuged, and the precipitate cake 

washed with 1 M NapSO^ at pH 1.0. The cake was slurried out of the centrifuge 

and dissolved in nitric acid. The product yield across the precipitation step 

for cerium-lĴ -ii- was k%. The low yield may be due,in part at least,to the 

short elevated temperature equilibration and the ambient temperature 

centrifugation. 

In the first plant test, a high percentage of the ceriimx-li4J4- contained 

in the Purex IWW waste was associated with the residual solids and was there­

fore disgarded prior to the sulfate precipitation. In plant test number 2, 

2000 gal. of IWW was centrifuged and the solids contained in the centriftige 

(7) were leached with nitric acid.^'^ The centrifugate was discarded since 80^ 

of the cerium-lM+ contained in the initial Purex IWW was carried over on the 

centrifuged solids and recovered when the solids were leached. The leachate 

was neutralized to a pH in excess of I.5, heated to 90 C for one hour and then 

centrifuged hot. The precipitation pH was inadvertantly too high and as a 

result iron contamination of the product was fairly serious and the fission 

product decontamination factor was low: Zr-Nb « 1 and Ru-Rh =33. A total of 

860,000 curies of cerixm-l^^ was recovered in the product. 

Plant test number 3 vas initiated by centrifuging 2100 gal. of Purex IWW 

solution.^ ' The separated solids in the centrifuge were leached with 6 M 

HNOo. The sulfate concentration in the leach liquor was increased to one molar 

by the addition of sodium sulfate and the solution was neutralized to pH 2.0. 

After a one hour equilibration at 90 C, the slurry was centrifuged and the 

separated precipitate dissolved in nitric acid. No decontamination factors 

could be determined because the product was incorrectly sampled. However, a 

material balance of solutions involved indicated a recovery of 75^ of the 

cerium-lMl-. 

UNCLASSIFIED 
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(9) As a result of successful experimental work by L. A. Braŷ '̂ '', tartrate 

was used in plant test number k- to complex iron. A 1213 gal. volume of 

Purex IWW was neutralized, the sulfate content increased to a value slightly 

in excess of I.5 M, the solution made O.17 M in tartrate, and the pH then 

adjusted to 1.0. This solution was then equilibrated at 90 C for one hour 

and centrifuged. The precipitate contained in the centrifuge was leached 

with nitric acid to remove the rare earths. The rare eeirth recovery, based 

on cerium-l̂ i-̂  analysis, was 99i>' Decontamination factors were: irpn « 70, 

Zr = 10, Nb = 20, and Ru » 35« 

The validity of the double sulfate precipitation process for the recovery 

of the fission product rare earths has been fully substantiated by a several 

month production effort aimed at the recovery of fission-product strontium. ̂ •̂̂  

The strontium recovery process is essentially the same as the process described 

above for plant test number k. The only difference is the inclusion of lead 

salts to function as a strontium carrier during the double sulfate precipita­

tion. In the strontium recovery runs, the rare earth recovery was>90^. 

When a double sulfate precipitation and subsequent centrifugation are 

carried out using Purex fission product waste on a plant scale of operation, 

a very significant amount of radioactive decay heat is evolved. This heat 

can cause partial dehydration and calcination of the double sulfate precipitate 

in the centrifuge if the batch size is too large compared to the rate of 

dissipation of the heat. In general, plant experience has indicated 2000 

gal. of Purex IWW waste to be the maximum batch size. 

5-11-61 
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