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A prr-ess was recent ly  developed'') f o r  separating cerium from the  

tr ivalent ,  r a r e  earths.  This process consis ts  of three  steps: 

A) coextraction of cerium and t r i va l en t  ra re  ea r ths  from an aqueous 

solut ion complexed with N-hydroxyethylethylenediaminetriacetic acid  

(HEM'A) or other sui table  complexing agent ( t o  prevent extract ion 

of ions such a s  lead)  a t  a pH above 1.5. 

B)  p a r t i t i o n  of cerium from the  t r i va l en t  r a r e  ea r ths  by s t r ipping t he  

l a t t e r  i n t o  2 M  - containing persulfate and s i l v e r  ions. The 

cerium i s  oxidized t o  cerium(IV) and remains i n  the  organic phase. 

C) re-extraction of the  t r i va l en t  r a r e  ea r ths  a t  a pH greater  than 

1.5 t o  remwe the  su l fa te  which i s  fo rmd  on decomposition of 

persulfate,  a s  wel l  a s  s i l ve r .  

Several problems have become evident from ac tua l  experience using t h i s  

process on a plant  scale. 

The f i r s t  problem was t h e  need t o  separate manganese from the  r a r e  

ea r ths  i n  the  co-extraction step.  Manganese, which i s  present i n  Purex 

wastes from i t s  use i n  the solvent clean-up, i n t e r f e r e s  ser iously  i n  the  

persulfa te  oxidation of cerium. The oxalate p rec ip i ta t ion  mthod used t o  

recover r a r e  ea r th s  f romthe  waste did not provide f o r  manganese removal. 

A s  a r e su l t ,  the  crude cerium-rare ea r th  feed contained large  quan t i t i es  of 

manganese which had t o  be removed pr io r  t o  the  persulfa te  step. 

The second problem i s  t h a t  with repeated use of the  solvent the  par- 

t i t i o n  s t ep  becoms marginal because rad io lys i s  of the  solvent generates 

reducing impurit ies which consum the persulfate and prevent oxidation of 

cerium t o  the  quadrivalent s t a t e .  

The t h i r d  problem i s  t he  l o s s  cf tr ivalent;  r a r e  ea r ths  during the  

sulfa te-s i lver  removal step. This has been found t o  be caused by 



precipitation of rare  ear th double sulfates  when the pH i s  adjusted fo r  the 

re e x t r a c t i o n  step. 

The r e s u l t s  of studies designed t o  al leviate  these problems are pre- 

sented i n  this report. 

11. SUMMARY 

The co-extraction of cerium and rare  earths in to  0 . 4 ~  - di(2-ethylhexyl) 

phosphoric acid (D~EHPA) - 0.2M - tr i  -n-butyl phosphate (TBP) is  complicated 

i f  large quant i t ies  of manganese are present. (> 0.25 g ~ / 1  w i l l  in te r fere  

with the subsequent oxidation of cerium with persuUate-silver .) Although 4 

t h i s  s i tua t ion  may not occur i n  future rare  ear th processing, a separation 
L 

schem had t o  be found f o r  processing a large batch of current feed material. 

Both laboratory and hot-cell experiments showed t h a t  a good separation of 

manganese and the ra re  ear ths  i s  possible by controlled pH solvent extraction. 

/ Because pH control i s  very d i f f i cu l t  9 w u l t  s 
' I  - 

,'and high product losses occurred i n  the full-scale t e s t s ;  the D2EHPA solvent 
\ - - - - -- - </---. _ -. 

'extraction scheme f o r  manganese removal proved impractical. An al ternate  

scheme, based on sulfate  precipitetion was developed. This process, although 

complicated by the lack of a centrifuge i n  the p l a n t  does not require pH 

control. The steps involved are : ~r 

a )  Rare ear th  p r e c i a t a t i o n  by the oddition of kBS04 to 2.511 so4=, 

15 minutes digestion a t  80 C, and one hour f o r  precipi ta te  

set t l ing.  

b) Decantation (drainage of the tank through a d ip  leg  followed by a 

lM Na2.904 wash ) , - 
c) e t a t h e s i s  with 3.5M - NaOH (35~). 

a) Dissolution with H N O ~  - =A. 

e )  Extraction of the ra re  earths in to  D2EHPA. 



Prel imina~y Semiworks r e su l t s  indicate 85 - 95 per cent rare  earbh 

recovery tbough  Step e) ax3 an adequate mnganese decontamination fac tor  of 

50 - 100. 

The separtih;ion of cerium from t r iva l en t  ra re  ear ths  with D2EHPA, i s  

improved by the mbst i5ut ion of a s t ra igh t  chain hydrocarbon diluent f o r  the 

braxhed  c h i n  d91ue.A used previously. The e f f ec t  of radiolysfs i s  markedly 

reduced and high ce~ ium dis.bribution r a t i o s  are  meintained. 

The so lu5 i l i t i e s  09 bo5h K2S208 aad Na2S208 were lneasured as  a f'unction 

of HN03 coxen.tra.i;iot. a t  25 C.  The sodium s a l t  was found t o  be much more 

soliable than K2S203 is a l l  cases. Solubi l i ty  of K2S208 i n  0, 1, 2 and 4 1  - 
HN03 was 0.22, ~ ~ 2 6 ,  0.28 and 0.37M; - so lubi l i ty  of Na2S208 was 2.41 - i n  A20 

and 1.7M - i n  2 M  - HJ?O3. Performance of the two chemicals was identical .  Use 

of the more solu5le and l e s s  expensive Na2S208 simplifies plant salxt ion 

make-up and permits substant ia l  s a v i q s .  

Cerium d is t r ibu t ion  r a t i o s  of greater than 100 were obtained i n  10 

minutes when the aqueous phase was preoxidized 45 rninutes before contact 

with. the organic extractant.  The aqueaus phase was adjusted t o  contain 

0.1M - Q%03, 0.02M - s i lver ,  and 2M - HN03. Lower concentrations of e i t he r  

s i l ve r  or  persulfate resuLted i n  marginal d i s t r ibu t ion  ra t ios .  

Sodium ni -k i%e (0 .005 t o  0.05M - i n  2M - HNo3) was shown t o  be effect ive 

f o r  str ipping ceriljm(XV) from D2ERPA. Ninety-five per cent of the cerium 

i n  the organic solvent can he sfripped i a t o  2M - EN03 co2tainiag 0.05M - NaN02 

with a 5 minute contaet. With 0.005M - NaN02 a 25 minute contact was needed. 

With no added NaN02 a 220 minute contact was needed. 

Addition of HEmAto rare  ear th  ~ o l u t i o n s  conta idng  sulfa te  prevents 

precipihtatiiori of r a x  earth dou3le ~ u l f a t e s  a t  pH values greeter than about 
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2.8 while still  permitting extraction and hence separation from sulfate.  

Distribution r a t i o s  f o r  s i lver  under these conditions are generally quite 

low. 

A sugar denitration and concentration procedure was developed and 

successfully demonstrated t o  obtain a feed fo r  fur ther  ion exchange 

processing. 

111. RESUflfS AM) DISCUSSION 

A. Co-extraction of' Cerium and Rare Earths 

T k  i n i t i a l  s t ep  i n  the process fo r  se-$rating cerium from rare  ear ths  

consists of the co-extraction oP cerium and rare  earths. The aqueous feed 

i s  adjusted t o  contain or other suitable complexing agents t o  prevent 

extraction of ions such a s  lead and iron in to  the organic solvent ( 0 . 4 ~  - 
mHPA, 0 0% TBP, NPH) 

To provide aged promethium, a crude feed was obtained from stored 

alkaline Purex waste. This tank s lur ry  wns centrifuged i n  the Purex Plant. 

The sol ids  were dissolved and the ra re  ear ths  reprecipitated with oxalic 

acid. The oxalate precipitate was dissolved and served as  the  crude rare  

ear th feed f o r  subsequent processing. The analysis of t h i s  crude feed i s  

sham i n  Table I. 

TABLE I 

CRUDE RARE: EARTH FEED 

MI++ 15 g / l  

ddb 
Fe 7 09 

pb* 10.3 

~l+++ 0.6 



From 5 h . e ~ ~ :  results,  i t  was rea l i zed  t h a t  manganese would a l so  requiro sepa- 

r a t i on  f r o a t h e  r a r e  ear%& t o  prevent interference i n  the ~ r s u l f a " ,  sst;ep. 

Although manganese con.?.?n",ations up t o  1.2 g / l  were t e s t ed  through the  

persul fa te  s t e?  witkout af fecV>ing ce(IV) d i s t r i bu t i on  r a t i o s ,  Mn02 i s  

precipi ta ted  out of soL~5ion  and makes phase separation d i f f i c u l t .  Manganese 

concen",atiorzs up t o  0.25 g/l can be to le ra ted .  

++ 
Destruction of s20< by react ion with Mn i s  not the  severe problem 

it may seem since par t  of the  Mn* i s  converted t o  bb0i which i s  al.ao an 

e f f ec t i ve  cerlum oxldant. D i f f i c u l t i e s  w i l l  be encountered only i f  t he  

++ 
concen t~a t i on  of i s  high enough t o  r e s u l t  i n  MuO2 precipi ta t ion.  

1) Separation of Manganese by Solvent Extraction 

The plant  has experienced d i f f i c u l t i e s  i n  ext ract ing the  r a r e  

ea r ths  from ",e crude feed produced from the  sludge leachilzgs. Several 

i n i t i a l  laboratory exper imnts  had indicated t h a t  it was possible t o  

separate t he  r a r e  ea r ths  from mnganese without d i f f i cu l t y .  A 5 gal lon 

sample of the  foed was therefore  obtained f o r  use i n  the  High Level 

Radiochemical Fac i l i t y .  DTPA o r  REDTA was added t o  port ions of t h i s  

feed, and cerium d i s t r i bu t i on  r a t i o s  were determined a s  a func+,io-2 of 

pH. Manganese d i s t r ibu t ions  under s imi lar  conditions were obtained 

( ~ i g u r e  I). 

These reaul5s  v e ~ i f i n d  the  f e a s i b i l i t y  of solvent ext ract ion f o r  

the separation of manganese from raze ear ths .  m,her experiments iniii- 

cated t h a t  the  equilibrium f o r  the  cerium d i s t r i bu t i on  was reached 

within 60 sesonds. A t h i r d  s e t  of data indicated t h a t  the  feed, adjusted 

with e i t h e r  I E F A  or I IEmA a t  a pH of 3.7 - 4,0, was s tab le  f o r  a t  l e a s t  

72 hours (> 90 per cent of the  ceri.um remaining i n  solut ion) .  The plant  
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however, expr ier iced a  gross p rec ip i t a t ion  of cerium and presumably 

promethium afJ;er severa l  dayst &lay i n  processing a  feed made up 

with IJTPA, adjusted t o  a  pH of 2.5 t o  4.0. The p rec ip i t a te  was 

a s s ~ ~ i  t o  'be a  (RE)~(co~)~ and had t o  be redissolved i n  HNO p r i o r  3 
t o  further processing. 

2) Separation of Manganese by Sulfa te  P rec ip i t a t ion  

Because of the  d i f f i c u l t y  of pH control  i n  the  plant ,  the  D2EHPA 

solvent ex t rac t ion  schem f o r  manganese removal proved impractical ,  and 

a 2  a l t e r n a t e  s c k ~ m  was sought which could be performed i n  t h e  l imi ted  

plant  equipment. A process, based on s u l f a t e  p rec ip i t a t ion ,  was 

developed i n  t h e  labora tory  and then t e s t e d  with a c t u a l  feed i n  t h e  

High Level Radiochemical F a c i l i t y .  The appl ica t ion of a  p r e c i p i t a t i o n  

process was complicated by l ack  of a centr ifuge i n  the  plant ,  which 

necess i ta ted  use of multiple decantation f o r  phase separat ion.  

Rare e a r t h  s u l f a t e  p rec ip i t a t ion  mthods  a r e  wel l  

Usually tLhe so lu t ion  containing cerium and r a r e  e a r t h s  i s  adjusted t o  

contair, -- 1 molar s u l f a t e  and t h e  pH i s  adjusted t o  -- 0.5 - 1.0. It 

was therefore  su rpr i s ing  t o  observe a  p rec ip i t a t ion  when sodium b i s u l -  

f a t e  ( N ~ H S O ~ )  was added t o  a  synthet ic  waste containing - 6~ - H+. A s  

shown i n  Table 11, complete cerium prec ip i t a t ion  takes  place when the  

+ 
f i n a l  SO4= concentrat ion i s  2.5M. - I n  t h i s  experiment the  H was 5 . 4 ~ .  - 
Under these  conditions, manganese and i ron  remain i n  solut ion,  thus  

providing an  excel lent  separat ion from the  r a r e  e a r t h s  without pH 

adjustment. The r a r e  e a r t h  s u l f a t e  p rec ip i t a te  i s  then washed with 1M - 
Na2S04 t o  remove t r a c e s  of manganese and converted t o  a  hydroxide precipi -  

t a t e  by adding 3.5M MaOH.  h he s u l f a t e  associated with the  p rec ip i t a te  - 
converts t o  Na2S04 ar-d i s  soluble.) No diges t ion period a t  an 



TABLE I1 

PIIECIPITATION OF CERIUM - RARE EARTHS AS A FUNCTION OF SWm CONCENPRATION 

Conditions: 50 al of Synthetic Feed  a able I) 
Add NaHS04 ( 5 ~ )  
Heat 80 - 9oo-c., 30 Minui;es 
Centrifuge and Sample 

Cerium i n  Manganese i n  Sulfate Final F'recipitate 
Solution Solution Concentration Volume 
0 A, A (m) 

23.6 90 e 9  o .8 3 



elevated temperature i s  required for  metathesis. HEmA i s  then added 

and the s lur ry  adjusted t o  a pH of 2 - 3 with HNO The s lurry w i l l  
3' 

completely dissolve a t  -- pH 7 and the rare  ear ths  wi l l  remain i n  solution 

as  long a s  the complexant (HEIQA) i s  present t o  compete with the aulfate. 

After defining the sulfate  procedure i n  the laboratory a ser ies  of 

t e s t s ,  using actual  feed, were completed i n  the High Level Radiochemical 

Facili ty.  The f i r s t  t e s t ,  using an equal volum! of 5 M  - NaHS04 t o  feed, 

precipitated 99 p r  cent of the cerium and carried 14 per cent of the 

manganese. A 1M Na2S04 wash was used i n  subaequent t e a t s  t o  reduce the - 
manganese contamination. 

A second sulfate  precipitation was a l so  performed a s  follows: 

Precipitation 

1 )  Take 400 m l  plant feed 

2) Add 400 ml 5M - NaHS04 

3) Heat 80. C 30 minutes 

Wash - 
1 )  Wash precipitate,  800 m l  1M - Na2S04 

Wtathesis and Dissolution 

1 )  Add 600 ml 3.5M - NaOH t o  the precipitate 

2) Add 0.15 moles HEmA 

3) Adjust pH t o  2.9 with 15.7M - HX03 

Solvent Extraction 

1 )  Contact adjusted aqueous feed with 0 . 4 ~  - 
D2EHPA, 0.2M - TBP, o/a = 1, f i n a l  pH 2.6 



Cerium - Rare Earth Part i t ion 

1 )  Contact loaded organic with 2M - HN03, 
0.2M - Na2S208, 0.02M - &NO3, o/a = 1, 

15 minutes. 

Approximately 2 per cent of the cerium was l o s t  i n  both the precipi- 

t a t ion  and washing steps with an w e r - a l l  recovery of 95 per cent prior 

t o  solvent extraction. Twenty per cent of the manganese was associated 

with the i n i t i a l  sulfate  precipitate,  but a f t e r  the sulfate  wash s tep  

only 0.7 per cent remeined t o  give a mnganese decontamination factor  

of 140. 

The extraction s tep gave a cerium dis tr ibut ion of > 100, The cerium- 

rare  ear th par t i t ion  gave a cerium decontamination factor greater than 100, 

Subsequent plant processing of the crude cerium-rare ear th feed, using 

the sulfate  precipitate mthod, has ver if ied the laboratory resu l t s .  

B. Par t i t ion  of Cerium from Trivalent Rare Earths 

The extraction of ~e(111) and t r iva lent  rare  ear ths  in to  solvents such 

a s  mWA i n  the pH range of 1 t o  4 i s  well Trivalent rare  earths 

and ~e(111) may then be removed from the organic phase by stripping with 

mineral acids ( ~ i g u r e  2). ce(IV), however, extracts  completely in to  D2EHPA 

with high extraction coefficients even i n  very acid solutions. This i s  the 

basis  fo r  a cerium-rare earth separation step. 

For many years analyt ical  chemists have re l ied  on oxidizing cerium t o  

ce(IV) fo r  the. separation of cerium from rare  earths. The application of 

t h i s  w e l l - h a m  technique t o  the separation of radio-cerium from the ra re  

ear ths  with solvents :such as  DZHPA i s  hampered by the rapid destruction of 

the oxidizing agent i n  the ex t remly  high radiation f i e l d s  and the presence 

of eas i ly  oxidized materials carried over from prior process steps. This 



FIGURE 2 

> 

- 
Organic: 0.4M D2EHPA - 0.2M TBP 

SOLTROL- 1 7 0  
- 

- 
- 
- 
- 
- 
- 
- 

- 

0 Promethium - 
- 
- + Cerium 
- 
- 
- 

- 

- 

D I S l l R I B U T I O N  OF Ce 
FUNCTION OF ACID CO UVEL) 

I  I I 1  I I I ,  I I  I I  I l l  



destruction cannot be duplicated i n  cold laboratory experiments but i s  

a s s m d  t o  be caused i n  par t  by the degradation products formed by radiolysis  

of the  organic solvent and i n  par t  by the d i rec t  radiolysis  of the oxidant 

i t s e l f .  

Workers a t  ORNL have studied the use of anodic oxidation(5) and potassium 

permanganate(6) as  mthods f o r  forming cerium(IV). They found t h a t  it was 

necessary i n  the l a t t e r  process t o  continuously add permanganate during the 

batch contact t o  maintain the te t ravalent  s ta te .  A serious disadvantage of 

t h i s  oxidant i s  t h a t  sol id  manganese dioxide i s  formed and r e su l t s  i n  very 

d i f f i c u l t  phase separations. Another approach t o  the  separation of cerium 

from t r iva l en t  ra re  ear ths  i s  the precipi ta t ion of cerium peroxyacetate (7, 8). 

This process a l so  f a i l e d  t o  rout inely produce a sa t i s fac tory  separation 

because of d i f f i c u l t i e s  with pH control and radiolysis  of the  peroxide. 

An oxidizing agent fo r  use i n  extraction of f i s s ion  product cerium must 

meet the  following requiremnt s : 

. A su f f i c i en t ly  high potent ia l  t o  quant i ta t ively oxidize cerium. 

. Suff ic ient ly  slow k ine t ics  so as  not t o  react  rapidly with the 

organic solvent. 

. High radiat ion s t ab i l i t y .  

The persulfate ion has these properties. Unfortunately i t s  reaction r a t e  

with cerium i s  so slow t h a t  a t  room temperature oxidation does not occur. 

However, addition of s i l v e r  ion markedly increases the r a t e  of cerium oxi- 

dation. Si lver  ion a c t s  a s  a cata lyst  fo r  persulfate i n  the oxidation of 

cerium. The following r a t e  controll ing s tep  has been proposed ( 9 )  

%O8" + ~ g +  = sq; + .so,+- + &++ 
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The a ~ l f a t e  radical  ioc. .Sok- an4 the Ag a c h s  the active oxidants i n  

tUs proposed rnPchazi2sm. It was found i n  the i n i t i a l  investigat,ion(') tha5 

the rcseflon. r a t e  co-a.lJ be cozkrolied by the conce~t ra t ion  of s i lve r  and by 

the reaction "wrnpwa-$-z-=. As shown i n  F i g u ~ e  3, it i s  essent ial  $0 keep the 

temperature lov f o r  bat& co~5ac t s  t o  allow the :eriwn(XV) t o  be held i n  the 

orgardz phase long enough t o  permit the separation of the phas,?s. However, 

when cons ide r i~q  a aolvezt ex5zaction c o l m  operation, i n  which residence 

t i ~ s  are i n  the order of 1-5 mindes, high r e a c t i o ~ .  %emperat;ures (50 - 60° C) 

1) Effect of Radiation on t h e  Solvect - A sezies of experimnts were 

perfozmed i n  C,ke High b v z l  Radiochemical Fac i l i ty  t o  determix th? e f fec t  

of radiation osr, cerium extrac%ions. These experimnts werz carried oub by 

cor%ac%ing an aqueous phase zo~.~.airCi.ng 300 m i e s / l i f e r  of ~ e ~ ~ ~ ,  0.2M - 
%S208, 0.02M - AgK03, and 2M HNO with an equal volum~ of plant solvent (0.41 - 3 - 
D a Y P A ,  0.2M - TBP i r ?  S O ~ O L - ~ ; C )  fo r  up %o 340 minutes. Sawles of b&h 

phases were taken from t i m e  t o  time during the contact and t h a  c?rium d i s t r i -  

bution w a s a e l  by t h e  ir-ci.11 gamma spetrom?ter(lC). The aquems phase 

was then discarded and the e s~ ium was s t r i p p d  il;.t,o 2M HNO allawing 16 hours - 3 
fo r  the s t r i p  s5eep. Sufficient 5S2O8 and AgNQ were then adled t o  the 3 
syst5m t o  give coneec~~ra t ; io~s  of 0.2M - K2S208 a d  0.02M - AglTC, iu the aqueous 

I' 

-phase and the cerS,urn r~=&;ra~+;ed a6 before. T h i s  sequea3d Was r e p a t e l  s ix  

t,imes $0 simulata rl;.paled cyclus of plant usage of the solvent. The SOxROI,- 

170 used i n  this e x p r i m a t  had been passed through a c o k w  of s i l i c a  ge l  

and then contacl3d ~L-55 susulfie, acid prior t o  solvent make-up t o  insure %he 

absence of any -saturated hydrocarbons. 

'25% r;w:lC,a 12 Figure 4 are UOCJ ent i re ly  cansis';entl but show a general 

decrease i n  the dis%rib~tiose r a t i o  wi%h re-use of tibe solver%. Also plotted 
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i n  t h i s  f igure  i s  a run s imilar  t o  the  above, but i n  which t he  solvent was 

I1 used" plant  solvent. This solvent had been used f o r  an undetermined number 

of strontium recovery runs and gave low d i s t r i bu t i on  r a t i o s  f o r  cerium, a s  

was expected. Because of the pronounced decrease i n  cerium d i s t r i bu t i on  

with repeated u se , i t  became imperative t o  f i nd  a more s tab le  solvent. 

E. C. Martin of t h i s  laboratory had investigated and recommended the  

use of a s t r a igh t  chain para f f in  hydrocarbon i n  t he  Purex plant  t o  reduce 

the  f i s s i o n  product holdup i n  the  organic solvent. Such a hydrocarbon i s  

available i n  quant i ty  a t  a reasonable cost  from South Hampton Company, 

Houston, Texas. This diluent,  referred t o  a t  Hanford a s  NPH (normal paraff in  

hydrocarbon), contains from 10 t o  14 carbon a tom,  and has been washed with 

su l fu r ic  acid  and s i l i c a  ge l  t r e a t ed  pr io r  t o  shipment. 

Determination of cerium d i s t r i bu t i on  r a t i o s  a s  a function of ti= of 

contact were performed using NPII: a s  a diluent.  Iden t ica l  conditions were 

used a s  described above. Unfortunately suf f ic ien t  c e l l  ti~~le was not ava i l sb le  

t o  perform repeated cycles of extract ion a s  before. However, t o  simulate 

these conditions t he  solvent was l e f t  i n  contact with the  aqueous phase con- 

t a in ing  300 cu r i e s / l i t e r  of cerium-144 f o r  150 hours and t he  d i s t r i bu t i on  

r a t i o s  measured again. The accumulated dose t o  the  solvent would be roughly 

equivalent t o  t h a t  received by t he  SOLTROL-170 af'ter six cycles. The data  

f romthese  runs a re  plot ted i n  Figure 5 .  Also shown a re  the  runs using 

SOLTROL-170 f o r  t he  first and s i x t h  cycle of use f o r  comparison. These data 

indicated NTH t o  be a superior d i luent  t o  SOLTROL-170, and i t s  use has been 

adopted by t he  plant .  

2 )  Effec t  of Pre-oxidation of Cerium - Several experiments were per- 

f o r m d  t o  determine i f  lower concentrations of potassium persulfa te  and/or 

s i l v e r  n i t r a t e  could be used i f  the  cerium were allowed t o  oxidize before 
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144 In these e x x r i m n t s ,  solutions containing 300 cur ies / l i te r  of Ce , 
2M - HN03, 0.1 or 0.05M - K2S208, and e i ther  0.02 or 0.Ol.M AgN03 were mixed for  - 
45 minutes. The aqueous solution was then contacted with an equal v o l m  of 

0 . 4 ~  - D2EHPA, 0.2M - TBP i n  SOLTROL-170 and sampled a t  intervals.  The cerium 

dis tr ibut ion r a t i o  was determined. The SOEROL-170 was p e t r e a t e d  with 

s i l i c a  ge l  and su l fur ic  acid as  before. Used plant solvent was also tested. 

The data obtained, as  shown i n  Figure 6, indicate tha t  very sat isfactory 

cerium dis tr ibut ion r a t ios  are obtained under these conditions with 0.lM - 
potassium persulfate - 0.02M - s i lve r  n i t ra te .  Lower concentrations of e i ther  

constituent produced unsatisfactory r e su l t s  fo r  batch contact operations. 

The "usedt' solvent was completely unsatisfactory. 

3) Solubilify of B r s u l f a t e  - The so lubi l i t ies  of both the potassium and 

sodium persulfate were measured and Na2S208 found t o  be much more soluble. 

Solubili ty ( a t  25' C )  of %S208 i n  0, 1, 2 and 4~ - HN03 was 0.22, 0.26, 0.28 

and 0.37M. - The so lubi l i ty  of Na2S208 was 2.41 - i n  water and l.7M - i n  2M - HN03. 

Hot-cell performance of the two chemicals was identical.  Use of Na2S208 was 

accordingly recomnded. Besides much lower make -up v o l ~ s  and improved 

operating f l ex ib i l i t y ,  a savings i n  reagent cost was also realized 

(w 12 05 UIIK)le Na2S208 V S  23 02 {/mole K ~ s ~ o ~ ) .  

4) Stripping the ~ e ( I V & ~ o a d e d  Solvent - After cerium(IV) i s  extracted 

in to  0 . 4 ~  - D2EHPA - 0.2M - TBP - NPH, it must be stripped out of the organic 

extractant within a limited t i m e  t o  prevent degradation of the solvent. A 

se r ies  of experiments was performed i n  the High Level Radiochemical Fac i l i ty  

t o  determine t h e  conditions required for  effective stripping. Figure 7 shows 

t h a t  a contact tins > 200 minutes i s  required fo r  stripping 95 per cent of 
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the cerium in to  2 M  - HN03. The addition of 0.005M - NaN02 reduces the time t o  

25 minutes and O.O5M - NaN02 to '  5 minutes. Therefore, a 2M EINO s t r i p  con- - 3 

taining 0.005M - NaN02 was recomnded fo r  batch contacts. 

The cerium f ree  extractant should then be washed with 2M - HN03, 0.2M - - 
Na2%08 and 0.02M - AgN03 t o  destroy entrained NO2 before being reused f o r  

cerium part i t ion steps. 

C. Re-Extraction of Trivalent Rare Earths 

Trivalent Rare Earth Losses During the Sulfate -Silver Removal Step 

The undesired precipitation of ra re  ear th double sulfates  under 

conditions encountered i n  plant operation was a l so  studied. A solution 

containing e i ther  0.2M - or 0 . 4 ~  - K2S208, 0.02M - AgN03, 0.001M - C ~ ( N O ~ ) ~ ,  

0.Ol.M - M ( N o ~ ) ~ ,  t race amunts of ~e-144 and W - HN03 was heated 60 

minutes a t  80 C t o  destroy the persulfate. ce-144 was used t o  t race 

the path of the rare  earths i n  these experiments because of the ease 

of i t s  measuremnt. Hydrogen peroxide was added t o  insure tha t  only 

~e(111) was present and tha t  a l l  the persulfate was converted t o  

sulfate.  The pH was then adjusted t o  a desired value with NaOH and 

the solution was digested a t  40-50 C f o r  60 minutes and centrifuged. 

The fract ion of rare  ear ths  remaining i n  the supernate was determined. 

The experimnt was repeated with additions of c i t r i c  acid or HEECA 

prior t o  pH adjustmnt.  The r e su l t s  ( ~ i g w e  8)  show rare  ear th losses 

by precipitation t o  be greater than 90 per cent a t  pH - > 1 i n  the 

absence of complexing agents. However a t  a pH > 2.8 i n  the presence 

of O.O5M c i t r i c  acid or HEMlAthe rare  ear ths  remain i n  solution with - 
0 . 4 ~  - sulfate.  Conditions were not found which would prevent rare  

ear th precipitation when the solution contained > 0.4M - sulfate.  
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To ascer ta in  the  solvent extract ion behavior of r a r e  ea r ths  

complexed with HEDTA i n  the  presence of su l fa te ,  solutions prepared 

a s  described above were contacted with equal v o l ~ s  of 0 . 4 ~  DEHPA, - 
0.2M - TBP, i n  NPH di luent  and the  cerium and promethium d is t r ibu t ion  

r a t i o s  masured. HEDTA a t  O.O5M was chosen f o r  these experiments. - 
The i n i t i a l  persulfa te  concentration was 0.2M - i n  every case. The 

t o t a l  r a r e  ea r th  concentration was varied from 0.01 t o  0.03M. The - 
d i s t r i bu t i on  r a t i o s  of s i l v e r  were a l so  measured. The r e s u l t s  a r e  

shown i n  Figure 9. The data from Figures 8 and 9 indicate  t h a t  a 

pH of 3 i s  nearly optimum. Part  of the  s i l v e r  i s  a l so  extracted but 

should not i n t e r f e r e  i n  subsequent ion exchange separation of the  

individual  r a r e  earths.  

2) Concentration and Denitrat ion of the  Rare Earth Product 

After t he  r a r e  ea r ths  have been re-extracted i n t o  the  organic, 

leaving t he  su l f a t e  and s i l ve r  i n  the  aqueous phase, they are str ipped 

with 2M - HN03. This solut ion i s  the  feed f o r  fu r ther  pur i f i ca t ion  by 

ion exchange. Because of t he  high a c i d i t y  and large  volume of t h i s  

solut ion a concentration s t e p  i s  desired. Wheelwright has suggested 

a r a t i o  of 0.2 w l e  of r a r e  ea r ths  per mole of hydrogen ion a s  a 

desired feed condition f o r  chromatographic pur i f i ca t ion  of promethium(''). 

To meet t h i s  requiremnt ,  sucrose den i t ra t ion  (l2,  13) was investigated.  

A 1000 m l  solut ion containing 2M HNO O.O5M N ~ ( N o ~ ) ~  and 0.001M - 3' - - 
F e ( ~ 0 ~ ) ~  was concentrated and deni t ra ted using sucrose t o  a f i n a l  

volume of 126 m l  and 2.2M - H'. The conditions were a s  follows : 

1 )  Take 300 m l  of solut ion and concentrate t o  100 ml ( 6 ~  - HN03). 

2)  Add -- 15 m l  of 2 M  - sucrose t o  700 m l  of the  remaining solution. 

Slowly concentrate t h i s  by adding it t o  the  100 m l  i n  l ) ,  keeping 



-24- 
BNWL-  1 8 7  

- - 
Cerium (111) - 

7 

- 
- 
- 

- 

- - 
- 
- 
- 
- 
- 

- 

Organic: 0 .4  D EHPA - 
- z M T B ~  - NPH - 
- Aqueous:  0.2  Ll I i2S2O8 

- 2x HHNO 
0.02 2 i g N o 3  - 
0.0001 ce 
0.01 to 0 . 0 3  Nd 

- 
Conditions: Heat  aqueous  G O  mlnu te s  a t  80C t o  d e s t r o y  

p e r s u l f a t e .  Add I3 O 2  to  In su re  C C (111). 
Add 0.05  H E D T ~  and ad jus t  pH. 
Contact  wlth o rgan lc .  - 

- 
- T e m p e r a t u r e :  3% 
- o / a :  1 - 
- 
- 

c e  - P m  Nd - - 
- 0 0.01 g 

A A 0 . 0 2  

0 . 0 3 2  - 

FIGURE 9 
EXTRACTION OF Rm EARTHS AM) SILVER FROM SULFAIT SOLUTIONS 

CONTAINING; HEM'A AS A FUNCTION OF pH 



t h e  v o l m  cons tan t .  

3) Digest  t h e  concentrated s o l u t i o n  f o r  48 hours.  

The v o l u m  was reduced by a f a c t o r  of 8. The r e s i d u a l  carbon, 

- 
H', NO3 and Nd f i n a l  concent ra t ions  were 0,3M, - 2.2g, 3.2M and 0.4~ - - 
r e s p e c t i v e l y ,  The Nd t o  H+ r a t i o  was 0.18. Th i s  process  was subse- 

quen t ly  app l i ed  t o  an a c t u a l  p l an t  r a r e  e a r t h  concen t ra t ion -den i t r a t i<~r i  

w i th  complete success .  

N. Future Rare E a r t h  Processing 

The development of a f i s s i o n  product cerium-rare e a r t h  s epa ra t ion  pro, 

has been arduous. Ea r ly  workers were only p a r t i a l l y  successfu l ,  mainly because 

of t h e  i n t e n s i v e  r a d i a t i o n  f i e l d s  encountered which destroyed t h e  ox id i z ing  

agents  o r  produced degradat ion produ,cts by r a d i o l y s i s  of t h e  orgsnic  reagents .  

Varying r a r e  e a r t h  f eed  sources conta in ing  h igh  concent ra t ions  of i ron ,  l ead ,  

manganese, sodium o r  o ther  i n t e r f e r e n c e s  have a l s o  added t o  t h e  2 i f f i c u l t i e s .  

Future source ma te r i a l s  should be thoroughly analyzed f o r  contaminants wnich 

might reduce t h e  e f f e c t i v e n e s s  of t he  oxid iz ing  agent.  

The cu r ren t  process  c o n s i s t s  of a ba tch  sodium p e r s u l f a t e  oxida t ion  - 
D2EHPA e x t r a c t i o n  t o  s epa ra t e  cer iun( IV)  from t h e  t r i v a l e n t  r a r e  e a r t h s .  A 

s t r a i g h t  cha in  p a r a f f i n  irydrocarbon (NPH) i s  used a s  t h e  d i l u e n t  f o r  t h e  

e x t r a c t a n t .  Even w i t h  t h e s e  improvemnts,  t h e  d i f f i c u l t  phase sepa ra t ion  

and long prccess  t i r w  c:;:les can r e s u l t  i n  high product l o s s e s  and i n e f f i c i e n t  

opera t ion .  A continuous process  i s  e s s e n t i a l  f o r  f u t u r e  r a r e  e a r t h  processiii;. 

A so lvent  e x t r a c t i c ?  column proeess  has been proposed. "Cold" pilclt  

p l a n t  s t u d i e s  have been completed by G. L, ?ichardson (14) , of this l abora lory ,  

t o  t es t  the f e ~ s i b i l i t y  ?f s-tzc'z a proccsr. Tlic pr~~lininary results arc very  

favorable  w i th  cerium dc lontaminati  oil f acrtors of > 135. Most of t h e  runs 



have been made with the  feed heated t o  60 C;  with the  aqueous phase continuo~zs; 

with a s t r i p  so lu t ion  containing 2M - HN03, 0.2M - Na2S208, and O.02M - AgNO and 
3; 

with a feed t o  organic flow r a t i o  of 511. The organic ce(IV)-loaded solvent 

i s  then s t r ipped with 0.005 - 0 .05M - lTaN02 and 2M - HN03. A more de ta i l ed  stuc ;,- 

has been proposed f o r  fu tu re  appl ica t ions  and t h i s ,  combined with the  tech- 

nology gained from the  invest igat ions  now conpleted, should form the  ba.;is 

f o r  the  optimum r a r e  e a r t h  flow sheet .  
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