




C o n t r a c t  No. W-7405-eng-26 

CHEMZCAL TECHNOLOGY D I V I S I O N  

C h e m i c a l  D e v e l o p m e n t  Sec t ion  C 

TALSPEAK: A N E W  MEZ3fOD OF SEPARATING AMERICIUM AND CURIUM FROM 

IL'HE L A N m A N I D E S  BK EXTRACTION FROM AN AQUEOUS SOLUT'ION OF 

AN AMLNOPOLYACETIC A C I D  COMPLEX W I T 3 1  A MONOACEllTC 

ORGANOPHOSPHATE OK PHO S PHONATE 

Boyd Weaver F. A .  Kappel-mann 

AUGUST 1964 

3 4456 0443715 2 





iii 

CONTENTS 

, 

Abstract . . . . . . . . . . . . . . . . . . . . . . .  1 

1. I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . .  3 
2, Fl.owsheet . . . . . . . . . . . . . . . . . . . . . . .  2 

3 .  Experimental . . . . . . . . . . . . . . . . . . . . . . .  ' I  

Carboxyl ic  Acid Buf fe r s  . . . . . . . . . . . . . . .  7 
3.2 Procedures  . . . . . . . . . . . . . . . . . . . . .  7 

4. Resu l t s :  Experimental  Data . . . . . . . . . . . . . . .  8 

4. I ~ i r s t  Cyc1.e E x t r a c t i o n :   emo oval of 12anthankdes . , . 9 

Aqueous Medim - L a c t i c  Acid I . a . 9 

A c i d  . . . . . . . . . . . . . . . . . . . . .  13 

4-,1.3 E x t r a c t i o n s  by HDEHP from DTPA i n  Ci t r ic  A c i d  . 1-3 

4.1.-1t Extractions by HD%HP : f r o m  DTPA in Formic Acid 1.3 

4-,1,5 

)+.1,6 

4-.1,7 

4,1.8 E x t r a c t i o n s  by HDEHP f rom DTPA i n  C:arboxyIic- 

r 

3.1 Materials : E x t r a c t a n t s ,  Dil.uenta, Complexants, and 

4.1.1 Ext rac t ions  by HDEHP from ISTPA in Pre:ferred 

4.1.2 E x t r a c t i o n s  by I-IDEHP from DTPA in G1.ycoLi.c 

E x t r a c t i o n s  b y  EFDEHP f r o m  DTPA in 61yc tne  
Ni t ra t s  . . . . . . . . . . . . . . . . . . .  20 

E x t r a c t i o n s  by HDEHP f rom DTPA i i i  Miscellaneous 
Carboxylic Acids 20 

E x t r a c t i o n s  b y  NDEHP f r o m  DTPA i n  Nitrate 
Sol.utions Without a Carboxyl ic  A c i d  . . . . .  20 

. . . . . . . . . . . . . . .  

Aminopo lycarboxy Lic Ae i d  S o l u t i o n s  
Conta in ing  Nitrate . . . . . . . . . . . . . .  25 

A c  t i n i d  e s . . . . . . . . . . . . . . . . . . . . .  2 5 

h..2.1 Slowness of E x t r a c t i o n :  S o l u t i o n  of Problem . 2 5 

@ o n c e n t r a t i o n  . . . . . . . . . . . . . . . .  34 
4.3 M u l t i s t a g e  T e s t  by E x t r a c t i o n  Chromatography . . . . .  311. 

4.4 E x t r a c t i o n  of Other  Contaminating ~lements . . . . .  37 

4.5 E f f e c t s  of I r r a d i a t i o n  on Group Sepa ra t ion  . . . . .  40 
4.5.1 E f f e c t s  of (;amma I r r ad i - a t ion  . . . . . . . . .  40 
&*5,2 E f f e c t s  of Alpha Irradiation . . . . . . . . .  1,LO 

4.2 Second Cyc le  E x t r a c t i o n  and S t r i p p i n g :  Recovery of 

4,2.2 Dependence of E x t r a c t i o n s  on E x t r a c t a n t  



i v  

4,6 Freedom from C o r r o s i o n  by  Process  S o l u t i o n s  . . . . . .  
l k .  7 E x t r a c t i o n s  by HDEBP from. Aqueous S o l u t i o n s  

Containing Aminopolyacetic Acids Other t h a a  DTPA . . . .  
ji-,7.1 E x t r a c t i o n s  by IIDEI-lP from S o l u t i o n s  

Containing N i t r i l o t r i a c e t i - c  Acid (NTA)  . . . . .  
k .  r(,2 E x t r a c t t o n s  by IIDEWP from S o l u t i o n s  

Containing Kydsoxethy lethylenedi.arni.rie- 
t r i a c e t i c  Acid (HEDTA) . . . . . . . . . . . . .  
E x t r a c t i o n s  by HDEI-TP from S o l u t i o n s  
Cor! ta i t i  i n  g :E thy 1 ened i a n i n e  t e traac e t: i c 

Ih.7. )-!- S o l u t i o n s  Contai.ning l , 2 - ~ i a m i n o c y c  101iexane- 
t e t r a . a . ce t i c  Acid ( D C T A )  . . . . . . . . . . . .  

4.'7.5 E x t r a c t i o n s  by HDEHP from S o l u t i o n s  Contain- 
i n g  T r i . e t h y 1  enetetrani inehexaacct ic  Acid (TTHA) 

4. 'f.3 

Acid (EDTA) . . . . . . . . . . . . . . . . . .  

. 
4.8 E x t r a c t i o n s  oE Lanthanides  arid Americiuin f r o m  

Simple Carboxyl ic  Acid S o l u t i o n s  . . . . . . . . . . .  
Extxac t ions  by Monoacidic Phosphonates from 
S o l u t i o n s  Contai.ni.trg DTPA . . . . . . . . . . . . . . .  
14.9.1 Group Separa t ion  by E x t r a c t i o n  w i t h  

2-Ethylhexyl  Phenylphosphonic Acid (ETEII[@P]) . . 

4.9 

4.9.2 Extractions by D e c y l  Decylphosphonic Acid . . .  
5. Conclusions . . . . . . . . . . . . . . . . . . . . . . .  
6. Acknowledgments . . . . . . . . . . . . . . . . . . . . . .  

References . . . . . . . . . . . . . . . . . . . . . . .  

44 

h 5 

45 

45 

45 

50 

50 

50 

55 

55 
57 
57 
58 
60 



. 
1 

Boyd Weaver F . A Ka ppe Lrnann 

~ a l s p e a l c  i s  an e f f e c t i v e  new met:hod f o r  tbr?. separation of americium 

and. curi4xm Ercsrn the l a ~ t h ~ n i d e  eIeinen~:s which does TPOL i nvn  I.ve high con-, 

~ e ~ ~ t r a t l ~ n s  of iIny s a l t  CP% acid a i ~ d  is resistant to the effects of  ir:ra- 

d i a t i o n ,  T h i s  method is being  developed as  a p o s s i b l e  a l t e r n a t i v e  I:O 

 he ~s-amex process c u r r e n t l y  in use  t:o separate t r i v a l e n t  ac t i i i ides  ircanl. 

Lanttiaiiides by exrrac t i r ig  with t e r t i a r y  amine c h l o r i d e s  f r o m  concentrated 

1 j. b h  f Ulri $217.1 i d e  S 0 l U  t i Q17 S - 
Uasi.a:al.ly, the TaYLspeak process consj.sts in h ighly  preferenLial cam-  

pXex%rrg o f  tlae triva8.ent a c t i n i d e s  by an arni.nopoPyacetic acid. ,  $0 t h a t  

.t'r,,e lanthanides and y t t r i . u m  are much more s t r o n g l y  ex t rac ted  by a mono- 

aci.d:ic organophosphate o r  phosphona te * S i m p l e  c a r b o x y l i c  a c i d s  i.n t h e  

aqueous phase a r e  h e l p f u l  as  b u f f e r s  mid s s l u b i l i z e r s  of the complexing 

agen'i, ( I n  the  absence o.E antinopolyacetic a c i d s ,  s imple  ca rboxy l i c  a c i d s  

s h i f t  the  r e l a t i v e  e x t r a c t a b i I i . t F e s  of the  two groups of elements by d i -  

a lky lphosphor i c  a c i d s ,  b u t  n o t  en0ugl-1 to  g ive  an e f f e c t i v e  group separa- 

t i o n , )  S i n g l e - s t a g e  separa t ion  f a c t o r s  between neodymium, the  l e a s t  

extrac,table lan thanide ,  and arner1.c:i.urn. a re  about  $0 i n  e x t r a c t i o n s  with 

aroma t ic hydrocarbon s o  Put i o n s  of d i ( 2- e t h y  lhexy 1 ) phosphoric ac  i d  (IIDEHP) 

f r o m  1 _M sol.utions of any of several carboxy1i.c a c i d s  c o n t a i n i n g  only 

O,O=; molar pentasodium d i e t h y l e n e t r i a m i n e p e n t a a c ~ t a ~ e  (Na,DTPA), the most 

e f fec t ive  complexing age11.t tested, a t  pH 2.5 to 3.5. Other arninopoly- 

ace t i c  acids give srmhler s e p a r a t i o n  fac tors  and/or  a r e  u n s u i t a b l e  because 

of s a l . u b i l i t y  l i m i t a t i o n s .  The presence of n i t r a t e  i n  t h e  aqueous soPu- 

tian does n o t  dec rease  the  separatLon. 

A f t e r  ad justrneirt of tho  l a n t h a n i d e - f r e e  aqueous s o l u t i o n  t o  about  

pH 1.5, [:he a c t i n i d e s  a r e  readily e x t r a c t a b l e  wri.th a dilute s o l u t i o n  of 
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HDEHP i n  a s u i t a b l e  hydrocarbon d i l .uent .  The e x t r a c t e d  elements  may bc 

s t r i p p e d  from t h e  e x t r a c t a n t  by a d i l i i t e  mineral. aci.d. 

A t e n t a t i v e  process  f l o w s h e e t  t h a t  should 3 i . v ~  complete separa t ion .  

of aneric lurn and c1.1rium f r o m  t h e  l a n t h a n i d e s  inc ludes  two c y c l e s  of ex- 

t r a c t i o n  and one of s t r i p p i n g .  It i s  based Oi l  s i n g l e - s t a g e  experiments1 

d a t a  from s t u d i e s  of va r i - a t ion  of e x t r a c t a b i l i t y  as  a f u n c t i o n  o f  ident iLy 

and c o n c e n t r a t i o n  of e x t r a c t a n t ,  composi t ion of  d i l u e n t  and mod i f i ca t ion  

of aqueous phases.  Americihm was compl.etely sepa ra t ed  from europium by 

t h i s  process  i n  ai1 a p p l i c a t i o n  of the technique of ex t r ac t ion .  chroma- 

tography, t hus  confirming the group s e p a r a t i o n  power o f  t h e  method on 

a m u l t i s t a g e  b a s i s .  
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1 e INTRODUCTION 

-x- 
Talspeak i s  a n e w  and very e f f e c t i - v e  method 55 s e p a r a t i n g  americium 

and curium from the  chemica l ly  similar l an than ides ,  which always occur  

as f i s s i o n  products  i n  t h e  product ion  of t h e  a c t i n i d e  el.s?ments. I n  a 

con t inu ing  sea rch  i t  i s  t h e  f i r s t  p r a c t i c a b l e  a l t e r n a t i v e  found t o  t h e  

Tramex process ,  in whidl  the t r i v a l e n t  a c t i n i d e s  are sepa ra t ed  from Che 

l an than ides  by p r e f e r e n t i a l  e x t r a c t i o n  of t he  a c t i n i d e s  wit.h a t e r t i a r y  

amine :From concen t r a t ed  lj-thiurn c h l o r i d e  s o l u t i o n s .  'j2 'Fhe Tramex pro- 

c e s s  i s  now be ing  devel.oped f o r  use i n  p u r i f y i n g  americium, curium, c a l i -  

fornium, and o t h e r  ac.t::inides which w i l l  be produced i n  i n c r e a s i n g  quaa- 

t i t i e s  by i r r a d i a t i o n  of heavy i s o t o p e s  of plutonium and the h e a v i e r  

ac t in tdes  i n  a reacto'r w F t h  a very h igh  n.eutron fl.ux. Advantageous 

a l t e rna t ives  to  the  Tramex process  must provide  comparable group separa-  

t i o n  f a c t o r s ,  must n o t  r e q u i r e  1)i.ghl.y c o r r o s i v e  chernieal.s, and m u s t  be 

resistant t o  the e f f e c t s  of very 'nigh ex.posures t o  r ad ia t ion . .  This  new 

methad shows promise of : f u l f i l l . i n g  t h e s e  requircI:ments 

m s i c a l l y  t h i s  new metjlod (p ig .  1 j promotes tii.ghly p r e f e r e n t i a l .  ex- 

trac+,icm of t h e  lanthanides  w i t h  hydrocarbun. s r ~ 1 u t i o n . s  o f  m.onoac.idi@ 

arganopho:;pha te s o r  phosphona te:; by pze f eren I: ia I $2 omplex i n g  o f the  tri - 
va.I.ent ac6 in ides  i n  an aqueous sslut Lon witlh a sui table  aminopalyaeetic 

iicid. ~ ~ r t e  extrac. t m t - s  which have shown most prmxise a re  t ~ i ( ~ - e t h y l h e x y ~  j- 
p l ~ . o ~ p h o r i . ~  a c i d  ('HIERP) at1.d 2-etllyl.hexy1. pheny I p h ~ s p h o ~ ~ i c  a~:i.d (XEH[OF]), 

arzd, t h e  m o s t  effee:t:i.ve syueous  coii1.p1.1~xi.ng agen-i: tested j.3 tliet 'nylenerr:i.- 

aol?.;re~~?nt;3acetic ac:.~~ (UT:PA) a 

b the aqaefius s o l t i t i e n s  and I'.nc,r.ea:;e the s o I . ~ . i ' ~ i ? ~ i t i ~ s  of i:bi? ~ ~ i n p l e x i n g  

a g e n t s ,  

~ i m p l e  carbox.yl.ic a c i d s  a re  ua:?j:uJ. b u f f e r s  
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Fig.  1. Flowsheer- fo r  P u r i T i c a t j - o n  of Arneririurn 2nd C u r i u m .  
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After adjus tment  of t h e  l a n t h a n i d e - f r e e  aqueous s o l u t t o n  t.o yZi 1.5, 

amexicium and curium a r e  recovered by e x t r a c t i n g  wi th  a di1.ut.e s o l u t i o n  

of mEHP i n  an a l i p h a t i c  hydrocarbon d i l u e n t .  

Americirmrn and cu r ium may be r e a d i l y  s t r i p p e d  from 0.3 g HDEHP i n  

_. n-dodecane h y  P Jj n i t r i c  o r  hydroch lo r i c  a c i d .  S t r t p p i n g  w i t h  1 rJ HN03 

avo ids  the u s e  of c o r r o s i v e  c h l o r i d e s  a 

-X- 

T h i s  r e p o r t  i s  an account  of progress  t o  d n t e  i n  l a b o r a t o r y  sfretdies 

l i m i t e d  t o  the  two a c t i n i d e s ,  arneric. im and cu.rium, at: t r a c e r  l eve l s .  

Expansion of t 1 i i s  sttndy t o  o t h e r  a c t i n i d e s  and the opera t ion  of m u l . t i -  

s tage  coun te rcu r ren t  systems a t  hi.gher c o n c e n t r a t i o n s  will be the sub- 

j e c t s  o f  f u t u r e  r epor t s .  I n  t h i s  r epor t ,  t he  process fl.owsheet i s  

descr ibed  as envf.saged on the basis o f  present inforrriaticari.. Extrac tim 

and s t r i p p i n g  data are presented firsj: f o r  the r e a g e n t s  used i n  the 

p r e f e r r e d  f lowsheet ,  then in l a t : e ~  sco t i o n s  f o r  o t h e r  reage11.t.s~ Resul t s  

are  included f r o m  a mu.ltristage t e s t  u t i l i z i n g  e x t r a c t i o n ,  chromatography, 

and s t u d 3 . e ~  on t h e  behavior  of c o n t ~ a m h n a t k ~ g  el-ements, 5_he e f f e c t s  of 

Lrsadia t ion ,  and C O ~ F O S  i.0~1. 
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1 - 61 i n  1act i .c  ac id ,  which may c o n t a i n  a cons ide rab le  concentrat i .on of 

n i t r a t e  ion .  The sc rub  i s  a mixed s o l u t i o n  of  t he  same ca rboxy l i c  a c i d  

and d i e thy lene t r i aminepen taace t i c  aci-d (DTPA), a d j u s t e d  t:o a b o u t  pH 3 .  

S a t i s f a c t o r y  condi . t ions can 5e obta ined  wi.th a so l -u t ion  1 _M i n  l a c t i c  

a c i d  and 0.1 - M i n  pentasodium dietl-~y1enetriami:nepentaacetate (Na,DTPA). 

The e x t r a c t a n t  i s  a d i l u t e  s o l u t i o n  of  di. (2- e thy lhexy 1) phosphoric  a c i d  

i n  an a romat ic  hydrocarbon d i l u e n t .  A p r e f e r r e d  ex t r ac t a l i t  i s  0.5 _M 

HDEHP i n  d i i sopropylhenzeae  ( D I P B ) .  Fewer than PO s t a g e s  i n  t h i s  c y c l e  

will g ive  very  e f f e c t i v e  removal of  t he  lanthani-des  and y t t r i u m  wi thout  

e x t r a c t i n g  an appreciab1.e amount of  americium o r  curium. 

The a c t i n i d e s  a r e  recovered from the  f i r s t -cyc1 .e  r a f f i n a t e  i n  a 

second e x t r a c t i o n  cyc le .  ( I f  no i m p u r i t i e s  o t h e r  than l an than ides  and 

y t t r i u m  a r c  involved,  t h e  pure  a c t i n i d e  group can be rc+covered by oxa- 

l a t e  preripi.1:at ion from the f i r s t - c y c l e  r a f f i n a t e .  Fu r the r ,  an  o x a l a t e  

prec i -p ica t ion  a lone  might prGvide adequate  decontaminat ion from many i m -  

purit-i.es, cf. foo tno te ,  p. 5.) E x t r a c t i o n  of t h e  a c t i n i d e s  is  accom- 

p l i shed  by usi.ng a d i l u t e  sol.iltion of t h e  extractaint  i n  a more f avorab le  

d i l u e n t  (0.3 - M FiUEHP i n  - n-dodecane) and a lower pH, about  1.5. 

pH a l s o  i n c r e a s e s  the  r a t e  o f  e x t r a c t i o n .  Sti.11 h ighe r  e x t r a c t i o n  power 

]:or t h e  ac t in i -des  could be  ob ta ined ,  i f  i t  were needed, by us ing  HEH[@P] 

i n s t e a d  o f  HI)EFIP, b u t  si::ri.pping would h e  more d i f f i c . u l t .  The second- 

c y c l e  scrub  i s  s i m i l a r  t o  t h e  f i r s t - c y c l e  scrub,  bu t  w i t h  lower pH and 

c o n c e n t r a t i o n  of  coinplexing a g e n t :  1 l a c t i c  a c i d ,  0.05 I_ PI I)TPL4, pH 1.5. 

A m e r i c i u m  and curi.iriii were s t r i p p e d  by 1. E IINO,, w i t h  s t r i p p i n g  c o e f f i -  

c i e n t s  about  1.0. Strippi-rig of t h e  h e a v i e r  a c t i n i d e s  would r e q u t r e  a 

more concent ra ted  a c i d  s o l u t i o n .  I t  m y  be p o s s i b l e  t o  app ly  t h i s  

p rope r ty  t o  a subgrorip sepa ra t ion . "  

s t r i p  s o l u t i o n  contai-ning a l l  t h e  t r i v a l e n t  a c t i n i d e s  a s  feed  t o  the  

phosphoaat:e process" f o r  s e p a r a t i n g  the tuanscurium elements  from 

ailiexicium and curiuin. 

Tile lower 

Another a l t e r n a t i v e  i s  t o  use  t h e  
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3.  EXIT RIMENTAL 

3.1 M a t e r i a l s  : E x t r a c t a n t s ,  Di luents ,  Complexants, 

and Carboxyl ic  Acid B u f f e r s  

The m a  j o r  e x t r a c t a n t  t e  s ted,  d i (? -e  thy lhexy 1 ) phosphoric  a c  id ,  was 

c a r e f u l l y  pu r i f i ed '  and analyzed.  

pha te s  and w a s  d i l u t e d  and assayed by t i t r a t i o n .  Tes t s  w i t h  unpur i f i ed  

m a t e r i a l  showed no e f f e c t s  Erom i m p u r i t i e s  on e x t r a c t i o n ,  Supp l i e s  o f  

o t h e r  e x t r a c t a n t s  on hand were too  s m a l l  t o  j u s t i f y  p u r i f i c a t i o n .  I)i- 

l u c n t s  were connnercial r eagen t s ,  used a s  rece ived .  

It was f r e e  of d i b a s i c  organophos- 

Commercia 1. pentas  odium d i e  thy l e n e  t r iaminepentaace  t a  t e  (Ver senex-80, 

Na,DTPA) was u s u a l l y  used a s  obta ined  from Dow Chemical Company. I t  was 

a 1.05 - M aqueous s o l u t i o n .  H a t e r i a l  made by c r y s t a l l i z i n g  t h e  a c i d  form 

and r econver t ing  t o  t h e  pentasodium s a l t  gave i d e n t i c a l  r e s u l t s  a t  t he  

same pH va lues .  Sodium s a l t s  of hydroxet I iy le thylenediaminet r iacPt ic  

a c i d  (HEDTA) e thy  lenediaminete  t r a a c e t i c  a c i d  (EDTA and t r i e t h y  lene- 

t c t r aminehexaace t i c  a c i d  (TTHA) were a l s o  Dow products .  The l a s t  of 

t h e s e  conta ined  Js$ NaC1. 

c y c l o h e x a n e t e t r a a c e t i c  a c i d  (DCTA) were used as rece ived  from Geigy 

Chemical Corporat ion.  The ca rboxy l i c  a c i d s  used were a l l  s tandard  

stockroom chemicals .  Where " p r a c t i c a l "  grades  were compared wi th  "pure" 

grades,  t h e r e  w a s  no d i f f e r e n c e  i n  r e s u l t s  when concen t r a t ions  of t h e  

p r i n c i p a l  reagent  were i d e n t i c a l .  

N i t r i l o t r i a c e t i c  a c i d  (NTA) and 192-diamino- 

3 e 2 Procedures 

E x t r a c t i o n  d a t a  were ob ta ined  by adding t r a c e r s  i n  r e l a t i v e l y  very 

s m a l l  volumes t o  prepared aqueous s o l u t i o n s ,  c o n t a c t i n g  the  aqueous 

phases wi th  prepared o r g a n i c - e x t r a c t a n t  phases  i n  sepa ra to ry  funne l s  

by hand o r  mechanical a g i t a t i o n ,  s e p a r a t i n g  t h e  phases by c e n t r i f u g a t i o n ,  

sampling by p i p e t t e  i n t o  c u l t u r e  tubes  and measuring a c t i v i t y  by count ing  

i n  a well-type s c i n t i l l a t i o n  gamma coun te r .  
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Ga:nma- eini t t i n g  t r a c e  T s used i n c  l.i.1.ded 2’41Arn, 1 4 0 ~ ~ ~  1 4 1 ~ ~  2 - 4 2 ~ ~  7 Y 

9 . Curium-242 a c t i v i t i e s  were 
1 4 7 ~ d  147~,~, l53srn, .1-.52~~~, 17Gn,, and 9 l y  

measured by a lpha  c o i i n t i n g  a f t e r  p r e p a r a t i o n  of p l a t e s .  

13istri.bI~ition ( e x t r a c t i o n )  c o e f f i c i e n t s  were i-he r a t i o s  of t h e  

a c t i v i t i e s  i i l  cor responding  o rgan ic  and aqueous phases,  and s e p a r a t i o n  

f a c t o r s  were %he ra t i . o s  of t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  of  two elements  

u n d e r  i den t i - ca l  cond i t ions .  Tn some cases p a i r s  o f  elementis were used 

in t h e  same snlci t ions a n d  iiieasi.ired by s tandard  methods of  d i s c r i h i n a -  

t i o n .  

Many O F  t h e  d a m  i n  a s e r i e s  o f  t:ests were obta ined  by f i r s t  ex t r ac -  

t i n g  t he  metal  ( o r  m e t a l s )  i n t o  Iihe o rgan ic  phase and then conduct ing a 

ser ies  of sc rubs  by d i r f e r e n t  aqtieous sol  ii.tlons. ‘This was p o s s i b l e  only 

when e x t r a c t i o n  c o e f f i c i e n t s  were h igh .  Data were o f t e n  checked by making 

two o r  more success ive  scrubs  w i t h  Ldentical. aqiieous solut i .ons.  Contac t  

t imes were tisual-ly 20 min. This  was f a r  more than necessary  f o r  reaching  

eqi i i l ibr i .nm i n  mos t  ca ses .  IIowwcr, i n  speci.a?. i.i-rstances, a slow r a t e  

oE approach t o  equ i l ib r ium was observed (sf. Sec li .2.1). 

4. RESULTS : EXPERWENTAT., DATA 

Most of t h e  e x p t ? r i m n t n l  work was co i icer i id  w i t h  e x t r a c t i o n  by d i -  

(?-e thy lhexy 1 ) phosphoric  a c i d ,  whi le  ’3- c thy  lhexy l pheny lpliosphon ic  a c i d  

was s t u d i e d  t o  a l e s s e r  e x t e n t  and o the ;  organophosphoric o r  organo- 

phosphonic a c i d s  were s t u d i e d  only s l i g h t l y .  A f t e r  pre l iminary  t e s t s  

showed t h a t  d i e t h y l e n e t r i a m i n e p e n t a a c e t i c  a c i d  w a s  the  most ef  f e c t j v e  

o f  s e v e r a l  aqueous complexing agent:s s t u d i e d  i n  caus ing  d i f f e r e n c e s  v 

between t h e  two groups of e lements ,  i t  was given al.most excl-usive a t t e n -  

t i o n .  Of s e v e r a l  ca rboxy l i c  a c i d s  t e s t ed ,  l ac t i c :  a c i d  wa.s t h e  one most 

thoroughly s t u d i e d  a f t e r  a pre l iminary  survey showed t h a t  i t  had the  

advantage of b e t t e r  phase s e p a r a t i o n .  C e r i u m  and europium were used 

a s  examples of f i s s i o n - p r o d u c t  l an than ides .  Subsequent t e s t s  showed thar 

some of t he  in t e rmed ia t e  lanthani-des  a r e  l ess  e x t r a c t a b l e  than europium. 

Yttr ium, an  impor tan t  f i s s i o n  product ,  and thul ium and lu t e t ium,  examples 

of t h e  heav ie r  l an than ides ,  were t e s t e d  under only a few cond i t ions .  
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Data a r e  r epor t ed  h e r e  a l s o  from a s tudy of e x t r a c t i o n  by d i a l k y l -  

p110~ph0ri.c a c i d s  from s o l u t i o n s  of v a r i o u s  c a r b o x y l i c  a c i d s  c o n t a i n i n g  

no aminopolyacet ic  a c i d s .  

1-1.1. F i r s t  Cycle E x t r a c t i o n :  Removal of Lanthanides  

i t ,  1.1 E x t r a c t i o n s  by HDEHP from DTPA i n  P r e f e r r e d  Aqueous Medium - 
L a c t i c  Acid 

Seve ra l  l an than ides  were compared wi th  americium i n  e x t r a c t a b i l i t y  

by 0.3 ,M HDEHP i n  d i i sopropylbenzene  (DIPB) from 1 ,M l a c t i c  a c i d  so lu -  

t i o n s  c o n t a i n i n g  v a r i o u s  c o n c e n t r a t i o n s  of commercial pentasodium d i -  

e thylenetr iaminepentaacetate  (Na5RTPA).  Very s m a l l  c o n c e n t r a t i o n s  of 

Na,DTP.A deercased  the  e x t r a c t a b i l i t y  of americium very  markedly and 

t h a t  of europium somewhat less, bu t  t h e  complexant i n  small c o n c e n t r a t i o n s  

a c t u a l l y  inc reased  t h e  e x t r a c t i o n  of a t  least  lanthanum and cer ium (F ig .  2)* 

F u r t h e r  i n c r e a s e s  i n  c o n c e n t r a t i o n  o f  Na5DTPA decreased  e x t r a c t i o n s  of 

a l l  these elements  t o  d i f f e r e n t  e x t e n t s ,  so  t h a t  cerium became s l i g h t l y  

more e x t r a c t a b l e  than europium, which became abou t  100 t imes more e x t r a c -  

t a b l e  than americium, a t  a Na5DTPA c o n c e n t r a t i o n  of Q.05 _M. The i n t e r -  

media te  l a n t h a n i d e s  were less e x t r a c t a b l e ,  neodymium being  about  h a l f  as  

e x t r a c t a b l e  as europium. S t i l l  f u r t h e r  i n c r e a s e s  i n  Na5DTPA concen t r a t ion  

had l i t t l e  f u r t h e r  e f f e c t  on t h e  r e l a t i v e  e x t r a c t a b i l i t i e s  of cer ium and 

europium. 

than  cer ium when t h e  Na,DTPA c o n c e n t r a t i o n  w a s  0.05 - M. 

d i f f e r  s l i g h t l y  z'rom those  from s o l u t i o n s  c o n t a i n i n g  Na,DTPA made from 

r e c r y s t a l l i z e d  H,DTPA (Fig .  3 ) >  because of t h e  h ighe r  a l k a l i n i t y  05 the  

commercial Na,DTPA s o l u t i o n .  

Y t t r i u m  and thul ium were about  4 and 200 t i m e s  more e x t r a c t a b l e  

These e x t r a c t i o n s  

I n  e x t r a c t i o n s  by 0.3 KUEHP i n  E-dodecane from 1 - M l a c t i c  a c i d -  

0 , i  _M Na,DTPA s o l u t i o n ,  t h e  Eu/Am s e p a r a t i o n  f a c t o r  was only  about  It0 

(Fig.  4), whi le  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  of  cerium and europium 

were about  5 t i m e s  as h igh  a s  i n  e x t r a c t i o n s  by 0.3 ,M HDEHP i n  D I P B .  

Because of t h e  h i g h e r  s e p a r a t i o n  f a c t o r  ob ta inab le ,  D I P B  i s  p r e f e r r e d  

t o  2-dodecane as a d i l u e n t  i n  t h e  s e p a r a t i o n  c y c l e .  
L 
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Fig.  2. DTPA Carises Largc DiEEerences in Extraction of Americium 
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Fig.  E x t r a c t i o n s  a r e  Much Highe r  b u t  Sepa ra t ion  Lower w i t h  
- n-Dodecaae B i l u e n t  than w i t 1 1  DPPB (cf. F i g .  2). 
IIBEHP i n  - n-dodecanp. 
c o n c e n t r a t j  on. 

E x t r a c t a n t :  0.3 
Aqueous phase: 1 I M l a c t i c  a c i d ,  v a r i a b l e  Na,DlPA 



4.1.2 E x t r a c t i o n s  by IDEHP from DTPA i n  Glycol ic  Acid 

I n  e x t r a c t i o n s  by 0.3 _M HDEHP i n  D I P B  from 1 ,M g l y c o l i c  a c i d  con- 

t a i n i n g  1 g of cer ium p e r  l i ter ,  a CelArn s e p a r a t i o n  f a c t o r  of 100 w a s  

ob ta ined  when t h e  c o n c e n t r a t i o n  of Na,DTPA w a s  only about  0.05 

Cerium and europium were a l i k e  a t  t h i s  po in t .  These e x t r a c t i o n s  were 

somewhat h ighe r  than those  by 0.3 ,M KDEHP i n  d ie thylbenzene  ( D E R )  from 

1 - M g l y c o l i c  a c i d  s o l u t i o n s  c o n t a i n i n g  no rare e a r t h s  beyond the  tracer 

l e v e l ,  e s p e c i a l l y  a t  l o w  c o n c e n t r a t i o n s  of Na5DTPA (Fig.  6 ) .  P a r t  Of 

t h i s  d i f f e r e n c e  w a s  a d i l u e n t  e f f e c t ,  bu t  p a r t  was probably caused by 

dec rease  of the e f f e c t i v e  DTPA c o n c e n t r a t i o n  by t h e  apprec i ab le  amount 

of cerium p resen t .  These and o t h e r  d a t a  from e x t r a c t i o n s  from s o l u t i o n s  

a t  tracer l e v e l  (Table  1) o r  from s o l u t i o n s  con ta in ing  cer ium o r  europium 

(Table  2 )  show t h a t  t h e  a b s o l u t e  and r e l a t i v e  d i s t r i b u t i o n  c o e f f i c i e n t s  

of t he  elements  a r e  dependent on c o n c e n t r a t i o n s  of DTPA and g l y c o l i c  a c i d  

and on pH. I n c r e a s i n g  t h e  pH i n c r e a s e s  the  complexing power of the DTPA, 

e s p e c i a l l y  f o r  americium, thus  dec reas ing  d i s t r i b u t i o n  c o e f f i c i e n t s  and 

i n c r e a s i n g  s e p a r a t i o n  f a c t o r s  between t h e  l an than ides  and americium. More 

complexing agent  w a s  r e q u i r e d  t o  o b t a i n  the  same s e p a r a t i o n  f a c t o r s  be- 

tlween europium and americium a s  the  c o n c e n t r a t i o n  of g l y c a ' l i c  a c i d  w a s  

increased .  Americium and curium were very n e a r l y  a l i k e  wherever they 

were compared. 

(F ig .  5 ) .  

11 I E x t r a c t i o n s  by HDEHP f F O ~  DTPA i n  C i t r i c  Acid 

E x t r a c t i o n  by 0.5 IUEHP i n  1)LPH from c i t r i c  aci-d s o l u t i o n s  con- 

t a i n i n g  Na,DTPA a l s o  gave la rge  s e p a r a t i o n s  between the l an than ides  and 

the  americium-curium p a i r  (Table  3) "The s e p a r a t i o n  f a c t o r s  a t  COP- 

s t a n t  c o n c c n t r a t i o n s  of c i t r j c  a c i d  and Na5,DTPA inc reased  as  the p1-I i n -  

c r eased .  ~rpr example, w i th  a concentrati~n s f  only 0.008 g N~,L)TPA i n  

O e 2  c i t r i c  ac id ,  t h e  Ce/Am sepa ra t ion  f a c t o r  was s m a l l  a t  pH 1.8 bur: 

i nc reased  to t iearly 100 when the  pH oE t h e  aqueous phase w a s  i nc reased  

t o  3 . 5  (P ig .  y ) .  

4.1.4 E x t r a c t i o n s  by EIIBEHP from 3 ' W A  in Formic Acid 

T e s t s  of e x t r a c t i o n  hy NDEHP sol.utirsns from s o l u t i o n s  I & and 2 r;r 
i n  f o r m i c  a c i d  gave h igh  b u t  i n c o n s i s t e n t  c o e f f i c i e n t s  f o r  t h e  el-sments 

sttidied., Cons i s t en t  r e su l t s  were  ob ta ined  from s o l u t i o n s  5 i n  :furinic 
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UNCLASSIFIED 
ORNL-DWG 63-7663 

\ 

t : 

____.............. A- * I___ 

~ ~ ............... . . . . . . . _~__ ........... ~ 

a 
. _ _ _  . - 

f'a- 

.......... 

.~ 

b 

0 0.02 0.04 0.06 0.08 0.1 
CONCENTRATION OF Na5DTPA ( M )  

Fig .  6. E x t r a c t i o n s  a r e  Lower b u t  Sepa ra t ion  About Equal w i th  DEB 
Diluent as w i t h  D I P B  (cf. F i g .  5). 
Aqueous phase : 1 g l y c o l i c  a c i d ,  v a r i a b l e  Na5DTPA concen t r a t ion .  

E x t r a c t a n t :  0.3 - M HDEHP in DEB. 



> .  

'~ . ./ 

0 Se para t i  on 
1 r 3 c. to T- P 

~ ...I....._..... 
Ea --.-_ 

Ci-ir A in Ce Eu Ce/Am En/&; 
..........I.. ......... .,~. .................................... ~ ................... __ _._ 

0,IO 1 1  11 1.1.0 110 

0. OD 10 8 12 5 100 

13 0 105 0.032 I; * j 3 . !+ 
9.028 3 . '7 2.7 130 95 
0.016 2.3 1.6 Ili.5 1.00 

2.8 I. 7 150 6 54 
3.58 c.27 23 29 85 105 
1.2 1. I 1.7 95 15 85 

0.29 17 50 59 170 
0.0: 4.6 4.'T 92 9s 

0. O X  2.k 1.9 120 95 
9.020 2. 1. 1.7 mi; 85 
ci 3 1 '7 1.9 1.:> 110 a8 

0.009 0.008 0.91 0.'7 110 85 
0.45 03 54 10 102 

P - -  

'3,961 0.0'71 9.j 13 0 

1 , -  



Table 2* E x t r a c t i o n s  by D i ( 2 - e t h y l h e x y l )  phosphoric Acid (W’1EHP) 

from G l y c o l i c  Acid Conta in ing  Cerium o r  Europium 

and Die thy1.ene t r i a m i n e p e n t a a c e t i c  Acid 

Organic phase: 0.3 g HDEHP i n  DIPB 

Aqueous phase:  1 - M g l y c o l i c  a c i d  p l u s  Na,DTPA 

A que CI u s  - Pha s e C onc cn t: r a t i  on s 
Separa t ion  
Fac t o r s  E* 

Ce NaSDTPA 
_- (g/liter) (E 1 Am Ce E U  Ce/Am Eu/Am 

(3* I 0.008 1.3 1-7 107 13 82 

0.1 0 a 0211 0.26 13 24 9 91 

0*5 0.008 1.2 13 91 11 r76 
1 .o 0.008 1. 1 ?( * 0 79 7 72 

1.0 0.024 0.24 11 22 45 90 

1.0 0.04 0. C98 8.7 10 89 106 

1 .0 0.06 0.041 6.2 5.5 L50 130 
ELl$33 

( % / l i t e r )  

0.05 0.008 1.07 17 103 16 96 
0.0; 0,02!+ 0.211 1 4 27 60 112 

0.10 0.008 1.3 1 ‘7 109 13 84 
1.0 0.008 1.2 13 77 11 64 
1.0 0.024 0*2 3.4 16 4,1 ‘18 

3.0 9.008 0.64 11 48 16 75 
2.0 0.02lc 0.088 8.6 13.4 98 95 



Organic pylas..: 5.3 M in D l P K  
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a c i d ,  excep t  f o r  a slow approach t o  equ i l ib r ium when no N a 5 D T P A  ~7as p r e s e n t .  

With 0.3 _M HDEHP i n  I_ n-dodecane, (Ce, Eu)/Am s e p a r a t i o n  f a c L o r s  g r e a t e r  than 

100 'clcre reached a t  a Na5DTPA c o n c e n t r a t i o n  of C.; M (Fig;+ 8). 

4.1.5 E x t r a c t i o n s  by IiBEBP from DTPA i a  Glyciile N i t r a t c  

A mixed s o l u t i o n  o f  e q u i v a l e n t  anounts  or g lyc ine  (alninoacet ic  a c i d )  

and n i t r i c  a c i d  behaves i n  some ways l i k e  a s o l u t i o n  of a s imple  ca rboxy l i c  

a c i d .  

t a i n i n g  more than 0.05 

100 (F ig .  9). 
t i o n s  of both cer ium and americium. 

a much more a b r u p t  dec rease  of americium e x t r a c t i o n  Lhan o f  cer ium e x t r a c -  

t i o n .  

E x t r a c t j o n s  b y  0.3 I_ M HDEHP i n  DIPB from 1 - M g l y c i n e  n i txaLc  con- 

NasDTPA gave C p / A m  s rparaLinn  f a c r o r s  ol' about  

V e r y  srna11 cvnccn t r a r inos  o f  Na5DTPA inc reased  the e x t r a c -  

E i i r t ' n r r  addi  t i  ons o€ Na5,D'IPA caused 

Lt. 1,6 h t r 2 c t i o n . s  by HDEHP from D T P A  i n  M i  l aneous  C.x rhoxJ lLc  Acids 
._.I _-.--.____ ~ ,.-. _- .-.-__I_-___ ....._.. ____,- --- --l....l..,...._ 

Severa l  o t h e r  carboxy1.i.c ac ids  i.n.cluditig a c e t i c ,  digl.ycoli-c, malonic,  

mandelic,  arid t a r t a r i c  a c i d s  were t e s t e d  bi-i l y .  Some r e s ~ ~ l e s  O F  

t r a c t i o n  by 0.3 - M HDEHP i n  DIPB a r e  given i n  ,Ya.l>le 1 ; -  

-- C a r b S L i r  Arid 

When 0.3 - M ::DR:iP i n  UlPB was used LO 

europj  un from s o l u t i o n s  of  n'a,DTPA n e u t r a  

o f  2.5, an EU/AP SCpardtiOi? f a c t o r  s i  100 

ccnfsrat ion o f  ahout  0.05 &I (E'rg. 10 ) .  Cer 

t a b l e  Lhan eriropi 11111. !10wex'er9 r l t e s ~  d a t a  

u t i l i z i n g  45-riLin con tac t s .  Seve ra l  t e s t s  

wer:? obrained 'Eroifi e::peTiiiit..clts 

wFt1-i s h o r t e r  co i l tac t  pe r iods  

i n d i c a t e d  tha,!: e q u i l i b r i u m  i n  t h e  ex.t.s:sc:tion of ;ruxiipiuin vas o r d i n a r i l y  

n o t  ai:i:a-i.ned w i i i i r i n  jG mii-15 while 5-i';iiii co[ii:act:s we.;-'? s u f f i c i . e a t  an3 

probably unnecessa r i ly  long  f o r  e q u i l i b i - 2  tLon i n  the e x t r a c t i o n  of cerium. 

'i'here may have Seen a sria1.I t ime e f f e c t  in t h e  e x t i a c t i s n  o f  americi . tm '9 

b u t  i t s  low c x t r a c t a h i l i - t y  made this di. <. l . I l . t  [:I3 r ;bser\ /c.  

'):he slowness of ex i . rac t i sn  of a t  ].east some of the rare e a r t h s  prm7res 

a s e r i o u s  haxdicap t o  t he  iibe of s y s t k  whicli c.oni-aii.n no c a i - l i a x y l i c  aci.ds. 

FurtherImi.cl, t h c  prcsence oC carboxyl i.c a.ci ds has  o t h e r  advaniiages, such 
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Pig.  9. DTPA Gives Good S e p a r a t i o n  i n  G l y c i n e  N i t r a t e  Medimmi. 
Ext racLanc ,  0.3 419CIIP i n  D I P B .  Aqueous p h a s e :  1 M g l y c i n e  n L t L a ; e ) ,  
vat i a b l e  Na M"H c o n c e n t r a t i o n .  



Tab 1 e lt . Ex t r ac  t i o n s  by D i ( 2 -e t h y  Ihexy 1 ) phosphor i c  Ac i d .Er om S D 1 u c i o  c) s of 

Various Carboxyl ic  Acids Conta in ing  Die thy lenc t r i amine~en taace t i c  Acid 

E x t r a c t a n t :  0.5 M HDEHP i n  DIPB - 

Separa t ion  
E: F a c t o r s  

NasDTPA 
Aqueous Phase @! ) PI1 Am Ce E U  Ce/Am Eu/Am 

0.5 _M T a r t a r i c  a c i d  

0*> _M T a r t a r i c  a c i d  

0 5 - PI T a r t a r i c  a c i d  

1 E D i g l y c o l i c  a c i d  

1 ,M D i g l y c o l i c  a c i d  

2 Ace t i c  a c i d  

2 E Ace t i c  a c i d  

4 g Ace t i c  a c i d  

4 - M Ace t i c  a c i d  

6 - M Ace t i c  acid 

0.5 _M Mandelic a c i d  

0-5 _M Mandelic a c i d  

1 - M Malonic a c i d  

0.008 

0.008 

0.016 

0.0 

0.008 

0.0025 

0.127' 

o (. 0076 
0.0076 

0.0076 

0.05 

0.10 

0.10 

3.0 

2.1 

5 * o  
1.5 

1 . 'I 

3 * 3  
3.8 
2.7 

0 * 20 

L. 3 

0. 11 

0.016 

0.0055 

1.0 

0.17 
0.45 
0.13 

0.52 

0.047 

0.0051 

0.029 
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Fig .  10. DTPA Gives E-ligh Separa t ions  Klithout a Carboxyl ic  Acid. 
E x t r a c t a n t :  0.5 _M HDEHP i n  DIPtS. Aqueous phasc: v a r i a b l e  H5DTPA con- 
c e n t r a t i o n  p l u s  e q u i v a l e n t  NaN03, pH 2.5. 



a s  provid ing  a h i g h l y  bu f fe red  aqueous phase and i n c r e a s i n g  t h e  s o l u b i l -  

i t y  of HSDTPA, 

s o l u t i r m s  c o n t a i n i n g  o r i g i n a l l y  0.1 

1,. 1.8 

C r y s t a l s  of  H,DTPA have been observed t o  form i o  aged 

HSIITPA and 0.5 I M NaNO,. 

E x t r a c t i o n s  by IDEHP from DTPA i n  Carboxylic-Aminopolycarboxylic 

Acid S o l u t i o n s  Containing N i t r a t e  

The p r e p a r a t i o n  of feed f o r  t h e  s e p a r a t i o n  process  may be much sim- 

p l e r  i f  n i t r a t e s  p r e s e n t  f r o m  previous  p rocess ing  may be l e f t  i n  t h e  

s o l u t i o n ,  In comparat ive t es t s  of e x t r a c t i o n  from s o l u t i o n s  1 g i n  

l a c t i c  a c i d  and 0.95 E i n  Na,DTPA wi th  similar s o l u t i o n s  a l s o  1 g i n  

sodirm n i t r a t e ,  t h e  sodium n i t r a t e  decreased  c o e f f i c i e n t s  by n o t  more 

than  205 arid gave i d e n t i c a l  Eu/Brn s e p a r a t i o n  f a c t o r s  and s l i g h t l y  h ighe r  

C c j A m  s e p a r a t i o n  f a c t o r s .  

n i t r a t e  up t o  a c o n c e n t r a t i o n  of l 

t i o n .  

'It i s  e v i d e n t  t h a t  t h e  presence  of a n e u t r a l  

would n o t  i n t e r f e r e  wi th  t h c  separa- 

4.2 Second-Cycle E x t r a c t i o n  and S t r i p p i n g :  

Recovery of A c t i n i d e s  

There should be s e v e r a l  combinat ions of e x t r a c t a n t s  and d i l u e n t s  

s u i t a b l e  f o r  e x t r a c t i n g  americiuni and curium from t h e  aqueous s o l u t i o n s  

l e f t  a f t e r  removal of t he  l an than ides ,  s i n c e  (1) e x t r a c t i o n s  o f  t r i v a l e n t  

l a n t h a n i d e s  and a c t i n i d e s  by monoacidic organophosphorus r e a g e n t s  from 

mine ra l  a c i d s  a r e  u s u a l l y  p r o p o r t i o n a l  t o  about  t he  t h i r d  power of t he  

f r e e  r e a g e n t  concen t r a t ion ,  (2 )  d i f f e r e n t  r e a g e n t s  d i f f e r  i n  r e l a t i v e  

e x t r a c t i o n  power ( f o r  example, 2-ethylhexyl.  phenylphosphonic a c i d  

( IEH[@P])  i s  a s t r o n g e r  e x t r a c t a n t  than di(2-ethylhexy1)phosphoric ac id  

(I-IDEHP), and ( 3 )  e x t r a c t a n t s  g ive  h ighe r  e x t r a c t i o n s  when d i s s o l v e d  i n  

a l i p h a t i c  d i l u e n t s  than  when d i s s o l v e d  i n  a romat ic  d i l u e n t s .  A study 

of t h e  behavior  of s e v e r a l  p o s s i b l e  systems showed t h a t  t h e  a c t u a l  

s i t u a t i o n  i s  somewhat more complex than  expected.  However, s a t i s f a c t o r y  

e x t r a c t i o n  methods have been developed. 

k S 2 * 1  Slowness of E x t r a c t i o n :  So lu t ion  of Problem 

One n o t a b l e  f e a t u r e  of t h i s  e x t r a c t i o n  method as a p p l i e d  t o  t r i-  

v a l e n t  a c t i n i d e  e x t r a c t i o n  i s  t h e  f a c t  t h a t  e x t r a c t i o n  i s  sometimes 

s l o w ,  r e g a r d l e s s  of t h e  degree  of a g i t a t i o n  i n  t h e  mixing of phases.  



I n  t h e  s tudy of e x t r a c t i o n  of laii t lranides (under  coraditioris sui yab1.e f o r  

t h e i r  removal) s low e x t r a c t i o n  was observed i n  o n l y  a Eew instances an.d 

a f f e c t e d  only the  heav ie r  l an than ides .  I t  d i d  n o t  i r l t e r f e r e  with the 

g roup  separat ion.  A s  cond i t ions  were a l t e r e d  1:o pz-ovi.de For high ex txac-  

t i o n  o f  americium, t h i s  element was foliild t o  exi l ract  o n l y  s lowly  urider 

t h e  organic-phase cond i t ions  t h a t  gave i t s  maximum equ i l ib s ium e x t r a c -  

t i o n .  Over severs].  s e t s  of ex t rac t i .on  condi , t ions,  extracti .on.  was slower 

by HEH[(IP] than by IWEHI?, was slower w i t h  more concent ra ted  s o l u t i o n s  

o f  e i t h e r  e x t r a c t a n t ,  and s lower when t h e  d i l u e n t  was dodecane thai1 

when i t  was IIIPX. 

Und e t the de s i - r  ed or  gan i. c - pha s e c ond F t i  on s a m e  r i c i Irin. ex t ra I: t i i3 n 

was too slow f o r  t he  e f f i c i e n t  o p e r a r i m  of a mul . t i s tage  system us ing  

e i t h e r  HDEHP o r  HEH[QP] .  

DIPB Erom a 1 _M l a c t i c  ac id ,  0.05 - M o r  0.7.0 c M Na,DTPA s o l u t i o n  reached 

equ i l ib r ium i n  less tha:.i 1 min, b u t  t he  d i s t r i b u t i o n  c o e f f i c i e n t  was 

too  low f o r  use i n  r e c o v e r y  ( ~ i g .  S I ) ,  Increasing the concen t r a t ion  of 

KDEXP t o  I gave a somewhat h ighe r  d i s t r i ~ b u t i o n  c o e f f i c i e n t  ( s t i l l  l e s s  

than  l ) ,  b u t  i nc reased  the e q u i l i b r a t i o n  t i m e  to more than 10 min. Re- 

placement of DIPB w i  t h  .... n-dodecane gave a uscful. ly h igh  di.st:ributioli co- 

e f f i c i en t -  (about: 3 )  b u t  d id  no t  speed rip the  e x t r a c t i o n .  

Na,DTPA c o n c e n t r a t i o n  t o  0.1 _M simply decreased  the d i s t r i b u t i o n  co- 

e f f i c i e n t s  wi th  both d i l -uents .  

E x t r a c t i o n  o€ ameri.cimi by 0.3 - M WKHP in 

Inc reas ing  the  

E x t r a c t i o n  by 1 - M KEH[$P] i n  D I P R  from 1 .- M l a c t i c  a(zid--0.O5 

Na5DTPA was slower than thac  by 0.3 _I M KEH[@Y] (F ig .  12). Increasi.ng the  

Na5DTPA concen t r a r ion  t o  0.1. r e t a r d e d  e x t r a c t i o n  s t i l l  f u r t h e r ,  wh i l e  

dec reas ing  the equ i l ib r ium d i s t r i b u t i o n  c o e f f i c i e n t  by a f a c t o r  of 2.5. 

With - n-dodecane i n s t e a d  o f  DI?B as dj7J.uenc, d i s t r i b u t i o n  c o e f f i c i e n t s  

were somewhat h ighe r  arid t h e  r a t e s  were s1ight:ly Lower ( F i g .  13). 
I n c r e a s i n g  the  aqueous a c i d i t y  a c c e l e r a t e d  the  e x t r a c t i o n ,  presum- 

ab ly  because t h e  e f f e c t i v e n e s s  of  t h e  aqueous cotiiplexing ageiii: i s  de- 

c reased  at: lower pH. 'Yhe a c i d i t y  was inc reased  i n  t w o  ways, w i th  l a c t i c  

ac.i.d and ( p r e f e r r e d )  w i th  n i t r i c  a c i d .  With l a c t i c  aci.d, equ i l ib r ium 

i n  e x t r a c t i o n  by 0.3 I_ M HEH[OP] i n  2-dodecane from 4 _M l a c t i c  acid-0.05 

- M Na,DTPA was reached i n  l e s s  than 5 min, and e x t r a c t i o n  by I I M IZH[@?]  



ClNGL AS s IF I ED 
ORNL-DWG 63-7680 



UNCLASSIFIED 
ORNL-DWG 63-  7681 

HEH [+PI ( M I  Na5D-TTPA ( M ) 

Q 1.0 0.05 
A 1.0 0.10 

0.3 0.05 
A 0.3 0.10 

0 10 20 30 4C SO GO 
CONT-ACT TIME (min 1 
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i n  - n-dodecane from t h e  same aqueous s o l u t i o n  reached equi l . ibr ium w i t h i n  

t h e  sho r t e s t .  measured time (Fig.  14). D i s t r i b u t i o n  c o e f f i c i e n t s  were 

h igh  enough w i t h  on1.y 0.3 - M BEH[@P] t h a t  a s l i g h t  d e f i c i e n c y  f r o m  

e q u i l i b r i u m  would be of  no s i g n i f i c a n c e .  However, t h e  s u i t a b i l i t y  of 

t h i s  method i s  i n  q u e s t i o n  because i t  i n c r e a s e s  t h e  s o l u b i l i t y  of t h e  

e x t r a c t a n t  i n  t h e  aqueous phase. 

1act:i.c a c i d  a t  a pH of 2.5, t h e  s o l u b i l i t y  of Z-EEB[@P] was s u f f i c i e n t  

t o  cause  a 20$ reducti-on i n  t h e  volume of t h e  organic  phase. The so lu-  

b i l i t y  decreased a s  pl? and  c o n c e n t r a t i o n  of l a c t i c  a c i d  were decreased,  

bu t  i t :  has n o t  y e t  been determined whether t h e r e  can be a c o n c e n t r a t i o n  

of l a c t i c  a c i d  s u f f i c i e n t  t o  prevent  slow extraction wi thout  caiising 

excess ive  s o l u b i l i t y  oE t h e  e x t r a c t a n t  i n  1:be aqueous phase. This  

solubi1. i ty  was observed only i n  the c a s e  of TlER[QP]. 

When t h e  aqueous phase ~ 7 a s  6 _M i n  

When the aqueous a c i d i t y  was increased  by means o f  n i t r i c  a c i d ,  

adjustment  to pH 0.8 gave e q u i l i b r a t i o n  w i t h i n  t h e  s h o r t e s t  measured 

t i n e  i n  t h e  e x t r a c t i o n  of americium by  1 HIIEHP i n  dodecane from a 

s o l u t i o n  - i n i t i a l l y  0.5 - M i n  l a c t i c  a c i d ,  0.025 _M i n  Na513’lTA, 3 _. M i n  

sodium n i t r a t e ,  and 0.09 - M i n  c i t r i c  a c i d .  

was 23. A pH of  0.8 was n o t  optimum f o r  h igh  e x t r a c t i o n :  I n c r e a s i n g  

t h e  pH changed. the c o e f f i c i e n t  t o  100 a t  plI 1.2> 120 a t  pH 1.*6, and 112 

a t  pH 1.95. I n  t h i s  pH range, e q u i l i b r i u m  was always reached w i t h i n  30 

sec .  In o t h e r  t e s t s  wi th  v a r i o u s  c o n c e n t r a t i o n s  of n i t r a t e  and a c i d s ,  

t i iere was a similar p a t t e r n  of r e s u l t s ,  i nd i - ca t ing  maximum e x t r a c t i o n  

a t  about  pH 1.5 (F igs .  15 and 16). N i t r a t e  i o n  i n  excess  of t h e  n i t r i . c  

a c i d  used i n  a d j u s t i n g  t h e  pEI had no n o t i c e a b l e  e f f e c t  on d i s t r i b u t i o n  

c o e f f i c i e n t s  o r  r a t e s  01 e x t r a c t i o n .  Distri.but:.ion c o e f f i c i e n t s  were 

h igher  w i t h  0.91 Na5DTPA than  w i t h  0.05 NaSD’IIPA only i n  t h e  middle 

pH range. ( C i t r i c  ac id  was included t o  i n c r e a s e  t h e  s o l u b i l i t y  of t h e  

DTPA; - c f ,  Sec  h.i.3.) Dj . s t r ibu t ion  c o e f f i c i e n t s  a t  pH 1.5 are so h igh  

t h a t  a d i l u t e  s o l u t i o n  o f  I-IDEHP g i v e s  adequate  e x t r a c t i o n ;  f o r  example, 

0.3 M IDEIIP i n  2-dodecane r x t r a c r e d  Am from 1 M l a c t i c  acid-0.05 

Na,DTPA a t  pH 1.5 wit% a c o e f f i c i e n t  of about  10. 

The d i s t r i b u t i o n  c o e f f i c i e n t  
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Fig .  15. E x i i a c t i o n  of Americium w i t h  IiBEHP i s  Maximum a t  pH about  
1.5 and Nearly Indepepden t  o f  NaNO, Concent ra t ion .  E x t r a c t a n t :  1 
1II)b::IIP i n  n-dodccane. Aqueous phase:  1 - M l a c t i c  a c i d ,  0.09 M c i t r i c  
ac id ,  0.07 T_M Na3DTPA, a d j u s t e d  wi th  HN3,. 
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Fig ,  16. E x t r a c t i o n  of Americium wi th  HDEHP i n  2-Dodecane i s  
Maximum a t  pH about  1 .5  and Nearly Independent  of L a c t i c  Acid Concen- 
t r a t i o n .  E x t r a c t a n t :  1 M HDEHP i n  n-dodecane. Aqueous phase: l a c t i c  
acid, 0.01 Na,;DTPA, a d j u s t e d  w i t h  EN03. 
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4.2.2 Dependence o f  *.__-.- E x t r a c t i o n s  o n x x t r a c t a n t :  Conccnt ra t ioa  

I f  d i s t r i b u t i o n  c o e f f i c i e n t s  of tzhe t r i v a l ~ e n t  a c t i n i d e s  aind l an tha -  

n i d e s  were p r o p o r t i o n a l  t o  a c o n s t a n t  power of t h e  f r e e  e x t r a c t a n t  con,- 

cen t ra t i -on ,  as i s  t r u e  i n  e x t r a c t i o n  by HDEHP f rom minera l  a c i d s  ( t h i r d  

power) ,  i t  should be p o s s i b l e  t o  c a l . c ~ l . a t e  a1.1 t.he zx t rac t i .on  c o e f f i c i - e n t s  

o b t a h a b l e  i n  each spec i - f i c  system as  SOoi-1 as t h e  c o e f f i c i e n t  for one 

extract.ar1.t concea t ra t ion  i s  known. Rot~ever ,  .?.he power depeailez~ce is not  

c o n s t a n t  i n  t h e s e  systems. I n  extra  Loris oE a m e r i c i u m ,  cerium, and 

europium by s o l u t i o n s  o f  HDEHP i n  D:I:PB, t h e  e x t r a c t a n t  concen t r a t ion  

power dependence v a r i e d  between abouc 2.6 and 2.9 (F ig .  17). Data from 

t h e  extraction r a t e  Stildy r epor t ed  above (Sec b - 2 . l )  i n d f c a t e  a s l i g h t l y  

lower power dependence f o r  e x t r a c t i o n  by HK:H[OP] i.n DIPB,  a decrease t o  

1.8 on s u b s t i t u t i o n  o f  z - d o d e c a ~ e  f o r  DIPB, alxd a f u r t h e r  dec rease  to  

1.h when t h e  l a c t i c  a c i d  c o n c e n t r a t i o n  w a s  i nc reased  f r o m  1 

(Pig.  18). Thus, d i s t r i b u . t i o n  c o e f f i c i e n t s  cannot  be p red ic t ed  wi thout  

deta:i.?.ed informat ion  on t h e  composi.tioris of b o t h  phases and the  e f f e c t s  

of composi t ion vaarf.al)les on extract.ant roncen t r a  t:i.on dependence. 

to 4 _M 

4.3 Mul t i s t age  Tes t  by E x t r a c t i o n  Chromatography 

A m u l t i s t a g e  t e s t  o f  t h e  1 M g l y c i n e  nitrate-DTPA syst:em was p e r -  

formed by u t i l i z i n g  e x t r a c t i o n  chromatography. A 5 - m l  voluine of 0.3 3 
HDEKP i n  D I P A  was absorbed i n  5 g of microporous polye thylene  g ranu le s  

(30 t o  h3 mesh), suppl-ied by Winsten Lahoratzories. The apprrti:ntl.y d ry  

g ranu le s  were then immersed i n  water  and packed i n t o  a tube of about  

l.-cm2 cross s e c t i o n ,  w i t h  a Pyres-wool pl i ig  sild cover  and a s topcock a t  

the  bottom. The h e i g h t  of t he  packed column w a s  about  20 cm. A 10-1111 

volume of s o l u t i o n  con ta in ing  a mixture  of '"%e and 241AIT1 t r a c e r s  and 

1 - M i n  g l y c i n e  n i t r a t e  and 0.05 - M i.n Na,D-FPA was poured i n t o  t h e  tube 

and al lowed t o  d r a i n  through the c01.um a t  a rate? of about  1 ml/rnin. 

Residual s o l u t i o n  was washed down t h e  column by s m a l l  volumes of a 

similar aqueous s o l u t i o n  without. t racers ,  fol lowed by a furirlier .E low of 

t h e  same u n t i l  241Am was a b s e n t  from t h e  e f f l u e n t .  The e f f l u e n t  w a s  

c o l l e c t e d  i n  s u c c e s s i v e  5 - m l  volumes, which were than  analyzed.  The 

f i r s t  75 ml conta ined  no 144Ce, whi.1.e the  241Ani w a s  e l u t e d  sha rp ly  and 



UNCI- ASS IF IF: D 
OF‘NL--UWG 65- 7586 

AQUEOUS PHASE COMPOSITION 
AC IO Na5DTPA ( M  ) 

_._I- 1 M GLYCINE - HN03 0 ..10 
1 M L A C T I C  0.05 

............... ... - ....................... 

........................... ....... ...................... 

.- ..... 

........... ... 

................ 

............................ ____I- 

1.. o P E : 
2,6 
2.85 
2 ~ 80 

.- 

........ ........ 

2.85 

...... ~~~ 

2,65 



36 

w i 

DILUENT 

UNC L.. ASS IF IE D 
ORNL-DWG 63-7687 

L A C T I C  No5 DTPA 
ACID ( M  ) ( M )  

e VDODECANE 4 0 . 0 5  
0 n-DODECANE 1 0 . 0 5  
A DlPB 1 0 . 0 5  

I o3 

2 z 
w 10 u 
LL 
W 
0 
0 

1 oo 
0.1 1.0 

CONCENTRATION OF HEH [#PI ( M )  

F i g ,  18. Reagent Concent ra t ion  Dependence of Extraction can 
t h  E x t r a c t i o n  Condi (:ions. 

Vary 



37 

4.1-1 E x t r a c t i o n  of other Contaminating Elements 
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Fig .  19. E l u t i o n  by DTPA i n  Glycine N i t r a t e  from E x t r a c t i o n  
Chromatographic  Column Separal-es Americium from Eiiropiuni. Column Mater ia l  : 
5 m l  0.3 M IlDBilP in DIPB on 5 g polye thylene .  
0.05 g NaZDTPA. 

E luan t :  1 M g l y c i n e  n i t r a t e ,  - 



Table 5. E x t r a c t i o n  of I m p u r i t i e s  

Organic Phase : 0.7 _M KDEHP i n  DIPB 

Aqueous S o l u t i o n s  

1 - M Glycol ic  1 M Glycine 
1 - M Glycol ic  Acid 1 Glycine Nitrate  

Element Acid 0.025 _M Na,DTPA Nitrate  0.025 NaSDTPA 

N i  

c o  

A 1  

c u (  11) 

ca 
Pb 

sn(  11) 
Fe (111) 

Ag 

S r  

cr(ITI)  

MdII) 
Zn 

Zr-Nb 

RU 

a. 001 
<0. 001 

0.03 

4). 007 

<o. 001 
6 J . 0 0 1  

‘a.OO1. 

-109 

0 0 0143 

0.05 

a.001 

0.021. 

5.0 

65 
40.01 

a.001 

<o. 001 
<o. 001 
43.001 

0.001 

<0. 001 

a . 0 9 1  

-0.01 

0.23 

0.07 

0,1> 
i 0.14 

0 .04.:, 

-0.01 

GJ, 01 

<0.001 

a.001 

0.01 

4,. 00#-( 

s.011 

<0.001 

<o. 001 
-50 

0.002 

a . c o 1  
0.028 

3.007 

P P t *  

<0.01 

<O. GO1 

<0.00P 

<0 a 001 

a.001 

-a, 001. 

<0.001 

a.001 

0.2 

0.004 

a.001 

0.07 
0.13 

P P t  - 
co.01 
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Using a d i f f e r e n t  d i l u e n t  i n  t h e  americium-curium e x t r a c t i o n  cyc le  

would i n c r e a s e  the  e x t r a c t i o n  of t h e s e  elements t o  an e x t e n t  no t  y e t  

S tud i ed I 

11.5 E f f e c t s  o f  I r r a d i a t i o n  on Group Sepa ra t ion  

The ef2ect.s of gamma i r r a d i a t i o n  on aqueous phases and of a lpha  

i r rad ia i : ion  on e n t i r e  e x t r a c t i o n  systems wcrc t e s t e d  (I) by exposing 

aqueous s o l u t i o n s  t o  garrma r a d i a t i o n  from a "'Co source  f o r  v a r i o u s  

l eng ths  of time and u s i n g  them i n  e x t r a c t i o n  experiments,  and (2)  by 

performi.ng e x t r a c t i o n  wi th  solut:i.oiis con ta in ing  anoLa and l a r g e  concen- 

t r a t i o n s  of 242~n. 

iL. 5.1 E f f e c t s  Ill̂ -.-y.._- of  Gamra I r r a d i a t i o n  

A t  1 - M g l y c o l i c  ac id ,  0.025 Na,RTPA soluzlion was t e s t e d  f o r  t he  

ex t r ace ion  of americium, cerium, and europium after exposure to  v a r i o u s  

doses  of gamma i r r a d i a t i o n .  Des t ruc t ion  of t he  H5;DTPA by i r r a d i a t i o n  

s lowly  increased  the  s u s c e p t i b i l i t y  o f  americium t o  extraction by 0.3 _M 

HDEHP i n  D l P B  so t h a t  a f t e r  a dose of 95 w h r / l i t e r ,  the  CelAm s e p a r a t i o n  

f a c t o r  was r e d w e d  from about  100 t o  33 (P ig .  20). Exposure of a 1 I M 

g l y c i n e  nitrate s o l u t i o n  t o  9 whr o f  g a m a  i r r a d i a t i o n ,  per  l i t e r  i nc reased  

the  extract i -on of americium by 1.5% and t h a t  of cerium by 33$, thus  in -  

crea.s ing the  separa ~ i o r i  f a c t o r  between these  elements.  

4.5.2 E f f e c t s  _..-__.--- of  Alpha I r r a d i a t i o n  

E x t r a c t i o n  experiments were performed (i.n cooperat ion.  w i th  R. D. 

Baybarz) i n  which the  aqueous s o l u t i o n s  conta ined  '"OLa and s u f f i c i e n t  

c o n c e n t r a t i o n s  of 2""Ci~~ t o  g ive  a heavy dose of a lpha  i r r a d i a t i o n  wi th in  

a reasonable  time. 

glycol . ic  acid-0.1 Na,DTFL4 a f t e r  vari.ous per iods  of c o n t a c t  a r e  given 

i n  F ig .  21, and from 1 _M g lyc ine  n i t r a t e -0 .1  c M Na,DTPk i n  F i g .  22. The 

g l y c o l i c  a c i d  s y s t e m  was l e s s  s e n s i t i v e  t o  r a d i a t i o n  than the g lyc ine  

n i t r a l : e  s y s t e m .  

c reased  from 50 t o  60 by 100 whr/l.i.ter and reduced t o  33 by 440 w h r l l i t e r .  

Fa r  the 1 g lyc ine  n i t r a t e -0 .1  _M Na5DTPA system, the  La/Cm s e p a r a t i o n  

: fac tor  i nc reased  from 1.20 t o  125 i n  t he  f i r s t  80 w h r l l i t e r  exposure and. 

Data on e x t r a c e i o n  by 0.3 ,E IFDEHP i.n IIIPR from 1 _M 

I n  the  f i r s t  case ,  t h e  La/Cm Sepa ra t ion  f a c t o r  was in -  
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Fig. ,  ?1. Alpha 1 r r a d i a t i . s n  Siot7ly I n c r e a s e s  E x t r a c t i o n  of 
A m e r i c i u m  from Glyco l i c  A c i d .  S o l u t i o n  Containing DTFA. Ext rac ta r t t :  
0.3 I M HDEHP i n  D I P B .  Aqueeus phase:  1. M - g l y c o l i c  a c i d ,  0.1 _M 
Na .LITPA. 
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F i g .  22+ Alpha I r r a d i a t i o n  Increases Extraction of Americium More 
Rapid ly  from Glyc ine  N i t r a t e  So lu t ion  t h a n  from G l y c o l i c  Acid (c f .  F i g .  
:?I>. E x t r a c t a n t :  0.3 _M HDENP i n  D I P B .  Aqueous phase: 1 _M g l z i n e  
n i t r a t e ,  0.1 _M Na,DTPA. 



t hen  decreased t o  18 when t h e  expuslure reached 330 w h r / l i t e r .  

expected exposures  of s o l u t i o n s  between a d d i t i o n  of Na,DTPA and comple- 

t i o n  of t h e  group s e p a r a t i o n  a r e  cons ide rab ly  l e s s  than  100 w h r l l i t e r .  

Maximum 

4.6 Freedom from Corrosion by Process  S o l u t i o n s  

One advantage o f  % h i s  method o.E s e p a r a t i o n  i s  t h a t  it does not  r e -  

q u i r e  t h e  use o€ c o r r o s i v e  chemicals .  I n  a s imple s t a t i c  test- o f  cor-  

ros ion ,  s e c t i o n s  of s t a i n l e s s  s t e e l  p ipe  were immersed i n  v a r i o u s  p o s s i b l e  

process  s o l u t i o n s  and t e s t e d  f o r  loss of weight a f t e r  t h r e e  success ive  

one- ten th-year  pe r iods  (Table 6 ) .  

a c i d  solutsioti i nc reased  the  co r ros ion  r a t e ,  but: the average va lue  of less 

than  1 m i l / y r  should be h igh ly  s a t i s f a c t o r y .  

so lu t ion . ,  t h e  presence o f  OTPA decreased the  somewhat hj-gher corrosion 

ra te ,  probalily because of an i n c r e a s e  i n  pH. Furcher  t e s t s  a r e  being 

made w i t h  o t h e r  probable  process  solutions of composition l i k e l y  t o  be 

encountered i n  p r a c t i c e .  

The presence of DTPA i n  t:he g l y c o l i c  

I n  the  g lyc ine  n i t r a t e  

Table 6. Rates of Corrosion of S t a i n l e s s  S t e e l  

Aqueous So 1 u t i .  on 

Corrosion Rate (mils&- 

F i r s t  Second Third 
P e r i o d  P e r  i ud Pe ic i od 

1 - M Glycol ic  a c i d  <Q.01 0.24 0.056 

1 _M Glycol ic  a c i d ,  0.025 _M Na5DTPA 0.0> 0.61 0.22 

1 _M Glycine n i t r a t e ,  pH 1.9 1.8 I *8 1.9 
1 - M Glycine n i t r a t e ,  0.025 p-M NasDTPA, 0.41 0.52 0.47 

pH 2 . 1  



4.7  E x t r a c t i o n s  by HDEHP from Aqueous Solu t ions  Containing 

Aminopolyacetic Acids o t h e r  than DTPA 

4.7.1 E x t r a c t i o n s  by HDEHP from So lu t ions  Containing N i t r i l o t r i a c e t i c  

Acid ( N U ]  

The s i m p l e s t  aminopolyacet ic  a c i d  s tud ied  was n i t r i l o t r i a c e t i c  o r  

I n  e x t r a c t i o n s  by 0.3 ,N HDEWP i n  DIPB from i m i n o t r i a c e t i c  a c i d  (NTA).  

aqueous s o l u t i o n s  1PJ i n  g l y c o l i c  a c i d  and c o n t a i n i n g  v a r i o u s  concen- 

t r a t i o n s  of t r i sod ium n i t r i  l o t r i a c e t a t e  (Na3MTA), a Ce/Am s e p a r a t i o n  

f a c t o r  of 18 was reached when the  Na,NTA c o n c e n t r a t i o n  was 0.2 M (F ig .  23)*  

Cerium w a s  less  e x t r a c t a b l e  than europium. 

- 

4.7.2 E x t r a c t i o n s  by HDEBP from S o l u t i o n s  Containing Hydroxethyl- 

ethylenediaminetriacetic Acid (IEDTA) 

I n  e x t r a c t i o n s  by 0.5; ,M KDEHP i n  DIPB from 1 M g l y c o l i c  a c i d  con- - 
t a i n i n g  v a r i o u s  c o n c e n t r a t i o n s  of t r i sodium hydroxyethyletl lylenediamine- 

t r i a c e t a t e  (Na,HEDTA) up t o  0.2 - M, t he  maximum &/Am s e p a r a t i o n  f a c t o r  

vas abou t  25 (Fig.  24). 

a11 cond i t ions .  

Europium was more e x t r a c t a b l e  than cerium under 

In e x t r a c t i o n s  by 0.5; HDEIIP i n  Amsco 125-82 modifi.ed by LG$ tr i-  

decy1 a l coho l  (TDA) from 1 - M g l y c o l i c  a c i d  con ta in ing  Na3HEDTA, t h e  

maxiinum Cc/Am s e p a r a t i o n  factor wa5 about  28, and t h e r e  w a s  little d i f f e r -  

ence between e x t r a c t i o n s  of cerium and europium (Fig.  25)* 

I n  e x t r a c t i o n  by 0.5 I”f HDEEEP i n  DIPB modif ied by lo$ TDA from 1 M 
I 

g l y c o l i c  acid--0.1 _M Na,HEDTA a t  v a r i o u s  pH values, y t t r i u m  was more 

e x t r a c t a b l e  than  a l l  t h e  l an than ides ,  i nc lud ing  %utrtium (F ig .  26 j .  

I n  the range of maximum @e/Arn d i f f e r e n c e ,  t h e r e  was inuchi more d i f f e r e n c e  

between 1 utetitam and europium than between europium and cerium. These 

data i n d i c a t e  the p o s s i b i l i t y  o f  a new method f o r  t h e  s e p a r a t i o n  of 

y t t r i u m  from the  l an than ides .  

4.7.3 E x t r a c t i o n s  by HDEHP from Solu t ions  Containing Ethylenediamine- 

t e t r a a c e t i c :  Acid (EDTA) 

E x t r a c t i o n  by 0.; _M HDEHP i n  D I P B  from l M g l y c o l i c  ac id  0,QL r n ~ l a r  - 
i n  disodium e thy lened iamine te t r aace  Late (Na,EDTA) gave @e/Am and Eu/Am 

separa t ion  f a c t o r s  of 3 and 65.  She11 t h e  d i l u e n t  w a s  Arnscu 1‘25-82, t h c  
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CONCENTRATION OF Na, NTA (A4 ) 

F i g .  23. NTA Gives Much Smaller Separations than DTPA ( c f .  F ig .  5 ) .  
E x t r a c t a n t :  0.7 _M mEHP i n  DIPB. Aqueous phase: 1 I M  glycol^ a c i d ,  
v a r i a b l e  Na3NTA concen t r a t j  on. 
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Fig.  24. HEDTA Gives Sepa ra t ions  In t e rmed ia t e  Between Those of 
E x t r a c t a n t :  

1 - M g l y c o l i c  a c i d ,  v a r i a b l e  Na31EDTA concen t r a t ion .  
NTA and DTPA (2. Figs .  5 and 23). 
Aqueous phase: 

0.5 ,M HDEHP i n  DIPB. 
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F i g  25. Kxt rac t ions  by HDEHP i n  Modij-ied A l i p h a t i c  D i l u e n t  froin 
KEDTLA a r e  S i m i l a r  t o  Those 127ith DiPR D i l u m t  (cf. F i g .  24)* 
0.5 M IiDEHP i n  Arnsco 125-82 p l u s  105 TDA. Aqueous phase: 
acid, v a r i a b l e  Na33ZKDTA concen t r a t ion .  

E x t r a c t a n t :  
1 M glycoLic - 
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Fig .  24. I n  E x t r a c t i o n s  by HDEHP i n  a Modified A l i p h a t i c  D i luen t  
from HEDTA, Y t t r i u m  i s  More E x t r a c t a b l e  than  a l l  the Lanthanides ,  Which 
Extract i n  Reverse Order of Atomic Numbers. E x t r a c t a n t :  0.5 _M HDEHP 
i n  Amsco 125-82 p l u s  10% TDA. Aqueous phase:  
Na,HEDTA, v a r i a b l e  pH. 

1 - M g l y c o l i c  a c i d ,  0 .1  - M 



corresponding  sepaarat:.i.m f a c % o r s  were 9 and ??. The e x t r a c t i o n  da ta  iii- 

d i c a t e d  a s t r o n g  a b i l i t y  t o  complex a m e r i e i m  PreEpreiitia! l y ,  bu t  so1.1~- 

b i l i t y  rrlas t o o  low f o r  u s e f u l  a p p l i c a t i o n  of t h i s  r eagen t .  I t  m i g h . t  h e  

usefr i l  i n  a d i  Cteren t  ca rboxy l i c  a c i d ,  

4 ‘7.4 So l u  t ions  Con t .._. a .-- i n  ing 1 ,2 - _-.___ D iaminoc y c 1 oh exa :i e t e tra ac  e ~ . ~ , ~ - ~ ~ ~ ~ ~ - ~ ~ . ~ ~ ~ ~ ~ ,  

I n  a first attempt: t o  prepa re  a s o l u t i o n  1 M ..., i n  g l y c o l i c  a c i d  and 

0.1 _M i n  te t rasodium lY2-diaminocycl  o h ~ x a n e r e t ~ a a c e t a t c ,  e x t e n s i v e  pre-  

c i p i t a t i o n  occurred immediately.  l i l  a second a t t empt ,  a s o l u t i o n  was 

obta ined ,  b u t  t he  a c i d ,  l e f t  unused a t  25OC, ~I.i).wly crystal.l.i-zcd over a 

pe r iod  of s e v e r a l  days e No c?xtract:ioiis were made from t h i s  sol i i t ioi i .  

4.7.5 ,iCX-r!k- I-ZDEHP from So lu t ions  Conta in ing  . _ - - ~  Tr ie thyJene te t r a -  - 
.... rnfnebexaaccti-c I.._  cia (TTELA) 

E x t r a c t i o n s  were made of  americium, cerium, and eiisopium by 0.3 E 
I’/i)ENP i n  d ie thylbenzene  ( D E B )  from 1. g l y c o l i c  aci.d s o l u t i o i i s  con ta in ing  

s m a l l  concentraLion.s o f  hexas0d.i uin l ~ r i e t h y l e n = t e t r a m i n e ~ i e x a ~ ~ ~ ~ t a t e  

(Na6TmiA) up t o  0.024 _M. 

idznt ica l .  w i t h  t h a t  p rev ious ly  found from soluC:i.ons coo ta in ing  DTPA i n  

the same concen t r a t ion  ra::ge, b u t  t:he extraction of aiiiericiuin was s l i g h t l y  

h i g h e r  Irom the so lu t ior rs  con ta in ing  ‘IYFU, thus  g iv ing  a somewhat sma l l e r  

s e p a r a t i o n  f a c t o r .  Higher c o n c e n t r a t i o n s  0 2  NaoTTI€f\ were not: s t:udied be- 

cause  of l ack  of material . .  

The e x t r a c t i o n  of ce.t^ium (F ig .  27) was almost  

4.8 Ext. ract ions oE Lanthanides  and Americium 

froin Simple Carboxyl ic  Acid So lu t ions  

Resu l t s  from a s t u d y  of e x t r a c t i o n  of americium, curinrii, arid some 

l an than ide  elements  by d ia lkylphospl ior jc  a c i d s  from s o ~ u t i o n s  of simple 

ca rboxy l i c  a c i d s  wi thou t  a d d i t i o n a l  coiiiplexing agent:s have been reported.‘  

They may be summarized a s  showing t h a t  ca rboxy l i c  a c i d s  usua1.I.y caused 

a s h i f t  of t h e  ex t rac tab i . J . i t i es  o f  the a c t i n i d e s  r e l a t i - v e  t o  the l an tha -  

n ides .  The e f f e c t s  on t h e  e x t r a c t a b i l i t y  of americiuni r e l a t i v e  t o  t h e  

ex t rac tab i - l i t i es  of cerirvn and europium are  i l l u s t r a t e d  by a Few examples 

i n  P ig .  28, where t h e  e x t r a c t a b i l i t y  of americium i s  as s igned  a va lue  o f  1. 

The i l l u s t r a t i o n  r e p r e s e n t s  r e l a t i o n s h i p s  found when t h e  o rgan ic  d i l u e n t  
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was d i i sopropylbenzene;  o t h e r  d i l u e n t s  would have d i f f e r e n t  e f f e c t s .  It 

was a l r eady  w e l l  known t h a t  e x t r a c t i o n  by s o l u t i o n s  o f  d i (2-e thylhexy1)-  

phosphoric  a c i d  from d i l u t e  mine ra l  a c i d s  g ives  a n e a r l y  constant:  separa-  

t i o n  f a c t o r  of 2-5 between a d j a c e n t  l an than ides  and t h a t  americium i s  

homologous wi th  praseodymium i n  t h i s  case.' 

choice  of d i l u e n t  has  been r epor t ed .  

No v a r i a t i o n  caused by 

I n  e x t r a c t i o n s  from a s o l u t i o n  1 g i n  g lyc ine  n i t r a t e ,  americium 

was s i m i l a r  t o  cerium, wh i l e  t h e  d i f f e r e n c e  between europium and americium 

was only  about  h a l f  a s  l a r g e  as i n  e x t r a c t i o n  from d i l u t e  n i t r i c  a c i d .  

These r a t i o s ,  e s p e c i a l l y  between europium and americium, v a r i e d  wi th  t h e  

d i l u e n  c e 

I n  e x t r a c t i o n s  from t a r t a r i c  a c i d ,  cerium was about  1.5 times as 

e x t r a c t a b l e  as americium, wh i l e  europium w a s  about  40 times as e x t r a c t -  

a b l e  a s  americium, n o t  much d i f f e r e n t  from the  r e l a t i v e  behavior  of t h e  

l a t t e r  t w o  elements  i n  e x t r a c t i o n  f ront  minera l  a c i d s .  Glycol ic  a c i d  

gave a somewhat g r e a t e r  s h i f t  f o r  cerium - t o  a f a c t o r  of :? over  americium. 

Seve ra l  o t h e r  ca rboxy l i c  a c i d s ,  i nc lud ing  formic,  1-act ic ,  mal ic ,  iiialonic, 

and a-hydroxy isobutyric a c i d s  gave r e s u l t s  w i t h i n  t h e  range i1Lus t r a t ed .  

The g r e a t e s t  d e p a r t u r e  from the  liehavior of ininera1 a c i d s  was found 

i n  t h e  case of d i g l y c o l i c  ( a x y d i a c e t i c )  a c i d .  Here, t h e s e  was a f a c t o r  

of 4 between the d i s t r i b u t i o n  c o e f f i c i e n t s  of cerium and americium under 

a g r e a t  v a r i e t y  of cond i t ions ,  thoitgh the f a c t o r  between europium and 

americium v a r i e d  wi th  the  composi t ion of t he  e x t r a c t a n t .  Pre l iminary  

r e s u l t s  showed t h a t  e x t r a c t i o n  from equimolar mixtures of g l y c o l i c  a c i d  

and g lyc ine  gave s e p a r a t i o n s  between cer ium and americium equal  t o  t hose  

from d i g l y c o l i c  acid.. 

More r e c e n t  t es t s  showed t h a t  these d i f f e r e n c e s  between the :antha-  

n i d e s  and americium can be increased s t i l l  f u r t h e r  i n  S Q E ~  cases by ad- 

justment  of the p'd-I of t h e  aqrseous s o l u t i o n s ,  For exanple, i n c r e a s i n g  the 

p~ of a I ,M g l y c o l i c  a c i d  s o i u t i o n  t o  3.5 i nc reased  t h e  ce/Am scpa ra t io t i  

f a c t o r  t o  about  6, b u t  it caused a sorncwhat smaller i n c r e a s e  i n  t he  case 

of l a c t i c  a c i d  (pig, ~ 9 ) .  I n c r e a s e  of plI caused a g r e a t e r  i n c r e a s e  i n  

the exkrac t ion  o f  aL1 these clements  from lac'cic than f rom g l y c o l i c  ac id .  
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I n  e x t r a c t i o n s  from d i g l y c o l i c  ac id ,  i n c r e a s e  o f  pW g r c a t l y  decreased 

a11 e x t r a c t i o n s ,  whi le  t h e  Ce/Am s e p a r a t i o n  f a c t o r  i nc reased  t o  n e a r l y  3 
a t  pH 2.5. A L L  e x t r a c t i o n s  were too  low f o r  p r a c t i c a l  a p p l i c a t i o n ,  though 

they could be inc reased  t o  p o s s i b l y  p r a c t i c a l  l e v e l  by i n c r e a s i n g  t he  

c o n c e n t r a t i o n  of HDEIZP and changing t h e  d i l u e n t .  

Some of t h e s e  e x t r a c t i o n s  might: have been developed into useful. 

p rocesses  f o r  t h e  s e p a r a t i o n  of americium and curium from a t  leas t :  t he  

h e a v i c r  l an than ides .  Such a process  could be combined wi th  ano the r  

process  f o r  the  s e p a r a t i o n  of americium and curium from t h e  l i g h t e s t  

l an than ides ,  such as e x t r a c t i o n  by t r i b u t y l  phosphate from n i t r i c  ac id ,  

i n  which americium i s  1 i k e  promethium. However, t h e  a d d i t i o n  o.E arnino- 

p o l y a c e t i c  a c i d s  g ives  so  much l a r g e r  s e p a r a t i o n  f a c t o r s  tha t  l i t t l e  con- 

s i d e r a t i o n  has  been given t o  a process  invo lv ing  only the  simple ca rboxy l i c  

a c i d s .  

h-.9 E x t r a c t i o n  by  Monoacidic Phosphonates 

from S o l u t i o n s  Containing DTPA 

Monoacidic phosphonates a l s o  e x t r a c t  t h e  t r i v a l e n t  l an than ides  m0re 

e f f e c t i v e l y  than t h e y  e x t r a c t  americium and curium, They were s t u d i e d  as  

p o s s i b l e  a l t e r n a t i v e s  t o  monoacidic organophosphates i n  t h e  s e p a r a t i o n  

o f  the  two groups of elements  and a s  more powerful extaractants  f o r  the  

recovery of amer ic ium and curium from t h e  aqueous r a f f i n a t e s  of the 

s e p a r a t i o n  c y c l e  e 

k.g.1 Group Separa t ion  by E x t r a c t i o n  wi th  2-EthylhexyL Phenylphosphonic 

Acid (HEN[@P]) 

Separa t ion  of t h e  t r i v a l e n t  a c t i n i d e  and l an than ide  groups by e x t r a c -  

t i o n  with d i l u t e  hydrocarbon s o l u t i o n s  of 2-e thylhexyl  phenylphosphoriic 

a c i d  (HEH[@P]) i s  very  s i m i l a r  t o  t h a t  by HDEHP, except  t h a t  t he  phos- 

phonic a c i d  g ives  cons ide rab ly  h ighe r  d i s t r i b u t i o n  c o e f f i c i e n t s  e I n  

e x t r a c t i o n s  by 0.1 ,M HEIi[OP] i n  D I P B  from a mixed l a c t i c  acid--Na5DTFA 

s o l u t i o n ,  cerium and europium were both about  100 t imes as e x t r a c t a b l e  

a s  americium when t h e  Na5DTPA concen t r a t ion  was 0.04 t o  0.20 _M (Fig.  3 0 ) -  
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4.9.2 E x t r a c t i o n  by Uecyl Dccylphosphonic Acid 

The e x t r a c t i o n  of americium, cerium, and europium by decyl  decyl -  

E x t r a c t i o n  by 0.3 - M phosplionic a c i d  ( W D [ D P ] )  was t e s t e d  only b r i e f l y .  

HD(DY) i n  DIPB s e p a r a t e d  thc  two groups e f f e c t i v e l y  w~ien t.he aqueous 

so l s t t i on  was I M i n  g l y c o l i c  a c i d  b u t  n o t  when i t  was 1 I M i n  g l y c i n e  

n i t r a t  e ( T ~ ~ z E :  0. D i s t r i b u t i o n  c o e f f i c i e n t s  were mucIi lower tIian tliose 

i n  e x t r a c t i o n  by HEH[ @PI  under  t h e  same c o n d i t i o n s .  

- 

Table '7. E x t r a c t i o n s  by IJecyl Decylphssphonic A c i d  from Glycol ic  Acid 

and Glyc ine  N i  t r a  t e  Containing D i e t h y l e n e t r i a m i n e p f n t a ~ c ~ t i c  Acid 

Organic phase :  0.3 I Pi i n  DIPB 

S e p a r a t i o n  
F'ac tors 

Aqueous Phase Am C e  E II Ce/Am Eu/Am 

5 CONCLUSIONS 

The r e s u l t s  of exper imenta l  s tudi-es  show t h a t  t h e  l a n t h a n i d e s  and 

y t t r i u m  a r e  much more e x t r a c k a b l e  than americium and curium w i t h  liydro- 

carbon s o l u t i o n s  of d i ( 2 - e t h y L h e x y l ) p ~ i o s p h o r i c  a c i d  o r  2-e thylhexyl  phenyl- 

phosphonic a c i d  from aqueous s o l u t i o n s  c o n t a i n i n g  d ie thylene t r ia rn ine-  

p e n t a a c e t i c  a c i d  (Talspeak p r o c e s s ) .  S e p a r a t i o n  faccors  between t h e  

americi-m-curium p a i r  and t h e  l a n t h a n i d e  group a r e  comparable with those  

i n  ~ h c :  Tramex p r o ~ e s s , ~  though i n  t h e  o p p o s i t e  d i r e c t i o n ,  

obvious reasons  why t h e  T a l s p e a k  method cannot  be a p p l i e d  t o  a m u l t i s t a g e  

c o u n t e r c u r r e n t  process  f o r  cornplete s e p a r a t i o n  of t h e s e  groups.  I t  should 

be e s p e c i a l l y  u s e f u l  f o r  t h e  p u r i f i c a t i o n  o f  l a r g e  q u a n t i t i e s  of curium 

i s o t o p e s ,  The degree  of s e p a r a t i o n  of t h e  l a n t h a n i d e s  from t h e  h e a v i e r  

a c t i n i d e s ,  i n c l u d i n g  ca l i forn ium,  and t h e  optimum f Lowsheet c o n d i t i o n s  

f o r  p u r i f i c a t i o n  of t h e s e  elements  a l o n g  w i t h  americium and curium will. be 

determined by o t h e r  s t u d i e s  now i n  progress .  

There a r e  no 



Most of t h e  e1ement.s l i k e l y  t o  occur  as impuri:Lies a r e  sepa rab le  i n  

one o r  more of t h e  t h r e e  c y c l e s  i n  t h e  Talspeak process. While l a c t i c  

ac id  appeared t o  be the p r e f e r a b l e  aqueous medium, o t h e r  ca rboxy l i c  a c i d s  

might be used i f  they a r e  found t o  have advantages i n  s e p a r a t i o n  of some 

elements .  

Problems i n  recovery of the a c t i n i d e s  caused by low r a t e s  of e x t r a c -  

t i o n  have been solved by dec reas ing  t h e  pH of t he  aqueous s o l u t i o n  some- 

what below t h a t  a t  which the  group s e p a r a t i o n  i s  niade. Decreasing the  

pH a1 so g r e a t l y  i n c r e a s e s  the  d i s t r i b u t i o n  coe . fEic ien ts .  

Garruna and a lpha  i r r a d i a t i o n  slowly i n c r e a s e  d i s t r i . b u t i o n  c o e f f i c i e n t s  

by decomposing t h e  complexing agen t .  Fo r tuna te ly ,  s i n c e  t h e r e  i s  a wide 

range of corriplexant concen t r a t ions  over  which group s e p a r a t i o n  f a c t o r s  

a r e  n e a r l y  cons t an t ,  high radiair.i.on doses  can be to1.erated wi thout  

s i g n i f i c a n L l y  dec reas ing  the  h igh  degree  of s e p a r a t i o n  o b t a i n a b l e  by 

t h e  method. 

The Talspeak process  has  a p o t e n t i a l  d i sadvantage  wi th  some feeds  

s i n c e  t h e  more e x t r a c t a b l e  l an than ides  are presen t  a t  much h ighe r  concen- 

t r a t i o n s  than the  t r i v a l e n t  a c t i n i d e s  and i t  i s  necessary  to  remove the  

major from t h e  minor cons%i tuent t : .  However, p r e l i h i n a r y  t e s t s  wi.th l an tha -  

n i d e  c o n c e n t r a t i o n s  up t o  s e v e r a l  grams per  l i t e r  have given s u c c e s s f u l  

r e s u l t s  and have i n d i c a t e d  t h a t  much h ighe r  concen t r a t ions  could be t o l e r -  

a t e d .  

The s e p a r a t i o n  of l an than ides  f rom the t r i v a l e n t  a c t i n i d e s  by e x t r a c -  

t i o n  chromatography should be very u s e f u l  f o r  process ing  a t  l e a s t  small 

q u a n t i t i e s  of t h e  ac t in i -des ,  e s p e c i a l l y  i n  a n a l y t i c a l  a p p l i c a t i o n s .  

Pre l iminary  c o r r o s i o n  tes ts  i n d i c a t e  cha t  stainless s t e e l  i s  a 

s u i t a b l e  m a t e r i a l  f o r  use i n  process  equipment; so ,  i t  i s  unnecessary 

t o  use  t h e  more expensi.ve m a t e r i a l s  t h a t  a r e  r equ i r ed  f o r  process ing  

t h e  chlor i .de s o l u t i o n s  t h a t  c h a r a c t e r i z e  the  Tramex process .2  
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