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A iilu I.. t i s t age c 011 'i i nu ou s s o lven t e x t m c t i on pro c e s s 1 1  s i ng  
d i - (~-e~hyl -hexyl . )or thophosphor ic  a c i d  (D2EHPA) as a n  e x t r a c t a n t  has 
been devel.o;pned f o r  'ihe f r a c t i o n a t i o n  of t h e  rai-e ea-i.i;hs. The process 
was developed p a r t i c u l a r l y  f o r  the sepa ra t ion  of f i s s ior ,  neodymium and 
pr'orne'ihium. 

To ob-Lain a s i g n i f i c a n t  production rate with TPEHPA requiyrer, that 
the vari-ati.on i n  the d i s t r i b u t i o n  coe f f i c i en t ,  of the solute  Y r o m  stage 
to s t a g e  (due t o  loadirtg e f f e c t  and p3 changer,) be c o n t r o l l e d  within 
o p e ~ a b l e  l i m i . t s .  This m a  be done by us ing  a high concerLtrat:i.on 
orgamic phase (1 molar) and hi.gln ac id .  a.qu.eous phase (0.714 molar) . With 
organic phasc loading t o  24$ the  variati .on i n  Q does i70t exceed R 

f a c t o r  o f  2.  

Separat ion i a c t o r s  u s i n g  toluei i r  d i  luent and n i t r i c  acid aqueous 
p h ~ t s p  were about 1 .7 ,  bu t  the Ka's were Loo low f o r  2 high procluctiou 
r a t e  a t  reasoriable organic f l o w .  With A~r l~co  as a d i l u c n i ,  the  sepzt-a- 
ti011 f 'actors were s t i l l  -., 1. (, b u i  the &J's Were milch higher .  

I n  t h e  p i l o t - p l a n t  scale demcxis t ra - t ion ,  good process  sta'otli. t y  and 
near t h e o r e t i  c a l  s e p a m t i o n  were obtained i n  a n  1.1.-stage mixer-set t ler .  
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1.0 INTRODUCTION 

'Ihe long-l ived f i - ss ion  pi-od1iC.i;s are sepa ra t ed  i n  t h e  F i s s i o n  
Produc: ts  Development I abora to ry  a t  0ak Ridge National TaboraLory ( I )  
from solii  t i ons  r emin i .ng  a f t e r  t h e  recl.aiming of uranium and. plu-ionium 
-from :i..rradiai;ed fuel elements.  In the f i - s s ion  products recovery process ,  
t h e  r a r e  e a r t h  elements are sepa ra t ed  by p r e c i p i t a t i o n .  It i.s of .g rea t  
interest t o  i s o l a t e  promethium from t h a t  f ract iozi .  The purpose nf t h i s  
work was t o  determirie -the e f f e c t i v e n e s s  of a fracti .onal.  so lven t  e x t r a c -  

Anisco-K- as t he  e x t r a c t a n t ,  as a means of frac'Lionating t h e  r a r e  e a r t h s .  
I Lion process,  u s ing  di. (2-ethyl-hexyl)  orthophosphoric a c i d  (JJ2EfiPA) in 

The u.se of D2EHPA for- Lhe f r a c t i o n a l  so lven t  e x t r a c t i o n  of 1.a:atlia- 
n ides  has been s t u d i e d  by Peppard and eo-workers (2,3,4). They have 
shown t h a t  D2EFIPA e x i s t s  lai-gely a s  a dimer i n  t h e  organic  phase and 
tliat each t r i p l y  charged. l.ant,hanide ion  i n  t h e  organic phase is asso- 
ciated with t h r e e  of these di.iners. From this  work it, i s  concluded t h a t  
D2RHPA d i s so lved  i.n an iner'i  diluen1; r e a c t s  as follows: 

where i s  t h e  e x i r a c t e d  lautl ianide ion  and the subscr ipts  "aq" and 
"org" re fer  t o  the  aqueous and organic phases,  r e spec t ive ly .  -._I_ 

From Equation (1) can be der ived 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  (h) 
of i h c  lanthanides  : 

/TD2EKPA) -I T3 K d = E ( ,  q - -.I. l_l_.___ 

L3973 

This shows t h a t  t h e  value of the Kd v a r i e s  i n v e r s e l y  with the  cube of 
ihe F r e e  ( u m e a c t e d )  DPEHPA concentrat ion and d i - r ec t ly  with t h e  cube 
of t h e  hydrogen i.on concentrat ion.  Hence t h e  values  depend on how 
much. the organic phase has been loaded -- no t  only because of t h e  e f f e c t  
of varying t h e  f r e e  D2:WPA concentrat ion,  b u t  a l s o  because of t h e  v a r i -  
a t i o n  of tile concentrat ion of hydrogen ions which a r e  l i b e r a t e d  by t h e  
t r a n s p o r t  of s o l u t e  into t h e  organic phase. 

To av0i.d v a r i a t i o n  of t he  K d  with pH i n  the d i f f e r e n t  s'cages of 3. 

f rac'cional sol.vent e x t r a e t i o n  system ope ra t ing  with D2EHPA, i .t  is d e s i r -  
a b l e  t o  have a r e l a t i - v e l y  high a c i d  concentrat ion i n  t h e  aqueous phase. 
it i s  a l s o  advantageous t o  l i m i t  Lhz 0rganj.c loading t o  avoid excessive 
depression of -the d i s t r ibu - t ion  c o e f f l c i e n t s  . 
KAmsco i s  a d i l u e n t  c o n s i s t i n g  OC a petroleum f r a c t i o n  b o i l i n g  from 
12>-18PC. 
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To opera te  a f r a c t i o n a l  so lven t  extraeLion cascade success fu l ly ,  
i t  i s  necessary t h a t  t he  expressions* [F;)F)and (x), which relate the  

Kd and t h e  organic ,  aqueous, and reed  f l o w s  i n  the e x t r a c t i o n  and scrub- 
birzg secTi-ons, r e spec t ive ly ,  be > 1 f o r  the component which i s  t o  be 
recovered i n  t h e  e x t r a c t  and < 1 i'or t h e  component i n  tlLe r a f f ' i m t e .  
On %he other haEd, the enrichment of a component in t h e  organic p'mse 
i.s p ropor t iona l  t o  t h e  value of' t,he two expressions above, s o  that t h e  
l a r g e r  the dif'l'erence between the  Kd's of t h e  t,wo compomnts, t h e  b e t t e r  
t h e  sepa ra t ion .  

Peppard ( 2 )  has repor ted  t h a t  i n  t h e  e x t r a c t i o n  o r  t h e  lan thanides  
From aqueous HCl i n t o  a s o l u t i o n  of' D2E'IPA, wit 'n  to luene as a d i l u e n t ,  
a p l o t  of l o g  'xd vs t h e  atomic number Z i s  a s t r a i g h t  l i n e  oi' p o s i t i v e  
slope cor.r.esponding t o  an average value of the sepa ra t ioa  f ac to r  ( r a t i o  
of ICz + 1 to KZ) of 2.5. 
rxe1,hfum and neodpnium from f i s s i o n  products by an  appropr i a t e  f r a c t i o a a l  
so lven t  system. T1-,e purpose of the work which i s  repor ted  here  ms t o  
i n v e s t i g a t e  such a system. 

Thus it should be poss ib l e  t o  sepa ra t e  pro- 

3 0 EXPE€?IP%Y'TAL 

Experimental work included s m l l - s c a l e  opera t ions  i n  t h e  l abora to ry  
and in te rmedia te -sca le  opera t ions  i n  a mixer - se t t l e r  cascade. 

5.1 1-aboratory Sca le  

Severa l  experiments were performed TO determine values  of the 
sepa ra t ion  f a c t o r ,  a, as a func t ion  of t he  c h a r a c t e r i s t i c s  O C  both the 
organic and the  aqueous phases. 
25-m.l samples oi' organic  phase w i t l  25 m l  of aqueous phase.  

"he Kd's were determined by shaking 

I'romethium-14 ( (@-ac t ive ,  t l / 2  = 2.6 years )  arid NdI47 (a-y-active, 
t1/2 = 11.6 days)  were used as t r a c e r s  so  that, counting LechQiques 
could be used l,o determine t h e  eoncent ra t tons  of the solutes. 
Promethium-147 was counted with a Geiger tube ,  and Nd147 with a @m 
s c i n t i l l a t i o n  coiiater e 

g.li Eata arid Discussion 

The r e s u l t s  obtained i n  tmcer - leve l  s c a l e  i n  these pre l iminary  

--- 

assays are shown i n  the Yollowirg t,able. 

--- 
*%err A Aqueous volume 

F = Feed volume 
0 =. Qrganic f low rate 
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s o  Lve n t  Molarity Diluent Aqueous Kd ( N d )  Q (Pin) a 

Pur j f i ed  D2EHPA* 0. (5 T o l u ~ n e  0.5 M - Iic1 0.015 0.043 2.85 

0.75 " 0.5 - M HNO3 0.029 0.059 2.03 

0.037 0.066 1.77 

I 1  I !  

I t  Unpurif i e d  D2FRPA 0.75 0.5" 11 

11 I !  0.75 A ~ S C O  0.5 " 1-59 2.78 1.711 

I 1  I 1  1 1  1.00 0.5" 2 - 3 9  )+.?]I  1.77 

1.00 0.7" l 1  0.915 1.46 1.60 I t  I 1  I1 

I 1  I !  1 1  1.00 0.5 M - H C 1  2.49 4 .41  1 . 7 ' 7  

The for Nd and Pm us ing  p u r i f i e d  D2EHPA i n  toluene i s  ve ry  low; 
the s e p a r a t i o n  f a c t o r  reaches 'cne value of 2.85. Wi-th irflpuye D2ERPA i n  
toluene t h e  K d ' s  a r e  higher  although s t i l l  ve ry  low; the sepa ra t ion  
f a c t o r ,  on t h e  o t h e r  hand, i s  reduced Lo 1.7'7. The use of Amsco as a 
d i l u e n t  i n s t e a d  of toluene rai.ses t h e  Q values  without reducing t h e  
value of' a below 1.74.  

For t h e  same acj.d.i'iy of t h e  acpeous s o l u t i o n  when us ing  hydro-  
c h l o r i c  a c i d ,  t h e  r e s u l t s  were no t  the same as those obtained wi-th 
n i t r i - c  a c i d  i n  t h e  case of p u r i f i e d  WEFIPA in tol-uene; bu t  t h e  d i f -  
ference disappeared when commercial D2EHPA i n  Amsco was used. 

As was t o  be expected. from Equation ( 2 ) ,  t h e  lower t h e  pH,  t h e  
lower the value of K&; b u t  i.t was also Found t h a t  the sepa ra t ion  f a c t o r  
decreased writh decreasing pH. 

Ti?e behavior of gross amounts of Nd. i s  presented i n  t h e  fol lowing 
iab1.e. The da ta  correspond t o  a t o t a l  of 11 g/l of Nd and l.2 g / l  of 
Sm i n  t h e  combined phases.  Samarium u s u a l l y  accompanies Nd and Fm i n  
t h e  r a r e - e a r t h  f i ss i .on  product f r a c t i o n  Trom which the  Fm can then be 

*Purif ied D2EHPA was used i n  some of the experiments.  The p u r i f i c a t i o n  
was carried.  ou t  by 1.iquid-liquid e x t r a c t i o n  t o  sepa ra t e  t h e  mono- and 
d i - e s t e r .  A 25-ml sample of coimercial  D2EHPA w a s  added to a mixture 
of 75 ml of di-ethyl e t n e r  and 75 m l  of ethylene g lyco l .  Following a 
15-minute pe r iod  of a g i t a t i o n ,  t h e  two samples were sepa ra t ed .  ??ne 
e t h e r  phase containing t h e  d i - e s t e r  w a s  shaken a g a i n  with a new '75-ml 
f r a c t i o n  of glycol ;  t h e  ope ra t ion  w a s  repeated f i v e  times. The e t h e r  
phase was then  evapoiwLed a t  room temperature,  l eav ing  tile p u r i f i e d  
D2EHPA. To determine p u r i t y ,  t h e  commercial and p u r i f i e d  D2EHPA were 
t i t r a 5 e d  with 0.01 M - sodium hydroxide ( 5 ) .  
found t o  be 99.2% dj~-esl;er. 

The puri-f ied product was 
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separa ted .  
separat , ion t o  be almost qua.n.l;itative . The calculated* e x t r a c t i o n  of' Sm i n t o  the  organic shows the  

Organic -Aqueous A c i d i t y  
Ka-t;io (M - HNO3i  Kd Be o dymium 

II- 

1 

1 

0.48 2.01 

0.64 0.97 

1 0. r(o 0.72 

1 0.82 0.42 

1 0.96 0-32 
- ___I_ 

5.2 intermediate  Scale  

Seve ra l  experiments have been c a r r i e d  out  i n a mixer-set-bler 
cascade t o  obta in  a Slow shee t  of the  sepa ra t ion  of' i'Jd from Pfn. Tn 
t e s t i i g  the  flow sheet, t he  m i x e r - s e t t l e r s  were Gperated a t  the  
required flow r a t e s  of feed,  aqueous, and organic s o l u t i o n s .  

For tests made on a l a b o r a t o r y  scale, radioact,ive t r a c e r s  of Nd147 
and Pml4'i were added tc the  feed,  and counting technlques were used t o  
determine the icd's of +Le s o l u t e .  

Samples of +,he ei'i'luent sr.rearns were taken in orde r  t o  determine 
when s t eady  s t a t e  was reached; t h e n  samples wpre taken of both phases 
of alternate stages throug?c>~lf,  t h e  mixer-setiler . Tnese stage samples 
were c o u n k d  and t h e  s o l u t e  concer . t ra t ioas  ca lcu la  tect by converting 
counting mt.e t o  cor,cenLraTion. 
det,ermined. 

The pH of t h e  aqiaeolns phase was a l s o  

j .21 Eq uipmect  

The mixer-se-f,T,ler cascades which were used in these  experiments 

-- 

coata ined  2.1 s tages  and measured 20" x 8'' x 8". 
c a p a c i t y  f o r  t h e s e  m i x e  e - s e t t l e r s  was approximtely 2 li ters/liour eacji 
f o r  t he  organic a n d  aqueous phases. 'These un i t s  were miniature  OHTI,- 
designed "pump-mix" m i x e r - s e t t l e r s  (6)  The przmpirig a c t i o n  of t he  
impel lers  i n  Yne mixing chambers au tomat i ca l ly  maintains the organic- 
aqueous i n t e r f a c e  at a Yixed level. 

The maximum flow 

The flow r a t e s  were c o n t r o l l e d  by s u i t a b l e  metering pumps. 

3.22 Process 

Tne feed  s o l u t i c r i  con'cs,ining 57 g Md/l and 15 g S~rl/l wits fed  a t  
the rate of 70 mi/I-,our into the stage-4 mixer. 'The feed s o l u t i o n  a l s o  
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contained about 3 mc Nd1"7/l and 1 5  me F?d47/1- as t r a c e r s .  
stream coniained 1 M D2ETITA ia  Amsco and en te red  the s t a g e - l  inixer at, 
the rate of 1000 ml7hour. 

The organic 

1l;o aqueous s t ream i o  t h e  s tage-11 mixer cons j s t ed  of 0.74 M 
n i t r i c  a c i d  e n t e r i n g  a t  a r a t e  of 1000 ml/hour. 

- 

The organic s t ream was s t r ipped  p r i o r  to  re-use by countercurrent  
e x t r a c t i o n  throughout I1 m j x P r - c e t i l e r  s t ages  by 2 .0  M n i t r i c  a c i d  a t  
a rate of 5OO ml/hour. 
a lmost  q u a n t i t a t i v e  . 'The r e s u l t s  show t h e  decontamFnation t o  be 

3.23 Data and Discussion ___.- 

Tfiiile ope ra t ing  t h e  cascade a t  t h i s  throughput,  it was found t h a t  
t he  equllibriurn between t h e  aqueous and t h e  organic phases w a s  no t  
reached i n  any of t h e  s ta ,ges .  I n  o rde r  t o  improve t h e  e f f i c i e n c y ,  t h e  
speed of t h e  irKpeller's was increased a n d  it was found tlnat equ i l ib r ium 
cou1.d be reached a t  a stirrei- speed of 900 rprn. However, t he  in t e ryaces  
were d i f f i ~ c u l t  t o  con-Lrwl a t  high stirrer speeds, and t h e  ag iLa t ion  was 
so  f a s t  t h a t  t h e  1iqui.d was sprayed out of t h e  mixing chambers. To 
avoid -these e f f e c t s ,  a n  addi t ional .  )+-blade impe l l e r  was f i . t t e d  on the 
end of each s h a f t ,  and t h e  ori.gFnal pumpi.ng boles  were pl-ugged. This 
arrangenieni improved t h e  mixing i n  t h e  bottom of t h e  mixer chambers, 
and maintained t h e  l i q u i d  su r face  of t h e  s t i r r e d  mixture wi th in  t h e  
appropr i a t e  l e v e l  l i m i t s ,  thereby avoiding sp ray  Contamination. It 
a l s o  c o n t r o l l e d  t h e  i n t e r f a c e  a t  t h e  required l e v e l .  Thus t h e  mixers 
were running at a speed of 900 rpin and the  e f f i c i e n c y  ( t h e  r a t i o  
between Lhe Kd found i n  t h e  p a r t i c u l a r  s t a g e  arid -the 
shaking toge the r  both phases t o  equi l ibr ium) reached an average value 
of 97% i n  the stager, 1 'LO 10. 
found t o  'ue less than 60% under Lhese comditi.ons; t o  improve i t ,  t h e  
s i z e  of t h e  p o r t  between t h e  1 1 t h  mixer and t h e  l l t h  s e t t l e r  was 
reduced SO$, and t h e  entrance of the aqueous stream was moved t o  t h e  
t o p  of t h e  rni-xer chamber. With t h i s  arrangement a n  e f f i c i e n c y  of 
approxi.rmtely 85$ was reached i n  the s t a g e  i n  questi.oi1. 

obtai.ued by 

The effl.ci.ency of t he  l l t h  s t age  was 

Under t h e  c i t e d  condi t ions,  several runs w e r e  c a r r i e d  ou-t employ- 
i n g  t h e  doub le - t r ace r  techni~que t o  s tudy  t h e  cascade flow s h e e t .  The 
cascade performance i s suiiimrized below. 

1 0.70 0 * 599 0 - 963 1.608 
3 0.67 0.598 0 * 973 I. 601 
5 0.68 0.718 1.160 1.615 
7 0.70 0. (48 1.194 1.600 

11 0.13 I-. 076 1.461 1 - 35'1 
9 0. ;72 0.82( 1.296 1.567 
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T'ne TTd and Pm contents  of t he  organic and a ueous streams l eav ing  t h e  
mixe r - se t t l e r s  showed 4.65s oi' the Nd and 52.2@~ ol' the Pm i n  the 
organic  phase, and 95.3576 of t h e  Nd and 43.73% or" the Pm i n  t he  aqueous 
phase. The Nd cascade p r o f i l e  has been p l o t t e d  i n  F igure  1. 

I'he sepa ra t ion  i'actor reached a value of - 1.60 i@ the s t ages  1 t o  
10, w h i m  agrees  wit>h The l a b o m t o r y  daia previous ly  cb ta ined .  T'rie 
value of a was lower i n  s t age  11, as expecl-,ed from t h e  Low s t age  
ei 'f ' iciency . 

The a c i d i t y  p r o f i l e  wits c o n s i s t e n t  with t'ne nechanism of t h e  
ex t r ac t ion  and i t s  slrslll v a r i a t i o n  r e s u l t e d  i n  a cons is tency  of  t h e  
K d ' s  a long t h e  cascade. 

Since the split oP Md was 95.35$, and t h o  recovery oP R n  was 
j6 .2'776s t he  N d  decontamimiiou f a c t o r  (def i  ned as the r a t i o  

con@. Pm i n  Extractant/Conc. NCI i n  Extractl int  
Conc. Pm i n  Feed / Conc. N d  i n  Feed 

-_ - -- - ___I_ 

w a s  11.83. 

T'he highest, 1oa.ding in t ne  organic plmse occurs i n  the stream 
l eav ing  the f eed  s t age ,  and it represents  a loading  or" D2EHPA of 
about  24%. 
t h e  s l i g h t  incryase  i n  t h e  Kd's d e s p i t e  t n e  htgher  a c i d i t y .  

I n  the l a s t  s t ages  t h e  loading  i s  lower, which expla ins  

4 - 0 C ONC LTJS IONS 

1. 

2 .  

5- 

'Ibe use of Amsco as a d i l u e n t  f'or commercial 5;LEBPA to separate Pni 
aud Nd r a i z p s  tke Kd's Lo p r a c " i c a l  v & t l u ~ s ,  but, ?he scparation 
f ac to r  is 3076 lower T E L ~ D  tmt, report5d i o  the l i l e r a t u r e  when us ing  
t olriene a s  a, d i l u e n t  f o r  purif 'ied U2ElIPA. 

A n  average s t age  sepa ra t ion  fac%or of 1.60 - I S  been found i n  the 
operation of an 11-si,age i'rac-tional so lvent  e x t r a c t i o n  system 
us ing  1 M - LQElPA i n  h s c o  as  rke organic  phase and 0.74 M 2 N 0 ~  as 
the  aqueous, and working with a mnaxirmiii ex t r ac t an t  loadiGg of '2476. 

Under +,ha condi t ions  above, arJ Nd s p L i t  G€ 95.33% was obtained 
with a Fm recovery o€ 56.2'($. Ihe Nd decontami?iation P a c t o r  was 
11.83. 

The 1.60 valiie oi" t he  sepa ra t ion  i'aetor compared w i t h  tne  value of 
1 .g6 repor ted  in the b i b l i o p a p h y  when usi ng TRP 8,s ari ex t r -dc~an t  
mkes less a+Aract,ive the use ot' WtCHPA t;o f rac t i  o m t e  tihe la.ntlla- 
nicks unrder the condi t ions  s tud ied .  

As t h e  lxe of differen'c D2EBPA d i l u e u t s  ?la6 been i'ound uf great 
importance ;n the behavior of this solver i t ,  a cstreOu1 s tudy  of the 
v a r i a t i o n  of +-?:e U%EHPA p rope r t i e s  witk the diluent, i s  suggested i f  
Pur ther  work is  t o  be done. 
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Fig. 1. Concent-rxti-oi? P r o T i k  of 3Teodymi.m in the 11-Stage Mixer- 
Settl-er Unit. 
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