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gXKVENT EXTRACTION WITH ORGANOPHOSPHINES 
- C O M R C I A L  & POTENTIAL APPLICATIONS - 

W.A. RICKEILTON and R.J. BOYLE 

AMEK I CAN CYANAMID COMPANY 
WELl-AND TECHNICAL CENTER 
N I A G A R A  FAI.I.S, O N T A R I O  
CANADA L2E 6T4 

ABSTRACT 

Phosphine was discovered i n  1783 by 
Gengembre but, u n t i l  Cyanamid began work i n  
1955, very l i t t l e  research had been concentrated 
on rep lac ing  one or  more o f  the phosphorus t o  
hydrogen bonds by phosphorus t o  carbon bonds. 
This paper descr ibes t h a t  p a r t  o f  t h i s  research 
which focused on c rea t i ng  and reducing t o  
coinmercial p r a c t i c e  new organophosphine 
ex t rac tan ts  f o r  both metals and organic solutes. 

The chemistry i nvo l ves  the reac t ions  o f  
phosphine with alpha-olef  i n s  t o  produce d i -  
and t r ia lky lphosph ines .  These de r i va t i ves  can 
then be ox id ized  or th ionated  t o  a f f o r d  fou r  
d i f f e r e n t  types o f  reagents. 
oxides and s u l f i d e s  which are obtained func t i on  
as ex t rac tan ts  by a s o l v a t i n g  mechanism wh i le  
the phosphinic and d i th iophosph in ic  acids 
produced are c a t i o n  exchange reagents. 
p roper t i es  and performance c h a r a c t e r i s t i c s  o f  
each o f  these classes o f  compounds are 
described. A new ex t rac tan t ,  CYANEX@' 925 ,  is 
introduced. Commercial, as w e l l  as po ten t i a l ,  
app l i ca t i ons  f o r  a l l  o f  these ex t rac tan ts  are 
discussed, 

The phosphine 

The 
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1228 RICKELTON AND BOYLE 

I\TRODUCTION 

It i s  genera l l y  be1 ieved t h a t  elemental phosphorus was 
discovered by Arabian alchemists as e a r l y  as the 12 th  cen tu ry ( l ) ,  
but  the  discovery i s  usua l l y  a t t r i b u t e d  t o  Rrandt(1) i n  1669. 
Twenty-five years l a t e r  Boyle(2) prepared phosphoric ac id  bu t  i t  
was not, u n t i l  1783 t h a t  phosphine was made by Gengembre( 3 j .  

American Cyanamid Company, herea f te r  Cyanamid, f i r s t  began 
syn the t ic  work w i t h  phosphine i n  i t s  Basic Research Department 
l a b o r a t o r i e s  i n  Stamford, CT i n  1955. Although near ly  200 years 
had passed since Gengembre's discovery o f  the  gas, the  chemistry 
o f  phosphine and organic de r i va t i ves  o f  phosphine i n  which one or 
more o f  t he  P-H bonds were replaced by a P-C bond had no t  been 
s tud ied  very extensively.  The pauc i ty  o f  research with phosphine 
was probably due i n  p a r t  t o  i t s  t o x i c i t y  and f lammabi l i ty ,  bu t  i t s  
obnoxious odor may a l so  have been a fac to r .  

Basic research r e s u l t e d  i n  t h e  discovery o f  many products o f  
commercial i n t e r e s t  f o r  several  end uses. However, t h i s  paper 
focuses on ly  on the  research e f f o r t  which c rea ted  and reduced t o  
p r a c t i c e  new so lvent  ex t rac tan ts  f o r  both metals and organic 
so l  Utes. 

CHEMISTRY OF PHOSPHINE 

Phosphine i s  manufactured by reac t i ng  red  phosphorus w i t h  
steam under pressure. 
f e r t i l i z e r  manufacture. 

The by-product phosphoric ac id  is s o l d  for  

Some phosphine is upgraded t o  " f i v e  n ine 's "  p u r i t y  and so ld  
as a dopant t o  the  e lec t ron i cs  indus t ry .  The remainder i s  reacted 
w i th  o l e f i n s  and carbonyl compounds t o  produce a v a r i e t y  o f  s tab le  
organophosphorus products. 
de r i va t i ves  obtained by the  reac t i on  o f  phosphine w i t h  o l e f i n s  and 
the  subsequent ox ida t i on  of these products t o  oxides, s u l f i d e s  and 
acids. 

We are on ly  concerned here with the  

Theore t ica l l y ,  i t  should be poss ib le  t o  reac t  any alpha 
o l e f i n  w i t h  phosphine and ob ta in  the  corresponding mono, d i  and 
t r ia lky lphosph ine .  But, sometimes t h e  reac t i on  i s  so fas t ,  i t  i s  
no t  p r a c t i c a l  t o  make the  mono der iva t ive ;  and sometimes, because 
o f  s t e r i c  hindrance, i t  i s  only poss ib le  t o  make the d i a l k y l  and 
no t  t he  t r ia lky lphosph ines .  
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SOLVENT EXTRACTION WITH ORGANOPHOSPHINES 1229 

P H j / I n i t i a t o r  

3 

Octene-I 
9 (CH3( CHz )7)3P (11) 

CH3 
Isobutylene I 

9 (CHJ-CH-CH~)~P (111) 

An ou t  tanding proper ty  o f  the t r i v a l e n t  phosphorus compounds 
i s  the  ease with which they convert t o  the  pentavalent s ta te .  When 
I and I 1  are ox id ized  w i t h  hydrogen peroxide they produce the  
corresponding phosphinic ac id  and phosphine oxide. 

1 - 

- 
CYANEX@ 272 Ex t rac tan t  

(CHJ(CHZ)~)~P=O 

CYANEX 921 Ex t rac tan t  

When I and I11 are  reacted with s u l f u r ,  the  corresponding 
t h i o a c i d  and s u l f i d e  are formed. 

s 
I 1  > 

S 
// 

2 SH 

CYANEX 301 Ex t rac tan t  

CH3 
I 

(CH3-CH-CH2) 3-P=S 

CYANEX 471X Ext rac tan t  
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1230 RICKELTON AND BOYLE 

I t  i s  a l s o  p o s s i b l e  t o  r e a c t  phosphine wi th a m i x t u r e  o f  
a lpha  o l e f i n s  t o  o b t a i n  a chemical  m i x t u r e  o f  d i f f e r e n t  
t r i a l k y l p h o s p h i n e s  which can be o x i d i z e d  t o  t h e  co r respond ing  
mixed ox ides.  For example, a m i x t u r e  o f  60% oc tene- I  and 40% 
hexene-I w i l l  a f f o r d  a m i x t u r e  o f  t r i a l k y l p h o s p h i n e s  which when 
o x i d i z e d ,  g i v e s  t h e  f o l l o w i n g  m i x t u r e :  

R '  

42% R =hexy l  
R ' = o c t y l  

- 
( R  ' ) j - P = O  (R)J -P=O 

8 x - 14% - 
This i s  CYANEX 9 2 3  e x t r a c t a n t .  

A mixed t r i a l k y l p h o s p h i n e  r a t h e r  than  a m i x t u r e  o f  
t r i a l k y l p h o s p h i n e s  can be made by  r e a c t i n g  I with a d i f f e r e n t  
a lpha  o l e f i n  t o  g i v e  - 

I 2 7  

CH3(CH2 17 

Octene-I 
I - 

I n i t i a t o r  I V  

O x i d a t i o n  o f  I V  w i th  p e r o x i d e  p rodures  t h e  co r respond ing  
phosphine o x i d e  which i s  t h e  l a t e s t  organophosphine e x t r a c t a n t ,  
CYANEX 925. 

PROPERTIES AND PERFORMANCE CHARAClERISTICS 

A l l  o f  t h e  c i t e d  phosphines possess t h e  a b i l i t y  t o  complex 
Phosph in i c  and d i t h i o p h o s p h i n i c  a c i d s  a r e  w i t h  v a r i o u s  meta ls .  

compound formers which e x t r a r t  c a t i o n s ,  whereas phosphine ox ides  
and s u l f i d e s  a r e  s o l v a t i n g  agents. 

I n  genera l ,  phosphine ox ides,  l i k e  CYANEX 921, have h i g h  
e x t r a c t i o n  c o e f f i c i e n t s  fo r  
ve ry  low s e l e c t i v i t y .  On t h e  o t h e r  hand, a l ky lphosph ine  s u l f i d e s ,  
like CYANEX 471X, have h i g h  e x t r a c t i o n  c o e f f i c i e n t s  f o r  o n l y  a few 
meta l s  b u t  a r e  q u i t e  s e l e c t i v e .  

many me ta l s  and o r g a n i c  s o l u t e s  b u t  
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SOLVENT EXTRACTION WITH ORGANOPHOSPHINES 1231 

Dialkylphosphin ic  a c i d s ,  l i k e  C Y A N E X  272, have high 
e x t r a c t i o n  c o e f f i c i e n t s  and select ivi ty  for many base  and f e r r o u s  
meta ls  a t  s p e c i f i c  pH's and a l s o  reject  calcium and magnesium. 
D i a l k y l d i t h i o p h o s p h i n i c  a c i d s ,  ( e . g ,  CYANEX 301 ) l i k e  phosphinic  
a c i d s  have high e x t r a c t i o n  c o e f f i c i e n t s  for many metals. 
E x t r a c t i o n  o c c u r s  a t  a low pH and t h e  s e l e c t i v i t y  is poor, with 
t h e  except ion  t h a t  a l k a l i n e  e a r t h s  are r e j e c t e d .  

APPLICATIONS OF PHOSPHINE OXIDES 

CYANEX 921 E x t r a c t a n t  (TOP01 

r e p o r t e d  i n  numerous p u b l i c a t i o n s  (4). 
more thoroughly t h a n  a l l  o t h e r  organophosphines combined and h a s  
been a v a i l a b l e  commercially s i n c e  t h e  mid 1970's. D e s p i t e  t h i s ,  
only two commercial uses exist .  

Uranium Recovery From Wet P r o c e s s  Phosphoric  Acid: 

The s p e c i f i c  e x t r a c t i o n  c h a r a c t e r i s t i c s  o f  TOPO have been 
I t  h a s  been s t u d i e d  far 

In combination with di(2-ethyhexy1)phosphor ic a c i d ,  (UZEHPA) , 
TOPO is recognized a s  t h e  e x t r a c t a n t  o f  c h o i c e  f o r  recover ing  
uranium from wet p r o c e s s  phosphoric  ac id .  This  process ,  developed 
a t  t h e  Oak Ridge Nat ional  Laboratory (5,6,7), i s  based on t h e  
s y n e r g i c  behavior  o f  t h e  DPEHPA-TOP0 mixture. A number of  t h e s e  
p l a n t s  have been o p e r a t i n g  i n  t h e  U.S. and Europe f o r  s e v e r a l  
years .  

Acetic Acid Recovery From S u l f i t e  Pulp ing  Liquors:  

The o t h e r  commercial use o f  TOPO is f o r  t h e  recovery of 
a c e t i c  a c i d  and f u r f u r a l  from s u l f i t e  pu lp ing  l i q u o r s .  ILenzing 
AG, a l a r g e  t e x t i l e  f i b e r  producer ,  h a s  s u c c e s s f u l l y  opera ted  such 
a p l a n t  i n  A u s t r i a  since 1983. 
p a t e n t  of  Kanzler  and Schedler  (8 ) .  

Thei r  p r o c e s s  is based on t h e  

The fo l lowing  new u s e s  o f  TOPO have been r e c e n t l y  d i s c l o s e d .  

Niobium/Tantalum S e p a r a t i o n  

In  Germany, Ecker t  and Bauer (9 )  have p a t e n t e d  a p r o c e s s  t o  
s e p a r a t e  and recover niobium and tantalum from a h y d r o f l u o r i c  - 
s u l f u r i c  a c i d  leach  l i q u o r ,  
with t h e  commonly used methyl i sobuty lke tone  e x t r a c t a n t  a r e  shown 
t o  be h i g h e r  s t a b i l i t y ,  lower aqueous s o l u b i l i t y ,  r a p i d  phase 
disengagement and, p a r t i c u l a r l y ,  t h e  product ion o f  a h igher  p u r i t y  
niobium oxide  which  meets t h e  s t r i n g e n t  s p e c i f i c a t i o n s  f o r  
n u c l e a r ,  o p t i c a l  and e l e c t r o n i c  a p p l i c a t i o n s .  

The advantages o f  TOP0 i n  comparison 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1232 RICKELTON AND BOYLE 

Arsenic Removal From Copper E l e c t r o l y t e s  

A European patent (10)  issued t o  Marr e t  a l .  covers the  
removal o f  arsenic f rom copper e l e c t r o l y t e s  by so lvent  
ex t rac t ion .  TOPO i s  shown t o  be a stronger ex t rac tan t  f o r  arsenic 
than t r ibu ty lphosphate  which i s  now used commercially i n  two 
arsenic so lvent  ex t rac t i on  p lan ts .  This property i s  claimed t o  
r e s u l t  i n  lower s tag ing  requirements and so lvent  inventory.  

Rhenium Recovery From Spent Cata lys t  

A recent U.S. patent (11) issued t o  Cyanamid discloses the 
use o f  TOPO for  the s e l e c t i v e  recovery o f  rhenium from s u l f u r i c  
ac id  so lu t i ons  r e s u l t i n g  from the leaching o f  spent petroleum 
re forming  ca ta l ys t .  

CYANEX 923 Ex t rac tan t  

Carboxyl ic Ac id  Recovery(9) 

Data i n d i c a t e  tha t  CYANEX 923 can be used t o  advantage over 
TOPO i n  the  recovery o f  ace t i c  ac id  because i t  i s  a 1 i q u i d  w i t h  a 
low f reez ing  p o i n t  and is completely m i s r i b l e  with a l l  commonly 
used d i l u e n t s  even a t  low ambient temperatures. These p roper t i es  
permi t  the prepara t ion  o f  concentrated s tab le  solvents,  which 
leads t o  lower s tag ing  requirements i n  e x t r a c t i o n  and v i r t u a l l y  
e l im ina tes  the  problem o f  p l a n t  freeze-up dur ing  per iods  when the 
ambient temperature i s  low. 

Phenol Recovery(9) 

Phenols, l i k e  ca rboxy l i c  acids, are a common component o f  
many aqueous e f f l uen ts ,  e.g. waste streams produced dur ing  coal 
I i que fac t ion ,  coal  g a s i f i c a t i o n  ( s t e e l  manufacture) and i n  t,he 
p e t  rochem i c a l  industry.  

As w i t h  ace t i c  acid,  the  p o t e n t i a l  b e n e f i t  o f  recover ing 
phenol by so lvent  e x t r a c t i o n  w i th  CYANEX 923 is the  a b i l i t y  t o  
cons t ruc t  p l a n t s  w i t h  minimal s tag ing  requirements. Since phenol 
i s  s t rong ly  ex t rac ted  by phosphine oxides, the advantages o f  
CYANEX 923 ex t rac tan t  over TOPO are l ess  marked than i n  the case 
o f  the more weakly ex t rac ted  ace t i c  acid. The major f ac to r  i n  
choosing between the  two i n  phenol systems w i l l  depend upon the  
concent ra t ion  o f  phenol i n  the  e f f l u e n t .  

Ethanol Recovery(l2) ( 1 3 )  

CYANEX 923 ex t rac tan t  e x h i b i t s  a separat ion f a c t o r  i n  
ethanol/water so lu t i ons  near the maximum useful  1 i m i t  fo r  recovery 
from continuous fermentat ion broths,  t y p i c a l  l y  con ta in ing  5% 
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SOLVENT EXTRACTION WITH ORGANOPHOSPHINES 1233 

ethanol. Higher values do no t  f u r t h e r  reduce ext.ract,or s i z e  or 
t he  energy requ i red  i n  downstream d i s t i l l a t i o n .  However, when 
compared w i th  other candidate ethanol ex t rac tan ts ,  t h e  p r i n c i p a l  
advantage o f  CYANEX 923 l i e s  i n  i t s  very low s o l u b i l i t y  i n  water 
(0.001 wt.76). I n  actual  p r a c t i c e  so lub le  losses t o  the  r a f f i n a t e  
are even lower than this. 

Tmpurity Removal From Copper E lec t ro l y tes (14 )  

CYANEX 9'23, l i k e  TOPO, has been shown t o  be an e f f i c i e n t  
ex t rac tan t  fo r  arsenic, bismuth, and t o  a lesser extent,  antimony 
a t  t he  s u l f u r i c  a c i d  concentrat ions normal ly encountered i n  copper 
e l e c t r o l y t e s  i.e. approximately 160 g/L H2SO4. Both reagents are 
comparatively weak arsenic ex t rac tan ts  but. CYANEX 923 being a 
l i q u i d  can he used und i l u ted  or a t  a h igh  concent ra t ion  i n  the 
d i l uen t .  Thus, a more e f f i c i e n t  e x t r a c t i o n  performance is 
obta inab le  w i t h  CYANEX 923  than w i t h  TOPO, which i s  no t  only a 
s o l i d  bu t  a l s o  e x h i b i t s  l i m i t e d  s o l u b i l i t y  i n  commonly used 
d i l u e n t  s. 

APPLICATIONS OF PHOSPHINE SULFIDES 

Un l i ke  t h e i r  phosphine oxide analogues, t r i a l ky lphosph ine  
s u l f i d e s  are s o f t  l e w i s  bases. As such, they on ly  complex r e a d i l y  
w i t h  metals which e x h i b i t  t he  c h a r a c t e r i s t i c s  o f  s o f t  Lewis acids 
(15) ,  i . e .  those metals having a l a rge  i o n i c  radius,  a low or  zero 
ox ida t i on  s t a t e  and which are e a s i l y  polar ized. Only a few metals 
i n  the  p e r i o d i c  t a b l e  meet these c r i t e r i a ,  e.g. Ag+, Hg2+, 
pd2+ and A d + .  

CYANEX 471X Ex t rac tan t  

5 il v e r  Recovery 

One p o t e n t i a l  app l i ca t i on  i s  t h e  s e l e c t i v e  e x t r a c t i o n  o f  
s i l v e r  from a copper-zinc s u l f a t e  s o l u t i o n  as i l l u s t r a t e d  by a 
continuous, counter-current,  m in i -p lan t  t e s t ( l 6 ) .  (Using B e l l  
m ixe r -se t t l e rs )  . 
and two o f  s t r i p p i n g  us ing  a commercially ava i l ab le  sodium 
t h i o s u l f a t e  " f i x e r "  s o l u t i o n  as t h e  s t r i p  feed. An advantage o f  
us ing  t h i s  s t r i p p i n g  agent i s  t h a t  s i l v e r  i s  r e a d i l y  recovered 
from i t  by e i t h e r  cementation or e l e c t r o l y s i s .  Add i t i ona l l y ,  the  
a b i l i t y  t o  recyc le  i t  a f t e r  s i l v e r  recovery con t r i bu tes  
s i g n i f i c a n t l y  t o  the lowering o f  opera t ing  costs. 
cond i t ions  a f fo rded  a q u a n t i t a t i v e  recovery o f  Ag and outstanding 
separat ion fac to rs ,  (Ag/Zn = 0.5 x 106 and Ag/Cu = 1.5 x 106). 

The experiment invo lved two stages o f  e x t r a c t i o n  

These 

Plat inum - Pal ladium Separat ion 

A commercial use o f  CYANEX 471X is i n  the  separat ion o f  
Pd2+ from c h l o r i d e  so lu t i ons  conta in ing  Pt4+(16). As w i t h  s i l v e r ,  
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Figure 1 Kinetics of Pd (11) and Pt (Iv) extraction with CYANEX@ 471X 
extractant. 

pal ladium e x t r a c t i o n  occurs through a so l va t i ng  mechanism. 
S im i la r l y ,  s t a b i l i z e d  t h i o s u l f a t e  so lu t i ons  are an e f f e c t i v e  s t r i p  
feed. A study o f  the r a t e  o f  the  ex t rac t i on  has shown t h a t  the  
s e l e c t i v e  separat ion o f  these two metals i s  k i n e t i c a l l y  based. The 
resu l t s ,  p l o t t e d  i n  F igu re  1, were obtained a t  50°C and A/O 2 by 
contac t ing  an unmodif ied so lvent  (30 g/L CYANEX 471X ex t rac tan t  i n  
Varsol DX-3641 d i l uen t )  w i th  an aqueous ch lo r i de  s o l u t i o n  
conta in ing  1 g/L Pd2+ and 1 g/L Pt6+ i n  2N HC1. 

Mercury Recovery 

Another p o t e n t i a l  use o f  CYANEX 471X, i nves t i ga ted  by 
Yoshimari Baba e t  al. ,  i s  t he  e x t r a c t i o n  o f  Hg2+ from hydroch lo r ic  
ac id  so lu t ion .  Exce l len t  r e s u l t s  were reported (17). The 
recovery of Hg2+ from wastewater us ing  CYANEX 471X is a lso  the  
sub jec t  o f  a recent  Mitsui-Cyanamid patent (18). St r ipp ing  i s  
accomplished with aqueous thiocyanate or t h i o s u l f a t e  so lu t ion .  

APPLICATIONS OF PHOSPHINIC ACIDS 

Cobal t -N icke l  Separat ion 

ex t rac tan t )  i s  one o f  t he  th ree  organophosphorus ac ids  which have 
B i s  (2,4,4-tr imethylpentyl)  phosphinic ac id  (CYANEX 272 
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SOLVENT EXTRACTION WITH ORGANOPHOSPHINES 1235 

been s tud ied  ex tens ive ly  for  coba l t  - n i c k e l  separat ion (1y)(2u). 
The o ther  two are DZEHPA and the mono-2-ethylhexyl es te r  o f  
2-ethylhexylphosphonic a c i d  ( so ld  under the tradename PC-88A by 
Oaihachi Chemical Indus t ry ,  Co., ILtd.). 

The s t ruc tu res  o f  these acids are: 

"\ /O 

RO OH 
D2EHPA 

RO R 
\ //" \ 

/p\  
R OH R OH 

PC-88A CYANEX 272 

where R i s  the appropr iate a l k y l  group. 

I n  coba l t -n i cke l  separation, these s t r u c t u r a l  d i f fe rences  
have a s i g n i f i c a n t  impact on s e l e c t i v i t y  as i l l u s t r a t e d  b the  
r e s u l t s  o f  some comparative shake-out t e s t s  given below(2r). 

Ex t rac t  ant  Co/Ni Separation Factor 

D2EHPA 

CYANEX 272 
PC-88A 

14 
280 

7000 

CYANEX 272 ex t rac tan t  o f f e r s  another important advantage i n  
t h a t  i t  i s  the  on ly  one o f  t he  above organophosphorus acids which 
e x t r a c t s  coba l t  i n  preference t o  calcium. This proper ty  can 
minimize or  e l im ina te  problems which are associated w i t h  calc ium 
e x t r a c t i o n  and t h e  subsequent p r e c i p i t a t i o n  o f  gypsum, e.g., 
sca l i ng  o f  equipment and the  format ion o f  cruds which leads t o  
so lvent  losses. 

Continuous counter-current t e s t s  performed a t  Warren Spring 
Laboratory( 21) demonstrate the  a b i l i t y  o f  CYANEX 272 ex t rac tan t  t o  
e f f i c i e n t l y  recover h igh  p u r i t y  coba l t  from so lu t i ons  concentrated 
i n  n i c k e l  and d i l u t e  i n  coba l t  (e.g., 99 g/L N i  and 2 g/L Co). 
coba l t  recovery o f  99.7% was obtained together w i th  a f i n a l  
coba l t  : n i c k e l  r a t i o  o f  1400: 1. Higher r a t i o s  (approximately 
7000:l) have been achieved i n  a l a r g e r  sca le  p i l o t  p l a n t  t e s t  
using a s u l f a t e  feed o f  s i m i l a r  composit ion (95 g/L N i  and 1.5 g/L 
CO . 

A 

CYANEX 272 was in t roduced t o  the  marketplace i n  1982 and i s  
now be ing  used commercially i n  th ree  coba l t  so lvent  e x t r a c t i o n  
plants.  

Although CYANEX 272 was designed as a coba l t  ex t rac tan t ,  
g iven t h e  appropr ia te  cond i t ions  i t  can a l so  be used t o  e x t r a c t  
and separate severa l  o ther  base and fe r rous  metals (F igure  2 ) .  
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Figure 2 Extraction of metals from sulfate solution by CYANEX" 272 

extractant. 

Zirconium and Hafnium Recovery 

I r o n  Ore Company o f  Canada ( 2 2 )  h a s  f i l e d  a Furopean P a t e n t  
which c l a i m s  t h e  use of  CYANEX 272 for  t h e  s e l e c t i v e  e x t r a c t i o n  of  
zirconium and hafnium from an aqueous s u l f a t e  s o l u t i o n  c o n t a i n i n g  

mpl i shed  

N12+ 

t i t a n i u m  and o t h e r  m e t a l l i c  i m p u r i t i e s .  S t r i p p i n g  is ace 
w i t 1 1  an aqueous ammonium carbonate  s o l u t i o n  and t h e  
r i r c o n i  um/hafnium is subsequent ly  recovered by p r e c i p i t a t  
high p u r i t y  oxide .  

on as a 

Gallium Recovery From Bayer Liquors  

A U.S. P a t e n t ( 2 3 )  h a s  been i ssued  t o  Rhone-Poulenc: which 
c la ims  t h a t  when an organophosphorus a c i d  such as C Y A N E X  272 
e x t - r a c t a n t  is combined with KEIEX 100, t h e r e  is  a s u b s t a n t i a l  
i n c r e a s e  i n  t h e  e x t r a c t i o n  k i n e t i c s  o f  ga l l ium from a Bayer 
process c a u s t i c  s o l u t i o n .  (KEILEX 100 i s  a product  o f  Scher ing  
AG) .  

Rare E a r t h  S e p a r a t i o n s  

A Furopean P a t e n t  Appl ica t ion  of R h o n e - P o ~ l e n c ( 2 ~ )  cokers the  
u s e  o f  CYANEX 272 i n  e f f e c t i n g  v a r i o u s  r a r e  e a r t h  s e p a r a t i o n s  from 
n i t r a t e  s o l u t i o n .  
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The e x t r a c t i o n  o f  lanthanide metals w i t h  CYANEX 272 has also 
been the  sub jec t  o f  a paper by L i  and Fre iser (25) .  E x t r a c t i o n  
e q u i l i b r i a  f o r  a se r ies  o f  lan than ide  i ons  i s  c i t e d  along w i t h  
separat ion factors.  I n  some instances TOP0 was found t o  increase 
bo th  the  e x t r a c t a b i l i t y  and s e l e c t i v i t y  o f  lan than ide  metals i n  
the  system. 

APPLICATIONS OF DITHIOPHOSPHINIC ACIDS 

Zinc-Calcium Separation a t  Low pH 

D ia l ky ld i t h iophosph in i c  acids have h igh  e x t r a c t i o n  
c o e f f i c i e n t s  for many metals. Ex t rac t i on  occurs a t  a low pH, 
which i s  usua l l y  an advantage bu t  the  s e l e c t i v i t y  i s  poor. 

CYANEX 301 ex t rac tan t ,  the s u l f u r  analog o f  CYANEX 272, is 
such an ac id  and was o r i g i n a l l y  developed t o  recover z inc  from the 
e f f l u e n t  streams o f  viscose rayon p lan ts .  Zinc and calcium are 
present i n  these e f f l u e n t s  i n  the f o r m  o f  t h e i r  s u l f a t e  s a l t s  a t  a 
pH o f  between one and two. 
and recyc le  i t  f o r  use i n  the  v iscose process ac id  bath. 

The ob jec t i ve  i s  t o  recover the  z inc  

I t  is important t o  make a h i g h l y  s e l e c t i v i t y  zinc-calcium 
separat ion because i f  calcium is recycled t o  the  ac id  bath, gypsum 
forms and i t s  p r e c i p i t a t i o n  has a de le te r i ous  e f f e c t  on t h e  
v iscose process. One f u r t h e r  cons t ra in t  i s  t h a t  the  so lvent  
e x t r a c t i o n  process must operate a t  t he  pH o f  the  e f f l u e n t .  
low value o f  z inc  and the  comparatively d i l u t e  so lu t ions ,  <I g/I., 
make i t  uneconomical t o  ad jus t  the pH. 

The 

Zinc-calcium separat ion can be a f fec ted  by such ex t rac tan ts  
as CYANEX 272, bu t  pH adjustment t o  approximately 3 i s  requ i red  
fo r  complete recovery. I n  cont ras t ,  CYANEX 301 i s  a stronger ac id  
and complete z inc  e x t r a c t i o n  i s  poss ib le  i n  the  pH range 1-2. 
Add i t i ona l l y ,  t,his reagent e x h i b i t s  a h igh  s e l e c t i v i t y  f o r  z inc  
versus calcium, (Table 1 and F igure  3 ) .  St r ipp ing  is accomplished 
by contac t ing  the loaded so lvent  w i th  a mineral  acid, e.g. 300 g/L 
H2 S04. 

Di th iophosphor ic  acids are a lso  commercially ava i lab le .  
However, acids of t h i s  type do not e x h i b i t  the h igh  s e l e c t i v i t y  
f o r  z inc  versus calc ium which i s  associated with CYANEX 301, 
(F igure  4). 

Heavy Metal  Recovery 

CYANEX 301 e x t r a r t a n t  may a lso  be use fu l  f o r  removing small  
q u a n t i t i e s  o f  heavy metals from ac id  process streams where pH 
adjustment i s  no t  economical, (Table 2 ) .  
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Figure 4 A comparison of the separation of zinc from calcium with a 
dithiophosphinic vs. a dithiophosphoric acid. 
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A s i m i l a r  use for d i th iophosph in ic  acids i s  i n  the removal o f  
cadmium and o ther  heavy metals from wet process phosphoric acid. 
J.R.  Simplot Company recen t l y  obtained a U.S. Patent(26) for  such 
a process using the sodium s a l t  o f  diisobutyldithiophosphinic ac id  
as the ex t rac tan t .  This compound i s  so ld  by Cyanamid under the 
tradename AEKOPHINE@ 3418A promoter. 
f l o t a t i o n  reagent f o r  c e r t a i n  copper s u l f i d e  ores which con ta in  
s i g n i f i c a n t  q u a n t i t i e s  o f  s i l v e r  or gold. 

I t s  primary use i s  as a 

CYANEX 925 EXTRACTANT 

T i n  Recovery 

The recovery o f  t i n  from hydroch lo r ic  ac id  so lu t i ons  w i th  
TOPO i s  w e l l  known. However, under these cond i t ions  other metals 
such as z inc  and i r o n  are a lso  extracted, 
i n  the  e a r l y  1960's showed t h a t  t r i s  (2-ethylhexyl)  phosphine 
oxide (TEHPO) was an exce l l en t  t i n  ex t rac tan t  and had the  
advantage o f  be ing  more s e l e c t i v e  than TOPO. Desp i te  i t s  proven 
performance, TEHPO has never been made commercially. Possibly,  
because i t  is t oo  expensive t o  produce even by the best syn the t ic  
route.  

Ross and White(27,28) 

Cyanamid perceived t h a t  a need ex i s ted  f o r  the  s e l e c t i v e  
recovery o f  t i n  from leach so lu t i ons  o f  scrap, concentrates and 
p l a t i n g  baths which may conta in  i n  add i t i on  Zn2+, Fez+, Fe3+, Cu2+ 
and Pb +. While Cyanamid's phosphine technology d i d  no t  permi t  
the manufacture o f  TEHPO, a h i g h l y  hindered t r i a l ky lphosph ine  
oxide was synthesized. 
phosphine w i t h  2,2,4-trimethylpentene-I t o  f o r m  a d i a l k y l  and then 
reac t i ng  th is  intermediate w i th  octene-I t o  form the  t r i a l k y l  
de r i va t i ve .  
des i red  oxide i.e. CYANEX 925 ex t rac tan t .  

This was accomplished by reac t i ng  

Subsequent ox ida t i on  w i t h  peroxide a f f o r d s  the  

Chain branching might be expected t o  make the  reagent a 
harder Lewis base and, therefore,  a stronger,  l e s s  s e l e c t i v e  
ex t rac tan t  than TOPO. However, as shown w i th  TEHPO, the  opposi te 
i s  the  case. CYANEX 925, due t o  s t e r i c  e f fec ts ,  i s  i n  f a c t  more 
s e l e c t i v e  than TOPO i n  the  e x t r a c t i o n  o f  a range o f  metals. 

By inference, one would expect t h a t  t r i s  
(2,4,4-tr imethylpentyl)  phosphine oxide (CYANEX 924), being even 
more s t e r i c a l l y  hindered t h a t  CYANEX 925, would e x h i b i t  an even 
grea ter  degree o f  s e l e c t i v i t y .  Experiments have shown t h i s  t o  be 
the  case. However, t h e  same s t e r i c  hindrance which produces t h i s  
increased s e l e c t i v i t y  a l so  has an adverse e f f e c t  on the  
manufacturing process, The reac t i on  k i n e t i c s  are slowed t o  such 
an ex ten t  t h a t  CYANEX 924 is not  an economically v i a b l e  product. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
5 

EF
FE

CT
 O

F 
H

C
1 

CO
NC

EN
TR

AT
IO

N 
O

N 
M

ET
AL

 E
XT

R
AC

TI
O

N
 W

IT
H

 C
YA

NE
X 

92
1 

EX
TR

AC
TA

NT
 

S
o

lv
e

n
t:

 

A
qu

eo
us

 :
 

Te
m

pe
r a

t u
 re

 : 

Ti
me

 :
 

A/
O:

 

In
it

ia
l 

H
C

I 
N

o
rm

a
li

ty
 

1 2 3 4
 5 6 

0.
15

 
M 

e
x

tr
a

c
ta

n
t 

in
 E

xx
so

l 
0-

80
 

d
il

u
e

n
t*

 

S
in

g
le

 r
n

e
ta

l 
c

h
lo

ri
d

e
 s

o
lu

t-
io

n
s,

 
a

ll
 0

.0
1 

M
 i

n
 t

h
e

 m
e

ta
l 

io
n

 i
n

 a
ri

d
 

s
o

lu
ti

o
n

s
 v

ar
yi

ng
 f

ro
m

 1
 t

o
 6

N 
H

C
I.

 

24
O

C 

5 
m

in
u

te
s 

1 
(4

0 
rn

l- 
ea

ch
 p

ha
se

) 

E
x

tr
a

c
ti

o
n

 C
o

e
ff

ic
ie

n
ts

 

**
 

9.
8 

0.
09

9 
70

 
1.

5 
1.

4 
**

 
33

0 
0.

51
 

62
0 

1
.4

 
1.

9 
**

 
17

90
 

0.
35

 
31

00
 

0.
19

 
2.

8 
**

 
26

1 0
 

0.
35

 
31

 00
 

0.
43

 
4.

5 
**

 
57

40
 

0.
45

 
16

00
 

0.
24

 
12

.5
 

**
 

- 
0.

96
 

69
0 

0.
11

 
16

.2
 

9
 

H
 

D
 E 

A 
p

ro
d

u
c

t 
o

f 
E

xx
on

, 
C

o.
, 

U.
S.

A.
 

Q
u

a
n

ti
ta

ti
v

e
 e

x
tr

a
c

ti
o

n
 o

b
se

rv
e

d
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BI

LE
 4
 

EF
FE

CT
 O

F 
H

Cl
 C

ON
CE

NT
RA

TI
ON

 O
N 

M
ET

AL
 

EX
TR

AC
TI

ON
 W

ITH
 

CY
AN

EX
 9

24
 E

XT
RA

CT
AN

T 

So
lv

en
t:

 

A
qu

eo
us

 :
 

T
em

pe
ra

tu
re

: 

T i
m

e 
:
 

A/
O

 :
 

In
it

ia
l 
HC
l 

N
or

m
al

it
y 

1 2 3 4 5 6 

0.
15
 

M 
ex

tr
ac

ta
nt

 i
n

 E
xx

so
l 
D-
80
 d

il
u

en
t 

S
in

gl
e 

m
et

al
 c

h
lo

ri
d

e 
so

lu
ti

on
s,

 
a

ll
 0

.0
1 

M 
in

 t
h

e 
m

et
al

 i
on

 i
n

 a
ci

d
 

so
lu

ti
on

s 
va

ry
in

g 
fr

o
m

 I
 t

o 
6N
 H

C1
. 

24
°C
 

5 
m

in
ut

es
 

1 
(4

0 
ml

. 
ea

ch
 p

ha
se

) 

E
xt

ra
ct

io
n 

C
oe

ff
ic

ie
n

ts
 

-- 
c u

2+
 
-
 

P b
2+

 
-
 

z n
2+

 
-
 

F
ez

+ 
-
 

Fe
3+
 
-
 

sn
4+

 
-
 

39
6 

0.
15
 

0 
0.

60
 

1.
4 

0 
**

 
2.

4 
0.

02
7 

1.
7 

0.
97
 

0.
01
5 

**
 

92
 

0.
09

8 
2.
7 

0.
36
 

0.
02
1 

**
 

22
10
 

0.
17
 

4.
1 

0.
00
64
 

0.
06
9 

**
 

70
0 

0.
19
 

11
 

0.
00
94
 

0.
24
 

**
 

64
0 

0.
28
 

15
 

0.
01
7 

0.
85
 

p
-
-
l
_
_
_
l
-
-
-
-
 

* 
Q

u
an

ti
ta

ti
ve

 e
xt

ra
ct

io
n

 o
bs

er
ve

d 

i
 

m
 

v1
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



i4
 

c.
 

P
 

TA
B1

.E 
5 

EF
FE

C
T 

OF
 

H
C

1 
CO

NC
EN

TR
AT

IO
N 

ON
 M

ET
AL

 E
XT

R
A

C
TI

O
N

 W
IT

H
 C

YA
NE

X 
92

5 
EX

TR
AC

TA
NT

 

S
ol

ve
nt

: 

A
qu

eo
us

 ;
 

T
em

pe
ra

tu
re

: 

Ti
m

e :
 

A/
O

 :
 

In
it

ia
l 

H
C

I 
N

or
m

al
it

y 

1 2 3 4 5 6 

0.
15

 
M

 e
x

tr
ac

ta
n

t 
in

 E
x

x
s

o
l 

D
-8

0 
d

il
u

en
t 

S
in

g
le

 m
et

al
 
ch

lo
ri

de
 s

o
lu

ti
o

n
s,

 
a

ll
 0

.0
1 

M 
in

 t
h

e 
m

et
al

 
io

n 
in

 a
ci

d
 

so
lu

ti
o

n
s 

va
ry

in
g 

fr
om

 1
 t

o
 6

N
 H

C
I.

 

24
O

C
 

5 
m

in
ut

es
 

1 
(4

0 
m

L 
ea

ch
 p
ha

se
) 

E
xt

ra
ct

io
n 

C
o

ef
fi

ci
en

ts
 

---
---

---
---

- 
c u

2+
 
-
 

P b
2+

 
-
 

z n
2+

 
-
 

F 
e2

+
 

-
 

F 
e3

+ 
-
 

S"
4+

 
-
 

**
 

0.
52

 
0 

5.
9 

0.
98

 
0.

00
6 

**
 

35
 

0.
08

2 
20

 
1.

4 
0.

01
6 

**
 

81
 0

 
0.

16
 

68
 

0.
46

 
0.

12
0 

**
 

11
50

 
0.

18
 

18
5 

0.
07

7 
0.

39
0 

**
 

50
00

 
0.

22
 

2 5
0 

0.
08

4 
0.

97
0 

X
I

 
39

30
 

0.
53

 
16

4 
0.

07
7 

19
8 

z a n r cj 0
 z 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SOLVENT EXTRACTION WITH ORGANOPHOSPHINES 1245 

10000 

1000 

.a, 100 
L c 
0 = 
0, 

._ 

8 10 

.- c 0 1  

2 
3 0.1 

c 

0 

c 

0.01 

0.001 

/ cu" 

1 1'"" 
1 

I I I I I I 

0 1 2 3 4 5 6 7 

HCI Normality 

Figure 5 Metal recovery from chloride solutions with CYANEX@ 925 extractant. 
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Figure 6 A comparison of Zn extraction with CYANEXe 921, 924 and 925 
extractants. 
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Figure 7 A comparison of Cu extraction with CYANEX" 921, 924, and 925 
extractants. 

Figure 8 A comparison of H,SO, extraction with CYANEX@ 923 and 925 
extractants. 
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The dependence o f  e x t r a c t i o n  on chain branching i s  
i l l u s t r a t e d  by the r e s u l t s  o f  some batch shake-out t e s t s  which 
were conducted t o  determine the  e f f e c t  o f  H C l  normal i t y  on metal 
recovery from s i n g l e  metal c h l o r i d e  so lu t i ons  (Tables 3 ,  4 and 5, 
F igure  5 ) .  A l l  ex t rac tan ts  recovered t i n  q u a n t i t a t i v e l y  under t h e  
t e s t  cond i t ions ,  except for CYANEX 924 a t  an i n i t i a l  HC1 normal i t y  
o f  1. The remaining metals were ex t rac ted  i n  the order CYANEX 921 
> CYANEX 925 < CYANEX 924 (Figures 6 and 7). 

I n  the  p o t e n t i a l  a p p l i c a t i o n  for  the  s e l e c t i v e  recovery of 
t in ,  any co-extracted metals may be scrubbed from the  so lvent  
us ing  water 

stannate by the  use o f  an a l k a l i  s t r i p  feed. 

a d i l u t e  a c i d  or  a reduc t ive  process (e.g. 
Fe3+---->Fe E +) and t i n  may be susequently s t r i pped  as a so lub le  

Impur i t y  Removal From Copper E l e c t r o l y t e s  

A f u r t h e r  p o t e n t i a l  app l i ca t i on  i s  the removal o f  arsenic 
i m p u r i t i e s  from copper e l e c t r o l y t e s  which, t y p i c a l l y ,  con ta in  
150-200 g/l. o f  Free s u l f u r i c  acid. 
e x t r a c t i n g  arsenic,  scrubbing co-extracted ac id  from the solvent 
w i th  water at, a h i g h  O / A  r a t i o  and s t r i p p i n g  arsenic w i th  water a t  
a lower O / A  r a t i o .  The advantage o f  CYANEX 925 ex t rac tan t  over 
s t r a i g h t  chain phosphine oxides i n  t h i s  app l i ca t i on  i s  t h a t  i t  
e x t r a c t s  l ess  s u l f u r i c  ac id  per u n i t  of arsenic and the  ac id  which 
is co-extracted is more r e a d i l y  scrubbed from the solvent.  The 
weaker e x t r a c t i o n  o f  s u l f u r i c  ac id  by CYANEX 925 over CYANEX 923 
is i l l u s t - r a t e d  by the e x t r a c t i o n  isotherms shown i n  F igure  8. 
These were p lo t - ted  using the data i n  Table 6. 

This process invo lves  

SUMMARY 

No attempt has been made t o  exhaust ive ly  review t h e  ava i l ab le  
l i t e r a t u r e  on a l l  organophosphine de r i va t i ves  which have been 
repor ted  t o  be ex t rac tan ts  fo r  metals or  organic solutes.  We 
be l i eve  we have c i t e d  and discussed, a l b e i t  b r i e f l y ,  a l l  o f  the 
known commercial and p o t e n t i a l l y  commercial uses f o r  th is  
i n t e r e s t i n g  group o f  compounds. 
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