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.- PROCRESS REPORT ON URANIUM RECOVERY FROM WET-PROCESS 
PI-IOSPHORIC ACID WITH OCTYLPHENY L A C I D  PHOSPHATE 

W. D. Arnold 
D .  R. McKamey 
C. F. Baes 

ABSTRACT 

Studies were continued to complete development of a 
process for recovering uranium from wet-process phosphoric 
acid with octylphenyl acid phosphate (OPAP), a mixture of 
mono- and dioctylphenyl phosphoric acids. The mixture was 
found t o  contain at least nine impurities, the principal 
one being octyl phenol. It also contained material that 
readily hydrolyzed to octyl phenol and orthophosphoric 
acid. The same impurities were present in all the OPAP 
batches examined, although the relative amounts varied. 
‘The combination of mono- and dioctylphenyl phosphoric 
acids was the principal uranium extractant in the OPAP 
mixture, but some of the impurities also extracted uranium. 
Hydrolysis of the extractant had little effect on uranium 
extraction, as did the presence of moderate concentrations 
of octyl phenol and trioctylphenyl phosphate. 
choice among refined kerosenes, naphthenic mixtures, and 
paraffinic hydrocarbons also had little effect on uranium 
extraction, but extraction was much lower when an aromatic 
diluent was used. Purified OPAP fractions were sparingly 
soluble in aliphatic hydrocarbon diluents. The solubility 
was increased by the presence of impurities such as octyl 
phenol, and by the addition of water or an acidic solution 
t o  the extractant-diluent mixture. 

Diluent 

In continuous stability tests, extractant loss by 
distribution to the aqueous phase was much less to wet- 
process phosphoric acid than to reagent grade acid. 
Uranium recovery from wet-process acid decreased steadily 
because of the combined effects of extractant poisoning 
and precipitation of  the extractant as a complex with 
ferric iron. Unaccountable losses of organic phase volume 
occurred i n  the continuous tests. While attempts to recover 
the lost organic phase were unsuccessful, the test results 
indicate it was not lost by entrainment or dissolution in 
the phosphoric acid solutions. 
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1. INTRODUCTION 

Phosphate rock depos i t s  r ep resen t  one of t h e  n a t i o n ' s  l a r g e s t  known 
uranium resources .  Published es t imates  of t h e  U 0 contained i n  t h e s e  

depos i t s  range from 500,000 tons  t o  1,000,000 tons .  51-3 Most of t h e  

uranium d i s so lves  and becomes a v a i l a b l e  f o r  recovery as a by-product 

when phosphate rock i s  ac idu la t ed  t o  produce wet-process phosphoric a c i d ,  
an in te rmedia te  i n  f e r t i l i z e r  manufacture. Recent t rends  toward t h e  use  

of  h igher -ana lys i s  f e r t i l i z e r s  have r e s u l t e d  i n  g r e a t l y  increased  produc- 

t i o n  o f  wet-process phosphoric ac id .  Production i n  1975 was about 

6 . 8  mi l l i on  tons  (as P 0 1 ,  and cu r ren t  product ion capac i ty  i s  more than 
9 mi l l i on  tons .  Although t h e  uranium concent ra t ion  i n  wet-process a c i d  

i s  only 0 . 1  t o  0 . 2  g / l i t e r ,  t h e  l a r g e  tonnages of  ac id  produced r ep rcsen t  

a s i g n i f i c a n t  amount of  uranium t h a t  i s  a v a i l a b l e  f o r  recovery.  For  

exaitiple, t h e  a c i d  produced i n  1976 contained an est imated 3000 tons  of  

U 0 

by t h e  end of t h e  ~ e n t u r y . ~  

15% of the  present  annual domestic product ion from sandstone o r e s ,  can be 
recovered without any a d d i t i o n a l  mining, leaching ,  o r  t a i l i n g s  d i sposa l .  

2 5  4 

and t h i s  amount i s  p ro jec t ed  t o  inc rease  t o  about 8000 tons  pe r  year  3 8  
This uranium, which i s  equiva len t  t o  about 

Two processes  have been developed a t  OWL t o  recover  uranium from 

wet-process phosphoric a c i d .  These a r e  t h e  DEPA-TOP0 which 

uses a mixture of  d i (2-e thylhexyl )  phosphoric a c i d  and t r ioc ty lphosphine  
oxide as t h e  e x t r a c t a n t ,  and t h e  OPAP which uses  octylphenyl  

a c i d  phosphate,  a mixture  of  mono- and dioctylphenyl  phosphoric a c i d s .  

The DEPA-?'OPO process  i s  a two-cycle process .  In  the  f i r s t  o r  
concent ra t ion  cyc le ,  hexavalent uranium i s  ex t r ac t ed  from the  a c i d  and 

then s t r i p p e d  from t h e  e x t r a c t  with phosphoric a c i d  conta in ing  a r educ tan t ,  

concent ra t ing  t h e  uranium by a f a c t o r  of 50 o r  more. 
p u r i f i c a t i o n  cyc le  c o n s i s t s  of  ox id iz ing  t h e  uranium i n  t h e  f irst  cyc le  
s t r i p  s o l u t i o n  followed by uranium e x t r a c t i o n  with t h e  DEPA-TOP0 reagent  , 
scrubbing with water ,  and s t r i p p i n g - p r e c i p i t a t i o n  with ammonium carbonate .  

The ammonium uranyl  t r i c a r b o n a t e  product can be ca lc ined  t o  U 0 and fed  
d i r e c t l y  t o  a uranium r e f i n e r y  f o r  conversion t o  UF This process  has 

The second o r  

3 8  

6 '  
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been s u c c e s s f u l l y  t e s t e d  a t  p i l o t  scale and f u l l - s i z e  p l a n t s  based on it  

a r e  p r e s e n t l y  i n  t h e  e a r l y  s t ages  of commercial ope ra t ion .  

The OPRP process  o f f e r s  s e v e r a l  p o t e n t i a l  advantages f o r  a l t e r n a t i v e  
use  i n  t h e  f irst  cyc le .  

uranium valence i n  f reshly-produced phosphoric a c i d ,  and oxida t ion  of t h e  
uranium before  recovcry i s  n o t  r equ i r ed .  

OPRP e x t r a c t  with phosphoric a c i d  conta in ing  an oxidant  t o  produce a 
feed  s o l u t i o n  t h a t  does no t  r e q u i r e  ox ida t ion  before  process ing  i n  t h e  

second cyc le  wi th  DEPA-TOPO. OPAP i s  a s t r o n g e r  uranium e x t r a c t a n t  than 

DEPA-TOPO, al lowing t h e  use of  lower e x t r a c t a n t  concent ra t ion  and/or fewer 
e x t r a c t i o n  s t a g e s ;  it i s  less expensive by about a f a c t o r  of  t h r e e  a t  t h e  

concent ra t ions  needed €or process  use and i s  commercially a v a i l a b l e  i n  

l a r g e  q u a n t i t i e s .  

This reagent  e x t r a c t s  U4+, which i s  t h e  p r e v a i l i n g  

Uranium i s  s t r i p p e d  from t h e  

This  r e p o r t  desc r ibes  r e c e n t  progress  i n  a program t h a t  i s  underway 

a t  ORNL t o  complete development o f  t h e  OPAP process .  
program i s  on s e p a r a t i n g  and i d e n t i f y i n g  t h e  components of  t h e  OPAP mixture 

and determining t h e i r  r o l e  i n  t h e  behavior  of  t h e  e x t r a c t a n t ,  and on 
measuring t h e  long-term s t a b i l i t y  and e x t r a c t i o n  performance of t h e  

e x t r a c t a n t .  

Emphasis i n  t h e  

We wish t o  thank F a i t h  I .  Case f o r  a s s i s t a n c e  i n  some of  t h e  cont inu-  

ous tes ts  and F.  J. Hurst  f o r  h e l p f u l  comments and sugges t ions .  The OPAP 

samples were provided by Mobil Chemical Company, and d i l u e n t  samples were 

provided by American Mineral S p i r i t s  Company, Exxon Company, Humble O i l  

and Refining Company, Kerr-McGee Solvent  and Refining Company, and Mobil 

O i l  Company. 
ORNL Analy t ica l  Chemistry Div is ion  under t h e  d i r e c t i o n  of  L .  J.  Brady 

and R.  R.  Rickard.  

Uranium and i r o n  ana lyses  were made by members of t h e  

2.  DESCRIPTION OF OPAP 

2 . 1  S t r u c t u r e  and Composition 

Octylphenyl a c i d  phosphate i s  a commercially ava i l ab le*  mixture of  

monooctylphenyl phosphoric a c i d  (MOPPA) and d ioc ty lphenyl  phosphoric 

* 
Mobil Chemical Company, Richmond, Vi rg in ia  
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a c i d  (DOPPA). The commercial m a t e r i a l ,  an approximately equimolar mixture 

o f  t hc  two e s t e r s ,  i s  prepared by r e a c t i n g  p -oc ty l  phenol with phosphorous 

pentoxide (Fig.  1).  The o c t y l  group i s  1,1,3,3-tetramethylbutyl. Formula 

weights are 286.31 f o r  MOPPA and 474.63 f o r  DOPPA. 

The composition of commercial OPAP v a r i e s  cons iderably ,  as shown by 

t i t r a t i o n s  of  t h e  23  samples l i s t e d  i n  Table 1. These samples were 

produced over a span of  a t  least  10 years .  Batch A i s  t h e  ma te r i a l  t h a t  

was used i n  e a r l i e r  development s t u d i e s  a t  OWL and was produced i n  1967. 
The product ion da te s  of batches B through G are unknown. Batches H ,  I ,  

and J were produced i n  1975-76, and hatches K-W were produced i n  1977. 

A s  descr ibed below, commercial OPAP conta ins  readi ly-hydrolyzable  a c i d i c  

impur i t i e s  t h a t  i n t e r f e r e  with the  MOPPA-DOPPA assay .  llhe compositions 
i n  Table 1 a r e  the re fo re  repor ted  as apparent concent ra t ions  of MOPPA 
and DOPPA. 

and t h e  apparent  DOPPA concent ra t ion  ranged from 53 t o  75%; t h e  MOPPA/DOPPA 

mole r a t i o  ranged from 0 . 7 / 1  t o  1 .3/1.  The samples a l s o  contained small 

concent ra t ions  ( 0 . 2  t o  0.6%) of  orthophosphoric a c i d  and up t o  5% of 

nonacidic  impur i t i e s .  

The apparent MOPPA concent ra t ion  ranged from 32 t o  44 wt % 

The assays  were made by t i t r a t i o n  of  weighed samples i n  an acetone- 

water medium with s tandard  NaOll. '!'he t i t r a t i o n  curves were cha rac t e r i zed  

by two breaks,  t h e  f i r s t  (pH 6 t o  7) i n d i c a t i n g  n e u t r a l ?  za t ion  of the 

DOPPA and t h e  s t r o n g l y  a c i d i c  hydrogen of t h e  MOPPA, and t h e  second (pH 

about 11) i n d i c a t i n g  n e t u r a l i z a t i o n  of the  weakly a c i d i c  hydrogen of t h e  

MOPPA. Orthophosphoric a c i d  concent ra t ions  were measured by adding s i l v e r  

n i t r a t e  t o  t h e  sample a t  the  middle of t h e  second end-point and t i t r a t i n g  

t h e  l i b e r a t e d  HN03 as t h e  t h i r d  end-point.  

impur i t i e s  were obtained by d i f f e rence .  
of t h e  apparent MOPPA and DOPPA concent ra t ions  i s  g r e a t e r  than 100%. 

i s  due t o  the  presence of  a c i d i c  impur i t i e s  t h a t  have lower equiva len t  
weights than MOPPA and DOPPA. 

The Concentrations of nonacidic  
In  many of  t h e  samples, t h e  sum 

This  

2 . 2  I d e n t i f i c a t i o n  of Impur i t ies  

Zangen, e t  a l ,  found t h a t  t h e  pyrophosphoric a c i d  esters s tud ied  i n  

the  1950's and 1960's  as e x t r a c t a n t s  f o r  uranium from phosphoric ac id  
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ORNL-DWG 76-1 1868R 

0 
II 

H O - P - O R  
I 

OH 

MONOOCTY LPH E NY L 
PHOSPHORIC ACID 

(MOPPA) 

0 
I1 

RO- P -OR 
I 

OH 

0 I OCTY LPH E NY L 
PHOSPHORIC ACID 

(DOPPA) 

I l l  

I l l  
WHERE I?=<>> C-C-C-CH, 

CH3H CH3 

OCTYLPHENYL ACID PHOSPHATE IS AN APPROXIMATELY 
EQUIMOLAR MIXTURE OF MOPPA AND DOPPA PREPARED 
BY REACTING OCTYL PHENOL WITH P 2 0 5 :  

0 0 
I t  II 

1 I 
OH OH 

3ROH+P,O5*HO- P - O R +  RO- P - O R  

Fig .  1. S t r u c t u r e  and p repa ra t ion  of  octylphenyl  a c i d  phosphate.  
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Table 1. T i t r a t i . on  of  OPAP samples 

Procedure: 0 .1  g samples of as-received OPAP were 
d isso lved  i n  SO m l  acetone 4. 25 m 1  H 0 
and t i t r a t e d  with 0.1 N NaOH 2 

- 

MOPPA 
DOPPA 

Year Apparent concent ra t ion  ._.I__.. . .___.I_.._-.__ ( w t  96) mole 
Batch produced MOPPA DOPPA H3P04 Othera r a t i o  

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 

K 
S 
T 
U 
v 
w 

Q 

1967 

1975 
1976 
1976 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 

43.4 
42 .7  
42.0 
44.3 
42.6 
41.6 
37.6 
34.3 
32.6 
32  3 
34.2 
34.1 
33.7 
33.0 
36.7 
34.4 
35.4 
33.8 
37.7 
35.4 
33.6 
37.3 
34.1 

54.8 
58.8 
61.4 
55.6 
52.9 
60.0 
67.8 
65.0 
64.8 
67.5 
69.2 
69.4 
75.2 
63.9 
60.0 
62.0 
63.8 
64.2 
57.0 
61.9 
67.9 
59.0 
62.5 

0.4 
b 
b 
b 
b 
b 
b 

0.6 
0.2 
0 . 4  
b 
b 
b 
b 
b 
b 
b 
b 
h 
b 
b 
b 
b 

1 .4  

.._ 

0.1  
4.5 

0 .1  
2 . 4  

3.1 
3.3 
3.6 
0 .8  
2 . 0  
5 . 3  
2 . 4  

3 . 7  
3 .4  

I 

1 .3  
1 .2  
1.1 
1.3 
1 .3  
1 . 2  
0 .9  
0.9 
0.8 
0 . 8  
0 .8  
0.8 
0 . 7  
0 .9  
1 . 0  
0 .9  
0 .9  
0.9 
1.1 
1 .0  
0 .8  
1.0 
0 .9  

By d i f f e r e n c e  a 

bl, PO n o t  determined; any present  i n  t h e  samples would be 3 4  repor ted  as MOPPA 
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a r e  complex mixtures of organophosphorous e s t e r s .  
t i o n  i s  b a s i c a l l y  t h e  same, t h e  r e a c t i o n  of  a phenol o r  a lcohol  with 
phosphorous pentoxide,  it i s  s u b j e c t  t o  t h e  same chances f o r  incomplete 
o r  s i d e  r e a c t i o n s  t h a t  produce o t h e r  than t h e  des i r ed  products .  

l i q u i d  chromatographic ana lyses  show t h a t  MOPPA and DOPPA a r e  t h e  major 
c o n s t i t u e n t s  of  OPAP but  t h a t  t h e  mixture  conta ins  a t  l e a s t  11 components 

(Fig.  2 ) .  

Since t h e  OPAP prepara-  

Our 

Two columns are used i n  t h e  a n a l y s i s ,  with de t ec t ion  a t  275 nm. 

Nonacidic and weakly a c i d i c  ma te r i a l s  e l u t e  with absolu te  methanol from 
s t rong  base anion exchange r e s i n ,  while  more s t rong ly  a c i d i c  ma te r i a l s  
are r e t a i n e d .  

o f  fou r  of  them i s  known. 
an impuri ty  i n  commercial o c t y l  phenol t h a t  c a r r i e s  through t h e  OPAP 

p repa ra t ion ,  peak C i s  o c t y l  phenol,  and peak E i s  phenol.  

are sepa ra t ed  by a column conta in ing  s i l i ca  coated with C 

(ODs column) and e l u t i o n  with a 25% ti20-methanol mixture conta in ing  

t e t r a b u t y l  ammonium phosphate. 
peaks i s  p r e s e n t l y  known; peak 2 is  MOPPA, peak 5 i s  o c t y l  phenol,  and 

peak 8 is  DOPPA. No o t h e r  peaks e l u t e  a t  longer  times. Compounds such 

as t r ioc ty lpheny l  phosphate and t h e  o c t y l  phenol impuri ty  a r e  r e t a ined .  

Octyl phenol i s  t h e  only ma te r i a l  t h a t  w e  are c e r t a i n  i s  separa ted  by 

both columns, although peaks D and 3 may be t h e  same. We have found t h e  

same m a t e r i a l s ,  with some v a r i a t i o n s  i n  t h e  r e l a t i v e  amounts, i n  a l l  o f  

t h e  OPAP batches we have analyzed by t h i s  technique.  The chromatograms 

i n  Figure 2 are f o r  Batch I ,  which was used i n  most of our t e s t s .  

Five peaks a r e  separa ted  with t h i s  column, and t h e  i d e n t i t y  
Peak A i s  t r ioc ty lpheny l  phosphate, peak B is  

Eight peaks 

-hydrocarbon 18 

The i d e n t i t y  of only t h r e e  of  t h e  e i g h t  

2 . 3  Effec t  of Hydrolysis 

Commercial OPAP con ta ins  a s i g n i f i c a n t  amount of readi ly-hydro lyzable  
a c i d i c  m a t e r i a l .  Figure 3 shows t h e  r e s u l t s  of  t e s t s  i n  which OPAP 

batch I was hydrolyzed f i v e  success ive  t imes by gen t ly  r e f l u x i n g  with 

water.  T i t r a t i o n s  o f  t h e  OPAP show a decrease i n  t h e  apparent  concen- 

t r a t i o n s  of both MOPPA and DOPPA i n  t h e  i n i t i a l  hydro lys is  t rea tments .  
The MOPPA concent ra t ion  decreased s l i g h t l y  i n  subsequent t rea tments ,  

i n d i c a t i n g  a d d i t i o n a l  hydro lys is  and/or s o l u b i l i t y  i n  t h e  aqueous phase,  
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E 
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ln 
IC 
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0 
z 

a 

a 
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a 

VOLUME - 

ANION EXCHANGE COLUMN 
5.0 /*g SAMPLE 
ELUTED WITH ABSOLUVE 

METHANOL 

ODS COLUMN 
L O p g  SAMPLE 
ELUTED WITH 

25 9" H20/MeOH + PIC-A 

VOLUME: I_) 

Fig.  2 .  Liquid chromatographic a n a l y s i s  of OPAD. I d e n t i f i c a t i o n  
of peaks: A t r i oc ty lpheny l  phosphate,  B o c t y l  phenol impuri ty ,  
C o c t y l  phenol,  D unknown, E phenol;  1 unknown, 2 MOPPA, 
3 unknown, 4 unknown, 5 o c t y l  phenol,  6 unknown, 7 unknown, 
8 DOPPA. 
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1.6 
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1.2 
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ORNL-DWG 77-7805AR 

I I I I I '  

- 
0 DIOCTYLPHENYL PHOSPHORIC ACID 

- A MONOOCTYLPHENYL PHOSPHORIC ACID 

3/1/79 OIIIf 
Fig. 3. 

OPAP batch I was hydrolyzed 5 times by gentle r e f l u x  f o r  20 hr with 
1 ml H20/g OPAP. 

Ef fec t  o f  hydrolysis on OPAP composition-titrations. 

Samples of the hydrolyzed OPAP were titrated. 

1 2 3 4 5 
NUMBER OF TIMES HYDROLYZED 
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bu t  t h e  DOPPA concent ra t ion  d id  not  change. 
apparent i n i t i a l  concent ra t ion  and t h e  i n t e r c e p t  o f  t h e  s t r a i g h t  po r t ion  

of  t h e  l i n e s  r ep resen t s  decomposition of readi ly-hydro lyzable  a c i d i c  
material. I t  amounts t o  24% o f  t h e  apparent i n i t i a l  MOPPA concent ra t ion  

and 19% of  t h e  apparent i n i t i a l  DOPPA concent ra t ion .  Other batches 
subjec ted  t o  the  same t reatment  l o s t  somewhat smaller amounts of r e a d i l y -  

hydrolyzable material: 

The d i f f e r e n c e  between t h e  

OPAP 
ba tch  

Apparent i n i t i a l  l o s s  on 
hydro lys is  (%) 

DOPPA MOPPA 
-....___.I .- 

20 0 
24  19 
2 6  10 

7 7 
10 0 

Chromatograms of  t h e  hydrolyzed samples of Batch I ( F i g .  4)  show t h a t  t h e  

peak 1 and t h e  MOPPA concent ra t ions  decreased and t h a t  t h e  peak 3 and t h e  

o c t y l  phenol concent ra t ions  increased .  Peak D with t h e  anion exchange 

column increased  the  same way as peak 3 ,  which i n d i c a t e s  they  may repre-  

s e n t  t h e  same m a t e r i a l .  Orthophosphoric a c i d  was t h e  major product  t h a t  

formed i n  t h e  aqueous samples, which a l s o  contained lower concent ra t ions  

of  MOPPA. 

On t h e  b a s i s  of t h e s e  r e s u l t s ,  a process  e x t r a c t a n t  would conta in  

h igher  concent ra t ions  of  o c t y l  phenol arid t h e  u n i d e n t i f i e d  mateuj.al 

represented  by peak 3 than  would be ind ica t ed  by a n a l y s i s  of  t h e  s t a r t i n g  

material. We would expect t he  readi ly-hydro lyzable  material t o  decompose 

i n  p l a n t  use ,  but  l a t e r  r e s u l t s  (Sect .  4.1) show t h a t  hydro lys is  of  t h e  

major OPAP components does n o t  occur wi th  phosphoric ac id .  

3 .  PROPERTIES OF OPAP 

The uranium e x t r a c t i o n  p r o p e r t i e s  o f  OPAP and i t s  s o l u b i l i t y  i n  

organic  d i l u e n t s  were s tud ied  i n  a s e r i e s  of  batch tests.  
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F i g .  4 .  Effect of  hydro lys i s  on OPAP composi t ion-l iquid 
chromatographic a n a l y s i s .  OPAP batch I was hydrolyzed 5 times by 
g e n t l e  r e f l u x  f o r  20 h r  wi th  1 m l  H 0 OPAP. Samples o f  t h e  
hydrolyzed OPAP were d isso lved  i n  Z$~&O-methanol  and analyzed wi th  
t h e  ODS column. I d e n t i f i c a t i o n  of peaks:  1 unknown, 2 MOPPA, 
3 unknown, 4 unknown, 5 o c t y l  phenol,  G unknown, 7 unknown, 
8 DOPPA. 



1 2  

3 .1  Uranium Ext rac t ion  

3 .1 .1  Screening Tes ts  

Uranium e x t r a c t i o n  with t h e  OPAP batches was compared i n  s tandard ized  

batch e x t r a c t i o n  t e s t s .  

process  a c i d  t h a t  was se t  a s i d e  f o r  t h i s  purpose.  

and contained 0 . 1 2  grams o f  uranium and 8 . 6  grams of  f e r r i c  i r o n  pe r  l i t e r .  

Before t h e  e x t r a c t i o n  t e s t s ,  t h e  uranium valence i n  t h e  phosphoric a c i d  

was reduced t o  +4 by dissolvir ig  1 gram pe r  l i t e r  of  i r o n  metal i n  t h e  
a c i d .  The emf of  t h e  s o l u t i o n  dropped from +520 mv t o  1-230 mv.* The 

organic  s o l u t i o n s  were 0.20 - M OPAP disso lved  in a hydrocarbon d i l u e n t ,  

Amsco 450 i n  most cases. Unhydrolyzed OPAP was used,  with p u r i f i e d  
(>93.5%,  p u r i f i e d  as descr ibed  i n  Appendix A) MOPPA o r  DOPPA added t o  

a d j u s t  t h e  apparent concent ra t ion  o f  each major component t o  0.10 - M. 

Equal volumes of  t h e  reduced ac id  and t h e  organic  s o l u t i o n s  were 

e q u i l i b r a t e d  €or 10  minutes a t  room temperature  with a w r i s t - a c t i o n  
shaker .  Ext rac t ion  c o e f f i c i e n t s  were c a l c u l a t e d  as t h e  r a t i o  of  t h e  
uranium concent ra t ions  i n  t h e  organic  and aqueous phases a t  equilibriuiii.  

The t e s t s  were a l l  made with a sample of wet- 

I t  was 5 .8  M - i n  H3P04 

As shown i n  Table 2 ,  t h e  most r ecen t  OPAP batches (1977) gave h igher  

uranium e x t r a c t i o n  c o e f f i c i e n t s  than t h e  ear l ier  ba tches .  The reason 

f o r  t h i s  i s  not  ev ident ;  we d i d  not  measure s i g n i f i c a n t  d i f f e rences  i n  

t h e  composition o f  t h e s e  samples by t i t r a t i o n s  o r  l i q u i d  chromatographic 

ana lyses .  Ext rac t ion  with p u r i f i e d  MOPPA and DOPPA f r a c t i o n s  was h igher  
than with t h e  commercial OPAP batches produced before  1.977. 

l i - t t l e  di f f e rence  i n  uranium e x t r a c t i o n  when t h e  p u r i f i e d  MOPPA-DOPPA 

f r a c t i o n s  were d isso lved  i n  e i t h e r  o f  t h r e e  r e f i n e d  kerosene d i l u e n t s .  
With commercial batch A ,  e x t r a c t i o n  was much lower with an aromatic  

d i l u e n t  (So1ver;so 100) than wi th  an a l i p h a t i c  d i l u e n t .  

'There w a s  

.3.1.2 E f fec t  of d i l u e n t  

'The d i l u e n t  can have an important e f f e c t  on uranium e x t r a c t i o n ,  

as i l l u s t r a t e d  by t h e  above r e s u l t s  wi th  Amsco 450 and Solvesso 100. The 

* 
Measured with a 2 M ~ . -  KCl-Ag/AgCl e l e c t r o d e  
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Table 2 ,  Uranium e x t r a c t i o n  with OPAP 

Organic:  0.20 M unhydrolyzed OPAP (0.10 M MOPPA 
+ 0 . 1 0  M DOPPA) i n  i nd ica t ed  d i i u e n t  

I 

Aqueous: wet-process green a c i d ,  5 . 8  M €1 PO 
0.12 g l J / l i t e r ,  8 . 6  g Fe3+/lFter 3 4' 

Contact :  10 minutes a t  organic/aqucous phase 
r a t i o  of  1, temperature  %2JoC 

OPAP 
ba tch  

U r  an i urn 
e x t r a c t i o n  

c o e f f i c i e n t ,  
E: D i  l uen t  

P u r i f i e d  
f r a c t i o n s  

€I 
I 
J 

K 
L 
M 
N 
P 

R 
S 
?' 
U 
v 
W 

Q 

h s c o  450 1 2 . 2  
Kermac 470B 12.0 
Exxon LOPS 13.0 

Amsco 450 

Amsco 450 

Amsco 450 

9 .3  
7.5 
8.6 
8 . 0  
8 .6  
8 . 2  

9 . 6  
9.5 
9 .0  

14.5 
11.7 
15.3 
15.3 
17.1 
15.5 
14.4 
17.7 
18 .6  
15.9 
16.7 
15 .0  

A 3 . 2  Solvesso 100 
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e f f e c t  of d i l u e n t  s t r u c t u r e  was s tud ied  with a s e r i e s  of commercial and 

labora lory  d i l u e n t s .  'The OPAP used i n  t h i s  t e s t  was Batch I t h a t  had 

been hydrolyzed once with water .  
p lus  0 .117  M DOPPA) were prepared i n  t h e  var ious  d i l u e n t s  and e q u i l i b r a t e d  

a t  room temperature  with t h e  wet-process a c i d  a t  an organic/aqueous phase 

r a t i o  of  1. With t h e  p a r a f f i n i c  d i l u e n t s ,  uranium e x t r a c t i o n  decreased 

s l i g h t l y  as t h e  d i l u e n t  chain length  was increased  (Tablc 3) .  In t h i s  

s e r i e s  of  d i l u e n t s ,  t h e  hexane i s  a mixture o f  isomers.  The octane and 

dodecane a r e  normal p a r a f f i n s  and t h e  Escaid 200 and "n-paraff in"  a r e  

mixtures of normal p a r a f f i n s ;  t h e  average number of carbons i s  11.5 f o r  
Escaid 200 and 13 .3  f o r  "n-paraff in" .  Three d i l u e n t s  conta in ing  

naphthcnes and aromatics  had the fol lowing approximate compositions:  

The 0 .2  M s o l u t i o n s  (0.087 M MOPPA - - 

.- ... . Concentration (%) 
Kermac Kermac Escaid 

110 __.I_...x._ 627 470B 

N aph t h en e s 13 49 58 

Aromatics 6 1 7  2 

Pa ra f f in s  73 34 40 

'Ihe uranium e x t r a c t i o n  c o e f f i c i e n t s  with these  d i l u e n t s  were s l i g h t l y  
lower than with t h e  p a r a f f i n s .  'There was very l i t t l e  d i f f e rence  between 

t h e  naphthenic d i l u e n t s ,  al though t h e  e x t r a c t i o n  increased  s l i g h t l y  wiTh 

inc reas ing  p a r a f f i n  content  of  t h e  d i l u e n t .  Ext rac t ion  was high with 

one i s o p a r a f f i n  a id  two r e f i n e d  kerosenes.  'The exac t  s t r u c t u r e  of t h e s e  
d i l u e n t s  i s  not  known. 

3 .1 .3  E f Fect of  i i i ipuri t ies  

Octyl phenol and t r ioc ty lpheny l  phosphate arc  two of t h e  impur i t i e s  

i d e n t i f i e d  i n  commercial OPAP. Both of  t h e s e  have a s l i g h t  depressing 
e f f e c t  on uranium e x t r a c t i o n ,  as shown i n  Fig.  5. In these  tes ts ,  o c t y l  

phenol o r  t r i oc ty lpheny l  phosphate was added t o  Amsco 450 s o l u t i o n s  
conta in ing  0.10 - M MOPPA + 0.10 M - DOPPA and uranium e x t r a c t i o n  from t h e  

s tandard  wet-process acj d was measured a t  room temperature .  No o the r  
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Table 3. Effect o f  diluent on uranium 
extract ion w i t h  OPAP 

Organic phase: 0.20 M OPAP Batch 1 (0.087 M MOPPA f 
0.117% ._ DOPPA) in indicated-diluent 

wet-process green acid, 5 . 8  M H3PO4, 
0.12 g U/liter, 8.6 g Fe3+/liter 

Aqueous phase: 

Contact : 10 minutes at organic/aqueous phase 
ratio of 1 ,  temperature %23*C 

D i  luent 

Uranium 
Chain extraction 
length coefficient 

Paraffins 

Hexane 
n - 0 c t ane 
Escaid 200 
n-dodecane 
"n-paraff in" 

' ~ 6  8.4 
8 7.1 

11.5 7.5 
1 2  6.5 
13.3 5 .6  

Isoparaff ins 

8.1 Isopar M I 

Naphthenic diluents 

Kermac 627 
Escaid 110 
Kermac 470B 

Refined Kerosenes 

7.6 
6 . 8  
6.7 

I 

- 
- 

LOPS 
Certrex 39 

- 8 .2  
8 .5  - 
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F i g .  5.  Effect  of o c t y l  phenol and t r ioc ty lpheny l  phosphate on 
uranium e x t r a c t i o n  with OPAP. Octyl phenol o r  t r i oc ty lpheny l  phosphate 
was added t o  an organic  phase conta in ing  0.10 M MOPPA + 0.10 M DOPPA i n  
Amsco 450. 
phase wi th  an equal volume of wet-process green a c i d  ( 5 , 8  M H3P04, 
0.12 g U / l i t e r ,  8 .6  g F c 3 + / l i t e r )  a t  room temperature .  

Uranium e x t r a c t i o n  was measured b y e q u i l i b r a t i n g  &e organic  
- 
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i m p u r i t i e s  were p resen t .  There w a s  l i t t l e  effect  a t  t h e  lower concen- 

t r a t i o n s  of  t h e  i m p u r i t i e s ,  bu t  t h e  e x t r a c t i o n  c o e f f i c i e n t s  were depressed 

by 20-30% when t h e  impuri ty  concen t r a t ion  was 0.10 M ,  o r  h a l f  t h a t  of t h e  

MOPPA + DOPPA. Based on chromatographic ana lyses ,  we estimate t h a t  

process  s o l u t i o n s  o f  0 . 3  M once-hydrolyzed commercial OPAP would conta in  

0.06 M - or less of e i t h e r  of t h e s e  i m p u r i t i e s .  
uranium e x t r a c t i o n  power o f  t h e  e x t r a c t a n t  should t h e r e f o r e  be small. 

- 

I 

Thei r  effect  on t h e  

3.1.4 Effect of hydro lys i s  

As descr ibed  earlier, OPAP con ta ins  a readi ly-hydro lyzable  a c i d i c  

f r a c t i o n  t h a t  i s  l o s t  t o  t h e  aqueous phase.  
on uranium e x t r a c t i o n  power was measured wi th  t h e  OPAP from t h e  h y d r o l y t i c  
s t a b i l i t y  tests (Sect .  2 . 3 9 .  So lu t ions  of OPAP were prepared i n  t h r e e  

d i l u e n t s  t o  be 0.20 - M i n  combined MOPPA p l u s  DOPPA, based on t h e  apparent  

concent ra t ions  i n d i c a t e d  by t i t r a t i o n s  of t h e  hydrolyzed and unhydrolyzed 
OPAP samples. When t h e s e  s o l u t i o n s  were e q u i l i b r a t e d  wi th  t h e  s tandard  

wet-process a c i d ,  uranium e x t r a c t i o n  decreased s l i g h t l y  wi th  inc reas ing  

hydro lys i s  (Fig.  6 ) .  The reduced e x t r a c t i o n  with t h e  more-extensively 

hydrolyzed samples w a s  p o s s i b l y  caused by t h e  h ighe r  concent ra t ions  o f  

The effect  of  hydro lys is  

o c t y l  phenol and t h e  u n i d e n t i f i e d  impur i ty  (see Sect. 2 . 3 ) .  The d i l u e n t  

choice had l i t t l e  e f f e c t  on t h e  e x t r a c t i o n  power. 

3 . 2  S o l u b i l i t y  i n  Organic Di luents  

OPAP s o l u b i l i t y  i n  organic  d i l u e n t s  i s  an important  cons ide ra t ion  

f o r  process  a p p l i c a t i o n .  We have had problems i n  a f e w  i n s t ances  wi th  

d i s s o l v i n g  OPAP and w i t h  p r e c i p i t a t i o n  from s o l u t i o n  a f t e r  t h e  OPAP has  

been d isso lved .  
d e f i n e  t h e  f a c t o r s  t h a t  c o n t r o l  OPAP s o l u b i l i t y ,  i n d i c a t e  t h a t  i m p u r i t i e s  

such as o c t y l  phenol and t h e  presence of  an aqueous phase have a s i g n i f -  
i c a n t  effect  on t h e  s o l u b i l i t y  of  t h e  major OPAP components. Addi t iona l  

work on t h i s  s u b j e c t  i s  needed and is  being done. 

The tests descr ibed  below, which were made t o  t r y  t o  

P u r i f i e d  f r a c t i o n s  o f  MOPPA and DOPPA are s p a r i n g l y  s o l u b l e  i n  

n-dodecane, as shown by Fig. 7. The s o l u b i l i t y  of DOPPA (no MOPPA 
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Effect  of OPAP Hydrolysis on Uranium Extraction 
ORGANIC - 0.2 M OPAP (MOPPA+ DOPPA) IN INDICATED 

AQUEOUS - WET-PROCESS GREEN ACID, 5.8M H3P04, 

CONTACT- 1 / I  , ROOM TEMPERATURE 

Bl LU ENT 

0.129 U/liter 
a a  

Fig. 6. Effect of hydrolysis O T ~  uranium extraction with OPAP. 
OPAP batch I was hydrolyzed 5 times by gentle reflux for 20 hr with 
1 ml !12O/g OPAP. Samples of the hydrolyzed OPAP (0.20 M MOPPA + DOPPA) 
in the indicated diluents were equilibrated with an equal volume of  
wet-process green acid (5.8 M - 113P04, 0.12 g U/liter, 8.6 g Fe3'/liter) 
at room temperature. 
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Fig. 7. Solubility of purified OPAP fractions in 11-dodecane. 

Purified (>99%) MOPPA or DOPPA was scrubbed with n-dodecane arid excess 
solid was equilibrated with n-dodecane at the indicated temperature. 
The concentration of the OPAP fractions in solution was measured by 
titration. 



2 0  

present )  increased  from 0.028 - M a t  1 5 O C  t o  0.20 M a t  45OC, while  MQPPA 

alone had no measurahle s o l u b i l i t y  i n  t h i s  temperature range. 
MOPPA and DOPPA were p r e s e n t ,  t h e  DOPPA s o l u b i l i t y  was t h e  same a t  15'C 

(0.028 M )  - but  s l i g h t l y  higher  a t  45'1: (0 .28  - M ) .  7he MOPPA s o l u b i l i t y  

was increased  by t h e  presence of  DOPPA but  remained lower than t h a t  of 

DOPPA; t h e  MOPPA/DOPPA r a t i o  i n  s o l u t i o n  was about 0.25 i n  t h e  temperature 

range from 25OC t o  45°C. 

and DOPPA were washed with n-dodecane t o  remove any remaining impur i t i e s  
t h a t  might a f f e c t  t h e  s o l u b i l i t y .  The washed material (1 g i n  t h e  case  

of MOPPA, 3 g i n  t h e  case  of  DOPPA) was e q u i l i b r a t e d  f o r  a t  l e a s t  24 hours 

a t  each temperature  with 10 m l  of n-dodecane and a l i q u o t s  of t h e  s o l u t i o n  

were t i t r a t e d .  For t h e  t e s t  with both components p r e s e n t ,  t h e  mixturc 
contained about 0 . 8  g MOPPA, 2 g DOPPA, and 15 m l  n-dodecane. 

When both 

In t h e s e  t es t s ,  p u r i f i e d  f r a c t i o n s  of MOPPA 

The s a t u r a t i o n  s o l u b i l i t y  a t  room temperature of  s eve ra l  OPAP ba tches  

i n  commercial d i l u e n t s  was measured by e q u i l i b r a t i n g  3 g of  unhydrolyzed 

OPAP with 10 m l  of  d i l u e n t .  In every case ,  a l l  o f  t h e  0PL4P d isso lved  i n  

10 t u  15 minutes,  but  s o l i d s  s t a r t e d  p r e c i p i t a t i n g  from t h e  s o l u t i o n s  
i n  1 / 2  t o  1 hour .  After 24  hours of a g i t a t i o n ,  t h e  mixtures s tood f o r  

s eve ra l  days a t  room temperature  and were a g i t a t e d  again and cen t r i fuged  

before  the  s o l u t i o n s  were t i t r a t e d  f o r  MOPPA and DOPPA conten t .  

The concent ra t ions  o f  MOPPA and DOPPA i n  s o l u t i o n  appeared t o  depend 

on t h e  OPAP batch and were about t h e  same f o r  t h e  d i l u e n t s  t e s t e d  

(Table 4 ) .  

much h igher  than  obtained wi th  t h e  p u r i f i e d  f r a c t i o n s  ; the d i f f e r e n c e  

was a factor" o f  10 t o  1 2  f o r  MOPPA and a f a c t o r  of about 4 f o r  DOPPA. 

The MOPPA/DOPPA r a t i o  i n  s o l u t i o n  was a l s o  much h igher  i n  these  tes ts ;  

it ranged from 0 . 7  t o  1 .0  depending on t h e  OPAP ba tch .  

solut j -on was d i f f e r e n t  i n  each case  from t h e  r a t i o  i n  t h e  OPAP s o l i d s ;  
i t  was lower i n  t h e  s o l u t i o n  wi th  batch A and h igher  f o r  t h e  o t h e r  t h r e e .  

The concent ra t ions  of  both MQPPA and DBPPA i n  s o l u t i o n  were 

The r a t i o  i n  

Addit ional  tests with batch A showed t h a t  t h e  s a t u r a t i o n  s o l u b i l i t y  
i s  a func t ion  of  t h e  amount o f  OPAP p re sen t  (F ig .  8 ) .  Whcn 1, 3 ,  01" 5 

grams of  OPAP was e q u i l i b r a t e d  with 10 m l  of Amsco 450 as descr ibed  above, 
t h e  concent ra t ions  of  both MOPPA and DOPPA i n  s o l u t i o n  increased  as 



Table 4. S o l u b i l i t y  o f  commercial OPAP i n  organic  d i l u e n t s  

Procedure: 3.0 g of commercial OPAP was added t o  10 ml of  the  ind ica t ed  d i l u e n t .  
The concent ra t ions  of t h e  major OPAP components i n  s o l u t i o n  were 
measured a f t e r  s eve ra l  days e q u i l i b r a t i o n  a t  room temperature (~23'C) 

OPAP 
batch Diluent 

Concentration i n  MOPPA/DOPPA r a t i o  
s o l u t i o n  (m I n i  t i  a1 

MOPPA DOPPA s o l i d  So l u t  i on 

A ~IISCO 450 0.21 0.28 1 . 3  0.8 
Kerniac 470B 0.20 0.28 0 .7  
Kermac 627 0.21 0.27 0.8 

H h s c o  450 0.27 0.27 0.9  1 .0  
Kermac 470B 0 .27  (3.28 1 . 0  

I h s c o  450 0.28 0.28 
Kermac 470B 0.28 0.28 
Kermac 627 0.27 0.28 

0.8 1 .0  
1 . 0  
1 .0  

J Amco 450 0 .27  0.29 0.8 0 . 9  
Kermac 470B 0.28 0.28 1 . 0  
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n 0. 

R 

0 4 

F i g .  8 .  S o l u b i l i t y  of OPAP i n  Amsco 450. OPAP batch A was 
e q u i l i b r a t e d  a t  room temperature  with 10  i n 1  of  Amsco 450. 
of  !fOPPA and DOPPA i n  s o l u t i o n  were measured by t i t r a t i o n .  

Concentrations 
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t h e  amount of OPAP was increased .  

t h e  same (0.7) f o r  t h e  t h r e e  samples. 

The MOPPA/DOPPA r a t i o  i n  s o l u t i o n  was 

These r e s u l t s  i n d i c a t e  t h a t  some impur i t i e s  i n  OPAP a f f e c t  t h e  

s o l u b i l i t y  of  t h e  major components i n  organic  d i l u e n t s ,  al though our  

chromatographic ana lyses  do no t  show any major d i f f e r e n c e s  i n  t h e  amounts 

o f  impur i t i e s  p r e s e n t  i n  t h e  OPAP. 

i t y  of  OPAP i s  inc reased  by the  presence of  an aqueous phase; a d d i t i o n  

of water o r  a c i d i c  s o l u t i o n s  causes OPAP s o l i d s  t h a t  a r e  in so lub le  t o  
d i s so lve  i n  t h e  organic  phase. The e f f e c t  appears t o  be g r e a t e r  wi th  

MOPPA, i . e . ,  it i s  s o l u b i l i z e d  t o  a g r e a t e r  e x t e n t  than DOPPA by t h e  

aqueous phase.  
of  t h e  MOPPA-aqueous phase complex. 

We have a l s o  observed t h a t  t h e  s o l u b i l -  

The DOPPA s o l u b i l i t y  i s  then increased  by t h e  presence 

4 .  STABILITY OF OPAP 

S tud ie s  of  t h e  s t a b i l i t y  and long-term performance of OPAP a r e  a 

major p a r t  of ou r  program. 
l o s s e s  by d i s t r i b u t i o n  t o  t h e  aqueous phase and by phys ica l  entrainment 

as w e l l  as measurements of  f a c t o r s  t h a t  a f f e c t  t h e  e x t r a c t i o n  power of 
t h e  e x t r a c t a n t  on long-term use.  

These s t u d i e s  inc lude  measurements of  organic  

4.1 D i s t r i b u t i o n  t o  t h e  Aqueous Phase 

Batch measurements showed t h a t  MOPPA i s  l o s t  by d i s t r i b u t i o n  t o  t h e  

aqueous phase but  t h a t  DOPPA i s  not  (Fig.  9 ) .  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  ( ca l cu la t ed  as t h e  r a t i o  of t h e  MOPPA concent ra t ions  i n  the  organic  

and aqueous phases) were 2250 wi th  wet-process brown ac id ,  1750 with 

wet-process green a c i d ,  and 530 with 6 M - reagent  grade phosphoric ac id .  

The MOPPA concent ra t ions  i n  t h e  aqueous phase ind ica t ed  by t h e 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  are as fo l lows:  
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Fig .  9 .  Aqueous phase distribution l o s s  of OPAP-batch tests. 
OPAP batch A in h s c o  450 (0.15 M MOPPA + 0 .16  M DOPPA) was equili- 
brated with wet-process and reaggnt grade phosphoric acid solutions at 
aqueous/organic phase ratios to 1000/1. 
DOPPA in the equilibrated organic phase samples were measured by 
t i t s a t  ion. 

Concentrations of MOPPA and 
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MOPPA MOPPA 
con cent  ra t  i on concent ra t ion  

i n  organic  Type of  i n  phosphoric 
pfias e phosphoric a c i d  
(3 a c i d  ( P P I  - 

0.15  

0.10 

Brown 
Green 
Reagent 

Brown 
Green 
Reagent 

19 
24 
81 

13  
16 
54  

The i r o n  and uranium e x t r a c t e d  from t h e  wet-process a c i d s  probably com- 

plexed p a r t  o f  t h e  MOPPA and reduced i t s  aqueous phase d i s t r i b u t i o n  lo s s .  
These r e s u l t s  i n d i c a t e  a slow decrease of  t h e  MOPPA concent ra t ion  i n  t h e  

organic  phase would occur  i n  process  use of t h e  OPAP e x t r a c t a n t ,  and 
makeup would even tua l ly  be needed t o  maintain t h e  e x t r a c t i o n  power o f  

t h e  reagent  mixture .  

a c i d  going t o  rubber - l ined  evapora tors  f o r  concent ra t ion  t o  ~ 5 4 %  

The MOPPA would be d i s t r i b u t e d  i n  t h e  phosphoric 

'2'5 ' 

The tes ts  were made by cascading organic  phase t h a t  i n i t i a l l y  con- 

t a i n e d  0.149 M - MOPPA and 0.156 - M DOPPA i n  Amsco 450 wi th  t h e  phosphoric 

a c i d  s o l u t i o n s  up t o  a t o t a l  aqueous t o  organic phase r a t i o  of 1000/1. 
Aliquots  of t h e  organic  phase were scrubbed twice wi th  10 M I1 PO and 

t i t r a t e d  between e q u i l i b r a t i o n s .  

o r  scrubbed between con tac t s  with t h e  phosphoric a c i d  s o l u t i o n s .  

- 3 4  
The bulk organic  phase w a s  no t  s t r i p p e d  

D i s t r i b u t i o n  t o  the  aqueous phase was a lso s tud ied  i n  continuous 

c y c l i c  tes ts .  A flowsheet f o r  t h e  continuous system i s  shown i n  Fig.  10. 

I t  contained 2 e x t r a c t i o n  s t a g e s  and 2 s t r i p p i n g  s t a g e s .  

(aqueous:organic) were 4 : l  t o  t h e  e x t r a c t i o n  s e c t i o n  and 1:20 t o  t h e  

s t r i p p i n g  s e c t i o n .  Tests were made wi th  p u r i f i e d  OPAP f r a c t i o n s  i n  
n-dodecane and reagent  grade phosphoric a c i d  and with commercial OPAP i n  

Kermac 470B and wet-process phosphoric a c i d .  

wi th  10 M H PO t h a t  contained N a C l O  t o  ox id i ze  t h e  uranium; about 8 - 3 4  3 
times t h e  s to i ch iomet r i c  amount was added. In  o rde r  t o  a s su re  an adequate 

oxidant  supply,  about 1/3 of  t h e  N a C l O  was added t o  t h e  second s t a g e  with 

Feed r a t i o s  

The e x t r a c t  was s t r i p p e d  

3 
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the  10 M H PO 

as a concentrated (4.5 M) s o l u t i o n .  The temperature  was con t ro l l ed  a t  

45°C. 
f u r t h e r  add i t ion  of  organic  phase.  

recovery were measured as a func t ion  of  ope ra t ing  t ime.  

s t r i p  s o l u t i o n  and about 2 / 3  was added t o  t h e  f i r s t  s t age  - 3 4  

The system was f i l l e d  and t h e  t e s t s  were completed without any 
- 

Reagent composition and uranium 

The organic  phase f o r  t h e  i n i t i a l  test  was prepared by d i s so lv ing  

p u r i f i e d  MOPPA and DOPPA f r a c t i o n s  i n  n-dodecane t o  make t h e  e x t r a c t a n t  
about 0.09 M i n  each component. The aqueous phase was 6 M reagent  grade 

phosphoric a c i d  t h a t  contained 0.15 g uranium and 2 .0  g Fe  

The system was operated f o r  260 h r  with t h e  r e s u l t s  shown i n  F i g .  11. 

The MOPPA content  of  t h e  organic  phase decreased r a p i d l y  from t h e  start 
o f  t h e  t e s t  and was less than 10% of i t s  i n i t i a l  value a t  t h e  end. The 

measured DOPPA concent ra t ion  increased  by about 5% during t h e  t e s t  bu t  

dropped sha rp ly  due t o  p r e c i p i t a t i o n  nea r  t h e  end, after e s s e n t i a l l y  a l l  

of t h e  MOPPA had been l o s t .  
t h e  DOPPA i n  t h e  organic  inventory was l o s t  i n  24 hours;  t h e  c r y s t a l l i z e d  

s o l i d s  contained ~ 9 6 %  DOPPA. 

- - 
2+ p e r  l i t e r .  

A f t e r  p r e c i p i t a t i o n  s t a r t e d ,  about 20% of  

The MOPPA l o s s  r a t e  was a t  l e a s t  twice as high as t h e  l o s s  r a t e  t o  

reagent  grade a c i d  i n  t h e  batch t e s t s .  There was a s u b s t a n t i a l  l o s s  of 

organic  phase volume (see  S e c t .  4.4) which makes accura te  c a l c u l a t i o n  of  

t h e  MOPPA d i s t r i b u t i o n  c o e f f i c i e n t  d i f f i c u l t .  
t o  t h e  organic  phase volume based on beginning and ending i n v e n t o r i e s ,  

t h e  est imated o/a d i s t r i b u t i o n  c o e f f i c i e n t  €or t h i s  tes t  w a s  100-200, 

compared t o  530 measured i n  t h e  ba tch  t e s t s .  

ana lyses  of organic  phase samples taken during t h e  test  show t h a t  t h e  
MOPPA l o s s  was by d i s t r i b u t i o n  t o  the  aqueous phase and no t  by degradat ion 

o r  hydro lys is  (Fig. 12 ) .  The MOPPA peak decreased i n  s ize  and no decompo- 

s i t i o n  products ,  e . g . ,  o c t y l  phenol,  formed, 

By making assumptions as 

Liquid chromatographic 

Uranium recovery i n  t h e  system, based on r a f f i n a t e  a n a l y s i s ,  was more 

than 99% for  t h e  f i r s t  150 hours of t h e  t e s t .  The recovery decreased i n  

the  last 100 hours,  and was about 47% a t  t h e  end of  t h e  tes t .  The MOPPA/ 

DOPPA r a t i o  i n  the  organic  phase when uranium recovery s t a r t e d  t o  drop 

was between 0.25/1 and 0.35/1, wel l  below t h e  e f f e c t i v e  e x t r a c t i o n  range 
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I I 

VOLUME --c 

Fig. 12 .  Liquid chromatographic a n a l y s i s  of organic  phase 
samples from continuous t e s t  with reagent  grade phosphoric ac id .  
I d e n t i f i c a t i o n  of peaks:  2 MOPPA, 5 o c t y l  phenol,  6 unknown, 
8 DOPPA. 
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ind ica t ed  by Hurst and Crouse.7 

98%. Not a l l  o f  t h e  N a C l O  added t o  t h e  system was consumed; t h e  aqueous 

phase i n  both s t r i p p i n g  stages contained from 2 t o  4 grams p e r  l i t e r  of 

N a C l O  equiva len t  throughout most o f  t h e  t e s t .  

Uranium s t r i p p i n g  e f f i c i e n c y  was 95 t o  

3 

3 

The r e s u l t s  of  an abbrcvia ted  t e s t  with 0 .1  M o c t y l  phenol added t o  - 
t h e  organic  phase show no e f f e c t  by t h e  o c t y l  phenol on t h e  MOPPA l o s s  

r a t e .  r i t r a t i o n s  of  two organic  phase samples and t h e  head organic  i n d i -  

c a t e  e s s e n t i a l l y  t h e  same MOPPA l o s s  ra te  t h a t  was measured with no o c t y l  
phenol p re sen t .  ?‘he system, which was shut  down a f t e r  37 hours because 

of mechanical problems, was no t  opera ted  long enough t o  measure any effect  

of o c t y l  phenol on uranium e x t r a c t i o n ;  about 98% recovery was ind ica t ed  

by a n a l y s i s  of t h e  r a f f i n a t e  samples taken.  

OPAP s t a b i l i t y  was a l so  s tud ied  i n  t h e  continuous system with com- 

mercial  OPAP i n  commercial d i l u e n t  and wet-process phosphoric a c i d .  The 

organic  phase,  prepared from twice-hydrolyzed OPAP batch I ,  contained 
0.120 M MOPPA and 0.188 M DOPPA i n  Kermac 4708. The commercial wet- 

process  a c i d ,  which was obtained from d company t h a t  processes  ca lc ined  
r o c k ,  contained 30% P205, 0.17 grams of  uranium p e r  l i t e r ,  and 13.7 grams 

of  i r o n  p e r  l i t e r .  
f e r rous  i r o n  conccnt ra t ion  was only about 0 .6  g / l i t e r .  The uranium 
valence was reduced by d i s so lv ing  1 gram p e r  l i t e r  o f  i r o n  metal powder 

i n  t h e  ac id  before  i t  was fed  t o  the  ex t rac t ior i  system. The system was 

operated f o r  440 hours ,  under the  same condi t ions  as t h e  previous t e s t ,  

with the  r e s u l t s  shown i n  Fig.  13. 

- _. 

Most of  t h e  i r o n  i n  t h e  a c i d  w a s  oxidized s i n c e  t h e  

Uraiiiuni recovery,  based on ana lyses  of t h e  aqueous feed and r a f f i n a t e  

samples,  decreased from about 70% a t  the s t a r t  of  t h e  t e s t  t o  about 50% 

a t  t h e  end (70% recovery i n d i c a t e s  high s t a g e  e f f i c i e n c y ;  t h i s  i s  about 
t h e  b e s t  recovery t h a t  could be expected i n  two s t ages  under t h e  t e s t  

condi t ions  used) .  The e x t r a c t i o n  power of t h e  e x t r a c t a n t ,  as measured 
i n  ba tch  tests by t h e  e x t r a c t i o n  c o e f f i c i e n t  from t h e  “standard” wet- 
process  green a c i d  t h a t  was used i n  t h e  OPAP screening  t e s t s ,  decreased 

by about h a l f  dur ing  t h e  t e s t .  T i t r a t i o n s  of organic  phase samples, a f t e r  
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scrubbing with 10 M I 1  PO t o  remove e x t r a c t e d  uranium and i r o n ,  i nd ica t ed  

no s i g n i f i c a n t  change i n  MOPPA conccnt ra t ion  during the  t e s t  but showed 

a decrease i n  DOPPA concent ra t ion  i n  t h e  per iod  from about 100 hours t o  
250 hours.  The apparent  DOPPA concent ra t ion  s t a b i l i z e d  when t h e  MOPPA/ 

DOPPA mole r a t i o  reached 1/1, and d id  not  change f o r  t h e  remainder of  t h e  

t e s t .  

- 3 4  

The per iod  of DOPPA concent ra t ion  change corresponds t o  t h e  time t h a t  

c r y s t a l l i z a t i o n  was observed i n  t h e  e x t r a c t i o n  system. The s o l i d s  t h a t  

formed were found t o  be a complex o f  f e r r i c  i r o n  t h a t  contained both MOPPA 

and DOPPA, which d i sag rees  with t h e  cons tan t  MOPPA concent ra t ion  ind ica t ed  

by t h e  organic  phase t i t r a t i o n s .  As descr ibed  below, t h e  l o s s  of e x t r a c t a n t  

t o  t h e  s o l i d s  was l a r g e  enough t o  con t r ibu te  t o  t h e  l o s s  of uranium ex t r ac -  

t i o n  power. In add i t ion ,  some ma te r i a l  t h a t  poisoned t h e  e x t r a c t a n t  was 
apparent ly  ex t r ac t ed  from t h e  phosphoric a c i d ;  t h i s  con t r ibu ted  t o  t h e  

l o s s  of uranium e x t r a c t i o n  power and a l s o  i n t e r f e r e d  with t h e  t i t r a t i o n s  

of t h e  organic  phase samples. 

A s  descr ibed  i n  S e c t .  2 ,  t h e  concent ra t ions  o f  MOPPA and DOPPA i n  

The t h e  organic  phase are determined by t i t r a t i o n  wi th  s tandard  NaOH. 

MOPPA concent ra t ion  i s  c a l c u l a t e d  from t h e  volime of  t j t r a n t  consumed 
between t h e  second and f i r s t  end-points ,  and tlie DOPPA concent ra t ion  i s  

c a l c u l a t e d  from t h e  t i t r a n t  volume consumed t o  t h e  f irst  end-point minus 

the  amount consumed bctween t h e  second and f i rs t .  I f  p a r t  of  t h e  material 
t h a t  should t i t r a t e  a t  t h e  f i rs t  end-point i s  complexed and does not  

t i t r a t e ,  and then does t i t r a t e  a t  t h e  second end-point ,  t h e  r e s u l t s  w i l l  

be high i n  MOPPA and l o w  i n  DOPPA. T i t r a t i o n s  of i n i t i a l  and f i n a l  

organic  phase samples i n d i c a t e  t h a t  t h i s  poss ib ly  happened i n  o u r  t e s t  
(Fig.  14) .  Both end-points  a r e  sharp  and wel l -def ined i n  the t i t r a t i o n  

of t h e  hcad organic .  

end-point i s  not  much changed but  the  second end-point has a lower s lope  
and i s  poorly def ined ,  poss ib ly  because t h e  i n t e r f e r i n g  ma te r i a l  i s  being 

n e u t r a l i z e d  o r  p r e c i p i t a t e d  t h e r e .  

For t h e  f i n a l  o rganic ,  t he  shape of t h e  f irst  

The s o l i d s  were analyzed by e q u i l i b r a t i n g  a weighed sample with 

6 - M HC1 and an aromatic  d i l u e n t  such as to luene ,  causing t h e  i r o n  t o  
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d i s t r i b u t e  t o  t h e  aqueous phase and t h e  e x t r a c t a n t  t o  d i s t r i b u t e  t o  the  

organic  phase. Ext rac tan t  concent ra t ions  were then  determined by t i t r a t i n g  

a l i q u o t s  of  t h e  organic  phase. 

t h e  end of  t h e  t e s t  contained a t o t a l  o f  79.7 m i l l i e q u i v a l e n t s  of t h e  
e x t r a c t a n t  (41.7 meq of  MOPPA arid 38.0 ineq of  DOPPA). 

i n i t i a l  and f i n a l  organic  phases i n d i c a t e  an e x t r a c t a n t  l o s s  of  76.7 meq, 

which i s  i n  good agreement wi th  t h e  s o l i d s  a n a l y s i s .  However, t h e  

e x t r a c t a n t  l o s s  based on t h e  t i t r a t i o n s  was a l l  DOPPA, which suggests  t h e  

MOPPA l o s s  was masked by e x t r a c t a n t  poisoning as descr ibed above. 

The s o l i d s  recovered from t h e  system a t  

T i t r a t i o n s  of t h e  

These r e s u l t s  i n d i c a t e  t h a t  t h e  s o l i d s  formed with i r o n  account f o r  

most of t h e  e x t r a c t a n t  concent ra t ion  l o s s e s  i n  t h e  t e s t ,  and t h a t  both 

MOPPA and DOPPA were l o s t .  They a l s o  i n d i c a t e  t h a t  t h e  MOPPA d i s t r i b u t i o n  

l o s s  t o  wet-process ac id  i s  much lower than ind ica t ed  by r e s u l t s  of t he  

batch and continuous t e s t s  with reagent  grade a c i d .  The l o s s  of  uranium 

e x t r a c t i o n  power i s  thought t o  be due t o  t h e  combined e f f e c t s  of  t h e  

e x t r a c t a n t  loss  and poisoning of t h e  e x t r a c t a n t  with ma te r i a l  ex t r ac t ed  

from the  phosphoric a c i d .  

4 . 2  Ex t r ac t an t  Poisoning 

The major symptoms of e x t r a c t a n t  poisoning 

above, were t h e  s teady  d e c l i n e  i n  uranium recovery during t h e  continuous 
t e s t  with wct-process green a c i d  and t h e  i n t e r f e r e n c e  with t i t r a t i o n s  of  
organic  phase samples. 

darkened i n  t h e  F i r s t  p a r t  of t h e  continuous t e s t  from l i g h t  straw t o  a 

dark r ed  ( i t  appeared b lack  i n  l a r g e  volumes). The c o l o r  l igh tened  

somewhat a f t e r  p a r t  of t h e  e x t r a c t a n t  c r y s t a l l i z e d  as a f e r r i c  i r o n  

complex. 

which were descr ibed  

In a d d i t i o n ,  t h e  co lo r  of  t h e  organic  phase 

The i d e n t i t y  o f  t h e  poisoning matcrial i s  not  known at  t h e  p re sen t  

We do not  know whether i t  o r i g i n a t e s  i n  t h e  phosphate rock o r  i n  t imc.  

chcmicals added dur ing  b e n e f i c i a t i o n  o r  a c i d  product ion.  

know whether it i s  e x t r a c t e d  by one of  t h e  major OPAP components or  by 

one o r  more o f  t h e  i m p u r i t i e s .  
ing  i s  not  due t o  i r r e v e r s i b l e  e x t r a c t i o n  of meta ls .  

We a l s o  do no t  

Our t e s t  r e s u l t s  i n d i c a t e  t h a t  t h e  poison-  
I ron  was t h e  only  



35 

metal de tec t ed  i n  s i g n i f i c a n t  concent ra t ions  i n  a spec t rographic  ana lys i s  

o f  t h e  ash from a sample of t h e  poisoned organic  phase from t h e  continuous 

t e s t .  

We were unable t o  regenera te  t h e  poisoned organic  by scrubbing with 

s o l u t i o n s  of  H3P04, HN03, HC1,  o r  H2S04 (Table 5 ) .  The ac id  scrubs d id  

no t  improve t h e  uranium e x t r a c t i o n ,  t i t r a t i o n  c h a r a c t e r i s t i c s ,  o r  co lo r  
of t h e  o rgan ic  phase.  

then with a c i d  improved t h e  t i t r a t i o n ;  both end-points  were sharper  and 

t h e  apparent  concent ra t ions  of  MOPPA and DOPPA were nea r  those  est imated 

from reagent  l o s ses  by c r y s t a l l i z a t i o n .  However, t h e  uranium e x t r a c t i o n  
and t h e  c o l o r  of  t h e  organic  phase were not  a f f e c t e d  by t h i s  t rea tment .  

Scrubbing with ammonium carbonate  s o l u t i o n  and 

Addit ional  work i s  needed t o  i d e n t i f y  t h e  source of  t h e  poisoning 

m a t e r i a l  and t o  f i n d  ways t o  minimize i t s  e f f e c t .  This inc ludes  s t u d i e s  
of  t h e  e f f e c t  on uranium e x t r a c t i o n  of  humic ma te r i a l s  separa ted  from 

phosphate rock and of b e n e f i c i a t i o n  and defoamer chemicals added t o  reagent  

grade phosphoric a c i d .  

a known h i s t o r y  o f  chemicals add i t ion  w i l l  a l s o  be made. 

used i n  t h e  continuous test  w a s  prepared from ca lc ined  rock and i t s  concen- 

t r a t i o n  of organic  ma t t e r  (humic ma te r i a l )  should be low; t h i s  suggests  
t h e  poison i s  something o t h e r  than organic  mat te r  from t h e  phosphate rock. 

Tests wi th  p u r i f i e d  OPAP f r a c t i o n s  and wi th  commercial ma te r i a l  t h a t  

conta ins  d i f f e r e n t  impur i t i e s  can he lp  t o  i d e n t i f y  t h e  p a r t  of  QPAP t h a t  

e x t r a c t s  t h e  poison.  

Tes ts  wi th  wet-process phosphoric a c i d  t h a t  has 

The a c i d  sample 

4 . 3  P r e c i p i t a t i o n  with Iron 

The c r y s t a l l i n e  material t h a t  formed i n  t h e  e x t r a c t i o n  s e c t i o n  of 
t h e  continuous system was found t o  be a complex of f e r r i c  i r o n  t h a t  

contained both major components of  t h e  OPAP reagent .  

t h e  organic  phase,  i . e ,  t h e  i r o n  e x t r a c t e d  i n t o  t h e  organic  phase and 

then t h e  complex c r y s t a l l i z e d  on t h e  s e t t l e r  walls and i n  t h e  organic  

l i n e s  and c o l l e c t e d  a t  t h e  i n t e r f a c e s .  The s o l i d s  were observed t o  be 

forming during t h e  pe r iod  of  apparent  DOPPA concent ra t ion  decrease and 

I t  depos i ted  from 
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Table 5 .  Regeneration tests with poi.soned organic  

Procedure: Organic phase from the  continuous t e s t  with wet-process 
a c i d  was scrubbed 3 times wi th  10 M H3PO4 a t  an organic/  
aqueous phase r a t i o  o f  1/1 and f i l t e r e d .  The regenera-  
t i o n  tes ts  were made by scrubbing t h i s  organic  phase 3 
times a t  la/1° with t h e  ind ica t ed  a c i d .  The tests with 
(NH4)2CO3 included 3 scrubs  a t  la/1° with 4 M (NH4)2C03 
followed by 3 scrubs  a t  la/10 wi th  t h e  ind ica t ed  a c i d .  
The uranium e x t r a c t i o n  tests were made a t  la/10 wi th  
t h e  s tandard  wet-process green a c i d .  

~~ ~- 

Scrubbing s o l u t i o n s  

Uranium Apparent 
concent ra t ion  (N) . . . .. .-. . e x t r a c t i o n  

c o e f f i c i e n t  MOPPA DOPPA 

Head organic  before  t e s t ,  
scrubbed with 10 - M H3P04 

Organic a t  end of t e s t  

1 - M H N 0 3  

6 - M H N 0 3  

1 M H C 1  
.... 

6 M HC1 

1 M - H2S04 

4 

4 E (NH4)2C03, 6 M -.. H N 0 3  

(NH4)2C03, 10  M I H3P04 

18.9 

6.5 

6 . 1  

4.9 

5 .6  

5 . 4  

5 .9  

5 . 3  

5 . 0  

0.188 0.120 

0.122 0.115 

0.129 0.103 

0.123 0.126 

Not t i t r a t e d  

Not t i t r a t e d  

Not t i t r a t e d  

Not t i t r a t e d  

0.102 0.138 
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p r e c i p i t a t i o n  appeared t o  s t o p  a f t e r  about 250 h r ,  when t h e  apparent  

DOPPA concent ra t ion  had s t a b i l i z e d .  

A t o t a l  of 27.6 g of  s o l i d s  was recovered from t h e  two e x t r a c t i o n  

s e t t l e r s  a f t e r  completion of t h e  continuous t e s t .  
f i r s t  s t a g e  (22.6 g) was a brown granular  ma te r i a l  with t h e  appearance 

o f  t o p s o i l ,  and t h e  material from t h e  second s t a g e  had t h e  same t e x t u r e  

but  w a s  l i g h t e r  i n  color. 
d i sso lved  o r  suspended mineral  matter i n  t h e  ac id ;  t h e  f i r s t  s t a g e  was 
" d i r t i e r "  because t h e  a c i d  en tered  the  system t h e r e .  The samples were 

combined f o r  a n a l y s i s .  The combined sample (8 .2  grams) from the  organic  

l i n e s ,  t h e  se t t le r  walls, and t h e  i n t e r f a c e  of t h e  f irst  entrainment 

s e p a r a t o r  was about t h e  same co lo r  as t h e  s o l i d s  from t h e  second s t a g e  

i n t e r f a c e ,  but  was more c r y s t a l l i n e .  

The ma te r i a l  from the  

The d i f f e r e n c e  i n  appearance was due t o  

Although t h e  s o l i d s  d id  n o t  cause any ope ra t iona l  problems, they 

contained a s u b s t a n t i a l  amount of t h e  e x t r a c t a n t ,  and undoubtedly 

con t r ibu ted  t o  t h e  loss  of uranium e x t r a c t i o n  power seen i n  Fig.  13. 

The recovered s o l i d s  contained 16% of  the  MOPPA and 19% of the  DOPPA 
t h a t  was added t o  t h e  system i n  t h e  i n i t i a l  o rganic  phase inventory 

(Table 6 ) .  The MOPPA/DOPPA/Fe r a t i o  (mi l l i equ iva len t  b a s i s )  was 

0.55/0.52/1 i n  t h e  i n t e r f a c i a l  s o l i d s  and 0.71/0.58/1 i n  t h e  combined 

s o l i d s  from t h e  l i n e s ,  walls, and entrainment  s epa ra to r .  No metals  o t h e r  

than i r o n  were found i n  s i g n i f i c a n t  concent ra t ions  i n  a spec t rographic  

ana lys i s  of t h e  s o l i d s .  
o t h e r  sources  v a r i e d  somewhat i n  composition, but  a l l  contained p r imar i ly  

MOPPA, DOPPA, and F e .  

Other samples t h a t  we prepared o r  obtained from 

Before a n a l y s i s ,  t h e  s o l i d s  were b l o t t e d  with f i l t e r  paper t o  remove 
en t r a ined  l i q u i d  (organic  o r  aqueous). Even after b l o t t i n g ,  t h e  s o l i d s  
contained a s u b s t a n t i a l  amount of  en t r a ined  phosphoric a c i d .  

water reduced t h e  weight by as much as 20%. 

by t h e  wash was H3P04. 

they  were heated t o  lQOO°C, wi th  most of t h e  weight loss  occurr ing  between 

125°C and 400°C. 

Washing wi th  

Most of t h e  material removed 

Both samples l o s t  about 75% of t h e i r  weight when 
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Tab1.e 6. Composition of  solids from continuous system 

Solids were removed from the continuous system, blotted dry with 
filter paper, and weighed. Analyses f o r  MOPPA and DOPPA were 
made by adding samples of  the solids to toluene and 6 M HC1, 
equilibrating the phases, and titrating an aliquot of The toluene 
phase. 

Entrainment 
separator, 

Extraction organic lines, 
settler extraction 
in t el* Faces settler id 1s 

Weight of  solids, grams 

MOPPA in solids 
concentration, wt % 
weight, grams 

% of initial inventory 
milliequivalents 

DOPPA in solids 
concentrat ion, wt % 
weight, grams 

% o f  initial hventory 
milliequivalents 

Iron in solids 
concentration, wt % 
weight , grams 

milliequivalents 

27.6  

15 .3  
4.2 
29.5 
11.3 

48.1 
13.3 
28.0 
13.8 

3 . 6  
1.0 
53.5 

8.2 

21.2 
1.7 
12.2 

4.6  

58.0 
4.8 
10.0 
5.0 

3.9 
0.3 
17.3 



The major f a c t o r s  t h a t  a f f e c t e d  formation of t h e  precipitate i n  batch 

tes ts  were t h e  concent ra t ions  of  f e r r i c  i r o n  and phosphoric ac id  i n  the  

aqueous phase.  P r e c i p i t a t i o n  decreased with decreas ing  Fe concent ra t ion  

and with inc reas ing  I-I PO 

wi th  f e r r o u s  i r o n ,  and t h e  tendency t o  form was less with reagent-grade 

€4 PO than  with wet-process a c i d  a t  t h e  same Fe  concent ra t ion .  Hydrolyzed 

commercial OPAP was more r e s i s t a n t  t o  formation of  t h e  p r e c i p i t a t e  than 

p u r i f i e d  OPAP f r a c t i o n s  (MOPPA and DOPPA separa ted  and p u r i f i e d ,  then  

recombined), and t h e  p u r i f i e d  f r a c t i o n s  were more r e s i s t a n t  than  uinhydro- 

lyzed commercial OPRP. 

hydrocarbons. The OPAP concent ra t ion  and t h e  MOPPA/DOPPA r a t i o  had l i t t l e  

e f f e c t  w i th in  t h e  ranges w e  t e s t e d .  

3+ 

concen t r a t ion .  The p r e c i p i t a t e  d i d  not  form 3 4  

3+ 
3 4  

Commercial d i l u e n t s  were b e t t e r  than  a l i p h a t i c  

Varying t h e  ferr ic  i r o n  concent ra t ion  and t h e  phosphoric ac id  concen- 
t r a t i o n  i n  t h e  d i r e c t i o n s  t h a t  reduced t h e  tendency t o  form t h e  p r e c i p i t a t e  

a l s o  would reduce e x t r a c t i o n  o f  i r o n  i n t o  t h e  organic  phase.  This sugges ts  

t h a t  t h e  c r y s t a l l i z a t i o n  could be minimized by i n h i b i t i n g  i r o n  e x t r a c t i o n ,  

e . g . ,  by c o n t r o l l e d  r educ t ion  o f  t h e  i r o n  valence i n  t h e  phosphoric a c i d .  
Reduction o f  t h e  i r o n  valence would a l s o  inc rease  uranium e x t r a c t i o n  by 

lowering competi t ion f o r  t h e  e x t r a c t a n t .  This  would al low t h e  use  o f  

lower e x t r a c t a n t  concen t r a t ion  o r  fewer e x t r a c t i o n  s t a g e s  f o r  uranium 

recovery.  Some balance would be needed, however, because complete reduc- 
t i o n  o f  t h e  iron could r e s u l t  i n  h ighe r  MOPPA d i s t r i b u t i o n  loss  t o  t h e  

aqueous phase (see S e c t .  4 .1 ) .  The uranium valence i n  wet-process phos- 
phor i c  a c i d  i s  reduced by d i s so lv ing  i r o n  metal t o  produce f e r r o u s  i r o n ,  

which then  reduces t h e  uranium. This t rea tment  also reduces p a r t  of t h e  

f e r r i c  i r o n ,  b u t  i t  i s  a poor method f o r  bulk r educ t ion  of t h e  iron 

va lence  because i t  a l s o  inc reases  t h e  t o t a l  i r o n  concent ra t ion  of t h e  

ac id .  An a l t e r n a t e  method o f  valence con t ro l  t h a t  i s  e f f i c i e n t  and 

economical is  needed. 

4 .4  Organic Phase Volume Loss 

Organic phase entrainment  i n  so lven t  e x t r a c t i o n  should be kept  as 
low as p o s s i b l e  t o  minimize l o s s  of e x t r a c t a n t  and t o  minimize 



contamination o f  downstream process ing  opera t ions  and waste t rea tment  

f a c i l i t i e s .  This  i s  p a r t i c u l a r l y  important i n  uranium recovery from 
phosphoric ac id  because t h e  next  process ing  s t e p  i s  evaporat ion o f  t h e  
ac id  t o  54% P205. 

t h a t  can be seve re ly  damaged by excess ive  en t r a ined  organic  phase.  Most 

ope ra to r s  t r y  t o  keep the entrainment a t  l e s s  than 0 . 1  m l  of organic  
phase p e r  l i t e r  of aqueous phase passed through t h e  e x t r a c t i o n  system. 

Most evaporators  are l i n e d  wi th  a rubber ma te r i a l  

The loss r a t e  i n  t h e  2-s tage continuous t e s t s  (Sect .  4 . 1 )  was about 
e igh t  times h igher  than t h i s  r a t e ,  and t h e  r a t e  i n  seve ra l  tes ts  i n  a 
1-s tage  system was about four  times h igher .  The 1-s tage  system d i d  not  

conta in  a s t r i p p i n g  s e c t i o n ,  The organic  phase ( 0 . 2  M - commercial, once- 

hydrolyzed OPAP i n  n-dodecane) was cycled a t  an organic/aqueous phase 
r a t i o  of 1 / 4  aga ins t  reagent  grade H3P04 ( 6  -. M) t h a t  contained 2 g F e  

l i t e r .  While t h e  lo s ses  from both systems were of  t h e  t o t a l  o rganic  phase,  

they  were not  "normal" entrainment l o s s e s .  ?he e x t r a c t i o n  systems included 
columns of  t e f l o n  turn ings  t o  s e p a r a t e  en t r a ined  organic  phase and r e t u r n  

it t o  t h e  system. 

entrainment s epa ra to r  but  none ever  c o l l e c t e d  i n  t h e  second. 

phor ic  ac id  s o l u t i o n s  leaving both systems were s l i g h t l y  opaque; t h e r e  
was l i t t l e  s e t t l i n g  on long s tanding .  

2+ / 

Organic phase was recovered and decanted with t h e  f irst  

The phos- 

The lo s ses  i n  t h e  tes ts ,  summarized i n  Table 7 ,  are t h e  voluiiies o f  

o rganic  phase t h a t  we cannot account f o r  on t h e  b a s i s  of t h e  beginning 

and ending organic  phase i n v e n t o r i e s .  

volumes of samples removed €or a n a l y s i s ,  o r  our  estimates of t h e  volumes 
l o s t  i n  small s p i l l s  t h a t  occurred in.  some of t h e  tests.  The magnitude 

of  t h e  unaccountable l o s s  ranged from 2 3  ml i n  a 23-hr t e s t  i n  t h e  1-s tage  
system t o  450 m l  i n  t h e  440-hi. t es t  i n  t h e  2-s tage systeiii. 

The l o s s e s  do not  inc lude  t h e  

The lo s ses  show a l i r ienr  r e l a t i o n s h i p  t o  t h e  volume of phosphoric 

a c i d  passed through t h e  recovery systems (Fig.  15) .  Thc s lope  of t h e  
l i n e s  could r ep resen t  t h e  rate of organic  phase volume loss  t o  t h e  phos- 

phor ic  a c i d ,  and t h e  i n t e r c e p t s  could r ep resen t  a cons tan t  unrecoverable 
l o s s  t h a t  i s  a func t ion  of  the  system, i . e . ,  t h e  volume t h a t  remains on 

equipment su r faces  when t h e  system i s  disassembled. We measured t h i s  



Table 7. Organic phase volume l o s s  i n  continuous tests 

OPAP D i  l uen t  h c i  d 

Organic phase volume 
No. o f  Acid (m13 

e x t r a c t i o n  volume I n i t i a l  
s t ages  ( l i t e r s )  inventory Loss 

Commercial, hyd 

Pur i f i ed ,  M + D 

P u r i f i e d ,  M + D + OP 

Commercial, hyd 

Commercial, hyd 
Commercial, hyd 

Commercial, hyd 

Commercial, hyd 

None 

DEPA-TOP0 

Kermac 470B 

n-dodecane 

n-dodecane 

n-dodecane 

n-dodecane 

n-dodecane 

n-dodecane 

n-dodecane 

n - dode cane 

n-dodecane 

wet -process  

reagent ,  U + Fe 
reagent ,  U + Fe 

reagent ,  Fe 

reagent ,  Fe 

r eagen t ,  Fe 

reagent ,  Fe 

reagent ,  Fe 

reagent ,  Fe 

reagent ,  Fe 

2 +  

2 +  

2+ 

2+ 

2+ 
2+ 

2 i  

2+ 

3+ 

2 

2 

2 
1 

1 
1 

1 

1 

1 

1 

520 

31 1 

45 

1 2 1  

89 

72 

63 

28 

57 

117 

1080 

1075 

1080 

390 

381 

350 

540" 

346 

346 

544* 

451 t 29 

350 ? 9 

59 t 10 

65 ? 3 

49 f 2 
43 k 3 

40 t 2 

2 3  2 2 

7 i  1 

42 L- 5 

P 
F 

* 
Organic continuous mixing; o the r s  aqueous continuous 
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volume t o  be 11 m l ,  t h e  same a s  t h e  i n t e r c e p t  of  t h e  l i n e ,  f o r  t h e  1-s tage  

system. The ind ica t ed  l o s s e s  f o r  t h e  two systems are: 

Number of 
e x t r a c t  i on  On equipment To phosphoric 

Organic phase volume l o s s  

s t a g e s  su r faces  ( m l )  acid-  (m 17 1 i t e r )  

1 
2 

11 

42 

0.44 
0.84 

Since t h e  flow r a t e s  and t h e  mixer volumes were t h e  same i n  a l l  of  t he  

tests,  it i s  a l s o  poss ib l e  t h e  r e s u l t s  of  Fig.  16 i n d i c a t e  a r e l a t i o n s h i p  

of  t h e  organic  phase volume loss and t h e  con tac t  time with t h e  phosphoric 

ac id  r a t h e r  than the  ac id  volume. Both t h e  loss  r a t e  and the  t o t a l  con tac t  

time were about a f a c t o r  o f  2 h igher  i n  t h e  2-s tage system. 

In t h e  tests with reagent-grade a c i d ,  t h e r e  was s i g n i f i c a n t  distribu- 

t i o n  o f  MOPPA t o  t h e  aqueous phase i n  a d d i t i o n  t o  t h e  organic  phase volume 

l o s s  (Fig.  16) .  The MOPPA d i s t r i b u t i o n  c o e f f i c i e n t  (organic/aqueous) i n  

t h i s  1 - s t age  tes t  was 150; it ranged from 125 t o  240 i n  t h e  o the r s .  This  

l o s s  t o  reagent  grade a c i d  was about t h e  same i n  t h e  2-s tage  and 1-s tage  

systems, a l though it was much lower to wet-process a c i d  as discussed i n  

Sec t .  4.1.  The concent ra t ions  of DOPPA and o c t y l  phenol i n  t h e  organic  

phase d i d  n o t  change i n  t h i s  o r  o t h e r  tests wi th  reagent  grade a c i d ,  which 
i n d i c a t e s  t h e  volume loss was of t h e  total  organic  phase and not  by evap- 

o r a t i o n  of t h e  d i l u e n t .  

occur ,  s i n c e  only 7 m l  was l o s t  i n  a tes t  with n-dodecane as t h e  organic  

phase.  The l o s s  i n  a test  with 0 .5  M DEPA-0.125 M TOP0 i n  n-dodecane 
was h ighe r  than wi th  n-dodecane alone but  was lower than with OPAP i n  

n-dodecane. The composition of t h e  organic  phase (OPAP concent ra t ion ,  
p u r i f i e d  f r a c t i o n s  o r  commercial OPAP, n-dodecane o r  commercial d i l u e n t )  

had l i t t l e  effect on t h e  l o s s  rate, and t h e r e  was l i t t l e  d i f f e r e n c e  i n  

t h e  l o s s  t o  reagent  grade and wet-process phosphoric a c i d .  
was t h e  same with organic-  o r  aqueous-continuous mixing, a l though t h e  

amount of organic  recovered i n  t h e  entrainment s e p a r a t o r  was 20 t o  30 

t imes h igher  with aqueous continuous mixing. 

The e x t r a c t a n t  must be p re sen t  f o r  t h e  loss  t o  

- - 

The l o s s  r a t e  
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Fig. 16. Organic phase composition in 1-stage continuous test 
MODDA and DOPPA concentrations with reagent grade phosphoric acid. 

were measured by titration and OP concentrations were measured by 
liquid chromatographic analysis. 
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We have not  been ab le  t o  recover t h e  l o s t  organic  phase o r  t o  measure 
i t  i n  t h e  phosphoric ac id  so lu t ions .  
d i s t i l l a t i o n ,  e x t r a c t i o n ,  adsorpt ion,  and a i r  f l o t a t i o n .  T i t r a t i o n ,  UV 

absorpt ion,  l i q u i d  chromatographic ana lys i s ,  t o t a l  carbon ana lys i s ,  and 
measurement o f  changes i n  t u r b i d i t y  and sur face  tens ion  were used t o  
t r y  t o  d e t e c t t h e  organic  phase i n  the  phosphoric acid.  

Recovery methods attempted include 

D i s t i l l a t i o n  worked well  f o r  known samples; over 90% of the  added 
organic  phase was recovered i n  t h e  f i r s t  100 m l  of d i s t i l l a t e  from 3- l i ter  
samples of  phosphoric ac id .  Further  d i s t i l l a t i o n  did not  increase  t h e  
y i e l d  of  organic  phase. 
cated t h a t  i t  was p r imar i ly  d i luen t ;  it d id  not  contain any MOPPA o r  

DOPPA, but  d id  contain some OP. The recovery was t h e  same from reagent 
grade and wet-process ac ids .  D i s t i l l a t i o n s  o f  3 - 1  phosphoric ac id  samples 
from one o f  t h e  1-s tage continuous t e s t s  i nd ica t ed  t h a t  t he  ac id  leaving 

t h e  s e t t l e r  contained 1.1 m l  of en t ra ined  organic  phase pe r  l i ter  and the  
acid leaving t h e  second entrainment s epa ra to r  contained less than 0.05 m l  

pe r  l i t e r .  

T i t r a t i o n s  of t h e  d i s t i l l e d  organic  phase i n d i -  

We were not  ab le  t o  de t ec t  t h e  ex t r ac t an t  i n  phosphoric ac id  samples 
by d i r e c t  W absorpt ion measurements o r  by l i q u i d  chromatographic ana lys i s .  
Ext rac t ion  with CHCl 
ana lys i s  of t h e  e x t r a c t  gave e r r a t i c  r e s u l t s ;  w e  could not ob ta in  complete 
o r  reproducible  recovery o f  MOPPA o r  DOPPA with known so lu t ions .  
attempt t o  "salt out" d i sso lved  o r  d i s t r i b u t e d  organic  phase by s a t u r a t i n g  
the  phosphoric ac id  with NaCl was unsuccessful.  
recovered i n  continuous tests by scrubbing t h e  e f f l u e n t  phosphoric ac id  
with n-dodecane i n  a c o l m  containing b e r l  saddles  o r  i n  a mixer -se t t le r .  

Passing t h e  phosphoric ac id  through a column of g l a s s  beads o r  f i l t e r i n g  
i t  through g l a s s  wool were a l s o  completely i n e f f e c t i v e .  

followed by t i t r a t i o n  o r  l i q u i d  chromatographic 
3 

An 

Essen t i a l ly  no OPAP was 

Some recovery of  organic  phase was achieved by passing t h e  phosphoric 
ac id  through a bed of a c t i v a t e d  carbon o r  XAD-2, a polymeric adsorbent f o r  
water-soluble  organic  substances,  o r  by sparging t h e  phosphoric ac id  with 
a i r .  The r e s u l t s  i n d i c a t e ,  however, t h a t  the  ma te r i a l  removed from t h e  
ac id  by these  t reatments  was d i s t r i b u t e d  MOPPA r a t h e r  than t h e  t o t a l  



organic  phase.  These t e s t s  were made as p a r t  of t h e  1 - s t age  continuous 

t e s t s .  ‘The e f f l u e n t  phosphoric ac id  was t r e a t e d  as it l e f t  t h e  system, 

a f t e r  pass ing  through t h e  entrainment s epa ra to r  f i l l e d  with t e f l o n  tu rn -  

i ngs .  The phosphoric ac id  s o l u t i o n s  were monitored by l i g h t  s c a t t e r i n g ,  

aqueous phase su r face  t ens ion ,  and t o t a l  carbon a n a l y s i s .  

A t u rb i  dimeter/nephelometer was used t o  measure l i g h t  s c a t t e r i n g  by 
the  phosphori c a c i d  s o l u t i o n s .  ‘The r e s u l t s ,  i n  nephelometric t i i r b i d i t y  

u n i t s  (NTU) , a r e  based on comparison with l i q u i d  l a t e x  suspensioiis,  which 

i n  t u r n  a r e  based on comparison with formazin suspensions.  

t u r b i d i t i e s  i n  our  t e s t s  were about 4 N T U  i n  t h e  ac id  leav ing  t h e  s e t t l e r ,  

about 1 NTU i n  t h e  a c i d  leaving t h e  f i r s t  entrainment  s epa ra to r ,  and 

about 0 . 5  NTU i n  the  a c i d  leaving t h e  adsorbent column o r  t h e  a i r  t r ea t -  
ment column. 

The measured 

The su r face  t ens ion  measurements were made by t h e  drop volume method 

wjth a p r e c i s i o n  microsyringe. In t h i s  method, t h e  su r face  t ens ion  i s  

ca l cu la t ed  from t h e  volume of drops t h a t  j u s t  f a l l  from a g l a s s  t i p  of 

known diamcter .  l2 

(wet-process o r  reagent  grade) was about 77 dynes/cm and t h i s  was reduced 

t o  about 35 dyneslcm by e q u i l i b r a t i o n  w i t h  t h e  OPAP s o l u t i o n s .  

t ens ion  was r e s to red  t o  i t s  i n i t i a l  va lue  by passage through the  carbon 

o r  XAD-2 column and it was r a i s e d  t o  about 45 dynes/cm by t h e  a i r  t r e a t -  

ment, Surface tens ion  lowering as a func t ion  o f  d i s t r i b u t e d  organic  

phase concent ra t ion  i s  shown i n  Fig.  17.  In  these  tes ts ,  e q u i l i b r a t e d  

phosphoric a c i d  ( sur face  t ens ion  34 dyncs/cm) was d i l u t e d  with unequ i l i -  

b ra ted  a c i d  and t h e  su r face  tens ion  of  the  mixed s o l u t i o n s  was measured. 

The su r face  t ens ion  decreased as t h e  f r a c t i o n  o f  e q u i l i b r a t e d  ac id  was 
increased ,  more a t  t h e  lower f r a c t i o n s  than a t  t h e  h igher  ones. On the  

b a s i s  of t hese  r e s u l t s ,  t h e  carbon and XAD-2 removed a l l  of t h e  d i s t r i b u t e d  

organic  phase t h a t  a f f e c t s  t he  su r face  t ens ion ,  and the a i r  reiiioved about 

2 / 3  o f  i t .  

The su r face  t ens ion  of  t h e  phosphoric ac id  s o l u t i o n s  

The s u r f a c e  

Surface t ens ion  lowering was not  a f f e c t e d  s i g n i f i c a n t l y  by t h e  d i l u e n t  

choice (Table 8) . 
with 0 . 2  - M OPAP i n  a s e r i e s  o f  d i l u e n t s  and t h e  su r face  t ens ion  of  t h e  

Wet-process and reagent  grade a c i d  were e q u i l i b r a t e d  
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Reagent grade phosphoric acid that had of phosphoric acid solutions. 

been equilibrated with 0.2 M OPAP in n-dodecane was diluted with 
unequilibrated acid solution and the surface tension of the diluted 
solut ions was measured. 
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Table 8 .  Effect o f  d i l u e n t  on su r face  tens ion  
lowering of  phosphori-c a c i d  s o l u t i o n s  

with OPAP 

Procedure: Phosphoric a c i d  s o l u t i o n s  were 
e q u i l i b r a t e d  a t  an orgariic/aqueous 
phase r a t j o  of  1/1 with 0 . 2  M OPAP 
(0.09 M M O P P A  + 0.12 M DOPPA) i n  
t h e  ind ica t ed  diluent-,-  The su r face  
t ens ion  o f  t h e  e q u i l i b r a t e d  
phosphoric ac id  s o l u t i o n s  was 
measured 

Diluent 

Sur f ace  t e n s  ion  (dynes /cm) 
Reagent 

grade Wet -process  
a c i d  a c i d  

None 

Hexane 
Octane 
Escaid 200 
n-dodecane 
n -pa ra f f in  

Kermac 627 
Escaid 110 
Kermac 470B 

Isopar M 

LOPS 
Cer t rex  39 

7 7 . 2  

35.4 

_.-._ 

32.5 

- 
32.5 

7 7 . 8  

40.7 
39.4 
37.0 
36.6 
37 .6  

36.8 
37.7  
39.8 

37.4 

38.1 
37.7 
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equilibrated aqueous phases was measured. 

effect, with perhaps slightly more surface tension lowering with increasing 

n-paraffin chain length. The surface tension of the equilibrated reagent 
grade acid solutions was slightly lower than that of the wet-process acid 

solutions. 

The results show little diluent 

A total carbon analyzer was used to measure carbon concentration in 
the phosphoric acid solutions. 

solutions of  potassium acid phthalate in 0.6 and 6.0  M H PO 
The measured carbon concentrations in the test solutions were about 

100 ppm leaving the settler and about 60-70 ppm leaving the entrainment 

separator. 

to about 40 ppm in the test with the air column and to 5-15 ppm in the 

tests with the carbon and XAD-2. These concentrations are close to those 

the acid would contain if the carbon was due to MOPPA distribution loss, 

but are considerably lower than the 280 ppm that would be present if the 

carbon was due to the organic phase volume loss measured in the test 

(Fig. 19). 

The analyzer was standardized with 

(Fig. 1 8 ) .  - 3 4  

The concentration i n  the acid leaving the system was reduced 

Titrations and chromatographic analyses of  the organic material 
removed from the phosphoric acid showed that it was essentially all MOPPA 

and that it contained little or no DOPPA. The carbon and XAD-2 columns 

were eluted with acetone. Titration of the residues after removal of the 
acetone indicated the following composition: 

, Estimated 
Amount of MOPPA 
materi a1 Concent rat ion distribution MOPPA 
re cove red (%) loss recovered 

Column ( g )  MOPPA DOPPA (gl (g) 

Carbon 1.96  96.5 1.5 3.1 1.9 

XAD - 2 1.04 76 <o. 1 0.3 0.7 

Chromatographic analyses showed that MOPPA, OP, and peak 3 (see Sect. 2.2)  

were present in both samples of recovered material, but DOPPA was not 

detected. 

the amounts lost by distribution to thq phosphoric acid. 

The amounts of  MOPPA recovered are in fair agreement with 
In the test 
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with a i r ,  about 50 cc/min of compressed a i r  was introduced through a 

frit a t  t h e  bottom of  t h e  column, and passed up t h e  column countercur ren t  

t o  t h e  ac id  flow. About 20 m l  of  a waxy emulsion t h a t  contained a i r  

and aqueous phase c o l l e c t e d  on top  of  t h e  ac id  i n  t h e  column i n  t h e  73 h r  

t h a t  it was i n  opera t ion .  The emulsion could not  be broken by cen t r i fuga -  

t i o n  and t h c  add i t ion  of hexane w a s  requi red  t o  sepa ra t e  i t  i n t o  two 

phases .  Although t h e  c o l o r  o f  t h e  emulsion was t h e  same as t h e  co lo r  of  

t h e  bulk organic  phase,  t i t r a t i o n  of  t h e  recovered material showed t h a t  

it contained 2 . 3  g of  MOPPA and less than  0 . 1  g of  DOPPA. A l i q u i d  

chromatographic ana lys i s  i nd ica t ed  t h a t  t he  ma te r i a l  was predominantly 

MOPPA but  t h a t  it a l s o  contained smaller concent ra t ions  of  t h e  o the r  

OPAP components. 

DOPPA t o  account f o r  t he  organic  phase volume loss, but  it contained 

more MOPPA than was l o s t  as organic  phase volume. This sugges ts  t h e  

recovered material was mostly MOPPA t h a t  had been l o s t  by d i s t r i b u t i o n  

t o  t h e  aqueous phase,  along wi th  a small amount of en t r a ined  organic  

phase,  which agrees  with the  da t a  of  F ig .  19. 

The recovered ma te r i a l  d id  not  conta in  nea r ly  enough 

The organic  phase volume los ses  are s u b s t a n t i a l  and real .  

They a r e  sys temat ic ,  reproducib le  lo s ses  t h a t  a p a r e n t l y  are a func t ion  

of phosphoric a c i d  volume and/or contac t  t i m e .  Our t e s t s  t o  measure o r  

recover  it have been made on t h e  assumption t h a t  t h e  mechanism of t h e  

lo s ses  i s  by entrainment i n  t h e  phosphoric a c i d .  

i n d i c a t e ,  however, t h a t  t h i s  i s  not  t h e  case .  Although it i s  p o s s i b l e  

t h e  organic  leaves t h e  system as a spray i n t o  t h e  a i r  01- somehow remains 

i n  t h e  equipment when it i s  disassembled, n e i t h e r  o f  t h e s e  mechanisms 

has y e t  been s u b s t a n t i a t e d .  

Our t e s t  r e s u l t s  
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AFpendi x 

P u r i f i c a t i o n  of  OPAP Frac t ions  

As descr ibed i n  Sec t .  2 . 1 ,  OPAP i s  prepared by r e a c t i n g  o c t y l  phenol 

with phosphorous pentoxide t o  form an approximately equimolar mixture of 

MOPPA and DOPPA. The r e a c t i o n  mixture a l s o  conta ins  impur i t i e s  such as 
unreacted oc ty l  phenol,  t r i oc ty lpheny l  phosphate,  hydrolyzable  ma te r i a l  

t h a t  i s  probably pyrophosphoric a c i d s ,  and o t h e r  u n i d e n t i f i e d  impur i t i e s .  

Peppard e t  a l . ,  separa ted  t h e  major f r a c t i o n s  fsom each o t h e r  by p a r t i -  

t i o n i n g  t h e  a c i d  form of  OPAP o r  i t s  sodium s a l t  between e thylene  g lycol  

arid organic  d i l u e n t s .  15'16 

e thylene  g lycol  and t h e  DOPPA d i s t r i b u t e s  p r imar i ly  t o  t h e  organic  phase. 

l h e  separa ted  DOPPA was p u r i f i e d  

evaporat ing t h e  d i l u e n t ;  i n  some cases it was f u r t h e r  p u r i f i e d  by r ec rys -  

t a l l i z a t i o n  from heptane.  

( a f t e r  d i l u t i o n  with water) i n t o  d i e t h y l  e t h e r  and a p u r i f i e d  product  was 

prepared by scrubbing t h e  e t h c r  e x t r a c t  and then  evaporat ing t h e  e t h e r .  

'The MOPPA d i s t r i b u t e s  p r imar i ly  to t h e  

by scrubbing t h e  organic  phase and 

The MOPPA was ex t r ac t ed  from t h e  ethylene g lycol  

The b a s i c  s epa ra t ion  i n  our  f i r s t  p repa ra t ion ,  f o r  t h e  ear l ie r  

process  development s t u d i e s  ,' was made by p a r t i t i o n i n g  t h e  a c i d  form of  

OPAP between e thylene  g lycol  and hexane. The separa ted  DOPPA was converted 

t o  t h e  sodium sa l t ,  d i l u t e d  with e thylene  g lyco l ,  and scrubbed with hexane 

i n  a continuous e x t r a c t o r  t o  remove nonacidic  impur i t i e s .  T'ne product 

prepared by a c i d i f y i n g  t h e  scrubbed sodium s a l t ,  e x t r a c t i n g  it i n t o  

hexane, and evaporat ing t h e  hexane contained 1 .5% MOPPA and 9 3 . 3  % DOPFA. 

The DOPPA y i e l d  was about 60%. The same procedure was ured t o  p u r i f y  

t h e  MOPPA sodium sa l t .  S t a b l e  emulsions formed when t h e  scmbbed Na sa l t  
was a c i d i f i e d ,  and t h e  a d d i t i o n  o f  E t O I l  was r equ i r ed  t o  break then .  

a c i d i f i e d  sodium sa l t  was ex t r ac t ed  i n t o  benzene and t h c  f i n a l  MOPPA 

product was prepared by evaporat ing t h e  benzene. I t  contained 90.4% 

MOPPA and 1 .0% DOPPA; the  MOPPA y i e l d  tias about 50%. 

1 7  

'The 

A more e f f i c i e n t  primary sepa ra t ion  was obtained by p r e c i p i t a t i n g  

t h e  MOPPA sodium s a l t  from e t h y l  a lcohol .  l8 

e s s e n t i a l l y  in so lub le  i n  97-98 vo l  % e thanol  (Fig.  A - I ) ,  and can be 

The MOPPA sodium sal t  i s  
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obtained as a bulky, e a s i l y  f i l t e r e d  s o l i d  by d i s so lv ing  OPAP i n  abso lu te  

e thanol  and convert ing to t h e  sodium sa l t  with 10 M NaQH. The DOPPA 

sodium s a l t  and most of  t h e  impur i t i e s  remain i n  s o l u t i o n .  
- 

E s s e n t i a l l y  pure (>99%) MOPPA was prepared from t h e  sodium s a l t  by 

a c i d i f i c a t i o n ,  c x t r a c t i o n  i n t o  d i e t h y l  e t h e r ,  evaporat ion of t h e  e t h e r ,  

and a f i n a l  wash with petroleum e t h e r  (MOPPA has l imi t ed  s o l u b i l i t y  i n  

t h i s  so lvent )  t o  remove r e s i d u a l  impur i t i e s .  

DOPPA was p u r i f i e d  by p r e c i p i t a t i n g  t h c  copper s a l t  as descr ibed 

by Pa r t r idge  and Jensen.”  The a lcohol  was evaporated from t h e  DOPPA 

sodium s a l t ;  i t  was d isso lved  i n  to luene ,  and converted t o  t h e  copper 

s a l t  by e q u i l i b r a t i o n  with CuS04 s o l u t i o n .  Most of  t h e  toluene was 

evaporated and t h e  copper sa l t  s o l u t i o n  was added t o  c h i l l e d  acetone.  

The p r e c i p i t a t c d  copper sa l t  was - f i l t e r e d ,  washed, d i sso lved  in t o luene  

and converted t o  the a c i d  fox-m. Af t e r  evaporat ion of  The to luene ,  f i n a l  

p u r i f i c a t i o n  of t h e  product was made by r e c r y s t a l l i z a t i o n  from hexane o r  
dodecane. 

copper sa l t  of  DOPPA (or  o f  some of t h e  impur i t i e s )  i s  somewhat gunmy 

and much ha rde r  t o  handle  than t h e  copper sa l t  o f  d i  (2-ethylhexyl) 

phosphoric a c i d .  

The product was >99% pure and t h e  y i e l d  was about 40%. The 

Chromatograms of  t h e  p u r i f i e d  products ,  both 399% pure by t i t r a t i o n ,  

a r e  shown i n  Fig.  A - 2 .  The DOPPA chromatogram conta ins  an i n j e c t i o n  

a r t i f a c t  but n e i t h e r  shows any impur i t i e s .  
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