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URANIUM FROM PHOSPHORIC ACID 

F. J. Hurst  

INTRODUCTION 

, Phosphate rock,  t h e  major r a w  material f o r  phosphate f e r t i l i z e r s ,  

con ta ins  uranium t h a t  can be recovered when t h e  rock i s  processed.  This  

makes i t  p o s s i b l e  t o  produce uranium i n  a country t h a t  has  no uranium o r e  

d e p o s i t s .  Today, I want t o  b r i e f l y  desc r ibe  t h e  way t h a t  phosphate 

f e r t i l i z e r s  are made, how uranium i s  recovered i n  t h e  phosphate i n d u s t r y ,  

and perhaps how t o  d e t e c t  uranium recovery ope ra t ions  i n  a phosphate 

p l a n t  . 
- Phosphorous is  an e s s e n t i a l  n u t r i e n t  f o r  p l a n t  growth. It i s  no t  

recovered by r ecyc l ing  and has  no s u b s t i t u t e .  

The phosphate d e p o s i t s  of t h e  world r ep resen t  a major uranium resource  - 
as most d e p o s i t s  con ta in  from 1 / 4  t o  1 pound of uranium pe r  ton  of 

P 0 
1 L  

( ~ 3 . 3  t ons  of phosphate rock) .  2 5  
- Phosphate rock i n  i t s  n a t i v e  state is r e l a t i v e l y  in so lub le ,  and t h e  

a v a i l a b i l i t y  of t h e  phosphorous t o  p l a n t s  is  too slow t o  be very  u s e f u l .  
Q 

- Usual ly ,  t h e  phosphorous is converted t o  a more s o l u b l e  form f o r  

f e r t i l i z e r  use.  This  t reatment  a l s o  d i s s o l v e s  most of t he  uranium 

and makes i t  a v a i l a b l e  f o r  recovery as  a by-product. This makes i t  
* 

- A CANDU type r e a c t o r ,  i .e. ,  a deuterium oxide moderated, p ressur ized-  

p o s s i b l e  t o  produce uranium i n  c o u n t r i e s  t h a t  have no uranium o r e s .  

heavy water-cooled Canadian r e a c t o r ,  can produce plutonium us ing  

n a t u r a l  uranium. This  e l imina te s  t h e  need f o r  ob ta in ing  enriched 

f u e l s  which e n t a i l  l i c e n s i n g  agreements and p o s s i b l e  safeguard 

requirements.  

According t o  l o c a l  nuc lear  r e a c t o r  e x p e r t s ,  a small r e a c t o r  of t h i s  

type can be  b u i l t  wi th  as l i t t l e  as 10 tons  of n a t u r a l  uranium and 

- 

10 tons  of heavy water. Such a r e a c t o r ,  opera ted  a t  a power l e v e l  

of 30 t o  50 megawatts, could produce about  25 grams of f i s s i l e  

plutonium a day o r  enough Pu t o  produce a nuc lea r  f i s s i o n  bomb a yea r .  

This  concept b r i n g s  nuc lear  weapons wi th in  reach of many s m a l l  developing 

n a t i o n s  and may be achieved i n  r e l a t i v e  secrecy.  

- 



FERTILIZER PRODUCTION 

. .  - 

Phosphate rock  is  d iges t ed  wi th  s u l f u r i c  a c i d  t o  produce an in te rmedia te  

product  c a l l e d  wet-process phosphoric a c i d  and a calcium s u l f a t e  waste 

product  c a l l e d  phosphogypsum. 

Wet-process phosphoric a c i d  con ta ins  about 30% P 2 5  0 (-6 - M H3P04). The 

a c i d  is f i l t e r e d  and evaporated t o  50 t o  60% P 0 

f o r  f e r t i l i z e r  product ion.  

Most of t h e  uranium is d i s so lved  i n  t h e  wet-process a c i d  and i s  a v a i l a b l e  

f o r  recovery from t h i s  s o l u t i o n  as a by-product. 

Most n a t i o n s  produce phosphate f e r t i l i z e r s  and could recover  uranium from 

t h e i r  wet-process phosphoric ac id .  

(10 t o  12 - M H3P04) 2 5  

7 c  

URANIUM RECOVERY 

Uranium recovery from phosphoric a c i d  i s  d i f f i c u l t  . The uranium, 

from seawater and concent ra ted  by a f a c t o r  of several thousand, i 

t i g h t l y  held by t h e  phosphate. 

Uranium can b e  recovered by a technique c a l l e d  so lven t  e x t r a c t i o n ,  i .e . ,  

i t  can be e x t r a c t e d  o r  t r a n s f e r r e d  i n t o  an organic  so lven t .  
. _ _  

Wet-process phosphoric a c i d  is an  aqueous so lu t ion ,  i. 
of impure phosphoric a c i d  i n  water. .- 

0 

The organic  so lven t  i s  a s o l u t i o n  of a reagent  d i s so lved  i n  an  organic  

d i l u e n t  such as kerosene t h a t  is capable  of e x t r a c t i n g  t h e  uranium. -=====:-z-~~- 
The two phases ,  t h e  phosphoric a c i d  (aqueous phase) and t h e  so lven t  . 

(organic  phase) are mixed t o  t r a n s f e r  t h e  uranium t o  t h e  organic  phase.  

SZide 2, a p i c t u r e  of one of our l abora to ry  tests, i l l u s t r a t e s  t h i s  

concept.  

The v e s s e l s  w i th  stirrers are mixers ,  where t h e  organic  and aqueous 

phases are mixed. . .. 
The mixture ,  o r  d i s p e r s i o n ,  passes i n t o  t h e  sett ler,  where t h e  phases 

sepa ra t e  by g rav i ty .  

bottom is  t h e  phosphoric a c i d  (aqueous) phase.  

Each mixe r - se t t l e r  u n i t  is c a l l e d  a s t age .  

. L  

The top phase he re  i s  t h e  organic  phase and t h e  



The upper fou r  s t a g e s  on t h e  l e f t  are 

phosphoric a c i d  i n  t h e  55 g a l  drum is 
: c .  

f o r  uranium e x t r a c t i o n .  The 

pumped ' u p h i l l  through each s t a g e  
I#. " ?. 

of t h e  system whi le  t h e  organic  phase moves downhil l ,  countercur ren t  

t o  t h e  aqueous phase,  by g rav i ty .  

The organic  phase l eav ing  t h e  e x t r a c t i o n  s e c t i o n  con ta ins  t h e  uranium 

t h a t  w a s  e x t r a c t e d  from t h e  phosphoric ac id .  It i s  pumped t o  t h e  

s t r i p p i n g  s e c t i o n  which c o n s i s t s  of t h r e e  s t a g e s  on t h e  r i g h t  s i d e  

of t h e  p i c t u r e .  Here, t h e  cond i t ions  are ad jus t ed  so t h a t  t h e  uranium 

t r a n s f e r s  back t o  an  aqueous phase,  b u t  a t  a higher  concent ra t ion .  

Again, t h e  aqueous phase,  f e d  from'a  s m a l l  r e s e r v o i r  (behind t h e  ope ra to r )  

f lows countercur ren t  t o  t h e  organic  phase.  

t h e  system cont inuously.  

and d e p o s i t s  i t  a t  a h igher  concen t r a t ion  i n  t h e  s t r i p  s o l u t i o n .  I n  

t h i s  tes t ,  t h e  uranium has been concent ra ted  from t h e  volume of t h e  55 

g a l  drum t o  the  volume of t h e  two 500 m l  b o t t l e s  shown on top  of t h e  drum. 

This type of equipment i s  t y p i c a l  of t h a t  used i n  bench-scale t e s t i n g  of 

so lven t  e x t r a c t i o n  processes  such as uranium recovery from o r e s  and 

r e a c t o r  f u e l  reprocess ing .  

S l i d e  3, Uranium e x t r a c t a n t s  

There are 3 e x t r a c t a n t s  t h a t  w e  know about  t h a t  are capable  of e x t r a c t i n g  

uranium from phosphoric a c i d .  A l l  3 are organic  c d s  t h a t .  con ta in  ~ 

phosphorous. 

The pyro o r  OPPA process  uses  a pyrophosphoric a c i d  t h a t  i s  prepared 

on s i te  by r e a c t i n g  an  o rgan ic  a l c o h o l  (usua l ly  c a p r y l  a l c o h o l )  wi th  

phosphorous pentoxide.  

The DEPA-TOP0 process  uses  a mixture  of di(2~ethylhexyl)phosphoric a c i d  

(DEPA) and t r i o c t y l  phosphine oxide (TOPO). The components can be  bought 

The organic  phase goes around 

It e x t r a c t s  uranium from the  phosphoric a c i d  

- _ _  -_ - - ___ . - - 

- ~ - - ~ ~ _ _  __ ~ _-_ - -_ __ ___-______ ~ _ _  - 

- - - -  - -_ - - .._ - - 

s e p a r a t e l y  o r  as a mixture .  _ _  
The OPAP p rocess  uses  oc ty lphenyl  a c i d  phosphate,  a commerci 

mixture  of mono- and d ioc ty lpheny l  phosphoric a c i d s .  

A l l  t h r e e  e x t r a c t a n t s  are d i s so lved  i n  kerosene-type d i l u e n t s  f o r  p rocess  

use.  
1 I _ ,  

S l i d e  4 
- Uranium recovery involves  t h r e e  unit opera t ions :  (1) Pretreatment  t o  

prepare  t h e  a c i d ,  (2) so lven t  e x t r a c t i o n  t o  concen t r a t e  t h e  uranium, e .g . ,  

as shown he re  from $1.7 l b  t o  $90 lb/1000 g a l  of a c i d ,  and (3 )  Post t rea tment ,  



, . 
* *  

ure  t h a t  t h e  a c i d  r e t u r n i n g  t o  t h e  a c i d  p l a n t  w i l l  no t  be harmful 

downstream. The second cyc le  is  a small p u r i f i c a t i o n  system where t h e  

ranium is p u r i f i e d .  * 

Sl ide  5 

- Pretreatment  

F i l t e r e d  a c i d  is t r e a t e d  t o  remove organic  matter which can cause phys ica l  

t h e  e x t r a c t i o n  system i f  n o t  removed. 

’ F i r s t  Cycle 

Uranium i s  e x t r a c t e d  and s t r i p p e d  as descr ibed  f o r  our  labora tory  tests. 

Four o r  f i v e  e x t r a c t i o n  s t a g e s  and t h r e e  o r  f o u r  s t r i p p i n g  s t a g e s  are used 

i n  commercial opera t  ions .  

- Post t rea tment  I 

7 
The phosphoric a c i d  is  t r e a t e d , t o  remove en t r a ined  organic  phase be fo re  

. .  ed t o  t h e  a c i d  p l a n t  f o r  evapora t ion  and f e r t i l i z e r  product ion.  

- The,ne t  e f f e c t  of t h e  f i r s t  cyc le  is  t o  borrow t h e  phosphoric a c i d ,  recover  

t h e  uranium, and r e t u r n  i anged as p o s s i b l e .  
Second Cycle * I  

The s t r i p  product  s o l u t i o n  i s  t r e a t e d  i n  a second c y c l e  t o  produce a p u r i f i e d  

uranium product .  It i s  a much smaller system than  t h e  f i r s t  c y c l e  because 

t h e  uranium is more concentrated.  

- The uranium is  e x t r a c t e d  aga in  i n t o  an organic  so lven t ,  t h i s  t i m e  under 

cond i t ions  t h a t  s a t u r a t e  t h e  e x t r a c t a n t  w i th  uranium and push ou t  impur i t i e s . -  -= 

- The e x t r a c t  is scrubbed wi th  water t o  remove remaining i m p u r i t i e s  and then  

t h e  uranium i s  s t r i p p e d  wi th  ammonium carbonate  s o l u t i o n .  The s o l i d  ammonium 

uranyl  t r i c a r b o n a t e  (AUT) fo rmed . i s  heated t o  d r i v e  o f f  ammonia and carbon 

d ioxide  and form uranium oxide (U 0 >. 
Spec ia l  p recaut ions  are taken t o  prevent  spread of t h e  r a d i o a c t i v e  U 0 

product which i s  packaged i n  drums i n  a s e p a r a t e  b u i l d i n g  f o r  shipment 

t o  a r e f i n e r y  f o r  conversion t o  UF feed  f o r  enrichment p l a n t s .  Radia t ion  6 
symbols and change house f a c i l i t i e s  may be  p re sen t .  

3 8  
- 

3 8  

STATUS OF URANIUM RECOVERY 

S t i d e  6 

- About ha l f  of t he  U.S. phosphoric a c i d  product ion capac i ty  i s  now committed 

Almost 4 m i l l i o n  pounds of uranium is be ing  recovered t o  uranium recovery.  



2' 

each year  i n  seven phosphate p l a n t s  i n  t h e  U.S. Small p l a n t s  

(~~100,000 l b s  U 0 /y r )  a r e . b e i n g  operated i n  Calgary and i n  Belgium. 

There is  a l s o  a l o t  of cons t ruc t ion  a c t i v i t y  i n  France,  Spain,  Taiwan, 

and South Korea b u t  t he  s t a t u s  of t hese  p l a n t s  i s  n o t  clear.  

A list of fo re ign  c o u n t r i e s  wi th  whom 

recovery are: 

3 8  

w e  have had con tac t  on uranium 

FOREIGN COUNTRIES 

Great B r i t a i n  
Spain 
France 
Belgium 
I t a l y  
Taiwan 
Japan 
Mexico 
Germany 
Aus t r i a  
Czechoslovakia 
Sweden 
B r a z i l  ' 1 _  - 
South Afr ica  
Cuba 
Hungary 

. . . P ,  - 

SZide 7:, phosphate rock reserves and 

QYP t 
Morocco 
Por tuga l  
South Korea 
China 
Yugoslavia 
Israel 
Tunis ia  
India  
Poland 
Canada 
Turkey 
Ch i l e  ' 

Niger ia  
Switzer land 

- ,  _ *  , 

* "  

* *. 

phosphoric a c i d  product ion capac i ty .  
__ The l a r g e s t  phosphate rock d e p o s i t s  are i n  Morocco, U.S., and Russia.  

There w a s  a r ecen t  l a r g e  d iscovery  i n  Mexico. 

Nearly ha l f  t h e  phosphate rock t h a t  is mined i s  exported;  i n  1973,  108 

m i l l i o n  tons  were produced and 51 m i l l i o n  tons  were exported.  

and Morocco are t h e  major expor t ing  na t ions .  

With p re sen t  technology, t h e  uranium goes wi th  t h e  rock and becomes 

a v a i l a b l e  f o r  recovery when phosphoric a c i d  is produced. Since most 

n a t i o n s  produce phosphate f e r t i l i z e r s ,  most have t h e  capac i ty  f o r  uranium 

recovery from phosphoric ac id .  

Ind iv idua l  p l a n t  capac i ty  ranges from 7000 tons  of P 0 

750,000 tons  of P 0 pe r  year .  

recoverable  uranium pe r  t on  of P 0 

each year  i n  one of t h e  l a r g e r  p l a n t s  con ta ins  as  much as 600,000 pounds 

of recoverable  uranium while  over 5000 l b / y r  could be recovered from t h e  

- -  . -  
The U.S. - 

per  year  t o  2 5  
The a c i d  con ta ins  up t o  0.8 l b  of 

2 5' 

2 5  
On t h i s  b a s i s ,  t h e  a c i d  produced 



- . , .^ 

1 ,  

smallest p l a n t s .  

t on  P 0 /yr  range and could conceivably recover  40,000 t o  120,000 l b  of 

uranium per  year  i n  a s i n g l e  p l a n t .  

needed f o r  a bomb a year  i f  our estimates are c o r r e c t .  

Many of t h e  fo re ign  p l a n t s  are i n  t h e  50,000 t o  150,000 

2 5  
This  is  2 t o  6 times t h e  q u a n t i t y  I 

DETECTION OF URANIUM RECOVERY OPERATIONS 

Detec t ion  of cove r t  uranium recovery from phosphoric a c i d  could be 

d i f f i c u l t  . 
s l i d e  8 shows a photograph of a phosphoric a c i d  p l a n t  w i t h  the  uranium 

recovery ope ra t ion  i n  t h e  foreground. 

The f i r s t  c y c l e  m i x e r - s e t t l e r s  are t h e  h o r i z o n t a l  c y l i n d r i c a l  v e s s e l s .  

They could e a s i l y  be mistaken f o r  s t o r a g e  tanks.  

The second c y c l e  equipment is no t  v i s i b l e  i n  t h i s  photograph. 

The product  packaging area is housed i n  t h e  s m a l l  b u i l d i n g  back of t h e  

f i r s t  c y c l e  mixer-settlers. 

There is a look about  t he  uranium recovery equipment of d i s c o n t i n u i t y  o r  

n o t  f i t t i n g  wi th  t h e  rest of t he  p l a n t .  Perhaps a way t o  d e t e c t  uranium 

recovery would be by a p i c t o r i a l  h i s t o r y ,  i . e . ,  by comparison of r e c e n t  

appearance o r  photographs t o  o ld  photographs. 

does n o t  appear t o  be an  i n t e g r a l  p a r t  of t h e  a c i d  product ion f a c i l i t y  

could be f o r  uranium recovery.  

SZide 9 

Gravi ty  th ickener  

Used i n  pre t rea tment  f o r  c l a r i f i c a t i o n  of 

p a r t  of t h e  organic  matter. 

Up t o  100 f t  diameter .  

Process ing  equipment t h a t  

~- 
- 

- .  -- - _.__. 
. - - . - __ 

Slide 10 

Mixer-set t ler  u n i t  

Each u n i t  is  a s t a g e  

8 t o  10 s t a g e s  arranged wi th  mixers on a l t e r n a t e  ends of ad jo in ing  s t a g e s  - 

10 f e e t  x 20 f e e t  t o  20 f e e t  x 50 f e e t  

Round v e s s e l s  are a l s o  used, e i t h e r  h o r i z o n t a l  as shown i n  t h e  photograph 

o r  v e r t i c a l .  



- Slide 11 
A i r  f l o t a t i o n  u n i t  

Used t o  remove e n t r a i n e d  o rgan ic  phase from phosphoric a c i d  i n  

pos t t r ea tmen t  s t e p .  

- SZide 1 2  

Labels  on p i p e l i n e s ,  

S i m i l a r  i n  appearance t o  c l a r i f i e r ,  

drums, equipment 

t h e  

but  smaller. 
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FILTRATION * 28-30% P ~ O S  B L A C K  ~ * DISSOLUTION 
ROCK 

t 
G Y P S U M  
( CO SO,. 2 H20) 

EVA PO R AT I ON 

. .  

. d L 





. . .  ~ . ,/$ I 
. . . . . .  . .  . .  . .  

. . . . . . . . . . .  

I 

.......I..:I, . . . . . . . . . . . . . .  
.. z,*:..&- ... i: . . . . . . . . . .  

. .  
: .  . . . . . . .  . .  '-:;~ . . .  

,. . 

. .  - .  . . .  , 

. . .  . . . . .  i. . ..I . .  - . .  
. .  

. -  , .  

URANIUM RECOVERY PROCESSES 

. '  

1. PYRO: capryl a1 coho1 

2. DEPA-TOPO: di-2ethylhexyl phosphoric acid (DEPA) + 
trioctylphosphine oxide (TOPO) 

3. OPAP: octylphenyl acid phosphate 

. . .  

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

. . . . .  
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ORNL DWG 76-14733 

RST OR C O N C E N T R A T O N  CYCLE 

I 

POST TREATMENT 

EX T R AC TA N T 

- 8  gal/min , 
0.09 Ib U308/gal - SLIDE 4 

I !  
_. t o  SECOND CYCLE I d  
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NL DWG 79- 

. .  

- r  I I 
URANIUM REFINING SYSTEM STORAGE 8 SHIPPING 

, .. 

+ ,* 
URANIUM RECOVERY PROCESS 

Q 



IWl FROM 'WET-PROCESS PHOSPHORIC ACID 

Locat ion  On-S tream 

DEPA-TOP0 Process  

F r e e p o r t  Minera ls ;  La. 

C.F. Ind/IPlC; F l a .  

C.F. Ind/IPlC; Fla. 600,000 8 1 9  80 

Agr ico /Freepor t ;  La. 420,000 6 '  1981 - 
Sub t o t  a1 3,570,000 

OPAP Process  

. W.R. Grace /URC;  F l a .  .. . 

Western COOP/ESI; Calgary AB. 

OPPA (PYRO) Process' 

. Gard in ie r ;  F l a .  

15 (Uncommitted) 3,330,000 

- T o t a l  

T o t a l  U.S. Produc t ion ,  
1979 37,000,009 

Based on in fo rma t ion  from F e r t i l i z e r  Trends,  1979, a TVA P u b l i c a t i o n  a 

bClosed down in '  1980. 

and news releases. . 

O r i g i n a l  p rocess  developed by Dow Chemical under  an C 

t h e  50 ' s .  

SLIDE 6 1 



ORNL-DWG 79-9358 

1 

PHOSPHATE ROCK RESERVES AND PHOSPHORIC ACID 
PRODUCTION CAPACITY 

PHOSPHATE ROCK . HOSPHORIC ACID 
RESERVEV PRODUCTION CAPACITYb 

(106 tons ROCK) (106 tons ~ 2 0 5 )  

NORTH AMERICA 

SOUTH AMERICA 

BRAZIL ~ 

U. S. S. R. 
OTHER 

AFRICA 

MOROCCO 
ALGERIA 
OTHER 

ASIA 
- CHINA 60 

OTHER 280 2.2 

WORLD 17,700 29.7 

JBULLETIN 667, U.S. BUREAU OF MINES. 
bClRCULAR 2-51 AND FERTILIZER TRENDS 1976, U.S. TVA. 

3/2/79 

SLIDE 7 d 
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,#MOTOR AND GEAR EXCESS AIR 

COMPRESSED AIR 
ROTATING SKIMMER * SKIM MI NGS 

' , HOPPER , I' BLAD; '-1 
C L E A N  WATER- 

01 L- 
L 

SKIMMED-OIL P 
DISCHARGE 

SLUDGE 

ORNL DWG 79-287 

, _ C L E A N  
WATER 

RECYCLE 
PUMP 

AERATION 
TANK 

AERATED RECYCLE WATER 

BACKPRESSURE VALVE 
(RELEASES BUBBLES) 

OIL  -WATER 

INFLUENT 



I 
1 

" / *  *, , 

Chemical s 

Chemical 

Phosphor ic a c i d  

S u l f u r i c  a c i d  

.Gypsum 
Uran i  um 

I r o n  

Hydrogen perox ide  

Ammonia 

Carbon d i  o x i d e  

a- - 

J *'. . ' g? !. 

Used i n  t h e  Process 

Symbo 1 

H3P04 Y pzo5 
Ii2S04 

CaS04-2H~0 

U, U308, y e l l o w  cake 

Fe 

D i - 2 e t h y l h e x y l  phosphor ic  a c i d  

T r i o c t y l  phosphine o x i d e  

. __ . 

DZEHPA 

TOP0 

.. 
.~ ~ ~ .. . . ~ ~  

. . . . . . . . . . . . __ - , 




