


Index No. ORNL- 15 7 8 
This document consists of 38 pages. 
This is copy of 264, S F i e s  A .  - - 
Subject  Category: Chemistsy - 

General 

THE CHEMISTRY OF URANIUM(V1) ORTHOPHOSPHATE SOLUTIONS: 

PART 11, THE SOLUBILITY OF URANIUP(V1) ORTHOPHOSPHATES 

IN PHOSPRORIC ACID SOLUTIONS 

3 .  M. Schreyer 
C. F. Baes,. Jr. 

June 3 0 ,  1953 

URANIUM CHEMISTRY OF RAW MATERIALS SECTION 
K. B .  Brown, Supervisor 

MATERIALS CHEMISTRY DIVISION 
G. H. Clewett, Division Head 

7 19953 

OAK RIDGE NATIONAL LABORATOR 
Operated By .. 'Le$ i., 

CARBIDE AND CARBON CHEMICALS COMPANY 
A Division of Union Carbide and Carbon Corporation 

Oak Ridge, Tennessee 

Contract No, W-7405-eng-26 

.... 





I r  

. .,. 

. .  
. >  

. . . .  
, ., - .  ... ~ " - , ,  . . . . . . . . . . . . . . . . . . . .  

. .  ; . ,  I 

. .  . - . .  & .  . . . . -  

....... . ,  

. . . . . . . .  - I . .  , 

, . :. , . .  

, .  

. . .  
. .  
I .  

_ .  
- . - i  I _:. 

iii 



iv 

TABLE OF CONTENTS 

Page 

I . INTRODUCTION ................................... 1 

I1 . EXPERIRBENTAL ................................... 3 

A . Method of Analysis ......................... 3 

1 . Analysis for Uranium . . . . . . . . . . . . . . . . . . .  3 

a . Volumetric Method ................... 3 
b . Polarographic Method ............... 3 

2 . Analysis for Phosphate . . . . . . . . . . . . . . . . .  4 
3 . Analysis for Water ..................... 4 

B . Preparation of S a l t s  ....................... 5 

1 . Preparation of U02HP04 .4H,O ............ 5 

2 . Preparation of (UOz)3(P04)2.4H,0 . . . . . . .  5 

3 . Preparation of UO, (H, PO4 ) , . 3H2 0 . . . . . . . .  8 

C . Apparatus .................................. 9 

1 . Solubility Apparatus ................... 9 

2 . Polarograph ............................ 9 

D . Solubility Studies in Phosphoric Acid ...... 9 

rII . RESULTS AND DISCUSSION ......................... 2 5  

IV . ACKNOWLEDGEMENTS . . . . . . . . . . . . .  : ................. 3 0  

V . REFERENCES ..................................... 31 

. . . .  

.... 



V 

ABSTRACT 

The solubility behavior of uranium(V1) phosphates has 

been determined in aqueous solutions containing 0,001 to 15M 

total phosphate. Identification of the equilibrium solid 

phases has been made microscopically, chemically, and by 

X-ray diffraction analysis. 

- 
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T h i s  I s  the second i n  a series of reports d e s c r i b i n g  an  
fnves t iga l i  ion of -&be u r a n i a o (  Z 1 orthophosphate  systems, The 
preceding r e p o r t  { O R N L - ~ ~ T ? )  descr ibed  a s p e c t r o p h o t o m e t r i c  
s t u d y  of u r a n ~ u r n (  %FIB phosphate  s ~ l u t i ~ n s  under c o n d i l t i ~ n s  of 
controlled accxdety In a subs-je :.sent a"epOX"fG9 t h e  S Q l U i b i l l t y  
behavior s f  u ran ium(  V I )  phospha te s  i n  perch lor ic  a c i d  s o l u -  
tion will be p r e s e n t e d ,  Also, a11 of the s~lubility r e s u l t s  
will be d i s c u s s e d  i n  terms sf"  he complex ionic species in 
s o l u t  i o n  
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Zacha r i a sen  H20 by X-ray methods and 
showed t h i s  compound w i t h  a c a l c u l a t e d  
d e n s i t y  of 3.41, H a r  %iscussed t h e  o p t i c a l  
p r o p e r t i e s  of UO, HPO, . 4HZ 0 and ( UOz ( PO4 ) .4H, 0. They 
r e p o r t e d  t h a t  bo th  t h e s e  compounds are t e t r a g o n a l ,  and 
UOzHP04.4H,0 w a s  s a id  t o  c r y s t a l l i z e  as  t a b u l a r  p l a t e s ,  
u s u a l l y  f o u r  s i d e d  b u t  o c c a s i o n a l l y  a s  t r u n c a t e d  s q u a r e s .  
The ( UOz ) (PO, ) e 4H2 0 was s a i d  t o  c r y s t a l l i z e  i n  needle-  
l i k e  c r y s t a l s .  They  gave t h e  d e n s i t y  v a l u e  of  UO,BPO4.4H,O 
and ( U O  ) (P0,),.4H,O as 3.399 and 3 .213 ,  r e s p e c t i v e l y .  
Wertherf b j  r e p o r t e d  t h e  p r e p a r a t i o n  of  c r y s t a l s  of  
UOz(H2P0,), .3H20 by h e a t i n g  small  amounts of H,P04 with UO, 
t o  b o i l i n g  and a l l o w i n g  t o  s t a n d  ove r  H z S 0 4 .  The c r y s t a l  
s t r u c t u r e  of t h i s  l a t t e r  compound h a s  n o t  been p r e v i o u s l y  
de te rmined .  

The s o l u b i l i t i e s  r e p o r t e d  h e r e  w e r e  measured by s h a k i n g  
e a c h  phosphor ic  a c i d  s o l u t i o n  w i t h  a n  e x c e s s  of t h e  
a p p r o p r i a t e  s o l i d  u n t i l  e q u i l i b r i u m  w a s  r e a c h e d ,  and 
a n a l y z i n g  t h e  s a t u r a t e d  s o l u t i o n ,  The p r e s e n t  measurements 
w e r e  a l l  made a t  25OC. The c o n c e n t r a t i o n  of t h e  aqueous 
phosphor ic  ac id  w a s  v a r i e d  from 0.001 t o  15M H3P04. Through 
t h i s  r a n g e ,  t h e  s o l u b i l i t y  of t h e  uranium( VT) orthophos-  
p h a t e s  w a s  found t o  i n c r e a s e  w i t h  i n c r e a s i n g  phosphor ic  a c i d  
c o n c e n t r a t i o n  from approximate ly  1x10-5~ u r a n y l  a t  0 . 0 0 1 ~  
phosphate  t o  abou t  l . 7 M  u r a n y l  a t  6 , l M  p h o s p h a t e ,  and thZn 
t o  d e c r e a s e  t o  about  0y3M u r a n y l  a t  lYM phosphate .  

t h r e e  d i f f e r e n t  s t a b l e  s o l i d  phases  a t  d i f f e r e n t  phosphor i c  
acid c o n c e n t r a t i o n s ,  a s  f o l l o w s :  

- - 
Chemical a n a l y s i s  of t h e  e q u i l i b r i u m  r e s i d u e s  i n d i c a t e d  

(UO, ) ( PO4 ) *6H2 0 ,  t o t a l  phosphate  40 a 014M 
?I ( 1  70  014N, &. l N f  - UO, HPO, - 4H2 0 , 

76 l M  10 vt  

UO;: (Hz PO, ) 2 3H2 0 7 - 
The e x i s t e n c e  o f  the normal u r a n y l  phosphate  8s the hexa- 
h y d r a t e  was i n d i c a t e d  by t h e  uranium and phosphate  a n a l y s i s  
and c o r r o b o r a t e d  by d i rec t  water d e t e r m i n a t i o n ,  However, t h e  
X-ray d i f f r a c t i o n  p a t t e r n  appeared  t o  be t h e  same a s  t h a t  f o r  
t h e  normal u r a n y l  phosphate  t e t r a h y d r a t e .  T h i s  r e g i o n  of t h e  
phase  diagram is conf ined  t o  s o l u t i o n s  of such  l o w  concen- 
t r a c t i o n s  t h a t  t h e  a p p l i c a t i o n  of Schre inemaker ' s  w e t  r e s i d u e  
method t o  d i s t i n g u i s h  t h e  degree of h y d r a t i o n  is n o t  p rac t ica l .  

The u r a n y l  monohydrogenphosphate t e t r a h y d r a t e  w a s  
i d e n t i f i e d  bo th  by chemical a n a l y s i s  and by its X-ray 
d i f f r a c t i o n  p a t t e r n .  The degree of  h y d r a t i o n  w a s  confirmed 
by u s e  o f  Schre inemaker ' s  w e t  r e s i d u e  method. 

The u r a n y l  dihydrogenphosphate  t r i h y d r a t e  was i d e n t i f i e d  
by chemical a n a l y s i s ,  and c o r r o b o r a t e d  by t h e  d e n s i t y  cal- 

. *> ,., 
.+j<<. . > .  
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c u l a t e d  from X-ray d i f f r a c t i o n  data; t h e  d i f f r a c t i o n  p a t t e r n  
for t h i s  compound has n o t  been p r e v i o u s l y  r e p o r t e d .  The 
degree of h y d r a t i o n  was also conf i rmed by use of Schre ine -  
maker 's  w e t  r e s i d u e  method. 

I n  a d d i t i o n  t o  t h e  compounds found t o  be  i n  e q u i l i b r i u m  
w i t h  t h e  s a t u r a t e d  s o l u t i o n s ,  t w o  lower h y d r a t e s  w e r e  a l so  
p r e p a r e d  and i d e n t i f i e d  - u r a n y l  monohydrogenphosphate 

. d i h y d r a t e  and u r a n y l  d ihydrogenphosphate  monohydrate. 

I$-. EXPERIMENTAL 

A ,  Methods of A n a l y s i s  

1, Analysis f o r  Uranium 

a.  Volumetr ic  Method 

A n a l y s i s  f o r  uranium i n  t h e  v a r i o u s  s o l u t i o n s  was p e r -  
formed by t h e  v o l u m e t r i c  d ichromate  method d e s c r i b e d  
p r e v i o u s l y  ( 7 )  

b. P o l a r o g r a p h i c  Analysis 

To f a c i l i t a t e  t h e  measurement o f  low uranium s o l u b i l i t i e s  
i n  d i l u t e  phospha r i c  a c i d  s o l u t i o n ,  a p rocedure  f o r  p o l a r o -  
g r a p h i c  a n a l y s i s  of the mother l i q u o r  w a s  deve loped .  

Orthophosphate  is known t o  i n t e r f e r e  w i t h  t h e  p o l a r o -  
g r a p h i c  d e t e r m i n a t i o n  of uran iump ( 8 9 91 presumably because  
of t h e  p r e c i p i t a t i o n  of u r a n i  (IV) phosphate  a t  the d ropp ing  
mercury - e l e c t r o d e  However w a s  found %n t h e  p r e s e n t  work 
t h a t  by t h e  a d d i t i o n  of oxalic a c i d  to t h e  s u p p o r t i n g  
e l e c t r o l y t e ,  well-formed waves are produced (E1 /2  = ca. - 0 . 0 8 ~ .  
vs .  S.C.E.), t h e  heights of which are independent  of t h e  
phosphate  c o n c e n t r a t i o n ,  at least i n  phosphor i c  a c i d  s o l u t i o n s  
up t o  0 , O l M .  The m a x i m x i m  p e r m i s s a b l e  phosphate  c o n c e n t r a t i o n  
h a s  n o t  be?% de te rmined .  

The procedure  of a n a l y s i s  c o n s i s t e d  i n  add ing  2 0  m l  of 
a stock s o l u t i o n ,  0 , b M  i n  o x a l i c  acid, 0.1M i n  s u l f u r i c  m i d ,  
and c o n t a i n i n g  O,015%-gelatin, t o  2 0  m l  of-the unknown 
s o l u t i o n  i n  t h e  d ropp ing  e l e c t r o d e  ce l l ,  P u r i f i e d  hydrogen 
was t h e n  bubbled t h r o u g h  the s o l u t i o n  for a t  least  twenty 
minu tes  t o  remove, d i s s o l v e d  oxygeb. A saturated calomel 
electrode was connected  t o  t h e  ce l l  by means of a n  agar- 
s a t u r a t e d  KC1 s a l t  brldge, and a polarograss was r e c o r d e d  from 
+0.15 t o  -0.35 v o l t s ,  The d i f f u s i o n  c u r r e n t  w a s  measured 
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from t h e  polarogram as f o l l o w s :  The c u r r e n t  was r e a d  a t  
- 0 . 1 0  'v and 90.30 v ,  and from t h e  d i f f e r e n c e  was s u b t r a c t e d  
t h e  r e s i d u a l  c u r r e n t  c o r r e c t i o n ,  determined from a s o l u t i o n  
of t h e  s u p p o r t i n g  e l e c t r o l y t e  which con ta ined  no uraniumo 

The d i f f u s i o n  c u r r e n t  w a s  found t o  be p r o p o r t i o n a l  t o  
t h e  u r a n y l  c o n c e n t r a t i o n -  The method w a s  a p p l i c a b l e  to 
u r a n y l  c o n c e n t r a t i o n s  as  l o w  as I x ~ O - ~  molars though normal 
accu racy  (ca, 5% error) was l i m i t e d  t o  c o n c e n t r a t i o n s  above 
about  5x10-5 molar9 w h e r e  t h e  r e s i d u a l  c u r r e n t  c o r r e c t i o n  
is n o t  l a r g e  compared to the d i f f u s i o n  cur ren t . ,  

2 ,  A n a l y s i s  for Phosphate  - e- . -_i__ 

I n  a n  investi a t i o n  o f  the use of t h e  magnesium arrnmonium 

was found t h a t  uranium i n t e r f e r e d  i n  t h i s  a n a l y s i s .  A method 
for removal of uranium from airpaninm( VI) phosphate  s o l u t i o n s  
by means of a c a t i o n  exchange r e s i n  was developed by W. K, 
Miller o f  t h e  A n a l y t i c a l  D i v i s i o n  (Y-12) of t h e  Oak R i d g e  
Na t iona l  Labora tory  (unpubl  shed. da ta )  

phosphate  method(1 8 f o r  t h e  d e t e r m i n a t i o n  of phosphate ,  it 

A g lass  column ( I v v  by 15"') containing 50 t o  7 5  m l  of  
DOW~X-50 r e s i n ,  fs Washed w i t h  2 0 0  a l  of 3M HCl fo l lowed by 
2 0 0  ml of H,O at a f low ?ate of 2-3 w l  per-minute, A d i l u t e  
ac id  s o l u t i o n  o f  uranium(V1) phosphate  c o n t a i n i n g  100-150 mg 
of phosphate  is pasged th rough the column a t  a f l o w  ra te  of 
1 m l  p e r  minute ,  The  column i s  washed with water u n t i l  t h e  
washings are  n e u t r a l  t o  l i t m u s ,  and the phosphate  is 
determined o w  t h e  combined e f f l u e n t  by the magnesium ammonium 
phosphate  m e t h o d o ~ l O )  
by washing w i t h  3M BCP st% a r a t e  of approximate ly  3 wP p e r  
minute  e 

Uranium may be e l u t e d  from t h e  column 
_y 

An ave rage  d e v i a t i o n  of O o 5 %  was o b t a i n e d  by t h i s  
method, 

3 .  Ana lys i s  f o r  Water 
I_- 

Water i n  t h e  s o l i d  usanium(VP) phosphate samples  was 
determined* by h e a l i n g  at 3 0 0 O C  f o r  one h o u r p  i n  an atmosphere 
of he l ium,  in a closed ignition tube connected  to a weighbd 
absorption b u l b  conla ining  anhydrous magnesium perchlorate,  

*With U02(H,P04), . 3 H , 0 ,  decomposi t ion of t h e  o r thophospha te  t o  
pyro- or metaphosphate a p p a r e n t l y  o c c u r r e d ;  henceg t h e  d i r ec t  
water a n a l y s e s  w e r e  u sed  on ly  a s  supplementary t o  t h e  i n d i r e c t  
d e t e r m i n a t i o n  by difference fkom uranium and phosphate  
a n a l y s e s  a 
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B. P r e p a r a t i o n  of S a l t s  

1. P r e p a r a t i o n  of UO, HW4 .4H2 0 

Two samples  of U 0 2 H P 0 4  .4H20 ( 3 6 7  g each w i t h  84% yields) 
were prepared by t h e  f o l l o w i n g  p rocedure .  

One l i ter  of l . 1 M  phosphor i c  a c i d  s o l u t i o n  was added 
w i t h  s t i r r i n g  t o  one Titer of approx ima te ly  1 M  uranium(V1) 
n i t ra te  or p e r c h l o r a t e  s o l u t i o n .  The s o l u t i o z  w a s  seeded  
w i t h  a f e w  c r y s t a l s  of UOZHP04 *4H20 and p r e c i p i t a t i o n  
o c c u r r e d  immediately.  A f t e r  s t f r r h g  for 12 hours, t h e  
mother liquor w a s  removed by c e n t r i f u g i n g  or f i l t e r i n g .  The 
p r e c i p i t a t e  was r e s l u r r i e d  in 1.000 ~11 of approximate ly  0,011 
HC104 s o l u t i o n  f o r  1 2  h o u r s ,  t h e n  f i l t e r e d  and washed w i t h  - 
a c e t o n e ,  The d r y  sample was p l a c e d  i n  a vacuum d e s i c c a t o r  
over 8 s a t u r a t e d  s o l u t i o n  of NaZCr,07  (V.P. = 9.12 mm a t  20°C) 
f or 1 2  hour s  

Under t h e  microscoper  t e t r a g o n a l  c r y s t a l s  c h a r a c t e r i s t i c  
of UOzHP04 .,4H20 w e r e  observed  (see Photograph No. l)* X-ray 
d i f f r a c t i o n  a n a l y s i s  q u a l i t a t i v e l y  i d e n t i f i e d  t h e  s o l i d  as 
U02HPOB.4H 0 .  Chemical a n a l y s i s  gave for t h e  f i r s t  sample 
61.5% UOZ+$$ 2lW6% P 0 4 - 3 v m a n d  by d i f f e r e n c e  16.6% H,O,  w h i l e  
t h e  second sample gave 61.9% UOz*-+9 21.6% lW4-3 ,  and by 
d i f f e r e n c e  16.3% HzO. T h i s  co r re sponds  to t h e  f a rmnla  
U02HP04 . 4 H , O ,  f o r  which t h e  t h e o r e t i c a l  p e r c e n t a g e s  are 
61.63% UOz++,  21.63% SO4-3 and 1 6 - 4 5 s  BZO. 

If t h e  a c e t o n e - d r i e d  sample p repa red  by t h e  above 
method is hea ted  i n  a n  oven a t  l l O * C p  t h e  U02HP04 .49ff20 is 
c o n v e r t e d  t o  UOzHP04.2H20. A t i ca l  a n a l y s i s  of a saglple 
dried in t h i s  manner gave  6 7 J %  02**, 23.1% P04-3$  and by 
d i f f e r e n c e  9-0% HzO, w h i l e  t h e  themetical percentages f o r  
UOzRpo4 .2B20 are 67.16% UO,++, .23*6% P04-3 and 8.96% H,O.  

2. P r e p a r a t i o n  of (U02)3(P04)2.4H20 

A 100 g sample of ( UO, ) ( PO4 ) .4H20 w a s  replared 

U02NB4P04 .3E,O i n  0.8Y HWO, a t  100°C. The s o l i d  w a s  then 
washed w i t h  h o t  water-and a c e t o n e  and d r i e d  in a i r .  Con- 
v e r s i o n  of U 0 2  PR, PO4 .3H, 0 t o  ( UOz ) (PO, ) a 4H, 0 was e a s i l y  
observed  by the change i n  p h y s i c a l  appearance  of t h e  s o l i d  
phase .  

a c c o r d i n g  t o  the d i r e c t i o n s  of Ryon and Kuhn( !i 1) by d i g e s t i n g  

Under the microscope n e e d l e - l i k e  c r y s t a l s  were observed  
c h a r a c t e r i s t i c  of  (UO,), (PO4 1 %  . 4 H , O ,  (see Photograph No. 2 ) .  
X-ray d i f f r a c t i o n  a n F l y s i s  q u a l i t a t i v e l y  i d e n t i f i e d  t h e  
s o l i d  as ( UOz ) 3 (PO, e 4Rz0. Chemical a n a l y s i s  of t h e  s o l i d  



6 T-1771 



T-1772 
I 

PHOTOGRAPH NO, 2 

CRYSTALS OF (UQ )(PO ) *  4H 0 
2 3  4 2  2 

MAGNIFICATION : i 5 0 X  
PHOTOGRAPHED BY R. S. CROUSE AND E, R. BOYD 

METALLURGY DlViSlON , OAK RtQGE NATIONAL LABORATORY 
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gave 7 5 . 3 %  U O Z + + ,  18,0% P0,-3s and by d i f f e r e n c e  6,7% H 2 0 .  
T h i s  co r re sponds  t o  a formula of ( UOp ) ( PO4 ) e 4Hz0, f o r  which 
t h e  t h e o r e t i c a l  p e r c e n t a g e s  are  75 .5% U02++, 17.72% P04'3 and 
6.72% H20. 

3 e P r e p a r a t i o n  of U 0 2  ( Hz PO4 ) 3H2 0 

A sample ( approx ima te ly  10  g )  of UOz(HzP04)2,3Hz0 w a s  
p repa red  by t h e  a d d i t i o n  of  approximate ly  30 g UOzHPO4.4HzO 
t o  100 m l  85% H,P044  The sample w a s  shaken f o r  13 days  a t  
250C and then  f i l t e r e d  u s i n g  t h e  a p p a r a t u s  shown i n  F igu re  1. 
P r e l i m i n a r y  expe r imen ta t ion  showed t h a t  t h e  w e t  s o l i d  would 
d i s s o l v e  immediately upon washing w i t h  a small amount of 
water. FOP t h i s  r e a s o n ,  t h e  sample w a s  washed on ly  w i t h  
a c e t o n e  fo l lowed by carbon t e t r a c h l o r i d e ,  and t h e  d r y  sample 
was p l a c e d  i n  a vacuum d e s i c c a t o r  over  CaC1, f o r  12 hours .  
X-ray powder d i f f r a c t i o n  a n a l y s i s  c o u l d  n o t  be made s i n c e  a 
s t a n d a r d  f o r  t h i s  compound was n o t  a v a i l a b l e ,  a l t h o u g h  a 
p a t t e r n  w a s  made for f u t u r e  r e f e r e n c e .  Chemical a n a l y s i s  of 
t h e  s o l i d  gave 5206'% U 0 2 + * ,  35.7% P04-3, and by d i f f e r e n c e  
10.9% H,O, w h i l e  t h e  formula U 0 2 ( H  P04)z .3H2,0  g i v e s  f o r  t h e  
t h e o r e t i c a l  p e r c e n t a g e s  52 ,12$& U O z f + ,  3 6 * 6 6 %  P04Q'3 and 10.4% 
H2O. 

I f  UO,(H,PO4),,3H,O i s  hea ted  f o r  7 hours  a t  l l O ° C ,  it 
conve r t ed  t o  UOz(H,P04)z .H20, Werther (6)  r e p o r t e d  t h a t  
t of t h e  water i n  t h e  t r i h y d r a t e  is l o s t  upon h e a t i n g  

and a t  r e d  h e a t  a l l  o f  t h e  water i s  removed wi thout  m e l t i n g  
or loss of phosphorus.  I t  is p robab le  t h a t  he conve r t ed  t h e  
compound t o  a pyrophosphate ,  

Bernard S. Borie, Jr. ,(I2) X-ray Labora to ry ,  Oak Ridge 
N a t i o n a l  Labora to ry ,  by p r i v a t e  communication h a s  r e p o r t e d  
a p r e l i m i n a r y  i n v e s t i g a t i o n  of t h e  c r y s t a l  s t r u c t u r e  of  
UOZ (HzPO4 ) 2 e 3HZO-  

One of t h e  y e l l o w  c r y s t a l  p l a t e l e t s  of  a sample of 
UO2(H2PO4),.3H,O w a s  mounted on a glass f i b e r  w i t h  a l i t t l e  
grease and t h e n  mounted on a p r e c e s s i o n  camera, A ser ies  
of photographs  was t a k e n  w i t h  copper  Ka r a d i a t i o n ,  which 
showed t h e  c r y s t a l s  t o  be monocl in ic :  a = 10,8323, b = 1 3 . 9 2 2 ,  
c = 7.48g,  and B = 105°45'. 

I f  i t  is assumed t h a t  t h e  u n i t  c e l l  c o n t a i n s  f o u r  
s t o i c h i o m e t r i c  u n i t s ,  t h e  d e n s i t y  c a l c u l a t e d  from t h e  
formula weight -and  t h e  dimensions g i v e n  above is 3.17 f o r  
t h e  formula UOz(BzP04)2.3HZ0 or 3.28  for  t h e  formula 
U 0 2  ( Hz PO4 ) . 4 H z  0. The measured d e n s i t y  is 3 .16 ,  sub- 
s t a n t i a t i n g  t h e  t r i h y d r a t e  formula .  



From t h e  pho tographs ,  i t  was observed  t h a t  r e f l e c t i o n s  
of  t h e  t y p e  OkO are a b s e n t  e x c e p t  when k is e v e n s  and t h a t  
r e f l e c t i o n s  of t h e  t y p e  hOj! are a b s e n t  excep t  when 1 is 
even .  No other  e x t i n c t i o n  o c c u r s ,  T h e r e f o r e ,  t h e  space 

group is C2h - P 1 / C .  Since  uranium is by f a r  the  h e a v i e s t  

e lement  p r e s e n t  i n  t h e  compound9 it s h o u l d  be p o s s i b l e  to 
f i n d  pa rame te r s  for t h e  f o u r  uranium atom i n  t h e  ce l l  from 
t h e  i n t e n s i t i e s  of t h e  r e f l e c t i o n s  r eco rded  on t h e  photo-  
g raphs ,  Approximate ag-ement between observed  and cal- 
c u l a t e d  i n t e n s i t i e s  r e s u l t  if t h e  uranium atoms are i n  
f o u r f o l d  g e n e r a l  p o s i t i o n s ,  x y z ;  x y z ;  x, 1/'2 i- y ,  1 /2  - 
z ;  x, 1 / 2  - y s  1 / 2  i- z 9  where x = 0 . 2 5 ,  y = 0 - 4 ,  and z = 
0.25, The d e t e r m i n a t i o n  of t h e  light a t ~ m  p o s i t i o n s  would 
r e q u i r e  q u a n t i t a t i v e  i n t e n s i t y  measurementsa 

5 2 

- - -  - 

@. Appara tus  

1. S o l u b i l i t y  Appara tus  

The  s o l u b i l i t y  measurements w e r e  c a r s f e d  o u t  u s i n g  
s o l u b i l i t y  f lasks  of t h e  t y p e  shown i n  F i g u r e  1, The cap 
w a s  fitted on t h e  flask u s i n g  Apiezon s topcock  g r e a s e  and 
a clamp. The s o l u b i l i t y  f l a s k s  were assembled on a mechanical  
s h a k e r  in a water b a t h  t h e r m o s t a t i c a l l y  c o n t r o l l e d  a t  2 4 . 9  f 
0,loC. A g i t a t i o n  of t h e  solut ior l l  w a s  accomplished by a pendu- 
lum-like motion w i t h  a n  arc of 80° and 3 6  s t rokes  p e r  minute.  
A f t e r  e q u i l i b r a t i o n ,  f i l t r a t i o n  was c a r r i e d  o u t  by means a€ 
t h e  p r e s s u r e  f i l t e r  a p p a r a t u s  ( F i g u r e  1) which p e r m i t t e d  ' 

maintenance  of t h e  constant-  t e m p e r a t u r e  by immersion of the  
e n t i r e  a s s e m b l y  under  the water, 

2 e Pola rograph  

The polarogsaph used in t h e s e  s t u d i e s  was an  a u t o m a t i c  
r e c o r d i n g  i n s t r u m e n t  c o n s t r u c t e d  a t  t h e  Y-12 In s t rumen t  Shop 
a c c o r d i n g  t o  the s p e c i f i c a t i o n s  of John Morton of t h e  Oak 
Ridge N a t i o n a l  Labora to ry  and s i m i l a r  t o  t h e  i n s t r u m e n t  
d e s c r i b e d  by K e l l e y  and  Miller a 1 3 )  The i n s t r u m e n t  sensi- 
t i v i t y  ranged  from 0,05 t o  2 0  microamps p e r  f u l l  scale 
d e f l e c t i o n .  

D, S o l u b i l i t y  S t u d i e s  I n  Phosphor ic  Acid  

The s o l u b i l i t y  measurements w e r e  carried o u t  by add ing  
t h e  des i r ed  uranium(V1) phosphate  to a s o l u t i o n  of phosphor i c  

9 
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a c i d ,  p l a c i n g  t h e  s o l u t i o n  i n  the s o l u b i l i t y  a p p a r a t u s  and 
s h a k i n g  t h e  f l a s k  assembly i n  a w a t e r  bath a t  25*C for a 
p e r i o d  n e c e s s a r y  t o  a t t a i n  e q u i l i b r i u m  c o n d i t i o n s .  

The a t t a i n m e n t  of s o l u b i l i t y  e q u i l i b r i u m  i n  t h e  v a r i o u s  
samples  'was e s t a b l i s h e d  th rough  expe r imen t s  of v a r i e d  s h a k i n g  
t i m e s .  When (UO, ) ( PO4 ) . 4 H , O  w a s  used as t h e  added s o l i d  
p h a s e ,  t h e  samples  i n  t h e  r e g i o n  of s t a b i l i t y  of 
( UOz ) ( PO4 ) . 6 R 2 0  were shaken  from '7 t o  11 days i n  order t o  
a t t a i n  e q u i l i b r i u m ,  I n  t h i s  region, t h e  t i m e  r e q u i r e d  t o  
c o n v e r t  U 0 2 H P 0 4  4B20 t o  t h e  s t a b l e  ( U 0 2  1 (PO, ) e 6Hz  0 was 
very l o n g ,  making t h e  u s e  of U02HPOQ <4H20 as t h e  added s o l i d  
phase  i m p r a c t i c a l  (see F i g u r e  2 1 ,  In t h e  r e g i o n  of s t a b i l i t y  
of UOzHP04 . 4 H , O  u s i n g  UOzHP04 .4H20 as t h e  added s o l i d  phase 
e q u i l i b r i u m  c o n d i t i o n  was a t t a i n e d  i n  2 t o  1 2  d a y s .  Three 
d e t e r m i n a t i o n s  u s i n g  ( UOz 1 ( PO4 ) 4H, 0 as  the added s o l i d  
phase  w e r e  r u n  a t  0 . 0 2 ,  2 , 4 9 5  a n d  5 , 5 2 7  i n i t i a l  H,P04 

in t h e  r e g i o n  of s t a b i l i t y  of UO,(H,PO, I z  . 3 H , O  u s i n g  
U0,(H2P04), . 3 H , O  as t h e  added s o l i d  phase was a t t a i n e d  i n  
9 t o  23 days .  These v a l u e s  w e r e  used  t o  d e f i n i t e l y  e s t a b l i s h  
t h e  s o l u b i l i t y  c u r v e  i n  t h i s  r e g i o n "  When U02HP04.4Ht0 w a s  
used  as t h e  added s o l i d  phase  i n  t h e  r e g i o n  of s t a b i l i t y  of 
U 0 2 ( H z P 0 4 ) 2 ~ 3 H 2 0 ,  t h e  samples  were shaken  for 15 t o  2 0  d a y s  
d t h  some q u e s t i o n  as t o  whether  e q u i l i b r i u m  had been a t t a i n e d ,  
s i n c e  chemica l  a n a l y s i s  of these s o l i d  p h a s e s  i n d i c a t e d  
c o n t a m i n a t i o n  w i t h  UO,EIPO, - 4 H Z 0  (see Table I )  Although 
F i g u r e s  3 and 4 i n d i c a t e  t h a t  c o n v e r s i o n  of U02HP04.4H20 t o  
UOZ(H2P04)2 .3H20 i n  7 , 3  to C.5M H,P04  would be comple te  
w i t h i n  t h e s e  p e r i o d s ,  i t  is  e v i d e n t  from F i g u r e  5 t h a t  much 
longer p e r i o d s  of s h a k i n g  are r e q u i r e d  i n  more c o n c e n t r a t e d  
phosphor i c  acid s o l u t i o n s .  

complete  c o n v e r s i o n s  t o  UO,HPO, . 4 H z 0  ~ c - m r ~ e d ,  s q u i l i  I, r a t i o n  and 

Microscopic  examina t ion  of s o l i d s  proved very u s e f u l  
i n  d e t e c t i n g  t h e  t e t r a g o n a l  c r y s t a l s  o f  u r a n y l  monoacid 
phosphate  (see Photograph No. 1) and t h e  n e e d l e - l i t e  c rys t a l s  
of t h e  normal u r a n y l  phosphate  (see Photograph No, 2 ) .  The 
c rys t a l  hab i t  of t h e  s o l i d  phase  UOz ( H,P04 ) e 3 H , O ,  o b t a i n e d  
in h i g h  phosphate  c o n c e n t r a t i o n s ,  has  n o t  been c h a r a c t e r i z e d  
p r e v i o u s l y .  These  c r y s t a l s  v a r i e d  from large monocl in ic  
rods o b t a i n e d  a t  t h e  t r a n s i t i o n  p a i n t  t o  i n d i s t i n g u i s h a b l y  
small c r y s t a l s  i n  c o n c e n t r a t e d  phosphate  s o l u t i o n s  (see 
Photographs  Nos, 4 ,  5 ,  6 ,  7 ,  8 ,  and 9 ) .  

and X-ray d i f f r a c t i o n  analyses (see Photograph  Noo 10)  w e r e  
made on t h e  s o l i d  phases  removed from t h e  mother l i q u o r s  

I n  some of t h e  s o l u b i l i t y  testsp chemical (see Tab le  1) 
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Table 1 

FROM PHOSPHORIC ACID SOLUTIONS 

T h e o r e t i c a l  Composi t ions :  

(UOz)3(P04)2.6H20. 73.10% UOz'+, 17.10% PO,-3, 9.75$ HzO 
UOzHP04 .4H,O: 61 .6  % U O Z f f ,  21.68% P04--3, 16.45% 820 

U02(H2PO4)2 .3H,O: 52.13% UOZ*+, 3 6 . 6  % PO4-3, 10.42% HzO 

Total 
Phosphate A n a l y s i s  of S o l i d  Phases 
i n  Mother Assumed T h e o r e t i c a l  % 

Sample Liquor 
Number moles/l 

A-3 0 0.00100 
A-26 0.00625 
A-2 9 0.00816 
A-28 0.0101 

*A-33 0.0140 
A-27 0.0179 

% % No. of % % Water by Water by 
UOz++ PO4 -3 Hydrogens Hydrogen Dif fe rence  A n a l y s i s  

73.17 1 7 . 4  0 0 9.43 -- 
70.79  18 .5  0 0 1 0 . 7 1  9.48 
71.24 1 8 . 3  0 0 10.46 9.41 
71.81  1 8 . 6  0 0 9 .59 8.38 
65.90 19 .8  -- -- -I -... 
61.82 2 2 . 0  1 0 .23  15 .95  1 6 . 5  

A-10 0.103 6 1 . 7 0  
A-25 0 ,108  62 .00  
A-2 1 2.74 61.30 
A-3 2 . 9 3  61.70 
A-7 6 .09  61.90 
A-20 6 .10  61.80 

21.5 1 0 .23  16.57 -- 
21.7 1 0 .23  16 .07  16 .5  
21.6 1 0 .23  16 .87  I- 

21.6 1 0.23 16 .47  I- 

21.6 1 0 .23  16.27 -I 

2 1 . 0  1 0 .23  1 6 . 9 9  -- 
A-40 6.14 54.30 34 .6  
A-44 6.67  55 .10  3 3 . 8  
A-38-3 6.78 53.80 3 5 . 9  
A-45 7 , 2 0  52 .18  3 6 . 5  
A-36 7 . 3 1  53.10 3 6 . 1  
A - 4 1  8.88 51.80 37 .0  
A-42 10 .40  55.6 34 .5  

4 0.78 10.32 14.6 
10.32  1 0 . 1  4 0 .78  

4 0.78 9.52 1 3 . 2  
4 0 . 7 8  1 0 . 5 4  7 .6  
4 0 ,78  10.02 1 5 . 1  
4 0.78  10 .42  16 .7  
4 0.78  9.12 14.6 

- 

*Solid phase  obtained a t  t r a n s i t i o n  p o i n t  between U 0 2 H P 0 4 . 4 H z 0  and 
(U0z)3(P04)2.6H20. See mixed crystals i n  Photograph No. 3 .  
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TIME OF SHAKING (HOURS) 
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PHOTOGRAPH NO. 3 

MIXTURE O F  CRYSTALS OF 00 HPO *4H20 AND 
2 4 

(UO ) (PO& 6H,O AT TRANSITION POINT 2 3  
MAGNIFICATION: 150 X 

PHOTOGRAPHED BY R.S. GROUSE AND E. R. BOYD 

METALLURGY DIVISION , OAK RIDGE NATIONAL LABORATORY 
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PHOTOGRA 
CRYSTALS OF U02 (H2P04)2.3H20 FROM 6.1 M C PO: 

MAGNIFICATION 125 X LARGE CRYSTALS IN FOCUS 
PHOTOGRAPHED BY R . S .  CROUSE AND E. R .  BOYD 

METALLURGY DIVISION, OAK RIDGE NATIONAL LABORATORY 



PHOTOGRAPH NO. 5 
CRYSTALS OF UO,( H,P04),*3H,0 FROM 6.1 &! C PO:' 

MAGNIFICATION I25X BACKGRO 
PHOTOGRAPHED 

MEfALLURfSY OJVlSIofi ,  OAK RtUGE NATIONAL LABORATORY 
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T-2074 20 

PHOTOGRAPH NQ. 6 

CUYSTALS OF UC##2P04)2*3H&l FROM 6.67 M C Poi3 
MASN lFlC ION 125 X 

PHOTOGRAPHED BY R.S. CROUSE AND E. R .  BOYD 
METALLURGY DIVISION, OAK RIDGE ATJONAL LABORATORY 



T-2073 21 

PHOTOGRAPH NO. at: 

PHOTOGRAPHED B Y  R . S .  CRQLISE AND E. I?. B O Y 0  

METALLURGY DfVlSlON ~ QAK RIDGE NATIONAL ~ A ~ Q ~ A ~ ~ ~ ~  
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PHOTOGRAPH NO. 8. 

CRYSTALS OF U0,(H,P04),$H,0 FROM 8.88M C Poi3 

MAGNIFICATION 125X 
PHOTOGRAPHED BY R. S. CROUSE AND E. R .  BOYD 

METALLURGY DIVISION, OAK RIDGE NATIONAL LABORATORY 



T-2076 23 

PHOTOGRAPH NO. 9 
CRYSTALS OF U02(H,PO&*3H20 FROM 10.4 C PO;’ 

MAGNIFICATION 125 X 
PHOTOGRAPHED BY R .  S. CROUSE AND E, R .  BOYD 

METALLURGY DIVISION, Wl(: RIDGE NATIONAL LABORATORY 
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TYPICAL SOLID PHASE IN 0.001 TO 0.014M H, PO, 

TYPICAL SOLID PHASE IN 6.1 TO 14.6 M H, PO, 

PHOTOGRAPH NO. IO 
X-RAY DIFFRACTION PATTERNS 

PATTERNS PREPARED BY H. W. DUNN, ISOTOPE ANALYSIS METHODS LABORATORY 

OAK RIDGE NATIONAL LABORATORY 



af te r  a t t a i n i n g  e q u i l i b r i u m . *  The water a n a l y s e s  (see 
T p b l e  I )  are n o t  c o n s i d e r e d  r e l i ab le  i n  t h e  case of 
UOz ( H2 PO, ) . 3€12Q. As no ted  p r e v i o u s l y  i t  is probable t h a t  
some decomposi t ion  of t h e  o r t h o p h o s p h a t e  i n  t h i s  compound 
o c c u r r e d ,  s i n c e  p e r c e n t a g e s  greater t h a n  100% were o b t a i n e d  
for the  t o t a l  a n a l y s i s ,  More n e a r l y  c o n s t a n t  values for 
water were o b t a i n e d  by c a l c u l a t i o n s  of d i f f e r e n c e s  assuming 
t h e  v a l u e s  for  uranium and phosphate  t o  be correct. 

111. RESULTS AND DISCUSSION 

The s o l u b i l i t y  of uranium(V1) phosphate solids in 
phosphoric acid a l o n e  w a s  measured i n  t h e  r a n g e  of 0 ,001  t o  
14.6M t o t a l  phosphate  at  25OCY 
o r i g y n a l  s o l i d  added, it was found t h a t  a s o l i d  phase 
change o c c u r r e d  i n  both l o w  and h i g h  phosphate  c o n c e n t r a t i o n s .  
An e x t e n s i v e  s u r v e y  of t h e  s o l i d  phases i n  e q u i l i b r i u m  with 
the mother l i q u o r s  was made, therefore, ove r  t h e  e n t i r e  r a n g e  
of phospha te  molarities, 

The assembled data  from t h e  s o l u b i l i t y  measurements are 
shown i n  Table I I e  The c a l c u l a t e d  total  phosphate  concen- 
t r a t i o n s  for  t h e  s a t u r a t e d  mother liquors were e v a l u a t e d  for 
d i l u t e  s o l u t i o n s  ((0.5MBn) s i m p l y  as the  sgm of t h e  i n i t i a l  
phosphor i c  acid coacen 'Erat ion plus t he  phosphate d e r i v e d  from 
t h e  d i s s o l v e d  salt ,** In the more c o n c e n t r a t e d  s o l u t i o n s ,  
t h e  method of c a l c u l a t i o n  w a s  al tered t o  i n c l u d e  t h e  effect of 
t h e  volume change which accompanied dissolution of t h e  s o l i d .  

phases t o  be i n  e q u i l i b r i u m  with s a t u r a t e d  s o l u t i o n s  i n  
phosphoric acid over t h e  c o n c e n t r a t i o n  ranges i n d i c a t e d :  

Using UOzHPO4.4HZO as  t h e  

The data i n  Table I and I1 i n d i c a t e  t h e  f o l l o w i n g  s o l i d  

*The f i l t e red  so l id s  w e r e  washed t w i c e  by slurrying i n  500 m1 
of a c e t o n e ,  washed on t h e  f i l t e r  w i t h  1 0 0  m l  of carbon 
tetrachloride,  and d r i e d  i n  a des icca tor :urnder  c o n t i n u o u s  
vacuum for 2 h o u r s .  

**Far r u n s  i n  which U O t € i P O 4 . 4 H z 0  was %he s table  s o l i d  phase:  

and  for (U02)3(P04)2,6H20: 

21 



T a b l e  I1 

THE SOLUBILITIES OF UflANIUM(Y1) ORTHOPHOSPHATES IN 

PHOSPHORIC ACID SOLUTIONS 

Sample 
Number 

A-30 
A-24 
A-19 
A-26 
A-29 
A-28 
A-14 
A-31 
A-33* 
A-27 
A-13 
A-12 
4-10 
A-25 
A-9 
A-8 
A-6 
A-5 
A - 1  
A-4  
A-2 
A-21 
A-3 
A-50 
A-43 
A-7 
A-20 
A-49 
A-40 
A-39** 
A-48 

O r i g i n a l  

moles/l 
p 3  Po'] 

0.00100 
0.00200 
0.00100 

0.00800 
0 .00995  

0.0130 
0.0150 

0.0200 
0.0483 
0.0967 
0 .104  
0.210 
0.237 
0 .310  
0.460 
0 .890  
I .  305 
1 .705  
2.495 
2 .495  
3 .687  

c a .  0 .006  

ca. 0 . 0 1  

c a .  0 .02  

ca. 4 . 4  

ca. 6 .5  
ea. 6 .5  

5.526 
5 .526  

5.912 
ca.. 6 . 5  

A-44 7.375 
A-38-3 7.375 
A-45 ea. 8.5 
A-36*** ca. 8.5 
A-38-2 7 .375  
A-38-1 7.375 
A-53 7 .375  
A-41 c a . 1 0 . 4  
A-42 ca.11.8 
A-52 ca .13 .3  
A-51-2 14 .78  
A-51-1 14 .78  

S o l i d  Added 

COMPOSITION OF MOTHER LIQUOR 

A n a l v t i c a l  C a l c u l a t e d  A n a l y t i c a l  

IN YOLES/l 

ZPb, -3 

0.000969 
0.00242 

0.00579 
0.00789 
0.00979 
0.0105 

0.0134 
0 .0179  

0.00326 

- - - -  

_ - _ _  - - - -  - - - -  
0.108 
0.219 

0.324 
0 .498  
0 .980  
1 . 4 5 9  
1 . 9 4 8  
2 . 7 4  
2 . 9 3  
4 . 2 5  
4 .97  
6 . 0 9  
6.10 
6 . 1 0  
6 . 1 4  
6 .30  
6 . 5 9  
6.67 
6 .78  
7 . 2 0  
7 . 3 1  
7 . 4 7  
7 .73  
7.96 
8 .88  

10 .40  
1 2 . 9 1  
1 4 . 4 8  
1 4 . 6 0  

_ - _ -  

IPO, -3 

0.00100 
0.00235 - - -  - - -  
0.00816 
0 .0101  

0.0132 
0.0140 

0.0205 
0.0497 
0 .103  
0.108 
0 .220  
0 .249  
0 .328  
0 .495  
0.987 
1 . 4 7 7  
1 . 9 7 0  

2 .900  
4 .28  

6.035 

- - -  

- _ -  

- - -  

- - -  
- - -  - - -  - - -  
6.36 - - -  - - -  - _ -  - - -  - - -  - - -  
7 .46  
7 . 9 9  - - -  - - -  _ - -  

1 4 . 5 8  
14 ,62  

rub, ++ 

0.0000109 
0.0000376 
0.0000580 
0.000108 
0.000156 
0.000206 
0.000252 
0.000282 
0.000345 
0. 000450 
0.000528 
0.001443 
0.00330 
0.00407 
0 .01035  
0.01237 
0.01860 
0.03523 
0.1099 
0.2072 
0.3389 
0.5054 
0.6008 
1.021. 
1 . 3 3 2  
1 . 6 9 1  
1 . 5 8 3  
1 . 7 3 8  
1 . 6 8 3  
1 . 7 8 6  
1.267 
1 . 2 9 8  
1 . 2 7 1  
1.018 
0.959 
1 . 9 0 2  
1.882 
0.7525 
0.5657 
0.4347 
0.3725 
0 .3019  
0.3165 

SOLID IDENTIFICATION 

M i c r o s c o p i c  X - r a y  
Appearance  D i f f r a c t i o n  A n a l y s i s  

- - - -  
N e e d l e s  

- - - -  
N e e d l e s  
M i x t u r e  
T e t r a g o n a l  

M o n o c l i n i c  

* T r a n s i t i o n  p o i n t  where a m i x t u r e  of c r y s t a l s  were o b s e r v e d .  
* * S o l u t i o n  vas s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  UO, ( HtP0,)2. 3H,O. 

+**So lu t ion  was s a t u r a t e d  w i t h  V 0 2 H P 0 ,  .4R,O, t h e n  s e e d e d  with UOz( H,PO,) ,  .3H,O. 
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( UOz ) ( PO4 ) e $HE 0 total phosphate  < Q 7  014M 
9 1  1 9  >O 014y ( 6  l M  UO, HPOB 0 4Hz  0 p 

UOz ( H, Po4 1 2 0 3Hz  0 a o  P O  >6.  l M  
- 

The degree of h y d r a t i o n  of t h e  n ~ r m a l  u r a n y l  phosphate  i n  
e q u i l i b r i u m  w i L h  t h e  d i l u t e  s o l u t i o n s  BS somewhat i n  doub t .  
The chemical a n a l y s e s  (Table I) are best f i t t e d  by 
f o r m u l a t i o n  as t h e  hexahydf-ate,"%ILhoPagh t h e  s a l t  added was 
t h e  t e t r a h y d r a t e ,  A change i n  h y d r a t i o n  on contact w i t h  
t h e  s o l u t i o n  at 25OC is no t  s u r p r i s i n g ,  s i n c e  t h e  tetra- 
hydra t e  w a s  p r e p a r e d  a t  100°C,  Photomicrographs of t h e  
h i g h e r  h y d r a t e ,  and also i t s  X-ray powder d i f f r a c t i o n  
p a t t e r n ,  appea r  similar t o  those of the t e t r a h y d r a t e  (see 
Photographs  % ?  3 ,  and 1 0 )  

The a n a l y s e s  listed i n  Table  1 $01~ UOZHPOB . 4 H z 0  and 
UOz ( H2 PO4 ) a 3Ha, 0 samples  sepa~ated f r o m  s a t u r a t e d  mother 
l i q u o r s  i n  g e n e r a l  conf i rm t h e  ~ o n p o s i t i o n  of t h e  s table  
s o l i d  phases, The somewhab. h i g h  uranium - low phosphate  
a n a l y s e s  o b t a i n e d  for t h e  UO:, ( H ,  PO, 1 3H20 samples  s u g g e s t  
t h a t  t h e s e  s o l i d s  are contaminated  w i t h  U 0 2 H P 0 4  . 4 H 2 0 ,  the 
i n i t i a l  s o l i d  phase i n  t h e  r u n s  l i s ted  here (cf. Table 11). 

affected the r e s u l t i n g  solubility values for  these r u n s  
s i n c e  t h e y  generally conform to a smco0t l .a  curve which  i n c l u d e s  
r u n  Nos, A - 5 1 - 1 ,  51-2, 5 2 ,  and 53 ,  for which the i n i t i a l  
s o l i d  phase is t h e  stable U02 (&,PO4 1 3H20, Other runs 
( A - 1 4 ,  1 9 ,  20, 2 1 ,  and 24)  in which sokid phase conve r s ion  
h a s  o c c u r r e d  a l s o  conform Lo the S Q l U b f l % t y  curve, conf i rming  
that in g e n e r a l  e q u i l a b r i u m  v a l u e s  have been reached i n  t h e  
v a r i o u s  measurements.  In, t h e  case aof r u n  No. A - 3 3 #  o n l y  
p a r t i a l  conve r s ion  of t h e  solhd occurred (cf, Photograph 
No. 3 ) #  s i n c e  a t r a n s i t i o n  point had bepn r eached ,  where two 
s o l i d  phases  were i n  e q u i l i b r i u m  with t h e  same mother liquor. 

F i g u r e  6 ,  C a l c u l a t e d  total phosphate  va lues  are p l o t t e d  
where t h e  o r i g i n a l  phosphate concentrations were known 
a c c u r a t e l y  s i n c e  these were probably  more nearly correct 
than t h o s e  o b t a i n e d  by a n a l y s e s  of the mother l i q u o r s ,  

The s o l u b i l i t y  behav io r  i n  h i g h  phosphor%@ ac id  con- 
c e n t r a t i o n s  is expressed i n  the form of a three-component 
phase diagram i n  Figure X b  Inc luded  in t h e  f i g u r e  are 
several s l u r r y  a n a l y s e s  for  t h e  t w o  s % a b l e  so l id  phases 
UD2HP04 .4B20 and UOz(H2P04)203H20. 
pfot t ing  t h e  data (Schre%nemaker's w e t  residue method) 
"the composi t ion  of  t h e  mother lAquor, t h a t  of $he s l u r r y  
and t h a t  of t h e  s o l i d  phase s h o u l d  be on %he same s t r a igh t  
l i n e .  Within t h e  limit of e x p e r i m e n t a l  e r ror ,  t h e  data 
*Since these samples  were -washed  w i t h  a c e t o n e  before a n a l y s e s ,  
t h e  normal u r a n y l  phosphate  i n  equilibrium w i t h  t h e  s o l u t i o n  
may have been a still h ighe r  hydra t e ,  

If such  con tamina t ion  is Involved, it has not  s e r i o u s l y  

A l og - log  p l o t  of t h e  s o l u b f l i t y  data i s  p r e s e n t e d  i n  

I n  t h i s  method of 
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are consistent with this requirement, indicating that the 
proposed solid phases are the correct ones. The range of 
stability of the normal uranyl phosphate is confined to 
solutions of too low concentrations to be shown on the 
diagram. Accordingly, the wet residue method cannot be 
applied here to establish the state of hydration of the 
equilibrium solid. 
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