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1. INTRODUCTION 

The l i t e r a t u r e  on t h e  thermal decomposition of uranyl  1 -  I n i t r a t e  hexahydrate 
is somewhat confused. I t  is clear t h a t  t h e  hexahydrate can be dehydrated t o  
t h e  t r i h y d r a t e  and then t o  t h e  d i h y d r a t e ,  but  on t h e  cour se  of decomposition o f  
t h e  d i h y d r a t e  t h e r e  is l i t t l e  agreement. 'It has  been v a r i o u s l y  r epor t ed  t h a t  

( a )  
l oss  of n i t r o g e n ( l ) ,  

( b )  

( c )  

( d )  
a c i d  stream a t  170-180°C(3), 

a monohydrate i s ' p roduced  i n  carbon d iox ide  a t  120-125° wi th  l i t t l e  

n i t r o u s  fumes are l o s t  as low as 100°C, 

t h e  d i h y d r a t e  is s t a b l e  up t o  180°C(2), 

t h e  anhydrous n i t r a t e  is produced from t h e  t r i h y d r a t e  i n  a d r y  n i t r i c  

( e )  
stream a t  130°C(1). 

The most r ecen t  work, by Wendolkowski and K i r ~ l i s ( ~ ) ,  has  confirmed t h e  
presence of hexahydrate,  t r i h y d r a t e  and d i h y d r a t e  as s t a b l e  phases,  but  has  given 
no i n d i c a t i o n  of t h e  cour se  of t h e  f i n a l  stages of decomposition t o  t r i o x i d e .  

an oxide-free anhydrous salt cannot be prepared i n  a dry n i t r i c  a c i d  

2. DE COMPOS1 TI ON EX PER1 MENTS 
> 
\ ,The i n i t i a l  approach was t h e  decomposition of large (300 g >  batches of 

hexahydrate.  
v e s s e l  f i t t e d  with a glass s t i r re r  and immersed i n  a Wood's metal ba th  s e a t e d  i n  
an ' E l e c t r o t h e r m a l *  mantle. T h i s  arrangement permit ted good temperature 
con t ro 1. 

The r e a c t i o n  was carried out  i n  a round-bottomed c y l i n d r i c a l  glass 

- . ,  . . . - - . ,  

The r e a c t i o n  g e n e r a l l y  went through ttie following stages:- 

( a )  
ca.60OC). . ,  

-. 
Solu t ion  of n i t ra te  in, its wat,er of c rys t a l , I i s , z t ion  (me l t ing  starts at 

. ,  . I  

, I  I *  

( b )  J3ecrystal 1 i & t i u n q  
r a p i d ) .  

( c )  

( T h ' i s  stage' is* sometimes om'itted when hea t ing  is 

< <  

Mass become:; pasty and darkens t o  a11 orange colour .  

( d )  EJitrou:; f'umer, a j )pe~ : ,  the JIIW:; is dark orange and very viscous.  

( e )  A further co lou r  change  t o  ;I l i g h t  ornnge occurs  togctther with a 
decrca.:;e i n  vi:;co:;ity and t h e  evo lu t  icn o f ' c o p i o u s  n i t r o u s  fumes. 

- 1 -  , 



( f ) Slow s o l i d i f i c a t i o n  wi th  temperature  kept  a t  30OoC. 

The temperatures  a t  which t h e  above stages occur ,  vary  according t o  t h e  
rate of hea t ing  and stages may, under some cond i t ions ,  over lap  or even 
d isappear .  

The product was i n  each case ground t o  pass  40 mesh and t h e  t a p  d e n s i t y  
(i.e. t h e  weight of  u n i t  volume of powder i n  a c y l i n d e r  a f t e r  a s t anda rd  
tapping p rocess )  determined. F i g .  1 shows t h e  c e l a t i o n s h i p  between t a p  
d e n s i t y  and t h e  time taken  from t h e  s tar t  of r e c r y s t a l l i s a t i o n  t o  t h e  poin t  a t  
which s o l i d i f i c a t i o n  caused t h e  st irrer t o  s top .  I t  is seen  t h a t  r ap id  
hea t ing  ( i .e .  a small r e a c t i o n  time) g ives  products  of t h e  h ighes t  t a p  d e n s i t y  , 

(3.6-4.0 g./ml. ). I n  every case, however, t he  t a p  d e n s i t y  is cons iderably  
h ighe r  than t h a t  of  t r i o x i d e  prepared by decomposition of ammonium d i u r a n a t e  
(ca. 1.6 g J m ' l . ) . .  

I Microscopic examination of t h e  t r i o x i d e  showed t h a t  it was ve ry  d i f f e r e n t  
i n  n a t u r e  from t h a t  prepared by decomposition of d i u r a n a t e  ( F i g .  2 ) .  The 
aggregate s ize  of t h e  l a t te r  ( A )  material va r i ed  from 1-250~ with  a mean of 

, over  loop, whereas t h e  d e n i t r a t e d  ( N )  material had a much smaller aggregate 
s i z e  d i s t r i b u t i o n  (1-5Op) with  a mean of ca. 20~. 
area by low temperature  n i t r o g e n  adso rp t ion  showed t h a t  t h e  i n d i v i d u a l  
p a r t i c l e  s i z e  of ' A '  U03 was 0.1~ whereas t h a t  of t h e  IN' material was about 
t e n f o l d  greater. 
t h e  s u r f a c e  of uniform sphe res  and does not  t ake  i n t o  account i n t e r n a l  s u r f a c e  
area and f i s s u r e s .  
material is apparent .  

Determination of  s u r f a c e  

These f i g u r e s  assume t h a t  a l l  a v a i l a b l e  s u r f a c e  area is on 

However, t h e  large d i f f e r e n c e  between t h e  two types  of  

3. THEHYOGRAVIMETRIC EXPERIElENTS 

( i )  Decomposition of hexahydrate  

I n  'o rder  t o  t r y  t o  determine some of, t h e  in te rmedia te  stages i n  t h e  
decomposition of' hexahydrate ,  measurements were made of t h e  weight loss 
( a )  w i t h  cont inuous ly  inc reas ing  temperature and ( b )  a f t e r  24 hours a t  a 
cons t an t  temperature.  The experinvents were c a r r i e d  out  on a qua r t z  s p i r a l  , 

sp r ing  kiavinij a s e n s i t i v i t y  of' about 14 mg. / t r i r i i . ,  t h e  sample of' about 400 mg. of 
hexahydrate  b e i n g  conta ined  i r i  a sina.1 1 platinum c r u c i b l e .  

( a )  The re:;ults are shown i n  Pig. 3 ;  
the :;amc as t,ho:;e dctr.rrrtincd, with sinaller Loads and a more s e n s i t i v e  
baliirlcct, by fhwson arid Alcock('). 

t h e  gene ra l  t r end  of  t h e  curves is 
'4 

J n  both curves ( A  arid €3) breaks are 

c 



seen  corresponding t o  t h e  composit ions U02(N03)2. 61 H$ and U02(N03)2.2H20e 
No clear i n d i c a t i o n  is given of a t r i h y d r a t e ,  bu t  i n  curve B t h e r e  is a 
break corresponding t o  t h e  anhydrous n i t r a t e .  
fumes were f i r s t  no t i ced  a t  t h e  p o i n t s  marked X and Y. 
s lower h e a t i n g )  sha rp  breaks  are obvious a t  28.5 and 35% l o s s  i n  weight bu t  
they  cannot  be  ass igned  t o  any p a r t i c u l a r  composition. 

( b )  The loss i n  weight a f t e r  24 hours a t  a cons t an t  temperature  is shown 
i n  F i g .  4, t h e  curve  i n d i c a t i n g  t h e  composition of material s t a b l e  a t  any 
given temperature.  The very  marked f l a t  p o r t i o n  between 125O and 165OC 
cannot  be c o r r e l a t e d  wi th  any s imple  s t o i c h i o m e t r i c  composition. 
Determinat ions of n i t rogen  con ten t  showed t h a t  n i t r a t e  starts t o  be l o s t  
a t  a temperature  less than 125O, i.e. be fo re  a l l  t h e  water has  been 
expel led .  
no t  s h a r p l y  def ined  and may be cont inuous ly  v a r i a b l e  between d i h y d r a t e  and 
t r i ox i de. 

. 
The evo lu t ion  of n i t r o u s  

I n  curve  3 (wi th  

Thus t h e  composition of in te rmedia te  stages is almost  c e r t a i n l y  

( i i )  Decomposition of t r i o x i d e  

The thermal  i n s t a b i l i t y  ( i . e .  t h e  ease of conversion t o  U30e) of I A s  and 
IN1 U03 was examined on t h e  thermogravimetr ic  ba lance  by s lowly and r e g u l a r l y  
r a i s i n g  t h e  temperature  dnd measuring t h e  decrease  i n  weight. 

hea t ed  a t  300°C f o r  some hours ,  are no t  t r u e  U03. 
is presumably water or ammonia and w i t h  I N 1  material 2% is probably mainly water 
( a n a l i s  is shows 450 ppm. n i t rogen  ) . 

e 

The r e s u l t s  are 
- .' shown i n  F i g .  5. I t  should be noted t h a t  t h e  materials al though p rev ious ly  

With ' A 1  material some 7.5% 

Decomposition of U03 t o  IJ308 seems t o  start  wi th  both types  of ox ide  a t  
about  560-570° b u t  wi th  slower hea t ing  rates t h i s  temperature  could be  lower. 
The d i f f e r e n t  rates of decomposition are probably a func t ion  of p a r t i c l e  s i z e .  
The s t e p s  i n  t h e  ' M I  curve,may not  be  real  s i n c e  the  weight loss  is ve ry  small 
and t h e  s p i r a l  of' low s e n s i t i v i t y .  The breaok i n  t h e  ' A 1  curve  seems real but  
cannot  be a t t r i b u t e d  t o  any d e f i n i t e  hydrate .  

0 

3 .  

Fur the r  experiments 'were c a r r i e d  ou t  t o  measure t h e  loss  in  weight 
( i .e .  t h e  percentage conversion t o  Uson) a f t e r  h e a t i i g  1- g. samples of ' A '  and 
I N 1  U03 respectcvelyc f o r  2 'hours a t  c 'cnstant temperature. ,-  
( F i g .  0 )  show that t h e  I N 1  material does not decompose t o  U308 u n t i l  a tempera- 
ture of over  6.5O0 whereas t h e  ! A 1  material starts t o  decompcse a t  a lower 
temperature .  
l i terature  which can be sumniarised by saying t h a t  I1unstable" forms of U03 
e.g. the amorphous form, begin t o  decompose i n  a i r  a t  400-500°C and can be f u l l y  
conver ted  t o  U308 a t  about f f iOo, which t h e  l ls ta .blel t  forms, e.g. Mall inckrodt  

The r e s u l t s ,  

This  v a r i a t i o n  i n  behaviour  is i n  genera l  agreement wi th  t h e  

, .  - 3 -  
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oxide,  only begin t o  decompose i n  a i r  a t  800° and may have t o  be heated t o  
800' f o r  complete conversion to. U308" 

PHYSICAL PROPERTIES DURING DECOMWSITION -\ 

Rough measurements were made of t h e  melting p o i n t s  and b o i l i n g  p o i n t s  of 
material z t  stages i n  t h e  decomposition of hexahydrate.  
F i g .  7, were.obtained r e s p e c t i v e l y  by observing coo l ing  rates of t h e  melt and 
vapour temp,eratures above t h e  b o i l i n g  l i q u i d .  
a hydrometer ( F i g .  8) were made up t o  t h e  po in t  where t h e  melt became opaque 
b u t  the v a l u e s  obtained w i l l  vary with t h e  rate of h e a t i i ~ g .  

The r e s u l t s ,  shown in 

Determinations of d e n s i t y  using 

X-RAY EXAMINATION 

Samples of t r i o x i d e  from decomposition of ammonium d i u r a n a t e  and n i t r a t e  
were examined by X-ray powder d i f f r a c t i o n  methods. 
decomposition of n i t r a t e  were found t o  t a k e  up atmospheric wzter t o  form an 
orthorhombic monohydrate. The ve ry  small p a r t i c l e  s i z e  of t hose  prepared from 
d i u r a n a t e  d i d  not  a l low of good p a t t e r n s ,  but  t h e  i n d i c a t i o n s  are t h a t  it is o f  
d i f f e r e n t  s t r u c t u r e  from t h e  d e n i t r a t e d  p repa ra t ion .  
c a r r i e d  ou t  by Wait and D'Eye-of t h e  Heavy Elements Group and w i l l  be  r epor t ed  
s e p a r a t e l y .  

The samples prepared by 

The X-ray work was 

'.' 

,_ 

DECONTAMINATION FROM RUTHENIUM 

S ince  ruthenium t e t r o x i d e  is known t o  be v o l a t i l e  from b o i l i n g  concen t r a t ed  
n i t r i c  a c i d  i t  was thought t h a t  some decontamination from ruthenium might I 

accompany thermal decomposition of u rany l  n i t r a t e .  
n 

To 500 m l .  of a 1.2M aqueous s o l u t i o n  of uranyl  n i t r a t e  was added a 
s o l u t i o n  of Ru04 i n  n i t r i c  a c i d ,  t h e  ruthenium having been s e p a r a t e d  from 
i r r a d i a t e d  uranium by s o l u t i o n  i n  n i t r i c  a c i d  and d i s t i l l a t i o n  w i t h  p e r i o d i c  
ac id .  The s o l u t i o n  was evaporated and t h e  decomposition c a r r i e d  out i n  t h e  
normal.way. A decontamination f a c t o r  of no t  less than 150 was obtained.  

0 

SUMMARY 

The t r i o x i d e  prepared by thermal decomposition of t h e  n i t r a t e  is very 

- 4 -  
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i d i f f e r e n t  i n  c h a r a c t e r  from t h a t  prepared by decomposition of ammonium d iu rana te .  
It  has  a larger i n d i v i d u a l  p a r t i c l e  s i z e  (a l though a smaller aggregate size 
d i s t r i b u t i o n ) ,  a d i f f e r e n t  c r y s t a l l i n e  form and is ve ry  much more s t a b l e  t o  h e a t  
t r ea tmen t  . 

The e x a c t  n a t u r e  of t h e  t r i o x i d e ,  i.e. its p a r t i c l e  s i z e ,  t a p  d e n s i t y  etc., 
Confirmatory evidence has  been v a r i e s  somewhat w i t h  t h e  rate of decomposition. 

ob ta ined  for  t h e  e x i s t e n c e  of t h e  n i t r a t e  d i h y d r a t e ,  but  no o t h e r  simple 
s t o i c h i o m e t r i c  compounds have been found t o  e x i s t  during t h e  decomposition. 

s. 
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