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PREPARATION AND USE OF AI^MOHIW DIUMMATE 
IN THE ETHER EX'mi-..CTION PROCE'gg" 

I . INTRODUCTION 

In the e t h e r e x t r a c t i o n p r o c e s s , as o r i g i n a l l y developed, p u r i f i e d 
uranium dioxide was ob ta ined by evapora t ion and c a l c i n a t i o n o f the u rany l 
n i t r a t e s o l u t i o n , followed by c a l c i n a t i o n of the r e s u l t a n t UO3, I t was 
suggested t h a t an a l t e r n a t e procedure might be developed, involv ing the 
p r e c i p i t a t i o n of uranium from the n i t r a t e s o l u t i o n as ammonium d i u r a n a t e . 
This m a t e r i a l could then be ca l c ined to u r a n o s i c a c i d , or reduced d i r e c t l y 
to t h e d iox ide . 

f 

I I . DISCUSSION 

I t had a l r eady been e s t a b l i s h e d t h a t ammonium d iu rana te could be 
p r e c i p i t a t e d completely from uranyl n i t r a t e s o l u t i o n s . Experiments 
were c a r r i e d o u t to determine whether a >aa io n i t r a t e , analogous to a 
known s u l f a t e s a l t , would be formed i n the p r o c e s s . Both d i r e c t reduce" 
t i o n of the d i u r a n a t e to UOp and c a l c i n a t i o n t o u ranos ic ac id were 
i n v e s t i g a t e d to de te rmine the phys ica l c h a r a c t e r i s t i c s and r e s i d u a l 
n i t r o g e n of t h e r e s u l t a n t brown o x i d e , 

I I I , EXPERIMENTAL 

P r e p a r a t i o n ; Since a ba s i c n i t r a t e , analogous to the b a s i c s u l f a t e , 
might be formed when ammonia i s added to a u ranyl n i t r a t e s o l u t i o n , t h e 
p r e c i p i t a t i o n of ammonium d iu rana te from s o l u t i o n s wi th va r ious concen t r a t i ons 
of u rany l n i t r a t e was s t u d i e d . Concentrated ammonium hydroxide was added 
drop%vise to uranj^l n i t r a t e s o l u t i o n s to pH 7 , 0 - 7 , 5 , The p r e c i p i t a t e s were 
f i l t e r e d , washed thoroughly , and d r i e d a i 1050G, Ihe a i a l y t i c a l r e s u l t s 
in the follov/ing t a b l e show t h a t no b a s i c n i t r a t e i s formed: 

Concent ra t ion 
Nitrate 'SHgO 

i n gms./lOO ml. 

1 
10 
10* 
10 
30 
50 

Temperature, °C. 

95 
95 
95 
25 
95 
95 

* Digested fo r two hours a f t e r p r e c i p i t a t i o n wai 

NH3 

1.68 
1.77 
1.44 
1,65 
2.20 
1,92 

omple 

Composi 
NO3 

0.10 
0.07 
0.30 
nil 
0,20 
0.10 

te. 

tion 

U3O8 

76.9 
78.0 
78,9 
77,5 
74.4 
77,5 

In every case the p r e c i p i t a t e was e a s i l y f i l t e r e d , »hen the p r e p a r a t i o n was 
c a r r i e d out a t room tempera tu re , a denser product was o b t a i n e d . 

C a l c i n a t i o n : In o rder to determine the conversion to UgOg and the 
n i t r o g e n r e t e n t i o n , the ammonium s a l t was ca lc ined a t var ious t e m p e r a t u r e s . 
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The condi t ions and r e s u l t s are t a b u l a t e d below; 
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Temperature, ' ' c . 

400 
11 

500 
II 

600 
I! 

700 
II 

800 
11 

Time, H r s . 

1 
3 
1 
3 
1 
3 
1 
3 
1 
3 

N 

, 0 0 3 ^ 
-
n i l 
-
n i l 
-

. 001?S* 
-
n i l 

UOg 

l,lZfo 
1 4 . 8 1 
1 5 , 2 8 
2 8 . 4 3 
2 7 . 5 9 
3 0 . 5 7 
3 0 , 3 7 
3 1 . 5 2 
3 1 . 6 0 
3 2 . 3 4 

9 5 . 1 0 ^ 
8 3 . 8 4 
8 4 . 2 6 
7 0 . 8 4 
7 2 . 3 4 
69 ,04 
6 9 . 6 0 
6 8 . 2 5 
6 6 . 4 7 
67 .68 

* P r o b a b l y i n e r r o r 

The r e s u l t s o b t a i n e d c o r r o b o r a t e d t h e r e s u l t s of t h e c a l c i n a t i o n o f " a c i d 
l e a c h " c a k e ; i . e . , - ammonia i s v o l a t i l i z e d a t 4 0 0 ° C , , and t h e r e s u l t i n g 
u r a n i c o x i d e s f i r s t decompose c o m p l e t e l y to u r a n o s i c o x i d e a t 600 to 700°C. 

R e d u c t i o n : I t would be a d v a n t a g e o u s i f ammonium d i u r a n a t e cou ld be 
r e d u c e d d i r e c t l y to t h e d i o x i d e , A d i r e c t r e d u c t i o n o f ammonium d i u r a n a t e 
was c a r r i e d o u t i n o r d e r to d e t e r m i n e w h e t h e r c a l c i n a t i o n t o u r a n o s i c o x i d e 
co-uld be e l i m i n a t e d and w h e t h e r e x c e s s i v e / a m o u n t s o f n i t r o g e n a r e r e t a i n e d 
b y t h e u r a n i u m d i o x i d e so p r o d u c e d . The f o l l o w i n g t a b l e shows t h e n i t r o g e n 
c o n t e n t o f s amp le s o b t a i n e d by r e d u c i n g ammonium d i u r a n a t e and u r a n o s i c o x i d e 
w i t h h y d r o g e n and ammonia: 

M a t e r i a l 

Ammonium D i u r a n a t e 
II n 

11 II 

U r a n o s i c Oxide 

Reduc ing Agen t 

Hydro gen 

Ammo n'̂  a 
II 

Nitrogen Content 

n i l 
10 p,p,m, 
60 p.p.m, 

n i l 

The r educ t ions i n t h e above t a b l e were a l l made a t 1000°C, The d iox ide p r e ­
pared from the ammonium d iu rana te was found to be pyrophoric in every t e s t ; 
however, i f t h e product was t r e a t e d v/ith wate r before exposure to oxygen, i t 
l o s t i t pyrophoric n a t u r e . Another run was made to t e s t above r educ t ions of 
the d i u r a n a t e v^ith hydrogen. ftie m a t e r i a l was found to be pyrophoric and of 
n i l n i t r o g e n c o n t e n t . Ammonium d i u r a n a t e , when ce lc ined a t 800 C. before 
r e d u c t i o n w i th hydrogen, r e s u l t e d i n a product t h a t was non-pyrophor ic . 

A s tudy of the e l i m i n e t i o n of n i t r o g e n from d ioxide by t rea tment wi th 
hydrogen f l u o r i d e was contemplated, b u t the n i t r o g e n con ten t of oxide p ro­
duced by d i r e c t r educ t i on wi th hydrogen a t 1000°C. i s n e g l i g i b l e s ince the 
n i t r o g e n conten ts of t h r e e oxides produced in t h i s way have been n i l , n i l , 
and 10 p .p .m. However, i t w i l l not be pos s ib l e to u t i l i z e d i r e c t r e d u c t i o n 
of the ammonium s a l t un le s s ope ra t ions a re c a r r i e d ou t i n such a way t h a t no 
oxygen comes in con tac t w i t h th<̂  yxi.de befnye conversion t o f l u o r i d e , o r 
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unless the pyrophoric property of the oxide is minimized, as by treatment 
with water. 

Reactivity of product with HF; Samples of uranium dioxide, which had 
been prepared from ammonium diuranate and U3O8 with various times pnd temper­
atures of calcination and reduction (calcined at 500, 600, 700 and 800*̂ 0, and 
reduced at 800°C.), were digested with 10^ hydrofluoric acid. No correlation 
could be found between reactivity and conditions of preparation. There were 
only minor differences in reactivity, which can be ascribed to differences in 
particle size. 

Large Scale Estimates; Runs were made on precipitation of ammonixim 
diuranate. On the basis of data obtained, it was calculated that, by this 
procedure, 1000 gal. of liquors containing 4200 lb, of dioxide would be 
processed per day. The ammonia requirement (0,1 Ib./lb, hexahydrate) would 
be 600 lb, per day. The material filters and washes at a rate of 2,7 gal, 
per min, per ft,^ at 10 psi, to give a cake containing 41^ water and weighing 
90 lb, per ft,3 in the filter. On the basis of these figures, 250 ft,^ of 
filter area to handle 95 ft,^ of cake per 24 hours were recommended for a 
filter press. 

IV. SUMMARY 

• Ammonium d iu rana te can be p r e c i p i t a t e d from uranyl n i t r a t e s o l u t i o n s 
to produce a product conta in ing 1,7 to 2,25^ amnonia, and 76,9 to 78 .9^ ^3^8* 
This product can be ca lc ined to u r a n o s i c acid of n i l nitVogen conten t i n 
orit hour a t 400°C. I t can a l s o be reduced d i r e c t l y wi th e i t h e r hydrogen or 
airmonia a t 1000°C, to produce UOg, The product of t h e l a t t e r r e a c t i o n i s 
extremely pyrophor ic , a l though t h i s p r o p e r t y can be e l imina ted by t rea tment 
w i th w a t e r . 
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