
R e p o r t N o . B M I - 1 2 0 5 
U C - 4 C h e m i s t r y — G e n e r 
( T I D - 4 5 0 0 , 13th E d . ) 

Contract No. W-7405-eng-92 

R E A C T I V I T Y STUDIES O F URANIUM OXIDES 

b y 

D a l e A. V a u g h a n 
J . R o b e r t B r i d g e 
C h a r l e s M . S c h w a r t z 

J u l y 9 , 1957 

B A T T E L L E M E M O R I A L I N S T I T U T E 
505 King A v e n u e 

C o l u m b u s 1 , Ohio 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



TABLE OF CONTENTS 

Page 

ABSTRACT 1 

INTRODUCTION 1 

EXPERIMENTAL WORK 2 

Decomposit ion of Uranyl Ni t ra te Hexahydrate 2 
UO3 Analysis and React ivi ty Measu remen t 2 

UO2 Analysis and React ivi ty Measu remen t 6 

DISCUSSION OF RESULTS 11 

ACKNOWLEDGMENT 13 

REFERENCES 13 



REACTIVITY STUDIES OF URANIUM OXIDES 

by 

Dale A. Vaughn, J , Rober t Br idge , and Char les M. Schwartz 

One amorphous and three crystalline polymorphic modifications of ilO^ 
have been prepared by pyrolysis of uranyl nitrate hexahydrate. The hydration 
reactivity of UOo appears to be a function of its residual nitrogen content which 
is, in turn, dependent on the method, time, and temperature of denitration. Amor­
phous UOo is more reactive than crystalline UOo. 

The initial oxidation reactivity (the oxygen sorption in 1 day at room tem­
perature) of UOn varies with the method of preparation of the UO^. The average 
oxidation rate of UOn after the first day decreases with increasing nitrogen content 
of the UOo from which the UOn tvas made. If soluble nitrates are removed from 
UOo by water leaching prior to reduction, the final reoxidation reactivity of the 
UOo is increased by a factor of 10. Hydration and dehydration of amorphous UO^, 
without leaching, decrease the final reoxidation reactivity of the subsequent UO2 
by a factor of 10. UO2 made from amorphous UO^ has a higher reoxidation reactivity 
than when made from crystalline UOg of the same nitrogen content. 

I N T R O D U C T I O N 

Product ion of u ran ium meta l r equ i r e s s eve ra l s teps in p rocess ing high-puri ty 
uranivun sa l t s (pyrolysis of U02(N03)2-6H2O to UO3, reduct ion of U 0 3 t o U 0 2 j and hyd ro -
fluorination of UO2 to UF4) before final reduct ion. The var iab les in each step a r e being 
invest igated for the i r effect upon the subsequent product . This study of the s t r u c t u r e , 
composi t ion, and chemical reac t iv i ty of u ran ium tr ioxide was undertaken to de termine 
the effects of these va r i ab le s upon the reac t iv i ty of uran ium dioxide made from var ious 
p r epa ra t i ons of u ran ium t r iox ide . Chemical reac t iv i ty of UO3 was m e a s u r e d by the 
amount of wate r sorpt ion at 30 C, As a m e a s u r e of the react iv i ty of uranium dioxide, 
i t s reoxidat ion r a t e was de te rmined on exposure to a i r at room t e m p e r a t u r e . A p r e ­
vious Bat te l le repor t^^ ' d e s c r i b e s the p r o c e s s of t he rma l decomposit ion of uranyl 
n i t r a te hexahydra te , the end product in the u ran ium-ore -pur i f i ca t ion p r o c e s s . It was 
shown, in that r e p o r t , that the s eve ra l polymorphic forms of UO3, as descr ibed by 
Katz^^), can be produced by t h e r m a l decomposi t ion of the n i t r a t e . The s interabi l i ty of 
UO2 made f rom var ious polymorphic forms of UO3 was repor ted e a r l i e r ' ' . E. J. 
Barber!'*) and w o r k e r s at Mall inckrodt Chemical Works^^^ have shown that t he re a r e 
marked differences in the r a t e of hydrofluorinat ion of UO2 made from var ious types of 
UO3. 

In view of these r e s u l t s and the lack of information on the re la t ionship among 
s t ruc tu r e , composit ion, and reac t iv i ty of u ran ium t r ioxide , it was of in te res t to d e t e r ­
mine how these va r i ab le s affect the reac t iv i ty of the two oxides, UO3 and UO2. 

(1) References at end. 
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EXPERIMENTAL WORK 

Decomposit ion of Uranyl Ni t ra te Hexahydrate 

Two genera l methods based upon previous work^ ' were employed in the pyrolytic 
decomposit ion of uranyl n i t r a t e hexahydra te , one in which the n i t ra te me l t s during d e ­
composition, and the other in which the n i t r a t e decomposes without mel t ing. The oxide 
obtained by the f i r s t method is c rys ta l l ine , while that obtained by the l a t t e r is a m o r ­
phous. Three c rys ta l l ine fo rms of UO3 may be produced from the n i t r a t e . Type III 
UO3*, the most common crys ta l l ine form, is produced when uranyl n i t r a te hexahydrate 
is heated in bulk quanti t ies until the wate r and n i t rogen oxides vola t i l ize . Type II UO3 
is produced if a thin bed of the n i t r a t e is heated rapidly to 450 or 500 C or if a smal l 
batch (60 to 90 g) of n i t r a t e , to which 1 w/o ace t ic acid has been added, is heated to 
450 C. The l a t t e r method is m o r e reproduc ib le . Type I UO3 is produced by addition 
of ethyl alcohol to uranyl n i t r a t e hexahydrate followed by flash deni t ra t ion at 425 C. 

An amorphous form of UO3 is obtained when decomposi t ion of uranyl n i t ra te hexa­
hydrate is accompl ished s tepwise as desc r ibed in B M I - 1 1 1 0 . ' ^ ' The water of hydrat ion 
is removed f i r s t , then the anhydrous n i t r a t e i s decomposed. Two methods of water 
removal were employed, one in which the n i t r a te was vacuum dr ied and further heated 
at increas ing t e m p e r a t u r e s to 150 C and the other in which hot gas , at a tmospher i c 
p r e s s u r e , dr ied a thin l ayer of n i t r a te as it was ca r r i ed on a bel t into a furnace for 
final deni t ra t ion. Final deni t ra t ion of the vacuum-dr ied n i t ra te was c a r r i e d out in an 
open pot at var ious t e m p e r a t u r e s f rom 200 to 450 C. 

UO3 Analys is and React ivi ty Measurement 

Since the final deni t ra t ion t e m p e r a t u r e used in the production of UO3 may not 
yield completely decomposed n i t r a t e , ana lyses w e r e made for re tent ion of ni t rogen in 
the UO3 s t r u c t u r e . Water may a lso be re ta ined in the UO3 s t r u c t u r e . Analysis for 
water may be obtained by difference, assuming the ni t rogen to be p r e sen t as n i t r a t e . 
Fo r all UO3 p repa ra t i ons , the s t r u c t u r e type was de te rmined by powder X - r a y dif f rac­
tion, using f i l tered i ron radia t ion . The pe r cent convers ion of the n i t r a t e to UO3 was 
de te rmined by weight change on ignition to U3O8 at 750 C. Residual n i t rogen content of 
UO3 was obtained by the Kjeldahl method. The r e su l t s of these ana lyses a r e given in 
Table 1. The l a s t column in Table 1 gives the hydrat ion reac t iv i ty in t e r m s of equi l i ­
b r i u m wate r content of the var ious p r epa ra t i ons on exposure to w a t e r - s a t u r a t e d a i r at 
30 C, Type I UO3 has not been p r e p a r e d in sufficient quantity for hydra t ion- reac t iv i ty 
studies or for ni t rogen ana lyses . 

The r e s u l t s on Type III and amorphous UO3 indicate two sys t ema t i c t r e n d s . The 
ni t rogen content of UO3 d e c r e a s e s with increas ing t e m p e r a t u r e of deni t ra t ion , as shown 
in F igure 1, while the hydrat ion reac t iv i ty of UO3, p resen ted graphical ly in F igure 2, 
i n c r e a s e s with n i t rogen content. The reac t iv i ty of amorphous oxide i s significantly 
g rea te r than that of Type III oxide at corresponding low ni t rogen contents , 0. 1 w / o . 
X - r a y diffraction ana lyses of the hydra ted samples show that amorphous UO3 hydra tes 
to the dihydrate s t ruc tu re , while Type III UO3 hydra tes to the monohydrate s t r u c t u r e . 

* The structure types of UO3 correspond to those described by Katz, Reference (2). 



TABLE 1. COMPARISON OF PERCENTAGE CONVERSION AND NITROGEN 
CONTENT OF UO3 WITH FINAL DENITRATION TEMPERATURE 
AND HYDRATION REACTIVITY 

Starting Mater ia l 
Type 

of UO3 
Denitrat ion 

T e m p e r a t u r e , C Time, hr 
Conversion, 

per cent UO3 Nitrogen, w/o 
Hydration, 
w/o H2O 

UNH 
UNH 
UNH 
UNH 
UNH 
UNH 
UNH 
UNH 
UNH 

UNH, moving-bel t method 
UNH, moving-bel t method 
UNH, moving-bel t method 
UNH, moving-bel t method 
UNH, vacuum dr ied at 125 C 
UNH, vacuum dr ied at 125 C 
UNH, vacuum dr ied at 125 C 
UNH, vacuum dr ied at 150 C 
UNH, vacuum dr ied at 150 C 
UNH, vacuum dr ied at 150 C 
UNH, vacuum dr ied at 150 C 
UNH,+ ethyl alcohol 
UNH + 0, 6 w/o ace t ic acid 
UNH + 1.0 w/o ace t ic acid 

in 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 

I 
II 
II 

200 
250 
300 
325 
350 
400 
425 
425 
450 
350 
400 
425 
450 
250 
350 
450 
300 
300 
300 
400 
425 
425 
450 

4 
4 
4 
4 
4 
4 
2 
4 
4 
-
-
-
-
2 
2 
2 
2 
4 

8 
4 

1 /30 
4 
4 

9 8 . 9 8 
9 4 . 5 0 

9 9 . 5 9 
9 9 . 3 5 
9 9 . 5 8 
9 9 . 6 5 
9 9 . 3 6 
9 9 . 6 0 
9 9 . 6 6 
9 7 . 8 7 
9 8 . 9 7 
9 8 . 8 8 
9 9 . 0 8 
9 6 . 5 6 
9 9 . 6 2 
9 9 . 9 2 
9 7 . 2 0 
9 9 . 2 7 

9 9 . 3 8 
9 9 . 7 2 

9 6 . 5 5 
9 9 . 3 2 
9 9 . 5 6 

. 2 4 

. 12 

. 104 
-

. 101 

. 0 9 8 

. 0 7 5 
-

. 0 5 8 

. 2 4 

. 0 6 4 

. 0 3 2 

. 0 2 
-
-

, 0 0 2 
, 5 7 
. 1 3 

-
. 0 1 

-
-
_ 

1 5 . 8 4 
-

8 . 8 9 
-
-

8 . 2 8 
-
-

8 . 3 8 
1 6 , 3 0 
1 3 , 4 4 
1 2 . 4 4 
1 2 . 5 0 
2 2 . 6 5 

-
-

2 2 . 1 8 
1 5 . 2 1 

-
13. 16 

-
1 0 . 8 5 
1 1 . 0 0 
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FIGURE 1, NITROGEN CONTENT OF UO3 VERSUS TEMPERATURE OF 
DENITRATION 
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These differences in the amount of hydrat ion and in the s t r u c t u r e of the hydra te phases 
suggest a difference in the f ree energy of the two forms of UO3. 

Since the hydrat ion reac t iv i ty is d i rec t ly re la ted to the ni t rogen content for a given 
UO3 s t r u c t u r e , r emova l of the res idua l n i t r a t e ni t rogen by water leaching was studied. 
Several UO3 prepara t ions were leached with water until the f i l t ra te was no longer co l ­
ored. The insoluble port ion was dr ied at 300 C and analyzed in the same manner as the 
original p repara t ion . The change in ni t rogen content as a r e su l t of leaching is p resen ted 
in Table 2. In o rde r to differentiate between the effects of hydration and leaching, s e v ­
era l samples were hydrated in such a way as to minimize removal of the soluble s a l t s , 
dr ied at 300 C, and then analyzed for ni t rogen content. The las t column of Table 2 indi ­
cates that a significant amount of n i t rogen remained in these s a m p l e s . X - r a y analyses 
showed that only amorphous UO3 was obtained from leached and dr ied UOo. High-
ni t rogen UO^, hydrated and d r i ed , gave diffraction pa t te rns of c rys ta l l ine UO2, while 
the s t ruc tu re of low-ni t rogen UO3 (whether c rys ta l l ine or amorphous) was not changed 
by hydrat ion and drying. 

Only a l imi ted investigation was made of the UO3 hydrat ion react iv i ty after p r i o r 
hydrat ion and drying. It was observed tha t , if a s t ruc tu ra l change developed during the 
f i r s t cycle of hydrat ing and dry ing , the second hydrat ion reac t iv i ty was different f rom 
the f i r s t , o therwise the hydrat ion reac t iv i ty was not significantly different. No 
hydra t ion- reac t iv i ty data were obtained on leached samples of UO^. 

UO2 Analysis and Reactivi ty Measu remen t 

The UOo p repa ra t ions d i scussed in the previous sect ion were reduced to U02^ 
and the effects of the p r io r UO3 s t r u c t u r e and composit ion upon the reac t iv i ty of the UO2 
were invest igated. Uranium t r iox ide , when exposed to hydrogen for 2 h r at 600 C, is 
reduced to red UOp. In the p r e s e n t s tudy, d ry hydrogen was used to c a r r y out r e d u c ­
t ion, and the U O T was cooled to room t e m p e r a t u r e in hydrogen. Analysis of the oxygen 
content of the UO2 was obtained by weight change on ignition in a i r at 750 C. The a s -
reduced oxide gave an oxygen- to-uran ium ra t io of nea r ly 2.00 before exposure to a i r . 
However , upon exposure to a i r , the oxide changed co lor , evolved heat , and the oxygen-
to -u ran ium rat io i nc r ea sed . The amount of this i n c r e a s e in 1 day is p re sen ted in 
Table 3 for UO2 made from var ious p repa ra t ions of UO3. The l a s t two columns in 
Table 3 give the oxygen- to-uran ium ra t io of these UO2 prepara t ions after s tor ing at 
a tmospher ic t e m p e r a t u r e for m o r e than 3 weeks . The average ra te of change in the 
oxygen-to-urani t im ra t io during s to rage i n c r e a s e s with decreas ing ni t rogen content for 
all methods of UO3 p r e p a r a t i o n , as shown in F i g u r e 3, However , the magnitude of the 
change in oxygen- to-uranium ra t io is g r e a t e r for UO2 m a d e f rom amorphous UO3 than 
for UO2 made from crys ta l l ine UO3 of the s a m e ni t rogen content. Thus , it s e ems that 
the react iv i ty of UO2 during s to rage is affected by both s t r u c t u r e and composit ion of the 
UO3. 

Since the reac t iv i ty of UO2 is influenced to a g rea t extent by the ni t rogen content 
for a given UO^ s t r u c t u r e , the effect of n i t rogen removal f rom UO3 on the reac t iv i ty of 
UO2 was invest igated. The wa te r - so lub le n i t r a t es in UO3 were leached out , as d e ­
sc r ibed in the previous sec t ion , before reduct ion to UO2. The UO2 reac t iv i t ies for 
leached and unleached UO3 samples a r e given in Table 4. Except for two s a m p l e s , the 
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TABLE 2, COMPARISON OF NITROGEN CONTENT OF UO3 PREPARATIONS 
BEFORE AND AFTER WATER LEACHING AND HYDRATING 

Type of UO3 

Nitrogen Content, w/o 

Original P r e p a r a t i o n After Leaching(a) After Hydrating(a) 

Amorphous 
Amorphous 
Amorphous 
Amorphous 

0.24 
0.032 
0. 13 
0.01 
0.24 
0. 104 
0. 101 
0.098 
0.058 
0. I l l 
0.085 
0. 103 
0.093 

. 005 

. 005 

. 0 0 5 

. 0 0 5 

. 005 

. 0 0 5 

. 005 

. 005 

. 0 4 8 

. 0 3 8 

. 0 3 7 

. 0 2 7 

. 030 

. 0 3 7 

. 0 4 1 

.039 

(a) The water of hydration was removed by drying at 300 C, This second heating of the samples reduces the nitrogen as shown 
in the last column. 



TABLE 3. CHANGE IN OXYGEN-TO-URANIUM RATIO OF UO2 COMPARED WITH THE 
METHOD OF PREPARATION AND NITROGEN CONTENT OF UO, 

U O 3 

P r e p a r a t i o n 
Method 

Deni t ra t ion 
T e m p e r a t u r e , C Type 

Oxygen- to -Uran ium Ratio of UO2 Rate of 
Nitrogen Storage Reoxidation 
Content , In After 

w/o 1 Day X Days 
ime. 
ays 

21 
21 
47 
21 
23 
22 
20 
19 
21 
21 
28 
28 
28 
27 
27 
27 
22 
22 
21 
21 
21 

m O/U Per 
Day 10^ 

3.8 
1.4 
2. 7 
4. 2 

6. 2 
8.6 
7. 7 

1. 1 
4.6 
7. 2 
0. 36 
0. 39 
0. 18 
0. 59 
0. 26 
0.85 
0.23 

1.0 
0.85 

0. 67 
2.7 

Belt amorphous 
Belt amorphous 
Belt amorphous 
Belt amorphous 
Vacuum amorphous 
Vacuum amorphous 
Vacuum amorphous 
Vacuum amorphous 
Vacuum amorphous 
Vacuum amorphous 
Pot 
Po t 
Po t 
Pot 
Po t 
Pot 
Pot 
Pot 
Pot 
Po t 
Po t 
Po t 

350 
400 
425 
450 
250 
350 
450 
300 
300 
400 
200 
250 
300 
350 
400 
450 
250 
300 
350 
400 
425 
425 

Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 

III 
III 
III 
III 
III 
III 
III 
III 
III 
III 
II 
I 

0, 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

24 
064 
,032 

,02 
--
--
002 
,57 
, 13 
01 
24 
, 12 
104 
101 
098 
,058 
111 
085 
103 
093 
--

2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 

259 
108 
128 
09 3 
166 
181 
203 
155 
166 
183 
037 
036 
039 
031 
041 
049 
045 
054 
037 
036 
069 
146 

2. 341 
2 . 137 
2 . 2 5 4 
2 . 185 
2 . 323 
2 . 327 
2 . 357 
2 . 175 
2 . 263 
2 . 3 3 5 
2 . 0 4 7 
2 . 0 4 7 
2 . 0 4 4 
2 . 0 4 7 
2 . 0 4 8 
2 . 0 7 2 
2 . 0 5 0 
2 . 0 7 6 
2 . 0 5 5 
2 . 0 5 0 
2 . 125 

00 
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TABLE 4. EFFECT OF WATER LEACHING OF UO3 ON REACTIVITY OF UO2 

Original Denitrat ion 
UO3 Type T e m p e r a t u r e , C 

Vacuum amorphous 250 
Vacuum amorphous 300 
Vacuunn amorphous 300 
Vacuum amorphous 400 
Belt amorphous 350 
Belt amorphous 425 
MCW, m(b) 
MCW, IIl(^) 
MCW, IIl(t>) 
MCW, IIl(t>) 
MCW, IIl(t>) 
III 300 
III 350 
III 400 
III 450 

(a) The leached samples of UO3 were dried at 300 C 
(b) Mallinckrodt Chemical Works produced UO3, 

UO2 M a d e F r o m O r i g i n a l UO3 
O x y g e n - t o - R a t e of 

U r a n i u m R a t i o 
In 

1 Day 

2 . 1 6 6 
2 . 1 5 5 
2. 166 
2. 183 
2 . 2 5 9 
2 . 128 
2 . 0 4 7 
2 . 0 3 7 
2 . 0 5 6 
2 . 0 4 2 
2 . 0 4 7 
2 . 0 3 9 
2 . 0 3 1 
2 . 0 4 1 
2 . 0 4 9 

Af te r 
X Days 

2 . 3 2 3 
2. 175 
2 . 2 6 3 
2 . 3 3 5 
2 . 3 4 1 
2 . 2 5 4 
2 . 0 7 2 
2 . 0 5 9 
2 . 0 7 5 
2 . 0 8 0 
2 , 0 7 4 
2 . 0 4 4 
2 . 0 4 7 
2 . 0 4 8 
2 . 0 7 2 

S t o r a g e 
T i m e , 
d a y s 

23 
18 
21 
21 
21 
47 
58 
58 
56 
56 
28 
28 
27 
27 
27 

R e o x i d a t i o n 
O / U p e r 
day X 10^ 

6 . 8 
1.1 
4 , 6 
7 . 2 
3 .9 
2 . 7 
0 . 4 3 
0 . 3 8 
0 . 3 4 
0 . 6 8 
0 . 9 6 
0 . 18 
0 . 5 9 
0 . 2 6 
0 . 8 5 

reduction to UO, 

UO2 M a d e F r o m L e a c h e d U 0 3 ( ^ ) 
O x y g e n - t o -

U r a n i u m R a t i o 
In 

I D a y 

2 . 1 1 6 
2 . 0 8 9 
2 . 0 9 1 
2 . 0 8 1 
2 . 1 1 3 
2 . 104 
2 . 0 4 8 
2 , 0 7 0 
2 . 0 5 1 
2 , 0 5 1 
2 , 0 4 7 
2 . 0 4 3 
2 . 0 6 1 
2 . 0 5 7 
2 . 0 8 4 

Af te r 
X Days 

2 , 2 3 0 
2. 179 
2 . 2 1 0 
2 . 1 6 6 
2 . 2 2 1 
2 . 2 3 8 
2 . 0 8 5 
2 . 105 
2 . 0 9 4 
2 . 0 7 7 
2 . 0 8 6 
2. 109 
2 . 0 9 1 
2 , 0 7 3 
2. 123 

S t o r a g e 
T i m e , 
d a y s 

21 
45 
21 
21 
21 
21 
48 
48 
21 
21 
28 
21 
21 
21 
21 

R a t e of 
R e o x i d a t i o n , 

O / U p e r 
day x 10^ 

5 . 4 
2 . 0 
5 . 7 
4 . 0 
5 . 6 
6 . 4 
0 . 7 7 
0 . 7 3 
2 . 0 
1.2 
1.45 
3 . 1 
1.5 
1.7 
1.9 



11 

r a t e of change in the oxygen- to-uranium ra t io of the UO2 inc reased as a resu l t of 
leaching. However , leaching hydra tes the UO3, Table 5 p resen t s corresponding data 
on the reac t iv i ty of UO, made f rom hydrated UO3 s a m p l e s , in which leaching was not 
c a r r i e d out. The UO2 reac t iv i ty dec rea sed in all cases of UO2 rnade from amorphous 
UO3 but is i nc reased for the UO2 made from Type III UO3, 

Analyses for res idua l ni t rogen by the Kjeldahl method were made on UO2 samples 
p r e p a r e d from UO3 containing high and low ni t rogen contents . These analyses revealed 
that l e s s than 0.002 w/o ni t rogen was re ta ined through the reduction s tep . 

DISCUSSION OF RESULTS 

The resu l t s of this invest igat ion on the reac t iv i ty of uranium oxides show that 
s t ruc tu ra l and composit ional d i f fe rences , resul t ing from methods of product ion, may be 
inher i ted and m a y influence the act ivi ty of m a t e r i a l s in subsequent p rocess ing s t eps . 
Only a l imi ted amount of study of this phenomenon in relat ion to the hydrofluorination 
and magnes ium-reduc t ion steps of u ran ium production has been done. However , studies 
c a r r i e d out by Barber^'*^ and at Mall inckrodt Chemical Works^^' through the hydro ­
fluorination step show a m a r k e d effect of UO3 s t r u c t u r e upon the hydrofluorination r e ­
act ivi ty of the UO2. 

The p re sen t invest igat ion revea led a m a r k e d difference in reoxidation react ivi ty 
of UO2 which could be re la ted to the p r i o r UO3 s t r u c t u r e , as was exhibited in the hydro ­
fluorination reac t iv i ty t e s t s . In addition to the effect of p r io r s t r u c t u r e , the higher the 
ni t rogen content of the UO3 the lower was the reoxidation react ivi ty of the subsequent 
UO2, even though t h e r e was no evidence for re tent ion of n i t rogen in the UO2 s t r u c t u r e . 
Assuming the Kjeldahl method of analysis is sens i t ive to all the ni trogen re ta ined in the 
UO2 s t r u c t u r e , the effect of ni t rogen in UO3 on the reoxidation react ivi ty of UO^ mus t 
be re la ted to the method of n i t rogen remova l during the reduct ion s t ep . Fundamental 
invest igat ions on the na ture of bonding of impur i ty atoms in the oxides and on the pore 
s t r u c t u r e of UOp made from high- and low-ni t rogen UO3 a r e n e c e s s a r y for a be t te r un­
ders tanding of u ran ium oxide c h e m i s t r y . However , based upon the resu l t s of the p r e s ­
ent invest igat ion, the following conclusions can be drawn concerning nitrogen retention 
in UO3 and the reoxidation reac t iv i ty of subsequent UO2, 

(1) The res idua l ni t rogen content of UO3 depends upon the t ime and t e m p e r ­
a tu re of deni t ra t ion and the uranyl n i t r a te hexahydrate pyrolysis method. 

(2) F o r open-pot pyrolys is m e t h o d s , which resu l t in Type III UO3, the 
res idual ni t rogen content of the oxide d e c r e a s e s rapidly from 200 to 
250 C, does not change apprec iably with t e m p e r a t u r e from 250 to 
400 C, and d e c r e a s e s slowly with t e m p e r a t u r e above 400 C, 

(3) F o r s tepwise (water , then ni t rogen oxide) pyrolys is methods which 
resu l t in amorphous UO3, the res idua l ni t rogen content dec rea se s 
rapidly with t e m p e r a t u r e f rom 300 to 425 C. 

(4) The ni t rogen content of amorphous UO3 is higher than that of Type III 
UO3 for comparable t imes of deni t ra t ion at 300 C, but l e ss at 400 C 
and above. 



TABLE 5. EFFECT OF HYDRATION OF UO3 ON REACTIVITY OF UO2 

Original 
UO3 Type 

125-vacuum 
amorphous 

150-vacuum 
amorphous 

150-vacuum 
amorphous 

150-vacuum 
amorphous 

Belt amorphous 
Belt amorphous 
Belt amorphous 
Belt amorphous 
III 
III 
III 
III 
III 
III 
III 
III 

Denitrat ion 
T e m p e r a t u r e , C 

250 

300 

300 

400 

350 
400 
425 
450 
200 
250 
300 
300 
350 
400 
400 
450 

UO2 Made F 
Oxygen- to-

Uranium Ratio 
In 

1 Day 

2.166 

2. 155 

2. 166 

2. 183 

2.259 
2. 108 
2. 128 
2.093 
2.037 
2.045 
2.039 
2.054 
2.037 
2.041 
2.036 
2.049 

After 
X Days 

2.323 

2. 175 

2.263 

2.335 

2,341 
2. 137 
2.254 
2.185 
2.047 
2.052 
2.044 
2.076 
2.055 
2.048 
2.050 
2.072 

rom Ori 

Storage 
T i m e , 
days 

23 

18 

21 

21 

21 
21 
47 
22 
28 
30 
28 
22 
21 
27 
21 
27 

ginal UO3 
Rate of 

Reoxidation, 
O/U per 
day X 10^ 

6 . 8 

1.1 

4 . 6 

7 . 2 

3 .9 
1.4 
2 . 7 
4 . 2 
0.36 
0 .23 
0. 18 
1.0 
0.85 
0.26 
0.66 
0.85 

UO2 Made F r o m Hydrated U03(^) 
Oxygen- to-

Uranium Ratio 
In 

1 Day 

2.088 

2.072 

2. 102 

2.083 

2.098 
2.090 
2.094 
2.081 
2.048 
2.053 
2.048 
2.049 
2.053 
2.052 
2.046 
2.039 

After 
X Days 

2. 147 

2. 116 

2. 118 

2. 115 

2. 133 
2. 105 
2. 121 
2.098 
2.086 
2. 101 
2.065 
2.080 
2.081 
2.090 
2. 101 
2.080 

Storage 
T i m e , 
days 

56 

56 

57 

57 

57 
57 
58 
57 
21 
21 
21 
21 
21 
21 
21 
21 

Rate of 
Reoxidation, 

O/U pe r 
day x 103 

1.05 

0.79 

0 .28 

0.56 

0. 61 
0.26 
0.46 
0.30 
1.8 
2 . 3 
0 . 8 
1.5 
1.3 
1.8 
2 . 6 
1.9 

t̂  

(a) The hydrated UO3 samples were dried at 300 C before reduction to UO2. 
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(5) The reac t iv i ty of UO3 towards hydrat ion i nc rea se s with increas ing 
ni trogen content. F o r a given ni t rogen content , amorphous UO3 has 
a higher hydrat ion react ivi ty than crys ta l l ine Type III UO3. 

(6) The change in the oxygen- to-uran ium ra t io of U O T on exposure to a i r 
(measured after the f i r s t day) va r i e s inve r se ly with ni trogen content 
of UO3. 

(7) The act ivi ty of UO2 m a y be i n c r e a s e d by leaching o r hydrating 
c rys ta l l ine Type III UO3 or by leaching amorphous UO3, but is 
dec r ea sed by hydrat ion and dehydrat ion of amorphous UO3 pr io r 
to reduct ion. 
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