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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. 
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DISTRIBUTION OF IMPTTPITTES IN STEP I I 

I . INTRODUCTION 

When uraniuTT' i s p u r i f i e d by t h e e t h e r e x t r a c t i o n method^ b l a c k o x i d e i s 
d i s s o l v e d i n n i t r i c a c i d and -e ther i s a d d e d ; an e t h e r l a y e r c o n t a i n i n g 
u r an ium and an equtouE l a y e r c o n t a i n i n g uran ium and i m p u r i t i e s a r e o b t a i n e d . 
Hie d i s t r i b u t i o n o f some i m p u r i t i e s be tween t h e two p h a s e s and t h e e f f e c t o f 
s u c h i m p u r i t i e s on t h e e x t r a c t i o n p r o c e s s were s t u d i e d . 

II. DISCUSSION 

The p r o c e s s i n g r e q u i r e d i n t h e p r e p a r a t i o n o f p u r e u r a n y l n i t r - a t e m i g h t 
be d e c r e a s e d i f , i n s t e a d o f u r a n o s i c o x i d e , sodium d i u r a n a t e were u sed as a 
s o u r c e o f u r a n i u m . I f i t i s assxaned t h a t u ranosLc o x i d e c o n t a i n s t h e same 
amounts o f i m p u r i t i e s a s sodium d i u r a n a t e , w i t h t h e e x c e p t i o n of c o d a , t h e 
e x t r a c t i o n o f soda by t h e wash o f an e t h e r s o l u t i o n o f n i t r a t e p r e p a r e d 
from d i u r a n a t e would be t h e c r i t e r i o n o f s u i t a b i l i t y o f sodium d i u r a n a t e . 
The d i s t r i b u t i o n and e f f e c t of sodium i n t h e ex t - ^ac t i on p r o c e s s were t h e r e 
f o r e i n v e s t i g a t e d , and t h e r e s u l t s a r e d e s c r i b e d xn t h i s repor+-. 

For v a r i o u s of t h e i m p u r i t i e s , t h e d i s t r i b u t i o n i n t h e p r o c e s s and 
t h e e f f e c t on uran ium h o l d u p i n t h e i n s o l u b l e cake w^re i n v e s t i g a t e d . 
P a r t i c u l a r a t t e n t i o n was g i v e n to t h e b e h a v i o r o f boron^ vanadium, 
chromium, and molybdenum, 

I I I . EXPERIMENTAL 

S t a r t i n g w i t h a sodium d i u r a n t e c o n t a i n i n g 10^ NagO and 85^ UsOg, a 
s o l u t i o n was made by d i s s o l v i n g i n n i t r i c a c i d and e v a p o r a t i n g to t h e 
h e x a h y d r a t e , A s a t u r a t e d s o l u t i o n o f t h e r e s u l t i n g s o l i d i n eihher was 
washed s e v e r a l t imes w i t h d i s t i l l e d w a t e r ( i n t h e p r o p o r t i o n 150 c o , 
e t h e r l a y e r t o 5 c c , w a t e r ) . A n a l y s i s o f t h e e t h e r l a y e r showed t h e NagO 
c o n t e n t t o be , 0 5 ^ ( b a s e d on UgOg), This amount of sodium was v e r y s o l u b l e 
i n e t h e r and could n o t b e removed by w a s h i n g . S i n c e t h e sodium c o u l d have 
been h e l d up by o r g a n i c m a t t e r , from t h e wood t a n k s used i n p r e v i o u s p r o 
c e s s i n g , t h r e e runs were made u s i n g u n t r e a t e d and c a l c i n e d sodium d i u r a n a t e 
and a s y n t h e t i c m i x t u r e of NaNOg and u r a n y l n i t r a t e . These were t h e n 
t r e a t e d a s i n t h e p r e v i o u s r u n . The f o l l o w i n g t a b l e g i v e s t h e c o n t e n t o f 
NagO i n u r a n y l n i t r a t e o b t a i n e d from t h e e t h e r l a y e r a f t e r v a r i o u s d e g r e e s 
of p u r i f i c a t i o n . 
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I t can be concluded that some impurity in the sodium diuranate prevents 
complete removal of sodiimi with the limited number of washes which can be 
used in the washing s tep . If th is contamination of 20 to 30 ppm, of soda 
( in a 53^ uranium material) is above specification for soda, i t would be 
necessary to calcine the sodium diuranate before dissolving in n i t r i c acid. 

Several small scale ether extractions were made in the Proving Labo'ra-
tary with mixtures of uranyl n i t r a t e hexahydrate and sodiimi n i t r a t e , cor
responding to the sodium-uranium ra t ios in various grades of orange and 
yellow va r i e t i e s of sodi\am diuranate. No diff icul ty was experienced with 
diuranates containing up to 10^ NagO, However, some solid sodium n i t r a t e 
remained when higher soda types were used. The n i t r a t e crysta ls adhered to 
the walls of the vessel and interfered with the separation and washing of the 
ether layer, . 

Since the purif icat ion t f uranyl n i t r a t e depends on the extraction of 
impurities from an ethereal solut ion of uranyl n i t r a t e , i t i s essent ia l 
tha t the impurities be insoluble in ether or have a d i s t r ibu t ion coefficient 
higher than uranyl n i t r a t e . The purif icat ion was studied with par t icular 
reference to boron, vanadium, chromium, and molybdenum, because they might 
be introduced by theequipnent or o r e . Both vanadium and chromium had very 
high d is t r ibu t ion coeff icients , since none could be found in the ether layer 
when 1% (based on uranyl n i t r a t e ) was added. Attempts to determine the 
numerical value of the d i s t r ibu t ion coefficient of boron were unsuccessful, 
but i t appears that boron has a higher d is t r ibut ion coefficient than uranium, 
and can, therefore, be extracted by.water washes. When sodium molybdate 
equivalent to 1% of the uranium present was added to a saturated ether layer, 
i t was not possible to remove a l l the molybdenum by washing the ether layer 
with water, but i t was possible when a concentrated uranyl n i t r a t e solution 
was used instead of water. However, when uranium compounds containing 1% 
molybdenum were carried through the processing steps which are used in the 
Ceramics Plant and f ina l ly converted to uranyl n i t r a t e , w^hich was then dis
solved in ether, the molybdenum was removed from the ether layer by several 
washes with water. The difference is due to the f i l t r a t i o n of the uranyl 
n i t r a t e hexahydrate j u s t before ether pur i f icat ion. An insoluble uranyl 
molybdate is formed which is f i l t e r ed off, thus removing the bulk of the 
molybdenum^ 

When black oxide is dissolved in n i t r i c acid, varying amounts of uranium 
are retained in the n i t r i c aqid-insoluble portion. A corre la t ion between the 
uranium holdup and assay of the black oxide was noted, lb check which impuri
t i e s cause th is holdupj, several black oxides were prepared by calcining am
monium diuranate, which had been precipi tated from a solution containing 
uranyl n i t r a t e and the impurity to be studied. The blacks were dissolved 
in n i t r i c acid according to the procedure used in the Ceramics Plant, and 
the solution f i l t e r ed . The following table gives a corre la t ion of data and 
calculations : 

/ f p 
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I m p u r i t y 

FegOs 
SiOg 
WO3 
P2O5 
M0O3 
SbgOs 
TeOg 
V2O5 

Compos i t ion of Black P e r c e n t Fo'.dup i n Cake UrjOg '̂ ^ ' i p a r i t y 

U3OH 

87.4^ 
93^6 
94cG 
93 0 
93 6 
95 .8 

I m p u r i t y U3O8 

2,62% 
4 , 5 1 
4 . 6 2 
•5, 01 
4„95 
3-''.7 
3 .02 
3 . 0 1 

0.16^0 
0 . 3 4 
1,49 

1 5 . 9 
5 . 5 
6 .24 
.6 .35 
4 . 9 

I m p u r i t y 

44 „ 6% 
9 7 . 5 
9^. 2 
4 7 , 4 

J 00 
"00 
iOO 

0 , 0 : 
0 0. 
0 o. 
6.3 
i A 
1.7 
i „8 
1 5 

Calcium, a r s en i c and boron were a l so t r i e d bUv- ti.'v'e no i n s o l u b i s cake . 

The rabioh of uranium to impur i t i e s i n t,hc ^In^^jubie cakes i n d i c a t e t h a t 
phosphorus "aas^s ttie g r e a t e s t holdup of uraaiu.T, and, tnc re t>r?^ is t^e 
impuri ty which should be held to the lowest l-ixfoS Lo pi-e7ent ex-ce-.'- u-anium 
r e t e n t i o n in the a c i d - i n s o l u b l e cake, . 

IV. .VlMMAPr 

Sodium d i -u rana t e was succes s fu l l y pu r i f i ed n^ the echer e x . ^ a c t i o n pro
c e s s . High concent ra t ions of sodium caused mechanical dif^' icultT es th^oujh 
the p r e c i p i t a t i o n of sodium n i t r a t e i n the water layer- Proces i ing and ejv 
t r a c t i o n of the sodium s a l t s , as produced in the proces ' for t n s t rea tment cT 
domestic o r e s , was not s u c c e s s f u l , because the sodinin "vas not completely re
moved in the e ther e x t r a c t i o n . This was apparenrly cue to the formation of 
o rgan ic s a l t s . 

A number of impur i t i e s were t e s t e d for t h e i r e^'fec": on urenium holdup^ 
I t was e s t a b l i s h e d t h a t the presence of P2C^ in the ai'anium oxide led to un
u s u a l l y high uranium l o s s e s . 

UHCb 
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