
UNCLASSIFIED 

UNCLASSIFIED 

Subject Category: CHEMISTRY 

UNITED STATES ATOMIC ENERGY COMMISSION 

URANIUM RECOVERY FROM COMPOSITE 
UF4 REDUCTION BOMB WASTES 

BY 
E. R. Johnson 
R. L. Doyle 
J* R. Coleman 
A. B. Kreuzmann 
E. 0. Rutenkroger 
W* H. Malotte 

January 28, 1954 

National Lead Company of Ohio 
Cincinnati, Ohio 

Technica l  I n f o r m a t i o n  Service, O a k  Ridgm, Tennessee 



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. 



-1- 
Date Declassified: August 18, 1954. 

This report was prepared as a scientific account of Govern- 

ment-sponsored work and i s  made available without review or 
examination by the Government, Neither the United States, rlo~ 
the Commission, nor any person acting on behalf of the Cammis- 
sion makes any warranty or representation, express or imptied, 
with respect to the accuracy, completeness, or usefulness of the 
information contained in this report, or that the use of any infor- 

mation, apparatus, method, or process disclosed in this report may 
not infringe privately owned rights. The Commission assumes no 
liability with respect to the use of, or for damages resulting wlth 

respect to the use of any information, apparatus, method, or proc- 

ess disclosed in this report. 

This report has been reproduced directly frm the beat 
available copy. 

Issuance of this  document does not constitute authority 
for declassification of olassified material of the same or 
slmilar content and t i t l e  by the same authors. 

Printed in USA, Price 35 cents. Available A.om the 
O f f  i ce  of Technical Services, Ik-t of Wmn3rcs, Wash- 
ington 25, D. C. 



Page 1-2 

URANIUM RECOVERY ' .. 

FROM 

COMPOSITE UF4 REDUCTION BOMB WASTES 

by 

E. R .  Johnson '. 
R e  L. Doyle 
J. R. Coleman 
A. B. Kreuzmann 
E. 0. Rutenkroger. 
W. H. Malotte 

TECHNICAL DIVISION 

NATIONAL LEaD COMPANY OF O H I O  

January 28, 1954 

Approvcd: Approved : 

Technical Di rec to r  . I Chemical ~ e p a r t m b n t  - 

National Lead Company o f  Ohio 
Cinc inna t i  Ohio 

Contract  No. AT[ 30-1) -1156 



Page 3 

URANIUM RECOVERY FROM COMPOSITE UF4 REDUCTION BOMB WASTES 

1 .0  ABSTRACT 

A number of techniques have been inves t iga ted  on 
a  labora tory-sca le  f o r  s e p a r a t i n g  uranium f rom'  
f l u o r i d e s  during t h e  recovery of uranium from 
U . 4  reduct ion  bomb wastes (C-oxide)  by an H C 1  
l each  - NHJ+OH p r e c i p i t a t i o n  process .  Among t h e s e  
a r e  included adsorpt ion  of f l u o r i d e s  from f i l t e r e d  
l each  l i q u o r s ,  f r a c t i o n a l  p r e c i p i t a t i o n  of f l u o -  
r i d e s  and uranium, complexing of f l u o r i d e s  i n t o  
forms so lub le  i n  s l i g h t l y  a c i d  s o l u t i o n s ,  and 
f l u o r i d e  v o l a t i l i z a t i o n  from t h e  uranium concen- 
t r a t e .  

S o l u b i l i t y  s t u d i e s  of CaF and MgF i n  aqueous 
hydrochloric  ac id  a t  var igus  a c i d i g i e s  and temper- 
a t u r e s  were a l s o  conducted. 

A d e s c r f p t l o n  of t h e  product ion-scale  process ing  
of C-oxide i n  t h e  FMPC sc rap  p l a n t  has been in -  
cluded. 

1 
- . j  
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INTRODUCTION 

The processes  involved i n  t h e  r e f i n i n g  of uranium metal  
produce c e r t a i n  q u a n t i t i e s  of waste m a t e r i a l s  t h a t  con- 
t a i n  s u f f  9cien.t uranium values t o  warrant  t h e i r  recovery.  
About 85 pe r  cent  of such s c r a p  i s  made up of bomb s l a g s  
and l i n e r s  from UF reduct ion  bombs (c-oxide).  The r e -  f maining sc rap  cons sts of varying q u a n t i t i e s  of dust-col-  
l e c t o r  res fdues ,  f l o o r  sweepings, sump cakes, e t c .  

- The FMPC scrap '  p l a n t  was desf gned by C a t a l y t i c  Construct ion 
Company f o r  t h e  purpose of handling t h e s e  waste m a t e r i a l s .  
This  p a r t i c u l a r  process was chos n on the  b a s i s  of work 
done by t h e  Kel lex c o r p o r a t i o n ( l  T . These i n v e s t i g a t o r s  
had s t u d i e d  a number of poss ib le  methods, including: 

(1) Mineral a c i d  leaches  i n  t h e  presence of an 
oxidant ,  followed by p r e c i , p i t a t  i,on of t h e  
uranl*xn values usSng: 

ammoni.m hydroxide 
hydrogen peroxlde 
ammonium phosphate 

. A l k a l i  carbonate leaches .  
' Solvent  e x t r a c t i o n  wfth TBP. 

Ion exchange. 

They concluded t h a t ,  from both process ing  and economic 
s tandpoints ,  a hydrochloric  ac id  l each  i n  t h e  presence 
of an oxidant ,  followed by ammonium hydroxide p r e c i p i -  
t a t i o n ,  was t h e  most s a t i s f a c t o r y  method. 

However, t h e  experience of the  V i t r o  Manufacturing Company, 
which employed a s i m i l a r  process  f o r  bomb wastes on a p i l o t -  
p l a n t  s c a l e ,  has ind ica ted  t h a t  apprec iable  amount8 of f l u o -  
r i d e s  origi 'natfng from t h e  bomb . s l a g  contaminate t h e  f f n a l  
b lack  oxide product.  

I n  view of t h i s  and t h e  co r ros ion  t h a t  might be experienced 
i n  subsequent r e f i n i n g  s t e p s  i f  f l u o r i d e  were above a g e c i f i -  
ca t ton ,  ali l r lves t iga t fon  was i n i t i a t e d  a t  t h e  FMPC labora-  
t o r y  t o  determine t h e  e x t e n t  of f l u o r i d e  contamination i n  
t h e  black oxide product and techniques by which contamination 
might be e l iminated  o r  diminished, 
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3.0 LABORATORY OPERATIONS 

3.1 Plant-Simulated T r i a l s  
0 

A number of t r i a l s  s imula t ing  the  FMPC sc rap  r e -  
covery process  ( 2  were made i n  t h e  l abora to ry  us ing  
Mall inckrodt  (MCU 1 C-oxide a s  sc rag  feed  mate r i a l .  
This  m a t e r i a l  was ca lc ined  a t  1500 F  f o r  one hour, - 
pulver ized  t o  minus 100 mesh, and d iges ted  i n  30 
p e r  cent  HC1.  The apparatus  used f o r  t h i s  work is  
shown i n  Figures  3.1-1 and 3.1-2, The d i p s t  l i q u o r  - 
obtained was filtered and t h e  r e s ldue  waohcd wi th  
water  a t  room temperature.  The r a t 1 0  of t t ~ e  volume 
of wash water  t o  the  volume of o r i g i n a l  l i q u o r  was 
approximately 1 ~ 5 .  Typical examples of the  analyses  
of t h e  ac id- insoluble  res idues  and f i l t e r e d  leach  
l i q u o r s  obtained a r e  shown i n  Table 3.1-1. It was 
observed t h a t  about 45 per  cent  of t h e  m a t e r i a l  
leached i n  t h f s  manner remained on t h e  f i l t e r  as 
t h e  r e s i d u e .  Pre l iminary  t r i a l s  ind ica ted  t h a t  
s a t i s f a c t o r y  uranium recovery  was not obtained when 
t h e  temperature of the  d i g e s t i o n  was allowed t o  
f a l l  below 8 0 0 ~  f o r  an  apprec iable  l eng th  of time. 

P r e c i p i t a t i o n  of uranium from f i l t e r e d  leach  l i q u o r s  
was c a r r i e d  out a t  pH 6 & 2  using 28 per  cent  NH OH. 
This was done on a  continuous b a s i s  ( ~ i g .  3.1-3) a t  
about 1 6 0 ° ~ ,  us ing  flows and condi t ions  s i m i l a r  t o  
those proposed f o r  p l a n t  use.  The d iuranate  s l u r r y  
thus  produced was held f o r  a maximum of two hours 
a t  1600F p r i o r  t o  f i l t r a t i o n ,  Af ter  f i l t e r i n g ,  t h e  
cake was washed w i t h  water ( a t  t h e  same temperature),  
us ing  a wash t o  s l u r r y  r a t i o  of about 1 ~ 5 .  The cake 
( ~ i g *  3.1-4) was then  d r i e d  a t  2 3 0 ~ ~ .  

C o n v e ~ s i o n  of t h e  diura.natc cake t o  b lack  oxide was 
e f f e c t e d  by c a l c i n a t i o n  a t  1500°F f o r  one hour 
(Fig .  3.1-5). Typical analyses  of t h e  d r i e d  d i -  
u ~ a n a t e  cake, t h e  d iu rana te  f i l t r a t e ,  and t h e  f i n a l  - 
uranium concent ra te  a r e  given i n  Table 3.1-2. 

From the  d a t a  shown i n  t h e  t a b l e s ,  it uan be seen  tha t '  - 
t h e  uranium concent ra t ion  i n  t h e  ac id- insoluble  r e -  
s idue  d i d  not exceed 0.05 per  cent  and t h e  uranium 
concent ra t ion  i n  the  dfuranate  f i l t r a t e  d i d  not  ex- 
ceed 0.001 g/l - both of which a r e  t o l e r a b l e  f o r  
-.discard m a t e r i a l s ,  However, the  f l u o r i d e  concent ra t ion  
was found t o  vary,  
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Examination of t h e  da ta  obtained from t h e  analyses  
of t h e  uranium concent ra te   a able 3.1-2) showed a 
d e f i n i t e  c o r r e l a t i o n  between the  magnesium and 
f l u o r i d e  c.oncentrations,  but none was apparent be- 
twe'en f l u o r i d e ,  uranium,, and calcium. T h i s  seemed 
t o  i n d i c a t e  t h a t  t h e  ma jo r i ty  of the f l u o r i d e  was 
present  a s  MgF? T h e  displacement of t h e  exper i -  
mental curve from t h e  t h e o r e t i c a l  M g F g  curve ( ~ i g .  
3.1-6).can be explained by t h e  presence of o t h e r  
inso lub le  magnesium compounds (probably inc luding  
MgO 

F luc tua t ions  i n  t h e  f l u o r i d e  content  of t h e  uran- 
i u m  concent ra te  could have been a r e s u l t  of us ing  a 
heterogeneous s c r a p  m a t e r i a l  f o r  these  experiments.  
A high f l u o r i d e  s o l u b i l i t y  i n  t h e  leaching  s t e p  
would be expected i f  t h e  soluble-calcium content  of 
such l i q u o r s  were small ,  s i n c e  magnesium f l u o r i d e  
i s  cons iderably  more so lub le  than  calcium f l u o r i d e  
under these  condi t ions .  



T r i a l  
No, 

8 - 

TABLE 1.1-1 

ANALYSES OF STREAMS FROM LABORATORY SCRAP RECOVERY MPWIMENTS 
. a. 

Acid I m c l u b l e  Residue ($1 F i l t e r e d  Leach Liaucr ( d l )  
F U - - ~a ,& U - .  F - Ek Ca 

Scrap used - MCY C - ~ x i d e  



Dried 
Diuranat e 
Cake ($1 
L F 

piwanate Filtrate w l )  
u .  - F - Ca u 

Black Oxide ($1 
& F  Ca w 
37.9 13.4 1.12 18.52 

32.5 13.8 1.00 16.40 

74.0 0.08 1.02 0.60 

53-3 7.05 1.84 10.52 

52.3 5.54 Sample los t  

70.8 0.05 0.88 1.32 

Scrap used - MCW C-oxide 



FIGURE 3-1-1 PRELIMINARY GA&INATION OF SCRAP MATERIAL 





FIGURE 3.1-3 LABORATORY CONTINUOUS PRECIPITATOR 



' FIGURE 3,l-4 DIURANATE CAKE FROM PREGlPlTATlON OF C-OXIDE ' LEACH LIQUORS 
k ,  A - .  L ' > . ,  , *.-,< . - ,  -. 



4 4  '54 
FIGURE 3.1-5 :ALCINATION OF AMMONIUM DIURANATE CAKE 
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F L U O R I D E  CONCENTRATION A S  A F U N C T I O N  OF 
MAGNESI~  CONTENT I N  B W M  O X I D E  OBTAINED 

FROM P R O C E S S I N G  MCW C -OXIDE F O R  URANIUM 

M a g n e s i u m  C o n c e n t r a t i o n  ($) 
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3.2 F luor ide  S o l u b i l i t y  

3.21 S o l u b i i l t ~  of CaF2 and MgF2 i n  aaueous 
hydrochloric  a c i d  

A s e r i e s  of determinat ions of the  s o l u b i l i t i e s  
of commercial CaF2 and MgF2 i n  aqueous so lu -  
t i o n s .  of hydrochloric  a c i d  were made i n  t h e  
l abora to ry .  Sa tu ra ted  s o l u t i o n s  of each r e -  
agent  .(pH 0.5) were prepared a t  25 '~.  The pH 
of t h e s e  s o l u t i o n s  was increased s tepwise 
from pH 0.5 t o  8.0 us ing  ammonium hydroxide. 
A t  eac,h step, the  s o l l ~ t l n n  w a s  allowed ts s t and  
i n  con tac t  w i t h  t h e  s o l i d  reagent  f o r  s e v e r a l  
hours p r i o r  t o  t h e  d e t e r m a a t i o n  of s o l u b l e  

. . f l u o r i d e s ,  The r e s u l t s  of t h e  analyses  i n -  
d i c a t e d  t h a t  t h e r e  was a  marked decrease i n  
t h e  s o l u b i l i t y  of CaF2 between pH 2.0 and 3.0 
and i n  the  s o l u b i l . i t y  of MgF2 between pH 4.0 
and 5.0 (~ig. 3.2-1, 3,2-2). 

A s tudy  was made of t h e  e f f e c t  of temperature 
on the  s o l u b i l i t y  of CaF and MgF i n  aqueous 
H C 1  (pH 0  5 ) .  Samples 05 cornrnercPa1 CaFZ and 
MgF2 were allowed t o  remain i n  contac t  wlth 
HC1 f o r  seven h0ur.s a t  2T0c, 420C, 5 5 ' ~ ~  7o0c,. 
and gu0C.. The s o l u t i o n s .  were then  f i l t e r e d  
and .analyzed f o r  f l u o r i d e .  

From t h e  r e s u l t s  of t h i s  s tudy  ( ~ i g u r e  3.2-3) 
it was found t h a t . a n  inc rease  i n  temperature 
markedly increased t h e  s o l u b i l i t y  of both 
calcium and magnesium f l u o r i d e s  . However, t h i s  
e f f e c t  was more pronounced on t h e  s o l u b i l i t y  
o f  MgF2 than  it. was on CaF2 i n .  t h e  range s tudied .  

3.22 The e f f e c t  of bomb waste c o m ~ o n e n t s  on M e 2  
s o l u b i l i t s  

I n  o rde r  t o .  determine the  .mechanisms i~rro1,ved 
i.n the  p r e c i p i t a t i o n  of uranium. from f . i l t e r e d  

.' l each  l i q u o r s ,  a  s e r i e s  of experiments was 
conducte-d i n  the  l a b o r a t o r y  us ing  s y n t h e t i c  
l.each ~ o l u t i o n s .  Hydrochloric a c i d  s o l u t i o n s  
of M a 2  ( p ~  0 .5) ,  conta in ing  uar4ylng  amounts 
of calcium and uranium were subjec ted  t o  s tage-  
wise n e u t r a l i z a t i o n ,  us lng  28 per  cent  NH OH, 
between pH 0.5 and 8.0. The s o l u b i l i t y  o# t h e  
f l u o r i d e s  was. determined a t  each s t a g e .  .The. 
r e s u l t s  a r e  shown I n  Table .3.2-1. 

. . . . 
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By comparing t h e  r e s u l t s  of t r i a l s  1 and 2, it 
was found t h a t  the  MgF2 s l a g  from bomb reduc- 
t i o n s  was considerably l e s s  so lub le  i n  aqueous 
H C 1  than  the  commercial MgF ( p r e c i p i t a t e d ) .  
From t h e  r e s u l t s  of t r i a l s  3 t o  5, it appeared 
t h a t  t h e  presence of calcium i n  the  s o l u t i o n  
markedly decreased t h e  s o l u b i l i t y  of MgF 
i n  aqueous HC1.  Even a t  pH 8.0, 0.3 t o  8 .4  
g/l f l u o r i d e  r e  a ined i n  t h e  s o l u t i o n  i n  t h e  
absence of ~ a f  7 ions .  The presence of calcium 
ions  i n  s o l u t i o n s  of f l u o r i d e s  der ived from 
commercial MgF2 appeared t o  cause the f l u o r i d e s  

e c i p i t a t e  a t  lower pH values than  when no 
was p resen t ,  The presence of uranyl  ions  

appeared t o  decrease t h e  s o l u b i l i t y  of f l u o -  
r i d e s  both i n  the  presence and i n  t h e  absence 
of ~ a f f  ions ,  However, t h i s  s o l u b i l i t y  d i s -  
appeared when t h e  pH of t h e  s o l u t i o n  was g r e a t e r  
than pH 5.0. 

3.23 F luor ide  s o l u b i l i t y  i n  f i l t e r e d  C-oxide l each  
l i q u o r s  

A s e r i e s  of determinat ions of t h e  s o l u b i l i t y  
of f l u o r i d e s  i n  f i l t e r e d  leach  l i q u o r s  was 
conducted a t  var ious  pH's t o  determine t h e  ex- 
t e n t  t o  which the  f l u o r i d e s  p r e c i p i t a t e d  w i t h  
t h e  uranium values  dur ing  t h e  recovery of the  
l a t t e r .  

The pH of f i l t e r e d  L ~ a c h  l i q u o r s ,  having d i f -  
f e r e n t  f l u o r i d e  concent ra t ions ,  was increased 
s tepwise and t h e  f l u o r i d e  s o l u b i l i t y  was ob- 
served.  The l i q u o r  conta in ing  t h e  h igher  
f l u o r i d e  concent ra t ion  showed a  marked decrease 
i n  f l u o r i d e  s o l u b i l i t y  i n  t h e  pH range 2.0 t o  
4.0. The lower concen t ra t ion  l i q u o r  showed a  
s l i g h t  decrease i n  t h i s  range, but i n  e i t h e r  
case,  t h e  f l u o r i d e  s o l u b i l i t y  d i d  not drop be- 
low 0.8 g/l even a  pH 7.0.  These r e s u l t s  a r e  
i l l u s t r a t e d  i n  Figure 3.2-4'. 

Samples of a  f i l t e r e d  l each  l i q u o r  (1000 ml) 
were p r e c i p i t a t e d  wi th  28 .per cent  NH OH a t  
s e v e r a l  d i f f e r e n t  temperatures .  The 8 l u r r i e s  
obtained were f i l t e r e d  and the  r e s i d u e  washed 
wi th  200 :n1 water.  From t h e  analyses  of t h e  
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d r i e d  cake � able 3.2-2), it appeared t h a t  
h igher  p r e c i p i t a t i o n  temperatures  favored the '  
formation of a  d i u r a n a t e . h a v i n g  a  higher  uran- 
ium but  lower f l u o r i d e  content .  This  can pro- 
bably. be a t t r i b u t e d  . to  , t h e  higher  s o l u b i l i t y  
o f ,  t h e  f l u o r i d e s  a t  t h e  higher  temperatures.. 



T r i a l  
L 

TABLE 3b2-1 

THE EFFECT OF THE PRESENCE OF CALCIUM AND 'URAMYL IONS 
ON THE SOLUBILITY OF MgF2 I N  AQUEOUS HC1  AT 2 5 ' ~  

M g F  Calcium U Conc. Soluble  F luor ide  Conc. 1 
use8 conc.(n/ l )  . ( d l )  pH 1 pH 2 pH 1 pH 4 pH 5 pH 6 (F; : DH 8 - . . 

. . 
S l a g  71 - 0.27 0.18 0.12 0.11 .0.11 0.09. 0.02 0.01 

Comm. 71 0.64 O . . l 7  0.47 0.36 0.06 0.03 0.04 0.04 0.04 

. . . ... 

Note: Uranium content  of t h e  s l a g  was n e g l i g i b l e .  



THE EFFECT OF PRECIPITATION TEMPERATURE ON THE FLUORIDE 
CONTENT OF DIURANATE CAKJ3 

Analysis Volume 
Weight Diuranate Diuranate Analysis of Dfuranate 

T r i a l  P r e c i p i t ~ t i o n  Diuranate ;?$; F i l k f a t e  F i l t r a t e  ( d l )  
.No. Ternp.(O~) pJI- Cake ( g )  -- U F a =  

* Gassous ammonia used a s  p r e c i p i t a n t .  
Scrap used - F'MPC p l a n t  pulverized C-oxide. 
Analysis of leach  l iquor :  

Uranium 4.80 g/l  
F luor ide  1.06 g/l 
calcium 21.86 g/l 
Magnesium 27.39 g/l 
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F I G U R E  1.2-1 

S O L U B I L I T Y  OF CALCIUM FLUORIDE I N  AQUEOUS 
HYDROCHLORIC A C I D  SOLUTIONS ( 2 5 O ~ )  ' 
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FIGURE 1*2-2 

SOLUBILITY OF MAGNESIUM FLUORIDE IN AQUEOUS 
HYDROCHLORIC ACID S O L U T I O ~  (25%) 
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FIGURE 3.2-3. 

THE EFFECT .OF TEMPERATURE ON SOLUBILITY OF 
w2 M Q 2  IN AQ.UEOUS ;g. (pH 0.5) 

Temperature (OC ) 
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FIGURE 3.2-4 

SOLUBILITY OF FLUOR IDES IN FILTERED C -OXIDE-HC1 
&EACH LIQUORS AT VARIOUS DH'S 
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3.3 Removal of F luor ides  from FMPC Process Stream 

3.31 Adsorption of f l u o r i d e s  

A number of i n v e s t i g a t o r s  have repor ted  t h a t  
f l u o r i d e s  can be q u a n t i t a t i v e l y  removed from 
water us ing  d i f f e r e n t  adsorbents .  A s e r i e s  
of e x p e ~ i m e n t s  was conducted t o  determine 
t h e  e f f e c t  of such adsorbents  i n  removing 
f l u o ~ i d e s  from f i l t e r e d  leach  l i q u o r s .  

( 1 )  Act ivated Alumina 

Some observers  (3,4,5) have shown t h a t  
a c t i v a t e d  alumina beds have been success-  
f u l  i n  removing t r a c e  q u a n t i t i e s  of f l u o -  
r i d e s  p resen t  i n  water  and t h a t  t h e ,  alum- 
ina  thus  used can be regenerated by 
t reatment  wi th  an 8% NaOH s o l u t i o n .  

Samples of f i l t e r e d  l each  l i q u o r s  were 
s l u r r i e d  wi th  d i f f e r e n t  q u a n t i t i e s  of 
a c t i v a t e d  alumlna. It was found t h a t ,  
al though t h e  f l u o r i d e  ion  was removed 
from t h e  s o l u t i o n ,  concurrent ly  l a r g e  
q u a n t i t i e s  of uranyl  ions  were a l s o  r e -  
moved ( ~ i g  3.3-1). 

( 2 )  Carbon 

Activated carbon was a l s o  used i n  an 
attempt t o  s e l e c t i v e l y  adsorb f l u o r i d e  
Ions from f i l t e r e d  l each  l i q u o r s ;  how- 
ever ,  no f l u o r i d e  adsorpt ion  was de- 
t e c t e d ,  

Since some , i n v e s t i g a t o r s  (6 ,7 )  had - i n -  
d ica ted .  t h a t  t h e  carbon had t o  be pre-  
t r e a t e d  wfth a  sodium hydroxide wash 
followed by an  H C 1  r i n s e ,  a d d i t i o n a l  
adsorpt ion  t r i a l s  were made us ing  t h e  
t r e a t e d  m a t e r i a l  wi th  f i l t e r e d  C-oxide 
l each  l i q u o r s .  E s s e n t i a l l y  no f l u o r i d e  
aduwrp t i o n  wao observed. 

( 3 )  S i l i c a  Q e l  

Allowing f i l t e r e d  l each  l i q u o r s  t o  pass  
s lowly through a  bed of s i l i c a  g e l  a l s o  
failed t o  show a  reduct ion  i n  t h e  f l u o -  
r i d e  content  of t h e  t r e a t e d  l i q u o r .  
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&SORPTION OF FLUORIDES AlVD UR- FROM CLAFtIFIED 
HC1-MCW C-OXIRE DIGEST LIQUORS BY ACIWA!PED ALUMINA 

Alumina Requirements ( d l )  
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3.32 F r a c t i o n a l  ~ r e c i ~ i t a t i o n  

Severa l  a t tempts  were made i n  t h e  l a b o r a t o r y  
t o  sepa ra te  uranium and f l u o r i d e s  by f r a c -  
t i o n a l  p r e c i p i t a t i o n .  Samples of .  f i l t e r e d  
l each  l i q u o r s  were f r a c t i o n a l l y  p r e c i p i t a t e d  
a t  pH 3.5 t o  4-5 ,  and then  a t  pH 6.2. It 
was found t h a t  a  d r i e d  d iusanate  cake con- 
t a i n i n g  l e s s  than  0.5 per  cent  f l u o r i d e  could 
be obtained by t h i s  procedure  a able 3.3-1). 
Appreciable q u a n t i t i e s  of uranium were pre- 
c i p i t a t e d  wi th  t h e  f l u o r i d e  during t h e  f i rs t  
f r a c t i o n a t i o n .  These would have t o  be r e -  
covered by r e c y c l i n g  t h e  f i r s t  p r e c i p i t a t e  
f r a c t i o n  t o  t h e  leaching  s t e p .  

3.33 complex in^ of f l u o r i d e s  

The duPont Company (8) has claimed t o  be 
success fu l  i n  e l imina t ing  f l u o r i d e  contami- 
na t ion  froin peruranic  a c i d  dur ing  the  pre-  
c i p i t a t i o n  of t h e  l a t t e r  from s u l f u r l c  a c i d  
leach  l i q u o r s .  Their  procedure involved t h e  
a d d i t i o n  of aluminum ions  ' fo r  t h e  purpose of 
complexing t h e  f l u o r i d e s .  

An at tempt  was made i n  t h e  l a b o r a t o r y  t o  e f f e c t  
s i m i l a r  r e s u l t s  during t h e  p rec . ip i t a t ion  of 
uranium from hydrochloric  a c i d  l each  l i q u o r s  
by ammonium hydroxide. 

The work of F i n k e l s t e i n  and ~ c h t e r b e r ~  ( 9 )  had 
shown t h a t  t h e  so lub le  A l C l  -AlF3 was formed 9 when aqueous s o l u t i v n s  of a wninwn oh lo r ide  
were heated wi th  s o l i d  CaF2 i n  a c i d  s o l u t i o n .  
Although t h e  f l u o r i d e s  p resen t  ' i n  t h e  f i l t e r e d  
l each  l i q u o r s  were i n  s o l u t i o n ,  it was thought 
t h e r e  was a  p o s s i b i l i t y  t h a t .  a  s i m i l a r  r e -  
a c t i o n  would t ake  p lace .  However, M. H. Merchant 
(10) ind ica ted  t h a t  t h e  f l u o r i d e s  would pre-  
c i p i t a t e  from s o l u t i o n  a s  a l k a l i n e  e a r t h  f l u o -  
r i d e s  o r  a s  fluoaluminate 'complexes i n  t h e  pre-  
sence of aluminum ch lo r fde  around pH 4.0. 

I n  order  t o  determine t h e  e f f e c t  of aluminum 
ch lo r ide  on t h e  s o l u b i l i t y  of f l u o r i d e s  i n  a  
-ziolutf.on of MgF i n  HC1, t h e  s o l u t i o n  was . t r e a t -  
ed wi th  ~ 1 ~ 1 ~ 0 6 6  0 and t h e  pH increased  s tepwise,  
us ing  28 pe r  ceng ammonium hydroxide. It was 

/found t h a t  e s s e n t i a l l y  a l l  of t,he f l u o r i d e  had 
p r e c i p i t a t e d  a t  pH 4.3 but t h a t  t h e  magnesium 
d id  not  s e p a r a t e  u n t i l  pH 5.4  a able 3.3-2) .. 
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The r e s i d u e  obtained from f i l t e r i n g  t h e  
l i q u o r  a t  pH 4.3 was found t o  con ta in  24.2% 
f l u o r i d e  but  only  2.55% magnesium. This  was 
i n  marked c o n t r a s t  wi th  t h e  r e s u l t s  obtainect 
from p r e c i p i t a t i n g  pure M g F 2  s o l u t i o n s  (see-  
t i o n  3.21), where t h e  two ions separa ted  i n  
t h e  s t o i c h i o m e t r i c  r a t i o .  This would seem 
t o  i n d i c a t e  t h a t  t h e  f l u o r i d e  was s e p a r a t i n g  
l a r g e l y  a s  t h e  complex aluminum compound, a s  
was i n d i c a t e d  by Merchant's a r t i c l e ,  

The a d d i t i o n  of aluminum chlar l .de or boslr, 
ac id  t ,o f i l t ered  sorap-loaoh l i q u o r a  a l o o  
f a i l e d  t o  apprec iab ly  increase  t h e  f l u o r i d e  
s o l u b i l i t y  i n  t h e  pH range 0.5 t o  6.0. 
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TABLE 3.3-1 

FRACTIONAL PRECIPITATION OF C-OXIDE LEACH LIQUORS 

F i r s t  Frac t ion  Seco;dFF;;tion in 
T r i a l  Temp. W t .  Cake $ U i n  Temp. 

No. (OC) pH F )  Cake j 0c )  Cake 

Volume Leach l i q u o r  - 1000 m l  
Scrap used - FMPC Plant Pulverized 
Approximate Leach Liquor Analysis: 

Uranium - 4.5 g/l  
Fluoride - 1.0 g/l 



TABLE 1.3 -2 

TIE  EFFECT OF ALUT4INUM CHLORIDE ON THE SOLUEILITY 
OF FLUORIDE AND MAGNESIUM 

IN AQUEOUS HYDROCHLORIC ACID SOLUTIONS OF 

T r f a l  No. OH 

Orig. 
S o l u t i o n  0.5 

Reaction Time 

24 hr 

Analysis of Solubles  ( d l )  
F B 

2 5.4 20 min 0. Oe  0.05 

1 
4 6.4 . 20 mfn 0.04 0,86 

Residue from T r i a l  1' 24.2 - 2.55 

Wt, 'of AlCl '16~ 0 added - 6.6 g/1 of so lu t ion .  3 ..: 5 -  2 

~ e k p e r a t u r e  - 9o0c, 
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3.34 Fluor ide  v o l a t i l i z a t i o n  from d iu rana te  cake 

Severa l  techniques of v o l a t i l i z i n g  t h e  f l u o -  
r i d e s  present  i n  t h e  ammonium d iu rana te  cake 
were inves t iga ted  a s  poss ib le  methods of pro- 
ducing a  low-fluoride uranium concent ra te .  

Ca lc ina t ion  

A s tudy was made of t h e  e f f e c t  of both 
t h e  time and tempe1,ature of c a l c i n a t i o n  
on t h e  v o l a t i l i z a t i o n  of f l u o r i d e s  from 
d iu rana te  cake. Samples of t h e  cake, 
which had been produced i n  t h e  l a b o r a t o r y  
using MCW C-oxide, were exposed t o  temper- 
a t u r e s  from 500° t o  1 5 0 0 ~ ~  f o r  one hour, 
and t h e  f l u o r i d e  concent ra t ions  of t h e  r e -  
s u l t i n g  r e s i d u e s  were determined. It was 
found t h a t  temperatures i n  excess of 1 2 5 0 ' ~  
were necessary t o  e f f e c t  a s u b s t a n t i a l  r e -  
duct ion  i n  the f l u o r i d e  content  of t h e  

b l a c k  oxide formed ( ~ i g .  3.3-2). 

Ca lc ina t ion  of d i u r a n a t e  cakes f o r  pro- 
longed per iods  was a l s o  found ' t o  be 
b e n e f i c i a l  i n  removing f l u o r i d e s  (.Fig. 
3-3-31. 

( 2 )  P a r t i c l e  S i z e  S tud ies  

I n  a s e r i e s  of experiments, samples of 
moist d iu rana te  cake were d r i ed ,  pulver-  
ized,  and s ieved.  The var ious  s i e v e  
f r a c t i o n s  a s  w e l l  a s  some of the .  moist 
cake were. then  sub jec ted  t o  c a l c i n a t i o n  
f o r  one hour a t1500°F .  Resu l t s  of f l u o -  
r i d e  analyses  on t h e  products obtained 
f r o m  t h i s  t rea tment  ind ica ted  t h a t  f l u o -  
r i d e  v o l a t i l i t y  was not s u b s t a n t i a l l y  
g r e a t e r  f o r  t h e  f i n e r  p a r t i c l e s  than  f o r  
t h e  more coarse  ones. The.moist  m a t e r i a l  
showed a cons iderably  g r e a t e r  f l u o r i d e  
l o s s  than the screened f rac t . ions  - pro- 
bably  from pyrohydrolysis  due t o  t h e  water  ' 

presen t .  The r e s u l t s  a r e  summarized i n  
'Table 3.3-3 
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TABLE 3.1 - 3 

THE EFFECT OF PARTICLE SIZE OF DIURANATE CAKE 
ON VOLATILIZATION OF FLUORIDES 

Sieve Frac t ion  

f 20 

- 20 f 60 

- 60 f loo  
- l o o  f 200 

- 200 1/ 325 

- 325 

Wet Cake 

0 
Calc ina t ion  Temp. - 15C10 F. 

Calc ina t ion  Time - 1 tr. 

Per Cent F luor ide  i n  Product 
T r i a l  1 Trial 2 



A s tudy  was conducted t o  determine t h e  
e f f i c i e n c y  of pyrohydrolysis  on the  r e -  
moval of f l u o r i d e s  from plant-produced 
b lack  oxide and d iu rana te  cake. The . 

. r e s u l t s  of t h e ' s t u d y  ind ica ted  t h a t  
temperatures around 1 8 0 0 ~ ~  were requi red  
f o r  s a t i s f a c t o r y  v o l a t i l i z a t i o n  of ' 

f l u o r i d e s  i n  black oxide, while  1 5 0 0 ~ ~  
s u f f i c e d  f o r  processing t h e  d iu rana te  
cake. Prolonged hea t  i n  per iods  were 
found t o  be b e n e f i c i a l  3.3-4 and 
3-3-51 

The black oxide was observed t o  be l e s s  
r e a c t i v e  wi th  steam than  was t h e  d i -  
uranate  cake. 

(4 )  S u l f u r i c  Acid Roast 

Samples of plant-produced d iu rana te  cake 
were ca lc ined  i n  the  presence of varying 
q u a n t i t i e s  of s u l f u r i c  a c i d  a t  d i f f e r e n t  
temperatures .  It was found t h a t  t h e  
temperature of c a l c i n a t i o n  was not  a s  
. c r i t i c a l  a s  was, t h e  amount of s u l f u r i c  
a c i d  p resen t .  Twice t h e  t h e o r e t i c a l  r e -  

. ' . quirement of S O  (.based on t h e  metathe- 
s is  of metal  f 3 uo # i d e s  and H S O  ) r e -  
duced t h e  f l u o r i d e  content  o? the cake 
from 4.56 t o  0.05 pe r  cen t  i n  one hour a t  

' . 1 5 0 0 ~ ~ .  Resul t s  are .  summarized i n  Table 
3. 3-11,. 



T r i a l  (1) 
No. 

SIILF'URIC ACID ROAST OF S C R N  PLANT DIURANATE Cml$ 

Times 
Theore t ica l  Temper a t  ure  F Conc. 

(OF) (8.1 

(1)  All samples were calcined for one hour. 



F I G U R E  3.3-2 

F L U O R I D E  C O N T E N T  O F  B L A C K  O X I D E  P R O D U C T  FROM S C R A P  
P R O C E S S I N G  AS A F U N C T I O N  O F  C A L C I N A T I O N  T E M P E R A T U R E  

Temperature (OF.  ) 
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FIGURE 3.3 - 3 

E F F E C T  O F  CALCINATION TIlvlE ON THE FLUORIDE CONTENT 
O F  BLACK OXIDE FROM SCRAP PROCESSING 

C a l c i n a t i o n  T i m e   in) 



FIGURE 3.3-4 

EFFECT OF TIME AND TEMPERATURE ON THE 
PYROHYDROLYS IS OF SCRAP PLANT. 

DIURANATE CAKE 

.? 

Time ( h r )  
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FIGURE 3.3 5 - 

EFFECT OF TIN3 AND TEMPERATURE ON THE 
PYROHYDROLYSIS OF SCRAP PLANT 

BLACK OXIDE 



4.0 PLANT OPERATIONS 

Diges t ion  of t h e  r0aste.d and pulver ized  C-oxide 
proceeded very  slowly due t o  t h e  l a r g e  amount of 
heat  given o f f  during t h e  n e u t r a l i z a t i o n  of lime 
p resen t .  However, i t  was found t h a t  the  temper- 
a t u r e  of t h e  s l u r r y  i n  t h e  p l a n t ' s  5000-gal tanks 
could be maintained a t  2 0 0 ~ ~  by concurrent  ad- 
d i t i o n  of water  and a c i d  r a t h e r  than  by adding t h e  
30 per  cent  a c i d  alone.  This reduced t h e  time 
requ i red  f o r  a c i d  a d d i t i o n  from about 24 hours t o  
l e s s  than  2 hours. 

A s tudy  was made on t h e  d i g e s t  l i q u o r s  i n  t h e  p l a n t  
t o  determine the  l eng th  of l each ing  per iod  requ i red  
t o  reduce t h e  ac id- insoluble  r e s i d u e  t o  below 0.05 
pe r  cen t  uraniwn. Af te r  a c i d  and oxidant  ( ~ a ~ 1 0  ) 
a d d i t i o n  was complete, hour ly  s l u r r y  sample$ wer 9 
withdrawn from t h e  d i g e s t e r  and f i l t e r e d .  The r e -  
s idue  obtained was c a r e f u l l y  washed, d r i ed ,  and 
analyzed f o r  uranium ( f l u o r o m e t r i c a l l y ) .  The amount 
of f l u o r i d e  s o l u b i l i z e d  was determined by a n a l y s i s  
of t h e  a c i d  f i l t r a t e .  From t h e  r e s u l t s   a able 4.1-1) 
it can be seen  t h a t  while extended d i g e s t i o n  pe r iods  
d i d  not  cause an increased d i s s o l u t i o n  of the  f luo-  
r i d e s  p resen t ,  i t  was b e n e f i c i a l  i n  removing smal l  
uranium concent ra t ions  from t h e  ac id- insolubie  r e -  
s idue .  Between two and t h r e e  hours was found t o  be 
s u f f i c i e n t  f o r  obta in ing  a  r e s idue  having a  uraniwn 
concent ra t ion  of l e s s  than  0.05 pe r  cen t .  



TABLE 4.1-1 

Sample* 

Digest  
Time 
0 

LEACHING PERIOD - TIME STUDY 

Fluor ide  i n  U i n  Acid- 
F i n a l  Acid F i l t r a t e  Insoluble  
La- dl '1 Residue 

* I n d i c s t e s  p l a n t  'batch number. 
Digest  time measured from f i n a l  s c i d  add i t ion .  

Remarks 

Acid f i l t r a t e  cooled 
acd re-f  i l t e r e d  . 
F i l t r a t i o n  very 
d i f f i c u l t  due t o  
Large amounts of 
f i n e l y  divided 
carbon. 
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4.2 P r e c i p i t a t i o n  of Leach Liquors 

Considerable d i f f i c u l t y  was experienced i n  pH 
c o n t r o l  dur ing  t h e  continuous p r e c i p i t a t i o n  of 
f i l t e r e d  l each  l i q u o r s .  Because of t h e  smal l  
s i z e  of t h e  p r e c i p i t a t o r  (260 g a l ) ,  smal l  ad- 
d i t i o n s  of t h e  28$ NH OH caused t h e  pH t o  surge b cons iderably  above 6. . It had been shown i n  

d t h e  l a b o r a t o r y  t h a t  high pH values caused t h e  
-'? 

c o p r e c i p i t a t i o n  of a l k a l i n e  e a r t h  hydroxides a s  
w e l l  a s  a d d i t i o n a l  q u a n t i t i e s  of f l u o r i d e s  . 

? 

I n  r e so lv ing  t h i s  t roub le ,  c a r e  was exe rc i sed  t o  
maintain t h e  pH i n  t h e  p r e c i p i t a t o r  s l i g h t l y  be- 
low 6.0. Any uranium which would f a i l  t o  pre-  
c i p i t a t e  due t o  a  low pH i n  the  p r e c i p i t a t o r  would 
s e p a r a t e  i n  t h e  d iu rana te  s l u r r y  hold tank, where 
a  continuous pH adjustment was maintained a t  pH 
6.2. This  hold tank  was not  s u b j e c t  t o  s i m i l a r  
pH f l u c t u a t i o n  due t o  Its g r e a t e r  volume. 

The use of d i l u t e  ammonium hydroxide (15s)  reduced 
t h e  pH f l u c t u a t i o n s  i n  t h e  p r e c i p i t a t o r  apprec i -  
ably,  thereby al lowing a  more c a r e f u l  pH c o n t r o l .  

The holdup t lme of t h e  d iu rana te  s l u r r y  p r i o r  t o  
i t s  f i l t r a t i o n  was held t o  a  minimum t o  prevent  
p o s s i b l e  p o s t p r e c i p i t a t i o n  of f l u o r i d e s .  

S ince  t h e  l e a c h  l i q u o r s  were. f i l t e r e d  whi le  t h e y  
were r e l a t i v e l y  hot  ( 1 4 0 ° ~ ) ,  c a r e  was taken t o  main- 
t a i n  t h i s  temperature throughout t h e  p r e c i p i t a t i o n  
and d iu rana te  f i l t r a t i o n  s t e p s  t o  prevent  f l u o r i d e s  
from s e p a r a t i n g  on cool ing.  This  was accomplished 
by steam-sparging t h e  a c i d  f i l t r a t e  p r i o r  t o  pre- 
c i p i t a t i o n .  

4.3 F i l t r a t i o n  

4.31 Acid l e a c h  l i a u o r s  

An Eimco r o t a r y  vacuum f i l t e r  was used f o r  
f i l t r a t i o n  of t h e  a c i d  l each  l i q u o r s .  D i f -  
f i c u l t y  was experienced w i t h  a g i t a t o r  arms 
breaking due t o  an accumulation of s o l i d s  
i n  the  b a s i n  of t h e  f i l t e r .  By cracking  
t h e  valve i n  t h e  bas in  of the  f i l t e r  t o  pro- 

-.::. . vide a  r e c y c l e  t o  t h e  s l u r r y  hold tank, it was 
. . 
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found t h a t  longer  opera t ing  per iods  between 
b a s i n  clean-outs  could be obtained.  

The l e a c h  dlurr ies  from t h i r t e e n  d i f f e r e n t  
p l a n t  d i g e s t  batches were examined i n  t h e  
l a b o r a t o r y  w i t h  r e s p e c t  t o  t h e l r  dens i ty ,  
per  c e n t  s o l i d s ,  d e n s i t y  of t h e  c l a r i f i e d  
l i q u o r s ,  and s e t t l i n g  r a t e s  of s o l i d s .  
This information was determined s o  t h a t  an 
a g i t a t o r  could be designed f o r  keeping t h e  
s o l i d s  suspended i n  the  f i l t e r  b a s i n  dur ing  
f f l t r a t i o n .  The r e s u l t s  a r e  shown i n  Table 
4.3-1 and Flguse 453-1. From t h e  da ta ,  i B  
can be seen  t h a t  the  s o l i d s  s e t t l e d  very 
r a p i d l y ,  more than  50 per  cent  s e p a r a t i n g  
i n  t e n  minutes. 

D i f f i c u l t y  was a l s ~  experienced i n  pre-  
c o a t i n g  t h e  Eimco f l l t e r s  by d r y  educt ion.  
The. p a r t i c l e s  of F i l t e r  A i d  were n ~ t  wet ted 
s u f f i c i e n t l y  t o  form a  uniformly adhering 
precoat .  S a t i s f a c t o r y  precoat ing  of t h e  
Eimco f i l t e r  has been accomplished by 
s l u r r y i n g  a  2 p e r  cent  precoat  suspension 
i n  t h e  b a s i n  of t h e  f i l t e r .  

Orlon c l o t h  was found t o  be more s u i t a b l e  
than  s a r a n  a s  a  f i l t e r  c l o t h .  
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TABLE 4.3-1 

SLURRY CHARACTWISTICS OF C-OXIDE LEACH LIQUORS 

P r o ~ e r t s  Ranae Average 

Density of Slurry,  g/ml 1.16-1.23 1,20 

Per Cent Solids i n  Slurry 4 .1  - lo. 0 6.2 

Density of ~ i l t r a t e ,  g/ml 1.12-1.17 .l. 14 
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FIGURR 4.1-1 

SETTLING RATES OF S O L I D S  IN FMPC SCRAP 
PLANT LEACH LIWORS 

Settling Time ( ~ l n )  
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4.32 Diuranate  s l u r r y  

S a t i s f a c t o r y  f i l t r a t i o n  of t h e  d iu rana te  
s l u r r y  has been obtained us ing  an Oliver  
r o t a r y  vacuum f i l t e r .  , The only d i f f i c u l t y  
t o  d a t e  has been t h e  s e l e c t i o n  of a  s u i t -  
a b l e  precoat ,  It was found t h a t  coa r se r  
grades became impregnated w i'ch d iu rana te  
cake, and a f t e r  the  precoat  had been r e -  
duced t o  3/4-inch th ickness  t h e  pre'coat 
had t o  be removed'with a  hammer. A number 
of f i l t e r  c l o t h s  were, t o r n  i n  removing 
t h i s  hard mass - i n  add i t ion ,  valves plugged 
and pumps s t a l l e d ,  

SOlka Floc (BW-loo), an alpha c e l l u l o s e  
ma te r i a l ,  was f o u r ~ d  t o  precoat  e v e n l y  and 
wi th  a  minimum of cracks.  and f i s s u r e s .  This  
ma te r i a l ,  having a  very low ash  content ,  was 
found t o  be e s p e c i a l l y  d e s i r a b l e  ' in  t h a t  no 
s i l i c e o u s  m a t e r i a l  was c u t  o f f  t h e  drum a long 
w i t h  t h e  cake. The uranium assays  of t h e  pro- 
duct  obtained from f i r i n g  t h e  d iu rana te  cake 
conta in ing  t h e  Solka Floc averaged 1 0  pe r  .cent 
h igher  than  d i d  corresponding cakes contain-  
i n g  t h e  s i l i c e o u s  f i l t e r  a ids .  

4.4 Ca lc ina t ion  of Diuranate Cake 

Ca lc ina t ion  of t h e  d iu rana te  cake i s  accomplished i n  
a  mult iple-hearth furnace .  The d i f f i c u l t y  of 
charging t h e  wet ge la t inous  cake i n t o  t h e  furnace  
was solved by t h e  i n s t a l l a t i o n  of a  Moyno pump, which 
extrudes t h e  mat.er4al onto t h e  top  .hearth.  The second, 
t h i r d ,  and f o u r t h  hea r ths  a r e  maintained a t  1450O~,  
1 5 5 0 ~ ~  and 1750°F, r e s p e c t i v e l y .  I n  the  p l a n t ,  a s  i n  
t h e  l abora to ry ,  it has been shown t h a t  t h e  r e s idence  
time w i t h i n  t h i s  furnace  i s  important i n  t h e  v o l a t i l i -  
z a t i o n  of t h e  f l u o r i d e s  p resen t  i n  t h e  ma te r i a l .  

Pyrohydrolysis of d iu rana te  cake has been attempted 
i n  t h i s  furnace ,  b u t  has not  been success fu l .  S ince  
t h e  furnace  i s  d i r e c t l y  f i r e d  by gas burners ,  t h e  
necessary steam excess tended t o  ex t ingu i sh  t h e  
burners .  
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5.0 CONCLUSIONS 

Fluor ide  contamfnation occurs  i n  t h e  uranium concent ra ts ,  
obta ined  from process ing  C-oxide, because of t h e  d i s -  
s o l u t i o n  of smal l  amounts of MgF s l a g  during leaching,  
wi th  HC1. These d isso lved  f l u o r  $ des c o p r e c i p i t a t e  with 
t h e  d i s so lved  uranium dur ing  t h e  recovery of t h e  l a t t e r .  
The p resence .o f  calcium i n  t h e  s c r a p  decreases  t h e  so lu-  
b i l i t y  of t h e  f l u o r i d e  dur ing  leaching,  but  s u f f i c i e n t  
q u a n t i t i e s  of f l u o r f d e s  s o l u b i l i z e  t o  produce an undesir-  
a b l e  .contamination of t h e  f i n a l  uranium concent ra te .  

E f f o r t s  t o  remove the  f l u o r i d e s  f r o ~ u  the urarllum stream 
by adsorp t ion  from a c l d  l each  Liquors have f a i l e d .  
Attempts t o  complex t h i s  ion  i n  such a  manner t h a t  i t  
would not  c o p r e c i p i t a t e  wi th  uranium have a l s o  been un- 
s u c c e s s f u l ,  

S a t i s f a c t o r y  uranium concen t ra te s  have been produced by 
f r a c t i o n a l  p r e c i p i t a t i o n  of a c i d  l each  l i q u o r s  a t  p H  
3.5 t o  4.5 and then  a t  pH 6.2. Complete uranium r e -  
covery was assured by r e c y c l i n g  t h e  r e s i d u e  from t h e  
f i rst  f r a c t i o n  t o  t h e  l each ing  opera t ion .  

Ca lc ina t ion  of t h e  d i u r a n a t e  cake a t  temperatures above 
l25OOF caused apprec iab le  v o l a t i l i z a t i o n  of t h e  f l u o -  
r i d e s  p resen t  i n  the  cake. F luor ide  v o l a t i l i t y  was en- 
hanced by c a l c i n i n g  t h e  cake while  mois t .  Pyroh drolyz-  g i n g  t h e  d iu rana te  cake f o r  s e v e r a l  hours a t  1500 F re-  
s u l t e d  i n  e s s e n t i a l l y  complete v o l a t i l i z a t i o n  of t h e  
f l u o r i d e s  which contaminated t h e  product.  

Roast ing high-f l u o r i d e  d iu rana te  cake I n  t h e  presence of 
smal l  q u a n t i t i e s  of s u l f u r i c  a c i d  a t  500° t o  1 5 0 0 ~ ~  has 
been found t o  be a  s u c c e s s f u l  method of v o l a t i l i z a i n g  
f l u o r i d e s  p resen t .  Metal s u l f a t e s  rema.in i n  the  product.  

Through the  process ing  of C-oxide on a  product ion s c a l e  
a t  FT4PC, it has been found t h a t  a  uranium product aver-  
aging l e s s  t h a n  0.5% F can be produced c o n s i s t e n t l y  by 
s u b j e c t i n g  t h e  moist  d i u r a n a t e  cake t o  temperatures  of 
from 1400 t o  1 6 0 0 ~ ~  f o r  approximately two hours. Care- 
f u l  c o n t r o l  of pH and temperature throughout t h e  s c r a g  
system was e s s e n t i a l  i n  producing a  low-f l u o r i d e  high- 
uranium concent ra te .  

The au thors  would l i k e  t o  acknowledge t h e  c o n t r i b u t i o n s  
made t o  t h i s  s t u d y  by W. E l l i s ,  H. M. Beers, R.  W. Harr ies  
and W. C. Manser, Jr. 
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