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The s t u d i e s  of uraniferous lignites which have been made 
during the last quarter may be included in the following 
categories: (1) chemical processing of raw lignite, (2) chemical 
processing of lignite ash formed at l o w  and antermediate temper- 
aturesg ( 3 )  chemical processing of lignite ash formed at high 
temperatures, (4) uranium content S% t h e  minema1 and organic 
constituents of lignite and ( 5 )  c o n c e n t ~ a t i o n  of uranium from 
raw and roasted lignite by physicall wnethmds, Work on the 
extraction of uranium fram chars as i o ~ m e d  during low and high 
temperature retorting operations has been s t a r t e d . ,  

Further t e s t s  with 50O0@ ash from sample NE)-1 have confirmed 
previous workc, showing e x t , r a c t f ~ n s  up to 75% o f  the uranium by 
water leaching 

Treatment of ash formed at intermediate temperatures 
( d $ O O O C )  w i % h  solutions of ammonium carbonate has  continued 
to show promise in that 75% of the uranium and 50% of t h e  
molybdenum can be consistently extracted from the sample on 
hand. Ammonium sulfate has been recovered from the solutions in 
a sPfree f l o w f n g f v 9  marketable form, Similar extractions of the 
uranium from this ash can also be obtained by t r e a t i n g  with 
solutions of dilute a c i d .  The consumptions of ac id  in these 
cases have been about 200 l b s ,  H,S04/ton of ash, 

About 70-75s of the uranium can be extracted from sample 
ND-1 by treating the raw lignite w i t h  soluti(ms of 5% RzSQ4.  
Tentative measurements show the acid cornsumption to be around 
140 lbs./%on of dried lignite. 

Quenching of h i g h  temperature (lOOQ°C) ash has not improved 
extractions from % h i s  material w i t h  ammonium carbonate. Other 
tests w i t h  high temperature ash and w i t h  lignite chars are 
incomplete e 
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Examination of hand-picked, organic-rich lignite samples 
has again demonstrated zhe association of uranium with the 
organic materbal, Within the limit of %he accuracy of the 
method used, c o ~ ~ - e l a t i ~ n  was  not detected between the uranium 
concentration and that of any of the trace elements. 

AttenpLs to eoncentpate the uranium by air classification 
of raw lignite were unsuc@essfulo Air classification of low 
temperature ( 5 0 0 0 6 )  ash placed almost a41 of t h e  uramiuan with 
the fine, less than five micron, fraction, With ash formed at 
higher temperatures (880°@ and 10QQ°C) the uranium concentra- 
tions of the finest particles were greatest, bu% appreciable 
amounts were a l so  retained in t h e  coarse fract ions,  

Encouraging results were obtained from a f l o t a t i o n  t e s t  
in which the  gangue constituents were floated from t h e  
carbonaceous material, 

Erratum 

The vPfixeds7 carbon analysis reported for lignite ND-1 on 
page 8 9  of ORNL-1308 is not correct, Tentative rechecks on 
this sample would place the fixed carbon above  20%. The B.T.U, 
values reported on page 14 of ORNL-1384 are also being checked. 
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The Ei.l?l.ElQlliUIJI CstrbQllaCe prQC?eSS has cOn-%-iltxUed to Show 
promise  i n  that 75% of the uran%um a n d  50% of t h e  molybdenum 
can. be e o n s i s t e n t T y  extracted f r o m  the  Iignfce sample on hand. 
Uranium has been p r e c i p i t a t e d  from %he leach liquors by simply 
d i s t i l l i n g  off &be excess ( NHB ) 260, A~~~~~~~~ s u l f a t e  has 
been  r e c o v e r e d  from the solutions an  a. crystalline, '"free- 

be made with l i g n i t e  sample MD-1 b u t  other, perhaps  more 
r e p r e s e n t a t i v e ,  samples are  needed 9 0  see if t h e  same recoveries 
can be  m a i n t a i n e d -  

' f lowing" ' ,  markexable form, Further t e s e s  of *.his process w i l l  

O t h e r  methods fo r  approaching t h e  l i g n i t e - u r a n i u m  problem 
have  also been c o n s i d e r e d  d u r i n g  t h e  quarter" These are: 
{ 1) e x t r a c t i o n  of haranturn by direct  t r e a t m e n t  of r a w  l i g n i t e ,  
( 2 )  extraction sf uranium by a c i d  l e a c h i n g  of 800OC a s h ,  ( 3 )  
removal  of uraniua from si. hngh t e m p e r a t u r e  r e f r a c t o r y  a s h  as  
formed i n  t h e  produ@t%on of power by direct b u r n i n g ,  and (4) 
extractnon of uranium from l i g n i t e  c h a r s  as formed d u r i n g  
various ~et.or. t injg o p e r a t i o n s ,  Preliminary tes t  d a t a  from t h e  
first two of these studies are r e p o P t e d  b e l o w ,  

Reasonable extractions o f  uranaum are o b t a i n e d  by direct  
acid leaching of r a w  lignite sample NIf- l  when t h e  c o n t a c t i n g  
acid i s  suffienendly c a n c e n t r a t e d  ( ~ 5 %  BzSO,) T e n t a t i v e  
measurements would show t h e  acid consumpxion for t h i s  sample 
t o  be about 140 Ibs, HZSO4//ton of raw d r i e d  l i g n i t e  under  
conditions such thaa; the uranium e x t r a c t i o n  is a b o u t  70%- 
Reasonable uranium e x t r a c t i o ~ s  (70%) have also been o b t a i n e d  
by amlrno~~ium carbonate l e a c h i n g ,  but the r e s u l t a n t  s l u r r i e s  
are e x t r e m e l y  hnpd t o  f i l t e r ,  

~s shown last, quarter,(') 75% of t h e  uranium c a n  a l so  be 
extracked from a 8QO°C ash of ND-1 by leachang w i t h  s u l f u r i c  
acid so l lu taons  T e n t a t i v e  measurements in t h i s  case have 
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work witah a high ~e~~~~~~~~~ a s h  ( E Q O O - I . I ~ O " C P  has been 
s t a r t ed  b u t  most of t h e  tesk r e s u l t a s  are ancomplete. Quenching 
of 10080C ash  has proved  b e n e f i c i a l  to uranium e x t r a c t i o n s  
i n t o  ammonium carbonate so lu%x. sns ,  

Direct Leach ing  of Raw E a g n f t e  w i t h  A c i d s ,  Bases and S a l t s  
--l__--"l___--II~y-uI-yIIII -"_m___y ~ 

Leaehxng with Acxd 

Preliminary data from darftct l eac3 ing  of r a w  l i g n i t e  sample 

t h e  ornginal acid concentralk n w a s  5-9% and t h e  p u l p  d e n s i t y  w a s  
about 2 0 % $  e x t r a c t i o n s  of 7 5 %  of t h e  uranium were o b t a i n e d ,  The 
leach s o l u t i o n s  were, in a l l  cases9 Q g x s c ~ B ~ r e d  by an undetermined  
q u a n t i t y  of organic matter& 

-_^_- - 

ND-1  with  sulfur^^ acid  e s e n t e d  i n  Tables  1, 2 and 3 ,  When 

Acid Consumption, The ac id  consumed d u r ~ n g  l e a c h i n g  w i t h  
5% H 2 m 4  at a 25% pulp  d e n s i t y  has  been t e n t a t i v e l y  measured 
a t  140  l b s  /ton of d r i e d  lignite %OF sample ND-1, T h i s  is a 
much lower qukentaty t h a  r e p o r t e d  for t h e  sample s t u d i e d  some- 
t i m e  ago a t  Battellen ( 2p A p p a r e n t l y ,  t h e  sample there c o n t a i n e d  
a p p r e c i a b l e  q u a n t x t i e s  of r e a c t i v e  b a s e s  sueh as dolomite. 

Uranium in Leached Tailings: Although t h e  p e r c e n t a g e  
?-__l_-ll- 

e x t r a c t i o n s  of uranium from batch ND-1 are  satisfaetorv, t h e  
uranium content of t h i s  batch is greater t h a n  t h e  prsbaGle 
a v e r a g e  ~ C W  uraniferous l i g n i t e  and the l e a c h e d  t a i l i n g s  c a r r y  
a p p r e c i a b l e  c o n c e n t r a t i o n s  of u r a ~ l l i ~ m ,  e s p e c i a l l y  on a n  ash  
b a s i s ,  The r e a s o n  for the r e l a t i v e  u n a v a i l a b i l i t y  of abou t  25% 
of t h e  uranium c o n t e n t  is not known at t h i s  t i m e ,  C e r t a i n l y ,  
as  soon as  possible, o the r  lignite samples  of lower i n i t i a l  
uranium c o n t e n t  s h o u l d  be examined to de te rmine  whether  t h e  
uranium l e f t  i n  vtae i . a a l i n g s  is p r o p o r t x o n a l l y  lower and t h e  
same e x t r a c t s o n  can be m a i n t a i n e d  o r  whether t h e  amount of 
uranium l e f t  in t h e  tailings is much t h e  same; so t h a t  t h e  
e f f i c i e n c y  of t h e  e x t r a c t i o n s  would be s e r i o u s l y  r e d u c e d ,  

F i l t r a t i o n :  The  f i l t e r a b i l i t y  of the l i g n i t e  s l u r r i e s  
is  d e p e n d e n f u p s n  t h e  q u a n t i t y  o f  a c i d  used  i n  t h e  leach, When 
the a c i d  w a s  eather i n s u f f i c i e n t  or i n  large e x c e s s  f i l t r a t i o n  
w a s  very  s l o w .  WBt,h i n t e r m e d i a t e  q u a n t i t i e s ,  e , g . ,  2 0 0  l b s ,  
of H , S O 4 / d ; ~ n  of l i g n i t e  at an i n i t i a l  c o n c e n t r a t i o n  o f  5 W ,  

-- 
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Table 1 

DIRECT LEACHING OF RAW LIGNITE 

Test 
No. 

L -4 
5 
18 
19 
22 
2 3  
14 
15 
16 
17 

6 
26 
2 7  
1 
2 
3 

_I_ 

Leach Agent 

5 %  Mac1 

5% mc1, 

5% CaC1, 

5% Na2S04 

20% v v  

20% 

20% " 

20% lV 

20% " 
5% N H * H t P 0 4  

5% (NHd2C03 

2 * 5 %  q v  * 
9% 
18% 
3 5% 

1 0 2 5 %  HZSO4* 

11 

I V  

11 

Filtrate 
Pa 

2 . 8  
2 * 8  
3,l 
3 . 0  
2 , 9  
2.6 
3 , 5  
3 * 5  
3.1 
3 . 3  
7.8 
2 . 0  
11,4 
0,8 

a 02 
0 

5 0  
100 
72 0 
144 0 
2800  

% 
Uranium 
Extracted 

0 
0 
0 
0 
0 
0 
0 
5 
8 

2 7  
6 7  
15 
213 
7 7  
83 
91 

Tailing (%U) 
Raw Ash 
Basis Basis 

"022 ,110 
. 0 2 2  .110 
- 0 2 4  .120 
. 0 2 2  .110 
. 0 2 2  .I10 
.020  . l o o  
- 0 2 2  .110 
. 0 2 0  .loo 
,018 . 090  
.016 -080 
.008 .040 
-017 . 0 9 2  
-013 .071 
. 006  .038 
-004 . 025  
.002 -014 

Lignite: Raw untreated lignite ground to -14 mesh 

Leach Conditions: 2 0 0  ml leach solution per 5 0  g. lignite 
agitated for 16 hours at room temperature. 

* 100 ml leach solution per 5 0  g .  sample lignite. 

2 .  Tests with (NH4)a.C03 required 12-16 hours to 

3 .  All of the leaches filtered slowly with the 

Note: 1, Tests with Na,CO, gave an unfilterable slurry. 

filter a 

exception of t h e  9% H2S04 leach (L-1) (I 



Table 2 

COLUMN TESTS ON RAW LIGNITE 

T e s t  
No D Leach Agent 

L-7 5 % N a C l  
10 2 0  1P 

12 5 NB4 J% P o 4  

H2 so4 
P t  

8 9 
9 3 5  

Total 

S o l u t i o n  
So11d 

m l / g o  - 
Ratio 

3 . 2  
4 . 8  
4.5 
3 . 2  
4.2 

2.0 
2.0 
2.0 
2.0 

F i n a l  
PH 

2 . 8  
2 * 1  
2 * 8  
0.3 
<. 0 

1.5 
1 , 3 5  
1.15 

. 9 5  

-- 

O r i g i n a l  
H2 so4 

1'0 / t o n  
Raw L i g n i t e  

5 8 0  
2 9 0 0  

5 0  
5 0  
5 0  
5 0  

2 0 0  

- 

% 
Uranium 

Extracted 

L i g n i t e :  R a w  u n t r e a t e d  l i g n i t e  ground to -14 mesh, 

0 
0 
9 

93 
86  

7 
14 
11 

9 

4 1  

- 

Test Condi t ions :  Leach s o l u t i o n  was passed  through a 1 1/2'? column of 
l i g n i t e  at the  rate of 3 , 5  to 4-0 ml/min. 

Tailing ( %  U )  
Raw Ash 
Basis Basis  

Note: T e s t  2 8  - 100 g ,  of raw l i g n i t e  was treated w i t h  800 ml, 
of H,SO, ( 2 0 0  I b . / t o n )  i n  2 0 0  m l  increments .  
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f i l t r a t i o n  was q u i t e  r a p i d .  It is poss ib l e  that with t i n s u f -  
f i c i e n t  acid t h e  extracted metals r e p r e e i p f t a x e d  a s  g e l a t i n o u s  
h y d r o x i d e s ,  w h e r e a s 9  at, high a c i d  e o n d e n t r a t i o n s ,  the o r g a n i c  
matter in the lignite was p a r t i a l l y  decomposed, 

Leach ing  with Base 

Over two-tkR1rds sf t h e  uranium w a s  e x t r a c t e d  from t h e  r a w  

_ru-, 

l i g n i t e  by P 5% s o l u t i o n  of ammonium carbonate, but t h e  r e s u l t i n g  
s l u r r y  w a s  e x c e e d i n g l y  d f f f x c u l t  t o  filter, In tes ts  w i t h  sodium 
c a r b o n a t e  s o l u t i o n s ,  the s l u r r i e s  w e r e  not f i l t e r a b l e  and 
e x t r a c t i o n  data w e r e  n o t  o b t a i n e d ,  

Leaching  w i t h  S a l t s  

If the uranium were h e l d  by the l i g n i t e  i n  a chemi- 
adso rbed  condfxeion, i t  s h o u l d  be p o s s i b l e  to c a u s e  e l u t i o n  by 
t r e a t i n g  w i t h  s a l t  s o l u t i o n s  which ~ n t a i n  enough acid t o  
p r e v e n t  hydaPoPytic p r e c i p i t a t i o n ,  Resul ts  from p r e l i m i n a r y  
batch and column tests ( T a b l e s  1 and 2 )  would i n d i c a t e  that  
t h e  uran ium,  i f  adso rbed  at a l l ,  i s  quite tightly h e l d .  

_IxI -__1___1 

Water Leach ing  of Roas ted  L i g n i t e  

Only t w o  a d d i t i o n a l  low t e m p e r a t u r e  r o a s t ,  water l e a c h  
t es t s  have  been made (see fi s t w o  tests i n  T a b l e  6 )  17 The 
r e s u l t s  conf i rm ear l ie r  work f'f i n  t h a t  70-8Q% of t h e  uranium 
w a s  removed f rom t h e  SOQQC ash by s i m p l y  t r e a t i n g  w i t h  w a t e r .  
The roasting timep as p r e v i o u s l y  i n d i c a t e d ,  c o n t r o l s  t h e  
e x t r a c t i o n  to some extent, e , g , ,  abou t  70% of t h e  uranium w a s  
e x t r a c t e d  after 8 1-hour roast  and  abou t  80% af ter  1 6  h o u r s .  
The e x t r a c t i o n  af molybdenum w a s ,  of c o u r s e ,  negligibleo 

A c i d  Leaching of Roasted Lignite 

Upon increaesxng t h e  l i g n i t e  r o a s t i n g  t e m p e r a t u r e  from 
5000 t o  8OOOC, 
ash becomes basxc Using l i g n i t e  sample ND-1, howeverp 
a b o u t  7 5 %  of t h e  uranium can be e x t r a c t e d  from t h e  8OO0C 
ash i n t o  d i l u t e  s u l f u r i c  a c i d  w i t h  o n l y  modera te  amounts of  
acid b e i n g  consumed. 

cidic c o n s t i t u e n t s  are decomposed and t h e  ""Pr 

Ira T a b l e  4 are shown t h e  q u a n t i t i e s  of basic c o n s t i t u e n t s  
d i s s o l v e d  when 8OOQC a s h  IS t reated w i t h  acid a t  8OoC i n  large 
e x c e s s  ( 5 %  H 2 S 0 4 )  ad, 10% p u l p  d e n s i t y ,  The sums of t h e  
c a l c u l a t e d  amounts o f  acid r e q u i r e d  f o r  the d i s s o l u t i o n  of 
each constituent show t o t a l  c a l c u l a t e d  consumptions of abou t  
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2 0 0  lbs, HZS04/$oa of ash, Using smaller quantities of acid 
at Power temperatures, 75% extraction of the uranium can be 
maintained w i t h  smaller consumptions of acid (see data in 
Table 5) 

 he resu'hts from tests with ~OOO*C ash were erratic. 
Using identical Beach conditions, the calculated acid 
consumption for one sample (Table 4) was about 2 0 0  lbs,/ton 
and 7 5 0  lbso/tom for another, Due to unexplained reasons, 
large quantities of i ron were extracted from the second ash 
sample. A s  reported previously, uraniua extractions were low 
in both cases, 

Leaching of Ash with Ammonium Carbonate 
x- 

Investigation of leaching the lignite ash with ammonium 
carbonatel described previously in ORNL-3.384, has been continued. 

Roast Conditions 

A roasting temperature above 850°C diminishes the avail- 
ability of uranium to an ammonium carbonate leach ( s e e  Table 6 )  * 
When the %ignite was treated at 1OOOOC f o r  various lengths of 
time, the uranium extractions were entirely erratic, This may 
be due to the partial formation of uranium silicates, ferrites, 
or other  compounds, Another possibility is the retention of 
uranium by physical Pocking, although most of the ashes below 
lPSOo@ were not appreciably sintered. 

A prolonged roasting time did not increase the availability 
of the uraniumn, 

A roasting temperature above 500°@ was favorable for the 
extractican of molybdenum, A t  8OOOC, and above, 55% of the 
molybdenum could be solubilized, 

I t  w a s  furthermore found that at 80006 and higher the 
extractions of the molybdenum and the sulfate were fairly 
paralleld An extraction of 90% or better of the SO4 was 
accompanied by an extraction of the molybdenum of 50% or 
better, The uranium extractions from high temperature (1OOOOC) 
ash, however9 seemed to be greatest when the extractions of 
molybdenum and sulfate were l o w .  This point will receive 
further checkip.sg, 

L e a c h  Conditions 

The effects of the leaching conditions are shown in 

-- 

Tables 7 and 8 .  Although a fairly good extraction can be 



T a b l e  5 

ACID LEACHING OF LIGNITE A S H  

O r i g i n a l  H2 SO4 
Leach i n  Leach Acid Consumed 

T e s t  Roast PU’hP Lbs 0 / Lbs e f % A s h  L b s . /  Lb S./ 
No, Time Time Temp. D e n s i t y  t o n  Dry &on F i l t r a t e  Uranium T a i l i n g  t o n  Dry t o n  
___c_ LA- ( h s s j  (bars) (OC) a- L i g n i t e  --- A s h  slr. E x t r a c t e d  (5% U) L i g n i t e  Ash 

104 2 3 80 40 45 150 3 .2  83 031 45 150 

109 2 3 80  33 60  2 00 2 .4  76  .038 60 2 00 

106 2 3 8 0  2 5  90 300 1 3  . 83 029 63 210 

103 2 3 3 0  33 6 0  200 1 . 3  8 1  a 034 32  1 06 

110 2 3 30 25 90 300  1 . 3  76 038 4 1  1 3 6  

2 1  4 1 a 0  9 300 1000 . 5  8 2  - 0 2 6  60* 196* 

23 6 1 80 9 300 1000 . 4  76 a 026 5 3 *  1?8* 

1 0 7  4 P 80 9 300  1000 1 . 0  83 * 030 62 2 08 

108 6 1 80 9 300 1000 L O  85 a 033 62 t 08 

Ash: Raw l i g n i t e  r o a s t e d  a t  800°C. 

Leach C o n d i t i o n s :  Ash a g i t a t e d  w i t h  5% H 2 S 0 4  

A c i d  Consumption: Ob ta ined  by f r e e  a c i d  t i t r a t i o n ,  

* C a l c u l a t e d  from t h e  a c i d  s o l u b l e  i m p u r i t i e s  found i n  t h e  
p regnan t  l e a c h  s o l u t i o n  ( t a b l e  4 ) .  



T a b l e  6 

EFFECT OF ROAST CONDITIONS 

Roast Leach 
T e s t  - emp Time Temp * % U  Tailing E x t r a c t i o n s  

% Mo % SO 4 No (hrs,) (OC) ( h r s , )  ( O c )  __L l?H E x t r a c t e d  ( %  U) -- 
LA-39 1 

4 9  16 
36 16 
3 4  16 
37 16 

52  2 
47  2 

2 
59  35 2 

5 0 0  
500  
5 00 
500 
5 00 

2 3 0  
3 3.0 
2 80  
2 110 
2 11 0 

3 . 0  * 
2 . 6  * 
8 . 3  
8 , Q  
8 . 8  ** 

68 
8 5  

75 
75 

a4 

a 040 2 3 5  
0 2 5  6 4 5  
0 3 1  45 98 

e 038 3 8  97  
e 040 4 7  98 

042 5 4  97  
* 039  57 9 5  

0 3 8  5 5  97 
LI 0 3 4  55  96 

2 6 0  
2 8 0  
2 110 
2 1 1 0  

8 . 4  
8 .5  

8 . 4  
--- 

72 
75 
77  
7 9  

8 0 0  
8 0 0  
8 0 0  
800 

. 0 6 2  6 83  
044 16 83 
059 50 90 

55 1 
53 1 
46 1 

900 
900 
9 00 

2 60 
2 80 
2 11 0 

8 . 2  

8 . 9  ** 8 .4  
5 7  
69 
6 5  

40 114 
41 3 / 4  
4 3  1 3 / 4  
5 0  2 

1000 
1000 
1000 
1000 

2 110 
2 110 
2 110 
2 80 

8 . 8  ** 
8 . 7  ** 
9 . 3  ** 
8 . 8  

35  
59 
1 7  
5 8  

1 0 5  5 8  97 
. 0 5 2  9 6 0  
118 5 4  91 
063  6 2 2  

116 48 9% 4 5  1 1100 2 110 8 . 9  ** 11 

A s h :  -100 mesh. 

*H2Q L e a c h  C o n d i t i o n s :  10 rnl H,O p e r  g. a s h ,  

Leach C o n d i t i o n s :  4 5  g o  (NH4)zC0, per 100 m l  H,O (or 80  m l  HzO - 
2 0  m l  N H 4 0 H ) * *  were used  to  leach 5 0  g o  ash.  The  
Tests were c a r r i e d  out i n  an autoclave under 
pressure  

* Ash given H,O l e a c h  only. ** 80 ml HdO, 20 r n l  N&OH ( 2 8 %  N H , )  added.  



Table 7 

( NH4 ) C03 LEACH CONDITIONS 

LA-70 
45 
6 6  
6 1  

72 
64 

54 
5 2  
56  
4 7  
5 9  
35 
76 
7 7  

63 
6 0  
4 8  

1 8  
18  
18 
18 

3 0  
3 0  

4 5  
45  
4 5  
45 
4 5  
45  
4 5  
45  

4 5  
45  
45  

Leach 
Time Tempo +Pressure 
( h r s , )  QC p s i  D 

P u c  

5 3 0  A t m  * 
2 4 5  5 
2 6 0  l5 
2 8 0  2 0  

5 3 0  Atn. * 
2 8 0  4 0  

14 
2 
2 
2 
2 
2 
2 
2 

1/2 
1 
4 

3 0  
6 0  
6 0  
8 0  

110 
110 
130 
15 0 

0 
25 
20 
55 

125 
1 3 0  
2 00 
2 5 0  

8 0  45  
8 0  55 
80 5 0  

As, , :  Raw 1 ,gni te  roasted for 2 

% U  
Extracted 

69 
6 9  
70 
6 7  

74 
71 

71 
72 
79 
75 
77 
79 
61 
69 

72 
70  
73 

Tailing 
( %  U) 

e 050 
I) 048 
050 
050 

0 039 
e 040 

042 
.042 
e 036 
a 039  
a 038 
034 

D 054 
052 

050 
045 
046 

_. 

57 
6 0  
5 1  
56  

5 6  
55 

42  
54  
5 1  
5 7  
55 
55 
5 8  
5 6  

4 %  
5 0  
5 3  

Extract ions  
% Mo % so4 

96 
97 
96 
97 

98 
9 7  

98  
97 
97  
95 
97 
96 
96 
96 

96 
96 
96 

hours at 800*C and the 
r e s u l t i n g  ash ground t o  -100 mesh. 

Leach Conditions: 50 g. samples of ash  per 100 m l  H,O plus (NH,)2C0, 
agitated in an autoc lave .  

* Leached i n  an open beaker, 
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achieved at 30°C and atmospheric pressure, t h e  overall values 
obtained l.ndxca&e t h e  opt  fmum temperature range lies between 
6 0 0  and llO°C, A t  higher temperatures, t h e  uranium extractions 
appear to decrease. 

Within one hour all soluble c o n s t i t u e n t s  of the ash could 
be extracted, Prolonging t h e  extraction time did not increase 
the availability of uranium, ~ o l y ~ ~ ~ ~ ~ ~  or sulfate. 

Apparently about 384 of %he uranium is present in an 
easily reactive formm, whrle the remaining fourth cannot be 
brought. into s o l u t i o n ,  e i ther  by changing roasting time or 
temperature, or by changing the leaching conditions with 
respect to time, temperature, ammonium carbonate concentration 
or pH of t h e  leach liquor* 

The pH of leach liquor usua18y ranges between 8 . 2  and 8.8. 
An increase to over 9 by adding ~~~~~~u~ hydroxide did not 
result in an improved extractiono 

The minimum Concentration o f  Z L I I ~ N M I I I ~ U ~  carbonate in the 
leach solution must  be in excess of %hac which will react with 
the CaS04 in the ash. Requirements for t h i s  reagent cannot 
be accurately determined until the average concentration of 
CaSQ, can be predicted. 

Treatment of High Temperature Ash 

Various ways are being explored to solubilize the last 
quarter of the uranium from lower temperature ash and to extract 
uranium from a high temperature (10OOOC and over) ash. As 
shown in Table 9 ,  quenching of the ash has not produced 
encouraging results, 

In order t o  find o u t  whether part of the uranium was 
present in the tetravalent state and, therefore, insoluble 
in the reagents employed, some leachings were made with 
ammonium carbonate solutions containing potassium permanganate 
and potassium persulfate. No improvement could be found. 

Other more promising ways are now under investigation. 

Treatment of Chars 

A small (300 ml) retort has been constr cted according 
to the design of F a  Fiseher  and H, Schrader.Y3) 
from distillation of the tars are being treated with various 
reagents to determine the availability of the uranium. The 
compositions of theoff-gases from the retorting operations 

Residues 
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are a l so  being determined. Chars from lignite gasification 
will be examined. Preliminary tesfs inc lude  leaching with 
acids and with (NH4 )2C0, Sufficient NII, and C02 might be 
available from t h e  off-gases for an ammonium carbonate treatment. 
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Uniformaty of Sampling 
*vpI_F*-- 

A second drum of lignite from sample ND-I. has been opened 
and prepared for laboratory studies aceordmg t o  Ehe procedure 
described in ORML-’P3OW. The c ~ ~ i ~ p o s ~ t i o n  of this material has 
been determined by w e t  chemical and spectrographic methods and 
a comparison of t h e  analysis of lignite from the two drums 
opened t h u s  far is shown in Tables 10 and 1l0 Both the chemical 
and spectrographic analysis s f  the TWO samples are very similar. 

Uranium Content of Mineral Fractions - 
A s  mentioned l as t  quarter, fomrtecm samples of organic- 

rich material were hand-picked f rom a large batch of dried 
lignite, Each sample was ashed and submitted for a wet chemical 
uranium a n a l y s i s  os well as spectrographic analysis for the 
trace metal constituents, Previous work has shown that the 
uranium was not associated with any sf the major m i n e r a l  
constituents of the lignite samplep but  %ha% it definitely 
concentrates with the organic-rich fraction, I l l  
of these testa was to determine whether the uranium in the 
organic fraction 1s associated with %he organic  matter itself 
or with some other trace metallac constituent which has con- 
centrated w i t h  t h e  okgannc material, Results are shown an 
Tables 12 and 13 for the fourteen samples so treated. 

 fie purpose 

Since the ash content of the hand-picked samples was 
about 15% (dry basis) compared to 30% for the normal lignite, 
all elements associated w i t h  the ~ 3 ~ g a n S ~  material should be 
present in concentrations about 2 ,5  times those normally 
obtained, In t h e  case of uranium such a change in concentra- 
tion i s  observed (see Tables 12 and 13) and the association 
of t h e  uranium with t h e  organic matter 18 again confirmed. 
Similar changes in t h e  concentration of other trace constituents 
were not obtained, (Table 1 3 - 1  Mfnor differences did occur 
between some of the samples in barium9 calcium and potassium 
concentrations, bu% none of these appear to vary in any 
systematic manner with changes in %he uranium concentration. 
Molybdenum was of special  interest since there has been some 
indication of correlation between molybdenum and uranium 
contents of d f f  f e r e n t  lignites 4 3  Such a correlation would 
not be indicated, howevers by t h e  data in Table 13. 

The in%erpreLa&ion of t h e  data is limited, unfortunately, 
because xnsufficient quantities of material was submitted for 
precise spectrogsaphdc analyses, This type of study will be 
repeated using three or four larger samples of hand-picked 
lignite a 



Table 10 

WET CHEMICAL ANALYSES OF LIGNITE SAMPLE ND-1 

FROM DIFFERENT CONTAINERS 

Drum No. 2 

Anal, AS Calcu1,to B!As-RecPd.sC 
___y__D- Submitted Dry Basis - Condo 

Calcul. to 

LOSS at lIOOCp (H,O) 5 - 1 9  
Total Carbon 3 5 - 4  
Nitrogen Qe59 
Sulfate Sulfur 11.02 
Total Sulfur (SO,) 12.63 
Carbonates 0,07 
Ash 32.3 
Uranium 0.0322 
Silicon 3.61 
Potassium 0.275 
Sodium 0.763 
Calcium 2.88 
Magnesium 0.133 
Phosphorus 0,062 
Iron 5.41 
Tit an ium 0,104 
Aluminum 1.42 
Molybdenum 0.091 

0,oo 
3 7 . 3  
0.62 
11.52 
13 35 

34.1 
e 074 

0.034 
3.81 
0.29 
0.805 
3 ., 04 
0,14 
0.065 
5.71 
0.11 
1.71 
0.096 

39.4 
22-6 
0.38 
7,OO 
8,lO 
047 

0.0206 
2.31 
0.176 
0.488 
1.84 
0.085 
0.039 
3.46 
0.067 
1.04 
0.058 

2 0 . 6  

Drum N o .  1 

Anal, As Calcul.to "As-Rec'd." Cond a 

Submitted Dry Basis  

Calcul. to 

5.6 
33.4 

0,46 
10,8 
1 2 . 8  

28.8 
O A 8  

0,044 
3 -40 
0.17 
0.74 
2.82 
0.30 

0.0 
35.4 
0.49 
11.4 
13.6 

30.5 
0.085 

0.047 
3.60 
0.18 
0,78 
2,99 
0.32 

42.4 
20.3 

0 . 2 8  
6.54 
7-81 
0.049 

0.027 
2 . 0 7  
0.10 
0.45 
1.72 
0018 

17.5 

---- ---- --e- 

5.98 6.33 3 . 6 3  

1,69 1.79 1-03 
0,080 0.085 0.049 

---- ---e ---- 

N 
tu 
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Table 11 

SPECTROGRAPHIC ANALYSES* OF LIGNITE 

SAMPLE MD-1 FROM DIFFERENT CONTAINERS 

Drum No. 2 Drum N o .  1 Drum N o .  2 Drum No. 1 
Element % 7% Element % % 

Ag 04 d -  04 MVIS 0.1 0.15 

B 0.008 0.02 wi <* 08 4. 08 

Ba 0.1 0.08 Pb <.. 04 <. 04 
Be < 0 001 ( *  001 Sn <. 02 4 02 

Cd {. 04 <* 04 Sr 1.1 <. 1 
co (. 04 <. 04 Ta Cl C1 

Cr <. 04 <. 04 V <* 04 4.  04 

cu 04 <Oe 04 W (1 C1 

L l  0 * 0 2  0.01 Z n  < *  3 4.3 

Mn 0.08 0.01 Zr (. 08 L 08 

*The spectrographic test results reported herein are semi- 
quantitative estimates which were obtained for use as a guide 
to chemical analysis and should not be interpreted or construed 
to be precise quantitative determinations. 
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ASH AND URANIUM CONTENTS OF HAND-PICKED 

AIR-DRIED LIGNITE SAMPLES 

Sample % Ash 

Unsorted Lignite ( Dry) 3 0 e 5 

BN-1 15 

BN-2 

BN-3 

BN-4 

BN-5 

BN-6 

BN-7 

BN-8 

BN-9 

BN-10 

BN-11 

BN-12 

BN-13 

BN-14 

18 

15.1 

15.5 

14.6 

13.2 

15.9 

15 

14 

13.5 

14,4 

14.1 

14,4 

14.4 

% U in Ash 

0.13 

0.45 

0.29 

0.39 

0.34 

0.42 

0.46 

0.36 

0.41 

0.45 

0.42 

0.39 

0.41 

0.37 

0.40 



Element 

u 
Ag 
B 
Ba 
Be 
Ca 
Cd 
cs 
Cr 
cu  
K 
L i  
MiT 
Mn 
MO 
Na 
Ni 
Pb 
Sla 
Sr 
Ta 
Ti 
v 
w 
Y 
Zn 
ZS 

BN-1 

0.45 
04 
03 

001 
. 2  

" 6  
< e  04 
04 

<* 04 - 08 
"6 
* 02 
.6 
04 
- 3  

2 
co 08 
< m  04 
< o  02 
1 

e 15 
<& 04 

< *  15T 
3T 

< a  08 

.(I 

<1 

Table 13 

SEMI -QUANTITATIVE SPECTROGRAPHIC DATA ON 

ASHED SANIPLES OF HAND-PICKED LIGNITE* 

BN-4 - BN-2 
P 

0.29 0,34. 
d o  04 < 04 
04 03 
Q8 08 

a 001 "001 
. 3  " a ,  

<. 04 < -  04 
<. 04 04 
Cs 04 4-04 
08 0 08 

1 . 3  
D 02 s 02 
-6 .6 
04 e 04 
- 3  - 3  

2 2 
q. 08 < e  08 
r;, 04 4.04 
< a  02 < *  02 
<, 1 < *  1 
1 (1 

a 15 0 15 
< 04 04 

C.15T <.15T 
( - 3  ( 0 3  <- 08 c . 0 8  

<l <1 

BN-6 - 
0.46 
4.04 

0 3  
08 

0 ooa 
. 3  

f.04 
4.04 
<*  04 

a 04 
. 3  
s 02 
- 6  
04 

. 3  
2 
4 - 0 8  
< o  04 
< *  02 
4.1 

(1 
* 15 

L 04 

C e 15T 
L * 3  
4 . 0 8  

<a 

BN-7 
II_ 

0.36 
04 
03 
08 
001 

. 3  
< e  04 
< e 04 
< e 04 

e 04 
-3 
* 02 
.6 
04 

.3 
2 
<.08 
< e  04 
c *  02 
<.1 
1 

0 15 
(-04 

4 15T 
(-3 
< .08 

41 

BN-8 - 
0.41 
4 *  04 

I 03 
.2 
0 001 
.3 

La 04 
< 04 
< a  04 

a 04 
-3 
I 0 2  
.6 
04 
- 3  

2 
C, 08T 
< e  04 
< *  02 
< *  1 

(1 
0 15 
04 

(1 
(.15T 
4 * 3  
< b  08 

BN-11 

0.39 
4.04 

(I 03 
04 

0 001 
- 3  

(s 04 
< *  04 
c. 04 

08 
.3 
* 02 
. 6  
04 

. 3  
2 
08 
04 

c. 02 
c ,  1 
1 

D 15 
<* 04 
C.15T 
c.3 
< *  08 

Cl 

BN-12 

0.41 
4 04 

a 03 
e 04 
.OOl 
.3 

<. 04 
L~ 04 
c. 04 

. 0 8  

.2  
* 02 
, 6  
04 

. 3  

Normal 
Ash 

0.13 
04 
06 
.08 
a 001 

c5 
c a  04 
4.04 
.c 04T 
C 04 
I-- 

--- 
1 

e 08 
.3 
-I- 

<* 08T 
6-04 
<. 02 
1T 

41 
-2 

< 04 
<1 

--a 

3 
08 

N 
cn * Because of space limitations, data are presented for o n l y  eight of the 

fourteen samples. 
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Physical Separations - 
Air @lassifi@ation of Raw Lignite 

A sample of rawg dried lignite w a s  submitted to the 
Metallurgy Dnvision of QRNL for air classification tests in 
a Roller Particle Size Analyzer (American Instrument Company). 
Before submission, the sample was dried for 18 hours at lOOOC 
and stage ground to mlinw 100 m e s h .  The specific gravity of 
the material was measured at about 1.5 and this value was 
used in establishing the instrument se%tings. 

FQUP products were collected during the test - the 
residue and the material from the three classification chambers. 
All of these were submitted for particle size determination, 
chemical analysis, spectrographic analysis and a cursory 
mineralogical examination. 

v-p- - 

The following observations can be made from the data as 

1) No important separation of uranium and/or carbon 

2 )  The concentrations of uranium, silica and carbon 

summarized in Table 14. 

from other constituents was obtained, 

decreased somewhat as the particle size of the various fractions 
decreased 

3 )  The concentration of sulfate and the total ash content 

4) Spectrographic analysis and microscopic studies (not 

was considerably greater in the fine fractions. 

reported) show t h a t  the greater sulfate concentration in the 
fine fractions is due to increased concentration of both gypsum 
and jarosite 

Additional air classification tests are being made using 
different test conditions, 

Air Classification of Lignite Ash 

Three samples of lignite ash obtained by burning the 
lignite at temperatures of 5000Cs 800W and 1000°C were also 
submitted to the ORNL Metallurgy Division for air classification 
in the particle size analyzer, In these testsp the instrument 
settings were based on data supplied with the instrument for 
the air classificatdon of fly ash, Chemical analysis and 
microscopic studies of the various sized products are described 
in Table 15, 
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Table 14 

D T. 
__. 

FROE 
_I_ 

4& of Total Wt. 

Particle Size ( P 

IR CLASSIFICATION OF R W LIGNITE 

Residue 

48 

200{ Max.) 
90(  Av ) 

0.053 

4.6 

3 8 . 9  

5 . 9  

22.5 

9 . 9  

1 l / S l q  
Chamber 

B4,O 

60(Max.) 
3 4 (  Av . ) 
0.043 

3 . 8  

36.6 

8 . 2  

25.6 

9.8 

2 1/4” 
Chamber 

2 0 . 0  

29( Max.) 
1st Av. ) 

0.042 

2 - 9  

31.2 

14.9 

30.7 

8.3 

9” 
Chamber 

18.0 

19( Max. ) 
<5(Av.) 

0 . 0 3 9  

2 . 6  

2 6 . 7  

19.1 

35.9 

7.7 
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T a b l e  1 5  

DATA FROM A I R  CLASSIFICATION OF LIGNITE ASH 
I 

500% Ash 

R e s i d u e  Chamber Chamber Chamber 
1 1/8" L 114" 9'O 

% of T o t a l  W t .  9 . 7  9 . 7  25.8 54.8 

P a r t i c l e  Size ( ) *  200-50 110-25 50-10 c5 

u (%) 001 w 001 0.02 0 .2  

si02 ( % I  2 0 . 1  1 8 . 3  1 2 . 0  5 .7  

P 

Fe ( % I  6 . 1  5 " 7  8 . 2  25 .0  

so4 25 .9  2 8 . 1  35 .9  2 3 . 4  

800oC Ash** 

P a r t i c l e  Size ( ) *  180-35 90-25 45-10 410 

u (%) 0.03 0.08 0.12 0.22 

so4 ( % I  1 6  15 2 7  11 

P 

4 1000°C Ash** 

Par t ic le  Size ( ) *  180-45 110-30 40-10 (10 

u 6 J l  0 . 0 8  0.14 0.15 0 .21  
P 

$ 0 4  (%) 1 2  15  28 1 4  

* Measurement of 50 g r a i n s  of e a c h  f r a c t i o n  a t  random. 

**The f r a c t i o n s  of 800° and 1000°C a s h  were not weighed.  
V i s u a l  o b s e r v a t i o n  would i n d i c a t e  abou t  t h e  same weight 
d i s t r i b u t i o n  as for  t h e  500% a s h ,  
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In the case of the 500°C ash, the following observations 
may be made. 

1) Over f i f t y  percent of the particles are below 5 microns 
in size. 

2) The uranium is almost entirely concentrated in the 

3 )  fron i s  also concentrated in the fines whereas the 

finest fraction with the coarsest fraction being almost barren. 

opposite is true for silica. 

4 )  Sulfate is fairly random in distribution, with a 
somewhat greater concentration in the 10-50 micron range, 

5)  Spectrographic results (not reported here) show in- 
creased concentrations of molybdenum, magnesium and manganese 
in the fines. 

With ash formed at higher temperatures (800° and lOOOOC), 

1) The uranium concentration is greatest in the finest 

the results are as follows: 

fraction, but, unlike the 50OoC ash, appreciable concentrations 
are also found in the coarse fractions. 

2 )  Appreciable amounts of sulfate are found in all s i ze  
fractions with the greatest quantity in the 10-50 micron 
material 

3 )  Spectrographic results (not reported here) show 
increasing concentration of ironp magnesium and manganese 
with decreasing particle size. The molybdenum concentration 
appeared fairly constant in all fractions. 

Sink-Float Tests 

Three sink-float tests were made previously using -8 to 
+ 2 0  mesh, -20 to + 6 0  mesh, and -100 to +325 mesh lignite. 
Other tests have now been run using d r i e d  unsized lignite 
which had been totally stage ground to pass 100 mesh. Experi- 
mental procedures were the same as previously described. 

differ from those obtained in earlier experiments. Although, 
float products were obtained which contained greater cuncen- 
trationsof uranium and carbon, and lower concentrations of 
non-volatales than did the head, t h e ’ t o t a . 1  recoveries of 
uranium and carbon into these fractions were not more than 
50%,  as compared to 80% in previous work. This difference 

The results from these tests, as reported in Table 16, 



Table  16 

S INK-FLOAT TESTS 

T e s t  R e s u l t s  (Dry) 
Chemical A n a l y s i s  ( A s  submitted) w t .  % Cum.Wt.  % D i s t r i b u t i o n  (Dry) 

Sample B HzO 56 T0t.C. 96 Ash - % U  R e t .  X R e t .  pot .  C. A sh u -  

T e s t  No. 4 (Material a l l  -100 mesh by stage grinding.) 

e---- ----- ----- ----- Head Samp. 10.4 3 3 . 7  2 9 . 7  0.036 ----- 
Sink 1 . 7 0  3 . 5  2 3 . 5  4 9 . 2  0.027 66 .0  66.0 52.3 81.1 5 3 . 6  

21.7 0,049 3 4 . 0  100.0 4 7 . 8  18.9 4 6 . 4  

---- ---- ---- ----- 1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

- - 4 0 . 4  - Float 1 . 7 0  6 . 5  

T o t a l s  

_._I 

Test N o .  5 (Material a l l  -100 mesh by stage g r i n d i n g . )  

Sink 1 . 7 0  4 . 6  2 2 . 9  4 3 . 2  0 .032  6 2 . 1  6 2 . 1  4 6 . 8  7 6 . 5  5 2 . 8  

F l o a t  1 . 7 0  9 . 4  4 0 . 4  2 0 . 7  0.045 37.8  100.0 5 3 , 2  33 .5  4 7 . 2  

T o t a l s  ---- ---- --e- ----- 1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

w 
0 



is p r o b a b l y  due t o  the fact that a p p r e c i a b l e  q u a n t i t i e s  of 
very f i n e  l i g n i t e  were p r e s e n t  i n  t h e  unsc reened  samples  used  
fo r  t h e  recent tests and t h e s e  f i n e s  p r e v e n t e d  a s h a r p  s e p a r a t i o n  
of t h e  prcaduets, C e n t r i f u g i n g  w i l l  be t r i e d  i n  f u t u r e  s e p a r a t i o n s .  

F$o%atf~e T e s t s  

Negative r e s u l t s  were o b t a i n e d  from six f l o t a t i o n  tests 
i n  which attempts were made to f l o a t  t h e  ca rbonaceous  matter 
from the gangue u s i n g  No, 2 fuel o i l  and /o r  k e r o s e n e  as t h e  
c o l l e c t i n g  a g e n z s  and p i n e  o i l  as t h e  f r o t h e r .  

Encouraging  r e s u l t s  were o b t a i n e d  from one test i n  which 
t h e  gangue c o n s t i t u e n t s  were f l o a t e d  from t h e  ca rbonaceous  
matter, Exper imen ta l  c o n d i t i o n s  I n c l u d e d  a n a t u r a l  c i r c u i t  
p H  of 3 , 5  - 4,0, a p u l p  d e n s i t y  of 15-1656 ( w i t h  a p r e l i m i n a r y  
condaEfoning p e r i o d  at 30% s o l i d s )  and  water a t  a t e m p e r a t u r e  
of 5 0 Q C e  Reagen t s  u sed  were quebracho and R 6 5 3  as  d e p r e s s a n t s  
f o r  t h e  ca rbonaceous  matterg l e a d  n i t r a t e  as a q u a r t z  a c t i v a t o r ,  
armac TD a s  t h e  p romote r ,  and p i n e  o i l  as the  f r o t h e r .  A 
m i x t u r e  of No. 2 f u e l  si1 and k e r o s e n e  was a l so  added as a 
gangue promoter a s s i s t i n g  a g e n t ,  

R e s u l t s  are shown in t h e  f o l l o w i n g  table.  The major 
p o r t i o n  of the inorganic  material in t h e  c o n c e n t r a t e  is jaro- 
s i t e ,  a m i n e r a l  which w a s  n o t  e x p e c t e d  t o  f l o a t  i n  t h i s  scheme. 

FLOTATION TEST NO. 3B* 

T e s t  
A n a l y s i s  of Submi t t ed  Sample Results % D i s t r i b u t i o n  

% (Dry  B a s i s )  ( Dry) 
Product % W2Q TDL~CT. 3$ Ash % U W t -  % Tot,C. A s h  U 

_cI I ' -  

Cone 9.83 4 2 , 9  1 8 , 2 5  .044 6 3 , 7  73.5  4 7 . 8  71.4 

2 6 , 5  5 2 . 2  2 8 - 6  6 , 9 0  28 ,3  35.9 032 3 6 . 3  .. T a i l s  

@alc,Heads 
T o t a l s  41.33 2 6 , $ 5  0 , 0 4 3 3  1 0 0 , o  100 .0  100.0 100.0 

*Feed w a s  raw2 d r i e d  l i g n i t e ,  -48 i-325 mesh. 
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FUTURE WORK 

Ade EtSonal samples of uraniferous l i g n i t e  wLPich are more 
r e p r e s e n t a t i v e  of the u s u a l  run of material xn uranium c o n t e n t  
and, perhaps ,  t h e  c o n t e n t s  of other c o n s t i t u e n t s  must be 
s t u d i e d  as soon as p o s s i b l e ,  The only  lignite sample c u r r e n t l y  
a v a i l a b l e  i s  r e l a t i v e l y  h i g h  fm uranium concentrationo Although 
e x t r a c t i o n s  of 75% of t h e  uranium are  rather e a s i l y  o b t a i n e d ,  
the a c t u a l  c o n c e n t r a t i o n s  remaining i n  t h e  t a i l i n g s  are quite 
large, I f  the same extraction procedures w e r e  employed on 
l i g n i t e  samples sf lower o r i g i n a l  uranium c o n c e n t r a t i o n ,  t h e  
extraction r e s u l t s  would be d i f f i c u l t  to p r e d i c t  fron c u r r e n t  
data ,  O t h e r  I n f o r m a t i o n  as t o  the average c o m p o s i t i o n  of 
usanfferous l a g n i t e s  from a partxcular d i s t r ~ c t  would also be 
i m p o r t a n t  to p r o c e s s i n g  studies, e.g,, c o n c e n t r a t i o n s  of p y r i t e s ,  
gypSUIoE, bases and 6~8I?bOn.2LcE!Q11B material a 

Process e x p l o r a t i o n  work will be devo ted  t o  e x a m i n a t i o n  
of methods %os e x t r a c t i n g  uranium from - 

1) Raw lignites, 

2 )  L i g n i t e s  t h a t  have been ashed a t  i n t e r m e d i a t e  t e m p e r a t u r e s .  

3 )  High temperature l i g n i t e  a s h ,  

4) Lignite chars as o b t a i n e d  from g a s i f i c a t i o n ,  r e t o r t i n g ,  e tc .  

Methods for p h y s i c a l  c o n c e n t r a t i o n  of t h e  uranium will also 
be examined. 
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