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INTRODUCTXON 

Durfng the latter part of January several new samples 
of uraaiferous Dakota lignite were rece3.tved from t h e  Bureau 
of WZnee at Grand Forks, North Dakota. Since t h a t  t i m e ,  
most of the work has  been devoted to  studies of these more 
repmsentative samples. Investigations are being made of 
the recovery of uranium (and aoIgbdsnurn) fram raw l i g n i t e ,  
lignite char and various types  of  lignite a s h .  The ex- 
perimental data obtained thus far are presented and dis- 
cussed in the folltawlng sections. 

.... 
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SAMPLE DESCRIBTIOWS 

S e v e r a l  new l i g n i t e  samples  have been r e c e i v e d  from 
t h e  Slim B u t t e s  r e g i o n  of Harding County, S. Dakota. These 
samples  were c o l l e c t e d  during t h e  quartering of f i v e  bulk  
samples ,  as shown by the following data s u p p l i e d  by t h e  
Bureau of Mines, U n i v e r s i t y  S t a t i o n ,  Grand Forks, €4, Dakota. 

Apprax. Bulk 
Thickness Samp 1e 
o f  L i g n i t e  Designa- Drum 

Sampled tion Sample: 
___p___ 

Lscatfon - Locality 

West S i d e  of Slim B u t t e s  

83 ( Auger SESW-1-17N-i'E Upper 4 , O  No. 11 ~ No. 95 
ho le )  of 5.5p 

N o ,  119 
No. 109 

84 (Yendenhal l  NWSE-1-17N-7E Upper 5 - 0  No. 2 No.103 
mine) of 8.5' 

93  (Auger SWNE-36-18N-7E Upper 5 NQ. 3 No. 97 
hole) of 7 . 0 '  No 101 

East Side of slim B u t t e s  

82 (surface  SENE-^( ?> - 1 m - 8 ~  4.8 No. 4 No. 92 
s e c t i o n )  No,121 

8 1  ( s u r f a c e  SWSE-8-17N-8E 5 . 2 '  No. 5 No. 86 
s e c t i o n )  No.141 

These samples  are i d e n t i f i e d  by the drum numbers throughout  
t h i s  r e p o r t  a 

Except  for Nos. 92 and 1 2 1 ,  t h e  samples w e r e  uniform i n  
appearance.  These two, howewer, w e r e  dry at the top  of t h e  
drum, soggy in the middlep  and nearly a s l u r r y  at t h e  bottom. 

Proximate a n a l y s e s  of the dew,samples are g iven  in 
Tab le  1. For comparison, 'the analt.y%es ,@f*the older samples  



PROXIBATE ANALYSES OF LIGNITE SAMPLES 

Fixed Volatile U. in Mo in 
Lignite Water Ash Carbon Matter Raw Lignite Ash Raw Lignrte Ash 

x 
1_1_- 

-4% ' - % b.pei. % % % 9& 5& No 

38.2 
4.0 

18.9 
29.4 
30.6 

18,9 
29*4 
30.6 
44,O 

24.0 
37.2 
38.8 
5 6 , O  

0-02 

0.03 

0.058 

0,093 0.105 0.305 ---- 
4 0 . 0  
5,O 

24.5 
38.6 
40.8 
57.8 

14.5 
22.9 
24.3 
32,l 

18.0 
28.4 
29.9 
42.2 

30.5 
48.2 
51.4 
67.9 

0.024 

0.040 

0.031 

0.052 

0.137 -e...- ---- 
40,5 

6 . 0  
14.5 
22.9 
24,3 0.214 

0.038 86 (a )  40.0 27.2 17 .6  15.2 0.004 
( c )  ---- 45,2 29.3 25.3 0.007 0.016 0 e 064 0.14 
(d) ---- I--- 53.7 46.3 

48.8* 12,3 14.8 
6.7 22.3 27.0 

---I 24,O 28.8 ---- 37.9 ---I 

24.1 
44.0 
47.2 
62.1 

0 . 0 0 6  0,022 

0.012 0.048 0.043 0.18 

40,O 20.0 21.7 
-1-1 33-4 30,4 

1 8 . 3  
36.2 

0.018 
0,030 

0.034 
0,057 0.17 0 .090  

0.043 
9? ( a )  

cr 
4 4 . 0  13.5 22.6 ---- 24,1 4 0 , 4  

19.9 
35.5 

0.006 
0,010 

0.011 
0.019 0.08 

w 



Table  1 (Cont 'd . )  
e 

PROXIMATE ANALYSES OF LIGNITE SAMPLES 

Fixed Volati le u i n  hlo i n  
L i g n i t e  Water Ash Carbon Matter Raw L i g n i t e  Ash Raw Lignite Ash 

No, 4& P 4& %, % % % x % 

( c )  ---- 20.6 37.3 4 2 , l  0.017 0.08 0.056 0.27 
1 0 1  (a) 46.7 11.0 19.9 22.4 0.009 0.030 

103 ( a )  41,3 14.2 23.7 20.8 0.009 0.026 
(6) ---- 24.2 40.4 35.4 0.015 0.062 0.044 0.18 

109 ( a )  38.6 18.3 23.1 20.0 0.013 
8.0 27.4 34.6 30.0 

29.8 37.6 32.6 0.021 0.069 
( b) 
( e )  ---- 
( d )  ---- ---- 54.4 45.6 

1 2 1  ( a )  46.5* 16.8 16.7 20.0 0 .007  0.024 
(6) ---- 31.4 31.2 37.4 0.013 0.042 0.044 0.14 

141  (a) 42.7 11.8 23.2 22.3 0.004 
(c) ---- 20.6 40.5 38.9 0 ,008  0.038 
( a )  ---- ---- 47.9 52.1 

( a )  
(b) Refers to a i s - d r i e d  material. 
( c )  Refers to water - f ree  material. 
( d )  Refers t o  carbonaceous material, f r e e  of ash and water. 

Refers t o  material as r e c e i v e d .  

Water content determxned by xylene  method. 

*Nos. 92 and 1 2 1 :  Average of water c o n t e n t s  i n  samples from top, middle, and 
bottom of drum. 



(McI-19 b a t c h e s  2 t o  4)  which were used I n  prev ious  i n v e s t i -  
gatkoras are also inc luded .  The water c o n t e n t s  of t h e  
samples were deternaQned by t h e  xylene method, and t h e  vola-  
t i l e  matter by u s e  of a Fischer  retort at 525OC, Most of 
t h e  uranium v a l u e s  are a ta ined f r o m  (1) 
direck  a n a l y s e s  of t h e  r a l y s e s  of t h e  
ashes and ( 3 )  a n a l y s e s  of the pregnant  l i q u o r s  and t a i l i n g s  
from Peaching t es t s .  

samples r u n  g e n e r a l l y  lower in uranium content t h a n  those 

to 0,030 { d r y  basis) Indeed ,  some of t h e  c o n c e n t r a t i o n s  

differences in composition and rcactfon between t h e  east- 
s i d e  and t h e  wes t -s ide  samples are noted  below, On basis 
of t h e  in fo rma t ion  SO far a v a i l a b l e  about these samples, i t  
is not  p o s s i b l e  to state whezher t h e  characteristics shown 
are g e n e r a l  for the lignite beds in t h e  t w o  regionsy or 
perhaps  r e f l e c t .  d i f f e r e n c e s  in sampling,  Note, for  example, 
t h a t  t h e  east-side samples  are knd ica t ed  do be from s u r f a c e  
section, w h i l e  t h e  w e s t - s n d e  saaples are from auge r  'hole or 
mine e 

1% may he noted that the group of e a s x - s i d e  l i g n i t e  

from the  west s f d e  - 0,007 to 0 ,013  COHnpared w r t h  0.010 

ivedgq bas i s  are s o  l o w  that any uran%un r ecove ry  
Id carry a sizeable mining cos t ,  Other g e n e r a l  

- 
The approximate p e r c e n t a g e s  of mnaSor inasganfc con- 

s t i t u e n t s  i n  t h e  new Dakota l i g n i t e  samples  are g iven  i n  
Table 2. A131 of t h e  v a l u e s  in the table are c a l c u l a t e d  t o  
a water-free basis. The most striking v a r i a t i o n  among t h e  
samples  i s  in the s u l f a t e  c o n t e n t ,  t h e  east-side sa~nples 
as 8 group running lower t h a n  those from t h e  west side. 

I n  view of these d i f f e r e n c e s  in t h e  l i g n i t e  compo- 
sitfons, as w e l l  as v a r i a t i o n s  showing up in p r e l i m i n a r y  
r ecove ry  s t u d i e s  (see below) brief microscopic examinat ions  
of t h e  new ligpite batches were e by Dr, T. N 4  MGVay. 
C o m m e n t s  made by Drl McVay are l i s t e d  In. Table  3 .  For t h e s e  
s t u d i e s ,  a l l  of t h e  ignite samples  were ashed at 500%. 
Although gypsum would be conver t ed  t o  anhydr$%e by t h i s  
t r e a t m e n t ,  t h e  l a t te r  is a l so  easily recognfzed, 

The micrascop ic  o b s e r v a t i o n s  agree w e l l  w i t h  t h e  
a n a l y t i c a l  data i n  t h a t  t h e  gypsum content was noted  to be 
low in a l l  samples w h i c h  were reported t o  be low i n  s u l f a t e ,  
I n  a0veraZ casesp the amount of uncombined silica, 81s 
q u a r t z ,  w a s  l i m i t e d ,  The low s u l f a t e  concentrations for 
some of t h e  samples  also r e q u i r e  %ha% the jarosf te  c o n t e n t s  
be s m a l l ,  

5 
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Table 2 

MAJOR INORGANIC CONSTITUENTS IN LIGNITE SAMPLES 

Lignite 
No. 

86 

92 

95 

97 

101 

103 

109 

121 

141 

(Moisture free basis) * 

W L A -  RO Rz 0 

14.3 2.5 2.2 

11.7 3.9 1.0 

11.7 3.0 1.0 

6.4 2.9 2.3 

5.4 3.8 2-1 

6.6** 5.3 1.2 

10.3 4.9 0.8 

10-6 2.8 1.3 

4.9** 2.6 3.1 

S ioz 
22.0 

14.4 

12.0 

8.9 

5.3 

8.3 

8.0 

14.3 

6.6 

Sulfate 
as 
so3 

3.3 

0.3 

6.3 

4.6 

5.8 

8.9 

8.1 

0 - 4  

2.9 

Total Sulfur 
as 
SO, 

4.0 

1.4 

8 . 0  

7.9 

7.1 

11.4 

10.0 

1.5 

4.0 

*Calculated using water contents determined by xylene 
method. 

**Fe,O, + A1,0,. 



92 

123. 

141 

95  

Table 3 

OBSERVATIONS FROM MICROSCOPIC EXAMINATION 

OF ASRED SAMPLES 

97 

101 

103 

General 

7 

Gypsurn, clay minerals and grains colored red by 
iron oxide, As all samples contained sane red 
colored grains, t h i s  description w i l l  not be 
repeated - 
Very l i t t le  quartz or gypsum, 

Contrlhs quartz  but a m i i n o r  amount of gypsum. 
Considerable clay. 

Contains some gypsum, 

Large amount of gypsum and one large piece of 
clay, 

Similar to No, 101.  

Carbonate minerals were not  found i n  any of 
the samples 
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Though. t h e  q u a n t i t i s s  of ac id  ~ s q ~ i s e d  for ~ ~ ' E ~ n b i l l -  
zatiorn of che uraniu% f r sn  raw lignite are IaTge2 an 3-m- 

portant consideration -in P cycli@ psO@ess: is the amount of 
t h i s  a c i d  that i s  actanally coinsumed (neutralized) durfn 
t h e  contact per iod  Using t h e  meohad of J, C. Inglss,( 
measurements o f  tlsese quandftfee have been made ora s i x  
d i f f e r e n t  batches of raw lignite, the r e s u l t s  from which 
axe reported i n  Taka,le h ,  FQT these %es.k.s, each batch of 
a ir -dr ied  lignite was leached w i t h  5% and 12.5% H 7 $ 0 4  
so lu t ions  at a pulp d e n s i t y  of 20% and at a. temperabure of 
80*C. With the more d i l u t e  acid s s l u t i o n e ,  the  consumption 
of acid by the  various batches v a r i e d  f rom 90 to 210 lbs of 
acid/ton.  Wfth the mare esncen%raPed ;ac%di, the variation 
was between 120 and 2 6 0  Ibsftorn, The largest csnsumpt~on  
of a c i d  W ~ S  by NO, 9 Z 9  an east-s ide lig~fde, w i t h i  
No, 85, anCBsthar east -side sample, hntex-msdfa te ,  

Other experiments w l t h  a c i d  leaching are being made 
to obtain fur-khe~ informatton concerning o p t i m m  process 
c o n d i t i o n s ,  the elements other than ura~ianm which are dis- 
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Table 6 

ACID CONSUWEION BY R A W  AIR-DRIED LIGNITE 

Moisture 
Lignite in Lignite 

Test No, Mo D { %) 

LS-61 86 21 
E$-62 

LS-63 92 27 
LS-64 

LS-65 95 20 
LS-66 

LS-67 97 20 
m-68 

LS-69 LO1 2 3  
LS-70 

LS-71 103 24 
LS-72 

H L S 0 4  Added 
Pounds Percent Acid 
per ton in Cansumption 
Lignite Solution 1bs,/ton 

400 5.0 0-85 1,20 120 
1000 12.5 0 , 3 0  0,80 170 

400 
1000 

400 
1000 

400 
1000 

400 
1000 

5.0 
f2,5 

5.0 
12.5 

5,0 
12.5 

5.0 
12,5 

0 .70  
0 , 3 0  

0.75 
0,40 

0 , 8 5  
0,42 

0 ,96  
0.65 

1.30 
1.05 

1.28 
1.40 

1.48 
1.00 

1.45 
1.20 

210 
260 

110 
14 0 

90 
12 0 

110 
150 

400 5,Q Oo80 1,lO 210 
fOOO 12 a 5 0 . 6 0  1.10 160 

Leach conditions: Pulp density, 209; time, 4 ks.; Temp. 80°C, 
Acid consumption data were obtained by free-acid titration, 
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s o l v e d  d u r i n g  l e a c h i n g ,  t h e  consumption of a c i d  by t h e s e  
e l emen t s  as w e l l  as b y  t h e  o r g a n i c  mat te r ,  e tc .  Completion 
of t h e s e  tests should permi t  a n  e v a l u a t i o n  of 8 d i r e c t  a c i d  
p r o c e s s  i n c l u d i n g  a c i d  r ecove ry  and r e c y c l e ,  

Leaching w i t h  Ammonium Carbonate  

P r e v i o u s  tests(2) in which b a t c h  ND-1 l i g n i t e  w a s  
treated w i t h  s o l u t i o n s  of ammonium c a r b o n a t e  showed 
a p p r e c i a b l e  d i s s o l u t i o n  of uianiua,  bu t  t h e  r e s u l t a n t  
s l u r r i e s  weye extremePy d i f f i c u l t  to f i l t e r .  P r e s e n t  ex- 
p e r i e n c e  w i t h  No. 109 h a s  been t h e  same. 

S i n c e  the f i l t r a t i o n  d i f f i c u l t i e s  a p p a r e n t l y  arise from 
r e a c t i o n s  w i t h  o r g a n i c  matter, o t h e r  tests have been made i n  
which t h e  l i g n i t e  (MD-1) w a s  h e a t e d  t o  burn o f f  the more 
v o l a t i l e  o r g a n i c  materials p r i o r  to t h e  l e a c h i n g  t r e a t m e n t .  
The r e s u l t s  from t h e s e  expe r imen t s  are s h a m  below. About 
two- th i rds  of t h e  uranium could be e x t r a c t e d  from t h e  l i g -  
n i t e  by t h i s  t r e a t m e n t ,  and f i l t r a t i o n .  of t h e  s l u r r i e s  w a s  
r a p i d .  F u r t h e r  t e s t s  w i t h  o t h e r  l i g n i t e  samples w i l l  be  
conducted.  

Burning Time" Residue Carbon U E x t ' n e b  T a i l s  
---a (MBn. a& 800°C) u___ ( %  of Head) - .  ( %  . of - - - _ O _ p .  Residue)  ( 'ib) ( %  U) 

60 19 . 3  66 .054 

30 25 19  66 047 

0 3 1  2 1 - 5  46c . 0 5 8  

a> Raw l i g n i t e  p l a c e d  i n  f u r n a c e  a t  400°C and h e a t e d  r a p i d l y  
(15-20 w i n , )  t o  8000CI Bed d e p t h ,  1/8 - 3/16 i n . ,  0,7 
l b s  l i g n i t e / s q , f t ,  

b) Leached u s i n g  25 g ash (-100 mesh) 20  g (NH,),FO, and 
100 m a l  H20 fox- 2 h r s  at 80% and 40 p s i .  One hour  cool- 
ing p e r i o d  i n  a u t o c l a v e .  

c )  Low uranium matrerial ba l ance .  

Leaching with Ammonium Phosphate  

P r e v i o u s  tests( 2, w i t k t  ijihyrlrogen ammonium phosphate  
have shown a partial ( 2 0 % )  s o l u b i l i z a t i o n  of uranium from 
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raw ND-9 lignite. F~arkher expergnents with this reagentp 
u s i n g  lignite NO. 109, are descrfbed fm Table 7. In t h e s e  
testsg t h e  as'ra,aium again was partially solubilized. However, 
under the most rFlg0~0us condition t e s t e d ,  the maximul~l ex- 
traction was Q I I ~ ~ T  40$, 

Lea&% ng w i t h  Nan-Aqueous Solvents 

traction of anx-arniw from raw lignite fdrPed at 50-60°C) with 

chlor ide  or naphtha, The r e s u l t s  are shown in T a b l e s  8 ,  9 ,  
and IO. 1x1 t h e  absentee of mninerotl acid (%able 8) uranium 
ext3~a4~th~n  by O - l M  dialkylphosphinfc or dialkylphosphoric 
a c i d  was negSfglbTe, A significant fraction of t h e  uranium 
was extrac%ed when a small amount sf ~ o n ~ e n t r a t e d  sulfuric  
acid was added to the extraction ~ 1 u r r ' y ~  and the extraction 
was improved when concentra%ed n a t s i c  a c i d  was used instead 
of sulfuric ( T a b l e  9 )  S imi lar  tests with a neutral rea 
( t r i b u t y l  phosphate) and n i t r i c  acid are shown in Table 10. 
In this set. of %ests9 uranium ext.raetion imtapr~ved w i t h  kn- 
creased quaratgty of n i t r i c  arAd and w i t h  imereased extraction 
t i m e ,  It may be noted that, the quant i ty  of nl .&-r i@ a c i d  used 
to obtain 65% uranium extraction was considerably lower than 
that required far similar extractions in a c g u e ~ u ~  a c i d  leach-  
ing (see Table 4) * 

Further s t u d i e s  of the application of non-aqueous 
leaching So l i g n i t e s  are being madeo basing different e x -  
traction reagents and d f l u e n t s  (with and widhout acf 
l a t f ~ n )  under a variety of process c~nditi~ns, 

-- - 
Several preliminary experiments were made of t h e  ex- 

SOlUtXC3sbS Of 0rgaIlophOSphQPU.S CWi~OlmdS in CalPbOIl tetra- 

Several samples  of lignite char have been prepared by 
treating portions of ND-1 BfgnSte for 2 hours at 5 O O o @  in a 
small F f s c h e k  setospt. After grinding the products to minus 
100 meshg a series of leaching Xes'its was conducted using  
sol.u%iona of alrnmoniutn carbonate and various mineral  a c i d s .  
The exper%men$al condilions and results are descr ibed  in 
Table 131, 

As shown by the data, a 1 eXtX'a@&iQns 5f UraniPrHl f r o m  
%he lignite char were quite ow, Wchd leaching w i t h  oxidants 
present, e . g .  hot n i t r i c  a c i d ,  potassium permanganate, and 
hydrogen peroxide w e r e  no more effective than those easing 
simple s o l u t i o n s  of s u l f u r i c  and h g d s ~ c h l ~ r i ~  acids, 
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Table 9 

EXTRACTION OF URANIUM WITH DI(2-ETBYLHEXYL)PHBSPHINIC ACID 

I N  ORGANIC DILUENT WITH HNO, OR HZSO4 ADDED 

LbS H Z S 0 4  L b s  €NO, 
per ton of per ton of 

Exp. N o .  D r y  L i g n i t e  D r y  Lignite U E x t r a c t i o n ,  % 

LC-4-1 50 --- 4 .6  

-2 100 --- 8 . 6  

-3 --- 50 20 

-4 --- 100 44 

Procedure: 1 5  g of l i g n i t e ,  4 5  r n l  of C C l , ,  and conc. a c i d  
w e r e  stirred for 2 hours, f i ltered, and the 
cake washed w i t h  CC1,. 

L i g n i t e  ( N D - 1 ,  batch 3)  oven d r i e d  at 5O-6O0C 
for 16  h r s .  (Head a n a l y s i s  4 3 0  ppm.) 
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Addition of oxidgtnts to the ammonium carbonate solutions 
also failed to improve the extractions. 

Ira the latter past of Table 11, tests are shown in 
which several char samples, prepared at diflerent tempera- 
tures, were given an oxidizing roast at 500°C prior to 
leaching. This treatment, it may be observed, produced a 
carbon-free ash from which 80% of uranium could be extracted 
by water alone, even when the previous retorting operation 
had been carried out at a temperature as high as 800°C. In 
this respects the chars have acted much the same as the raw 
lignite. Reference to Table 4 ,  ORNL-I384,(1) shows similar 
extractions f r a m  ND-1 samples which had been ashed directly 
at 50Q°C. 

RECO-RY FROM LOW TEMPERATURE ASH 

Acid and carbonate leaching of low temperature lignite 
ash from batch MID-1 has been discussed in previous 
reports.(lt2) 
temperature ash are now being examined using the new lignite 
samples from the Slim Buttes area. 

These and other methods for treating low 

The ash samples for these tests were prepared by spread- 
ing raw lignite i n  a thin bed on a tray in a muffle furnace 
at a specified temperature (usually 800OC), or at a lower 
temperature with a brief heat-up period to the specified 
temperature. Although it i s  certaln that the temperature of 
the burning lignite exceeded that of the furnacep the ash 
samples are designated in the following sections by the 
furnace temperature. Measurements with an imbedded thermo- 
couple during burning in thin beds (3/16 to 114 inch) at a 
furnace temperature of 800°C showed average bed temperatures 
approaching a maximum of 9000; some particles probably 
reached higher temperatures, With similar samples burned 
by a standardized procedure, vv8000 ashff can be considered a 
reasonably definite and reproducible material, although its 
relationship to a given fire-box temperature in a large 
furnace remains to be established. 

Leaching with Acid 

In previous tests with low temperature ND-1 ash, 75-8056 
of the uranium could be extracted by acid leaching, The 
consumption of sulfuric acid as determined by free-acid 
titration was about 200 lbs/ton of ash, 
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With the new lignites (see Table 12), similar extractions 
have been obtained from samples 109, 92, 103, 101, 97, 95, and 
121, and somewhat lower extractions (65-70W) were obtained 
from samples 141 and 86,  These latter lignites are also lower 
in uranium content. The quantities of acid consumed during 
leaching were in most cases higher and in several cases con- 
siderably higher than those experienced with the IW-1 sample, 
The approximate quantities of acid consumed by each sample 
under conditions selected for nearly maximum uranium recovery 
may be listed as follows: 

Lignite 
No 

86 

92 

121 

14 1 

95 

97 

101 

103 

109 

Uranium 
Content 

( w 
.017 

048 

.042 

038 

. 0 9 0  

a 043 

.080 

.062 

.069 

H, SO4 Consumed 
(lbs/ton of Ash) 

510 

1000 

1000 

760 

*O 

400 

410 

2 9 0  

3 0 0  

U Ext'n. 
( %) 

71 

80  

80 

66  

7 9  

7 7  

8 0  

8 0  

80 

Ha SO4 Consumed 
(lbs/lb of 

U Dissolved) 

2125 

13 00 

1480 

1520 

150 

600 

320 

295 

2 7 5  

The metal cations contributing to the consumption of acid 
have so far been determined in only one test, using No. 9 2 .  
The quantities of these elements dissolved along with their 
equivalent quantities of sulfuric acid are listed immediately 
below. In this particular experiment, the ash was treated for 
4 hours at 80OC with 1000 lbs H2SO4/ton at a 9% pulp density. 



ACID LEACHING OF LIGNITE ASH 

Test 
No, Lignite 
LA- NO e 

181 109 
188 
189 

- --_ 

184 
185 
186 
190 
191 
192 

221 103 

245 
222 
219 
220 

224 101 
226 

225 
227 
246 

240 95 
2 2 9  

Osig-inal HE SO4 
Leach in Leach Acid Consumed 

P?l IP s on 46 Ash 
Density Dry Filtrate Uranium Tailing Dry 

Ligni te  Ash PH Ext'd, f %  U) - Lignite Ash -- -mc___c -- Temp. (X)  -- F____rr_ 

R.T.  4 0  4 5  150 2-6 68 , 0 2 4  45 150 
33 60 200 1'5 75 .02u  51 170 
25 90 300  0.9 75 019 54 180 

80% 4 0  45 150 3 . 4  73 * 022 4 5  150 
3 3  60 200 3 . 1  73  .023 6 0  200 

016 90 300 
87 290 

25 90 300 1.7 82 
22 105 350 1 . 0  80 -* 015 
19 12 0 400 0 , 8  8 1  .017  90 3 0 0  

9 300 1000 0.2 81 -016 104 345 

R . T o  33 48 200 1.5 66 0 020 42 175 

80% 22 84 350 --- 82 D 014 7 1  295 
22  84 3 5 0  1 . 2  79  - 015 68 285 
17 12 0 500 0.7 73 II Of5 74 310 

9 240 1000 0 - 3  76  . Of5 86 360 

I? 

? t  

r t  

P I  

f t  

P 9  

t? 

1 9  

P I  

I t  

* ---- ...-- --- R.T. 3 3  42 200 3 * 5  
17 105 500 1 . 0  70 030 74 350 

8 OOC 22 74 350 2,3 71 027 74 350 
17 105 500 1.2 78 II a26 a7 4 15 
17 105 500 --- 8 0  0 020 86  410 

RUTa 25 99 300 0 0 9  74 023 68 205 

t t  

e, 

I' 

17 165 500 0 . 4  79 a 022 69 210 1P  



Table 12 (Cant'd.) 

N 
h, ACID LEACHING OF LIGNITE ASH 

Original H, SO4 
Leach in Leach 

Test Pulp Ebs/ton Lb s /  tun % 
No. Lignite Density Dry Filtrate Uranium 
LA- No Temp. (%) L i g n i t e  Ash PH Ext 'd .  - 

8 OOC 19 132 400 1.3 80 
I 1  17 165 500 0.9 84 

239 95 
230 

Acid Consumed 
'fibs/ton Lb s/ton 

L i g n i t e  Ash 

117 355 
119 360 

Dry 
Ash 

Tailing 
( %  

.018 

.017 

233 97 R . T .  17 12 0 500 1.1 77 . 009 96 400 

234 
247 

8OoC 17 12 0 500 1.4 75 
17 120 500 --- 82 7 1  

.009 

.008 
108 450 
108 450 

241 86 R.T. 17 225 500 0.7 56 ,009 12 6 280 

242 
235 

80% 15 270 600 1.0 64 
I? 9 450 1000 0.6 71 

2 03 950 
230 510 

.00? 

.005 

.045 

.028 

.023 
013 

R.T. 33 48 200 4.8 1 
25 72 300 3.6 39 

2 06 92 

?'I 17 120 500 3.3 52 
207 
211 
238 7 ?  9 240 1000 1.2 70 

7 1  

--- ** ** --- t* 
222 925 

208 
209 
210 
2 12 
2 16 

8 O°C 25 72 300 3.7 49 
11 22 84 350 3.4 52 
11 19 96 400 3.4 58 
11 9 240 1000 2.3 80 
1 )  6 360 1500 0.9 80 

.021 

.020 

.017 

.Oll 

.008 

279 890 248 12 1 R.T. 9 3 14 1000 1.3 79 0 010 

236 
249 

8 O°C 9 3 14 1000 2.6 80 
1 )  6 471 1500 191 88 

.OlO 

.006 
--_ ** 
391 1245 
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Quantity E x d ' d ,  ~ ~ ~ ~ v a ~ ~ ~ ~  8, so4 
(Ibs/ton of  Ash) 
__^I_- 

Metal Cation (lbs/ton of Ash) 

17 
13 1. 

2 0  
4 

23 
4 

45 
715 
50 
25 
58 
5 

Total 8 9 0  

II 

Aluminum compounds, obviously, were by far  the largest con- 
sumers of acid in the test described. Qualitative sbservrr- 
tions suggest that this will also be true for other batches 
studied, though 8 firm conclusion must await the completion 
of several additional analyses. In previous tests with No. 
9 2 ,  the total consumptions of acid have been about 1000 lbs/ 
ton of ash as measured by titration (see Table 12). The 
calculated consumption of 890 lbs/ton shown above is in good 
agreement with previous measurements considering that the 
recent test was made with limited excess acid and t h a t  no 
allowance was made for consumption by calcium minerals which 
reacted but remained in the residue as calcium sulfate. 

From general inspection of the data, it is apparent 
that samples from the east side of S l i m  Buttes are more 
basic and, hencep greater consumers of acid than those from 
the west side. In a qualitative way, this difference 
between the groups might be predicted from a comparison of 
their mineral and chemical compositions (Table 2 and 3 ) .  
It has been shown that the ash from east-side samples i s  
composed mainly of clay minerals and is less diluted by 
inert constituents such as gypsum and quartz. 

In considering the west-side samples separately, it may 
be observed that the acid consumptions are reasonably 
moderate in terms of uranium extracted and are probably 
within reach of process application. It may also be possible 
to lower the consumptions listed above by closer control of 
temperature and concentration during the leaching and/or by 
accepting a somewhat lower percent extmnekian (see Table 12). 
The condition finally established would be governed by the 
optimum balance between mining, burning and reagent cost. 

At the present time, additional studies of uranium ex- 
traction from ash are being made which will permit a more 
thorough evaluation of the general process. Measurements 
pertinent to the reformation and recycle of acids through 
thermal decomposition of the heavy metal salts will be in- 
cluded in these tests. Molybdenum extractions in direct 



a c i d  l e a c h i n g  of the new ash s~lmplas have not been r e p o s t e d  

asho the solubilization of molybdersw during aeid leaching 
was q u i t e  low ( w k O $ )  

Leaching with A m ~ n % m  Carbonate  

sample ND-1, uranium exz~actians of 65-?5$ have hsen 

From incomple te  tests9 it is indicated t h a t  s i m i l a r  ex- 

what lower, These d a t a  will be reported at a later date, 

aBd these itre being checked. In ~ ~ ~ I Y ~ O U S  tests w i t h  ND-1 

I n  previous work w i t h   OW t empera tu re  ash from lfgnite 

ach ieved  by leaching with solutfons Of amonium @.arbQkMt@, 

ght be expec ted  P r o m  the new west-side l i g n i t e ,  
BLctQsrns from %he erast-side samples may be some- 

Ammonauna B i s u l f a t e  Roast - Anasaonium Carbonate Leaah 

From t h e  p reced ing  d i s c u s s i o n s ,  it is a p p a r e n t  t h a t  
rather la quantities of reagents have been required i n  

e extractions of uranium from some of 
9te ash, In v%ew of this, it is of 

interest to r processes in which a fairly s fmple  
regeneration and recycle of reagents might be permi t ted ,  

A s  a possible approach t o  s u c h  a process9 p r e l i m i n a r y  
e Wen made i n  which low temperature l i g n i t e  
u a s t e d  w i t h  EWXRMXI~U~ b i s u l f a t e ,  to ''open up'' 
ory material9 and t h e n  l eached  with a 

solutions of amlmQpn urn carbonaW?, to s o l u b i l i z e  t h e  uranium 
and molybdenum as w e l l  as to separate thsae elements from 
unwanted const%tu nts sueh as aluminum and iron, Pres 
this process wuuld be s e l f - s u f f i c i e n t  in sulfate, f r o  
gypsum, and in carbon d i o x i d e 9  from lignite 'burnfag, while 
recycle Qf the ammonium carbonate can be expected 
b o i l i n g  of t l e a c h  liquors Almost: all 

the end l i q u a  as amonfu 
w i l l  p r e d p i  e d u r i n g  this peratifon, a 

Id r e q u i r e  the recovery of the lakter by 
nd t h e  regeneratam of amaniuaar b i s u l f a t e  

thermal deconpositfon, Smrplus amon%um 
s u l f a t e  cou ld  prababfy be s o l d  on the open market, 

of these  tests, the calcines were leached with w a t e r  p r i o r  
to the leach with ammonium carbcaraale. This was do 
o b t a i n  as such informatlsn as possible Concerning 
r e a c t i o n s  occwrfng durfng t h e  roast  but without detracting 
from the  application of %he data to a m m c m i u m  carbonate 
leaching sin@ t h e  w a t e ~ - ~ ~ l u b l e  u d molybdenum 

carbonate solutiono 

E X ~ . P ~ C ~ ; & Q ~  results are p r e s e n t e d  in Table 13 ,  In many 

be expected to rep  e amanium 
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Table 13 

AMMONIUM BISULFATE, AMMONIUM CARBONATE TREATMENT 

N 
QI 

Lignite Bake 1st Leach 2nd Leach Total Ext'n, 

% U  Mo yi Mo 

1104 109 300 -- -- 72 52 0.013 0.06 72 52 

Run No. Temp. r& xt'd, M o Ext'd. 0 Is xt'd. M 0 w w a  Tailings ( %I - No (Ash) P C )  ( %I ( % I  t%l  w 
c p-. - -  P 

1107 141 310 43 50 18 24 0.02 0.06 61 74 

1108 92 350 60 52 21 23 0.012 0.06 81 75 

1109 95 350 76 56 5 18 o , o 3  o,oa 81 74 

1110 97 350 68 80 11 3 0.012 0.02 79 83 

1111 86 325 61 71 9 4 0.005 0,04 70 75 

1112 12 1 325 54 62 20 9 0.011 0,04 74 71 

1113 101 3 6 0  $5 30 3 45 0.04 0.07 88 75 

Ash Formation: Burned at a furnace temp. of 8OO0C for 2 hrs .  

Roast Conditions: 2000 lbs of N&NS04/ton of ash for 2 hrs  at temp. shown. 

Leach Conditions: 1st leach - water at 20% pulp density for 1 hour at room temperature. 
2nd leach - 1200 Ibs of (NH4),C0,/ton of ash at a pulp density of 20% 

for 1 hour at room temperature. Solution pM was 8 . 2 .  
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RECOVERY FROM BIG3 ~E~~~~~~~~ ASH 

The previous work wfth lignite ash has been c 
w i t h  material formed a t  a EQW (ca, ~OCPC) burning 
However9 in the event that  UPanffePous l i g n i t e  were to be 
used as a power plant f u e l ,  t h e  burnfng temperature would 
obvisusPy be mtikinkained at the highest acceptable Itearel. 

As t h e  new lignite samples have became avaf lable ,  
s t u d i e s  of t h e  e x t r a c t i o n  possibil%ties S ~ Q B  the higher 
temperature ash have been started, Experienea t h u s  far has  
shown tihat lignite burned a t  about l l O O ° C  w i l l  produce an 
a s h  which may be fritted but 1s not yet  neolten, Current 
experiments are being madeg t h e r e f o r e ,  w i t h  ash samples  
heated t o  this temperature range, The t e s t s  described b e l  
made with ash samples so prepared, are only preliminary t o  

p e r i o d s  us so faPo for exaBple, are p ~ ~ b a b l i y  in consider-  
able exces of those to be expected in actual  operatfon and 
may be an impartant factor in the extent of urani,ujn re- 
fraetorizatfon, Indeed, part.ial  data would fndicate that 
t h e  uranium sdvaila flity may be m n f f e c t e d  i f  the heating 
t i m e  2s: very brief other process variables are 
being examined in cur s and w i l l  be described in a 
later report ,  

81 more tho rcngh study o f  high tempe~a$ure ashes, The heating 

Acid Leaching 

Preliminary survey tests have been wade with several 
d i f f e r e n t  h igh temperature a s h  samples  ts determine the 
availability of t h e  contrti.ned uranium to s k m p l e  acid treat- 
ment, The leach eonditiona and rsreauPta are shown in T a b l e  14- 
Although t h e  extractions varied eonsfderably from batch to 



Table 14 

L i g n i t e  
No 

Run N o .  (Ash) 
~ 

1 2  0 1  

1202 

12  03 

12 OS 

12 07 

1206 

LA160 

LA16 1 

LA105 

- .. - 

109 

109 

143. 

92 

92 

86 

ND-1-3 

ND-1-3 

ND-1-3 

ACID LEACHING OF HIGH TEMPERATURE ASH 

Time a t  l l O O ° C *  
(min, 1 

~~~ 

45 

45 

15 

15 

15 

15 

90 

90 

90 

Leach 
Time 
( h r s )  

8 

3 

4 

4 

4 

4 

6 

6 

6 

Leach 
Temp, 

OC 

60 

85 

85 

85 

85 

85 

80 

80 

80 

U Ext'n. 
( 

65 

55 

65 

60 

64 

23 

59 

58 

53 

*Samples were prepared  by ashing l i g n i t e  a t  a fu rnace  temperature of 
800*C and t h e n  h e a t i n g  a t  llOOOC for t h e  i n d i c a t e d  t i m e s .  

* * A l l  l e ach ings  were made a t  a 10% pulp d e n s i t y .  
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batch, Zhe general effect of increased temperature ( far 
ratlaek long periods of time] was to decrease the avail- 
abilfcg 02 %he uranfuB (compare Table 14 with T a b l e  U ) ,  

acid gave no significant ~~p~~~~~~~~ I n  uranium extractfon 
from RD-1 ash, 

$ubS$2f'kUt%ai3 of n$'kt'i@ Qt hydX?ot2hlOP%C aefd fCW SUlfPtPk@ 

A ~ ~ Q ~ ~ ~ ~  Carbonate Leach 
__yF_____Q* 

Experiments Am which hhgh temperature ash samples were 
leached w i t h  aolu$ions of a ~ ~ o ~ ~ ~ ~  earboxua$e are shown ia 
Table 15, These results are sfmflar $0 those previously 
obtained with ND-1 lfgnite in that all extraactions were 
quite low* 

st ,  Aangasraium Carbonate Leach -- ~~Q~~~~ BiSUlfa$e 

Several samples of high %emperature ash, formed under 
Y X ~ - ~ Q U S  conditions, have been subjected to the bisulfate 
roastp carbonate leach treatment, A s  in acid leaching, the 
uranium extra@t%~ns frorm high temperature ash were cansider- 
ably lower than those from low temperature ash whjich had 
been treated by the s a m e  procedure (compare T a b l e s  16 and 
13) 

Flupride, S u l f a t e ,  Carbanate Treatment 

AS m@ntakQXI@d above farri ~ % S C U S S ~ U I I  of  the Z L M B O ~ ~ U ~  tbisul- 
fate ,   on^^^ carbonate treatwnt of l o w  temperature ash, 
it is pertinent to consider the a p p l i c a t i o n  of those 
reagents which give the possibility of f a i r l y  simple regener- 
ation and recycle, The bisulfate, carbanate treatment in 
i t s e l f  has not been particularly efferst%ve on the more 
refractory high temperature ash ( s e e  above) ,  Retter ex- 
tractions have been a t t a i n e d ,  howeverB by using a mod&fica- 

previous low It erratare ba bifluaride. 

As ment;ioned above, such o process should be self- 
suff$ciex%t in  de  whereas the 
conSUBip%%Qll O f  by the  e f f i c i e n c y  
Qf the X'@CY@fe gh rather formid- 
able i n  original or tun i ty  for re- 

tion of this t tmen t  Pn w e ash has been given a 

generat ion  and reeye: m i n e  would be 
given off during t h e  roast as s i l f ~ ~ n  t e t r a f l u o r i d e  and 
excess amornium bffluoride. I% these gases are washed w i t h  
de lute  aqueous amonia 
leaving a solution of ~~~~~~ f l u c w l d e  which can. be evaporated 

hydrated silfcse wwilJ1 be precipitated, 4, 

6;O dryIIE?SS form ammonia and a~~mQniUmrl b i f l u o r i d e ,  Fluorides 
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Table 1 5  

AMMONIUM CARBONATE EXTRACTIONS OF 
L 

HIGH TEMPERATURE ASH 

% Uranium E x t r a c t i o n  
( NII, ) CO, Leach 

Room Temp. 
L i g n i t e  N o ,  and Temp, 8OoC 

(Ash) Pressure  Pressure  35 psi 

86 12 10 

92 8 32 

95 8 11 

97 5 5 

101 11 11 

103 3 7 

109 21  3 4  

121 a 14 

14 1 8 3 

Ash samples:  High temperature a s h  prepared by 
hel i t ing 800OC ash for 1 hr a t  
lldOOC i n  an o x i d i z i n g  temperature. 

Leaching: 15% (NE, 1 2C03 s o l u t i o n s  used under 
t h e  c o n d i t i o n s  shown such t h a t  t h e  
to ta l  reagent  q u a n t i t y  w a s  3000 
l b s / t o n  of a s h .  



T a b l e  1 6  --.-.. 
AMMONIUM BISULFATE, AMMONIUM CARBONATE TREATMENT 

OF HIGH TEMPERATURE ASH 

Ash 
Preparation 

~ u r i  Lignite Temp'. TSme X U Ext'd. Total % Ext ' n ,  
0 Remarks 

*__Q1 I_ -- KO a No " TQC) ( m i n , )  1st Leach z nd Leach -ry- 3 - 7- 

Magnetic, partly 
reduced a s h ,  -- 

1101 1 0 9  1100 60 18 18 36 

1102 109 60 27 7 34 P V  

1105 109 V l  45 -- 54 54 23 Completely oxidized 
ash. 

15 -- Vt 1106 ND-1-3 

1114 86 15 23 PS 

3 9  39 -c 

4 27  77 

9 v  18 

I F  II 

v v  S P  1115 92 15 38 22 60 75 9 P  

9 )  11 1116 92 9t  60 54 14 68 -- 
1117 92 1150 60 44 1 45 m.* P a r t l y  s i n t e r e d  

EPsh 0 

 AS^ formation: ~ s h  origAnal1y prepared a t  a furnace temperature of ~ Q O O C  and then 
treated under the conditions shown, 

Roasting: 2 hours at 350OC. 

Leaching: 1st leach - water at 20% pulp density for 1 hoar at r o ~ m  temperature, 
2nd leach - 1200 lbs of (NB,)2C0,/ton off ash at a pulp d e n s i t y  of 20% 

for 1 hour at room temperature. 
ts 
w 
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Extraction results as obtained frowi tests with f i v e  
differen& lignite samples  aye reported i.n Table 1 7 .  Under 
the best cxmdi t ions ,  ext~actions of about 90% of t h e  uranium 
and 85% of the molybdenum have been o b t a i n e d ,  h igh  extraction 
being favored by l o w  BbakSng taemperatures. F l u o r i d e  v o l a t i l % -  
aat ion was favored by pass ing  air  or steam over  the roasting 
mass 0 

A s  i n  t h e  prev%ous case with low tempera tu re  a s h ,  
however, b h ~  qusa t-tties o f  ~eageruts u s e d ,  though amenable 
t o  poe~'j94a*le~ a m  s ; L f l l  q u i t e  la~ge, Additional tests are  
being )made with Power ~ e a g e n t  quantities and a lso  w i t h  ad- 
mixed reagents in a slwgle bakiing step, 

Extractions from L$me and Line-Sadla Sbnters  

Curm~~rgr tests have been made i n  which the high temper- 
a t w e  ash was r o a s t e d  w i t h  X i m e  QF a lime-soda m i x t u r e  and 
the resulting s t n t e r  was leached w t t h  sodium ca rbona te -  
bicarbonate s o l u t i o n ,  By analogy with t h e  Pedersen and 
r e l a k e d  p~ocesses~ &he Ifme, silica, and a lumina  can be 
expec ted  to react under certain c o n d i t i o n s  according t o  
equations (1) and ( 2 )  

Reaction ( 3 9  would t a k e  p l a c e  during a subsequenk: c a r b o n a t e  
leach, 

It seemed possible that d i ~ ~ o h t l o n  a n d  transformation of 
aluminum and other csnstituenks in t h i s  manner might l e a v e  
the urakniu~ mechanically exgmsed and hence more a v a i l a b l e  
to carbonace lea@h$r;g, 



Table  17 

BIFLUORIDE-BISULFATE -CARBONATE TREATMENT 

OF HIGH TElWERATURE ASH 

F 

1015 HD-1-2 
IO22 NB-1-2 

1027 109 
1032 109 
1050 86 
1052 14 1 

1055 109 

1056 1Q9c 

1058 109 

1060 109d 

1057 92 

1059 92 

1 Ob1 92 

1200 
3000 

2400 
1200 
2400 
2400 

2400 

2400 

2400 

Z D O O  

2400 

1600 

2000 

1200 
2400 
1200 
1200 

1600 

1600 

1600 

2 0 0 0  

1600 

2400 

2000 

600 
600 

275,350 
275,350 
250,350 
250,350 

250 
350 

250 
350 

6 0  

88 
85 

53 
26 

48 
36 

66 
82 

25 
80 

3 
5 

17 

8 

66 3 4  
82 18 

85 15 
88 12 
91 9 96 
90 10 76 

96 4 72 

92 8 58  

83 
85 
92 
9z 

250 61 21 
390 1 6 89 11 96 49 

275 
400 

12 
18 2 100 

250 41 30 
390 7 9 €47 1 3  85 98 

250 31 33 
390 18 11 93 7 81 99 

275 
400 

4 
13 4 9 9  

w 
6, 



Table 1 7  ( C o n t P d . )  

BIFLUORIDE-BISULFATE-CARBONATE TREATMENT 

OF HIGH TEMPERATURE ASH 

High temperature ash prepared by heat ing  8OO0C a s h  at l l O O ° C ,  i n  an oxidizing 
atmosphere except -am -noted,  

Baked for 1 to 2 hours. T e s t s  1027 to  1052: 1 . 5  hours at each temperature 
without in terrupt ion;  reagents mixed. T&%s 1 0 5 5  and f f . :  Baked with 
b i f l u o r i d e ,  leached,  baked w i t h  b i s u l f a t e ,  re- leached.  

Calculated: Fluoride added minus f l u o r i d e  found i n  ta i l ings .  

T e s t  1056: Heated a t  l lOO°C under reducing c o n d i t i o n s .  

Tests 1060 and 1061: Baked under a current of steam. 

w 
Ip 
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ature of 800% followed by calcination for about m e  hour 
at l l O O ° C ,  I% was then ground to minus LO O  mesh, mixed with 
CaCO, or a CaC0,-1Ja,CQ3 mixture and r o a s t e d  i n  a 
ature furnace. Af 
ten. tfaa@@ i t s  w e i  
and 5% NaHCO, for The results 
tests are given i n  

can be improved by he l i m e  s inter opera 

It is further fndf the  tempera 
which good extract ght be achieved, is rather limited 
(see tes ts  LA-101, LA-99* and LA-95). The same seems to 
hold t r u e  for the composition of the sfnter, Even if better 
recoveries could be obtained, the additional comp 
varSable feed compos$tbons would probably make su 
extremly difficult if not impossible to control. Further 
work rgth ljae sfntering is not contemplated at this time, 

It fss apparenk from the data  that carbonate leaching 

maxfam uranium ex f only 50% Ih 

Chloridizing Roast 

En tests with high te 
uranium extractions have b 
55 to 75%) by roasting w i t ;  
one-hour roast at 85OoC wi 

cess, Recent tests ,  ho under the same 
oris 'but with a differen 
ay slignifslcant benef i t  f 

survey experiments i t e  samples are 

COMPOSITIONS OF 
FROM RAW AND 

Screen Analyses of Lignite Ash 

VARIOUS FRACTIONS 
ASHED LIGNITES 



Table 18 

EXTRACTION FROM LI,@E SINTERS 

Uranium 
Filtrate Extraction 

R o a s t  Agent Roast 
FaCO, NazC03 ' r i m e  Temp. 

Test No- (gms) (WS)- ( k s )  (OF) Description of Sinter  PH % 
_31_ 

EA-124 None None 9.4 5 

LA- 92 4 -- I 2500 Brittle, black glass 9.8 3 

LA- 94 4 -- 1 2200 Extremely hard 9.9 20 

2150 Bard 
l? Very hard 

1 EA-101 4 -I) 

-102 4 1 ?l 

2100 
I* 

1 
1 

JB- 9 2 -- -- -10 3 

Medium 9* 

lt ?? 
LA- 99 4 -- 1 
-100 4 1 1 

2000 Soft 
?1 1f f? 

17 11 11 

1 LA-97 2 -- 
-9 5 4 -- 
-90 6 -- 

9.9 22 
9.8 32 

9 . 7  33 
9.7 32 

9 . 8  49 
9 . 8  53 

9 . 8  23 
9 0  8 24 
9 . 7  34 

9 . 9  ? 
10.0 5 
10.2 4 

10 pis  ctg ash per test. 
S i n t e r s  leached with  sodium carbonate-bicarbonate solution. 
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Table 20 

Screen 
{Mesh) 

4-1 0 

+2 0 

+35 

+ 6 5  

+IO0 

+200 

+325 

-325 
I dry) 

(wet) 
-325 

Totals 

Analysis 
u Mo 

0.015 0.083 

0.034 0.11 

0.105 0.17 

0.144 0.24 

0.124 0.23 

0.143 0.28 

0.137 0.27 

0.174 0.26 

0,175 0.27 

SCREZN ANALYSIS 800% ASH 

Wt. $ 
Ret. 

9.7 

11.3 

13.7 

13.6 

7.0 

9.6 

7.0 

2.5 

_I_ 

25.6 

100.0 

Cumul. 
W t .  % Ret, 

9.7 

21.0 

34.7 

48.3 

55.3 

64.9 

71.9 

74.4 

100.0 

9& Distribution Gumul. % D i s t .  
U Mo U YO 

1.21 3.74 1.21 3.74 

3.19 5.79 4.40 9.53 

111.96 10,83 16.36 20.36 

14.25 15.18 32.61 35.54 

7.23 7.50 33.84 43.04 

11.40 12.95 51.24 55.99 

7.97 8.80 59.21 64.79 

3.62 3.03 62.83 67.82 

37.20 32.20 100.0 100.0 

100.0 100.0 



Table 21 

Screen 
( Mesh) 

+10 

+20 

-1-35 

Analysis  
U Mo 

0.06 0.13 

0.16 0.21 

-- 

0,20 0.24 

+65 0.20 0 . 2 9  

+ X O O  0.20 0.34 

+200 0,18 0,38 

+325 0.20 0.51 

-32 5 0.16 0 . b O  
( dry) 

-325 0.24 0,&8 
(we*) 

Totals 

SCRBEN ANALYSIS 1000°C ASH 

Wt, 9$ CUlnUl* % Distribution 
Ret, Wt. % Ret, u Mo 

12.5 12.5 4-36 5.81 

- 
22.50 18.24 24.2 36.7 

21.5 58* 2 25.00 18,54 

17.6 75.8 20.45 18.34 

7 . 0  82.8 8.14 8.54 

8.2 91.0 8.62 11,48 

4.1 95.1 4 . 7 8  7.50 

1.4 96.5 1-28 3 . 0 1  

3.5 100.0 4.87 8-54 

Cumul. % D i s t .  
U' MO 

4.36 5.81 

26 .86  24.05 

51.86 42.59 

72.31 6 0 , 9 3  

80,45 68,47 

89.07 8 0 . 9 5  

93.85 88.45 

95.13 91.46 

100.00 100.00 

100.0 100.00 100.00 
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Since  p a r t  of t h e  uranium i n  t h e  EPOOOC! ash is water 
s o l u b l e ,  t h e  s c r e e n i n g  of t h i s  ash was a lso  performed u s i n g  
d r y  m a t e r i a l  only. These  r e s u l t s  are shown i n  Table 22.  

The data i l l u s t r a t e  t h a t  both. t h e  uranium and molybdenum 
t e n d  t o  c o n c e n t r a t e  i n  the f i n e  sizes,  e s p e c i a l l y  i n  t h e  
50OOC a s h .  With i n c r e a s i n g  t empera tu re ,  i n c r e a s i n g  pe rcen tages  
of bo th  e lements  appear  i n  t h e  coarse s izes .  A t  1000°C, t h e  
a s h  has  aggrega ted  and reacted t o  such an  e x t e n t  t h a t  on ly  
20% of t h e  uranium and 30% of t h e  molybdenum are found i n  t h e  
material p a s s i n g  1 0 0  mesh. 

Analyses and Leachings o f  A i r  C l a s s i f i e d  Ash 

5OOOC, 8OO0C, and l O O O ~ a s h  (ND-1)  samples  which had been 
air c l a s s i f i e d  i n  a Roller P a r t i c l e  S i z e  Analyzer .  Using 9he 
same s e p a r a t i o n  method, o ther  samples  have been prepared  
r e c e n t l y  from similar batches of ash. A p o r t i o n  of each of 
these new samples  w a s  submi t t ed  for molybdenum, i r o n ,  uranium, 
s u l f a t e  and s i l i c a  d e t e r m i n a t i o n s .  The remainder  of each  
sample w a s  t h e n  s u b j e c t e d  t o  st s t a n d a r d  s u l f u r i c  a c i d  l e a c h  
t o  de termine  whether t h e r e  were n o t a b l e  d i f f e r e n c e s  between 
t h e  f r a c t i o n s  i n  t h e  a v a i l a b i l i t y  of  c o n t a i n e d  uranium. 

~n a prev ious  r e p o r t , ( 2 )  p a r t i a l  a n a l y s e s  were g iven  of 

The chemical composi t ion of t h e  v a r i o u s  samples  are 
l i s t e d  i n  Table  23. I n  Table  24,  tests are described in 
which  each of t h e  c l a s s i f i e d  samples  w a s  g iven  t w o  con- 
s e c u t i v e  l e a c h i n g s  a t  8OoC for 4-6 hours  w i t h  5% s o l u t i o n s  
of H 2 S 0 4  ( 1 0 0 0  l b / t o n ) .  A l s o  i nc luded  i n  t h e  t a b l e  are 
r e s u l t s  from t h e  l e a c h i n g  of c u t s  of t h e  5Q0°C a s h  f r a c t i o n s  
w i t h  pure  water. 

I t  may be observed from t h e  data tha t  t h e  uranium ex- 
t r a c t i o n s  i n  p e r c e n t  were e s s e n t i a l l y  the  same for a l l  
f r a c t i o n s  of  a n  a s h  which  had been formed a t  a g iven  f u r n a c e  
t empera tu re .  T h i s  meanso of cowrse, t h a t  t h e  t a i l i n g s  from 
t h e  r e l a t i v e l y  r i c h  f i n e  f r a c t i o n s  were co r re spond ing ly  
greater i n  uranium c o n c e n t r a t i o n  t h a n  t h o s e  from the  l e a n  
coarse f r a c t i o n s  (Column 7 ,  Table 2 4 ) .  

I n  agreement w i t h  p rev ious  e x p e r i e n c e ,  when t h e  burn ing  
t empera tu re  w a s  i n c r e a s e d  t h e  ave rage  uranium e x t r a c t i o n  
f r o m  each series of samples  decreased. A l s o ,  more of t h e  
ash  was found i n  t h e  coarse f r a c t i o n s ,  and t h e  uranium be- 
came more evenly  d i s t r i b u t e d .  For example, i n  tests w i t h  
1000°C ash, t h e  uranium c o n t e n t s  of the sized samples  w e r e  
compara t ive ly  similar,  and t h e  uranium c o n c e n t r a t i o n s  i n  t h e  
p r o c e s s  t a i l i n g s  w e r e  a lso similar,  b u t  i n  a l l  cases were 
a t  a h ighe r  l e v e l  t han  t h o s e  o b t a i n e d  from a s h  formed a t  
lower t empera tu res .  
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Table 23 

DATA FROM AIR CLASSIFICATION OF LIGNITE ASH 

Sample 

Residue (coarse) 
1 'J;/8" chamber 
2 1/4" chamber 
9" chamber 

Residue ( coarse) 
1 1/8" chamber 
2 1/4ft chamber 
9?' charmses 

U MQ* Fe S io2 
"x of % or % oz CX os 'k or 

Total % Total -- Total W t .  % Total 4% Total $ - --- 
Ash burned a t  5OO0C ( A v .  head - 0.14% VI 

12 .007 0.6 .11 5 6.3 4 53 .4  28 
10 .017 1.2 . 1 5  5 . 7 . 4  4 40.1 18 
37 -110 30 .26 32 14.2 27 20.3 33 

21 4 1  ,230 68 -42 58 2 9 . 9  65 12.0 

Ash burned at 8OO0C ( A v .  head - 0.15% U) 
36 .034 8 -25 26 11.0 20 36.4 49 
18 -110 13 .29 15 15.6 15 31.5 22 
29 .210 40 - 4 2  35 23.4 3 6  19.1 21 
17 .350  39 - 4 8  24 3 2 . 0  29 12.1 8 

Ash burned at  1000% (Av. head - 0.17% V) 

20.4 9 
27.2 10 
34.2 47 
22.6 34 

21.4 41 
17,6 18 
19.1 30 
12.0 11 

Residue (coarse) 
1 1/8" chamber 
2 1/4" chamber 
9" chamber 

54 -15 47 .25  42 1 6 . 9  45 36.7 62 
14 .16 13 . 3 5  15 1 9 . Q  13  3 0 . 3  1 3  
21 . l a  22 .45 2 9  21.2 26 24.2 19 
11 .30 18 .42 14 30.5 16 18.3 6 

6.1 42 
7 . 9  14 
l%"6 31 
9.5 13 

Ip 
N 

+Mo - densitometric spectrographic analysis , ( &IO%) . 

I 
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Tab le  24 (Cont  ' d . )  

SULFURIC ACID LEACH OF A I R  CLASSIFIED LIGNITE ASH 

% % 

D i s t r i b u t i o n  U 1st 1st + 2nd Analys is  U 
Weight Distribution 40 U E x t r a c t i o n  T a i l  D i s t r i b u t i o n  

Sample % - % U  Heads Leach Leach X U  Ta j l l s  

Ash burned a t  1000°C (Av. head - 0.17% a) 

Residue (coarse) 54 .15 47 5 6  62 .057 53 

2 1/4" chamber 2 1  .18 22 62 67 . 0 5 9  20  
9" chamber a1 .30 18 76 8 1  . 0 5 9  12 

1 l/8" chamber 14 .16 13 56 62 .061 15 

Weighted Average: Tail ana3ysis - 1 l e a c h ,  % U = , 069 ;  % extract ion - 60 
2 leaches, % U = .058; % e x t r a c t i o n  = 67 

Leach Condit ions:  1st l e a c h  - 10 ml 5% BzSQ4 per g a s h  f o r  6 hrs a€ 80°C. 
2nd l e a c h  - 10 ml 5% H,S04 p e r  g a s h  €or 4 firs a t  80°C. 

*H,O l each  on ly  - 1 0  m l  H20 p e r  g a s h  for 6 hrs at room tempera ture .  
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QuaZita%fvely, it is suggested that the  uranium, held 
orfglnallly i n  the 
becomes an inheren 

smperature and 
time of heating 1a.r series of 

~ ~ n ~ e n t r a t 9 0 n s  of different fsnctioras (either heads or tail- 
ings )  would be oktributed to differences in the extent of 
d i l u % i o n  by constituents barren 09 uranium, 

Uranium Content of Idinera1 Fractions 

Three (ea. 2 0  g) samples of organic-r ich  m a t e r i a l  were 
hand-picked from a large batch of o v b - d r i e d  lignite. Each 
sample was care d a t  a furnace $emperature 
of 500%~ rewekg Ptted for w e t  chemi 
analyses of Bra 

analysis of other trace metallic c o n s t i t u e n t s .  

l e i t t e d  for analyses along with the %-and-picked saraples as a 
b a s i s  far comparison. 

of uranium i n  t h e  organic-rich fraction, The p 
these  tests was to determine hether t h e  uranium was 
associated with the organic  tter i t s e l f ,  or associated 
w i t h  same trace metallic constituent, which a lso  tended to 

ncentrate, in the  arga c-rich fra@.&fo.n. Results for t h e  
rmal lignite ash and e three hand-picked samples are 

shdwn An. Table 25 .  

From t h e  ash contents of the hand-picked fractions (15%) 
and %he normal. f f g a i t e  sample { 34%) any element associated 
uniformly with t ganic material should have been con- 
c e n t m t e d  by a f d basis)., The 
uranium concentra t  er extent thm 
thSs  I w h i l e  other 

also obtained quantitative 

A sample of ash obta ined  from normal lignite was sub- 

Previous work( 2, hats shown a def  iaite concentration 
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ANALYSES OF ASMED UND-PICXED LIGMITX SAMPLES 

Spectrographfea Chemical 
%lorma1 H and-picked Samples 'Normal Nand-picked Samples 

30, 1 N o:'Yi? "m Ash No. I No. L No. 3 

.-I-- I --- ---- 5.5 10,o 9.3 9.0 

_I__ 

Element Ash 
'e---- _-- I___ 

--e- ---- ...I-- ---- L s  04 c.04 4-04: 4 . 0 4  A g  
A l  
B 0 03 0 07 e 07 o 07 
Ba 0 1.5 0 08 s 15 s 1 5  

- --- 
--I- ---- -e-- ---e ---- -I-- ---- ---- 

a) Spectrographic results (with exception of Mo) are semi- 
quantitative estimates which were obtained for use as a guide to 
chemical analys is :  and should m o t .  be interpreted or construed t o  
be precise quantitative determinations. 

b) Ash was dissolved for Mo determination. Precision is *lo% of the 
a m m t  present, 

c) Std. error azo%. 
d) S t d .  error *5%%. 



x0 ,, 094 
0,543 
1.3 
1,4 
x.7 
z o o  
0,3 
P 
1 
2 
2 
2. 

4 7  

These changes probably resulted from the p r e f e r e n t i a l  re- 
jection of the  coarser particles of gypsum9 quartz, jarosite, 
and lumps of c l a y ,  On b a s i s  of the measured changes of the 
elements in these mfner~ls, the elemernts whi 
PzniforsrtSg distributed ShQUPd have been conce 
factor 0% about 1,9, in agreement with the factor of 2,O 
found f o r  molybdenw and also indicated for magnesiump 
manganeseg and beryllium. 

hed sarnples 
by factors of x 3 - 9 ,  x4-9 ,  and x3, Ith factors 
of x 3 - 0 ,  x 3 , 2 ,  and x2,9 to be expe om the change In 
ash contentso if %he uranium were ly distributed In  
the organic nmthterfal, These d i f f  ces are beyond t h e  
standard error €or t h e  analyses 1 e 25) and suggest that 
the ruran~um was actually concentrated in the type of organic 
p a r t i c l e s  whieh were also l a w  in ash, 

Correla'tian of Uranium with Ma 

The karaniurn w a s  concentrated 

temperatures, a black ash i s  f 'orm 

a closed muffle) has been separa hand magnet into 

Non- S 1 ight ly Strongly Most 
Magnetic Magraet;ic Middlings Magnetic Magnetic - _L .br 

w t ,  g :  0,785 0 , 6 3 0  1-05 1,011 0,262 
U, mg/g: 0 , 2 8  0 , 3 2  0 . 6 9  1.20 + 1* 
u p  mg: O"22 0 - 2 0  0.73 1.22 0 0 2-043 

*From materbal balance: Analytical sample lost, 

Other ash samples are being siglllarfy studied, 
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Sulfate in Lignite Ash 

When lignite is ashedp sulfate is lost from the material 
through both decomposition and reduction. The extent of 
these losses from lignite ND-1, burned under several different 
conditions, are shown below, 

Furnace Temp. 
oc 

5 0 0 *  
800 
900 
1000 
1000 
1100 

Time $0, in Ash 
( hrs) ( 
P 

(37) ** 
16 30 
2 22 
1 2 0  
0.75 18 
1,75 14 
1 11 

*Placed in furnace at 500°C - others were placed in furnace 
at 400% and temperature raised t o  that indicated. 

**Calculated from head analysis, 

ANALYSIS OF USGS SAMPLES 

Eight batches of coal and shale have been sent to the 
Oak Ridge National Laboratory by the U. S. Geological Survey. 
Chemical analyses of these samples are reported in Table 26. 

Four of the samples, from the La Ventana Mesa, New 
Mexico, were described as follows: 

USGS 88-90: A composite sample of siltstone, impure 
shaly coal, and carbonaceous clay. 

USGS 473-6: A composite sample of subbituminous and 
impure shaly coal. 

USGS 4 7 7 :  A composite sample of uranium-bearing 
carbonaceous shale, and subbituminous coal. 

USGS 490-1: A sample of subbituminous coal ,  
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Two samples were r e c e i v e d  from Idaho. Orne was a uranium- 
b e a r i n g  carbonaceous shale from the Goose Creek D i s t r i c t ,  
Cassia County, and t h e  o ther  was a uranium-bearing coal from 
t h e  F a l l  Creek D i s t r i c t ,  Bonnevi l le  County, These samples  
have been d e s i g n a t e d  as USGS-GC and 1LTSGS-FC9 r e s p e c t i v e l y .  

L i t t l e  is known of t w o  other subbi tuminous coal samples  
r e c e i v e d  from Wamsutter, Wyoming, These have been des igna ted  
as USCS-Wyo-1 and USGS-Wyo-2 r e s p e c t i v e l y ,  

SUMMARY 

Current  s t u d i e s  are being made of s e v e r a l  new l i g n i t e  
samples  from the Slim Buttes r e g i o n  of Harding County, South 
Dakota. General  d i f f e r e n c e s  i n  composi t ion and r e a c t i o n  
between t h e  east  Sl im B u t t e s  samples  and those froan t h e  w e s t  
s ide h$ve been noted ,  I t  is no t  known whether these 
d i f f e r e n c e s  are g e n e r a l  f o r  t h e  l i g n i t e  beds in t he  t w o  
r e g i o n s  os whether they are t h e  r e s u l t  of v a r i a t i o n s  in 
sampling. The e a s t - s i d e  samples  were i n d i c a t e d  to be from 
s u r f a c e  s e c t i o n  and t h e  west-s ide samples from auger  h o l e  
or mine. 

Reasonable e x t r a c t i o n s  of uranium have been o b t a i n e d  
by d i r e c t  acid l e a c h i n g  of r a w  l i g n i t e .  The acid r e q u i r e -  
ments f o r  t h i s  t r ea tmen t  have been rather h i g h ,  e s p e c i a l l y  
f o r  t h e  e a s t - s i d e  samples.  P r e l i m i n a r y  tests i n d i c a t e  t h a t  
more e f f i c i e n t  u t i l i z a t i o n  of acid is achieved by u s i n g  
l i m i t e d  amounts, of c o n c e n t r a t e d  n i t r i c  acid i n  t h e  p resence  
of a n  o r g a n i c  e x t r a c t a n t ,  e . g . ,  TBP i n  C C l 4 .  

S o l u b i l i z a t i o n  of uranium from r a w  lignite has been 
o b t a i n e d  by l each ing  w i t h  ammonfum c a r b o n a t e  s o l u t i o n ,  b u t  
t h e  r e s u l t i n g  s l u r r y  w a s  almost imposs ib l e  t o  f i l t e r .  When 
t h e  more v o l a t i l e  matter was burned from ND-1 l i g n i t e  p r i o r  
t o  l e a c h i n g ,  654; of the uranium was e x t r a c t e d  into a n  
ammonfum carbonate s o l u t i o n  and f i l t e r a t ion  of t h e  s l u r r y  
w a s  r a p i d .  

Acceptab le  e x t r a c t i o n s  of uranium from l i g n i t e  c h a r  
(retorted 2 h r s  a t  5000C) have n o t  been o b t a i n e d  by any of 
t h e  methods employed t h u s  far .  

S a t i s f a c t o r y  e x t r a c t i o n s  of uranium ( 7 5 - 8 0 % )  have been 
o b t a i n e d  f r o m  most samples  of  l o w  t empera tu re  l i g n i t e  ash 
by s imple  acid l e a c h i n g ,  Consumptions of acid by t h e  w e s t  
Slim B u t t e s  samples  w e r e  moderate and w i t h i n  reach of 
p r o c e s s  a p p l i c a t i o n  whereas t h e  consumption by t h e  east- 
s i d e  samples were q u i t e  large. 
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Extraedlons of both uranium and molybdenum may be increased 
by bakfng $he ash w i t h  amoraium basulfate prior to the 
~~~~~~~~ carbonate leach i) 

Treatment of lignite ed periods at a 
high temperature CBLUSBS palp rfzatfon of the 

cOtllpZ%X?abl€3 %O ahaoE3e fl?OXll 10 re ash a praeess has 
been devised which employs I.y an ammonium bi- 
fllaardbde 3Wasb; n EtlwPncrnSum ast and an ammaaium 
carbonate leac The reagents h i s  process wou3ld 
preseazmbly be amenable to r 

In sther pr f n a ~ y  testa w f t h  high teqmrature 
lignxCe ash9 it at the uranfauga in the ash 

s Baterial that are 

g periods are brfef+ 
tion is apparently 

anticipated retention time of the lignite 
hottest ZQ aces, st is 

m reea in It 
be ac e le 

Furtlh&r tests  of t h i s  possibility are being made. 

Studies of lignite fractions have been contfnued to 
det;emn$ne the association of %;be w&nfum in t h e  lignite and 
in the  ash, Analysis of hand-picked lignite p a r t i c l e s  which 
were low Sa ash conteat iadfeated that only the u~ainium (of  
s e v e r a l  elements fs$e@ked by emfeaf or spextxmgr-ap 
a n a l y s i s )  vas concentrated ng with the? organic m 
Size ana lys i s  of ash samples prepared ad; dahfEeH-ent furnace 
temperatures i n d i c a t e d  that a% low temperatures the uranium 
was associated preferentially wdth the  fine fractfons, while 
a t  h8gher temperatures the  distribution was more nearly 
uni€Eormn, presullnably because af aggregation of %he uraniferous 
fines, Magnetic separation of a reduced9 high-temperature 
ash showed concentration o€ U ~ ~ R ~ U B I  wfth the magnetic 
fraction ( presumably magnetite) 
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