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Abstract 

As reported e a r l i e r  (1). f o u r  d i f f e r e n t  l i t h o l o g i c  layers have been i d e n t i f i e d  
i n  t h e  Freedom Mine (Mercer County, Nor th Dakota) which suppl ies t h e  l i g n i t e  f o r  t h e  
Great P la ins G a s i f i c a t i o n  Associates p l a n t  i n  Beulah, Nor th Dakota. The layers were 
i d e n t i f i e d  on t h e  bas i s  of r e a d i l y  observable megascopic cha rac te r i s t i cs  i ncludi ng 
l u s t e r ,  f r a c t u r e  c h a r a c t e r i s t i c s  and t h e  presence of c l a y ' a d  s i l t  zones. L i g n i t e  
sampled fran each of t h e  f o u r  layers has been pyro lyzed i n  a bench scale reac to r  
system designed t o  s i m u l a t e  t h e  product ion of gas l i q u o r  condemate fran the  
py ro l ys i s  zone of an actual  g a s i f i e r .  The y i e l d s  of water-soluble organic  e f f l u e n t s  
fra each of t h e  l aye rs  were found t o  d i f f e r  s i g n i f i c a n t l y ,  p a r t i c u l a r l y  t h e  y i e l d s  
of phenol, cresol  and catechol .  

I n t r o d u c t i o n  

The treatment and removal of water-soluble organic e f f l u e n t s  fran wastewater i s  
an impor tant  i ssue  f a c i n g  coal g a s i f i c a t i o n  technology. The extent  of treatment i s  
governed by the  reuse o r  env i ronmenta l ly  acceptable disposal of t h e  wastewater. 
Downstream e f f l u e n t  t reatment  i s  a l so  dependent on t h e  nature and q u a n t i t y  of t a r s  
p y r o l y s i s  and d e v o l a t i l i z a t i o n  react ions i n  t h e  upper p o r t i o n  of t h e  g a s i f i e r .  It 
i s  des i rab le  t o  develop a l abo ra to ry  t e s t  t o  s imulate t h e  product ion of water- 
s o l u b l e  organic e f f l u e n t s  fran a g a s i f i e r ,  thereby e l i m i n a t i n g  expensive p i l o t - p l a n t  
t es ts .  Such a t e s t  c o u l d  even tua l l y  be a method of assessing t h e  g a s i f i c a t i o n  
p o t e n t i a l  of var ious coals, and t h e  r e s u l t i n g  da ta  base would be h e l p f u l  i n  
designing e f f l uen t  t reatment  systems f o r  g a s i f i c a t i o n  p lants .  

I n  working towards t h e  development of such a t e s t ,  t h e  technique was found t o  be 
s e n s i t i v e  t o  changes i n  coa l  q u a l i t y  which occur  w i th ing  t h e  same mine. With the  
d iscovery of d i s t i n c t  l i t h o l o g i c  l a y e r i  ng w i t h i n  a mi  ne which suppli  es coal t o  an 
actual  cmmerc ia l  g a s i f i e r ,  an i n v e s t i g a t i o n  i n t o  t h e  e f f e c t s  of in-mine v a r i a t i o n  
on  coal g a s i f l c a t i o n  was i n i t i a t e d .  

Expe ri ment a1 

A laboratory  sca le  t u b u l a r  reac to r  was const ructed which al lows f o r  t he  
p y r o l y s i s  of up t o  f i v e  grams o f  coal i n  a v a r i e t y  o f  gas atmospheres. A Lindbergh 
s p l i t - t y p e  furnace with a maximum temperature of 1100 C and a programmable heating 
r a t e  of S"C/min. t o  45OC/min. al lowed f o r  rep roduc ib le  heat ing of t h e  samples. A 
l i q u i d  n i t rogen cooled t r a p  was used f o r  t h e  c o l l e c t i o n  of water-soluble organic 
eff luents. A f te r  complet ion of t h e  experiment t h e  t r a p  was allowed t o  warm t o  above 
0°C and the water-so lub le organics analyzed by gas chranatography (2). 

The coal samples used i n  t h i s  s tudy were c o l l e c t e d  a t  t h e  Freedom Mine (Mercer 
County, North Dakota). The samples were ground t o  -60 mesh and pyrolyzed i n  a 
n i t r o g e n  atmasphere us ing  a heat ing r a t e  of 45"C/min. and a f i n a l  temperature of 
85OOC. 

TOSCO Materi a1 Balance Assays were prov ided by J A Associates. Inc., Golden. 
Colorado. The procedure has been described elsewhere (3). 
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Standard q u a n t i t a t i v e  maceral analyses (4 )  were performed on representat ive 
L i g n i t e  samples were prepared f o r  samples from each of t h e  f o u r  l i t h o l o g i c  layers.  

micropetrographic analys is  as described i n  ASTM procedures (5 ) .  

Results and Discussion 

Duri ng a mi ne study i n May 1984, major  l i t h o l o g i c  u n i t s  occurr i  ng as layers i n  
t h e  Beulah-Zap bed of t h e  Sent ine l  B u t t e  Formation (Paleocene) were observed. The 
seam was subdivided i nto f o u r  li thologi  c u n i t s  on the  basis of o v e r a l l  megascopic 
c h a r a c t e r i s t i c s  (F igure 1). The c r i t e r i a  f o r  these subdiv is ions were: 

1. appearance of the  broken surfaces of t h e  u n i t s  on a l a rge  sca le  as they appear 

2. l u s t e r  of t h e  coal; 

3. f r a c t u r e  cha rac te r i s t i cs ,  hardness and sur face appearance of t h e  coal on a small 
sca le  (1-10 cm); 

4. presence of l i t h o l o g i c a l l y  d i s t i n c t  u n i t s  i nc lud ing  t h i n  layers of fragmental 
coal ,  c l a y ,  and s i l t  layers and concret ionary zones. 

There i s  evidence t o  suggest t h a t  the u n i t s  are not e n t i r e l y  l o c a l  i n  extent  but 
p e r s i s t  wide ly  i n  t h e  Beulah-Zap bed (6). 

L i g n i t e  was sampled from each of t h e  f o u r  layers i n  a v e r t i c a l  sequence w i t h  t h  
samples being c o l l e c t e d  w i t h i n  a few meters of each other. The samples wen 
pyrolyzed as described above and t h e  water-soluble organic e f f l u e n t s  wert 
analyzed. The y i e l d s  of t h e  water-soluble organics from each of these f o u r  samples 
and t h e i r  corresponding proximate and u l t i m a t e  analyses are g iven i n  Table 1. Based 
on t h e  py ro l ys i s  y i e l d  data, t he  top  t h r e e  layers appear t o  be q u i t e  s i m i l i a r .  
However, l a y e r  f o u r  shows considerable d i f ferences i n  the  y ie lds  o f  methanol, 
phenol, cresols  and catechol. I n  f a c t ,  l a y e r  f o u r  appears t o  be an e n t i r e l y  
d i f f e r e n t  coal. Layer f o u r  i s  separated fran t h e  o the r  th ree  layers by a l o c a l l y  
t h i n ,  i no rgan ic - r i ch  zone o r  c l a y  l aye r ,  suggesting t h a t  a marked d i f f e r e n c e  i n  the 
depos i t i ona l  environment could have occurred. The proximate and u l t i m a t e  analyses 
f o r  t h e  f o u r  layers are q u i t e  s i m i l i a r ,  however, and provide no explanat ion as t o  
why the  f o u r t h  l a y e r  should behave so d i f f e r e n t l y  upon py ro l ys i s  than t h e  other  
t h r e e  layers.  I n  p a r t i c u l a r ,  a comparison o f  maf u l t i m a t e  data f o r  l a y e r s  2 and 4 
shows great  s i m i l a r i t y ,  y e t  py ro l ys i s  y i e l d s  o f  water-soluble organics are r a d i c a l l y  
d i f f e r e n t .  This suggests t h a t  a p lan t  operator could not r e l y  on r o u t i n e  coal 
analys is  as t h e  p r e d i c t o r  of wastewater cha rac te r i s t i cs .  

The data from t h e  TOSCO Ma te r ia l  Balance Assays a re  given i n  Table 2. The most 
obvious d i f f e rence  i s  t he  t a r  y i e l d s  f o r  t h e  f o u r  layers. There i s  a 44% decrease 
i n  t a r  y i e l d  between l a y e r  1 and l a y e r  2. The y i e l d s  of water, CO and C 1  a l so  
d i f f e r  s i g n i f i c a n t l y  between the  f o u r  layers.  However: u n l i k e  w i t h  t h e  water- 
so lub le  organic e f f l u e n t  data, t h e  f o u r t h  l a y e r  doesn't  stand out as being d i f f e r e n t  
f r a n  t h e  o the r  th ree  layers. 

Petrographic analyses f o r  t h e  f o u r  layers are presented i n  Table 3. Un l i ke  t h e  
p r o x i m t e  and u l t i m a t e  analyses, which suggest l i t t l e  d i f f e rence  between t h e  f o u r  
layers,  t h e  petrographic analyses i n d i c a t e  t h a t  t he re  might be considerable organic 
s t r u c t u r a l  d i f ferences between t h e  layers.  There ex i s t s  a good c o r r e l a t i o n  between 
catechol y i e l d s  upon py ro l ys i s  and t h e  amount of corpohuminite found i n  each 
layer .  A l i n e a r  est imat ion of t he  data r e s u l t s  i n  a c o r r e l a t i o n  c o e f f i c i e n t  of 
0.92. 

i n  t h e  h igh  wa l l ;  
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Table 1. Pyro l ys i s  Y ie lds  f o r  Four L i t h o l o g i c  Layers i n  t h e  Freedom Minea 

(TOP) 
Layer 1 

(Bottom) 
Layer 4 Layer 2 Layer 3 Coal 

Compound: 

- 
Methanol 990 

1350 
24 0 
360 
70 

10 10 
1320 
250 
340 
130 

94 0 
1490 
26 0 
420 
28 0 
1800 
580 
600 
720 
1200 

1590 
1420 
190 
350 

Acetone 
A c e t o n i t r i l e  
2-Butanone 
Propi oni tri 1 e 
Phenol 
o-Cresol 
p-Cresol 
m-Cresol 
Catechol ' 

190 
3820 
980 
1190 

2110 
610 
680 
710 
990 

~~. 

1720 
520 
570 
630 1420 

3150 1010 

Proximate Analysis 
(as rec 'd ;  % by w t ) :  

Mo is tu re  
V o l a t i l e  mat ter  
F ixed carbon 
Ash 15.55 

23.51 
29.32 
31.61 
6.40 

23.1 1 
33.93 
36.56 
4.94 

27.93 
34.22 
32.91 
4.72 

30.62 
36.74 
27.93 

4.66 
68.20 
1.08 
2.75 
23.30 

5.09 
69.14 
1.11 
0.66 
23.99 

4.75 
70.37 
1.12 
0.68 
23.09 

5.13 
69.32 
1.07 
0.84 

Hydrogen 
Carbon 
Ni t rogen 
S u l f u r  
Oxygen 23.65 

aCornpound y i e l d s  a re  repor ted i n  micrograms/g maf coal. 

Table 2. TOSCO Mate r ia l  Balance Assay 

Normalized Values (Moisture Free) 
Layer 2 Layer 3 

67.1 10 3.7 
8.2 12.7 

333.5 329.0 
3597.1 3627.6 

192.3 158.7 
23.1 19 .o 

1407.1 1408.5 

F ischer  Assay Y ie lds  

Tar ( l b / ton )  
(ga l / t on )  

Gas ( l b / ton )  
(scf / ton)  

Water ( l b / ton )  
(ga l / t on )  

Char (1 b / ton )  

H ( l b / t o n )  
C 6  ( l b / ton )  
C02 ( l b / t o n )  
C1 ( l b / ton )  

Layer 1 

119.3 
14.6 

31 1.9 
3311.0 

129.9 
15.6 

1438.9 

Layer 4 

89.1 
10.9 

306.6 
3402.9 

191.2 
22.9 

1413.1 

1.14 
40.89 
224.00 
20.6 3 

1.22 
30.76 
243.2 3 
17.44 

1.11 1.33 
37.51 36.85 
256.50 251.62 
19.78 22.32 
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Table 3. Petrographic Analyses o f  Freedom Mine, Four L i t h o l o g i c  Layers 

Maceral Analysis 
(% Volume) 

Humani t e  Group 
Ulmi  ni t e  
Humodetri n i  t e  
Geli  ni t e  
Corpohumi n i  t e  

L i p t i  ni t e  Group 
Spori ni t e  
Cuti  ni t e  
Resi ni t e  
Suberi n i  t e  
A1 gi ni t e  
L i  p tode t r i  ni t e  
F luo r i  ni t e  
Bi tumi n i  t e  

Layer 1 

35.5 
25.2 
0.5 
1 .o 

0.9 
0.7 
2.7 
0 .o 
1.2 
5 .O 
0.0 
0 .o 

Layer 2 

38.9 
23.1 
0.4 
2.6 

2.4 
0.5 
1.9 
0.5 
0.4 
5.9 
0.4 
0 .o 

Layer 3 

38.2 
21.9 
1.4 
2 .o 

1.4 
0.5 
0.9 
0.4 
0.9 
3.8 
0.0 
0 .o 

Layer 4 

42.8 
18.0 
1.3 
6.2 

3.3 
0.5 
1.7 
1.5 
1.2 
5.3 
0.0 
2.0 

I n e r t i  n i  t e  Group 
Fusi ni t e  4.5 4.6 8.5 2.7 
Semifusi n i  t e  6.8 8.1 7.2 5.3 
Macri ni t e  0.7 0.5 0.2 0.0 
Sc le ro t i  n i  t e  0.3 0.5 0.4 0.3 
I n e r t o d e t r i  ni t e  8.9 7.6 8.5 4.2 
M i c r i  ni t e  1.3 0.7 1.8 1.3 

Conclusions 

The canposi t ion o f  gas l i q u o r  condensate can vary g r e a t l y  due t o  va r ia t i ons  
w i t h i n  an i n d i v i d u a l  seam. The samples used i n  t h i s  s tudy were c o l l e c t e d  w i t h i n  a 
few meters o f  each o the r  bu t  i n d i c a t e  s i g n i f i c a n t  v e r t i c a l  v a r i a t i o n  e x i s t s  i n  a 
p a r t i c u l a r  mine. The u l t i m a t e  analyses of these laye rs  are v i r t u a l l y  i d e n t i c a l ,  bu t  
t he  actual chemistry, as evidenced by t h e  p y r o l y s i s  r e s u l t s  and t h e  TOSCO Mate r ia l  
Balance Assays, i s  very d i f f e r e n t  fran l a y e r  t o  l aye r .  These d i f f e rences  could 
r e s u l t  i n  subs tan t i a l  changes i n  wastewater canpos i t i on  and o p e r a b i l i t y  o f  a 
ta r /wa te r  separator i n  an actual  g a s i f i c a t i o n  p l a n t  when coal  fran d i f f e r e n t  layers 
i s  gas i f i ed .  

Petrographic analys is  r e f l e c t s ,  t o  an extent, t h e  s t r u c t u r a l  chemistry of t he  
coal because t h e  macerals genera l ly  de r i ve  from d i f f e r e n t  k inds of p l a n t  
const i tuents ,  and these o r i g i n a l  p lan t  cons t i t uen ts  i n  t u r n  have d i f f e r e n t  
s t ructures.  Therefore, petrography should be a use fu l  p red ic to r  of some py ro l yza te  
yi  e l  ds . 

Reasonably steady operat ion of wastewater treatment p lan ts  and ta r /wa te r  
separators depend on havi ng reasonably steady wastewater composit ion and t a r  
production, o r  a t  l e a s t  t h e  a b i l i t y  t o  p r e d i c t  these i n  advance. I n  order  t o  
achieve t h i s  i t  i s  impor tant  t o  cha rac te r i ze  t h e  py ro l ys i s  behavior  of t h e  coal 
layers t o  prov ide f o r  blending o r  p r e f e r e n t i a l  mining arrl s e l e c t i v e  u t i l i z a t i o n .  
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1.0 
P 

1.0 

1.0 
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OVERBURDEN 

LICNITE. DULL to MODERATELY BRICHT, FRACTURES 
EASILY ALONG BEDDING PUNES. SOMEWHAT FRACMENTAL 

LIGNITE. VERY FRAGMENTED WITH BLOCKY FRACTURES. 

LIGNITE, BRIGHT to VERY BRICHT. MASSIVE STRUCTURE 
DOES NOT FRACTURE ALONG BEDDINC PLANES. 

LIGNITE. MODERATELY BRIGHT to BRIGHT. VERI  MASSIVE, 
VERY W R D  and RES1STANf 10 FRACTURING. 

- 1 INOR(.*NIC ZONE?. CONTACT W Y  BE MARKED BY 
CUYEY andlor CONCRETIONARY ZONE 

L I M I T E .  DULL UI VERY DULL, W R D  but BRITTLE, 
ABUNDANT DISSEMINATED FINE PYRITE CRYSTALS. 
FEW BEDDINC PLANES or FRACTURES. SHARP CONTACT 
with UNDERCLAYS 

UNDERCLAY 

F igu re  1. L i t h o l o g i c  u n i t s  of the Beulah-Zap l i g n i t e  bed as described a t  the 
Freedom Mine. 
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