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ABSTRACT 

Nineteen coa l s ,  representing seven of Alaska's coal  f i e l d s ,  were 

l i q u e f i e d  i n  batch r e a c t o r s  a t  42S°C w i t h  t e t r a l i n  a s  t h e  donor 

s o l v e n t .  T h e  l i g n i t e  ,and subbi tuminous  c o a l s  from L i t t l e  Tonzona, 

Nenana, Beluga  and Yukon F l a t s  c o a l  f i e l d s  were found t o  r e a d i l y  

conver t  t o  THF s o l u b l e s  p l u s  gases. Conversions for  these  c o a l s  were 

g rea te r  than 84% (daf basis) .  The bituminous coa l  from t h e  Matanuska 

c o a l  f i e l d  and t h e  i n e r t i n i t e - r i c h  c o a l s  from the  Northern ~ l a s k a  and 

Chicago Creek  c o a l  f i e l d s  were considerably l e s s  r eac t ive ;  conversion 

y i e l d s  from 55 t o  82 3 were a t t a i n e d .  A number of c o r r e l a t i o n s  were 

examined between conversion yield and c o a l  cha rac te r i s t i c s .  

Evaluat ion  of the  d i s t r i b u t i o n  of l i q u e f a c t i o n  p r o d u c t s  showed 

t h a t  t h e  low rank c o a l s  a r e  r e a d i l y  c o n v e r t e d  i n t o  low m o l e c u l a r  

w e i g h t  c o m p o n e n t s  ( o i l s  p l u s  g a s e s )  a n d  few a s p h a l t e n e s  and 

p r e a s p h a l t e n e s .  The i n e r t i n i t e  r i c h  and o t h e r  l e s s  r e a c t i v e  c o a l s  

produced equal d i s t r i b u t i o n s  of t h e  th ree  product c lasses .  

The c o a l s  and h e x a n e - i n s o l u b l e s  were a n a l y z e d  using DRIFT 

spectroscopy. The spectrum of HZA was found t o  be s i m i l a r  t o  t h a t  of 

a g u a i a c y l - t y p e  l i g n i n .  Changes i n  t h e  s p e c t r a l  f e a t u r e s  as  a 

funct ion  of 1 iquef action s e v e r i t y  were examined. 

Prel iminary s tud ies  were conducted t o  enhance an understanding of 

f l u o r e s c e n t  v i t r i n i t e ,  i n e r t i n i  t e  m a c e r a l s  and t h e  r o l e  of c a t i o n s  

d u r i n g  l i q u e f a c t i o n .  The pr imary  f l u o r e s c e n c e  e x h i b i t e d  by t h e  

u lmin i t e  i n  t h e  HZA coal  appears t o  be a t t r i b u t e d  t o  the  presence of 

s u b s t i t u t e d  a romat ics .  Some of t h e  i n e r t i n i t e s  i n  UA-139 were 

de te rmined  t o  be r e a c t i v e .  The p r e s e n c e  of c a t i o n s  was found t o  



enhance the conversion of UCM-11 and CSB-13, presumably by dimin i sh ing  

the tendency for  condensation react ions to occur. 
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I. INTRODUCTION 

Alaska's coa l  resources a r e  of Cretaceous and T e r t i a r y  age. Most 

of t h e  Cretaceous c o a l s  a r e  loca ted  i n  Northern Alaska. Estimates of 

hypothet ical  resources f o r  northern Alaska c o a l s  a r e  on the  order of 

s e v e r a l  t r i l l i o n  tons. These c o a l s  range i n  rank from subbituminous A 

t o  h i g h  v o l a t i l e  A bituminous.  The impediments t o  e x p l o i t a t i o n  of 

these v a s t  resources are twofold: 

1. The con t inen ta l  s h e l v e s  of the Bering And Chuckchi seas give 

r i s e  t o  f a i r l y  s h a l l o w  water  on t h e  n o r t h  w e s t e r n  c o a s t s ;  i t  is 

necessa ry  t o  go t h r e e  m i l e s  o r  -re from s h o r e  i n  o r d e r  t o  f i n d  

water depths of s i x t y  fee t .  

2. The s h i p p i n g  season  wi thou t  t h e  a i d  of i c e  b r e a k e r s  is 

l imi ted  t o  3 months a year. 

Conversion of these  c o a l s  t o  c l ean  l i q u i d  f u e l s  and t h e i r  subsequent 

t r a n s p o r t  v i a  p i p e l i n e  t o  a n  i c e - f r e e  p o r t  may p r o v e  t o  be t h e  b e s t  

way t o  u t i l i z e  t h e  c o a l  resources of northern Alaska. 

I n  c e n t r a l  and southern Alaska large resources of subbituminous C 

rank c o a l s  have  been i d e n t i f i e d .  Thei r  c o n v e r s i o n  t o  l i q u i d  f u e l s  

would enhance t h e i r  marke tab i l i ty  i n  the  western United S t a t e s  and i n  

Pacific Rim Countries. 

An a d d i t i o n a l  c o n s i d e r a t i o n ,  which makes t h e  l i q u e f a c t i o n  of 

Alaskan c o a l s  a t t r a c t i v e ,  i s  t h a t  the S t a t e  has est imated recoverable  

r e s e r v e s  of 150 - 200 t r i l l i o n  cu. f t .  of n a t u r a l  gas. The steam 

reforming of methane may be  a v i a b l e  s o u r c e  of hydrogen f o r  c o a l  

1 iquefact ion processes. 



Mechanism of Coal Liquefaction 

C o a l  l i q u e f a c t i o n  i s  q u i t e  complex a n d  s u b j e c t  t o  much 

s p c u l a t i o n .  As the  coa l  matr ix is  heated, thermal ruptures  of l a b i l e  

bonds r e s u l t .  This breakdown of t h e  macromolecular s t r u c t u r e  is  q u i t e  

var iable .  I t  is dependent on t h e  number and type of bonds invo lved  i n  

cross- l inking the  s t r u c t u r e ,  t h e  type of s o l u b l e  compnents  generated 

upon cleavage of these  l inkages ,  t h e  demand f o r  hydrogen t o  s t a b i l i z e  

t h e  generated rad ica l s ,  and the p e n e t r a b i l i t y  of t h e  c o a l  matrix by 

the  donor solvent.  I n i t i a l l y  t h e  generated f r e e  r a d i c a l s  are c a p p d  

by hydrogen t r a n s f e r r e d  from hydroaromat ic  sys tems w i t h i n  t h e  c o a l .  

These systems a r e  most l i k e l y  e x t r a c t a b l e  f rorn mobile molecules. Once 

t h e  c o a l  ma t r ix  i s  s u f f i c i e n t l y  comminuted o r  opened up, t h e  donor 

s o l v e n t  is able  t o  pene t ra te  t h e  c o a l  p a r t i c l e s  and becmes  invo lved  

i n  capping t h e  f r e e  radica ls .  The key t o  optimum l i q u e f a c t i o n  of t h e  

c o a l  appears t o  be centered around the  e a r l y  s t ages  of l iquefac t ion ,  

where i n t e r n a l  hydrogen t r a n s f e r  i s  opera t ing .  The  amount and 

a v a i l a b i l i t y  of t h e s e  s p e c i e s  a p p e a r s  t o  be rank dependent.  For 

example, i n  the  event  where i n s u f f i c i e n t  amounts of i n t e r n a l  hydrogen 

e x i s t s  such a s  i n  low rank c o a l s ,  c o n v e r s i o n  is  a f f e c t e d  by t h e  

a b i l i t y  of t h e  s o l v e n t  t o  r a p i d l y  s o l u b i l i z e  m a t e r i a l  and p r e v e n t  

coalescence or agglomeration of t h e  p a r t i c l e s  (Derbyshire, 1982). 

Due t o  t h e  var ious  b i o l o g i c a l  sources and geologica l  environments 

i n v o l v e d  i n  t h e  f o r m a t i o n  of c o a l ,  t h e  n a t u r e  and b e h a v i o r  of coals 

under d i f f e r e n t  processing environments a r e  q u i t e  varied. During t h e  

p a s t  few y e a r s  a c o n s i d e r a b l e  e f f o r t  has  been made towards  t h e  

c o r r e l a t i o n  of coa l  c h a r a c t e r i s t i c s  with l iquefac t ion  behavior. These 



s t u d i e s  were p r i m a r i l y  based on u l t i m a t e ,  proximate and pe t rog raph ic  

a n a l y s e s .  C o r r e l a t i o n s  h a v e  been  made between  c o n v e r s i o n  ( u s u a l l y  

d e f i n e d  by s o l v a t i o n  y i e l d )  and  r e a c t i v e  m a c e r a l  c o n t e n t  ( G i v e n  e t  

al., 1975b1, as well a s  with VM, carbon conten t ,  and H/C r a t i o  (Given 

e t  a l . ,  1 9 8 0 ;  G r a y  e t  a l . ,  1 9 8 0 ;  D u r i e ,  1 9 8 0 ;  E p p e r l y ,  1980). 

Al though  s imilar  c o r r e l a t i o n s  h a v e  been s e e n  f o r  a wide  r a n g e  of 

c o a l s ,  t h e  r a n k i n g  of t h e  d i f f e r e n t  f a c t o r s  w i l l  v a r y  f rom seam t o  

seam. For i n s t a n c e  c o a l s  of s imi la r  rank b u t , v a r y i n g  g e o l o g i c a l  

p r o v i n c e s  h a v e  been shown t o  d i f f e r  i n  b e h a v i o r  a n d  c h e m i c a l  

c o m p o s i t i o n  (Yarzab  e t  a l . ,  1979) .  One of t h e  v a r i a t i o n s  t h e y  

r e p o r t e d  was t h a t  t h e  f r a c t i o n  of 0 a s  OH i n  c o a l  showed a p r o v i n c e  

dependence.  Hence i t  i s  difficult t o  p r e d i c t  t h e  l i q u e f a c t i o n  

b e h a v i o r  of A l a s k a n  c o a l s  i n  l i g h t  of  what  i s  known c o n c e r n i n g  t h e  

c o a l s  o f  t h e  con te rminous  U n i t e d  S t a t e s ,  s i n c e  these e s t a b l i s h e d  

empi r i ca l  c o r r e l a t i o n s  may no t  apply. 

The prime o b j e c t i v e  of t h i s  r e s e a r c h  was t o  f u r t h e r  c h a r a c t e r i z e  

A l a s k a n  c o a l ,  a n d  t o  e v a l u a t e  t h e  p o t e n t i a l  of these coals a s  

feeds tocks  i n  d i r e c t  l i q u e f a c t i o n  processes.  A secondary g o a l  was t o  

i n i t i a t e  r e sea rch  a c t i v i t i e s  which would enhance an unders tanding a s  

t o  t h e  chemistry  and r e a c t i v i t y  of i n e r t i n i t e  macerals  and f l u o r e s c e n t  

v i  t r i n i  tes. 



11. PROCEDURES 

1. Selec t ion  of Coal Samples 

Extensive c o a l  deposi t s  a r e  found throughout Alaska. ~ y p o t h e t i c a l  

r e s o u r c e s  a r e  e s t i m a t e d  a t  4 t r i l l i o n  t o n s  ( S c h a f f ,  1983).  The major 

coal  resource a r e a s  i n  t h e  s t a t e  are  shown in Figure 1. 

One of t h e  o b j e c t i v e s  of this p r o j e c t  i s  t o  g a i n  a b e t t e r  

unders tand ing  a s  t o  t h e  p o t e n t i a l  of Alaskan c o a l s  a s  f e e d s t o c k s  i n  

d i r e c t  l i q u e f a c t i o n  processes. To t h i s  end a  d i v e r s e  group of c o a l s  

r e p r e s e n t i n g  seven of Alaska's c o a l f i e l d s  was s e l e c t e d .  A map 

ind ica t ing  t h e  l o c a t i o n  of these resource a r e a s  is shown i n  Figure 2. 

The ages and d e p o s i t i o n a l  envi ronments  f o r  t h e s e  c o a l s  a r e  q u i t e  

d i f f e r e n t .  The c o a l s  from t h e  Nor thern  Alaska  and Matanuska coal 

f i e l d s  a r e  Cretaceous i n  age, while  t h e  remainder of the set c o n s i s t s  

of Ter t i a ry  c o a l  s. 

Nineteen c o a l s  were u l t ima te ly  s e l e c t e d  f o r  this study. Six of 

the c o a l s  were taken from an in house sample bank. Nine samples were 

obtained from c o a l  f i e l d s  in which explora tory  work is being conducted 

or was r e c e n t l y  concluded. These coals were g e n e r a l l y  obtained from 

d r i l l  h o l e  co res .  The c o a l s  from L i t t l e  Tonzona, Chicago Creek and 

Northern Alaska f a l l  i n t o  t h i s  category. The remaining 4 samples were 

c o l l e c t e d  d u r i n g  the c o u r s e  of  this p r o j e c t .  For  a n  i n d e p t h  

d i s c u s s i o n  on many of these coals see Rao and Wolff  (1980; 1982) and  

Rao and Smith (1983). 

In general these  c o a l s  were chosen based on s e v e r a l  c r i t e r i a :  







1) t h a t  they  had no t  been e x t e n s i v e l y  ox id ized ;  c o a l s  were 

o b t a i n e d  from freshly exposed beds or f r e s h  exposures  of 

previous ly  mined beds; 

2 )  t h a t  a wide range of c o a l  rank was covered, or 

3 )  t h a t  t h e  c o a l s  a r e  f r o m  coal fields of e c o n o m i c a l  

i m p o r t a n c e ,  t h a t  i s ,  t h e y  a r e  a c t i v e l y  b e i n g  mined ,  

developed or considered f o r  t h e  near future.  

D e t a i l s  regarding t h e  sampling desc r ip t ion  and locat ion  of these  c o a l  

samples a r e  l i s t e d  i n  Table 1. 

Two s u r f i c i a l  c o a l s  a r e  i n c l u d e d  from t h e  Yukon F l a t s ;  one of 

which t h e  HZA c o a l  was found t o  e x h i b i t  an anomalous behavior. Barker 

(1981) found t h i s  coa l  t o  produce a moderately hard coking button (FSI 

of 2). The p r i n c i p a l  inves t iga to r  noted t h a t  t h i s  coal  swells i n  t h e  

p r e s e n c e  of THF o r  p y r i d i n e  ( u n p u b l i s h e d  r e s u l t s ) .  T h i s  b e h a v i o r  

e x i s t s  d e s p i t e  t h e  coal  being c l a s s i f i e d  a s  a subbi tuminous  C c o a l  

(Ro, o f  0.25) and t h a t  these p r o p e r t i e s  may have been d i s t o r t e d  by 

weathering.  The second c o a l  was t a k e n  from t h e  same v i c i n i t y .  No 

a t y p i c a l  behavior has been observed for t h i s  coal. 

nJo f i e l d  t r i p s  were undertaken (1 year apar t )  i n  order t o  l o c a t e  

t h e  o u t c r o p  and s o u t c e  of t h i s  rubble, as well a s  t o  obtain f r e s h  

samples of t h e  HZA coal. Although no outcrops were located ,  samples 

of t h e  same coals were o b t a i n e d  on e a c h  occasion.  The c o a l  s a m p l e s  

o b t a i n e d  c o n s i s t e d  of both  v i t r e o u s  l o o k i n g  chunks of c o a l  w i t h  

concoidal f r a c t u r e s  and weathered chunks of coal with rounded edges. 



TABLE 1. 

SAMPLE 
NUMBER 

THICKNESS 
I FEET) COAL FIELD 

--- - - 

B e 1  uga 

Chicago Creek 

SEAM AND LOCATION SAMPLE DESCRIPTION ASTM RANK 

Water f a1 1 Bed Channel Bench, top 6 '  Subbi t C 

Hole No. 1 (123-126.5) 
Hole No. 1 (141-150) 
Hole No. 1 (150-160) 
Hole No. 1 (160-1701 

D r i l l  Core 
D r i l l  Core 
D r i l l  Core 
D r i l l  Core 

L ign i t e  
L ign i t e  
L i g n i t e  
L i g n i t e  

L i t t l e  Tonzona CS-41730 
CS- 4 1  7 3 5 

Hole No.  3 (121-130.5) 
Hole No. 3 (351.5-357.5) 

Subbi t  C 
Subbi t C 

D r i l l  Core 
D r i l l  Core 

Ma tanuska 

Nenana 

Channel hvAb * Lower Seam, C a s t l e  Mountain 

No. 4 Bed, U s i b e l l i  Mine 
No. 1 Bed, U s i b e l l i  Mine 
No. 3 Bed, U s i b e l l i  Mine 
No. 4 Bed, U s i b e l l i  Mine 

Channel 
Channel 
Channel 
Channel Bench, top 1 '  

Subbi t C 
Subbi t C 
Subbi t C 
subbit C 

CD 

Northern Alaska UA-13 9 
SS 67-1 
SS 67-2 
SS 67-3 
CSB 13 

No. 7 Bed, Cape  Beaufor t  
Unnamed, Kukpowruk River 
Unnamed, Kukpowruk River 
Unnamed, Kukpowruk River 
No. 7 Bed, Cape Beaufor t  

Channel 
Channel bench, top 5' 
Channel bench, Middle 5' 
Channel bench, Lower 5' 
Auger Hole 

hvCb * 
hvAb 
hv Ab 
hvAb 
hvCb * 

Yukon F l a t s  HZA 
HZ E l  

Rubble on g rave l  bar Subbi t C* 
Rubble on g rave l  bar L ign i t e  * 

* Apparent Rank 



2. Character izat ion of Coals i n  the Sample S e t  

a) Rank Determinations 

A number of c o a l s  (6) used i n  t h i s  s t u d y  were t a k e n  from an in -  

house sample bank. High temperature ash ana lyses  were determined fo r  

samples of these c o a l s  from new cans. Those samples whose ash content 

devia ted  s i g n i f i c a n t l y  from t h a t  reported p rev ious ly  (Rao and Wolf f, 

1980; 1982) were c h a r a c t e r i z e d  a l o n g  w i t h  t h e  new c o a l  samples.  

Character izat ion included: u l t ima te  and proximate analyses ,  c a l o r i f i c  

v a l u e  determinations, and t o t a l  s u l f u r  determination. 

b) Coal Petrology 

Samples were crushed t o  -20 mesh and made i n t o  d u p l i c a t e  one-inch 

d iamete r  p e l  l e t s  u s i n g  an epoxy binder.  V i  t r i n i  t e  r e f l e c t a n c e  

measurements were determined fol lowing ASTM procedures. An Orthoplan 

microscope equipped with a MPV-3 photometry system, a peak reader and 

a motorized s t a g e  attachment was used t o  conduct t h i s  task. 

Maceral  analyses of t h e  samples  were done by p o i n t  coun t ing  

dup l i ca te  p e l l e t s .  Normal incident  l i g h t  il lurnination was used when 

c o u n t i n g  t h e  h u m i n i t e  and i n e r t i n i t e  macera ls .  The p e l l e t s  were 

a g a i n  counted u s i n g  b l u e - l i g h t  e x c i t a t i o n  f o r  t h e  f l u o r e s c e n t  

v i t r i n i t e  and l i p t i n i t e  macerals. 

F l u o r e s c e n c e  s p e c t r a  were g e n e r a t e d  on t h e  L e i t z  Or thop lan  

microscope d e s c r i b e d  above. T h i s  was equipped w i t h  a ploemopak 

f l u o r e s c e n c e  i l l u m i n a t o r  u s i n g  f i l t e r  b l o c k  A 3  f o r  short-wave UV 

exci tat ion.  An l O O W  u l  tra-high pressure mercury lamp was used fo r  t h e  

l i g h t  source. The l i g h t  was passed  through a h e a t  f i l t e r  (BG231, an 

e x c i t a t i o n  f i l t e r  ( U G l ) ,  an i n t e r £  erence beamspl i t te r  (TK 400) and a 



suppression f i l t e r  (K430). A 63x f luorescence o i l  immersion o b j e c t i v e  

was used f o r  measuring purposes.  A monochromator was used t o  

s p e c t r a l l y  d i s p e r s e  t h e  f l u o r e s c e n t  l i g h t  from a r a n g e  of  400  nm t o  

750 nm. The e x i t  s l i t  f o r  t h e  monochromator was se t  s u c h  t h a t  3.3nm 

were allowed t o  pass a t  one t i m e  during the scan, and t h e  photometer- 

measuring diaphragm which a c t s  as t h e  monochromator ent rance  s l i t  is  

adjus ted  accordingly. A p h o t o m u l t i p l i e r  w i t h  an ex tended  r a n g e  f o r  

use with UV measurements (EM1 9558 with an S20 cathode) was used. A l l  

measurements were r e c o r d e d  on an ~ ~ 8 5  Computer equipped w i t h  a 

f luorescence  program package developed a t  E. Leitz,  Inc. In  order  t o  

measure the e f f e c t s  of a l t e r a t i o n ,  o r  t h e  change i n  f l u o r e s c e n t  

i n t e n s i t y  w i t h  r e s p e c t  t o  i r r a d i a t i o n  time, t h e  sys tem was f i r s t  

s t a n d a r d i z e d  us ing  a l O O W  t u n g s t e n  halogen lamp as a r e f e r e n c e .  

Correction f a c t o r s  were determined f o r  each 10  nm i n t e r v a l ,  and were 

used t o  e l iminate  any e f f e c t  caused by t h e  apparatus. 

c)  Functional Group Determinations 

T o t a l  c a r b o x y l a t e s ,  i o n  exchanged c a r b o x y l a t e s  and hydroxyl  

c o n t e n t s  were de termined f o r  t h e  c o a l s  i n  t h e  sample  set. Hydroxyl 

determinations fol lowed t h a t  of Szladow (1979). The hydroxyl groups 

were a c e t y l a t e d  u s i n g  a c e t i c  a n y d r i d e  i n  t h e  p r e s e n c e  of p y r i d i n e ,  

After th ree  days t h e  reac t ion  was quenched with water and t h e  r e s i d u a l  

a c e t i c  a c i d  was t i t r a t e d  with a standard so lu t ion  of sodium hydroxide. 

T h i s  procedure  e n a b l e s  t h e  c h a r a c t e r i z a t i o n  of bo th  a l c o h o l i c  and 

phenolic  hydroxyl groups. The one disadvantage of t h i s  method is t h a t  

pr imary  and secondary amines may be c o n v e r t e d  t o  amides d u r i n g  t h e  

course of the reaction. 



Tota l  carboxyl groups were determined by an ion exchange method 

using calcium a c e t a t e  (Cronauer and Ruber to ,  1977) .  The car  boxy 1 a t e  

s a l t s  a r e  first converted t o  t h e  a c i d  form by t r e a t i n g  t h e  c o a l  with 

1N H C l  a t  room temperature overnight.  Roughly 250 mg of t h i s  t r e a t e d  

c o a l  i s  s t i r r e d  w i t h  L O  m l  of 1N c a l c i u m  a c e t a t e  and SO m l  of 

d e i o n i z e d  wa te r  o v e r n i g h t  a t  room temperature.    he a c e t i c  a c i d  

l i b e r a t e d  i n  t h e  exchange is then t i t r a t e d  with standard NaOH s o l u t i o n  

using phenophthalein indicator .  

Carboxylate groups were a l s o  determined u t i l i z i n g  ion exchange of 

ammonium i o n s  a s  done by Morgan and o the r s  (1981). Approximately 0.5 

gm were s t i r r e d  with 50 m l  of 1N ammonium a c e t a t e  a t  room temperature 

for  3 hr. The s o l u t i o n  was then f i l t e r e d  and washed with 25 m l  of 1N 

ammonium a c e t a t e .  This procedure  was r e p e a t e d  6 a d d i t i o n a l  times. 

The f i l t r a t e s  were a c i d i f i e d  with 5 m l  of g l a c i a l  a c e t i c  a c i d  and 

analyzed f o r  Ca, Mg, Na, K, Sr and Ba using a Specrometric Spectrospan 

V plasma emission spectrometer. 

d)  Major and Trace Elements 

Major oxide and t r a c e  component ana lyses  of t h e  high temperature 

a s h  were determined by DC plasma emission spectrometry. Preparat ion 

of sample  f o r  a n a l y s i s  f o l l o w e d  t h a t  of Suhr and Gong (1983). 

Approximately 200 mg of sample were fused with 1 gm l i t h i u m  metaborate 

and d i s s o l v e d  i n  1 0 0  m l  4% HNO3. These s o l u t i o n s  were used i n  t h e  

a n a l y s i s  of t r a c e  elements. The s o l u t i o n  was fu r the r  d i l u t e d  with a 

d i l u e n t  containing a 2 0 0 0 p  qm/ml Li buffer .  



3. Densimetric Fract ionat ions 

Float-sink separa t ions  were conducted on an a i r -dr ied  sample of 

UA-139. The c o a l  was crushed i n  a hammer m i l l  t o  below 1 4  mesh 

p a r t i c l e  s i z e .  S e p a r a t i o n s  were t h e n  made a t  1.3, 1.4 and 1.6 

s p e c i f i c  g r a v i t i e s  using p e r c h l o r o e t h y l e n e - n a p h t h a  mix tu res  a s  t h e  

l i q u i d  d e n s i t y  medium. Fol lowing t h i s ,  t h e  v a r i o u s  f r a c t i o n s  were 

crushed f u r t h e r  t o  minus 60 mesh and charac ter ized  a s  per the  parent  

coal. 

4. Liquefaction Procedures 

Batch l i q u e f a c t i o n  runs were conducted using an adaptat ion of t h e  

reactor  system designed by Szladow (1979). Tubing bomb reac to r s  were 

fabr ica ted  fo l lowing  t h e  design of Youtcheff (1983). 

The e s t a b l i s h e d  procedure was t o  charge t h e  tubing bombs with 2.5 

gm of a s  rece ived c o a l  and 6 m l  of t e t r a l i n .  The microreactors  were 

then l eak  checked and purged w i t h  ni t rogen p r i o r  t o  pressur iz ing  t h e  

reac tors  t o  600 psig with hydrogen. The microreactors  were mounted i n  

a h o l d e r  and connec ted  t o  an o s c i l l a t i o n  dev ice .  They were t h e n  

shaken  f o r  two minu tes  t o  effect t h e  mixing of t h e  coal and donor 

solvent.  Liquefact ion runs were i n i t i a t e d  by immersing the  r e a c t o r s  

i n  a f l u i d i z e d  sand bath maintained a t  4250C. I t  took two minutes f o r  

t h e  reactors t o  achieve  t h i s  reac t ion  temperature. Upon conclusion of 

a run, t h e  m i c r o r e a c t o r s  were immersed i n  c o l d  water  and a l l o w e d  t o  

e q u i l i b r a t e  a t  roam temperature f o r  0.5 hours. 

The gases were ven ted  and t h e  c o n t e n t s  of t h e  r e a c t o r s  were 

q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a 500-ml beaker.  Hexane was used t o  

effect t h e  t r ans fe r .  The recovered products were then t r ans fe r red  t o  



a 500-ml Erlenmeyer f l a s k ,  d i l u t e d  w i t h  hexane t o  500-ml t o t a l  volume, 

and l e f t  o v e r n i g h t  t o  a l l o w  t h e  h e x a n e - i n s o l u b l e s  t o  s e t t l e .  The 

p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n  on a 0.45~ M i l l i p o r e  f i l t e r  

and washed w i t h  150 m l  hexane. The f i l t e r  cake  was then  d r i e d  i n  a 

vacuum oven a t  lOOoC for  24 hours. 

An a l i q u o t  of t h e  hexane-insolubles was placed i n  a dr ied  t a red  

alundum c r u c i b l e  and exhaust ive ly  ext rac ted  f o r  24 hours i n  a Soxhlet  

apparatus with to luene  under a ni t rogen atmosphere. F o l l  owing t h i s ,  

t h e  extracted thimble was d r i ed  i n  a vacuum oven a t  l l O o C  f o r  1 2  hours 

and reweighed. The procedure was then repeated using tetrahydrofuran 

(THF). The m a t e r i a l  remaining i n  t h e  c r u c i b l e  f o l l o w i n g  e x t r a c t i o n  

with THF is defined as  t he  residue;  t h i s  was a l s o  saved f o r  analysis .  

5. Character izat ion of t h e  Liquefaction Products 

Four ie r  Transform I n f r a r e d  Spect roscopy (FTIR) was used t o  

conduct  g r o s s  s t r u c t u r a l  e x a m i n a t i o n  of  t h e  c o a l s  a n d  hexane  

i n s o l u b l e s .  A n a l y s e s  were conducted on a D i g i t l a b  Model FTS 15/B 

F o u r i e r  Transform I n f r a r e d  Spect rometer  a t  t h e  P e n n s y l v a n i a  S t a t e  

University. The organic matrix of the  coa l  and hexane-insolubles was 

examined using both absorpt ion and diffuse r e f l e c t a n c e  modes. For t h e  

l a t t e r  mode of o p e r a t i o n ,  5-10 mg of c o a l  was ground wi th  300 mg of 

KBr i n  a Wig-L-Bug g r i n d e r .  The  d i s p e r s e d  sample  was p l a c e d  i n  a 

holder cup located where t h e  inc ident  l i g h t  is focused onto the  powder 

and the  s c a t t e r  l i g h t  is  c o l l e c t e d  using mirrors. Four hundred scans 

( In ter f  erograms) of t h e  sample a t  2 an-1 r e s o l u t i o n  were co-added t o  

generate each spectrum of coal.  



111. EXAMINATION OF COAL CHARACTERISTICS 

Data regarding t h e  c h a r a c t e r i s t i c s  of coals i n  t h e  sample set a r e  

compiled i n  Appendix A. The d i v e r s i t y  i n  the c o a l s  contained i n  t h i s  

s e t  i s  r e a d i l y  a p p a r e n t  when one c o n s i d e r s  t h e  range  of c o a l  

cha rac te r i s t i c s .  Severa l  of these a r e  l i s t e d  i n  Table 2. 

Table 2. Range of Charac te r i s t i c s  of Coals i n  Sample Se t  

Age Cretaceous T e r t i a r y  
ASTM Class L ign i t e  HVA Bituminous 

% C, daf 
% 0, daf 
% S, dry 

% V i t r i n i t e  46.5 
% Exini te  1.9 
% I n e r t i n i t e  2 . 6  

Incorporated i n  t h i s  set a r e  c o a l s  of Cretaceous and T e r t i a r y  Age 

which range i n  rank from l i g n i t e  t o  HVA bituminous. Some of the  coal 

proper t ies ,  such as t h e  v i t r i n i t e  r e f l ec tance  f o r  t h e  c o a l s  examined 

h e r e ,  happen t o  p a r t i t i o n  by t h e  age  of t h e  d e p o s i t .    he T e r t i a r y  

c o a l s  g i v e  r i s e  t o  R+ax c l a s s e s  between V1 and Vg and t h e  Cretaceous 

c o a l s  have hax c l a s s e s  ranging from Vg through The highest  

omax was found i n  t h e  Matanuska c o a l  (UA-107). T h i s  is l a r g e l y  due t o  

t h e  fact t h a t  t h e  c o a l s  from t h i s  r eg ion  have  undergone t h e r m a l  

a l t e r a t i o n s  due t o  igneous in t rus ions .  Due t o  t h e  nonmarine o r i g i n  of 

t h e s e  c o a l s ,  t h e  s u l f u r  c o n t e n t s  a r e  q u i t e  low, As ide  from t h e  



Chicago Creek coa l s ,  total s u l f u r  values a r e  genera l ly  w e l l  below t h e  

1% l e v e l  on a dry ash f r e e  basis. 

P e t r o g r a p h i c a l l y  t h e r e  a r e  l a r g e  v a r i a t i o n s  i n  t h i s  s u i t e  of 

coals .  Those from the Nenana c o a l  f i e l d  a r e  h i g h  i n  e x i n i t e s ,  which 

range  from 9.8% t o  22.6% by volume on a m i n e r a l  f r e e  b a s i s .  Most of 

t h e  Nor thern  Alaska  and Chicago Creek c o a l s  c o n t a i n  a n  abundance of 

i n e r t i n i t e  macerals; the  i n e r t i n i t e s  range from 5.4% t o  40% by volume 

( m m f ) .  Most of t h e s e  " i n e r t n  m a c e r a l s  were found t o  c o n s i s t  of low 

r e f l e c t i n g  semifusinites.  The Chicago Creek c o a l s  a r e  c l a s s i f i e d  a s  

l i g n i t e s .  D e s p i t e  t h i s  r a n k  c l a s s i f i c a t i o n ,  many of t h e i r  

c h a r a c t e r i s t i c s  such as RomaX, carbon content,  c a l o r i f i c  volume and 

v o l a t i l e  matter content suggest t h a t  these  c o a l s  are more mature than 

t h e  subbituminous c o a l s  from t h e  Beluga and Nenana coa l  f i e l d s .  

Even though there  is a g r e a t  d i v e r s i t y  i n  c h a r a c t e r i s t i c s  and 

m a c e r a l  composi t ion  of c o a l s  i n  t h i s  sample  set ,  many p r o p e r t i e s  

c o r r e l a t e  w i t h  each o ther .  Carbon c o n t e n t s  were found t o  c o r r e l a t e  

extremely w e l l  with both c a l o r i f i c  v a l u e  (Figure 3 )  and v i t r i n i t e  

r e f l e c t a n c e  Rqnax (Figure 4)  ; c o r r e l a t i o n  c o e f f i c i e n t s  ( R ~ )  f OK t h e s e  

r e l a t i o n s h i p s  a r e  .937 and .945, r e s p e c t i v e l y .  The  c o a l s  from a 

p a r t i c u l a r  b a s i n  were found t o  c l u s t e r  around one ano the r .  Much of 

t h i s  is  a t t r i b u t a b l e  t o  t h e  d i v e r s i t y  of rank and t h e  v a r i a t i o n s  i n  

maceral composition fo r  c o a l s  from a p a r t i c u l a r  coal  f i e l d  a s  noted 

above, 

The results of t h e  ana lyses  fo r  oxygen func t iona l  groups a r e  

l i s t e d  i n  T a b l e  3. In a few cases t h e  amount of c a r b o x y l a t e s  was 

found t o  exceed t h a t  of t h e  t o t a l  c o n c e n t r a t i o n  of c a r b o x y l  groups. 
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Table 3 

Forms of Oxygen in Coals in Sample Seta 

Sample Total 0 as  0 as 0 as 0 unaccounted 
b 

ID 0 COOH COO' OH ...................................................................... 
UA 148 26 -03 3 -78 0.83 7.22 14.20 

CSB 13 18.83 1.29 2 .2 9.48 5.87 

HZ A 29.61 1.44 0.83 8.30 19.04 

HZE 23.93 7.74= 6.69 9 .SO 

a) As percentage of daf coal. 

b) See tex t ,  difference between t o t a l  oxygen and accounted oxygen. 

C )  Total carboxyls, includes both free and metal carboxylates. 



T h i s  occurs when the a c e t a t e  washing r e s u l t s  i n  an exchange with 

c a t i o n s  assoc ia ted  with t h e  c l a y s  or s o l u b l i z e s  some of t h e  mineral  

m a t t e r  i n  t h e  c o a l .  For such  c a s e s  t h e  c o n c e n t r a t i o n  of t o t a l  

c a r b o x y l  groups  i s  l i s t e d .  A column f o r  unaccounted oxygen i s  a l s o  

given. These v a l u e s  were c a l c u l a t e d  a s  the  d i f ference  between t o t a l  

oxygen and t h e  oxygen funct ional  groups determined. 

OT ' OCOOH ' OC- - OOH " Ounaccounted 

This  oxygen is most l i k e l y  present  i n  t h e  coa l  Ls tsucture  as c y c l i c  o r  

l i n e a r  ethers .  I t  is a l s o  p o s s i b l e  f o r  t h i s  oxygen t o  be i n  t h e  form 

of methoxy groups. 

The t o t a l  c a r b o x y l  and hydroxy l  c o n t e n t s  a r e  p l o t t e d  up a s  a 

f u n c t i o n  of carbon c o n t e n t  i n  F i g u r e  5. The t r e n d s  shown here a re  

s i m i l a r  t o  those r e p r t e d  i n  t h e  l i t e r a t u r e  (Blom,  1960). There is  a 

d e c r e a s e  i n  b o t h  f u n c t i o n a l  g roups  w i t h  i n c r e a s i n g  rank. T h i s  

decrease becomes marked f o r  c o a l s  with carbon contents i n  t h e  range of 

75-80%. 

IV. CORRELATION OF LIQUEFACTION BMAVIOR WITH COAL CHARACTERISTICS 

The p r o d u c t  d i s t r i b u t i o n  and c o n v e r s i o n  y i e l d s  f o r  1 9  c o a l s  

l i q u e f i e d  f o r  3 and 30 minu tes ,  are t a b u l a t e d  i n  Tables 4 and 5, 

respec t ive ly .  To ta l  conversion is defined a s  t h e  sum of t h e  y i e l d s  of 

hexane solubles + gases,. asphal  tenes,  and preasphal tenes. The v a l u e s  

shown a r e  t h e  average of d u p l i c a t e  runs. Runs w i t h  s h o r t  c o n t a c t  

t i m e s  were conducted  t o  i d e n t i f y  d i f f e r e n c e s  i n  r e a c t i v i t i e s  of the 

i n d i v i d u a l  c o a l s .  However, t h e  c o n v e r s i o n  of a c o a l  a t  30 minu tes ,  

was found t o  mirror t h a t  of the s h o r t  contac t  run. 





Table 4 

Product D i s t r i b u t i o n  

Reac t ion  a t  42S°C, 3 minutes  

Yields* 
SAMPLE 

COAL FIELD NUMBER ASPHACTENES PREASPHALTENES .......................................................... 
Beluga UA-148 12.34 13.22 

Chicago Creek DH 1-2 6.23 ,8.99 
DH 1-4 17.23 8.43 
DH 1-5 19.94 9 -95 
DH 1-6 11.99 6.74 

L i t t l e  Tonzona CS-41730 12.89 
CS-41735 10.94 

Ma tanus ka UA-107 11.75 20.58 

Nenana UA-119 11.92 6.54 
UA-129 10.81 8.14 
UA-13 0 8.92 12.43 
2UCM-11 13.51 9.39 

Northern Alaska UA-13 9 5 .33 11.74 
SS-67 -1 19.52 23.10 
SS-67-2 21.59 7 .34 
SS-67-3 15.79 9.47 
CSB-13 6.81 7 . 53 

Yukon F l a t s  HZA 8.22 13.06 
HZ El 15.80 6.64 

* Expressed on a w t % ,  daf bas i s  

TOTAL * * 
CONVERSION 

** U o i l  + gases) + a s p h a l t e n e s  + preaspha l t enes  



Table 5 

Product Dis t r ibu t ion  

Reaction a t  425OC1 30 minutes 

Yields* 
SAMPLE TOTAL** 

COAL FIELD NUMBER AS PHAL TEN ES PREASPHALTEN ES CONVERSION ...................................................................... 
Beluga UA-148 11.98 13.28 86.33 

Chicago Creek DH 1-2 10.97 12.14 7 4.27 
DH 1-4 18.05 13.69 85.48 
DH 1-5 16.12 8.19 82.35 
DH 1-6 15.94 5.68 72.70 

Little Tonzona CS-41730 10.12 11 -43 88.87 
CS-41735 13.13 8.81 86.32 

Matanus k a  UA-107 3 2.48 16.58 68.88 

Nenana UA-119 9.86 12.06 86.36 
UA-129 12.19 5.91 84.60 
UA- 13 0 13.02 11.86 88.67 
2UCM-11 13.32 12.04 87.37 

Northern Alaska UA-13 9 15.63 10.83 60.61 
SS-67 -1 29.40 19.56 77.65 
SS-67-2 23.16 15.95 65.07 
SS-67 -3 20.72 13.54 55.85 
CSB-13 16.41 13.22 60.73 

Yukon F l a t s  HZA 16.73 6.68 91.65 
HZ E l  23.76 9.68 76.72 

* Expressed on a w t % ,  daf basis 

** L(oi1 + gases) + asphaltenes + preasphaltenes 



The low rank coals from t h e  Nenana, L i t t l e  Tonzona and Beluga 

c o a l  f i e l d s  g i v e  r i s e  t o  p r o d u c t s  t h a t  a r e  h i g h l y  s o l u b l e  i n  THF, 

whereas,  t h e  c o a l s  from t h e  Matanuska, Nor thern  Alaska  and Chicago 

Creek coa l  f i e l d s  a r e  considerably less reac t ive ,  and the  c o a l s  from 

the Yukon F l a t s  a r e  of v a r i a b l e  r e a c t i v i t y .  D i f f e r e n c e s  i n  

r e a c t i v i t i e s  become apparent when t h e  product s l a t e s  a r e  compared. 

I n  general, high c o n c e n t r a t i o n s  of h igher  m o l e c u l a r  we igh t  

products, namely, asphal tenes and preasphal tenes coincide with c o a l s  

w i t h  h igh  i n e r t i n i t e  con ten t s .  However, samples  UA-107 and SS-67-1 

gave r i s e  t o  t h e  highest concentrat ion of preasphal tenes i n  both t h e  3 

and 30 minute  runs ,  and both  of t h e s e  a r e  low i n e r t i n i t e ,  h i g h  rank 

c o a l s .  An u n u s u a l  f e a t u r e  of  t hese  c o a l s  i s  t h e i r  h i g h  

pseudovi t r i n i  t e  content. This appears  t o  be r e a d i l y  converted, though 

most of i t  ends  up a s  p r e a s p h a l t e n e s .  W i t h  time t h i s  p r o d u c t  i s  

converted i n t o  smal le r  u n i t s  such a s  asphal tenes  or o i l .  

In  order  t o  eva lua te  how var ious  c o a l  c h a r a c t e r i s t i c s  i n f l u e n c e  

t h e  c o n v e r s i o n  y i e l d  of  A l a s k a n  c o a l s ,  b i v a r i a n t  p l o t s  were 

c o n s t r u c t e d .  I n  Figure 6 i s  i l l u s t r a t e d  t h e  r e l a t i o n s h i p s  between 

carbon content  and conversion of c o a l  t o  THF s o l u b l e s  p l u s  gases. The 

t r end  f o r  conversion y i e l d s  t o  inc rease  with decreasing carbon content  

are q u i t e  s i m i l a r  f o r  both t h e  3 minute and 30 minute runs. 

Carbon content  is not a good c o r r e l a t i o n  parameter s i n c e  i t  f a i l s  

t o  take i n t o  considerat ion t h e  f a c t  t h a t  s e v e r a l  of t h e  c o a l s  may have 

undergone some weathering p r io r  t o  t h e i r  sampling. The Cape Beaufort 

c o a l s  (UA-139 and CSB 13) from Northern Alaska a r e  not deeply buried 

and may have  been o x i d i z e d  due t o  t h e i r  c l o s e  p rox imi ty  t o  t h e  
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F i g u r e  6. Correlation of conversion w i t h  carbon c o n t e n t .  



sur face .  The Matanuska c o a l  ( U A - 1 0 7 )  i s  a n o t h e r  sample  which is  

suspect i n  t h i s  regard, as it was taken from an o l d  mine exposure. 

The c o r r e l a t i o n  between v o l a t i l e  m a t t e r ,  a rank parameter ,  and 

c o n v e r s i o n  y i e l d  i s  shown i n  F igure  7. A l i n e a r  l e a s t  s q u a r e s  

a n a l y s i s  of t h i s  da ta  g i v e s  an ~2 fac to r  of 0.759. Data f o r  both the  

i n e r t i n i t e  r i c h  h i g h  rank Northern Alaska  and t h e  low rank Chicago 

Creek c o a l s  show a c o n s i d e r a b l e  amount of s c a t t e r  i n  t h i s  p l o t ,  

whereas t h e  d a t a  f o r  t h e  r e a c t i v e  c o a l s  t a k e n  from t h e  same coal 

f i e l d ,  tend t o  c l u s t e r .  

These rank t r ends  a r e  not i n  agreement with t h e  f ind ings  of Given 

and o t h e r s  (1975a) and whi  t e h u r s t  and co-workers (1979). The i r  

i n v e s t i g a t i o n s  of t h e  i n £  l u e n c e  of rank p a r a m e t e r s  i n d i c a t e d  t h a t  

subbituminous c o a l s  were s i g n i f i c a n t l y  more d i f f i c u l t  t o  l iquefy  than 

bituminous c o a l s  and t h a t  maximum conversion occurs  f o r  c o a l s  of high 

v o l a t i l e  b i tuminous  rank. The s o u r c e  of t h i s  d i f f e r e n c e  i n  t r e n d s  

a p p e a r s  t o  be t h e  n a t u r e  of t h e  s o l v e n t  used i n  t h e  v a r i o u s  s t u d i e s .  

Experiments conducted he re  involved using a l a r g e  excess of t e t r a l i n .  

In t h e  other  two s tud ies ,  a process s o l v e n t  was used. The demand for 

hydrogen i s  c o n s i d e r a b l y  g r e a t e r  when 1 i q u e f y i n g  low rank c o a l s ,  

Presumably, the e x c e s s  t e t r a l i n  i s  a b l e  t o  accommodate t h i s  demand 

whereas the  process s o l v e n t  is not. 

The e f f e c t  of r e a c t i v e  macerals ( v i t r i n i t e  + e x i n i t e s )  on s h o r t  

c o n t a c t  time c o n v e r s i o n  was examined. T h i s  i s  p l o t t e d  i n  F igure  8, 

T h i s  dependence s h o u l d  be more pronounced t h a n  t h a t  w i t h  l o n g e r  

contac t  time yields s i n c e  t h e  l i p t i n i t e s  a r e  g e n e r a l l y  considerably 

more r e a c t i v e  t h a n  t h e  i n e r t i n i t e s .  What i s  found i s  t h a t  two 







r e l a t i o n s h i p s  between conversion and total r e a c t i v e  macerals exis t .  A 

s t r o n g  dependence i s  e x h i b i t e d  by t h e  low rank T e r t i a r y  c o a l s  and 

l i t t l e  i f  any c o r r e l a t i o n  i s  shown f o r  t h e  b i tuminous  C r e t a c e o u s  

coals ,  

The Nenana c o a l s  contain an abundance of e x i n i t e s  and gave very 

high conversion y i e l d s ,  while  the  Northern Alaskan coals ,  p a r t i c u l a r l y  

t h e  Cape B e a u f o r t  c o a l s  (UA-139 and CSB-131, which c o n s i s t  of 40% 

i n e r t  macerals,  were the  l e a s t  r e a d i l y  converted. The reason f o r  t h e  

Matanuska c o a l ' s  low conversion y i e l d  is not  apparent, p a r t i c u l a r l y  

s ince  t h i s  c o a l  conta ins  the  l e a s t  amount of i n e r t i n i t e  macerals. 

The o i l  and gas y i e l d  was found t o  make up a c o n s i d e r a b l e  

percentage of t h e  o v e r a l l  conversion product. This product f r a c t i o n  

e x p r e s s e d  a s  a pe rcen tage  of t h e  t o t a l  y i e l d  a l s o  c o r r e l a t e s  

s u r p r i s i n g l y  w e l l  with carbon content  ( ~ 2  of .926). T h i s  c o r r e l a t i o n  

i s  p l o t t e d  i n  F i g u r e  9. Even though t h e  o i l  p l u s  gas  y i e l d s  a r e  

obtained by d i f ference ,  associated e r r o r s  should be cons i s t en t  f o r  a l l  

runs and should not  be biased by rank. One would a n t i c i p a t e  t h e  t o t a l  

g a s  p r o d u c t  t o  i n c r e a s e  wi th  d e c r e a s i n g  rank of c o a l ,  however t h i s  

a lone  f a i l s  t o  exp la in  t h e  success of t h i s  co r re la t ion .  

R e c e n t l y ,  Given and De tbysh i re  (1985) found higher  o i l  t o  

a s p h a l t e n e  ratios i n  c a t a l y t i c  hydrogenation products of lower rank 

coals. Their i n t e r p r e t a t i o n  of t h i s  behavior is  t h a t  low rank c o a l s  

a r e  bridged by l a b i l e  s p e c i e s  which a r e  r e a d i l y  c l e a v e d  under 

l i q u e f a c t i o n  condi t ions .  However, t h e r m a l  hydrogenat ion  r e a c t i o n s  

o f t e n  a r e  n o t  a b l e  t o  compete w i t h  c o n d e n s a t i o n  r e a c t i o n s ,  and t h i s  

would give r i s e  t o  higher asphal tene  and preasphal tene concentrat ions 
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i n  the  products and may even r e s u l t  i n  reduced conversion y ie lds .  In  

t h e  higher rank coa l s ,  d i f fus ion  l i m i t a t i o n s  seem t o  be enhancing the  

condensation reac t ions  r e l a t i v e  t o  hydrogen capping. 

L i p t i n i t e s  a r e  o f t en  considered t o  be both h igh ly  a l i p h a t i c  and 

very react ive.  Consequently one would expect t o  see an in f luence  on 

t h e  oil + gas product f r a c t i o n  by these hydrogen r i c h  macerals. This 

f r a c t i o n  is  p l o t t e d  a g a i n s t  r e a c t i v e  maceral  c o n t e n t  i n  F i g u r e  10. 

The trend fo l lows  t h a t  of Figure 8. T h i s  suggests  t h a t  t h e  v i t r i n i t e  

i n  t h e  low rank c o a l s  i s  a s  impor tant ,  i f  n o t  more so t h a n  t h e  

l i p t i n i t e ,  i n  determining o i l  + gas y ie ld ,  

Though such b i v a r i a n t  p l o t s  a r e  over ly  s i m p l i s t i c ,  as pointed o u t  

by Given and o t h e r s  (19821, they  a r e  v a l u a b l e  f o r  i n d i c a t i n g  rough 

t rends  f o r  c o a l s  of d i f f e r e n t  provinance. Overa l l  these  t r ends  a r e  i n  

agreement with those i n  t h e  l i t e r a t u r e  (see fo r  example Yarzab e t  al., 

1980; Given e t  a l . ,  1982). 

The importance of e the r  c leavage  i n  coa l  1 iquefac t ion  behavior 

was examined by Youtcheff (1983). I n  t h i s  study t h e  maximum number of 

c l e a v a b l e  e t h e r s  was found t o  be both  rank-dependent and g e o l o g i c -  

province-dependent. I n  l i g h t  of t h i s ,  the dependence of conversion a t  

s h o r t  c o n t a c t  time w i t h  unaccounted oxygen was examined. T h i s  i s  

p l o t t e d  i n  F i g u r e  11. The e a r l y  s t a g e s  of c o a l  l i q u e f a c t i o n  a r e  

charac ter ized  by l i m i t e d  bond c leavage  and l imi ted  hydrogen t r a n s f e r  

from the  solvent .  Consequently, i f  t h e  unaccounted oxygen is present  

as labile e t h e r  groups  such  a s  benzy l  and a r y l - a l k y l  e t h e r s ,  a h igh  

d e g r e e  of c o r r e l a t i o n  i s  expected.  A t r e n d  i s  e v i d e n t  i n  F i g u r e  11 

b u t  t h e r e  is  a c o n s i d e r a b l e  amount of s c a t t e r .  For example, t h e  







unaccounted oxygen content  i s  q u i t e  low i n  UA-107. Conversion of t h i s  

coa l  most l i k e l y  r e s u l t s  f ram cleavage of methylene groups. I n  most 

of t h e  i n e r t i n i t e  r i c h  c o a l s ,  c o n v e r s i o n s  f e l l  below t h a t  expec ted  

from a l e a s t  s q u a r e s  f i t  of t h e  da ta .  Presumably t h e  unaccounted 

oxygen i n  these  c o a l s  is present  as s t a b l e  a r y l  or c y c l i c  ethers.  

SPECTROSCOPIC EXAMINATION OF THE HEXANE- INSOLUBLES 

Inf rared  s p e c t r a  of the  c o a l s  and hexane i n s o l u b l e  products were 

recorded. Our goa l  was t o  conduct prel iminary i n v e s t i g a t i o n s  i n t o  t h e  

fol lowing areas:  

(1) t o  i d e n t i f y  p o s s i b l e  e v i d e n c e  of l o n g  t e rm c o a l  o x i d a t i o n  

r e s u l  t i n g  from na tu ra l  conditions, p a r t i c u l a r l y  i n  samples 

CSB-13 and UA 139, and any evidence of s h o r t  term oxidat ion 

on the s u r f i c i a l  samples HZA and HZE1; 

(2 )  t o  i d e n t i f y  unusual  s t r u c t u r a l  f e a t u r e s ;  s p e c i a l  emphasis 

was p l a c e d  on s t u d y i n g  c o a l s  w i t h  u n u s u a l  m a c e r a l  

d i s t r i b u t i o n s ,  such as the  high concentrat ion of f luorescen t  

u lmin i t e  i n  t h e  HZA sample and t h e  high i n e r t i n i t e  content  

a s soc ia ted  with t h e  Northern Alaska c o a l s ;  

(3)  t o  f o l l o w  changes  i n  s p e c t r a l  f e a t u r e s  a s  a f u n c t i o n  of 

l iquefac t ion  sever i ty ,  and 

(41 t o  i d e n t i f y  changes associa ted  wi th  mineral matter.  

Two coals were s tud ied  i n  d e t a i l ,  CSB-13, an i n e r t i n i t e  r i c h  c o a l  

and t h e  unusua l  HZA coal. I n  F igure  12  i s  shown a DRIFT spectrum of 

CSB-13. The s p e c t r a l  f ea tu res  of t h i s  c o a l  are q u i t e  s i m i l a r  t o  t h a t  

found i n  the l i t e r a t u r e  (see f o r  example, Painter  e t  al., 1985). The 





spectrum of CSB-13 shows t h e  presence of a s l i g h t  shoulder  a t  1710 

cm-l; t h i s  is a t t r i b u t a b l e  t o  carboxyl groups. While such groups have 

been i d e n t i f i e d  a s  products of oxidat ion  (Painter e t  a l . ,  19811, they 

a r e  a l s o  found i n  low rank coals .  In  addit ion,  i f  t h i s  c o a l  had been 

o x i d i z e d  and l a t e r  s u b j e c t e d  t o  c i r c u l a t i n g  wa te r s ,  i o n  exchange of 

t h e  g e n e r a t e d  a c i d  groups c o u l d  c o n c e i v a b l y  t a k e  p l a c e .  The band 

assoc ia ted  with the  carboxyl group would then be s h i f t e d  from t h e  1700 

an-1 region t o  around 1575 cm-1 and u l t i m a t e l y  be masked by t h e  C-C 

s t r e t c h  band a t  1600 cm'l. Hence, t h i s  is hardly conc lus ive  evidence 

f o r  determining whether t h i s  p a r t i c u l a r  coal has been oxidized o r  for 

determining t h e  ex ten t  of t h e  weathering. 

An unusua l  f e a t u r e  of t h e  CSB-13 spectrum is  t h e  e x c e p t i o n a l l y  

weak i n t e n s i t y  of t h e  a l i p h a t i c  C-8 bands i n  t h e  3000 - 2750 cm-' 

reg ion.  I n  s p e c t r a  of t h e  o t h e r  i n e r t i n i t e  r i c h  c o a l s  (SS 67-2, SS 

67-31 examined, t h i s  i s  n o t  o b s e r v e d ;  i n s t e a d ,  r a t h e r  i n t e n s e  

a l i p h a t i c  C-H bands a r e  present. These observat ions give credence to  

a t t r i b u t i n g  t h e  weak a l i p h a t i c  C-H s i g n a l  i n  the CSB-13 spectrum due 

t o  e f f e c t s  of ox ida t ive  weathering. One consequence of t h i s  is t h a t  

r e l a t i v e l y  f e w  c l e a v a b l e  a l i p h a t i c  l i n k a g e s  may be p r e s e n t  i n  t h i s  

c o a l .  I n  a d d i t i o n ,  t h e  unaccounted oxygen c o n t e n t  of this coal  i s  

q u i t e  low (5.87%) r e l a t i v e  t o  t h e  o t h e r  c o a l s  i n  t h e  sample  set. 

Presumably t h i s  coa l  is d e f i c i e n t  i n  l a b i l e  l inkages such as benzyl 

e the r s ,  dibenzyl ,  etc. T h i s  is one p l a u s i b l e  explanat ion f o r  t h e  low 

c o n v e r s i o n  y i e l d s  obtained from t h i s  coal. Examination of t h e  

spect rum of t h e  H I  p roduc t  ( F i g u r e  13)  seems t o  a g r e e  w i t h  t h i s  

hypothesis. The i n t e n s i t y  of t h e  a l i p h a t i c  C-H region is s t i l l  q u i t e  





weak a 1  though i t  has i n c r e a s e d  r e l a t i v e  t o  t h e  1600 cm'l band. The 

changes i n  t h e  a l i p h a t i c  C-H region are apparent i n  Figure 14 .  These 

s p e c t r a  show a s y s t e m a t i c  i n c r e a s e  i n  t h e  i n t e n s i t y  of a romat ic  C-H 

a b s o r p t i o n  a t  3050 cm-l and changes i n  a l i p h a t i c  C-H bands as  a 

function of l i q u e f a c t i o n  sever i ty .  The l a t t e r  a r e  a t t r i b u t a b l e  t o  an 

increase i n  methyl groups. Q u a l i t a t i v e l y ,  t h e  changes seen here were 

the  l e a s t  dramatic of a l l  the  c o a l s  examined. 

There a r e  some a d d i t i o n a l  peaks which are p r e s e n t  i n  t h e  H I  

spectrum ( F i g u r e  12) t h a t  a r e  n o t  i n  t h e  spect rum of t h e  p a r e n t  c o a l  

(Figure 11). The absorpt ion bands a t  1470 and 870 an-1 a r e  v ib ra t ions  

associated with v a t e r i t e ,  a calcium carbonate, These bands were found 

i n  a lmos t  a l l  of t h e  s p e c t r a  of H I  g e n e r a t e d  a t  32 minutes. No 

ev idence  of v a t e r i t e  f o r m a t i o n  was seen  i n  t h e  H I  p r o d u c t s  from 

SS 67-2 and SS 67-3. Presumably, with such low carboxyl contents (see 

Table 3)  t h e  formation of v a t e r i t e  is  neg l ig ib le .  

The s p e c t r a l  f e a t u r e s  of HZA are  q u i t e  un ique  f o r  a c o a l .  An 

FTIR spectrum of this c o a l  is  shown i n  F i g u r e  15. I t  is i n t e r e s t i n g  

t o  n o t e  t h a t  many of t h e s e  f e a t u r e s  a r e  s i m i l a r  t o  t h o s e  found i n  

l i g n i n .  Rhoads (1985) s e p a r a t e d  l i g n i n  from a number of pea t s ,  

S p e c t r a  of s e v e r a l  of t h e s e  l i g n i n  a r e  shown i n  F i g u r e  16. The 

spectrum of the Taxodium (Cypress) l i g n i n  is  e s p e c i a l l y  s i m i l a r  t o  

t h a t  of HZA. F e a t u r e s  such a s  t h e  bands a t t r i b u t e d  t o  a r o m a t i c  

skeletal vibrations a t  1510 and 1420 cm-1, t h e  bands a t  1140 and 1030 

cm-l a s s i g n e d  t o  ArCH i n  p l a n e  de fo rmat ions ,  and peaks a t  1256 and 

1220 cm-l assigned t o  r ing  breathing modes with C-0  s t r e t c h  a re  common 

t o  both spectra.  The r e l a t i v e  i n t e n s i t y  of many of these bands have 



Figure 14. DRIFT spectra of hexane insolubles from 
liquefaction of CSB-13. 







been used t o  d i s t i n g u i s h  t h e  lignin-type. Hergert (1971) reported 

t h a t  a softwood or guaiacyl  type l i g n i n  is  suggested when t h e  1270 

cm'l band i s  more i n t e n s e  t h a n  t h e  1230  cm-1 band and t h e  1035 cm-l 

band is  g rea te r  or equal  t o  the i n t e n s i t y  of t h e  1140 cm-l band. This  

t y p e  of  l i g n i n ,  w h i c h  i s  f o u n d  t o  o c c u r  i n  c o n i f e r s  a n d  p r e -  

gymnosperms, is p r i n c i p a l  ly a homopolymer of conif e r y l  a 1  coho1 (Given, 

1984). Additional evidence f o r  comparison of t h e  two spec t ra  is t h e  

presence of a weak methoxyl absorbance a t  3000 cm-1. 
CH20H 

1 

Coniferyl  Alcohol 

OH 
The e f f e c t  of l i q u e f y i n g  t h i s  c o a l  f o r  v a r y i n g  d u r a t i o n s  was 

i n v e s t i g a t e d .  DRIFT s p e c t r a  of t h e  raw c o a l  and h e x a n e - i n s o l u b l e s  

product  (HI) a r e  shown i n  F igure  17. By t h e  time t h i s  c o a l  is  h e a t e d  

t o  t h e  reac t ion  temperature, most or a l l  of t h e  groups which g i v e  rise 

t o  a b s o r p t i o n s  a t  1 1 4 0  and 1035 cm-l a r e  l o s t  o r  c o n v e r t e d .  

Presumably these  s t r u c t u r e s  are methoxyl groups, but  t h e  cont r ibut ion  

of a l i p h a t i c  e t h e r s  and a l c o h o l  g roups  canno t  be r u l e d  out. The 

i n t e n s i t y  of the aromatic s k e l e t a l  v i b r a t i o n s  are a l s o  considerably 

reduced. I t  is u n l i k e l y  t h a t  these groups a r e  condensing together and 

forming larger a r o m a t i c  moei t i e s  b u t  r a t h e r  t h a t  they a r e  converted 

i n t o  a hexane s o l u b l e  product  and a r e  s e l e c t i v e l y  reduced i n  

abundance. Other  changes e v i d e n t  i n  t h i s  spect rum i n c l u d e  t h e  

development  of C-H out-of-plane bending modes (900-700 c m - 1 )  and a 





reduct ion i n  t h e  carboxyl region (shoulder a t  1700 cm'l). 

The spectrum of the  H I  product formed i n  a three  minute run takes  

on t h e  appearance of spec t ra  t y p i c a l  f o r  coa l  (Painter  e t  a l e ,  1985). 

All semblances of the  aromatic skeletal v ib ra t ions  a r e  l o s t .  These 

peaks b l e n d  t o g e t h e r  i n t o  a s i n g l e  band a t  1450 cm-1 which i s  

ass ignab le  t o  CH2 and CH3 bending modes. After 30 minutes residence 

time t h e  1450 cm-l band s h i f t s  t o  1470 cm-l and a s h a r p  peak a t  870 

an-1 is present. Both of these  changes are associa ted  with v a t e r i t e  

formation. I n  addi t ion  t h e  1330 - 1110 cm'l region ( a t t r i b u t e d  t o  CO 

s t r e t c h  and OH bend i n  phenoxy s t r u c t u r e s  and e the r s )  is considerably  

reduced. 

The i n t e n s i t y  of t h e  a l i p h a t i c  C-H s t r e t c h  r e g i o n  appears t o  

remain constant. However, t h e r e  a r e  a number of changes apparent  i n  

t h e  spec t ra  of t h i s  region, a s  shown i n  Figure 18, t h a t  a r e  occurr ing  

d u r i n g  t h e  c o u r s e  of l i q u e f a c t i o n .  Methoxyl groups (3000 cm-l) a r e  

r e a d i l y  l o s t ,  and the re  is an inc rease  i n  t h e  i n t e n s i t y  of aromatic C- 

H groups  (3050 c m - l )  and a l i p h a t i c  CHB (2956 cm-l) as a f u n c t i o n  of 

t i m e .  These changes a r e  much more s t r i k i n g  when s p e c t r a l  sub t rac t ion  

i s  a p p l i e d .  I n  F igure  19, s p e c t r a  of H I  from a 30 minu te  run ,  a 3 

minute run and t h e i r  d i f fe rence  a r e  shown. 

BEHAVIOR OF SELECT MACERALS UNDER LIQUEFACTION CONDITIONS 

One of our  o b j e c t i v e s  was t o  conduct  a p r e l i m i n a r y  e v a l u a t i o n  

r e g a r d i n g  t h e  n a t u r e  and b e h a v i o r  of f l u o r e s c e n t  v i t r i n i t e s  and 

i n e r t i n i t e  macerals. Severa l  of t h e  c o a l s  i n  t h e  sample set are w e l l  

s u i t e d  t o  such a study. 



Figure  18. P a r t i a l  DRIFT spectra of coal and HI 
from liquefaction of HZA. ( a )  raw coal; 
( b )  0 rnin a t  4 2 5 ' ~ ;  (c) 3 rnin at 4 2 5 ' ~ ;  
( d )  30 xin a t  4 2 5 ' ~ .  



Figure 19. Spectral subtraction of HZA liquefaction product. 
(For hexane insolubles generated at 4 2 5 ' ~ )  
( a )  30 min  run: (b) 0 min run; (c) difference spectrum. 



a) Fluorescent V i t r i n i t e s  

Our p a r t i c u l a r  i n t e r e s t  i n  t h i s  macera l  was i n  a s c e r t a i n i n g  if 

t h e s e  perhydrous v i t r i n i t e s  a r e  r i c h  i n  d o n a t a b l e  hydrogen. If SO, 

e x c e l l e n t  conversions could  be expected fo r  such coals.  The i n t e r n a l  

hydrogen donors would no t  only  be a b l e  t o  h e l p  s a t i s f y  t h e  demand f o r  

hydrogen b u t  would a l s o  be a b l e  t o  cap r a d i c a l s  g e n e r a t e d  i n  c l o s e  

proximity.  The impor tance ,  w i t h  r e g a r d s  t o  t h e  l a t t e r ,  i s  t h a t  t h e  

p r o p e n s i t y  f o r  r e t r o g r e s s i v e  r e a c t i o n s  d u r i n g ' t h e  e a r l y  s t a g e s  of 

l iquefac t ion  would be g r e a t l y  reduced. 

Two of t h e  c o a l s  i n  t h e  sample  set  were found t o  have  h igh  

f luorescen t  u lmin i t e  contents. One is  from t h e  L i t t l e  Tonzona coa l  

f i e l d  (CS 417-301, and t h e  o ther  is from t h e  Yukon F l a t s  (HZA). These 

l i t h o t y p e s  a c c o u n t  f o r  19.4 and 76.8 (Vol  %, mmf) of these c o a l s ,  

respect ive ly .  Due t o  time cons t ra in t s ,  s t r u c t u r a l  cha rac te r i za t ion  of 

t h e  HZA sample was l i m i t e d  t o  s p e c t r a l  i n t e r p r e t a t i o n  of DRIFT 

s p e c t r a .  Though no s t u d i e s  were conducted t o  c o r r e l a t e  s t r u c t u r a l  

f e a t u r e s  with f luorescence  s w c t r a ,  t h e  r e s u l t s  of some p r e l i m i n a r y  

s t u d i e s  a r e  reported 

I n  g e n e r a t i n g  a f l u o r e s c e n c e  spectrum, HZA was s u b j e c t e d  t o  a n  

i r r a d i a t i o n  p e r i o d  of 30 minutes,  S p e c t r a l  s c a n  measurements were 

t a k e n  a t  1, 5, 1 0 ,  20 and 30 minutes. P rogress  of t h e  a l t e r a t i o n  a r e  

shown i n  Figure 20 and c h a r a c t e r i s t i c s  of these  s p e c t r a  a r e  l i s t e d  i n  

Table 6. 





Table 6 Charac te r i s t i c s  of Fluorescent  Ulminite Spectra  

I r r a d i a t i o n  Time 
(minutes 1 

Location of Imax,nm 

Red/Green Quot ien t  

Area of Blue, % 

Area of Green, 3 

Area of Yellow, % 

Area of Red, % 

&ea of < I,,,, % 

Area of > I,,,, % 

The r e l a t i v e  i n t e n s i t y  of t h e  f luorescence  spectrum was found t o  

i n c r e a s e  d r a m a t i c a l l y  dur ing  t h e  f i r s t  5 minutes  of i r r a d i a t i o n .  

Above a p e r i o d  of 20 minutes no f u r t h e r  i n c r e a s e  i n  i n t e n s i t y  was 

observed. The l o c a t i o n  of maximum i n t e n s i t y  remained u n a f f e c t e d  by 

t h e  l eng th  of i r r ad ia t ion .  F i n a l l y ,  there is a s l i g h t  red s h i f t  which 

is most prominent during the f i r s t  1 0  minutes. 

N o  f l u o r e s c e n t  m a c e r a l s  were o b s e r v e d  i n  the l i q u e f a c t i o n  

r e s i d u e s .  The HZA c o a l  i s  e x t r e m e l y  r e a c t i v e ;  o v e r  75% of t h e  c o a l  

was c o n v e r t e d  d u r i n g  s h o r t  c o n t a c t  (3 min) the rmal  hydrogenat ion  a t  

4 2 5 0 C  This loss i n  f luorescence c o r r e l a t e s  with t h e  loss of aromatic 

skeletal vibrations i n  t h e  i n f r a r e d  spec t ra  of the hexane-insolubles. 

The f l u o r e s c e n c e  of t h e  u l m i n i t e  i n  HZA is presumably due t o  t h e  

presence of s u b s t i t u t e d  aromatics such as :  



where Rn is H o r  a polar  funct ional  group. 

if a r o m a t i c  sys tems  such a s  pyrene were r e s p o n s i b l e  f o r  the 

observed  f l u o r e s c e n c e ,  a s y n e r g i s t i c  a f f e c t  c o u l d  be r e a l i z e d  by 

blending t h i s  c o a l  with p o r  l iquefying c o a l s ,  such a s  UA-107. Such 

systems a r e  capable  of s h u t t l i n g  hydrogen v i a  c a t a l y t i c  hydrogenation 

and a s  such  a r e  b e t t e r  H donors t h a n  t e t r a l i n  (Derbysh i re  e t  a l . ,  

1981). If any s y n e r g i s t i c  e f f e c t  i s  t o  be r e a l i z e d  u s i n g  t h i s  

r e a c t i v e  c o a l ,  then it would stem from the generated products a c t i n g  

as p l a s t i c i z e r s ,  These could hasten the  s o l u b i l i z a t i o n  of t h e  l e a s  

r e a c t i v e  c o a l  and  m i n i m i z e  t h e  f o r m a t i o n  o f  p r o d u c t s  d u e  t o  

r e t rogress ive  reac t ions .  

b) I n e r t i n i t e s  

Sample UA-139, a c o a l  from Cape B e a u f o r t ,  was s e l e c t e d  f o r  

evaluat ing  the behavior of i n e r t  macerals. Th i s  c o a l  cons i s t s  of 40% 

i n e r  t i n i  tes most of which a r e  semif u s i n i  tes. Float-sink techniques 

were used t o  f u r t h e r  concentrate t h i s  maceral group. 

The distribution of rnaceral groups a r e  l i s t e d  i n  T a b l e  7. (The 

s p e c i f i c  macerals are l i s t e d  i n  Table D.) D e s p i t e  t h e  r e l a t i v e l y  

large particle s i z e  of t h e  sample be ing  washed, the i n e r t s  were 

c o n c e n t r a t e d  i n  t h e  h e a v i e r  f r a c t i o n s ,  M a c r i n i t e s  tended t o  be  

concentrated i n  t h e  1.4 t o  1.6 s p e c i f i c  g r a v i t y  f r ac t ion ,  and f u s i n i t e  



was c o n c e n t r a t e d  i n  t h e  1.6 s p e c i f i c  g r a v i t y  sink f r a c t i o n .  

Semifusinite was e q u a l l y  d i s t r i b u t e d  i n  both of these  f rac t ions .  Most 

of t h e  mineral matter  was concentrated i n  t h e  1.6 sink. This fraction 

contains over 66% mineral  matter. 

Table 7 Maceral Groups i n  t h e  Densimetric Fract ions from Cape 
Beaufor t Coal, UA-139 

65 mesh by 0 

The s p e c i f i c  g r a v i t y  w a s h i n g  p r o d u c t s  w e r e  l i q u e f i e d  a s  

previously described. The conversion y i e l d s  f o r  these  f r a c t i o n s  a r e  

g i v e n  i n  T a b l e  8. The 1.3-1.4 f r a c t i o n  i s  composed of e s s e n t i a l l y  

v i t r i n i t e s  and l i p t i n i t e s  and was found t o  be r e a d i l y  converted. 

Table 8 Conversion of Densimetric Fract ions from Sample UA-139 
(runs conducted a t  425OC f o r  30 min, 600 ps ig  8 2 )  

Conversion t o  THF Solubles 
PlusGases,%U 

A s  expected,  the i n e r t i n i t e  e n r i c h e d  1.4-1.6 and 1.6-sink f r a c t i o n s  

a r e  c o n s i d e r a b l y  less  r e a c t i v e  t h a n  t h e  1.3-1.4 f r a c t i o n .  However, 

t h e s e  y i e l d s  a r e  h i g h e r  than  can  be accounted  f o r  by t h e  volume of 

r e a c t i v e  m a c e r a l s  i n  t h e s e  samples.  We assume t h a t  some of t h e  

semifusini te  has  been converted t o  THF solubles ,  An at tempt was made 



t o  v e r i f y  t h i s .  P o l i s h e d  mounts of t h e  r e s i d u e s  were o p t i c a l l y  

examined. However, e x t e n s i v e  comminution of the particles made 

i d e n t i f i c a t i o n  of t h e  r e s i d u a l  i n e r  t i n i  tes meaningless. 

The 1.6 sink f r a c t i o n  was found t o  be n e a r l y  as  r e a c t i v e  as  1.4- 

1.6 f r a c t i o n ,  d e s p i t e  t h e  f o r m e r  f r a c t i o n  h a v i n g  a h i g h e r  

concentrat ion of i n e r t i n i t e s  and i n  p a r t i c u l a r  fus in i t e .  Most l i k e l y  

t h e  high concentration of mineral matter  is responsib le  f o r  the higher 

than a n t i c i p a t e d  yield. TWO d i f f e r e n t  e f f e c t s  are  suggested. One is 

t h a t  t h e  m i n e r a l  m a t t e r  may e x h i b i t  some c a t a l y t i c  a c t i v i t y .  

Examinat ion of i n f r a r e d  spec t rum of t h e  sample i n d i c a t e d  t h a t  

k a o l i n i  t e  is t h e  predominant mineral species  present. The c a t a l y t i c  

a f f e c t  of k a o l i n i t e  i n  c o a l  hydrogena t ion  has been w e l l  documented 

(Mukherjee and Chowdhury, 1976). A second i n f l u e n c e  i s  t h a t  t h e  

m i n e r a l  m a t t e r  may a c t  a s  a d i l u e n t .  As such, it c o u l d  p r e v e n t  o r  

i n h i b i t  r e t r o g r e s s i v e  reac t ions  which would r e s u l t  i n  t h e  formation of 

h igh  m o l e c u l a r  weight  p r o d u c t s  o r  even  r e s u l t  i n  a r e d u c t i o n  i n  

convers ion .  From t h i s  s t u d y  i t  i s  n o t  p o s s i b l e  t o  d i s c e r n  which 

e f f e c t  t h e  mineral matter exerts .  

ROLE OF MINERAL MATTER IN LIQUEFACTION STUDIES 

qtrite appears t o  p l a y  an important r o l e  i n  t h e  hydrogenation of 

spent  donor solvent or i n  some other  c a t a l y t i c  capaci ty a s  i t s e l f ,  as 

p y r r h o t i t e  d e r i v e d  from i t  or  a s  some i n t e r m e d i a t e  i r o n  s u l f i d e .  

However, t h e  c a t a l y t i c  a d v a n t a g e s  of p y r i t e  or  g e n e r a t e d  H2s a r e  

d e n i e d  due t o  t h e  low s u l f u r  c o n t e n t  of Alaskan c o a l s .  With t h e  

e x c e p t i o n  of sample  DH 1-5, which h a s  a s u l f u r  c o n t e n t  of 3.23% daf ,  



t h e  a v e r a g e  s u l f u r  c o n t e n t  of the c o a l s  i n  t h e  sample se t  i s  below 

0.7%. Even f o r  t h i s  h i g h  suf l u r  c o a l ,  no n o t i c e a b l e  d i f f e r e n c e s  i n  

its product d i s t r i b u t i o n  or conversion y i e l d  a r e  apparent. 

I n  o r d e r  t o  i n v e s t i g a t e  t h e  e x i s t e n c e  of o t h e r  m i n e r a l s  o r  

i n o r g a n i c s  w i t h  c a t a l y t i c  a c t i v i t y ,  t h e  d i s t r i b u t i o n  of i n o r g a n i c  

elements i n  these  c o a l s  was examined. The r e s u l t s  of ash a n a l y s i s  of 

the  c o a l s  a r e  presented i n  Table 9, with t h e  elements expressed on a 

d r y  c o a l  bas i s .  ~t i s  noteworthy t h a t  Ca i s  p r e s e n t  i n  t h e  Nenana 

c o a l s  (UA-119, UA-129, UA-130, 2UCM-11) i n  up t o  2 w t .  % of t h e  c o a l .  

Much of t h i s  C a  is p r e s e n t  a s  a c a r b o x y l a t e  s a l t ,  p a r t  of which 

u l t i m a t e l y  ends up a s  v a t e r i t e  i n  t h e  l iquefac t ion  products. Perry 

a n d  A l l a r d i c e  (1983)  s u g g e s t e d  t h a t  c a r b o x y l a t e s  c a n  h a v e  a  

s t a b i l i z i n g  in f luence  on the  thermal decamps i t ion  of t h e  coal .  If 

s o ,  t h e n  t h i s  i n f l u e n c e  may a l s o  d i m i n i s h  t h e  t e n d e n c y  f o r  

c o n d e n s a t i o n  r e a c t i o n s  t o  occur.  Exper imenta t ion  was conducted  t o  

e s t a b l i s h  t h e  v a l i d i t y  of t h i s  scenario, 

For t h i s  s tudy ,  a  r e a c t i v e  subbi tuminous  c o a l  (2UCM-11) and a  

c o n s i d e r a b l y  less r e a c t i v e  i n e r t i n i t e  r i c h  bituminous c o a l  (CSB-13) 

were used. The inf luences  of c a t i o n s  on t h e  l iquefac t ion  behavior of 

these  c o a l s  was examined a t  t h r e e  loadings:  ammonium a c e t a t e  washed, 

amnonium acetate washed followed by calcium loading, and t h e  raw coal .  

There is a marked increase i n  t h e  30 min conversion of both c o a l s  with 

i n c r e a s e  i n  C a  l o a d i n g ,  a s  shown i n  F i g u r e  21. The l i n e a r i t y  of t h e  

da ta  i n  these p l o t s  is reduced s l i g h t l y  due t o  t h e  presence of o ther  

c a t i o n s  i n  t h e  raw c o a l ,  p a r t i c u l a r l y  Mg and Na, which a r e  n o t  

accounted for i n  the middle points. 



Table 9. D i s t r i h t i o n  of Inorganic Elements i n  Coal* 

Sample Si Fe Ca Mg Mn Na Ti Al K Ba 

* Expressed on PR4 dry coal basis 





W e  i n f e r  t h a t  2UCM-11 experiences a l o c a l i z e d  hydrogen def ic iency 

due t o  t h e  high concentration of l a b i l e  bonds present: i n  its matrix. 

F u r  thermore,  CSB-13 i s  less r e a c t i v e ,  presumably fewer bonds a r e  

broken o r  t h e  l i n k a g e s  a r e  less l a b i l e .  T h i s  r e s u l t s  i n  a l o n g e r  

period of time needed t o  break down t h e  matrix and s o l u b i l i z e  t h e  coa l  

fragments. In both of these  cases, t h e  donor s o l v e n t  can be d i f fus ion  

l i m i t e d .  The presence  of c a t i o n s  a p p e a r s  t o  r educe  t h e  e x t e n t  of 

r e t r o g r e s s i v e  r e a c t i o n s  r e s u l t i n g  from t h i s  cond i t ion .  For c o a l s  

endowed with s u f f i c i e n t  q u a n t i t i e s  of donatable hydrogen, t h e  presence 

of c a t i o n s  may tend t o  i n h i b i t  product generation and have an opposi te  

e f f e c t  t o  t h a t  shown h e r e .  Such  a n  e f f e c t  h a s  b e e n  n o t e d  by 

W h i t e h u r s t  e t  a l .  (1980) and Winans e t  a l .  (1983) t o  o c c u r  d u r i n g  

shor t  contac t  1 iquef action. 

SUMMARY AND CONCLUSIONS 

T h i s  r e p o r t  has  d i s c u s s e d  t h e  behav io r  of 19 Alaskan c o a l s  

v a r y i n g  i n  both rank and m a c e r a l  composition. The l i g n i t e  and 

subbi tuminous  c o a l s  from L i t t l e  Tonzona, Nenana, Be luga  and Yukon 

F l a t s  c o a l  f i e l d s  were very r e a c t i v e  under t h e  l i q u e f a c t i o n  condi t ions  

employed. They produced p r imar i ly  1 ow molecular weight type products. 

The i n e r t i n i t e - r i c h  c o a l s  from Northern Alaska and Chicago C r e e k  were 

considerably less r e a c t i v e  and produced a d i s t r i b u t i o n  of products .  

The bituminous coa l  from t h e  Matanuska coa l  f i e l d  gave poor conversion 

y i e l d s ,  most of which w e r e  p r e a s p h a l t e n e s .  T h i s  b e h a v i o r  i s  

a t t r i b u t e d  t o  t h e  high concentrat ion of pseudov i t r in i t e  i n  t h i s  coa l  

r a t h e r  than ox ida t ive  a f fec t s .  



The HZA coal was found t o  be t h e  most r e a c t i v e  coal examined and 

t o  e x h i b i t  some ra ther  unusual propert ies .  For these reasons i t  was 

examined i n  g r e a t e r  d e t a i l .  ~ t s  i n f r a r e d  spectrum c o n t a i n s  many of 

t h e  f e a t u r e s  found i n  s p e c t r a  of l i g n i n s .  The major s p e c t r a l  

d i f f e r e n c e s  between t h e  H Z A  c o a l  and o t h e r  c o a l s  were l o s t  upon 

convers ion .  Coincid ing with t h e s e  changes  was t h e  loss i n  the 

f l u o r e s c e n c e  of t h e  u l m i n i t e  i n  t h i s  c o a l .  We i n f e r r e d  t h a t  t h i s  

f luorescence is due t o  the presence of subs t i tu ted  aromatics. 

D e n s i m e t r i c  f r a c t i o n a t i o n s  of UA-139 f u r t h e r  c o n c e n t r a t e d  t h e  

i n e r t i n i t e s  contained i n  t h i s  coal .  Higher conversions were obtained 

t h a n  cou ld  be  accounted  f o r  by t h e  c o n c e n t r a t i o n  of v i t r i n i t e  + 

e x i n i t e s .  The low r e f l e c t a n c e  s e m i f u s i n i t e  a r e  assumed t o  be 

par t i a l l y  converted. 

The r o l e  of t h e  c a t i o n s  and m i n e r a l  m a t t e r  dur ing  l i q u e f a c t i o n  

were found t o  d i f f e r  y e t  have s i m i l a r  e f f e c t s  on increasing conversion 

y ie lds .  High concentrat ions of mineral  matter acted a s  a d i l u e n t  and 

hindered t h e  occurrence of r e t r o g r e s s i v e  reactions. Cations i n f l u e n c e  

t h e  t h e r m a l  decomposi t ion of c o a l .  I n  c a s e s  such a s  r e p o r t e d  here, 

where on a l o c a l  l e v e l  hydrogen capping reac t ions  cannot compete wi th  

condensation react ions,  ca t ions  reduce t h e  tendency for  t h e  l a t t e r  t o  

occur . 



REFERENCES 

Barker,  J. (19811, Coal and Uranium I n v e s t i g a t i o n  of t h e  Yukon F l a t s  
Cenozoic Basin, Open F i l e  Report, prepared f o r  U.S. Department of 
I n t e r i o r ,  Report No. 140-81. 

Blom, L. (19601, A n a l y t i c a l  Methods i n  Coal  Chemistry,  Ph.D. T h e s i s ,  
Technische Hogesschool of Delf t ,  Netherlands. 

Cronauer, D.C 
r eac t ions  
p repared  

and Ruberto, RG. (19771, Inves t iga t ion  of mechanism of 
i n v o l v i n g  oxygen-containing compounds i n  coa l ,  Report 

f o r  E l e c t r i c  Power Research  I n s t i t u t e ,  Repor t  NO. AF- 
422. 

Derbyshire, F, J. (1982) , personal communication. 

Derbyshire, F.J. and Whitehurst, D.D. (19811, Study of coa l  conversion 
i n  p lycondensed aromatic compounds, Fuel, a, 655-662. 

Durie, RR (19801, The c h a r a c t e r i s t i c s  of Aus t ra l i an  c o a l s  and t h e i r  
i m p l i c a t i o n s  i n  c o a l  l i q u e f a c t i o n ,  i n  -1 L i a u e f a c t i o n  
-, ed. D. Dwayne Whitehurst, ACS Symposium Ser ies  NO. 
139, h e r .  Soc., p. 53-73. 

Epperly, W.R (19801, Annual Technical Progress Report FE-2893-53 from 
Exxon Resea rch  and Engineer ing  Company t o  U.S, Department of 
Energy . 

Given, P.H. (19841, An Essay on t h e  Organ ic  Geochemistry of Coal ,  i n  
Coal , 'ci@m, Volume 3 ,  ed. M.L. Gorbaty,  J.W. Larsen  and I. 
Wender, Academic Press, Inc., San Diego, Calif . ,  p. 63-252. 

Given,  P.H., Cronauer,  DOC,, Spackman, W., L o v e l l ,  H.L., Davis ,  A. and 
Biswas, EL (1975a1, Dependence of c o a l  1 iquef ac t ion  behavior on 
coal c h a r a c t e r i s t i c s ,  1. V i t r i n i t e - r i c h  samples, F u e l ,  a, 34-39. 

Given, P.H., Cronauer,  D.C., Spackman, W., L o v e l l ,  H.L., ~ a v i s ,  A. and 
Biswas, B. (1975b1, Dependence of coal 1 iquaf ac t ion  behavior on 
coa l  c h a r a c t e r i s t i c s .  2. Role of petrographic cornpsi t ion,  Fuel,  

40-49, 

Given, PoH,, Spackman, W., Davis,  A. and J e n k i n s ,  R.G. (19801, Some 
proved and unproved e f f e c t s  of c o a l  geochmi s t r y  on 1 iquefac ti on 
behav io r  w i t h  emphasis on U.S. c o a l s ,  i n  C o a l  - fac t ion  
-, ed. Do Dwayne Whitehurst, ACS Symposium Ser ies  No. 
139, A m e r .  Chem. Soc., p. 3-34. 



Given,  P.H., Spackman, W., Davis, Am, Walker, P.L., L o v e l l ,  H o L o ,  

Coleman, M.M. and P a i n t e r ,  P.C. (19821, The r e l a t i o n  of c o a l  
c h a r a c t e r i s t i c s  t o  l iquefac t ion  behavior, F i n a l  Technical Report 
f o r  t h e  P e r i o d  J u l y  1976 t o  February 1981, p r e p a r e d  f o r  U.S. 
Department of Energy, Report NO. FE-2494-FR-3. 

Given, P.H. and Derbysh i re ,  F.J. (19851, The Mobi le  Phase i n  Coals :  
I ts  Nature  and Modes of R e l e a s e ,  Q u a r t e r l y  P r o g r e s s  Repor t ,  
prepared f o r  U.S. Dept. of Energy, Report No. WE-PE-60811-6. 

Gray, D., B a r r a s s ,  G., Jezko, J o  and Kershaw, J.R. (19801, S o u t h  
Afr ican  c o a l s  and t h e i r  behav io r  d u r i n g  l i q u e f a c t i o n ,  i n  C o a l  

a c t i u  -12, ed. D. Dwayne W h i t e h u r s t ,  A C S  
S y m p s i u m  S e r i e s  NO. 139, Amer .   hem. Soc. p. 35-51. 

Herger t ,  H.L. (19711, Infrargd Ssectra. in - 
Eormation. Sr t ruc tug  and B e a c W ,  ed. anen and C,H. 
Ludwig, Wiley-Interscience, New York, p. 267-297. 

Morgan, M.E., J e n k i n s ,  R-G. and Walker, P.L. (19811, I n o r g a n i c  
Const i tuents  i n  American l i g n i t e s ,  Fuel, dQ, 189-193. 

Mukher jee,  D.K. and Choudhury, PoB. 119761, C a t a l y t i c  e f f e c t  of 
m i n e r a l  m a t t e r  c o n s t i t u e n t s  i n  a N o r t h  A s s a m  c o a l  on 
hydrogenation, Fue l ,  S, 4-8. 

P a i n t e r ,  P.C., Coleman, M O M * ,  Snyder,  R.W., Mahajan, O., Komatsu, M, 
and Walker, P.L. (19811, Low Temperature Air Oxidation of Coking 
Coals: Fourier Transform Inf rared Studies,  Applied Spectroscopy, 
SI 106-110. 

P a i n t e r ,  P.C., Starsinic, M. and Coleman, M.M. (19851, Determinat ion  
of Functional Groups i n  Coal by Fourier Transform Interferometry, 
Fourier Trans£ orm In£ ra red  Spectroscopy, A, 16 9-241. 

Perry ,  G.J. and A l l a r d i c e ,  D o J o  (19831, The C h a r a c t e r i s t i c s  of 
Victorian Brown Coal i n  Rela t ion  t o  Hydrogenation performance, i n  

Rhoads, C, (19851, The c o n t r i b u t i o n  of P l a n t  Polymers t o  Coal 
Formation, PkD. Thesis, The Pennsylvania S t a t e  ~ n i v e r s i  ty,  181 
PP 

RaO, POD. and Wol f f ,  E.N. (19801, C h a r a c t e r i z a t i o n  and E v a l u a t i o n  of 
Washabili ty of Alaskan Coals, Final  Technical Report f o r  Phase I1 
f o r  t h e  p e r i o d  J u l y  1977 - February 1979,. p r e p a r e d  f o r  U.S. 
Department of Energy, Report No. DOE/ET/133 50-T2. 



Rao, P.D. and Wolff ,  EON. (19821, C h a r a c t e r i z a t i o n  and E v a l u a t i o n  of 
Washabili ty of Alaskan Coals, F inal  Technical Report f o r  phase 
I11 f o r  t h e  p e r i o d  March 1979  - January  1982,  p r e p a r e d  f o r  U.S. 
Department of Energy, Report NO. W E / E T / ~ ~ ~  50-T6. 

Rao, P.D. and Smith, J o  (19831, P e t r o l o g y  of Cre taceous  c o a l s  from 
northern A l a s k a ,  F ina l  r epor t  submitted t o  U.S. Dept. of Energy, 
P ro jec t  WE-DE-E'G22-80x30237. 

Schaff,  RG. (19831, Coal Resources of Alaska, Division of Geological  
and Geophysical Survey, Information Circular U ,  9 pp. 

Suhr, N e H o  and Gong, H. (19831, Some Procedures f o r  t h e  Chemical and 
Mineralogical  Analysis  of Coals,  F inal  Report - P a r t  3, prepared 
f o r  U.S. Dept. of Energy, r e p o r t  no. DOE-30M3-F3. 

Szladow, A o J o  (19791, Some a s p e c t s  of t h e  mechanism and k i n e t i c s  of 
coal  l iquefac t ion ,  Ph. D. Thesis,  Pennsylvania S t a t e  Universi ty . 

Walker, P.L., Spackman, W., Given,  P.H., Davis,  A*, J e n k i n s ,  R.G. and 
Pain ter ,  P.C (19801, Charac ter iza t ion  of mineral matter i n  c o a l s  
and c o a l  l i q u e f a c t i o n  r e s i d u e s ,  Annual Repor t  AP-1634 from 
P e n n s y l v a n i a  S t a t e  U n i v e r s i t y  t o  E lec t r ic  Power Resea rch  
I n s t i t u t e .  

Whi tehurs t ,  DODO, F a r c a s i u ,  M., M i t c h e l l ,  T.0. and ~ i c k e r t ,  J o J m  

(19791, The Nature and Origin of Asphaltenes i n  Processed Coals: 
Chemistry and Mechanisms of Coal Conversion t o  Clean Fuel,  Report 
prepared f o r  Electric Power Research I n s t i t u t e ,  AF-1298. 

Whi tehurs t ,  D.D.,  itche ell, T.O. and Fracas iu ,  M o  (19801, 
, Academic Press,  N.Y., 378 pp. 

Winans,  R O E . ,  King, H o H m ,  McBeth, R.L. and  B o t t o ,  R,B, (19831,  
Preprints, Psner. Chm. Div., B ( 5 )  , 8-16. 

Yar zab, R.F., Given, P.H. and Abdel-Baset, 2. (19791, ~ y d r o x y l  
contents  of coals:  new d a t a  and s ta t is t ical  analyses,  Geochern, e t  
Cosmochim. Acta , fi, 281-287, 

Y a r z a b ,  R . F , ,  G i v e n ,  P.H., Spackman, W. and  D a v i s ,  A. (19801,  
Dependence of coa l  l i q u e f a c t i o n  behavior on coal c h a r a c t e r i s t i c s ,  
4. Cluster analyses  for charac te r i za t ion  of 104 coa l s ,  Fuel, a, 
81- 92. 

Youtcheff ,  J.S. (19831, C o n t r i b u t i o n s  t o  t h e  u n d e r s t a n d i n g  of  t h e  
phenomenology of coa l  l i q u e f a c t i o n ,  PhoDo T h e s i s ,  P e n n s y l v a n i a  
S t a t e  University,  245 pp. 



Appendix A 

Coal Characteristics 



TABLE A 
PROXIMATE AND ULTIHATE ANALYSES OF COALS 

i Heating 
Sample Moisture Vola t i l e  Fixed Ash Value S u l f u r  I Numbers Basis* % Matter,% Carbon,% % BTU/LB C,% 8,  % N, % o,% Total 

*l As Received 
2 A i r  Dried Moisture 
3 Moisture Free 
4 Moisture and Ash Free 



TABLE A Icontinued) 
PROXIMATE AND ULTIMATE ANALYSES OF COALS 

Heating 
Sample Moisture Volati le  Fixed Ash Val ue S u l f u r  
Numbers Basis* 3 Matter ,% Carbon, % % BTU/LB C,% H, % N,% 0, % Total 

*l As Received 
2 Air Dried Moisture 
3 Moisture Free 
4 Moisture and Ash Free 



TABLE A (continued) 
PROXIMATE AND ULTIMATE ANALYSES OF COALS 

Heating 
Sample Moisture V o l a t i l e  Fixed Ash Value Sulfur 
Numbers Basis* % Hatter ,% Carbon,% % BTU/LB C,% H I %  N,% 0, Total  

*1 As Received 
2 Air Dried Moisture 
3 Moisture Free 
4 Moisture and Ash Free 



TABLE A (continued) 
PROXIMATE AND ULTIMATE ANALYSES OF COALS 

Heating 
Sample Moisture Volatile Fixed Ash Value Sulfur 
Numbers Basis* % Matter, % Carbon, % % B'IU/LB CI% El, N,% 01 % Total 

CSB 13 1 16.46 25.58 50.53 7.43 9274. 57.65 4.95 0.86 28.96 0.15 
2 3 -06 29.68 58 -64 8.62 10762. 66 .90 3 -95 1 .00  19.36 0.17 
3 30.62 60.49 8.89 11102. 69.01 3 .72 1.03 17.17 0.18 
4 33.61 66.39 12185. 75.75 4 . 0 8  1 .13 18.84 0.19 

*1 As Received 
2 Air Dried Moisture 
3 Moisture Free 
4 Moisture and Ash Free 



TABLE B 
VITRINITE REFLECTANCE 

DATA 

es 
- 

Sample V1 V2 Vj V4 V5 V6 V7 V8 V9 Vi0 V11 Rmax 

UA 148 76 18  6 -19 

CSB 13 20 64 16 



TABLE A (continued) 
PROXIMATE AND ULTIMATE ANALYSES OF COALS 

Heating 
Sample Moisture Volatile Fixed Ash Value Su l fur  
Numbers Basis* % Matter, % Carbon,% % BRI/LB C,% H, % NI% 01 % Total 

*1 As Received 
2 Air Dried Moisture 
3 Moisture Free 
4 Moisture and Ash Free 



TABLE C 
MACERAL DISTRIBUTION* 

SAMPLE V W Gel Corpo Sp Rs Exs TCut Cut Sub Lip Alg Flvit Fus SmF M GH In Scl 

Wol.  %, mf basis. 

Key: V = vitrinite/humotelinite, W = psuedovitrinite, Gel = gelocollinate + gelinite, Corpo = Corpoi:ollinite t Corpohuminite, 
Sp = sporinite, Rs = resinite, Exs = exsudatinite, TCut = th ick  cutinite, Cut = cutinite, Sub = suberinite, Lip = other 
liptinites, Alg = alginite, Flvit = fluorescent vitrinite, Fus = f u s i n i t e ,  SmF = semifusirite, H = macrinite, GM = 
globular macrinite, In = inertodetrinite, Scl = sclerotinite. 



TABLE C (continued) 
MRCERAL DISTRIBUTION* 

SWPLE V PV G e l  Corpo Sp R s  Exs TCut Cut Sub Lip Alg F l v i t  Pus SmF H GM I n  Scl 

SS67-1 74.6 13.2 2.8 1,8 1.6 -- -- -- -- -- 4.2 0.4 -- 0.8 -- -- 0.6 -- -- 
SS 67-2 52.3 22.5 1.4 1.1 1.0 0.6 -- -- 0.2 0.1 -- -- -- 0.9 16.5 0.8 -- 2.6 -- 

SS67-3  54.0 4.9 2.0 2.1 1 . 3  0.3 -- 0.1 0.2 -- -- 0.1 -- 0.6 27.2 2 .1  1.5 3 . 5  .1 

CSU 1 3  4 4 . 8  3 . 7  0.2 0 .6  2.0 2.2 1.2 0.2 -- -- 1.2 -- 0.2 2.4 27.7 5 . 0  3.0 5.0 -- 

IIZA 18.4 -- 0.2 -- -- -- -- -- -- -- 2.0 -- 76.8 -- -- 0.4 1.8 0.4 -- 

HZ E l  70.2 -- 0.7 1.4 3.2 4.4 0.4 -- -- -- 2.0 -- -- 0.2 5.2  1.3 1.1 9.9 -- 

*Val. 8 ,  mmf bas i s .  

Key: V = v i t r in i t e /humote l in i t e ,  FV = psuedov i t r in i t e ,  G e l  = q e l o c o l l i n a t e  + g e l i n i t e ,  Corpo = Corpoco l l in i t e  + Corpohuminite, 
Sp = s p o r i n i t e ,  R s  = r e s i n i t e ,  E x s  = e x s u d a t i n i t e ,  TCut  = t h i c k  c u t i n i t e ,  Cut = c u t i n i t e ,  Sub = s u b e c i n i t e ,  L i p  = o t h e r  
l i p t i n i t e s ,  Alg = a l g i n i t e ,  Flvit = f l u o r e s c e n t  v i t r i n i t e ,  Fus = f u s i n i t e ,  SmF = s e m i f u s i n i t e ,  M = m a c r i n i t e ,  GM = 
globular macrinite ,  In = iner tode tr in i t e ,  S c l  = s c l e r o t i n i t e .  



TABLE D 
MACERAL DISTRIBUTION FOR UA-139 

DENSIHETRIC FRACTIONS* 

Product V PV Gel Corpo Sp Rs Exs TCut Cut Sub Lip Alg Flvit Fus SmF M GM In Scl 

1.4 Float 86.4 -- 0.4 0.6 3 . 2  3.0 -- 0.6 -- -- -- -- -- -- 1.4 0.4 0.4 3.4 -- 

1.6 Sink 47.9 -- -- -- -- 0.6 -- -- -- -- -- -- -- 12 .4  33.0 2.1 0 - 9  3 .0  -- 

*Val. %, mf basis. 

Key: V = vi trinite/humotelinite, PV = psuedovitrinite, Gel = gelocollinate t gelinite, Corpo = Corpocol l ini te t Corpohuminite, 
Sp = sporinite, Rs = resinite, Exs = exsudatinite, TCut = thick cutinite, Cut = cutinite, Sub = suberinite, Lip = other 
liptinites, Alg = alginite, Flvit = fluorescent vitrinite, Fus = fusinite, SmF r semifusinite, M = macrinite, GM = 
globular macrinite, In = inertodetrinite, Scl = sclerotfnite. 


