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ABSTRACT 

A c o m p a r a t i v e  s t u d y  was  c a r r i e d  o u t  o n  t w o  h i g h - a s h  
c o a l s  , Wyodak I I I ( A m e r i c a n )  a n d  M i  n a  do  L e Z o  ( B r a z i l i a n ) ,  
w i t h  r e s p e c t  t o  t h e i r  c o n t e n t  o f  s a t u r a t e s ,  o l e f i n s ,  
a r o m a t i c  h y d r o c a r b o n s  a n d  p o l a r  c o m p o u n d s ,  A p y r i d i n e  
e x t r a c t  o f  e a c h  c o a l  was f r a c t i o n a t e d  b y  a s i l i c a  g e l  
p r e p a r a t i v e  s c a l e  c o l u m n  g e n e r a t i n g  f o u r  f r a c t i o n s  o f  
i n c r e a s i n g  p o l a r i t y .  E a c h  f r a c t i o n  was c o l l e t e d  a n d  
e x a m i n e d  b y  n o r m a l  p h a s e  HPLC u s i n g  " o n - 1  i n e "  c o u p l e d  
s i l i c a  a n d  c y a n o - b o n d e d  c o l u m n s .  T h e  r e s u l t s  show t h a t  
p r e p a r a t i v e  s c a l e  f r a c t i o n a t i o n  a l o n e  i s  n o t  e n o u g h  t o  
c h a r a c t e r i z e  c o a l - d e r i v e d  l i q u i d s ,  b u t  i t  w i l l  b e  u s e f u l  
a s  a f i r s t  s t e p  t o  g e n e r a t e  f r a c t i o n s  f o r  HPLC 
c h a r a c t e r i z a t i o n .  

* A u t h o r  t o  whom t h e  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d  
a t :  
U n i v e r s i d a d e  d e  S Z o  P a u l o  
I n s t i t u t o  de F i s i c a  e Q u i m i c a  de  S Z o  C a r l o s  
D e p a r t a m e n t o  de Q u i m i c a  
1 3 5 6 0  - S Z o  C a r l o s  ( S P )  - B R A Z I L  
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INTRODUCTION 

LANCAS AND MC NAIR 

F o s s i l  f u e l s ,  which a r e  used as an energy resource,  a r e  
produced by  the  gradual  s low decomposit ion o f  o r g a n i c  m a t e r i a l s  

and res idues ove r  m i l l i o n s  o f  yea rs  ( 1 ) .  F o r  many yea rs ,  pe t ro leum 
was t h e  major  energy and feeds tock  resource.  However, a f t e r  t h e  
"70 's  w o r l d  energy c r i s i s " ,  t h e  concern o f  researches was t o  f i n d  
a1 t e r n a t i v e  resources t o  rep1 ace pe t ro leum and i t s  d e r i v a t i v e s .  
Among these resources , coa l  has r e c e i v e d  cons ide rab le  a t t e n t i o n  
s i n c e  i t  was b e l i e v e d  t h a t  most o f  t h e  e x i s t i n g  pet rochemical  
f a c i l i t i e s  c o u l d  be e a s i l y  adapted t o  coa l  p rocess ing  ( 2 ) .  

t r a n s p o r t e d  and processed than  o t h e r  f u e l s  ( 6 )  such as s o l a r ,  
n u c l e a r  and hydrogen, makes c o a l - d e r i v e d  l i q u i d s  a n a t u r a l  
s u b s t i t u t e  f o r  the l i q u i d  f u e l s  and feedstocks generated by t h e  
pet rochemical  i n d u s t r y  (7,8). It i s  now e s t a b l i s h e d  t h a t  t h e  
h i g h l y  v a r i a b l e  n a t u r e  o f  coal  and t h e  high-ash, h i g h - s u l f u r  and 
h i g h - n i t r o g e n  con ten t  o f  c o a l - d e r i v e d  l i q u i d s  makes them much more 
complex than  pet rochemicals  and t h a t  more t i m e  w i l l  have t o  e lapse  
b e f o r e  t h e  a c t u a l  chemical c o n s t i t u t i o n  o f  coa l  and i t s  d e r i v a t i v e s  
can be we1 1-understood (3 -5 ) .  

o f  co? l  - d e r i  ved 1 i q u i  ds , 1 i t t l e  i s  known about  t h e i r  chemical 
composi t ion (1,3). Th i s  i s  due i n  p a r t  t o  t h e  c o m p l e x i t y  o f  t h e  
sample b u t  a l s o  t o  t h e  inadequacy o f  p resen t  a n a l y t i c a l  methods 
and separa t i on  procedures (9,lO) , which a r e  o f t e n  d i r e c t  
a p p l i c a t i o n s  o f  t h e  methodology used w i th  pe t rochemica ls  
d e r i v a t i v e s  t o  t h e  coa l -de r i ved  l i q u i d s .  

u t i l i z e d :  s o l v e n t  e x t r a c t i o n  and l i q u i d  column chromatography. 
A l though s o l v e n t  e x t r a c t i o n  has l o n g  been used as a method o f  
process moni t o r i  ng ( 11 , 12) i t  does n o t  procedure chemi c a l  l y  

meaningful f r a c t i o n s  (13)  acco rd ing  t o  s o l u b i l i t y .  The s o l v e n t  
e x t r a c t e d  f r a c t i o n s  a re  oiZs (pentane s o l u b l e s )  , asphaZtenes 

The f a c t  t h a t  l i q u i d  f u e l s  can be more e a s i l y  s to red ,  handled, 

I n  s p i t e  o f  t h e  tremendous e f f o r t s  a l l o c a t e d  t o  t h e  a n a l y s i s  

I n  o r d e r  t o  f r a c t i o n a t e  these m ix tu res ,  two approaches a r e  
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HIGH-ASH BRAZILIAN COAL-DERIVED LIQUIDS 24 1 

(benzene s o l  uble-pentane i nso l  ub l  e)  and asphaZtoZs 
pre-asphaZtenes ( p y r i d i n e  soluble-benzene i n s o l u b l e )  (14 ) ,  
a l t hough  no chemical i d e n t i f i c a t i o n  has been e s t a b l i s h e d .  The 

s o l  v e n t  e x t r a c t i o n  methods c u r r e n t l y  used, though s i m p l e  and 

inexpens ive  a r e  t i m e  consuming and p r e s e n t  problems w i t h  
r e p r o d u c i b i l i t y ,  s o l v e n t  evapora t i on ,  c o - e x t r a c t i o n  and l o s s  o f  
v o l a t i l e s  (13,15). I n  a d d i t i o n ,  p o s s i b l e  i n t e r c o n v e r s i o n s  d u r i n g  
t h e  p rocess ing  makes i t  d i f f i c u l t  t o  r e d i s s o l v e  t h e  s o l v e n t -  

- d e r i v e d  f r a c t i o n s  which u s u a l l y  c o n t a i n  some i n s o l u b l e  
m a t e r i a l ,  

o r  

I n  o r d e r  t o  a v o i d  these problems and t o  o b t a i n  c h e m i c a l l y  
d i s c r e t e  f r a c t i o n s  t o  be f u r t h e r  cha rac te r i zed ,  t h e  l i q u i d  f u e l  
m i x t u r e s  have been f r a c t i o n a t e d  by 1 i q u i d  column chromatography. 

The f i r s t  success fu l  s e p a r a t i o n  o f  r e s i d u a l  o i l s  i n t o  d i s c r e t e  
chemical c lasses was ob ta ined  by  Jewel1 e t  a1 (16)  who separated 
t h e  pe t ro leum r e s i d u a l s  i n t o  f o u r  f r a c t i o n s  which t h e y  c l a s s i f i e d  

as s a t u r a t e s ,  aromat ics,  r e s i n s  and asphal tenes ( "SARA" ) .  T h i s  
method, as w e l l  as some o f  i t s  m o d i f i c a t i o n s ,  has been e x t e n s i v e l l y  
u t i l i z e d  i n  t h e  c h a r a c t e r i z a t i o n  o f  a l a r g e  v a r i e t y  o f  l i q u i d  

f u e l s ,  among which a r e  pe t ro leum crudes, s h a l e  o i l s ,  coa l  o i l s  and 
s i m i l a r  m a t e r i a l s  (17-28). I n  most o f  t h e  l i q u i d  chromatographic  

methods used, t h e  f o s s i l  f u e l  e x t r a c t  i s  f i r s t  t r e a t e d  w i t h  a 
non-polar  hydrocarbon (such as n-pentane) t o  p r e c i p i t a t e  t h e  

asphal tenes and t h e  remain ing s o l u t i o n  i s  a p p l i e d  t o  an A t tapu lgus  
c l a y  column t o  separate r e s i n s  f rom o i l s .  F i n a l l y ,  t h e  o i l s  a r e  

f r a c t i o n a t e d  t o  s a t u r a t e s  and a romat i cs  on a lumina and/or  s i l i c a  
columns (22 ) .  A l l  these s teps,  i n  a d d i t i o n  t o  b e i n g  unnecessary 

and inconven ien t ,  do n o t  p r o v i d e  a c t u a l  group- type d i s t r i b u t i o n  i n  
the  e x t r a c t ,  s i n c e  p a r t  o f  t h e  r e s i n s  c o u l d  be c o - p r e c i p i t a t e d  
w i t h  asphal tenes ( 2 9 ) .  Recen t l y  Johanse, E t t r e  and M i l l e r  have 
a p p l i e d  Gas Chromatography ( 3 0 ) ,  L i q u i d  Chromatography (31)  and a 
combinat ion o f  L i q u i d  and Gas Chromatography (32)  t o  t h e  a n a l y s i s  
o f  hydrocarbons i n  gaso l i nes  and d i s t i l l a t e s .  They separa ted  268 
peaks f rom g a s o l i n e  (32)  and i d e n t i f i e d  120. These r e s u l t s ,  w i t h  
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242 LANCAS AND MC NAIR 

Wyodak I11 Coal 

(USA)  

Nina do LeZo I 
Coal ( B r a z i l i a n )  

sample much less  complex t h a n  coa l -der ived  l i q u i d s ,  suggest t h a t  
a p r e - f r a c t i o n a t i o n  o f  t h e  sample i s  mandatory i n  o r d e r  t o  o b t a i n  
more d i s c r e t e  f r a c t i o n s  t o  be analysed. 

mu1 t id imens iona l  o f f - l i n e  chromatographic scheme t o  generate 
d i s c r e t e  coa l -der ived  f r a c t i o n s  which can be d i r e c t l y  and e a s i l y  
c h a r a c t e r i z e d  u s i n g  r e a d l y  a v a i l a b l e  a n a l y t i c a l  t o o l s  such a H igh  

Performance L i q u i d  Chromatography (HPLC) (26)  a lone o r  i n  
combination w i t h  o t h e r  techniques such as F o u r i e r  Transform I n f r a -  
-Red (HPLC/FT-ir) ( 3 3 ) .  Nuc lear  Magnetic Resonance (HPLC/n.m.r.) 
(34) , High Reso lu t ion  Gas Chromatography (HPLC/HRGC) (35)  and Mass 
Spectrometry (HPLC/MS) (36) .  The method developed inc ludes  a 
p r e - f r a c t i o n a t i o n  o f  t h e  whole coa l -der ived  l i q u i d  i n t o  d i s c r e t e  
f r a c t i o n s  accord ing t o  p o l a r i t y .  Each o f  these f r a c t i o n s  i s  f u r t h e r  
charac ter ized  by HPLC w i th  dual de tec t ion .  For  t h e  purpose o f  t h i s  
work, a comparison i s  made between a widely-used American coa l  
(Wyodak 111) and a t y p i c a l  B r a z i l i a n  Coal (Mina do LeZo I ) .  

With these problems i n  mind, we have developed a 

%C %H %N a XO 

48.27 4 - 4 9  0.73 6.50 24.49 

33.65 3.09 0.65 12.57 14.84 

EWER1 MENTAL 

Samples - Two d i f f e r e n t  coa l  samples were used: Mina do LeZo I 
(an B r a z i l i a n  c o a l )  and Wyodak 111 (an  American c o a l ) .  Elemental 
a n a l y s i s  f o r  b o t h  c o a l s  was performed b y  G a l b r a i t h  Labora to i res ,  
Inc.  ( K n o x v i l l e ,  Tennessee) and t h e  r e s u l t s  a re  shown i n  Table 1. 

TABLE 1 
Elemental A n a l y s i s  
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HIGH-ASH BRAZILIAN COAL-DERIVED LIQUIDS 243 

TABLE 2 
T h e m g r a v i  met ri c Analysi s* 

Fixed Carbon ( % )  

Volati les ( % )  

Ash (%)  

Wyodak I11 

41.4 

36.9 

21.6 

* Moisture free bas is  

Table 2 shows the r e su l t s  of thermogravimetric ana lys i s  f o r  both 
coa ls ,  determined w i t h  a D u  Pont 950 Thermogravimetric Analyzer 
coupled to  a Du Pont 900 Dif fe ren t ia l  Thermal Analyzer ( D u  Pont, 
Wilmington, DE 19898). The v o l a t i l e  material was determined i n  a 
nitrogen environment while f ixed  carbon and ash were determined i n  
an oxygen one. 

Sample Preparation - A schematic of t he  s teps  involved i n  t he  
sample preparation i s  shown i n  Figure 1 .  The s o l i d  coal was f ine ly  
ground and sieved through a 60 mesh screen (A.S.T.M. E-11 
Spec i f i ca t ion ) .  F i f ty  grams of powdered coal was then ex t rac ted  i n  
an i n e r t  atmosphere using a Soxhlet system, u n t i l  the refluxing 
pyridine ( r a t i o  1:14 w / v )  was c l e a r  and co lor less .  This procedure, 
which has been extensively used in  the preparation of coal-derived 
l iqu ids  (14 ) ,  gave approximatly 600 mg of l i qu id  product from the 
Wyodak I11 and 1500 mg from t h e  Mina do LeZo I coals.  

Preparative Scale Liquid Chromatography - Two iden t i ca l  g l a s s  
columns ( 1  m x 2.5 cm I.D.) were dry-packed w i t h  70-230 mesh s i l i c a  
gel 60 (E.M. Science, Gibbstown, NJ), previously washed w i t h  
methanol, f i l t e r e d  and dried by rotary evaporation. The ext rac ted  
coal l iqu ids  were redissolved in pyridine and mixed w i t h  pa r t  of 
the  s i l i c a  gel under continuous ag i ta t ion .  The solvent was removed 
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COAL - 
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SIEVED 
COAL - 

COAL-DERIVED 
LIQUID 

1 Preparative6cale Liquid Chromatography 

F2 F3 F4 
F1  

(intermediate) (polar) (very polar) (nonpolar) 

I 

HPLC HPLC HPLC HPLC 

Figure 1 - Schematics o f  t h e  A n a l y t i c a l  Method 

by r o t a r y  evapora t i on  and t h e  s o l i d  oven-dr ied t o  cons tan t  we igh t  
under a c o n t r o l l e d  n i t r o g e n  f l o w  a t  125OC b e f o r e  the chromatographic 
ana lys i s .  T h i s  m i x t u r e  ( c o a l - l i q u i d - c o a t e d  s i l i c a  g e l )  was t h e n  
added t o  t h e  t o p  o f  t h e  column. The cho ice  o f  e l u e n t s  was based on 

H i l deb rand  s o l u b i l i t y  parameters (37)  and suppor ted  by Thin-Layer  
Chromatography (TLC), u s i n g  s i l i c a  ge l  p l a t e s  (Eastman, Rochester, 
NJ). These e luen ts ,  l i s t e d  i n  Tab le  3, were a p p l i e d  s e q u e n t i a l l y  
t o  t h e  p r e p a r a t i v e  s c a l e  columns. F o l l o w i n g  e l u t i o n  o f  t h e  
f r a c t i o n s ,  t h e  s o l  vents  were removed by  r o t a r y  e v a p o r a t i o n  and t h e  
remai n i  ng sol i d s  weighed. 
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246 LANCAS AND MC NAIR 

H i g h  Performance Liquid Chromatographic Separa t i on  - The a n a l y t i c a l  
i ns t rumen t  used was a Var ian  5020 H igh  Performance L i q u i d  
Chromatograph ( V a r i a n  Associates,  Walnut Creek, CA), w i t h  a f i x e d  
wavelength (254 nm) U.V. d e t e c t o r  i n  s e r i e s  w i t h  a d i f f e r e n t i a l  
re f rac tomete r .  The peaks were reco rded  or1 a dual  pen reco rde r ,  
Va r ian  model 5176, w h i l e  t h e  r e t e n t i o n  t imes  and areas were 
c a l c u l a t e d  by a Var ian  CDS 111 System. Two h i g h  p ressu re  s i x - p o r t  
Valco va lves (Model N 60) were u t i l i z e d ,  one f o r  i n j e c t i o n  and t h e  
o t h e r  f o r  back f l ush .  The optimum c o n d i t i o n s  were o b t a i n e d  u s i n g  
two colunms connected i n  se r ies ,  a 5 um chemical ly -bonded 
cyanopropyl column (250 mn x 4.0 mn I . D . ,  Vicropak-CN, Var ian )  
coupled t o  a 5 um s i l i c a  column (300 mm x 4.6 mm I .D . ,  Micropak-Si 

5, Va r ian ) .  

d i s s o l v e d  i n  an a p p r o p r i a t e  s o l v e n t .  Samples o f  t h e  same f r a c t i o n  
f r o m  the  American and B r a z i l i a n  coa ls  were p repared  so  as t o  
c o n t a i n  equal amounts o f  e x t r a c t e d  m a t e r i a l  p e r  m i l l i l i t e r  a l t hough  
s o l u b i l i t y  l i m i t a t i o n s  between f r a c t i o n s  p reven ted  use o f  equal  
concen t ra t i ons  throughout .  10 pk? o f  each o f  these s o l u t i o n s  were 
i n j e c t e d  i n t o  t h e  HPLC system f o r  e l u t i o n  w i t h  n-hexane p r e v i o u s l y  
d r i e d  w i t h  a c t i v a t e d  5 A mo lecu la r  s i e v e  and t h e n  f i l t e r e d  through 
a 2 urn f i l t e r  ( M i l l i p o r e ,  M i l f o r d ,  Massachusetts). 

The cyanopropyl column r e t a i n e d  t h e  p o l a r  compounds whi 1 e 

group t y p e  separa t i on  o f  p a r a f f i n s  and naphthenes ( S ) ,  - o l e f i n s  
(i), and aromat ics ( A )  - occur red  on the  s i l i c a  column. When t h i s  
separa t i on  was complete (ca. 18 minutes)  t h e  cyanopropyl  column 
was back f l ushed  t o  remove t h e  p o l a r  compounds ( P ) .  - The change i n  
f l o w  r a t e  f rom 1.0 W m i n  t o  3.0 &/min f o r  t h e  b a c k f l u s h  p reven ted  
use o f  t h e  r e f r a c t i v e  i n d e x  (R. I . )  d e t e c t o r  i n  t h i s  p a r t  o f  t h e  
ana lys i s .  

Each f r a c t i o n  f rom t h e  p r e p a r a t i v e  s c a l e  s e p a r a t i o n  was 

RESULTS AND DISCUSSION 

U n t i l  t h e  p resen t  s tudy  no chemical c h a r a c t e r i z a t i o n  o f  
B r a z i l i a n  c o a l - d e r i v e d  l i q u i d s  has been r e p o r t e d  u s i n g  
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chromatographic techniques , a1 though some s tud ie s  have been ca r r i ed  
out on coal conversion (40 ) .  O u r  e f f o r t s  were d i rec ted  towards 
characterizing coal-derived l i qu ids  from Hina do LeZo I coa l ,  
sub-bituminous, high-ash coal (41) , using prepara t ive  s c a l e  
choromatography i n  conjunction with H P L C .  

a 

Preparative Scale Separation - The preparative sca l e  l i qu id  
chromatographic separation of compounds by group-type has been 
widely used f o r  charac te r iza t ion  of fue l s  such a s  crude o i l  (42) , 
sha le  o i l  ( 4 3 ) ,  coal (44) and solvent refined coal,  SRC ( 4 5 ) .  In 
some cases t h i s  i s  the  only charac te r iza t ion ,  using s i l i c a ,  alumina 
o r  both as s t a t iona ry  phases. I n  t h i s  work, four  f r ac t ions  
increasing polar i ty  were co l lec ted  from the preparative 
column f rac t iona t ion  and roughly re la ted  (Table 3) t o  t h e  c l a s s i ca l  
f rac t iona t ion :  oi 1s ( F1) , asphal tenes ( F2 and F3) and asphal to ls  
( F 4 ) ,  I t  should be noted ( T a b l e  4) t h a t  the prepara t ive  sca l e  
f rac t iona t ion  generates a more "balanced" d i s t r ibu t ion  of the  
f rac t ions  f o r  the  Brazil ian coal (BF) than f o r  the  American coal 
( A F ) .  The r e l a t i v e  amount of polar compounds ex t rac ted  from the 
Wyodak I11 coal (AF4. Table 4) i s  about double t h a t  
Brazil ian coal ( B F 4 ) .  

Meanwhile, the f r ac t ion  F1 e lu ted  with heptane/toluene 
th ree  times more abundant i n  t he  Brazil ian coal. Based on these  
da ta ,  i t  i s  expected tha t  a more refined ana lys i s  of both coals 
s h o u l d  r e f l e c t  the same tendency: the amounts of hydrocarbons 
r e l a t i v e  t o  polar compounds would be l a r g e r  in the Braz i l ian  coal 
than in  the American coal. For this purpose, a l l  the experiments 
were conducted under s t r i c t l y  controlled conditions t o  
reproducib i l i ty  and permit t h i s  kind of comparison. 

of 
s ca l e  

f o r  the  

i s  

insure  

High Performance Liquid Chromatography - H P L C  has a1 ready been used 
f o r  t he  charac te r iza t ion  of coal-deri  ved 1 iqui ds (20-22,46-49). In 
most cases,  the whole coal e x t r a c t  was applied t o  the H P L C  system, 
resu l t ing  a very complex chromatogram, d i f f i c u l t  t o  i n t e r p r e t .  In 
t h i s  work, each of the  four f r ac t ions  co l l ec t ed  from preparative 
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AF1 

AF3 

AF4 

AF2 

LANCAS AND MC NAIR 

1 i ght ye1 1 ow 

ye1 low 
orange 
dark brown 

TABLE 4 

COAL COLOR OF ELUTED ELUTED 
FRACTION FRACTION AMDWT (g)*  

l i g h t  ye l l ow  0.319 
ye1 low 0.278 

dark brown 

BF1 
BF2 
BF3 orange 0.350 

BF4 0.661 
1.608 
- 

Yields from Wyodak I11 and Mina do LeSo I Coals 
Fractionated on Preparative Scale S i l i ca  

% OF TOTAL 
ELUTED 

19.8 
17.3 
21.7 
41.1 
99.9 
- 

Wyodak I11 (American) 1 COAL /COLOR OF ELUTED 
FRACTION FRACTION 

ELUTED 

A t 4 " r  (g)*  

0.054 
0.020 
0.080 

0.657 
0.811 
- 

g OF TOTAL 
ELUTED 

6.7 
2.4 
9.8 

81 .O 

99.9 
- 

* After drying 
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TABLE 5 

Standard H ix tu re  f o r  t h e  Group-Type Separat ion 

PARAFFINS 

Heptane 
Octane 

Nonane 

Decane 
Un de cane 
Do de ca ne 

T r i  decane 
' e t  radecane 
'en t adecane 
Hexadecane 

NAPHTHENES 

Cycl obutane 
Methyl cycl  obutane 

Dimethyl cyclobuta. 
ne 

Methylcyclopentane 
Cyclopentane 
Dimethyl cyclopen- 
tane 
Cycl ohexane 

Cycl oheptane 
Cyclooctane 
Methyl cycl  ooctane 

OLEFINS 

Hexene 
Heotene 

Octene 

Nonene 
Decene 
Undecene 

Dodecene 
T r i  decene 

Tetra decene 
Heptadecene 

AROMATICS 

Benzene 
To1 uene 

0- Xyl ene 

m-Xylene 
p- Xyl ene 
: thy1 benzene 

Naphtalene 

POLARS 

Phenol 

rophenol 
0-Chlo- 

scale f r a c t i o n a t i o  was in jec ted .  The chromatograms f o r  the  d i f f e r e n t  
f r a c t i o n s  are displayed i n  Figures 2 through 9. Figure 10 shows 
the  chromatogram o f  a standard mixture u t i l i z e d  f o r  the  development 
o f  the  experimental condi t ions.  The components o f  t h i s  mixture,  
l i s t e d  i n  Table 5, were se lec ted  from those already i n d e n t i f i e d  i n  
l i q u i d  fue l s  (1,22,36,38). However, comparison o f  F igure  10 w i t h  
Figures 2 t o  9 immediatly suggests t h a t  the  separated f r a c t i o n s  
are s i g n i f i c a n t l y  more complex than the  standard mixture.  

HPLC Group-Type Separation of  F r a c t i o n  F, - By comparing f r a c t i o n  

BF, (F igure  2) w i t h  AF1 (F igure  6 )  one can no t i ce  t h a t  the  amount 
of po la r  compounds i s  h igher  than expected, since, according t o  
the l i t e r a t u r e  (1,2,38) f r a c t i o n s  e l u t e d  w i t h  a mix tu re  o f  heptane 
and toluene should be ?redominantly hydrocarbons. It i s  poss ib le  
t h a t  some heterocyc l i c  compounds o f  intermediate p o l a r i t y  are 
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LANCAS AND MC NAIR 

L 

0 2 4 6 8 10 1 7  14 16 l8  T I Y E  (minutes)  

Figure  2 - High Performance L i q u i d  Chromatogram o f  F rac t i on  BF1 
co l l e ted  from Preparat ive Scale Frac t ionat ion .  Solvent: Hexane. 
Columns: Cyano Bonded S i l i c a  and S i l i c a  i n  Series. Eluent: Dry 
Hexane; Flow Rate 1 .O ml/min. Detection: Ref rac t ive  Index Detector 
(R.I . )  and U l t r a - V i o l e t  Detector (U.V.) f i x e d  a t  254 nm. I n j e c t i o n :  
10 u l .  BF = Backflush Point, f l ow  r a t e  3.0 ml/min. Shaded area = 
= Aromatics. 

coeluted i n  these f rac t i ons .  The HPLC ana lys is  shows r e l a t i v e l y  
higher amounts o f  these po la r  compounds i n  the B r a z i l i a n  coal. 
Moreover, no saturates ( S )  o r  o l e f i n s  (0) appeared i n  the  BF1 
f r a c t i o n  wh i l e  the AF1 showed the presence o f  both classes (F igure  
6 ) .  On the  other hand, both AF1 and BF1 show s i g n i f i c a n t  quan t i t i es  
o f  aromatics (shaded area) which, due t o  the  long e l u t i o n  time, 
must included various polyaromatic species (39)  compared t o  the  
simple aromatics i n  the standard mixture, Figure 10. 

HPLC Group-Type Separation o f  Frac t i on  F2 - I n  s p i t e  o f  the m i l d  

e l u t i o n  s t rength  o f  the e luent  u t i l i z e d  f o r  the F2 f r a c t i o n s  i n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



uv 

d 
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, II 
0 2 1 6 R 1 4  16 i s  " Tim (minutes1 ' 10 1 2  

Figure 3 - HPLC Chromatogram o f  P r e p a r a t i v e  Sca le  F r a c t i o n  BF2. 
So lven t :  Benzene. Cond i t i ons  same as F i g u r e  2. 

Figure 4 - HPLC Chromatogram o f  P r e p a r a t i v e  Scale F r a c t i o n  BF3. 
So lven t :  THF. Cond i t i ons  same as F i g u r e  2. 
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0 2 4 6 8 10 12 14 16 18 TltE ( m i n u t e s )  

Figure 5 - HPLC Chromatogram o f  P r e p a r a t i v e  S c a l e  F r a c t i o n  BF4. 
Solvent :  Methanol. Condi t ions same a s  F igure  2. 

0 2 4 6 8 10 12 14 16 18 T I E  (minutes) 

Figure 6 - HPLC Chromatogram o f  P r e p a r a t i v e  S c a l e  F r a c t i o n  AF1. 
Solvent :  Hexane. Condi t ions same a s  Figure 2. 
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0 2 4 6 8 10 12 14 16 I8 TIK (minutes)  

Figure 7 - HPLC Chromatogram o f  Preparat ive Scale F rac t i on  AF2. 
Solvent: Benzene. Condit ions same as F igure  2. 

BF 
b 

I 

0 2 4 6 R I2 14 16 18 TIME (minutes1 10 

Figure 8 - HPLC Chromatogram o f  Preparat ive Scale F rac t i on  AF3. 
Solvent: THF. Condit ions same as Figure 2 .  
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Figure 9 - HPLC Chromatogram o f  Preparat ive Scale F rac t i on  A f 4 .  
Solvent: Methanol. Condit ions same as F'igure 2. 

0 2 4 6 R 10 12 14 16 18 T I M ( m i n u t e s )  

Figure 10 - HPLC Chromatogram o f  a Standard Mixture.  Condit ions 
same as Figure 2 .  For the  i d e n t i t y  o f  the  i n d i v i d u a l  components i n  
each group r e f e r  t o  Table 5. 
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the  p r e p a r a t i v e  s c a l e  separa t ion  (ch lo ro fo rm/ to luene)  , t h e  amount 

o f  p o l a r  compounds found i n  t h e  B r a z i l i a n  coal  i s  very  h igh .  The 
major  d i f f e r e n c e  observed between the  coals  i n  F2 f r a c t i o n s  i s  t h a t  
t h e  aromat ics conten t  o f  BF2 ( F i g u r e  3) i s  b y  f a r  more complex than 
t h a t  o f  AF2 ( F i g u r e  7 ) .  N e i t h e r  f r a c t i o n  conta ins  s a t u r a t e s  
o l e f i n i c  hydrocarbons. 

o r  

HPLC Group-Type Separa t ion  o f  F r a c t i o n  F3 - Even though t h e  

p r e d i c t e d  conten t  o f  f r a c t i o n  F3 i s  the  asphaltenes, HPLC a n a l y s i s  
o f  t h e  f r a c t i o n s  AF3 and BF3 (F igures  4 and 8) a r e  much s i m p l e r  
than t h e  preceeding ones; AF3 conta ins  o n l y  s imp le  a romat ics  w h i l e  
BF3 shows b o t h  aromat ics and a smal l  peak a t t r i b u t e d  t o  p o l a r  
compounds. 

HPLC Group-Type Separa t ion  o f  F r a c t i o n  F4 - T h i s  f r a c t i o n  conta ins  

e s s e n t i a l l y  a d i s c r e t e  c l a s s  o f  aromat ics and a smal l  p o l a r  m i x t u r e .  
( F i g u r e  5 and 9 ) .  I n  t h i s  case, t h e  r e l a t i v e  amounts and i d e n t i t y  

o f  t h e  f r a c t i o n s  seem t o  be s i m i l a r  i n  b o t h  c o a l s .  However, these 
f r a c t i o n s  (AF4 and BF4) were o f  low s o l u b i l i t y  which may have 
prevented d e t e c t i o n  o f  minor  components. 

Aromatics F r a c t i o n  - The aromat ics f r a c t i o n  i s  by f a r  t h e  major  
c l a s s  e x t r a c t e d  from coa l  u s i n g  p o l a r  e x t r a c t i n g  agents, which i s  
i n  accordance w i t h  t h e  l i t e r a t u r e  (50).  S ince aromat ic  compounds 
are  separated on s i l i c a  ge l  p r i n c i p a l l y  by r i n g  s i z e  (51) ,  a 
q u a l i t a t i v e  comparison can be made between l i q u i d s  d e r i v e d  f r o m  
d i f f e r e n t  coa l  samples as w e l l  as between f r a c t i o n s  o f  t h e  same 
coa l  sample. There i s  no adequate q u a n t i t a t i v e  method f o r  HPLC 
group-type separa t ion  o f  c o a l - d e r i v e d  l i q u i d s  , s i n c e  t h e  compounds 
present  i n  the  sample have w i d e l y  d i f f e r e n t  response f a c t o r s  i n  a l l  
d e t e c t o r s .  However, i t  i s  expected t h a t  t h e  success o b t a i n e d  w i t h  
o t h e r  f u e l s  (31)  w i l l  a l s o  be o b t a i n e d  w i t h  c o a l - d e r i v e d  l i q u i d s .  
I t  can be seen by examining t h e  chromatograms (F igures  2 - 9)  t h a t  
t h e  complex i ty  o f  t h e  aromat ic  f r a c t i o n  observed decreases i n  
go ing f r o m  t h e  l e s s  p o l a r  t o  t h e  more p o l a r  e l u e n t s  o f  t h e  
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256 LANCAS AND MC NAIR 

prepara t ive-sca le  separat ion.  Thus, t h e  F1 f r a c t i o n s  ( e l u t e d  w i t h  
heptane/toluene) show a very  complex aromat ic  m i x t u r e  w h i l e  t h e  
F3 and F4 f r a c t i o n s  show a s i m p l e r  aromat ic  content .  There i s  

a l s o  a l a r g e  d i f f e r e n c e  i n  aromat ic  composi t ion between 
corresponding f r a c t i o n s  o f  t h e  American and B r a z i l i a n  coa ls  
(compare, f o r  example, f r a c t i o n s  BF2 and AF2). Moreover, i t  i s  
no ted  t h a t  the  U.V. response o f  t h e  aromat ic  f r a c t i o n s  decreases 
r e l a t i v e  t o  t h e  r e f r a c t i v e  index  response upon going f r o m  l e s s  p o l a r  
f r a c t i o n s  t o  more p o l a r  ones. T h i s  t y p e  o f  behav io r  i s  t h e  same f o r  
b o t h  coals  and r e f l e c t s  t h e  d i f f e r e n c e s  i n  chemical composi t ion 
among t h e  d i f f e r e n t  f r a c t i o n s .  

a n a l y s i s  o f  a t y p i c a l  B r a z i l i a n  coa l  (Mina do LeZo I )  and 
high-ash American coa l  (Wyodak 111), s i n c e  t h e  composi t ion o f  
B r a z i l i a n  coal  e x t r a c t s  i s  unknown. Both, t h e  p r e p a r a t i v e  s c a l e  
chromatography and the  HPLC a n a l y s i s  i n d i c a t e  t h a t  t h e  B r a z i l i a n  
c o a l  i s  cons iderab ly  more r e a c t i v e ,  e x t r a c t a b l e  and complex than 
t h e  American one, w i t h  t h e  B r a z i l i a n  a l s o  h a v i n g  a h i g h e r  p o l y n u c l e a r  
aromat ic  content .  

The r e s u l t s  o f  t h i s  s tudy show t h a t  w h i l e  p r e p a r a t i v e  s c a l e  
f r a c t i o n a t i o n  a lone i s  n o t  s u f f i c i e n t  t o  c h a r a c t e r i z e  c o a l - d e r i v e d  

l i q u i d s ,  i t  a l lows t h e  p r e p a r a t i o n  o f  more d i s c r e t e  f r a c t i o n s ,  
c leared  o f  ash and h i g h  polymers, which can be  f u r t h e r  c h a r a c t e r i z e d  
by normal phase HPLC. The c o l l e c t e d  f r a c t i o n s  f rom normal phase 
HPLC can then be f u r t h e r  c h a r a c t e r i z e d  and perhaps, q u a n t i f i e d  by 
o t h e r  chromatographic techniques,  work which i s  now i n  progress.  

t h e  

I n  t h i s  work t h e  major  e f f o r t  was d i r e c t e d  towards a comparat ive 
a 
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