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INTRODUCTION 

The cu r ren t  s ta tus  of understanding t h e  chemical b a s i s  f o r  t he  g e n e r a l l y  
increased genet ic  a c t i v i t y  o f  d i r e c t  coal  l i q u e f a c t i o n  ma te r ia l s ,  as compared t o  
pet ro leum-der ived products ,  has l e d  t o  the  i n v e s t i g a t i o n  o f  a number o f  p o t e n t i a l  
process s t r a t e g i e s  f o r  reducing the  b i o l o g i c a l  a c t i v i t i e s  o f  coal -de r i ved  
l i q u i d s .  
d i s t i l l a t i o n ,  c a t a l y t i c  hydrot reatment ,  r e c y c l i n g  o f  heavy-end and bottoms 
mate r ia l s ,  and two stage l i q u e f a c t i o n  coupled w i t h  reduced l i q u e f a c t i o n  s e v e r i t y  
and improved q u a l i t y  hydrogen donor so l  vents. 

B i o d i r e c t e d  chemical analyses o f  coa l  l i q u e f a c t i o n  m a t e r i a l s  over the  l a s t  
severa l  years have l e d  t o  the  i d e n t i f i c a t i o n  o f  a t  l e a s t  two impor tant  c lasses o f  
compounds which a re  l a r g e l y  respons ib le  f o r  t h e  b i o l o g i c a l  response observed i n  
l a b o r a t o r y  systems upon exposure t o  these m a t e r i a l s .  The c l a s s i c a l  carcinogens i n  
coal l i q u i d s  are the  p o l y c y c l i c  aromat ic  hydrocarbons (PAH), p r i m a r i l y  those 
hav ing from 4 t o  6 aromat ic  r i ngs .  Kennaway, Cook and o t h e r s  i n  t h e  e a r l y  p a r t  o f  
t h i s  century  showed t h a t  c e r t a i n  coa l -de r i ved  PAH cou ld  cause s k i n  tumors i n  mice 
and r a b b i t s  (1,2,3). It has been found, i n  general,  t h a t  gene t i c  a c t i v i t y ,  
p a r t i c u l a r l y  i n i t i a t i o n  o f  t umor igen is i s ,  res ides  i n  h igh  b o i l i n g  heavy-end 
m a t e r i a l s  and c o r r e l a t e s  wi th o v e r a l l  PAH con ten t  b e t t e r  t han  wi th any o t h e r  
chemical c lass  (4-6) .  More r e c e n t l y  n i t r o g e n - c o n t a i n i n g  p o l y c y c l i c  aromat ic  
compounds (N-PAC) , s p e c i f i c a l l y  t he  amino-PAH, have been recognized as genotox ic  
c o n s t i t u e n t s  i n  severa l  coa l -de r i ved  m a t e r i a l s .  I n  q u a n t i t a t i v e  terms, t h e  amino- 
PAH occur a t  r e l a t i v e l y  lower  concen t ra t i ons  as compared t o  the  PAH. However, due 
t o  t h e  increased s e n s i t i v i t y  o f  t h e  Salmonella typhimur ium m i c r o b i a l  m u t a g e n i c i t y  
t e s t  t o  amino-PAH, they are r e a d i l y  de tec ted  i n  t h e  complex coal  l i q u i d  m ix tu res  
by t h i s  b i o l o g i c a l  assay (7-11). The p o s s i b l e  c o n t r i b u t i o n  o f  amino-PAH t o  t h e  
e t i o l o g y  o f  any cancers induced i n  coal p roduc t  workers i s  o n l y  now beg inn ing  t o  
be understood. Amino-PAH such as 2-aminonaphthalene and 4-aminobiphenyl are 
recognized as human carcinogens (12) .  Furthermore, recen t  s t u d i e s  have 
demonstrated t h a t  t h e  amino-PAH as a chemical c l a s s  do c o n t r i b u t e  t o  the  o v e r a l l  
i n i t i a t i o n  o f  sk in  tumors i n  l a b o r a t o r y  mice (13). 

t h i s  s tudy i s  the reduc t i on  o f  b i o l o g i c a l  a c t i v i t y  v i a  reducing the  concen t ra t i on  
l e v e l s  of t he  amino-PAH and t h e  4-, 5- and 6 - r i n g  PAH. I n  t h i s  repo r t ,  coa l  
l i q u e f a c t i o n  s t r a t e g i e s  such as d i s t i l l a t i o n ,  bottoms recyc le ,  hydrogenat ion,  and 
two stage l i q u e f a c t i o n  w i l l  be d iscussed i n  terms o f  t h e i r  e f f e c t  on t h e  chemicai 
composi t ion o f  process ma te r ia l s .  

Approaches t h a t  have been i n v e s t i g a t e d  i n c l u d e  op t im ized  f r a c t i o n a l  

A common goal o f  the d i r e c t  l i q u e f a c t i o n  process s t r a t e g i e s  considered i n  

ANALYTICAL METHODS 

The e v o l u t i o n  and development of a n a l y t i c a l  methods a t  PNL ( P a c i f i c  Northwest 
Labora to r ies )  has been p r i m a r i l y  d i r e c t e d  by t h e  requi rement  o f  de te rm in ing  t h e  
b i o l o g i c a l l y  adverse chemical c lasses and compounds i n  coal l i q u e f a c t i o n  
m a t e r i a l s .  Accord ing ly ,  methods have been designed f o r  t h e  i d e n t i f i c a t i o n  and 
q u a n t i f i c a t i o n  of no t  on l y  homogeneous chemical c lasses,  b u t  a l so  i n d i v i d u a l  
components. F igu re  1 o u t l i n e s  the o v e r a l l  a n a l y t i c a l  approach c u r r e n t l y  used. An 
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i n i t i a l  s e p a r a t i o n  o f  crude m a t e r i a l s  by adsorp t ion  column chromatography (14) 
enables t h e  d e t e r m i n a t i o n  of gross chemical composi t ion i n  terms o f  PAH and N-PAC 
conten t .  Secondary chromatographic separa t ions  are achieved by HPLC methods (15) 
f o r  t he  PAH, and a combinat ion o f  a d s o r p t i o n  and ye1 permeation chromatography 
(14,16) f o r  t h e  N-PAC. 
chromatography and mass spec t romet ry  a re  used t o  p rov ide  d e t a i l e d  q u a l i t a t i v e  and 
q u a n t i t a t i v e  chemical a n a l y s i s  o f  i n d i v i d u a l  components i n  t h e  separated 
ma te r i  a1 s . 

F i n a l l y ,  i n s t r u m e n t a l  methods such as c a p i l l a r y  column gas 

Dur ing  t h e  l a s t  severa l  years ,  t h e  SRC ( so l ven t  r e f i n e d  c o a l )  processes have 
rece ived pr ime at tent is: :  and c o n s i d e r a t i o n  as p o t e n t i a l  d i r e c t  coal  l i q u e f a c t i o n  
tech l lo log ies .  An i l l u s t r a t i o n  o f  t h e  d e t a i l e d  da ta  ob ta ined from the  p r e v i o u s l y  
descr ibed a n a l y t i c a l  procedures f o r  t h e  PAH f r a c t i o n  o f  a f u l l  b o i l i n g  range 
SRC I 1  end-product i s  p rov ided i n  F i g u r e  2 and Table 1. It should be noted a t  
t h i s  p o i n t  t h a t  a l l  process m a t e r i a l s  i n v e s t i g a t e d  du r ing  t h i s  study and discussed 
i n  t h i s  paper were from process development u n i t s  o r  p i l o t  p l a n t s  and may not 
n e c e s s a r i l y  be r e p r e s e n t a t i v e  o f  p roduc ts  which w i l l  e v e n t u a l l y  be produced on a 
commercial sca le .  

RESULTS AND DISCUSSION 

DISTILLATION 

An e f f e c t i v e  process technique t h a t  has been used i n  t h e  petroleum i n d u s t r y  
f o r  t h e  gross separa t ion  of  end-products o f  r e f i n i n g  according t o  v o l a t i l i t y  i s  
d i s t i l l a t i o n .  Opt imized f r a c t i o n a l  d i s t i l l a t i o n  has r e c e n t l y  been a p p l i e d  t o  t h e  
produc ts  o f  d i r e c t  coal  l i q u e f a c t i o n  i n  an e f f o r t  t o  e f f e c t  a mo lecu la r  weight 
separa t ion  and i s o l a t e  the  b i o l o g i c a l l y  a c t i v e  components i n  the  h i g h e r  b o i l i n g  
f r a c t i o n s  (6 ) .  Bioassays o f  crude d i s t i l l a t e s  and chemical c lass  f r a c t i o n s  f rom 
severa l  d i r e c t  l i q u e f a c t i o n  processes have shown t h a t  t he  m a j o r i t y  (>99%)of 
y e n e t i c  a c t i v i t y  i s  con ta ined i n  the  d i s t i l l a t e  f r a c t i o n s  b o i l i n g  above 
700OF (4-5).  F igures  3 and 4 a i d  i n  unders tand ing  t h e  chemical bas i s  f o r  t h i s  
observat ion.  

F i g u r e  3A and 3B present chemical c lass  we igh t  d i s t r i b u t i o n  i n f o r m a t i o n  f o r  
t h e  5OoF d i s t i l l a t e  cu ts  o f  t y p i c a l  end-products f r o m  the  SRC I 1  and EDS (Exxon 
Donor So lvent )  coa l  l i q u e f a c t i o n  processes, r e s p e c t i v e l y .  For each process, 
g r e a t e r  than approx imate ly  80% o f  t he  m a t e r i a l  i s  d i s t i l l e d  below 700'F. I n  terms 
o f  chemical c lass  composi t ion,  t h e r e  i s  a decrease i n  a l i p h a t i c  hydrocarbon 
conten t  and i n c r e a s i n g  l e v e l s  o f  N-PAC and p o l a r  h y d r o x y l a t e d  p o l y c y c l i c  a romat ic  
hydrocarbons (HO-PAH) w i t h  i n c r e a s i n g  b o i l i n g  p o i n t  temperature.  The neu t ra l  PAH 
p o r t i o n  o f  each d i s t i l l a t e  cu t  g e n e r a l l y  remains constant.  

The e f f e c t  o f  d i s t i l l a t i o n  temperature on molecu la r  weight i s  shown i n  
F i g u r e  4 f o r  t h e  PAH f r a c t i o n  o f  t h e  SHC I1 b o i l i n g  p o i n t  cuts.  
t r e n d ,  compounds o f  i n c r e a s i n g  molecu la r  weight can be c o r r e l a t e d  w i t h  i n c r e a s i n g  
d i s t i l l a t i o n  temperature.  For example, pyrene, which i s  noncarcinogenic,  i s  a t  a 
maximum c o n c e n t r a t i o n  i n  the  700-750°F c u t ,  w h i l e  t h e  po ten t  carc inogen ic  
compounds such as benzo(a)pyrene are  d i s t i l l e d  i n  t h e  g r e a t e r  than 80OOF cu ts .  
T h i s  t r e n d  i s  a l so  observed f o r  t h e  mutagenic N-PAC and amino-PAH components o f  
t h e  d i s t i l l a t e  f r a c t i o n s .  

As a general  

I n  summary, op t im ized f r a c t i o n a l  d i s t i l l a t i o n  i n  e f f e c t  e l i m i n a t e s  the  bu lk  
of components from the  f u l l  b o i l i n g  range m a t e r i a l  ( F i g u r e  1) which have a 
molecu la r  weight g r e a t e r  than approx imate ly  200 d a l t o n s  and minimizes t h e  l e v e l s  
o f  compounds t h a t  c o n t a i n  p o l a r  n i t r o g e n  and oxygen f u n c t i o n a l  groups. 
A d d i t i o n a l l y ,  m a t e r i a l s  r e s u l t i n g  f rom t h i s  process s t r a t e g y  would have a h i g h e r  
a l i p h a t i c  hydrocarbon conten t  and would be nomina l l y  b i o l o g i c a l l y  i n a c t i v e .  
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BOTTOMS RECYCLE _--__ 
I n f o r m a t i o n  from t h e  d i s t i l l a t i o n  s t u d i e s  l e d  t o  the  suggest ion t h a t  t he  

g rea te r  than 700°F ma te r ia l ,  o r  bottoms, might  s imply  be recyc led  con t inuous ly  t o  
e x t i n c t i o n  Wi th in  the process t o  y i e l d  a n o n - b i o l o g i c a l l y  a c t i v e  end-product. 
Recently, experiments have been conducted w i t h  t h e  SRC I1  process by t h e  Merriam 
Coal L i q u e f a c t i o n  Laboratory  t o  determine t h e  f e a s i b i l i t y  and a p p l i c a b i l i t y  of 
t h i s  process s t ra tegy .  Crude m a t e r i a l s  sampled from t h e  SRC 11 process w h i l e  
ope ra t i ng  i n  t h e  bottoms r e c y c l e  mode, w i t h  a r e c y c l e  c u t  p o i n t  temperature of 
290°C (554OF) and assayed fo r  m i c r o b i a l  mu tagen ic i t y  ( S .  T himurium TA98) showed 

m a t e r i a l  b o i l i n g  above the r e c y c l e  c u t  p o i n t  temperature.  Th is  work a l s o  
demonstrated t h a t  an increased r e c y c l e  o f  heavier-ends reduced t h e  n e t  y i e l d  of 
heavy d i  s t i  11 ate.  

no de tec tab le  a c t i v i t y  a l though these net  products  contained +( 5 10% by we igh t )  ' 

__- CATALYTIC HYDROGENATION 

C a t a l y t i c  hydrogenation has been considered both as an o f f - l i n e  pos t -  
p roduc t i on  upgradiny step, as w e l l  as an i n t e g r a l  process i n  d i r e c t  coa l  
l i q u e f a c t i o n  technologies.  E a r l y  r e s u l t s  w i t h  c a t a l y t i c  hydrot reatment  o f  an 
SRC I1 f u e l  o i l  b lend m a t e r i a l  showed t h a t  mutagenic a c t i v i t y  was s u b s t a n t i a l l y  
reduced by hydrogenation (17). Th i s  was exp la ined  by the  reduced l e v e l s  o f  amino- 
PAH due t o  deamination o f  t h e  n i t r o g e n  f u n c t i o n a l i t y  which occurs r e a d i l y  under 
t h e  reducing c o n d i t i o n s  o f  hydrogenat ion processes. Furthermore, hydrogenat ion o f  
t h e  PAH components can lead  t o  reduced a r o m a t i c i t y  and/or carbon-carbon bond 
s c i s s i o n  o f  h ighe r  molecular  weight  PAH. Th is  again leads t o  a reduc t i on  i n  t h e  
b i o l o g i c a l  potency o f  t he  end-products. 

Several d i r e c t  l i q u e f a c t i o n  techno log ies  i n c l u d i n g  EDS and TSL (two s taye 
l i q u e f a c t i o n )  i nco rpo ra te  some form o f  c a t a l y t i c  hydrogenat ion s tep w i t h i n  t h e  
process. Table 2 l i s t s  t h e  q u a n t i t a t i v e  r e s u l t s  f o r  t h e  major components detected 
i n  the  PAH f r a c t i o n  o f  t h e  700-750'F d i s t i l l a t e  cu t  o f  end-products from t h e  
SRC I 1  (no hydroyenat ion)  and EOS (process so l ven t  hydrogenat ion)  processes. An 
obvious e f fec t  of t he  hydrogenat ion process i s  a general r e d u c t i o n  i n  t h e  EDS 
m a t e r i a l  of the concen t ra t i on  l e v e l s  of parent  PAH, f o r  example pyrene and 
benzofluorene, as compared t o  o the r  c o n s t i t u e n t s  o f  t h e  f r a c t i o n  such as t h e  
hydroaromatics and a l k y l a t e d  species. I n  genera l ,  t h e  EDS d i s t i l l a t e  c u t  i s  
composed of severa l  compounds w i t h i n  a f a i r l y  narrow concen t ra t i on  range, w h i l e  
t h e  SRC I1 m a t e r i a l  has a few major components w i t h  o t h e r  c o n s t i t u e n t s  a t  much 
lower concen t ra t i on  l e v e l s .  Table 3 g i ves  an es t ima te  o f  t h e  magnitude o f  t h e  
chemical d i f f e r e n c e s  t h a t  r e s u l t  from t h e  hydrogenat ion process. The increased 
p ropor t i ons  of a l k y l a t e d  and hydroaromat ic  PAH i n  hyd ro t rea ted  m a t e r i a l s  has t h e  
n e t  e f f e c t  of i n c r e a s i n g  the  hydrogen t o  carbon r a t i o  and enhancing t h e  q u a l i t y  o f  
bo th  process products  and r e c y c l e  so l ven ts .  

TWO STAGE LIQUEFACTION -- 
Two stage l i q u e f a c t i o n  processes such as the  second generat ion i n t e g r a t e d  two 

It appears t h a t  t he  two most impor tan t  features are reduced l i q u e f a c t i o n  
Low 

stage l i q u e f a c t i o n  ( ITSL)  i n c o r p o r a t e  severa l  process fea tu res  which l ead  t o  bo th  
process streams and p o t e n t i a l  product  m a t e r i a l s  which show reduced g e n o t o x i c i t y  
(18,19). 
s e v e r i t y  i n  t h e  f i r s t  stage and c a t a l y t i c  hydrot reatment  i n  t h e  second stage. 
s e v e r i t y  e x t r a c t i o n  depends upon the  a v a i l a b i l i t y  o f  h igh  q u a l i t y  hydrogen-r ich 
so l ven t  which r e s u l t s  from hydrot reatment .  S e v e r i t y  i n  the  i n i t i a l  l i q u e f a c t i o n  
s tep i s  reduced p r i m a r i l y  by l ower ing  the  res idence t i m e  o f  t he  coal s l u r r y  i n  t h e  
f i r s t  stage reac to r .  The improved s o l v a t i o n  and hydroyenat ion p r o p e r t i e s  o f  t h e  
h ighe r  q u a l i t y  so l ven t  a l l ows  t h e  coal  t o  be so l va ted  q u i c k l y  and e f f i c i e n t l y ,  
thus m in im iz ing  t h e  p o s s i b i l i t y  o f  re t rog rade  r e a c t i o n  which leads t o  t h e  
format ion of p o l a r  m a t e r i a l s  and may cause p o l y m e r i z a t i o n  o r  coking. 
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Reduct ion i n  n i t r o g e n  conten t  o f  t h e  d i s t i l l a t e s  i s  t h e  main reason f o r  t h e  
lower g e n o t o x i c i t y  o f  t h e  ITSL m a t e r i a l s  as compared t o  t h e  s i n g l e  stage 
processes. F i g u r e  6 compares gas chromatograms o f  t h e  n i t r o g e n - c o n t a i n i n g  PAH 
f r a c t i o n s  a f t e r  t h e  f i r s t  and second stages o f  t h e  ITSL process. Deamination t h a t  
i s  o n l y  p a r t i a l  i n  the  low s e v e r i t y  r e a c t o r  i s  r e l a t i v e l y  complete i n  the  
h y d r o t r e a t o r  product.  T h i s  reduces the  o v e r a l l  c o n c e n t r a t i o n  o f  genotox ic  amino- 
PAH i n  t h e  process m a t e r i a l  and end-products. S i m i l a r l y ,  hydrogenat ion and 
c r a c k i n g  occurs f o r  the  o the r  PAH components i n  t h e  process m a t e r i a l  r e s u l t i n g  i n  
t h e  s u p e r i o r  r e c y c l e  s o l v e n t  p r o p e r t i e s  r e q u i r e d  fo r  low s e v e r i t y  l i q u e f a c t i o n  i n  
t h e  f i r s t  stage and h igh  q u a l i t y  end-products t h a t  a re  s u i t a b l e  f o r  upgrading and 
r e f i n i n g .  

CONCLUSION 

The a b i l i t y  t o  per fo rm d e t a i l e d  chemical a n a l y s i s  p r o v i d e s  i n s i g h t s  and 
unders tand ing  i n t o  bo th  the  areas of  b i o l o g i c a l  e f f e c t s  and process s t r a t e g i e s .  
There are  a number o f  chemical d i f f e r e n c e s  which have been discussed f o r  t h e  
d i f f e r e n t  products f rom d i r e c t  l i q u e f a c t i o n  s t r a t e g i e s ,  i n c l u d i n g  hydrogenat ion,  
d e - n i t r o g e n a t i o n ,  and a l k y l a t i o n .  The h i g h e r  mo lecu la r  we igh t  genotoxic PAH and 
N-PAC which a re  minor c o n s t i t u e n t s  i n  most f u l l  range d i s t i l l a t e  coal  l i q u i d s  can 
be e f f e c t i v e l y  reduced i n  c o n c e n t r a t i o n  by o p t i m i z e d  f r a c t i o n a l  d i s t i l l a t i o n ,  
bottoms recyc le ,  o r  hydrogenat ion.  Furthermore, two stage l i q u e f a c t i o n  w i t h  
enhanced r e c y c l e  so lvents  under low s e v e r i t y  c o n d i t i o n s  coupled w i t h  hydrogenat ion 
reduces t h e  aromat ic and p o l a r  PAH conten t  w h i l e  i n c r e a s i n g  t h e  hydrogen t o  carbon 
r a t i o  of t h e  process m a t e r i a l .  
work r e s u l t  i n  h i g h e r  q u a l i t y  process m a t e r i a l s  and end-products which a re  
s u i t a b l e  e i t h e r  f o r  r e f i n i n g  o r  upgrad ing  i n t o  usab le  products.  

I n  general ,  t h e  s t r a t e g i e s  i n v e s t i g a t e d  i n  t h i s  
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-. TABLE 1. Quantitative and Qualitative Analysis o f  the PAH 
in the SRC I1 Full Range Distillate(a1 

Compound P F r a c t i o  
Peak No. Mol. !dt.(b) I d e n t i f i c a t i o n  (EM ( ~ g / g ) ~ ' )  

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

33 
34 

35 

36 
37 

38 
39 
40 
41 
42 

128 
142 
142 
156 
156 
156 
156 
:52 
154 
170 
170 
168 
166 
168 
184 
180 
182 

180 
180 

180,182.198 

184 
196 
178 

194,196 
196 
192 
192 
192 
212 
204 
202 
202 
204 
218 

216 
216 

218 

216 
230 

228 
228 
242 
252 
252 

Naphthalene 
2-Methylnaphthalene 
1-Methylnaphthalene 
2-ethyl naphthalene 
2.6- andfor 2.7-Dimethylnaphthalene 
1.7- and 1,6- o r  1.3-Simethyl naphthalene 
C2-XaphLhaiene 
Acenaphthy 1 ene 
Acenaphthene 
C3-Naphthalene 
C Naphthalene 
D&enzo fu ran  
F1 uorene 
C Acenaphthene and/or Dihydrof luorene 
CiINaphthalene 
9-Methyl f l uo rene  
C Dibenzofuran and/or C2-Acenaphthene 

2-Methylfluorene 
1-Methyl f luorene 
C Fluorene andfor C Aceaaphthene andfor 

' ind f o r  Cl-Di hydrofluorene 

'i1-D? hydrof  1 uorenef-and/or 
C1-Di benzofuran 

Dibenzothiophene 
C -Acenaphthene and/or C2-Dihydrofluorene 
Pzenanthrene 
C2-Fluorene and/or C2-Oi  hydrof luorene 
C2-Di hydrof luorene 
3-Methyl phenanthrene 
2-Methyl phenanthrene 
1-Methylphenanthrene 
2-Chloroanthracene I n t e r n a l  Standard 
Dihydrof luoranthene 
Fluoranthene 
Pyrene 
D i  hydropyrene 
Cl-Dihydrofluoranthene andfor 

Benzo(a Inaphthofuran 
Benzo(a ) f luorene 
Benzo(b1fluorene and/or 

2- o r  &methyl pyrene 
D i  hydrobenzo(b)fluorene andfor 

Benzo(b)naphthofuran 
1-Methy 1 pyrene 
C1-Benzofluorene andfor 

Benz(a )anthracene 
Chrysene 
6- o r  4-Methylchrysene 
Benzo(j o r  b) f luoranthene 
Benzo(e)pyrene 

C2-pyrene f f luoranthene 

730 f 
15.040 f 680 
2.840 t 130 

11.400 ? 540 
12.500 f 1000 
8,260 f 440 

340 f 20 
7.990 f 450 

13,360 t 740 
13.960 f 1180 
39.960 f 4140 

16,650 f 3040 

11.750 f 680 
9.830 f 480 

12.290 f 750 

44,640 f 2840 

9.300 f 840 
11,.950 f 800 

3.680 t 490 

8,780 f 100 
3.820 f 30 

19.520 f 470 

2.840 f 230 

10.360 f 1110 

2,650 f 470 

660 f 60 
1.110 f 120 
2.110 f 210 

250 f 50 
200 f 60 

(a) SRC I 1  F u l l  Range D i s t i l l a t e  obtained from Gulf Research and Development Co.. 
An h a x  B e l l e  Ayr Merr ian Coal L ique fac t i on  Laboratory,  Shawnee Mission, KS. 

Mine subbituminous coal was used d u r i n g  run DOE 454RA which was made i n  the 
convention recyc le  mde. 

(b )  As determined by c a p i l l a r y  column gas chromatographic-mass spectrometry. 
( c )  Determined from response fac to rs  of standard compounds. 
(d) Based on three determinat ions;  10 mg/ml. 5 mglml. and 2.5 mglml 'd i lut ions.  



? 
TABLE 2. Concentrat ions o f  t h e  Major Components o f  t he  700-750°F D i s t i l l a t e  

F r a c t i o n s  o f  SRC I 1  and EDS End-Products. 

Compound E.D.s.( SRC I I ( ' )  

D i  hydrof luoranthene 
Fluoranthene 
Pyrene 
D i  hydropyrene 
Benzo(b) f luorene and/or 

2- o r  4-Methyl pyrene 
1 -Met hy 1 py rene 
Benz ( a  )anthracene 
Chrysene 

2,098 f 36 21,822 f 6,335 
1,089 f 16 30,210 f 1,819 

29,838 f 976 275,991 f 32,372 
6,391 f 157 27,733 t 8,413 

47,042 f 11,610 257,629 f 70,359 
26,567 f 6,371 34,335 f 4,405 

308 f 23 4,098 f 942 
1,554 f 335 2,086 f 561 

(a )  Concentrat ion o f  components i n  t h e  PAH f r a c t i o n  as determined f rom response 
f a c t o r s  o f  standards. Based on t h r e e  de te rm ina t ions  a t  10 mg/mL, 5mg/mL, 2.5 
mg/mL d i  1 u t i ons .  

(b )  EOS 50° d i s t i l l a t e  from a feed b lend o f  naptha and process so l ven t  o f  I l l i n o i s  
No. 6 coa l ;  ECLP operat ions,  Exxon Research and Engineer ing Co.. Baytown, TX. 

( c )  SRC I1  50' d i s t i l l a t e s  from a feed b lend  o f  naptha and process so l ven t  o f  
Powhatan No. 5 mine coa l ;  PDU P-99 operated by Gu l f  Science and Technology 
Co., Harmarv i l l e ,  PA. 

TABLE 3. Concentrat ion Ra t ios  o f  Selected 4-Ring PAH i n  the  
700-750°F D i s t i l l a t e  F r a c t i o n s  o f  SRC I 1  and EDS 

- __ 
Compound R a t i o  EDS SRC I 1  

pyrene 1.1 8.0 
1-methyl pyrene 

p y r e n e  4.7 10.0 
d ihydropyrene 

f l uo ran thene  0.5 
d ihyd ro f l uo ran thene  

0.7 
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REM9SC3 i i i ~ l S E  HPLC 

HIGH RESOLUTION GAS CHROMATOGRAPHY 

L 

GAS CHROMATOGRAPHY/MASS SPECTROMETRY 

fl 200 m 

FIGURE 1. Overview of the analytical methodology used for the detailed 
chemical characterization of coal liquefaction materials. 
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FIGURE 3. 

WEIGHT PERCENT 

A 

100-700 700-750 750-800 800-850 850+ 
BOILING POINT CUT (OF) 

WEIGHT PERCENT 

B 

BOILiNG POINT CUT (OF) 

Weight d i s t r i b u t i o n  o f  chemical  c lasses  i n  t h e  ( A )  SRC I 1  and (6) 
EDS d i s t i l l a t e  f r a c t i o n s  ( see  Tab le  2 f o o t n o t e s  f o r  a d e t a i l e d  
d e s c r i t p i o n  of these process m a t e r i a l s ) .  
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1 700-750 ‘ I  

750-800 

800-850 

24 TIME ( M i N )  48 72 0 

50 120 lao TEMP (OC) 240 300 

FIGURE 4. Capillary column gas chromatograms of the PAH fractions from 
the SRC I 1  50’F distillates fractions. 
for a detailed description of this coal-derived material.) 
Conditions as in Figure 2. 

(See Table 2 footnotes 
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