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ABSTRACT 

1 
Charac te r i za t ion  o f  t h e  o rgan ic lmine ra l  matter i n t e r a c t i o n s  is  c e n t r a l  t o  t he  
problem of s o l i d / l i q u i d  s e p a r a t i o n  i n  t h e  l i q u e f a c t i o n  of coa l .  Samples of t he  
vacuum tower bot toms from the  l i q u e f a c t i o n  of Illinois No. 6 c o a l  i n  t h e  Wi l sonv i l l e  I 
p i l o t  p l a n t  have been  s tud ied .  The t echn iques  inc lude  va r ious  ana lyses  such a s  
e lementa l ,  so lven t  e x t r a c t i o n ,  STEM, FTIR, XPS. XRD, and XRF. Surface  a c t i v e  
oxygenates a s s o c i a t e d  wi th  o rgan ic /mine ra l  matter i n t e r a c t i o n  appear t o  c o n s i s t  of 
bo th  pheno l i c s  and ca rboxy la t e s .  
i n t e r a c t i o n s  were a f f e c t e d  by the  r e c y c l e  of mine ra l  matter and unconverted c o a l  as 
p a r t  of t h e  l i q u e f a c t i o n  feed  so lven t .  

INTRODUCTION 

The sepa ra t ion  of unconverted c o a l  and mine ra l  ma t t e r  from heavy coal-derived 
l i q u i d s  is  d i f f i c u l t .  Work was under taken  t o  de t e rmine  if an i n t e r a c t i o n  between 
t h e s e  components cou ld  be  demonstrated which could  prove u s e f u l  i n  t h e  des ign  of 
e f f i c i e n t  mine ra l  removal processes .  S p e c i f i c  r e f e r e n c e  i s  made t o  t h e  u s e  of 
c r i t i ca l  s o l v e n t  deashing  (CSD) such as t h a t  of t h e  ROSE-SR p rocess  of Kerr-McCee 
Corporation. The po la r  f u n c t i o n a l i t y  of c l a y s ,  ca rbona te s ,  and o the r  minera ls  
would l i k e l y  i n t e r a c t  w i th  h e t e r o f u n c t i o n a l  groups  i n  c o a l  a spha l t enes  and preasphal -  
t enes .  Therefore ,  t y p i c a l  coa l -der ived  r e s i d s  and unconverted c o a l  s o l i d s  were 
cha rac t e r i zed ,  focus ing  on the  load ing  of o rgan ic  oxygenates onto  minera l  ma t t e r .  

Coal a spha l t enes  have been shown t o  have h igh  l e v e l s  o f  h e t e r o f u n c t i o n a l i t y ( l ) ,  and 
t h e  oxygenate groups are p r imar i ly  phenol ic (2)  w i t h  low t o  immeasurable l e v e l s  of 
ca rboxy l i c  groups. In f a c t ,  I l l i n o i s  No. 6 c o a l ,  which was used t o  gene ra t e  t h e  
products  t e s t e d  i n  t h i s  s tudy ,  was shown t o  c o n t a i n  about  one-tenth(2) or  l e s s ( 3 )  
of  i t s  oxygen as ca rboxy l i c  groups. In a d d i t i o n ,  i t  h a s  been shown(4) t h a t  c o a l  
l o s e s  ca rboxy l i c  groups  on hea t ing  t o  e l e v a t e d  tempera tures .  Therefore ,  s i n c e  t h i s  
f u n c t i o n a l i t y  was observed i n  the  heavy f r a c t i o n s  and CSD ope ra t ion  g r e a t l y  
improved wi th  the  r ecyc le  of unconverted c o a l ,  w e  extended t h i s  s tudy  t o  inc lude  
the  c h a r a c t e r i z a t i o n  of recyc led  s o l i d s  which may have served  a s  c a t a l y t i c  sites 
f o r  l i q u i d  upgrading and /o r  coking. 
a1.(5) w i th  r e s p e c t  t o  t h e  na tu re  of r e a c t o r  s o l i d s  accumulating du r ing  l i que -  
f a c t i o n .  

The observed c h a r a c t e r i s t i c s  of t h e  o rgan ic lmine ra l  

Reference  is  made t o  t h e  work of Wakeley, et 

EXPERIMENTAL 
( 

Samples were ob ta ined  from the  Advanced Coal L ique fac t ion  RbD F a c i l i t y  a t  
Wi l sonv i l l e ,  AL, which has  been desc r ibed  by Lamb, e t  a l ( 6 ) .  The Wi l sonv i l l e  p i l o t  
p l an t  was o p e r a t i n g  i n  a two-stage mode wi th  d i r e c t  coup l ing  of the  thermal and 
c a t a l y t i c  ( h y d r o t r e a t e r )  r e a c t o r s  a s  shown i n  t h e  schemat ic ,  F igure  1. Afte r  
f l a s h i n g  and vapor  recovery ,  t h e  vacuum tower bottoms (VTB) cu t  was f ed  to  a 
cr i t ical  s o l v e n t  deash ing  (CSD) u n i t  t o  r e j e c t  a n  ash concen t r a t e  and recover an  
ash- f ree  r e s i d .  The products  of two runs were s t u d i e d .  In  run 250D, t h e  l i que fac -  
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t i o n  feed so lven t  cons i s t ed  of r ecyc led  f l a s h  d i s t i l l a t e s  p l u s  CSD-derived r e s i d .  
In  run 250H, a p o r t i o n  of the  VTB, i nc lud ing  unconverted c o a l  and mine ra l  m a t t e r ,  
was added t o  t h e  feed  so lven t .  Both runs  were made wi th  I l l i n o i s  No. 6 c o a l  a t  
e s s e n t i a l l y  t h e  same r e a c t i o n  cond i t ions ,  and CSD ope ra t ion  was shown (7) t o  be 
much smoother i n  t h e  l a t t e r  run. 

Charac t e r i za t ion  d a t a  f o r  samples of VTB o f  t h e s e  two runs  are summarized i n  
Table  I. GPC a n a l y s i s  of t he  o rgan ic  Soxhle t  f r a c t i o n s  produces i d e n t i c a l  molecular  
weight p r o f i l e s  f o r  t h e  two samples. 
minera l  matter and unconverted c o a l  i n  run 250H product  as a r e s u l t  of r ecyc le .  
The s h i f t  i n  t h e  Soxhle t  c h a r a c t e r i z a t i o n  d a t a ,  s p e c i f i c a l l y  t>e dec rease  i n  t h e  
o i l s  (pentane s o l u b l e s )  con ten t ,  h i g h l i g h t s  a s i g n i f i c a n t  s h i f t  i n  c h a r a c t e r  a s  a 
r e s u l t  of p rocess  r ecyc le .  Apparent ly ,  r e c y c l e  l e a d s  t o  inc reased  s o l u b i l i z a t i o n  
and r e a c t i o n  of t he  heavy f r a c t i o n s  i n  t h e  l i q u e f a c t i o n  r e a c t o r s  r e s u l t i n g  i n  a 
more r e f r a c t o r y  r e s i d .  

The VTB c u t s  r e s i d s  were Soxhle t  e x t r a c t e d  wi th  t e t r ahydro fu ran  (THF) tc  s e p a r a t e  
the  s o l u b l e  o rgan ic  ma t t e r  from t h e  s o l i d s .  NMR a n a l y s i s  of  t h e  THF e x t r a c t s  i s  
provided i n  Table  11. There a r e  l a r g e  d i f f e r e n c e s  i n  t h e  a l i p h a t i c  carbon and r i n g  
s i z e  (bridgehead carbon) between t h e  two samples. Run 250H VTB i s  more h i g h l y  
dea lky la t ed  (C T h i s  i s  
c o n s i s t e n t  w i t f @ h e  lower l e v e l  of  o i l s  found i n  t h e  V$B upon r ecyc le .  
confirm t h e  obse rva t ion .  FTIR a n a l y s i s  a l s o  p o i n t s  t o  a n e a r l y  f ive - fo ld  i n c r e a s e  
i n  t h e  phenol ic  oxygen con ten t  of run  250D product over  t h a t  of 250H. 
ence is  l a r g e l y  due t o  THF e x t r a c t a b l e s .  

The phys ica l  makeup of t h e  THF i n s o l u b l e s  f r a c t i o n  of  bo th  runs  w a s  examined by 
D r .  Alan Davis of Pennsylvania S t a t e  Un ive r s i ty  us ing  pe t rog raph ic  techniques .  
r e s u l t s  i n d i c a t e  t h a t  t he  organic  p o r t i o n  of t he  f r a c t i o n s  were p r imar i ly  composed 
of v i t r o p l a s t  (20 v o l  %), unreac ted  " i n e r t i n i t e "  (9-12 v o l  %), and unreac ted  
v i t r i n i t e  ( 2 - 8  v o l  %). 
i n e r t i n i t e  t han  t h e  250H sample. The 250H sample a l s o  conta ined  masses of l a r g e r  
v i t r o p l a s t  sphe res  (secondary v i t r o p l a s t )  which were not  s een  i n  t h e  250D sample. 
No mesophase s t r u c t u r e s  were observed and only ve ry  r a r e  p a r t i c l e s  of coke were 
noted  i n  the  r e s idues .  Both samples exh ib i t ed  l a r g e  amounts of c l a y s  (50-55 v o l  %) 
and i r o n  s u l f i d e s  (6-13 v o l  %). While t h e  c l ay  concen t r a t ions  were similar f o r  
bo th  f r a c t i o n s ,  t h e  concen t r a t ion .o f  i r o n  s u l f i d e s  i n  the  250H VTB were t w i c e  t h a t  
in t h e  250D sample,  r e f l e c t i n g  the  concen t r a t ion  of mine ra l  matter by p rocess  
r ecyc le .  Trace  (1-4 v o l  %) ca rbona te s  were a l s o  i d e n t i f i e d .  However, t h e  ca rbona te s ,  
p resent  a l s o  i n  the  feed  c o a l ,  were h igh ly  c r y s t a l l i n e  and exh ib i t ed  none of t h e  
s t r u c t u r e  of t he  reactor-formed ca rbona te s  which are genera ted  du r ing  t h e  p rocess ing  
of some carboxyla te - r ich  low-rank c o a l s .  

The minera l  ma t t e r  concent ra ted  i n  t h e  THF i n s o l u b l e s  was analyzed by XRF and XRD. 
Analys is  by XRF shows t h a t  t h e  m i n e r a l  ma t t e r  of t h e  two samples t o  be similar i n  
composition (Table I I I ) ,  w i th  l a rge  amounts of s i l i c o n ,  a lumina ,  and i r o n  p resen t .  
XRD a n a l y s i s  shows t h e  l a t t e r  t h r e e  components t o  be  i n  t h e  form of a -quar tz ,  i r o n  
s u l f i d e  mine ra l s  (predominantely p y r r h o t i t e ) ,  and a l u m i n o s i l i c a t e s  ( p r i n c i p a l l y  
k a o l i n i t e ) .  

Ground p a r t i c l e s  of VTB be fo re  and a f t e r  THF e x t r a c t i o n  were cha rac t e r i zed  by STEM 
and XPS. STEM a n a l y s i s  p o i n t s  t o  t h e  agglomera t ion  of i r o n  s u l f i d e  and ca lc ium 
minera l  p a r t i c l e s  upon THF e x t r a c t i o n .  XPS d a t a  f o r  mine ra l  mat te r  f o r  bo th  r e s i d s  

The d a t a  document t h e  h igher  concen t r a t ion  of 

= 1 2 . 2  VS. 18.3%) and condensed (Ca-. = 27 .2  VS. 18.62). 
FTIR d a t a  

Th i s  d i f f e r -  

The 

The 250D sample conta ined  l a r g e r  amounts of  unreac ted  

Both samples e x h i b i t  t r a c e s  of ca rbona te s  a s  noted earlier.  
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befo re  and a f t e r  THF e x t r a c t i o n  a r e  summarized i n  Table  I V .  The d a t a  i n d i c a t e  h i g h  
l e v e l s  of p h y s i c a l  adso rp t ion  of o rgan ic  m a t t e r  on t h e  s i l i c a t e  and a l u m i n o s i l i c a t e  
mine ra l  s u r f a c e s  i n  t h a t  t h e  o rgan ic  c o a t i n g  is removed by THF e x t r a c t i o n .  However, 
t he  i r o n  s u l f i d e  s u r f a c e  e x h i b i t s  s i g n i f i c a n t  i r r e v e r s i b l e  adso rp t ion  or coking on  
the  s u r f a c e ,  because  o r g a n i c s  are n o t  removed by THF e x t r a c t i o n .  A s i m i l a r  
s i t u a t i o n  e x i s t s  f o r  ca lc ium carbonate  s u r f a c e s ,  bu t  t o  a lesser e x t e n t  than  t h a t  
of i r o n  s u l f i d e .  

Elemental  a n a l y s i s  of t h e  o rgan ic  matter i n  t h e  THF i n s o l u b l e s  f r a c t i o n s  of  t h e  VTB 
c u t s  i s  g iven  i n  Tab1e.V. 
wi th  s i g n i f i c a n t  c o n c e n t r a t i o n s  of he te roa toms i n  the  THF inso lub le s .  Much of t h e  
organic  oxygen shows up as s t r o n g  pheno l i c  oxygen abso rp t ion  i n  t h e  OH/NH s t r e t c h  
r eg ion  of the  FTIR spectrum (Figure  2 ) .  Comparison of r a t i o s  of normalized 
i n t e g r a l s  and normalized i n t e n s i t i e s  of  t h e  second d e r i v a t i v e s  by deconvolu t ion  
shows t h a t  l i k e  amounts and types  of pheno l i c s  are concent ra ted  i n  the  THF inso lu -  
b l e s  f r a c t i o n s  of t h e  two VTR c u t s .  The FTIR s p e c t r a  a l s o  e x h i b i t  sma l l  bu t  marked 
r e s i d u a l  ca rboxy l i c  a c i d  abso rp t ion  a t  around 1700 wavenumbers and a ca rboxy la t e  
band around 1530 (F igure  3).  In comparison t o  tlie very  weak ca rboxy l i c  s i g n a l  i n  
t h e  whole VTB. t h e  d a t a  i n d i c a t e  t h a t  t he  ca rboxy la t e  f u n c t i o n a l  groups  a r e  p r e f e r -  
e n t i a l l y  a t t a c h e d  t o  t h e  THF i n s o l u b l e s  p o r t i o n  of t h e  r e s i d s .  A c i d i f i c a t i o n  of 
the  THF i n s o l u b l e s  wi th  6N H C 1  followed by e x t r a c t i o n  wi th  C H C l  l e a d s  t o  a 44X 
r educ t ion  i n  t h e  i n t e n s i t y  of t h e  ca rboxy l i c  a c i d  band i n  t h e  i i s o l u b l e s ,  s o  t h e r e  
is i n t e r a c t i o n  w i t h  t h e  mine ra l s  t h a t  a r e  removed by a c i d  t rea tment .  

CONCLUSIONS 

The s e p a r a t i o n  of unconverted c o a l  and  minera l  matter a t  Wi l sonv i l l e  w a s  shown t o  
be b e t t e r  when a p o r t i o n  of t h e s e  s o l i d s  were r ecyc led  wi th  the feed  so lven t  t o  t h e  
l i q u e f a c t i o n  r e a c t o r .  Our a n a l y s i s  o f  t h e  VTB f eed  t o  the  sepa ra t ion  u n i t  i n d i c a t e s  
t h a t  such  r e c y c l e  l e a d s  t o  increased  s o l u b i l i z a t i o n  of  the  heavy f r a c t i o n s  and a 
more r e f r a c t o r y  (condensed) r e s i d .  W e  a l s o  observed t h a t  some ca rboxy l i c  a c i d  
f u n c t i o n a l i t y  i s  r e t a i n e d  i n  the  heavy coa l -der ived  f r a c t i o n s  a f t e r  c o a l  l i q u e f a c -  
t i o n .  Th i s  appea r s  t o  be due t o  an i n t e r a c t i o n  of t hese  groups wi th  t h e  mine ra l  
mat te r .  It  h a s  a l s o  been observed t h a t  much of t h e  carbonaceous d e p o s i t s  formed on  
the  s i l i c a  and a l u m i n o s i l i c a t e  c l a y s  can  be removed by e x t r a c t i o n  wi th  a po la r  
so lven t ,  b u t  t h e  o r g a n i c  ma t t e r  depos i t ed  on t h e  i r o n  s u l f i d e s  and carbonates  a r e  
more coke- l ike  and n o t  r e a d i l y  removed. 
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356 



TABLE I 

CHARACTERIZATION OF WILSONVILLE VACUUM TOWER BOTTOMS STREAMS 

Run 250D 

Proximate Analys is  (wt%) 
Mois ture  
V o l a t i l e s  
Fixed Carbon (by d i f f . )  
Ash 

Elemental  Analysis '  (we%) 
Carbon 
Hydrogen 
Nitrogen 
S u l f u r  
Oxygen 
Atomic HIC 

Soxhle t  Ext rac t ion '  (wt%) 
O i l s  
Asphal tenes  
P r e a s p h a l t e n e s  
Coke & Unconverted 

Coal & Eiineral Mat te r  

0.09 
67.8 
22.3 

9.8 

81.2 
6.29 
1.26 
0.98 
2.09 
0 .93  

46.4 
24.0 
8.8 

20.8 

Uncorrected f o r  m i n e r a l  m a t t e r .  

S e q u e n t i a l  e x t r a c t i o n  w i t h  n-pentane, to luene ,  and te t rahydrofuran .  

TABLE I'I 
NMR MALYSIS OF THF EXTRACTS' 

Run 250D 

Ha, H on aromat ic  C 
Ha, H on a C a t o  r i n g  
Hsat,  H on a C 6 o r  f u r t h e r  

Hme, H on CH 
Ca, a r o m a t i c  C 
Cat. a romat ic  C b e a r i n g  a H 
Ca-s, a romat ic  C b e a r i n g  an a l k y l  C 
Ca-i. a romat ic  C a t  b r i  gehead p o s i t i o n  
Average number of r i n g s  

t o  r i n g  (=CH -) 4 or  f u r t h e r  t o  r i n g  3 

9 

24.1 
35.4 

31.3 
9 .2  

60.6 
23.1 
18.3 
18.6 

6 

Run 250H 

0.10 
58.1 
24.9 
16.9 

74.2 
5.43 
1.24 
1.58 
3.66 
0.88 

29.3 
21.4 
13.1 
36.2 

Run 250H 

31.1 
25.6 

35.4 
7.8 

67.3 
28.0 
12.2 
27.2 

9 

Analyses based on combined 'H and 13C-NMR. 
o r  H. 

Data is expressed  as % of t o t a l  C 

Average number 
740 (VPO). 

of a romat ic  r i n g s  was c a l c u l a t e d  u s i n g  a number average Mw of 
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TABLE I11 

METAL .COMPOSITIONS OF THF INSOLUBLES BY XRF 

Run 250D 

A 1  
Na 
Mg 
s i  
S 
K 
C a  
T i  
Fe 
Ba 
Mn 

T o t a l  M e t a l s  
Oxide Ash  

. 6.3  
(0.1 

14.3 
0 .18  

1.24 
0.97 
3.2 
0.25 
7.4 
0.03 
0.04 

34.0 
63.8 

Run 250H 

6.5 
<0.1 

0 .22  
14.3 

1.26 
1.07 
2.0 
0.31 
7.8 
0.03 
0 .02  

33.5 
62.8 

TABLE I V  

ATOMIC RATIOS ON PARTICLE SURFACES AT RESIDS CALCULATED FROM XPS DATA' 

Run 250D Run 250H 
A t o m i c  R a t i o  Whole Res id  THF I n s o l  Whole Res id  THF I n s o l  

Si/lOOC 1 .o 1 1  0 . 8  10 

A11100C 0.0 7.3 0 . 6  7.1 

FeI100C 0.0 0 . 5  0.0 0 . 5  

Ca/100C 0.0 1 . 0  0.0 1.5 

'Adjusted t o  THF i r t s o l u b l e s  c o n t e n t  b a s i s .  

TABLE V 

ELEMENTAL ANALYSIS OF THF INSOLUBES' 

Carbon 
Hydrogen 
N i t r o g e n  
Sulfur 
Oxygen 
Atomic H I C  

Run 250D -- 
29.5 

2.0 
0 . 5  
4.4 
6.5 
0 .83  

Run 250H 

29.8 
1.8 
0 .8  
4.3 
5.9 
0.73 

Uncorrec ted  for m i n e r a l  m a t t e r .  
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