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INTRODUCTION 

The f i r s t  a p p l i c a t i o n  o f  u l t r a s o n i c  irr d i a t i o n  t o  d i s p e r s e  the  a! f r a c t i o n  o f  
coa l  i n  pyridine was repor ted  by B e r k o w i t z d  Kirkby, Lakey, and S a r j a n t  have 
inves t iga ted  t h e  u l t r a s o n i c  s o l v a t i o n  of  c o a l s  o f  d i f f e r e n t  ranks i n  pyridine.z/  
In addi t ion  t o  an i n f r a r e d  study of  the  coa l  e x t r a c t s ,  these au thors  have descr ibed 
t h e  e f f e c t s  of i r r a d i a t i o n  t ime,  c o a l  rank, p a r t i c l e  s i z e ,  and char r ing  tempera- 
t u r e  on t h e  amount o f  c o a l  s o l u b i l i z e d .  Li t t lewood,  who a l s o  used pyr id ine  a s  a 
so lvent ,  s tudied the s o l u b i l i z a t i o n  of  coa l  a s  a funct ion of t h e  d is tance  of  the  
e x t r a c t i o n  vesse l  t o  the  u l t r a s o n i c  t ransducer ,  generator  output  power, and coal  
rank.2/ We have descr ibed  the  u l t r a s o n i c  s o l v a t i o n  of hvab coa l  a t  ambient t emp-  
e r a t u r e  using quinol ine ,  p y r i d i n e ,  ormamide, N-N-dimethylformamide, and 1 ,2 ,3 ,4-  

e x t r a c t  w a s  obtained wi th  quinol ine ;  a f t e r  4 hours of u l t r a s o n i c  i r r a d i a t i o n  
approximately h a l f  of  the  coa l  w a s  s o l u b i l i z e d ,  two and one-half  t i m e s  the y i e l d  
wi th  pyridine.  

te t rahydronaphthalene a s  solvents . -  4f . I n  our  i n v e s t i g a t i o n  t h e  h i g h e s t  y ie ld  of  

EXPERIMENTAL 

The i d e n t i f i c a t i o n  of  t h e  c o a l s  used i n  t h i s  i n v e s t i g a t i o n  a r e  given i n  
t a b l e  1. 

Table  1.- I d e n t i f i c a t i o n  o f  c o a l s  

- Coal I d e n t i f i c a t i o n  

1 V i t r a i n ,  h i g h - v o l a t i l e  A bituminous P i t t s b u r g h  seam, Bruceton, 
Allegheny County, Pennsylvania 

2 High-vola t i le  A bituminous, P i t t s b u r g h  seam, Valley Camp No. 3 ,  
Ohio County, West Virg in ia  

3 High-vola t i le  A bituminous, bottom bench, Noon Mine, Ohio 

4 H i g h - v o l a t i l e  A bituminous, Kentucky No. 11 bed, Vogue Mine, 
Muhlenberg County, Kentucky 

5 High-vola t i le  B bituminous, I l l i n o i s  No.  5 (c)  Red Ember No. 2 ,  
Ful ton County, I l l i n o i s  

A commercial u l t r a s o n i c  genera tor  o p e r a t i n g  a t  a frequency of 80 Khz w i t h  a 
Samples of  coal i n  5 m l  of  solvent  were t o t a l  yower oc tput  o f  80 w a t t s  was used. 

u l t r a s o n i c a l l y  i r r a d i a t e d  a t  ambient temperature i n  an a i r  atmosphere. 
i a t i o n  t i m e  used i s  given i n  each experiment. 
i r r a d i a t e d  in f l a t  bottomed g l a s s  v i a l s  (80 mm x 20 mm d iameter ) .  
immersed i n  the u l t r a s o n i c  genera tor  tank (conta in ing  H20) to  the p o s i t i o n  a t  
which maximum a g i t a t i o n  of t h e  sample was observed. 
vent -ex t rac t  mixture was removed from t h e  coal  res idue by c e n t r i f u g a t i o n .  

The i r r a d -  
The coa l -quinol ine  s l u r r i e s  were 

The v i a l s  were 

A f t e r  i r r a d i a t i o n ,  the so l -  
The 
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c o a l  res idue  was then washed with two 5-ml po r t ions  of qu inol ine  and two 5-1 por- 
t i o n s  o f  benzene. The res idue  w a s  then a i r  d r i e d  a t  looo C to cons tan t  weight and 
used a s  the b a q i s  f o r  determining the  amount of so lva t ion  according t o  the  method 
of Curran and co-workers;z/ the  y i e l d s  of e x t r a c t  determined by t h i s  method a r e  on 
a maf bas i s .  

RESULTS AND DISCUSSION OF RESULTS 

Parameter Inves t iga t ion  

Carbon Content 

One-half gram s q p l e s  of various coa l s  (-325 mesh) and 5 m l  of qu inol ine  were 
u l t r a s o n i c a l l y  i r r a d i a t e d  f o r  4 hours a t  ambient temperature. 
given i n  t a b l e  2. 

The r e s u l t s  a r e  

Table 2.- Amount of coa l  solvated versus  carbon content  

Carbon content  of start- 
Sample Weight percent so lva ted  ing  coa l ,  percent  (maf) 

Coal 1" hvab 49.2 82.9 

2 hvab 23.2 81.7 

<4 hvab 17.8 78.8 

5 hvbb 17.6 76.9 

* See t a b l e  1 f o r  complete i d e n t i f i c a t i o n  of samples 

These d a t a  show t h a t  a c o r r e l a t i o n  e x i s t s  between carbon con ten t  and t h e  amount o f  
c o a l  ex t r ac t ed  with quinol ine .  Of the  coa l s  i nves t iga t ed ,  t he  amount o f  ma te r i a l  
so lub i l i zed  decreased as the  carbon content  of the  s t a r t i n g  c o a l  decreased. 
Kirkby and co-workers repor ted  a d e f i n i t e  re a t i o n s h i p  between carbon content  and 
the  amount of coa l  so lub i l i zed  by pyr id ine .2  1 
I r r a d i a t i o n  Time- -Coal 

One-half gram samples of Pi t t sbu rgh  seam hvab v i t r a i n  (-325 mesh) and 5.0 m l  

A con t ro l  was obtained by adding coa l  t o  the  
of quinol ine  were u l t r a s o n i c a l l y  i r r a d i a t e d  for per iods  ranging from 15 minutes 
t o  24 hours a t  ambient temperature. 
qu inol ine  and then immediately removing the so lven t  us ing  t h e  s tandard  procedure 
described earlier. The amount of coa l  so l -  
vated var ied  f r w  16  percent  f o r  15 minutes of i r r a d i a t i o n  t o  77 pe rcen t  f o r  24 
hours.  
2 hours of i r r a d i a t i o n .  
f o r  Brockwell 301 coa l  i n  py r id ine  occurred dur ing  the  f i r s t  hour of i r r ad ia t ion . /  

The r e s u l t s  a r e  shown i n  f i g u r e  1. 

The l a r g e s t  increase  i n  s o l u b i l i z e d  m a t e r i a l  occurred dur ing  the  f i r s t  
Lit t lewood has repor ted  t h a t  t he  h ighes t  e x t r a c t i o n  r a t e  

Coal Chars 

The chars 'used  in these  experiments w e r e  prepared by t h e  following procedure: 
P i t t sbu rgh  seam hvab coal was hea ted  t o  the  d e s i r e d  temperature f o r  1 hour i n  a 
n i t rogen  atmosphere, a i r  cooled, and then crushed t o  s i z e .  Chars w e r e  produced 
a t  temperatures of 27S0 C,  37S0 C ,  and 47S0 C. 
s t a r t i n g  coa l  (30 x 80 mesh) o r  char  (30 x 80 mesh) w e r e  added t o  5 m l  of quino- 
l i n e  and u l t r a s o n i c a l l y  i r r a d i a t e d  f o r  4 hours. 

One-half 'gram samples of the 

The r e s u l t s  a r e  shown i n  t ab le  3. 
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Table 3. - Solva t ion  as a funct ion of char r ing  temperature 

Char Weight percent  solvated - 
S t a r t i n g  coal  18 

275' C 6 

375" c 37 

475" c 17 

Solva t ion  of s i m i l a r  chars  has been descr ibed by Walters  and co-workers using 
Soxhlet  e x t r a c t i o n  wi th  chloroform a s  the  so lvent  .6/ 
0.6,  4.8, and 1.1 percent  were reported f o r  300' C ,  400" C ,  and 500" C chars ,  
r e s p e c t i v e l y .  In  both the u l t r a s o n i c  and Soxhlet  e x t r a c t i o n s ,  y i e l d s  followed t h e  
same p a t t e r n .  Walters has a l s o  concluded t h a t  maximum e x t r a c t i o n  occurs  f o r  chars  
prepared a t  the  temperature of maximum f l u i d i t y .  
co-workers reported t h a t ,  f o r  a v i t r a i n - p y r i d i n e  mixture ,  g r e a t e s t  u l t r a s o n i c  sol-  
va t ion  occurred with t h e  o r i g i n a l  coal .21 

Chloroform s o l u b i l i t i e s  of  

I n  c o n t r a s t  t o  t h i s ,  Kirkby and 

P a r t i c l e  S ize  

A por t ion  of t h e  375" C char  (30 x 80 mesh) used i n  the experiments descr ibed 
previously w a s  crushed t o  -325 mesh. One-half gram samples o f  t h e  30 x 80 mesh o r  
-325 mesh chars  and 5 m l  of  quinol ine were u l t r a s o n i c a l l y  i r r a d i a t e d  f o r  4 and 
24 hours .  The r e s u l t s  a r e  shown i n  t a b l e  4. 

Table 4.- Solva t ion  versus  p a r t i c l e  s i z e  

I r r a d i a t i o n  time (hours)  Mesh s i z e  Weight percent  solvated 

4 -325 65 

4 30 x 80 37 

24 -325 82 

24 30 x 80 77 

For the s h o r t e r  i r r a d i a t i o n  time, these  d a t a  show t h a t  t h e  p a r t i c l e  s i z e  of  
t h e  s t a r t i n g  coa l  i s  an important f a c t o r  f o r  the  u l t r a s o n i c  s o l u b i l i z a t i o n  of  chars  
i n  quinol ine .  
approximately the same amount o f  s o l v a t e .  Li t t lewood,  using coal-pyridine systems, 
has  a l s o  reported t h a t  t h e  amount of u l t r a s o n i c  s o l u b i l i z a t i o n  i s  dependent upon 
the  p a r t i c l e  s i z e  of the  s t a r t i n g  mater ia l .3 /  

Af te r  ex tens ive  i r r a d i a t i o n  (24 hours)  both s i z e s  of char  produced 

I r r a d i a t i o n  Time --Char 

F igure  1 a l s o  shows t h e  percent  so lva t ion  i n  quinol ine  versus  i r r a d i a t i o n  
time f o r  a 375' C char  (-325 mesh) produced from Pi t t sburgh  seam c o a l .  
of char  solvated ranged from 46 percent  f o r  2 hours t o  82 percent  f o r  24 hours. 
The s o l v a t i o n  r a t e  f o r  the  char  i s  s i m i l a r  t o  t h a t  of  t h e  v i t r a i n ,  t h e  h ighes t  
e x t r a c t i o n  rate occurr ing dur ing  the f i r s t  2 hours of i r r a d i a t i o n  f o r  both mater iq ls .  

The amount 
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Temperature 

Ten percent  s l u r r i e s  of  P i t t s b u r g h  s e a m  hvab coa l  (-325 mesh) i n  quinol ine  
were u l t r a s o n i c a l l y  i r r a d i a t e d  f o r  4 hours a t  ambier.t temperature and 80" C. 
r e s u l t s  of t h e s e  experiments a r e  given i n  t a b l e  5. 

The 

Table 5.- Coal s o l v a t i o n  as a func t ion  of temperature 

Temperature Weight percent  so lva ted  

Ambient (36" C)* 22 

80" C 25 

*Ultrasonic a c t i o n  increased the  temperature of the  
water  bath t o  36O C 

Li t t lewood found t h a t  e x t r a c t i o n  a t  90" C d id  not  increase  the  y i e l d  o f  s o h -  
b i l i z e d  coa l  i n  pyridine.21 Littlewood a l s o  s t a t e d  t h a t  t h i s  w a s  cont ra ry  t o  t h e  
f ind ings  of Mert ins ,  who reported t h a t  a temperature of  80° C gave a three- fo ld  
increase  i n  so lva t ion  y i e l d . l l  Our d a t a  appear  t o  s u b s t a n t i a t e  the  f ind ings  of 
Littlewood; namely, a two-fold increase  i n  temperature  r e l a t i v e  t o  ambient tempera- 
t u r e  has  l i t t l e  e f f e c t  on u l t r a s o n i c  s o l u b i l i z a t i o n .  

S u l f u r  Removal 

One-half gram samples o f  var ious  bituminous c o a l s  (-325 mesh) i n  quinol ine  
were u l t r a s o n i c a l l y  i r r a d i a t e d  f o r  4 hours  a t  ambient temperature. T o t a l  s u l f u r  
analyses  were obtained f o r  t h e  e x t r a c t s .  The r e s u l t s  o f  t h e s e  ana lyses  and the 
analyses  of  t h e  s t a r t i n g  c o a l s  are shown i n  t a b l e  6. 

Table 6.- S u l f u r  ana lyses  

Weight percent  s u l f u r  
Sample Rank Extrac t  S t a r t i n g  c o a l  Percent  removed 

Coal 1* hvab 0.6 1.0 40 

2 hvab 1.9 3.5 46 

3 hvab 4.1 7.5 46 

5 hvbb 2.1 3.9 45 

375' C char ,  
P i t t s b u r g h  
seam coal  

0.7 1.2 42 

* See t a b l e  1 f o r  complete i d e n t i f i c a t i o n  o f  samples. 

I n  these  f i v e  samples t h e  s u l f u r  is 40 t o  46 percent  lower i n  the e x t r a c t s  
than i n  the  s t a r t i n g  coa l .  
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To determine the  type of  s u l f u r  removed by u l t r a s o n i c  s o l u b i l i z a t i o n  of c o a l ,  

See Coal 4 ,  Table  1, f o r  complete i d e n t i f i c a t i o n  of sample. 
s u l f u r  forms ana lyses  were obtained from a quinol ine  e x t r a c t  of a Kentucky NO. 11 
raw head coal  sample. 
The r e s u l t s  o f  t h e  e x t r a c t  toge ther  wi th  d a t a  f o r  t h e  s t a r t i n g  coa l  a r e  given i n  
t a b l e  7. 

Table 7.- S u l f u r  forms analyses  

Weight percent  
P y r i t e  S Organic S S u l f a t e  S T o t a l  S 

S t a r t i n g  coal  5 .5  3.7 1.8 0.12 

Extrac t  1 . 9  0.03 1.8 0.04 

These da ta  show t h a t  removal o f  t h e  p y r i t i c  s u l f u r  accounts f o r  the decrease i n  
s u l f u r  content  o f  the  e x t r a c t .  

Ash Removal 

Ash determinat ions were made on t h e  e x t r a c t s  prepared a s  descr ibed above. 
The resul ts ,  toge ther  wi th  the  ana lyses  o f  the  s t a r t i n g  coa ls ,  a r e  given i n  t a b l e  8 .  

Table  8.- Ash ana lyses  

Weight percent  
Sample - Rank E x t r a c t  S t a r t i n g  coa l  Percent removed 

Coal 1* hvab 1 . 3  1 . 7  24 

2 hvab 1 .0  6 .7  85 

3 hvab 3 . 4  15.4 78 

4 hvab 3.3 1 2 . 4  87 

375" C char, 
P i t t sburgh  
seam hvab 

1.0 7.5 73 

* See t a b l e  1 f o r  sample i d e n t i f i c a t i o n  

The lower ash  va lues  i n  t h e  quinol ine  e x t r a c t s  can be  a t t r i b u t e d  t o  u l t r a -  
sonic  gr inding which causes  submicron s i z e  p a r t i c l e s  t o  b e  formed; the  ash par-  
t i c l e s  a r e  removed from t h e  e x t r a c t s  by a washing procedure dur ing  the e x t r a c t  
p repara t ion  descr ibed e a r l i e r .  
fol lowing experiment. The wash water  from one of t h e  e x t r a c t  p repara t ions  was 
saved and evaporated to dryness .  The f l u f f y  light-brown residue t h a t  remained 
was analyzed by emission spectroscopy and found t o  conta in  20-30 percent  S i ,  
10-20 percent  A l ,  and 1-5 percent  Fe. 
s i m i l a r  to those found i n  coa l  ash .  

Reuse of Quinol ine 

Evidence f o r  t h i s  phenomenon was observed i n  the  

The concent ra t ions  of S i ,  A l ,  and Fe a r e  

It has  been observed i n  an i n v e s t i g a t i o n  u t i l i z i n g  a h igh-boi l ing  c o a l - t a r  
f r a c t i o n  a s  a s o l v e n t  t h a t  the  s o l v a t i n g  power of  t h e  recycle  m a t e r i a l  decreased 
by s e v e r a l  percent  w i t h  each pass.E/ 
weight compounds produced by t h e  sonolys is  of qu inol ine  o r  ex t rac ted  during the 

I n  order  t o  determine i f  high molecular 
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u l t r a s o n i c  i r r a d i a t i o n  of  coa l -quinol ine  mixtures  a f f e c t  t h e  e f f i c i e n c y  of recycled 
quinol ine ,  the  following experiments were performed. 

The f r e s h  quinol ine  used i n  t h i s  i n v e s t i g a t i o n  has  a b o i l i n g  range o f  235'- 
237' C and conta ins  approximately 0.1 percent  methyl qu inol ines  a s  determined by 
mass spectrometry. The d i s t i l l a t e  of  the  so lvent  from u l t r a s o n i c a l l y  i r r a d i a t e d  
quinol ine-coal  e x t r a c t  mixtures  conta ins  a f r a c t i o n  b o i l i n g  from 235'-239' C 
(pr imar i ly  quinol ine) ,  Frac t ion  1, and a f r a c t i o n  b o i l i n g  h igher  than 239" C,  
Frac t ion  2. Frac t ion  1 c o n s t i t u t e s  98 percent  of  t h e  d i s t i l l a b l e  s o l v e n t  and 
Frac t ion  2 c o n s t i t u t e s  t h e  o t h e r  2 percent .  The doped so lvent  used i n  this exper i -  
ment cons is ted  of  90 percent  of  Frac t ion  1 (b.p. 235'-239' C) and 10 percent  of 
Frac t ion  2; the  concent ra t ion  o f  h igher  b o i l i n g  m a t e r i a l  was, t h e r e f o r e ,  5 times 
more than t h a t  found i n  u l t r a s o n i c a l l y  i r r a d i a t e d  quinol ine-coal  mixtures .  

One-half gram samples of  P i t t s b u r g h  seam hvab coa l  (-325 mesh) and 5 m l  of 
doped quinol ine o r  Frac t ion  1 (see  above) were u l t r a s o n i c a l l y  i r r a d i a t e d  f o r  
4 hours a t  ambient temperature. The r e s u l t s  of these  experiments, and of an 
e x t r a c t i o n  with "fresh" quinol ine ,  a r e  shown i n  t a b l e  9. 

Table 9.- Solva t ion  of c o a l  i n  used quinol ine  

Weight percent  
-. Solvent  of c o a l  solvated 

Doped-reclaimed quinol ine  (10 percent  
b o i l i n g  > 239' C)* 

28 . 

Frac t ion  1 (b.p. 235'-239' C>* 29 

"Fresh" quinol ine  (b .p. 235' -237' C) 27 

* See text f o r  d e s c r i p t i o n  

I n  another  series of  experiments, s l u r r i e s  c o n s i s t i n g  of 0.5 gm Pi t t sburgh  
seam hvab coa l  (-325 mesh) and 5.0 m l  of  so lvent  were u l t r a s o n i c a l l y  i r r a d i a t e d  
f o r  4 hours a t  ambient temperature. A f t e r  t h e  coa l  res idue  was removed following 
each e x t r a c t i o n ,  the  quinol ine  and ex t rac ted  m a t e r i a l  were used a s  the  "solvent" 
f o r  the  next  e x t r a c t i o n  o f  "fresh" coa l .  The r e s u l t s  of  these  experiments a r e  
shown i n  t a b l e  10.  

Table 10.-  Recycled quinol ine  e x t r a c t  and f r e s h  coal 

Experiment Solvent 

I* Fresh quinol ine  

I1 Quinol ine  + e x t r a c t  from I** 

111 Quinol ine  + e x t r a c t  from II** 

IV Quinol ine  + e x t r a c t  from III** 

0.5 -,Pittsburgh seam hvab coa l  (-325 TC * 
a l l  4 experiments. 

Cumulative Weight percent  
e x t r a c t ,  so lva ted  

weight percent  i n  4 hours 

26 26 

52 26 

88 28 

- Not obtained,  
see  t e x t  

sh)  used f o r  

f;k Solvent  (quinol ine + e x t r a c t )  obtained from preceding experiment by 
removal of coa l  ' r es idue  by c e n t r i f u g a t i o n .  
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The m i x t u r e  a t  t h e  end o f  Experiment I V  waa so viscous t h a t  it could not  be I 
I 

be determined. I 

separated by c e n t r i f u g a t i o n .  Consequently, t h e  percent  of coa l  solvated could not  

From these d a t a  i t  appears  t h a t  h igh-boi l ing  compounds ex t rac ted  ( o r  produced 
by the sonolysis  of the  s o l v e n t )  during the  u l t r a s o n i c  i r r a d i a t i o n  of coal-quinol ine 
s l u r r i e s  have l i t t l e  o r  no e f f e c t  on the  amount of coa l  s o l u b i l i z e d  by reused 
quinol ine .  

Crude Quinoline-Base Mixture 

A 0.5 gm sample of  P i t t s b u r g h  seam hvab v i t r a i n  (-325 mesh) and 5 m 1  of crude 
quinol ine bases were u l t r a s o n i c a l l y  i r r a d i a t e d  f o r  4 hours a t  ambient temperature. 
The crude quinol ine bases  (obtained from a commercial high-temperature coking oper- 
a t i o n )  had a b o i l i n g  range of 99" C t o  238" C and contained 50 percent  quinol ine.  
Only one percent  of t h e  c o a l  was s o l u b i l i z e d ,  

The crude quinol ine-base f r a c t i o n  was found t o  conta in  9 percent  H20. To 
determine i f  H20 i n h i b i t s  u l t r a s o n i c  e x t r a c t i o n ,  0 .5  gm of t h e  P i t t sburgh  seam 
v i t r a i n  (325 mesh) used above and 5.0 m l  of  a mixture  containing 80 percent  pure 
quinol ine  and 20 percent  H20 was i r r a d i a t e d  f o r  4 hours. T h i s  experiment pro- 
duced only 9.5 percent  e x t r a c t ,  compared with 49 percent  us ing  pure quinol ine.  

Water was d i s t i l l e d  from the  crude quinol ine-base f r a c t i o n ,  and t h e  experi-  
ment was repeated.  The water - f ree  f r a c t i o n  ( b o i l i n g  range 220"-238" C) solvated 

t h e  s o l v a t i o n  power of t h e  quinol ine .  Mert ins  a l s o  reported t h a t  t h  presence of 
38 percent  of  the  c o a l .  These d a t a  i n d i c a t e  t h a t  t h e  presence of water  reduces 1 

i water  i n  pyridine reduced t h e  e x t r a c t i o n  e f f i c i e n c y  of t h e  solvent.- 7 9  

SUMMARY I 

This  i n v e s t i g a t i o n  o f  t h e  u l t r a s o n i c  i r r a d i a t i o n  of bituminous coal-quinol ine 
mixtures  has shown: 

1. There i s  a n  apparent  c o r r e l a t i o n  between the carbon content  o f  the bitum- 
inous c o a l s  inves t iga ted  and the  amount of m a t e r i a l  s o l u b i l i z e d ;  t h a t  i s ,  t h e  amount 
of m a t e r i a l  s o l u b i l i z e d  decreased as the  carbon content  of the  s t a r t i n g  coa l  decreased 

2 .  The so lva t ion  rate f o r  v i t r a i n  i n  quinol ine  is g r e a t e s t  during t h e  f i r s t  
2 hours of i r r a d i a t i o n  

3 .  A g r e a t e r  y i e l d  o f  e x t r a c t  can be obtained by f i r s t  char r ing  the  coal a t  
t h e  temperature producing maximum f l u i d i t y  

4 .  For shor te r  i r r a d i a t i o n  times the  p a r t i c l e  s i z e  of t h e  s t a r t i n g  coa l  is  
an important f a c t o r  f o r  increased  s o l u b i l i z a t i o n  

5.  Increasing t h e  temperature  from 36" C t o  80" C does not  a f f e c t  the  y i e l d  
of e x t r a c t  I 

6 .  
t h e  so lvent  

7 .  

The presence of  water i n  quinol ine  reduces t h e  e x t r a c t i o n  e f f i c i e n c y  of  

The s o l v a t e s  produced show marked decreases  i n  s u l f u r  content  compared t o  , 
the  s t a r t i n g  coal .  
of p y r i t i c  s u l f u r  

The decrease  i n  s u l f u r  i n  t h e  e x t r a c t s  i s  caused by removal 

8. There i s  a decrease  i n  t h e  ash content  o f  t h e  e x t r a c t s  
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e f f i c i e n c y  . 
Quinoline can be  reused a s  a so lvent  wi th  no impairment of  s o l u b i l i z i n g  
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