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P r e s e n t e d  Befo re  t h e  E i v i s i o n  o f  Fue l  Chemis t ry  

Chicago ,  Ill., n u g u s t  30 - September  4 ,  1964 
American Chemical  S o c i e t y  

by V i .  P e t e r s  and H. B e r t l i n g  

Ber gbau -For schung G . m . b Id., E ss en  - K r  a y 

1. I n t r o d u c t i o n  
I n  form o f  t h e  s o c a l l e d  'ILK-Process", deve loped  i n  team-work by 
"Lurgi  G e s e l l s c h a f t  f i i r  2mametechnik mbH" i n  F r a n k f u r t  and "Ruhrgas 
AG" i n  Essen ,  t h e  r a p i d  d e g a s i f i c a t i o n  o f  c o a l  h a s  o b t a i n e d  t e c h n i c a l  
impor t ance .  

The b a s i c  phenomena o f  t h e  r a p i d  d e g a s i f i c a t i o n  o f  c o a l  h a s  been 
i n v e s t i g a t e d  i n  t h e  l a b o r a t o r y - s c a l e  i n  e s s e n t i a l  w i t h  an equipment 
shown i n  f i g u r e  1. The most i m  o r t a n t  p a r t  o f  t h i s  equipment  i s  t h e  
d e g a s i f i c a t i o n  rnixing chamber r b j .  A f t e r  h e a t i n g  up ,  t h e  f i n e - g r a i n e d  
h e a t  c a r r i e r s  ( coke  o r  sand)  a r e  p l a c e d  i n t o  t h e  r e a c t o r  ( b ) .  
Immedia te ly  behind  t h e  i n l e t  o f  h e a t  c a r r i e r s ,  c o a l  o f  t h e  same g ranu-  
l a t i o n  i s  f e d  i n t o  t h e  mixing chamber. Due t o  t h e  h i g h  mixing  r a t i o  
o f  h e a t  c a r r i e r s  t o  c o a l  ( a b o u t  3C t o  6 : I ) ,  e ach  i n d i v i d u a l  c o a l  
g r a i n  i s  v e r y  r a p i d l y  h e a t e d  and d e g a s i f i e d .  AS t h e  g a s  development  
t a k e s  p l a c e  s p o n t a n e o u s l y  and a s  t h e  mixing  chamber i s  f a i r l y  s m a l l ,  
t h e  p e r i o d  o f  s o j o u r n  i s  less  t h a n  0.5 SBC. A f t e r  d i s c h a r g e ,  t h e  
p r o d u c t s  a r e  immedia t e ly  c h i l l e d  and p a r t l y  condensa ted  ( f  t o  h)  . 
The c h a r  coke i s  t r a n s p o r t e d  from t h e  second d e g a s i f i c a t i o n  r e a c t o r  
( d )  i n t o  t h e  c o l l e c t i o n  r e a c t o r  ( a ) ,  f rom which i t  i s  f e d ,  a l i t t l e  
o v e r h e a t e d ,  a s  a h e a t  c a r r i e r  a g a i n  t o  t h e  mixing chamber ( b ) .  

The r a p i d  h e a t i n g  and coolingr o f  t h e  p r o d u c t s  c a u s e s  a much h i g h e r  
y i e l d  of  t a r .  T h i s  s o c a l l e d  " r a p i d  d e g a s i f i c a t i o n  e f f e c t "  i s  o f  g r e a t  
i n t e r e s t  f o r  t h e  r e s e a r c h  o f  c o a l .  It w i l l  be  t h e  o b j e c t  o f  t h i s  
paper  t o  d e s c r i b e  t h e  p h y s i c a l - c h e m i c a l  phenomena o f  t h i s  e f f e c t .  
S t u d y i n g  t h e s e  phenomena, i t  w i l l  be  p o s s i b l e  n o t  o n l y  t o  d e s c r i b e  
t h e  r e a c t i o n  k i n e t i c s  o f  t h e  r a p i d  d e g a s i f i c a t i o n ,  b u t  t o  draw a l s o  
some c o n c l u s i o n s  t h e r e f r o m  on t h e  s t r u c t u r e  o f  t h e  s u b s t a n c e  o f  c o a l .  

2.1. Heat ina-up  siseed o f  t h e  c o a l  
With t h e  h i g h  mixing  r a t i o  o f  h e a t - c a r r i e r : c o a l ,  t h e  c o a l  g r a i n ,  
immedia t e ly  a f t e r  i t s  e n t r y  i n t o  t h e  d e g a s i f i c a t i o n  mixing  chamber, 
i s  sur rounded a f t e r  i n t e n s i v e  mixing by h o t  h e a t  c a r r i e r s .  A t  t h e  
same t ime it i s  hea ted-up  presumably  v e r y  q u i c k l y .  A s  it i s  v e r y  
d i f f i c u l t  t o  measure t h e  hea t ing -up  speed  d i r e c t l y ,  one  must f a l l  back 
on  c a l c u l a t i o n s .  

The second f i g u r e  s b s  t h e  c a l c u l a t e d  c u r v e s  a t  t h e  s u r f a c e  and i n  
t h e  c e n t r e  o f  a 1.2 mm @ c o a l  g r a i n  w i t h  two d i f f e r e n t  h e a t  t r a n s -  
m i s s i o n  r a t i o  r e l a t e d  t o  t h e  t e m p e r a t u r e  o f  t h e  h e a t  c a r r i e r s .  The 
h e a t  t r a n s m i s s i o n  r a t i o ,  o f  cour se ,  i s  o f  d e c i s i v e  impor t ance .  N i t h  
a s low h e a t  t r a n s m i s s i o n ,  t h e  d i f f e r e n c e  between t h e  t e m p e r a t u r e  a t  
t h e  s u r f a c e  and i n  t h e  c e n t r e  o f  t h e  c o a l  g r a i n  i s  r e l a t i v e l y  s m a l l  
b u t  w i t h  a r a p i d  h e a t  t r a n s m i s s i o n  it i s  q u i t e  h igh .  T h i s  f a c t  w i l l  
p l a y  an  i m p o r t a n t  p a r t .  

Jihich o f  t h e  c u r v e s  p l o t t e d  on t h e  f i g u r e  w i l l  most  approx ima te  t h e  



t r u e  s t a t e  o f  a f f a i r s ,  can be decided moE e a s i l y ,  when t h e  temporal 
y i e l d  o f  t h e  d e g a s i f i c a t i o n  p roduc t s  i s  known, a s  t h e  thermal  
d i f f u s i v i t v  and t h e  h e a t  t r ansmiss ion  ratio cannot be measured d i r e c t l y .  

O f  t h e s e  i n v e s t i g a t i o n s ,  a mixing chamber wi th  a cont inuous f eed ing  
of coa l  a peared t o  be  u n s u i t a b l e .  Therefore ,  a piloteciui2ment 
( f i g u r e  37 was b u i l t  which corresponded s u f f i c i e n t l y  e x a c t l y  t o  t h e .  
c o n d i t i o n s  i n  t h e  t e c h n i c a l  d e g a s i f i c a t i o n  mixinq chamber. 

k c y l i n d r i c a l  t uba  o f  00 mm i n s i d e  diametre c o n s t a n t l y  heated from 
t h e  o u t s i d e  is equipped w i t h  a s t i r r i n g  rod  w i t h  pins .  Half o f  t h e  
chamber is f i l l e d  w i t h  f i n e  ch ips  o f  corundum a s  a hea t  carkker.  For 
t h e  t e s t ,  a sample o f  c o a l  is blown w i t h  n i t r o g e n  i n t o  the  chamber 
and t h e  t ime  is p r e c i s e l y  recorded. An i g n i t o r  d i r e c t l y  a t  t h e  f r e e  
o u t l e t  o f  t h e  g a s  b r i n g s  t h e  d e g a s i f i c a t i o n  p roduc t s  l e a v i n g  t h e  
chamber t o  combustion. The s i z e  of  t h e  f lame is an approximate measure 
f o r  t h e  q u a n t i t y  o f  t h e  g a s e s  and t a r  fumes. The f lames are photo- 
graphed t o g e t h e r  w i t h  a watch showing t h e  time in s h o r t  i n t e r v a l s .  
F igu re  4 shows a s e r i e s  of p i c t u r e s  t aken  of  coking c o a l  g r a i n s  o f  
t h e  s i z e  1 t o  1.5 mm, t he  temperature  o f  t h e  h e a t  c a r r i e r s  a m u n t i n g  
t o  abozlt io00 OC. The seconds recorded underneath t he  photos a r e  
counted as from the  impact o f  t h e  coa l  g r a i n s  t o  t h e  corundum t h i p s  
onward s . 
A f t e r  0.37 seconds i n  phase two, a h i g h  flame can be seen which, 
however, is f a l s i f i e d  by t h e  n i t r o g e n  which s t i l l  flows aut. After 
t h a t ,  t h e  cone o f  t h e  flame I s  much reduced. Comparing t h i s  obser-  
v a t i o n  w i t h  t h e  c a l c u l a t e d  t empera tu res  of  t h e  c o a l  i n  f i g .  2, much 
more can now be s a i d  about t h e  heat ing-up process.  When c o a l  is 
hea ted ,  t h e  f irst  combust ible  d e g a s i f i c a t i o n  product's davalop a t  a 
t empera tu re  o f  about 350 OC. Real d e g a s l f i c a t i o n  becoming v i s i b l e  in 

h a m  2, however, o c c u r s  a t  a temperature  o f  400 C a t  t h e  e a r l i e s t .  
!hat means t h a t ,  after 0.37 seconds, t h e  coal  must have t empera tu res  
o f  above 400 OC et i t s  s u r f a c e .  
of 408 O C  a t  t h e  su r face ,  f .8 .  , ' 8  reached w i t h  a 
h e a t  t r ansmiss ion  c o e f f i c i e n t  h C, i n  5 seconds 
only. fn p r a c t i c e ,  t h e  h e a t  t r a n s m i p i o n  c o e f f i c i e n t  must b e .  
muah highera Wltk d = 1080 kcal/h m , 400 OC e t  t h e  surface w l l l  be 

4 ,  a tomperature  

These gathez qua l i$a t lvc  b&atemento ehew c l o s r l y  t h a t  tha r o a o t i e n ~  
of  degaaAQAaa$Aon and fhe  heating-up are  nuoh interd8pende~t,  T h i e  
beaemes evhdenh glso whm lewel: hempezetureb e t  tho  hart oarrlprc rro 
aP Aged, fhus daoeJefa&An dcgecifbestIen with t h e  r8oult: &hat maze 
d @ L ~ s  show up fmrn %he !iagrsm. P h i 8  t e o t  Ban be men &om f ig ,  s, 

phage6 2 $0 4 e i v e  m a o o n  te aowrntt, t h a t ,  during fhc main he88 
d@geeL2loa$LeR, Chr hsLd of poduohc i o  ncrzfy ooiwtrnt, Th ft B, 

k@weue& would a g a h  I n  ;I laate  the par%fwlar hgerfrnee o f  fRc Roet 
tFaRiiAC I ~ L O R ,  
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2.2. SDeed o f  d e q a s i f i c a t i o n  
The extremely r a g i d  h e a t i n s  o f  t h e  c o a l  v,,ith t h i s  p o c e s s  promised 
i n t e r e s t i n g  r e s u l t s  w i t h  r e g a r d  t o  t h e  s t r u c t u r e  o f  t h e  subs t ance  
o f  c o a l .  The equipment  shown i n  f i g .  3 proved t o  be s u i t a b l e  f o r  
such t e s t s ,  t oo .  However, t i i f f e r e n t  d e v i c e s  f o r  t h e  q u a n t i t a t i v e  
r e c o r d i n g  o f  t h e  t empora l  y i e l d  o f  t h e  p r o d u c t s  o f  d e g a s i f i c h a t i o n  
had t o  b e  connec ted  t o  t h e  g a s  o u t l e t .  A d i f f e r e n c e  was made between 
t h e  p r o d u c t s  condensa ted  a t  room t e m p e r a t u r e  and gaseous  p r o d u c t s  
which were measured, f o r  e x p e r i m e n t a l  r e a s o n s ,  s e 2 a r a t e l y  i n  p a r a l l e l  
t es t s .  The d iagrams i n  t h e  two f o l l o w i n g  f i g u r e s  show t h e  y i e l d  o f  
p r o d u c t s  a s  a f u n c t i o n  o f  t h e  t i m e  o f  s o j o u r n  o f  t h e  c o a l  i n  t h e  
d e g a s i f i c a t i o n  chamber. F o r  i n s t a n c e ,  f i g u r e  6 shows t h e  t a r  y i e l d  
o f  t h r e e  d i f f e r e n t  c o a l s  and f i g u r e  7 t h e  g a s  y i e l d  a t  d i f f e r e n t  
t e m p e r a t u r e s .  

The c u r v e s  of  t h e  gaseous  p r o d u c t s  and t h e  condensa te  p r o d u c t s  a r e  
added,  a t  l a s t ,  t o  t h e  d e g a s i f i c a t i o n  c u r v e s  p l o t t e d  i n  f i g .  8 f o r  
d i f f e r e n t  t e m p e r a t u r e  s. 

k i l l  t h e s e  c u r v e s  show one and t h e  same c h a r a c t e r i s t i c  development:  
a l i n e a r  s t a r t  u n t i l  60 t o  70 ;& o f  t h e  p r o d u c t s  have been  r e l e a s e d ,  
t h e n  a bend and, f i n a l l y ,  an  a s y n p t o t i c  development i n t o  t h e  h o r i z o n t a l .  
A f t e r  t h e  main y i e l d  o f  p r o d u c t s ,  r e l a t i v e l y  more g a s  i s  i n c r e a s i n g l y  
r e l e a s e d  t h a n  t a r  and ,  i n  t h e  development  o f  t h e  cu rve  behind  t h e  
bend,  p r a c t i c a l l y  g a s e s  w i t h  a low molecu la r  weight  o n l y  a r e  r e l e a s e d .  
Summing up, it can  be  s t a t e d :  
l i t h  r aDid  h e a t i n a .  t h e  s o c a l l e d  " r a p i d  d e a a s i f i c a t i o n "  i 5 a r e a c t i o n  
o f  z e r o  o r d e r  which ends  i n  a d i f f e r e n t  a r o c e s s  o f  second dec ras i f i c -  
a t i o n .  T h i s  s t a t e m e n t  may be s u r p r i s i n g  a s  t h e  c o a l  p y r o l y s i s  i s  
composed o f  decompos t i t i on  r e a c t i o n s  o f  f irst  o r d e r .  T h a t  w e  had t o  
do w i t h  q u i t e  a d i f f e r e n t  p r o c e s s ,  i s  proved by t h e  e n e r g y  o f  a c t i v i t -  
a t i o n  found t o  amount t o  2.5 kcal/h(ol ( 1 )  which i s  by  10 t o  20 t i m e s  
s m a l l e r  t h a n  t h e  v a l u e s  known so f a r .  T h i s  l o w  ene rgy  o f  a c t i v i t a t i o n  
i s  an  argument a g a i n s t  t h e  assumpt ion  t h a t  t h e  r e a c t i o n s  o f  
decompoGtion d e t e r m i n e  t h e  s,Jeed. 

Presurnablu,  a mutua l  degendence 'of t r a n s p o r t i n g  p r o c e s s e s  i s  d e c i s i v e  
f o r  t h e  r a F i d  d e g a s i f i c a t i o n .  A t r a n s n i s s i o n  o f  h e a t  f ro ,n  t h e  h e a t  
c a r r i e r s  t o  t h e  c o a l  and the endothermal  d e G a s i f i c a t i o n  p i ^ ~ c c s s  a r e  
j o i n e d  \ v i  th eacho the r  by t h e  f low-of f  o f  t h e  d e s a s i f i c a t i o n  p r o d u c t s  
which h i n d e r  t h e  i n l e t  o f  h e a t .  These two p r o c e s s e s  g i v e  an e q u i l i b r i u m  
a s  l o n g  a s  s t i l l  e f f i c i e n t  s u b s t a n c e  f o r  d e g a s i f i c a t i o n  i s  a v a i l a b l e  
i n  t h e  c o a l  g r a i n .  

As f o r  t h e  dependence o f  t h e  speed o f  d e s a s i f i c a t i o n  on  t h e  t e m p e r a t u r e  
o f  d e g a s i f i c a t i o n  and t h e  g r a i n  s i z e ,  t h e  f o l l o w i n g  e q u a t i o n  f o r  
t h e  y i e l d  o f  p r o d u c t s  M i s  o b t a i n e d ,  c o n s i d e r i n g  t h e  f a c t  t h a t  w e  
have t o  do wi th  t h e  r e a c t i o n  o f  z e r o  o r d e r ;  

i n  which M means t h e  y i e l d  o f  p r o d u c t s  i n  ;A (b-J  w e i g h t ) ,  T 
t e m p e r a t u r e  of  d e g a s i f i c a t i o n  i n  O C ,  d t h e  g r a i n  s i ze  i n  m a  and t t h e  
t ime o f  r e a c t i o n  i n  seconds  (I). 

The i n t e r p r e t a t i o n  o f  t h e  e q u a t i o n  i s  r e n d e r e d  e a s i e r  by t h e  f a c t  
t h a t  t h e  d r y i n g  o f  coke r e p r e s e n t s  a s i m i l a r  p rocess .  Ther-fqre, 
p r o c e s s e s  f o r  t h e  d r y i n g  o f  coke were c a r r i e d  o u t  i n  a mod l f l ed  

t h e  



ao - -  

d e g a s i f i c a t i o n  mixing  chamber. F i g u r e  9 shows c l e a r l y ,  how much t h e  
two p r o c e s s e s  a r e  r e l a t e d  t o  e a c h o t h e r .  I n  b o t h  c a s e s ,  t h e r e  is 
a g a i n  t h e  i n i t i a l  s t r a i g h t  c h a r a c t e r i  s i n g  a s t a t i o n a r y  p r o c e s s  of 
e v a p o r a t i o n ,  a bend i n  t h e  c u r v e  and,  a t  t h e  end,  an  a s y m p t o t i c  t u r n .  
i n t o  t h e  hor izonkd.  

The y i e l d  o f  water  v a p o u r  f r o m  t h e  d r y i n g  o f  coke was c a l c u l a t e d  i n  
t h e  same way a s  t h e  y i e l d  o f  g a s  and t a r  f rom t h e  r a p i d  d e g a s i f i c -  
a t i o n  o f  c o a l .  T h i s  l e d  t o  t h e  fo rmula  ( 1 )  

r 

Again ,  t h e r e  i s  an a n a l o g y  which g i v e s  r e a s o n  t o  assume t h a t  t h e  
two p r o c e s s e s  a r e  s t i l l  much more s i m i l a r  t h a n  can  be r e c o g n i z e d  
d i r e c t l y :  
Thus ,  t h e  r a d d  d e a a s i f i c a t i o n  o f  c o a l  r e p r e s e n t s  a p r o c e s s  o f  
e v a p o r a t i o n  t h e  same a s  a drvincl  ;)recess. 

The above e x p o s i t i o n s  l e a d  t o  t h e  f o l l o w i n g  summarizing p i c t u r e  of 
t h e  dega s i f i c a t i o n  p r o c e s s e s :  

F i g u r e  10 shows t h e  deve lopment  o f  t h e  d e g a s i f i c a t i o n  c u r v e  i n  time 
a s  w e l l  a s  t h e  c a l c u l a t e d  t e m p e r a t u r e s  o f  t h e  c o a l  g r a i n .  A t  f i r s t ,  
a f r e s h  c o a l  g r a i n  i s  v e r y  r a p i d l y  h e a t e d  up unde r  t h e  i n f l u e n c e  o f  
t h e  h o t  h e a t  c a r r i e r s .  A f t e r  a b o u t  0.2 seconds ,  t h e  s u r f a c e  o f  t h e  
g r a i n  r e a c h e s  a t e m p e r a t u r e  o f  abou t  350 O C .  The pr imary  bi tumen 
which i s  t h e n  formed,  b e g i n s  t o  e v a p o r a t e  f rom t h e  s u r f a c e .  i f i t h  
f u r t h e r  h e a t i n g ,  more p r i m a r y  bi tumen i s  b m g h t  t o  t h e  s u r f a c e  o f  - 
t h e  c o a l  g r a i n s  and e v a p o r a t e s  t h e r e .  The r e l e a s e d  d i s t i l l a t i o n  
p r o d u c t s  now h i n d e r  t h e  i r a n s i n i s s i o n  o f  h e a t ,  and t h e r e  i s  an  
e q u i l i b r i u m  of  t h e  two p r o c e s s e s  opposed t o  eacho the r :  w i t h  a c o n s t a n t  
b o i l i n g  t e m p e r a t u r e  t h e  same q u a n t i t y  o f  h e a t  per  t i m e  u n i t  t h u s  
f l o w s  t o  t h e  s u r f a c e  f rom which t h e  b i tumen e v a p o r a t e s  i n  c o n s t a n t  
q u a n t i t i e s .  DuPinC t h i s  p e r i o d ,  t e m p e r a t u r e  does  n o t  i n c r e a s e  any 
more a s  t h e  amount o f  new h e a t  c o v e r s  j u s t  t h e  demand f o r  e v a 2 o r a t i o n  
h e a t ,  e x c e p t  t h e  n e g l i g i b l e  amount f l o w i n s - o f f  i n t o  t h e  i n s i d e  o f  t h e  
g r a i n  f o r  h e a t i n g  up. A b a l a n c e  of t e m p e r a t u r e  i n  t h e  p a i n  i s  
e s t a b l i s h e d  o n l y  a f t e r  a good second.  

Nhen n o t  enough p r i m a r y  bi tumen f l o w s  t o  t h e  s u r f a c e  o f  t h e  c o a l  
g r a i n  any  more, t h e  f r o n t  o f  e v a p o r a t i o n  i s  s h i f t e d  c o n c e n t r i c a l l y  
t o  t h e  i n s i d e  o f  t h e  Gra in .  T h i s  d o e s  n o t  y e t  mean a d i s t u r b a n c e  o f  
t h e  e q u i l i b r i u m ,  a s  t h e  500d h e a t  c o n d u c t i v i t y  o f  t h e  coke a f f o r d s  
a good t r a n s n i s s i o n  o f  h e a t .  B e s i d e s ,  t h e  c o a r s e  p o r e s  o f  t h e  coke 
do n o t  o f f e r  much f l o w  r e s i s t a n c e  t o  t h e  vaporous  p roduc t .  J h e n  t h e  
f r o n t  o f  e v a p o r a t i o n  s h i f t e d  f a r  enough t o  t h e  i n s i d e ,  t h e  
e q u i l i b r i u m  i s  d i s t u r b e d  and t h e  c u r v e  b e g i n s  t o  bend, u n t i l  t h e  
y i e l d  o f  p r o d u c t s  d e c r e a s e s  much i n  t h e  l a s t  c o u r s e  o f  t h e  curve.  I n  
t h e  f i n a l  phase ,  t h e  o u t s i d e  zones  o f  t h e  g r a i n  h e a t  up  e s s e n t i a l l y .  
Dur ing  t h i s  p r o c e s s ,  semi-coke i s  forming ,  w i t h  t h e  r e l e a s e  o f  gaseous  
p r o d u c t s .  F i n a l l y ,  t h e  t e m p e r a t u r e  a d a p t s  i t s e l f  everywhere t o  t h e  
t e m p e r a t u r e  of t h e  h e a t  c a r r i e r s .  

3. Y i e l d s  o f  d e s a s i f i c a t i o n  

The e v a p o r a t i n g  s u b s t a n c e ,  c a l l e d  “ , x i m a r y  bi tumen” i n  t h i s  pape r ,  
must n o t  e x i s t  n e c e s s a r i l y  i n  t h e  c o a l .  i n  t h e  same way. ’de t r y  t o  
c l a r i f y  t h i s  q u e s t i o n  by  i n v e s t i g a t i o n  o f  t h e  d e g a s i f i c a t i o n  p r o d u c t s ,  
e s p e c i a l l y  o f  t h e  t a r .  I n  d o i n g  so,  it w a s - n o t  so much t h e  i n t e n t i o n  
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t o  i d e n t i f v  a s  inany i n d i v i d u a l  s u b s t a n c e s  a s  p o s s i b l e  b u t  ra’ihcl: 
t o  o b t a i n  a good r e v i e w  o f  l a r g e r  com9lexes o f  s u b s t a n c e s .  

For  t h e  purpose  o f  comparison w i t h  p r o d u c t s  o b t s i n e d  unde r  normal 
c o n d i t i o n s  o f  t h e  p y r o l y s i s  o f  c o a l ,  t a r s  were a n a l y s e d  which had 
been made i n  t h e  F i s c h e r - r e t o r t  f rom t h e  saine c o a l .  T h i s  was t h u 3  a 
t a r  which had been formed a t  a much s lower  h e a t i n g - u p  s2eed  (12 
and a much l o n g e r  t ime o f  s o j o u r n  i n  t h e  r e a c t i o n  room. 

The two t a r s  were made a t  a t e m p e r a t u r e  of  600 O C  a s  we  o b t a i n e d  a t  
t h i s  t e m p e r a t u r e  thehLghes t  y i e l d  o f  t a r  a s  r e p o r t e d  e l sewhere  ( 2 ) .  
I n v e s t i g a t i o n s  abou t  secondary  r e a c t i o n s  l e d  u s  t o  assume t h a t  t h e  
decompos i t ions  o c c u r r i n g  d u r i n g  t h e s e  r e a c t i o n s  a t  t h i s  t e m p e r a t u r e  
a r e  much sup2res sed .  But t h i s  q u e s t i o n ,  t o o ,  can be e x p l a i n e d  i n  t h e  
fo  110 wing . 
The pronounced d i f f e r e n c e s  between b o t h  methods o f  d e g a s i f i c a t i o n  
become v i s i b l e  a l r e a d y  i n  t h e  nex t  t a b l e  ( f i g .  1 1 ) .  r ’ a r t i c u l a r l y  
s t r i k i n g  i s  t h e  h igh  y i e l d  o f  t a r  w i t h  t h e  r a p i d  d e g a s i f i c a t i o n .  
With t h e  g a s i f i c a t i c n  Lccord ing  t c  F i s c h e r ,  however, t h e  y i e l d  of  
g a s  and coke i s  h i g h e r  a s  t h e  l o n g e r  i n f l u e n c e  of  h e a t  caused ,  i n  
t h i s  c a s e ,  a c r a c k i n g  and coking  o f  t h e  t a r .  Very d i f f e r e n t  f r a c t i o n s  
a r e  o b t a i n e d  from t h e  vacuum d i s t i l l a t i o n  o f  b o t h  t a r s .  By v i r t u e  o f  
t h e  c r a c k i n g ,  t h e  t a r  acco rd ing  t o  t h e  F i s c h e r  d e g a s i f i c a t i o n  
p o s s e s s e s  a h i g h  f r a c t i o n  o f  l i g h t  o i l ,  whereas  t h e  t a r  f rom t h e  
r a p i d  d e g a s i f i c a t i o n  p r o c e s s  h a s  t h e  h i g h e s t  y i e l d  o f  p i t c h .  The l a s t  
column o f  t h e  t a b l e  shows t h e  q u o t i e n t  o f  t h e  d i f f e r e n t  y i e l d s  from 
b o t h  methods o f  p y r o l y s i s .  Accord ing  t o  t h e s e  f i g u r e s ,  t h e  t a r  
p r o d u c t s  from t h e  r a p i d  d e g a s i f i c a t i o n  p r o c e s s  have a inuch h i g h e r  
molecu la r  weight .  T h i s  could  be de t e rminded ,  however, so f a r  o n l y  
w i t h  r e g a r d  t o  t h e  t o t a l  y i e l d  o f  t a r .  

3.1. Composi t ion  o f  t a r  
The t a r s  o b t a i n e d  were n o t  t o  be  t r e a t e d  w i t h  t h e  u s u a l  methods.  
T h e r e f o r e ,  methods o f  a n a l y s i s  had t o  be  deve loped  which s e p a r a t e d  
t h e  t a r  p r o d u c t s  under  most mi ld  and g e n t l e  c o n d i t i o n s ,  a s  t h e  t a r ,  
a l r e a d y  from i t s  o r i g i n a t i o n ,  i s  most s e n s i t i v e  a g a i n s t  t h e r m a l  and 
chemica l  i n f l u e n c e s .  It i s  t h u s  v e r y  d i f f i c u l t  t o  e l a b o r a t e  s u i t a b l e  
met hods.  

C/min) 

A scheme for t h e  e n t i r e  p r e p a r a t i o n  o f  t a r  i n  f i g ,  12 shows, how 
many s t e p s  were r e q u i r e d  t o  o b t a i n  f r a c t i o n s  which cou ld  be assumed 
f o r  t h e  g a s  ch romatograph ic  a n a l y s i s  ( 4 ) .  I t  proved  t o  be i m p o s s i b l e  
t o  s e p a r a t e  f u r t h e r  t h e  u n d i s t i l l a b l e  r e s i d u e s  o f  p i t c h .  T h e r e f o r e ,  
w e  c a r r i e d  Out ,  a f t e r  a f u r t h e r  e x t r a c t i o n ,  a s t r u c t u r a l  a n a l y s i s  
a c c o r d i n g  t o  van  Kreve len  ( 6 ) .  

S u r e l y ,  it would l e a d  t o o  f a r  t o  ment ion  a l l  r e s u l t s  o f  t a r  i n v e s t i g -  
a t i o n s  i n  t h i s  paper .  It i s  hoped,  however,  t h a t  the f o l l o w i n g  
d a t a  o f  a n a l y s i s  w i l l  c o n t r i b u t e  t o  e l u c i d a t e  t h e  problem. It i s  
s u f f i c i e n t l y  known t h a t  t h e  p y r o l y s i s  o f  c o a l  i s  composed o f  s e v e r a l  
p a r t  r e a c t i o n s  which t a k e  p l a c e  . p a r t l y  p a r a l l e l  t o  e a c h o t h e r  and 
p a r t l y  subsequen t  t o  e a c h o t h e r .  The p r imary  p r o d u c t s  r e p r e s e n t  l a r g e  
m o l e c u l a r  u n i t s  which a r e  decomposed i n  t h e  secondary  p r o c e s s  i n t o  
f r agmen t s  o f  d i f f e r e n t  s izes .  I n  t h e  end, l a r g e r  u n i t s  can  deve lop  
a g a i n  by  p o l y m e r i s a t i o n  and condensa t ion .  The compos i t ion  o f  t h e  
f i n a l  p r o d u c t s  depends  d e c i s i v e l y  on t h e  p r e - s e t  c o n d i t i o n s  f o r  t h e  
seqondary  r e a c t i o n s .  E s p e c i a l l y  t e m p e r a t u r e  and t h e  t ime o f  r e a c t i o n  
a r e  o f  g r e a t  impor t ance .  
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G G g e r  ( 3 )  showed i n  a 9 a p e r  abou t  t h e  s t r u c t u r e  o f  c o a l  m a c e r a l e s  
t h a t  t h e  s u b s t a n c e  o f  c o a l  i s  made up o f  a t  l e a s t  t h r e e  main 
complexes of  g roups  o f  m a t e r i a l .  These a r e  a t  f i rs t  t h e  g roup  of 
waxes and r e s ins ,  s e c o n d l y  t h e  g roup  o f  oxyhuminic  components and, 
f i n a l l y ,  t h e  group o f  dehvdrohumink s u b s t a n c e s .  

i k o g e r  p w u m e s  t h a t  t h e  c o a l  r e p r e s e n t s  a s t r u c t u r e  o f  s o l i d  m a t e r i a l  
b u i l t  u p  o f  many c e l l s ,  i n t o  which b i t u m i n o u s  c o a l  Components a r e  
embedded. H e  proved t h i s  by m i c r o s c o p i c a l  p h o t o s  o f  a v i t r i n i t e  
b e f o r e  and a f t e r  c a u t e r i z a t i o n  w i t h  dimethylformamid.  k s o l v e n t  
shows c l e a r l y  t h e  s t r u c t u r e  o f  t h e  c e l l s  o f  t h e  o t h e r w i s e  s t r u c t u r e l e s s  , 
v i t r i n i t e  a f t e r  c a u t e r i z a t i o n .  Dur ing  t h i s  r o c e s s  , t h e  m a t e r i a l  
i n s i d e  t h e  c e l l s  (waxe.s, r e s i n s ,  oxyhuminesy - which a r e  p r o b a b l y  
c o n n e c t e d  t o  t h e  s k d e t o n  o f  t h e  c e l l s  n o t  w i t h o u t  any bonding b u t  
a l s o  t h r o u g h  f u n c t i o n a l  g r o u p s  - , a r e  r e l e a s e d .  

1 

. .  

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

d i f f u s i n g  t o  t h e  o u t s i d e  t h r o u g h  f i s s u r e s  and pore passages .  How f a r  
formed i n  t h e  i n d i v i d u a l  c e l l s  l e a d i n g  t o  e x c e s s  p r e s s u r e  and - _  
t h e r e  w i l l  b e  secondary  r e a c t i o n s ,  depends  on  s e v e r a l  p a r a m e t e r s  such 
a s  t h e  s t r u c t u r e  o f  t h e  c e l l s  and o f  t h e  po re  sys tem as w e l l  a s  t y p e  
and manner o f  t h e r m a l  t r e a t m e n t .  h e  t o  such  f a c t o r s  of  i n f l u e n c e ,  
t h e r e  w i l l  a lways be a d i f f e r e n t  c o m $ o c t i t i o n  o f  t h e  p r o d u c t s  o f  
d e g a s i f i c  a t i o n ,  

B i t h  a v e r y  r a p i d  h e a t i n g  o f  t h e  c o a l ,  t h e  p r e s s u r e  i n s i d e  a c e l l  
i n c r e a s e s  v e r y  q u i c k l y .  Then, t h e  w a l l s  o f  t h e  c e l l s  a r e  t o r n  u? a t  
weak p o i n t s  and t h e  c o n t e n t s  o f  t h e  c e l l s  a r e  so r a p i d l y  d i s t i l l e d  

On t h e  o t h e r  hand, it c a n  be o b s e r v e d ,  t h a t  c e r t a i n  g roups  o f  
s u b s t a n c e s  a r e  decomposed i n t o  s m a l l e r  f r a g m e n t s  a t  t h e  p r e v a i l i n g  
r e l a t i v e l y  h i g h  t e i n p e r a t u r e s  a l r e a d y  a t  e x t r e m e l y  s h o r t  t i m e s  o f  
s o j o u r n .  According t o t h i s  i d e a  o f  t h e  p r o c e s s  o f  p y r o l y s i s ,  i t  can  
now be c m l u d e d  from comparison between t h e  y i e l d s  o f  t a r  o b t a i n e d  
from t h e  r a p i d  d e g a s i f i c a t i o n  p r o c e s s  and o f  t a r  o b t a i n e d  from t h e  
F i s c h e r  p r o c e s s  how t h e s e  two p r o c e s s e s  a c t  on  t h e  coinposi t ion o f  
such  t a r s .  

As t h e  i n d i v i d u a l  chemica l  compounds a r e  v e r y  d i f f e r e n t  i n d e e d ,  it 
i s  p r e f e r a b l e  t o  e v a l u a t e  them s e p a r a t e l y ,  v i z .  i n  t h e  c o n d i t i o n  how 
t h e y  were o b t a i n e d  from t h e  p r i m a r y  s e p a r a t i o n .  I n  d o i n g  so, it i s  
p r a c t i c a l  t o  l i m i t  t h i s  e v a l u a t i o n  t o  t h e  n e u t r a l  components,  
moreover a s  t h i s  f r a c t i o n  i s  t h e  l a r g e s t .  Then, t h e  main two g roups  
a r e  o b t a i n e d  w i t h i n  t h i s  f r a c t i o n :  t h e  a l i p h a t i c  and t h e  a r o m a t i c  
components.  The v a l u e s  found  by t h e  u r e a  method a r e  p a r t l y  v e r y  
s i g n i f i c a n t .  F i g u r e  13 shows t h e  y i e l d  of  a l i p h a t e s .  Y i t h  hydroca rbons  
w i t h  14 and 20 C-numbers, t h e r e  a r e  c l e a r l y  two maxima which a r e  a 
l i t t l e  h i g h e r  f o r  t h e  t a r  o b t a i n e d  by t h e  F i s c h e r  a n a l y s i s .  ‘iVith 
h i g h  C-numbers, t h e  c u r v e  o f  t h e  t a r  o b t a i n e d  by t h e  r a p i d  d e g a s i f i c -  
a t i o n  p r o c e s s ,  however, l i e s  e s s e n t i a l l y  above t h a t  f o r  t h e  t a r  
o b t a i n e d  by t h e  F i s c h e r  a n a l y s i s .  As p r o d u c t s  would be proved o n l y  
up  t o  t h e  C-number o f  31, it can  h a r d l y  be  assumed t h a t  t h e r e  w i l l  
be much l o n g e r  c h a i n s  i n  t h e  s u b s t a n c e  o f  c o a l .  T h e r e  must be m a i n l y  
h y d r o c a r b o n s  w i t h  C-numbers o f  20 t o  25 i n  t h e  c o a l  assumed for the 
tes ts .  The maxima a t  a C-number o f  14 i n d i c a t e  r e a c t i o n s  o f  
d e c o m p o s i t i o n  o f  t h e  l o n g  c h a i n s  i n t o  2 h a l v e s .  T h i s  d o e s  n o t  mean, 
o f  c o u r s e ,  t h a t  t h e  l o w e r  hydroca rbons  a r e  formed o n l y  by r e a c t i o n s  
o f  s e p a r a t i o n .  On t h e  c o n t r a r y ,  i t  must be  assumed t h a t  t h e s e  
a l i p h a t e s  e x i s t  a l r e a d y  i n  t h e  s u b s t a n c e  o f  c o a l  i n  form o f  waxes o f  
v e g e t a b l e  o r i g i n .  

1 t h a t  a c r a c k i n g  and r e a c t i o n  o f  t h e  m a t e r i a l  i s  h a r d l y  s t i l l  p o s s i b l e .  
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By t h e r m a l  t r e a t m e n t ,  t h e  p a r a f f i n s  a r e  d i s t i l l e d  and d i f f u s e d  from 
t h e  s t r u c t u r e  o f  t h e  c e l l s  t o  t h e  o u t s i d e .  LVith a " s l o w  h e e t i n g " ,  
t h e y  d i s t i l l  s u c c e s s i v e l y  when r e a c h i n g  t h e i r  b o i l i n g  t e m p e r a t u r e s .  
W t h  " r a p i d  h e a t i n g " ,  however, t h e  s u b s t a n c e s  a r e  a t  once  exposed 
t o  h i g h  t e m p e r a t u r e s ,  a t  which t h e y  s p l i t  up. On lv  t h e  long-cha in  
hydrocarbons ,  t h e  b o i l i n g  p o i n t s  o f  which l i e  a t  h i g h e r  t e m p e r a t u r e s ,  
a r e  h a r d l y  decomposed, N i t h  t h e  F i s c h e r  a n a l y s i s ,  t h e  l o n g e r  t ime  
o f  s o j o u r n  l e a d s  t o  a c r a c k i n g  i n t o  s m a l l e r  f r agmen t s .  T h e r e f o r e ,  
t h e  y i e l d s  o f  t h e s e  hvdroca rbons  w i t h  t h e  s lower  d e g a s i f i c a t i o n  a r e  
lower  . 
It was much more d i f f i c u l t  t o  d e t e r m i n e  t h e  a r o m a t i c  components a s  
shown by a g a s  chromatogram o f  a f r a c t i o n  ( f i g .  14) .  Both t a r s  
c o n t a i w d  n e a r l y  t h e  same s u b s t a n c e s ,  o f  c o u r s e ,  w i t h  d i f f e r e n t  
c o n c e n t r a t i o n s .  A c l e a r  r e p r e s e n t a t i o n  o f  t h e  p e r c e n t a g e s  o f  sub- 
s t a n c e s  i s  g iven  i n  t h e  f o l l o w i n g  p i c t u r e  (15),  where t h e  p e r c e n t a g e s  
of  t h e  i n d i v i d u a l  r i n g  s y s t e m s  of  bo th  t a r s  have been  p l o t t e d .  Ud.er 
t h e  c o n d i t i o n s  o f  t h e  " r a p i d  d e g a s i f i c a t i o n " ,  t h e  3- r ing-sys tem 
a r i s e s  p r e f e r a b l y ,  whereas  mos t ly  4 r i n g s  o c c u r  w i t h  t h e  "slow" 
d e g a s i f i c a t i o n .  B e s i d e s ,  t h e  p e r c e n t a g e  o f  s u b s t i t u t e d  components o f  
more t h a n  50 j6 w i t h  t h e  r a p i d  d e g a s i f i c a t i o n  p r o c e s s  i s  much h i g h e r  
t h a n  t h e  p e r c e n t a g e  o f  o n l y  about  27 % w i t h  compounds o b t a i n e d  f rom 
t h e  F i s c h e r  a n a l y s i s .  

I t  h a s  been  proved e l s e w h e r e  ( 4 )  t h a t  t h e a s e  s u b s t a n c e s  come from 
t h e  r e s i n  i n  t h e  coa l .  Dur ing  t h e  t h e r m a l  t r e a t m e n t ,  t h i s  component 
i s  s u b j e c t  t o  r e a c t i o n s  o f  decompos i t ion  and condensa t ion .  AS main ly  
3- and 4- r ing-sys tem c o u l d  be found i n  t h e s e  r e a c t i o n s  which can  be  
a s s i g n e d  t o  t h e  b a s e  m o l e c u l e s  o f  r e s i n s ,  t h e  e f f e c t s  o f  s econdary  
r e a c t i o n s  can  be  s m a l l  on ly .  Due t o  t h e  l o n g e r  t ime o f  s o j o u r n  i n  
t h e  h o t  r e a c t i o n  chamber, t h e  r e a c t i o n s  o f  c o n d e n s a t i o n  o f  t h e  t a r  
o b t a i n e d  from t h e  F i s c h e r  a n a l y s i s  a r e  more p r o g r e s s e d  t h a n  f o r  t h e  
t a r  o b t a i n e d  from t h e  r a p i d  d e g a s i f i c a t i o n  p r o c e s s .  T h e r e f o r e ,  t h e  
maximum o f  t h e  r i n g  d i s t r i b u t i o n  i s  w i t h  t h e  4- r ing-sys tem.  Apar t  
from t h e  r e a c t i o n  o f  condensa t ion ,  t h e  low y i e l d  o f  a l k y l a t e d  a romates  
g i v e s  r e a s o n  t o  assume s t r o n g e r  r e a c t i o n s  o f  decompo s t i o n .  

I n  order t o  i n v e s t i g a t e  a l s o  the '  h i g h  amount o f  p i t c h  i n  t h e  t a r  
o b t a i n e d  from t h e  r a p i d  d e g a s i f i c a t i o n  p r o c e s s ,  a s t r u c t u r a l  a n a l  (si2 
o f  t h e  f r a c t i o n s  o b t a i n e d  acco rd ing  t o  van  Ywevelen (6)  was c a r r i e d  
o u t .  The median r i n g  s i z e  c a l c u l a t e d  by  t h i s  method h a s  been p l o t t e d  
i n  f i g .  16 i n  p e r c e n t a g e s .  The maximum a t  t h e  10- r ing-sys tem shows 
t h a t  t h i s  i s  a much h i g h e r  condensa ted  system. T h i s  i s  i n d i c a t e d  
a l s o  by t h e  median m o l e c u l a r  w e i g h t s  between 140 and 554 found by  
exper iment .  

A s  such  h igh  m o l e c u l a r  u n i t s ,  s u r e l y ,  a r e  n o t  r e l e a s e d  unchanged 
from t h e  s u b s t a n c e  o f  c o a l ,  it can  be  assumed t h a t  t h e  compos i t ion  of 
t h e  p i t c h  i s  much more de t e rmined  by secondary  r e a c t i o n s  t h a n  t h e  
compos%it ion o f  t h e  l i q u i d  t a r .  T h i s  i s  due ,  above a l l ,  t o  t h e  above 
mentioned r e a c t i o n s  o f  condensa t ion  which, a t  a s u f f i c i e n t l y  long  
t ime o f  s o j o u r n ,  p r o g r e s s  t o  a n  e x e n t  t h a t  macromolecules  deve lop  
which can  no more be  d i s t i l l e d  and coked i n  t h e  c o u r s e  o f  t h e  
d e g a s i f i c a t i o n  p r o c e s s  even if t e m p e r a t u r e  would be  f u r t h e r  i n c r e a s e d .  
T h i s  can  be e a s i l y  d e r i v e d  from t h e  f o l l o w i n g  t a b l e  ( f i g .  17). 
According  t o  t h i s  t a b l e ,  122.9 g o f  t h e  p i t c h  formed by t h e  r a p i d  
d e g a s i f i c a t i o n  o f  1 kg c o a l ,  h a s  been  changed w i t h  t h e  d e g a s i f i c a t i o n  
a c c o r d i n g  t o  F i s c h e r  s e c o n d a r i l y  i n t o  98.9 g o f  coke and 24 g of 
g a s e o u s  p roduc t s .  
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The l o n g e r  p e r i o d  o f  h e a t  i n f l u e n c e  w i t h  t h e  d e g a s i f i c a t i o n  p r o c e s s  
a c c o r d i n g  t o  F i s c h e r  t h u s  l e d  t o  a n  i n t e n s i f i e d  c o n d e n s a t i o n  and 
decompo&ion. The macromolecukes deve loped  d u r i n g  t h i s  p r o c e s s  were 
coked. Dur ing  t h e  r a p i d  d e g a s i f i c a t i o n  p r o c e s s ,  however,  t h e  r e a c t i o n s  
of  c o n d e n s a t i o n  cou ld  be i n t e r r u p t e d  a t  an e a r l y  s t a g e  by a q u i c k  
d i s c h a r g e  of t h e  d e g a s i f i c a t i o n  p roduc t s .  

These r e s u l t s  o f  i n v e s t i g a t i o n  a r e  i n  acco rdance  w i t h  t h e  a s sumpt ion  
t h a t  t a r  i s  p r i n c i p a l l y  formed by t h e  wax-resin-component of t h e  coa l .  
Accord ing  t o  a c a l c u l a t i o n  d e s c r i b e d  by KroGer (5), i t  cou ld  be shown 
t h a t  t h i s  complex o f  s u b s t a n c e s  i s  be ing .  o b t a i n e d ,  w i t h  t h e  r a p i d  
d e g a s i f i c a t i o n  p r o c e s s ,  n e a r l y  e n t i r e l y  i n  t h e  'form o f  t a r ,  whereas  
t h e  y i e l d  o f  p r o d u c t s  o b t a i n e d  by  t h e  F i s c h e r  a n a l y s i s  i s  f a r  below 
t h e  c a l c u l a t e d  v a l u e s .  

T h u s  i t  i s  p o s s i b l e  by means o f  t h e  r a p i d  d e g a s i f i c a t i o n  p r o c e s s  t o  
o b t a i n  t h i s  b a s i c  complex o f  t h e  c o a l  c o m p l e t e l y  i n  t h e  f o r m  o f  t a r .  
I t  i s  t r u e ,  t h a t  t h e  d e g a s i f i c a t i o n  p r o d u c t s  a r e  n o t  p o r t i o n s  o f  t h e  
o r i g i n a l  s u b s t a n c e s  o f  c o a l  b u t  r e p r e s e n t  t h e  p r i m a r y  b i tumen 
d e v e l o p e d  d u r i n g  t h e  p r i m a r y  deco%?o&ion o f  t h e  c o a l .  The p r imary  
b i tumen i s  o n l y  a l i t t l e  changed by seconciary r e a c t i o n s  a s  t h e y  a r e  
t i e d  u p  a t  an  e a r l y  s t a g e  b y  t h e  q u i c k  d i s c h a r g e  o f  t h e  d e g a s i f i c -  
a t i o n  p r o d u c t s .  

4. Summary 
By v i r t u e  of t h e s e  r e s u l t s  o f  i n v e s t i g a t i o n ,  t h e  r e a c t i o n s  d u r i n g  
t h e  r a p i d  d e g a s i f i c a t i o n  of c o a l  c a n  be e x p l a i n e d  a s  f o l l o w s :  

Under t h e  cond i t ion - s  o f  r a p i d  d e g a s i f i c a t i o n ,  n o t a b l y  t h e  h e a t i n g  
speed  a t  t h e  c o a l  g r a i n  and t h e  q u i c k  d i s c h a r g e  o f  d e g a s i f i c a t i o n  
p r o d u c t s ,  p r imary  b i tumen i s  o b t a i n e d  which deve loped  from t h e  c o a l  
d u r i n g  the pr imary  d e c o m p o s i t i o n .  Dur ing  t h i s  p r o c e s s ,  t h e  same 
r e g u l a r i t i e s  p r e v a i l  a s  w i t h  any  p r o c e s s  o f  e v a p o r a t i o n .  

The s u b s t a n c e ,  most o f  which  a r e  t o  be a s s i g n e d  t o  t h e  wax-res in-  
component o f  t h e  c o a l ,  can  be c o m p l e t e l y  e v a p o r a t e d  by t h i s  p rocess .  
To which exen t  t h e  p r i m a r y  b i tumen i s  b e i n g  changed by secondary  
r e a c t i o n s ,  depends  e s p e c i a l l y  on  t h e  p r e - s e t  t e m p e r a t u r e  o f  t h e  h e a t  
c a r r i e r s .  The t e s t s  showed t h a t  t h e  maximum of t h e  t a r  y i e l d  i s  
o b t a i n e d  a t  a t e m p e r a t u r e  o f  abou t  600 OC. 

After  numerous a n a l y s e s  o f  t h e  d e g a s i f i c a t i o n  p r o d u c t s  e v a p o r a t e d  
a t  t h i s  t e m p e r a t u r e s ,  it c a n  be  s t a t e d  t h a t  t h e  s u b s t a n c e s  o b t a i n e d  
a r e  h a r d l y  decomposed by secondary  r e a c t i o n s .  
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