
EXPERIMENTAL DESIGN 

Reactor-Analysis System 

Figures  1 and 2 d i s p l a y  t h e  r eac to r -ana lys i s  system. P rov i s ions  a r e  made t o  
monitor one t o  t h r e e  thermocouples,  a pres su re  t r ansduce r ,  and t h e  I R  a c t i v e  l i g h t  
gases  evolved du r ing  a d e v o l a t i l i z a t i o n  experiment.  The tempera ture ,  t o t a l  pres- 
s u r e  and l i g h t  gas  d a t a  genera ted  are r e a l  t ime d a t a .  

Power t o  t h e  g r i d  is  provided by a programmable power supply  (Harr i son  Model 
62698) opera ted  i n  one of two modes. I n  t h e  v o l t a g e  programmed mode, t h e  vol tage  
d e l i v e r e d  t o  t h e  g r i d  i n  any i n s t a n t  is determined by a v o l t a g e  and time s e l e c t i o n  
system (VATS), which w i l l  be desc r ibed  i n  d e t a i l  e l sewhere .  Up t o  f i v e  s t e p  func- 
t i o n  increments ,  bo th  p l u s  and minus, i n  t h e  g r i d  v o l t a g e  can be made. The dura t ion  
of t h e  increments  a r e  independent ly  s e l e c t a b l e .  The response  t ime of t h e  power 
supply  is 20 msec o r  l e s s .  

I n  t h e  c u r r e n t  program mode t h e  sc reen  is  fo rced  t o  conduct a cons t an t  cu r ren t .  
The v o l t a g e  a c r o s s  t h e  s c r e e n  f l o a t s  t o  main ta in  t h e  cons t an t  c u r r e n t  condi t ion  
I n  the  c u r r e n t  and t i m e  s e l e c t  (CATS) mode, t he  h e a t i n g  r a t e  and f i n a l  temperature 
of t he  sc reen  a r e  coupled a s  p rev ious ly  noted ( 1 , 2 ) .  F igu res  3 and 4 d i sp lay  
t y p i c a l  tempera ture  vs  t ime p l o t s  ob ta ined  wi th  each c o n t r o l  system. 

For synchron iza t ion ,  t h e  FTIR i s  t h e  mas ter  and a l l  o t h e r  e l e c t r o n i c  c i r c u i t s  
(VATS, CATS, h igh  speed camera, so l eno id  v a l v e ,  e t c . )  a r e  s l a v e s .  

A t t e m p t s  t o  monitor t h e  real t ime tempera ture  of t h e  g r i d  by p l ac ing  small  
(-75-100 wn d i a )  thermocouple beads between t h e  f o l d s  of t he  g r i d  produced incon- 
s i s t e n t  r e s u l t s  p a r t i c u l a r l y  f o r  hea t ing  r a t e s  of 2 l o3  C/sec and f i n a l  temperatures 
2 800 C .  Vol tages  were f r e q u e n t l y  induced a c r o s s  the  thermocouple bead/ leads  a s  
were ind ica t ed  by d i s c o n t i n u i t i e s  i n  t h e  temperature-time cu rves .  I n  t he  worst 
ca se ,  measured p o t e n t i a l s  ( thermal  p lus  induced) exceeded t h e  maximum a l lowable  f o r  
chromel-alumel thermocouples.  

Consequently,  t he  tempera ture  of t h e  g r i d  system was monitored by spot  welding 
t h e  beads t o  t h e  unders ide  of t h e  bottom f o l d  of t h e  g r i d .  Even i n  t h i s  ca se ,  ca re  
had t o  be taken  t o  i n s u r e  a s ingle-spot  weld, as i t  w a s  observed t h a t  welds with 
two o r  more c o n t a c t  p o i n t s  aga in  produced spur ious  v o l t a g e s  a c r o s s  the  bead. One 
t o  t h r e e  thermocouples a t t a c h e d  a t  d i f f e r e n t  p o i n t s  t o  t h e  g r i d  could be monitored. 
Although sampling r a t e s  of 2 kHz a r e  p o s s i b l e  w i t h  t h e  d a t a  a c q u i s i t i o n  system, 
thermocouple sampling r a t e s  of 500 Hz were commonly used. F igu res  3 and 4 show 
t y p i c a l  tempera ture  ve r sus  time p l o t s  f o r  b lank  sc reen  runs  wi th  t h e  VATS and CATS 
system r e s p e c t i v e l y  . 

The pressure was monitored in t he  d e v o l a t i l i z a t i o n  system wi th  a capac i tance  
manometer. The r e a l  t i m e  sampling r a t e  of t h i s  dev ice  is  l i m i t e d  t o  1 2 5  Hz. This 
was found adequate  t o t r a c k  t h e  o v e r a l l  l i g h t  gas  e v o l u t i o n  i n  r e a l  t ime. 

The l i g h t  gas evo lu t ion  was monitored i n  r e a l  time by a Nico le t  FTIR i n  t h e  
r ap id  scan mode. The r a p i d  scan  f e a t u r e  of t h i s  dev ice  a l low c o l l e c t i o n  of da t a  
over  t h e  complete wavenumber range of t h e  d e t e c t o r  a s  f a s t  a s  every  120 msec a t  
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8 cm-I r e so lu t ion .  
high r e s o l u t i o n  (0.5 cm-l) scanning of t h e  c e l l  immediately fo l lowing  the  devola- 

The amounts of i d e n t i f i e d  gaseous s p e c i e s  a r e  determined by 

\ t i l i z a t i o n  process .  

T rans fe r  rates between the  d e v o l a t i l i z a t i o n  c e l l  and I R  c e l l  were determined 
by s l i g h t l y  p re s su r i z ing  t h e  d e v o l a t i l i z a t i o n  c e l l  w i th  gas  s t anda rds  and a c t i v a t i n g  
the so lenoid  va lve  (Fig.  2 ) .  The rate of gas  t r a n s f e r  from t h e  d e v o l a t i l i z a t i o n  
chamber t o  t h e  1 R  c e l l  w a s  determined t o  be f a s t  compared t o  t h e  r a t e  of e v o l u t i o n  
a t  the  hea t ing  r a t e s  used i n  t h i s  s tudy .  

High speed f i lms  (2 msec/frame) were made of t h e  d e v o l a t i l i z a t i o n  p rocess  f o r  
Some runs.  I n  these  cases  t h e  camera was focused e i t h e r  upon t h e  g l a s s  w a l l s  of 
t he  g r i d  chamber o r  upon a K B r  d i s k  suspended about 0 .L  cm above p a r t  of t he  c o a l  
sample  w i th in  the  g r i d .  The purpose of t h e  f i l m  w a s  t o  monitor t h e  r e a l  t i m e  evolu- 
t i o n  of t h e  t a r  spec ie s  r e l e a s e d  by fo l lowing  t h e  v i s i b l e  condensation and bu i ldup  
of t h e  t a r s  on a t r a n s p a r e n t  s u r f a c e .  Under low ambient p re s su re  cond i t ions  
(<< 1 t o r r )  t he  t a r  molecular spec ie s  a r e  p rope l l ed  i n  a l i n e  of  s i g h t  pa th  away 
from the  d e v o l a t i l i z i n g  c o a l  and immediately condense upon s t r i k i n g  a coo l  s u r f a c e .  

\ 

Procedure 

325 mesh s t a i n l e s s  s t e e l  s c reen  ( -  7.5 cm long)  i s  fo lded  such t h a t  a s c r e e n  
sandwich ( -  1.00  cm wide) i s  formed. A f i n e  chromel-alumel thermocouple (75-100 
um) bead is  spot-welded t o  t h e  unders ide  of t h e  bottom f o l d  a t  t h e  c e n t e r  of t h e  
screen .  For some runs  second or t h i r d  beads a r e  welded approximately 1 . 5  cm o f f  of 
s c reen  c e n t e r ,  aga in  t o  t h e  unders ide  of t h e  bottom f o l d  of t h e  g r i d .  The sc reens  
a r e  p r e f i r e d  f o r  t h e  fo l lowing  reasons :  (1)  t o  o b t a i n  a cons t an t  t a r e  weight ;  ( 2 )  
t o  ob ta in  nea r ly  cons t an t  r e s i s t i v i t y  and e m i s s i v i t y ;  (3)  t o  determine t h e  exac t  
c o n t r o l  s e t t i n g s  needed t o  produce a g iven  blank sc reen  hea t ing  r a t e ,  f i n a l  t e m -  
p e r a t u r e ,  and time a t  a f i n a l  tempera ture .  

Af te r  t h e  p r e f i r i n g ,  t he  sc reen  i s  loaded wi th  10-25 mg of -1OW325 mesh coa l .  
The coa l  i s  vacuum d r i e d  a t  105 C ove rn igh t .  The sample i s  p laced  i n  approximately 
2 cm l eng th  of the s t r i p  us ing  t h e  c e n t e r  thermocouple a s  t h e  marker f o r  t h e  sample 
cen te r .  I n  t h e  case  of t h e  two thermocouple runs  t h e  o u t e r  thermocouple r e s i d e s  
about 0.5 cm from t h e  bulk of t h e  sample  a r e a .  The "loaded" sc reen  i s  r epos i t i oned  
i n  the  r e a c t o r .  The r e a c t o r  i s  evacuated  and t h e  d e v o l a t i l i z a t i o n  experiment i s  
performed. 

The manner of apply ing  power t o  t h e  g r i d  as w e l l  as t h e  temperature monitoring 
d i f f e r  s i g n i f i c a n t l y  from o the r  r e c e n t  s t u d i e s  us ing  hea ted  g r i d  techniques  f o r  
r ap id  hea t ing  (3 ,4 ,5 ) .  For example, a l though o t h e r  s t u d i e s  r e p o r t  spot  welding a 
thermocouple t o  the  g r i d ,  t he  weld i s  such  t h a t  t h e  bead is appa ren t ly  pos i t i oned  
between the  f o l d s  of t h e  g r i d  (5 ) .  Upon power a p p l i c a t i o n ,  t he  thermocouple i s  
forced t o  fo l low programmed temperature t r a j e c t o r y  by a monitoring-feedback system. 
I n  a d d i t i o n ,  l i t t l e  work h a s  been r epor t ed  for vacuum cond i t ions  d e s p i t e  t h e  f a c t  
t h a t  i t  i s  w e l l  e s t a b l i s h e d  t h a t  d e v o l a t i l i z a t i o n  under ambient p re s su re  r e s u l t s  
i n  numerous secondary r e a c t i o n s  f o r  t a r  s p e c i e s  formed i n  t h e  primary, thermal  
d e v o l a t i l i z a t i o n  of t h e  c o a l  (1,6,7). 
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RESULTS AND OBSERVATIONS 

Sample-Induced Temperature Dev ia t ions  

Figure 5 d i s p l a y s  a series of c e n t e r  thermocouple temperature  p r o f i l e s  obtained 
w i t h  samples of an Appalachian p rov ince ,  h i g h  v o l a t i l e  bituminous c o a l  u s ing  the  
VATS c o n t r o l  c i r c u i t .  I n  comparing t h e  p r o f i l e s  t o  corresponding blank sc reen  r e f -  
e r ence  runs (Fig.  3)  t h e  d e v i a t i o n s  i n  t h e  temperature- t ime pa th  o'f t h e  thermocouple 
are obvious. 

Figure 6 d i s p l a y s  a series of c e n t e r  thermocouple temperature  p r o f i l e s  obtained 
w i t h  samples of a Rocky M t .  p rov ince ,  h igh  v o l a t i l e  bituminous c o a l  u s ing  t h e  CATS 
c o n t r o l  c i r c u i t .  Again t h e  sample-induced temperature  d e v i a t i o n s  become obvious 
when comparing t h e  p r o f i l e s  t o  t h e  corresponding blank s c r e e n  r e fe rences  (Fig.  4 ) .  

The Local Nature  of t h e  Temperature Dev ia t ions  
I 

Figure 7 d i s p l a y s  t empera tu re  p r o f i l e s  f o r  c e n t e r  and edge thermocouples i n  
blank and sample loaded s c r e e n s ,  r e s p e c t i v e l y .  The cu rves  i n d i c a t e  t h a t  t h e  
"thermal loading" of t h e  s c r e e n  by t h e  sample i s  a l o c a l  e f f e c t .  Runs performed 
wi th  no s a m p l e  over  t h e  c e n t e r  thermocouple bu t  w i th  5-10 mg of sample placed 
around t h e  edge thermocouple p o s i t i o n s  gave s i m i l a r  r e s u l t s  bu t  f o r  o p p o s i t e  thermo- 
coup les ,  i . e . ,  t h e  c e n t e r  thermocouple w i t h  no sample load reproduced t h e  blank 
s c r e e n  temperature-time p l o t  w h i l e  t h e  edge thermocouple produced a p l o t  s i m i l a r  
t o  t h e  p rev ious ,  loaded c e n t e r  thermocouple p l o t .  The r e s u l t s  i n d i c a t e  t h a t  t h e  
sample in t roduces  a s i g n i f i c a n t  thermal  load  i n  t h e  immediate a r e a  of t h e  screen 
such t h a t  t h e  l o c a l ,  sample-loaded s c r e e n  cannot  fo l low t h e  programmed sc reen  
temperature.  

Phys ica l  Loading of t h e  Local Screen 

Seve ra l  t y p e s  of experiments  were performed t o  a s c e r t a i n  t h e  i n f l u e n c e  of t h e  
phys ica l  c h a r a c t e r i s t i c s  of t h e  sample on t h e  programmed temperature  p r o f i l e .  I n  
t h e s e  t e s t s ,  samples w i t h  low v o l a t i l e  ma t t e r  c o n t e n t s  were employed. F igu re  8 
d i s p l a y s  s e v e r a l  blank and sample loaded temperature  p r o f i l e s  f o r  an a n t h r a c i t e  
c o a l .  Figure 9 shows b lank ,  c o a l  loaded and r e s u l t a n t  cha r  loaded temperature pro- 
f i l e s  fo r  a h igh  v o l a t i l e ,  Appalachian p rov ince  bituminous c o a l .  The cu rves  
obtained w i t h  samples of low v o l a t i l e  m a t t e r  c o n t e n t  i n d i c a t e  t h a t  t h e  phys ica l  
p r o p e r t i e s  of t h e  sample such as h e a t  c a p a c i t y  and e m i s s i v i t y  do indeed c o n t r i b u t e  
t o  t h e  l o c a l  thermal  load ing  of t h e  sc reen .  This  p e r t u r b a t i o n  of t h e  phys ica l  
s t a t e  of t h e  s c r e e n  is man i fe s t ed  by a g radua l  d e v i a t i o n  from t h e  programmed 
h e a t i n g  r a t e  and lower f i n a l  t empera tu res  achieved.  I n  no c a s e  d i d  t e s t s  w i th  low 
v o l a t i l e  ma t t e r  con ten t  produce temperature  p r o f i l e s  such a s  those shown i n  Fig.  5 
and 6 .  The temperature-time p a t h s  observed w i t h  c o a l s  of apprec i ab le  v o l a t i l e  
m a t t e r  a r e  d i f f e r e n t  i n  c h a r a c t e r  t han  t h e s e  observed wi th  n o n v o l a t i l e  samples.  
d rop  i n  edge thermocouple temperature  (F ig .  7 )  i n d i c a t e s  t h e  sc reen  i s  a t t empt ing  
t o  reach thermal  equ i l ib r ium by thermal  conduct ion under pseudo-steady s t a t e  con- 
d i t  i o n s .  

The 
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Devolatilization-Induced Temperature Dev ia t ions  

While F ig .  5 shows v a r i a t i o n s  wi th  programmed f i n a l  tempera ture  f o r  a p a r t i c -  
u l a r  c o a l ,  Fig.  10  shows c e n t e r  thermocouple tempera ture  p l o t s  f o r  c o a l s  of va ry ing  
rank us ing  the  VATS system. 
g r e a t e r  l oad ing  e f f e c t  than  c o a l s  of lower o r  h ighe r  rank. A s  noted above , the  d i p  
i n  t h e  thermocouple tempera ture  occur s  a s  t h e  VATS system swi t ches  t h e  power ou tpu t  
of t h e  supply  from t h e  h igh  ou tpu t  ( tempera ture  ramping state) t o  t h e  lower o u t p u t ,  
t empera ture  hold s ta te .  The tempera ture  a t  t h e  t i m e  of t h e  swi t ch ing  i s  lower and 
t h e  r e s u l t a n t  d i p  i s  g r e a t e r  f o r  t h e  h igh  v o l a t i l e  bituminous c o a l s .  S imi l a r  
behavior  occurs  f o r  lower f i n a l  t empera ture  runs  wi th  t h e  VATS system ( s e e  Fig.  5) .  
I n  t h e s e  cases however t h e  "warp" i n  t h e  tempera ture  p a t h  i s  no t  as seve re .  A s  
no ted  above,such thermocouple behavior  is  n o t  observed f o r  non-vo la t i l e  samples.  

The h igh  v o l a t i l e  bituminous c o a l s  appear  t o  have a 

F igure  11 shows c e n t e r  thermocouple p l o t s  f o r  900 C f i n a l  t empera tures  r u n s  
f o r  c o a l s  of vary ing  rank us ing  t h e  CATS system. 
ming i n  t h e  CATS system, t h e  in s t an taneous  thermal power gene ra t ion  i s  d i f f e r e n t  
from t h e  VATS system dur ing  t h e  main phase of d e v o l a t i l i z a t i o n  p rocess .  Conse- 
quen t ly ,  t he  c h a r a c t e r s  of t h e  tempera ture  p l o t s  are d i f f e r e n t  t han  t h e  correspond- 
i n g  VATS p l o t s  f o r  t h e  same f i n a l  tempera tures  (See F igs .  1 0  and 1 1 ) .  The h igh  
v o l a t i l e  bituminous c o a l s  aga in  d i s p l a y  a g r e a t e r  l oad ing  e f f e c t  on t h e  sc reen  than 
lower or h ighe r  rank  coa l s .  However, t h e  warp i n  t h e  tempera ture  p l o t s  are n o t  as 
seve re  a s  t hose  observed i n  t h e  VATS system. 

Due t o  cons t an t  c u r r e n t  program- 

Figure  6 d i s p l a y s  tempera ture  curves  obta ined  wi th  a Rocky M t .  p rovince ,  h igh  
v o l a t i l e  bituminous c o a l  f o r  d i f f e r e n t  f i n a l  t empera ture  runs  us ing  t h e  CATS system. 
The v a r i a t i o n  i n  t h e  c h a r a c t e r  of t h e  tempera ture  p r o f i l e  w i th  programmed h e a t i n g  
c h a r a c t e r i s t i c s  is appa ren t .  I t  i s  t o  be noted  t h a t  t h e  product d i s t r i b u t i o n  
v a r i e d  s i g n i f i c a n t l y  wi th  h e a t i n g  cond i t ions  a l though  t o t a l  y i e l d  does n o t ,  a s  pre- 
v i o u s l y  r epor t ed  (1 ,2 ,6 ,7 ) .  

I t  i s  apparent  from the  c h a r a c t e r  of t h e  cu rves  p re sen ted  t h a t  t h e  devo la t i l i za -  
t i o n  p rocess  has a s i g n i f i c a n t  e f f e c t  o n - t h e  tempera ture  h i s t o r y  of t h e  l o c a l  
s c r e e n  complex. The a c t u a l  temperature-time p a t h  fo l lowed i s  h igh ly  dependent on 
t h e  d e v o l a t i l i z a t i o n  c h a r a c t e r i s t i c s  of t h e  c o a l  sample as  w e l l  a s  t h e  programmed, 
r e s i s t i v e  h e a t i n g  of the sc reen .  That i s  t h e  observed thermocouple tempera ture  
pa th  i s  t h e  r e s u l t a n t  of t h e  coupled r e s i s t i v e  h e a t i n g  and d e v o l a t i l i z a t i o n  process .  

Tar and Light  Gas Release R e l a t i v e  t o  t h e  Thermocouple Temperature H i s t o r y  

F igu res  6 and 1 2  i n d i c a t e  t h e  t a r  and l i g h t  hydrocarbon ( a l i p h a t i c s )  r e l e a s e  
r e l a t i v e  t o  t h e  thermocouple tempera ture  h i s t o r y .  I n  F ig .  1 2  t h e  t a r  y i e l d s  
obta ined  f o r  va r ious  power-on times were obta ined  by s i x  independent runs  f o r  t h e  
times shown. The d a t a  i n d i c a t e  t h a t  t h e  tempera ture  and s p e c i e s  e v o l u t i o n  p r o f i l e s  
are reproducib le  and t h a t  t h e  tempera ture  d e v i a t i o n s  are induced by t h e  devo la t i l i za -  
t i o n  process .  

The d a t a  f o r  t h e  h igh  v o l a t i l e  bituminous c o a l s  shown i n  F igs .  6 and 12  
i n d i c a t e  t h a t  t h e  t a r  and l i g h t  hydrocarbon gases  do n o t  evolve  s imul taneous ly  a s  
has  been p rev ious ly  assumed (8).  The onse t  of t h e  t a r  release precedes  t h e  
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hydrocarbon l i g h t  gas  e v o l u t i o n  f o r  high v o l a t i l e  bituminous c o a l s .  
the  d a t a  of F ig .  12  show 
t a r  y i e l d  h a s  evolved whi le  on ly  14% of t h e  t o t a l  CH4 y i e l d  has  evolved. 
t a r  y i e ld  r e p r e s e n t s  - 39% (dry  b a s i s )  of t h e  p a r e n t  c o a l ,  t h e  d e v o l a t i l i z a t i o n  
process  is n e a r l y  40% complete b e f o r e  s i g n i f i c a n t  CH4 e v o l u t i o n  occurs .  

For example, 
t h a t  a t  1.5 sec  i n t o  a run  n e a r l y  50% of t h e  p o t e n t i a l  

Since the  

To v e r i f y  i n  r e a l  t i m e  t h e  r e l a t i v e  r e l e a s e  t imes ,  h igh  speed f i lms  of t h e  t a r  
r e l e a s e  p r o c e s s  were made i n  the  manner desc r ibed  above. Seve ra l  Appalachian and 
Rocky M t .  p rovince  h igh  v o l a t i l e  bituminous c o a l s  were examined. Frame-by-frame 
inspec t ion  of t hese  f i lms  were compared t o  t h e  r a p i d  scan  i n f r a r e d  da ta  and r e a l  
time p res su re  and tempera ture  d a t a .  For t h e  c o a l s  t e s t e d :  

I 

1. The tar  r e l e a s e  was more c l o s e l y  a s s o c i a t e d  wi th  t h e  i n i t i a l  temperature 
d e v i a t i o n s .  

I 

2 .  The onse t  of t h e  tar r e l e a s e  precedes  t h e  onse t  of t h e  l i g h t  hydrocarbon 
release. I 

3 .  The l i g h t  hydrocarbon gas  evo lu t ion  occurs  mainly i n  t h e  secondary t e m -  
p e r a t u r e  rise. 

4. Rocky M t .  p rovince  h igh  v o l a t i l e  bituminous c o a l s  d i sp l ayed  more over lap  
i n  t h e  tar and l i g h t  g a s  evo lu t ion  than t h e  Appalachian province  high 
v o l a t i l e  bituminous coa l s .  

Discussion and Summary 

The r e s u l t s  c l e a r l y  demonst ra te  t h a t  t h e  d e v o l a t i l i z a t i o n  process  has a con- 
s i d e r a b l e  i n f l u e n c e  on t h e  t ime-temperature h i s t o r y  of t h e  l o c a l  sc reen  i n  immediate 
con tac t  with t h e  sample .  Phys i ca l  p r o p e r t i e s  of t h e  s a m p l e  load  (e .g .  hea t  capacity,  
emis s iv i ty )  cannot account f o r  t he  c h a r a c t e r  o r  magnitude of t h e  non-steady s t a t e  
temperature d e v i a t i o n s  t h a t  a r e  observed wi th  v o l a t i l e  samples.  With r e spec t  t o  
t h e  c o a l  p a r t i c l e s ,  t h e  d i r e c t  imp l i ca t ion  is  t h a t  t h e  tempera ture  pa th  i s  t h e  re- 
s u l t a n t  of s e v e r a l  components: t he  r e s i s t i v e  hea t ing  of t h e  g r i d ,  t h e  phys ica l  
p r o p e r t i e s  of t h e  samples, t h e  d e v o l a t i l i z a t i o n  p r o p e r t i e s  of t h e  sample.  Once t h e  
range  of d e v o l a t i l i z a t i o n  tempera tures  of a p a r t i c u l a r  c o a l  is  achieved ,  t h e  p r i -  
mary d e v o l a t i l i z a t i o n  p rocess  appea r s  t o  dominate t h e  temperature-time t r a j e c t o r y .  
Because the  hea t  requirement of t h e  primary d e v o l a t i l i z a t i o n  a f f e c t s  t h e  tempera- 
t u r e  t r a j e c t o r y  of t he  c o a l  par t ic le ,  a r e a l  t i m e  model of primary c o a l  devo la t i l i za -  
t i o n  must n e c e s s a r i l y  inc lude  a c o n s i d e r a t i o n  of t h i s  requirement.  I n  a d d i t i o n ,  
t h e  d a t a  appears  t o  i n d i c a t e  t h a t  t h e  hea t  requirement v a r i e s  w i th  t h e  rank  char- 
a c t e r i s t i c s  of t h e  coa l .  

For a t r a n s i e n t  p rocess  such  a s  r a p i d  c o a l  d e v o l a t i l i z a t i o n  t h e  a b s o l u t e  
magnitude of t h e  hea t  r equ i r ed  t o  vapor i ze  t h e  v o l a t i l e  components need no t  be l a r g e  
t o  r e s u l t  i n  a s i g n i f i c a n t  d e v i a t i o n  from a programmed h e a t i n g  rate o r  a ca l cu la t ed  
hea t ing  rate of a n o n v o l a t i l e  p a r t i c l e .  A modest hea t  requirement coupled t o  a 
s u f f i c i e n t l y  f a s t  primary d e v o l a t i l i z a t i o n  p rocess  can cause  apprec i ab le  changes i n  
t h e  temperature t r a j e c t o r y  of a p a r t i c l e  (9,lO). 

The r e s u l t s  i n d i c a t e  t h a t  t h e  t a r  r e l e a s e  i s  c l o s e l y  coupled i n  time t o  the  
devolatilization-induced t empera ture  d e v i a t i o n s  dur ing  primary d e v o l a t i l i z a t i o n .  
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’ The onse t  of t h e  t a r  r e l e a s e  s i g n i f i c a n t l y  p recedes  t h e  s lower l i g h t  hydrocarbon 
gas  evo lu t ion .  
a s s o c i a t e d  wi th  the  energy r e q u i r e d  t o  overcome in t e rmolecu la r  a t t r a c t i v e  f o r c e s  
(van de r  Wad ,  hydrogen bonds, dipole-dipole  i n t e r a c t i o n s )  t h a t  e x i s t  among t h e  mix 
of molecular  spec ie s  p r e s e n t  i n  t h e  c o a l .  
ment i s  m e t ,  r ap id ly  supplying a d d i t i o n a l  t he rma l  energy can r e s u l t  i n  thermal  
c rack ing  of t h e  primary t a r s ,  dec reas ing  t h e  t a r  y i e l d  w h i l e  i n c r e a s i n g  l i g h t  g a s  
y i e l d s  (See Fig.  6 and Ref. 1,Z). 

Thus t h e  r a p i d  d e v o l a t i l i z a t i o n  hea t  requirement  appea r s  t o  be 

Once t h e  d e v o l a t i l i z a t i o n  hea t  r equ i r e -  
1 

A q u a n t i t a t i v e  real t ime model of c o a l  d e v o l a t i l i z a t i o n  r e q u i r e s  a q u a n t i t a t i v c  

Pro- 
e s t i m a t e  of t h e  primary d e v o l a t i l i z a t i o n  h e a t  requirement  as w e l l  a s  r e a l  t i m e  d a t a  
on t h e  primary t a r  r e l e a s e  r a t e s  and t h e i r  s u s c e p t i b i l i t y  t o  thermal  c rack ing .  
v i s i o n s  a r e  being made t o  monitor  t h e  real t i m e  power d e l i v e r e d  t o  t h e  g r i d  as 
we l l  a s  t h e  r e a l  t ime e v o l u t i o n  of pr imary tars. 

\, 
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