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ABSTRACT 

A New Mexico sub-bituminous coal was f l a s h  pyrolyzed i n  gas mix tu res  
o f  hel ium and methane a t  1000°C and 50 p s i  i n  an I - i n .  1.0. en t ra ined 
down-flow t u b u l a r  reac to r .  The m i x t u r e  contained 0 t o  40% hel ium i n  meth- 
ane. Under tes ted  exper imental  cond i t ions ,  py ro l ys i s  i n  gas mix tu res  re- 
su l ted  i n  h i g h e r  y i e l d s  o f  ethylene and BTX than i n  pure methane. For 
example, under a coa l  f l ow  r a t e  o f  1.0 l b / h r  and methane f l o w  r a t e  o f  4.0 
l b / h r ,  p y r o l y s i s  i n  pure methane produced 7.7% C2H4 and 9.0% BTX onsthe 
bas is  o f  carbon conta ined i n  coal; under s i m i l a r  coal and methane 11oW 
rates,  as h igh  as 14.8% C2H4 and 15.3% BTX were obtained on p y r o l y s i s  i n  
25% He + 75% CH4 gas mixture.  The data show t h a t  t he  coal  f l ow  r a t e  and 
methane f l ow  r a t e  bo th  independent ly a f f e c t  t h e  y i e l d s  o f  C2H4 and BTX. 
A t  constant methane f l o w  ra te ,  increase i n  coal f l ow  r a t e  decreases the  
y i e l d s  o f  C2H4 and BTX; a t  constant coal f l ow  ra te ,  increase i n  methane 
f l ow  r a t e  increases the  y i e l d s  o f  C2H4 and BTX. 
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INTRODUCTION 

The aim o f  t h e  f l a s h  p y r o l y s i s  o f  coal i s  the  product ion o f  smal ler  
molecules from i t  i n  a shor tes t  poss ib le  p a r t i c l e  residence time. There- 
fo re ,  t h e  o b j e c t i v e  o f  s tudy ing  the  process chemistry o f  coal  p y r o l y s i s  i s  
t o  i n v e s t i g a t e  t h e  experimental parameters t h a t  permit  t h i s  aim t o  be 
achieved and t o  e s t a b l i s h  t h e  optimum cond i t ions  t h a t  produce a favorab le  
product s la te .  The basic process parameters t h a t  i n f l uence  the  product 
y i e l d s  dur ing  f l a s h  p y r o l y s i s  o f  coal are: (1)  reac t i on  temperature, (2) 
gas pressure and ( 3 )  residence times o f  coal p a r t i c l e s  and ensuing t a r  
vapors. I n  a d d i t i o n  t o  these major process parameters, product y i e l d s  can 
be i n f l u e n c e d  by o t h e r  fac to rs  such as the  nature o f  t h e  p y r o l y s i s  gas and 
i t s  p a r t i a l  pressure and t h e  gas-to-coal ra t i o .  

Previous work on f l a s h  p y r o l y s i s  o f  coal  a t  Brookhaven Nat iona l  l ab -  
o ra to ry  was pe formed w i t h  i n e r t  py ro l ys i s  gases, He, N2 and A r ,  and reac- 
t i v e  gas, Hp.rl) Because o f  i t s  process po ten t i a l ,  our recent work has 
concentrated on t h e  f l a s h  p y r o l y s i s  o f  coal  w i t h  reac t i ve  methane gas. 
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Methane, i n  the form o f  na tu ra l  gas, has become a r e a d i l y  ava i l ab le ,  low- 
cost raw mater ia l .  U t i l i z a t i o n  and conversion o f  coal i n  con junc t i on  w i t h  
na tu ra l  gas t o  produce h igher  valued f u e l  and feedstocks, becomes an a t -  
t r a c t i v e  process proposi t ion.  

I n  general, p y r o l y s i s  experiments have been c a r r i e d  out i n  pure gas- 
es, e i t h e r  i e r t  or react ive.  I n  a few instances, mix tures o f  i n e r t  gases 
e.g. Nz-Ar(29 o r  r e a c t i v e  gases e.g. H2-H20 were used as p y r o l y s i s  atmo- 
s p h e r e ~ . ( ~ )  The p o t e n t i a l  and usefulness o f  mix tures o f  i n e r t  and reac- 
t i v e  gases towards the s e l e c t i v i t y  o f  p y r o l y s i s  products, he re to fo re ,  has 
not  been invest igated.  

In  order t o  determine i f  a r e l a t i v e  increase i n  the  heat t r a n s f e r  co- 
e f f i c i e n t  o f  t h e  py ro l yz ing  gas cou ld  be used t o  increase t h e  y i e l d s  o f  
ethylene and BTX from coal ,  a d e t a i l e d  examination o f  t he  p y r o l y s i s  of a 
New Mexico sub-bituminous coal was conducted i n  gas mixtures o f  he l ium and 
methane. The e f f e c t s  o f  gas m ix tu re  composit ion, coal feed r a t e  and gas 
feed r a t e  on t h e  y i e l d s  o f  e thy lene and 6TX a re  repor ted i n  t h i s  paper. 

EXPERIMENTAL 

The f l a s h  p y r o l y s i s  experiments were c a r r i e d  out i n  a 1- in .  d iameter-  
by-8- f t - long d w f l o w  ent ra ined t u b u l a r  reactor ,  d e t a i l s  o f  which have 
been r e p ~ r t e d . ? ~ !  The gas m ix tu re  cons is ted  o f  0-40% hel ium by volume 
and t h e  balance methane. Preheated methane o r  helium-methane gas m i x t u r e  
was f e d  i n t o  t h e  reac to r  t o  des i red  t o t a l  pressure. The p a r t i a l  pressure 
o f  methane was maintained constant a t  50 p s i  i n  t h e  experiments repo r ted  
here. A New Mexico sub-bituminous coal ,  w i t h  ana lys i s  shown i n  Table 1, 
was used i n  the  study. The coal, 1 5 0 m  o r  l e s s  i n  s ize,  premixed w i t h  10% 
by weight o f  Cab-0-Si1 (a fumed s i l i c a  powder) t o  prevent agglomeration, 
was d r i e d  i n  a vacuum oven overn ight .  The h igh  temperature gas feed i s  
mixed w i t h  coal a t  t he  top  o f  t he  reac to r  causing the p y r o l y s i s  reac t i ons  
t o  take  place. Routine gas analyses were performed w i t h  an o n - l i n e  gas 
chromatograph. The product y i e l d s  were determined on t he  bas i s  o f  conver- 
s ion o f  carbon contained i n  the  coal feed. 

Table 1 

Analys is  o f  New Mexico Sub-bituminous coal (ut%) 
~~ ~ 

Mo is ture (As Received) 7.8 

Proximate Analysis: U l t i m a t e  Analys is :  (da f )  

Dry Ash 22.8 Carbon - 72.4 

Dry V.M. 34.9 Hydrogen - 5.6 

Dry V.M. 34.9 Ni t rogen - 1.4 

Dry P.C. 42.4 Oxygen (by d i f f )  - 20.6 
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RESULTS AN0 D I S C U S S I O N  

Ethylene i s  an impor tan t  r a w  ma te r ia l  f o r  t h e  polymer market. Less 
a t t e n t i o n  has been focused i n  the  past on t h e  produc t ion  o f  ethylene us ing  
coal as the  raw material.We have shown e a r l i e r  t h a t  there  are d e f i n i t e  
advantages i n  the  use o f  methane as an atmosphere i n  the  f l a s h  p y r o l y s i s  
o f  coal .  A t  temperatures higher than 80OOC, 2 - 5  t imes g r e t e r  y i e l d s  o f  
ethylene are  o b t a i n a b l e  i n  methane atmos here when compared t o  f l a s h  py- 

ene y i e l d  was determined t o  be due o an i n t e r a c t i o n  between coal and 
methane a t  t h e  p y r o l y s i s  cond i t ions . t6 )  Though grea ter  s e l e c t i v i t y  t o -  
wards ethylene and BTX produc t ion  can be achieved by py ro l ys i s  o f  coal  i n  
a methane atmosphere, i t s  r e l a t i v e l y  low thermal conduc t i v i t y  can l i m i t  
the t o t a l  v o l a t i l e s  y i e l d  ob ta inab le  from coal .  Hydrogen i s  h igh l y  reac- 
t i v e  and i t  a l s o  has the  h ighes t  thermal c o n d u c t i v i t y  o f  a l l  gases; how- 
ever, i t  i s  u n s u i t a b l e  i f  the  aim i s  t o  maximize ethylene and BTX y i e l d s  
as they  become hydrocracked i n  t h e  presence o f  hydrogen. This, then, 
leads t o  t h e  p o s s i b i l i t y  o f  p y r o l y z i n g  coal  i n  a mix tu re  o f  hel ium w i t h  
h igh  thermal c o n d u c t i v i t y  and methane w i t h  h igh  r e a c t i v i t y .  

One o f  t h e  impor tan t  process parameters t h a t  in f luenced the  e thy lene 
and BTX y i e l d s  was found t o  be t h e  methane-to-coal feed r a t i o .  When the  
gas f l ow  r a t e  was h e l d  constant,  t h e  y i e l d s  o f  C 2 H 4  and BTX tend t o  i n -  
crease w i t h  lower mass load ings  o f  coal .  The r e s u l t s  o f  f l a s h  p y r o l y s i s  
o f  New Mexico sub-bituminous coal  i n  pure methane a t  IOOOOC and a constant 
methane flow r a t e  o f  3.8 l b / h r  a re  shown i n  F igure  1. The curves f o r  bo th  
C2H4 and BTX f o l l o w  t h e  same pat te rn .  The t o p  curves show the  t o t a l  y i e l d  
of C2H4,  C2Hg and BTX. A t  t h e  lowest  coal  f l o w  ra te ,  t h e  ethane y i e l d  was 
1.0% and no ethane was produced a t  h i g h e r  coal  f l ow  rates.  The decrease 
i n  the  y i e l d s  o f  BTX, C 2 H 4  and C 2 H g  a t  h igher  coal f l ow  ra tes  can be ex- 
p la ined on the  bas i s  o f  acce le ra ted  decomposition o f  t h e  above products on 
the surface o f  t h e  ho t  char  p a r t i c l e s ,  t h e  area o f  which a l so  increases 
with h igher  mass load ings  o f  coal. Furthermore, h igher  mass loadings o f  
coal can a lso  a f f e c t  t h e  heat  t r a n s f e r  between the  pyro lyz ing  gas and the  
coal p a r t i c l e s  which, i n  t u r n ,  can reduce t h e  y i e l d  o f  the  v o l a t i l e s  f r o m  
coal .  Thus, i t  becomes necessary t o  op t im ize  the f low ra tes  o f  coal and 
methane i n  o rder  t o  maximize the  d e s i r e d  produc t  y ie lds .  

Table 2 shows t h e  y i e l d s  o f  t h e  products obtained when t h e  coal was 
Py@!yzed i!! gas mix tu res  o f  hel ium and methane. Three d i f f e r e n t  composi- 
t l o n s  of gas m i x t u r e s  were used which contained 6 t o  4 0 %  He i n  methane. 
As shown i n  Table 2, t h e  p a r t i a l  pressure o f  methane was constant a t  50 
ps i  i n  a l l  experiments. The coal f l ow  r a t e  ranged from 0.8 t o  1.3 l b / h r  
and the  methane f l o w  r a t e  from 2.1 t o  4.6 lb /h r .  The f l ow  ra tes  shown 
here were ob ta ined by averaging t h e  f l ow  ra tes  throughout t h e  run which 
l as ted  fo r  about an hour. Though instantaneous f l ow  r a t e  o f  coal  i s  not 
known, i t  i s  n o t  expected t o  vary because successive gas analyses us ing  
on- l ine  GC were c o n s i s t e n t  f o r  a steady s t a t e  reac t ion  cond i t ions .  The 
instantaneous f l o w  r a t e  o f  t h e  p y r o l y z i n g  gas which was recorded through- 
out t he  run, d i d  no t  reveal  any s i g n i f i c a n t  d i f fe rences .  

r o l y s i s  i n  an i n e r t  hel ium atmosphere.( P The enhancement i n  the  e t h y l -  
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Figure  2 shows t h e  y i e l d s  o f  e thy lene and BTX as a func t i on  o f  volume 
percent hel ium i n  t h e  p y r o l y z i n g  helium-methane gas mix tu re  a t  methane-to- 
coal r a t i o  o f  3.9 t o  4.1 and coal p a r t i c l e  residence t ime o f  1.2-1.5 sec. 
Both curves show t h a t ,  under the  cond i t ions  inves t iga ted ,  t h e  y i e l d s  o f  
C2H4 and BTX increase w i t h  the  amount o f  hel ium i n  the  gas mixture.  It 
a lso  appears t h a t  t h e  y i e l d s  o f  C2H4 and BTX w i l l  be going through a maxi- 
mum, s ince  the  y i e l d s  w i t h  pure hel ium are much lower than w i t h  the  m i x -  
t u res  o f  CH4 and He. The data i n  Table 2 i n d i c a t e  t h a t  t h e  e f f e c t  o f  t he  
helium c o n c e n t r a t i o n  i n  t h e  gas m i x t u r e  on C2H4 and BTX y i e l d s  i s  more 
pronounced a t  h i g h  methane-to-coal r a t i o s  than a t  low methane-to-coal 
ra t i os .  

F igure  3 shows t h e  e f f e c t  o f  the  methane f l ow  r a t e  on t h e  y i e l d  o f  
ethylene a t  a cons tan t  coal  f low r a t e  o f  1.0-1.2 lb /h r .  The curves f o r  
t he  th ree  d i f f e r e n t  gas mix tu res  used i n  our experiments, which contained 
6, 12 and 25% he l ium by volume, a l l  f o l l o w  s i m i l a r  trends. For a l l  gas 
mixtures,  C2H4 y i e l d  increased w i t h  the  f l ow  r a t e  o f  methane. It i s  seen 
f r o m  F igure  3 t h a t  f o r  a given methane f l ow  ra te ,  t he  y i e l d  o f  C2H4 i n -  
creased w i t h  the  he l ium content o f  the  gas mix tu re .  I f  t he  increased eth- 
y lene y i e l d  came from the  p y r o l y s i s  o f  methane alone, i.e., i f  the  e t h y l -  
ene y i e l d s  were a d d i t i v e ,  an e f f e c t  oppos i te  t o  t h i s  would have been 
not iced. A s i m i l a r  t rend  i s  noted i n  Table 3 w i t h  respect t o  BTX y i e l d .  
Thus, t he re  i s  g r e a t e r  s e l e c t i v i t y  i n  t h e  produc t ion  o f  ethylene and BTX 
i n  t h e  presence o f  He/CH4 than i n  t h e  presence o f  e i t h e r  pure He o r  pure 
CH4. Th is  i nd i ca tes  an a t t r a c t i v e  process app l i ca t i on  f o r  the  product ion 
of e thy lene and BTX from coal  v i a  Flash Methanolysis. 
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Figure 1 .  Ef fec t  of Coal Flow Rate 
on C2H4 and BTX y i e l d  

Figure 2 .  Effect  of Helium Concentration 
in Methane on C H y i e l d  2 4  

Figure 3 .  Effect  of Gas Composition 
and Methane Flow Rate on 
C H y i e ld  2 4  
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