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Project  A-1 

Single Stage Catalyt ic  Coal Gasification 

Faculty Advisor: ' W.H.  Wiser 
Graduate Student: Ted Ajax' 

Introduction 

Sing1 e stage ca t a ly t i c  coal gas i f i ca t ion  i s  an a t t r a c t i v e  concept c 
as  a d i r e c t  method of producing high BTU gas from coal .  This process 
involves the introduction of a coal-solvent s lu r ry  and hydrogen gas 

, . , . . . - . -. i n to  a. fixed..bed c a t a l y t i c  reqctor ,  which employs a c a t a l y s t  high i.n 
..... - .. . ... . - . .... . '  ... -.- hydrogenation and cracking-.ac$ivi ty. . Steam may a1 so be. added. t o  the  . . : . . . .. 

system. 'The gas' produced .will; be pr incipal ly  methane. . Thermodynamic 
cal~cul.ations indicate  t ha t  t h t s  process i s  e s sen t i a l l y  autothermal. 
S ince - th i s  process u t i l i z e s  W e  heat of methanation t o  a maximum ex ten t ,  
s ign i f ican t  overall energy savings can be achieved over the more 
conventional multi-stage gas i f i ca t ion  systems. 

The primary objective of ' t h i s  research i s  t o  optimize the  process 
variables t o  maximize methane y i e ld s .  The -200 mesh coal wil l  be 
s lu r r ied  in a hydrogen donor solvent ,  t e t r a l i n ,  in a r a t i o  of 2 par t s  
solvent t o  1 par t  coal by weight. Previous work in t h i s  laboratory 
u t i l i z ed  a solvent t o  coal r a t i o  of 4 to 1. 

The process variables have been s e t  as 

Temperature 450 - 550°C 

pressure ,1200 - 1500 pis  

. -. Residence Time 10 - 30 min 

I n i t i a l l y ,  a  sulfided Ni-W/Si02-A1203 ca t a ly s t  wi l l  be used. 

Project  Status 

The gas i f i ca t ion  system i s  i n  place and has been pressure t es ted .  The 
e l ec t r i c a l  system has been completed and i s  functional .  The thermocouples 
and the  s lu r ry  feed system have been ins ta l l ed .  The system i s  undergoing. 
f i na l  shakedown and leak tes t ing .  I t  i s  now operational .  

Future Wo1L 

Experimental runs will  commence immediately. 



P r o j e c t  A-3 

React ion o f  Aromatic Compounds wi, th Steam 

Facu l t y  Advisors:  F.V. Hanson 
A.G. Oblad 

Graduate Student:  I. E. Chen 

I n t r o d u c t i o n  

The demand f o r  molecular.  hydrogen and f o r  synthesis  gas i s  rapidly. , . .  
inc reas ing .  To meet these demands, steam re forming o f  n a t u r a l  gas (CH4) 
and o f  naptha i s  being c a r r i e d  o u t  on a l a r g e  sca le  a t  pressures up t o  
500 p s i ,  steam t o  methane (methane e q u t v a l e n l  o f  naphtha) mol r a t i o s  o f  
two t o  f o u r  and temperature o f  8500C. Suppl ies of. CH4 and naphtha f o r  
use f o r  t h i s  purpose a r e  d imin ish ing .  Therefore, an ex tens ive  program 
on steam re forming o f  aromatic compounds such as benzene, s u b s t i t u t e d  
benzenes, naphthalene and o the r  aromatics found i n  coa l  and coa l -der ived 
l i q u i d s  (CDL) i s  being c a r r i e d  ou t .  The ob jec t i ves  a r e  ( 1 )  t o  develop 
a c a t a l y s t  o f  s u i t a b l e  a c t i v i t y  and s u f f i c i e n t  l i f e  f o r  these reac t i ons ;  
( 2 )  t o  determine t h e  conversion and approach t o  e q u i l i b r i u m  as a f u n c t i o n  
o f  the.main va r iab les  o f  the react ion. :  temperature, pressure, con tac t  
t ime and steam/carbon r a t i o ;  ( 3 )  t o  determine r e a c t i o n  mechanisms and 
( 4 )  t o  determine the  k i n e t i c s  o f  the re forming reac t i ons .  

The combinat ion o f  coal l iquefac t ion-s team re forming o f  CDL cou ld  
prove t o  be an impor tan t  a l t e r n a t i v e  t o  coa l  g a s i f i c a t i o n  f o r  t he  pro-  
duc t i on  o f  SNG and hydrogen. An o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  assess 
the  f e a s i b i l i t y  o f  t h i s  a1 t e r n a t i v e .  P o t e n t i a l l y ,  coal  1 i q u i d s . c o u l d  
be reformed d i r e c t l y  i n  a s i n g l e  s tep  t o  h i g h  BTU gas. 

Pro.iect Status 

For the  s a f e t y  and convenience o f  operat ion,  t he  apparatus (F igu re  1 ) 
i s  composed o f  two zones; ( I )  zone i s  t he  preheated and r e a c t i o n  zone; 
(11) zone i s  the c o n t r o l  and product  ana lys i s  zone. Steam i s  generated by 
pumping de ion ized water through the  steam generator .  The benzene i s  pumped 
i n t o  the preheater  and combined w i t h  the  super heated steam a t  500°C. The 
r e a c t o r  i s  made o f  316 s.s., 30 i n c h  long, 1 i n c h  I . D .  The c a t a l y s t  i s  
placed between 17 and 20 inches from t h e  t o p  and i s  surrounded by i n e r t ,  
low sur face area a-A1203 1/8 i n c h  c y l i n d r i c a l  p e l l e t s .  A 1/8 i n c h  tube 
i n  the center  o f  t h e  r e a c t o r  i s  used as a thermocouple w e l l .  The thermo- 
couple can be moved up and down t o  measure t h e  c e n t e r l i n e  temperature i n  
t h e  reac tor .  I t s  heat ing  r a t e  and temperature a r e  c o n t r o l l e d  by a tempera- 
t u r e  programmer. A convent ional  condenser, separator,  and l i q u i d  c o l l e c t o r  
a r e  at tached t o  the  reactor.  The gas products pass through a wet t e s t  
meter. A t e s t  sample i s  taken once t h e  system has reached a steady s ta te ,  
which i s  about one hour a f t e r  t h e  benzene has been int roduced.  The steady 
s t a t e  i s  checked by measuring the  f l o w  r a t e  o f  products and-ana lyz ing  t h e  
product  gases. 

To achieve un i fo rm packing i n  the r e a c t o r ,  t h e  a-A1 o3 1/8. i n c h  P c y l i n d r i c a l  p e l l e t s  and c a t a l y s t  o f  1/8 i n c h  s p e r i c a l  pe l e t s  were poured 



f r e e l y  i n t o  the  r e a c t 0 r . l .  The c a t a l y s t  bed i s  composed o f  a m i x t u r e  of 
15 grams c a t a l y s t  and 30 grams a-Al203 p e l l e t s  f o r  b e t t e r  heat t rans fe r ,  
which keeps the  temperature drop across the  c a t a l y s t  bed' t o . l e s s  than 
1 OOC . 

The c a t a l y s t s  were made by impregnation o f  N i  (N03)2-6H20 and Na2C03 
s o l u t i o n  on 1/8 i n c h  spher i ca l  a c t i v e  alumina p e l l e t s  and reduced a t  
700°C w i t h  a heat ing  r a t e  o f  7.5OC per  minute i n  f l o w i n g  hydrogen a t  
85 cc e r  gram per  minute. The n i c k e l  sur face area o f  t he  c a t a l y s t  i s  S 7.17 m /g ca t .  The composit ion o f  t he  c a t a l y s t  i s  71.4% A1203, 21.9% 
Ni  and 6.7% Na20. 

The product  gases were analyzed by gas chromatography w i t h  a thermal 
c o n d u c t i v i t y  de tec tor ,  and the 'hydrocarbons were double-checked w i t h  a 
f lame i . on i zq t i on  de tec tor .  L i q u i d  products were measured by separat ing the  
two phases. . . .. 

- :i . .- . . . . . .- . . - . . . - . - . . . . - . . . . . . . ' 

TtiO parameters l i s t e d  i n  fhe tab les  a i d  f igures.  were c a l c u l a t e d  i n  t h e  
f o l l o w i n g  manner: - i .  . .  . 

Steam r a t i o  = (moles o f  Hz0 per  min)/(moles o f  benzene per  min)  x  6. 

W/F (contac t  t i m e j  = w t  o f  c a t  min/cc o f  feed. 

CgHg Reacted ( o r  convers ion)  (moles reacted per mole o f  benzene i n  
the  feed)  = (moles o f  benzene input-moles o f  benzene o u t p u t ) /  
moles of benzene inpu t .  

CO formed (moles formed per  mole of benzene i n  the  feed)  = ( t h e  com- 
p o s i t i o n  o f  CO i n  p roduct  gases x t h e  f l o w  r a t e  o f  product  gases)/ 
(molar volume , o f  CO x  moles feeding r a t e  o f  benzene). 

CH4 formed (moles formed pe r  mole o f  benzene i n  t h e  feed)  = ( t h e  com- 
p o s i t i o n  o f  CH4 . i n  p roduct  -gases x the  f l o w  r a t e  o f  p roduct  gases)/ 
(molar volume o f  CHq x moqes feeding r a t e  o f  benzene). 

C02 formed (moles formed p e r  mole of. benzene i n  t h e  feed)  = ( t h e  com- 
p o s i t i o n  o f  C02 i n  p roduct  gases x the  f l o w  r a t e  o f  p roduct .  gases)/ 
(molar vo l  ume o f  C02 : x  moles feed ing  r a t e  o f  benzene). 

The experimental  r e s u l t s  a r e  shown i n  F igures 2-5. These f i g u r e s  show 
the  conversion o f  benzene i n  terms o f  moles reacted pe r  mole o f  benzene i n  . 

t he  feed and t h e  product ion  o f  'carbon monoxide, methane and carbon d i o x i d e  
i n  terms o f  moles formed per  mole o f  benzene i n  t h e  feed, The fo rmat ion  of 
methane..at 0 p s i g  i s  equal t o  or. l e s s  than 0.01 mole per  mole of benzene i n  
. feed. .The data were c o l l e c t e d , . a t  7000C w i t h  a steam t o  carbon r a t i o  of 3:1. 

These data were f i t t e d  t o  a t h i r d  degree polynom.ia1 by regress ion  ana lys i s .  
These regress ion  c o e f f i c i e n t s  are. shown i n  Table 1. 

By .appl . icat ion.  o f  a 
be shown t o  be t he .s lope  
fo re ,  the  f i r s t  d e r i v a t i  

.s imple c o n t i n u i t y  balance, t h e  r a t e  o f  r e a c t i o n  can 

.of these conversion and product ion.  curves. There- 
ve o f  these cub ic 'equat ions  i n d i c a t e s  t h e  r a t e  of 

reac t i on .  



Yang and ~ o u ~ e n ~  have shown t h a t  t h e  e f f e c t  o f  t o t a l  p ressu re  would be 
impo r tan t  i n  de te rm in ing  t h e  mechanism o f  a so l i d -gas  r e a c t i o n .  .The i n i t i a l  
r a t e  o f  rea..ct ion i s  expressed as t he  c o e f f i c i e n t  C1 i n  Tab le  1. From Table 1 , 
i t  shows t h a t  t h e  i n i t i a l  r a t e  i s  s im . i l a r  w i t h  r espec t  t o  t h e  change of 
t o t a l  pressure.  T h i s  i n d i c a t e s  t h a t  t he  o v e r a l l  r a t e  i s  c o n t r o l l e d  by a 
s tep  i n v o l v i n g  desorpt i 'on o f  p roduc ts .  ~ l l e n 4  g o t  a s i m i l a r  r e s u l t  i n  t h e  
steam-methane r e a c t i o n .  A p o s s i b l e  r e a c t i o n  mechanims o f  steam-benzene 
r e a c t i o n  has been proposed. 

I n  t h e  proposed mechanism, t h e  absorbed benzene i s  assumed t o  be 
r a p i d l y  hydrocracked t o  methane a t  t h e  t o p  o f  the  g a t a l y s t  bed. The above 
assumption i s  suppor ted by ~ a s e . ~  Rost rup-Nie l  sen and ~ ~ m a r - 1 7  a1 so observed 
t h a t  no i n te rmed ia tes  were i d e n t i f i e d  i n  t h e  steam-naphtha r e a c t i o n ,  and 
Ros t rup-N ie lsen  demonstrated t h a t  t h e  r a p i d  methane f o rma t i on  and breakdown 
of the  naphtha occur  i n  t he  i n i t i a l  p a r t  o f  t h e  r e a c t o r .  

- - - The s tepwise  breakdown o f  :the benzene t o  methane i s  ano ther  p o s s i b l e  
mechanism proposed by Schriell.8'; ThiS.'reaction."i '.s then  f o l l o w e d  by t h e  steam- 
methane r e a c t i o n  and water  s h i f k  r e a c t i o n .  It i s  g e n e r a l l y  accepted t h a t  
t h e  l a s t  two r e a c t i o n s  tend t o  e f f e c t  complete e q u i l i b r i u m  among a l l  t h e  
components o f  t h e  p roduc t  gases . 6 , 8 ~ 9  

Fu tu re  Work 

The steam re fo rm ing  o f  more complex aromat ic  spec ies and o f  c o a l - d e r i v e d  
w i l l  be conducted. 
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Figure 1 .  Nomenclature f o r  Reactor System. 
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F i g u r e  2'.  E f f e c t  o f  Contact  Time on Convers ion and Y i e l d  a t  300 p s i q .  
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Figure 3 .  Effect  of Contact Time on Conversion and Yield a t  200 ps i ? .  
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F i g ~ r r e  5 .  E f f e c t  o f  Con tac t  Ti!! ie on Convers ion and Y i e l d  a t  0 p s i g  



T A B L E  1 

CORRELATION OF CONVERSION DATA 

Pressure Cornponen t s Coefficients 

( p s i g  ) o 1 2 3 




