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ABSTRACT

The l i t e r a t u r e  on the k i n e t i c s  of c a t a l y t i c  combustion

o f  hydrocarbons  and t h e i r  mixtureSj s p e c i a l l y  a t  h ig h e r

tem peratures ,  i s  l i m i t e d /  Apart from the low temperature com­

b u s t i o n  f o r  a i r - p o l l u t i o n  c o n t r o l , c a t a l y t i c  com bustion o f  

hy d roca rb on s  f o r  high tem perature  a p p l i c a t i o n s  in  fu rn a ces  

e t c .  remains to  be f u l l y  e x p l o i t e d .  In an e a r l i e r  i n v e s t i ­

g a t i o n  combustion o f  propane in  p resen ce  of n i c k e l  ox ide -a lum ina  

c a t a l y s t  was studied  in  a temperature range 300- 800°0 * The 

r e a c t i o n  mechanism co u ld  be  w e l l  exp la ined  between 300 -450°C 

b y  a z e ro  order  r e a c t i o n ,  and above 650 % by  two p a r a l l e l  f i r s t  

o rd er  r e a c t i o n s *  However, com bustion  i n  the m iddle  temperature 

range  of 4 5 0 -60 0 °C cou ld  n o t  be  p r o p e r l y  exp la ined#  The 

p r e s e n t  work was undertaken to  i n v e s t i g a t e  the com bust ion  o f  

hy droca rbon s  in  t h i s  tem perature  range*

The p r e s e n t  s tu d y  on l i q u e f i e d  petro leu m  gas  com bustion 

was conducted  us ing  an i s o th e rm a l  packed bed p l u g f l o w  m ic ro ­

r e a c t o r  ( s t a i n l e s s  s t e e l )  under steady  s t a te  c o n d i t i o n s *  The 

c a t a l y s t s  employed were ( i )  dopper oxi ' le  i m p r e c a t e d  over 

s i l ic a  gol(425-650°0) and ( i i )  alumina (450-700°C). Analyses 

o f  r e a c t a n t s  and p ro d u c ts  were done by gas chromatography#

The e f f e c t s  o f  temperature,  time f a c t o r  and p a r t i c l e  s i z e  on 

c o n v e r s i o n  were i n v e s t i g a t e d  f o r  bo th  the c a t a l y s t s *  On 

k i n e t i c  a n a l y s i s  the order  of  the h y d rocarbon  d isappearans  5
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r e a c t i o n  was found to be  u n i t y  with r e s p e c t  t o  hydrocarbon  

c o n c e n t r a t i o n  (on  carbon b a s i s )  f o r  both  the c a t a l y s t s .

Assuming there  were no i n t e r n a l  d i f f u s i o n  e f f e c t s  

p r e s e n t  i n  copper  ox ide  impregnated c a t a l y s t ,  the r e s u l t s  cou ld  

b e  exp la in ed  s a t i s f a c t o r i l y .  She Arrhenius p l o t s  o f  h y d ro ­

ca rb on  d isappearance  and carbon  d i o x id e  fo rm a t io n  were found 

t o  f a l l  a lmost  on the same l i n e  at low er  temperatures i n d i c a t ­

i n g  that  hydrocarbon  d isa p p ea ra n ce  y ie ld e d  carbon  d i o x id e  as 

th e  on ly  carbon c o n t a in in g  com bust ion  product  in  t h i s  r e g i o n .  

Beyond the temperature  o f  550°0  u n sa tu ra tes  were fo rm ing  and a 

b re a k  in  the Arrhenius p l o t  of hydrocarbon  d isa p p ea ra n ce  

a ppeared .  The r a t e  e q u a t io n  f o r  unsaturate  f o r m a t io n  was 

ev a lu a te d  by  assuming that  the hydrocarbon  d isappearance  beyond 

550°C was tak in g  p l a c e  v i a  two p a r a l l e l  r e a c t i o n s  g i v i n g  

ca rb on  d i o x id e  and u n s a tu r a te s .  The a c t i v a t i o n  e n e r g i e s  o f  

b o t h  the p a r a l l e l  r e a c t i o n s  were found to  be in  c l o s e  agreement 

with  the r e p o r te d  v a lu e s  in  l i t e r a t u r e .

In case  o f  alumina c a t a l y s t ,  p resence  o f  i n t e r n a l  d i f f u ­

s i o n  was in d i c a t e d  b y  a d e c r e a s e  i n  the s lo p e  o f  the Arrhenius 

p l o t  with i n c r e a s e  of  tem perature .  The v a lu es  o f  e f f e c t i v e n e s s  

f a c t o r s  c a l c u l a t e d  from the exper im enta l  data  on carbon  d i o x id e  

f o rm a t io n ,  assuming that  at the l o w e s t  tem peratures  the r e a c t i o n  

was d i f f u s i o n  f r e e ,  were comparable t o  those  c a l c u l a t e d  by  

u s in g  a t h e o r e t i c a l  method. The d i f f u s i o n  c o r r e c t e d  Arrhenius
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p l o t s  were s im i la r  t o  copper  ox ide  impregnated s i l i c a  g e l  

c a t a l y s t  excep t  at  lo w e s t  temperatures where the Arrhenius 

p l o t s  o f  hydrocarbon  d isappearance  and carbon d i o x i d e  f o r ­

mation d id  not  match s a t i s f a c t o r i l y *  R e s u l t s  beyond 550°0 

c o u l d  be  exp la in ed  on the b a s i s  o f  two  ̂ p a r a l l e l  r e a c t i o n s  

f o r  hydrocarbon  d isa ppeara n ce  v i z .  f o rm a t ion  o f  carb  on 

d i o x i d e  and f  ormati on o f  unsaturate  s.
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