
CHAPTER II 
LITERATURE REVIEW

2.1 The Process Conditions

T h e  p r o d u c t s  o f  p y r o l y s i s  p r o c e s s  d e p e n d  o n  th e  c o n d i t io n s  o f  p r o c e s s .  
R o d r ig u e z  et al., (2001) s tu d ie d  o n  th e  p y r o ly s i s  o f  p a s s e n g e r  c a r  t ir e s  w i t h  d i f f e r e n t  

t e m p e r a tu r e  c o n d i t io n s .  T h e y  v a r ie d  te m p e r a tu r e  a t 300, 400, 500, 600 a n d  700 ๐c, 
a n d  f o u n d  500 °c w a s  th e  o p t im u m  te m p e r a tu r e . B e r r u e c o  et al. (2005) in v e s t ig a t e d  

s c r a p  t ir e  p y r o l y s i s  u n d e r  n i t r o g e n  a t m o s p h e r ic  p r e s s u r e  in  o r d e r  t o  s t u d y  th e  

t e m p e r a tu r e  in f l u e n c e  o n  th e  y i e ld  a n d  g a s  c o m p o s i t io n .  T h e y  f o u n d  t h e  l iq u id  y i e ld  

in c r e a s e d  w i t h  in c r e a s in g  t e m p e r a tu r e  fr o m  400 - 500 ๐c ,  b u t  it  w a s  c o n s t a n t  w h e n  

th e  t e m p e r a tu r e  w a s  o v e r  500 °c. O n  th e  o th e r  h a n d , th e  g a s  y i e ld  s h o w e d  a  s l ig h t  

in c r e a s e  w i t h  in c r e a s in g  te m p e r a tu r e  fr o m  400 t o  700 °c. B a r b o o t i  et al. (2004) 
s t u d ie d  p y r o l y s i s  s c r a p  t ir e  a t t e m p e r a tu r e  400-460 °c, n i t r o g e n  f l o w  r a te  0.2 - 0.5 
m 3h '3, a n d  p a r t ic le  s i z e  2 - 2 0  m m . T h e ir  r e s u lt s  s h o w e d  th e  b e s t  c o n d i t io n  fo r  th e ir  

w o r k  w a s  a t 430 °c, 0.35 m 3h '3, a n d  10 m m , r e s p e c t i v e ly .  L e u n g  et al. (2002) 
s t u d ie d  t h e  in f l u e n c e  o f  c o n d i t io n  o n  th e  c o m p o s i t io n  a n d  g a s  p r o d u c t  fo r  th e  

p y r o l y s i s  o f  t ir e  p o w d e r .  T h e y  f o u n d  th a t  p r o d u c t s  o f  p y r o l y s i s  h a d  m a x im u m  

h e a t in g  v a lu e  a t te m p e r a tu r e s  b e t w e e n  700 a n d  800 ๐c .  T h e  g a s  y i e ld  i n c r e a s e d  w i t h  

r e s id e n c e  t im e  w h e n  t h e  te m p e r a tu r e  w a s  h ig h e r  th a n  700 ๐c .  W h e n  t e m p e r a tu r e  w a s  

h ig h e r  th a n  800 ๐c ,  th e  g a s  h e a t in g  v a lu e  d e c r e a s e d .  In  2006, M u r i l lo  et al. s t u d ie d  

th e  e f f e c t  o f  te m p e r a tu r e  in  w a s t e  t ir e  p y r o ly s is .  T h e y  f o u n d  th a t  a t a b o v e  500 ๐c  th e  

c o n v e r s i o n  fo r  s c r a p  t ir e  p y r o l y s i s  w a s  th e  h ig h e s t ,  a n d  o i l  y i e ld  w a s  h ig h e r  th a n  

40%. S im i la r i t y ,  R o y  et al. ( 1 9 9 9 )  s t u d ie d  th e  v a c u u m  p y r o l y s i s  o f  w a s t e  t ir e s  f o r  o i l  

a n d  c a r b o n  b la c k  p r o d u c t s .  T h e y  in v e s t ig a t e d  th e  t e m p e r a tu r e  o f  p y r o l y s i s  b e t w e e n  

480 a n d  520 ๐c. T h e  te m p e r a tu r e  d id  n o t  a f f e c t  t h e  y i e ld  a t te m p e r a tu r e  o v e r  500 ๐c. 
A n d  in  2004, L a r e s g o t i  et al. p y r o l i z e d  t ir e  u n d e r  n i t r o g e n  e n v ir o n m e n t  in  a  3.5 d m 3 

a u t o c la v e  a t 300, 400, 500, 600 a n d  700 °c. A b o v e  500 °c, th e r e  w a s  n o  e f f e c t  o f  

te m p e r a tu r e  o n  th e  g a s  a n d  o i l  y ie ld .
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U c a r  et al. ( 2 0 0 5 )  s t u d ie d  t w o  d i f f e r e n t  s c r a p  t ir e s ,  p a s s e n g e r  c a r  t ir e s  ( P C T )  

a n d  t h e  tr u c k  t ir e s  ( T T ) ,  a s  h y d r o c a r b o n  s o u r c e s  fo r  p y r o l y s i s .  T h e y  c o n c lu d e d  th at:
>  T h e r e  w a s  n o  d i f f e r e n c e  in  th e  e f f e c t  o f  t e m p e r a tu r e  o n  t h e  p r o d u c t  

d is t r ib u t io n  fo r  P C T .
>  T h e  a m o u n t  o f  o i l  p r o d u c t  o f  T T  p y r o l y s i s  w a s  h ig h e r  th a n  th a t  fr o m  

P C T  w h e r e a s  th e  a m o u n t  o f  c a r b o n  b la c k  w a s  l e s s  th a n  th a t  fr o m  

P C T .
>  T h e  a m o u n t s  o f  h y d r o c a r b o n  g a s e s ,  แ 2 ร  a n d  C O 2 f r o m  P C T  p y r o ly s i s  

w e r e  h ig h e r  th a n  th a t  f r o m  T T  p y r o l y s i s  d u e  to  th e  d i f f e r e n t  t y p e s  o f  

a d d i t iv e s  u s e d  in  t ir e  m a n u fa c tu r e .
>  T h e  p h y s ic a l  p r o p e r t ie s  o f  o i l  f r o m  P C T  a n d  T T  w e r e  s im i la r ,  b u t  th e  

p r o d u c t s  fr o m  P C T  p y r o l y s i s  h a d  h ig h e r  a r o m a t ic  c o n t e n t  a n d  s u lp h u r  

c o n t e n t  in  o i l  th a n  th a t  o f  T T .
>  T h e  p y r o ly t ic  o i l  o b t a in e d  f r o m  P C T  p y r o l y s i s  c o n t a in e d  a b o u t  5 0 %  

g a s o l i n e  f r a c t io n s  w h e r e a s  4 0 %  g a s o l i n e  f r a c t io n s  w a s  f o u n d  o n  th e  

p y r o ly t i c  o i l  o b t a in e d  f r o m  T T  p y r o l y s i s  . T h e  p y r o ly t i c  o i l  f r o m  th e  

p y r o l y s i s  o f  T T  c a n  b e  b le n d e d  w i t h  g a s o l i n e  o r  d ie s e l  f u e l s  a f te r  th e  

u p g r a d in g  w h e r e a s  th e  p y r o ly t i c  o i l  f r o m  P C T  c a n  b e  f e e d s t o c k  fo r  

t h e  p r o d u c t io n  o f  b a s i c  a r o m a t ic s  in  p e t r o c h e m ic a l  in d u s tr y .
>  T h e  c a r b o n  b la c k  f r o m  th e  p y r o l y s i s  o f  T T  w a s  b e t te r  th a n  f r o m  P C T .

2.2 Catalytic Pyrolysis

N o w a d a y s ,  c a t a ly s t s  h a v e  a n  im p o r ta n t  i n f l u e n c e  in  in d u s tr ie s .  T h e y  c a n  

in c r e a s e  p r o d u c t iv i t y  a n d  c o n t r o l  t h e  s e l e c t i v i t y  o f  c o n s id e r e d  p r o d u c t s .  M o r e o v e r ,  
t h e y  c a n  r e d u c e  p r o c e s s i n g  t im e  a n d  o p e r a t in g  te m p e r a tu r e .  A n d , t h e y  c a n  b e  e a s i ly  

s e p a r a te d  f r o m  p r o d u c t  a n d  r e g e n e r a te d . In  2 0 0 6 ,  S h e n  et al. s tu d ie d  t h e  p y r o l y s i s  o f  

s c r a p  t ir e s  u s in g  z e o l i t e  U S Y .  T h e y  f o u n d  th a t  z e o l i t e  U S Y  c a n  r e d u c e  t h e  o i l  y ie ld  

w it h  in c r e a s in g  g a s  y i e ld .  F u r th e r m o r e , t h e  o i l  y i e ld  d e c r e a s e d  la r g e ly  w h e n  th e  

c a t a ly t ic  te m p e r a tu r e  a n d  c a t a ly s t / t i r e s  r a t io  in c r e a s e d .  F in a l ly ,  t h e y  c o m p a r e d  th e  o i l  

p r o d u c t  fr o m  th e  n o n - c a t a ly t ic  p y r o l y s i s  o f  s c r a p  t ir e  w i t h  t h o s e  o b ta in e d  fr o m  Z S M -  

5 a n d  Y  c a t a ly s t s .  T h e y  f o u n d  th a t  th e  p r o d u c t  fr o m  U S Y  z e o l i t e  h a d  h ig h e r  to ta l
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c o n c e n t r a t io n  o f  m o n o - a r o m a t ic s .  B o r t n o v s k y  et al. ( 2 0 0 5 )  s t u d ie d  th e  c r a c k in g  o f  2 -  

m e t h y l - 2 - b u t e n e  t o  C 2 -C 4 l ig h t  o l e f i n s  o v e r  z e o l i t e s .  T h e y  f o u n d  th a t  1 0 - M R P  

z e o l i t e s  o f  Z S M 5  a n d  Z S M - 1 1 w i t h  a  l o w  c o n c e n t r a t io n  o f  s t r o n g  a c id  s i t e  ( 0 .0 4  -  0 .1  

m m o l / g )  w e r e  th e  m o s t  a c t i v e  a n d  s e l e c t i v e  c a t a ly s t s  fo r  c r a c k in g  o f  C-5 o l e f i n s  t o  C 2 - 

C 4 l ig h t  o l e f i n s .  F u r th e r m o r e , th e  b r id g in g  h y d r o x y l  in  a  h ig h  c o n c e n t r a t io n  o f  th e  H -  

( F e ) Z S M - 5  a n d  H - ( A l ) Z S M - 5  w a s  n o t  s u f f i c i e n t  to  p r o v id e  h ig h  p e n t e n e  c o n v e r s io n .  
A n d , th e  1 - D  1 0 - M R P  z e o l i t e s  ( w i t h  e l l ip t ic a l  c h a n n e ls ) ,  i .e .  f e r r ie r ite  C o A lP O - 1 1 ,  
a n d  S A P O - 1 1 ,  c a t a ly z e d  t h e  c r a c k in g  o f  p e n t e n e  v i a  th e  b - s c i s s i o n  o f  p e n t e n e  

m o l e c u l e s ,  w h e r e a s  1 2 - M R P  z e o l i t e s ,  i .e .  m o r d e n i t e  a n d  Z S M - 1 2  w i t h  a  h ig h  

c o n c e n t r a t io n  o f  a c id  s i t e s ,  e x h ib i t e d  r a th e r  h ig h  a c t i v i t y  a n d  h ig h  s e l e c t i v i t y  t o  C 2 -  

C 4 o l e f in s .  L i et al. ( 2 0 0 4 )  s t u d ie d  e f f e c t i v e  f a c t o r s  o n  c a t a ly t ic  p y r o l y s i s  p r o c e s s .  
T h e y  o b t a in e d  th e  k e y s  to  g e t  h ig h  p r o d u c t iv i t y  w h i c h  w e r e  th e  p r o p e r t ie s  o f  

f e e d s t o c k  a n d  t h e  t y p e s  o f  c a t a ly s t .  T h e y  a l s o  s u m m a r iz e d  th a t  fo r  d i f f e r e n t  c r a c k in g  

f e e d s t o c k ,  th e  l ig h t  o l e f in  y i e ld  c o u ld  b e  in c r e a s e d  o v e r  th e  s a m e  t y p e s  o f  c a t a ly s t .
In  2 0 0 6 ,  M a r c i l la  et al. s t u d ie d  th e  i n f l u e n c e  o f  d i f f e r e n t  a c id  s o l i d s  in  th e  

c a t a ly t ic  p y r o l y s i s  o f  d i f f e r e n t  p o ly m e r s .  T h e  c a t a ly s t s  u s e d  in  p y r o l y s i s  w e r e  

H Z S M - 5  z e o l i t e  a n d  m e s o p o r o u s  a lu m i n o s i l i c a t e s — M C M - 4 1 a  a n d  M C M - 4 1 b .  T h e  

M C M - 4 1 b  h a d  h ig h e r  a c id i t y .  T h e y  c o n c lu d e d  th e  a c t iv i t y  o f  a c id  c a t a ly s t s  d e p e n d e d  

o n  p o r e  s i z e ,  b e c a u s e  r e a c ta n t  m o le c u l e s  c a n  e a s i l y  a c c e s s  t o  th e  a c t iv e  s i t e  lo c a t e d  in  

t h e  in te r io r  o f  th e  p o r e s .  F u r th e r m o r e , a n o th e r  f a c t o r  w a s  a c id i t y .  T h e  r e s u lt  s h o w e d  

th a t  th e  a c t i v i t y  o f  c a t a ly s t  in c r e a s e d  a s  t h e  a c id i t y  in c r e a s e d .  In  2 0 0 8 ,  T o r r i et al. 
s t u d ie d  o n  th e  p y r o ly t i c  b e h a v io r  o f  c e l l u l o s e  in  th e  p r e s e n c e  o f  M C M - 4 1  

m e s o p o r o u s  m a t e r ia ls .  T h e y  u s e d  M C M - 4 1  ( S i - M C M - 4 1 )  a n d  M e - M C M - 4 1  

c a t a ly s t s  c o n t a in in g  d i f f e r e n t  m e t a l s  ( A l ,  M g ,  T i ,  ร ท  o r  Z r ) in  th e  c a t a l y s t / c e l l u l o s e  

r a t io  o f  1 :3 . T h e  p y r o ly t ic  p r o d u c t s  w e r e  ( 2 H ) - f u r a n - 3 - o n e ,  2 - f u r a ld e h y d e ,  5 - m e t h y l -
2 - f u r a ld e h y d e ,  4 - h y d r o x y - 5 ,6 - d ih y d r o - p y r a n - 2 - o n e ,  l e v o g l u c o s e n o n e ,  1- h y d r o x y -  

3 ,6 - d i o x a b i c y c l o [ 3 .2 .1  ] o c t a n - 2 - o n e  ( L A C ) ,  l , 4 : 3 ,6 - d i a n h y d r o - a - D - g l u c o s e  a n d  

l e v o g l u c o s a n .  T h e y  f o u n d  m e s o s t r u c t u r e d  s o l i d s  d e c r e a s e d  t h e  y i e ld s  o f  

l e v o g l u c o s a n  w i t h  r e s p e c t  t o  n o n - l o a d in g  c a t a ly s e d  c e l l u l o s e ,  a n d  in c r e a s e d  th e  

p r o d u c t io n  o f  e v o g l u c o s e n o n e  a n d  L A C . S im i la r ly ,  A d a m  et al. ( 2 0 0 5 )  s t u d ie d  th e  

p y r o ly s i s  o f  b io m a s s  in  t h e  p r e s e n c e  o f  A l - M C M - 4 1  t y p e  c a t a ly s t s .  T h e y  f o u n d  th e  

e f f e c t  o f  M C M - 4 1  c a t a ly s t  o n  th e  p y r o l y s i s  p r o d u c t s  o f  s p r u c e  w o o d  w a s  r e la te d  to
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th e  s i z e  o f  th e  p o r e s  o f  th e  c a t a ly s t .  P o r e  s i z e  e n la r g e m e n t  a n d  t r a n s i t io n  m e ta l  

in c o r p o r a t io n  r e d u c e d  t h e  y i e ld  o f  a c e t i c  a c id  a n d  w a t e r  a m o n g  p y r o l y s i s  p r o d u c t s .  In  

2 0 0 6 ,  A n t o n a k o u  et al. s tu d ie d  A l - M C M - 4 1  a s  a  c a t a ly s t  in  b i o m a s s  p y r o l y s i s  f o r  th e  

p r o d u c t io n  o f  b i o - f u e l s  a n d  c h e m ic a l s .  T h e y  f o u n d  th a t  th e  p r o d u c t io n  o f  l iq u id  w a s  

d e c r e a s e d  c o m p a r e d  t o  n o n - c a t a ly t i c  r u n s . T h e  p r o d u c t io n  o f  g a s  w a s  c o m p a r a b le  o r  

lo w e r ,  a n d  th e  p r o d u c t io n  o f  c o k e  w a s  h ig h e r .  R e d d y  a n d  S o n g  ( 1 9 9 6 )  s t u d ie d  th e  

in f l u e n c e  o f  m e s o p o r o u s  z e o l i t e  ( M C M - 4 1 )  o n  p o l y c y c l i c  a r o m a t ic  c o n v e r s i o n .  T h e y  

i l lu s tr a t e d  th a t  a  m a jo r  a d v a n t a g e  o f  m e s o p o r o u s  A l - M C M - 4 1  c a t a ly s t  w a s  c a p a b le  

o f  c o n v e r t in g  v e r y  la r g e  m o le c u l e s  in t o  s m a l le r  m o le c u l e s .  A g u a d o  et al. ( 2 0 0 6 )  

s t u d ie d  t h e  c a t a ly t ic  a c t iv i t y  o f  z e o l i t e  a n d  m e s o s t r u c t u r e d  c a t a ly s t s  in  th e  c r a c k in g  

o f  p u r e  a n d  w a s t e  p o l y o l e f i n s .  T h e y  f o u n d  th a t  m e s o s t r u c t u r e d  c a t a ly s t s ,  A l - M C M -  

4 1  a n d  A l - S B A - 1 5 ,  s h o w e d  s t r o n g e r  a r o m a t iz a t io n  a n d  b e n z e n e  a lk y la t io n  c a p a b i l i t y  

b e c a u s e  o f  th e ir  w e a k e r  L e w is  a c id  a n d  la r g e r  p o r e  s i z e ,  w h i c h  p r o v id e  la r g e r  

m o l e c u l e s  o f  p r o d u c t s .  In  2 0 0 8 ,  D ü n g  et al. s t u d ie d  th e  e f f e c t s  o f  I T Q -2 1  a n d  I T Q - 2 4  

a s  z e o l i t e  a d d it iv e s  o n  th e  c a t a ly t ic  p y r o ly t ic  o i l  u s in g  H M O R . T h e  r e s u lt s  w e r e  

p r e s e n t e d  th a t , w i t h  in c r e a s in g  th e  c a t a ly s t - t o - t ir e  r a t io , th e  g a s o l i n e  a n d  k e r o s e n e  

y ie ld  in c r e a s e d  w i t h  th e  r e d u c t io n  o f  th e  h e a v ie r  f r a c t io n s .  T h e  c o n c e n t r a t io n  o f  th e  

s a tu r a te d  h y d r o c a r b o n s  in  th e  p y r o ly t i c  o i l  w a s  f o u n d  t o  b e  h ig h e r .  T h e r e f o r e ,  
in c r e a s in g  th e  c a t a ly s t / t i r e  r a t io  d e c r e a s e d  th e  y i e l d  o f  l iq u id  p r o d u c t .

2.3 The Mesoporous Silica Materials

In  1 9 9 2 ,  th e  m o b i l  s c i e n t i s t s  f ir s t  s y n t h e s iz e d  th e  M o b i l  C o m p o s i t io n  o f  

M a tte r  s e r i e s  a s  M C M - 4 1 ,  a n d  M C M - 4 8 ,  w h i c h  w e r e  t h e  m o s t  o f  p o p u la r  

m e s o p o r o u s  m o le c u la r  s i e v e s .  T h e ir  s u r f a c e  a r e a  i s  m o r e  th a n  1 ,0 0 0  m 2 /g .  
F u r th e r m o r e , t h e y  h a v e  th e  p o r e  d ia m e t e r  r a n g e  b e t w e e n  1 .5  to  2 0  n m , w h ic h  

d e p e n d s  o n  th e  c o n d i t io n  o f  s y n t h e s i s  a n d  a  k in d  o f  s u r f a c ta n t  u s e d  a s  t h e  p o r e ­
d ir e c t in g  a g e n t .
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Figure 2.1 P o r e  s tr u c tu r e  o f  th e  M o b i l  c o m p o s i t io n  o f  m a tte r  o r  M C M : ( a )  M C M -4 1  

( 1 - D )  a n d  (b )  M C M - 4 8  ( 3 - D )  ( h t t p : / /w w w .c h e m is t r y .w u s t l .e d u /r e s e a r c h / l in _ g r o u p ).

T h e  M C M - 4 1  i s  a  m e s o p o r u s  s i l i c a  m a te r ia l ,  w h i c h  h a s  o n e  d i m e n s io n  

h e x a g o n a l  p o r e . T h e  M C M - 4 8  h a s  th r e e  d im e n s io n a l  p o r e s .  T h e y  h a v e  b e e n  a p p lie d  

t o  t h e  c a t a ly s t  w o r k  a s  a  s u p p o r t  o f  h e t e r o g e n e o u s  c a t a ly s t s  a n d  a n  a d s o r b e n t  in  

w a s t e  w a t e r  t r e a tm e n t .  T h e  X R D  r e s u lt  o f  J a n g  et al. ( 2 0 0 5 )  s h o w s  th a t  th e  M C M - 4 8  

h a s  p la n e  2 1 1  w h i l e  t h e  M C M - 4 1  h a s  p la n e  1 0 0  a t th e  s a m e  2 - t h e t a  v a lu e  o f  2 .5 .  It 
w a s  c o n f ir m e d  th a t  th e  M C M - 4 1  h a s  d i f f e r e n t  s tr u c tu r e  t o  th e  M C M - 4 8 .  T h e  p o r e  

s i z e  o f  M C M - 4 8  i s  b e t w e e n  1 . 6  n m  a n d  3 .8  n m .

http://www.chemistry.wustl.edu/research/lin_group
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Figure 2.2 X R D  r e s u lt s  o f  M C M - 4 1  a n d  M C M - 4 8  w i t h  a n d  w i t h o u t  p la t in u m  

l o a d e d  (J a n g  et al., 2 0 0 5 ) .

In  2 0 0 5 ,  L i et « / . s t u d i e d  M C M - 4 8  s u p p o r t e d  c o b a l t  c a t a ly s t  fo r  F is c h e r -  

T r o p s c h  s y s t h e s i s .  T h e y  lo a d e d  c o b a l t  m e t a l  5 % , 1 0 % , a n d , 1 5 %  o n  M C M - 4 8 ,  a n d  

f o u n d  th a t  th e  c o n v e r s io n  o f  C O  w a s  in s i g n i f i c a n t l y  in c r e a s e d  w h e n  5 %  C o  w a s  

u s e d .  M e a n w h i l e ,  th e  1 0 %  C o  c o u ld  r e a c h  th e  h ig h e s t  C O  c o n v e r s i o n  a n d  C 5 +  

s e l e c t i v i t y ,  b u t  th e  im p r o v e m e n t  o f  1 0 %  C o  t o  1 5 %  C o  m e t a l  l o a d e d  w a s  

in s ig n i f ic a n t  in  C O  c o n v e r s i o n  a n d  C 5 +  s e l e c t i v i t y .  In  a d d it io n ,  t h e  M C M - 4 1  a n d  

M C M - 4 8  w e r e  u s e d  a s  s u p p o r t s  fo r  t h e  s e l e c t i v e  o x id a t io n  o f  p r o p a n e ,  w h i c h  w a s  

s tu d ie d  b y  P e n a  et al. ( 2 0 0 0 ) .  T h e y  f o u n d  th a t  th e  V - c o n t a i n in g  M C M - 4 1  a n d  M C M -  

4 8 ,  w h i c h  w e r e  lo a d e d  l o w e r  th a n  1 % w t , p r e s e n t e d  h ig h e r  a c t iv i t y  a n d  s e l e c t i v i t y  

th a n  th e  S i 0 2  s u p p o r te d  c a t a ly s t .  T h e y  c o n c lu d e d  th a t  t h e  V - M C M  c a t a ly s t s  h a d  

h ig h e r  s u r f a c e  a r e a  a n d  d i s p e r s io n  o f  v a n a d iu m  th a n  th e  s i l i c a - s u p p o r t e d  c a t a ly s t .  
K a w i  a n d  T e  ( 1 9 9 8 )  u s e d  M C M - 4 8  s u p p o r t e d  c h r o m iu m  c a t a ly s t  fo r  

t r ic h lo r o e t h y le n e  o x id a t io n .  C r /M C M - 4 8  c a t a ly s t s  h a d  g o o d  c a t a ly t ic  a c t iv i t y ,  w h i c h  

w a s  1 0 0 %  c o n v e r s io n  a t 3 5 0  °c  a n d  w a s  s t a b le  fo r  t h e  o x id a t iv e  d e s t r u c t io n  o f  T C E  

( t r i c h lo r o e t h y le n e )  u p  to  7 2  h r . In  a d d it io n ,  th e  C r /M C M - 4 8  w a s  th e  c a t a ly s t  w h i c h  

h a d  h ig h  a d s o r p t io n  c a p a c i t y  fo r  a  d e s t r u c t io n  o f  T C E . L a n -L a n  a n d  S h u a n g  ( 2 0 0 5 )
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studied on phenol hydroxylation using CuO/MCM-48 as a catalyst. The CuO- 
containing MCM-48 had high performance for hydroxylation phenol. It exhibited 
higher phenol conversion than CuO and MCM-41 supported CuO. They concluded 
that the 3D pore structure of MCM-48 could transmit phenol better than MCM-41. In 
2007, Alsobaai et al. used MCM-48 for coating USY in order to hydrocrack 
petroleum gas oil. The appropriate ratio of hydrocracking was 0.5 because it was 
attributed to good balance between the acidity of USY and the high pore size of 
MCM-48. Furthermore, the nickel and tungsten-containing composite materials qf 
USY-MCM-48 improved higher hydrocracking activity than USY-MCM-48.

2.4 Supported Ruthenium Catalysts

In 2009, Düng et al. investigated light olefin and light oil production from 
the catalytic pyrolysis of waste tire. They found that Ru/MCM-41 was the good 
catalyst for production light olefins in the gas product and high concentration mono- 
atomatic compounds in the oil product. Similarly, Choosuton et al., (2007) studied 
that the effect of noble metals and supports in waste tire pyrolysis. They reported that 
Ru/HMOR can produce the high amount light of olefins and gas yield. And in 2008, 
Kongkadee et al. investigated the effect of Ru on HMOR and Ru on HZSM-5 on tire 
pyrolysis products. They presented the Ru on HMOR produced the high yield of gas 
product because of its high acidity for cracking. So, light olefin can be produced by 
Ru/HMOR.

Düng et al., (2010) studied the role of ruthenium on the catalytic pyrolysis 
of waste tire by using Ru supported SBA-1. They reported that ruthenium clusters 
increased the gas yield by approximately twice as much as compared to non-catalytic 
pyrolysis, and decreased poly and polar-aromatic compounds because lighter oil was 
produced. In addition, SBA-1 itself did not have the effect on the pyrolysis product. 
In 2008, Basagiannis et al. studied the influence of the carrier on the steam reforming 
of acetic acid over Ru-based catalysts. They found that Ru can help increase catalytic 
activity to shift toward lower temperatures process and high rates hydrogen 
production. In 1999, Akhmedov and Al-Kbowaiter studied the hydroconversion of 
hydrocarbons over Ru-containing supported catalysts. The result of Ru-Re/ZSM-5
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showed high selectivity in the isomerization of «-hexane to 2- and 3-methylpentanes, 
while Ni-Ru/ZSM-5 ruptured mostly the central carbon-carbon bond in the ท- 
heptane molecule. The rates of hydroconversion of tested hydrocarbons for the 
bimetallic samples were much higher than over Ru/ZSM-5.

It can be concluded that Ru supported catalysts are good catalysts to 
produce light olefins (ethylene and propylene) and light products. Light olefins can 
be used to be used as petrochemical feedstock for producing polyethylene and 
polypropylene. Recently, Sritana (2010) studied the development of Ru-supported 
HMOR catalyst as an industrial catalyst for the production of light olefins from waste 
tire. It is a selective catalyst for producing light olefins because Ru/HMOR has high 
cracking and isomerization activities. It is composed of Ru/HMOR, clay (a matrix), 
and a-alumina (a binder). Furthermore, the matrix can induce heat transfer from 
active catalyst to prevent hot spots and over-cracking.

2.5 The Applications of Clay Minerals

Nowadays, clays have important roles in industrial catalysts because the 
matrix or clay can induce heat that causes hot spots. It causes over-cracking 
preventing undesirable products. Many pieces of research used clay minerals mixed 
as a catalyst matrix in catalytic pyrolysis. In 2002, Rong and Xiao studied the 
catalytic cracking activity of kaolin. They found that the kaolin-group minerals were: 
halloysite 24.3%, kaolinite 13.4%, and dickite 0%. The tested of samples property 
are in Table 2.
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Table 2.1 The properties of the purified sample clays (Rong and Xiao, 2002)

Sam ple P u rified  K l P u rified  K 2 Purified  ผ
M inera l com position halloysite kao lin ite  (70% ), halloysite  (30% ) dick ite
ร i 0 2 (w t% ) 46 .76 46 .54 46 .80
A l’O i (พ !.,/(เ) 39 .12 39.54 39 .67
Specific  su rface  area (m :  g ’  ') 89.4 41.1 9.0
Specific  su rface  area (ca lc ined  al 800 °C ) ( n r  g~  ') 6 1 9 24.3 7.0
R eten tio n  o f  Specific  su rface  area (% ) 69 .18 59.12 77.78
M icro-reaction  ac tiv ity  (% ) 24 13.4 0

In 1995, Xiao et al. investigated catalytic cracking activity and the 
physicochemical properties of REY zeolite mixed with kaolin clay treated by 
hydrothermal hot pressing (HHP) method. They found the catalytic conversion and 
selectivity in the cracking of pentadecane and heavy oil in a series of samples treated 
at different temperature (25 - 220 °C) changed significantly. In particular, the catalyst 
treated by HHP at 170 °c showed high catalytic activity and selectivity for gasoline, 
low coke formation, and high compressive strength when compared with non HHP 
treatment. Moreover, X-ray diffraction exhibited the stability of active REY zeolite 
in HHP catalysts, but above 220 °c a part of REY zeolite lost its crystalline structure.

Swarmakar et al. (1996) studied the catalytic activity of Ti- and Al-pillared 
montmorillonite and beidellite for cumene cracking and hydrocracking. The 
beidellite showed higher cracking than montmorillonite. The clay layers themselves 
also showed differences in selectivity. Beidellite had ability to crack cumene to 
benzene whereas montmorillonite was good cracking to a-methylstyrene 
(dehydrogenation). Similarly, Pan et al. (2010) studied that the effect of calcite and 
montmorillonite on oil cracking in confined pyrolysis experiments. The main 
observations were: (1) i-C4/n-C4 and i-Cs/n-Cs in oil with montmorillonite was 
higher than only oil and oil with calcite, and (2) montmorillonite and calcite greatly 
reduced the carbon isotope fractionation during methane formation from oil cracking.

In general, a catalyst which is used for cracking is composed of 0-70% of 
clay, 5-99% of inorganic oxide, and 1-50% of zeolite. The zeolite is a mixture of 0-
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25 wt% of Y zeolite and 75-100% of phosphorus (P2O5) and rare earth (Re2Ü3) 
(Zhicheng et al., 1993). Similarly in 1980, Alafandi and Stamires have owned a 
patent of producing zeolitic catalysts with silica alumina matrix. Their catalysts were 
composed of the excharged zeolite in the range of about 10 to 30 parts by weight, 
alumina 10 to 25 parts by weight, if alumina used as matrix, and silica-alumina gel 
60 to 10 parts by weight, and clay 70 parts by weight. The clays were acid treated 
halloysite, ball clay, other kaolin and mixture thereof.

In 1971, Silverstein patented the method for inhibiting the spread of heat 
utilizing bentonite. They found that bentonite can inhibit heat spread for ring 
soldering work, orthodontic retainer soldering work and two pieces of metal welding 
work. So, bentonite acts as a water curtain to absorb the heat. In 1988, Gummow and 
Sigalas investigated that the thermal conductivity of talc as a function of pressure and 
temperature. The thermal conductivity for both fired and unfired talc showed a slight 
increase with pressure. Furthermore, the thermal conductivity of the fired was lower 
than the unfired.

From the several research works, the most interesting issue is the 
development of Ru/HMOR and Ru/MCM-48 as industrial catalysts for producing 
light olefins from waste tire. With the fact that the matrix can spread heat from active 
component, and can prevent over-cracking, the catalysts therefore consist of 
Ru/HMOR or Ru/MCM-48, clay, and a-alumina. In this work, the optimum 
composition of modified catalysts and the effect of type of matrix was investigated 
for the production of light olefins from waste tire pyrolysis.

The objective of this research work was to find the optimum composition of 
a being-developed commercial Ru/HMOR and Ru/MCM-48 catalysts. After that, the 
effect of types of matrix, and the composition of the catalysts on the nature product 
were studied with the aim for the production of light olefins.
The scope of this research covered: •

• The pyrolysis of scrap tire was performed in a bench-scaled autoclave reactor.
• Holding time, N2 flow rate, the pyrolysis temperature, the catalytic 

temperature, heating rate, the amount of Ru loading, the amount of sample
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and catalysts were fixed to at 90 min, 30 ml/min, 500°c, 300°c , 10 ๐c / min,
0.7 %wt, 30 g, and 7.5 g, respectively.

• The experiment was divided into 2 parts;
Part I: The optimum composition of catalysts was determined by 

varying %wt of HMOR zeolite and MCM-48 mesoporous. The binder was a- 
alumina, which was fixed at 10%wt. The matrix was kaolin. The ratio of 
active component and matrix was varied as 5:85, 10:80, 15:75, 20:70, and 
100:0 (active component only).

Components %wt

Batch No. 1 2 3 4 5

Ru/HMOR 5 10 15 20 100

Kaolin 85 80 75 70 0

Binder (a- 
alumina) 10 10 10 10 0

Components %wt

Batch No. 6 7 8 9 10

Ru/MCM-48 5 10 15 20 100

Kaolin 85 80 75 70 0

Binder(a- 
alumina) 10 10 10 10 0



1 4

Part II: The ratio of active component and matrix was fixed, and the types of matrix 
were kaolin, bentonite, talcum, and montmorillonite.

Batch
No. %Ru/HMOR %Kaolin %Ben-

tonite %Talcum %Montmo-
riilonite

% Binder 
(«-

alumina)

1 0 . 100 0 0 0 0

2 0 0 100 0 0 0

3 0. 0 0 100 0 0

4 0. 0 0 0 100 0

5 5. 0 85 0 0 10

6 5 0 0 85 0 10

7 5 0 0 0 85 10
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