
RESULTS AND DISCUSSION
CHAPTER IV

The main products from pyrolysis waste tire are gas, liquid, and char. 
Especially, the light olefins are one of components in the gas product, which can be 
used as petrochemical feedstock and low heating value fuels. In this work, the 
Ru/HMOR and Ru/MCM-48-based catalysts, which consist of an active component, 
a matrix, and a binder, were developed for the industrial production of light olefins. 
The appropriate composition of catalysts and the appropriate type of matrix were 
investigated.

4.1 Effect of Each Component on Pyrolysis Products

MCM-48 is the cubic mesoporous hydroxylated silicate material, whereas 
HMOR is an acidic zeolite. Sritana’s work (2010) studied the appropriate 
composition of industrial Ru/HMOR-based catalysts, and she found that the 
composition of 20% Ru/HMOR, 70% matrix, and 10% binder was the most 
appropriate ratio for using catalytic pyrolysis. However, the composition of below 
20% Ru/HMOR has not been investigated; therefore, this work continues from 
Sritana’s work. The composition of the cracking catalysts was varied in the range 5- 
20% of either 0.7%Ru/MCM-48 or 0.7%Ru/HMOR, 70-85% kaolin, and 10% a- 
alumina. Then, the cracking catalysts of all compositions were extruded to the 
cylindrical extrudate form with 2 mm diameter.

4.1.1 Characterization of Components
The physical properties of kaolin, a-alumina, MCM-48, 0.7% 

Ru/MCM-48, HMOR, and 0.7% Ru/HMOR catalysts are shown in Table 4.1. The 
surface area and pore volume were determined by the BET method and the B.J.H. 
method, respectively. Namely, the pore size of each component can be separated to 
two ranges, which are meso-pore and micro-pore size. The meso-pore diameter was 
determined by the B.J.H. method whereas the micro-pore one was determined by 
using the Horvath-Kawazoe method. As a result, MCM-48 has the highest surface
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area (-1,400 m2/g) and pore volume (-0.87 cm3/g) among all materials. HMOR has 
the surface area and the pore volume of -370 and -0.63, respectively. The MCM-48 
(mesoporous material) and HMOR (zeolite) have both micro-pores and meso-pores. 
In particular, they are 8.46 Â (micro-pore) and 35.87 Â (meso-pore) for MCM-48, 
and 7.2 Â (micro-pore) and 38.0 Â (meso-pore) for HMOR. Ru metal supported on 
MCM-48 can significantly reduce the surface area of MCM-48 from 1,400 to 915 
m2/g, and reduce the pore volume from 0.87 to 0.63 cm3/g. Ru supported HMOR 
slightly decreases the surface area of HMOR from 370 to 330 m2/g, and reduce the 
pore volume from 0.23 to 0.19 cm3/g. Kaolin, which is a mesoporus clay, has low a 
surface area and pore volume. In contrast, it has the large pore size about 420 À. 
Alumina has a low surface area, and medium pore size which are about 44 Â.

According to Figure 4.1, it presents the pore distribution of each 
material obtained from the BET method. Ru/MCM-48 has a uni-modal pore 
distribution, which is in the range of mesopore. Ru/HMOR has also a uni-modal pore 
size distribution as Ru/MCM-48 does. However, the pore size of Ru/HMOR cannot 
be obtained by using the BET method because it is below 10 Â. Alumina has a bi
modal distribution of pore diameters whereas kaolin has a uni-modal distribution 
with the average diameter of around 418 Â.



Table 4.1 Physical properties of individual catalyst

Surface area 
(เท2/g)*

Pore volume
(cm3/g)**

Pore
diameter

(A)
MCM-48 1,405 0.87 8.46***,

35.87**
0.7% Ru/MCM-48 915.7 0.63 7.00***,

32.94**
HMOR 372.5 0.23 y 2*** 

38 00**
0.7% Ru/HMOR 332.6 0.191 7.05***,

37.35**
Kaolin 32.87 0.16 418.8**

a-alumina 73.34 0.48 44.18**

* BET method **B.J.H. method *** Horvath-Kawazoe method
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Figure 4.1 Variation of the pore size distribution of the individual catalysts.
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Figure 4.2 shows the diffraction patterns o f HMOR zeolite and 
mesoporous material MCM-48. The XRD peaks of HMOR appear at 20 of 10°, 13°, 
15°, 20°, 22°, 26°, 27°, and 31°. However, from a literature (Fan et al, 2004), the 
unique peak of HMOR is 25.78°. The peak of MCM-48 is detected at 20 = 2.2°, 
which is the unique peak. The peaks corresponding to Ru metal are generally 
obtained at 38°, 42°, 44°, and 58° (Perring et a l ,  1998). However, they are rarely 
detected because of the low loading amount. Moreover, Ru metal loaded on both 
supports does not lead to crystalline destruction.
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Figure 4.2 XRD patterns of (a) HMOR zeolite, and (b) MCM-48 mesoporous 
material.

4.1.2 Pyrolysis Results
First, and foremost, in order to understand the behavior and be able to 

make a reasonable explanation on the effect of the different compounded extrudates
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c o m p o s i t io n s  la te r  in  th is  c h a p te r ,  i t  i s  im p o r ta n t  to  f ir s t  i n v e s t ig a t e  th e  e f f e c t  o f  e a c h  

o f  th e  p u r e  c o m p o n e n t s  t o  b e  c o m p o s e d  in  t h e  e x t r u d a t e s  o n  b o t h  t h e  q u a l i t y  a n d  

q u a n t i ty  o f  th e  p r o d u c t s .  In  g e n e r a l ,  t h e  p y r o ly t i c  p r o d u c t s  c a n  b e  c l a s s i f i e d  in t o  g a s ,  
o i l ,  a n d  s o l i d  c h a r . T h e  d is t r ib u t io n  o f  t h e  p y r o ly t i c  p r o d u c t s  f r o m  n o n - c a t a ly t i c  

p y r o l y s i s  i s  1 4 % w t, 3 9 % w t ,  a n d  4 8 % w t  o f  g a s ,  o i l ,  a n d  s o l i d  c h a r , r e s p e c t iv e ly .  
A c c o r d in g  to  th e  f a c t  th a t  e a c h  o f  th e  p u r e  c o m p o n e n t s  u s e d  c a n  h a v e  a  u n iq u e  e f f e c t  

o n  th e  p r o d u c t  o b t a in e d  f r o m  th e  p y r o ly s i s ;  t h e r e f o r e ,  t h e  r e s u lt s  a r e  f ir s t  r e p o r te d  

s e p a r a t e ly  fo r  p u r e  c o m p o n e n t  u s e d ,  w h i c h  a r e  i l lu s tr a t e d  a s  f o l lo w s :
(a) Kaolin

K a o l in  i s  o n e  o f  th e  im p o r ta n t  c a t a ly s t  c o m p o s i t io n s ,  w h i c h  i s  u s e d  

a s  a  c a t a ly s t  m a tr ix  fo r  t h e  p r o d u c t io n  o f  e x tr u d a te d  c a t a ly s t .  It i s  f o u n d  th a t  th e  

m a tr ix  ( K a o l in )  i t s e l f  h a s  s o m e  i n f l u e n c e s  o n  th e  p r o d u c t s  f r o m  p y r o l y s i s .  A s  

c o m p a r e d  to  th e  n o n - c a t a ly t i c  c a s e ,  F ig u r e  4 .3  s h o w s  th a t  th e  u s e  o f  k a o l in  c a n  

s l i g h t ly  i n c r e a s e s  th e  g a s  p r o d u c t io n ,  w h i c h  i s  f o u n d  t o  in c r e a s e  a p p r o x im a t e ly  to  

1 6 .5 % . F o r  t h e  g a s  p r o d u c t  c o m p o s i t io n  ( F ig u r e  4 .4 ) ,  t h e  u s e  o f  k a o l in  s l i g h t ly  

d e c r e a s e s  e t h y le n e ,  p r o p y le n e ,  a n d  h e a v y  g a s e s  ( a b o v e  C 4 s )  in  a c c o r d a n c e  w i t h  

in c r e a s in g  m e t h a n e ,  e t h a n e ,  p r o p a n e , a n d  C 4 - h y d r o c a r b o n s  a s  c o m p a r e d  w i t h  th e  

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

F ig u r e  4 .5 .  C o m p a r e d  t o  t h e  th e r m a l  p y r o l y s i s ,  k a o l in  c a n  p r o d u c e  s l i g h t ly  h ig h e r  

l ig h t  o l e f in s ,  w h i c h  th e  y i e l d  i s  f o u n d  a t a b o u t  2 .9  %  ( g / 1 0 0 g  t ir e ) .  R e g a r d in g  th e  o i l  

p r o d u c t ,  th e  q u a n t i ty  o f  t h e  o i l  p r o d u c t  p r o d u c e d  is  s l i g h t ly  d e c r e a s e d  (d r o p p e d  to  

3 5 % w t )  c o m p a r e d  t o  th e  n o n - c a t a ly t i c  c a s e  ( F ig u r e  4 .3 ) .  F o r  t h e  c h e m ic a l  

c o m p o s i t io n  in  th e  o i l  p r o d u c t ,  it  i s  f o u n d  th a t  t h e  c o n c e n t r a t io n  o f  s a tu r a te d  

h y d r o c a r b o n s  i s  s l i g h t ly  d e c r e a s e d  in  a c c o r d a n c e  w i t h  a n  in c r e a s e  in  th e  to ta l  

a r o m a t ic  c o m p o u n d s  ( F ig u r e  4 .6 ) .  M o r e o v e r ,  th e  r e la t iv e  s e l e c t i v i t y  o f  m o n o 
a r o m a t ic  i s  a l s o  in c r e a s e d  ( F ig u r e  4 .7 ) .  T h e  o th e r  im p o r ta n t  p r o p e r ty  o f  o i l  i s  th e  

p e t r o le u m  f r a c t io n .  It i s  f o u n d  th a t  th e  u s e  o f  k a o l in  c a n  d r a s t ic a l ly  in c r e a s e  b o th  

n a p h th a  a n d  k e r o s e n e  to  3 4  % w t  in  a c c o r d a n c e  w i t h  th e  d e c r e a s e  in  l ig h t  a n d  h e a v y  

g a s  o i l  (F ig u r e  4 .8 ) .  F in a l ly ,  th e  a s p h a lt e n e  c o n t e n t  in  th e  o i l  p r o d u c t  i s  d r a m a t ic a l ly  

d e c r e a s e d  a s  c o m p a r e d  t o  t h e  n o n - c a t a ly t i c  c a s e  (F ig u r e  4 .9 ) .
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(b) a-Alumina
a - A l u m i n a  i s  u s e d  a s  t h e  b in d e r  in  th e  e x t r u d a t e d  c a t a ly s t s .  A s  

o b s e r v e d  f r o m  th e  r e s u l t s ,  th e  u s e  o f  a lu m in a  s h o w s  a  s im i la r  e f f e c t  t o  k a o l in  in  

in c r e a s in g  th e  g a s  p r o d u c t io n  (F ig u r e  4 .3 ) .  H o w e v e r ,  u n l ik e  k a o l in ,  it  i s  f o u n d  th a t  it  

g i v e s  n o  s ig n i f ic a n t  d i f f e r e n c e  in  t h e  g a s  c o m p o s i t io n s  a s  c o m p a r e d  t o  t h e  n o n -  

c a t a ly t ic  c a s e  (F ig u r e  4 .4 ) .  It i s  f o u n d  th a t  t h e  l ig h t  o l e f i n s  y i e l d  o f  a lu m in a  i s  s l i g h t ly  

in c r e a s e d  a s  c o m p a r e d  t o  th e  n o n - c a t a ly t i c  c a s e  ( F ig u r e  4 .5 ) .  In  p a r t ic u la r , i t  c a n  

p r o d u c e  l ig h t  o l e f in s  y i e l d  a t a b o u t  3 .1  g / 1 0 0  g  t ir e . T h e  o i l  p r o d u c t io n  f r o m  u s in g  

a lu m in a  i s  d e c r e a s e d  in  a c c o r d a n c e  w i t h  th e  in c r e a s e  in  t h e  g a s  p r o d u c t s .  T h e  u s e  o f  

a - a lu m in a  c a n  p r o d u c e  t h e  to ta l  o i l  y i e l d  a t a b o u t  3 2 .5  % w t , w h i c h  i s  l e s s  th a n  th e  

o n e  o b ta in e d  fr o m  t h e  n o n - c a t a ly t ic  c a s e .  T h e  q u a l i t y  o f  th e  o i l  p r o d u c t  c a n  b e  

r o u g h ly  e s t im a t e d  b y  th e ir  c h e m ic a l  c o m p o s i t io n s  a n d  th e  p e t r o le u m  f r a c t io n  o f  th e  

o i l  p r o d u c t . O w in g  t o  F ig u r e s  4 .6  a n d  4 .7 ,  t h e  p r e s e n c e  o f  a lu m in a  s l i g h t ly  in c r e a s e s  

th e  c o n c e n t r a t io n  o f  s a tu r a te d  h y d r o c a r b o n s ,  a n d  t h e  s e l e c t i v i t y  o f  m o n o - a r o m a t ic  

h y d r o c a r b o n s  a l s o  in c r e a s e s  in  r e la t io n  t o  th e  d e c r e a s e  in  a r o m a t ic  c o m p o u n d s .  In  

a d d it io n ,  f r o m  F ig u r e  4 .8 ,  a lu m in a  c a n  p r o d u c e  a  s ig n i f i c a n t ly  h ig h e r  p o r t io n  o f  

n a p h th a  r a n g e  p r o d u c t  th a n  th e  n o n - c a t a ly t i c  c a s e .  T h e  in c r e a s e  o f  n a p h th a  h a p p e n s  

in  a c c o r d a n c e  w i t h  t h e  d e c r e a s e  o f  l ig h t  g a s  o i l .  L a s t ly ,  i t  i s  f o u n d  th a t  a lu m in a  c a n  

d r a m a t ic a l ly  d e c r e a s e  a s p h a lt e n e  c o n t e n t  in  t h e  p y r o ly t i c  o i l ,  a n d  t h e  w e i g h t  

p e r c e n t a g e  o f  a s p h a l t e n e  i s  fo u n d  t o  b e  b e l o w  0 .1 .
(c) HMOR a n d 0.7% Ru/HMOR

F o r  th e  p r o d u c t  d is t r ib u t io n ,  i t  i s  f o u n d  th a t  H M O R  a lo n e  c a n  

p r o v id e  a  h ig h e r  g a s  p r o d u c t io n  th a n  th e  n o n - c a t a ly t i c  c a s e  ( F ig u r e  4 .3 ) .  M o r e o v e r ,  
w it h  th e  lo a d in g  o f  R u  m e t a l  o n  H M O R , th e  a m o u n t  o f  g a s  p r o d u c e d  i s  f o u n d  to  

in c r e a s e  fu r th e r  to  th e  2 4 %  o f  th e  to ta l  p r o d u c t s .  F o r  th e  g a s  p r o d u c t  c o m p o s i t io n s ,  
th e  H M O R  z e o l i t e  a lo n e  i s  f o u n d  t o  d r a m a t ic a l ly  in c r e a s e  p r o p a n e  a n d  s l i g h t ly  

in c r e a s e s  e t h a n e  w i t h  s l i g h t  d e c r e a s in g  o t h e r  g a s  c o m p o s i t io n s .  M o r e o v e r ,  th e  c a s e  o f
0 .7 % R u /H M O R  in c r e a s e s  C 4 s  in  a c c o r d a n c e  w i t h  d e c r e a s in g  p r o p a n e  a s  c o m p a r e d  

to  H M O R  c a s e .  T h e  l ig h t  o l e f in s  y i e ld  o f  H M O R  is  f o u n d  t o  b e  s im i la r  to  th a t  o f  th e  

n o n - c a t a ly t ic  c a s e  w h e r e a s  R u /H M O R  p r o v id e s  th e  h ig h e r  y i e ld  o f  l ig h t  o l e f i n s  th a n  

n o n - c a t a ly t i c ,  k a o l in ,  a n d  a lu m in a  c a s e s .  In  c o n t r a s t ,  th e  o i l  y i e l d  u s in g  H M O R  

( ~ 3 4 % w t )  i s  lo w e r  th a n  th a t  o b ta in e d  f r o m  th e r m a l  p y r o ly s i s .  M o r e o v e r ,  i t  i s  f o u n d
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th a t  H M O R  c a n  in c r e a s e  sa tu r a te d  h y d r o c a r b o n s  c o n t e n t  w i t h  a  d e c r e a s e  o f  to ta l  

a r o m a t ic  c o m p o u n d s  in  m a lt e n e .  T h e  r a t io  o f  s a tu r a te d  t o  to ta l  a r o m a t ic  

h y d r o c a r b o n s  c a n  b e  s e e n  in  F ig u r e  4 .5 .  F u r th e r m o r e , R u  m e t a l  l o a d e d  o n  t h e  H M O R  

z e o l i t e  c a n  s l ig h t ly  in c r e a s e  s a tu r a te d  h y d r o c a r b o n s  h ig h e r  th a n  u s i n g  H M O R  a lo n e .  
R e g a r d in g  to  th e  m o n o - a r o m a t ic  s e l e c t i v i t y ,  H M O R  a lo n e  c a n n o t  i n c r e a s e  m o n o 
a r o m a t ic  s e l e c t i v i t y  ( F ig u r e  4 .6 )  w h e r e a s  th e  u s e  o f  R u /H M O R  s h o w s  a  s l ig h t  

in c r e a s e  in  m o n o - a r o m a t ic  s e l e c t i v i t y  c o m p a r e d  to  th e  n o n - c a t a ly t i c  c a s e .  F o r  

p e t r o le u m  fr a c t io n  ( F ig u r e  4 .7 ) ,  H M O R  z e o l i t e  c a n  im p r o v e  n o t  o n l y  n a p h th a  1 3 %  

h ig h e r  b u t  a ls o  in c r e a s e  k e r o s e n e  5 %  h ig h e r  th a n  th e  n o n - c a t a ly t i c  c a s e .  H o w e v e r ,  
w h e n  R u  m e ta l  i s  l o a d e d  o n  H M O R , a  s l ig h t ly  in c r e a s e  in  b o t h  n a p h th a  a n d  k e r o s e n e  

f r a c t io n s  i s  fo u n d  in  c o n j u n c t io n  w i t h  th e  r e d u c t io n  in  h e a v y  f r a c t io n s ,  s u c h  a s  l ig h t  

a n d  h e a v y  g a s  o i l ,  a s  c o m p a r e d  to  th e  n o n - c a t a ly t i c  c a s e .  T h e  R u  m e t a l  l o a d in g  c a n  

p r o v id e  h ig h e r  n a p h th a  y ie ld  th a n  u s in g  H M O R  z e o l i t e  a lo n e ,  b u t  th e  o th e r  f r a c t io n s ,  
w h i c h  a re  h e a v ie r  th a n  n a p h th a , d e c r e a s e  in  a c c o r d a n c e  w i t h  in c r e a s in g  n a p h th a . F o r  

a s p h a l t e n e  c o n t e n t  in  th e  o i l  p r o d u c t ,  w i t h  u s in g  H M O R  a n d  R u /H M O R  ( F ig u r e  4 .9 ) ,  
th e  c o n c e n t r a t io n  o f  a s p h a lt e n e  in  o i l s  is  d r a m a t ic a l ly  d e c r e a s e d  a s  c o m p a r e d  to  th e  

n o n - c a t a ly t i c  c a s e .
(d) MCM-48 and 0. 7%Ru/MCM-48

M C M - 4 8  i s  a  m e s o p o r o u s  n o n - a c id ic  m a te r ia l .  A c c o r d in g  to  

F ig u r e  4 .3 ,  th e  u s e  o f  M C M - 4 8  c a n  p r o d u c e  a  v e r y  h ig h  g a s  y i e ld  o f  a b o u t  2 3 % w t ,  
a n d  i t s  p r o d u c t io n  i s  m u c h  h ig h e r  th a n  th e  n o n - c a t a ly t ic  c a s e  ( - 1 0 % ) .  F u r th e r m o r e ,  
R u  m e ta l  lo a d in g  o n  M C M - 4 8  fu r th e r  im p r o v e s  g a s  p r o d u c t io n  ( b y ~ 3 % )  fr o m  th e  

M C M - 4 8  c a s e .  T h e  u s e  o f  s y n t h e s iz e d  M C M - 4 8  c a n  d r a s t ic a l ly  im p r o v e  th e  

c o n c e n t r a t io n  o f  m e t h a n e ,  e th a n e ,  a n d  e s p e c ia l l y  C 4 - ,  a n d  C 5 - h y d r o c a r b o n s  in  th e  

g a s  p r o d u c t  (F ig u r e  4 .4 ) .  B y  c o n s id e r in g  th e  l ig h t  o l e f i n s  p r o d u c t s ,  M C M - 4 8  a n d  

R u /M C M - 4 8  s h o w  h ig h  a c t iv i t y  o n  l ig h t  o l e f i n s  p r o d u c t io n ,  w h i c h  i s  f o u n d  to  

in c r e a s e  u p  to  1 .5  t im e s  h ig h e r  th a n  th a t  o f  th e  n o n - c a t a ly t i c  c a s e  ( F ig u r e  4 . 5 ) .  T h e y  

c a n  c o n v e r t  in v a lu a b le  w a s t e  t ir e  t o  v a lu a b le  p r o d u c t s  a t a  h ig h  y ie ld  o f  l ig h t  o l e f in s .  
W h e n  R u  m e ta l  is  lo a d e d  o n  M C M - 4 8 ,  th e  R u /M C M - 4 8  c a n  im p r o v e  th e  e f f i c i e n c y  

o n  l ig h t  o l e f in s  s e l e c t i v i t y .  C o n c e r n in g  th e  o i l  p r o d u c t ,  it  i s  fo u n d  th a t  t h e  to ta l  
a m o u n t  o f  o i l  p r o d u c t  p r o d u c e d  fr o m  u s in g  th e  M C M - 4 8  a n d  R u /M C M - 4 8  c a t a ly s t s  

a re  r e m a r k a b ly  d r o p p e d  ( - 1 0 % )  a s  c o m p a r e d  t o  th e  n o n - c a t a ly t i c  c a s e  ( F ig u r e  4 .3 ) .
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F ig u r e s  4 .6  a n d  4 .7  s h o w  th a t  th e  u s e  o f  M C M - 4 8  a lo n e  s t r o n g ly  in c r e a s e s  th e  to ta l  
a r o m a t ic  h y d r o c a r b o n s  in  th e  o i l  p r o d u c t  a t t h e  e x p e n s e  o f  th e  s a tu r a te d  

h y d r o c a r b o n s ,  a n d  n o  s ig n i f ic a n t  d i f f e r e n c e  in  m o n o - a r o m a t ic  h y d r o c a r b o n s  

s e l e c t i v i t y  i s  f o u n d .  O n  th e  o th e r  h a n d , w i t h  th e  lo a d in g  o f  R u  m e t a l  o n  M C M - 4 8 ,  
th e  r e s u lt  s h o w s  th e  d r a m a t ic a l  in c r e a s e  in  th e  s a tu r a te d  h y d r o c a r b o n  c o n t e n t  in  th e  

o i l  p r o d u c t .  M o r e o v e r ,  th e  m o n o - a r o m a t ic  s e l e c t i v i t y  i s  a l s o  f o u n d  t o  in c r e a s e  w h e n  

c o m p a r e d  a m o n g  a ll  t y p e s  o f  a r o m a t ic  c o m p o u n d s .  F o r  n a p h th a  a n d  k e r o s e n e  

p r o d u c t io n  ( F ig u r e  4 .8 ) ,  M C M - 4 8  h a s  n o  in f l u e n c e  o n  n a p h th a  p r o d u c t io n ,  b u t  it  c a n  

d r a m a t ic a l ly  in c r e a s e  k e r o s e n e  w i t h  d e c r e a s in g  o th e r  o i l  p r o d u c t  c o m p o s i t io n s .  
H o w e v e r ,  th e  R u  m e ta l  l o a d in g  o n  M C M - 4 8  c a u s e s  a n  in c r e a s e  in  t h e  n a p h th a  in  

a c c o r d a n c e  w i t h  th e  d e c r e a s e  in  a l l  o th e r  f r a c t io n s .  L a s t ly ,  th e  a m o u n t  o f  a s p h a l t e n e  

f r o m  p y r o ly t i c  o i l  i s  d e c r e a s e d  w h e n  M C M - 4 8  a n d  R u /M C M - 4 8  a re  u s e d .  H o w e v e r ,  
th e  a s p h a l t e n e  c o n t e n t  i s  s t i l l  r e la t iv e ly  h ig h e r  th a n  th a t  o f  t h e  o th e r s  ( F ig u r e  4 .9 ) .

(e) Comparison o f  HMOR and MCM-48
T h e  M C M - 4 8  a n d  H M O R  a re  u s e d  a s  s u p p o r ts .  A c c o r d in g  to  

F ig u r e  4 .3 ,  M C M - 4 8  c a n  p r o d u c e  h ig h e r  g a s  y i e ld  th a n  H M O R . M o r e o v e r ,  th e  

d i f f e r e n c e  b e t w e e n  M C M - 4 8  a n d  H M O R  is  a ls o  s e e n  in  t h e  g a s  c o m p o s i t io n .  M C M -  

4 8  c a n  d e c r e a s e  m e t h a n e  in  a c c o r d a n c e  w i t h  in c r e a s in g  C 4 s  a n d  h e a v y  g a s  w h e r e a s  

H M O R  m a in ly  d e c r e a s e s  e t h y le n e ,  p r o p y le n e ,  C 4 s ,  a n d  h e a v y  g a s  w i t h  in c r e a s in g  

e t h a n e  a n d  e s p e c i a l l y  p r o p a n e  a s  c o m p a r e d  t o  th e  n o n - c a t a ly t i c  c a s e .  M C M - 4 8  

p r o d u c e s  h ig h e r  l ig h t  o l e f in s  th a n  H M O R . In  c o n t r a s t ,  H M O R  c a n  p r o d u c e  h ig h e r  o i l  

y i e l d  th a n  M C M - 4 8  b y  a b o u t  4 % w t . In  th e  o i l  p r o d u c t s ,  i t  i s  f o u n d  th a t  H M O R  g i v e s  

a  h ig h e r  s e l e c t i v i t y  to w a r d  sa tu r a te d  H C s  th a n  t h e  M C M - 4 8 ,  w h i l e  t h e  s e l e c t i v i t y  o f  

m o n o - a r o m a t ic  H C s  o b t a in e d  fr o m  b o th  H M O R  a n d  M C M - 4 8  a r e  a l ik e .  F o r  th e  

p e t r o le u m  f r a c t io n s ,  it  i s  f o u n d  th a t th e  in f l u e n c e  o f  t h e s e  t w o  c a t a ly s t s  i s  d i f f e r e n t .  
H M O R  i l lu s t r a t e s  th e  h ig h e r  a m o u n t  o f  n a p h th a  in  t h e  o i l  th a n  M C M - 4 8 ,  w h e r e a s  

M C M - 4 8  p r o v id e s  th e  h ig h e r  k e r o s e n e  c o n t e n t  th a n  H M O R . T h e  in c r e a s e  in  th e  l ig h t  

o i l  f r a c t io n s  i s  fo u n d  in  a c c o r d a n c e  w i t h  th e  d e c r e a s e  in  th e  h e a v y  h y d r o c a r b o n  

f r a c t io n s  s u c h  a s  g a s  o i l  a n d  lo n g  r e s id u e . L a s t ly ,  d u e  t o  th e  h ig h e r  c r a c k in g  a c t iv i t y  

o f  H M O R  th a n  th a t o f  M C M - 4 8 ,  th e  a s p h a l t e n e  r e d u c t io n  fo r  th e  c a s e  o f  H M O R  is  

f o u n d  to  b e  g r e a te r  th a n  th a t  o f  M C M - 4 8  a s  w e l l .
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F igure 4.3 G a s  a n d  o i l  p r o d u c t io n  f r o m  th e  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  u s in g  

e a c h  c o m p o n e n t .
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Figure 4.4 G a s  c o m p o s i t io n s  fr o m  th e  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  u s in g  e a c h  

c o m p o n e n t .
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F igure 4.5 L ig h t  o l e f i n s  y i e ld  in  t h e  g a s  p r o d u c t s  fr o m  u s i n g  e a c h  c o m p o n e n t .
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F igure 4.6 R a t io  o f  s a tu r a te d  h y d r o c a r b o n  t o  to ta l  a r o m a t ic  c o m p o u n d  o f  th e  o i l  

f r o m  t h e  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  u s i n g  e a c h  c o m p o n e n t .
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F igure 4.7 R a t io  o f  m o n o - a r o m a t ic  h y d r o c a r b o n  to  to ta l  a r o m a t ic  c o m p o u n d  in  th e  

o i l s  f r o m  u s in g  e a c h  c o m p o n e n t .
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F igure 4.8 P e t r o le u m  f r a c t io n s  in  th e  d e r iv e d  o i l s  f r o m  e a c h  c o m p o n e n t .
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Figure 4.9 A s p h a l t e n e  in  th e  d e r iv e d  o i l s  f r o m  u s i n g  e a c h  c o m p o n e n t .

4 .1 .3  D i s c u s s io n :  A c t i v i t y  o f  e a c h  c o m p o n e n t
A s  m e n t io n e d  a b o v e ,  e a c h  o f  th e  c o m p o n e n t s  h a s  th e  d i f f e r e n t  e f f e c t s  

o n  th e  p y r o l y s i s  p r o d u c t s .  F o r  th e  g a s  a n d  o i l  p r o d u c t io n ,  k a o l in  a n d  a - a lu m in a  

s l i g h t ly  p r o d u c e  h ig h e r  g a s  th a n  th e  n o n - c a t a ly t i c  c a s e .  M C M - 4 8  i s  th e  m a te r ia l  

w h ic h  g i v e s  h ig h e r  g a s  p r o d u c t io n  th a n  H M O R . F u r th e r m o r e , R u  m e t a l  l o a d in g  o n  

b o th  H M O R  a n d  M C M - 4 8  c a n  im p r o v e  t h e  g a s  y i e l d  a s  w e l l .  T h e  g a s  f r a c t io n s  a re  

c o m p o s e d  o f  m e t h a n e ,  e t h y le n e ,  e t h a n e ,  p r o p y le n e ,  p r o p a n e ,  C 4 - ,  C 5 - ,  C 6 - ,  C 7 - ,  a n d  

C 8 - h y d r o c a r b o n s .  It w a s  f o u n d  p r e v io u s l y  th a t  t h e  g a s  a ls o  c o n s i s t e d  o f  0 .2 3 3 %  H 2 , 
a n d  0 .4 2 3 %  C O x fo r  th e  n o n - c a t a ly t i c  c a s e  ( B e r r u e c o  et al, 2 0 0 5 )  a n d  H 2 S  a b o u t
0 .4 %  ( L a r e s g o t i  et al, 2 0 0 0 ) .  A d d i t io n a l ly ,  k a o l in  a n d  a lu m in a  c a n  s l i g h t ly  in f l u e n c e  

t o  in c r e a s e  l ig h t  o l e f in s  c o n t e n t .  H M O R  c a n  a l s o  s o m e w h a t  in c r e a s e  t h e  l ig h t  o l e f i n s ,  
b u t M C M - 4 8  c a n  s ig n i f ic a n t ly  im p r o v e  th e  l ig h t  o l e f i n s  y ie ld .  H o w e v e r ,  R u  m e t a l  

lo a d in g  o n  M C M - 4 8  c a u s e s  a  s l i g h t  i n c r e a s e  o f  l ig h t  o l e f in s .
O n  th e  o th e r  h a n d , t h e  o i l  p r o d u c t io n  i s  r e d u c e d  w i t h  u s in g  a ll  

c a t a ly s t s  a n d  m a te r ia ls .  K a o l in  a n d  a lu m in a  a r e  n o t  s e l e c t i v e  t o  s a tu r a te d  

h y d r o c a r b o n s  b e c a u s e  t h e y  c a n  in c r e a s e  m o n o - a r o m a t ic  h y d r o c a r b o n s .  T h e  H M O R  

c a n  d r a m a t ic a l ly  in c r e a s e  s a tu r a te d  h y d r o c a r b o n s ,  a n d  R u /H M O R  c a n  in c r e a s e  b o th  

th e  s e l e c t i v i t y  o f  s a tu r a te d  a n d  m o n o - a r o m a t ic  h y d r o c a r b o n s .  N e v e r t h e l e s s ,  M C M - 4 8

'ว ัใ
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h a s  n o  e f f e c t  o n  s a tu r a te d  a n d  m o n o - a r o m a t ic  h y d r o c a r b o n s  p r o d u c t io n ,  b u t  

R u / M C M - 4 8  c a n  in c r e a s e  b o th  f r a c t io n s .
T h e  e f f e c t s  o f  k a o l in  o n  th e  g a s  a n d  o i l  m ig h t  b e  c a u s e d  b y  i t s  p o r e  

s i z e .  T h e  p o r e  s i z e  o f  k a o l in ,  w h i c h  i s  a  m e s o p o r o u s  m a te r ia l ,  c a n  a l l o w  t ir e  f r a c t io n s  

t o  a c c e s s ,  a n d  th e n  t h e y  a re  c r a c k e d .  F o r  t h e  o i l  p r o d u c t ,  k a o l in  a l s o  c r a c k s  la r g e  

m o le c u l e s  t o  s m a l l  m o le c u l e s ,  a n d  th e  b a s ic  p r o p e r t ie s  o f  k a o l in  m ig h t  h a v e  s o m e  

e f f e c t  o n  in c r e a s in g  t h e  m o n o - a r o m a t ic  h y d r o c a r b o n s  in  m a lt e n e .  A l u m i n a  a l s o  h a s  

n o  e f f e c t  o n  th e  t y p e  o f  m o l e c u l e s  in  o i l .  F o r  t h e  d e r iv e d  o i l ,  a lu m in a  c a n  in c r e a s e  

n a p h th a  in  a c c o r d a n c e  w i t h  g a s  o i l  r e d u c t io n  s i n c e  a lu m in a  h a s  a  m i ld  a c id i t y .
H M O R  is  a n  a c id  z e o l i t e .  T h e  p o r e  s i z e  a n d  a c id i t y  o f  H M O R  c a u s e  

c a t a ly t ic  c r a c k in g ,  w h i c h  p r o d u c e s  a  h ig h  a m o u n t  o f  C 3  a n d  C 4  ( C h o o s u t o n ,  2 0 0 7 ) .  
F u r th e r m o r e , H M O R  c a n  c r a c k  h e a v y  o i l  t o  l ig h t  o i l  ( D ü n g ,  2 0 0 9 ) .  S a tu r a te d  

h y d r o c a r b o n s  c a n  b e  s l i g h t ly  in c r e a s e d  b y  u s in g  R u /H M O R  b e c a u s e  R u  m e t a l  c a n  

h y d r o g e n a t e  p o l y -  a n d  p o la r - a r o m a t ic  h y d r o c a r b o n s  a n d  t h e n  c r a c k e d  b y  H M O R  to  

s a tu r a te d  a n d  m o n o - a r o m a t ic  h y d r o c a r b o n s .  F o r  a s p h a l t e n e  p r o d u c t io n ,  b o t h  H M O R  

a n d  R u /H M O R  c a n  r e d u c e  a s p h a l t e n e  b e c a u s e  th e ir  a c id i t y  c a u s e s  th e  c r a c k in g  o f  

la r g e  m o le c u l e s .
M C M - 4 8  i s  s y n t h e s iz e d  b y  s ila tr a n e  r o u te ;  t h e r e f o r e ,  i t  i s  n o t  a n  a c id ic  

m a te r ia l .  H o w e v e r ,  t h e  e f f e c t  o n  g a s  p r o d u c t io n  o f  s y n t h e s iz e d  M C M - 4 8  i s  th r o u g h  

th e  3 D  p o r e  s tr u c tu r e  ( V i v e k a  et al, 1 9 9 7 ) ,  w h i c h  h o l d s  u p  t h e  r e a c ta n ts  i n s id e  its  

p o r e  l o n g  e n o u g h  th a t  h y d r o c a r b o n s  h a v e  g r e a t  m a s s  tr a n s fe r  to  u n d e r g o  c r a c k in g  

r e a c t io n  in  th e  p o r o u s  M C M - 4 8 .  M o r e o v e r ,  t h e  a c id i t y  o f  s y n t h e s i z e d  M C M - 4 8  is  

e x t r e m e ly  l e s s  th a n  H M O R  z e o l i t e s ;  t h e r e f o r e ,  it h a s  th e  l o w  a m o u n t  o f  c o k e  

d e p o s i t io n .  T h e  a c t iv i t y  o f  c a t a ly s t  i s  th e n  m a in t a in e d  b e c a u s e  o f  th e  l o w  a m o u n t  o f  

c o k e  d e p o s i t io n  ( L a n - L a n  et al, 2 0 0 5 ) .  T h e  R u  m e t a l  s i t e  p r o m o t e s  t h e  h y d r o g e n a t io n  

r e a c t io n  o f  a r o m a t ic  h y d r o c a r b o n s ,  w h ic h  a re  s u b s e q u e n t ly  c r a c k e d  a n d  u n d e r g o  

r i n g - o p e n in g  r e a c t io n  in  th e  p o r e  o f  M C M - 4 8 .  F o r  g a s  p r o d u c t ,  th e  C 4 -  a n d  C 5 -  

h y d r o c a r b o n s  p r o d u c t io n s  a re  h ig h  y ie ld  in  th e  g a s  b e c a u s e  t ir e s  o r i g i n a l l y  c o n s i s t e d  

o f  h ig h  b u ta d ie n e  a n d  i s o p r e n e ;  h e n c e ,  h y d r o c a r b o n s  c h a in s  t e n d  t o  b e  c r a c k e d  t o  th e  

m o n o m e r s .  M o r e o v e r ,  t h e  in c r e m e n t  o f  c 5 -h y d r o c a r b o n  m ig h t  b e  r e s u lt e d  f r o m  th e  

3 D  p o r e  s tr u c tu r e  o f  M C M - 4 8 ,  w h i c h  m a in t a in s  h y d r o c a r b o n  m o l e c u l e s ,  a n d  th e n  

g a s  m o l e c u l e s  c o m b in e  w i t h  t h e n  to  la r g e r  g a s  m o le c u l e s .  F u r th e r m o r e , th e  R u
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l o a d in g  o n  th e  M C M - 4 8  in c r e a s e s  g a s  p r o d u c t io n .  R u  m e t a l ,  w h i c h  i s  t h e  m e t a l  s i t e s ,  
p r o m o t e s  th e  h y d r o g e n a t io n  r e a c t io n  o f  a r o m a t ic  h y d r o c a r b o n s ,  w h i c h  a re  

s u b s e q u e n t ly  c r a c k e d  a n d  u n d e r g o  r i n g - o p e n in g  r e a c t io n  in  t h e  p o r e  o f  M C M - 4 8 .  
W h e n  M C M - 4 8  i s  c o m p a r e d  w i t h  H M O R , H M O R  h a s  m o r e  a c id i t y  th a n  M C M - 4 8  

a n d  c a n  c r a c k  l ig h t  o l e f in s  a n d  o th e r  f r a c t io n s .  D u e  t o  th e  n o n - a c id i t y  o f  s y n t h e s iz e d  

M C M - 4 8 ,  it  c a n  p r e s e r v e  l ig h t  o l e f in s  m o l e c u l e s ,  a n d  t h e s e  m o l e c u l e s  a r e  n o t  o v e r 
c r a c k e d  t o  o th e r  H C s .  In c o n t r a s t ,  H M O R  h a s  h ig h  c r a c k in g  a c t iv i t y ;  th e r e b y ,  l ig h t  

o l e f i n s  c a n  b e  c r a c k e d . A l t h o u g h ,  R u  m e t a l  a l s o  c o n v e r t s  h e a v y  H C s  t o  th e  g a s  

p r o d u c t ,  e t h y le n e  a n d  p r o p y le n e  a re  s t i l l  s l i g h t ly  im p r o v e d  b e c a u s e  o f  t h e  h ig h e r  g a s  

y ie ld .  M C M - 4 8  d o e s  n o t  a f f e c t  s a tu r a te d  a n d  m o n o - a r o m a t ic  h y d r o c a r b o n s  in  

m a lt e n e ,  b u t  it c a n  in c r e a s e  k e r o s e n e  in  a c c o r d a n c e  w i t h  t h e  r e d u c t io n  o f  g a s  o i l .  F o r  

R u  lo a d in g ,  R u /M C M - 4 8  c a n  im p r o v e  s a tu r a te d  a n d  m o n o - a r o m a t ic  h y d r o c a r b o n s  in  

m a lt e n e  o i l  b e c a u s e  th e  h y d r o g e n o l y s i s  a c t iv i t y  o f  R u  m e t a l  m a k e s  p o l y -  a n d  p o la r -  

a r o m a t ic  r e d u c e . M o r e o v e r ,  R u /M C M - 4 8  c a n  s l i g h t ly  in c r e a s e  n a p h th a  a n d  l ig h t  g a s  

o i l  w i t h  k e r o s e n e  a n d  h e a v y  g a s  o i l  r e d u c t io n .  I t m ig h t  b e  n o t e d  th a t  R u  m e t a l  c a n  

a l s o  c r a c k  la r g e  o i l  m o le c u l e s  to  s m a ll  m o le c u l e s .  T h e r e f o r e ,  R u /M C M - 4 8  c a n  

s l i g h t ly  in c r e a s e  n a p h th a  a n d  l ig h t  g a s  o i l  w i t h  k e r o s e n e  a n d  h e a v y  g a s  o i l  r e d u c t io n .

4 .2  R u / M C M - 4 8 - B a s e d  E x t r u d a t e s

T h e  e x tr u d a te s  u s e d  in  t h is  p a r t a re  c o m p o s e d  o f  5 - 2 0  % w t  R u / M C M - 4 8 ,  
7 0 - 8 5  % w t k a o l in  a n d  a  f i x e d  1 0  % w t a lu m in a .  T h e  c o m p o s i t io n s  o f  t h e  e x tr u d a te s  

a re  p r e s e n t e d  in  T a b le  4 .2 .  T h e  m a in  o b j e c t i v e  w a s  to  d e t e r m in e  t h e  a p p r o p r ia te  

c o m p o s i t io n  o f  R u /M C M - 4 8 - b a s e d  e x tr u d a te s ,  w h i c h  c a n  p r e s e r v e  o r  im p r o v e  l ig h t  

o l e f i n s  p r o d u c t io n  fr o m  w a s t e  t ir e  p y r o ly s is .
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Table 4.2 N o m e n c la t u r e s  o f  R u /M C M - 4 8 - b a s e d  e x tr u d a te s

Extrudate Composition (%wt)
0.7%Ru/MCM-48 Kaolin a-Alumina

5 - 7 R M 4 8 5 8 5 1 0

1 0 - 7 R M 4 8 1 0 8 0 1 0

1 5 - 7 R M 4 8 15 7 5 1 0

2 0 - 7 R M 4 8 2 0 7 0 1 0

1 0 0 - 7 R M 4 8 1 0 0 - -

4 .2 .1  P r o d u c t  Y i e ld  fr o m  U s in g  R u /M C M - 4 8 - b a s e d  E x tr u d a te s
A l l  R u /M C M - 4 8  e x tr u d a te s  c a n  p r o d u c e  h ig h e r  g a s  y i e l d  th a n  t h e  n o n -  

c a t a ly t ic ,  k a o l in ,  a n d  a lu m in a  c a s e s  ( F ig u r e  4 .1 0 ) .  K a o l in  a n d  a lu m in a  c a n  p r o d u c e  

th e  g a s  y ie ld  s l ig h t ly  h ig h e r  th a n  th e  n o n - c a t a ly t i c  c a s e .  T h e  1 0 0 - 7 R M 4 8  c a t a ly s t  c a n  

p r o d u c e  th e  g a s  a n d  o i l  y i e ld s  a t a b o u t  2 5  % w t a n d  2 7  % w t , r e s p e c t i v e ly .  T h e  

e x t r u d a t e s  c a n  p r o d u c e  t h e  g a s  y ie ld  fr o m  1 7 - 2 6  % w t. O n ly  5 - 7 R M 4 8  g i v e s  lo w e r  

g a s  y ie ld  th a n  a lu m in a . T h e  g a s  y ie ld  i s  in c r e a s e d  w i t h  in c r e a s in g  0 .7 % R u /M C M - 4 8  

c o n t e n t  u p  t o  15  % w t w h e r e a s  th e  g a s  y i e ld  i s  s l i g h t ly  d e c r e a s e d  w i t h  in c r e a s in g
0 .7 % R u /M C M - 4 8  c o n t e n t  o v e r  15 % w t. H o w e v e r ,  th e  1 5 - 7 R M 4 8  a n d  2 0 - 7 R M 4 8  

e x t r u d a t e s  c a n  p r o d u c e  h ig h e r  g a s  y i e ld  th a n  th e  p u r e  R u /M C M - 4 8  c a t a ly s t  ( 1 0 0 -  

7 R M 4 8 ) .  M o r e o v e r ,  th e  1 5 - 7 R M 4 8  e x tr u d a te  g i v e s  th e  h ig h e s t  g a s  y i e l d  a t  a b o u t  2 7  

% w t.
A s  s h o w n  in  th e  F ig u r e  4 .1 ,  i t  w a s  f o u n d  th a t  th e  in t r o d u c t io n  o f  a n y  

k in d  o f  c a t a ly s t s  in c lu d in g  th e  p u r e  m a tr ix  a n d  b in d e r  c a n  h e lp  i m p r o v e  th e  g a s  y i e ld  

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

a n d  a lu m in a  c a n  s l ig h t ly  p r o d u c e  h ig h e r  g a s  y i e ld  th a n  th e  n o n - c a t a ly t i c  c a s e .  
C o n c e r n in g  th e  c o m p o u n d e d  c a t a ly s t s ,  i t  i s  f o u n d  th a t  th e  y i e ld  o f  g a s  p r o d u c t  

p r o d u c e  i n c r e a s e s  w i t h  a n  in c r e a s in g  a c t iv e  0 .7 % R u /M C M - 4 8  c o m p o s i t io n .  T h e  

h ig h e s t  g a s  y i e l d  is  o b t a in e d  fr o m  th e  c a s e  o f  15  w t . %  o f  0 .7 % R u /M C M - 4 8 ,  w h ic h  

h e r e b y  g a v e  u p  to  2 7 w t .  %  o f  th e  y ie ld  o f  g a s  p r o d u c t  ( h ig h e r  th a n  th e  c a s e  o f  p u r e
0 .7 % R u /M C M - 4 8 ) .
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■  n o n - c a t
■  k a o l in  
ร  a lu m in a  
ร  5 - 7 R M 4 8  
O 1 0 - 7 R M 4 8  
ร  1 5 - 7 R M 4 8  
0  2 O - 7 R M 4 8
■  1 0 0 - 7 R M 4 8

g a s liquid

F i g u r e  4 .1 0  P r o d u c t  y i e ld s  fr o m  u s in g  th e  R u /M C M - 4 8 - b a s e d  e x t r u d a t e s

4 .2 .2  L ig h t  O l e f i n s  P r o d u c t io n  f r o m  U s in g  R u / M C M - 4 8 - B a s e d  E x tr u d a te s
T h e  e t h y le n e  a n d  p r o p y le n e  p r o d u c t io n  fr o m  th e  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  u s in g  th e  R u /M C M - 4 8 - b a s e d  e x t r u d a t e s  a re  p r e s e n t e d  in  F ig u r e  4 .1 1 .  
K a o l in  h a s  n o  s ig n i f ic a n t  e f f e c t  o n  l ig h t  o l e f i n s  p r o d u c t io n  w h e r e a s  t h e  p u r e  

R u /M C M - 4 8  ( 1 0 0 - 7 R M 4 8 )  c a n  p r o d u c e  h ig h e r  l ig h t  o l e f i n s  y i e l d  o f  a b o u t  4 .6  % . 
M o s t  e x t r u d a t e s  c a n  p r o d u c e  h ig h e r  l ig h t  o l e f i n s  y ie ld  th a n  th e  n o n - c a t a ly t i c ,  th e  

p u r e  b in d e r ,  a n d  m a tr ix  c a s e s ,  e x c e p t  5 - 7 R M 4 8  w h i c h  p r o d u c e s  l e s s  l ig h t  o l e f i n s  

y ie ld  th a n  a lu m in a . In  p a r t ic u la r , t h e  l ig h t  o l e f i n  p r o d u c t io n  i s  in c r e a s e d  w i t h  

in c r e a s in g  th e  c o m p o s i t io n  o f  0 .7 % R u /M C M - 4 8  in  th e  e x t r u d a t e s .  In  a d d it io n ,  th e  

c a s e  o f  1 5 - 7 R M 4 8  a n d  2 0 - 7 R M 4 8  e x tr u d a te s  a r e  f o u n d  to  g i v e  th e  m a x im u m  l ig h t  

o l e f i n s  y i e l d  a s  c o m p a r e d  t o  a ll  th e  o th e r  c a s e s  i n c lu d in g  th e  p u r e  R u /M C M - 4 8  i t s e l f .  
H o w e v e r ,  w i t h  c o n c e r n in g  a b o u t  l e s s  a m o u n t  o f  R u /M C M - 4 8  u s e d  th a n  2 0 - 7 R M 4 8  

th e  b e s t  e x tr u d a te  c o m p o s i t io n  is  f o u n d  t o  b e  th e  c a s e  o f  1 5 - 7 R M 4 8 .
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0  propylene 
ธ ethylene

F i g u r e  4 .1 1  L ig h t  o l e f in s  p r o d u c t io n  f r o m  u s i n g  t h e  R u /M C M - 4 8 - b a s e d  e x tr u d a te s .

4 .2 .3  M o le c u la r  C o m p o s i t io n s .  A s p h a le n t e n e ,  S u l f u r  in  P y r o ly t i c  O i l ,  a n d  

C o k e  a n d  S u l f u r  D e p o s i t i o n  o n  S p e n t  E x tr u d a te s  f r o m  U s in g  

R u /M C M - 4 8  B a s e d  E x tr u d a te s
T h e  sa tu r a te d  a n d  m o n o - a r o m a t ic  h y d r o c a r b o n s  in  m a l t e n e s  w e r e  

d e t e r m in e d .  F r o m  th e  p r e v io u s  p a r t , k a o l in  c a n  g i v e  l o w e r  sa tu r a te d  h y d r o c a r b o n s  

b u t  h ig h e r  m o n o - a r o m a t ic s  th a n  t h e  n o n - c a t a ly t i c  c a s e  w h e r e a s  a lu m in a  c a n  p r o d u c e  

b o t h  s a tu r a te d  a n d  m o n o - a r o m a t ic  H C s  h ig h e r  th a n  th e  n o n  c a t a ly t ic  c a s e .  H o w e v e r ,  
u s in g  th e  R u /M C M - 4 8  b a s e d  e x t r u d a t e s  p r o d u c e s  th e  s a tu r a te d  a n d  m o n o - a r o m a t ic  

H C s  c o n t e n t s  th a t  l i e  in  b e t w e e n  t h o s e  o f  th e r m a l p y r o l y s i s  a n d  th e  R u /M C M - 4 8  

c a t a ly s t  ( T a b le  4 .3 ) .  It c a n  b e  o b s e r v e d  th a t  s a tu r a te d  h y d r o c a r b o n s  in c r e a s e  w i t h  

in c r e a s in g  th e  c o m p o s i t io n  o f  0 .7 % R u /M C M - 4 8  in  th e  t h e  e x t r u d a t e s  w h e r e a s  th e  

m o n o - a r o m a t ic  i s  i n s ig n i f ic a n t ly  in c r e a s e d .
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Table 4.3 R e la t iv e  r a t io  o f  sa tu r a te d  a n d  m o n o - a r o m a t ic  h y d r o c a r b o n s  to  to ta l  
a r o m a t ic s  o b t a in e d  f r o m  u s i n g  th e  R u /M C M - 4 8 - b a s e d  e x tr u d a te s

Extrudate
Ratio

Satuarated/total
aromatic

Mono-aromatic/total
aromatic

N o n - C a t 1 .2 0 0 .3 2
K a o l in 1 .0 4 0 .4 6

A lu m in a 1 .3 5 0 .3 7
5 - 7 R M 4 8 1 .0 0 0 .3 7

1 0 - 7 R M 4 8 1 .1 7 0 .4 2
1 5 - 7 R M 4 8 1 .2 4 0 .4 1
2 0 - 7 R M 4 8 1 .3 0 0 .4 3
1 0 0 - 7 R M 4 8 1 .9 2 0 .4 4

A s  s h o w n  in  T a b le  4 .4 ,  th e  a s p h a l t e n e  in  o i l s  i s  d e c r e a s e d  in t o
0 .0 8 % w t  w i t h  u s in g  k a o l in  a n d  a lu m in a  w h e r e a s  it  i s  0 .2 8 %  w i t h  u s i n g  th e  1 0 0 -  

7 R M 4 8  c a t a ly s t .  T h is  s u g g e s t s  th a t  k a o l in  a n d  a lu m in a  h a v e  a  h ig h e r  a b i l i t y  fo r  

a s p h a l t e n e  r e d u c t io n  in  o i l s  th a n  th e  p u r e  R u /M C M - 4 8  c a t a ly s t .  R u / M C M - 4 8  b a s e d  

e x t r u d a t e s  h a v e  m o d e r a t e  a b i l i t y  fo r  a s p h a l t e n e  r e d u c t io n ,  a n d  t h e y  c a n  r e d u c e  th e  

a s p h a l t e n e  in  o i l s  fr o m  w h a t  o b t a in e d  f r o m  th e  n o n - c a t a ly t i c  c a s e  a n d  t h e  p u r e  

R u /M C M - 4 8  c a ta ly s t .  M o r e o v e r ,  t h e  2 0 - 7 R M 4 8  e x t r u d a t e  s e e m s  t o  b e  th e  b e s t  

e x tr u d a te  c o m p o s i t io n  fo r  a s p h a l t e n e  r e d u c t io n  b e c a u s e  it  c a n  r e d u c e  a s p h a l t e n e  to
0 .0 8 % w t  a s  t h e  s a m e  a m o u n t  a s  k a o l in  a n d  a lu m in a  c a n ,  a l t h o u g h  it  c o n t a in s  o n l y  

7 0 %  k a o l in .
F o r  s u lfu r  d e p o s i t io n  o n  t h e  s p e n t  c a t a ly s t s ,  th e  a m o u n t  o f  s u l fu r  o n  

t h e  s p e n t  k a o l in  a n d  a lu m in a  a re  a b o u t  0 .2 5 % w t  a n d  0 .1 4 % w t ,  r e s p e c t i v e ly .  O n  th e  

o t h e r  h a n d , th e  s u lfu r  o n  th e  s p e n t  1 0 0 - 7 R M 4 8  i s  f o u n d  to  b e  h ig h e r  ( 0 .4 2 % w t ) .  
N o n e t h e l e s s ,  th e  s u lfu r  d e p o s i t io n  i s  d r a m a t ic a l ly  d e c r e a s e d  f r o m  0 .4 2 %  to  0 .1 5 %  

fo r  a ll  th e  R u /M C M - 4 8  b a s e d  e x tr u d a te s .  It c a n  b e  c o n c lu d e d  th a t  c o m p o u n d in g  th e  

c a t a ly s t  in  t h e  e x tr u d a te  fo r m  c a n  h e lp  r e d u c e  th e  s u l f u r  d e p o s i t io n  o n  th e  c a t a ly s t s ,  
e x p e c t i a l l y  a t l o w  p e r c e n t a g e s  o f  a c t iv e  R u /M C M - 4 8 .

In th e  c a s e  o f  c o k e  d e p o s i t io n  o n  t h e  s p e n t  e x t r u d a t e s ,  t h e  a m o u n ts  

o f  c o k e  d e p o s i t io n  a re  a b o u t  0 .1 3  g /g  k a o l in ,  0 .0 7  g / g  a lu m in a ,  0 .0 7  g / g  5 - 7 R M 4 8 ,
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0 .0 8  g / g  1 0 - 7 R M 4 8 ,  0 .1 3  g / g  1 5 - 7 R M 4 8 ,  0 .1 2  g / g  2 0 - 7 R M 4 8 ,  a n d  0 .2 9  g / g  1 0 0 -  

7 R M 4 8 .  T h e  c o k e  d e p o s i t io n  o f  s p e n t  R u /M C M - 4 8  b a s e d  e x t r u d a t e s  i s  f o u n d  t o  b e  

d e c r e a s e d  th e  s a m e  a s  s u l f u r  d e p o s i t io n  o n  th e  s p e n t  e x t r u d a t e s  a s  s h o w n  in  T a b le

4 .4 .

T a b l e  4 .4  P e r c e n t a g e  o f  a s p h a lt e n e ,  s u l fu r  in  o i l s ,  s u lfu r  o n  s p e n t  e x tr u d a te s  a n d  

c o k e  d e p o s i t io n  f r o m  u s i n g  R u /M C M - 4 8  b a s e d  e x tr u d a te s

E x t r u d a t e % a s p h a l t e n e % s u l f u r  
in  o i l s

% s u l f u r  o n  
s p e n t  c a t a l y s t

C o k e
d e p o s i t i o n  ( g / g  

c a t )
. ; , ■; 0 .7 1 0 .7 3

0 .0 8 0 .6 6 0 .2 5 0 .1 3
a - a lu m i n a 0 .0 8 0 .7 6 0 .1 4 0 .0 7
5 - 7 R M 4 S■ - 0 .1 2 0 .6 1 0 .1 3 0 .0 7

1 0 - 7 R M 4 8V  •‘• พ - * - : , * . ^ 0 .1 7 0 .6 4 0 .1 4 0 .0 8
L  D ~ "  !  I v i V l ‘T  o 0 .1 6 0 .6 6 0  15 0 .1 3
2 0 - 7 R M 4 8 0 .0 8 0 .7 4 0 .2 0 0 .1 2
1 0 0 - 7 R M 4 8 0 .2 8 0 .6 9 0 .4 2 0 .2 9

4 . 2 .4  P e t r o le u m  F r a c t io n s  f r o m  U s in g  R u / M C M - 4 8  B a s e d  E x tr u d a te s
A c c o r d in g  t o  F ig u r e  4 . 1 2 ,  t h e  p e t r o le u m  f r a c t io n s  a r e  a lt e r e d  b y  u s in g  

d i f f e r e n t  e x tr u d a te s .  K a o l in  a n d  a lu m in a  h a v e  t h e  h ig h  a b i l i t y  in  c h a n g in g  h e a v y  o i l s  

t o  l ig h t  o i l s  s u c h  a s  n a p h th a  w h e n  c o m p a r e d  w i t h  th e  n o n - c a t a ly t i c  c a s e .  In  p r e v io u s  

s t u d y ,  R u /M C M - 4 8  i s  t h e  b e s t  c a t a ly s t  f o r  k e r o s e n e  p r o d u c t io n .  T h e  in c r e a s e  o f
0 .7 % R u /M C M - 4 8  c o n t e n t  in  t h e  e x tr u d a te s  c a n  im p r o v e  n a p h th a  a n d  k e r o s e n e  

p r o d u c t io n .  A m o n g  t h e  e x tr u d a te  c a t a ly s t s  t e s t e d ,  2 0 - 7 R M 4 8  i s  t h e  c o m p o s i t io n  fo r  

h ig h  n a p h th a  p r o d u c t io n  ( 3 3 % w t ) .  It c a n  p r o d u c e  n a p h th a  h ig h e r  th a n  R u /M C M - 4 8  

i t s e l f  b u t  l e s s  th a n  k a o l in  a n d  a lu m in a .  F lo w e v e r ,  1 5 -  a n d  2 0 - 7 R M 4 8  c a n  p r o d u c e  

m o r e  k e r o s e n e  th a n  R u /M C M - 4 8 ,  k a o l in ,  a n d  a lu m in a  i t s e l f .  E s p e c i a l l y ,  t h e  1 5 -  

7 R M 4 8  e x tr u d a te  c a n  g i v e  th e  h ig h e s t  k e r o s e n e  p r o d u c t io n  ( 4 1 % w t )  a m o n g  a ll  

e x t r u d a t e s .
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■  N a p h t h a
n  K e r o s e n e  
ร  L ig h t  G a s  O il  
ธ  H e a v y  G a s  O il  
0  L o n g  R e s i d u e

F i g u r e  4 .1 2  P e t r o le u m  f r a c t io n s  in  t h e  d e r iv e d  o i l s  f r o m  u s i n g  R u / M C M - 4 8  b a s e d  

e x tr u d a te s .

4 .2 .5  D i s c u s s io n :  R u /M C M - 4 8  B a s e d  E x tr u d a te s
A c c o r d in g  t o  t h e  p r o d u c t  y i e l d s ,  th e  g a s  p r o d u c t io n  c a n  b e  o b t a in e d  

b y  u s i n g  R u /M C M - 4 8  b a s e d  e x tr u d a te s .  T h i s  s u g g e s t s  th a t  R u /M C M - 4 8  b a s e d  

e x t r u d a t e s  h a v e  a  c r a c k in g  a c t iv i t y .  F u r t h e r m o r e , th e  l ig h t  o l e f i n s  y i e l d  i s  in c r e a s e d  

w it h  in c r e a s in g  t h e  R u /M C M - 4 8  c o m p o n e n t  in  t h e  e x tr u d a te s .  A m o n g  t h e  e x t r u d a t e s ,  
1 5 - 7 R M 4 8  a n d  2 0 - 7 R M 4 8  c a n  p r o d u c e  l ig h t  o l e f i n s  y i e l d  h ig h e r  th a n  t h e  R u /M C M -  

4 8  i t s e l f .  T h e r e f o r e ,  1 5 - 7 R M 4 8  i s  th e  a p p r o p r ia te  c o m p o s i t io n  o f  R u / M C M - 4 8  b a s e d  

e x t r u d a t e s  fo r  l ig h t  o l e f in  p r o d u c t io n .  T h e  R u /M C M - 4 8  b a s e d  e x t r u d a t e s  c a n  

in c r e a s e  m o n o - a r o m a t ic  b u t  d e c r e a s e  s a tu r a te d  h y d r o c a r b o n s  in  o i l .  M o r e o v e r ,  it  c a n  

p o t e n t ia l ly  r e d u c e  h ig h  a m o u n t  o f  a s p h a l t e n e  in  o i l  a n d  p r e v e n t  s u lfu r  d e p o s i t io n  o n  

th e  s p e n t  c a t a ly s t s .  M o r e o v e r ,  t h e  u s e s  o f  R u /M C M - 4 8  b a s e d  e x t r u d a t e s  h a v e  n o  

e f f e c t  o n  s u lfu r  r e d u c t io n  in  o i l .  F o r  th e  o i l  c r a c k in g  a c t iv i t y ,  th e  R u / M C M - 4 8  b a s e d  

e x t r u d a t e s  c a n  c r a c k  h e a v y  f r a c t io n s  in t o  l ig h t e r  f r a c t io n s  s u c h  a s  k e r o s e n e .  
E s p e c i a l l y ,  1 5 - 7 R M 4 8  g i v e s  th e  h ig h e s t  o f  k e r o s e n e  in  t h e  e x t r u d a t e s .  H o w e v e r ,  
R u / M C M - 4 8  b a s e d  e x tr u d a te s  a r e  n o t  s e l e c t i v e  t o  n a p h th a  p r o d u c t io n  b e c a u s e  it  c a n  

p r o d u c e  l e s s  n a p h th a  th a n  k a o l in  a n d  a - a lu m in a .
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In  c o n c lu s io n ,  1 5 - 7 R M 4 8  i s  th e  a p p r o p r ia te  c o m p o s i t io n  o f  

R u /M C M - 4 8  b a s e d  e x tr u d a te  fo r  l ig h t  o l e f i n s  p r o d u c t io n .  T h e  m a tr ix  p a r t ic le s  h a v e  

s o m e  e f f e c t  o n  l ig h t  o l e f i n s  p r o d u c t io n .  A c c o r d in g  t o  t h e  S r ita n a ’ s  w o r k  ( 2 0 1 0 ) ,  th e  

c a t a ly t ic  c r a c k in g  i s  m a in ly  c a u s e d  b y  c a r b é n iu m  i o n - d r iv e n  b e t a  s c i s s i o n ,  w h i c h  th e  

o v e r a l l  r e a c t io n  i s  a n  e x o t h e r m ic  r e a c t io n .  W h e n  t h e  c a t a l y s t  c o n t a in s  o n l y  th e  a c t iv e  

R u /M C M - 4 8  c o m p o n e n t ,  th e  d i s s ip a t io n  o f  h e a t  i s  h a r d ly  p o s s i b l e .  T h i s  i s  b e c a u s e  

t h e  a c t iv e  c o m p o n e n t  h a s  a  l o w  th e r m a l  c o n d u c t iv i t y  s u b s t a n c e .  I f  t h e  p a r t ic le s  o f  

a c t iv e  c o m p o n e n t  c o n t a c t  a m o n g  o th e r s  d u r in g  c r a c k in g ,  a  h o t s p o t  c a n  o c c u r .  T h is  

h o t s p o t  c a n  c r a c k  e t h y le n e  a n d  p r o p y le n e ,  w h i c h  a r e  in t e r m e d ia t e  p r o d u c t s  o f  

c r a c k in g ,  in to  o th e r  m o le c u l e s .  T h e  s u r r o u n d in g  m a tr ix  h e lp s  to  d i s s ip a t e  t h e  h e a t  

fr o m  th e  a c t iv e  c o m p o n e n t ,  a n d  t h e n  p r e v e n t s  o v e r - c r a c k in g .  T h e r e f o r e ,  l ig h t  o l e f i n s  

c a n  b e  p r e s e r v e d  b y  a  m a tr ix .
F o r  th e  o i l  p r o d u c t io n ,  i t  c a n  b e  e x p l a i n e d  th a t  M C M - 4 8  i s  a  s e l e c t i v e  

c a t a ly s t  fo r  k e r o s e n e  p r o d u c t io n  b e c a u s e  o f  th e  a p p r o p r ia te  p o r e  s i z e  o f  M C M - 4 8 .  
M o r e o v e r ,  w h e n  th e  m a tr ix  i s  m ix e d  in  t h e  c a t a ly s t ,  t h e  m i ld  a c id i t y  a n d  b a s ic i t y  o f  

m a tr ix  h e lp s  t o  c r a c k  la r g e  H C s  m o l e c u l e s  t o  s m a l le r  H C s  m o l e c u l e s .  S a tu r a te d  H C s  

d e c r e a s e  w i t h  t h e  d e c r e a s in g  a m o u n t  o f  R u /M C M - 4 8  in  th e  e x t r u d a t e  d u e  t o  t h e  

h y d r o g e n a t io n  r e a c t io n  o f  R u  m e ta l  in  c a t a ly s t .  H o w e v e r ,  n o  r e d u c t io n  o f  s u l f u r  in  o i l  

i s  f o u n d  fo r  a l l  R u /M C M - 4 8  b a s e d  e x t r a d â t e s .  T h is  m a y  b e  b e c a u s e  t h e  a m o u n t  o f  

R u /M C M - 4 8  in  th e  e x t r a d â t e s  i s  n o t  s u f f i c i e n t  t o  b r e a k  C - S  b o n d  r e s u l t in g  in  a  h ig h  

s u l fu r  c o n t e n t  in  th e  p y r o ly t i c  o i l s .

4 .3  R u / H M O R - B a s e d  E x t r u d a t e s

F o r  th is  p a rt, th e  c o m p o s i t io n s  o f  th e  R u /H M O R - b a s e d  e x t r a d a t e s  a re  v a r ie d  

a s  s h o w n  in  T a b le  4 .5 .  T h e  m ix t u r e s  w e r e  m i x e d  a n d  e x t r u d e d  t o  th e  e x tr u d a te  f o r m .  
T h e  g o a l  o f  u s in g  R u /H M O R  e x t r a d a t e s  i s  th e  p r e s e r v a t io n  o f  l ig h t  o l e f i n s  

p r o d u c t io n  a t th e  l e a s t  a m o u n t  o f  a c t i v e  R u /H M O R  c a t a ly s t .  T h e  n o m e n c la t u r e  

“ 7 R M O R ” i s  n a m e d  a f te r  0 .7 %  o f  R u /H M O R .

T a b l e  4 .5  N o m e n c la t u r e s  fo r  R u /F I M O R -b a s e d  e x t r a d a t e s
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Extrudate Composition (%wt)
0.7%Ru/HMOR Kaolin a-Alumina

5 - 7 R M O R 5 8 5 1 0

1 0 - 7 R M O R 1 0 8 0 1 0

1 5 - 7 R M O R 15 7 5 1 0

2 0 - 7 R M O R 2 0 7 0 1 0

1 0 0 - 7 R M O R 1 0 0 - -

4 .3 .1  P r o d u c t  Y i e ld s  f r o m  U s in g  R u /H M O R - B a s e d  E x tr u d a t e s
A c c o r d in g  t o  F ig u r e  4 .1 3 ,  th e  g a s  p r o d u c t io n  c a n  b e  in c r e a s e d  w i t h  

u s in g  R u /H M O R  b a s e d  e x tr u d a te s  a s  c o m p a r e d  to  th e  n o n - c a t a ly t i c  c a s e .  M o r e o v e r ,  
th e  c o m p o s i t io n  o f  R u /H M O R  c o m p o n e n t  h a s  th e  e f f e c t  o n  g a s  p r o d u c t io n .  T h e  p u r e  

R u /H M O R  ( 1 0 0 - R M O R )  c a t a ly s t  g i v e s  th e  h i g h e s t  g a s  y i e l d  a b o u t  2 4  % w t . T h e  

in c r e a s e  a m o u n t  o f  R u /H M O R  c o m p o n e n t  ( 7 R M O R )  f r o m  5 t o  2 0 % w t  in c r e a s e s  g a s  

p r o d u c t io n  f r o m  15 t o  1 8 % w t, r e s p e c t iv e ly .  In  p a r t ic u la r , t h e  in c r e m e n t  o f  a c t iv e  

c o m p o n e n t  f r o m  5 t o  1 0 %  c a n  s ig n i f ic a n t ly  in c r e a s e  th e  g a s  y i e l d ,  w h i l e  th e  

in c r e m e n t  o f  a c t iv e  c o m p o n e n t  f r o m  1 0  to  2 0 %  s l i g h t ly  d e c r e a s e s  g a s  p r o d u c t io n .  
H o w e v e r ,  th e  g a s  p r o d u c t io n  o f  a ll  R u /H M O R  b a s e d  e x t r u d a t e s  i s  l e s s  th a n  th a t  o f  

a c t iv e  c a t a ly s t .  T h e  o i l  p r o d u c t io n  i s  d e c r e a s e d  in  a c c o r d a n c e  w i t h  t h e  in c r e a s in g  g a s  

p r o d u c t io n .
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■  n o n - c a t
□  5 - 7 R M O R
□  1 0 - 7 R M O R  
ธ  1 5 - 7 R M O R  
0  2 O -7 R M O R
■  1 0 0 - 7 R M O R

gas liquid

F i g u r e  4 .1 3  P r o d u c t  Y i e ld s  f r o m  u s in g  th e  R u /H M O R - b a s e d  e x tr u d a te s .

4 .3 .2  L ig h t  O l e f i n s  P r o d u c t io n  f r o m  U s i n g  R u /H M O R - b a s e d  E x tr u d a te s
F ig u r e  4 .1 4  in d ic a t e s  th e  l ig h t  o l e f i n s  p r o d u c t io n  o b t a in e d  f r o m  u s in g  

R u /H M O R  b a s e d  e x tr u d a te s .  T h e  l ig h t  o l e f i n s  p r o d u c t io n  i s  f o u n d  in  t h e  s a m e  tr e n d  

a s  t h e  g a s  p r o d u c t io n  s h o w n  in  th e  p r e v io u s  f ig u r e .  K a o l in  a n d  a lu m in a  h a s  th e  

im p a c t  o n  t h e  l ig h t  o l e f in s  p r o d u c t io n  w h e n  c o m p a r e d  t o  th e  n o n - c a t a ly t i c  c a s e .  T h e  

a c t i v e  R u /H M O R  c a t a ly s t  p r o v id e s  t h e  h i g h e s t  l ig h t  o l e f i n s  y i e ld  a m o n g  a ll  
R u /H M O R  e x t r u d a t e s .  T h e  u s e  o f  m o s t  R u /H M O R  b a s e d  e x t r u d a t e s  g i v e s  h ig h e r  

l ig h t  o l e f i n s  th a n  th a t  o b t a in e d  fr o m  k a o l in  a n d  a lu m in a ,  e x c e p t  5 - 7 R M O R . T h e  

e x t r u d a t e s  c a n  p r o d u c e  l ig h t  o l e f in s  a t a r o u n d  3 - 3 .5  % y ie ld .  M o r e o v e r ,  t h e  l ig h t  

o l e f i n s  p r o d u c t io n  i s  in c r e a s e d ,  w h e n  th e  a c t i v e  c o m p o n e n t  in  t h e  e x tr u d a te  is  

in c r e a s e d  f r o m  5 t o  1 0 % . A b o v e  1 0 % , l ig h t  o l e f i n s  r e m a in  c o n s t a n t .  H o w e v e r ,  th e  

1 0 - 7 R M O R  e x tr u d a te  c a n  p r o v id e  th e  s a m e  l ig h t  o l e f i n s  y i e ld  a s  t h e  a c t iv e  

R u /H M O R  c a t a ly s t .  C o n s e q u e n t ly ,  th e  1 0 - 7 R M O R  is  th e  m o s t  a p p r o p r ia te  

c o m p o s i t io n  a m o n g  a l l  R u /H M O R  b a s e d  e x t r u d a t e s  fo r  l ig h t  o l e f i n s  p r o d u c t io n .
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H ethylene 0  propylene

Figure 4.14 L ig h t  o l e f i n s  p r o d u c t io n  u s i n g  th e  R u /H M O R - b a s e d  e x tr u d a te s .

4 .3 .3  P y r o ly t i c  O i l s  fr o m  U s in g  R u /H M O R  B a s e d  E x tr u d a te s
A m o n g  R u /H M O R  e x t r u d a t e s ,  th e  p u r e  R u /H M O R  c a t a ly s t  h a s  th e  

h ig h e s t  p e r f o r m a n c e  t o  in c r e a s e  th e  c o n c e n t r a t io n  o f  s a tu r a te d  H C s .  T h e  s a tu r a te d  

h y d r o c a r b o n s  fr o m  u s in g  R u /H M O R  b a s e d  e x t r u d a t e s  a r e  h ig h e r  th a n  th a t  o b t a in e d  

f r o m  th e  n o n - c a t a ly t i c ,  k a o l in ,  a n d  a - a lu m in a  c a s e s .  M o r e o v e r ,  th e  in c r e a s in g  

a m o u n t  o f  a c t i v e  c o m p o n e n t  in  th e  e x t r u d a t e s  c a n  in c r e a s e  th e  a m o u n t  o f  s a tu r a te d  

h y d r o c a r b o n s  in  m a lt e n e .  H o w e v e r ,  th e  r a t io  o b t a in e d  fr o m  a l l  e x t r u d a t e s  l i e s  in  

b e t w e e n  th a t  o f  th e  n o n - c a t a ly t i c  c a s e  a n d  th e  p u r e  R u /H M O R , s u g g e s t i n g  th a t  th e  

d i lu t io n  b y  t h e  m a tr ix  p l a y s  th e  r o le  o n  s a tu r a te d  H C s  f o r m a t io n .  F o r  m o n o - a r o m a t ic  

p r o d u c t io n  th e  R u /H M O R  b a s e d  e x tr u d a te s  c a n  p r o d u c e  h ig h e r  m o n o - a r o m a t ic  th a n  

th e  p u r e  c o m p o n e n t s  ( R u /H M O R , k a o l in ,  a n d  a - a lu m in a ) ,  in d ic a t in g  th a t  th e  s y n e r g y  

b e t w e e n  R u /H M O R  a n d  k a o l in  o c c u r s  o n  th e  f o r m a t io n  o f  m o n o - a r o m a t ic s .  1 0 -  

7 R M O R  g i v e s  th e  h ig h e s t  a m o u n t  o f  m o n o - a r o m a t ic  a m o n g  o f  a ll  t e s t e d  c a t a ly s t s .
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T able 4 .6  R e la t iv e  r a t io  o f  s a tu r a te d  a n d  m o n o - a r o m a t ic  h y d r o c a r b o n s  t o  to ta l  
a r o m a t ic  f r o m  u s i n g  t h e  R u /H M O R - b a s e d  e x t r u d a t e s

E xtrudate
R atio

Satuarated /total
arom atic

M on o-arom atic/total
arom atic

N o n - C a t 1 .2 0 0 .3 2
K a o l in 1 .0 4 0 .4 6

A lu m in a 1 .3 5 0 .3 7
5 - 7 R M O R 1 .5 0 0 .5 7

1 0 - 7 R M O R 1 .7 6 0 .5 8
1 5 - 7 R M O R 1 .7 9 0 .5 6
2 0 - 7 R M O R 1 .8 3 0 .4 9
1 0 0 - 7 R M O R 1 .9 7 0 .4 6

A s p h a l t e n e  a re  m o le c u la r  s u b a t a n c e s  th a t  a r e  f o u n d  in  c r u d e  o i l  a n d  

b i t u m e n ,  a lo n g  w i t h  a r o m a t ic  h y d r o c a r b o n s ,  a n d  a lk a n e s  ( s a tu r a te d  h y d r o c a r b o n s ) .  
H e n c e ,  a s p h a l t e n e  i s  a n  in v a lu a b le  f r a c t io n .  A c c o r d in g  t o  T a b le  4 .6 ,  R u /H M O R  

b a s e d  e x t r u d a t e s  c a n  r e d u c e  th e  h ig h  a m o u n t  o f  a s p h a l t e n e  in  th e  p y r o ly t i c  o i l  a s  

c o m p a r e d  t o  th e  n o n - c a t a ly t i c  c a s e .  T h e  s y n e r g i s t ic  e f f e c t  o n  a s p h a l t e n e ,  s u l fu r  in  

o i l s ,  a n d  s u l fu r  d e p o s i t io n  o c c u r s  w i t h  u s in g  t w o  e x t r u d a t e s ,  5 - 7 R M O R  a n d  1 0 -  

7 R M O R , w h i c h  s u g g e s t s  th a t  c o m p o u n d in g  in  t h e  e x tr u d a te  f o r m s  i s  b e n e f i c ia l  t o  th e  

r e d u c t io n  o f  a s p h a l t e n e  a n d  s u lfu r .  A c c o r d in g  t o  T a b le  4 .7 ,  o n  t h e  o th e r  h a n d , th e  

c o k e  r e d u c t io n  s e e m s  n o t  b e  to  th e  b e n e f i t  f r o m  t h e  c o m p o u n d e d  c a t a ly s t .
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I

T ab le 4.7 P e r c e n t a g e  o f  a s p h a l t e n e ,  s u l fu r  in  o i l s ,  a n d  s u l fu r  a n d  c o k e  o n  s p e n t  

e x t r u d a t e s  f r o m  u s i n g  R u /H M O R  b a s e d  e x tr u d a te s

E xtrudates % asphaltene % sulfur  
in oils

% sulfur on 
spent catalyst

C oke
d eposition  (g/g  

cat)
1 0 .7 1 0 .7 3
1 Kaolin 0 .0 8 0 .6 6 0 .2 5 0 .1 3
■ B B U i i n m J 0 .0 8 0 .7 6 0 .1 4 0 .0 7

5-7RM OR 0 .0 2 0 .5 9 0 .1 5 0 .1 3
10-7RM OR 0 .0 4 0 .6 9 0 .1 6 0 .2 1
15-7RM OR 0 .1 0 0 .7 4 0 .2 2 0 .1 5
20-7RM O R 0 .1 0 0 .7 6 0 .2 2 0 .1 5
100-7R M 48 0 .0 3 0 .6 5 0 .3 5 0 .2 3

4 .3 .4  P e t r o le u m  F r a c t io n s  F r o m  U s i n g  R u /H M O R  B a s e d  E x tr u d a te s
F r o m  F ig u r e  4 .1 4 ,  n a p h th a  f r a c t io n  i s  th e  m a jo r  f r a c t io n  w h i c h  c a n  b e  

p r o d u c e d . b y  t h e  R u /H M O R  b a s e d  e x t r u d a t e s .  T h e  p u r e  R u /H M O R  c a t a ly s t  

p o t e n t ia l ly  i n c r e a s e s  n a p h th a  p r o d u c t io n  in  a c c o r d a n c e  w i t h  h e a v y  o i l s  r e d u c t io n .  
T h e  u s e  o f  R u /H M O R  b a s e d  e x tr u d a te s  p r o v id e s  h ig h e r  n a p h th a  th a n  th a t  o f  th e  n o n -  

c a t a ly t ic ,  k a o l in ,  a n d  a lu m in a  c a s e s .  F u r t h e r m o r e , th e  e x t r u d a t e s  c a n  p r e s e r v e  

n a p h th a  p r o d u c t io n  w i t h  t h e  m a x im u m  n a p h th a  p r o d u c t io n  o f  a b o u t  3 8 % w t .  N a m e l y ,  
th e  R u /H M O R  b a s e d  e x tr u d a te s  g i v e  th e  s a m e  p e t r o le u m  f r a c t io n s  a s  u s i n g  t h e  p u r e  

R u /H M O R  c a t a ly s t .  M o r e o v e r ,  a ll  R u /H M O R  e x t r u d a t e s  g i v e  a lm o s t  t h e  s a m e  

a m o u n t  o f  k e r o s e n e .
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■  N a p h t h a  
0  K e r o s e n e  
ร  L ig h t  G a s  O i l  
ธ  H e a v y  G a s  O i l  
0  L o n g  R e s i d u e

F igure 4.15 P e t r o le u m  f r a c t io n s  f r o m  u s i n g  R u /H M O R  b a s e d  e x t r u d a t e s .

4 .3 .5  D i s c u s s io n :  R u /H M O R  B a s e d  E x tr u d a te s
F o r  t h e  r e s u lt s ,  t h e  m a tr ix  h a s  s o m e  im p a c t  o n  th e  c r a c k in g  a c t iv i t y  o f  

t h e  R u /H M O R  b a s e d  e x t r u d a t e s  a s  s a m e  a s  R u /M C M - 4 8  e x t r u d a t e s .  T h e  h e a t  

g e n e r a t io n  f r o m  t h e  a c t iv e  c o m p o n e n t  p a r t ic le s  n e e d s  to  b e  d i s s ip a t e d  b y  t h e  m a tr ix  

p a r t ic le s  t o  p r e v e n t  th e  o v e r - c r a c k in g  o f  e t h y le n e  a n d  p r o p y le n e .  W it h  th e  fa c t  th a t ,  
R u /H M O R  h a s  h ig h e r  a c id i t y  th a n  R u /M C M - 4 8 ;  t h e r e f o r e ,  R u /H M O R  m ig h t  h a v e  

h ig h e r  a c t i v i t y  o n  th e  o v e r - c r a c k in g  th a n  R u / M C M - 4 8 .  It i s  t h e  r e a s o n  w h y  

R u /H M O R  n e e d s  h ig h e r  m a tr ix  c o n t e n t  in  t h e  e x tr u d a te  th a n  R u /M C M - 4 8 .  
M o r e o v e r ,  t h e  R u /H M O R  e x t r u d a t e s  c a n  im p r o v e  m o n o - a r o m a t ic  H C s  b e c a u s e  o f  

c o n s i s t in g  o f  t h e  h ig h e r  k a o l in  c o n t e n t  in  th e  e x t r u d a t e s .  F o r  n a p h th a  p r o d u c t io n ,  it  

c a n  b e  n o t e d  th a t  m a tr ix  c a n  p r e -c r a c k  la r g e  h y d r o c a r b o n s  m o l e c u l e s  p r io r  t o  p a s s in g  

th e  c r a c k e d  p r o d u c t s  to  R u /H M O R  th a t  t h e n  fu r th e r  c r a c k s  th e m  a g a in  t o  e v e n  

s m a l le r  h y d r o c a r b o n s  m o le c u l e s .
F o r  p y r o ly t i c  o i l s ,  th e  a m o u n t  o f  a s p h a l t e n e  a n d  s u l fu r  in  o i l  o b t a in e d  

f r o m  u s i n g  R u /H M O R  e x t r u d a t e s  i s  d e c r e a s e d  t o  t h e  s a m e  e x t e n t  a s  t h e  a c t iv e  

R u /H M O R  c a t a ly s t .  I t i s  p o s s i b l e  th a t  k a o l in  h a s  s o m e  im p a c t  o n  s u l fu r  r e d u c t io n  in  

o i l .  M o r e o v e r ,  R u /H M O R  e x t r u d a t e s  c a n  r e d u c e  c o k e  a n d  s u lfu r  d e p o s i t io n  o n  th e  

s p e n t  c a t a ly s t s  s in c e  th e  s u r f a c e  a r e a  a n d  p o r e  v o lu m e  o f  e x t r u d a t e s  a re  d e c r e a s e d



51

w h e n  R u /H M O R  i s  p h y s ic a l l y  m i x e d  w i t h  k a o l in .  F in a l ly ,  1 0 - 7 R M O R  ( 1 0 %  

R u /H M O R , 8 0 %  k a o l in ,  a n d  1 0 %  a - a lu m i n a )  i s  f o u n d  t o  b e  t h e  m o s t  a p p r o p r ia te  

c o m p o s i t io n  o f  e x tr u d a te  fo r  w a s t e  t ir e  p y r o l y s i s  b e c a u s e  it  i s  t h e  b e s t  a m o n g  o f  a ll  
t e s t e d  c a t a ly s t s  to  p r e s e r v e  th e  p r o d u c t io n  o f  l ig h t  o l e f i n s  a n d  n a p h th a .

4.4 E ffect o f M atrix T ype

In  t h is  p a r t, t h e  in f l u e n c e  o f  c l a y  m a tr ix  t y p e  o n  th e  q u a n t i ty  a n d  q u a l i t y  o f  

th e  p r o d u c t  fr o m  t ir e  p y r o l y s i s  w e r e  f o c u s e d .  F i v e  d i f f e r e n t  t y p e s  o f  c l a y s ,  w h i c h  a re  

k a o l in ,  b e n t o n it e ,  m o n t m o r i l lo n i t e ,  a n d  t a lc  w e r e  s e l e c t e d  a s  m a t r ix e s  f o r  th e  

in v e s t ig a t io n .  A s  s h o w n  in  th e  T a b le  4 .8 ,  a l l  t h e  e x t r u d a t e s  a r e  c o m p o s e d  o f  5 %  

a c t iv e  c o m p o n e n t ,  8 5 %  m a tr ix ,  a n d  1 0 %  a lu m in a  b in d e r .

T able 4.8 N o m e n c la t u r e  o f  th e  e x t r u d a t e s  c o m p o u n d e d  fr o m  v a r io u s  c l a y  m a t r ix e s

E xtrudates
C om position  (% w t)

R u /H M O R K a o l in B e n 
t o n i t e T a lc u m M o n t m o 

r i l lo n i t e
B i n d e r ( a -  
a lu m in a )

5 - 7 R M - k a o 5 8 5 0 0 0 10
5 - 7 R M - b e n 5 0 8 5 0 0 10
5 - 7 R M - t a l 5 0 0 8 5 0 10

5 - 7 R M - m o n 5 0 0 0 8 5 10

4 .4 .1  C h a r a c te r iz a t io n  o f  M a t r ix e s
A c c o r d in g  to  T a b le  4 .9 ,  th e  p h y s ic a l  p r o p e r t ie s  o f  v a r io u s  m a t r ix e s  

a re  e x h ib i t e d .  T h e  s u r f a c e  a r e a  a n d  p o r e  v o lu m e  a r e  a l ik e  in  m o s t  m a t r ix e s  ( a b o u t  1 0 -  

5 0  m 2/ g ,  a n d  0 .1 4 - 0 .1 9  c m 3/ g ,  r e s p e c t i v e ly )  e x c e p t  m o n t m o r i l lo n i t e ,  w h i c h  h a s  h ig h  

s u r f a c e  a r e a  a n d  p o r e  v o lu m e  o f  a b o u t  2 7 5 .9  m 2/ g  a n d  0 .4 8  c m 3/ g ,  r e s p e c t i v e ly .  
H o w e v e r ,  b e n t o n it e ,  t a lc ,  a n d  a lu m in a  h a v e  s p e c ia l  p o r e  d i s t r ib u t io n ,  w h ic h  a r e  th e  

b i - m o d a l  p o r e  d is t r ib u t io n  h a v in g  t w o  a v e r a g e  p o r e  s i z e s .  In  p a r t ic u la r , b e n t o n it e  h a s  

th e  a v e r a g e  p o r e  s i z e s  o f  4 4 .3 4  Â  a n d  1 9 4 .9  À  ( m e s o p o r e ) ,  w h e r e a s  t a lc  h a s  th e
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a v e r a g e  p o r e  s i z e s  o f  3 9 2 .5  À  a n d  1 ,5 3 9  Â  ( m a c r o p o r e ) .  T h e  a c t iv e  c o m p o n e n t  

( 0 .7 % R u /H M O R )  h a s  th e  h ig h e s t  s u r f a c e  a m o n g  a ll  c o m p o n e n t s ,  b u t  it  h a s  th e  

s m a l l e s t  p o r e  s i z e .  T h e  p o r e  d is t r ib u t io n  c a n  b e  o b s e r v e d  in  F ig u r e  4 .1 6 ,  a n d  t h e  p o r e  

d ia m e t e r s  a re  l i s t e d  in  T a b le  4 .9 .  *

T ab le 4.9 P h y s ic a l  p r o p e r t ie s  o f  e a c h  c o m p o n e n t  in  th e  e x tr u d a te d  c a t a ly s t s

Surface area Pore volum e B .J.H .
(cm 3/g)**

Pore d iam eter
(A)

a - a lu m in a 7 3 .3 4 0 .4 8 4 4 .1 8

K a o l in 3 2 .8 7 0 .1 6 4 1 8 . 8

B e n t o n it e 4 6 .7 1 0 .1 4 4 4 .3 4 , 1 9 4 .9

M o n t m o r i l lo n i t e 2 7 5 .9 0 .4 8 6 2 .9 2

T a lc 1 1 .0 9 0 .1 9 3 9 2 . 5 , 1 , 5 3 9

0 .7 %  R u /H M O R 3 3 2 .6 0 .1 9 7 . 0 5 , 3 7 . 3 5

* B E T  m e t h o d ,  * *  B .J .H . m e t h o d
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Figure 4.16 V a r ia t io n  o f  th e  p o r e  s i z e s  o f  th e  s t u d ie d  c l a y s  a n d  a - a lu m in a .
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4 .4 .2  P r o d u c t  Y i e l d s  f r o m  U s i n g  V a r io u s  D i f f e r e n t  M a t r ix e s  in  E x tr u d a te s  

T h e  p r o d u c t  y i e ld s  o f  R u /H M O R  b a s e d  e x t r u d a t e s  c o m p o s e d  o f  

d i f f e r e n t  m a t r ix e s  c a n  b e  o b s e r v e d  fr o m  F ig u r e  4 .1 6 .  K a o l in  a n d  m o n t m o r i l I o n it e  

p r o d u c e  l e s s  g a s  y ie ld  ( ~ 1 5  w t  % ) th a n  b e n t o n it e ,  t a lc ,  a n d  a lu m in a  (a b o u t  1 8 % w t) .  
T h e  a c t iv e  R u /H M O R  c a t a ly s t  i t s e l f  c a n  p r o d u c e  th e  h ig h e s t  g a s  y i e ld  o f  a b o u t  2 4  

% w t a m o n g  a ll  th e  o th e r  c a s e s .  A l l  e x tr u d a te s ,  h o w e v e r ,  c a n  p r o d u c e  h ig h e r  g a s  

y ie ld  th a n  t h e  n o n - c a t a ly t i c  c a s e .  T h e  u s e  o f  v a r io u s  m a t r ix e s  in  t h e  e x t r u d a t e s  g i v e s  

l e s s  g a s  p r o d u c t io n  th a n  t h e  a c t iv e  c a t a ly s t  i t s e l f .  M o r e o v e r ,  th e  o i l  y i e ld  d e c r e a s e s  in  

a c c o r d a n c e  w i t h  th e  in c r e a s e  in  th e  g a s  p r o d u c t io n .  T h e  p r o d u c t  y i e l d  o f  a l l  p u r e  

c l a y s  c a n  b e  s e e n  in  A p p e n d ix  B .

■  n o i l - c a t  
®  a lu m in a  
H 5 - 7 R M - k a o  
0  5 - 7 R M - b e n  
ร  5 - 7 R M - m o n  
m 5 - 7 R M - t a l
■  R u /H M O R

g a s  l iq u i d

F igure 4 .17 G a s  a n d  o i l  y i e ld s  f r o m  u s in g  d i f f e r e n t  m a t r ix e s  in  t h e  e x tr u d a te s .

4 .4 .3  L ig h t  O l e f i n s  fr o m  U s in g  D i f f e r e n t  M a t r ix e s  in  th e  E x tr u d a te s
F r o m  F ig u r e  4 .1 8 ,  m o n t m o r i l lo n i t e  p r o v id e s  th e  l e a s t  a m o u n t  o f  l ig h t  

o l e f i n s  p r o d u c t io n  a m o n g  a ll  m a t r ix e s  u s e d  in  th e  e x tr u d a te s .  K a o l in  c a n  p r o d u c e  

h ig h e r  l ig h t  o l e f in s  y i e ld  ( ~ 3  g )  th a n  m o n t m o r i l lo n i t e .  ( ~ 2 .9  g ) .  N e v e r t h e l e s s ,  b o th  

m o n t m o r i l lo n i t e  a n d  k a o l in  p r o v id e  l e s s  l ig h t  o l e f i n s  th a n  a lu m in a .  O n  th e  o th e r  

h a n d , b e n t o n it e  a n d  t a lc  h a v e  th e  h ig h  p o t e n t ia l  l ig h t  o l e f i n s  p r e s e r v a t io n .  In
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particular, both can provide light olefins as the same yield as the active Ru/HMOR
(about 3.5 g.).

ร  propylene 
□  ethylene

F igure 4.18 L ig h t  o l e f i n s  p r o d u c t io n  fr o m  u s in g  d i f f e r e n t  m a t r ix e s  in  t h e  e x t r a d â t e s .

4 .4 .4  P y r o ly t i c  O i l s  f r o m  U s in g  D i f f e r e n t  M a t r ix e s  in  E x t r a d â t e s
T h e  r a t io s  o f  s a tu r a te d  a n d  m o n o - a r o m a t ic  h y d r o c a r b o n s  to  to ta l  

a r o m a t ic  h y d r o c a r b o n s  a re  e x h ib i t e d  in  T a b le  4 .1 0 .  E v e n  i f  th e  e x t r a d â t e s  w i t h  

v a r io u s  m a t r ix e s  c a n  g i v e  a  h ig h e r  c o n c e n t r a t io n  o f  s a tu r a te d  h y d r o c a r b o n s  th a n  th e  

n o n - c a t a ly t i c  a n d  a lu m in a  c a s e s ,  t h e y  g iv e  l e s s  c o n c e n t r a t io n  o f  s a tu r a te d  H C s  th a n  

t h e  a c t iv e  R u /H M O R  c a t a ly s t ,  s u g g e s t i n g  th e  d i lu t io n  e f f e c t  m a y  c a u s e  t h i s  o u t c o m e .  
H o w e v e r ,  th e  e x t r a d â t e s  c o m p o s e d  o f  d i f f e r e n t  m a t r ix e s  c a n  p r o d u c e  h ig h e r  m o n o 
a r o m a t ic  h y d r o c a r b o n s  th a n  t h e  R u /H M O R  c a t a ly s t  a n d  th e  n o n - c a t a ly t i c  c a s e .  P u r e  

c l a y s  s u c h  a s  k a o l in  p r e fe r  t o  p r o d u c e  m o n o - a r o m a t ic  H C s ,  b u t  d o  n o t  p r e fe r  to  

p r o v id e  s a tu r a te d  H C s .  T h e  d e t a i l s  a b o u t  p u r e  m a t r ix e s  c a n  b e  s e e n  in  A p p e n d i x  E . 
T h e  r e s u lt s  s u g g e s t  th a t  th e  h ig h e r  p r o d u c t io n  o f  m o n o - a r o m a t ic  i s  c o n t r ib u te d  fr o m  

th e  c l a y s  th a t a re  u s e d  a s  th e  m a t r ix e s .
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T ab le 4.10 R e la t iv e  r a t io  o f  sa tu r a te d  a n d  m o n o - a r o m a t ic  h y d r o c a r b o n s  t o  to ta l  
a r o m a t ic  f r o m  u s i n g  th e  e x t r a d â t e s  c o m p o s e d  o f  d i f f e r e n t  m a t r ix e s

E xtrudate
R atio

Satuarated/total
arom atic

M on o-arom atic/total
arom atic

N o n - C a t 1 .2 0 0 .3 2
A lu m in a 1 .3 5 0 .3 7

5 - 7 R M - k a o 1 .4 3 0 .5 7
5 - 7 R M - b e n 1 .5 4 0 .5 8
5 - 7 R M - m o n 1 .4 6 0 .5 6

5 - 7 R M - t a l 1 .6 1 0 .4 9
R u /H M O R 1 .9 7 0 .4 6

T a b le  4 .1 1  in d ic a t e s  th e  a m o u n t  o f  a s p h a l t e n e  in  o i l s ,  s u l fu r  in  o i l s ,  

s u l f u r ,  a n d  c o k e  d e p o s i t io n  o n  th e  s p e n t  c a t a ly s t s .  T h e  v a r io u s  m a t r ix e s  t h e m s e lv e s  

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

m a t r ix e s  c h a r g e d  in  t h e  e x tr u d a te s  h a v e  n o  s ig n i f ic a n t  im p a c t  o n  a s p h a l t e n e  

r e d u c t io n .  H o w e v e r ,  b e n t o n it e  m i x e d  in  th e  e x tr u d a te  c a n  p r o v id e  t h e  l o w e s t  a m o u n t  

o f  s u l fu r  in  o i l s  a t  a r o u n d  0 .5 5 % . T h e  e x tr u d a te  th a t  i s  p r o d u c e d  f r o m  k a o l in  g i v e s  

s u l f u r  in  th e  o i l  o f  a r o u n d  0 .5 9 %  w h e r e a s  t h e  o th e r  e x t r u d a t e s  s h o w  n o  im p a c t  o n  th e  

r e d u c t io n  o f  s u l fu r  in  t h e  o i l s .  A l l  e x t r u d a t e s  d o  n o t  h a v e  t h e  im p a c t  o n  th e  

r e d u c t io n s  o f  s u l f u r  a n d  c o k e  d e p o s i t io n  s in c e  th e  r e d u c t io n s  a r e  c o m t r ib u t e d  f r o m  

t h e  c l a y s  t h e m s e l v e s  th a t  a r e  u s e d  a s  t h e  m a tr ix .  F u r t h e r m o r e , f r o m  t h e  t a b le ,  
b e n t o n i t e  a n d  t e l e  s h o w  th e  h ig h e s t  e f f e c t  o n  t h e  r e d u c t io n  o f  c o k e  a n d  s u l f u r  c o n t e n t  

a m o n g  a ll  m a t r ix e s .
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Table 4.11 Percentage o f asphaltene, sulfur in oils, and sulfur and coke on spent
extrudates content from using matrixes extrudates composed o f different matrixes

C atalyst % asphaltene % sulfur  
in oils

% sulfur on 
spent catalyst

C oke  
deposition  

(g/g cat)
Non-Cat 0.71 0.73

a-alumma 0.08 0.76 0.14 0.074
kaolin 0.08 0.66 0.25 0.13

bentonite 0.014 0.56 0.28 0.13
montmorillonite 0.01 0.61 0.42 0.22

talc 0.022 0.57 0.40 0.09
5-7RM -kao 0.02 0.59 0.16 0.13
5-7RM -ben 0.04 0.55 0.16 0.1
5-7RM -m on 0.03 0.73 0.26 0.17
5-7RM -tal 0.06 0.65 0.17 0.09
Ru/HM OR 0.03 0.65 0.35 0.23

4 .4 .5  P e t r o le u m  F r a c t io n s  f r o m  U s i n g  t h e  D i f f e r e n t  M a t r ix e s  in  E x tr u d a te s  

F ig u r e  4 .2 0  s h o w s  t h e  in c r e a s e  o f  n a p h th a  p r o d u c t io n  f r o m  th e  

e x t r u d a t e s  c o m p o s e d  o f  d i f f e r e n t  m a t r ix e s  i n  c o n j u n c t io n  w i t h  t h e  d e c r e a s e  in  a l l  

o t h e r  h e a v ie r  f r a c t io n s .  A l l  e x tr u d a te s  c a n  p r e s e r v e  n a p h th a  p r o d u c t io n  o f  t h e  a c t iv e  

R u /H M O R  c a t a ly s t ,  e x c e p t  th e  o n e  c o m p o s e d  o f  m o n t m o r i l lo n i t e .  T h e  

m o n t m o r i l lo n i t e  g i v e s  a  n e g a t iv e  im p a c t  o n  n a p h th a  p r o d u c t io n .  S i n c e  t a lc  g i v e s  th e  

h ig h e s t  n a p h th a  p r o d u c t io n ,  e v e n  h ig h e r  th a n  t h e  p u r e  R u /H M O R , it  i s  t h e  m o s t  

s u i t a b le  m a tr ix  fo r  n a p h th a  p r o d u c t io n .  T h e  p e t r o le u m  f r a c t io n s  o b t a in e d  f r o m  th e  

p u r e  c l a y s  a re  s h o w n  in  A p p e n d ix  I.
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4 5
4 0
3 5
3 0

*-ระ 2 5
2 0
1 5
1 0

5

■  n a p h th a  
^ k e r o s e n e  
S l i g h t  g a s  o i l  
H h e a v y  g a s  o i l  
0  l o n g  r e s id u e

F igure 4.19 P e t r o le u m  f r a c t io n s  f r o m  u s in g  t h e  e x t r u d a t e s  c o m p o s e d  o f  d i f f e r e n t  

m a t r ix e s .

4 .4 .6  D i s c u s s io n :  T h e  E f f e c t  o f  M a tr ix  T y p e s
F r o m  th e  r e s u l t s ,  i t  i s  f o u n d  th a t  b e n t o n it e  a n d  t a l c  c a n  i m p r o v e  a n d  

p r e s e r v e  l ig h t  o l e f i n s  p r o d u c t io n  o f  th e  R u /H M O R  c a t a ly s t ,  a n d  a ll  c l a y s  a s  m a t r ix e s  

c a n  r e d u c e  th e  a m o u n t  o f  a s p h a l t e n e  in  th e  o i l s  a n d  s u l f u r  d e p o s i t io n  o n  t h e  s p e n t  

c a t a ly s t s .  A l l  t h e  m a t r ix e s  h a v e  n o  in f l u e n c e  o n  t h e  s e l e c t i v i t y  o f  s a tu r a te d  

h y d r o c a r b o n s .  L a s t ly ,  ta lc  i s  t h e  b e s t  m a tr ix  f o r  p r o d u c t io n  a s  it  c a n  i m p r o v e  th e  

n a p h th a  p r o d u c t io n  o f  th e  a c t iv e  R u /H M O R  c a t a ly s t .  T h e  b e n t o n it e  a n d  k a o l in  c a n  

p r e s e r v e  th e  n a p h th a  p r o d u c t io n  w h e r e a s  m o n t m o r i l lo n i t e  h a s  t h e  n e g a t i v e  im p a c t .  
C o n s e q u e n t ly ,  b e n t o n i t e  a n d  t a lc  a r e  th e  a p p r o p r ia te  c a n d id a t e s  to  b e  u s e d  a s  th e  

m a t r ix e s  fo r  th e  l ig h t  o l e f in s  a n d  n a p h th a  p r o d u c t io n .  T h e y  m a y  p o s s i b l y  b e  a b le  to  

p r e v e n t  h o t  s p o t  a s  w e l l  a s  o v e r - c r a c k in g .  T h i s  p h e n o m e n o n  c a n  b e  e x p l a i n e d  b y  

u s in g  o v e r a l l  h e a t  tr a n s fe r  e q u a t io n .  F r o m  E q ( l ) ,  th e  h e a t  tr a n s fe r  r a te  i s  b a s e d  o n  

o v e r a l l  h e a t  tr a n s fe r  c o e f f i c i e n t  (บ ), a n d  h e a t  tr a n s fe r  s u r f a c e  a r e a  (A), a n d  l o g  m e a n  

te m p e r a tu r e  d i f f e r e n c e  (A T lm). T h e r e f o r e ,  A 7 น /  s h o u ld  b e  t h e  s a m e  v a lu e  f o r  a ll  
e x tr u d a te s .
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q =  V A L T i m  ^

q =  h e a t  tr a n s fe r  ra te  ( พ )
u =  o v e r a l l  h e a t  tr a n s fe r  c o e f f i c i e n t  ( พ / ( ท ! 2-K ) )
A  =  h e a t  tr a n s fe r  s u r f a c e  a r e a  ( m 2)
tsIiM  =  l o g  m e a n  t e m p e r a tu r e  d i f f e r e n c e  ( K )

E q ( 2 )  in d ic a t e s  th a t  o v e r a l l  h e a t  tr a n s fe r  c o e f f i c i e n t  d e p e n d s  o n  t w o  

t e r m s ,  w h i c h  a r e  h e a t  tr a n s fe r  c o e f f i c i e n t  ( /ไ) a n d  th e r m a l  r e s i s t a n c e  (R j. H o w e v e r ,  
h e a t  tr a n s fe r  c o e f f i c i e n t  i s  th e  s p e c i f i c  v a lu e  fo r  a  f lu id ,  w h i c h  in  t h is  c a s e  i s  th e  s a m e  

fo r  a l l  e x p e r im e n t s .

H (2)

R = R e s i s t a n c e ( s )  to  h e a t  f l o w  ( K /W )  

h  =  H e a t  tr a n s fe r  c o e f f i c i e n t  ( W /m 2K )

T h e r e f o r e ,  th e  h e a t  tr a n s fe r  d e p e n d s  o n  o n l y  o v e r a l l  tr a n s fe r  

c o e f f i c i e n t ,  w h i c h  i s  p r o p o r t io n a l  t o  th e r m a l  r e s i s t a n c e .  E q ( 3 )  d e m o n s t r a t e s  th a t  

th e r m a l  r e s i s t a n c e  r e l i e s  o n  th e r m a l  c o n d u c t iv i t y  ( k ) .

R  =  ~ k h \  ( 3 )

X  =  t h e  w a l l  t h ic k n e s s  (m )
k  =  th e  th e r m a l  c o n d u c t iv i t y  o f  th e  m a te r ia l  ( พ / ( ท ! -K ))
A = th e  to ta l  a r e a  o f  th e  h e a t  e x c h a n g e r  ( m 2)

H o w e v e r ,  X  a n d  A  v a lu e s  c a n  b e  n e g l e c t e d  b e c a u s e  t h e y  s h o u ld  b e  th e  

s a m e  fo r  e v e r y  e x tr u d a te s  a t t h e  s a m e  c o n d i t io n .  T h e r e f o r e ,  h o w  w e l l  h e a t  c a n  b e  

d is s ip a t e d  d e p e n d s  o n  th e  th e r m a l  r e s i s t a n c e ,  w h i c h  i s  i n v e r s e ly  p r o p o r t io n a l  t o  k. 
F r o m  th e  th e r m a l  c o n d u c t iv i t y  in  T a b le  4 .1 2 ,  b e n t o n i t e  a n d  ta lc  h a v e  t h e  h ig h e s t  

th e r m a l c o n d u c t iv i t y  a m o n g  a ll  m a t r ix e s .  C o n s e q u e n t ly ,  th e  h ig h  th e r m a l
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c o n d u c t iv i t i e s  o f  th e  t w o  m a t r ix e s  a r e  th e  e x p la n a t io n  o f  w h y  t h e y  a r e  t h e  b e s t  

m a t r ix e s  fo r  th e  p r o d u c t io n  o f  l ig h t  o l e f in s  a n d  n a p h th a .

T able 4 .12 T h e r m a l c o n d u c t iv i t y  o f  e a c h  c o m p o n e n t  u s e d  in  th e  e x t r u d a t e s

R u/H M O R a a-
alum inab K aolin0 Bentonite*1 M ontm o-

rillon itef T alcg

T h e r m a l
c o n d u c t iv i t y

( w / m .K )
0.16 3.1 1.40 2 .0 0 0.046 1.90

a F r o m  J a k u b in e k  et a l ,  2007, b F r o m  P e r r y  a n d  G r e e n , 1 9 9 7 ,c F r o m  M i c h o t  et al., 
2008, d F r o m  T a n g  et al., 2007,f F r o m  H o s h i  et al., 1995 g F r o m  G a m m o w  a n d  

S ig a la s ,  1988
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