
RESULTS AND DISCUSSION
CHAPTER IV

This chapter discusses about the effects of noble metal (Rh) and non-noble 
metals (Ni and Co) with various metal loading supported on KL zeolite and then the 
effect of bimetallic catalysts (Rh-Ni/KL and Rh-Co/KL) on the qualitative and 
quantitative of pyrolysis products.

4.1 Effect of Monometallic Catalysts

4.1.1 Effect of l%Rh Supported on KL Catalyst
This section discusses about the investigation of Rh supported on KL 

zeolite in the catalytic pyrolysis of waste tire. l%wt of Rh was loaded on KL zeolite 
by the mean of incipient wetness impregnation. The influence of supported noble 
metal, Rh/KL, is discussed as follows.

Figure 4.1 illustrates the product distribution obtained from the use of 
l%Rh/KL in the pyrolysis process which includes the results from using non-catalyst 
and pure KL cases for comparison purpose. The result shows that the presence of KL 
provides an increase in the gaseous fraction as compared to the non-catalytic 
pyrolysis. As expected, l%Rh/KL catalyst results in an increment of gas yield in 
accordance with a decrease in the yield of liquid product. This result is attributed to 
the reason that heavy compounds can be attached to the metal sites leading to easier 
decomposition into lighter compounds. Because the same condition in all 
experiments was conducted, almost constant in solid yields are observed at around 
43%.
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Figure 4.1 Product distribution obtained from pyrolysis using l%Rh/KL.

The effect of Rh/KL catalyst on gas compositions can be explained by 
Figure 4.2. It is shown that the role of Rh loaded on KL has the impact on light 
hydrocarbons; C l, C2, C3 and C4s. Namely, slight increases in Cl as well as C2 arid 
C3 are observed as compared to using KL zeolite. Meanwhile, the amount of 
unsaturated light hydrocarbons, C2= and C3=, is decreased with using the treatment 
of l%Rh/KL. Berrueco e t a l. (2005) reported that tire is mainly composed of the 
rubbers which are polybutadiene and polybutadiene-styrene (SBR). Therefore, light 
hydrocarbon gases from pyrolysis mostly consist of Cl and C4s as the predominant 
products, which is in agreement with the observed result as well. However, the 
presence of Rh results in a decrease in C4s, which might be due to the reason that it 
is converted to lighter gas like Cl. There are several types of reaction take place in 
the pyrolysis especially decomposition reaction at an elevated temperature which 
lead to the formation of the fragment of a molecule and free radical species. During 
pyrolysis, the presence of H free radical as reactive species can also be formed and

ithen intermediately adsorbed on the active site of catalysts which further undergo the 
reaction involving H transfer such as hydrogenation and hydrogenolysis. It was 
found that Rh has the ability in C-C bond breaking at terminal positions and also 
ability in hydrogenolysis leading to methane formation (Teschner e t a l., 2000). In
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addition, it is worthy mentioned that this metal exhibits activity in hydrogenation 
reaction, which can be explained by the hydrogenation of unsaturated light 
hydrocarbons, C2= and C3=, resulting in a slight increase in hydrogenated products 
like C2 and C3. However, the gas yield obtained by using Rh/KL is higher than the 
use of KL alone, which causes a slight increase in Cl as well as C2= and C3= yields 
and a significant increase in the yield of C2 and C3 as can be seen in Appendix Cl.
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Figure 4.2 Gas composition obtained from pyrolysis using l%Rh/KL.

Figure 4.3 shows the simulated distillation of maltene which were cut, 
according to the boiling points, into full range naphtha (<200°C), kerosene (200- 
250°C), gas oil (250-370°C) and long residues ( >370°C) ( Düng e t a l., 2009). As 
observed, the derived oil from the non-catalytic pyrolysis are mainly distributed in 
the range of gas oil. The use of KL results in the conversion to a range of lighter 
fractions, especially naphtha. The introduction of l%Rh/KL causes an increase in gas 
oil with a subsequent decrease in naphtha fraction. It might be ascribed that Rh/KL 
does not promote cracking of heavy liquid products into lighter one distributed in a 
range of naphtha fraction.

Cl C2= C2 C3= C3 C4 C5 C6 C7 C8
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Figure 4.3 E f f e c t  o f  l% R h /K L  o n  p e t r o le u m  f r a c t io n s .

F r a c t io n a t io n s  o f  m a lt e n e  in to  c h e m ic a l  c l a s s e s  v i a  th e  m e a n  o f  l iq u id  

c o lu m n  c h r o m a t o g r a p h y  a re  s h o w n  in  F ig u r e  4 .4 .  It r e v e a l s  th a t  th e  p r e s e n c e  o f  p u re  

K L  r e s u l t s  in  a n  i n c r e a s e  in  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  s i n g l e ­
r in g  a r o m a t ic  c o m p o u n d s  a c c o m p a n ie d  b y  a  d e c r e a s e  in  m u lt i - r in g  a r o m a t ic  

c o m p o u n d s .  W h e n  l% R h  w a s  lo a d e d  o n  K L , th e  s a tu r a te  c o n t e n t  i s  s l i g h t ly  

in c r e a s e d ,  a n d  t h e  g r e a t  a m o u n t  o f  m o n o - a r o m a t ic s  i s  o b s e r v e d  w i t h  a  c o n s e q u e n t  

l o w e r  d i -  a n d  p o l y  a r o m a t ic s  c o n t e n t  c o m p a r e d  t o  K L . It h a s  b e e n  r e p o r te d  th a t  o i l  

a r o m a t ic i t y  i s  f o r m e d  b y  th e  a r o m a t iz a t io n  o f  a lk e n e  s u c h  a s  C 2 = ,  C 3 =  a n d  b u ta d ie n e  

p r o d u c e d  d u r in g  t ir e  p y r o ly s i s  ( C y p r e s  et a l ,  1 9 8 7 ) .  T h e n ,  t h e s e  c o m p o u n d s  a re  

c o n v e r t e d  to  c y c l i c  a lk e n e  v ia  c y c l i s a t i o n  f o l l o w e d  b y  th e  d e h y d r o g e n a t io n  o f  s ix  

c a r b o n  a t o m s  to  fo r m  s im p le  a r o m a t ic  c o m p o u n d s  a n d  s u b s e q u e n t  c o n d e n s a t io n  

r e a c t io n s  to  fo r m  h ig h e r  p o ly - a r o m a t ic s  b y  D i e l s - A l d e r  r e a c t io n ,  r e s u l t in g  in  h ig h  C l  

a n d  แ 2 c o n t e n t s  a s  b y  p r o d u c t s .  M o r e o v e r ,  t h e y  a l s o  r e p o r te d  th a t  a t h ig h  

t e m p e r a tu r e s ,  l ig h t  o l e f i n s  g e n e r a t e d  b y  th e  d e e p  d e c o m p o s i t i o n  o f  h e a v ie r  f r a c t io n s  

c o u ld  c o m b i n e  w i t h  b u t a d ie n e  to  fo r m  a r o m a t ic s  a n d  t h e n  fo r m  h ig h  m o le c u la r -  

w e i g h t  p o ly - a r o m a t ic  s p e c ie s  b y  s o m e  fu r th e r  r e a c t io n s  o f  a r o m a t ic s  c o m b in e d  w it h  

o le f in s .  It i s  w i d e l y  k n o w n  th a t  m o n o - a r o m a t ic  h y d r o c a r b o n s  h a v e  a t tr a c te d  in te r e s t  

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

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

Naphtha Kerosene Gas oil Long residues
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c h e m ic a l s .  A s  o n e  c a n  s e e  fr o m  th e  r e s u lt ,  th e  in t r o d u c t io n  o f  R h  p la y s  a  m a jo r  r o le  

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

c o n c e n t r a t io n  o f  m u l t i - r in g  a r o m a t ic s .  It w a s  n o t e d  th a t  R h  m e t a l  s h o w e d  a c t iv i t y  in  

h y d r o g e n a t io n  a n d /o r  r in g  o p e n i n g  o f  h y d r o c a r b o n s  ( A l b e r t a z z i  et a l.,2 0 0 3 )  w h i l e  th e  

b a s ic  p r o p e r ty  o f  K L  h a s  s h o w n  e f f e c t  o n  a r o m a t iz a t io n  r e a c t io n  ( W a k u i  et a l ,  

1 9 9 9 ) .  F o r  b a s e - c a t a ly z e d  r e a c t io n ,  it  i s  f o u n d  th a t  t h e  r e a c ta n t s  c a n  a c t  a s  a c id  

to w a r d  c a t a ly s t  w h ic h  a c t  a s  b a s e .  K L  z e o l i t e  w h i c h  i s  b a s e  c a t a ly s t  a l s o  s h o w s  th e  

s a m e  a c t iv i t y  a s  e x p l a i n e d  a b o v e .  It c a n  a b s tr a c t  H + fr o m  r e a c ta n ts  t o  fo r m  c a b a n io n  

s p e c i e s  a n d  s u b s e q u e n t ly  r e a c t  w i t h  in t e r m e d ia t e  c o m p o u n d s  to  fo r m  p r o d u c t s  b y  

s e v e r a l  r e a c t io n s  s u c h  a s  i s o m e r iz a t io n ,  a r o m a t iz a t io n  a n d  a lk y la t io n .  F o r  r in g ­
o p e n i n g  r e a c t io n ,  th e r e  w a s  n o  r e p o r t  a b o u t  th e  a b i l i t y  o f  b a s i c  c a t a ly s t  in  C -C  b o n d  

c l e a v a g e  th u s  t h e  in f l u e n c e  o f  m e ta l  s i t e  in  t h o s e  a b i l i t y  i s  d o m in a n t  in  th is  s tu d y . It 
c a n  b e  a s s u m e d  th a t  th e  h y d r o g e n a t io n  o f  p o ly - a r o m a t ic s  o n  a c t iv e  s i t e  o f  R h  i s  th e  

p r e d o m in a n t  r e a c t io n  f o l l o w e d  b y  r in g  o p e n i n g  r e a c t io n  w h i c h  l e a d s  to  a  d e c r e a s e  in  

p o ly - a r o m a t ic  c o m p o u n d s .  A d d i t io n a l ly ,  it w a s  f o u n d  th a t  th e  h y d r o g e n a t io n  o f  p o l y ­
c y c l i c  c o m p o u n d  i s  e a s ie r  th a n  th a t  o f  s i n g l e  r in g  a r o m a t ic s  ( C o r m a  e t  a l . ,  1 9 9 7 ) .  
T h is  i s  th e  r e a s o n  w h y  th e  m o n o - a r o m a t ic s  c o n t e n t  c o n t in u e s  to  i n c r e a s e  a s  th e  

c a t a ly s t s  i s  a p p l ie d .
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Figure 4.4 C h e m ic a l  c o m p o s i t io n  in  m a lt e n e  o b t a in e d  f r o m  u s i n g  l% R h /K L .

M o r e o v e r ,  th e  p r e s e n c e  o f  R h /K L  a ls o  r e s u l t s  in  a  s l i g h t  d e c r e a s e  in  

th e  c o n c e n t r a t io n  o f  p o la r - a r o m a t ic s  c o m p a r e d  t o  n o n - c a t a ly t i c  a n d  p u r e  K L  c a s e .  It 

i s  p r o v e n  th a t  p o la r - a r o m a t ic s  fo u n d  in  w a s t e  t ir e  p y r o l y s i s  i s  m o s t ly  a r o m a t ic s
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c o n t a in in g  a  s u l f u r  b e c a u s e  o x y g e n  i s  n o t  a l l o w e d  in  t h e  p y r o l y s i s  ( W i l l ia m s  et 

al., 1 9 9 4 ) .  D ü n g  et al., 2 0 0 9  s t u d ie d  th e  f o r m a t io n  o f  p o la r - a r o m a t ic s  in  w a s t e  t ir e  

p y r o ly s i s ,  a n d  p r o p o s e d  th e  w a y s  th e  f r a c t io n  c a n  b e  f o r m e d . T h e y  r e p o r te d  th a t  

p o la r - a r o m a t ic s  c a n  b e  f o r m e d  b y  th e  c o m b in a t io n  o f  o l e f i n s  w i t h  f r e e  s u lfu r  o r  

s u l f u r - c o n t a in in g  c o m p o u n d s  b y  D i e l s - A l d e r s  r e a c t io n .  M o r e o v e r ,  t h e  d ir e c t  c r a c k in g  

o f  t ir e  m o l e c u l e s  a t l in k e d  s u l f u r  p o s i t i o n s  c a n  b e  o c c u r r e d .  H o w e v e r ,  th e  p r e s e n c e  o f  

a  c a t a ly s t  c a n  r e d u c e  th e  p o la r - a r o m a t ic  fo r m a t io n  b y  t h e  h y d r o g e n a t io n  o f  o l e f in s  

a n d  u n s a tu r a te d  h y d r o c a r b o n s  to  o th e r  in t e r m e d ia t e  p r o d u c t s .  T h e  r e d u c t io n  in  p o la r -  

a r o m a t ic  c o m p o u n d s ,  w h e n  R h /K L  i s  p r e s e n t ,  c o u l d  b e  a t tr ib u te d  t o  h ig h  a c t iv i t y  in  

th e  h y d r o g e n a t io n  p r o p e r ty  o f  R h  a n d  th e  a b i l i t y  in  C - S - C  b o n d  b r e a k in g  in  th e  o i l  

m o l e c u l e s .  T h i s  r e s u lt  i s  w e l l  c o n s i s t e n t  w i t h  th e  a m o u n t  o f  s u l f u r  c o n t e n t s  in  th e  o i l  

d e t e c t e d  b y  th e  e le m e n t a l  a n a ly s i s  t e c h n iq u e ,  w h i c h  s h o w s  t h e  r e d u c t io n  in  s u l fu r  

w it h  u s in g  R h . It i s  c l e a r ly  s e e n  fr o m  A p p e n d ix  H 1 th a t  t h e  u s e  o f  K L  a n d  1 % R h  

l o a d e d  o n  K L  h e lp s  d e c r e a s e  s u l fu r  c o n t e n t  in  th e  o i l  b y  a p p r o x im a t e ly  3 6  a n d  7 5 % ,  
r e s p e c t i v e ly ,  a s  c o m p a r e d  t o  th e  n o n - c a t a ly t ic  c a s e .  A d d i t io n a l l y ,  t h e  a m o u n t  o f  c o k e  

a n d  s u l fu r  d e p o s i t io n  o n  s p e n t  R h /K L  c a t a ly s t  in  A p p e n d i x  G 1  i s  f o u n d  h ig h e r  th a n  

u s i n g  K L  a lo n e .  T h e s e  r e s u l t s  m ig h t  b e  th e  h ig h e r  a c t i v i t y  f o r  R h  c a t a ly s t  in  p o la r -  

a r o m a t ic s  r e d u c t io n  a s  w e l l  a s  s u l f u r - c o n t a in in g  c o m p o u n d  in  o i l  w h i c h  a re  e i th e r  

c r a c k e d  o r  c o n d e n s e d  le a d in g  to  c o k e  f o r m a t io n .  H o w e v e r ,  t h e s e  p h e n o m e n a  c a n  

c a u s e  t h e  c a t a ly s t  d e a c t iv a t io n  d u e  to  th e  l o s s  o f  a c t i v e  s i t e s  w h i c h  i s  r e s u lt e d  fr o m  

t h e  f o r m a t io n  o f  a r o m a t ic /p o ly m e r ic  t y p e  o f  c a r b o n  d e p o s i t e d  o n  R h  a n d  s u lfu r  

a d s o r b e d  o n  R h  s i t e s .  (L a k h a p a tr i  e t  a l . ,  2 0 0 9 )

4 . 1 .2  E f f e c t  o f  N i  a n d  C o  C a t a ly s t s  w i t h  V a r y in g  M e t a l  L o a d in g
T h e  c a t a ly t ic  p y r o ly s is  o f  w a s t e  t ir e  w a s  c o n d u c t e d  w i t h  th e  t w o  n o n ­

n o b le  m e t a l s ,  N i /K L  a n d  C o /K L  ( 1 ,  5 ,  1 0 , 15  a n d  2 0 % w t ) .  A l l  w e r e  p r e p a r e d  b y  

i n c ip ie n t  w e t n e s s  im p r e g n a t io n  t e c h n iq u e .  T h e  i n f l u e n c e  o f  t h e  c a t a ly s t s  o n  p y r o ly s is  

p r o d u c t s  i s  d i s c u s s e d  a s  f o l l o w s .
T h e  p r o d u c t  d is t r ib u t io n  c a n  b e  e x p l a i n e d  b y  p l o t t in g  th e  l iq u id  to  g a s  

r a t io  ( L /G )  a s  s h o w n  in  F ig u r e  4 .5 ,  w h i c h  s h o w s  t h e  L /G  r a t io  fr o m  t h e  n o n - c a t a ly t ic ,  
p u r e  K L  z e o l i t e ,  a n d  c a t a ly t ic  c a s e s .  T h e  r e s u lt s  s h o w  th a t  p y r o l y s i s  w i t h  u s in g  th e  

c a t a ly s t s  g i v e s  lo w e r  L /G  r a t io  th a n  th e  n o n - c a t a ly t i c  c a s e ,  w h i c h  i s  d u e  to  th e  fa c t
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th a t  th e  a c t iv e  s i t e s  a r e  a v a i la b le  f o r  s e c o n d a r y  r e a c t io n s  l e a d in g  to  th e  r e d u c t io n  o f  

th e  o i l  f r a c t io n  a n d  a  c o n s e q u e n t  in c r e a s e  in  th e  g a s e o u s  f r a c t io n .  F r o m  F ig u r e  4 .5 ,  a  

s l ig h t  d e c r e a s e  in  t h e  r a t io  is  f o u n d  in  th e  in c r e m e n t  o f  N i  lo a d in g  f r o m  1 t o  1 5 %  

s u p p o r te d  o n  K L  z e o l i t e ,  a n d  th e n  th e  r a t io  i s  s l i g h t ly  i n c r e a s e d  w h e n  u s i n g  2 0 % N i .  
It c a n  b e  s u g g e s t e d  th a t  t h e  u s e  o f  h ig h  N i  lo a d in g  p r o v id e s  a b i l i t y  in  g a s  p r o d u c t io n .  
O n  c o n tr a r y , o n l y  l % w t  o f  c o b a l t  l o a d in g  p r o d u c e s  th e  h i g h e s t  a m o u n t  o f  g a s  

p r o d u c t  a s  c a n  b e  s e e n  f r o m  th e  l o w e s t  L /G  r a t io  in  F ig u r e  4 . 6 ,  a n d  s u b s e q u e n t ly  it 

s ta r ts  t o  in c r e a s e  w i t h  in c r e a s in g  m e t a l  lo a d in g  u p  t o  1 5 % w t. f o l l o w e d  b y  a  d r o p  in  

th e  r a t io  w h e n  2 0 % C o  i s  u s e d .  M e a n w h i l e ,  5 %  a n d  1 0 % w t  o f  b o t h  n ic k e l  a n d  c o b a lt  

c a t a ly s t s  s h o w  th e  s im i la r  r e s u lt  t o  K L  z e o l i t e  a lo n e .  It c a n  b e  s u g g e s t e d  th a t  th e  

c a t a ly s t s  u s e d  in  w a s t e  t ir e  p y r o ly s i s  p la y  a n  im p o r ta n t  r o le  in  th e  p r o d u c t  y i e l d s  

b e c a u s e  o f  th e ir  u n iq u e  p r o p e r t ie s  p r o m o t in g  th e  r e m a r k a b le  r e s u l t s .
F u r th e r m o r e , n o  s ig n i f ic a n t  d i f f e r e n c e  in  s o l i d  f r a c t io n  (a r o u n d  

4 3 % w t . )  f r o m  p y r o l y s i s  w i t h  a n d  w i t h o u t  c a t a ly s t s  i s  f o u n d ,  w h i c h  i s  r e s u l t e d  fr o m  

th e  c o m p l e t e  d e c o m p o s i t i o n  o f  t ir e  in  th e  p r o c e s s  a t 5 0 0 ° c .

Figure 4 .5  L /G  r a t io  o b t a in e d  fr o m  p y r o ly s i s  w i t h  u s in g  v a r io u s  % N i l o a d in g  o n  K L  

z e o l i t e .
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Figure 4.6 L /G  r a t io  o b t a in e d  f r o m  p y r o l y s i s  w i t h  u s i n g  v a r io u s  % C o  l o a d in g  o n  

K L  z e o l i t e .

A s  o b s e r v e d  a b o v e ,  th e  p r e s e n c e  o f  c a t a ly s t s  r e s u l t e d  in  a n  in c r e a s e  in  

t h e  g a s e o u s  f r a c t io n  a t th e  e x p e n s e  o f  l iq u id  f r a c t io n  c o m p a r e d  to  n o n - c a t a ly t i c  c a s e .  
F r o m  A p p e n d ix  C 2 ,  th e  u s e  o f  p u r e  K L  z e o l i t e  g i v e s  th e  h ig h e r  g a s  y i e l d  th a n  u s in g  

n o  c a t a ly s t .  T h e  p r e s e n c e  o f  N i  lo a d e d  o n  K L  z e o l i t e  c a u s e s  a  s ig n i f i c a n t  in c r e a s e  in  

t h e  g a s  y i e ld  a s  h i g h  N i  c o n t e n t s  u p  to  1 5 %  lo a d in g  i s  u s e d .  N a m e l y ,  th e  p r o d u c t io n  

o f  l ig h t  h y d r o c a r b o n s  s u c h  a s  C l ,  C 2 ,  C 3  a n d  C 4  i s  l i k e l y  t o  in c r e a s e  in  y i e l d s ,  w h i c h  

i s  w o r t h y  m e n t io n e d  th a t  th e  h ig h  a m o u n t  o f  N i  c o u l d  p r o m o t e  c r a c k in g  a b i l i t y  o f  

h i g h  m o le c u la r  w e i g h t  m a t e r ia ls  in t o  l o w  m o le c u la r  w e i g h t  p r o d u c t s .  In  c o n t r a s t ,  a s  

l o w  a s  l% C o  lo a d in g  o n  K L  e x h i b i t s  th e  h i g h e s t  p e r f o r m a n c e  in  g a s  p r o d u c t io n  s in c e  

i t  s h o w s  t h e  m a x im u m  y ie ld  o f  a l l  l ig h t  h y d r o c a r b o n s  a s  c o m p a r e d  t o  t h e  o th e r  

c a t a ly s t s .  H o w e v e r ,  fu r th e r  in c r e a s in g  C o  c o n t e n t  s u p p o r t e d  o n  K L  z e o l i t e  r e s u lt e d  in  

a  d e c l i n e  o f  g a s e o u s  f r a c t io n  a s  c a n  b e  s e e n  f r o m  A p p e n d i x  C 3 .
L ig h t  o l e f i n s ,  w h i c h  i s  t h e  im p o r ta n t  c h e m ic a l  f e e d  s t o c k  in  

p e t r o c h e m ic a l  in d u s tr y ,  i s  a l s o  f o u n d  in  th e  p y r o ly s i s  p r o d u c t s .  F ig u r e  4 .7  

d e m o n s t r a t e s  th e  e f f e c t  o f  v a r io u s  m e t a l  l o a d in g s  o f  N i  a n d  C o  s u p p o r te d  o n  K L  

z e o l i t e  o n  th e  f o r m a t io n  o f  l ig h t  o l e f in s  c o n s i s t in g  o f  e t h y le n e  a n d  p r o p y le n e .  T h e
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r e s u lt  s h o w s  th a t  a m o n g  lo a d e d  N i  c a t a ly s t s ,  1 5 %  N i  lo a d in g  g i v e s  t h e  h i g h e s t  y ie ld  

to  to ta l  l ig h t  o l e f i n  p r o d u c t io n  b u t  n o t  a s  m u c h  a s  t h e  c a s e s  o f  c o b a l t  c a t a ly s t s ,  w h ic h  

s h o w  th e  h ig h e s t  a m o u n t  o f  l ig h t  o l e f i n s  w h e n  l % w t  C o  i s  u s e d  in  t h e  p r o c e s s .  
S im i la r ly ,  l % w t  C o /K L  c a t a ly s t  s e e m s  t o  b e  a  g o o d  c a t a ly s t  fo r  c o o k i n g  g a s  

p r o d u c t io n  b e c a u s e  it  p r o v id e s  th e  h i g h e s t  y ie ld  o f  c o o k i n g  g a s ,  w h i c h  is  h e r e b y  

c o m p o s e d  o f  p r o p a n e  a n d  m i x e d - C 4 ,  a s  c a n  b e  s e e n  f r o m  F ig u r e  4 .8 .

Figure 4.7 Y i e ld  o f  l ig h t  o l e f i n s  o b t a in e d  fr o m  p y r o l y s i s  w i t h  u s i n g  v a r io u s  m e t a l  

lo a d in g .
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Figure 4.8 Y i e ld  o f  c o o k i n g  g a s  o b t a in e d  f r o m  p y r o l y s i s  w i t h  u s i n g  v a r io u s  m e ta l  

lo a d in g .

T h e  c h e m ic a l  c o m p o s i t io n s  in  m a l t e n e s  w e r e  a n a ly z e d  v i a  l iq u id  

c h r o m a t o g r a p h ic  s e p a r a t io n  u s in g  s p e c i f i c  s o lv e n t s  t o  o b t a in  s a tu r a te d  h y d r o c a r b o n s ,  
m o n o - a r o m a t ic ,  d i - a r o m a t ic s ,  p o l y  a r o m a t ic s  a n d  p o la r - a r o m a t ic s .  T h e  r e s u l t  f r o m  

F ig u r e  4 .9  s h o w s  th a t  th e  p r e s e n c e  o f  c a t a ly s t s  r e s u l t s  in  t h e  r e d u c t io n  in  p o l y ­
a r o m a t ic s  c o n t e n t  in  m a lt e n e  w i t h  th e  in c r e m e n t  o f  m o n o - a r o m a t i c 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 .  In  t h e  c a s e  o f  N i  s u p p o r t e d  o n  K L  z e o l i t e ,  i t  i s  f o u n d  th a t  th e  

h ig h e r  lo a d in g ,  th e  l o w e r  m u lt i - r in g  a r o m a t ic s  c o n t e n t  i s  o b t a in e d ,  l e a d in g  to  th e  

in c r e a s e  in  m o n o - a r o m a t ic s .  H o w e v e r ,  th is  a s s u m p t io n  c a n n o t  s u p p o r t  t h e  c a s e  o f  

1 5 % N i w h i c h  s h o w s  ra th e r  h ig h  p o ly - a r o m a t ic s  c o n t e n t .  D u e  t o  t h e  c o m p l e x  m ix t u r e  

o f  p a s s e n g e r  t ir e , th e r e  a re  s e v e r a l  r e a c t io n s  w h i c h  m ig h t  o c c u r  in  t h e  p y r o l y s i s  s u c h  

a s  D i e l s - A l d e r s  r e a c t io n ,  a r o m a t iz a t io n ,  c r a c k in g  a n d  h y d r o g e n a t io n  ( D ü n g  et al.,

2 0 0 9 ) .  A s  o b s e r v e d  a b o v e ,  a  h ig h  m e ta l  lo a d in g ,  e s p e c i a l l y  2 0 % N i ,  s ig n i f ic a n t ly  

a f f e c t s  th e  a m o u n t  o f  m o n o - a r o m a t ic s .  T h e  h ig h  a m o u n t  o f  m e t a l  l o a d in g  h a s  h ig h  

t e n d e n c y  to  lo c a t e  b o t h  o u t s id e  a n d  in s id e  th e  z e o l i t e  s tr u c tu r e . A s  a  r e s u lt ,  t h e s e  

a c t iv e  s i t e s  a re  a c c e s s i b l e  fo r  m u lt i - r in g  a r o m a t ic s  p r o d u c e d  f r o m  t ir e  p y r o ly s i s  a n d  

t h e s e  c o m p o u n d s  t h e n  r a p id ly  u n d e r g o  fu r th e r  r e a c t io n  o n  t h e  b a s ic  s i t e  o f  K L  

z e o l i t e .  A d d i t io n a l ly ,  a  h ig h  N i  c o n t e n t  i s  l ik e l y  to  p r o v id e  t h e  s l i g h t  r e d u c t io n  in
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s a tu r a te d  h y d r o c a r b o n s .  T h e s e  r e s u lt s  m ig h t  b e  a s c r ib e d  t o  t h e  t e r m in a l  C -C  b o n d  

b r e a k in g  a b i l i t y  o f  N i  m e ta l  w h i c h  w a s  r e p o r te d  b y  K ik u c h i  et al. ( 1 9 7 0 ) .  It c a n  b e  

e x p l a i n e d  th a t  th e  s a tu r a te s  m ig h t  b e  fu r th e r  c r a c k e d  a t th e  t e r m in a l  C - C  b o n d  v ia  

h y d r o g e n o l y s i s  r e a c t io n  a n d  th e n  fo r m e d  l ig h t  h y d r o c a r b o n s  s u c h  a s  C l  a n d  C 2 .  B y  

t h is  a s s u m p t io n ,  N i  c lu s t e r  m ig h t  b e  f o r m e d , p r o m o t in g  th e  c r a c k in g  a b i l i t y  o f  h e a v y  

f r a c t io n  to  g a s e o u s  o r  l ig h t e r  f r a c t io n s .
B e c a u s e  p o la r -a r o m a t ic  s p e c i e s  a re  p r e s e n t ,  m o s t ly  a s  s u lfu r -  

c o n t a in in g  a r o m a t ic s ,  i t  c a n  b e  e x p la in e d  u s in g  th e  r e s u lt  o f  s u l f u r  a n a l y s i s  in  d e r iv e d  

th e  d e r iv e d  o i l s  a s  s h o w n  b e lo w .  E le m e n ta l  a n a ly s i s  s h o w s  th a t  t h e  s u l f u r  c o n t e n t  in  

w a s t e  t ir e  i s  a b o u t  1 .4 % . It i s  c le a r ly  s e e n  th a t  th e  in c o r p o r a t io n  o f  N i  o n  K L  z e o l i t e  

in f lu e n t s  th e  r e d u c t io n  in  s u lfu r  in  th e  d e r iv e d  o i l  b y  a p p r o x im a t e ly  4 7 - 7 1 % .  
S im i la r ly ,  P a rk  et a l . , 2 0 0 8  s t u d ie d  th e  r e a c t iv e  a d s o r p t io n  o f  s u l f u r  o n  s u p p o r te d  N i  

c a t a ly s t s  fo r  s u l f u r  r e m o v a l  fo r m  d ie s e l .  T h e y  r e p o r te d  th a t  th e  o n e - d i m e n s i o n a l  p o r e  

s tr u c tu r e  o f  s u p p o r t  w a s  m o r e  p r e fe r a b le  fo r  s u l fu r  d i f f u s io n  th a n  th e  th r e e -  

d im e n s io n a l  o n e .  A t  th is  p o in t ,  s u l f u r - c o n t a in in g  c o m p o u n d s  c a n  b e  r e m o v e d  b y  

s t r o n g  b o n d in g  b e t w e e n  m e t a l  a n d  s u lfu r  a to m  le a d in g  t o  s u l f u 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  a s  c a n  b e  s e e n  in  A p p e n d ix  G l .  T h e s e  r e s u l t s  s h o w  th a t  th e  u s e  o f  

b i f u n c t io n a l  c a t a ly s t s  g iv e  s im i la r  c o k e  c o n t e n t  c o m p a r e d  t o  u s i n g  p u r e  K L  a lo n e .  
P h o p a i s a m  et al. ( 2 0 0 9 )  s t u d ie d  th e  e f f e c t  o f  b a s i c  a n d  a c id  z e o l i t e s ,  w h i c h  a re  K L  

a n d  Y  r e s p e c t i v e ly ,  o n  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 c id  p r o p e r ty  o f  Y  

z e o l i t e  h a v e  i n f l u e n c e  o n  t h e  f o r m a t io n  o f  c o k e  m o r e  th a n  K L  z e o l i t e  w h i c h  

e x h i b i t e d  h ig h e r  a m o u n t  o f  c o k e  d e p o s i t io n  o n  s p e n t  c a t a ly s t s  f o r  Y  z e o l i t e  th a n  

K L c a t a ly s t .  It c a n  b e  im p l ie d  th a t  th e  la c k in g  o f  a c id  s i t e s  r e s u lt s  in  a  l i t t le  e f f e c t  o n  

c o k e  d e p o s i t e d  o n  th e  c a t a ly s t s .  H o w e v e r ,  it  w a s  r e p o r te d  th a t  c o k e  d e p o s i t io n  c a n  

d e a c t iv a t e  th e  a c t i v e  s i t e s  b y  m a n y  m e c h a n i s m s  s u c h  a s  e n c a p s u la t io n  o f  a  m e ta l  

p a r t ic le ,  d e p o s i t io n  in  p o r e  a n d  b lo c k in g  o f  th e  e n tr a n c e  t o  m e t a l  s u r f a c e  s i t e s  b y  

c h e m is o r p t io n s  a s  a  m o n o la y e r  o r  p h y s is o r p t io n  in  m u lt i la y e r s .  In  a d d it io n ,  th e  

f o r m a t io n  o f  a r o m a t ic  a n d  u n s a tu r a te d  s p e c i e s  a s  a  p r e c u r s o r  h a v e  t e n d e n c y  to  

in c r e a s e  th e  c o k e  fo r m a t io n  o n  th e  s u r f a c e  l e a d in g  t o  c a t a ly s t  d e a c t iv a t io n .  T h e s e  

c o u ld  e x p la in  th e  c a s e  o f  1 5 % N i/K L , w h ic h  e x h i b i t s  t h e  h ig h e r  c o n c e n t r a t io n  o f  p o ly  

a n d  p o la r - a r o m a t ic s  th a n  t h e  o th e r  N i /K L  c a t a ly s t s .  It m ig h t  b e  p o s s i b l e  th a t
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1 5 % N i/K L  c a t a ly s t  i s  d e a c t iv a t e d  b y  th e  c o n d e n s a t io n  o f  p o ly - a r o m a t ic s  a n d  

b o n d in g  w i t h  s u l f u r  a t t h e  s u r f a c e ,  l e a d in g  to  ra th e r  h ig h  c o k e  a n d  s u l f u r  d e p o s i t io n .

0 SatHCs —0 — Mono-aromatics
—A— Di+Poly-aromatcs X Polar-aromatics

Figure 4.9 C h e m ic a l  c o m p o s i t io n  in  m a lt e n e  o b t a in e d  f r o m  u s i n g  v a r ie d  % N i  

l o a d in g  o n  K L .

T h e  f r a c t io n a te d  l iq u id  p r o d u c t s  o b t a in e d  f r o m  t h e  u s e  o f  C o  lo a d e d  

o n  K L  c a t a ly s t s  a p p a r e n t ly  e x h ib i t  h ig h  m o n o - a r o m a t ic s  c o n t e n t s  in  th e  m a lt e n e  

f r a c t io n s  in  c o n j u n c t io n  w i t h  a  d e c r e a s e  in  m u lt i - r in g  a r o m a t ic  c o m p o u n d s .  A s  o n e  

c a n  s e e  in  F ig u r e  4 .1 0 ,  th e  a m o u n t  o f  C o  l o a d in g  a f f e c t s  th e  c o n t e n t  o f  a r o m a t ic s .  
N a m e l y ,  c o n s id e r a b le  m o n o - a r o m a t ic s  a re  in c r e a s e d  in  c o n c e n t r a t io n  a s  in c r e a s in g  

C o  c o n t e n t  f r o m  1 t o  1 0 % . C o n s e q u e n t ly ,  a  s l i g h t  d r o p  in  t h e  c o n c e n t r a t io n  is  

o b s e r v e d  w i t h  a  h ig h e r  lo a d in g ,  b u t  it  i s  i n s i g n i f i c a n t l y  d i f f e r e n t .  A  f lu c t u 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  f o u n d  d u e  to  t h e  p r e s e n c e  o f  C o /K L ;  h o w e v e r ,  it  s h o w s  a  

s l ig h t  d e c r e a s e ,  a s  c o m p a r e d  t o  u s in g  K L  a lo n e ,  w h e n  a  h ig h e r  lo a d in g  i s  u s e d .  A s  

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

a r o m a t iz a t io n  v ia  D i e l s - A l d e r s  r e a c t io n  b y  t h e  c o m b in a t io n  o f  o l e f i n s  p r o d u c e d  fr o m  

th e r m a l  c r a c k in g , 'w h ic h  l e a d s  to  th e  in c r e a s e s  in  a r o m a t ic  h y d r o c a r b o n  c o m p o u n d s ;  

m o n o - ,  d i - ,  p o l y -  a n d  p o la r - a r o m a t ic s .  H o w e v e r ,  m u l t i - r in g  a r o m a t ic  s p e c ie s  a re  

l im i t e d  in  p e t r o c h e m ic a l  u s e s  b e c a u s e  t h e y  a re  q u it e  u s e l e s s .  T h e  w a y  t o  g e t  r id  o f  

t h e s e  s p e c i e s  i s  t o  c o n v e r t  th e m  t o  m o n o - a r o m a t ic  c o m p o u n d s ,  w h i c h  a r e  v a lu a b le  

c h e m ic a l s .  A t  t h is  p o in t ,  m u l t i - r in g  a r o m a t ic  s p e c i e s  c a n  b e  tr a n s fo r m e d  to  s i n g l e ­
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r in g  a r o m a t ic s  b y  t h e  p r e s e n c e  o f  c a t a ly s t  p r o v id in g  th e  a b i l i t y  in  h y d r o g e n a t io n  a n d  

r in g  o p e n in g .  A s  s h o w n  in  F ig u r e  4 .1 0 ,  C o /K L  p l a y s  a n  im p o r ta n t  r o le  in  th e  

in c r e m e n t  o f  m o n o - a r o m a t ic s  in  a s s o c i a t i o n  w i t h  th e  r e d u c t io n  in  d i -  a n d  p o l y ­
a r o m a t ic s .  T h e s e  r e s u l t s  c o u ld  b e  e x p la in e d  th a t  t h e  a v a i la b le  a c t i v e  s i t e s  o f  C o  c a n  

p r o m o t e  h y d r o g e n a t io n  a c t iv i t y  to  h y d r o g e n a t e  m u l t i - r in g  a r o m a t ic  c o m p o u n d s  to  

o th e r  p r o d u c t s  w i t h  a  s u b s e q u e n t  r in g  o p e n in g  r e a c t io n  i n v o l v i n g  C - C  b o n d  b r e a k in g .  
In  a d d it io n ,  th e  h y d r o g e n a t io n  o f  m o n o - a r o m a t ic s  i s  n o t  p r e fe r r e d  (C o r m a  et al.,

1 9 9 7 ) .  T h u s ,  th e  in c r e m e n t  in  m o n o - a r o m a t ic s  i s  o b v i o u s l y  d e t e c t e d  ra th e r  th a n  in  

s a tu r a te d  h y d r o c a r b o n s .  M o r e o v e r ,  t h e  s im i la r  c o n c e n t r a t io n s  o f  p o la r - a r o m a t ic s  a re  

o b s e r v e d  e x c e p t  u s i n g  h ig h  C o  c o n t e n t ,  w h i c h  c a n  b e  s u g g e s t e d  th a t  th e  l o w  C o  

l o a d in g  i n s i g n i f i c a n t l y  a f f e c t s  t h e  r e d u c t io n  in  a r o m a t ic s  c o n t a in in g  su lfu r .  
M o r e o v e r ,  it  i s  f o u n d  fr o m  A p p e n d ix  G 1  a n d  H I  th a t  i n c r e a s in g  C o  c o n c e n t r a t io n  

le a d s  t o  t h e  r e d u c t io n  in  s u lfu r  c o m p o u n d  in  d e r iv e d  o i l  w i t h  s u b s e q u e n t ly  h ig h  

a m o u n t  o f  s u l fu r  d e p o s i t io n  o n  s p e n t  c a t a ly s t s  s u g g e s t i n g  t h e  h ig h  C - S  b o n d  b r e a k in g  

a b i l i t y  w i t h  h ig h  lo a d in g .

%Co loading on KL
Figure 4.10 C h e m ic a l  c o m p o s i t io n  in  m a lt e n e  o b t a in e d  f r o m  u s i n g  v a r ie d  % C o  

l o a d in g  o n  K L . >

T h e  o i l  p r o d u c t s  o b t a in e d  f r o m  w a s t e  t ir e  p y r o l y s i s  a re  s e p a r a te d  in to  

m a lt e n e  f r a c t io n  a n d  th e n  fu r th e r  a n a ly z e d  b y  u s i n g  a  S I M D I S T  G a s  

C h r o m a to g r a p h y  ( S I M D I S T ) .  T h e  a n a ly z e d  m a l t e n e  a r e  c u t  in t o  5  f r a c t io n s
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a c c o r d in g  to  th e ir  tr u e  b o i l in g  p o in t  r a n g e , w h i c h  a re  n a p h th a  ( < 2 0 0  ° C ) ,  k e r o s e n e  

( 2 0 0 - 2 5 0  ° C ) ,  l ig h t  g a s  o i l  ( 2 5 0 - 3 0 0  ° C ) ,  h e a v y  g a s  o i l  ( 3 0 0 - 3 7 0  ° C ) ,  a n d  lo n g  

r e s id u e  ( > 3 7 0  ๐C )  ( D u n g  e t  a h , 2 0 0 9 ) .  F r o m  F ig u r e  4 . 1 1 ,  i t  c a n  b e  s e e n  th a t  th e  l ig h t  

f r a c t io n s  s u c h  a s  n a p h th a , k e r o s e n e  a n d  l ig h t  g a s  o i l  a r e  in c r e a s e d  w i t h  u s in g  K L  

z e o l i t e  a lo n e  w h e r e a s  th e  h e a v y  f r a c t io n s  s u c h  a s  h e a v y  g a s  o i l  a n d  lo n g  r e s id u e  a re  

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 ly t ic  c a s e .  It i s  p o s s i b l e  th a t  th e  c a t a ly s t s  a re  

a v a i la b le  a n d  p r o lo n g  th e  r e a c t io n  fo r  th e  th e  r e a c ta n t s  t o  b e  d e c o m p o s e d  to  l ig h t  

f r a c t io n s .  T h e  p r e s e n c e  o f  N i  s u p p o r te d  o n  K L  h a s  th e  im p a c t  o n  p e t r o le u m  fr a c t io n .  
N a m e l y ,  l % N i  c o n t e n t  r e s u lt s  in  th e  r e d u c t io n  in  n a p h th a  f r a c t io n  a n d  th e  s u b s e q u e n t  

in c r e a s e  in  g a s  o i l  fr a c t io n . It c a n  b e  s u g g e s t e d  th a t  th e  in t r o d u c t io n  o f  N i  lo a d e d  o n  

K L  c a t a ly s t s  c a u s e  a  d r a m a t ic  d e c r e a s e  in  n a p h th a  c o n t e n t .  T h e  g r e a te r  a d d it io n  o f  N i  

c o n t e n t  c a n  o n l y  h e lp  to  b r in g  b a c k  n a p h th a  c o n t e n t  w i t h  th e  r e d u c t io n  in  g a s  o i l  

f r a c t io n  w h i l e  k e r o s e n e  c o n t e n t s  a re  s l ig h t ly  d i f f e r e n t .  It i s  l ik e l y  th a t  th e  g a s  o i l  

f r a c t io n  i s  c o n v e r t e d  t o  l ig h t e r  f r a c t io n s ,  e s p e c i a l l y  n a p h th a , w i t h  u s i n g  h ig h  N i  

lo a d in g .

45 
40 
35 
30

15 
10
5 
0

Figure 4.11 E f f e c t  o f  v a r ie d  % N i/K L  o n  p e t r o le u m  f r a c t io n s
i

F ig u r e  4 .1 2  i l lu s t r a t e s  th a t th e  in t r o d u c t io n  o f  l % C o  lo a d e d  o n  K L  

e x h i b i t s  h ig h e r  g a s  o i l  a t th e  e x p e n s e  o f  n a p h th a  c o n t e n t  a s  c o m p a r e d  to  K L . A m o n g  

th e  lo a d e d  C o  c a t a ly s t s ,  5 %  C o  g i v e s  th e  m a x im u m  c o n t e n t  o f  l ig h t  fr a c t io n s ;  

n a p h th a  a n d  k e r o s e n e .  It i s  l ik e l y  th a t  fu r th e r  a d d it io n  o f  C o  lo a d in g  c h a n g e  th e

Naphtha Kerosene Gas oil Long residues
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d is t r ib u t io n  t o  a  r a n g e  o f  h e a v y  f r a c t io n s ;  g a s  o i l  a n d  l o n g  r e s id u e s .  It c a n  b e  

s u g g e s t e d  th a t  t h e  a c t iv i t y  o f  in  c r a c k in g  o f  h e a v y  l iq u id  p r o d u c t ,  t o  s o m e  l ig h te r  is  

s u p p r e s s e d  w h e n  a  h ig h  C o  l o a d in g  i s  u s e d .

45 
40 
35 
30 

|2 5  
^ 2 0  

15 
10 
5 
0

Naphtha Kerosene Gas oil Long residues

Figure 4.12 E f f e c t  o f  v a r ie d  % C o /K L  o n  p e t r o le u m  f r a c t io n s .

■  Non-catalyst
□  KL
£31%Co/KL
□ 15%Co/KL
□  10%Co/KL 
B15%Co/KL
□  20%Co/KL

4 .1 .3  M o n o - a r o m a t ic s  fr o m  U s i n g  N o b l e  a n d  N o n - n o b l e  M e t a l s
A m o n g  f r a c t io n a t io n s  o f  c h e m ic a l  c o m p o s i t i o n s ,  m o n o - a r o m a t ic  

f r a c t io n  g a in s  g r e a te s t  a t t e n t io n  d u e  to  th e ir  v a lu a b le  c h e m i c a l s .  T h u s ,  it  i s  w o r t h y  to  

p o in t  o u t  t h e  f o r m a t io n  o f  m o n o - a r o m a t ic  c o m p o u n d s  w h i c h  a r e  c o n s id e r a b ly  

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

b e e n  r e p o r te d  th a t  th e r e  a re  v a r io u s  m o n o - a r o m a t ic  s p e c i e s  c a n  b e  p r o d u c e d  fr o m  th e  

d e c o m p o s i t i o n  o f  t ir e  s u c h  a s  b e n z e n e ,  t o lu e n e ,  x y l e n e  a n d  th e ir  a lk y l - s u b s t i t u t e d  

c o m p o u n d s  w h i c h  h a v e  a b i l i t y  t o  c o m p e t e  w i t h  t h e  c h e m ic a l  s u b s t a n c e s  p r o d u c e d  

f r o m  r e f in in g .  T h e  i n f l u e n c e  o f  c a t a ly s t s  o n  th e  p r o d u c t io n  o f  t h e m  c a n  b e  fu r th e r  

d e p ic t e d  f r o m  c a r b o n  n u m b e r  d is t r ib u t io n  s h o w n  in  F ig u r e  4 .1 3 ( a - d ) .  F ig u r e  4 .1 3 a  

in d ic a t e s  t h e  d is t r ib u t io n  c u r v e  o f  m o n o - a r o m a t ic s  f r a c t io n a t e d  f r o m  l iq u id  

a d s o r p t io n  c h r o m a t o g r a p h y .  It i s  o b s e r v e d  th a t  t h e  n o n - c a t a ly t i c  o i l  h a s  v e r y  b r o a d  

a n d  w i d e  d i s t r ib u t io n  p e a k ,  w h i c h  is  m a in ly  lo c a t e d  in  t h e  r a n g e  o f  C 1 5 - C 2 5 .  T h e  

p r e s e n c e  o f  K L  z e o l i t e  s h o w s  a  n a r r o w e r  p e a k  w h i c h  t e n d s  to  s h i f t  t o  a  l o w  c a r b o n  

n u m b e r . T h e  fu r th e r  s h i f t  o f  p e a k  to  a  lo w e r  c a r b o n  n u m b e r  w i t h  a  ta l l  p e a k  i s  

o b s e r v e d  w h e n  l% R h  i s  in c o r p o r a te d  in t o  K L  z e o l i t e .  T h is  tr e n d  s u g g e s t s  th a t th e
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u s e  o f  s u p p o r te d  R h  r e s u lt s  in  t h e  f o r m a t io n  o f  l ig h t e r  s in g le - r i n g  a r o m a t ic  

c o m p o u n d s .  F ig u r e  4 .1 3 b  e x h i b i t s  th e  d i s t r ib u t io n  c u r v e  o f  u s i n g  N i  s u p p o r te d  o n  K L  

w it h  v a r y in g  m e t a l  c o n t e n t s .  It i s  f o u n d  th a t  a l l  o f  l o a d e d  N i  c a t a ly s t s  h a v e  a  s h i f t  o f  

th e  p e a k  to  a  l o w e r  c a r b o n  n u m b e r s  c o m p a r e d  to  K L  a lo n e .  A d d i t io n a l l y ,  in c r e a s in g  

N i  l o a d in g  t e n d s  t o  s h i f t  t h e  p e a k  t o  lo w e r  c a r b o n  n u m b e r s .  P a r t ic u la r ly ,  2 0 % N i  

r e s u lt s  in  th e  h i g h e s t  a n d  n a r r o w e s t  p e a k  a m o n g  lo a d e d  N i  c a t a ly s t s ,  w h i c h  s u g g e s t s  

th e  f o r m a t io n  o f  s in g le -  a r o m a t ic s  w i t h  th e  l o w e s t  m o le c u la r  w e i g h t .  In  th e  c a s e  o f  

C o  s u p p o r te d  K L  c a t a ly s t s ,  i t  i s  o b v i o u s l y  f o u n d  f r o m  t h e  p r e v io u s  r e s u l t s  th a t  th e  

in t r o d u c t io n  o f  C o  s ig n i f ic a n t ly  a f f e c t s  t h e  in c r e m e n t  o f  m o n o - a r o m a t ic s  

c o n c e n t r a t io n  w i t h  in c r e a s in g  C o  c o n t e n t  f r o m  5 - 2 0 % . F ig u r e  4 . 1 3 c  s h o w s  th a t  th e  

p e a k  o f  u s i n g  l% C o  s h i f t  b a c k  t o  a  h ig h e r  c a r b o n  n u m b e r  c o m p a r e d  to  K L .  
C o n s e q u e n t ly ,  in c r e a s in g  C o  c o n c e n t r a t io n s  c a u s e  th e  s h i f t  o f  p e a k s  to  a  lo w e r  

c a r b o n  n u m b e r . T h e  p e a k  w h i c h  r e a c h e s  th e  s m a l l e s t  c a r b o n  n u m b e r  c o r r e s p o n d s  to  

u s in g  5 % C o /K L  w i t h  th e  a v e r a g e  c a r b o n  n u m b e r  o f  a r o u n d  1 4 .6 ,  w h e r e a s  th e  h ig h e s t  

p e a k  a m o n g  C o  c a t a ly s t s  b e lo n g s  t o  th e  u s e  o f  10 % C o /K L  w h o s e  th e  a v e r a g e  c a r b o n  

n u m b e r  i s  1 5 .8 .  T h e  ta l l  p e a k  o f  th e  la t te r  r e s u l t s  f r o m  i t s  n a r r o w e r  d is t r ib u t io n  o f  

c a r b o n  n u m b e r , w h i c h  a re  m a in ly  l o c a t e d  in  th e  r a n g e  o f  C 1 2 - C 1 6 .  T h e  s h o r te r  p e a k  

o f  u s i n g  5 % C o /K L  r e fe r s  t o  th e  w id e r  d i s t r ib u t io n  o f  c a r b o n  n u m b e r ,  w h i c h  a re  in  

th e  r a n g e  o f  C 1 0 - C 1 5 .
F ig u r e  4 .1 3 d  i l lu s t r a t e s  th e  c o m p a r i s o n  o f  c a r b o n  n u m b e r  d is t r ib u t io n  

o b t a in e d  f r o m  u s i n g  n o b le  a n d  n o n - n o b le  m e t a l s  fo r  th e  i n v e s t i g a t i o n  o f  a b i l i t y  in  th e  

m o n o - a r o m a t ic s  p r o d u c t io n .  In  a d d it io n ,  th e  c o m p o u n d s  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  f o u n d  in  t h e  p y r o ly t ic  o i l  a r e  s h o w n  in  t h e  f ig u r e  a s  e x a m p l e s ,  a n d  th e  

a v e r a g e  c a r b o n  n u m b e r  a re  a ls o  g i v e n  fo r  c o m p a r i s o n  p u r p o s e .  F r o m  th e  f ig u r e ,  th e  

5 % C o  a n d  l% R h  a re  c o m p a r a b le  in  t e r m s  o f  a v e r a g e  c a r b o n  n u m b e r  a n d  t h e  s h i f t  o f  

p e a k  t o  l o w  c a r b o n  n u m b e r , w h ic h  r e a c h e s  to  t h e  s m a l l e s t  c a r b o n  n u m b e r  o f  a r o u n d  

C 6 - C 8  c o r r e s p o n d in g  to  b e n z e n e ,  t o lu e n e  a n d  x y l e n e  f o r  i n s t a n c e s .  M o r e o v e r ,  u s in g  

2 0 % N i  a ls o  g i v e s  s im i la r  a v e r a g e  c a r b o n  n u m b e r , b u t  s h o w s  a  l o w e r  tr e n d  o f  c a r b o n  

n u m b e r  w i t h  th e  h ig h e s t  p e a k  i n d ic a t in g  th a t  t h e y  a re  m o s t ly  l o c a t e d  in  a  n a r r o w e r  

d is t r ib u t io n  o f  a r o u n d  C l 4 .  T a b le  4 .1  s h o w s  t h e  c o n c e n t r a t io n  o f  l ig h t  m o n o ­
a r o m a t ic s  w h ic h  a re  d is t r ib u t e d  in  th e  r a n g e  o f  C 6 - C 1 1  o b t a in e d  f r o m  th is  s tu d y  a s  

e x a m p l e s .  T h e s e  c a r b o n  n u m b e r  r a n g e s  a re  e x p e c t e d  t o  b e  c o m p a r a b le  w i t h  th e
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u s e f u l  m o n o - a r o m a t ic s  fr o m  p e t r o c h e m ic a l  in d u s tr y .  T h e  a c t i v i t y  in  m o n o - a r o m a t ic s  

p r o d u c t io n  c a n  b e  r a n k e d  in  th e  o r d e r ; 5 %  C o  >  l% R h  > 2 0 % N i .  H o w e v e r ,  th e  

id e n t i f i c a t io n  o f  t h e  c o m p o u n d s  i s  l im i t e d  s o  th e  fu r th e r  s t u d y  i s  n e e d e d  in  o r d e r  to  

s p e c i f y  th e  t y p e  o f  s p e c ie s .

Figure 4.13(a) C a r b o n  n u m b e r  d is t r ib u t io n  o f  m o n o - a r o m a t ic s  u s i n g  l% R h /K L .

i
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Non-Catalyst 
- B - KL 
—A — l% N iK L  
—K -5 % N iK L  
— 6—  10% NiKL  
- e -  15% NiKL  
— I— 20% NiK L

Carbon number

Figure 4.13(b) C a r b o n  n u m b e r  d is t r ib u t io n  o f  m o n o - a r o m a t i c s  u s i n g  v a r ie d
%Ni/KL.
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X Non-Catalyst
KL
1%CoKL
5%CoKL
10%CoKL
15%CoKL
20%CoKL

Carbon number

Figure 4.13(c) C a r b o n  n u m b e r  d is t r ib u t io n  o f  m o n o - a r o m a t ic s  u s i n g  v a r ie d  

% C o /K L .
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50Carbon number
Figure 4.13(d) C a r b o n  n u m b e r  d is t r ib u t io n  o f  m o n o - a r o m a t ic s  u s i n g  l% R h , 2 0 % N i  

a n d  5 % C o .

Table 4.1 C o n c e n t r a t io n  o f  l ig h t  m o n o - a r o m a t ic s  (% w t)
Carbon number 1% RhKL 5%CoKL 20%NiKL

C6-C8 0 .9 7 1 .8 3 0 .0 4
C9 2 .5 9 3 .7 8 0 .3 6

CIO 6 .1 2 7 .3 0 2 .1 1
C ll 1 0 .4 1 1 0 .6 0 6 .7 9
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4.2 Effect of Bimetallic Catalysts

T h e  a d d it io n  o f  a  s e c o n d  m e ta l  i s  i n v e s t ig a t e d  in  th e  c a t a ly t ic  p y r o ly s is  o f  

w a s t e  t ir e  in  o r d e r  to  in v e s t ig a t e  w h e t h e r  th e  p r o d u c t s  o b t a in e d  fr o m  w a s t e  t ir e  

p y r o ly s i s  c a n  b e  im p r o v e d .  T h e  b i m e t a l l i c  c a t a ly s t s  s u p p o r t e d  o n  K L  z e o l i t e  

( R h N i /K L  a n d  R h C o /K L )  w e r e  p r e p a r e d  b y  c o - im p r e g n a t io n  t e c h n iq u e  w it h  a  to ta l  
m e ta l  c o n t e n t  o f  1 % w t w i t h  th e  v a r ie d  a m o u n t s  o f  R h  f r o m  0 .0 5  to  0 .7 5  % w t . T h e  

c o m p o s i t io n s  o f  n o n - n o b le  m e t a ls ,  N i  a n d  C o ,  m o d i f i e d  w i t h  n o b le  m e t a l ,  R h , a re  

e x p r e s s e d  in  t e r m s  o f  th e  a  r a t io , w h ic h  is  d e t e r m in e d  in  t h e  f o l l o w i n g  e q u a t io n .
%Metal

 ̂Metal %Rh + % Metal ; M e t a l  =  C o  o r  N i

4 .2 .1  E f f e c t  o f  R h N i /K L
T h e  i n f l u e n c e  o f  a  r a t io  o n  p y r o ly s i s  p r o d u c t s  i s  s h o w n  in  F ig u r e  4 .1 4 ,  

w h i c h  e x h i b i t s  t h e  g a s  a n d  l iq u id  y i e ld s  o b t a in e d  f r o m  p y r o ly s i s .  T h e  p y r o ly s is  

w it h o u t  a  c a t a ly s t  g i v e s  th e  y ie ld  o f  g a s ,  l iq u id ,  a n d  s o l i d  a b o u t  13  % , 4 3  % , a n d  4 4  

% , r e s p e c t i v e ly .  T h e  p r e s e n c e  o f  p u r e  K L  g i v e s  th 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 ic  c a s e .  In a d d it io n ,  th e  g a s  a n d  l iq u id  y i e ld s  o f  m o n o m e t a l l i c  N i  a n d  R h  

s u p p o r te d  o n  K L  a re  a l s o  g iv e n  fo r  c o m p a r i s o n  p u r p o s e .  T h e  m e t a l  c o m p o s i t io n s  o f  

t h e  c a t a ly s t s  h a v e  th e  im p a c t  o n  th e  p r o d u c t  y i e ld s .  N a m e l y ,  i n c r e a s in g  th e  ( X N i  r a tio  

f r o m  0  to  1 r e s u l t s  in  t h e  f lu c t u a t io n  o f  g a s e o u s  y i e ld  a t th e  e x p e n s e  o f  l iq u id  y ie ld  

a r o u n d  th e  y i e l d s  o f  b o t h  m o n o m e t a l l i c  c a t a ly s t s .  T h e  in c r e a s e  in  g a s  y i e ld  m ig h t  b e  

a ttr ib u te d  t o  th e  a c t iv i t y  o f  c a t a ly s t  in  th e  d e c o m p o s i t i o n  o f  h e a v y  f r a c t io n s  in to  

l ig h t e r  f r a c t io n s .  T h e  b i m e t a l l i c  c a t a ly s t  a t c t N i  =  0 .5 ,  c o n s i s t i n g  o f  0 .5 % R h  a n d  

0 .5 % N i ,  s h o w s  th e  p o s i t i v e  e f f e c t  o n  th e  g a s  f o r m a t io n  r e s u l t e d  f r o m  th e  

e n h a n c e m e n t  in  c r a c k in g  r e a c t io n .  A n  in c r e a s e  in  th e  l iq u id  y ie ld  i s  o b s e r v e d  a t a  =  

0 .2 5  a n d  0 .9 5 .  It c a n  b e  e x p la in e d  th a t a t t h e s e  r a t io s  t h e  a b i l i t y  o f  c r a c k in g  is  

d e c r e a s e d  le a d in g  to  a  h ig h e r  a m o u n t  o f  l iq u id  f r a c t io n  a s  c o m p a r e d  t o  th e  

c o r r e s p o n d in g  m o n o m e t a l l i c  c a t a ly s t s .  M o r e o v e r ,  th e  s im i la r  a m o u n t  o f  s o l id  f r a c t io n  

a r o u n d  4 3 %  in  a ll  r u n s  c o n f ir m s  th a t  t ir e  i s  c o m p l e t e ly  d e c o m p o s e d  a t 5 0 0  ° c ,  s in c e  

th e  e x p e r im e n t s  w e r e  c a r r ie d  o u t  a t th e  s a m e  c o n d i t io n .
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A p p e n d ix  C 4  i l lu s tr a t e s  th e  g a s  c o m p o s i t io n  o b t a in e d  f r o m  th e  u s e  o f  

R h - N i  s u p p o r te d  o n  K L . It i s  f o u n d  th a t  a t o iN i  =  0 .5  e x h i b i t s  a  s ig n i f i c a n t ly  g r e a te r  

y ie ld  o f  l ig h t  h y d r o c a r b o n  g a s e s  th a n  t h e  u s e  o f  n o n - c a t a ly t i c  a n d  a l l  p r e p a r e d  

c a t a ly s t s .  A d d i t io n a l l y ,  th e  b im e t a l l i c  c a t a ly s t s  a l s o  a f f e c t s  th e  l ig h t  o l e f i n s  a n d  

c o o k i n g  g a s  p r o d u c t io n  a s  s h o w n  in  F ig u r e s  4 .1 5  a n d  4 . 1 6 ,  r e s p e c t i v e ly ,  w i t h  

in c r e a s in g  t h e  c o m p o s i t io n  o f  N i  c o n t e n t  u p  t o  0 .5 0 % , th e  y i e ld  o f  l ig h t  o l e f i n s  

r e a c h e s  t h e  h ig h e s t ,  a n d  t h e n  d e c r e a s e s  d u e  to  t h e  fu r th e r  a d d it io n  o f  0 .7 5 % - l % N i  

in t o  th e  m i x e d  m e t a l s .  S im i la r  tr e n d  i s  f o u n d  in  t h e  y i e ld  o f  c o o k i n g  g a s  f o r m a t io n  

w h i c h  e x h i b i t s  t h e  m a x im u m  y ie ld  a t ( X N i  =  0 .5 0 .  T h is  s u g g e s t s  th a t  th e  s u i t a b le  

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

c o o k i n g  g a s  i s  0 .5 % R h  m i x e d  w i t h  0 .5 %  N i ,  w h ic h  in d ic a t e s  t h e  s y n e r g y  b e t w e e n  R h  

a n d  N i .

i
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Figure 4.15 Y i e l d s  o f  l ig h t  o l e f i n s  o b t a in e d  f r o m  p y r o l y s i s  w i t h  u s i n g  R h N i /K L .
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Figure 4.16 Y i e l d  o f  c o o k i n g  g a s  o b t a in e d  f r o m  p y r o l y s i s  w i t h  u s i n g  R h N i /K L .

M a lt e n e  f r a c t io n a t io n  a f te r  a s p h a l t e n e  s e p a r a t io n  w a s  p e r f o r m e d  b y  

l iq u id  c h r o m a t o g r a p h y  t o  o b t a in  5 f r a c t io n s ,  w h i c h  a re  s a tu r a te d  h y d r o c a r b o n ,  m o n o -  

, d i - ,  p o ly - ,  a n d  p o la r - a r o m a t ic  c o m p o u n d s .  T h e  r e s u lt s  f r o m  F ig u r e  4 . 1 7  s h o w  th a t  

th e  in c o r p o r a t io n  o f  N i  h e lp s  t o  p r o m o t e  a n  in c r e a s e  in  s a tu r a te d  h y d r o c a r b o n s .  
E s p e c i a l l y ,  th e  b i m e t a l l i c  c a t a ly s t  a t a = 0 .2 5  e x h i b i t s  th e  h i g h e s t  c o n c e n t r a t io n  a m o n g  

th e  o t h e r s  in c lu d in g  m o n o m e t a l l i c  c a t a ly s t s ,  l % N i  a n d  l% R h . T h is  r e s u lt  o c c u r s  in  

a s s o c i a t i o n  w i t h  th e  r e d u c t io n  o f  to ta l  a r o m a t ic s  a s  o b s e r v e d  in  F ig u r e  4 .1 8 ,  w h ic h
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d e m o n s t r a t e s  th a t  th e  r a t io  o f  s a tu r a te d  h y d r o c a r b o n s  p e r  to ta l  a r o m a t ic s  ( t h e  s u m  o f  

m o n o - ,  d i - ,  p o l y -  a n d  p o la r - a r o m a t ic s )  i s  th e  h i g h e s t  a t  t h e  ( X N i  r a t io  o f  0 .2 5  a t w h ic h  

t h e  s y n e r g i s t ic  e f f e c t  o f  R h  a n d  N i  o c c u r s .  It c a n  b e  s u g g e s t e d  th a t  t h e  m i x e d  m e ta l  

s i t e s  a re  a v a i la b le  fo r  c o n v e r t in g  a r o m a t ic  c o m p o u n d s  t o  s a tu r a te d  h y d r o c a r b o n s  v ia  

h y d r o g e n a t io n  r e a c t io n .  T h e  in c o r p o r a t io n  o f  N i  t o  R h  a t t h e  a p p r o p r ia te  a m o u n t  

c o u ld  p r o v id e  a n  e n h a n c e m e n t  in  h y d r o g e n a t io n  a n d /o r  r in g  o p e n i n g  a c t iv i t y .  It i s  in  

a g r e e m e n t  w i t h  T a i l la d e s - J a c q u in  et ah, 2 0 0 8 ,  w h o  in v e s t i g a t e d  th e  h y d r o g e n a t io n  o f  

n a p h th a le n e  b y  u s in g  Pd-RJh c a t a ly s t  a n d  f o u n d  th a t  th e  b i m e t a l l i c  c a t a ly s t  s h o w e d  

a c t iv i t y  a n d  s e l e c t i v i t y  t o  th e  f o r m a t io n  o f  h y d r o g e n a t e d  a n d  r in g  o p e n i n g  p r o d u c ts .

a Ni= Ni/(Rh+Ni)
Figure 4.17 C h e m ic a l  c o m p o s i t io n  in  m a l t e n e s  o b t a in e d  f r o m  u s i n g  R h N i /K L .
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F i g u r e  4 .1 8  S a tu r a te d  h y d r o c a r b o n s / t o t a l  a r o m a t ic s  r a t io  f r o m  u s i n g  R h N i /K L .

M o n o - a r o m a t ic s ,  w h i c h  c a n  b e  u s e d  a s  v a lu a b le  s u b s t a n c e s ,  a r e  a l s o  

th e  ta r g e t  o f  th is  r e s e a r c h . It i s  fo u n d  f r o m  F ig u r e  4 . 1 7  th a t  th e  b i m e t a l l i c  c a t a ly s t s  a t  

« N i  =  0 .7 5  a n d  0 .9 5  e x h i b i t  a  h ig h e r  c o n c e n t r a t io n  o f  m o n o - a r o m a t i c s  th a n  th e  o th e r  

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

l% R h /K L  c a t a ly s t .  T h e  e f f e c t  o n  m o n o - a r o m a t ic s  p r o d u c t io n  c a n  b e  fu r th e r  

e x p la in e d  b y  F ig u r e  4 .1 9 ,  w h ic h  i l lu s t r a t e s  th e  c a r b o n  n u m b e r  d is t r ib u t io n  w i t h  

a v e r a g e  c a r b o n  n u m b e r  o b t a in e d  fr o m  u s in g  c o - l o a d e d  c a t a ly s t s  a n d  th e ir  

m o n o m e t a l l i c  c a t a ly s t s .  T h e  r e s u lt  s h o w s  th a t  th e  a d d it io n  o f  N i  r e s u l t s  in  th e  s h i f t  o f  

p e a k  t o  a  h ig h e r  c a r b o n  n u m b e r  a s  c o m p a r e d  t o  u s i n g  th e  m o n o m e t a l l i c  R h /K L  

c a t a ly s t  o r  e v e n  th e  N i /K L  c a t a ly s t  i t s e l f .  T h is  c a n  b e  s u g g e s t e d  th a t  c o - l o a d i n g  th e  

t w o  m e t a ls ,  N i  a n d  R h , o n  th e  c a t a ly s t s  a s  b im e t a l l i c  c a t a ly s t s  h a v e  t h e  n e g a t iv e  

im p a c t  o n  m o n o - a r o m a t ic s  fo r m a t io n  s i n c e  it  g i v e s  h e a v ie r  m o n o - a r o m a t ic s  b a s i c a l ly  

u n d e s ir e d  fo r  p e t r o c h e m ic a l  f e e d  s t o c k .  It i s  o n l y  a t tr ib u te d , a g a in ,  to  th e  c a t a ly t ic  

a c t iv i t y  in  r in g - o p e n in g  a n d  h y d r o g e n a t io n  r e a c t io n ,  l e a d in g  t o  a  d e c r e a s e  in  to ta l  

a r o m a t ic s  c o n t e n t  w h e n  th e  N i  r a tio  i s  l o w e r  th a n  0 .5 .
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Carbon number

—e -a N i = 1 
—B—aNi = 0.95 
—A—aNi = 0.75 
— aNi  = 0.50 
- ^ - aNi = 0.25 

o  aNi = 0

Figure 4.19 C a r b o n  n u m b e r  d is t r ib u t io n  o f  m o n o - a r o m a t ic s  f r o m  u s i n g  R h N i /K L .

N e v e r t h e l e s s ,  th e  p o la r - a r o m a t ic s  c o n t e n t  in  t h e  o i l  p r o d u c t  i s  fo u n d  

h ig h e r  th a n  th e  u s e  o f  b o th  m o n o m e t a l l i c  c a t a ly s t s .  It i s  in  a c c o r d a n c e  w i t h  th e  

a m o u n t  o f  s u lfu r  in  o i l  a s  s h o w n  in  A p p e n d ix  H 2 ,  w h i c h  i s  a l s o  f o u n d  h ig h e r  th a n  

u s i n g  b o th  m o n o - m e t a l l i c  c a t a ly s t s .  P o la r - a r o m a t ic s  a re  m o s t l y  in  t h e  fo r m  o f  s u lfu r -  

c o n t a in in g  a r o m a t ic s  c o m p o u n d s .  T h is  c a n  b e  c o n c lu d e d  th a t  t h e  b im e t a l l i c  c a t a ly s t s  

o f  R h  m i x e d  w i t h  N i  s u p p o r te d  o n  K L  s h o w  th e  l o w  a b i l i t y  t o  c l e a v a g e  C - S - C  b o n d  

in  th e  m o l e c u l e s  o f  d e r iv e d  o i l ,  r e s u lt in g  in  a  l o w  q u a l i t y  o f  o i l  p r o d u c t s .
F o r  p e t r o le u m  fr a c t io n , it i s  f o u n d  fr o m  F ig u r e  4 . 2 0  th a t  a m o n g  c o ­

lo a d in g  c a t a ly s t s ,  aNi =  0 .5  e x h i b i t s  th e  h ig h e s t  n a p h th a  c o n t e n t  b u t ,  s t i l l  l o w e r  th a n  

th a t  o b t a in e d  f r o m  b o t h  c o r r e s p o n d in g  m o n o m e t a l l i c  c a t a ly s t s .  H o w e v e r ,  in c r e a s in g  

ONi f r o m  0 .2 5  to  0 .7 5  r e s u lt s  in  a n  in c r e m e n t  in  g a s  o i l  f r a c t io n s  a n d  a  fu r th e r  

d e c r e a s e  a t aNi =  0 .9 5 .  T h e s e  r e s u lt s  s u g g e s t  th a t  th e  in t r o d u c t io n  o f  R h - N i  a s  m ix e d
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c a t a ly s t s  h a v e  t h e  im p a c t  o n  th e  h ig h e r  p r o d u c t io n  o f  g a s  o i l ,  w h i c h  i s  r e s u lt e d  fr o m  

th e  r e d u c t io n  in  c r a c k in g  a b i l i ty .

Figure 4.20 N a p h t h a  a n d  g a s  o i l  f r a c t io n s  f r o m  u s in g  R h N i /K L .

4 . 2 .2  E f f e c t  o f  R h C o /K L
T h e  c o m b in a t io n  o f  C o  a n d  R h  a s  b im e t a l l i c  c a t a ly s t s  s u p p o r te d  o n  

K L  z e o l i t e  i s  a l s o  in v e s t ig a t e d  in  th e  c a t a ly t ic  p y r o ly s i s  o f  w a s t e  t ir e . T h e  

c o m p o s i t io n  o f  c o - l o a d e d  c a t a ly s t s  i s  p r e s e n t e d  a s  th e  (Xco r a t io  a c c o r d in g  to  th e  

a b o v e  e q u a t io n .  T h e  p r o d u c t  y i e ld  o f  n o n - c a t a ly s t  c a s e  i s  4 3  %  l iq u id ,  13  %  g a s  a n d  

4 4  %  s o l id .  F ig u r e  4 .2 1  i l lu s t r a t e s  th e  g a s  a n d  l iq u id  y i e l d s  o f  b i m e t a l l i c  c a t a ly s t s  a t  

v a r io u s  a c o  r a t io s  c o m p a r e d  t o  th a t  o f  m o n o m e t a l l i c  c a t a ly s t s .  T h e  r e s u lt  s h o w s  th a t  

c o - l o a d i n g  o n  t h e  c a t a ly s t s  h a v e  th e  e f f e c t  o n  th e  p r o d u c t  y i e ld s .  N a m e l y ,  a t a = 0 .2 5  

t h e  l iq u id  y i e ld  r e a c h e s  th e  m a x im u m , w h i c h  s h o w s  th e  h i g h e s t  v a lu e  c o m p a r e d  to  

th e  o th e r  b i m e t a l l i c  a n d  th e  m o n o m e t a l l i c  c a t a ly s t s ,  a n d  t h e n  s l i g h t ly  d e c r e a s e s  w i t h  

in c r e a s in g  a c o  u p  to  0 .7 5 .  C o n s e q u e n t ly ,  th e  l iq u id  y i e l d  s ta r ts  to  in c r e a s e  a g a in  a t 

a c o  =  0 .9 5 .  T h e s e  r e s u lt s  s u g g e s t  th a t  th e  c o - l o a d i n g  i s  l ik e l y  t o  in c r e a s e  th e  

p r o d u c t io n  o f  l iq u id  p r o d u c t . In a d d it io n ,  t h e  s im i la r  v a lu e  o f  s o l i d  y i e ld  i s  o b s e r v e d  

in  a l l  e x p e r im e n t s  a r o u n d  4 3 %  w h i c h  i s  d u e  to  th e  s a m e  r e a s o n  a s  d i s c u s s e d  

p r e v io u s l y  th a t  t ir e  i s  c o m p l e t e l y  d e c o m p o s e d  a t 500°c.



50

ac 0 = Co/(Rh+Co)
Figure 4.21 G a s  a n d  l iq u id  y i e ld  o b t a in e d  fr o m  p y r o l y s i s  u s in g  R h C o /K L .

T h e  u s e  o f  R h  m o d i f i e d  w i t h  C o  o n  K L  z e o l i t e  in  c a t a ly t ic  p y r o ly s is  

c a u s e s  a  s ig n i f i c a n t  e f f e c t  o n  th e  f o r m 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 s  c a n  b e  s e e n  

f r o m  F ig u r e  4 . 2 2 .  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  l ik e l y  to  in c r e a s e  a t  

a  h ig h e r  a c o  r a t io . T h e  c o m b in a t io n  o f  0 .0 5 %  R h  w i t h  0 .9 5 % C o  s h o w s  a  m a r k e d  

in c r e a s e  in  s a tu r a te s  in  th e  o i l  p r o d u c t ,  w h ic h  r e a c h e s  t h e  h ig h e s t  v a lu e  a t (Xco =  0 .9 5 .  
T h e s e  m ig h t  b e  a s c r ib e d  t o  th e  fa c t  th a t  th e  h y d r o g e n a t io n  r e a c t io n  i s  d o m in a n t  a t th e  

a c t iv e  s i t e s  o f  b im e t a l l i c  c a t a ly s t s  a t th e  h ig h  a c o  r a t io . F ig u r e  4 .2 3  d e m o n s t r a t e s  th e  

r a t io  o f  s a tu r a te d  h y d r o c a r b o n s  p e r  t o t a l s  a r o m a t ic s .  T h e  h ig h e s t  p e a k  i s  o b v i o u s l y  

s e e n  a t a c o  =  0 .9 5 ,  w h i c h  c a n  b e  i m p l ie d  th a t  t h e  s a tu r a te d  h y d r o c a r b o n s  i s  fo r m e d  

v ia  th e  h y d r o g e n a t io n  o f  a r o m a t ic  c o m p o u n d s ,  l e a d in g  to  a  d e c r e a s e  in  to ta l  
a r o m a t ic s .  F o r  m o n o - a r o m a t ic s  f o r m a t io n ,  it i s  f o u n d  f r o m  th e  r e s u l t  th a t  c o - l o a d i n g  

c a t a ly s t s  w i t h  d c o  =  0 .5  e x h i b i t s  th e  h ig h e s t  c o n c e n t r a t io n  a s  c o m p a r e d  t o  th e ir  

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

m o n o m e t a l l i c  R h /K L  c a t a ly s t .  A d d i t io n a l ly ,  th e  c o m b in a t io n  o f  R h  a n d  C o  h a s  n o  

im p a c t  o n  t h e  r e d u c t io n  o f  p o la r - a r o m a t ic s  a s  w e l l  a s  th e  s u l f u r - c o n t a in in g  

c o m p o u n d s  in  t h e 'd e r iv e d  o i l  a s  c a n  b e  s e e n  in  A p p e n d i x  H 2 .
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Figure 4 .2 2  C h e m ic a l  c o m p o s i t io n  in  m a lt e n e s  o b t a in e d  f r o m  u s in g  R h C o /K L .

ac0 = Co/(Rh+Co)
Figure 4.23 S a tu r a te d  h y d r o c a r b o n s / t o t a l  a r o m a t ic s  r a t io  f r o m  u s i n g  R h C o /K L .

F ig u r e  4 .2 4  e x h i b i t s  th e  fu ll  r a n g e  n a p h th a  a n d  g a s  o i l  c o n t e n t s  in  

m a lt e n e s .  It i s  a p p a r e n t ly  s e e n  th a t  th e  n a p h th a  c o n t e n t s  f r o m  a l l  b i m e t a l l i c  c a t a ly s t s  

a re  lo w e r  th a n  th a t o f  th e  c o r r e s p o n d in g  m o n o m e t a l l i c  c a t a ly s t s ,  w h e r e a s  th e  

in c o r p o r a t io n  o f  t w o  m e t a l s  p r o v id e s  a  s ig n i f ic a n t  im p a c t  o n  t h e  g a s  o i l  p r o d u c t io n  

w h i c h  r e a c h e s  th e  m a x im u m  a t  a c o  =  0 .5 .  T h e  a m o u n t  o f  n a p h th a  f r a c t io n  c a n  

in d ic a t e  th e  c r a c k in g  a b i l i t y  o f  th e  c a t a ly s t s  in  d e c o m p o s i t i o n  h e a v y  l iq u id  fr a c t io n .  
T h e r e f o r e ,  th e  in t r o d u c t io n  o f  b im e t a l l i c  c a t a ly s t s  u s i n g  C o  m o d i f i e d  w i t h  R h  h a v e  

th e  n e g a t i v e  im p a c t  o n  n a p h th a  f r a c t io n  in  th e  d e r iv e d  o i l ,  w h i c h  i s  a t tr ib u te d  to  a  

d e c r e a s e  in  c r a c k in g  a b i l i t y ,  r e s u l t in g  in  a n  in c r e m e n t  o f  g a s  o i l  f r a c t io n .
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Figure 4.24 N a p h t h a  a n d  g a s  o i l  f r a c t io n  f r o m  u s i n g  R h C o /K L .

In  c o n c lu s io n ,  t h e  in c o r p o r a t io n  o f  0 .5 % R h  m i x e d  w i t h  0 .5  %  N i  a s  

c o - l o a d i n g  c a t a ly s t s  h a v e  t h e  s y n e r g i s t ic  im p a c t  o n  t h e  f o r m a t io n  o f  p y r o ly t ic  g a s ,  
p r o v id in g  t h e  h ig h e r  y i e ld  o f  c o o k i n g  g a s  a n d  l ig h t  o l e f i n s  a s  c o m p a r e d  to  th e ir  

c o r r e s p o n d in g  m o n o m e t a l l i c  c a t a ly s t s .  F o r  l iq u id  p r o d u c t ,  i n c r e a s in g  (ïN i f r o m  0 .5 -  

0 .7 5  r e s u lt s  in  t h e  in c r e m e n t  o f  s a tu r a te d  h y d r o c a r b o n s ,  w h i c h  l e a d s  t o  t h e  r e d u c t io n  

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

t h e  s m a l l  a m o u n t  o f  0 .05% R Jh  a d d it io n  in  0 .9 5 % N i  a s  th e  b i m e t a l l i c  c a t a ly s t .
In  th e  c a s e  o f  R h C o /K L  c a t a ly s t s ,  it  i s  o b v i o u s l y  s h o w n  th a t  th e  

a d d it io n  o f  t w o  m e t a l s  h a s  in f l u e n c e  o n  t h e  p r o d u c t io n  o f  l iq u id  p r o d u c t ,  e x c e p t  at 

a c o  =  0 .7 5 ,  w h i c h  i s  d u e  t o  t h e  d e c r e a s e  in  c r a c k in g  a b i l i t y  l e a d i n g  t o  t h e  f o r m a t io n  

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

0 .0 5 % R h  m o d i f i e d  w i t h  C o  g i v e s  a  d i s t in g u i s h a b le  a m o u n t  o f  s a tu r a te s  in  th e  d e r iv e d  

o i l .
It c a n  b e  c o n c lu d e d  fr o m  th e  a b o v e  r e s u lt s  th a t  th e  in t r o d u c t io n  o f  c o ­

lo a d e d  c a t a ly s t s  h a v e  t h e  p o t e n t ia l  o n  th e  p r o d u c t io n  o f  s a tu r a te d  h y d r o c a r b o n s  w i t h
t h e  r e d u c t io n  in  to ta l  a r o m a t ic  c o m p o u n d s .  It i s  m ig h t  b e  a t tr ib u te d  t o  t h e  d o m in a n t

)
r e a c t io n s  o f  h y d r o g e n a t io n  a n d /o r  r in g  o p e n in g  r e a c t io n s  w h i c h  u n d e r g o  d e e p ly  in  

th e  p r o c e s s .  H o w e v e r ,  th e  b im e t a l l i c  c a t a ly s t s  h a v e  l i t t le  im p a c t  o n  t h e  p r o d u c t io n  o f  

m o n o - a r o m a t ic s  b e c a u s e  t h e y  g a v e  th e  s im i la r  c o n t e n t  a s  c o m p a r e d  to  th e ir  

m o n o m e t a l l i c  c a t a ly s t s .  M o r e o v e r ,  s u l f u r - c o n t a in in g  c o m p o u n d s  in  th e  d e r iv e d  o i l
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a r e  fo u n d  h ig h e r  th a n  u s i n g  th e  m o n o - m e t a l l i c  c a t a ly s t s ,  w h i c h  i s  p r o b a b ly  d u e  to  

l o w  a c t iv i t y  in  C - S  b o n d  b r e a k in g .
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