
CHAPTER III 
EXPERIMENTAL

3.1 Materials

Used passenger car tire (Bridgestone Turanza GR80) in life time about 
50,000 kilometers was cut in pieces and ground to produce samples with a particle 
size range of 8-18 mesh.

3.2 Equipments

1. Aquarium Air pump
2. Agilent Technology, Gas Chromatography (GC)
3. Bench-scale autoclave reactor
4. Gas-sampling bag
5. Liquid Chromatography Column (Glass), 650 mm height, 26.6 mm 

inside diameter
6. Perkiln Elmer/Pyris Diamond (Thermogravimetric /Differential 

Thermal Analysis, TG/DTA)
7. Rigaku/Rint 2200HV (X-Ray Diffraction Spectroscopy)
8. Sieves, Mesh 8-18 and 40-60
9. Thermo Finnigan Sorptomatic 1990 (Surface Area Analyzer)
10. Varian GC-3800 stimulated distillation gas chromatography (SIMDIST 

GC)
11. Varian/Spectra AA 300 (Atomic Absorption Spectrometer, AAS)
12. Vacuum Pump
13. Elemental Analyzer (LECO, CHNS-932)

3.3 Chemicals and Solvents

1. Benzene (บ6บ6, Assay > 99.8 %)
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2 . C a rb o n  d is u l f id e ,  C S 2

3 . D ie th y l  e th er  ( ( 0 2 แ ร ) 2 0 , A s s a y  >  9 9 .5  % )
4 . K L  Z e o l i t e  C a ta ly s t s  fro m  T o s o h  C o m p a n y , S in g a p o r e
5 . M e ta l p r ecu r so rs: A m m o n iu m  P errh en a te  (N I ^ R e C L ) , A m m o n iu m  

M o ly b d a te  T e tr a h y d r a te  (N H 4 )6 M o 7 0 2 4 '4 H 2 0 ) , ( fr o m  S .M . C h e m ic a l  
C o m p a n y , T h a ila n d )

6 . M e th a n o l (C H 3O H , A s s a y  >  9 9 .8  % )
7 . n -p e n ta n e  (C H 3(C H 2) 3C H 3, A s s a y  >  9 9  % )
8 . n -h e x a n e  (C H 3(C H 2 ) 4C H 3), A s s a y  >  9 9  % )
9 . N e u tr a l a lu m in a  fo r  liq u id  c h r o m a to g r a p h y  ( 0 .0 5 - 0  1 5 m m  ; p H  7 .0 ± 0 .5 )
1 0 . N 2 g a s
11 . S i l ic a  fo r  l iq u id  c h r o m a to g r a p h y  (P a r t ic le  s iz e  0 .0 6 3 - 0 .2 0 0  ; 7 0 - 7 3 0  

m e s h  A S T M )

3 . 4  M e t h o d o l o g y

3 .4 .1  C a ta ly s t  P rep a r a tio n
3.4.1.1 Preparation o f  KL Zeolite

K L  z e o l i t e  o b ta in e d  fro m  T o s o h  C o m p a n y  S in g a p o r e  w a s  
c a lc in e d  at 5 0 0  ° c  fo r  3 h o u rs  w ith  th e  h e a t in g  rate o f  10  ๐c / m i n  to  r e m o v e  th e  
o r g a n ic  c o n te n t  fro m  z e o l i t e .

3.4.1.2 Preparation o f  %MoO}/KL Catalysts
M o ly b d e n u m  su p p o r te d  o n  K L  z e o l i t e  w a s  p r ep a red  b y  th e  

in c ip ie n t  w e t n e s s  im p r e g n a tio n  w ith  an a q u e o u s  s o lu t io n  c o n t a in in g  a m m o n iu m  

m o ly b d a te  te tr a h y d ra te  ( ( N H 4 ) 6 M o 7 0 2 4 '4 H 2 0 ) ) .  T h e  im p r e g n a te d  c a ta ly s t s  w e r e  
d r ied  at 1 1 0  ° c  fo r  3 h o u rs  an d  c a lc in e d  at 5 0 0  ๐c  fo r  4  h o u r s .

3.4.1.3 Preparation o f% R e/K L  Catalysts
R h e n iu m  su p p o r te d  o n  K L  z e o l i t e  w a s  p r ep a red  b y  th e  

in c ip ie n t  w e t n e s s  im p r e g n a tio n  w ith  d if fe r e n t  p e r c e n ta g e s  u s in g  an  a q u e o u s  s o lu t io n  
o f  a m m o n iu m  p e rrh e n a te  ( N H 4 R e 0 4 ) . T h e  im p r e g n a te d  c a ta ly s t s  w e r e  d r ied  at 
1 1 0  ° c  fo r  3 h o u r s  and  c a lc in e d  at 5 0 0  ° c  fo r  4  h o u r s . F in a lly , a ll o f  R e /K L  c a ta ly s t s  
w e r e  r e d u c e d  at th e  r e d u c t io n  te m p e r a tu r e  a s  s h o w n  in A p p e n d ix  J fo r  4  h o u r s .
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3.4.1.4 Preparation o f  % Re-l% M oO i/K L Catalysts
T h e  c a ta ly s t s  w e r e  p rep a red  b y  in c ip ie n t  w e t n e s s  

im p r e g n a t io n  o f  K L  z e o l i t e  u s in g  ( N H 4 ) 6 M o 7 0 2 4 ’4 H 2 0  a n d  N H 4 ReC>4 . T h e r e  w e r e  2 
p r ep a ra tio n  s te p s . In th e  fir s t s te p , lw t %  o f  M 0 O 3/K L  w a s  p r ep a red  a s  in d ic a te d  
a b o v e ,  a n d  f o l lo w e d  b y  r h e n iu m  lo a d in g  in th e  s e c o n d  s te p . T h e  c o - lo a d e d  
p r e c u r so r s  w e r e  d r ied  a n d  c a lc in e d  a g a in , th en  th e y  w e r e  r e d u c e d  at th e  r e d u c t io n  
te m p e r a tu r e  o f  R e /K L  at d if fe r e n t  p e r c e n ta g e s  fo r  4  h o u r s  to  p r o d u c e  th e  R e  m e ta l l ic  
c lu s te r s ,  w h i le  M 0 O 3 s t i l l  r e m a in e d  in  th e  o x id e  fo r m  o n  th e  c a ta ly s t s .

3 .4 .2  P y r o ly s is  P r o c e s s
T h e  p y r o ly s is  w a s  ca rr ied  o u t  in an a u to c la v e  rea c to r . T h e  r e a c to r  and  

d ia g r a m  o f  p y r o ly s is  a re  s h o w n  in F ig u r e s  3.1 a n d  3 .2 ,  r e s p e c t iv e ly .  T h e  r e a c to r  is  
se p a r a te d  in to  2  z o n e s ;  th e  lo w e r  z o n e  fo r  th e  p y r o ly s is  o f  ra w  m a te r ia l and  th e  u p p er  
fo r  c a ta ly t ic  p y r o ly s is  z o n e .  A  w e ig h t  o f  scra p  tire  m a ter ia l in e a c h  b a tc h  p y r o ly s is  
w a s  3 0  g . A l l  c a ta ly s t s  w e r e  p e lle t iz e d  a n d  s ie v e d  to  th e  p a r t ic le  s iz e  b e tw e e n  3 0 0  
p m  to  4 2 5  p m  and  lo a d e d  to  th e  u p p e r  z o n e  o f  r ea c to r . N itr o g e n  g a s  w a s  p a s s e d  
th r o u g h  th e  rea c to r  to  p u r g e  o x y g e n  g a s  in s id e  th e  r e a c to r  s y s te m  at a f lo w  rate o f  3 0  
m l/m in  fo r  m in u te s . T h e  te m p e r a tu r e  o f  b o th  z o n e s  w a s  h e a te d  fro m  r o o m  
te m p e r a tu r e  to  fin a l te m p e r a tu r e  w ith  h e a t in g  rate o f  1 0  ° c / m i n  a n d  h o ld  at th e  f in a l  
te m p e r a tu r e  fo r  9 0  m in u te s  at a tm o s p h e r ic  te m p e r a tu r e . T h e  f in a l te m p e r a tu r e  o f  
p y r o ly s is  z o n e  and  c a ta ly t ic  z o n e  w e r e  5 0 0  ๐c  a n d  3 0 0  °c, r e s p e c t iv e ly .  T h e  liq u id  
p r o d u c t fr o m  p y r o ly s is  w a s  c o n d e n s e d  in to  th e  c o n d e n s e r s ,  and  th e  g a s e o u s  p r o d u c t  

w a s  p a s s e d  to  a g a s - s a m p lin g  b a g . T h e  liq u id  p r o d u c t  a n d  p y r o ly s is  r e s id u e  (c h a r )  
w e r e  d e te r m in e d  b y  w e ig h in g ,  and  th en  g a s  p r o d u c ts  w e r e  d e te r m in e d  b y  m a s s  
b a la n c e .

c a ta ly t ic  z o n e  

p y r o ly s is  z o n e

F ig u r e  3 .1  A n  a u to c la v e  r ea c to r  (C h o o s u t o n , 2 0 0 7 ) .
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F igu re  3.2 S c h e m a t ic  o f  th e  p y r o ly s is  p r o c e s s  (M h o d m o n th in , 2 0 0 5 ) .

3 .4 .3  P r o d u c t  A n a ly s is
3.4.3.1 L iquid Product Analysis

T h e  liq u id  p r o d u c t  in  th e  g la s s  c o n d e n s e r s  fr o m  p y r o ly s is  

p r o c e s s  w a s  a n a ly z e d  in to  2  s te p s  a s  f o l lo w s :
a ) A s p h a lte n e  P r e c ip ita t io n

A s p h a lte n e  w a s  p r e c ip ita te d  fr o m  m a lte n e  b y  a d d in g  ท- 
p e n ta n e  in to  th e  l iq u id  p r o d u c t a n d  th e n  s h a k in g  at 3 0  ° c  fo r  15 m in u te s  in  an  
u ltr a s o n ic  b a th , a n d  a fte r  th at a s p h a lte n e  w a s  f iltr a te d  in  a v a c u u m  s y s t e m  b y  u s in g  
0 .4 5  p m  te f lo n  m e m b r a n e . T h e  m e m b r a n e  w ith  f i lt e r e d  w a s  d r ie d  at 1 0 0  ๐c  fo r  6  

h o u r s , an d  th en  it w a s  w e ig h e d
b ) M a lte n e  S e p a r a tio n

M a lte n e  w a s  se p a r a te d  in to  sa tu ra ted  h y d r o c a r b o n s  and  
a r o m a tic  c o m p o u n d s  a s  s h o w n  in  T a b le  3 .1  b y  u s in g  liq u id  c h r o m a to g r a p h y  c o lu m n  
( 6 5 0  h e ig h t  X 2 6 .6  m m . I .D .) .  T h e  c o lu m n  w a s  p a c k e d  w ith  s i l i c a  g e l  a n d  a lu m in a  in 
th e  u p p e r  h a l f  z o n e  a n d  th e  lo w e r  h a l f  z o n e ,  r e s p e c t iv e ly .  T h e  a d s o r b e n t  c o lu m n  w a s  
p r e w e tte d  w ith  n - h e x a n e  fo r  a n ig h t  b e fo r e  its  u s e  fo r  se p a r a t io n . T h e  f lo w  rate  o f
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m o b ile  p h a se  w a s  c o n tr o lle d  b y  a f is h  p u m p , a n d  w a s  k e p t at a c o n s ta n t  o f  2 0  

c m V m in . T h e n , th e  m o b ile  p h a se  in e a c h  p r e v a i l in g  c o m p o u n d  w a s  e v a p o r a te d  at 
a b o u t 6 0  °c b y  a ro tary  v a c u u m  e v a p o r a to r . A fte r  e x tr a c t io n , th e  a d s o r b e n ts  w e r e  
d r ied  and r e g e n e r a te d  to  r e m o v e  h y d r o c a r b o n  r e s id u a ls  a t 1 6 0  °c fo r  18 hr.

Table 3.1 T h e  o p t im iz e d  c o m p o s i t io n  a n d  v o lu m e s  o f  m o b i le  p h a s e s  fo r  m a lte n e s  
se p a r a tio n  b y  liq u id  a d so r p tio n  c h r o m a to g r a p h y  (S e b o r  et al., 1 9 9 9 )

M o b i le  p h a s e V o lu m e  ( c m 3) P r e v a i l i n g  c o m p o u n d s
H e x a n e 6 0 0 S a tu ra te d  h y d ro c a rb o n s

H e x a n e -b e n z e n e  (2 4 :1 , v /v ) 5 00 M o n o a ro m à tic s
H e x a n e -b e n z e n e  (2 2 :3 , v /v ) 5 00 D ia ro m a tic s

B e n z e n e 5 0 0 P o ly a ro m a tic s
B e n z e n e -d ie th y le th e r -m e th a n o l  (1 :1 :3  v /v ) 5 00 P o la r  a ro m a tic s

T h e  liq u id  fr a c t io n s  from  liq u id  c h r o m a to g r a p h y  w e r e  
a n a ly z e d  b y  a V a r ia n  C P - 3 8 0 0  s t im u la te d  d is t i l la t io n  g a s  c h r o m a to g r a p h y  
(S I M D I S T -G C ) . It w a s  u s e d  to  d e te r m in e  th e  b o i l in g  p o in t  d is tr ib u tio n  o f  
h y d r o c a r b o n  a c c o r d in g  to  A S T M  D 2 8 8 7  m e th o d  a t th e  f o l lo w in g  c o n d it io n s ;

In itia l te m p e r a tu r e 3 0 °c
T im e  at in it ia l  tem p era tu r e 0 . 0 1 m in
H e a t in g  rate 2 0 ๐c / m i n
F in a l te m p e r a tu r e 3 2 0 °c
H o ld in g  t im e 8 .5 0 m in

3.4.3.2 Gaseous Products Analysis
T h e  g a s  p r o d u c ts  w e r e  a n a ly z e d  b y  a  G a s  C h r o m a to g r a p h y ,  

A g ile n t  T e c h n o lo g ie s  6 8 9 0  N e tw o r k  G C  s y s t e m , u s in g  H P -P L O T  Q  c o lu m n :  3 0  m  X 
0 .3 2  m m  d ia m e te r  a n d  2 0  p m  f i lm  t h ic k n e s s e s .  F ID  w a s  a d e te c to r  an d  u s in g  H e  a s  
th e  ca rr ier  g a s . T h e  o p e r a t in g  c o n d it io n s  w e r e  l is te d  a s  f o l lo w s :
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In itia l tem p era tu r e 7 0 °c
T im e  at in itia l tem p era tu r e 8 m in
H e a t in g  rate 2 0 ° c / m i n  to  2 0 0

H o ld  fo r 16 m in
F in a l tem p era tu r e 2 0 0 °c
H o ld in g  t im e 3 0 m in

C

3 .4 .4  C a ta ly s t  C h a r a c te r iz a t io n
3.4.4.1 Coke Formation A nalysis

T h e r m o g r a v im e tr ic /D if fe r e n t ia l  T h erm a l A n a ly s i s  ( T G /D T A )
w a s  u s e d  fo r  c o k e  fo r m a tio n  a n a ly s is  o n  th e  c a ta ly s t s .  A  s a m p le  w a s  h e a te d  fr o m  th e  
r o o m  te m p e r a tu r e  to  800°c w ith  th e  h e a t in g  ra te  o f  1 0 ° c / m i n ,  a n d  it w a s  h e ld  a t th is  
te m p e r a tu r e  fo r  3 0  m in u te s . N itr o g e n  and  o x y g e n  f lo w  rate w e r e  c o n tr o lle d  at 1 0 0  
m l/m in  an d  2 0 0  m l/m in , r e s p e c t iv e ly .

3.4.4.2 Elemental A nalyzer
S u lfu r  c o n te n t  in th e  p y r o ly t ic  o i l  and  o n  th e  s p e n t  c a ta ly s t s  

w a s  a n a ly z e d  b y  an e le m e n ta l  a n a ly z e r  (L E C O , C H N S - 9 3 2 ) .
3.4.4.3 Temperature Program med Reduction (TPR)

T h e  T P R  p r o f i le  o f  th e  c a ta ly s t s  w a s  o b ta in e d  u s in g  a 
T h e r m o  F in n ig a n , T P D R O l 1 0 0  a n a ly z e r  w ith  M S . 0 .1  g  o f  c a ta ly s t s  w a s  lo a d e d  in  a 
q u a rtz  tu b e , an d  th en  th is  tu b e  w a s  h e a te d  fro m  r o o m  te m p e r a tu r e  to  9 0 0  °c at 10  
° c / m i n  u n d e r  a  f lo w  o f  4 .9 5 % H 2 in N 2 ( 2 0  c c m /m in ) .


	CHAPTER III EXPERIMENTAL
	3.1 Materials
	3.2 Equipments
	3.3 Chemicals and Solvents
	3.4 Methodology


