
CHAPTER III
METHODOLOGY

3.1 Equipment

1. I s o th e r m a l  f i x e d  b e d  s t a in le s s  s t e e l  U - t u b e  r e a c to r
2 . A g i l e n t  T e c h o n o l o g ie s  6 8 9 0 ,  G a s  C h o r o m a to g r a p h y  ( G C )
3 . V a r ia n  C P - 3 8 0 0 ,  S im u la t e d  D is t i l la t io n  G a s  C h r o m o t o f r a p h y  ( G C -  

S im d is t )
4 .  A g i l e n t  7 8 9 0 ,  G a s  C h r o m a t o f r a p h y - M a s s  S p e c tr o m e tr y ,  T i m e  o f  

F lig h t  ( G C - T O F )
5 . X - R a y  F lu o r e s e n c e  s p r c tr o p h o t o m e te r  ( X R F )
6 . T h e r m o  F in n ig a n  S o r p t o m e t ic  1 9 9 0 ,  S u r f a c e  A r e a  A n a ly z e r  ( ร A A )
7 . H y d r a u l ic  p e l l e t  m a c h in e
8 . S i e v e s  M e s h  2 0 - 4 0
9 . R ig a k u ,  X -r a y  D i f f r e a c t io n  S p e c t r o s c o p y  ( X R D )
1 0 . M a s s  f l o w  m e te r
1 1 . T e m p e r a tu r e  p r o g r a m  c o n t r o l le r
1 2 . S y r in g r p u m p
1 3 . T e d la r  b a g

3.2 Materials

1. B io - e t h n a o l  c o n c e n t r a t io n  9 9 .5 %  (S a p th ip  C o . ,L t d )
2 .  S A P O - 3 4  c a t a ly s t  ( T ia n j in  C h e m is t  S c ie n t i f i c  L td .)
3 . D e i o n i z e d  w a te r
4 . Q u a r tz  W o o l
5 . A lu m in a  b a ll
6 . H e l iu m  g a s  ( H ig h  p u r ity )
7 . T in ( I I )  o x id e  p o w d e r
8 . T in ( I V )  o x id e  p o w d e r
9 . A n t im o n y ( I I I )  o x i d e  p o w d e r



1 0 . A n t im o n y ( V )  o x id e  p o w d e r
1 1 . T in ( I I )  c h lo r id e  ( S n C l 2* 2 H 20 )
1 2 . A n t im o n y  T r ic h lo r id e  ( S b C b )
1 3 . C a r b o n  d is u l f id e  ( C S 2)

3.3 Experimental Procedures

3 .3 .1  C a t a ly s t  P r e p a r a t io n
T h e  c a ta ly s t  p r e p a r a t io n  o f  t h is  r e s e a r c h  w o r k - w a s  d iv id e d  in to  2  

p a r ts . T h e  f ir s t  o n e  w a s  th e  o x i d e s  o f  รท  a n d  S b  lo a d e d  o n  S A P O - 3 4  c a t a ly s t  b y  

s o l i d - s o l id  in t e r a c t io n ,  a n d  th e  s e c o n d  p a r t w a s  b o th  o f  ร ท  a n d  S b  o x i d e s  lo a d e d  o n  

S A P O - 3 4  a t v a r io u s  c o n c e n tr a t io n s .
F o r  th e  f ir s t  s c o p e ,  a  S A P O - 3 4  c a t a ly s t ,  s u p p l ie d  fo r m  T a in j in  

C h e m is t  S c i e n t i f i c  L im ite d , w a s  d r ie d  a t 1 1 0  c° fo r  3 h o u r s  a n d  c a lc in e d  w i t h  th e  

h e a t in g  ra te  1 0  C 7 m i n  to  4 0 0  c°. T h e  c a t a ly s t  w a s  k e p t  a t t h is  t e m p e r a tu r e  fo r  2  

h o u r s  t o  r e m o v e  w a te r  a n d  im p u r it ie s  fr o m  th e  c a t a ly s t .  A  c a lc u la t e d  a m o u n t  o f  

S n C l2* 2 H 20  a n d  S b C h  w a s  i n d iv id u a l ly  m i x e d  w i t h  S A P O - 3 4  b y  u s in g  s o l i d - s o l id  

in te r a c t io n  m e t h o d  to  o b ta in  e le m e n t a l  lo a d in g  p e r c e n t a g e s  o f  5 %  a n d  7 % . A f t e r  th a t ,  
th e  c a t a ly s t s  w e r e  c a lc in e d  a t d i f f e r e n t  t e m p e r a tu r e s  s h o w n  in  T a b le  2 .1 .  T h e  

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

w e r e  c r u s h e d  a n d  s i e v e d  in  th e  r a n g e  o f  2 0 - 4 0  m e s h e s .
F o r  th e  s e c o n d  s c o p e ,  th e  S A P O - 3 4  c a t a ly s t  s u p p l ie d  fo r m  T a in j in  

C h e m is t  S c ie n t i f i c  L im it e d  w a s  d r ie d  a t 1 1 0 C °  fo r  3  h o u r s  a n d  c a lc in e d  w i t h  th e  

h e a t in g  ra te  10 C 7 m i n  to  4 0 0  c°. T h e  c a t a ly s t  w a s  k e p t  a t th is  t e m p e r a tu r e  fo r  2  h o u r s  

to  r e m o v e  w a t e r  a n d  im p u r it ie s  f r o m  th e  c a t a ly s t .  A  c a lc u la t e d  a m o u n t  o f  m e t a l l i c  t in  

o r  m e t a l l i c  a n t im o n y  w a s  m ix e d  w ith  S A P O - 3 4  b y  u s i n g  s o l i d - s o l id  in te r a c t io n  

m e t h o d  a s  s h o w n  in  T a b le  2 .2 .  A f t e r  th a t , t h e  c a t a ly s t s  w e r e  tr e a te d  u n d e r  h y d r o g e n  

a t m o s p h e r ic  p r e s s u r e  a t 4 0 0  c° fo r  2  h . T h e  c a t a ly s t s  w e r e  th e n  p e l l e t i z e d  b y  

h y d r a u l ic  p e l l e t i z e r  m a c h in e .  T h e  p e l l e t s  w e r e  c r u s h e d  a n d  s i e v e d  in  th e  r a n g e  o f  2 0 -  

4 0  m e s h e s  b e f o r e  b e in g  lo a d e d  t o  th e  i s o th e r m a l  r e a c to r .
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3 .3 .2  C a t a ly t ic  R e a c t io n
T h e  c a ta ly t ic  d e h y d r a t io n  o f  b io - e t h a n o l  w a s  c a r r ie d  o u t  in  a n  

i s o th e r m a l  f i x e d - b e d  s t a in le s s  s t e e l  r e a c to r  u n d e r  a t m o s p h e r ic  p r e s s u r e .  3  g r a m s  o f  a  

c a t a ly s t  w a s  lo a d e d  in to  U - t u b e  r e a c to r  w i t h  q u a r tz  w o o l  a s  a  s u p p o r t  o n  t h e  to p  o f  

a lu m in a  b a l l s .  T h e  r e a c t io n  te m p e r a tu r e  w a s  c o n t r o l le d  a t  a  d e s ir e d  te m p e r a tu r e  b y  

te m p e r a tu r e  c o n t r o l le r s .  T h e  b io - e t h a n o l  w a s  f e d  b y  a  s y r in g e  p u m p  w i t h  h e l iu m  g a s  

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

r e a c to r  w e r e  c o n d e n s e d  in  a  c o o l i n g  c o n d e n s in g  f la s k  t o  c o l l e c t  th e  c o n d e n s a b le  

p r o d u c t s  w h i l e  t h e  n o n - c o n d e n s a b le  o n e s  w e r e  k e p t  in  t h e  g a s  b a g . T h e  g a s e o u s  

p r o d u c t s  w e r e  t h e n  in j e c t e d  t o  a  g a s  c h r o m a t o g r a p h y  in  a  f la m e  io n i z a t io n  d e te c to r  

m o d e  (F I D ) .  T h e  l iq u id  p r o d u c t  w a s  m ix e d  w i t h  c a r b o n  d i s u l f id e  ( C S 2 )  t o  s e p a r a te  

e x t r a c t  o i l  f r o m  a q u e o u s  l iq u id  s in c e  o i l  d i s s o lv e s  in  C S 2  la y e r . A f t e r  th a t , th e  

e x tr a c te d  o i l  w a s  a n a ly z e d  b y  u s i n g  th e  S I M D I S T  G C  a n d  G C - T O F .

3 .3 .3  P r o d u c t  A n a ly s i s
3 .3 .3 .1  G a s  C h r o m a to g r a p h y  (G C )

T h e  g a s e o u s  p r o d u c t  l e a v in g  f r o m  th e  r e a c to r  w a s  k e p t  in  a  

g a s  s a m p l in g  b a g  a n d  th e n  a n a ly z e d  b y  a  g a s  c h r o m a t o g r a p h y  ( A g i le n t  T e c h n o lo g i e s  

6 8 9 0  N e t w o r k  G C  s y s t e m )  u s i n g  a n  H P - P L O T  Q  c o lu m n  ( 3 0  m  X  0 .3 2  m m  I D  a n d  

2 0  p m  f i lm  t h ic k n e s s e s )  e q u ip p e d  w it h  a  f la m e  io n i z a t io n  d e t e c t o r  ( F I D )  to  

d e t e r m in e  h y d r o c a r b o n  g a s e s ;  n a m e ly ,  C H 4 , C 2 H 6 , C 2 H 4 , C 3 H 8 , C 4 H 10, a n d  C 4 H 8 . A  

D B W A X  c o lu m n  in s t a l le d  in  p a r a l le l  a n d  a l s o  e q u ip p e d  w i t h  th e  F I D  w a s  e m p lo y e d  

to  -d e te r m in e  o x y g e n a t e  c o m p o n e n t s .
3 .3 .3 .2  S 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 IM D IS T  G C )  

A l l  m a l t e n e s  a n d  th e ir  p e t r o le u m  f r a c t io n s  ( g a s o l i n e ,
k e r o s e n e ,  g a s  o i l ,  l ig h t  v a c u u m  g a s o i l ,  a n d  h e a v y  v a c u u m  g a s  o i l )  w e r e  a n a l y z e d  b y  a  

V a r ia n  C P - 3 8 0 0  s im u la t e d  d is t i l la t io n  g a s  c h r o m a t o g r a p h y  ( S I M D I S T  G C )  

c o n f o r m e d  to  A S T M  D 2 8 8 7  m e t h o d  fo r  tru e  b o i l in g  p o in t  c u r v e s .  A  l iq u id  s a m p le  

w a s  in j e c t e d  t o  t h e  S I M D I S T  G C  a fte r  d i lu t io n  w i t h  c a r b o n  d is u lp h id e  ( C S 2 ) .  T h e  

c o n d i t io n s  w e r e  s e t  a s  f o l lo w s :  in it ia l  t e m p e r a tu r e  o f  3 2 0  °c, t im e  a t  in it ia l  

te m p e r a tu r e  o f  0 .0 1  m in ,  h e a t in g  r a te  o f  2 0  °c/min, f in a l  te m p e r a tu r e  o f  3 2 0  °c, a n d
8 .5 0  m in u te  h o l d i n g  t im e .
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3 .3 .3 .3  G as C h ro m a to g ra p h y -M a ss  S p e c tro m e try , T im e o f  F lig h t
(C G x G C -T O F )
The oils and aqueous products from the catalytic dehydration 

were identified for their compositions using a Gas Chromatography equipped with a 
Mass Spectrometry of Time of Flight type (CGxGC-TOF), Agilent 7890 with 2D 
dimension mode. Helium was used as the carried gas, and nitrogen was used in the 
cooling system. The conditions were set as follows: initial temperature of 80 °c, time 
at initial temperature of 2 minutes, 4°c/min heating rate, final temperature of 270 °c 
hold for 5 minutes, and split ratio at 1:50.

3.3.4 Catalyst Characterization
3 .3 .4 .1  S u rfa ce  a re a  a n a ly ze r  (SA A )

The Brunauer-Emmett-Teller (BET) technique was performed 
to determine the specific surface area, the total pore volume, and the pore size of 
catalyst by using a Thermo Finnigan/Sorptomatic 1990 surface area analyzer, which 
was based on the physical adsorption of nitrogen gas. A sample was initially out- 
gassed to remove the humidity and volatile components adsorbed on the catalyst 
surface under vacuum at 300 °c for at least 18 hours prior to analysis. The specific 
surface area and the pore size of catalyst were obtained from the twenty-two-point 
nitrogen adsorption and desorption isotherm plot. The pore size distribution was 
calculated using the Horvath Kawazoe (HK) method.

3 .3 .4 .2  X -ra y  D iffra c tio n  S p e c tro sc o p y  (X R D )
The oxide forms of catalysts were examined by using a Bruker 

X-Ray diffractometer system (D8 Advance) equipped with a 2.2 kw Cu anode long 
fine focus ceramic X-ray tube for generating a CuKa radiation (1.5405 À). The 
detector scans the peak position from the sample as a function of 20 by starting at the 
10° to 50° (20) range and a scan speed of 0.02° (20)/O.6 second. The data from XRD 
were analyzed and recorded by an on-line computer.

3 .3 .4 .3  X -R a y  F lu o re sc e n c e  (X R F )
X-ray fluorescence spectrometry (AXIOS PW4400) was a 

non-destructive analytical technique used to identify and determine the 
concentrations of elements present in the solid and powder samples. XRF was
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c a p a b le  o f  m e a su r in g  all e le m e n ts  from  b e r y lliu m  to  u ran iu m  and b e y o n d , at trace  
le v e ls  o fte n  b e lo w  o n e  part p er  m il l io n  and  u p  to 10 0  % . A  little  a m o u n t o f  grou n d  
sa m p le s  w a s  g e n e r a lly  1 /m in , ex tern a l f lo w  o f  2 .4 9  1 /m in , ca b in e t  tem p era tu re  o f  
2 9 .9 7  ° c ,  p rim a ry  tem p era tu re o f  1 9 .0 0  ° c ,  v a c u u m  o f  1 0 .1 0  P a, x -r a y  g en e r a tio n  o f  
5 0  k v  (6 0  m A ) , 15 0  m  o f  c o llim a to r , a n g le  o f  1 0 .0 0 0 2  d e g r e e , ga s f lo w  0 .9 0  1/h , and  
g a s  p ressu re  o f  1 0 2 0 .8  h P a

3 . 3 . 4 . 5  X - r a y  P h o t o e l e c t r o n  S p e c t r o s c o p y  ( X P S )

X P S  sp ectra  w er e  carr ied  ou t u s in g  a  A X IS  U L T R A dld  to  
d eterm in e  th e  o x id a t io n  sta te  o f  a m eta l o x id e  b e fo re  an d  a fter  c a ta ly tic  te st in g . T h e  
sy s te m  w a s  e q u ip p e d  w ith  a  m o n o c h r o m a tic  A1 X -r a y  so u r c e  and a  h e m isp h e r ic a l  
a n a ly zer . T h e  sp e c tro m eter  w a s  op era ted  w ith  the p a ss  e n e r g y  o f  1 6 0  e V  and  4 0  e V  
w h e n  rec o r d in g  w id e  sc a n  an d  co re  le v e l  sp ectra , r e sp e c t iv e ly . A l l  p e a k s  w e r e  
ca lib ra ted  fro m  referrin g  C l s  sp ectra  lo c a te d  at 2 8 4 .6  e V .
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