
CHAPTER III
EXPERIMENTAL

3.1 M ateria ls

3.1.1 Chemicals
■ Toluene (99.5 % Purity) obtained from (RCI Labscan)
■ Ethanol (99.8 % Purity) obtained from (RCI Labscan)
■ Alumina source (A1(N03)3-9H20) (Ajax Finechem)
■ Tetrapropylammonium bromide (TPABr) (Sigma-Aldrich)
■ Ludox (40%wt SiCU) (Sigma-Aldrich)
■  Sodium hydroxide (NaOH) (Carlo Erba)
* Tetraethyl orthosilicate (TEOS) (Aldrich. USA)
■  Cyclohexane (RCI Labscan)
■  Commercial NH4ZSM- 5  zeolites (SiCVAhCb molar ratios of 

23. 80. and 280) obtained from Zeolyst, USA.

3 .1 .2  G a s e s
■  N 2 ( 9 9 .9 9  %  P u r i ty )
■  แ 2 ( 9 9 .9 9  %  P u r i ty )
-  H e  ( 9 9 .9 9 5  %  P u r i ty )
■  A ir  Z e r o  ( 9 9 .9 9 %  P u r i ty )
A l l  g a s e s  w e r e  o b ta in e d  f ro m  T I G  P u b l ic  C o m p a n y  L im i te d .
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3.2 Equipment

■  F ix e d - b e d  c o n t in u o u s  f lo w  r e a c to r  s y s t e m
■  T e m p e r a tu r e  c o n t r o l l e r  e q u ip p e d  w i th  a  K - ty p e  t h e r m o c o u p le
■  G a s  c h r o m a to g r a p h  ( A g i le n t  T e c h n o lo g i e s  m o d e l  5 8 9 0 N )  w i th  a  

f la m e  io n iz a t io n  d e t e c t o r  a n d  H P - 5  c o l u m n  f o r  d e t e c t in g  th e  a l k y l a t e d  

a r o m a t i c  h y d r o c a r b o n s
■  X - R a y  d i f f r a c t o m e t e r  ( R I N T - 2 2 0 0 )
■  S u r f a c e  A r e a  A n a l y z e r  ( Q u a n t a c h r o m e / a u t o s o r b  1 M P )
* S c a n n in g  E le c t r o n  M ic r o s c o p e  ( H i ta c h i  S 4 8 0 0 )
■  T h e r m o  F in n ig a n  T P D / R / O  1 1 0 0  e q u ip e d  w i t h  f la m e  i o n i z a t i o n  

d e t e c t o r
■  X - r a y  f l u o r e s c e n c e  s p e c t r o s c o p e  ( X R F .  B r u k e r  S R S  3 4 0 0 )

■  F u r n a c e  ( C a r b o l i t e )

3.3 Methodology

3 .3 .1  P r e p a r a t io n  o f  C a ta ly s t s
3.3.1.1 Preparation of Synthesized HZSM-5 Catalysts

H Z S M - 5  c a t a l y s t s  w i th  in i t ia l  S iC E /A b C B  m o la r  r a t io  o f  195  
w e r e  s y n th e s i z e d  b y  h y d r o th e r m a l  t e c h n iq u e  u s in g  L u d o x ,  a l u m i n iu m  n i t r a t e  a n d  
t e t r a p r o p y l a m m o n iu m  b r o m id e  ( T P A B r )  a s  S i s o u r c e ,  A1 s o u r c e ,  a n d  t e m p l a t in g  
a g e n t  r e s p e c t iv e ly .  T h e  T P A B r /S iC >2 m o la r  r a t io  w a s  e m p lo y e d  a t  0 .1 0 2 6  a lo n g  w i th  
t h a t  o f H 20 / S i 0 2 a t  4 0 .  L u d o x  a n d  4 /5  o f  th e  d e s i r e d  d is t i l l e d  w a t e r  w e r e  s t i r r e d .  T h e  
p H  v a lu e  o f  t h e  o b ta i n e d  m ix tu r e  w a s  c o n t r o l l e d  a t  1 0 .5  b y  a d d in g  a q u e o u s  s o lu t io n  
o f  N a O H  a s  b e in g  s t i r r e d  f o r  1 h  a t  r o o m  te m p e r a tu r e .  T h e  a l u m i n iu m  n i t r a t e  s o lu t io n  

o b ta in e d  b y  m ix in g  A 1 (N 0 3 ) 3 '9 H 20  w i th  th e  r e s t  o f  d i s t i l l e d  w a t e r  a n d  T P A B r  w e r e  

p la c e d  in to  th e  L u d o x  s o lu t io n  b e a k e r  f o l lo w e d  b y  s t i r r i n g  f o r  2 4  h  w h i le  c o n t r o l l i n g  
its  p H  v a lu e  a t  1 0 .5  w i th  N a O H  s o lu t io n .  T h e  g e l  w a s  p la c e d  in to  a n  a u t o c la v e  a n d  

h e a te d  in  a n  o v e n  a t  1 4 0  ๐c  f o r  3 d a y s  fo r  h y d r o th e r m a l  t r e a t m e n t .  A f t e r  t h a t ,  th e  

a u to c la v e  w a s  c o o le d  d o w n  to  r o o m  te m p e r a tu r e .  T h e  r e s u l t in g  p o w d e r  w a s  w a s h e d
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by distilled water for reducing its pH from 10.5 to neutral. Then the powder was 
dried at 110 °c  overnight, and calcined at 550 ๐c  for 5 h. After the first calcination, 
the as-synthesized ZSM-5 was exchanged with 1 M NH4NO3 solution for three times 
at 80°c, and then washed with distilled water to remove the nitrate ions. The 
resultant zeolite was dried overnight at 110 °c  and calcined at 500 ๐c  for 4 h to 
obtain HZSM-5.

3.3.1.2 Preparation of Modified HZSM-5 Catalysts
Commercial NH4ZSM- 5  zeolite (SiCh/AhCb molar ratios of 23, 

80, and 280) were calcined at 550 °c  at a rate of 10 °c/min for 4 h yielding the 
unmodified HZSM-5 catalysts. For preparing chemical liquid deposition (CLD) 
modified catalysts, 1 g of HZSM-5 zeolite was mixed with a given amount ofTEOS 
(varied from 0.2 to 2 ml) in cyclohexane 10 ml for 7 h. After that it was filtered and 
dried at 110 °c  overnight, followed by calcination in air at 550 ๐c  at a rate of 10 
°c/min for 4 h. The CLD treatment was repeated in its procedure, if desired.

3.3.2 Catalyst Characterization
3.3.2.1 X-ray Diffraction (XRD)

The structure of the catalyts was characterized by using X-ray 
Diffraction (XRD) technique by a Rigaku Dmax X-Ray diffractometer, RINT-2200 
with Cu tube for generating CuKa radiation (1.5418 Â). The system consists of a 
voltage generator of 40 kv. The 20 is in the range between 5 and 40 with a 
scanning rate of 5°c/min. Due to the x-ray diffraction pattern is unique for each 
crystalline substance, XRD can be used to identify or confirm the structure of 
unknown crystalline materials.

3.3.2.2 Surface Area Measurement
The surface areas of catalyts were characterized by using surface 

area analyzer (Quantachrome/autosorb 1 MP). The sample was degassed to remove 
water and other volatile materials under vacuum at 300 ๐c  for 12 h before the 
analysis, then N2 was purged to adsorb by physical adsorption on the surface of 
catalyst, measuring the quantity of gas adsorbed or desorbed from their solid surface 
at some equilibrium vapor pressure by static volumetric method. The solid sample
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was maintained at a constant temperature of the sample cell until the equilibrium is 
established. This volume-pressure data was used to calculate the total surface area of 
catalyst.

3.3.2.3 Scanning Electron Microscope (SEM)
The morphology and crystal size were characterized by using 

scanning electron microscope. Hitachi ร4800 .The catalyst sample was placed on 
stub and coated by platinum in sputtering device, after that the sample was placed in 
the sample holder in SEM.

3.3.2.4 Temperature Programmed Desorption o f Isopropylamine (IPA-
TPD)

The acid properties of catalysts were characterized by 
temperature program desorption of isopropylamine (TPD-1PA). To clean the surface 
of catalyst, 50 mg of catalyst was placed in a quartz tube and heated with rate of 10 
๐c/min under He flow with the flow rate of 10 ml/min up to 300 ๐c  for I h. After 
cleaning, the reactor was cooled to 30 °c, then isopropylamine was injected over the 
sample, after that He was purged with the flow rate of 10 ml/min for 20 min to 
eliminate non adsorbed isopropylamine, the sample was heated with the flow rate of 
10 °c/min to 550 °c  under the He atmosphere, m/e 44, 41, and 17 were monitored to 
determine the evolution of isopropylamine, propylene, ammonia.

3.3.2.5 Temperature Programmed Oxidation (TPO)
The spent catalyst approximately 0.05 g was packed into the 

quartz tube reactor supported with quartz wool before introduced to a TPO reactor. 
The calibration was done by injecting the exact amount of CO2 passing through the 
methanator unit to convert CO2 to CH4 and then detected it using on FID detector. 
The analysis process utilizing 2% O2 in He as oxidizing agent flew through the 
reactor with flow rate of 40 ml/min. The outgoing gas was passed through the 
methanator unit before being sent to the detector as same as the calibration step. The 
reactor was heated from 30 to 900 ๐c  with a heating rate 10 ๐c/min. The received 
area was then converted into the carbon amount by the calibration factor obtained 
from the CO2 calibration.
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3.3.2.6 X-ray fluorescence method (XRF)
The composition of materials was determined by the X-ray 

fluorescence method (XRF) using the PANalytical analysis instrument with 
AXIOS&SUPERQ version 4.0 systems. IQ+ program was used to measure and 
analyze the samples. In the analysis procedure, the scans were first searched for 
peaks. The found peaks were identified and analyzed quantitatively using 
fundamental parameter.

3.3.3 Catalytic Activity Testing
3.3.3.1 Ethylation of toluene with ethanol

Catalytic activity was studied at 300 °c to 500 ๐c , WSHV of 5- 
20 h"1 and toluene to ethanol molar ratio of 1-5, using a fixed-bed continuous down
flow reactor. The reactor has an inner diameter of 8.5 mm and a length of 37 cm. 
About 0.2 g of catalyst having a particle size of 20-40 mesh was loaded into the 
reactor and supported with a thin layer of glass wool. Before the reaction, the catalyst 
was activated at temperature 300 °c for an hour under flowing nitrogen. The nitrogen 
used as a carrier gas, was controlled at a flow rate of 26 ml/min. The product was 
condensed using a condenser at the end of reactor. The liquid product was collected 
and analyzed using a gas chromatograph (HP 5890) equipped with an FID and a 
capillary HP-5 column. A schematic diagram of the system is shown in figure 3.1.

3.3.3.2 O-Xylene isomerization
In order to investigate catalytic properties at external acid sites, 

catalytic activity of O-Xylene isomerization was studied at 350 ๐c, WSHV of 20 h'1, 
using the same fixed-bed continuous down-flow reactor. About 0.2 g of catalyst was 
loaded into the reactor and supported with a thin layer of glass wool. The catalyst 
was activated at temperature 300 ๐c  for an hour under flowing nitrogen before the 
reaction. The nitrogen used as a carrier gas, was controlled at a flow rate of 26 
ml/min. The product was condensed using a condenser at the end of reactor. The 
liquid product was collected and analyzed using a gas chromatograph (HP 6890) 
equipped with an FID and a capillary HP-Innowax column.
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Figure 3.1 S c h e m a t i c  o f  th e  e x p e r i m e n t a l  s y s te m .

3 .3 .4  P r o d u c t  A n a ly s i s
F o r  e th y la t io n  o f  to lu e n e  w i th  e th a n o l ,  th e  l iq u id  p r o d u c t  w a s  a n a ly z e d  

u s in g  a  g a s  c h r o m a to g r a p h  ( H P  5 8 9 0 )  e q u ip p e d  w i th  a n  F ID  a n d  a  c a p i l l a r y  H P - 5  
c o lu m n .  T h e  G C  o p e r a t in g  c o n d i t i o n  w a s  s u m m a r i z e d  a s  fo l lo w s :

I n j e c to r  t e m p e r a tu r e :  250 °c
D e t e c t o r  t e m p e r a tu r e :  2 8 0  °c
C a r r i e r  g a s :  H e
C o lu m n  ty p e :  C a p i l l a r y  H  P -5  c o lu m n
T h e  o v e n  in i t ia l  t e m p e r a tu r e  w a s  a t  4 0  °c, a n d  h e a t  a t  a  r a te  o f

3 °c/min to 280 °c.
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For o-xylene isomerization, the liquid product was analyzed using a gas 
chromatograph (HP 6890) equipped with an FID and Innowax column. The GC 
operating condition was summarized as follows:

Injector temperature: 250 ๐c
Detector temperature: 250 °c 
Carrier gas: He
Column type: Capillary HP-Innowax column
The oven initial temperature was at 40 ๐c , and heat at a rate of 

5 ๐c/min to 150 ๐c.
The toluene, ethanol, and 0 -Xylene conversion, andp -ET selectivity are 

defined as follows:

Toluene conversion (%) =

Ethanol conversion (%) =

;>ET selectivity in products (wt %) =

(m oles o f  toluene fed - m oles o f  toluene out) 
m oles o f  toluene fed

(m oles o f  e th a n o l fed - m oles o f  ethanol out) 
m oles o f ethanol fed

w eight o f  p -E T  form ed

X  100

X  100

w eight o f  all liq u id  products form ed X  100

(3.1)

(3.2)

(3.3)

(m oles o f  O-Xyiene fed - m oles o f  0-Xylene out)o-Xylene conversion (%) = --------------—---- ----—— ---------X  100moles o f o-Xylene fed (3.4)
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