
CHAPTER III
EXPERIMENTAL SECTION

T h e  e x p e rim e n ta l sec tio n  in th is  s tu d y  can  b e  d iv id e d  in to  th re e  p arts : 
(a ) c a ta ly s t p re p a ra tio n ; (b ) ac tiv ity  and  se lec tiv ity  m e a su re m e n ts ; an d  (c) 
c a ta ly s t c h a ra c te r iz a tio n . T h e  d e ta ils  o f  each  p a r t a re  d e sc r ib e d  in the  
fo llo w in g  se c tio n s .

3.1 Catalyst Preparation

T h e  im p re g n a tio n  tec h n iq u e  w as  em p lo y ed  to  p re p a re  th e  c a ta ly s ts . 
T h e re  a re  tw o  im p re g n a tio n  m e th o d s  u sed  in th is  w o rk :

1. In c ip ien t w e tn ess  im p re g n a tio n  (IW I) m e th o d
2. V a p o r  p h a se  im p re g n a tio n  (V P I) m e th o d  o r c h e m ic a l v a p o r  

d e p o s itio n  (C V D ) m eth o d
In th e  ca se  o f  p ro m o te d  ca ta ly s t, P tY b /K L , th e  c a ta ly s t w as  se p a ra te ly  

im p re g n a te d  in th e  seq u en ce  o f  y tte rb iu m  an d  p la tin u m , re sp e c tiv e ly .

3 .1 .1  M a te ria ls
A ll ch e m ic a ls  u sed  in th is  e x p e rim e n t w e re  a n a ly tic a l g rad e .
(a ) K -L T L  z e o lite  p o w d e r  (se rie s  T S Z -5 0 0 , B E T  a re a  2 92  rr f /g , 

S i 0 2/A l20 3 ra tio  =  6) m a n u fa c tu re d  by  T o so h  C o rp o ra tio n .
(b ) T e tra a m m in e p la tin u m  (II) n itra te  (P t (N H 3)4 ( N 0 3)2 ) 

m a n u fa c tu re d  by  A ld ric h  C h em ica ls .
(c ) P la tin u m  (II) a c e ty la c e to n a te  ( [C H 3C 0 C H = C ( 0 - ) C H 3]2P t) 

w ith  P t o f  9 7 %  p u rity  m a n u fa c tu re d  by  A ld rich  C h e m ic a ls .
(d ) Y tte rb iu m  (II) a c e ty la c e to n a te
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P ra x  A ir  C o m p a n y  su p p lie d  g ases  u sed  in th is  w o rk .
(a ) H ig h  p u r ity  h e liu m  g as  (9 9 .9 9 % ) w as  u se d  in th e  V PI 

p re p a ra tio n  m e th o d .
(b ) H ig h  p u rity  a ir ze ro  (9 9 .9 9 % ) w a s  u se d  fo r c a lc in a tin g

ca ta ly s ts .

3 .1 .2  M e th o d o lo g y
P rio r  to  in c o rp o ra tio n  o f  P t m e ta l, th e  z e o lite  p o w d e r  w as  d ried  

in an  o v e n  a t 110°c fo r 12 h an d  c a lc in e d  a t 400°c fo r 5 h. A ll c a lc in a tio n  
s tep s  w e re  p e rfo rm e d  u n d e r a  flo w  o f  a ir  (100 m l/g  z e o lite ) , e m p lo y in g  a 
te m p e ra tu re  ra m p  o f  3 ° c /m in . T h e  in c o rp o ra tio n  o f  p la tin u m  m e ta l in to  the  
z e o lite  w as  p e rfo rm e d  u sin g  th e  tw o  m e th o d s .

3.1.2.1 Incipient Wetness Impregnation (IWI) Method
In  th e  IW I p ro c e d u re , the  fresh ly  c a lc in e d  su p p o rt w as 

q u ic k ly  tra n s fe rre d  to  an  in e rt a tm o sp h e re  an d  im p re g n a te d  d ro p w is e  w h ile  
g r in d in g  w ith  an  a q u e o u s  so lu tio n  o f  p la tin u m  sa lt te tra a m in e  p la tin u m  (II) 
n itra te . T o  a c h ie v e  in c ip ie n t w e tn ess , a liq u id /so lid  ra tio  o f  0 .6 9  m l/g  w as 
u sed . A f te r  im p re g n a tio n , th e  sa m p les  w e re  d ried  fo r 12 h  a t 110 °c an d  th en  
c a lc in e d  fo r  2 h in a ir  a t 350  °c. T h is  sa m p le  w as  d e s ig n a te d  IW I.

3.1.2.2 Chemical Vapor Deposition (CVD) Method
T h e  se c o n d  m e th o d  e m p lo y e d  w a s  V P I o r C V D . A fte r  

q u ic k ly  tra n s fe rr in g  th e  fre sh ly  c a lc in e d  su p p o rt to  an  in e rt a tm o sp h e re , 
p la tin u m  a c e ty la c e to n a te  w as  p h y s ic a lly  m ix ed  w ith  K L , an d  th e n  so lid  
m ix tu re  w a s  tra n s fe rre d  to  a c o n tin u o u s-f lo w  reac to r. T h e  re a c to r  c o n s is te d  o f  
a 0 .5 -in c h  d ia m e te r  s ta in le ss  s tee l p ip e  w ith  an in te rn a l th e rm o c o u p le . T h e  
so lid  m ix tu re  b ed  w as  su p p o rte d  on a b ed  o f  q u a rtz  g la ss  w o o l. T h e  re a c to r  
w a s  o p e ra te d  u n d e r a tm o sp h e ric  p re ssu re  an d  a low  flo w  ra te  o f  h e liu m  (<  10 
m l/m in ). T h e  c a ta ly s t w as s lo w ly  ra m p e d  to  4 0  °c an d  h e ld  a t th is  te m p e ra tu re
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fo r 3 h fo r k eep  th e  p o re  w ith  th e  in e rt a tm o sp h e re . A f te r  th a t th e  c a ta ly s t w as 
s lo w ly  ra m p e d  to  60°c, 80°c, 90°c and  h e ld  at each  s tep  fo r 1 h to  re m o v e  the  
tra c e  o f  w a te r, an d  th e n  ra m p e d  ag a in  to  100°c and  h e ld  fo r  1 h  fo r su b lim in g  
th e  P t(A c A c )2- A f te r  su b lim a tio n , the  c a ta ly s t w as ra m p e d  to  130 °c an d  h eld  
th e re  fo r  15 m in  to  en su re  th a t v ir tu a lly  all o f  th e  P t(A c A c)2 w a s  su b lim ed . 
T h e  re a c to r  w as  c o o led  to  ro o m  te m p e ra tu re , an d  th e  sa m p le  w as  re m o v ed . A t 
th is  p o in t, th e  sa m p le  w as lig h t y e llo w  in co lo r, in d ic a tin g  th a t th e  P t(A c A c)2 
d id  n o t d e c o m p o se  d u rin g  th e  p ro ce d u re . T o  d e c o m p o se  th e  p la tin u m  
p re c u rs o r  th e  sa m p le  w as ra m p e d  to  350 °c in flo w  o f  a ir  an d  c a lc in e d  fo r  2 h. 
T h is  s a m p le  w as  d e s ig n a te d  C V D .

3.2 Activity and Selectivity Measurements

3.2 .1  M a te ria ls
(a ) T h e  p u rity  o f  9 9 .9 9 %  n -h e x a n e  (C 6H i4) fro m  M e rc k  w as 

u se d  as liq u id  feed  fo r the  s tu d y  o f  th e  c a ta ly tic  ac tiv ity .
(b ) T h e  p u rity  o f  >  9 8 %  th io p h e n e  (C 4H 4S) fro m  F lu k a  w as 

u se d  as so u rc e  o f  su lfu r  in th e  feed  fo r th e  s tu d y in g  o f  s u lfu r  e ffe c t on  the  
d e a c tiv a tio n  o f  th e  ca ta ly sts .

(c ) H ig h  p u r ity  h y d ro g e n  g as  (9 9 .9 9 % ) w a s  u se d  as a feed  
s tre a m  fo r  n -h e x a n e  a ro m a tiz a tio n  and  fo r re d u c in g  c a ta ly s t b e fo re  u sed .

3 .2 .2  A p p a ra tu s
T h e  a p p a ra tu s  u se d  fo r s tu d y in g  the  a c tiv ity  an d  se le c tiv ity  o f  

P t/K L  an d  P tY b /K L  ca ta ly s ts  on  th e  n -h e x a n e  a ro m a tiz a tio n  re a c tio n  w as 
sc h e m a tic a lly  sh o w n  in  F ig u re  3 .1 .

T h e  d e ta ils  o f  th e  e x p e rim e n ta l e q u ip m e n t w e re  d e sc r ib e d  as
fo llo w s:
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Figure 3.1 T h e  sc h em a tic  d ia g ra m  o f  the  re a c tio n  sy s tem .
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(a) Reactor: The reactor was an I.D. 0.5-inch and length 40 cm 
stainless steel pipe.

(b) Gas chromatograph: The compositions of feed and product 
streams were analyzed by a GC-17A Shimadzu gas chromatograph equipped 
with C-R8A Chromatopac, the data plotter. Its specifications and operating 
conditions are given in Table 3.1.

Table 3.1 Gas chromatography specifications and operating conditions

Item Specifications and operating conditions
Column the HP-PLOT/AI2O3 “ร” deactivated capillary column
Temp. Held at 40 ๐c  for 10 min and then ramped (5 °c/min) to 195

°c. Held at 195 °c for 9 min
Carrier 37 cc/min of helium
Detector Temp. Flame ionization detector (FID), 250 °c
Injector Temp. 250 °c

(c) Mass flow module: The flow controllers from Cole-Parmer 
Instrument Company were used to controll the flow rates of hydrogen and 
helium.

(d) Temperature controller: The temperature controller consisted 
of a variable voltage transformer and a temperature controller manufactured 
by Yamatake-Honeywell model SDC 10 as well as a type-K thermocouple 
from Cole Palmer, probeflex 2521-mini was used.

(e) Fittings and tubing system: The stainless steel and brass 
fittings and tubing system having outside diameters of 1/4” and 1/8” were 
utilized and obtained from SWAGELOCK Co., Ltd.

(f) Regulator: The regulators for all gases were obtained from
Praxair Co., Ltd.
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(g) Heating tape: The heating tapes that were used for controlling 
the temperature of reactants and products flowing in the tubing system over 90 
°c to avoid the gas condensation.

(f) Syringe tubing and pumping: The syringe pump from Cole- 
Parmer Instrument Company that was equipped with a 50 ml. syringe from 
Hamilton Co., Ltd. was used to inject the n-hexane to the reaction system. The 
syringe was separately used in the case of injection of n-hexane mixed with 
thiophene.

3.2.3 Methodology
Four hundred milligrams of catalyst was placed in the 0.5-inch 

stainless steel tube reactor with an internal thermocouple and sealed with 
quartz glass wool at the top and bottom of the catalyst bed that was supported 
by a quartz inserted tube. The operating temperature and pressure were 
maintained at 400°c or 500 °c and 1 atm in the continuous flow reactor. The 
reactant was operated under hydrogen flow. The liquid n-hexane was added by 
infusion with a syringe pump through a tee-junction prior to the reactor. In all 
experiments, the hydrogen/n-hexane ratio was kept at 6. Prior to reaction, the 
catalyst was slowly ramped in flowing hydrogen at 100 ml/ g catalyst for 2 h 
to a temperature of 400°c or 500°c and reduced for 1 h at that temperature. 
The reaction testing was conducted at the same temperature with the reduction 
temperature at a weight hourly space velocity (WHSV) of 5 h '1.

3.2.3.1 Selectivity Testing
The WHSV was increased for observing the selectivity 

at the low conversion of the catalyst. In order to increase the WHSV of 
reactant feed, the catalyst weight was decreased while the flow of n-hexane 
feed was fixed at 3.03 ml/h to obtained values of WHSV that were showed in 
Table 3.2.
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T a b le  3.2 Varying weight of catalysts at different WHSV ( h 1)

WHSV (h '1) Weight of catalyst (g)
5 0.3993
10 0.1997
15 0.1331
20 0.0998
25 0.0799
30 0.0665
35 0.0570
40 0.0499

The WHSV can be calculated by using this following formula;

WHSV(h~1) = ท -  hexane flow rate ( c d  h) X density o f  ท -  hexane (g  / ce) 
grams o f  catalyst (g )

3.23.2 Sulfur Tolerance
The thiophene was mixed with n-hexane feed at the 

concentration of sulfur 0.6 ppm and 2.5 ppm for testing the sulfur tolerance of 
the catalyst. To prevent the contamination from sulfur, the reaction line from 
feed point to the entrance of the reactor including reactor and syringe were 
used separately from free sulfur reaction runs.

3 .3  C a t a ly s t  C h a r a c t e r iz a t io n

3.3.1 Hydrogen Chemisorption Measurement
The Autosorb-l-c is used for hydrogen chemisorption 

measurement. The experiments were conducted on several of the powder 
preparation catalysts in a static volumetric adsorption Pyrex system, equipped
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with a high capacity, high vacuum pumping station. First, the catalyst was 
loaded into the quartz tube and performed a reduction under hydrogen flow for 
1 h at 500°c. Second, the hydrogen at the platinum surface was removed by 
helium flow at the reduction temperature for 30 min and then evacuated for
1.5 h. After that the catalyst was cooled to 40°c and evacuated at the same 
time. At this step, all hydrogen was removed from the surface of platinum, 
which was reabsorbed hydrogen incrementally. The hydrogen was 
incrementally dosed at 40 °c at elevated pressure. The extrapolation back to 
zero pressure method was used to calculate the adsorbed volume. To quantify 
the amount of reversibly adsorbed hydrogen, after obtaining the first isotherm, 
the sample was evacuated for 5 min at 40 °c to removed the weakly adsorbed 
(physisorbed) and a second isotherm was determined. The irreversible H/Pt 
was obtained by subtracting the two isotherms.

3.3.2 Infrared Spectroscopy
Infrared spectroscopy of adsorbed CO was performed on Nicolet 

Avatar 360 spectrometer equipped with a DTGS detector. Experiments were 
conducted in a diffuse reflectance cell Spectra-Tech that allowed in-situ 
thermal pretreatment performance. For each IR spectrum, taken at a resolution 
o f 8 cm '1, 128 scans were added. Samples were in-situ reduced under H2 flow 
at either 400°c or 500°c for 1.30 h. Prior to each spectrum, the catalyst was 
purged in He for 30 min. The background was recorded at this time. Then the 
catalyst was exposed to a flow of 3 % CO in He for 30 min at room 
temperature and purged in He for 30 min, prior to obtaining the scans, to 
remove the contributions from gas phase and weakly adsorbed CO.
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