
EXPERIMENTAL SECTION
CHAPTER III

3.1 Materials

3.1 .1  C h em ica ls
K -L T L  ze o lite  (H S Z -5 0 0 , S i 0 2/A l20 3 =  6 , su rface  a re a  =  2 8 0  m 2/g ) 

w as  su p p lie d  fro m  T o so h  (T o k y o , Jap an ).
n -O c tan e  (C gH ig) o f  m in  9 9 %  p u rity  w as o b ta in e d  fro m  M erck  

(D a rm stad t, G e rm an y ).
n -H ex an e  (C ô H u ) o f  m in  9 9 %  p u rity  w a s  o b ta in e d  fro m  M erck  

(D a rm sta d t, G e rm an y ).
P la tin u m  (II) a c e ty la c e to n a te  ( [C H 3C O C H = (-C O -)C H 3]2P t] o f  9 7 %  

p u rity  w a s  su p p lie d  fro m  A lfa  A e sa r  (W e a t D e p tfo rd , U S A ).
C a rb o n te tra c h lo r id e  (CC14) o f  9 9 .8 %  p u rity  w a s  o b ta in e d  fro m  C a rlo

E rb a  R eag en ti.
A lu m in iu m  h y d ro x id e  (A l(O H )3) o f  9 9 .8 %  p u rity  w as  p u rc h a se d

fro m  M erck .
C o llo id a l s ilic a  , 40  w t%  su sp e n s io n  w as o b ta in e d  fro m  A ld rich . 
P o ta ss iu m  h y d ro x id e  p e lle t (K O H ) o f  m in  8 5 %  p u rity  w a s  o b ta in e d  

fro m  C a rlo  E rb a  R eag en ti.
B a riu m  h y d ro x id e  ( B a ( 0 H ) 2.8 H 20 )  o f  m in  9 8 %  p u rity  w as 

p u rc h a se d  fro m  C arlo  E rb a  R eag en ti.

3 .1 .2  G ases
H ig h  P u rity  (H P ) n itro g e n
H ig h  p u rity  (H P ) h y d ro g e n
U ltra  h ig h  p u rity  (U H P ) h y d ro g e n
H ig h  p u rity  (H P ) h e liu m
3 v o l%  c a rb o n m o n o x id e  b a la n c e  in  h e liu m
A ir ze ro  g rad e
A ll g a ses  w e re  o b ta in ed  fro m  T h a i In d u s tr ia l G as  P u b lic  C o ., L td .
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3.2 Instruments and Equipment

3.2.1 In s tru m en ts  
G lo v eb o x  
D ess ica to r
C o n tin u o u s  f lo w  reac to r 
M a g n e tic  s tirre r  
M ag n e tic  b a r 
M ech an ica l s tirre r 
S p a tu la  
P las tic  sp o o n

3 .2 .2  E q u ip m e n t
X -ray  d iffra c tio n , X R D  (R ig a k u , R IN T -2 2 0 0 )
X -ray  F lu o re sc e n c e  P h o to m e te r , X R F  (B ru k e r  A x s, S R S 3 4 0 0 )
S can n ig  E le c tro n  M ic ro sc o p e , S E M  (JE O L , JS M -5 2 0 0 )
F o u rie r  T ra n sfo rm  In fa red  S p e c tro p h o to m e te r , F T IR  (B ru k e r,

E q u in o x  55 )
G as C h ro m a to g ra p h , G C  (S h im a d z u , G C -1 7 A )
M ic ro w a v e  O v en , M W  ( C E M  c o rp o ra tio n , M A R S  5)
S u rface  A re a  A n a ly ze r, B E T  (Q u a n ta c h ro m e , A u to so rb -1 )
C e n trifu g e  (C W S , A L C  4 2 3 6 )
P a rtic le  S ize  A n a ly z e r, P S A  (M a lv e rn , H P P S  5 0 0 1 ) 
T h e rm o g ra v im e tr ic  A n a ly z e r , T G A  (P e rk in  E lm er, T G A  7)
H y d ro g e n  C h e m iso rp tio n  (T h e rm o  F in n ig an , T P D /R /O  1100)

3.3 Support Preparation

3.3 .1  P re p a ra tio n  o f  th e  H y d ro g e ls
F o r th e  p re p a ra tio n  th e  a lu m in a  w as d isso lv e d  in  th e  K O H  so lu tio n  by  

b o ilin g . T h e  so lu tio n  w a s  co o le d  to  ro o m  te m p e ra tu re  and  c o rre c te d  fo r w e ig h t loss.
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T h e  b a riu m  so u rce  w as d isso lv e d  in  a  p o rtio n  o f  th e  w a te r  an d  w as 
ad d ed  to  th e  co llo id a l s ilic a  w ith  a n o th e r p o rtio n  o f  th e  w a te r  w h ic h  w as u se d  to  r in se  
th e  b e a k e r  c o n ta in in g  th e  b a riu m  so u rce . T h e  re su ltin g  so lu tio n  w as s tirred  fo r 5 
m in u tes . T h e  a lu m in a te  so lu tio n  in c lu d in g  th e  r in se  w a te r  w as  th en  a d d ed  an d  th e  
w h o le  w a s  m ix e d  fo r a t a  d e s ire d  tim e  an d  ro o m  te m p e ra tu re . T h e  tim e  u sed  fo r 
s tirr in g  th e  m ix tu re  at ro o m  te m p e ra tu re  is c a lle d  ag e in g  tim e . In th is  e x p e rim e n t , 
th e  ag e in g  tim e  v a ried  fro m  0 to  30  h ou rs.

T h e  m o la r  c o m p o s itio n  o f  th e  sy n th e s is  m ix tu re  w as:
2 .65  K 20 /0 .0 0 3 2  BaO /O .5 A I2O 3/IO  S i 0 2/1 5 9  H 20

3 .3 .2  H y d ro th e rm a l S y n th esis
2 0  g  o f  th e  sy n th e s is  m ix tu re  w as tra n s fe rred  to  a  m ic ro w a v e  v e sse l. 

T h e  v e sse l w a s  p laced  in  m ic ro w a v e  m ach in e . T h is  m ic ro w a v e  sy s te m  d e liv e rs  
a p p ro x im a te ly  6 00  w a tts  o f  m ic ro w a v e  e n e rg y . T h e  te m p e ra tu re  o f  th e  sa m p le s  w as 
c o n tro lle d  by  a  te m p e ra tu re  c o n tro lle r  v ia  a  th e rm o c o u p le  in se rte d  in to  th e  v esse l. 
T h e  sy n th e s is  m ix tu re  w a s  h ea ted  up  to  170 ° c  in  2 m in u te s  an d  w as k e p t a t th is  
te m p e ra tu re  fo r  a  d e s ire d  tim e . In  each  a g e in g  tim e , th e  h e a tin g  tim e  (c ry s ta lliz a tio n  
tim e) v a r ie d  fro m  17 to  50  h o u rs . T h e  se t o f  e x p e rim e n ts  w as  re p o rte d  in  T ab le  4 .1 . 
A fte r  m ic ro w a v e  h ea tin g , th e  so lid  an d  so lu tio n  p h a se s  w e re  se p a ra te d  b y  
c e n tr ifu g a tio n  b e fo re  c h a rac te riz a tio n .

3.4 Characterization of Synthesized KL Zeolites

T h e  so lid  frac tio n s  w e re  w ash ed  w ith  d e io n iz e d  w a te r  to  p H  ab o u t 7 an d  
d ried  o v e rn ig h t a t 110 ° c .  T h e  p ro d u c ts  w e re  c a lc in e d  in  f lo w  o f  a ir  (1 0 0  c c /m in /g . 
o f  K L  z e o lite )  th en  u sed  2 h  to  ram p  te m p e ra tu re  to  500  ° c  an d  h e ld  fo r 4  h. T h en  
th e  zeo lite  w as  co o le d  in  a ir, a f te r  th a t it w as  re m o v e d  an d  k e p t in  d e ss ica to r.

S y n th e s iz e d  K L  z e o lite s  w ere  id e n tify  by  X -ray  d if f ra c tio n  (X R D ). C ry sta l 
s ize  o f  K L  zeo lite  w as  m e a su re d  by  S can n in g  E le c tro n  M ic ro sc o p e  (S E M ) an d  L ig th  
S ca tte rin g .
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3.4.1 P h ase  Id e n tify  an d  C ry s ta llin ity
T h e  sam p le s  w e re  e x a m in e d  u s in g  X -ra y  d iffra c tro m e te r  (X R D ) w ith  

R ig ak u , R IN T -2 2 0 0  u s in g  CuKoc ra d ia tio n  (1 .5 4 1 8  A 0) a t 2  th e ta  fro m  3 to  50. T he 
c ry s ta llin ity  o f  th e  sam p le s  w as  o b ta in ed  fro m  X -ray  p o w d e r  d iffra c tio n  d a ta  u sin g  
e q u a tio n

%  c ry s ta llin ity  =  (3 .1 )

2  Iref

w h e re  I is th e  lin e  in te n s ity  o f  th e  sy n th s iz e d  K L  zeo lite  an d  Iref is  th a t 
o f  c o m m e rc ia l K L  zeo lite . T h e  in te n s itie s  o f  X -ray  lin e s  a t d v a lu e s  o f  16 .1, 4 .5 7 , 
3 .91 , 3 .6 6 , 3 .4 7 , 3 .28 , 3 .1 7 , 3 .07 , 2 .9 1 , 2 .65  w ere  u se d  to  av o id  th e  p o ss ib le  
in te rfe ren c e  o f  th e  c o e x is tin g  o th e r p h a se s  su c h  as พ  o r T  fo r a  g iv e n  sam p le .

3 .4 .2  M o rp h o lo g y  an d  C ry s ta l S ize
T h e  m o rp h o lo g y  o f  th e  c ry s ta llin e  p h a se  an d  c ry s ta l s ize  w ere  

e x a m in e d  by  u s in g  S c a n n in g  E le c tro n  M ic ro sc o p e  (JE O L  JS M -8 4 0 ). S a m p le s  w ere  
s tu ck  o n  th e  s tu b s  an d  c o a te d  w ith  g o ld  b y  io n  sp u tte rin g  d e v ic e  (JF C -1 1 0 0 E ) fo r 4  
m in u te s  to  p re v e n t sp e c im e n  c h a rg in g . T h e  e x a m in a tio n s  w ere  ta k e n  th ro u g h  th is  
m ic ro sc o p e  w ith  m a g n if ic a tio n  7 ,500 .

3 .4 .3  S u rface  A re a  an d  P o re  V o lu m e
T h e  sp e c if ic  a re a s  an d  m ic ro p o re  v o lu m e s  w e re  d e te rm in e d  by  a 

Q u a n ta c h ro m e  su rface  a re a  a n a ly z e r  (A u to so rb -1 ). N itro g e n  w as u sed  as  a  p ro b e  
gas. A  sa m p le  w as d c rie d  an d  o u tg a sse d  in  th e  sam p le  ce ll a t 250 °c a b o u t 10 h r 
b e fo re  a d so rp tio n . T h e  sp e c if ic  a rea  an d  m ic ro p o re  v o lu m e s  w e re  c a lc u la ted  fro m  22 
p o in ts  a d so rp tio n  iso th e rm . T h e  re su lts  w e re  an a ly z e d  b y  th e  A u to so rb  A N A G A S  
so ftw a re  v e rs io n  2 . 1 0 .
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3 .4 .4  C ry sta l S ize
T h e  M a lv e rn  In s tru m en ts  H ig h  P e rfo rm a n c e  P a rtic le  S ize r (H P P S ) 

5001 w as u se d  to  o b ta in  th e  s ize  o f  K L  zeo lite . T h e  m e a su re m e n ts  w e re  c o n d u c te d  
a t ro o m  te m p e ra tu re  w ith  s tan d a rd  d isp o sa b le  p o ly s ty re n e  cu v e tte s . S am p le s  w ere  
d isp e rse d  in  d e io n iz e d  w a te r  by  so n ica tio n .

3 .4 .5  S i/A l R a tio
T h e  Si a n d  A1 ra tio  o f  th e  sam p le s  w as d e te rm in e d  by  u s in g  X -ray  

F lu o re sc e n c e  P h o to m e te r  (B ru k e r  A x s, S R S  3400). 0 .5  g ram s o f  sam p le  an d  4.5 
g ra m s o f  b o ric  a c id  w e re  g r in d e d  w ith  a  R o c k la b  m ach in e . T h e n  th e  sp e c im e n  w as 
p u t on  th e  c e n te r  o f  th e  sa m p le  cu p  fo r b e in g  an a ly zed .

3 .4 .6  T h e rm a l S tab ility
T h e rm a g ra v im e tic  a n a ly s is  (T G A ) w as c a rrie d  o u t by  u tiliz in g  a 

P e rk in  E lm e r  T G A 7  a t a  sc a n n in g  ra te  o f  10 ° c /m in  fro m  25 to  800  ° c  u n d e r  o x y g en  
a tm o sp h e re .

3.5 Catalyst Preparation via Vapor Phase Impregnation Method (VPI)

3.5 .1  C a lc in a tio n  o f  K L  Z eo lite
K L  ze o lite  w a s  c a lc in e d  in  f lo w  o f  a ir  (1 0 0  cc /m in /g . o f  K L  zeo lite ) 

th e n  u sed  2 h  to  ram p  te m p e ra tu re  to  4 0 0  ° c  an d  h e ld  fo r 4  h. T h en  th e  ze o lite  w as 
co o led  in  a ir , a f te r  th a t it w a s  re m o v e d  a n d  q u ic k ly  tra n s fe rre d  to  in e rt a tm o sp h e re  
(u sed  g ro v e  b o x  w ith  N 2 flow ).

3 .5 .2  L o ad in g  P t
A c c o rd in g  to  C h a n a ja ra n w it e t  a l .  (2 0 0 2 ), it w as  fo u n d  th a t  1 %  P t 

lo ad in g  o n  K L  ze o lite  sh o w e d  th e  h ig h e s t c a ta ly tic  a c tiv ity  am o n g  th e  o th e r 
p e rc e n ta g e  o f  P t lo ad in g . T h e re fo re , 1 %  P t lo ad in g  w as  se lec ted  to  p rep a re  the  
ca ta ly s ts . T h e  p ro c e d u re  w as d e sc rib e d  b e lo w .

In  th e  in e rt a tm o sp h e re , p la tin u m  a c e ty la ce to n a te  w ere  w e ig h ed  o u t to  
y ie ld  1.0 %  lo a d in g  in  K L  zeo lite  an d  m ix e d  w ith  a  sp a tu la  to  g iv e  u n ifo rm ly . T he
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so lid  m ix tu re  w ith  w e ll m ix e d  w as tra n s fe rred  in to  th e  re a c to r  tu b e  (sea led  at one  
en d ). F lo w  H e  (< 1 0  c c /m in  p e r  g ram  o f  c a ta ly s t)  w as  p e rfo rm e d  to  m ak e  inert 
a tm o sp h e re  an d  th e m  te m p e ra tu re  w as ra m p e d  to  4 0  ° c ,  h e ld  fo r 3 h. A fte r  th a t 
te m p e ra tu re  w as  s lo w ly  ra m p e d  to  60 , 80 , 90  ° c  to  tra c e  w ate r. T h en  te m p e ra tu re  
w as ra m p e d  to  100 ° c  an d  h e ld  fo r 1 h  to  su b lim e  th e  P la tin u m  ace ty la ce to n a te  
co m p o u n d . N e x t s tep , te m p e ra tu re  w e re  ra m p e d  in  f lo w  o f  a ir  (lO O cc. /m in  p e r  g ram  
o f  c a ta ly s t)  to  350  ° c  an d  h e ld  fo r 2 h fo r m ak e  su re  th a t  th e  p la tin u m  a c e ty la ce to n a te  
h ad  su b lim ed . T h e  re a c to r  tu b e  w as c o o le d  to  ro o m  te m p e ra tu re , th e  sam p le  w as 
rem o v ed  an d  k e p t in  d ess ica to r.

3.6 Characterization of Pt/KL zeolite

F re sh  an d  sp en t sa m p le s  w e re  c h a ra c te r iz e d  b y  F T IR  o f  a d so rb e d  C O  in 
o rd e r  to  q u a lify  th e  lo c a tio n  o f  P t p a r tic le s  an d  b y  T e m p e ra tu re  P ro g ra m m e d  
O x id a tio n  (T P O ) to  a n a ly ze  th e  a m o u n t o f  th e  c o k e  d e p o s its  o n  sp en t c a ta ly s ts .

3.6.1 L o c a tio n  o f  P t P a rtic le s
T h e  lo c a tio n  o f  P t p a r tic le s  w e re  d e te rm in e d  by  D R IF T S  u s in g  

ad so rb e d  C O  as a  p ro b e  in  a  B ru k e r E p u in o x  55 sp e c tro m e te r  eq u ip p e d  w ith  a  M C T  
d e tec to r. E x p e rim e n ts  w e re  p e rfo rm e d  in  a  d iffu se  re fle c tan c e  ce ll fro m  H arrick  
S c ien tific , ty p e  H V C -D R 2 , w ith  Z n S e  w in d o w s . F o r e a c h  IR  sp ec tru m , 128 scan s 
w ere  ta k e n  a t a  re so lu tio n  o f  8 cm  P rio r  to  ta k in g  each  sp e c tru m , a  b a c k g ro u n d  
w as c o lle c te d  on  th e  sa m p le  re d u c e d  in  s itu  u n d e r  a  f lo w  o f  h y d ro g e n  a t 3 00  ° c  fo r 1 
h o u r  an d  p u rg e d  in  h e liu m  fo r 30  m in u te s  a t ro o m  te m p e ra tu re . T h en , a  f lo w  o f  5 %  
C O  in h e liu m  fo r 30  m in u te s  w as sen t o v e r  sam p le , fo llo w e d  b y  a  p u rg e  in  h e liu m  
f lo w  fo r 30  m in u te s . A fte r  th is  tre a tm e n t, th e  sp ec tru m  o f  ad so rb e d  C O  w as 
co llec ted .

3 .6 .2  P t D isp e rs io n
H 2 u p ta k e  an d  d eg ree  o f  d isp e rs io n  w ere  d e te rm in e d  by  u s in g  p u lse  

te ch n iq u e  (T h e rm o  F in n ig a n  m o d e led  T P D R O  1100). P r io r  to  p u lse  c h e m iso rp tio n ,
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the sample w as reduce in แ 2 atmosphere at 5 0 0 °c  for 1 h. Then the sample was 
purged with 1รเ2 at 5 0 0 °c  for 30 min and cooled to 5 0 °c  in flow ing N 2 . A H2 pulse 
(pure แ 2 , 0.4 ml) was injected into the sample at 50°c .

3.6.3 Amount o f  Coke Deposit
The spent catalyst was performed in a continuous flow  o f  5% 0 2 /He 

while the temperature was linearly increased at a heating rate o f  12 °c/m in . Before 
conducting the TPO on a sample placed in a ’A” quartz fixed-bed reactor, a 0.05 g 
spent catalyst was dried at 11 0 °c  overnight. The catalyst was then flushed by 5% O 2 

in He for 30 min before the temperature ramp was started. The CO2 produced by the 
oxidation o f  coke species was monitored by a mass spectrometer. The amount o f  
coke was calibrated by using 100 pi pulses o f  pure CO2 . The evolved CO 2 partial 
pressure was normalized by the total pressure and the maximum signal in the pulses 
o f  CO2 .

3.7 n-Octane Aromatization Reaction

Both n-octane and n-hexane were carried out as the same conditions for 
aromatization reaction. Therefore, the follow ing procedures were described only for 
n-octane aromatization reaction.

3.7.1 Catalyst Reduction
The prepared Pt/KL catalysts were transferred to the reactor that used 

for n-octane aromatization. Then the temperature was slow ly ramped in flow ing H2 

at 100 cc/m in g. for 2 hours up to 500 °c . The catalyst was reduced in situ in the 
flow  o f  H 2 (100 cc/m in/g. o f  catalyst) for 1 h. at 500 °c .

3.7.2 Reaction Testing
Reaction testing was conducted at atmospheric pressure using two 

fixed-bed, single pass and continuous flow  reactors in parallel. Each reactor 
consisted o f  a 0.5- inch stainless steel tube with an internal K-type thermocouple and
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the oven was monitored with a J-type thermocouple. In each run, the experiments 
were conducted using 0.2 g. o f  catalysts. The catalyst bed was supported on a bed o f  
glass w ool. The reactor was operated under flow ing H2 , and n-octane was added by 
infusion with a syringe pump through a T-junction prior to the reactor. In all 
experiments, the molar ratio o f  H2 to «-octane was kept at 6 :1 , the reaction was 
conducted at 500 ° c  for 1.5 hr. w hile the space velocity was fixed at 5 h'1.

3.7.3 The Product o f  «-Octane Aromatiztion Analysis
The products was analyzed in a Shimadzu G C -17A  equipped with a 

capillary HP-PLOT/AI2 O 3 “ร’’ deactivated column, using a temperature-programmed 
mode, to obtain optimal product separation, by starting at 40 ° c  for 10 min, then the 
temperature was ramped up to 195 ° c  with a heating rate o f  5 °c /m in  and held for 30 
min. Helium was sent to carry the effluent o f  each reaction-regeneration cycle  
through the column to obtain the product separation. The activity data were reported 
in terms o f  total «-octane conversion and product selectivity defined as w eight o f  
each individual product per w eight o f  n-octane converted and product yield which is 
defined as conversion multiplied by selectivity.
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3.8 Apparatus

The experimental apparatus is schem atically shown in Figure 3.1.

220VAC

Vent

FID Detector

Figure 3.1 Schematic o f  the experiment setup.
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