
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3.1.1 C h em ica ls
•  G ly ce ro l (C 3H 8O 3, re a g e n t g rade) w as o b ta in e d  from  F ishe r 

C h em ica l, U K .
•  P a lm  fa tty  ac id  d is tilla te  (P F A D ) w as o b ta in ed  from  T hai 

O le o c h e m ic a ls  C o m p an y  L im ited  (T O L ).
•  tt -P e n ta n e  o f  m in . 99 %  p u rity  w as ob ta ined  fro m  R C I L abscan , 

T h a ilan d .
•  T he  co m m erc ia l Z S M -5  zeo lite  (S iC b/A bC L =  23, 30 , 50 , 80, and 

2 8 0 ) w as  o b ta in ed  from  Z eo ly s t, U SA .
•  Z in c (II)  n itra te  h y d ra te  (Z n (N 0 3 )2 .xH 2 0 ) w as o b ta in e d  from  T.s. 

In te rlab  L im ited  P a rtn e rsh ip .
•  G a lliu m (III)  n itra te  h y d ra te  (G a (N 0 3 )3.xH 2 0 ) w as o b ta in ed  from  

A ld rich , U S A .
• T e trae th y l o r th o s ilic a te  (S iC sL L oO ^ w as o b ta in ed  from  A ld rich , 

U S A .
• C y c lo h ex an e  w as  o b ta in ed  fro m  L abscan , T h a ilan d .
•  T e tra p ro p y la m m o n iu m  h y d ro x id e  (T P A O H ) w as  o b ta in ed  from  

A ld rich , U S A .
• A m m o n iu m  h y d ro x id e  (N H 4O H ) w as ob ta ined  fro m  A ld rich , U S A .

3 .1 .2  G ases
•  H y d ro g en  (H 2 , H P  g rad e , 9 9 .9 9  %  purity ) w as u sed  fo r the ca ta ly s t 

a c tiv ity  te s tin g , and  F ID  de tec to r.
•  N itro g e n  (N 2, H P  g rade , 9 9 .9 9  %  purity ) ) w as u sed  fo r the  ca ta ly s t 

a c tiv ity  te s tin g .
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•  H eliu m  (H e , H P  g rad e , 9 9 .9 9  %  p u rity )  w as u sed  as c a rrie r  gas for 
gas c h ro m a to g ra p h  and  fo r te m p e ra tu re -p ro g ra m m e d  d eso rp tio n  
(T P D ) m easu rem e n t.

•  T he ze ro  g rad e  a ir  w a s  u sed  fo r F ID  detector.
•  5 v o l.%  o x y g e n  b a lan ce  in  h e liu m  w as used  fo r th e  te m p e ra tu re -  

p ro g ram m ed  o x id a tio n  (T P O ) m easu rem en t.
•  2 v o l.%  p ro p y le n e  b a lan ce  in  h e liu m  w as used fo r th e  te m p e ra tu re -  

p ro g ram m ed  d e so rp tio n  (T P D ) m easu rem en t.
• 10 v o l.%  a m m o n ia  b a lan ce  in  h e liu m  w as u sed  fo r the 

te m p e ra tu re -p ro g ra m m e d  d eso rp tio n  (T P D ) m easu rem en t.Xf"
A ll g ases  m e n tio n e d  ab o v e  w ere  su p p lied  from  T IG , T hailand .

3.2 Experimental Procedure

3.2.1 P art I: C o n v e rs io n  o f  G ly ce ro l to  A ro m a tic  H y d ro ca rb o n s o v e r Z n -
P ro m oted  I IZ S M -5  C a ta ly s ts
3.2.1.1 C atalyst Preparation

In th is  p a rt, the  p a ren t H Z S M -5  w ith  d iffe ren t S iC V A hC b 
ra tio s  an d  Z n /H Z S M -5  w ere  u sed  as ca ta ly s ts . T w o  p rep ara tio n  m e th o d s , co n sis tin g  
o f  a q u e o u s  ph ase  io n -e x c h a n g e  and  in c ip ien t w e tn ess  im p reg n a tio n  w as u sed  to 
p re p a re  Z n /H Z S M -5  ca ta ly s ts .

ร.2.1.1.1 Preparation  o f  P arent H ZSM -5  C atalysts
T he  N H 4Z S M - 5  zeo lite s  w ith  SiC>2/A l2 0 3  ra tio s  o f  

23 , 30 , 50 , 80 ,and  28 0  w e re  p ro v id ed  by  Z e o ly s t In te rna tion a l. T h e  p o w d ered  
ca ta ly s ts  w ere  p e lle tized  an d  s iev ed  to  20—40 m esh  in o rder to a tta in  th e  su itab le  
c a ta ly s t p ac k in g  in the  reac to r. T h e  ca ta ly s ts  w e re  ca lc in ed  in a ir  at 550  °c w ith  a 
h ea tin g  ra te  o f  10 ๐c /m in  fo r 5 h. T he  o b ta in ed  ca ta ly s ts  are d en o ted  as H Z S M -5 (x ) , 
w h e re  X  is th e  S i0 2 /A l2 0 3  ra tio s  o f  H Z S M -5 .

3.2.1 .1 .2  P reparation  o f  Z n /H Z SM -5  Catalysts
In o rd e r  to  stu dy  th e  e ffec ts  o f  d iffe ren t Z n spec ies , 

Z n -p ro m o te d  H Z S M -5  ca ta ly s ts  w ere  p rep a red  by  IE and  IW I m eth o d s
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y Z n /H Z S M -5  (IW I) ca ta ly s ts  w e re  p rep a red  by  in c ip ie n t w e tn ess im p reg n a tio n  o f  
H Z S M -5  (3 0 ), w h ere  y re fe rs  to  th e  Z n  lo ad in g  (w t % ). T he  H Z S M -5  (4  g) w as 
im p re g n a te d  w ith  the  aq u eo u s  so lu tio n  c o n ta in in g  d e s ire d  am o u n t o f  Zn(NC>3)2 -H2 0 , 
fo llo w e d  by  d ried  in  an  o v en  at 120 °c o v e rn ig h t an d  ca lc in ed  at 550 °c (h ea tin g  rate 
o f  10 ๐c /m in )  in  a ir  fo r 5 h. j 'Z n /H Z S M -5  (IE ) c a ta ly s ts  w ere  p rep a red  by  aqu eou s 
ph ase  io n -e x c h a n g e  m eth od . T h e  H Z S M -5  (3 0 ) w a s  s tirred  in an aq u eo u s so lu tio n  o f  
0 .0 0 5 -0 .0 5  M Z n (N 0 3 )2 'H 2 0  at 70 °c fo r  12 h. S u b seq u en tly , the  o b ta in ed  ca ta ly s ts  
w ere  w a sh e d  w ith  ex cess  d is tille d  w a te r, fo llo w e d  b y  d ried  in an  o v en  at 1 2 0  °c 
o v e rn ig h t an d  ca lc in ed  a t 550  ๐c  (h ea tin g  ra te  o f  10 ๐c /m in )  in  a ir  fo r 5 h.

3.2.1.2 Catalytic A c tiv ity  Testing
T he  p u re  g ly ce ro l (> 9 9 .9 9 % ) w as  fed togeffier w ith  a  N 2 

c a rrie r  at a  flo w ra te  g iv in g  a m o la r  ra tio  o f  N 2/g ly c e ro l o f  10:1. T he  reac tio n  w as 
c a rried  o u t at tem p era tu re  o f  4 0 0  ๐c ,  p re ssu re  o f  3 0 0  p sig , and  W /F  ran g ed  from  0.07 
to  1 h. T h e  liq u id  p ro d u c ts, in c lu d in g  w a te r, w e re  co lle c ted  in  a  co ld  trap  and  ana­
ly zed  by  an  A g ilen t 58 90  gas c h ro m a to g ra p h  e q u ip p ed  w ith  acap illa ry  H P -  
IN N O W A X  co lum n . N o n -c o n d e n se d  p ro d u c ts  w e re  an a ly zed  o n lin e  by  a  S h im ad zu  
G C -1 7 A  gas c h ro m a to g rap h eq u ip p ed  w ith  a c ap illa ry  H P -P L O T /A I 2O 3 “ ร ” 
d e a c tiv a ted  co lu m n . T he  sch em atic  o f  th e  e x p e rim e n t se t up  is sh o w n  in F ig ure . 3.1 
an d  T a b le  3 .1 .

Figure 3.1 A  sch em atic  f lo w  d iag ram  o f  e x p e rim e n ta l setup.
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Table 3.1 D e sc rip tio n  o f  flow  d iag ram

No. Items Functions

1 VI O n-off valve for liquid from high pressure liquid pump 
Checking valve for avoiding the backw ard flow o f liquid from

D V2 high pressure pump
3 V3 Three-way valve for switching nitrogen gas to hydrogen gas 

Checking valve for avoiding the backw ard flow o f hvdrogen or
4 V4 nitrogen gas
5 V5 Three-way valve for switching direction o f  nitrogen flow

- 6 V6 Needle valve for controlling pressure in back pressure regulator
7 V7 Needle valve for releasing gas from the system
ร V8 Relief valve to release to pressure overload in the system 

On-off valve for releasing the pressure from back pressure9 V9 Regulator
10 V I 0 Metering valve for releasing the product from condenser

3.2.2 P art II: T he E ffec t o f  G a and  Z n  o v e r  H Z S M -5  on  the
T ran sfo rm atio n  P a lm  F a tty  A c id  D is tilla te  (P F A D ) to A ro m atic s
3.2.2.1 Catalyst P reparation

In th is  part, the  p a ren t H Z S M -5  w ith  d iffe ren t S iC V A E O a 
ra tio s  and  Z n  co n ta in ed  H Z S M -5  w ere  u sed  as c a ta ly s ts . T w o  p rep a ra tio n  m e th o d s, 
co n s is tin g  o f  aq u eo u s phase io n -e x c h a n g e  and  in c ip ie n t w e tn ess  im p reg n a tio n  w ere  
u sed  to  p re p a re  Z n /H Z S M -5  ca ta ly s ts .

3.2.2.1.1 Preparation  o f  P arent H Z S M -5  Catalysts
T h e  N H 4Z S M - 5  z e o lite s  w ith  S iC V A E C b ra tio s  o f  

23 , 30 , an d  50  w ere  ob ta ined  from  Zeoly-st In te rn a tio n a l, U S A . In o rd e r to c o n v e rt to 
p ro to n  fo rm , th e  ca ta ly sts  w ere  ca lc in e d  in a ir  a t 55 0  ๐c  fo r 5 h a fte r  th a t g ro u n d  and  
s iev ed  to  th e  s ize  be tw een  20—40 m esh  (4 5 0 -8 5 0  pm ).

3.2.2.1.2 P reparation o f  G a /H Z S M -5  and  Z n/H Z SM -5
C atalysts
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T he Z n (N 0 3 ) 2  o r  Ga(NC>3)3 p recu rso rs  w ere  lo aded  
on  3 g H Z S M -5  (SiC>2/A l2 0 3  =  30) by  in c ip ie n t w e tn ess  im p reg n a tio n  (IW I) m ethod . 
A fte r  th a t, th e  c a ta ly s ts  w ere  dried  at 110 °c o v e rn ig h t an d  th en  ca lc in ed  in a ir  a t 550 
°c fo r  5 h . T h e  re su ltin g  ca ta lysts  a re  d en o ted  as  x M /H Z S M -5 , w h ere  X  rep resen ts  
a m o u n t o f  e x p e c te d  m eta l load ing  and  M  re p re se n ts  G a  o r  Z n .

3.2 .2 .2  Catalytic A ctivity Testing
Palm  fatty  ac id  d is tilla te  (P F A D ) w as  o b ta in ed  from  T hai 

O le o c h e m ic a ls  C o m p a n y  L im ited  (T O L ), T h a ilan d . T h e  re ac tio n  ac tiv ity  w as tested  
in  a  c o n tin u o u s  f lo w  fixed  bed reacto r. T h e  re a c tio n  w as  c a rrie d  o u t at 500 ๐c  un der 
a tm o sp h e ric  p re ssu re . N 2 w as used  as a c a rrie r  gas w ith  th e  f lo w  ra te  o f  55 m L /m in . 
T h e  P F A D  w as  m e lte d  by p reh ea tin g  at 80 °c b e fo re  feed in g  to  th e  reac to r. T he  gas 
p ro d u c ts  w ere  an a ly zed  o n - l in e  by  u s in g  an  A g ile n t M odel 5890 gas 
c h ro m a to g ra p h y  eq u ip p e d  w ith  a c ap illa ry  H P -P L O T /A I2O 3 “ ร ” deac tiv a ted  co lu m n  
fo r F ID  and  P o ra p a k  N , 8 0 -1 0 0  co lu m n  fo r T C D  d e tec to rs . T h e  liqu id  p ro d u c ts  w ere  
an a ly zed  by  u s in g  an  A g ilen t M o del 6 8 9 0  gas c h ro m a to g ra p h y  eq u ip p ed  w ith  a 
c ap illa ry  H P -IN N O W A X  colum n.

3 .2 .3  P a rt III: G en era tio n  o f  N e w  A c tiv e  Z n H + S p ec ie s  ov er H y d ro g e n -
T rea ted  Z n /H Z S M -5  C a ta ly s ts  for /7-P e n ta n e  A ro m atiza tio n
3.2.3.1 Catalyst Preparation

T he N H 4Z S M - 5  z e o lite  w ith  S i0 2 /A l2 0 3  ra tio  o f  30 w as 
o b ta in ed  fro m  Z e o ly s t In ternational. In o rd e r  to  c o n v e rt to  p ro to n  form , the  ca ta ly s t 
w as  ca lc in ed  in  a ir  a t 550 ๐c  for 5 h. T h e  Z n 2+ w ere  lo ad ed  on  the  H Z S M -5  ca ta ly s t 
by  aq u eo u s  p h a se  io n -ex ch an g e . B riefly , th e  H Z S M -5  (4  g) w as  stirred  in 0.05 M  
Zn(NC>3)2 so lu tio n  (100  m L ) at 70 °c fo r 12 h. T he  io n -e x c h a n g e d  sam p le  w as 
w a sh e d  w ith  e x c e ss  d e io n ized  w ater, d ried  o v e rn ig h t a t 1 2 0  ๐c ,  a fte r th a t ca lc in ed  at 
55 0  °c in a ir fo r 5 h.

3.2 .3 .2  Catalytic A ctivity Testing
T he ca ta ly tic  a c tiv ity  w as  te s ted  by  u s in g  pu lse  reac to r. 50 m g 

o f  c a ta ly s t w as  p a c k e d  in  14" P yrex  f ix e d -b e d  reac to r. T h e  c a ta ly s t w as h ea ted  u n d er 
f lo w  o f  H e a t 5 0 0  ๐c  for 1 h. A fte r  th a t, 0 .25  m L  o f  /7- p e n ta n e  v ap o r (at room  
tem p e ra tu re )  w a s  p u lsed  in to the reac to r  w ith  the H e flo w  ra te  o f  180 m L /h . In o rder
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to  s tu d y  th e  e f fe c t o f  H 2, T he carier gas w as  c h a n g e d  to  H 2 an d  the  ca ta lyst w as 
h ea ted  at 500  ๐c  fo r 1 h a fte r th a t the  c a r ie r  gas w as c h a n g e d  to  H e again , the 
ca ta ly tic  a c tiv ity  w as  te s ted  by pu lsin g  « -p e n ta n e  u n d e r  H e a tm o sp h e re .

3 .2 .4  P a rt I V : Im p ro ved  « -p en tan e  co n v e rs io n  an d  p -x y le n e  se lec tiv ity  
u s in g  Z n (II)io n s/s ilic a lite -l c o a ted  on  Z n /H Z S M -5  ca ta ly s ts  
ร. 2.4.1 Catalyst Preparation
T h e  N H 4Z S M - 5  zeo lite  w ith  S i0 2/A l20 3  ra tio  o f  25 w as ca lc ined  in 

a ir  a t 55 0  °c fo r  5 h  th e  resu lted  ca ta ly s t w as  d en o te d  as  H Z S M -5 . T he  Z n2+ w ere  
lo ad ed  on  th e  H Z S M -5  ca ta lyst by  a q u eo u s  p h ase  io n -e x c h a n g e . B riefly , the 
H Z S M -5  (4  g) w as  s tirred  in 0.05 M Z n (N 0 3 ) 2 so lu tio n  (1 0 0  m L ) at 70 ° c  for 12 h. 
T h e  io n -e x c h a n g e d  sam p le  w as w ash ed  w ith  e x ce ss  d e io n iz e d  w a te r, d ried  ov ern ig h t 
a t 120 ๐c , a fte r  th a t c a lc in ed  at 550 °c in  a ir  fo r 5 h, d en o ted  as Z n H Z S M -5  cata lyst.

In o rd e r  to  coat s ilica lite -1  on  th e  ca ta ly s t, Z n /H Z S M -5  w as used  as a 
co re . T h e  p re c u rso r  so lu tion  co n ta in ed  w ith  T E O S , te trap ro p h y lam m o n iu m  
h y d ro x id e  (T P A O H ), e th ano l (E tO H ) and  d e io n iz e d  w a te r  w ith  th e  m o la r ra tio s  o f  
0 .5 T P A O H : 120H 2O: 8 E tO H : 2 S i0 2. A p p ro x im a te ly  1.0 g o f  Z n /H Z S M -5  ca ta ly st 
w as im m ersed  in  15 g o f  p recu rso r so lu tio n . T h e  so lu tio n  w as  c a rried  ou t in  s ta in less  
s tee l v esse l a t 453  °c for 24 w ith o u t ag ita tio n . T he  p ro d u c ts  w ere  rin sed  w ith  
d e io n iz e d  w a te r  and  d ried  over n igh t at 363 K , th en , ca lc in ed  in  a ir  at 773 K for 6 h 
at a  h e a tin g  ra te  o f  1 K /m in . T he resu lted  c a ta ly s ts  w as  d en o ted  as S il-1 /Z n H Z S M -5  
ca ta ly s t.

T h e  d eh y d ro g en a tio n  lay er w a s  g ra fted  on  S il-1 /Z n H Z S M -5  ca ta ly s t 
by  u s in g  s tro n g  e lec tro s ta tic  adso rp tio n  m e th o d o lo g y . A p p ro x im a te ly  1.0 g o f  S il— 
l/Z n H Z S M -5  w as  su sp en d ed  in 5 m L o f  d e io n iz e d  w ater. T h e  so lu tio n  w as ad ju sted  
to  p H  11 by  u s in g  30 %  am m onium  h y d ro x id e  (N H 4O H ). In a  sep a ra te  flask , 0 .16  g 
o f Z n ( N 0 3)2 .6 H 20  (S ig m a  A ldrich) w as d isso lv ed  in 1.6 m L  o f  d e io n ized  w ater. T he 
p H  o f  th e  so lu tio n  a lso  ad justed  to be 11 u s in g  am m o n iu m  h y d ro x id e . T he so lu tio n  
w as ad d ed  to  th e  ca ta ly s t so lu tion  and  s tir  fo r  10 m in . T h en  th e  m ix ed  so lu tion  w as 
a llo w ed  to  se ttle  fo r 5 m in. T he re su ltan t s lu rry  w as r in se d  sev era l tim es w ith  
d e io n iz e d  w a te r. T he  resu lted  ca ta ly st w as  v a c u u m  f ilte red , d ried  ov ern ig h t at 
125 °c, and  ca lc in ed  in a ir  w ith  a h ea tin g  ra te  o f  5 ° c /m in  to  30 0  °c, m ain ta in ed  for 
3 h. T h e  ca ta ly s t w as  d en o ted  as Z n ( I I ) io n s /S il- l /Z n H Z S M -5  ca ta ly s t.
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3.2.4 .2  C atalytic Activity Testing
In  each  test, 0.1 g  o f  c a ta ly s t w as  p a c k e d  in  a  !4" P yrex  f ix e d -  

b ed  re a c to r . T h e  c a ta ly s t w as heated  u n d er a  f lo w  o f  N 2 a t 50 0  ๐c  fo r 1 h. T he ท- 
p en tan e  fe e d - s to c k  w as  co n tin u o u sly  in jec ted  fro m  a sy r in g e  p u m p  w ith  W H S V  o f  
10 h '1. T h e  c o n d itio n  reac tio n  w as at 500 °c u n d e r  1 a tm  o f  20  m l/m in  o f N 2 flow . 
T h e  p ro d u c ts  w ere  an a ly z e d  by  gas c h ro m a to g ra p h y  u s in g  a S h im ad zu  17 A -G C  
e q u ip p e d  w ith  an  H P -P L O T /A I 2O 3 "ร'' d e a c tiv a ted  c a p illa ry  co lu m n .

3.3 Catalyst Characterization

°3 .3 .1  T e m p e ra tu re  P rogram m ed R ed u c tio n  (T P R )
T h is  te c h n iq u e  w asa em p lo y ed  to  s tu d y  th e  re d u c ib ility  o f  sam ples. 

F o r e a c h  ru n , 50 m g  o f  ca ta ly sts  w ere p ack ed  in  th e  14" q u a rtz  tu b e  reactor. The 
te m p e ra tu re  w as  h ea ted  w ith  the rate o f  10 ๐c /m in  u n d e r  5%  H 2/A r (30  m L /m in) to
800 °c.

3 .3 .2  T e m p e ra tu re  P rogram m ed D eso rp tio n  (T P D ) o f  Iso p ro p v lam in e  
(IP A ) an d  A m m on ia  ( N i f f )
T e m p e ra tu re  P rogram m ed D e so rp tio n  (T P D ) w ere  p erfo rm ed  in  a 

h o m e m a d e  ap p a ra tu s  u s in g  a quarter inch q u a rtz  tu be  re a c to r  co n n e c te d  to an on line 
M S  d e te c to r  (M K S  C irru s  series 903). T he IP A -T P D  w ere  c a rrie d  o u t in the range o f  
3 0 -8 0 0  ๐c  at a h ea tin g  ra te  o f  10 ° c /m in , w h e rea s  N H 3- T P D  ex p e rim en t w as 
m o n ito re d  a t th e  ran g e  o f  1 0 0 -7 0 0  °c. T he  M S  s ig n a l o f  m /e  44 , 41 , an d  17 w ere  
m o n ito re d  to  d e te rm in e  th e  evo lu tion  o f  iso p ro p y la m in e , p ro p y len e , and  am m onia , 
re sp e c tiv e ly . In the  c a se  o f  IP A -T P D , the  a m o u n t o f  B ro n s te d  site  w as de term in ed  
by  th e  am o u n t o f  p ro p y le n e  observed  w h ich  w as c a lib ra ted  by  p u re  p rop y lene . W hile  
th e  to ta l a c id  s ite  w as c a lcu la ted  from  to tal a m o u n t o f  N H 3 in N H 3-T P D .

3 .3 .3  X - ra y  D iffrac tio n  (X R D )
T h e  re la tiv e  c rysta llin ities o f  th e  Z S M -5  z e o lite  b e fo re  and after 

s ily la tio n  w e re  a n a ly z e d  by  a R igaku  X - ra y  d iff ra c to m e te r  w ith  C u  tube fo r 
g e n e ra tin g  C u K a  ra d ia tio n  (k= 1.5418 A") a t ro o m  te m p e ra tu re . T he 20 is in the 
ran g e  b e tw e e n  5 and  80 w ith  a scann ing  ra te  o f  10°/m in . T h is  a n a ly s is  is generally  
p re fo rm e d  b a se d  on  th e  fac t that an X - ra y  d iff ra c tio n  p a tte rn  is u n iq u e  for each
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c ry s ta llin e  su b s ta n c e , ch e m ic a l id en tity  can  be a ssu m ed . It is a lso  p o ss ib le  to  m ake a 
re la tiv e ly  q u a n tita t iv e  an a ly s is  by  co m p arin g  su b s ta n c e  o f  d iffe re n t sam ples, the 
h ig h e r  in te n s ity  in d ic a te s  th e  h ig h e r con ten t.

3 .3 .4  N? A d so rp tio n /D eso rp tio n  M e asu rem en ts
S u rface  a reas , m icropo re , and  m eso p o re  v o lu m e s  o f  th e  sam ples w ere  

m ea su re d  u s in g  B E T  m e th o d  on a Q u an tach ro m  in s tru m en t. T h e  sam p le  w as first 
o u tg a sse d  to  re m o v e  th e  h u m id ity  and vo la tile  ad so rb e n ts  ad so rb e d  on  su rface  under 
v a c u u m  a t 150 ๐c  fo r 12 h  p rio r  to the ana lysis . A n d  th en , N 2 w as  p u rg ed  to adsorb  
on  su rface . T h e  q u a n tity  o f  gas adso rbed  on to  o r d eso rb ed  fro m  th e ir  so lid  su rface  at 
so m e  e q u il ib r iu m  v a p o r  p ressu re  by static  v o lu m e tric  m e th o d  w ill be  th en  m easured . 
T he  so lid  sam p le  w as m a in ta in ed  at a co n s tan t tem p e ra tu re  o f  th e  sam p le  cell until 
th e  e q u il ib r iu m  is e s tab lish ed . T his v o lu m e -p re s su re  d a ta  w as  u se d  to  ca lcu la te  the 
B E T  su rfa c e  a rea .

3 .3 .5  U V -v is  S p ec tro p h o to m ete r
T h e  m e a su re m e n ts  w ere  p e rfo rm ed  on  a ir -e x p o s e d  sam p les  at an 

am b ie n t te m p e ra tu re  o f  b e tw een  200 and  800 nm . T h e  a b so rp tio n  in ten sity  w as 
e x p re s se d  u s in g  th e  K u b e lk a -M u n k  function .

F(Roo)
2 R"

w h ere  Roo is th e  d iffuse  re flec tan ce  fro m  a s e m i- in f in i te  layer.
3 .3 .6  X - ra y  A b so rp tio n  N ear E dg e  S tru c tu re  (X A N E S ) an d  E x ten d ed  X -  

ray  A b so rp tio n  F in e  S tru c tu re  (E X A F S )
X - ra y  ab so rp tio n  near edge  s tru c tu re  (X A N E S ) an d  E x ten d e d  X -ra y  

a b so rp tio n  fine  s tru c tu re  (E X A F S ) o f  Z n (9 6 5 9  eV ) K -e d g e  w e re  perfo rm ed  at 
b e a m lin e  8 , S y n ch ro tro n  L ig h t R esearch  In s titu te  (S L R I), T h a ila n d . T he  sam ples 
w ere  m e a su re d  in th e  fluo rescen ce  m o d e  u s in g  G e (2 2 0 )  d o u b le  crystal 
m o n o c h ro m a to r  at ro o m  tem p era tu re . T he  d a ta  a n a ly s is  w as  p e rfo rm e d  by A rth en a  
v e rs io n  0 .9 .1 8 .2 .
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3 .3 .7  X - ra y  P h o to e le c tro n  S p ec tro sco p y  (X P S )
X - r a y  p h o to e le c tro n  sp ec tro sco p y  (X P S ) w as  reco rd ed  by  a K ratos 

U ltra  X - r a y  p h o to e le c tro n  sp ec tro m ete r. T he m o n o c h ro m a tic  A lK a  w as  u sed  as an 
X - ra y  so u rc e  (an o d e  H T  =  15 kV ). T he X P S  p eak s  w e re  re fe re n c e d  to  th e  b ind ing  
en erg y  o f  c  ( I s )  p eak  a t 285  eV . In o rd er to s tu d y  th e  e ffe c ts  o f  h y d ro g e n  trea tm ent, 
Z n /H Z S M -5  c a ta ly s ts  w ere  h ea ted  under A r o r H 2 f lo w in g  at v a r io u s  te m p e ra tu re  for 
1 h  in  an  X P S  c a ta ly s t re a c tio n  cell. T he ca ta ly s ts  w e re  th en  co o le d  d o w n  un der the 
trea ted  gas an d  th en  tra n s fe rre d  to  the X PS c h am b er fo r th e  an a ly sis .
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