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APPENDICES

Appendix A Structure of Zeolites (http://www.iza- 
structure.org/databases/)

1. LTL Zeolite
Linde Type L: K6Na3[AlgSi27 0  72] . 21 H2O 
Channels: [001] 12 7.1*
Materials with the same topology:
Gallosilicate L(2,3)
(K,Ba)-G,L(4)
LZ-212(5)
Perlialite(6,7) Fig. 1. Structure of LTL zeolite, 

(viewed normal to [001])

Fig. 2. Referable XRD pattern for LTL zeolite, x-axis is 29, y-axis is intensity.

http://www.iza-structure.org/databases/
http://www.iza-structure.org/databases/
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2. BEA Zeolite 
Beta [AlnSi64-n 0เ2ร] with ท=7
Channels: [001] 12 5.5 X 5.5* <->  [100] 12 7.6 X 6.4**
Materials with the same topology:
Borosilicate *BEA(3,4)
Gallosilicate *BEA(4)
Tschernichite (5)

Fig. 3. Structure of BEA zeolite, 
(viewed along [100])

Fig. 4. Referable XRD pattern for BEA zeolite, x-axis is 20, y-axis is intensity.
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3. MAZ Zeolite
Mazzite (Na2,K.2,Ca,Mg)5 [Al|oSi26Û72] . 28 H20  
Channels:[001] 12 7.4* I 8 [001] 3.4 X 5.6*
Materials with the same topology:
Gallosilicate MAZ(2)
LZ-202(3)
Omega(l)
ZSM-4(4)

Fig. 5. Structure of MAZ zeolite, 
(viewed along [001])

100 

80 

60 

40 

20 

0
0 10 20 30 40 50

Fig. 6. Referable XRD pattern for MAZ zeolite, x-axis is 29, y-axis is intensity.
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4. FAU Zeolite
Faujasite (Na2Ca,Mg)29 [Al58Si 134 0  384 ] . 240 
Channels: [111] 12 7.4***
Materials with the same topology:
Alumino- and gallo-germanate FAU(3) 
Beryllophosphate x (4)
CSZ-1 (EMT-FAU structural intermediate)(5) 
ECR-30 (EMT-FAU structural intermediate)(6) 
Linde X(7-8)
Linde Y (910)
LZ-210(II)
SAPO-37(l2)

Fig. 7. Structure of FAU zeolite, 
(viewed along [111])

Zincophosphate x <4)
ZSM-20 (EMT-FAU structural intermediate)(13) 
ZSM-3 (EMT-FAU structural intermediate)(l4) 
CAP-FAU, Cobalt-Aluminum-Phosphat<l5) 
and numerous other compositional variants
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Fig. 8. Referable XRD pattern for FAU zeolite, x-axis is 29, y-axis is intensity.
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5. VFI Zeolite 
VPI-5 [A118p , 8o 72]. 42 H20  
Channels: [001] 18 12.1* 
Materials with the same topology:
AlP04-54(2) H I(4)
MCM-9(5)

Fig. 9. S tru c tu re  o f  V F I zeo lite , 
(v iew ed  a lo n g  [0 0 1 ] )

F ig . 10. R e fe ra b le  X R D  p a tte rn  fo r V F I zeo lite , x -ax is  is 20 , y -a x is  is in ten sity .
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6 . AET Zeolite 
AIPO4 - 8  [AI3 6 P3 6O1 4 4]
Channels: [001] 14 7 .9  X 8.7* 
Materials with the same topology:
M C M -3 7 (3 )

F ig . 11. S tru c tu re  o f  A E T  zeo lite , 
(v iew ed  a lo n g  [0 0 1 ] )

Fig. 12. Referable XRD pattern for AET zeolite, x-axis is 20, y-axis is intensity.
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Appendix B Dual-Function Mechanism for Catalytic Reforming (Sinfelt, 1964)

n-Hexane Isohexanes

Cyclohexene +—- Methylçyclopentene

Cyclonexadiene Methylcyclopentadiene

Benzene

Cyclohexane Methylcyclopentane 4— - n-Hexene-«ĉ c±Isohexenes

A c i d i c  C e n t e r s

F ig . 1. D u a l-fu n c tio n  m e c h a n ism  fo r c a ta ly tic  re fo rm in g .
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Appendix c  Experimental Data

1. Atomic Absorption Spectroscopy (AAS)

TABLE 1
A A S  d a ta  o f  P t c o n ta in in g  in  d iffe re n t c a ta ly s ts

Catalyst % Pt obtained from AAS
1 % P t/K L  (IW I)-b a tc h  4 0.95

1 % P t/K L  (V P I)-b a tc h  11 0 .8 8

l% P t/C e -K L  (V P I)-b a tc h  9 0 .82

l% P t/C e -K L  (IW I)-b a tc h  15 0.85

1 % P t/E r-K L  (V P l)-b a tc h  19 0 .90

l% P t /S i0 2 (IW I) 0 .94

TABLE 2
A A S  d a ta  o f  S i/A l, K /A l, an d  N a  o f  K -ex c h a n g e d  z eo lite s

Sample Si/Al
Si/Al

(theory)
K/Al
(wt) K/Al Na

K -L T L 2 .79 3 .00 1.252 0 .8 6 nil
K -B E A 8.31 8 .14 1.828 1.26 nil
K -M A Z 2.36 2 .60 0 .897 0 .62 nil
K -F A U 2 .1 2 2.31 1.410 0 .97 nil

2. Scanning Electron Microscope (SEM)
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Fig. 1. S E M  im ag es  o f  C a ta p a le  B , A I2 O 3 so u rce  o f  V P I-5  sy n th es is .

F ig. 2. S E M  im ag es  o f  P t/V P l-5  ca ta ly st.
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Fig. 3. S E M  im ag es  o f  P t/K L  ca ta ly st. 

3. X-ray Diffractometer (XRD)

20, deg
Fig. 4. X R D  p a tte rn  o f  K -L T L .
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Fig. 5. X R D  p a tte rn s  o f  M A Z  zeo lite , b e fo re  an d  a fte r  e x c h a n g e d  to  K -M A Z  and  
a fte r  c a lc in a tio n  at 400°c fo r 5 h.

26 (deg)

Fig. 6. X R D  p a tte rn s  o f  F A U  zeo lite , b e fo re  and  a fte r  ex c h a n g e d  to  K -F A U  and  
a fte r  c a lc in a tio n  at 400°c fo r 5 h.



Int
ens

ity
 [c

ps]

106

20, deg

F ig . 7. X R D  p a tte rn s  o f  B E A  zeo lite , b e fo re  an d  a fte r  ex c h a n g e d  to  K -B E A  and  
a fte r  c a lc in a tio n  at 400°c fo r 5 h.
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20, degree

Fig. 8. X R D  p a tte rn s  o f  V P I-5  zeo lite ; fresh , a fte r  B E T  m e a su re m e n t (h ea ted  at 300° 
c  fo r 5 h, u n d e r v acu u m ), and  a fte r  T G A -D S C  m e a su re m e n t (h ea ted  to  1 ,000°C  in 
the  p re se n c e  o f  air).
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4 . D R I F T S  o f  A d s o r b e d  C O

Fig. 9. D R IF T S  o f  C O  m o le c u le s  an d  C O  ad so rb e d  o v e r P t/K L  an d  P t/K Y  (F A U ) 
c a ta ly s ts  re d u c e d  in -s itu  at 5 0 0 ° c .  T h e  c a ta ly s ts  w ere  e x p o se d  to  3 % C O /H e  fo r 30 
m in  a t ro o m  te m p e ra tu re  an d  p u rg in g  by  Fie fo r 30  m in . T h e  sp e c tra  w e re  co llec ted  
b e fo re  an d  a fte r  p u rg in g  by  H e.

Note; T h e  p eak  ap p e a re d  at 2 2 5 0 - 2 1 5 0  cm "1 re p re se n ts  C O  m o le c u le s  in  g as  p hase  
w h ile  th e  b an d  at 1 9 0 0 -2 1 5 0  cm "1 re p re se n ts  C O  a d so rb ed  on  P t c lu s te rs . A fte r 
p u rg in g  by  H e, th e  a b so rb e d  C O  is p re se n t fo r P t/K L . In c o n tra s t, th e re  is no  C O  
ab so rb ed  o n  P t/K Y  (F A U ) a f te r  p u rg in g  by  H e.
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5. T G A - D S C  o f  S y n t h e s iz e d  V P I -5

200 4 0 0  6 0 0T emperature/ c 8 0 0 - 3 3000"'

F ig . 10. T G A  an d  D S C  cu rv es  o f  sy n th e s iz e d  V P I-5 . T h e  z e o lite  w as  h ea te d  to  
1 ,000°C  (1 0 ° c /m in )  in th e  p re sen ce  o f  air.

Note; T h is  e x p e rim e n t w as  co n d u c ted  by  a  N E T Z S C H  S T A -4 0 9 E P  s im u lta n e o u s  
th e rm a l an a ly ze r.
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6. T P D  o f  A d s o r b e d  A m m o n ia

Fig. 11. TPD profiles of adsorbed ammonia on NaH-BEA, K-exchanged BEA, and 
H-exchanged BEA. The samples were exposed to 10%NH3/He for 30 min and 
purged by He for 30 min.

0 200 400 600 800Temperature, °c
Fig. 12. TPD profiles of adsorbed ammonia on K-LTL and Pt/K-LTL. The samples 
were exposed to 10%NH3/He for 30 min and purged by He for 30 min.



I l l

Fig. 13. TPD profiles of adsorbed ammonia on K-BEA and Pt/K-BEA. The samples 
were exposed to 10%NFl3/T[e for 30 min and purged by He for 30 min.
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0 200 400 600 800Temperature, °c
Fig. 14. TPD profiles of adsorbed ammonia on K-MAZ and Pt/K-MAZ. The 
samples were exposed to 10%NH3/He for 30 min and purged by He for 30 min.
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0 200 400 600 800Temperature, °c

Fig. 15. TPD profiles of adsorbed ammonia on K-FAU and Pt/K-FAU. The samples 
were exposed to 10%NFl3/He for 30 min and purged by Fie for 30 min.
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Fig. 16. TPD profiles of adsorbed ammonia on SiC>2 and Pt/SiC>2. The samples were 
exposed to 10%NH3/He for 30 min and purged by He for 30 min.
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Appendix D Equipment

1. Reaction Testing System
H-----------I

[2 Check valve ---------  Tube
^  Three-way valve ---------- Thermocouple
■ TP บท๒ท Tee ---------  Electrical wire

Fig. 1. Schematic diagram of overall reaction testing system.
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CarrierIn

Fig. 2. Schematic diagram of auto-sampling system.
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110 VAC ◄ —  220VAC

T = Timer 
R = Magnetic relay

Fig. 3. Electronic connection designed for auto-sampling-controlled system.

Note; This system was invented to control solenoid valve for driving sampling valve 
automatically. It was first applied for Shimadzu GC-17A. Since it works efficiently 
and the cost (approximately 3,000 baht) is much cheaper than commercial system 
(approximately 30,000 baht). The system was then duplicated for the other two gas 
chromatographs (HP 5890 series II) in room 606.
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2. Hydrogen Chemisorption System

i

Fig. 4. Schematic diagram of hydrogen chemisorption system.

Note; The experiments were conducted in Catalysis laboratory at the University of 
Oklahoma.
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3. Temperature Programmed Oxidation (TPO) System (Fung, e t  a l., 1992)

ฒแ/ 100 (il sample loop

[2 Check valve ----------  Electrical wire

EH Molecular sieve 
(moisture trap)

Fig. 5. Schematic diagram of temperature programmed oxidation (TPO) system.
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4. DRIFTS Cell

Fittings for

Fig. 6. Image of DRIFTS cell (Spectra-Tech 0030-103; high temperature/ vacuum 
chamber).

Note; The cell is fit in reflection collector consisting of reflection mirrors in FT-IR 
spectroscopy. With this cell, samples can be pretreated in-situ at maximum 
temperature of 900°c and vacuum to 10"5 torr.
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5. EXAFS Cell

Tank for liquid nitrogen

Sample holder (inside) 
connected to heater and 
cooling coil

Fig. 7. Im age o f  EXAFS cell.

Note; The experiments were conducted at the national synchrotron light source 
(NSLS), Brookhaven national laboratory, Upton, New York. The EXAFS cell 
consists of sample holder, gas inlet/outlet, heater, and cables for temperature 
controller. The samples can be pretreated in-situ at a certain temperature and gas 
flow. The data were obtained at liquid nitrogen temperature. Therefore there is a 
liquid nitrogen tank on the top of the cell for circulation liquid nitrogen to the 
sample.
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6. Microwave Oven and Teflon Vessel Set

Fig. 8. Images of equipment and tools for VPI-5 synthesis, (a) Microwave oven, (b)
Assemblies of Teflon vessel set, (c) Teflon vessel set, and (d) Cross-section of
Teflon vessel set.
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