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APPENDICES

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

1 LTL Zeolite

Linde Type L. K6Na3[AlgSi270 7] . 21 H.0
Channels: [001] 12 7.1*

Materials with the same topology:
Gallosilicate L(2,3)

(K Ba)-G,L(4

L2212(5) . |
. Fig. 1 Structure of LTL zeolite

Perlialite(6,) ’ (viewed normal to [001])
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Fig. 2. Referable XRD pattern for LTL zeolite, x-axis is 29, y-axis is intensity.
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2. BEA Zeolite

Beta [AlnSies-n 02 | with =7
Channels: [001] 1255 x 5.5% <-> [100] 12 7.6 x 6.4**
Materials with the same topology:
Borosilicate *BEA(3,4)
Gallosilicate *BEA(4)
Tscherichite (5)

Fig. 3. Structure of BEA zeolite,
(viewed along [100])
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Fig. 4. Referable XRD pattern for BEA zeolite, x-axis is 20, y-axis is intensity.
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3. MAZ Zeolite

Mazzite (Na2K,Ca,Mg)5[AlloSi26072] . 28 HX)
Channels:[001] 12 7.4* Is [001] 3.4 x 5.6*
Materials with the same topology:
Gallosilicate MAZ(2)

LZ2-202(3)
Omega(l) . |
N4 Fig. 5. Structure of MAZ zeolite,
(viewed along [001])
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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)2 [Al5SSI 1540 B] . 240 11,0 /x}q‘\
Channels: [111] 12 7.4%** 2 s /;
Materials with the same topology: ( &(
Alumino- and gallo-germanate FAUQ
Beryllophosphate x (4 /PN N
CSZ-1 (EMT-FAU structural intermediate)() ~<' 7 KN\ /7
ECR-30 (EMT-FAU structural intermediate)( s ) 7

Linde X(7

Linde Y (31) Fig. 7. Structure of FAU zeolite,
LZ-210(1I) (viewed along [111])
SAPO-37(2)

Zincophosphate x 4

ZSM-20 (EMT-FAU structural intermediate)(3)

ZSM-3 (EMT-FAU structural intermediate)(i4)

CAP-FAU, Cobalt-Aluminum-Phosphat<d)

and numerous other compositional variants




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 AL 50 7. 42 HX)
Channels: [001] 18 12.1*
Materials with the same topology:

AIP0454(2) H1(4)
MCM-9(5)
Fig. 9. Structure of VFI zeolite,
(viewed along [001])
1 .]l L ﬂlnﬁlxhg.il‘h L

Fig. 10. Referable XRD pattern for VFI zeolite, x-axis is 20, y-axis is intensity.
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5. AET Zeolite

AIPQ:-s [AlssPs6014]

Channels: [001] 14 7.9 x 8.7*
Materials with the same topology:
MCM-37(3)

Fig. 11. Structure of AET zeolite,
(viewed along [001])
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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)

nHexane  Isohexanes

Cyclohexane ~ Methylcyclopentane 4—- n-Hexene<c"ctsohexenes

Cyclonexene +— Methylcyclopentene
Cyclonexadiene  Methylcyclopentadiene

Hydro-dehydrogenation Centers

Barnzene

Acidic Centers

Fig. L. Dual-function mechanism for catalytic reforming.



Appendix ¢ Experimental Data

1. Atomic Absorption Spectroscopy (AAS)

TABLE 1
AAS data of Pt containing in different catalysts
Catalyst % Pt obtained from AAS
1%Pt/KL (IW1)-batch 4 0.95
1%Pt/KL (VPI)-hatch 11 0.88
1%Pt/Ce-KL (VPI)-hatch 9 0.82
1%Pt/Ce-KL (IWI)-batch 15 0.85
1%Pt/Er-KL (VPI)-batch 19 0.90
1% Pt/Si02 (IW1) 0.94
TABLE 2
AAS data of Si/Al, K/Al, and Na of K-exchanged zeolites
_ Si/Al K/Al
Sample  SAl (theory)  (wt) K/AI Na
K-LTL 2.79 3.00 1.252 0.86 nil
K-BEA 8.31 8.14 1.828 1.26 nil
K-MAZ 2.36 2.60 0.897 0.62 nil
K-FAU 2.12 231 1.410 0.97 nil

2. Scanning Electron Microscope (SEM)
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Fig. 2. SEM images of Pt/VPI-5 catalyst.



Fig. 3. SEM images of Pt/KL catalyst.

3. X-ray Diffractometer (XRD)
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Fig. 5. XRD patterns of MAZ zeolite, before and after exchanged to K-MAZ and
after calcination at 400°C for 5 h,
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Fig. 6. XRD patterns of FAU zeolite, before and after exchanged to K-FAU and
after calcination at 400°C for 5 h.
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Fig. 7. XRD patterns of BEA zeolite, before and after exchanged to K-BEA and
after calcination at 400°C for 5 h.



107

10000 “VPI-5 after DSC measurement

—_— VPI-5 after BET measurement
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Fig. 8. XRD patterns of VPI-5 zeolite; fresh, after BET measurement (heated at 300°
C for 5 h, under vacuum), and after TGA-DSC measurement (heated to 1,000°C in
the presence of air).



4, DRIFTS of Adsorbed CO

Kubelka-Munk
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Fig. 9. DRIFTS of CO molecules and CO adsorbed over Pt/KL and Pt/KY (FAU)
catalysts reduced in-situ at 500°C. The catalysts were exposed to 3% CO/He for 30
min at room temperature and purging by Fie for 30 min. The spectra were collected
before and after purging by He.

Note; The peak appeared at 2250- 2150 cm"Lrepresents CO molecules in gas phase
while the band at 1900-2150 cm"1 represents CO adsorbed on Pt clusters. After
purging by He, the absorbed CO is present for Pt/KL. In contrast, there is no CO

absorbed on Pt/KY (FAU) after purging by He.
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5. TGA-DSC of Synthesized VPI-5

Segment: |

ik
= LV 8| 2

13
20 Thperature]’t 800 Y

Fig. 10. TGA and DSC curves of synthesized VPI-5. The zeolite was heated to
1,000°C (10°c/min) in the presence of air.

Note; This experiment was conducted by a NETZSCH STA-409EP simultaneous
thermal analyzer.
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6. TPD of Adsorbed Ammonia

150
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S 90 —NaH-BEA
2 —K-BEA
@) —_H-BEA
8 60
30
0
0 200 400 600 800

Temperature, °C
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.
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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.
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Fig. 13 TPD profiles of adsorbed ammonia on K-BEA and PYK-BEA. The samples
were exposed to 10%NH3/T[e for 30 min and purged by He for 30 min.



112

150

10 — K-MAZ

(o]
o

— Pt/K-MAZ

TCD signal
(0))
o

w
(@)

\

0 200 4q0 . 600 800
Temperature, °c

Fig. 14. TPD profiles of adsorbed ammonia on K-MAZ and Pt/K-MAZ. The
samples were exposed to 10%NH3IHe for 30 min and purged by He for 30 min.
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Fig. 15. TPD profiles of adsorbed ammonia on K-FAU and Pt/K-FAU. The samples
were exposed to 1006NFI3/He for 30 min and purged by Fie for 30 min.
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Fig. 16. TPD profiles of adsorbed ammonia on SiC» and PYSIC>2. The samples were
exposed to 10%NHIHe for 30 min and purged by He for 30 min,
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Appendix D Equipment

1. Reaction Testing System

R
@1 l D |_220VAC
H
‘ Temperature
Controller
— ?ﬁ——-—ﬂ
% n-hexane or n-octane
He Air H,
He
FID Detecfor
=
J:L Sampling 10 ( )I
Mass flow controller Vent Cag ) Ay
[ Filter 7 um
GC
|2 Checkvalve ~ ==--m-mm- Tube
A Three-way valve - Thermocouple
1P Tee e Electrical wire

Fig. 1 Schematic diagram of overall reaction testing system.



3-way solenoid valve

/

Air actuator (valve driver)
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Out 2 ; Air 50 psig GC
(Contact)! Startin  FID
|
Inject Out 1
fosi (110 VAC) il
Sample In
o . g s .
i R Sample Out — Carrier
| Out
i / (5}
’ 6-port valve
Input
(220 VAC) ——
Auto-sampling control box GC
farrier
n

Fig. 2. Schematic diagram of auto-sampling system.



117

10VAC « — 220VAC
L

Switch l 10
Switch 9 9 R‘ﬁ)
’—} ) 15 | }} 1 T i
-
: R, T
4 | |
I 2 I
! f @ Load 2
13 ' (GC start in)
16 [
E‘] E] & Load |
14 10 14 10 (solenoid valve)
|
—_— ~L>»_V I\
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 haht) is much cheaper than commercial system
(approximately 30,000 baht). The system was then duplicated for the other two gas
chromatographs (HP 5890 series I1) in room 606.
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2. Hydrogen Chemisorption System

High precision gauge (0-100 torr) Zv

Dose volume

Furnace /

vent +—C3] 7p_:_{ |
7N

Sample

High vacuum pump

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, et al., 1992)
100 (il sample loop

CO, in E """"""""
CO, out ;

Air H,

e e = i = 220VAC
‘ : r[ _____ == D [=aia
v b |
2%0, in He 7 g Temperature FID
’ Sample ! controller
H,
— 15%Ni/AlLO,
Lﬂ—ﬂ l y
—3 =) ———
=
i 400°C
!_:‘:'.'.:".'.:Z'.:'.'.:'f.:'.'.: 220VA(‘
D Temperature controller
Mass flow controller ~————  Tube
(=) Filter 7um 933199 TSTUR Thermocouple
[2 Checkvalve - 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
applying gas and
cooling water

ZnSe Window
(sample is inside)

Electrical wire for heater and thermocouple
(To temperature controller)

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"%torr.



5. EXAFS Cell

Tank for liquid nitrogen

Sample holder (inside)
connected to heater and
cooling coil

Fig. 7. Image of 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

(a) (b)

_ MSE 100

T 3 12§

(c) (d) '
Therm owell( Teflon-line tube)
allowing fiber optic sensor

D inside for temperature
measurement and controller

Fig. 8. Images of equipment and tools for VVPI-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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