«-ALKANES AROMATIZATION OVER Pt-CONTAINING ZEOLITE
CATALYSTS

Ms. Siripom Jongpatiwut

A Dissertation Submitted in Partial Fulfilment of the Requirements
for the Degree of Doctor of Philosophy
The Petroleum and Petrochemical College, Chulalongkom University
in Academic Partnership with
The University of Michigan, The University of Oklahoma,
and Case Western Reserve University
2002
ISBN 974-17-1366-5



Thesis Title rc-Alkanes Aromatization over Pt-Containing Zeolite

Catalysts
By Ms. Siriporm: Jongpatiwut
Program . Petrochemical Technology
Thesis Advisors Prof. Somchai Osuwan

Asst. Prof. Thirasak Rirksomboon
Prof. Daniel E. Resasco

Accepted by the Petroleum and Petrochemical College, Chulalongkom
University, in partial fulfilment of the requirements for the Degree of Doctor of
Philosophy.

.................... 'TCollege Director
(Assoc. Prof. Kunchana Bunyakiat)

Thesis Committee:
A hogogy U
(Assoc. Prof. Kunchana Bunyakiat) ( Dr. Boonyarach Kitiyanan)
%ﬂx/ ..........
(Prot. Daniel . Kesasc 0) (Asst. Prof. Vissanu Meeyoo )
A
IIIIIIIIIIIIIII A t(laae?
(Prof. Somchai Osuwan) (Asst. “rof. Walter E. Alvarez)

(Asst. Prof. Thirasak Rirksomboon)



ABSTRACT

4291003063 : PETROCHEMICAL TECHNOLOGY PROGRAM
Ms. Siripom Jongpatiwut; «-Alkanes Aromatization over Pt-
Containing Zeolite Catalysts.
Thesis Advisors: Prof. Daniel E. Resasco, Prof. Somchai Osuwan,
and Asst. Prof Thirasak Rirksomboon, 125 pp. ISBN 974-17-
1366-5

Keywords  : «-Hexane aromatization/ «-Octane aromatization/ Pt/K-LTL/
PU/SICV Pt/K-BEA/ Pt/K-MAZ/ Pt/K-FAU/ Pt/VPI-5/ Vapor phase
impregnation/ DRIFTS/ XANES/ EXAFS/ TPO/ TPD/ Hydrogen
chemisorption/ XRD/ SEM/ Catalyst deactivation/ Sulfur tolerance/
Water resistance/ Diffusional effects on selectivity/ Cerium/
Ytterbium

The aromatization of «-hexane was investigated on 1% Pt-containing L-
zeolite catalysts under clean, sulfur-, and water-containing feeds whereas the
aromatization of «-octane was studied only under clean feed on different Pt-
containing large-pore zeolite catalysts. In the studies of «-hexane, Pt/KL and Pt/KL-
containing rare earth (RE; Ce and Yh) catalysts were prepared by vapor phase
impregnation (VPI) method. Pt/KL was also prepared by incipient wetness
impregnation (IW1) method. The influence of RE promoters to catalytic performance
under clean, sulfur-, and water-containing feeds was studied. It was found that the
addition of rare earth element could enhance the catalytic activity in the presence of
sulfur. Morphology of platinum clusters in the catalysts was investigated by a
combination of characterization techniques ie. FT-IR of adsorbed CO, hydrogen
chemisorption, and EXAFS.

The Pt/KL prepared by VPI method was also tested for the aromatization of
«-octane. The results indicate that the activity was low and it quickly dropped after a
few hours on stream. The product distribution obtained shows benzene and toluene
as the dominant aromatic compounds, with small amount of ethylbenzene and
0-xylene, which are the expected products from the direct closure of six-member



ring. The analysis of the product evolution as a function of conversion indicates that
the benzene and toluene obtained are secondary products resulting from the
hydrogenolysis of ethylbenzene and o-xylene. Temperature programmed oxidation
and sorption studies on spent catalysts demonstrate that the rapid deactivation is due
to pore blocking by coke formation.

The aromatization of /7-octane was further studied on 1%Pt-containing other
large pore zeolite catalysts, which are Pt/K-BEA, Pt/K-MAZ, and Pt/K-FAU
catalysts. The Pt/KL, still, exhibits unique property among the zeolite catalysts. The
results from FT-IR of adsorbed CO, hydrogen chemisorption and temperature
programmed desorption of ammonia indicate that the superior property of Pt/KL is
due to high Pt dispersion stahilized inside zeolite channel and lacking of high acid
strength. Product distribution and coke formation were also discussed.

Finally, the preliminary study of /7-octane aromatization over Pt-containing
unidimensional, extra-large pore aluminophosphate zeolite (Pt/VPI-5) was
investigated. The VPI-5 zeolite was synthesized and the resultant was verified by
XRD and SEM techniques. Pt/VPI-5 catalyst prepared was tested for activity and
aromatic selectivity of /7-octane aromatization.
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IS intensity.
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Referable XRD pattern for AET zeolite, x-axis is 29, y-axis is
intensity.
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2MP 2-Methyl pentane

3MP 3-Methyl pentane

AAS Atomic absorption spectroscopy

BET Brunauer, Emmett, and Teller

CN Coordination number

DRIFTS Diffuse reflection infrared Fourier transform spectroscopy
DSC Differential scanning calorimetry
DTGS Deuterated triglycene sulfate

EB Ethylbenzene

EXAFS Extended x-ray absorption fine structure
FID Flame ionization detector

FT-IR Fourier transform infrared spectrometer
GC (as chromatograph

IWI Incipient wetness impregnation

MCP Methylcyclopentane

MCT Mercury-cadmium-telluride

0)¢ O-Xylene

ppm Part per million (weight basis)

RE Rare earth

SEM Scanning electron microscope

TCD Thermal conductivity detector

TEM Transmission electron microscope
TGA Thermo-gravimetric analysis

TPD Temperature programmed desorption
TPO Temperature programmed oxidation

VPI Vapor phase impregnation



WHSV Weight hourly space velocity
XANES X-ray ahsorption near edge spectroscopy
XRD X-ray diffraction
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