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SIRINUCH LOIHA : SYNTHESIS OF ZEOLITE BETA AS A SUPPORT
OF METAL SUPPORTED CATALYSTS FOR TOLUENE
HYDROGEANTION AND APPLICATION OF IN SITU XAS ON
CATALYSTS CHARACTERIZATION. THESIS ADVISOR : ASSOC.

PROF. JATUPORN WITTAYAKUN, Ph.D. 126 PP.

ZEOLITE BETA/PALLADIUM/PLATINUM/NICKEL/TOLUENE

HYDROGENATION/X-RAY ABSORPTION

Silica with 98% purity was prepared from rice husk by acid leaching and used
as a silica source for the syntheses of zeolite beta (BEA) under hydrothermal
conditions with gel Si/Al ratios from 8 to 200. Based on powder X-ray diffraction
patterns, samples with gel Si/Al ratios of 8 - 20 contained only the pure phase of BEA
and the highest relative crystallinity was observed in the BEA a with gel Si/Al ratio of
13. This sample was further characterized by scanning electron microscopy, particle
size analyzer and N, adsorption analysis. The BEA particles were sphere shaped with
the average particle size of 1.5 um and a surface area of 670 m?%/g. The samples with
gel Si/Al ratios ranging from 50 to 200 showed mixed phases of BEA and ZSM-12
(MTW), and the latter phase was more dominant as the Si/Al ratio increased.

The BEA with the highest crystallinity from the synthesis gel Si/Al of 13 in
proton form (HBEA) was used as a support for Pt and Pd catalysts which were tested
for toluene hydrogenation in a fix-bed flow reactor. The catalyst with 3 wt% loading
of each metal was prepared by co-impregnation on HBEA and denoted as

3Pt3Pd/HBEA. The XRD patterns of HBEA did not change after catalyst preparation
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and ammonia temperature-programmed desorption indicated that the metal occupied
strong acidic sites of the zeolite. By comparing to monometallic 3Pt/HBEA, the
3Pt3Pd/HBEA had smaller Pt particle size, calculated from Scherrer formula
indicating a better dispersion on the support. The catalytic performance of the
bimetallic catalyst at various temperatures indicated that the presence of Pd enhanced
toluene hydrogenation of Pt catalyst at high temperature. The most suitable
temperature for toluene hydrogenation on 3Pt3Pd/HBEA was 150°C where a
complete toluene conversion was obtained with methylcyclohexane as the only
product. The performance of the bimetallic catalyst was stable during the 5-hour test.

Furthermore, monometallic nickel (Ni) or bimetallic nickel-platinum (NiPt)
supported on zeolite beta in proton form (HBEA), referred to as Ni/HBEA or
NiPt/HBEA catalysts were characterized by the in situ XAS to monitor metal-support
interaction and changes of the Ni during a reduction by hydrogen. The loadings of Ni
in monometallic catalysts were 1, 3, and 5 wt%. The Ni loadings in the bimetallic
catalysts were 1 and 5 whereas the Pt loading was fixed to 0.5 wt%. Data from X-ray
absorption near edge spectroscopy (XANES) at Ni K-edge provided structural and
electronic information of the metal. Measurements in ambient conditions indicated
that the calcined catalysts contained Ni with 5 wt% loading had octahedral geometry
but Ni in the catalyst with low loading had tetrahedral or square planar. After
reduction the catalysts with 1 wt% Ni loading was not reducible and the reducibility
increased with metal loading, temperature and time. With high metal loading, Ni
possibly located outside the zeolite pores because large crystal sizes were detected
from X-ray diffraction. With low metal loading, Ni could reside in both zeolite

channels and on the surface.
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The Ni/HBEA with 5 wt% metal loading was further studied with the in situ
XAS cell during toluene desorption and toluene hydrogenation. In toluene adsorption
on calcined 5Ni/HBEA, there was no Ni-C interaction because there was no change in
Ni pre-edge. Thus, toluene adsorbed on HBEA acid sites. Moreover, toluene might
be oxidized by oxygen from NiO because the coordination number of Ni decreased
during the in situ XANES measurement. In toluene hydrogenation on calcined
5Ni/HBEA, the NiO was slowly reduced by hydrogen as indicated by an appearance
of Ni(0) edge. Although some products were detected, the catalyst performance was

not fully studied.
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