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Abstract

In this research, applications of supported Pd catalysts in liquid phase organic syntheses have
been thoroughly studied. The characteristics and catalytic properties of Pd catalysts supported on MCM-
41 and SiO, with various pore sizes were investigated and compared in terms of Pd dispersion, catalytic
activities for liquid-phase hydrogenation of 1-hexene, and deactivation of the catalysts. High Pd
dispersion was observed on Pd/MCM-41-large pore catalyst while the other catalysts showed relatively
low Pd dispersion due to significant amount of Pd being located out of the pores of the supports. Based
on CO chemisorption results, the catalyst activities seemed to be primarily related to the Pd dispersion
and not to diffusion limitation since TOFs were nearly identical for all the catalysts used in this study. In
all cases, leaching and sintering of Pd caused catalyst deactivation after 5-h batch reaction. However,
compared to Pd/SiO, with a similar pore size, PA/MCM-41 exhibited higher hydrogenation activity and
lower amount of metal loss. For any silica support, use of PdCI, as a precursor in catalyst preparation
resulted in smaller Pd particles, higher dispersion, and consequently higher hydrogenation activities than
those prepared from Pd(NO;), and Pd(OOCCHs;),. Deactivation of the silica supported Pd catalysts in
liquid phase hydrogenation was found to be dependent on the palladium particle size with smaller Pd
particles were susceptible to sintering while larger particles were likely to be leached. An optimum Pd

particle size may be needed in order to minimize such loss and enhance Pd dispersion.

Keywords hexene hydrogenation, liquid phase hydrogenation, silica support structure, MCM-41,

Pd/silica
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PdO Particle Rate constant
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Spectroscopy (AAS)

wt% Pd*
Catalyst
Fresh Spent
Pd/SiO,-small pore 0.35 0.15
Pd/Si0,-large pore 0.29 0.18
Pd/MCM-41-small pore 0.41 0.32

Pd/MCM-41-large pore 0.33 0.31
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PdO particle Rate
CO uptake’ Pd’ size (nm) constant
(molecule particle x10° TOFs*
COx10"%/g % Pd size” (mol/min/g
Catalyst cat.) dispersion (nm) XRD | TEM cat.) (s'l)
Pd-Ac/SiO, 4.1 22.0 5.1 12.0 11.5 5.0 12.1
Pd-NO;/Si0O, 4.0 17.7 6.3 10.0 10.1 4.0 10.0
Pd-Cl/SiO, 8.4 26.1 43 n.d. 4.8 8.5 10.2
Pd-Ac/MCM-41 4.1 17.7 6.3 13.0 12.0 4.1 10.0
Pd-NO;/MCM-41 3.5 18.2 6.2 11.2 10.2 4.0 11.5
Pd-CI/MCM-41 8.0 30.2 3.7 n.d. 5.1 8.3 10.4
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% Increase of PdO
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Pd-Ac/Si0O, 7.8 36.4
Pd-NOs/Si0; 18.8 40.9
Pd-Cl/Si0; 100.0 1.8
Pd-Ac/MCM-41 9.2 34.1
Pd-NO;/MCM-41 24.5 41.2
Pd-CI/MCM-41 123.5 2.1
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