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Abstract

Abstract

The reaction of partial oxidation of methane (POM) to syngas is high efficiency and
low energy consumption. POM reaction is expected to be the new technology for
production of syngas. The Ni-based catalysts have attracted extensive attention
because of both the high activity for the POM reaction and their relatively low cost.
However, the Ni-based catalysts, especially for silica supported Ni, are always quickly
deactivated due to the sintering of Ni metal particles, carbon deposition and etc. The
unstability of Ni-based catalysts limit their application in production of syngas. In this
dissertation, we focus on the study of the activity, selectivity and stability for the
different forms of silica supported Ni catalysts, prepared by sol-gel method,
impregnation method, surfactant modified impregnation method and etc. In order to
reveal the relationship between the catalytic performance and physico-chemical
properties of these catalysts, BET, XRD, SEM, TEM, H,-TPR, XPS, FT-IR and TG
techniques were used to characterize these catalysts in detail. The main results of this
study are summarized as follows:

The monodispersed silica sphere supported Ni catalysts were prepared by sol-gel
method. Though the Ni loading increased from ~3.5wt% to ~9.0wt%, the Ni particles
(3~5 nm) were still high dispersed over the surface of the Ni/SiO; catalysts prepared
by sol-gel method. But the Ni particles (> 30 nm) were obviously aggregated on the
surface of N1/S10; catalysts prepared by impregnation method. The catalysts prepared
by sol-gel method showed good catalytic performance and stability for POM reaction,
the CH4 conversion was maintained at ~82% and the selectivity to CO and H, were
kept at ~88% and ~80%, respectively, with the time on stream for 50 hours. In the test
of these catalysts prepared by impregnation method, the conversion of CHy4 decreased
to less than 60%, and the selectivity to CO and H, were both decreased to less than
65%. The size and dispersion of Ni particles were related to the catalytic performance
and stability of the catalysts. The catalysts prepared by sol-gel method were high

resistant to aggregate of Ni particles and carbon deposition because of the strong

il



Abstract

interaction between small Ni particles with silica support, which helped to improve
the catalytic activity and selectivity of the catalysts, also could enhance the reaction
stability of the catalysts.

The commercial silica supported high dispersed Ni catalysts were prepared by
surfactant modified impregnation method, for which the surfactants were dissolving
into the impregnation solution during the catalysts preparation. The size of Ni
nanoparticles was controlled by modulating the addition amount of surfactants.
Experimental results showed that the cationic surfactant could not promote the
dispersion of active component because of charge repulsion. However, the non-ionic
surfactant and anionic surfactant both could effectively promote the dispersion of
active component. The Ni particles size over Ni/SiO, catalysts decreased to uniformly
less than 4 nm with the increasing addition of surfactants PVP, PEG or PEO, leading
to generation of more Ni species that strongly interacted with silica support. The
dispersion of Ni species was obviously improved. The results of POM performance
indicated that the catalysts generally showed good catalytic performance when the Ni
particles size was less than 15 nm. The CHy4 conversion was maintained at ~80% and
the selectivity to CO and H, were kept at ~86% and ~79%, respectively, with the time
on stream for the initial 30 hours. After reaction for 120 hours, the CH, conversion
and CO selectivity decreased to ~72% and ~82%, respectively, the H, selectivity was
invariant. For that the dispersion and particles size of Ni species could be controlled
by modulating the addition amount of surfactant, the reasons could be summarized as
follows: (1) The complexation between surfactant molecule and Ni(II) decreased the
amount of Ni oligomers species and increased the distance between Ni and Ni species,
so the aggregate of Ni could be suppressed. The surfactant of PVP could more
effectively help to decrease the size of Ni species than PEG or PEO. (2) The surface
tension of impregnation solution decreased after surfactants dissolving in, then the
hydrophilic Ni species could infiltrate into the pore of silica support. The contraction
of the catalysts skeleton and the aggregation of Ni species could be inhibited. The
interaction of Ni-support was enhanced, leading to the generation of small Ni particles

with uniform size.
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