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Preparation and characterization of titanium silicalite—1, RHO

zeolite and CHA zeolite membranes
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Zeolite membranes have attracted increasing attention in separation and/or
membrane reactor fields, because of their thermal and chemical stability, and
high separation performance. The MFI zeolites partially replaced framework Sit*
with some heteroatoms, such as titanium silicalite-1 (T'S-1), exhibit catalytic
activity for some reactions. Recently we have developed the membrane reactor
through TS-1 membrane on porous tubular supports, which could combine the
catalysis reaction of selective oxidation of IPA with H20e, with the membrane
separation through TS-1 membrane. The selective separation of COz from natural
gas and flu gas 1s of great potential importance, both in increasing the energy
efficiency and in carbon capture. RHO and CHA zeolite can separate COgz from
CH4 with the remarkable selectivity on the basis of pore diameter and selective
adsorption. Zeolite RHO and CHA membrane, therefore, have greatly potential
for application on CO2 separation.

In this thesis, we devoted our attention to investigate the preparation and
application of three types of zeolite membranes such as TS-1, RHO and CHA
membrane. This thesis was divided into 7 chapters. Introduction section was
arranged in Chapter 1. Chapter 2 offered a detailed elucidation on the
optimization of the preparation process of TS-1 membrane and on the catalytic
performance of the resulting membranes. Chapter 3 and Chapter 4 were
concerned with the preparation and characterization of RHO membrane in the

presence of organic structural directing agent (OSDA) and in the absence of



OSDA, respectively. Chapter 5 offered a new fluoride route that was adopted for
the preparation of CHA zeclite (Si/Al = 2.5-3.5) in the absence of OSDAs. Chapter
6 displayed a novel post-modification method using imidazolium-based room
temperature ionic liquids (RTILs) precursors to patch CHA membrane defects for
improving CO2/CH4 selectivity, Chapter 7 summarized the main results and
conclusions obtained in this thesis.

In chapter 2, the TS-1 membrane with high catalytic activity was prepared on
porous mullite tubular support by in-siiu hydrothermal synthesis with the
synthesis recipe of SiO2 0.031Titanium n-butoxide: 0.35Tetrapropylammonium

hydroxide: 28 H20. Optimized preparation process displayed well reproducibility.
Supplementary addition of H»0: to the synthesis solution after removals of
bubbles in preparation process had great effect on the catalytic performance of
as-synthesized TS-1 membrane. Furthermore, the pretreatment of support may
have effect on the morphology of surface zeolitic layer of TS-1 membrane.

In chapter 3, pure RHO membrane with high density and well intergrowth have
been prepared on the surface of porous a-AlyO3 tube support using 18 Crown 6 as
OSDA. Fluoride salts such as NaF have great effect on the morphologies of RHO
crystals and lead to well intergrowth of RHO zeolite crystals. Fluoride may favor
the crystallization of RHO zeolite as a mineralizing agent. Higher content of
organic template (18C6/Al2035=5) may lead to form a dense intergrowth RHO
zeolite crystal layer.

In chapter 4, an organic template-free route for synthesizing RHO membranes
by the secondary growth method is provided. RHO zeolite membrane showed
CO2/N3 and COy/CH,4 ideal selectivities higher than the Knudsen selectivities. On
the other hand, the ideal CO2/N2 selectivities were smaller than the reported
adsorption selectivities. Contribution of non-zeolitic permeation is one reason for
the smaller selectivity. Diffusivity of COq is suspected to be small in RHO zeolitic
pores due to the strong affinity lowering the COz-selectivity of RHO membranes.
RHO membranes showed dehydration performance in water/ethanol and
water/isopropanol separations. The highest separation factor obtained for
water/isopropanol was 1390 at an isopropanol feed concentration of 95 wt% with a
total flux of 0.77 kg m2 h'!, The membrane showed similar separation properties
after 30 hours of total testing time, suggesting robustness of the membrane.

In chapter 5, CHA membranes were prepared in the absence of OSDAs. The
crystallization kinetics of the fluoride-derived CHA and the effects of gel
Si02/Al203 ratio, gel F-/Si0Og ratio, fluoride source and synthesis temperature on



the morphology and composition of crystals were investigated. A certain amount
of the specific fluoride source (NHF) dominated the crystallization of CHA phase
in the competitive growth of MER/CHA phases. The fluoride-derived CHA by
in-situ synthesis had a particle size of 15-20 pm. Seeded-in-gel synthesis
increased the crystallization rate and resulted in the smaller crystals with higher
BET surface area and micropore volume. The location of fluorine anion in zeolite
framework and the role of fluoride salts on CHA crystallization were also
demonstrated.

In chapter 6, the novel precursors were used for membrane surface medification
for CHA membranes. Imidazolium-based room temperature ion liquids (RTIL)
were effectively grafted on membrane surface by silylation reaction in order to

reduce the numbers and sizes of the defects, and thus CO2/CH4 selectivies of the
membranes were greatly improved. The influences of the type of the cation of
RTILs, the type of the balanced anions and treatment conditions on membrane
performance were studied. CO2/CHs selectivity of modified membranes was
mostly depended on the type of the balanced anion of RTILs, which indicates that
the adsorption properties of RTILs over CO:2 are important for CO2/CHi
separation by membranes.
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