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With the rapid development of global economy, energy requirements have increased
remarkably. On one hand, the need for alternative gasoline and diesel fuels is
becoming more urgent. Anhydrous ethancl is considered to be an excellent
alternative clean—burning fuel to gasoline. However, there is a minimum—boiling
azeotrope during ethanol/water distillation. Thus, special process for removal
of the remaining water is required for manufacture of anhydrous ethanol. On the
other hand, fossil fuels are the mainly demanded energy today. To reduce greenhouse
effect mainly caused by a combustion product CO, CO, separation is necessary.
Moreover, to reduce the dependence on fossil resources applying renewable source
of H, is very energy-efficient and “clean” . Therefore, it’ s an urgent task to
realize H, purification and separation with cost effective and efficient means.
Due to the controllable hydrophilicity and pore size, zeolite membrane is a good
candidate for ethanol dewatering, CO, separation and H, separation. In this respect,
we focus to optimize synthesis conditions and- permeation measurement conditions

of zeolite membranes. This dissertation is composed of five main sections.



The second part of this dissertation is mainly on sodalite crystal preparation.
Higher synthesis temperature of 200 °C induces uniform sodalite crystals with
particle size of (100-200) nm. Effect of n(AL,0,/Si0,) on crystallite size is obvious
and the crystallite size became smaller with lower Si* concentration. In addition,
high water concentration can’ t induce pure sodalite crystals.

The third part is about sodalite membranes. Effects of composition of synthesis
solution, synthesis temperature and crystallization time on the formation of
sodalite membranes were studied. Ethanol/water and iso-propanol/water mixtures
with different concentrations are used and PV is carried out at 75 °C.

In the fourth section, a thin and well-intergrown zeolite T membrane with high
CO, permeahility and selectivity was prepared by the two—step varying-temperature
hydrothermal synthesis process. The influence of synthesis parameters such as
synthesis temperature and crystallization time during the two—step durations on
crystals growth and separation performance was investigated systematically.
Compared with the conventional hydrothermal synthesis at a constant temperature,
the two-step method is more effective to synthesize a thin and continuous zeolite
membrane layer in short time. Under the optimized conditions, CO, permeance and
€0,/ CH, selectivity of the membrane reached 6.2X10"® mol-m™* s ™ Pa™ and 80 for
the C0,/CH, mixture (50/50) at 35 ° C, respectively.

The fifth section is about characterization and single gas permeation
performances of silicalite—1 membranes prepared in fluoride mediate. Synthesis
parameters such as synthesis time, synthesis temperature, silica source, seed
crystal size and supports are discussed. Silicalite~1 membrane prepared using TEOS
is thinner. The H, permeance and permselectivity of this membrane are 9.99x 107
mol-m™® s Pa? and 50.0, respectively. Silicalite—1 membranes prepared at higher
temperatures are favor of high H, permeance. Finally, the silicalite—1 membrane
on mullite prepared at 185 °C for 14 h shows a good H, permeatino stability within
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The sixth section in this dissertation is tomodify silicalite~1 membrane surface
with 3~aminopropyltriethoxysilane (APTES). After modification, the effective pore
size of silicalite-1 membrane is reduced significantly. Single gas permeation
mechanism is changed to some extent due to the smaller pore size. Permselectivity
of H, and SF; increased from 26. 9 to 647, and H, permeance keeps a comparable value
of 2.50%X107 mol-m® s Pa™l. Moreover, the modified silicalite-1 membrane shows
permselectivities of Hy/N, H,/CH, CO,/CH, and CO,/N, increase to higher than\
Knudsen diffusion factors. It is noted that the modified silicalite—1 membrane

also shows stable H, and SF; permeability for 120 h.
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