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Compared with the conventional separation process, membrane technology is a promising
alternative for hydrogen purification, natural gas purification and olefin/paraffin separation
because of the low energy cost and small footprint. Polymer membranes have excellent
processability and high reproducibility. Highly permeable polymer membranes have low
selectivity. Therefore, the gas transport properties of polymer membranes are below an upper
bound. Inorganic membranes exhibit excellent separation property and mechanical stability;
however, their fabrication process is costly. The separation performance of polymer membranes
could be improved to surpass the upper bound by blending inorganic particles. The obtained hybrid
membranes are the so-called mixed matrix membranes (MMMs). In the MMM, the inorganic
particles are the dispersion phase (filler) and polymer as the continuous phase (matrix). The
preparation cost of MMMs with inorganic particle powder and polymer matrix is expected to be
lower than that of inorganic membranes. Hence, much attention has been paid on the development
and application of MMMs. Various inorganic materials, such as zeolite, silica, carbon molecule
sieve, and metal organic frameworks (MOFs), have been employed in the preparation of MMMs.

The silicoaluminophosphate-34 (SAPO-34) zeolite with 0.38 nm pore size and zeolitic
imidazolate framework-8 (ZIF-8) particles with 0.34 nm aperture size are the promising filler
candidate in the preparation of the MMMs, due to their pore size approaches the range of the sizes
of the gas molecules. In this thesis, we had blended the SAPO-34 zeolite and ZIF-8 particles into
the polyethersulfone (PES) and polyimides (PI) to prepare the MMMs. The separation
performance and mechanism of the MMMSs had been investigated.

In Chapter 2, the mechanochemically synthesized ZIF-8 nanoparticles were blended in the
4,4’-  (hexafluoroisopropylidene)diphthalic anhydride-2,4,6-trimethyl-1,3-phenylenediamine
(6FDA-TrMPD) polyimide to prepare the MMMSs. The reported ZIF-8 MMMs all used particles
synthesized by solvothermal-synthesized method which requires organic solvents.
Mechanochemically synthesis can avoid the use of organic solvent. The C3Hg/C3Hs separation
performance of the mechano-synthesized ZIF-8 MMM was similar to that of the conventional
solvothermal-synthesized ZIF-8 MMM. This separation performance was in good agreement with
the theoretical values predicted by using Maxwell model. Compared with the solvothermal
synthesized ZIF-8, the mechanochemically synthesis method has some advantages including
solvent-free, simple synthesis process, high yield, and large-scale production availability. These
merits can be expected to promote the application of mechano-synthesized ZIF-8 in the membrane
separation.

In Chapter 3, the commercialized SAPO-34 zeolite had been added to the PES membrane for
the CO2/CHas separation. It not only confirmed that the diffusivity selectivity was essential to the
ideal selectivity but also identified that the commercial SAPO-34 was better than the lab-made
SAPO-34 sample. The performance of the MMMs in this study was also superior to that of the
reported SAPO-34/PES MMMs in literature. The comparison with the reported MMMs and our
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MMMs reveals that it is possible to further improve the separation performance of the SAPO-
34/PES MMMs.

In Chapter 4, the 6FDA-2,6-diaminotoluene (6FDA-mDAT) polyimides was selected as the
polymer matrix to be blended with the SAPO-34 zeolite. Sieve-in-a-cages (defects) appeared in
the MMM s due to the poor compatibility of the zeolite particles and polymer matrix. The silane
coupling reagent, N-phenylaminopropyltrimethoxysilane (PhAPTMS), was the first time applied
to modify the surface of the SAPO-34 particles in order to improve the compatibility of the filler
and 6FDA-mDAT matrix. When the filler content was 5 wt%, the PRAPTMS-modified SAPO-34
both increased the gas permeability and selectivity compared with the neat polymer membrane
and the original SAPO-34 MMMs. This was attributed to that the PhRAPTMS enhanced the affinity
of the filler particles with polymer matrix. When the filler content over 10 wt%, the separation
performance of the silane modified SAPO-34 MMMs was lower than the original SAPO-34, This
was due to the agglomeration of the silane-modified filler in the MMMs. Therefore, the silane was
effective to enhance the separation performance of the SAPO-34/6FDA-mDAT MMMs when the
filler content less than 10 wt% in this study.

Finally, Chapter 5 summarized the main contents of this thesis.
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