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Preparation and Gas Permeation Properties of AEI, CHA Zeolite Membranes
as well as these Zeolites filled Mixed Matrix Membranes
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Gas separation is an important process in the field of chemical engineering and usually achieved by
some energy-intensive processes such as absorption, adsorption and distillation. In the view of worldwide
sustainable development and industrial demand of low costs and high efficiency, membrane based gas
separation provides an alternate way to those energy-intensive processes due to less-environment impact,
lower energy consumption and more efficiency. Polymer membranes are widely used in gas separation
processes while the low performance as described in Robeson plot limited its application. Zeolite
membranes are being developed and display much higher performance over polymer membranes.
Recently, the CHA zeolite membranes attract much attentions in natural gas separations. AEl type
zeolites, similar to CHA type zeolites, own a 3D pore structure system with the size of ~0.38nm that close
to the kinetic diameter of light gases, indicating the ability for light gas separation by membrane
processes. At the same time, mixed matrix membranes (MMMSs), with less expensive and medium
performance compared to zeolite membranes, are intensively investigated those years.

With this respect, we devoted our attention to prepare and investigate gas permeation properties of AEI
and CHA zeolite membranes as well as AEI-type, CHA-type zeolites filled mixed matrix membranes.
This thesis can be distributed into seven Chapters.

Chapter 1 is the overview of membrane based gas separation processes and the corresponding gas
separation membranes as well as some importance applications.

In Chapter 2, three AEI type AIPO-18 zeolites with crystal sizes of 300 to 700 nm, one CHA type
SSZ-13 zeolite of ~400 nm and six CHA type SAPO-34 zeolites with crystal sizes range from 0.1 to 3 g
m were prepared by using different gel compositions.

In Chapter 3, AIPO-18 membranes were prepared by using combined TEAOH and DIPEA templates,
single TEAOH template and single DIPEA template, respectively. AIPO-5 impurity was formed by
using n(DIPEA) from 1.0 to 1.2 when synthesized at 478K for 48h. The corresponding gas permeation
properties were also investigated. The as-synthesized AIPO-18 membranes through combined TEAOH
and DIPEA templates displayed moderate CO, single gas permeance with lowest CO»/CH; ideal
selectivity. The obtained AIPO-18 membranes by single TEAOH template displayed highest CO»/CHg
selectivity however lowest CO, gas permeance. The AIPO-18 membrane prepared with single DIPEA
template displayed highest CO, single gas permeance and moderate CO»/CH; ideal selectivity.
Meanwhile, gas permeation properties of both pure and impure AIPO-18 membranes were affected by
measuring conditions of temperature and pressure. CO; and N, single gas permeances decreased
dramatically by increasing temperature, while CH, single gas permeance was almost independent of
temperature. Pressure also dramatically decreased CO: single gas permeance however slightly increased
both Nz and CHj4 single gas permeances.

In Chapter 4, two types CHA zeolite membranes (SAPO-34 and SSZ-13) are used for CO2/CHa, No/CHa,
and COy/i-butane separations at both low (270 and 350kPa) and high (1.73MPa) pressures. The SSZ-13
membranes were more selective, with CO/CHy4 separation selectivity as high as 280 and No/CHj
separation selectivity of 12 at 270 kPa feed pressure. The CO.fi-butane separation selectivities were
greater than 500,000 for SAPO-34 membranes but were smaller for SSZ-13 membranes (2,800-20,000)
due to concentration polarization and possible O-ring sealing. SSZ-13 membranes separated CO,/CHy
mixtures with higher selectivity (> 200 at high pressure) than SAPO-34 membranes, but their permeances
were only ~10% of the SAPO-34 membrane permeances because the SSZ-13 membranes are thicker. The
effects of propane impurity with the different concentrations on the SAPO-34 and SSZ-13 membranes for
both CO»/CH4 and N»/CH4 are discussed. Propane continuously decreases CO; and N> permeances for
both SSZ-13 and SAPO-34 membranes at low pressures, but permeances decreased ten times faster for
SAPO-34 membranes. Propane only changed selectivity slightly but steady state was not reached after
seven days.

In Chapter 5, gas permeation properties on PESU based flat mixed matrix membranes by filling CHA
type SAPO-34, SSZ-13 and AEI type AIPO-18 zeolites were investigated. CHA type zeolites loaded
PESU-MMMs showed higher gas separation performance than AEI type zeolites loaded PESU-MMMs.
The PESU-MMMs by incorporating homogeneous SAPO-34 with the crystal size of 200 nm and SSZ-13




with the crystal size of 400 nm showed a continuous interface with less defects. SAPO-34 as the filler
showed higher ideal selectivity and SSZ-13 as the filler displayed higher .single gas permeability.
Moreover, CO; single gas permeability and CO,/CH, ideal selectivity was increased by increasing the
filler loading from 20wt% to 30wt% for SAPO-34 with 200nm crystals size.

In Chapter 6, gas permeation properties on 6FDA-TrMPD (PI) based flat mixed matrix membranes by
filling both homogeneous and heterogeneous SAPO-34 zeolites were investigated. Single gas
permeability was dramatically improved by filling both homogeneous and heterogeneous zeolites along
with decreasing a little ideal selectivity. Single gas permeability was improved as increasing the filler
loading with 20wt%, 30wt% and 40wt%. Higher permeability membrane can be obtained by loading
homogeneous zeolites. Meanwhile, using milling method to prepare 6FDA-TrMPD (P1)/SAPO-34
MMMs can improve both CO; single gas permeability and CO./CH; selectivity.

Finally, Chapter 7 summarized the main contents of this thesis.
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