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Chapter 1. General introduction

In the past decades, the global CO, emissions inreases dramactically due to the rapid
development of industrialization. The large amounts of CO, emissions have caused
many severe problems to ecological environment. Therefore, the efficient carbon
capture technologies are urgently needed. One promising technology is the membrane
separation method, which requires less energy and cost for the operation than other CO,
separation methods such as absorption and adsorption. To realize the practical
application of the membrane separation method for carbon capture, the development of
high-performance membrane materials is vital.

Ionic liquids (ILs) are a kind of liquid salt with the advantages such as non-volatility,
high thermal and chemical stabilities. Some ILs have high and selectively CO»
solubility. Ion gel, composed of three-dimensional polymer networks and a large
amount of an IL, is one of promosing forms of high-performance CO, separation
membranes. To achieve the high CO, permeance of ion gel membranes, the ion gel
membrane with high CO, permeability and low membrane thickness should be
developed.

Increasing IL content of ion gel membranes could effectively increase the CO»
permeability. But ion gels are normally weak materials and the mechanical strength of
the ion gel membrane would be dramatically decreased with increasing IL content. The
low mechanical strength would cause the poor stability of the membrane while used for
CO» separation. Hence, ion gel membranes with high mechanical strength should be
developed. On the other hand, decreasing the membrane thickness can decrease the gas
transport resistance through the ion gel membrane and achieve high CO; permeance.
The thin film preparation methods such as casting, dip coating, and spin coating are
normally conducted in an open space. Thus, the ion gel membranes which could be
prepared from non-volatile network precursors are preferred for the thin ion gel
membrane preparation.

Targeting on the development of high-performance ion gel membrane for CO;
separation. Some fundamental investigations on the tough and thin ion gel membrane

preparation were performed in this dissertation.

Chapter II. Development of a tough ion-gel-based CQO; separation membrane with
the micro-double-network formed from non-volatile network precursors
An inorganic/organic micro-double-network (pu-DN) ion gel membrane with IL

content of 80 wt% was prepared from non-volatile network precursors. Silica
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nanoparticles were used as the inorganic network precursor while the pre-synthesized
cross-linkable  polymer  poly(dimethylacrylamine-co-N-succinimidyl  acrylate)
(poly(DMAAm-co-NSA)) and a cross-linker were used as the organic network
precursors. By adjusting the molecular weight (M) of poly(DMAAm-co-NSA) and the
organic/inorganic network composition, the p-DN ion gel membrane exhibits good
mechanical properties with a fracture energy of 765 kJ/m®.

Regarding the gas separation performance, the u-DN ion gel membrane exhibits a
highest CO, permeability of approximately 920 barrer, which was much higher than
those of the classic inorganic/organic double-network (DN) ion gel membrane (556
barrer) fabricated using volatile network precursors and the supported ionic liquid
membrane (SILM) (617 barrer). The good mechanical properties and high CO»
separation performance indicate a good potential of the u-DN ion gel as a membrane

material for CO; separation.

Chapter III. Preparation of a composite membrane with an inorganic/organic
micro-double-network ion gel layer "

The good potential of the u-DN ion gel as a membrane materal for CO2 separation
has been confirmed in Chapter II. In this chapter, we tried to fabricate a composite
membrane with a thin p-DN ion gel layer. First, the p-DN ion gel with IL content of 80
wt% was prepared in an open space. Higher mechanical properties and lower surface
roughness are preferred for thin ion gel membrane preparation. Therefore, the
mechanical properties and the surface roughness of the fabricated u-DN ion gel were
optimized by adjusting the inorganic/organic network structure. Based on the optimized
conditions, the p-DN ion gel was made into a thin selective layer of a composite
membrane using spin coating method. The fabricated composite membrane exhibits the
highly improved CO; permeance (119 GPU) comparing to the self-standing p-DN ion
gel membrane (< 10 GPU). The good stability of the composite membrane used for
long-term separation was also confirmed. However, some micron-sized particles were
formed on the surface of the p-DN ion gel layer, which would increase the surface
roughness and thus decrease the mechanical properties of the pu-DN ion gel layer.
Therefore, the formation of the micron-sized particles is a disadvantage of the u-DN ion

gel for thin ion gel membrane preparation.
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Chapter IV. Novel tough ion-gel-based CO; separation membrane with
interpenetrating polymer network composed of semi-crystalline and cross-linkable
polymers

To overcome the problem of the formation of the micron-sized particles in the p-DN
ion gel layer, a novel tough ion gel constructed from an interpenetrating polymer
network (IPN) composed of semi-crystalline and cross-linkable polymers was
developed in an open space. The IPN ion gel thin layer shows a highly smoother surface
morphology than that of the p-DN ion gel layer, which is preferred for thin ion gel
membrane preparation. The polymer network compositions and preparation
temperatures of the IPN ion gels were adjusted to optimize their mechanical properties
and IL holding properties. The IPN ion gel (80 wt% IL content) prepared under the
optimized conditions displays a high tensile fracture energy of 758 kJ/m>. The IPN ion
gel membrane with a high IL content of 91.3 wt% was successfully fabricated and
shows a high CO, permeability of 1421 barrer and the CO2/N, permselectivity of 27.
The good performance of the IPN ion gel membrane indicates a great
potential of the IPN ion gel to be used as a base material for developing high-permeance
thin ion gel membranes.

Chapter V. Development of a composite membrane with an interpenetrating
polymer network ion gel layer

In this chapter, a composite membrane with a thin and defect-free IPN ion gel layer
was developed. The IPN ion gel layer with high IL content (80 — 90wt%) was prepared
on a PDMS gutter layer by spin coating. The thickness of the IPN ion gel layer was
reduced from 20 um to 600 nm via increasing the dilution ratio of the ion gel precursor
solution, and the CO; permeance of the composite membrane increases from 45 to 613
GPU. In addition, by increasing the IL content of the IPN ion gel layer to 90 wt%, the
CO:2 permeance of the prepared composite membrane increases to 778 GPU. The
theoretically estimated relationship between the CO»/N: selectivity and the CO»
permeance of the composite membrane correlated well with the experimental data. This
indicates the formed IPN ion gel layers of the composite membranes are defect-free.
The CO; permeance and the CO,/N; permselectivity of the IPN ion gel layer alone with
90 wt% IL were respectively estimated as 1860 GPU and 27. The excellent gas
permeation performance of the IPN ion gel layer proves that the IPN gel is a good

optional material for the thin ion gel membrane preparation.
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Chapter VI. Conclusions
To overcome the weak mechanical strength of ion gel membranes and fabricate thin
ion gel membranes to achieve high CO, permeance. Two types of dual-network-based
tough ion gel membranes are developed in this study. One is the inorganic/organic
pu-DN ion gel membrane (Chapter II). The other one is the IPN ion gel composed of
semi-crystalline and cross-linkable polymers (Chapter IV). Both two types of tough ion
gels were successfully made into a thin selective layer of a composite membrane
(Chapter III and Chapter V). The prepared composite membranes displayed highly
improved CO» permeance. The IPN ion gel thin layer overcomes the high roughness of
the pu-DN ion gel layer, which is preferred for thin ion gel membrane preparation. The
composite membrane with a thin IPN ion gel layer achieved the higher CO, permeance
than that of the composite membrane with a u-DN ion gel layer. Additionally, the CO,
permeance and the CO2/N; permselectivity of the IPN ion gel layer alone having 90
wt% IL were respectively estimated as 1860 GPU and 27, which indicates that IPN gel
is a good optional material for the thin ion gel membrane preparation. It is expected that
a composite membrane with CO; permeance over 1000 GPU and CO2/N; selectivity
over 20 could be developed using IPN ion gel as the selective layer. The composite
membrane would meet the requirement of the membrane performance for practical
carbon capture. Moreover, if the COz-phlic ILs such as [Emim][B(CN)4] could be used
to prepare the IPN ion gel membrane, the membrane could achieve much higher CO»

permeation performance.
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