Tough ion gel-based CO2 separation membranes
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Gels containing ionic liquids (ion gels) have great potential as high-performance CO:2
separation membranes. To realize their practical use, it is preferable to form them into thin-
film composite (TFC) membranes consisting of a thin ion gel selective layer on a porous
support. In this study, we developed an ion gel TFC membrane with high CO2 separation
performance, comprising a thin gel layer containing a highly COz-soluble ionic liquid and a
porous support membrane. The CO2 separation layer was composed of an ion gel
containing 1-ethyl-3-methylimidazolium tricyanomethanide ([Emim][C(CN)s]), which
exhibits excellent CO2 solubility and relatively low viscosity. Tetra-PEG was employed to
form the gel network.

First, a sacrificial polystyrene layer was coated on a glass plate, followed by the
preparation of a thin ion gel layer. A precursor solution composed of tetra-PEGs with thiol
and maleimide terminal groups, 2-methylimidazole, and ethanol was spin-coated onto the
polystyrene-coated glass plate, where a click reaction between the thiol and maleimide
ends was performed at 25 °C for 24 h. After detaching the thin ion gel layer from the glass
plate by dissolving the polystyrene layer in toluene, the ion gel layer was transferred to a
porous PTFE support membrane. The thickness of the ion gel layer was controlled by
adjusting the dilution ratio of the precursor solution. Gas permeation tests revealed that the
tetra-PEG ion gel TFC membranes achieved high CO2 permeance (ca. 1500 GPU) and
CO2/N2 permselectivity (ca. 35), meeting the performance requirements for CO2 capture
from coal-fired power plant flue gas. It was confirmed that the ion gels containing CO2-
philic ionic liquids are promising materials for high-performance CO2 separation
membranes.
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