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The global warming due to the increased atmospheric
COs concentration resulting from increasing consump-
tion of fossil fuel is becoming an important environ-
mental issue today.2 Carbon sequestration, which
captures CO;y from large point sources such as fossil-
fuel-fired electrical power-generation plants and stores
it in geological formations, has been proposed as a
solution to this problem.}2 Efficient separation of COq
is key to the economically viable sequestration efforts.!
The existing commercial COs capture facilities are based
on the wet scrubbing process using aqueous alkanol-
amine solutions.! It has disadvantages of energy inten-
sive (i.e., high-energy penalty) amine loss and degrada-
tion, release of volatile organic compounds, and equip-
ment corrosion. Therefore, there is a pressing need for
new materials for efficient COg separation.

Recently, ionic liquids, organic salts that are liquids
at low temperatures (<100 °C), have been explored as
nonvolatile and reversible COy absorbents for COs
separation because of their high COjy solubility.3—9
Supported liquid membranes using ionic liquids have
also been developed.1%11 The CO; solubility and selectiv-
ity can be tuned by choice of cation, anion, and substit-
uents of the ionic liquids.?® For example, Bates et al.
developed a task-specific ionic liquid for COq capture
by introducing an amine group to the ionic liquid. The
COs, solubility was substantially increased.®

Very unexpectedly, we found that the polymers from
ionic liquid monomers had higher COs absorption
capacity than room temperature ionic liquids. To our
best knowledge, this is first observation that the poly-
mers have higher COg absorption than their monomers.
Most importantly, the COy absorption and desorption
of the polymer particles are much faster than those of
ionic liquids, and the sorption/desorption is completely
reversible. These poly(ionic liquid)s are thus very prom-
ising as sorbent and membrane materials for COg
separation.

The polymers poly[1-(4-vinylbenzyl)-3-butylimidazo-
lium tetrafluoroborate] (PVBIT), poly[(1-(4-vinylbenzyl)-
3-butylimidazolium hexafluorophosphate] (PVBIH), and
poly[2-(1-butylimidazolium-3-yl)ethyl methacrylate tet-
rafluoroborate] (PBIMT) were prepared from their cor-
responding ionic liquid monomers by free radical po-
lymerization using AIBN as initiator in DMF at 60 °C
(see Supporting Information). PVBIT (M,, = 32 000, PDI
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Figure 1. CO; absorption of the polymers (PVBIT, PVBIH,
PBIMT), corresponding monomers (VBIT, VBIH, BIMT), and

an ionic liquid [bmim][BF4] as a function of time (592.3 mmHg
CO,, 22 °C).

= 3.56), PVBIH (M,, = 38 600, PDI = 3.2), and PBIMT
(M, =19 000, PDI = 2.9) have glass transition temper-
atures at 76, 86, and 56 °C, respectively. The X-ray
diffraction and DSC data show that they are amorphous
and very stable. For example, the TGA showed that
PVBIT could be stable up to 300 °C. At room temper-
ature, the polymers are brittle and easily crashed into
fine powders. SEM indicated the average diameter of
the particles was about 100 um, and the particles had
a nonporous structure. The specific surface area of the
particles measured by BET was 0.29 m?/g.

Figure 1 shows the COgs sorption kinetics of the
polymers and their corresponding monomers as well as
a room temperature ionic liquid [bmim][BF4]. The COq
absorption capacity of [bmim][BF4] was 0.256 wt % (1.30
mol %) at 592.3 mmHg CO; and 22 °C, consistent with
the value reported.? When 1.0 g of the polymer samples
was exposed to dry COgy for 1.5 h under the same
conditions, a mass gain was 3.22 mg (0.322 wt %, 2.75
mol % of VBIH units) for PVBIH, 3.05 mg (0.305 wt %,
2.22 mol % of VBIT units) for PVBIT, and 2.41 mg (0.241
wt %, 1.77 mol % of BIMT units) for PBIMT. This is
about 2.1 (PVBIH), 1.7 (PVBIT), and 1.4 (PBIMT) times
(in moles) of the capacity of [bmim][BF4]. Surprisingly,
VBIT and VBIH monomers did not absorb COs at all
probably because of their crystalline structures (mp: 68
°C of VBIT and 87.5 °C of VBIH), and the liquid
BIMT monomer had the same absorption capacity as
[omim][BF4] (Figure 1).

Very significantly, the COgy sorption of the polymers
was much faster than that of room temperature ionic
liquids, as shown in Figure 1. It took only 4 min for
PVBIT and PVBIH and 3 min for PBIMT to reach
their 90% sorption capacities and about 30 min to reach
their full capacities. In contrast, it took more than 400
min for room temperature ionic liquids BIMT and
[bmim][BF4] to reach their equilibrium (Figure 1).

The sorption/desorption of the polymers was tested
by filling the chambers with COq first and then vacu-
uming for four cycles (Figure 2a). The sorption and
desorption of PVBIT and PBIMT were all very fast. It
took only about 30 min to take up CO2 and 15 min to
have a complete desorption of COs. The desorption was
complete, suggesting that the absorption/desorption was
reversible. No change in sorption/desorption kinetics
and sorption capacity was observed after four cycles.
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Figure 2. (a) Cycles of COz adsorption (592.3 mmHg COq, 22
°C) and desorption by vacuuming of PVBIT and PBIMT. (b)
COg absorption (592.3 mmHg CO., 22 °C) and desorption by
vacuuming of the liquid BIMT monomer.

The absorption and desorption of COy from room tem-
perature ionic liquid BIMT, in contrast, were slow
(Figure 2b).

The enhanced absorption capacity and fast sorption/
desorption rates of the poly(ionic liquid)s are unexpected
because both polymers are solids at room temperature.
The calculated CO¢ adsorption assuming a monolayer
of CO3 on the polymer particles surface was 0.0128 wt
%, only 4% of the measured COs sorption capacities.
This indicates that the bulk of the polymer particles
played a major role in the COy sorption, and the
diffusion of COy in the polymers was very fast. There-
fore, the sorption of COy of the polymer particles
involves more absorption (the bulk) but less adsorption
(the surface). Our recent experiments show that the COq
absorption of the polymers is due to the interaction of
the imidazolium tetrafluoroborate moiety with COg, and
the cation plays a more important role in absorption.
At present, the exact mechanism is still under investi-
gation.

The COs absorption of the polymers is very selective,
as shown in Figure 3. There was no weight increase
when the polymers were exposed to Ny or Oz under the
same conditions, indicative of that they selectively
absorb COgq. In No/COy mixed gas, only CO2 was ab-
sorbed.

In summary, we demonstrate that the poly(ionic
liquid)s are a new type of polymer materials that se-
lectively absorb COy with higher absorption capacity
than room temperature ionic liquids. Most significantly,
their sorption and desorption are very fast, and the
desorption by vacuuming is completely reversible. These
characters make the polymers exceptionally promising
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Figure 3. Gas (COg, Og, N3) sorption of PVBIT as a function
of time at 592.3 mmHg and 22 °C.

as solid absorbent and membrane materials for COq
separation. The studies on the underlying mechanisms
of COq absorption and synthesis of poly(ionic liquid)s
with even higher absorption capacity are underway.

Experimental Section. The ionic liquid monomers
1-(4-vinylbenzyl)-3-butylimidazolium tetrafluoroborate
(VBIT) and 1-(4-vinylbenzyl)-3-butylimidazolium hexa-
fluorophosphate (VBIH) were prepared by the reaction
of vinylbenzyl chloride with 1-butylimidazole and sub-
sequent anion exchange with NaBF, or NaPFg (see the
Supporting Information). 2-(1-Butylimidazolium-3-yl)-
ethyl methacrylate tetrafluoroborate (BIMT) was syn-
thesized according to our previous report.12

The gas sorption of the polymers was measured using
Cahn 1000 electrobalance under ambient atmosphere
pressure (592.3 mmHg or 0.78 standard atmosphere
pressure at Laramie, WY). The sample used was 1.0 g.
A detailed description of this apparatus and the ex-
perimental procedures are given in the Supporting
Information. The buoyancy effects were corrected ac-
cording to the reported method.!> The gas was dried
by passing through two columns of phosphorus per-
oxide (P205). A layer of PoO5 was also put on the bottoms
of the two chambers of the microbalance. The system
was validated by measuring the CO2 absorption of an
ionic liquid, 1-n-butyl-3-methylimidazolium tetrafluo-
roborate ([bmim][BF4]). The measured COy absorption
capacity of [bmim][BF4 was consistent with that re-
ported.3
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