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ABSTRACT: Carbon dioxide separation from CH, is important to the environment and natural gas processing. Poly (ionic liquid)s (PILs)
based on polyurethane structures are considered as potential materials for CO, capture. Thus, a series of anionic PILs based on polyure-
thane were synthesized. The effects of polyol chemical structure and counter-cations (imidazolium, phosphonium, ammonium, and pyr-
idinium) in CO, sorption capacity and CO,/CH, separation performance were evaluated. The synthesized PILs were characterized by
NMR, DSC, TGA, dinamical mechanical thermo analysis (DMTA), SEM, and AFM. CO, sorption, reusability, and CO,/CH, selectivity
were assessed by the pressure-decay technique. The counter-cation and polyol chemical structure play an important role in CO, sorp-
tion and CO,/CHy selectivity. PILs exhibited competitive thermal mechanical properties. Results showed that PILPC-TBP was the best
poly (ionic liquid) for CO,/CH, separation. Moreover, poly (liquid ionic) base polyol (polycarbonate) with phosphonium (PILPC-TBP)
demonstrated higher CO, sorption capacity (21.4 mgCO,/g at 303.15 K and 0.08 MPa) as compared to other reported poly (ionic lig-
uids). © 2019 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2019, 136, 47536.
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INTRODUCTION solubility and strongest interactions with ionic liquids (ILs) com-
pared to other gases solubility. It suggests that ILs show good poten-
tial for use as a gas separation solvent. However, the RTILs high
viscosity can represent a barrier to implementation in the oil and
gas industry.” One solution for overcoming this disadvantage is the

use of poly (ionic liquid)s (PILs) or polymerized ionic liquids."> '

Carbon dioxide (CO,) is a greenhouse gas found in many natural
gas wells. Removal of CO, from natural gas is industrially impor-
tant to obtain fuel with enhanced energy content and prevent cor-
rosion problems in gas transportation via pipeline systems.'
Moreover, as regards to the environment, carbon capture and stor-
age is one of the most important technologies to reduce CO, emis-
sions and mitigate global warming.>® Development of low-cost
materials for CO, separation is an urgent priority in this field.

PILs appear as promising materials for CO, separation.”*' These
polymers represent a new platform for developing versatile sorbents
for CO, capture.'”'®'"*’ PILs refer to a special type of polyelectro-
lytes which feature an IL species in each monomer repeating unit,
connecting through a polymeric backbone forming a macromolecu-
lar structure.'®'® The major advantages of PILs are enhanced
stability, improved processability, flexibility, reversible, and fast sorp-
tion—desorption process than with conventional ILs,'82%2326-28-31

There are numerous publications on CO, capture using based
room-temperature ionic liquids (RTILs), a special class of green
solvents.*® RTILs based on alkyl-imidazolium cations are the most
investigated for CO, capture application.”'* However, different
cations including pyrrolidinium, pyridinium, and phosphonium

have also been explored in an effort to enhance CO, solubility.*'?

Anthony et al.'* investigated the solubility of nine different gases
(CO,, CH,4, CH,, Ar, CHg, and O,) in 1-n-butyl-3-methylimidazo-
lium hexafluorophosphate ([bmim]-[PF¢]) at 25 °C by means of a
gravimetric microbalance. It was found that CO, has the largest
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PILs syntheses are normally performed following two different
approaches: direct ILs monomer polymerization and chemical
modification of polymeric precursors.'®'**"?>*%3> Each route have
advantages and disadvantages.'>** Yet, chemical modification of
polymeric precursors is more attractive because it uses commercial
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polymers to produce customized PILs of high molecular
weight.*>** We reported the first anionic PIL based on polyure-
thane (PU) structures for CO, capture synthesized by polymer
modification methods.*>** Recently, we developed new anionic
PUs introducing three different types of cations (imidazolium,
phosphonium, and ammonium)®>** and evaluated their CO, sorp-
tion capacity It has been reported that introduction of polar
groups such as the hydroxy (—OH), carbonyl (—C=O), and
hydroxyimino (—C=N—OH) into the polymer structure may be
an effective way to facilitate interaction between CO, and the poly-
mer chains.**™’ In the present work, we investigated the effects of
polyol chemical structure (polyol (polycarbonate [PCD] or polyca-
prolactone [PCL]) and counter-cations (imidazolium, phospho-
nium, ammonium, and pyridinium)) on CO,/CH, selectivity of
anionic PILs based on PU. The influence of pressure and tempera-
ture in CO, affinity was also evaluated.

EXPERIMENTAL

Materials

PCL (M,, = 2000 g/mol, Sigma-Aldrich, Japan), PCD (M,, = 2000
g/mol, Bayer, Germany), hexamethylene diisocyanate (HDI,
99%, Merck, France), dimethylol propionic acid (DMPA, 98%,
Sigma-Aldrich, USA), dibutyl tin dilaurate (DBTDL, Miracema-
nuodex, Brasil), N-methyl-2-pyrrolidone (99.92%, Neon, Brasil),
methylethylketone (MEK, 99%, Mallinckrodt), and potassium
hydroxide (KOH, 285%, Sigma-Aldrich, USA) were used as
received without further purification. Tetrabutylammonium bro-
mide (99%, Acros Organics, USA), tetrabutylphosphonium bro-
mide (98%, Sigma-Aldrich, USA), 1-butyl-1-methylpyrrolidinium
chloride (BMPYRR, 99%, Sigma-Aldrich, USA), and 1-butyl-
3-methylimidazolium chloride (bmimCl) were synthesized as
described elsewhere.”®** The synthesized bmimCl was character-
ized by proton nuclear magnetic resonance (‘H-NMR), in Varian
spectrophotometer, VNMRS 300 MHz, using DMSO-d6 as sol-
vent and glass tubes of diameter 5 mm. '"H-NMR (300 MHz,
DMSO0d6, 25°C), 6 (ppm): 1.01 (m, CH,), 1.29 (m, CH,CH,),
1.83 (m, CH,), 3.97 (s, CH,), 4.25 (t, CH,N), 7.79 (s, Hs), 7.91
(s, Hy), 948 (s, Hy). All ILs were dried under vacuum during
12 h at 60 °C prior to use.

Anionic PILs Synthesis

PILs synthesis was performed in two steps (Figure 1), as described
elsewhere.*>** First, PU was synthesized in a five-necked flask at
60 °C during 2 h using diisocyanate (HDI), PCL or PCD polyol,
DMPA diol, and DBTDL (0.1 wt %) as catalyst in MEK (50 mL).
The NCO/OH ratio of 1.05 (0.157 mol HDI/0.15 mol OH) was
used. Ultimately, the solid content and the polymer acidity were
identified by titration with KOH 0.5 M. The acid number reached a
value of 135 mgKOH/g (2.43 mmol of IL/g polymer) using PCD
and 148 mgKOH/g (2.66 mmol of IL/g polymer) using PCL. Sec-
ond, the mixture was cooled down to 40 °C because IL was added
(molar ratio COOH/IL of 1:1). The system was maintained at
40 °C during 4 h under stirring to obtain PILs. Afterward, films
around 0.15 mm thick were produced by casting and dried at room
temperature for 72 h. The synthesized PILs were labeled as PILW-
X, where W is polyol (PL = PCL; PC = PCD) and X is counter cat-
ion (BMIM; TBP, TBA or BMPYRR). For example, PILPL-BMIM
means PCL polyol and BMIM counter cation.
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Figure 1. Structural variables of anionic poly (ionic liquid)s.

BMPYRR

Characterization of the Anionic Poly (Ionic Liquid)s

Structures of samples were identified by 'H-NMR spectroscopies.
The 'H-NMR spectra were obtained using Bruker Avance DRX-
400 spectrometer at 400 MHz in THF-ds. Molecular weights were
obtained from a gel permeation chromatograph, measurements
were conducted on a Waters 1515 pump equipped with a Waters
2412 refractive index detector, using THF as eluent at a flow rate
of 1 mL/min; samples to be analyzed were dissolved in DMSO and
then diluted with THF. The samples morphology was determined
with a field emission scanning electron microscope using Inspect
F50 equipment (FEI Instruments) in secondary electrons mode.
AFM analysis was performed in the peak force tapping mode by
Bruker Dimension Icon PT equipped with TAP150A probe
(Bruker, resonance frequency of 150 kHz and 5 N m™" spring con-
stant). The scanned area of the images was 1 X 1 pm” with resolu-
tion 512 frames per area. Thermal properties of the PUs and PILs
were measured via differential scanning calorimetry (DSC Q20,
TA) and thermogravimetric analysis (TGA Q600, TA). DSC mea-
surements were performed at a rate of 10 °C/min across a temper-
ature range of —90-170 °C. The TGA tests were initiated at room
temperature and heated to 600 °C at a heating rate of 10 °C/min.
Tensile tests (stress X strain curves) were acquired at 25 °C with
rectangular-shaped films (12 X 7 X 0.15 mm) in Dynamical
Mechanical Thermo Analysis (DMTA) equipment (model Q800,
TA Instruments), 1 N/min. The Young modulus was determined
according to ASTM D638. All analyses were conducted in triplicate.

Sorption Measurements

CO, Sorption Capacity. The pressure-decay technique was used
to determine CO, sorption capacity. The dual-chamber gas sorp-
tion cell was similar to Koros and Paul.** A detailed description of
the sorption apparatus and the measuring procedure can be found
in our previous works. #1743 Samples (1.0-1.5 g) were loaded in the
sorption chamber and degassed under vacuum (10~ mbar) at
298.15 K during 1 h. CO, sorption experiments were carried out at
two different temperatures (303.15 and 313.15 K) with pressure
ranging from 0.08 to 3 MPa.
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Sorption/Desorption Experiments. Sorption/desorption experi-
ments used CO,. Six CO, sorption/desorption cycles were per-
formed on the PIL. CO, sorption was evaluated at 303.15 K and
1.0 MPa and desorption under vacuum (1072 mbar) at 298.15 K
during 1 h.

CO,/CH, Separation Selectivity. Experiments were also per-
formed in a dual-chamber gas sorption cell similar to Koros and
Paul.*® In the test, samples (1.0-1.5 g) were also previously
degassed under vacuum (107> mbar) at 298.15 K during 1 h. The
CO,/CH, selectivity tests were conducted using a binary mixture
(35 mol % of CO, and CH, balance) at 303.15 K and 2 MPa. The
apparatus and complete experimental procedure were described
elsewhere.*>**

RESULTS AND DISCUSSION

PILs molecular weight was similar to nonionic polyurethanes
(PUPL, M, =156.800 and polydispersity (DPI) = 2.0; PUPC,
M,, = 149.000 and DPI = 1.6). The insertion of IL cation reaction
shows no interference in the polymer chain size, therefore not
improving molecular weight.”® Structures of all synthesized poly-
mers were confirmed by "H NMR. The resonance peaks and their
corresponding assignments were compared with the starting
materials spectra from the Spectral Database for Organic Com-
pounds and literature.>>*>*® The peaks of all NMR spectra
showed the signals of PU chain. Samples synthesized using PCL
exhibited peaks at 6y (ppm): 4.12 (4H, m, —O—(CH,)s—COO—
(CH,),—0—CH,—CH,—0CO—CH,—CH,—CH,—CH,—CH,—
OCONH— of PCL), 227 (4H, m, —O—(CH,;)s—COO—
(CH,),—0—CH,—CH,—0CO—CH,—CH,—CH,—CH,—CH,—
OCONH— of PCL), 272 (2H, m, —O—(CH,;)s—COO—
(CH;),—0—CH,—CH,—0CO—CH,—CH,—CH,—CH,—CH,—
OCONH— of PCL), 137 (2H, m —O—(CH,;)s—COO—
(CH;),—O0—CH,—CH,—0CO—CH,—CH,—CH,—CH,—CH,—
OCONH— of PCL), 137 (2H, m —O—(CH,;)s—COO—
(CH;),—O0—CH,—CH,—0CO—CH,—CH,—CH,—CH,—CH,—
OCONH of PCL), 115 (4H, m —O—(CH,;)s—COO—
(CH;),—0—CH,—CH,—0CO—CH,—CH,—CH,—CH,—CH,—
OCONH— of PCL), 395 (2H, m —O—(CH,;)s—COO—
(CH,),—0—CH,—CH,—0CO—CH,—CH,—CH,—CH,—CH,—
OCONH— of PCL), 137 (2H, mN—CH,—CH,—(CH,),— of
HDI), 161 (2H, m, N—CH,~CH,— of HDI), 172 (2H m,
N—CH,—CH,—, m, of HDI), 0.95 (3H, s,CH; of DMPA), 4.02
(2 Hs, R-NH—CO—O—CH,—C of DMPA), and 638 (1H,s, NH
urethane). While samples produced using PCD provided peaks at
6y (ppm): 4.06 (m,0CO—CH,CH,CH,CH,CH,CH,OCONH of
PCD), 1.64 (m,0CO—CH,CH,CH,CH,CH,CH,0CONH of PCD),
1.39 (m,0CO—CH,CH,CH,CH,CH,CH,OCONH of PCD), 4.06
(m,0CO—CH,CH,CH,CH,CH,CH,0CONH of PCD), 1.39 (2H,
m,N—CH,—CH,—(CH,),— of HDI), 1.62 (2H, m, N—CH,—CH,—
of HDI), 1.72 (2H m,N—CH,—CH,—, m, of HDI), 1.08 (3H, s,CH;
of DMPA), 4.06 (2 H,s, R—NH—CO—O—CH,—C of DMPA), and
6.38 (1H,s, NH urethane). The presence of TBA cation was assigned
by the following peaks at 6y (ppm): 3.27 (2H t, CH;CH,CH,CH,N
of TBA), 1.64 (2H, m, CH;CH,CH,CH,N of TBA), 1.38 (2H, m,
CH;CH,CH,CH,N of TBA), and 1.00 (3H, t, CH;CH,CH,CH,N
of TBA). The signals of TBP cation were detected at 6y (ppm): 2.64
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(2H, m, CH,;CH,CH,CH,P of TBP), 152 (2H, m, CH;
(CH,),CH,P of TBP), and 0.98 (3H, t, CH;CH,CH,CH,P of TBP).
BMPYRR cation was detected by the following peaks at g (ppm):
339 (4H, m, CH;NCH,(CH,),CH,N of BMPYRR), 328 (2H,
t, NCH,(CH,),CH; of BMPYRR), 3.06 (3H, s, NCH; of BMPYRR),
251 (4H, s, CH;NCH,CH,CH,CH,N of BMPYRR), 1.61 (2H, m,
NCH,CH,CH,CH; of BMPYRR), 1.35 (2H, m, N(CH,),CH,CH;
of BMPYRR), and 0.95 (3H, t, N(CH,);CH; of BMPYRR). The
presence of bmim cation is manifested by the following peaks at 5y
(ppm): 9.73 (1H, s, NCHN of bmim), 8.01 (1H, t, CH;NCH,CH,N
of bmim), 790 (1H, t, CH;NCH,CH,N of bmim), 4.25
(2H, t, NCH,(CH2),CHj; of bmim), 3.91 (3H, s, NCH; of bmim),
172 (2H, m, NCH,CH,CH,CH; of bmim), 139 (2H, m,
N(CH,),CH,CH; of bmim), and 090 (3H, t, N(CH,);CH;
of bmim).

SEM images (Figure 2) showed a porous morphology for samples
poly (liquid ionic) base polycaprolactone with pyridinium (PILPL-
BMPYRR) [pore diameter = 0.910 £ 0.390 pm; Figure 2(e)], PU-
PC [pore diameter = 0.853 =+ 0.514 pm; Figure 2(f)], poly (liquid
ionic) base polyol (polycarbonate) (PILPC-BMIM) [pore diameter
1.363 =+ 0.902 pm; Figure 2(g)], and PILPC-BMPYRR [pore diam-
eter = 1.842 + 1.176 pm; Figure 2(j)]. The other samples pre-
sented a nonporous morphology as depicted in Figure 2. Porosity
may affect mechanical properties and increase CO, sorption
capacity.

PUs and PILs AFM images are shown in Figure 3. AFM visuali-
zation results demonstrate that nonionic PUs and PILs contain
hard domains (lighter regions) and soft domains (dark regions)
randomly mixed. However, ILs cation insertion into polymeric
structure leads to an increase in hard and soft segments segrega-
tion, suggesting microphase separation.

The samples thermal stability was analyzed by TGA (Table I). All
synthesized polymers presented two typical thermal events. The
first thermal event (T opnset) is attributed mainly to decomposition
of hard segments commonly related to urethane break bonds.*”’*’
The second event (T onser) i associated to decomposition of soft
segments (PCL or PCD polyol).* IL thermal decompositions have
been reported within 200 and 350 °C,>" suggesting that decompo-
sition of IL cation can occur in both stages of PILs. Thus, PILs
showed lower thermal stability than neutral PUs as can be seen in
Table I This behavior was reported in other urethane-based
PILs.*>** Carboxylate anion may be responsible for reducing PILs
thermal stability, probably due to decarboxylation during thermo-
gravimetric scanning.5 2

PUs and PILs DSC thermograms are shown in Figure 4. DSC
revealed a melting peak for PU-PL at 40.2 °C, PILPL-BMIM at
37.2 °C, PILPL-TBP at 42.5 °C, PILPL-TBA at 41.0 °C, and PILPL-
BMPYRR at 38.0 °C corresponding to PCL crystalline phase melting
(T,).>>** PCL-based PILs melting enthalpy decreased compared to
nonionic PU (Table I). The smaller degree of microcrystallinity in
PCL-based PILs is reflected in the lower enthalpy values.

DSC curves also exhibited an endothermic peak and denote crys-
talline microphase melting (Time)™> for PUPC at 43.0 °C, PILPC-
BMIM at 41.0 °C, PILPC-TBP at 43.0 °C, PILPC-TBA at 38.6 °C,
and PILPC-BMPYRR at 39.7 °C. Ty, appears only when soft seg-
ments are PCD with molecular weight of 2000 g/mol. In this case,
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Figure 2. SEM micrographs: (a) PU-PL, (b) PILPL-BMIM, (c) PILPL-TBP, (d) PILPL-TBA; (e) PILPL-BMPYRR, (f) PU-PC, (g) PILPC-BMIM, (h) PILPC-
TBP, (i) PILPC-TBA; and (j) PILPC-BMPYRR.

the semicrystalline character of soft segment presents both higher

It is also interesting that the glass transition temperature (T)
purity and segregation degree, in other words lower amount of dis-

decreased for all PILs (Figure 4 and Table I), indicating better

solved hard segments.”® The enthalpy values related to PU-PC and
polycarbonate-based PILs were low (Table I).
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Figure 3. DMT modulus maps obtained by AFM images: (a) PU-PC, (b) PILPC-BMIM, (c) PILPC-TBP, (d) PILPC-TBA; (e) PILPC-BMPYRR; (f) PU-PL,
(g) PILPL-BMIM, (h) PILPL-TBP, (i) PILPL-TBA; and (j) PILPL-BMPYRR. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 4. DSC thermograms for PUs and PILs films.

were found to be —41.0 and —52.7 °C, respectively, while T, for
PILPL-BMIM, PILPL-TBP, PILPL-TBA, PILPL-BMPYRR,
PILPC-BMIM, PILPC-TBP, PILPC-TBA, and PILPC-BMPYRR
were Ty —56.5, —47.6, —47.0, —45.3, —56.3, —55.0, —56.4, and
—59.3 °C, respectively. Introduced counter-cation into polymeric
structure acts as a driving force in microphase separation,
improving polymer chain flexibility, facilitating motion and, con-
sequently, reducing polymer T,.>*>*

PUs and PILs Young’s moduli and tensile properties obtained by
DMTA are shown in Figures 5 and 6. Changes evidenced by AFM
and DSC when the ionic compound is formed probably influence
mechanical behavior of the PILs. The effect of counter-cation in
decreasing Young’s modulus is evident when comparing the results
of PILs with PUs without counter-cation as seen in Figure 6. How-
ever, PILs exhibited better elongation at break than their nonionic

Table I. TGA and DSC Data for PUs and PILs Films

TGA DSC

T:L onset 7—2 onset
Amostra (°C) (°C) T4(C) T, (C) AHA,U/Q)
PU-PL 216.0 350.8 -41.0 40.2 270
PILPL-BMIM 187.3 299.7 -56.5 372 16.9
PILPL-TBP 192.7 3374 -47.6 425 16.0
PILPL-TBA 179.2 2728 -47.0 410 170
PILPL-BMPYRR 187.3 290.6 -453 38.0 17.3
PU-PC 208.8 3428 -52.7 43.0 0.80
PILPC-BMIM 201.3 366.4 -56.3 41.0 8.9
PILPC-TBP 176.0 269.6 -55.0 43.0 7.6
PILPC-TBA 1722 369.7 -56.4 38.6 6.6
PILPC-BMPYRR 200.2 3514 -59.3 39.7 51
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precursors. The elongation at break for PU-PL, PU-PC, PILPL-
BMIM, PILPL-TBP, PILPL-TBA, PILPL-BMPYRR, PILPC-BMIM,
PILPC-TBP, PILPC-TBA, and PILPC-BMPYRR, occurred at
309.6 = 11.4%, 269.8 £ 12.0%, 386 £ 6.3%, 345 + 3.5%, 359.5 &+
7.1%, 378.8 £ 9.8%, 377.5 & 4.9%, 419.3 £ 8.0%, 370.8 £ 2.8%,
and 308.1 £ 2.1%, respectively. ILs cation insertion into polymeric
structure might act as a plasticizer to improve flexibility of polymer
chains and consequently reduce the Young’s modulus of the
polymer.>®>’

PILs and PU CO, sorption capacity at 1 MPa and 303.15 °C is
shown in Figure 7. Generally, CO, affinity in a polymer is associ-
ated with the interaction between CO, and the polar groups.®>*°
This behavior was observed in pure PU; CO, solubility increased
with the increasing content of polar groups in the polymer (PU-
PL = 43.4 mgCO,/g; PU-PC = 40.1 mgCO,/g). However, in the
PILs CO, solubility is mostly influenced by ionization. PU-PC and
PU-PL CO, solubility tended to increase with ionization into the
polymer structure as seen in Figure 7. These CO, sorption values
were higher than results found in our previous works>****
Electronic-structure simulations demonstrated that the TBA and
TBP cations exhibiting weaker coordination of the carboxyl group
promoting electrostatic binding of the CO, molecule and the car-
boxyl group.’*” In PCL-based PILs (PU-PL) the highest results
were obtained for TBP and BMPYRR cations, 53.0 and
51.5 mgCO,/g, respectively. In polycarbonate-based PILs (PU-PC)
the best result was found for BMPYRR cation (48.4 mgCO,/g) fol-
lowed by TBP and BMIM cation, which presented similar CO,
sorption (PILPC-TBA = 45.3 mgCO,/g; PILPC-BMIM = 46.1
mgCO,/g). The high performance of BMPYRR and BMIM cation
is probably associated with porous morphology evidenced by SEM
(Figure 2) while TBA and TBP cation high CO, sorption capacity
is related to weak cation—anion coordination.

The effect of the polyol chemical structure and counter-cations
on sorption selectivity at 2 MPa and 303.15 K is shown in
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Figure 5. Stress/strain curves for developed PUs and PILs films.

Figure 8. Interestingly, PUPC exhibited a high selective response
than PU-PL. The increase in the number of polar groups may
cause the mutual attraction between the polymer chains. Thus,
these intermolecular forces may hinder specific interactions of
CO, with polar groups. The selective capacity of PUs for CO,
over CH, can be improved by counter-cations into the backbone
to selectively interact with CO,. PILs showed high selective
response than neutral PUs. The best performance was obtained
for PILPC-TBP. The TBP belong to non-coordinating cations, in
other words, promoting interactions between CO, and carboxyl
groups of PU anion.* Selective capacity of 2.22 for PILPC-TBP
is higher than in composite PU foam/ILs (PUF BF4 40: CO,/CH,
selectivity of 1.42 at 3 MPa).*’ These results indicated the impor-
tance of carboxyl groups on selective CO, sorption.

PILPC-TBP was selected for a CO, sorption study and recycla-
bility behavior. Isotherm of pure CO, sorption with pressure
from 0.08 to 3.0 MPa at two temperatures was tested (Figure 9)
for PILPC-TBP due to higher CO,/CH, selectivity compared to

40
JpC
34,31 L
30
© 20
o
=
11,75 12.12
10
3 W
PU BMIM BM PYRR
Figure 6. Young’s moduli for pure PU and PILs films.
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Figure 7. Pure PU and poly (ionic liquid)s CO, sorption values at 1 MPa
and 303.15 K.

all other samples. PILPC-TBP portray a typical behavior of a
physical sorbent, in other words, gas solubility increases signifi-
cantly as the temperature decreases and CO, partial pressure
increases (Figure 9). It was also found that CO, sorption in
PILPC-TBP (21.4 mg/g at 303.15 K and 0.08 MPa) is higher
than in PIL PU-TBP synthesized with poly(tetramethylene
ether) glycol polyol (15.7 mgCO,/g at 0.08 MPa 303.15 K)*°
and other previously reported PILs.>"***®' The obtained result
for PILPC-TBP was similar to the high CO, sorption capacity
reported for PIL-8.1.BF, (24.76 mg/g at 273 K and 1 bar) by
Morozova et al.*® although the sorption temperature was supe-
rior than Morozova et al.*

Development of new sorbents to overcome the challenges, such
as nonrecyclability, associated with conventional chemical sor-
bents is of utmost importance. CO, sorption in PILPC-TBP was

25 - B PC
990 B P
21
1.95 191
2,0 ) 1.85
1.80
. 1.74
= 153 1.59
2 15+
[$)
2
Q
[2]
S 104
ON
5]
05
0,0
PU BMIM TBA TBP  BMPYRR

Figure 8. Pure PU and poly (ionic liquid)s CO,/CH, selectivity values at
2 MPa and 303.15 K.
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Figure 10. CO, sorption/desorption tests for PILPC-TBP.

reversible for the six consecutive cycles (Figure 10). These results
indicated high stability and reuse capacity in CO, capture pro-
cesses of PILPC-TBP.

CONCLUSIONS

We reported the synthesis of PU based PILs using two polyols
(PCD or PCL) and different ILs cations including imidazolium,
phosphonium, ammonium, and pyridinium. All PILs exhibited
high thermal stability and competitive mechanical properties.
The counter-cation and polyol chemical structure play an impor-
tant role in CO, sorption and CO,/CHj, selectivity. Although the
increase in the number of polar groups may lead to increased
CO, absorption it can reduce selectivity. It is possibly due to the
mutual attraction between the polymer chains that may hinder
the specific interactions of CO, The insertion of IL cation in the
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polymeric structure leads to increase in CO, sorption and CO,/
CH, selectivity. The PIL from PCD and phosphonium cation
(PILPC-TBP) showed the highest selective capacity for CO, over
CH,, This result suggests that weak coordinating counter-cations
for PU based PILs stabilize the system maintaining the CO, bind-
ing sites of the anion partially or fully nonoccupied, improving
the selective capacity of PILs for CO, over CH,.The CO, sorp-
tion/desorption cycles showed that PILPC-TBP has both high
stability and reuse capacity.
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