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Abstract

Carbon dioxide (CO,) capture from natural gas, and further utilization is an essential
issue for greenhouse gas reduction. Poly(ionic liquid)s (PILs) assemble ILs unique
properties, with those of polymers being versatile materials for CO, capture from
flue gas (CO,/N,) and natural gas (CO,/CH,). PILs based on polyurethanes obtained
with different polyols and ILs cations were blended in different proportions aiming
to improve PILs CO, sorption capacity. Two different polyols structures (PC and
PG) and ILs counter cations (imidazolium and phosphonium) were tested to evalu-
ate how they influence PILs blends CO, sorption performance. PILs and PILs blends
were characterized by SEC, FTIR, DSC, TGA, DMTA, AFM, and CO, sorption that
were carried out using the pressure-decay technique. PILs blends presented good
thermal stability and mechanical properties. PILs blend polyurethane backbones
compositions can be tuned aiming to increase CO, sorption capacity. As far as we
know, all obtained PILs blends presented higher CO, sorption capacity results com-
pared with other Poly(ionic liquid)s reported in the literature. The best CO, sorption
result was obtained for PIL blend with imidazolium (PLIPC95-PG5-BMIM =116.9
mgCO,/g at 303.15 K and 10 bar).
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Introduction

Carbon dioxide (CO,) recovery from industrial waste gases is of great importance
for further utilization and from an environmental point of view [1-3]. Conven-
tional absorption technologies using amines aqueous solutions for capturing CO,
have as main limitations the corrosivity, volatility, degradation, and high energy
consumption. Therefore, the development of new technologies is necessary [4].
Ionic liquids (ILs) have unique physico-chemical properties as CO, high solu-
bility and selectivity, low volatility, among others. Compared to conventional
organic solvents, ILs present high thermal resistance and less toxicity to the envi-
ronment. However, ILs high viscosity and cost and low CO, sorption/desorp-
tion rates, compared to amine solutions, restrain its application for CO, capture
[5-9]. To solve the high viscosity and cost drawbacks, ILs can be incorporated
into polymeric chain-forming Poly(ionic liquid)s (PILs). These materials present
better performances for CO, capture once compared to bare ILs [4, 10, 11]. PILs
combine the good ILs and polymers properties, increasing the range of applica-
tions of these materials in different areas [5, 12—14]. To date, the PILs classes
obtained through condensation reaction and tested to CO, capture reported in the
literature are: polimides [15—17], polyesters [18], polybenzimidazoles [19, 20],
polyurethanes [3, 7, 21-23], polyepoxydes [24-26]. These functional polymers
can be applied as alternative solid sorbents for CO, capture and separation. Sev-
eral studies have investigated the CO, sorption capacity of PILs with promising
results [3, 7, 22, 27-38]. PILs typically present higher CO, sorption capacity
when compared to the corresponding ILs [30, 39]. Yet, the sorption/desorption
process is faster and completely reversible [4, 10, 28, 40]. In addition, PILs have
better selectivity for separating CO, from other gases [9, 41, 42]. Membranes for
gas separation are used to separate certain gases, such as CO,, from gas streams
in different systems [4, 8]. Polymeric membranes have some advantages, such as
good mechanical properties, low cost, synthetic viability, and large-scale produc-
tion, appearing as an option for gas separation processes [43, 44]. However, poly-
meric membranes commonly present problems associated with low permeability
or low selectivity [45]. A method to improve polymers properties is the blend
formation [46]. Polymer blends are being increasingly used in the development
of new materials [47]. Blends have become an ideal method for obtaining pol-
ymeric membranes with high mechanical properties and good processability. A
polymer blend can improve the membrane gas absorption performance [48]. For
example, a blend can be prepared to obtain a membrane with a greater affinity
for CO, [4]. Recently, anionic PUs introducing three different cations (imidazo-
lium, phosphonium, and ammonium) were studied [7, 22]. Our group described
the effect of polyol chemical structure and different counter cations (imidazolium,
phosphonium, ammonium, and pyridinium) in CO, sorption capacity and CO,/
CH, separation performance [38]. Within this context, the aim of this work is to
produce PILs blends utilizing PUs with two different polyols (Polycarbonate diol-
PCD and Poly(tetramethylene ether) glycol-PTMG) into their polymer backbone
and two different IL counter
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cations (imidazolium and phosphonium). Thermal stability, mechanical
properties, morphology, and CO, sorption capacity of the new blends will be
presented.

Experimental
Materials

Poly(tetramethylene ether) glycol (PTMG, Mn 2000 g/mol, Sigma-Aldrich), Poly-
carbonate diol (PCD, Mn=2000 g/mol, Bayer, Germany), hexamethylene diiso-
cyanate (HDI, 99%, Merck, France), dimethylol propionic acid (DMPA, 98%,
Sigma-Aldrich, USA), dibutyltin dilaurate (DBTDL, Miracema Nuodex, Brasil),
N-methyl-2-pyrrolidone (99.92%, Neon, Brasil), methylethylketone (MEK, 99%,
Mallinckrodt), and potassium hydroxide (KOH, >85%, Sigma-Aldrich, USA) were
used as received without further purification. Tetrabutylphosphonium bromide
(TBPB) (98%, Sigma-Aldrich, USA) and 1-butyl-3-methylimidazolium chloride
(BMIM-CI) was synthesized as described elsewhere [49, 50]. BMIM-CI was charac-
terized by proton nuclear magnetic resonance (‘H-NMR) (Varian spectrophotome-
ter, VNMRS 300 MHz), using DMSO-d6 and 5 mm diameter glass tubes. 1 H-NMR
(300 MHz, DMSO-d6, 25 °C), 8 (ppm) 1.01 (m, CH;), 1.29 (m, CH,CHj;), 1.83 (m,
CH,), 3.97 (s, CH,), 4.25 (t, CH,N), 7.79 (s, H5), 7.91 (s, Hy), 9.48 (s, H,).

Poly(ionic liquids) synthesis

PILs synthesis was performed in two steps as described elsewhere [20, 34]. First, PU
was synthesized in a five-necked flask at 60 °C for two h using HDI as diisocyanate,

+.CH:;
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S0% | X | N 2) PILPC-X =
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Fig. 1 Blends preparation from proposed structures of anionic PILs synthesized with different counter
cations (X)
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PTMG, or PCD as a polyol, DMPA diol (0.024 mol), and DBTDL (0.1 wt%) as a
catalyst in MEK (25%wt.). The NCO/OH ratio of 1.05 (0.157 mol HDI/0.15 mol
OH) was used. Polymer acidity was identified by titration with KOH 0.5 M. The
acid number reached a value of 53 mg KOH/g (0.94 mmol of IL/g polymer) using
PCD and 52 mg KOH/g (0.93 mmol of IL/g polymer) for PTMG. Second, the mix-
ture was cooled down to 40 °C, and the IL (BMIM-CI or TBPB) was added (molar
ratio COOH/IL of 1:1). The system was maintained at 40 °C for four h under stir-
ring to obtain the desired PIL. Films around 0.15-mm-thick were produced by cast-
ing and dried at room temperature for 72 h. PILs were labeled as PILWX, where
W is polyol (PC=PCD; PG=PTMG), and X is counter cation (BMIM or TBP).
For example, PILPC-TBP means PCD and TBP cation. PILs molecular weight was
similar to nonionic polyurethanes (PILPC-BMIM Mn=103.000 gmol_l; PILPC-
TBP Mn=100.000 gmol™'; PILPG-BMIM Mn=112.000 gmol™'; PILPG-TBP
Mn = 133.000 gmol~!). The use of different counter cations did not promote signifi-
cant changes in the molar mass values of PLIs, as evidenced in previous studies [7,
38].

Poly(ionic liquid)s blends preparation

After PILs preparation (PU synthesis + counter cation insertion), PILs blends were
produced using different PILs based on PTMG and PCD (Fig. 1). PILs were mixed
by mechanical stirring (500 rpm) with a temperature of 40 °C for 90 min, according
to the following proportions: 95% PILPC/5% PILPG, 90% PILPC/10% PILPG, and
80% PILPC/20% PILPG. PILs blends based on polyurethane with different polyols
(PC/PG) were obtained using the ionic liquids: 1-butyl-3-methylimidazolium chlo-
ride (BMIM-Cl) and tetra-butyl phosphonium bromide (TBPB). PILs blends were
labeled as PILWnZnX, where W is PC, Z is PG, n is the percentual of polyol in PIL
blend, and X is a counter cation (BMIM or TBP). For example, PILPC95-PG5-TBP
means a blend containing 95% PILPC-TBP and 5% PILPC-TBP.

Characterization of the poly(ionic liquid)s blends

Samples structural elucidation was carried out by Fourier Transform Infrared
(FTIR) spectroscopic technique. FTIR spectra were recorded on a Perkin-Elmer
Spectrum 100 spectrometer scanned from 650 to 4000 cm™! utilizing a UATR
accessory; samples were scanned 16 times. Molecular weights were acquired
from a Size Exclusion Chromatography (SEC), equipped with a Waters 1515
pump and 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 THF. Differ-
ential Scanning Calorimetry (DSC) thermograms were attained by using a TA
Instrument Q20 differential scanning calorimeter in the range of —90 to 200 °C
at a heating rate of 10 °C/min under a nitrogen atmosphere. Thermogravimet-
ric Analysis (TGA) was performed using a TA Instrument SDTQ600 between 25
and 600 °C at a heating rate of 10 °C/min in a nitrogen atmosphere. Mechani-
cal tests were carried out in triplicate based on the ASTM D822 standard tech-
nique (TA Instruments Q800 dynamic mechanical analyzer,) for determination of
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Young’s modulus and stress X strain tests at 25 °C with rectangular shape films
(12 mm long; 7 mm wide) with a thickness close to 0.15 mm, with 1 N/min.
Field emission scanning electron microscopy (FESEM) analyses were performed
in FEI Inspect F50 equipment in secondary electrons (SE) mode. AFM analyses
were performed in Peak force tapping mode using a Bruker Dimension Icon PT
equipped with a TAP150A probe (Bruker, resonance frequency of 150 kHz and
5 N.m~! spring constant). The equipment was calibrated prior to sample measure-
ments. The scanned area of the images was 60 x 60 mm? with a resolution of 512
frames per area. The DMT Modulus map was derived from PeakForce.

Sorption measurements

CO, sorption capacity The pressure-decay technique was used to determine the CO,
absorption capacity. The double-chamber cell for gas sorption is similar to the system
reported in the literature [38]. A detailed description of the sorption device and the
measurement procedure can be found in our previous works [7, 23, 51]. The samples
(1.0-1.5 g) were placed in the sorption chamber and were degassed under vacuum
(107 mbar) for one h at room temperature. The CO, sorption experiments were car-
ried out at 303.15 K at different pressures at equilibrium (1 bar and 10 bar).

>

Absorbance

Absorbance

o

Y

3650 3150 2650 2150 1650 1150 650
Wavenumber (cm)

Fig.2 FTIR spectra of PILs and PILs blends: IL BMIM a 650-4000 cm™~’, b 3000-3700 cm™!, ¢ 950
1750 cm™"; IL TBP d 650-4000 cm™", € 3000~3700 cm™' and f 9501750 cm™
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Results and discussion

FTIR analyses showed the characteristic bands of polyurethanes, as illustrated in
Fig. 2a, d. Figure 2b showed the appearance of a band associated with the vibra-
tion of the non-bonded N-H groups (3400 cm™') for samples containing counter
cation BMIM [7]. Blends prepared with the counter cation BMIM also reduced
the intensity of the band in 3400 cm™! for higher PILPG content in blend compo-
sition (PILPC80-PG20 BMIM), which may indicate less unbounded N-H groups
(Fig. 2b). The band in 3320 cm™! is related to bonded N-H absorption band pre-
sented in samples containing counter cation TBP (Fig. 2e). The band in 1730 cm™!
is associated with “free” carbonyl groups (without hydrogen bonds), and the band
in the 1700 cm™' region represents carbonyl groups linked through hydrogen
bonds[21, 52, 53]. As shown in Fig. 2c, there was a decrease in the intensity of
the band in the region of 1700 cm~! when the amount of PILPG increased by 20%
for PIL BMIM blends suggesting fewer carbonyl groups linked through hydrogen
bonds. For blends containing counter cation TBP, prepared with 10% and 20% of
PILPG (Fig. 1f), a small reduction in the intensity of the band associated with “free”
carbonyl groups was observed (~ 1730 cm™!). The C=0 band of the carboxylic acid
group (COOH) and the urethane group (NHCO) of the polymer are overlapped [7].
The changes evidenced by FTIR probably influence the thermal and mechanical
behavior of the Poly(ionic liquids) blends. Spectra also showed that the conversion
reaction of the isocyanate groups was complete since the 2270 cm™' band related
to these groups disappeared [3, 7, 53]. Other bands also appeared in the spectra:
2934 ¢cm~'(C-H of CH,), 2859 ¢cm~'(C-H of CHj;), 1730-1702 cm™!(urethane
carbonyl groups), 1531 cm™'(N-H), 1469 cm~!(C-H of CHj;), 1409 cm~!(COO"),
1228 cm™!(urethane C-N and C-O bonds), and 1095 cm™'(C—-0-C) [7, 54].
Characteristic bands of imidazolium ring C-H groups appeared around
3100 cm~! in PILs, and PILs blends produced with BMIM IL [55], as shown in
Fig. 2a, b. In 1095 cm~' ~C—O-C- characteristic band was more intense for PILs,
and PILs blends produced with higher PG polyol content in their composition
(Fig. 1). This behavior is probably due to a more significant number of ether groups

Fig. 3 AFM images (height). A PILPC-BMIM; b PILPG-BMIM; ¢ PILPC95-PG5-BMIM; d PILPC90-
PG10-BMIM; e PILPC80-PG20-BMIM; f PILPC-TBP; g PILPG-TBP; h PILPC95-PG5-TBP; 1
PILPC90-PG10-TBP, and PILPC80-PG20-TBP
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—C—0O-C- in their structure than PILs synthesized with PC. It was also observed for
all samples produced with PC polyol the characteristic band of polycarbonate bonds
(0=C-0-C) around 800 cm™! [56].

AFM images (Fig. 3) showed the surface topography for PILs and PILs blends.
A typical separated microphase polyurethane structure was observed [57]. Hard
domains (lighter regions) and soft domains (darker regions) showed some interac-
tion and good distribution of the microphases [21, 58], changing according to polyol
type and content (PC or PG) and IL type (BMIM or TBP). In addition, both ILs used
to produce PILs, and PILs blends showed good interaction and distribution in the
polymeric matrix, suggesting good connectivity between domains. It can be noticed
that PILs produced with PC (Fig. 3a, f) presented a separated microphase structure
with well-defined hard and soft segments. PIL BMIM blends and PIL TBP blends
AFM images noticed ILs influence in the blends microphase structure. PIL BMIM
blends images (Fig. 3c—e) showed that hard/soft segments distribution is more
homogeneous when compared to PIL TBP blends (Fig. 3h—j), where it can be seen
a higher microphase separation between segments. Yet, AFM images evidenced that
with the augmentation of PILPG amount (see Fig. 3e) in PILs blend with BMIM, the
miscibility of hard and soft segments was observed corroborating with FTIR founds
related to a decreasing tendency in the carbonyl groups linked through hydrogen
bonds. An opposite behavior was observed with TBP samples and PG content of 10
and 20%. A reduction in the band intensity associated with "free" carbonyl groups
was observed by FTIR corroborating microphase separation (see Fig. 31, j).

PILs and PILs blend SEM images are shown in Fig. 4. PILPG samples (Fig. 4b,
g) presented a smooth and non-porous surface. PILs blends exhibited a mixture
of each PIL characteristics. Clearly, when the amount of PILPG increased in the
samples (Fig. 4e, j), PILs blends surfaces became smoother and less porous. On the
other hand, PILs blends surfaces with lower concentrations of PILPG (Fig. 4c, h)
were porous and rough. Rough and porous membranes could provide a larger spe-
cific surface and higher CO, sorption capacity [33].

In relation to DSC experiments, PILs and PILs blends also exhibited an endo-
thermic peak related to the melting temperature (Tm) of the PU crystalline

Fig. 4 FESEM micrographs. a PILPC-BMIM; b PILPG-BMIM; ¢ PILPC95-PG5-BMIM; d PILPC90-
PG10-BMIM; e PILPC80-PG20-BMIM; f PILPC-TBP; g PILPG-TBP; h PILPC95-PG5-TBP; i
PILPC90-PG10-TBP, and j PILPC80-PG20-TBP
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Table 1 DSC results for PLIs and PLIs blends

Sample T. (°C) 7, (°C) T, (°C) AHc (I/g) AHm (J/g)
PILPC-BMIM - —43.65 42.94 - 9.552
PILPG-BMIM -23.71 - 22.06 26.64 21.44
PILPC95-PG5-BMIM - —44.1 43.6 - 9.2
PILPC90-PG10-BMIM - -459 42.7 - 8.8
PILPC80-PG20-BMIM - —-45.8 43.8 - 10.5
PILPC-TBP - —49.32 41.69 - 11.25
PILPG-TBP —23.34 - 21.08 27.68 21.06
PILPC95-PG5-TBP - =519 42.1 - 8.3
PILPC90-PG10-TBP -19.7 -51.0 1=19.3 0.9 1=0.7
2=41.4 2=45
PILPC80-PG20-TBP -26.7 -529 1=194 1.9 1=2.0
2=414 2=32

microphase characteristic of PCD or PTMG polyol [7, 59], values are shown in
Table 1. The Tm of crystalline microphase and crystallization enthalpies had no
significant variation from PILs-BMIM blends to the starting PILPC-BMIM.

Glass transition temperature (Tg) of PILPC-TBP was lower when compared
to PILPC-BMIM indicating a better microphase separation [21, 58] when using
TBP as counter cation, corroborating the AFM results. DSC results evidenced
that Tg values tend to decrease with the increase in the PG concentration in PILs
blends being more important when TBP is the counter cation. This result indi-
cates that with PG increasing in PILs blends composition, an increase in micro-
phase separation occurs, as evidenced by AFM images and FTIR and previously
discussed. A decrease in PILs blends Tg values suggests a greater microphase
separation resulting in more flexible polymer chains when compared to PILs [60].
PILs blends with higher amounts of PG (10% and 20%) presented two peaks of
melting temperature of the crystalline microphase. This phenomenon was only
observed for PLI blends with LI TBP suggesting that the IL may be acting as a
plasticizer [61]. Other works demonstrated the appearance of two Tm peaks for
blends produced with plasticizing agents [62, 63]. It can be highlighted that when
working with the IL TBP, a larger molecule when compared to the IL BMIM, Tg
values were lower, suggesting an increase in mobility and flexibility of polymer
chains. Cations with bulky ions tend to decrease the Tg values of the materials
[64].

PILs and PILs blend thermal stability were analyzed by TGA (see Fig. 5 and
Table 2). Samples containing the IL. BMIM presented two typical thermal events
(Fig. 5). The first thermal event (T,.,,) is related to the hard polyurethane segment
breaking urethane bonds [7, 38, 65, 66]. The second thermal event is commonly
associated with polyol (PC or PG). soft segments decomposition [7, 38, 67, 68].
Samples produced using the IL TBP exhibited an additional thermal event (T, ,..3)
probably due to a change in chain arrangement associated with the IL TBP and
hydrogen bonds, as corroborated by AFM images and FTIR results.
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Fig.5 TGA thermograms for PILs and PILs blends
Table 2 TGA results for PILs o o o
and PILs blends 4 Sample Tonsel] ( C) Tonselz ( C) Tonsel3 ( C)
PILPC-BMIM 235 440 -
PILPG-BMIM 246 399 -
PILPC95-PG5-BMIM 235 434 -
PILPC90-PG10-BMIM 233 429 -
PILPC80-PG20-BMIM 231 426 -
PILPC-TBP 219 350 395
PILPG-TBP 226 364 388
PILPC95-PG5-TBP 224 349 394
PILPC90-PG10-TBP 222 352 389
PILPC80-PG20-TBP 219 355 384
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Table 3 DMA data of PILs and

PILs blends Sample 1(2)1(111‘11%‘13 Stress (MPa)  Strain (%)
(MPa)

PILPC-BMIM S5+1 2+0.2 150+38
PILPG-BMIM 0.3+0.1 0.1+£0.02 125+30
PILPC95-PG5-BMIM 4+0.5 1+0.1 135+13
PILPC90-PG10-BMIM 2+0.3 0.6+0.1 135+22
PILPC80-PG20-BMIM 3+04 0.7+£0.2 143+15
PILPC-TBP 12+2.0 2+0.2 157+2
PILPG-TBP 0.5+0.1 0.2+0.05 133+5
PILPC95-PG5-TBP 11+15 1.6+0.2 156+2.5
PILPC90-PG10-TBP 9+1.0 1.8+0.1 151+2
PILPC80-PG20-TBP 7+0.8 1.5+0.06 156+3

ILs thermal decompositions usually occur between 200 to 350 °C, implying
that IL. decomposition may happen in both stages of PILs and PILs blends degra-
dation [7, 38, 69, 70]. It is noteworthy that blends formation did not significantly
change thermal stability when compared to PILs (Table 2). PILs blends showed
acceptable thermal stability to be used as membranes for CO, sorption.

Table 3 shows mechanical analysis results for PILs and PLIs blends produced
with ILs BMIM and TBP. DMA stress X strain curves (Fig. 6) showed that PC-
based PILs materials were more rigid than PG-based PILs, probably because PC
forms stronger hydrogen bonds between flexible segments [56]. FTIR results
demonstrated that samples prepared with PC presented more hydrogen bonds
than samples prepared with PG. ILs inserted in polymeric structures can act as
plasticizers, increasing polymer chains flexibility and affecting polymers Young’s
modulus [38]. PILs-BMIM and PILs-BMIM blends showed lower Young’s modu-
lus values, probably due to interactions between imidazolium ring and PU chains,
corroborating with FTIR results [38]. PILs-TBP and PILs-TBP blends exhibited
high Young’s modulus results, which can be associated with hydrogen bonding
between TBP and PU chains as showed in FTIR analysis. In summary, physi-
cal properties and morphology of polymeric materials modified with ILs can be
designed through ILs chemical structure [71, 72].

PILs blends mechanical properties were influenced by the PC quantity used to
form the samples. As PC amount increased, Young’s modulus increased as well,
resulting in a rigid PIL blend. PILs blend composition was a pivotal factor in this
analysis (see Table 3). PILPC95-PG5-TBP presented superior mechanical prop-
erties related to PILPC90-PG10-TBP and PILPC80-PG20-TBP. Similar behavior
occurred for samples prepared with counter cation imidazolium (BMIM). PILs
blends with PC present many polar groups promoting more interactions between
PU microphases resulting in mechanically resistant materials [38]. PILPC95-
PGS5-TBP blend showed better mechanical properties when compared to the
PILPC95-PG5-BMIM blend.
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Fig.6 Stress/strain curves for developed PILs and PILs blend films
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Fig.7 PILs blend CO, sorption at different pressures (1 and 10 bar) and constant temperature (303.15 K)
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CO, sorption results for PLIs and PLIs blends are presented in Fig. 7. Data col-
lected in sorption analyses showed typical behavior of physical sorbents (no chemi-
cal reaction occurred). Sorption increased as CO, partial pressure increased [7, 73].
CO, affinity in a polymer is associated with interactions between CO, and poly-
mer chain polar groups [7, 74, 75]. Previous works reported this behavior in pris-
tine PU; CO, solubility increased as the content of polar groups increased in the
polymer at 10 bar and 30 °C (PU-PG=23.0 mgCO,/g [7]; PU-PC=40.1 mgCO,/g
[38]). In PILs, CO, solubility is mainly influenced by ionization. CO, sorption
capacity increased with polymer structure ionization. Bernard et al. [38] showed
that PILs had a higher CO, sorption capacity when adding different ILs (PILPC-
TBP=45.3 mgCO,/g at 10 bar and 30 °C; PILPC-BMIM =46.1 mgCO,/g to 10 bar
and 30 °C). PILs blends synthesized from two different polyols (PC and PTMG)
positively influenced CO, sorption capacity results compared to PILs. As shown in
Fig. 7a, all samples prepared with IL BMIM showed higher CO, sorption values
at 10 bar and 30 °C (PILPC95-PG5-BMIM =116.6 mgCO,/g; PILPC90-PG10-
BMIM =106.5 mgCO,/g; PILPC80-PG20-BMIM=111.1 mgCO,/g) when com-
pared to previous studies. Samples produced with the IL TBP also increased CO,
sorption capacity at 10 bar and 30 °C when compared to the materials already
reported in the literature (PILPC95-PG5-TBP=84.8 mgCO,/g; PILPC90-PG10-
TBP=93.4 mgCO,/g; PILPC80-PG20-BMIM =97.7 mgCO,/g). The best perfor-
mance of the IL. BMIM may be associated with a porous morphology showed by

Table 4 Comparison of PILs PIL co, Conditions (P, T)  Ref

blends dlﬁ:”erent PILs in terms of sorption

CO, sorption (mg/g)
[PVBIT]* 3.05 0.79 bar, 295.15K [30]
[PVBIH]° 3.22 0.79 bar, 295.15 K [30]
P(IAMIM]BF4-AN)*  14.30 1 bar, 273.15K [6]
P6 [BIEMA][Br]¢ 3.34 1 bar, 278.15 K [36]
P6[BIEMA][acetate]® 12.46 1 bar, 278.15 K [36]
P[VBTEA][PF6] 14.04 1 bar, 278.15 K [76]
PIL-8.1.BF4 24.76 1 bar, 273 K [3]
PU-TBP 15.70 0.82 bar, 303.15K [7]
PU-TAB 16.10 0.82 bar, 303.15K  [7]
PILPC-TBP 214 0.8 bar, 303.15K  [38]
PILPC95-PG5-BMIM  30.3 1 bar, 303.15K This study
PLIPC80-PG20 TBP  26.6 1 bar, 303.15K This study

*Poly[1-(4-vinylbenzyl)-3-butylimidazolium tetrafluoroborate]
®Poly[(1-(4-vinylbenzyl)- 3-butylimidazolium hexafluorophosphate]

“Poly(ionic liquid)s based on the copolymer of 1-allyl-3-methylimi-
dazolium tetrafluoroborate and acrylonitrile

dPoly[2-(1-butylimidazolium-3-yl)ethyl methacrylate bromide]
¢Poly[2-(1-butylimidazolium-3-yl)ethyl methacrylate acetate]

fPoly(4-vinylbenzyltriethylammonium hexafluorophosfate
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Fig.8 CO, sorption/desorption tests for PILPC95-PG5-BMIM

SEM (Fig. 4c—e). At the same time, the CO, sorption capacity of IL TBP may be
related to the weak cation—anion coordination, as previously investigated [38]. The
higher occurrence of hydrogen bonds when TBP is the counter cation comparing to
BMIM (see FTIR analysis) somehow can be interfering in the CO, sorption capacity
by competing with the CO, by polar sites.

Table 4 shows a comparative study of the CO, sorption capacity of this work with
several different types of PLIs described in the literature. At comparable tempera-
tures and pressures, performance data showed that CO, sorption capacity for our
PLIs is higher when compared to reported PILs.

Recyclability is a crucial factor when developing new sorbents. CO, sorption for
sample PILPC95-PG5-BMIM was reversible for the ten consecutive cycles (Fig. 8).
Through these results, it can be seen that the sample PILPC95-PG5-BMIM had high
stability and reuse capacity in CO, capture processes.

Conclusions

This study reveals new PILs blends with high thermal and mechanical performance
for low cost CO, sorbents design. Aiming to evaluate how ILs and polyol structure
influence PILs blends structure, thermal and mechanical properties, and CO, sorp-
tion performance, two different ILs counter cations (imidazolium and phosphonium)
and polyols (PC and PG) were tested. AFM analysis evidenced the ILs influence
in the PLIs blends microphase structure. Yet, the PLIs blends distribution of hard
and soft segments can be adjusted by controlling polyol amounts and type (PC and
PG) in samples, designing mechanical and thermal properties, and CO, sorption
capacity. All obtained PILs blends presented higher CO, sorption values than PILs
described in the literature so far. The highest CO, sorption capacity (116.9 mgCO,/g
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at 303.15 K and 10 bar) was obtained for polyurethane PIL blend (PLIPC95-PGS5-
BMIM) using imidazolium-based counter cation.
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