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Preparation and properties of 4-fluorostyrene doped quaternary
ammonium-based hydrophobic CO, moisture swing adsor bents

GAO Yunfang, SONG Xinshan®
( College of Environmental Science and Engineering, Donghua University, Shanghai 201600, China )

Abstract: Quaternized hygroscopic adsorbent film (QAM) was prepared by phase conversion using D201
styrene strong basic Cl™ type anion exchange resin and cellulose acetate (CA) as raw materials, and further
doped with different fluoropolymers for hydrophobicity regulation to obtain quaternary ammonium
hygroscopic fluoropolymer-containing adsorbent films (QAM-fluoropolymers). QAM and QAM-
fluoropolymers were characterized by SEM, FTIR, automatic specific surface and aperture distribution
analyzer and basic static and dynamic contact angle instrument. The effects of doping amount of
4-fluorophene (4FS) (x%, the percentage of 4FS mass in the total mass of CA and 4FS, the same below) on
CO, adsorption and film properties of QAM-fluoropolymers (QAM-x% 4FS) were evaluated through CO,
adsorption and kinetic experiments, hydrophobicity and drying performance tests. The CO, adsorption
response to relative humidity and the recycling performance of the best adsorbent were analyzed. The
results showed that the doping of 4FS could significantly improve the pore structure and hydrophobicity of
QAM adsorbent, as well as the CO, adsorption performance. QAM-20% 4FS displayed the best
performance, maintaining the CO, adsorption capacity at 1.03~1.25 mmol/g and the half adsorption time at
4.15~7.30 min at relative humidity of 22.5%~90.0%. Under the relative humidity of 90.0%, QAM-20% 4FS
increased the adsorption capacity and peak adsorption rate by 37.86% and 79.75%, respectively, in
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comparison to QAM. After 8 cycles, the adsorption capacity of QAM-20% 4FS was still stable at 1.15~
1.20 mmol/g, and the regeneration degree was more than 90%.

Key words. CO, capture; CO, hygroscopic adsorbents; doping; hydrophobicity; adsorption properties;
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Fig. 1  Schematic diagram of preparation of QAM-
fluoropolymer by phase conversion method
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Fig. 2 CO, adsorption performance test system
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Table 2 Pore characteristic parameters of adsorbents

% B 551 Sper/(m*/g) Voer/(cm’/g) Dprr/nm
QAM 15.34 0.13 40.82
QAM-30% 4FS 19.64 0.11 30.24
QAM-PVDF 18.21 0.12 34.43
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Fig. 6 Experimental results of CO, adsorption kinetics of
QAM, QAM-30% 4FS and QAM-PVDF
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Fig. 7 Static water contact angle of QAM-20% 4FS (a) and
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Table 3 Thin layer drying model fitting results of QAM,
QAM-20% 4FS, QAM-30% 4FS and QAM-50%

4FS
[ERE 2
Uil Logarithmic Midilli
/s R? Joo/s™! R?
QAM 0.016 0.998 0.017 0.997
QAM-20% 4FS 0.020 0.996 0.021 0.995
QAM-30% 4FS 0.023 0.998 0.024 0.997
QAM-50% 4FS 0.031 0.998 0.031 0.998
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Fig. 9 Adsorption rate (a) and pseudo-first-order kinetic
model fitting curves (b) of QAM, QAM-20% 4FS,
QAM-30% 4FS and QAM-50% 4FS; Cyclic
adsorption performance of QAM-20% 4FS (c)
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Table 4 Adsorption kinetic fitting results of QAM, QAM-
20% 4FS, QAM-30% 4FS and QAM-50% 4FS

W i 751 (<102 s Q./(mmol/g) R?
QAM 0.82 2.24 0.997
QAM-20% 4FS 2.08 2.08 0.999
QAM-30% 4FS 1.71 2.12 0.998
QAM-50% 4FS 1.49 2.07 0.998
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Fig. 10 Effect of relative humidity on CO, adsorption
performance by QAM and QAM-20% 4FS
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