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Photothermal Water Evaporation of Zwitterionic Copolymer/Polypyrrole
Composite Cryogels
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(School of Chemistry and Materials Science, University of Science and Technology of China, Hefei 230026, China)

Abstract: During the interfacial photothermal water evaporation process of seawater, salt crystallization significantly
reduces the evaporation efficiency of the evaporator. To address this challenge, a series of zwitterionic copolymer cryogels
were synthesized through cryogenic copolymerization of the zwitterionic monomer, sulfobetaine methacrylate, and the
hydrophilic monomer, acrylamide. Subsequently, a photothermal water evaporator was constructed by in situ loading
polypyrrole via oxidative coupling polymerization. The salt resistance of the evaporator was enhanced by the anti-
polyelectrolyte effect of the zwitterionic side groups. To systematically elucidate how the equivalent evaporation enthalpy
depends on copolymer composition and pore architecture, the cryogel composition was optimized. Scanning electron
microscopy was used to observe the pore structures of cryogels with different compositions. Additionally, dark evaporation
experiments were performed to determine their equivalent evaporation enthalpies. Under simulated one-sun illumination
(incident intensity: 1 kW/m?), the evaporator achieved a maximum evaporation rate of 2.39 kg/(m?-h) for pure water. In an 8 h

seawater evaporation test, no salt crystallization was observed while the evaporator achieved a peak evaporation rate of
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2.41 kg/(m?-h) with an average value of 2.23 kg/(m?-h). Notably, the quality of the collected water meets the drinking water
standards.
Key words: zwitterionic copolymer; polypyrrole; cryogel; interfacial photothermal water evaporation; seawater

desalination; salt resistance
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Fig. 1 Schematic diagram of the preparation of PSAC/PPy cryogel
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Fig. 3 (a) FT-IR spectra of cryogels; (b) FT-IR spectra of PSAC-0.8 and PSAC-0.8/PPy
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Fig. 4 SEM images of cryogels
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Fig. 5 SEM images of composite cryogels
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Fig. 7 Dynamic contact angles of composite cryogels
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Fig. 9 UV-Vis-NIR spectroscopy of composite cryogels: (a) reflectance, (b) transmittance, (c) absorbance (left Y-axis for absorbance, right Y-
axis for solar spectral irradiance)
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Fig. 11 (a) Water mass loss and (b) evaporation rate of composite cryogel evaporators during photothermal water evaporation under one-sun
illumination; Water mass loss of cryogels (c) without and (d) with PPy in a dark environment during water evaporation enthalpy
measurement (solid square: experimental data, dotted line: linear fitting result)
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