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Fabrication and properties of three-dimensional porous
modified PU sponge interfacial evaporator
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Abstract: A 3D porous interfacial evaporator with superhydrophobic front side and hydrophilic backside
was prepared from commercially hydrophobic polyurethane sponge (PU sponge), which was modified by
hydrophilic polyvinyl-alcohol (PVA) and then sprayed by multi-wall carbon
nanotubes/polydimethylsiloxane (MWCNTs/PDMS) composite dispersion. The surface morphology,
photothermal response, reflectance and transmittance of the coating were then analyzed by SEM, infrared
thermal camera and UV-Visible-near-infrared spectrophotometer, followed by evaluation on the
performance of the three-dimensional porous interfacial evaporator constructed. The results showed that,
the 3D porous interfacial evaporator obtained with a MWCNTs content (based on the mass of PDMS
prepolymer with 0.55% mass fraction tetrahydrofuran solution, the same below) of 0.5% in the
MWCNTs/PDMS composite dispersion, exhibited a surface temperature of 81 °C and an absorption rate of
98.57%, as well as good water permeability, photothermal performance, evaporation performance, salt
rejection performance, desalting performance and self-cleaning performance. Under one sun illumination
(1.0 kW/m?), the surface temperature of the 3D porous interfacial evaporator was 61.3 °C, and the
photothermal conversion efficiency was 96.75%. In the simulation of seawater (mass fraction of 3.5% NaCl
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solution) evaporation process, the evaporation rate could reach 1.80 kg/(m*-h), while the unmodified PU

sponge evaporation rate was only 0.44 kg/(m*-h).

Key words. multi-walled carbon nanotubes; interfacial evaporation; Janus structure; photothermal conversion;
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Fig. 2 SEM image of PU sponge (a), PU sponge after hydrophilic modification (b) and 3D porous interfacial evaporator (c);
EDS spectra of the black side of 3D porous interface evaporator (d)
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Fig. 4 Photograph of 3D porous interfacial evaporator (a);
Surface temperature changes with time of PU
sponge and the 3D porous interfacial evaporators
coated with various content of MWCNTs (b);
Transmittance and reflectance of the 3D porous

interfacial evaporator coated with 0.5% content of
MWCNTs (c)
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Fig. 6 Evaporation rates of PU sponge and 3D porous
interfacial evaporator for continuous 6 h (a);
Evaporation rates of 3D porous interfacial
evaporator in 6 h for water in NaCl solutions with
mass fractions of 3.5%, 7.0%, 10.0% and 20.0% (b);
Mass change of water during the working process
of 3D porous interfacial evaporator (c)
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Fig. 7 Photographs of 3D porous interfacial evaporator
working in NaCl solutions with mass fractions of
3.5%, 7.0%, 10.0%, 20.0% for 0, 3, 6 and 24 h
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Fig. 9 Photothermal performance of 3D porous interfacial
evaporator without and with covering of soil,
methyl orange and sand
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Fig. 10 Self-cleaning tests of PU sponge (a~c) and 3D
porous interfacial evaporator (d~f)
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evaporator after ultraviolet irradiation for different
time
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