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Solar steam generation has emerged as a promising and sustainable method of addressing the water
shortage issue. Although various materials and structures have been reported, designing a highly efficient
steam generation device with excellent salt resistant performance remains a great challenge. For the first
time, a polypyrrole (PPy)-wood device has been prepared through a simple “soak and polymerization”
process by in situ polymerization of pyrrole monomers into a three-dimensional (3D) porous wood
matrix. The PPy particles decorated on the wood matrix can convert incident light into heat while the 3D
porous wood matrix can further enhance light absorption based on light harvesting and multiple
scattering effects, which allows the PPy—wood light absorption to reach as high as 97.5% in the spectral
range from 250 nm to 2500 nm. Owing to the low thermal conductivity of wood, the PPy—wood can
localize the converted heat at the surface of the device, enabling efficient steam generation. The
hydrophilicity and the numerous aligned microchannels of the PPy—wood ensure constant water supply
to the air—water interface. All these merits endow the PPy—wood with a high solar energy conversion
efficiency of 83% under 1 Sun, with an evaporation rate of 1.33 kg m™2 h™!. Moreover, the fabricated
PPy—wood also shows good structure stability and cycling stability as well as excellent salt resistant
performance. Benefiting from the low-cost of wood and the simple fabrication process, the PPy—wood
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1. Introduction

Solar steam generation has emerged as a promising and
sustainable desalination technology addressing the increasing
freshwater shortage caused by the growing population and
serious water pollution.” Compared with the traditional bulk
heating process, the elaborately designed interfacial solar steam
generation process can localize the solar absorption and steam
generation at the water-air interface to reduce unnecessary heat
losses, such as radiation loss and convection loss.*® Solar
absorption, thermal management, and water transportation are
three key factors affecting the steam generation efficiency of
devices.”

Numerous efforts have been dedicated to exploiting broad-
band light absorbing materials (carbons,**? semiconductors,"**”
and plasmonics®?') and designing novel evaporation
systems®>* with excellent heat insulating and water transport
properties to achieve higher efficiency. For example, Deng et al.*®
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with the above merits is one of the most suitable candidates for solar desalination.

reported an airlaid-paper-based Au nanoparticle film exhibiting
higher evaporation efficiency than a freestanding plasmonic
film, while Zhu et al*® claimed that a graphene oxide-based
absorber with a confined 2D water path can minimize the heat
loss and consequently enable high efficiency. However, most of
these reported materials, floating films, and nanoparticles are
either expensive or technically demanding for large scale prep-
aration."" Additionally, many of these systems show poor long-
term stability and suffer from salt accumulating issues, since
accumulated salt on the surface of the solar absorbers may block
the channels for steam escape and affect light absorption,
thereby reducing the energy conversion efficiency.*> Therefore,
designing a highly efficient steam generation device with excel-
lent salt resistant performance becomes critical for the wide-
spread application of direct solar desalination.

Inspired by natural plant transpiration, a wood-based solar
steam generation device is expected to overcome these issues,
since natural wood has intrinsically good hydrophilicity, low
thermal conductivity, superior mechanical and environmental
stability, and light harvesting properties.***-*¢ Moreover, the
numerous vertically aligned microchannels throughout the
wood can enable the water soluble salt to redissolve back into
the water.*”*® Therefore, a wood substrate modified with a light
absorber is expected to create a highly efficient solar steam
generator with excellent salt resistant properties.
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Herein, the polypyrrole (PPy) material with broadband
absorption and high photothermal conversion efficiency is
deliberately selected as the light absorber.***° The PPy particles
can bind to cellulose fibers and then forms stable and uniform
decoration on the lumens of wood without blocking the 3D
channel structure by forming hydrogen bonding between the N
of the pyrrole rings and hydroxyl groups of cellulose. Due to the
synergistic effect of the 3D wood substrate and the excellent PPy
light absorber, the PPy-wood shows almost full spectrum light
absorption with low incident light angle sensitivity in a wide
spectral range of 250-2500 nm. Moreover, the intrinsic physical
characteristics of wood endow the PPy-wood with excellent heat
insulating and water transportation properties, while the well-
designed in situ decoration with PPy contributes to the good
environmental tolerance and salt resistant properties. All these
merits render the PPy-wood a highly efficient solar steam
generator with excellent salt resistant properties.

2. Experimental
2.1 Materials and chemicals

Natural basswood was cut perpendicular to the growth direction
to form small blocks of approximately 3 cm x 3 cm. Pyrrole
monomers (99%) were purchased from Aladdin. Concentrated
hydrochloric acid (HCI) and ammonium persulfate (APS) were
purchased from Guangzhou Chemical Reagent Factory.

2.2 Preparation of PPy-wood

In a typical synthesis, 100 pL of pyrrole was injected into 10 mL
of deionized water, stirring at room temperature to form
a uniform pyrrole solution. Afterward, 0.456 g of APS and 2 mL
of concentrated HCIl were dissolved in 18 mL of deionized
water to form an APS solution with 1.2 M HCI. A wood block
was slowly immersed into the pyrrole solution. After the full
adsorption of pyrrole monomers, the pyrrole-wood was
transferred to a culture dish and naturally dried for approxi-
mately 1 h. Then, the pyrrole-wood was slowly immersed into
the APS solution, and polymerization was carried out at 4 °C
for 12 h. Finally, a black PPy-wood sample was obtained by
sonication for 10 min in a water bath to remove the residual
PPy particles.

2.3 Characterization

The morphology and structure of the samples were character-
ized using a Hitachi S-4800 field emission scanning electron
microscope. The diffuse reflectance and transmittance from 200
to 2500 nm were measured using a UV-vis-NIR spectropho-
tometer (PerkinElmer Lambda 750s) equipped with an inte-
grated sphere for reflected light collection. Fourier transform
infrared spectra (FT-IR) were recorded using a Bruker
TENSOR27 spectrometer. A FLIR E6 IR camera was used to
observe the temperature distribution of wood samples under
different illumination conditions. The salinity of the water
before and after desalination was measured using an ATAGO
PAL-06S refractometer.
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2.4 Water evaporation performance

The solar water evaporation experiments were performed using
a homemade optical system with a solar simulator (CEL-
HXF300, CEAULIGHT, Beijing, China). The light intensity was
controlled by the power of the solar simulator and the distance
of the optical lens as well as the full spectrum optical attenu-
ator. The illumination light intensity of each test was calibrated
with a CEL-NP2000 optical power meter (CEAULIGHT, Beijing,
China). The wood samples were placed in a glass container fil-
led with water. An electronic balance with high accuracy of
0.1 mg (FA 2004) was used to track the real-time weight change
and then communicate it to a computer for the calculation of
the water evaporation rate and energy conversion efficiency.

2.5 Thermal conductivity

The thermal conductivity of the wood samples in dry and wet
states was tested based on the steady state method, by a home-
made thermal conductivity tester consisting of a light simu-
lator, two quartz glasses, a metal heat sink, and an IR camera.**
The wood sample was sandwiched by the two standard quartz
glasses with calibrated thermal conductivity. The temperature
distribution along the cross-section of the sandwich structure
was monitored using the IR camera. According to the Fourier
equation, the thermal conductivity can be calculated using the

T
formula: ¢ = —% j_X’ where g is the heat flux per unit area, & is

the thermal conductivity of the quartz glasses, dT is the
temperature change, and dx is the distance difference.*

3. Results and discussion

As illustrated in Fig. 1, the preparation of the PPy-wood evap-
orator involves a simple “soak and polymerization” process:
a piece of precut natural basswood is initially soaked in
a pyrrole solution for full adsorption of pyrrole monomers, and
then immersed in an APS solution containing hydrochloric acid
to in situ polymerize the PPy particles. The wood blackens
gradually, and turns black completely after the polymerization
process, indicating a high absorbance for visible light. When
used as a steam generator, the black PPy-wood can float on
water. The PPy particles decorated on the wood matrix can
absorb and convert the incident light into heat, while the 3D
porous wood matrix further enhances the light absorption
based on the light harvesting and multiple scattering effects. As
a consequence, the PPy-wood with a high light absorbability
converts most of the solar energy into heat. Moreover, since the
PPy coating is thin, it will not block the lumens of wood which
act as pathways for mass transportation to allow constant water
supply to the water—air interface and salt dissolution from the
interface back to the water. Due to the intrinsic low thermal
conductivity of wood, the heat can be localized on the surface of
the PPy-wood, enabling efficient solar steam generation.

Fig. 2a shows the top and side-view of the PPy-wood, in
which multiple big channels (40-60 pum) are surrounded by
a large number of small channels (5-20 um), and the opened
and aligned microchannels in the wood matrix formed an ideal

This journal is © The Royal Society of Chemistry 2019
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Fig. 1 Schematic illustration of the PPy—wood for the solar steam generation system.

3D substrate for the coating of the PPy light absorber. In the
more magnified top-view SEM images in Fig. 2b and c, the
original opened pores with diameters of 5 to 20 pm are well
retained, whereas the surface and inside walls of the micro-
channels exhibit obviously increased roughness compared with
the basswood in Fig. 2f-h. As shown in Fig. S1,} the PPy parti-
cles formed a porous film on the wood surface, and the particle
sizes are mainly distributed in the range of 20-50 nm. The
zoomed-in SEM image in Fig. 2d also shows that the smaller pits
(1-2 pm) on the inner surface of the lumens were well retained
after the coating of PPy on the basswood (Fig. 2i), suggesting
a connected porous structure that can provide not only vertical

water transport but also water transport across the lumens.
More importantly, the PPy coating is thin and shows no obvious
blocking of the channels and pits of the lumens, but the PPy-
wood exhibits much increased roughness on the top and inner
surfaces of the lumens (Fig. 2e), which highlights the merits of
the in situ polymerization process.

The optical properties of the bare wood and the PPy-wood
are studied by UV-vis-IR spectroscopy from 250 nm to 2500 nm
with an integrated sphere. The bare wood shows a relatively low
absorption of 44.9% and the PPy particles exhibit a high
absorption of 90.8% in the whole spectral region, indicating
excellent light absorption properties of the PPy material. More

Fig. 2 Morphology and structure characterization of the PPy—wood. (a) Top and side-view of the PPy—wood showing the numerous opened
pores and aligned microchannels. (b and c) Top-view SEM images of the PPy—wood showing that the PPy is uniformly coated without blocking
the pores and channels. (d and e) Side-view images revealing that the coating of PPy does not change the channel structure but obviously
increases the roughness of the wood lumen surface. (f-h) Top-view SEM images of the basswood with different magnifications. (i) Side-view

image of the basswood microstructure comprising many vessel pits.

This journal is © The Royal Society of Chemistry 2019
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importantly, the PPy-wood exhibits the highest absorption of
97.5% which is 6.7% higher than that of the single PPy particles
in the entire spectral range, suggesting a synergistic enhance-
ment of light absorption (Fig. 3a). Additionally, the light
absorption of the PPy-wood is also characterized by changing
the light incident angles from 0° to 60°. As shown in Fig. 3b, the
PPy-wood can maintain light absorption higher than 93% at
any angle. The synergistic light absorption enhancement of the
PPy-wood should be attributed to the PPy coating that acts as an
excellent light absorber, the 3D top opened pores, and the
improved lumen roughness that enhances the light harvesting
and multiple scattering properties of the wood substrate.
Thermal management properties are very important for an
efficient solar steam generation device. The IR images in Fig. 3c
show the temperature distribution of the PPy-wood at different
solar illuminations from 1 to 4 Sun. It can be seen that the heat
is mainly localized at the surface of the PPy-wood, and the
surface temperature rises quickly from 41, 48, and 54 to 60 °C
when increasing the illumination intensities from 1, 2, and 3 to
4 Sun, respectively, indicating a superior thermal management
of the fabricated device. To validate this, a homemade evapo-
ration system is used to investigate the heat insulating property
by floating the PPy-wood in a size-matched cistern filled with
water. As shown in Fig. 3d, the top surface temperature reaches
as high as 59 °C under 4 Sun illumination, while the water
below the wood is nearly at room temperature. The excellent
heat insulating property of the PPy-wood might be attributed to
its intrinsic low thermal conductivity. A homemade thermal
conductivity measurement device consisting of a light
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simulator, two quartz glasses, a metal heat sink, and an IR
camera is assembled. As illustrated in Fig. S2,T the wood sample
is sandwiched by two quartz glasses, and the temperature
distribution along the cross-section of the sandwich structure is
detected using the IR camera. The inset IR images show
temperature gradients at thermal equilibrium across the
vertical direction of the sandwich structure, indicating that the
heat can be efficiently insulated by the wood samples. The
thermal conductivities of the bare wood and the PPy-wood are
calculated to be 0.21 and 0.25 W m~" K™, which are higher than
that of air (0.024 W m ™' K ' at room temperature) and mark-
edly lower than that of water (0.600 W m ™' K™ ), comparable to
those of the previously reported steam generation materials*
(Fig. 3e and S3af). Even in the wet state, the bare wood and the
PPy-wood also maintain low thermal conductivities of 0.49 and
0.51 W m ' K ' (Fig. 3f and S3bt), respectively, which are
greater than those in the dry states but are still lower than that
of water. The PPy-wood with intrinsic low thermal conductivity
can act as a thermal barrier, enabling efficient thermal
management.

The PPy-wood shows excellent steam generation perfor-
mance given its ultrahigh light absorbability, good hydrophi-
licity and efficient thermal management. Fig. 4a shows the
photo image of a PPy-wood sample with the top-view coated
with black PPy and the longitudinal section full of channels.
When increasing the illumination intensities from 1 to 10 Sun,
the surface temperature of the PPy-wood absorber rises rapidly
due to the local heat generation by photothermal conversion,
and steam is generated increasingly, indicating a higher
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Fig. 3 Optical and thermal properties of the PPy—wood. (a) Absorption of bare wood, PPy—wood, and PPy nanoparticles. (b) Absorption of PPy—
wood at different incident light angles, demonstrating angle-independent light absorption. (c) IR images of the PPy—wood under different
illumination intensities. (d) Photo and IR images showing the temperature distribution of the PPy—wood evaporation system under 4 Sun.

Thermal conductivities of the PPy—wood in (e) dry and (f) wet states.
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Fig.4 Solar steam generation performance of the samples. (a) Photo image of the PPy—wood with top-view and longitudinal sections. (b) Photo
images showing the steam generation with light intensities varying from 1 to 10 Sun. (c) Weight change for the PPy—wood at different light
intensities of 1-10 Sun. (d) Solar steam generation dynamics of the PPy—wood at different illuminations. (e) Solar steam generation properties
with or without the PPy—wood. (f) Enhancement factor calculated from the evaporation rates with or without the PPy—wood under different light
intensities. (g) Solar steam generation dynamics of the pure water, wood and PPy—wood under 1 Sun illumination. (h) Solar steam generation
efficiencies of the pure water, wood and PPy—wood with a light intensity of 1 Sun.

evaporation rate (Fig. 4b). Fig. 4c shows the plots of the weight
loss of the PPy-wood device under different illumination
intensities as a function of time. Generally, the evaporation rate
increases rapidly within the initial several minutes, then grad-
ually becomes steady, suggesting balanced evaporation
dynamics (Fig. 4d). The calculated evaporation rates under 1, 3,
5,7,and 10 Sun are 1.33, 3.47, 5.85, 8.38,and 11.77 kg m >h ™",
respectively. For comparison, we also measured the steam
generation performance of pure water under the same illumi-
nation intensities. As shown in Fig. 4e, it can only reach values
of 0.50, 0.78, 1.19, 1.66, and 2.31 kg m > h™', which are
significantly lower than those of the PPy-wood device (Fig. S4
and S51). The enhancement factor, defined as the water evap-
oration rate of the PPy-wood device versus that of pure water, is
plotted in Fig. 4f. The enhancement factor of the PPy-wood
under 1 Sun is as high as 2.67 times and reaches almost the
highest value of 5.05 times under 7 Sun, indicating a much
enhanced solar steam generation process with increasing illu-
mination intensities. Since the actual solar intensity is merely

This journal is © The Royal Society of Chemistry 2019

close to 1 kW m 2, we compared the steam generation perfor-

mance of the PPy-wood to that of the pure water and the bare
wood under 1 Sun in Fig. 4g. After the decoration with the PPy
light absorber, the bare wood shows the evaporation rate
increasing from 0.71 kg m >h ' to 1.33 kg m > h ™" (PPy-wood)
and the enhancement factor increasing from 1.44 times to 2.67
times contrary to that of pure water, indicating a much
enhanced solar energy conversion efficiency. Generally, the
energy conversion efficiency can be estimated using the
following formula:***

n = mhyy/ CoplP 0

where 7 is the conversion efficiency, 7z refers to the evaporation
rate, hpy is the liquid-vapor phase change enthalpy, P, is the
nominal solar illumination of 1 kW m™~2, and Copt is the optical
concentration. Consequently, the calculated efficiency of the
PPy-wood under 1 Sun is 83%, which is far beyond the effi-
ciencies of the bare wood and the pure water (Fig. 4h). We also
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compared the performance of our work with recent reports, as
presented in Table S1,f demonstrating that the present PPy-
wood is among the top high-efficiency materials for solar steam
generation. The outstanding energy conversion efficiency of the
PPy-wood solar steam generation device should be attributed to
the unique nature-inspired all-in-one structure, which enables
comprehensive optimization of solar absorption, thermal
management, and water transportation. Firstly, the synergistic
effects of the excellent PPy light absorber, the 3D porous
structure and the rough PPy coating enable almost complete
absorption of the incident light for highly efficient light-to-
thermal conversion. Secondly, the excellent heat insulation of
the wood matrix can localize the converted heat at the surface
(water—air interface) for steam generation, achieving efficient
thermal management. Thirdly, the intrinsic hydrophilic
cellulose-based wood with abundant well-arranged porous
micro-/nanochannels ensures efficient water transport from the
bulk to the water-air evaporation interface by capillary and
nanocavitation effects.

We then evaluated the stability of the PPy-wood device. As
shown in Fig. 5a, the PPy-wood, which was subjected to strong
acid (pH = 2), strong alkali (pH = 10), high temperature (100
°C), and sonication conditions for 2 hours, did not exhibit
evident loss of the PPy coating, suggesting good structural
stability of the PPy-wood device (Fig. S6t1). The chemical
compositions of the wood before and after PPy decoration were
characterized by FTIR and the results are shown in Fig. 5b. In
the FT-IR spectrum of PPy, the absorption in the range around
3149 cm™! results from O-H and N-H vibrations, and the
stretching peaks at 1618 and 1553 cm™' correspond to the
characteristic C=C and C-C in-ring-stretching,**** respectively.
Furthermore, the PPy also exhibits C-N stretching vibration
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bands at 1453 and 1200 cm ™ '.%**” The wood matrix shows peaks
at 3419, 1638, and 1246 cm ' for O-H stretching, C=0
stretching, and C-O stretching vibration in lignin, respec-
tively.*® After the decoration with PPy particles, the PPy-wood
retains the spectral characteristics of the wood, except for the
shifts in absorption peaks of O-H stretching, C=0 stretching,
and C-O stretching from 3419 to 3413 cm ™!, 1638 to 1632 cm ™/,
and 1246 to 1232 cm ™, respectively. This could be attributed to
the formation of inter-molecular hydrogen bonds between PPy
and the wood matrix. Moreover, the obviously broadened
absorption from 3700 to 3000 cm ™" also indicates the formation
of hydrogen bonds resulting from the O-H and N-H vibrations
in PPy.* The characterized peak of PPy at 1453 cm ™' overlaps
with that of nature wood, and remains in the PPy-wood. As for
the vanished peak at 1200 em ™" (C-N stretching vibration) in
the PPy-wood, it might be caused by the formation of hydrogen
bonding or the overlapping of the peaks in PPy and the wood
matrix, since the wood matrix just displays weak absorption at
the position of 1200 cm™". The in situ polymerization of pyrrole
monomers and the formation of hydrogen bonding contribute
to a stable and uniform decoration with PPy particles on the
lumens of cellulose-based wood. Benefiting from the superior
structural stability, the PPy-wood also exhibits satisfactory long-
term stability (Fig. 5¢) and cycling stability (Fig. S7+).

Finally, we turn our attention to the salt resistant properties
of the PPy-wood solar steam generator. It is noteworthy that salt
accumulation is not apparent with simulated seawater of
3.5 wt% NaCl under 1 Sun illumination. An intensity of 5 Sun is
selected to highlight the self-cleaning ability of the PPy-wood.
The experiment is conducted in a simulated natural environ-
ment with 8 hours of light on time (to simulate day time) and 16
hours of light off time (to simulate night time) (Fig. 6a). As
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Fig. 5 Stability of the PPy—wood steam generation device. (a) Photo images of the PPy—wood subjected to various conditions (strong acid,
strong alkali, high temperature, and sonication) showing good structural stability. (b) IR spectra of the PPy—wood, the wood, and the PPy
particles. (c) Long-term cycling performance of the PPy—wood under 1 Sun illumination.
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Fig. 6 Salt resistant properties of the PPy—wood solar steam generator. (a) Salt content curve under the simulated natural conditions (8 hours of
light on time and 16 hours of light off time). (b) Illustration of the salt accumulation and dissolution process. (c) Typical optical and SEM images
showing salt accumulation and dissolution on the surface and in the channels of the devices.

illustrated in Fig. 6b, when the light turns on, the solar steam
continuously escapes rapidly from the water-air interface, the
salt concentration increases on the top surface of the PPy-wood
and then salt crystals are gradually generated on the surface and
within the channels of the PPy-wood evaporator (Fig. 6c-i);
when the light turns off, the water evaporation rate decreases
significantly, the accumulated salt crystals gradually dissolve
back into the saline water which is accumulated in the channels
and diffuse into the bulk water (Fig. 6c(ii)). To further investi-
gate the mechanism of the salt accumulation and dissolution
process, we also studied the time-dependent steam generation
of the PPy-wood with different salinities under 1 Sun illumi-
nation. As shown in Fig. S8,f the evaporator shows much
decreased evaporation rates in 20 wt% and saturated NaCl
solutions after 60 min continuous testing. When the salinity of
the water is 10 wt%, the evaporator shows a decreased water
evaporation rate of 1.56 kg m~> h™" with 60 min irradiation; on
further extending the irradiation time to 6 h, the evaporation
rate shows a slightly decreasing trend. However, for a simulated
seawater salinity of 3.5 wt%, the evaporator exhibits a stable
evaporation rate of 1.32 kg m~> h™" for 6 h continuous testing,
indicating excellent self-cleaning properties in a seawater
environment. The excellent self-cleaning properties are attrib-
uted to the hierarchical structures containing big channels (40—
60 pm), small channels (5-20 pm), and pits (1-2 pm). Upon
solar evaporation, salt concentration gradients are formed
between the big channels and the small channels because of
their different hydraulic conductivities. The salinity gradients
drive interchannel salt exchange through the well maintained
1-2 pum pits, resulting in the dilution of salt in the small
channels, which establishes a good balance between the salt
accumulation and dissolution process.”®> However, with
increased salinities of 10 wt%, 20 wt%, and saturation, the PPy-
wood evaporator cannot maintain the balance with the original
pore structures, and bigger channels with higher hydraulic
conductivities are needed to function as salt-rejection pathways
in the face of the faster salt accumulation.**

This journal is © The Royal Society of Chemistry 2019

Except for the outstanding energy conversion efficiency,
excellent salt resistance, and good stability, the present evapo-
ration system also exhibits other advantages in comparison
with carbon-based and some other wood-based systems, such as
graphene oxide-wood,* flame-treated wood,** and plasmonic-
wood.** Firstly, this system highlights the advanced conception
of green chemistry, because both the raw materials and the
fabrication process are environment friendly, and do not need
any carbonization or high temperature treatment, avoiding the
release of greenhouse gases and enormous energy consump-
tion. Secondly, the fabrication of the PPy-wood avoids the using
of noble metals and new carbon materials, which makes the
present system highly competitive in terms of commercial
production. As estimated in Table S2,} producing the PPy-wood
device costs less than 36$ per m>.

4. Conclusions

In summary, PPy-wood is designed for the first time for highly
efficient solar steam generation. The PPy-wood device is
prepared through a simple “soak and polymerization” process
by in situ polymerization of pyrrole monomers into a 3D porous
wood matrix. Due to the excellent light absorbability of PPy and
the light harvesting and multiple scattering properties of the 3D
porous wood, the PPy-wood exhibits light absorption as high as
97.5% in the spectral range from 250 nm to 2500 nm. The
intrinsic low thermal conductivity of the PPy-wood benefits
localization of the converted heat at the surface of the device
and enables efficient thermal management. The intrinsic
hydrophilicity and the numerous aligned microchannels ensure
constant water supply to the air-water interface. Based on these
advantages, the PPy-wood can achieve a high evaporation rate
of 1.33 kg m 2> h™" and an extremely high solar energy conver-
sion efficiency of 83% under 1 Sun. Moreover, the fabricated
PPy-wood also shows good structure and cycling stability as
well as excellent salt resistance ability. Benefiting from the low-
cost of wood and the simple fabrication process, the PPy-wood
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endowed with these merits is one of the most suitable candi-
dates for solar desalination.
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