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Solar desalination has been recognized as one of the most promising technologies for solving current freshwater
scarcity. However, enhancement of the photothermal conversion efficiency and prohibiting salt crystallization on
the top light-absorbing surface are the two major critical challenges for developing highly-efficient and stable
solar evaporators. Here, we have discovered that tree roots, often as processing waste when utilizing woods, can
serve as a high-efficient solar evaporation device for continuous desalination. The naturally occurring hierar-
chical structure of tree roots possesses multilevel longitudinal channels from micrometer to millimeter-scale and
interconnected porous microstructures, which allows excellent water transport and multidirectional salt ex-
change, exhibiting a superior anti-salt-accumulation capability even in 21% brine. Together with a mountain-
shaped hydrophobic absorber surface obtained from the in situ synthesized Fe3O4 nanoparticles, the designed
tree root-based solar evaporator demonstrates an evaporation rate of 1.64 kg m~2h~! and ultra-high conversion
efficiency of 96% at 1 solar irradiation, rendering it as one of the best performing wood-based solar evaporators.
Furthermore, such a high-efficacy, techno-economic and long-term stable seawater desalination platform pro-
vided by the architectures of multi-level channel-array in tree root will inspire material scientists and engineers

Solar desalination

to tailor structurally similar materials from building blocks of broader selections.

1. Introduction

Freshwater scarcity is an urgent challenge needed to overcome due
to the growing world population, active civilization, and deteriorating
environment (Elimelech and Phillip William, 2011; Kumar et al., 2021;
Kummu et al., 2016). Solar vapor generation utilizes photothermal
materials to convert sustainable solar energy into thermal energy for
generating steam from salt water and other contaminants (Wang et al.,
2021). The techno-economic, high-efficacy, and sustainable features of
solar-thermal desalination device greatly satisfies the alleviation of
water scarcity (Tao et al., 2018; Zhou et al., 2019). A typical configu-
ration of solar evaporator design with top surface of the photothermal
layer for solar absorbers and bottom layer of the sponge-like supporting
substrates for water transfer (Zhao et al., 2020; Zhu et al., 2019).
Tremendous research focused on developing sustainable solar desali-
nation devices and increasing their efficiency, while several critical
challenges remain (Bian et al., 2021; Chen et al., 2019; Xu et al., 2021).

* Corresponding authors.
E-mail addresses: yongchaoaaaa@163.com (Y. Zhang), cxu@abo.fi (C. Xu).

https://doi.org/10.1016/j.indcrop.2023.116507

The increased salinity with heating-induced evaporation causes the
increasing formation of salt crystals with the concentrated brine on the
evaporative surface, drastically reducing solar absorption and photo-
thermal conversation (Djellabi et al., 2022; Li et al., 2019; Wang et al.,
2020; Xu et al., 2020; Zang et al., 2021). Furthermore, this will block
water transportation path, resulting in diminished efficiency and even
interrupting evaporation.

The solar evaporators with highly salt-resistant property by using a
hydrophobic interface have been attempted (Li et al., 2021; Li et al.,
20205 Storer et al., 2020; Zhang et al., 2020). However, the evaporation
efficiency of currently available solar desalination systems for stable
water desalination is relatively low, especially for the high salinity brine,
due to the heat loss caused by material and the reduction of light
absorbance. Meanwhile, the complex processes of synthetic top/bottom
materials and/or costly materials limits their industrial production and
large-scale application (Han et al., 2021; Shi et al., 2022; Tian et al.,
2020; Wei et al., 2021; Zhu et al., 2018). The used synthetic polymers in
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solar evaporators have raised significant environmental concerns
because of the difficulty of disposal issues such as degradability and
leaching (Jiang et al., 2017; Li et al., 2020). Therefore, it is imperative to
develop cost-effective and sustainable solar evaporator, simultaneously
achieving long-term stability and high efficiency of evaporation in the
brine with a wide concentration range.

Wood trunks have been utilized to produce solar desalination devices
with their intrinsically aligned vertical porous structure (Cao et al.,
2021; Jia et al., 2017; Li et al., 2018; Wang et al., 2019; Xue et al., 2017;
Zhu et al., 2018). Structure engineering of wood with drilling
millimeter-scale deep holes in the material matrix was found to over-
come the salt accumulation-related issues (Kuang et al., 2019; Sharshir
et al., 2022). Unique wood species with large-diameter vessels or tra-
cheids could be directly employed to fabricate salt-accumulation-free
solar evaporator (Chen et al., 2017; He et al., 2019). Compared with
wood trunk (Fig. 1a), the conduit diameter and hydraulic conductivity
of root were the largest and highest than other parts of the tree (Hafner
et al., 2020; McElrone et al., 2004). The channels on the root section
with large channel up to 260 pm in diameter are visible (Fig. 1b),
compared with dense trunk wood (elm wood) with channel diameter of
vessels ranging from 3 pym to 30 pm (Fig. 1b). The low bending
large-diameter channels and narrow channels communicate with each
other through pits in the wall (Fig. 1c). The large channel derived from
the conduit of tree root has a higher water flux than other small-sized
channels (McElrone et al., 2004). Those intrinsic hierarchical struc-
tures render an in-plane salt concentration gradient in the presence of
low salt concentration in large channels and relative high salinity in the
small-sized channels under the same condition. The salinity gradient
furthermore benefits a spontaneous salt exchange and receives
self-regenerating (Kuang et al., 2019). In addition, the high hydraulic
conductivities allow rapid delivery of water compared with wood trunk
(Hafner et al., 2020; McElrone et al., 2004). Therefore, nature-created
tree root offers an ideal substrate to be directly converting to solar
evaporators having superior salt resistance.

Herein, inspired by the unique multi-level channel microstructure
and fast water transport capability of tree roots, for the first time, we
designed a natural root-based solar evaporator with anti-salt-
accumulation property for sustainable desalination. Moreover, to ach-
ieve high evaporation efficiency, two-step modifications were
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conducted: (i) enforcing the slight delignification process of tree root to
improve the substrate of hydrophilicity and water transportation capa-
bility; (ii) in situ synthesis of Fe3O4 nanoparticles on the surface of root
substrate to form a nanostructured mountain-shaped absorber surface in
order to enhance light absorption. The high specific surface area and
surface roughness of above-mentioned solar vapor generation signifi-
cantly reduces the diffuse scattering of light, and greatly convert solar
irradiation into thermal energy. The vapor generators remarked a new
record of water evaporation rate of ~ 1.64 kg m~2 h™! and super-high
conversion efficiency of 96% under 1 sun irradiation in seawater con-
ditions, rendering it as the best performing wood-based photothermal
material. Upon intrinsic hierarchical design of micro-structure and
absorber, the fabricated root-based solar also exhibited outstanding
evaporation efficiency and stability in high salinity (21%) brine
desalination.

2. Material and methods
2.1. Materials

Elm tree, root, were obtained from north of China (Shandong Prov-
ince); 30% Hy0, solution, Trisodium citrate dihydrate, FeClye4 H50,
FeCl3ze6 Hy0, sodium chloride, Barium chloride, sodium hydroxide, and
ammonia were all provided by Sinopharm Group.

2.2. Fabrication of the tree roots-solar vapor generators (FPTRW)

Briefly, the preparation process is divided into two steps. The first
step is the process of partial lignin removal: tree roots were cut into
round wood pieces with a thickness of 3 mm, put into a 500 ml beaker,
to which 400 ml of preconfigured 12% sodium hydroxide solution was
added, heated it to 95 °C, and steamed under stirring for 3 h and then
the wood pieces were removed. Finally, the wood chips were washed
several times in 90 °C water to near neutral to remove sodium hydroxide
and lignin from the surface of the chips. The second step was typical in
situ synthesis process to load Fe304 nanoparticles onto the pretreated
wood chips. Firstly, ferric chloride hexahydrate (ferric trichloride,
8.6763 g) and ferrous chloride tetrahydrate (ferrous chloride, 3.9840 g)
were dissolved in deionized water (100 ml) and the wood chips were

Fig. 1. Photographs and microscopic images showing the integrated structure and multi-level channel-array of trunks and roots from the elm tree by micro-CT.
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placed in it. Then ammonia (ammonium hydroxide, 100 ml) was added
and heated in a water bath at 70 °C for 30 min. After that, trisodium
citrate dihydrate (trisodium citrate, 10.2224 g) was added and heated in
a water bath at 40 °C for 120 min. In this process, the generated Fe304
nanoparticles were loaded onto the pretreated tree root pieces to obtain
FPTRW. Finally, the FPTRW were washed to neutral in water at 40 °C,
then dried, sealed, and refrigerated for subsequent experiments.

2.3. Solar desalination experiments

The solar desalination experiments were carried out at room tem-
perature (humidity ~32%). Solar-driven water evaporation simulations
were performed using a solar simulator (CEL-HXF300-T3, CEAULIGHT,
Beijing, China). The temperature of evaporator top surface was recorded
by an infrared thermal imager and the weight change of the bottle was
monitored in real-time by an analytical balance (0.1 mg resolution).
NaCl solution was used to simulate seawater. The energy efficiency (1) is
obtained by the following formula

N=m hlv/Copt Po (1.

in which m is the mass flux, hlv is the enthalpy of phase change
(liquid to vapor), Py is the solar irradiation power of one sun
(1kWm™).

2.4. Characterizations

The morphology of the samples was characterized by scanning
electron microscopy (SEM, JSM-7500 F) at the accelerating voltage of
10kV and a SkyScan 2211 micro-CT (Bruker, Knotich, Belgium).
Ultraviolet-vis (UV-vis) (UV-2550 SHIMADZU, over the range of
200-2500 nm) spectrophotometer was recorded. X-ray photoelectron
spectroscopy (XPS) (ESCA Lab 220i-XL electron spectrometer) analysis
was conducted in a nitrogen atmosphere. The thermal conductivity of
the samples in dry state was measured with Hot disk thermal constant
analyzer (Hot Disk TPS2500S, Sweden) by the transient plane source
method.
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3. Results and discussion
3.1. Microstructure of tree root

Elm wood roots as the raw materials were sliced along vertical
channel and cut into discs with a thickness of around ~ 3 mm. The
scanning electron microscopy (SEM) and micro-CT images of tree roots
revealed the unique multi-level channel microstructure (Figs. 1b and
2a). The large channels are densely surrounded by narrow channels
(Figs. 2b, c and S1), distributing over the entire cut surface of the tree
root (Fig. 2a). Among them, the large channels are about 0.15-0.25 mm
in diameter and the narrow channels are about 1.3-9.4 pm in diameter
(Fig. 2d), overwhelming the channel diameter of the trunk. These multi-
level channels form vertical pathways from top to bottom throughout
the root segment with their diameters remaining almost constant
(Fig. 2e).

The natural low-curvature channels with different hydraulic con-
ductivities ensure the need for continuous evaporation of brine by
rapidly transporting water through capillary force. The multi-level
channels are meanwhile interconnected by aligned horizontal holes,
namely pits, distributed through cell walls (Fig. 2f). These pits, as the
main pathways for exchange of fluids and other substances between
fiber tracheids or vessels, offer an imperative role in the salt equilibrium
between the multi-level channels during solar desalination. Due to
different hydraulic conductivities of the multi-level channels, the nar-
row channels with higher salt concentration could render a mass transfer
to the large channels with lower salt concentration. The concentrated
salt is further dissolved back without blocking the interconnect channels
for a high efficacy. All these intrinsic microstructures critically enable
the root-based solar evaporator with high brine transport capability and
excellent anti-salt-accumulation performance.

3.2. Design and characterization of the tree-root based solar evaporator

The design and manufacturing process flow of the tree-root based
solar evaporator were illustrated in Fig. 3a. Acting as the support ma-
terial of solar evaporator, the hydrophilicity was designated via a facile

Fig. 2. Morphology characterization of the tree root. (a-c) Top-view SEM images showing the hierarchical channel structure of the evaporator. (d) Size distribution of
large and small channels. (e) Side-view SEM showing structure and (f) channel-array of tree root and the interconnected-pore structures on the cell walls.
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Fig. 3. (a) Schematic illustrating the transformation of tree root into photothermal materials for solar steam generation. (b) Images showing the initial water contact
angle of natural tree root wood (TRW), pretreated tree root wood (PTRW), and roots loaded with Fe304 (FPTRW). The porosity (c), Specific weight change (d) of the
TRW, PTRW, FPTRW, indicating their porosity. (e) Photographs showing the water flow from bottom to top surface of PTRW (coded 1), TRW (coded 2), and wood

trunk (coded 3) samples respectively.

treatment using 12 wt% NaOH solution to partially remove hydrophobic
native lignin (Figs. 3a-b and S2). It is noteworthy that the diameter of
the internal channels remained almost unchanged after partial removal
of lignin from the raw tree root (Fig. S3 a-c). However, minor part of the
walls of the narrow channels were slightly damaged, benefiting inter-
channel connectivity and increasing capillary force. This furthermore
enhances the water transfer rate and the mass exchange capacity be-
tween the channels. Nevertheless, the top surface appears numerous
nanoscale gaps and defects in the tree-root matrix, enhancing the
microporous structure and porosity of raw material (Figs. 3c and S3f).
Specifically, the pretreated root wood blocks (PTRW) exhibits an
extreme short time window of only 0.5s in regards to a complete
transportation of Congo red solution from bottom to top surface and
spreading over the upper surface, while the same process takes 48 s and
78 s for tree root wood (TRW) and trunk wood (TW), respectively
(Fig. 3e). The ultra-high-speed water transportation capability of the
delignified tree root is beneficial to continuously supply the water lost
owing to the massive evaporation from top surface, which is also the
critical factor to achieve excellent anti-salt-accumulation property of the
fabricated solar desalination device.

As another core component of designing high-efficiency solar evap-
orator, the selection of photothermal materials is crucial (Cao et al.,
2021; Kaviti et al., 2021). Considering its advantages of low-cost, strong
and broadband light absorption, abundant material sources, scalability,
and easy fabrication, FesO4 has been recognized as an ideal photo-
thermal materials. Fe3O4 can also efficiently absorb and convert sunlight
into thermal energy that heats water on the liquid/vapor interface to

produce steam (Asuha et al., 2012; Dong et al., 2020; Han et al., 2021;
Wu et al., 2017). The ions (Fe?* and Fe3*) can complex with the exposed
hydroxyl groups (cellulose, hemicellulose, and lignin) on the surface of
the pretreated tree root wood (PTRW), forming a good binding force
(Qin et al., 2022). Hereby, Fe3O4 nanoparticles were in situ generated
and deposited on the surface of PTRW as a nanocoating layer by adding
ammonia to the solution (Fig. 3a).

The as-obtained treated tree root is denoted as FPTRW. The surface
coated Fe3O4 nanoparticles changed the wettability of the FPTRW sur-
face as indicated by initial contact angle of 114° where as PTRW
exhibiting an initial contact angle of ~74.9° (Fig. 3b). The formed upper
hydrophobic photothermal layer together with a bottom hydrophilic
substrate has been validated as an effective way to advance the anti-salt-
accumulation function, and to improve the durability of solar evapo-
rator (Chen et al., 2020). To assess the water absorption properties, we
measured the specific gravity of the prepared tree root substrates before
and after water absorption. The specific gravity of wet substrates was
twice than that of dried samples, demonstrating a highly porous struc-
ture of tree root with high water absorption capacity (Fig. 3d).

To verify the effect of the preparation process on the internal
structure and surface morphology of the PTRW, the micro- and nano-
scaled structure of fabricated tree-root based evaporator (FPTRW) was
examined via SEM imaging. The disordered accumulation of Fe3O4
nanoparticles spontaneously formed mountain-shaped photothermal
absorber surface with peaks and troughs (Fig. 4a-c). This undulating
absorber layer greatly increases the surface area of the FPTRW evapo-
rator, thus enhancing light absorption capability. In addition, the rough
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Fig. 4. Morphology characterization of the FPTRW. (a-c) SEM image of the top view showing the surface morphology and loaded nanoparticles of the evaporator. (d-
f) Side-view SEM showing microstructure and channel-array of FPTRW and the interconnected pores on the cell walls.

surface of FPTRW effectively reduces the reflection of light compared to
the flat surface, which could facilitate the concentration of heat and
effectively reduce heat loss (Ma et al., 2021). Meanwhile, the effect of
the deposition of Fe3O4 nanoparticles on the internal channel
morphology of FPTRW was not obvious and no blockage occurred in
both large and narrow channels compared with PTRW (Fig. 4d-f). The
numerous pits on the cell wall were remaining interconnected between
neighbouring channels, so the in situ synthesized nanospheres would not
decrease in the water transport rate of FPTRW.

Furthermore, XPS analysis was performed to determine the elements,
oxidation state, and nanoparticle binding. In contrast to the C1 spectra,
after loading Fe3O4 nanoparticles (Fig. 5a and d), the peaks of C—C
bond, C—O bond, and C=C bond on the surface of FPTRW were
significantly weakened and the peak bands were shifted. This is due to
the growth of nanoparticles on the surface of the FPTRW that masked
the surface of the PTRW weakening of the band intensity. The iron in the
generated nanoparticles interacted with the surface hydroxyl groups on
the PTRW in an allotropic manner, causing the band shift (Fig. 5d). In
addition, a new band appeared in the O1 spectrum of FPTRW (Fig. 5b
and e), proving the successful in situ grown nanoparticles in the Fe oxide
state. The band intensity of C and O elements in FPTRW reduced, as well
as the proportion of O elements increased significantly (Fig. 5c), which
also indicates that the generated nanoparticles are Fe oxide. Moreover,
Fig. 5e shows the XPS spectra of the sample in the Fe 2p region with peak
levels of 710.5 eV and 723.8 eV for Fe 2p 3/2 and Fe 2p 1/2, respec-
tively, which are consistent with the f values reported in the literature
for Fe30y, further confirming the formation of Fe3sO4(Yamashita and
Hayes, 2008). Despite being loaded with magnetic particles, the evap-
orator is still light enough to float perfectly on water (Fig. S6) and has
excellent stability to operate in harsh conditions (Fig. S7).

3.3. Photothermal conversion and solar desalination performance

Macroscopically, the surface of the FPTRW is visually observed to be
black (Fig. S4a and b), indicating that it reflects very little light. We
further explored the photothermal property of the tree-root-based
evaporator, where the surface temperature of the FPTRW in air
rapidly increased to 77.1 °C within 35 min under 1 sun irradiation
(Fig. 5g). When it is floating in water, the absorber layer of FPTRW was

rapidly heated and increased rapidly from water temperature to 37.2 °C
within 40 min as indicated by infrared imaging (Fig. 5g). This resulted in
a lower equilibrium temperature than air temperature due to an energy
balance between the energy captured by the surface and the heat
consumed by water evaporation. The heating rate of the FPTRW after
loading nanoparticles was even faster than that of the delignified tree
root (PTRW), and the equilibrium temperature was significantly higher
than that of the PTRW at 16.6 °C (Fig. 5h). Moreover, the surface tem-
perature of FPTRW remained constant over a long period, reflecting the
evaporator’s efficient energy capability to continuously deliver thermal
energy for driving the heating and evaporation of water. The light ab-
sorption capacity of the tree-root-based evaporator was evaluated using
a UV-NIR spectrophotometer. As shown in Fig. 5i, FPTRW with coating
of Fe304 nanoparticles exhibits much higher strong light absorption,
exceeding 1.5 for 200-2500 nm under the same conditions comparing
with the poor light absorption of PTRW. This high absorbance ensures
the excellent photothermal transformation capability of the rough
mountain-shaped Fe3O4 layer, demonstrating its promising application
in the process of highly-efficient solar evaporation.

The solar evaporation performance of the tree-root based evaporator
was measured under 1 sun irradiation with a concentration of 3.5 wt%
NaCl solution. For the FPTRW (Fig. 6a), an evaporation rate of
1.64 kg m~2h ™! was achieved, which was about 5 folds higher than that
of no nanoparticles loaded tree root evaporator (PTRW, 0.33 kg m 2
h™1), confirming the key role of the mountain-shaped absorber surface.
To the best of our knowledge, the evaporation rate of tree-root based
FPTRW reached the efficiency plateau among all the wood-based
evaporators (Table S1). More specifically, under 1 sun irradiation, the
evaporation efficiency of FPTRW impressively reaches 96%, represent-
ing the highest value for all reported wood-based solar evaporator
(Table S1). In addition, the water evaporation of FPTRW resulted in a
high mass loss, confirming a splendid solar evaporator performance, and
the high evaporation rate indicates its great potential application in
practical solar water vapor power generation (Fig. 6b). This superior
performance of the tree-root based evaporator can be attributed to the
following aspects: (1) the nano-scaled rough mountain-shaped Fe3O4
nanoparticle absorber layer renders a very high surface area for highly-
efficient light absorption as well as photothermal conversion; (2) the low
thermal conductivity of the used tree-root substrate can effectively
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Fig. 5. (a) Cls XPS spectra of PTRW. (b) O1s XPS spectra of PTRW. (c) XPS spectra of the PTRW, FPTRW. (d) Cls XPS spectra of FPTRW. (e) Ols XPS spectra of
FPTRW. (f) XPS spectra of the FPTRW. (g) IR images of the top surface for FPTRW under 1 sun irradiation. (h) The temperature changes of PTRW, FPTRW on water
and FPTRW in air under 1 sun irradiation with increasing time. (i) Experimentally measured light absorption spectra for TRW and FPTRW.

reduce the heat loss (~0.29 W m~ ! K~ for delignified tree root, Fig. S5);
(3) the excellent water transport capability enables an adequate water
supply for continuous evaporation on the top layer.

3.4. Salt-resistant ability of the tree-root based solar evaporator

To evaluate the stability of the solar desalination devices, we also
prepared the wood trunk-based evaporator (FPTTW) under the same
conditions and placed it in 3.5 wt% seawater. The fabricated tree-root
based evaporator (FPTRW) exhibits excellent stable desalination pro-
cess with an evaporation rate of around 1.6 kg m™2 h™! under 1 sun
illumination for 5 h (Fig. 6¢). On the contrary, the evaporation rate of
FPTTW was slightly lower than that of FPTRW at the beginning of the
evaporator operation, while the evaporation efficiency gradually
decreased after a period of evaporation (Fig. 6¢). After 5 h continuous
solar evaporation in 7% NacCl solution, numerous salt crystals could be
observed on the top surface of the FPTTW (Fig. 6d), resulting in a sig-
nificant reduction of solar energy absorption and deterioration of vapor
production and further causing the decrease of evaporation rate. In
contrast, no salt crystals appeared on the top evaporation layer of
FPTRW, demonstrating the superior anti-salt-accumulation capability.
During the desalination process using the previously reported evapo-
rator, water evaporates rapidly at the heating interface, leading to a

significant increase in local salt concentration. When the salt concen-
tration reaches saturation, it will inevitably lead to the precipitation and
accumulation of salt at the vaporization interface and gradually block
the water transport path. Crucially, the fabricated tree-root based
evaporator showed excellent salt-resistance, maintaining high efficiency
at high salt concentrations for a long-term operation without salt pre-
cipitation on its top surface. This is mostly attributed to the vertically
aligned multilevel hydrophilic channels of tree root-based substrate,
connecting the top absorber interface and the bottom bulk water, which
exhibits an ultra-fast water transportation and concentrated brine ex-
change capability. The water flux in the large diameter channels are
much higher than that in the narrow diameter channels under same
pressure gradient (Fig. 6e). The salt concentration in the large-diameter
channels are much lower than that in the narrow-channels at the same
solar irradiance, resulting in an in-plane concentration gradient. When
the large-diameter channels and the narrow-diameter channels are
interconnected by pits, salt exchange between the two channels occurs
spontaneously, driven by the concentration gradient. Due to the fast
water conduction, the increased salt in the large channel tends to diffuse
rapidly backwards to the bulk water by salt exchange (Fig. 6e). For the
wood-trunk based evaporator, the vertically aligned channels are rela-
tively narrow and the concentration difference of brine in the channels is
low. The effective driving force is lacking for mass exchange, thus
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Fig. 6. (a) Evaporation rate and efficiency of water of FPTRW, PTRW and sea water under 1 sun irradiation (1 kW m~2). (b) Mass loss of water of FPTRW, PTRW and
sea water under 1 sun irradiation. (c) Evaporation rates of FPTRW and the wood trunk-based evaporator (FPTTW) for continuous 300 min desalination in seawater.
(d) Surface pictures of FPTRW and FPTTW after 300 min of desalination. (e) Schematic diagram illustrating the salt resistance mechanism of the FPTRW evaporator
(f) Duration test of the FPTRW based on continuous solar desalination for 40 h on 21% NacCl solution under 1 sun irradiation.

leading to the severe salt accumulation. Therefore, with this multi-
directional mass transfer mechanism, our tree-root based evaporator
achieves real-time salt-rejecting ability and exhibits long-term stability,
without salt precipitation even in a 21 wt% NaCl solution with 40 h of
continuous solar evaporation under 1 sun irradiation (Figs. 6f and S8). In
addition, compared with other solar evaporator fabricated using syn-
thetic materials, the solar evaporation device using natural tree roots is
low cost due to the abundant and renewable forest resource and lack of
effective utilization of tree roots, which makes it unparalleled potential
for practical application in seawater desalination.

4. Conclusion

In summary, tree roots with intrinsic hierarchically multi-scale
channels and interconnected porous microstructures serve as a prom-
ising candidate for solar evaporator base. For the first time, the tree-root
based solar evaporator was fabricated via a bilayer structure design with
different wetting properties. Current design exhibits a superior anti-salt-
accumulation with stable and highly-efficient solar desalination capa-
bility even in 21% brine under 1 sun irradiation. The unique super-
hydrophilic tree root substrate with excellent mass exchange and
ultra-high-speed water transport capability play a vital role in efficient
and continuous solar desalination. The interconnected multi-scale
channels by the numerous pits drive salt exchange through concentra-
tion differences. Together with the hydrophobic top surface, the design
provides salt resistance stability for the evaporator. A mountain-shaped
hydrophobic absorber surface obtained from the in situ synthesized
Fe304 nanoparticles increases the surface area and surface roughness on
nano-dimension, exhibiting extensive and strong light absorption as the
photothermal absorption layer. With these unique architectures, the tree
root-based solar evaporator imparts an evaporation rate of 1.64 kg m~2
h~! and conversion efficiency of 96% under 1 sun irradiation, repre-
senting the highest value for all reported wood-based solar evaporator.
This tree root evaporator provides a highly-efficient, low-cost, envi-
ronmentally friendly, long-term stable solar desalination strategy,

showing to be a promising substrate for solar water purification, water
management, and pollution reduction. Expanding the functional appli-
cations of tree roots is expected to bring greater value to forestry re-
siduals raising up techno-economic value and natural sustainability.
Moreover, this work also inspires material scientist to explore a bottom-
up approach for designing evaporators mimicking natural root structure.
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