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Abstract 14 

Utilizing solar energy to evaporate water is a green and promising approach in addressing the 15 

issue of global freshwater shortage and water pollution. Carbon materials have gained 16 

extensive research attention as efficient solar absorbers for solar steam generation owing to the 17 

non-toxic nature and environmental friendliness. In this work, the metal-organic framework 18 

(MOF) derived porous carbon (MDPC) materials were first employed as solar absorbers for 19 
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enhancing water evaporation. An efficient surface heating and evaporation system was 1 

designed by coating the leaf-like two-dimensional (2D) MOF precursor on stainless steel mesh 2 

followed by calcination (MDPC/SS mesh), and then in conjunction with a floating air-laid 3 

paper wrapped polyethylene (EPE) foam. The prepared solar evaporator with unique light 4 

trapping structures shows a high solar absorption (> 97%), excellent hydrophilicity, and great 5 

surface heat localization for solar steam generation. Consequently, a photo-thermal conversion 6 

efficiency of 84.3% with an evaporation rate of 1.222 kg m-2 h-1 was achieved under one sun 7 

illumination. Furthermore, the MDPC/SS mesh shows good recyclability and durability. This 8 

work opens a new avenue for the application of MOF derived carbon as photo-thermal material 9 

in the field of solar steam generation.   10 

Keywords: solar steam generation, metal-organic frameworks, carbon materials, heat 11 

localization, light trapping. 12 
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1. Introduction 14 

With the fast increasing population and severe environmental issues, fresh water scarcity has 15 

become one of the most crucial and essential global challenges [1, 2]. Although 71% of the 16 

Earth’s surface is covered by water, only 2.5% of that is fresh water [3]. Numerous efforts have 17 

been devoted to seeking solutions to address water shortage, among which solar steam 18 

generation is expected to be a promising technology for freshwater regeneration as solar energy 19 
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is the cleanest and most inexhaustible renewable energy source [4-6]. However, conventional 1 

solar steam generation systems usually involve bulk-water heating, relying on the expensive 2 

optical concentrators, which are costly for manufacturing and maintenance. Moreover, the 3 

energy efficiency of these systems is quite low due to the considerable energy loss [7, 8]. 4 

Therefore, it is essential to develop a more efficient solar steam generation system for economic 5 

and practical applications. 6 

Recently, interfacial solar steam generation systems using floating evaporators have been 7 

widely investigated to generate heat at the air-water interface [9-14]. Previous research shows 8 

that plasmonic and carbon-based materials are commonly used as the photo-thermal materials 9 

for efficient evaporators [15-19]. For example, a plasmonic film of gold nanoparticles for 10 

interfacial solar evaporation with a conversion efficiency of 44% was reported by Deng’s group 11 

[20]. Besides the gold nanoparticles, Zhu et al. demonstrated a high performance aluminum 12 

nanoparticles-based evaporator for efficient solar desalination [21]. However, the metal 13 

nanoparticles aggregate and loss functionality easily. Additionally, the noble metals used for 14 

plasmon-enhanced evaporators are too expensive for practical use. On the other hand, the 15 

carbon-based materials, such as graphene and graphene oxide [22-24], carbon nanotube [25], 16 

carbon black [26], wood [27], carbonized mushroom [28], etc. are very promising for solar 17 

steam generation due to their high solar light absorptions and eco-friendly characteristics. For 18 

instance, Zhou and co-workers reported a flame-treated wood for solar steam generation with 19 
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a solar conversion efficiency of 72% [27]. Wang et al. designed a bilayer RGO-based 1 

membrane to drive a solar thermal conversion efficiency of 83% [29]. The photo-thermal 2 

conversion efficiency among some of these materials has also reached over 80% under one sun 3 

illumination. Nevertheless, the graphene or CNT based materials are complicated to fabricate. 4 

Wood is a natural material that could also suffer from structural irregularity and natural decay, 5 

leading to performance instability. Thus, novel carbon materials with rational structure designs 6 

should be further developed, which offer a new degree of freedom in designing solar thermal 7 

absorber for efficient solar steam generation. 8 

Recently, metal-organic frameworks (MOFs), a new class of organic-inorganic hybrid 9 

crystalline materials, have drawn tremendous interest from the researchers [30, 31]. Thanks to 10 

the enormous surface areas, high porosity, and flexible composition, MOFs have been proved 11 

to be the valuable templates or precursors for the synthesis of porous carbon [32], metal oxides 12 

[33, 34], metal or metal oxides/carbon [35]. Among them, MOF-derived porous carbons 13 

(MDPC) have been widely employed across many disciplines, including catalysis [36, 37], gas 14 

storage and separation [32], oil/water separation [38], and sensors [39]. As a member of carbon 15 

materials, MDPC can be a promising participant for solar steam generation, which is nontoxic 16 

and environmentally friendly. Compared to other carbon materials like woods which 17 

decompose especially in the wet environment, MDPC is a more reliable and stable carbon 18 

material. In addition, the structural diversity of MOF is enormous [31], allowing to utilize them 19 
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in various forms of structures, whereas graphene and CNT do not exhibit such diverse forms 1 

of structures. Moreover, the porous frameworks in MDPC can be valuable for light harvesting 2 

and vapor escaping in solar steam generation, which are missing in most of the reported carbon 3 

materials. Nevertheless, to the best of our knowledge, the application of MDPC in solar steam 4 

generation has not yet been reported. 5 

In this work, we report a novel solar evaporator composed of MDPC coated SS mesh 6 

(MDPC/SS mesh) supported by air-laid paper wrapped polyethylene (EPE) foam for the first 7 

time. The MDPC/SS mesh was prepared by a facile solvent reaction process to deposit the leaf-8 

like MOF precursor on SS mesh and then followed by an annealing process to obtain the porous 9 

carbon, exhibiting an enhanced light trapping effect. The evaporation mechanism and 10 

performance enabled by the EPE foam supported MDPC/SS mesh are characterized and 11 

discussed. This free-floating evaporator shows high photo-thermal conversion efficiency and 12 

good recyclability and stability for solar steam generation under one sun illumination. The 13 

superior performance allows the MDPC/SS mesh for a potential application in solar-driven 14 

seawater desalination.  15 

2. Experimental  16 

2.1. Materials 17 

Cobalt nitrate hexahydrate (Co(NO3)2 ·6H2O), 2-methylimidazole (2MIM), and acetic acid 18 

were purchased from Sigma-Aldrich. Ethanol with ACS grade was bought from the Anaqua 19 
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Global International Inc., Ltd. All chemicals were used without further purification. Stainless 1 

steel (SS) meshes (400 mesh size, thickness of 250 μm) were obtained from the Anping Metal 2 

Mesh Manufactory. The mixed cellulose esters (MCE) membrane (pore size of 0.22 μm) was 3 

provided by Shanghai Xinya Co., Ltd. Deionized (DI) water was used throughout all 4 

experiments generated from a Millipore system. 5 

2.2. Preparation of MOF/SS mesh  6 

The 2D leaf-like MOF coated SS mesh was prepared referring to the previous literatures [40, 7 

41]. Briefly, 40 ml of pre-prepared 2MIM aqueous solution (0.4 M) was quickly added into a 8 

pink solution of Co(NO3)2·6H2O (40 mL, 50 mM), then a piece of pre-treated SS mesh (2*2 9 

cm2, washed by sonicating in ethanol, DI water, and 1.0 M acetic acid for 20 mins, respectively) 10 

was immersed into the mixture and kept for 1 h at the room temperature. Then the SS mesh 11 

was taken out, washed by ethanol and DI water for several times, and then dried overnight. 12 

2.3. Preparation of MDPC/SS mesh 13 

The pre-prepared 2D MOF coated SS mesh was carbonized through annealing in 100 sccm Ar 14 

atmosphere at 700 ℃ for 2 h with a heating rate of 5 ℃ min-1. The MDPC/SS mesh was finally 15 

obtained after naturally cooling down to room temperature under the Ar atmosphere.  16 

2.4. Preparation of MDPC film 17 

The MOF powders were obtained through the as-mentioned method without immersing the SS 18 

mesh, in which the mixed solution kept for 1 h was centrifuged. The obtained purple powders 19 



7 

 

were dried overnight and then annealed through the same process. Then the as-prepared black 1 

MDPC powders were dispersed in DI water, following by vacuum filtration on the MCE 2 

membrane.  3 

2.5. Characterization 4 

SEM images were obtained using a field-emission scanning electron microscope (JEOL, JSM-5 

6490) with an accelerating voltage of 5 kV. TEM images were acquired from the field-emission 6 

transmission electron microscope (JEOL, JEM-2100F). The reflection spectra were collected 7 

through an UV-vis-NIR spectrophotometer (UV-3600), equipped with an integrating sphere. 8 

The Raman spectra were measured through a Raman spectroscopy (Horiba Jobin Yvon, 9 

HR800) with an excitation laser source of 488 nm. The surface hydrophilic property of the 10 

sample was valued by a contact-angle analyzer (SDC-350). The temperature distribution 11 

images were recorded by an IR camera (Fluke, Model Ti400, USA).  12 

2.6. Evaluation of the solar evaporation and solar desalination 13 

All the solar water evaporation experiments were conducted under a 300 W Xenon lamp (PLS-14 

SXE300, Perfect light, Beijing) with an AM 1.5 filter to simulate the solar irradiance. The light 15 

intensity at the sample surface is adjustable. The optical power on the surface was measured 16 

by a power meter (THORLABS, S314C). For solar evaporation, the solar absorber samples 17 

were placed on top of a cylindrical container filled with DI water. To evaluate the water 18 

evaporation performances of the solar absorber, the weight loss of the cylindrical container was 19 
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monitored over time by using a computer controlled electronic balance (Mettler Toledo, 1 

ME201, 0.1 mg). Moreover, a homemade setup was designed to analyze the solar desalination. 2 

The evaporated water was condensed and run down on the cold chamber wall. All experiments 3 

were performed under a room temperature of 21 ±1℃ and humidity of about 70%. 4 

3. Results and discussion  5 

The fabrication process of the MDPC/SS mesh-based evaporator for solar evaporation is 6 

schematically shown in Fig. 1. The 2D MOF was directly coated onto the SS mesh via a simple 7 

solution method. Then the silver-white SS mesh turned into purple after the deposition of 2D 8 

MOF, and later turned into completely black after annealing, indicating the high light 9 

absorption (Fig. S1). SS mesh was chosen as the substrate due to its good mechanical strength, 10 

high heat resistance for the annealing process, as well as low cost for its abundance. The 11 

MDPC/SS mesh used as the light absorbing layer was then put on the surface of an EPE foam 12 

which was tightly wrapped by air-laid paper. To ensure a good contact between the MDPC/SS 13 

mesh and the air-laid paper wrapped EPE foam, the surface of the EPE foam should be flat and 14 

a gentle pressure should be applied during placing the MDPC/SS mesh onto the EPE foam. In 15 

this design, the water can be transported upward spontaneously through the air-laid paper and 16 

spread throughout the MDPC/SS mesh, where the EPE foam serves as a thermal insulator.  17 

 18 
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 1 

Fig. 1. The fabrication process of the MDPC/SS mesh-based evaporator. The silver SS mesh 2 

turned into purple for the deposition of leaf-like MOF precursor, and then turned into black 3 

after annealing.  4 

The morphologies of the sample were characterized by SEM. Fig. 2a shows the SEM images 5 

of the bare commercial SS mesh, of which the wire surface is smooth. After the deposition of 6 

2D MOF, the wire surface of the SS mesh is entirely covered with leaf-like vertical aligned 7 

plate arrays as shown in Fig. 2b. The morphology of the MOF coated SS mesh after annealing 8 

is shown in Fig. 2c. The MOF precursor decomposed during the annealing process. Thus the 9 

resultant plate arrays became thinner, but the leaf-like vertical aligned structural units were 10 

well retained. The TEM image in Fig. 2d clearly shows that the MDPC sheet is composed of 11 

porous carbon with many nanoparticles. These unique structures are supposed to increase the 12 

surface roughness for light-trapping effect for solar energy absorption. As the evaporation 13 

occurs at the air-water surface, solar evaporators with the hydrophilic surface are essential for 14 

continuously moving liquid to the heated area [42]. The surface hydrophilicity of the MDPC/SS 15 

mesh was valued by dropping a water droplet (5 μL) on the surface of the sample. Fig. 2e 16 
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illustrates the water droplet spread out instantly (<50 ms) on the MDPC/SS mesh, 1 

demonstrating the high hydrophilic property of the obtained MDPC/SS mesh.  2 

 3 

 4 

Fig. 2. The SEM images of (a) bare SS mesh, (b) MOF coated SS mesh, and (c) MDPC/SS 5 

mesh. (d) TEM image of the MDPC nanosheet scraped from the MDPC/SS mesh. (e) Water 6 

contact angles of the MDPC/SS mesh during different shoot time. 7 

 8 

To determine the intrinsic optical properties of the MDPC/SS mesh, its reflection and 9 

transmission spectra were obtained by a UV-vis-NIR spectrophotometer equipped with an 10 

integrating sphere. As shown in Fig. 3a, the MDPC/SS mesh displays an extremely low 11 

reflectance of less than 3%, while the transmission is nearly nonexistent in the range of 250 nm 12 

to 2500 nm (covering the majority of the solar spectrum) as provided in the supplementary file 13 
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(Fig. S2). Because that the SS mesh is made via the craft of twill weave of the metal wires (Fig. 1 

2a), it blocks light transmission while water can still penetrate. The results show that the 2 

synthesized MDPC/SS mesh processes excellent broadband light absorption as high as 97% 3 

for the incident solar energy spectrum (Fig. 3b). This merit can be attributed to the multi-4 

scattering and light trapping effect due to the vertically aligned nanoplate array architecture 5 

and the inside nanoporous frameworks. The flat surface usually leads to a distinctly high 6 

reflection of the incident light as illustrated in Fig. 3c. However, the incident light in such 7 

nanostructure can bounce back and forth between the vertically aligned carbon arrays and 8 

inside the nanopores of the carbon frameworks, resulting in an enhanced optical path length of 9 

the incident light. As a consequence of that, the absorption of light in the absorbing layer and 10 

the solar energy conversion efficiency can be increased in comparison with the planar surface. 11 

In addition, the MDPC/SS mesh was further investigated by Raman spectra and included in the 12 

Supplementary Fig. S3. The obtained MDPC/SS mesh displays two characteristic peaks of 13 

carbon materials assigned to D-bands of 1350 cm-1 and G-bands of 1580 cm-1, which are 14 

consisted with the previous works [43, 44]. 15 
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 1 

Fig. 3. (a) Reflection and (b) absorption spectra of the bare SS mesh and MDPC/SS mesh. (c) 2 

Schematic diagram of light trapping effect due to the nanoplate array architecture and 3 

nanoporous frameworks of the MDPC. 4 

 5 

The photo-thermal property of the MDPC/SS mesh was further investigated, where the top-6 

view and cross-sectional temperature distribution of the cylindrical container with and without 7 

MDPC/SS mesh floating on the surface under the simulated solar light of 1 kW m-2 were 8 

recorded by an IR camera. The MDPC/SS mesh was supported by an air-laid paper wrapped 9 

EPE foam to float on the water surface. As seen in Fig. 4a1 and 4b1, before irradiation, the 10 

surface temperatures of pure water and MDPC/SS mesh-foam were closed to that of ambient 11 
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temperature. After 30 min of irradiation, the surface temperatures of both systems reached a 1 

stable condition. IR images in Fig. 4b2 shows that the surface temperature of the system with 2 

MDPC/SS mesh reached at ~37 ℃ (increased by 16 ℃), whereas the temperature of pure water 3 

only increased by 5 ℃ (Fig. 4a2). From the cross-sectional IR images in Fig. 4a3, pure water 4 

showed an obvious increase in bulk water temperature. While floating the MDPC/SS mesh-5 

foam, there was a clear temperature gradient between the top surface of the MDPC/SS mesh 6 

and underlying bulk water as shown in Fig. 4b3. In our structure, the air-laid paper wrapped 7 

EPE foam prevents the direct contact of the MDPC/SS mesh with bulk water. Thus, the 8 

generated heat can be highly localized at the top surface layer, while the heat loss to the bulk 9 

water is suppressed. Such design utilizing low-dimensional water pathways to achieve surface 10 

evaporation with high photo-thermal conversion efficiency is promising for efficient solar 11 

steam generation [45-48].  12 

 13 

Fig. 4. IR images showing temperature distribution of the initial surface (a1, b1), surface after 14 
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30 mins irradiation (a2, b2), and cross-sectional view after 30 min irradiation (a3, b3) of (a) 1 

pure water and (b) pure water with EPE foam supported MDPC/SS mesh floating on the top.  2 

 3 

In the following, the water evaporation performance of the prepared MDPC/SS mesh was 4 

investigated. Fig. 5a displays the schematic setup for evaluating the water evaporation 5 

performance. The bilayer device with high light absorption, low thermal conductivity, good 6 

hydrophilic property, and buoyant nature demonstrates the promising potential for solar steam 7 

generation with water constantly evaporating at the air-water interface, as represented in Fig. 8 

5b. Moreover, the unique porous frameworks of MDPC with vertically aligned structures are 9 

favorable for the generated vapor to escape, which are beneficial for efficient solar steam 10 

generation. As a reference, the evaporation system using only water, water with floating air-11 

laid paper wrapped EPE foam, and water with EPE foam supported bare SS mesh were 12 

measured as well. Fig. 6a shows the corresponding time-dependent mass changes under one 13 

sun (1kW m-2) irradiation, which subtracted the corresponding spontaneous evaporation rate 14 

under the dark field included in the supplementary file (Fig. S4). As it is nicely seen in Fig. 6a, 15 

the water evaporation in the presence of MDPC/SS mesh is significantly enhanced compared 16 

to that of pure water. The evaporation performance of air-laid paper wrapped EPE foam is 17 

closed to that of pure water, indicating a very little effect of EPE foam on the solar steam 18 

generation. EPE foam only serves as a thermal insulator and supports to the MDPC/SS mesh. 19 
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Nevertheless, after 60 min of irradiation, the mass change of the system with MDPC/SS mesh 1 

reached to 1.222 kg m-2, which is more than 5 times higher than that of pure water (0.208 kg 2 

m-2). Besides, the solar steam generation performances of MDPC/SS meshes with different 3 

mass loading of MDPC were investigated, which were fabricated by immersing the SS mesh 4 

into the reaction mixture for 0.5 h and 2 h, respectively, and followed by the same carbonization 5 

process. The two obtained samples both present relatively worse evaporation performance than 6 

that of MDPC/SS mesh with growth time of 1 h (Fig. S5a) due to the higher light reflection 7 

(Fig. S5b). With the reaction time of 0.5 h, the surface of SS mesh was not fully covered by 8 

vertically aligned MDPC (Fig. S5c), while increasing the reaction time to 2 h, larger and 9 

irregularly aligned MDPC sheets appeared (Fig. S5d). The incomplete coverage and irregularly 10 

aligned large MDPC sheets can reduce the multi-scattering and light trapping effect in the 11 

samples, leading to a higher light reflection. Furthermore, the evaporation performance of a 12 

filtered MDPC film was also evaluated. The MDPC film was obtained by vacuum filtration of 13 

MCE membrane being a substrate instead of 3D SS mesh (Fig. S6a). As shown in Fig. S6b of 14 

the Supplementary file, the filtered MDPC film displays a lower mass change compared to the 15 

case with MDPC/SS mesh, resulting from a relatively higher reflection of the incident light 16 

than that of the MDPC/SS mesh as provided in the Supplementary Fig. S6c. The strategy of 17 

depositing the photo-thermal materials on a membrane via vacuum filtration has been 18 

frequently reported in several literatures [49, 50], in which the absorbers are fragile due to the 19 
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weak linkage between the photo-thermal materials and the membranes. Besides, the 3D 1 

structure can also improve the solar evaporation efficiency by providing efficient water 2 

transport channels for vapor generation and escape. Hence, it is appealing to deposit the photo-3 

thermal materials onto the 3D substrate with mechanical strength. Moreover, in order to 4 

confirm that the substrate is not limited to SS mesh, the MDPC coated on Ni foam (MDPC/NF) 5 

and carbon cloth (MDPC/CC) were further prepared, and the corresponding water evaporation 6 

performance was evaluated, as shown in Fig. S7. The mass changes of the MDPC/NF and 7 

MDPC/CC were much improved than that of pure water and bare substrate as well, but slightly 8 

lower than that of MDPC/SS mesh. This is due to the fact that a portion of incident light can 9 

directly transmit through the Ni foam and carbon cloth, resulting in lower light absorption. 10 

These results demonstrate that deposition of MDPC on the lightproof 3D substrate is a feasible 11 

and promising method for efficient solar steam generation.  12 

 13 

 14 

Fig. 5. (a) Schematic test system for the solar water evaporation experiment. (b) Digital image 15 
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of the generated steam enabled by the MDPC/SS mesh under 5 kW m-2. 1 

 2 

The photo-thermal conversion efficiency (ηth) of the samples was calculated by the following 3 

equation [51, 52]:   4 

𝜂th =
𝑚̇ℎ𝐿𝑉

𝐼
               5 

where 𝑚̇ is the water evaporation rate under a steady state excluding the evaporation rate 6 

under the dark field, hLV is the total enthalpy of the liquid-vapor phase change containing the 7 

sensible heat and the latent heat of evaporation, and I refers to the power density of the light 8 

irradiation on the absorber surface. Under one sun illumination, the photo-thermal efficiency 9 

of the MDPC/SS mesh reaches as high as 84.3% (Fig. 6b), which favorably stands against that 10 

of pure water, whose conversion efficiency is only 14.2% (see detailed calculation in the 11 

Supplementary Note and Table S1). The photo-thermal conversion efficiency of the current 12 

system is comparable with many of the previously reported solar evaporators (Table S2). The 13 

mass change of the MDPC/SS mesh under a higher light density of 5 kW m-2 was also measured. 14 

As shown in Fig. 6c, the evaporation rate reached 5.645 kg m-2 h-1 with a photo-thermal 15 

conversion efficiency of 78.8%. This efficiency is less than that of MDPC/ SS mesh under the 16 

lower light density of 1 kW m-2, which is analyzed due to the increased heat loss under a higher 17 

irradiation density [42, 53]. The recyclability of the MDPC/SS mesh was further valued by 18 

repeating the experiment of solar steam generation for 15 cycles. For each cycle, the same 19 
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MDPC/SS mesh was used and illuminated for 1h under a light density of 1 kW m-2. The results 1 

in Fig. 6d show that the mass change was relatively stable with the variation of < 3%, and the 2 

morphology of the MDPC/SS mesh was well kept with no MDPC peeled off (as shown in the 3 

Supplementary Fig. S8a and S8b). Moreover, after soaking in water for two weeks, the 4 

evaporation rate of the MDPC/SS mesh shows no obvious change as presented in the 5 

Supplementary Fig. S8c. The recyclability and stability tests indicate that the MDPC/SS mesh 6 

prepared by depositing the MDPC on the SS mesh has excellent mechanical strength and 7 

performance stability for the solar evaporation application.  8 

 9 

Fig. 6. (a) The evaporation mass change over time of the system with different evaporators 10 

under 1 kW m-2 illumination. (b) The water evaporation rate and photo-thermal conversion 11 
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efficiency of pure water, bare SS mesh, and MDPC/SS mesh. (c) The evaporation mass change 1 

over time with and without MDPC/SS mesh under a light density of 5 kW m-2. (d) The cyclic 2 

performance of the MDPC/SS mesh for water evaporation for 1h over 15 cycles. The 3 

evaporations under the dark field were subtracted. 4 

 5 

To evaluate the potential ability of the MDPC/SS mesh for seawater desalination, the 6 

desalination experiment was conducted on a homemade setup with simulated seawater, as 7 

shown in Fig. 7a and the Supplementary Fig. S9. The simulated seawater was prepared by 8 

mixing 6.68 g of NaCl, 0.05 g of NaHCO3, 0.87 g of Na2SO4, 0.18 g of KCl, 0.57 g of MgCl2, 9 

0.81 g of MgSO4, and 0.28 g of CaCl2 in 250 mL of DI water [54]. After solar illumination, the 10 

desalinated water was condensed in the chamber and collected to measure the ions (Na+, K+, 11 

Mg2+, Ca2+) concentrations by inductive-coupled plasma mass spectrometry. As presented in 12 

Fig. 7b and Table S3 of the supplementary file, after desalination, the concentrations of the four 13 

ions are reduced by 4-5 orders of magnitude in contrast to the originally simulated seawater, 14 

which are far below the standards of safe drinking water for the salinity of 200 mg L-1defined 15 

by the World Health Organization [53, 55]. Note that the SS mesh as a metal-based material 16 

still faces the common issue of erosion in seawater over a long time. The desalination 17 

performance of MDPC/CC using carbon cloth as substrate was investigated as well, which is 18 

comparable to that of MDPC/SS mesh (Table S3 in the Supplementary). Further works with 19 
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anti-corrosive substrates can be explored in future. It is convinced that the MDPC with light 1 

trapping structures acting as solar absorber can be a promising candidate in the solar 2 

desalination. 3 

 4 

 5 

Fig. 7. (a) Schematic of the homemade setup for seawater desalination. (b) The concentrations 6 

of Na+, K+, Mg2+, and Ca2+ irons before and after desalination. 7 

 8 

4. Conclusion  9 

For the first time, a highly efficient solar thermal evaporator consisting of MDPC/SS mesh 10 

supported by the floatable EPE foam was demonstrated for interfacial solar steam generation. 11 

The MDPC/SS mesh was synthesized by a facial solvent method by depositing the leaf-like 12 

MOF precursor on the SS mesh, followed by an annealing process. Our as-prepared evaporator 13 

not only exhibits a high photo-thermal conversion efficiency of 84.3% with an evaporation rate 14 

of 1.222 kg m-2 h-1 under one sun illumination but also achieves effective solar desalination. 15 



21 

 

The outstanding performance is attributed to the unique light trapping structures of the 1 

MDPC/SS mesh for high solar light absorption, excellent hydrophilicity that enables fluent 2 

water permeation, and heat localization for interfacial evaporation. Furthermore, the MDPC/SS 3 

mesh presents good recyclability and long-term stability while applied in the water evaporation. 4 

Meanwhile, the substrate in our system is not limited to the SS mesh, whereas other porous 5 

substrates like Ni foam and carbon cloth. Thus, the current findings reveal that the MOF 6 

derived carbon can be a promising photo-thermal material for future solar steam generation 7 

and related water regeneration systems. It will trigger further research with wide potential 8 

applications of MOF materials for the solar thermal absorber developments.   9 
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