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Solar‑driven interfacial desalination has been emerged as a promising water treatment technology 
to generate drinkable water out of seawater. The accumulated salt crystals generated from seawater, 
however, have adverse effects on solar‑driven interfacial evaporation. In this work, we prepared a salt‑
rejecting reduced graphene oxide (rGO) foam by depositing rGO particles on a hydrophilic melamine 
foam for solar desalination. Benefitting from the intrinsic porous microstructure and hydrophilicity, the 
rGO‑coated melamine foam has sufficient wettability to draw water to the evaporation region, leading to 
rapid replenishment of water and simultaneously avoiding salt precipitation. Based on the rGO‑coated 
melamine foam, the interfacial evaporation system can achieve a steady‑state evaporation efficiency 
of 89.6% under a solar flux of 1 kW  m−2 and has good durability under one sun over 12 h. With the high 
solar‑to‑thermal conversion efficiency and excellent long‑term stability, this interfacial evaporation 
system exhibits the potential of commercial seawater desalination.

© The Author(s) 2021 

Invited Paper

EARLY CAREER SCHOLARS IN MATERIALS SCIENCE 2022

is a lecturer of the Marine Engineering College at the Dalian Maritime University. He received 
his bachelor degree and master degree in Marine Engineering from the Dalian Maritime Uni-
versity in 2012 and 2015, respectively. He completed his PhD degree in the School of Materials 
Science and Engineering at the Shanghai Jiao Tong University in 2019. Since July 2019, he has 
been a faculty member as a lecturer in the Marine Engineering College at the Dalian Maritime 
University. Chang’s interest is in the area of the nanomaterials, phase change heat transfer, heat 
pipe technology and thermal management technology. He is particularly focused on the synthe-
sis and preparation of solar thermal conversion materials, the heat transfer mechanism of solar 
thermal energy conversion and the design solar thermal harvesting devices. His primary focus 
is on the fluid flow and heat transfer mechanism of oscillating heat pipes and the optimization of 
the oscillating heat pipe’s structure, enabling the development of advanced heat pipes for thermal 
management of high power devices or waste heat recovery. Much of the group’s work has been in 
solar thermal conversion technology including solar steam generation, solar seawater desalina-
tion, solar heat pipe technology and phase change materials for solar thermal energy storage.

Chao Chang


 A
NN

UA
L I

SS
UE

http://orcid.org/0000-0001-6567-5744
http://crossmark.crossref.org/dialog/?doi=10.1557/s43578-021-00328-w&domain=pdf


 
 J

ou
rn

al
 o

f M
at

er
ia

ls
 R

es
ea

rc
h 

 
 V

ol
um

e 
37

  
 I

ss
ue

 1
 

 J
an

ua
ry

 2
02

2 
 w

w
w

.m
rs

.o
rg

/jm
r

Invited Paper

© The Author(s) 2021 295

Invited Paper

Introduction
Nowadays, the global energy crisis and water shortage have 
become major threats to the sustainable development of human 
society [1, 2]. To meet the growing demand of energy, the devel-
opments of various high-performance energy conversion and 
water purification technologies have attracted increasingly atten-
tions [3]. Solar energy as one of the promising renewable energy 
sources has shown potential to replace the finite reserved fossil 
fuels due to its extremely large capacity, ubiquity, cleanness and 
capability of versatile conversion [4]. Besides the direct electric 
energy generation by photovoltaic technology, the solar-to-ther-
mal energy conversion technology, which absorbs solar energy 
and converts it into thermal energy, it is considered as a facile 
and efficient way to harness solar energy [5]. The converted 
thermal energy can drive important industrial processes such 
as solar-thermal power station, solar desalination, sterilization, 
solar heating water system and other heat-related applications. 
Solar desalination provides an attractive solution to extract fresh 
water from seawater through solar-to-thermal conversion pro-
cesses without extra energy input, especially for the developing 
countries and islands which lack of basic infrastructures [6–8]. 
In recent years, the solar-driven interfacial evaporation tech-
nology, which localizes solar-to-thermal conversion process at 
the liquid–vapor interface, has emerged as a new type of solar 
utilization technology [9–12]. Compared to conventional bulk 
heating, the interfacial evaporation system has demonstrated 
higher evaporation efficiency and faster thermal response, and 
it offers a potential alternative in seawater desalination.

Since the first interfacial evaporation technology was pro-
posed by Chen et al. [13], there have been many investigations 
to improve the thermal performance of interfacial evaporation 
systems. A typical solar-driven interfacial evaporation system 
consists of three important components: a solar absorber which 
has high solar absorption and efficiently converts solar irradia-
tion into thermal energy; a thermal insulator which suppresses 
the converted heat energy transferred to the bulk water; and 
a water supply path which continuously and efficiently wicks 
water from the bulk water to the surface of solar absorber. In 
previous research, tremendous efforts have been devoted to 
enhancing the overall solar-to-vapor conversion efficiency by 
synthesizing broadband and efficient solar absorbing materi-
als [14–17], optimizing the structure of solar absorbers [18–20] 
designing new water supplying path [21, 22] and improving 
thermal insulation structure [23, 24]. So far, the solar-driven 
interfacial evaporation system has been served for many indus-
trial processes, inducing solar distillation [25], solar steriliza-
tion [26], solar desalination [27–29] and solar power genera-
tion [30, 31]. To achieve high evaporation performance of the 
system, the first strategy is to explore solar absorbing materials 
for broadband absorption across the solar spectrum. Currently, 

the solar absorbing materials developed and explored for the 
solar-driven interfacial evaporation system mainly contain car-
bonaceous materials, plasmonic particles and spectra selective 
absorbing materials [32–34]. Among them, the naturally black, 
carbonaceous materials demonstrate strong solar-to-thermal 
conversion capability and are suitable for broadband and high-
efficiency solar absorbers. Due to the high solar absorptance, 
low cost and good stability, many carbon-based solar absorb-
ers have been investigated including carbon nanotube [35, 36], 
graphite [37] and reduced graphene oxide [38]. After many years 
of efforts, the solar-to-vapor conversion efficiency of the system 
has achieved more than 90% under 1 sun illumination.

Although great improvements have been made in devel-
oping the solar absorbing materials and designing the interfa-
cial evaporation structures, most of previously reported solar 
desalination devices suffer from the salt accumulation on the top 
surface of the evaporator during desalination. The accumulated 
salts hinder solar absorption and block the porous evaporator, 
resulting in low solar-to-thermal conversion efficiency and poor 
evaporation performance. Conventional physical methods such 
as sonication and water immersion are generally used to remove 
the accumulated salts, but these methods are easy to cause the 
damage of the interfacial evaporation structure. To mitigate 
the accumulation of salts in the interfacial evaporation system, 
many researches focus on developing hydrophobic evaporators 
[39, 40]. The hydrophobic evaporators, however, limit the water 
supply to the top surface, which deteriorate the evaporation per-
formance of the system. Another method to address this prob-
lem is to use hydrophilic evaporators, which enables the excess 
salts to move from the top surface to the bulk water [41, 42]. 
To date, many investigations focused on designing hydrophilic 
evaporators, such as hydrophilic cellulose fabric membranes, 
paper-based hydrophilic membranes and bioinspired evapora-
tors. However, development of a long-term stable and highly 
efficient solar-driven interfacial evaporation system is still a 
major challenge.

In this work, we demonstrate a salt-rejecting, highly efficient 
solar absorption and fast thermal response reduced graphene 
oxide (rGO) foam for solar-driven interfacial desalination under 
low-flux solar illumination. In the new porous construction, a 
hydrophilic melamine foam (MF) was selected as substrate, 
which not only enlarged the surface area for solar absorption, 
but also enhanced multiple scatter. The surface hydrophilic-
ity and porosity of the rGO-coated melamine foam provided 
sufficient wetting and fluid flow of the bulk saline water to the 
solar-to-thermal conversion region, leading to rapid replenish-
ment of water and simultaneously avoiding salt accumulation. 
Taking advantage of the high performance of the rGO-coated 
melamine foam, the solar-driven interfacial system was able to 
achieve a solar-to-vapor conversion efficiency of 89.6% under 1 
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sun illumination. In addition, a solar-driven interfacial desali-
nation device was designed and fabricated by integrating the 
rGO-coated melamine foam into a commercial solar still, which 
had a solar-to-water conversion efficiency of 56.4% under 1 sun 

illumination. After solar desalination, the collected clean water 
was of drinkable quality requirements. Due to the superior 
evaporation performance and scalability of solar-to-thermal 
conversion materials, our solar-driven interfacial desalination 

Figure 1:  Schematic illustration of the interfacial evaporation system based on the rGO-coated melamine foam for solar desalination.

Figure 2:  (a) A photograph of the fabricated rGO-coated melamine foam with a dimeter of 3.5 cm. (b) 3D optical microscopic image of the rGO-coated 
melamine foam. (c) SEM image of the rGO-coated melamine foam under low magnification. (d) SEM image of the rGO-coated melamine foam under 
high magnification.
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system presents a broad prospect in the practical application of 
seawater desalination.

Results and discussion
The schematic of the interfacial evaporation system based on 
the rGO-coated melamine foam for solar desalination is shown 
in Fig. 1. The rGO-coated melamine foam is localized in the 
middle and its outside is wrapped by a layer of polyethylene 
(PE) foam to construct a self-floating interfacial evaporation 
system. The rGO-coated melamine foam was used to effectively 
absorb incident solar radiation and convert solar energy into 
heat to generate the driving force for interfacial evaporation. 
On the other hand, the hydrophilic rGO-coated melamine foam 
could continually wick salt water to the evaporation region. The 
porous structure of the rGO-coated melamine foam allowed the 
generated vapor to escape into the environment and facilitated 
solar light capturing, thereby improving solar-to-thermal con-
version efficiency. The rGO-coated melamine foam was porous 
and hydrophilic, allowing it to wick water to the evaporative 
structure above, while diffusing concentrated salt down back 
into the bulk seawater. During the evaporation process, the salt 
concentration at the foam increased above the concentration 
of seawater at the bottom. The concentration difference would 
drive the salt to diffuse into the bulk water. Additionally, the sur-
rounding PE foam not only enabled the rGO-coated melamine 
foam to naturally float on the water surface, but also suppressed 
heat loss by the surrounding salt water. Without complicated 
construction design, our interfacial evaporation system could 
continuously and efficiently operate on the water surface. In 
addition, as the evaporation occurred at the vapor–liquid inter-
face, the interfacial evaporation system could autonomously 
move when the interface receded.

The rGO-coated melamine foam is the key component of 
the interfacial evaporation system. We prepared the rGO-coated 

melamine foam by immersing the melamine foam into the GO 
colloidal suspension, and then reduced the GO into rGO by a 
hydrothermal method. Figure 2a presents that the rGO-coated 
melamine foam with a diameter of 3.5 cm and a thickness of 
1.6 cm can be easily fabricated, and it has a dark black color. 
Figure 2b shows the roughness of the surface of the rGO-coated 
melamine foam which is observed using a 3D optical micros-
copy. The resulting image indicates that the height change 
reaches more than 300 μm. The rough surface structure of the 
solar-thermal conversion composites is mainly attributed to the 
porous structure of melamine foam and the modified rGO also 
increases the roughness of the surface. The surface roughness 
amplifies the solar absorbing surface area, and simultaneously 
increase multi-scattering of incident solar light, thereby improv-
ing the solar-to-thermal conversion efficiency of the system. Fig-
ure 2c, d show the microstructure of the prepared rGO-coated 
melamine foam under different magnifications. As shown, the 
surface of rGO-coated melamine foam presents a wrinkled and 
interconnected network structure, and the pore size of the rGO-
coated melamine foam is ranging from 20 to 40 μm. The open 
pore structure and wrinkled surface facilitate to GO deposition.

Due to the hydrophilicity of the porous melamine foam, the 
rGO-coated melamine foam presents excellent water wettability. 
Once a water droplet contacted the surface of the rGO-coated 
melamine foam, it was completely absorbed within 0.5 s. The 
hydrophilic surface of rGO composites could effectively channel 
the water flow within the porous structure. The porosity of the 
rGO-coated melamine foam was also measured by comparing 
the mass changes before and after absorbing water. The poros-
ity of prepared rGO-coated melamine foam could reach up to 
85.55%. Solar absorption of the rGO-coated melamine foam 
directly affected the solar-to-thermal conversion efficiency of 
the system.

The absorption spectrum of the rGO-coated melamine 
foam was detected via an ultraviolet–visible–near-infrared 

Figure 3:  (a) Ultraviolet–visible–near-infrared (UV–Vis–NIR) absorption spectra of the rGO-coated melamine foam. (b) Temperature evolution of the dry 
rGO-coated and untreated melamine foams under the solar power density of 1 kW  m−2.
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(UV–Vis–NIR) spectrophotometer with an integrating sphere 
as shown in Fig. 3a. The rGO-coated melamine foam has a high 
broadband absorption of 94.4% ranging from 250 to 2500 nm, 
which completely covers the solar irradiance spectrum, mean-
ing that it can efficiently convert incident solar energy into heat 
for driving interfacial evaporation. To further demonstrate the 
solar-to-thermal conversion property, the dry rGO-coated mela-
mine foam and pristine melamine foam were placed under the 
same solar power density of 1 kW  m−2. As shown in Fig. 3b, 
the surface temperature of the rGO foam quickly rises to 60 °C, 
while the untreated melamine foam temperature is only heated 
to 40 °C under the same solar illumination. Clearly, the porous 
rGO-coated melamine foam has a faster thermal response and 
better solar-to-thermal conversion capability than the uncoated 
melamine foam.

To evaluate the salt-rejecting capability, the rGO-coated 
melamine foam was placed in the NaCl solution (3.5 wt%), and 
3 g solid NaCl was placed on the top surface as shown in Fig. 4. 
The rGO-coated melamine foam was then placed under the solar 
power density of 1 kW  m−2. The amount of solid salt is gradually 
dissolved after 120 min. The pores in the rGO-coated melamine 
foam allow for pumping water flow to the top surface of the 

evaporator. When the sunlight was shining on the top surface 
of the rGO-coated melamine foam, the temperature of the rGO-
coated melamine foam rapidly increased within minutes, and 
remained constant at 35 °C during the entire evaporation pro-
cess. Because the solubility of salt depends on temperature, the 
higher temperature accelerates the dissolution of the salt, so that 
the salt irons could be re-dissolved into the water on the sur-
face. The innumerable pores in the rGO-coated melamine foam 
with high water absorption capacity could provide continuous 
water supply to the top surface, and salt could move from the top 
surface to the sublayer of water. The difference in temperature 
led to the difference in salinity between the upper evaporation 
surface and the bulk water, and the salinity difference was the 
driving force for salt movement from upper evaporation layer to 
the bulk water. Therefore, the hydrophilicity and porosity of the 
rGO-coated melamine foam could achieve a high water sorption 
rate, which ensure that the accumulated salts on the top surface 
of the evaporator are dissolved and moved to the bulk water.

To evaluate the solar-to-vapor conversion performance of 
the interfacial evaporation system, a Xenon lamp was used as the 
solar simulator from 0.3 sun (0.3 kW  m−2) to 1 sun (1 kW  m−2). 
The surface temperature of the evaporator was monitored by a 

Figure 4:  Salt-rejecting performance of the rGO-coated melamine foam evaporator.

Figure 5:  (a) Steady-state water evaporation flux of the interfacial evaporation system. (b) Comparison of surface temperature and average solar-
to-vapor conversion efficiency under different solar fluxes. (c) Evaporation cycle performance of the interfacial evaporation system under 1 sun 
illumination.
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thermocouple. The thermocouple was placed in the center of 
the top surface of the evaporator. The interfacial evaporation 
efficiency ( ηwater ) is determined by the following equation:

where mwater is the evaporation mass flux, h is the total latent 
heat of water during the interfacial evaporation process which 
includes both latent heat and sensible heat, qsolar is the incident 
solar flux and A is the cross-sectional surface area of the rGO-
coated melamine foam.

Figure 5a shows the water mass changes of the solar-driven 
interfacial evaporation system at different solar fluxes. The 
evaporation mass changes of the system increase at the larger 
solar power densities. In the evaporation process, the evapo-
rated water mass change of the interfacial evaporation system is 
0.064 kg  m−2 under the solar power density of 0.3 kW  m−2. When 
the solar flux is 1 kW  m−2, the evaporated mass change increases 

(1)ηwater =
mwaterh

qsolarA

to 0.221 kg  m−2. The water evaporation rate of the interfacial 
evaporation system increases from 0.42 to 1.43 kg  m−2  h−1 with 
the solar flux increasing from 0.3 to 1 kW  m−2. According to 
Eq. (1), the corresponding solar-to-vapor conversion efficiencies 
at different solar fluxes are obtained. As shown in Fig. 5b, the 
solar-to-vapor conversion efficiency of the rGO-based interfa-
cial evaporation system can reach up to more than 80% under 
the solar power density of 0.5 kW  m−2, and the efficiency is up 
to 89.6% when the solar flux is 1 kW  m−2. We also compared 
our interfacial evaporation system based on rGO-coated mela-
mine foams to other interfacial evaporation systems as shown 
in Table 1. The results show that our interfacial evaporation 
system can realize high evaporation performance under 1 sun 
illumination.

The durability is a key factor on the thermal performance 
of the interfacial evaporation system. Figure 5c shows the cycle 
evaporation performance of the interfacial evaporation system 
under the solar power density of 1 kW  m−2. The mass changes 

TABLE 1:  Performance comparison 
between rGO-coated melamine 
foams evaporator and other 
interfacial evaporation materials 
under 1 sun illumination.

Researchers Materials
Evaporation 

efficiency (%)

Evapora-
tion rate(kg 

 m−2  h−1)

Zhou et al. [12] Gold nanoparticles
absorber

64 0.9

Zhou et al. [14] Aluminum nanoparticles absorber 57 1.0

Bae et al. [15] Flexible thin-film black gold membranes 48 0.5

Chang et al. [17] TiNO absorber 80.5 1.33

Zhu et al. [25] Cellular carbon
sponge

85 1.31

Kuang et al. [27] Natural wood solar evaporator 75 1.04

Yang et al. [30] Carbon nanotube modified filter paper 73 1.1

Zhu et al. [31] 3D organic bucky sponge 87.4 1.33

Yin et al. [36] Vertically aligned carbon nanotube array 30 1.0

Zhao et al. [40] Ti3C2 nanosheet layer 71 1.31

This work rGO-coated melamine foams 89.6 1.43

Figure 6:  (a) Steady-state seawater evaporation rate of the interfacial evaporation system. (b) Comparison of average seawater evaporation efficiency 
under different solar fluxes.
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are kept at an average of 0.65 kg  m−2 even after 25 times cycle, 
and each evaporation cycle is sustained for 0.5 h. This result 
indicates that the interfacial system has excellent stability and 
durability over long-term cycles.

Additionally, the seawater evaporation performance of 
the interfacial evaporation system was measured under dif-
ferent solar fluxes as shown in Fig. 6. The evaporation rate of 
seawater in the interfacial evaporation system increases from 
0.39 to 1.41 kg  m−2  h−1 with the solar flux increasing from 0.3 
to 1 kW  m−2. In the same way, the corresponding evaporation 
efficiency of the interfacial evaporation system is increasing 
from 80 to 86%. Compared to water, the seawater evapora-
tion efficiency of the interfacial evaporation system is almost 
unchanged. Besides high solar-to-thermal conversion effi-
ciency, accumulated salt is not observed on the surface of the 
rGO-coated melamine foam. This is because that the excellent 
hydrophilicity and porosity of the rGO-coated melamine foam 
evaporator can absorb seawater from the bulk water and simul-
taneously quickly dissolve the salt accumulated on the top sur-
face of the foam, thereby resulting in the salt-rejecting capability.

Finally, we demonstrated the rGO-coated melamine 
foam for the application of seawater desalination as shown 
in Fig. 7a. The rGO-coated melamine foam evaporator was 
placed on the surface of a NaCl aqueous solution (3.5 wt%), 
which was used to simulate the seawater. A transparent glass 
cover was localized at the top of the desalination device. The 

cover had a transmittance of 92% and allowed incident solar 
light incident onto the saline solution. To reduce heat loss, 
we wrapped the sidewalls and the bottom of the device by 
thermal insulation materials. Under solar illumination, the 
sunlight passed through the transparent glass cover and was 
incident into the device. The floating rGO-coated melamine 
foam evaporator absorbed solar energy and thermally vapor-
ized the water at the vapor–liquid interface. The steady steam 
generated from the vapor–liquid interface diffuses to the sur-
face of the cover, and condenses into water. The purified water 
flows into the clean water receptacle with the assistance of 
gravity. We calculated the solar-to-water conversion efficiency 
by the following equation:

 where m′

water is the mass flux of condensed clean water, hfg is 
the phase change enthalpy of seawater, qsolar is the incident solar 
and A is the surface area of the rGO-coated melamine foam. 
Figure 7b presents the solar-driven interfacial desalination per-
formance under different solar power densities. The solar-to-
water conversion efficiency of our solar still was determined 
using Eq.  (2) to be 53.6% under the solar power density of 
0.5 kW  m−2, and the efficiency increases to 56.4% under the 
solar power density of 1 kW  m−2. Although the solar-to-vapor 
conversion efficiency of the rGO-based interfacial evaporator 

(2)ηwater =
m′

waterhfg

qsolarA

Figure 7:  (a) Schematic illustration of the experimental setup of the solar still with the rGO-coated melamine foam for seawater desalination. (b) 
Average desalination efficiency of the solar still under 0.5 sun and 1 sun illumination. (c) Comparison of salinity between seawater and collected 
condensed water.
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was up to 90%, the maximum solar-to-water conversion effi-
ciency was only 56.4%. The reason is that the absorbed solar 
energy is partially transported from the top glass plate to the 
atmosphere. No NaCl crystals were observed on the surface of 
the evaporator during the evaporation process. After evapora-
tion, the excess  Na+ would move back to the underneath saline 
water with the assistance of salinity difference between the inter-
facial evaporator and bulk water.

We used an inductively coupled plasma spectroscopy (ICP-
MS) to detect the concentration of ions in the collected clean 
water. Comparing the simulated seawater and the collected 
water in Fig. 7c, the concentration of  Na+ in the collected clean 
water drops from 23,600 to 0.326 mg/L after solar-driven desali-
nation, meets the World Health Organization (WHO) standards 
[43] for drinkable water. Consequently, benefiting from the salt-
rejecting process and the excellent solar-to-thermal conversion 
capability, our interfacial evaporation system shows the potential 
to lower the cost, improve the efficiency of seawater desalination 
and further broaden the scope of application.

Conclusion
In this work, we demonstrated a stable, salt-rejecting, highly 
efficient and fast thermal response rGO-coated melamine 
foam for solar-driven interfacial desalination under low-flux 
solar illumination. To obtain the broadband and efficient solar 
absorption, a porous hydrophilic melamine foam was modified 
by coating it with the rGO particle, resulting in increased solar 
energy absorption surface area and increasing multiple scatter. 
The solar interfacial evaporation system based on the rGO-
coated melamine foam showed a quickly thermal response and 
achieved steady-state solar-to-thermal conversion efficiency 
of 89.6% under the solar power density of 1 kW  m−2. Finally, 
we integrated the rGO-coated melamine foam evaporator into 
a solar still, which could produce potable water with an effi-
ciency of 56.4% under the solar power density of 1 kW  m−2 and 
inhabit salt accumulation. We expected that such a solar-driven 
interfacial desalination device could be applied on the isolated 
islands or for survival at the sea to collect drinkable water from 
the abundant seawater or other saline water resources. These 
unique features of our new interfacial evaporation structure 
such as efficient desalination efficiency, salt-rejecting property 
offer a potential to alleviate the problem of clean water short-
age in remote underdeveloped regions.

Experimental section
Materials

The melamine foam (density: 9  kg/m3, porosity: 99%) was 
brought from Shanghai Bayou Building Materials Co., Ltd. 

Aqueous colloidal suspension of graphene oxide (GO, thickness: 
0.6 ~ 1.0 nm, diameter: 0.5 ~ 5 um, concentration: 5 mg/mL) was 
ordered from Xiamen Knano Graphene Technology Co., Ltd. 
Sodium chloride, ethanol and acetone were brought from Shang-
hai Aladdin Chemical Reagent Co., Ltd. All the reagents used in 
the experiments were of analytical grade and used without further 
purification. Deionized (DI) water was used in all the experiments.

Preparation of the rGO‑coated melamine foam

In the typical synthesis process of the rGO-coated melamine 
foam, the commercial melamine foam with a dimeter of 3.5 cm 
and a thickness of 1.6 cm was first rinsed with ethanol and DI 
water in turn for 30 min, and dried. The melamine foam was 
then soaked in GO aqueous suspension for 30 min to obtain a 
GO-coated melamine foam. To reduce GO foam into rGO, the 
sample was placed in a 100 ml Teflon autoclave which contained 
20 ml of DI water and 10 ml of ethanol, and was hydrothermally 
treated at 120 °C for 3 h. Last, the sample was dried in an oven 
to obtain the rGO-coated melamine foam.

Measurement and characterization

The microstructure of the rGO-coated melamine foam was 
observed by a field emission scanning electron microscope 
(SEM, Sirion 2000, FEI). Absorption spectrum of the rGO-
coated melamine foam was measured with an ultraviolet–vis-
ible–near-infrared (UV–Vis–NIR) spectrometer (PerkinElmer, 
Lambda 750S). The 3D optical microscope images of the sample 
were measured by a 3D digital microscope (Keyence VHX-S50). 
The salinity of the water before and after solar desalination was 
measured by Inductively Coupled Plasma Optical Emission 
Spectrometry (ICAP7600).

Simulated solar desalination experiment

A solar simulator (CEL-PE300L-3A, Beijing China Education 
Au-light Technology Co., Ltd.) was used to generate the large-
flux solar illumination, and a solar power meter (CEL-NP2000-
2A, Beijing China Education Au-light Technology) was used 
to check the illumination intensity. Mass change of the solar-
driven interfacial evaporation system was recorded with a 
digital balance (BSM-120.4, Shanghai Zhuojing Electronic 
Technology Co., Ltd). All the experiments were carried out at 
a temperature of 20 ± 2 °C and a relative humidity of 55 ± 5%.
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