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Figure 1 Schematic of interface solar vapor conversion and related
mechanism
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Figure 2 Structures of plasmonic absorbers and light absorption comparison. (a) Self-assembly of gold nanoparticles on nanoporous templates to
form plasmonic absorbers. (b) 3D schematic of self-assembled plasmonic absorbers. (c) Schematics of the Al NP/AAM solar desalination process. (d)

Absorption spectra of some typical absorbers in the visible to near-infrared region
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Figure 3 Synthesis of graphene oxide aerogel and manipulation of pore structure, hydrophilicity and thermal conductivity. (a) The fabrication process
of GO-based aerogels. GO, SA, and CNT were first mixed in water and followed by a freeze-drying process. (b) SEM images of pore structure in
RGO-SA-CNT aerogels. (c) Hydrophilic manipulation of the material. Above is the RGO, and below is the RGO-SA. (d) Thermal conductivity manip-
ulation of the material. (e) Solar steam efficiency and evaporation rate comparison of different aerogels absorbers
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Figure 4 Unique water path design to ensure adequate water supply. (a) Schematics of solar vapor generation devices with 2D water path. (b) Schemat-
ics of the 3D artificial transpiration device with 1D water path. (c) Schematic of the heat behavior in a mushroom-based structure with 1D water path
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Research advances on interfacial solar vapor generation

Tianqi Wei, Xiuqgiang Li, Jinlei Li, Lin Zhou, Shining Zhu & Jia Zhu'

College of Engineering and Applied Science, Nanjing University, Nanjing 210093, China
* Corresponding author, E-mail: jiazhu@nju.edu.cn

With the development of human society and economy, the problem of energy shortage has become increasingly promi-
nent. Because traditional fossil energy reserves are limited, non-renewable and cause environmental pollution in the pro-
cess of utilization, the use of clean energy is considered to be the only way for human development. As a clean and sus-
tainable energy source, solar energy has always been valued. The traditional bulk heating, due to the lower conversion
efficiency (30%—-50%) caused by optical and thermal loss, limits the further development and promotion of the technol-
ogy. In recent years, the concept of interface solar vapor conversion has been proposed.

The interface solar vapor conversion which means that with the micro-nanostructure design and effective optical and
thermal control, sunlight is fully absorbed and its energy is transmitted to the water molecules only at the interface be-
tween water and air, so that the liquid is continuously converted into vapor and the heat loss of high-temperature absorb-
ers to large bodies of water and radiation loss to the air are reduced. Therefore, to achieve effective solar-vapor conver-
sion, there are many requirements for the absorber: (1) the absorber materials need to be kept on the surface of the water;
(2) the absorber needs to have sufficient solar absorption rate; (3) the absorbed energy needs to be effectively heated the
water layer in contact with the absorber, thereby achieve the water to vapor conversion process quickly and efficiently.
With the advancement of research, a series of new materials and new structures have been proposed, which effectively
solve the problem of optical absorption loss and thermal loss of absorbers to insure the adequate water supply, resulting
in a significant increase in conversion efficiency (>90%).

In this review, we describe the mechanisms of interface solar vapor conversion, including light absorption, thermal
management, and water supply, and demonstrate recent advances in energy conversion efficiency through a series of mi-
cro- and nano-structured material designs. Then we introduced some of the major applications currently based on inter-
face solar vapor conversion, including seawater desalination, sewage treatment, etc. We demonstrate some typical re-
search with excellent salt rejection for these applications. Finally, we look forward to the future development of the in-
terface solar vapor conversion. We pointed out several problems that need to be solved to further improve the energy
conversion efficiency. With the resolution of these problems, the photo-thermal conversion efficiency is expected to
reach 100%, and the cost can be further reduced which indicates a huge application market and research prospects in this
field.

interfacial solar vapor, nanostructures, light absorption, thermal management, water supply, solar energy,
desalination

doi: 10.1360/N972018-00344
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