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Abstract

Solar-driven interfacial evaporation technology achieves efficient photothermal conversion through
thermal localization, and holds broad application prospects in fields such as seawater desalination
and wastewater purification. As the core supporting component of the interfacial evaporator, the sub-
strate material undertakes the functions of water transport, thermal management, and mechanical
support; its structural design and material selection directly affect the evaporation performance. In
recent years, researchers have carried out extensive explorations focusing on research directions
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such as functional integration, thermal management regulation, and reduction of evaporation enthalpy,
but different material systems still face respective challenges in water transport capacity and long-
term stability. This paper first compares the thermal management mechanisms and optimization
strategies of two-dimensional film and three-dimensional bulk substrates from the perspective of
structural dimensionality, then systematically summarizes the structural characteristics, performance,
and modification strategies of the four types of substrate materials—foams, aerogels, hydrogels, and
natural biomass—and discusses future development directions.
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1. 5|8

BRIKFTBRAE 2 4 A BRI I KPR —[1]. KB AEIRBN A AT 28 R B AR AT A R4 w]
AT EEMR TS, BN RRBERAK A A R A [2] (3] SAEGAARAR AT AR, AR
PAPRLE AL TR - WA, SERLRRIEAL, SRR T O AR [4]. 1R NSRBI OEIE, Heik
A0 285 460 5 M I B B R 28 R 2 PN B (K /K s 5 i SAT R . IR SS M 22 57, mKe SE A 0 S — 4 i e
BN = HEPAR AR 2

2014 4, Ghasemi %[44 HAJREAE S, RAABHE R 5 =4 2 LRI KR A G R XUZ 45
¥, BGAE T FUHZR R I RTAT M o M0 S, 4 RS B AR R D ST 75 R 4 A A E LI I A2 B G - 2015 4,
Yu S5 [S]RGE T T SR 28 R MERE IR, HE R T SO R IR T ORI R AR E S
ER . 2018 4F, Xu &F[6]W 1T T HATIARES X IAUZ Janus JBE, 7E ORI i ROK AR i 1 5] B 40k #h A
2022 4E, Song [TV T “HEFH AR RGNS VPR, WG T ISR R EIRLAA 1.46
kg'm2-hl,

2017 4F, Li SF[QIFRH T —Fh =42 O HEREE R, AR08 T e, J& o ok = 4E 45 H T O
T 28 R ARGR A 58 2 — . 2018 4, Zhou S5 [0l #% T /KB HE M ZE K 35, 18I AWM 28 57K 57 1]
(R AF FLVE AT 3 PR Z8 R T TR R RE 22, N R G728 R BCRISTITRE T #8848 . 2022 4F, Zhang
SE[10]Z A MK JE R, Wit 7 — i AR =4 R 2R 3R . 12 R AR BA RIS, I RE IR ES P 3R
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TIRERIR AT 3E I - % S AR L A8 v = B A IR A, AT TE K BH YR 2 AP SRASAS M ) RE B 21
TE—/NRBHAG R R 28 R IA 3.87 kg'm 2-hts oAb, Wil 1(c)fia, %28 K 2% [ I R FH 45 84 3 X NatFil
CIHEEREE LTSI T 222.6 mV BRI . Yu Z[22]1F1H 3D 7 PR A B ke 2 B A A1 Bl i i
5 20 2 LN, SEBL T R K AR AR 5 BV BIAT R RS HE R 4% . 7E — AN K BEDB IR R 28 Rl #ik 3.05
kgm2h™!, FHAEEERE Q2S5 wt%) 5 FAREMRFF 2.84 kg'm2-h ! [UZE RIESR, BRI R HIPTEETEGE.

MFour-pIane evaporation + Biomimetic stoma ) Larger evaporation area and efficiency m

. dleo o (1)
Vapor A1 Vapor R, A1 ) :;sl,. !};’) L R J
~ 2 3 any
f° el B¢ glu & »
Suppon v
1 Air channel‘ L Vapor A [ieat mcaicd AP
‘ ']II m ;::“ Illuill ’a’:
E8, ‘)" I
- “{\ y f £ from
pporting layer

Figure 1. (a) Four-sided evaporation structure of a two-dimensional evaporator [16]; (b) Schematic diagram of ambient heat
absorption and (c) concentration gradient power generation in a three-dimensional evaporator [21 ]
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Figure 2. Structure and performance of foam-based interfacial evaporators. (a) Schematic illustration of the CuS-NF structure
[27]; (b) Heating thermographic image of CuS-NF [27]; (c) Temperature distribution simulation with and without PS foam
[27]; (d) Photograph of a large-scale foam evaporator [28]; (¢) Variation of salt precipitation mass with Mg?*/Li* concentration
ratio, indicating that Li* accumulates in brine [28]

B 2. AEAEALRILEMSMEE. (a) CuS-NF ZH#/REE(27]; (b) CuS-NF BFHBRARKE27]; (c) BE PS
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Zhou ZE[30K RARFLIL 5INA SBIGSER T, RAMABS G UKEBNOE R ETR T, Hl&T
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Figure 3. (a) Intermediate water structure induced by hydrogel-based polymer chains [34]; (b) Schematic diagram illustrating
energy conversion and anti-salt mechanisms [34]; (c) Schematic diagram of the fabrication process of a sulfonated wood evapo-
rator based on natural structural materials [39]
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Table 1. Comprehensive performance comparison of four types of photothermal interfacial evaporator substrate materials
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