%36 % 45 11 [ s S R (¢ Vol. 36, No. 11
2023 4F 11 H POLYMER BULLETIN Nov. » 2023

RZFE LK ER AT RXBEEEIR BN K &1L

FE R R, R, B A, s
(1. BB 40 5 17 AR 0T S 0 3/ 5 5 0 P b RH W L 28 TR B 5 P A T B K % 540 T I
BRI 4300745 2. 74 B 40 T o ot e R T2 T A S0 I % S LR TR B CHE R BTk ) M 510641)

FEE : H 5™ 5 AR IR SRR KR TS B 51 T AT S it K e AL HR p B 50 6 R . K FH BB 3K 3 1 B T AR
T ¥t 9 A B BB Sfe 2 15 7K RN 2% T30 o BN O o2 i Dl sk K AN T e dme RO R R IO R o R 2 S 8 K B i Ol A e
e brRE TG R 2 R R AT T AT 2 DR A B T T R TR REZE R Ae R, e AR LR W
B A BRE S 1 O B ARE A ik S IR BT Y HL T DK I B B 8l 1 SR T 28 R AR B0 B A L b UK AL i FIR R R
o s LU, BVGE T K BRI A T 4 7 1 A A T 1A B4 S BB R L R K B IS B e T SR, DA e K BRE M R R AP RE
KB 78 K A 9 22 M DI BEAE U AL DGR R AR L S T WA B T YR . R T OKBEIR Y L B, A Lkt
— BT T T S B ER A 4 K I A R A B BT AR R

RRIA K PHRE 25K 5 KBEIE s ARZR KNS 5 Beit IR

Low Vaporization Enthalpy Hydrogels for Solar Water Purification

REN Jia-xin' , CHEN Ling', GONG Jiang', QU Jin-ping'”*, NIU Ran'*"
(1. Key Laboratory of Material Chemistry for Energy Conversion and Storage , Ministry of Education .
Hubei Engineering Research Center for Biomaterials and Medical Protective Materials, School of Chemistry and
Chemical Engineering . Huazhong University of Science and Technology, Wuhan 430074, China ;
2. Guangdong Provincial Key Laboratory of Technique and Equipment for Macromolecular Advanced Manufacturing ,
School of Mechanical and Automotive Engineering , South China University of Technology » Guangzhou 510641, China)

Abstract : Increasing concerns over water scarcity and pollution leads to growing research interest in advanced wa-
ter purification technologies. Solar-driven interfacial evaporation, which is driven by clean solar energy for sepa-
ration of water and impurities, has been considered the most eco-friendly and cost-effective technology to solve
water shortage and pollution. Hydrogel-based materials with low evaporation enthalpy outperform most of other
potential materials for photothermal conversion due to their breakthrough evaporation rates, processability, con-
trollability and versatility. In this review, we first review the key concepts of hydrogels that show benefits in so-
lar-driven interfacial evaporation systems, including water transport and low evaporation enthalpy. Secondly, we
present the fabrication methods of hydrogel evaporators, the incorporated light absorbers, as well as the design
strategies of micro/nanostructures for overall hydrogel performance enhancement. Finally. some of the multiple
functions of hydrogel evaporators are introduced, such as salt-blocking, photo-degradation, sterilization, and e-
lectricity generation. Considering the benefits of the above hydrogel mechanisms and technologies, we further
propose design concepts for hydrogel evaporators required in practical applications.
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Figure 1 Schematic drawing of low vaporization enthalpy hydrogel evaporators in solar-driven interfacial evapora-
tion. (1) Schematic illustration of the mechanism of low vaporization enthalpy hydrogel including water transport in
porous structures and water states in polymer networks; (2) Inorganic and organic fillers used as light absorbers in

hydrogels; (3) Salt resistance, antibacterial, thermoelectric conversion and photocatalytic degradation applications of

hydrogel evaporators.
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Figure 2 The hierarchical w

ternal water transport strategy of hydrogel: arterial pumping of the internal gap. branched diffusion of the micron

ater transport and water states inside hydrogel during solar water evaporation. (a) In-

channel, and confined evaporation of the molecular mesh (Reprinted with permission from Ref. [17]; Copyright
2018 Springer Nature) ; (b) Capillary pumping of hydrogels for rapid water transport in hydrogels (Reprinted with
permission from Ref. [27]; Copyright 2022 American Chemical Society); (c¢) Formation of intermediate water in
hydrogel evaporator (Reprinted with permission from Ref. [26]; Copyright 2022 Elsevier); (d) Weakly hydrated

capillary water transport channels in a CNT hydrogel evaporator (Reprinted with permission from Ref. [28]; Copy-

right 2022 Elsevier)
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Figure 3 Inorganic filler hydrogels. (a) PVA/SLS hydrogel evaporator based on CNT as light absorber (Reprinted
with permission from Ref. [36]; Copyright 2022 Elsevier); (b) 2D nanostructure-embedded hybrid hydrogel based
on MXene/rGO (Reprinted with permission from Ref. [37]; Copyright 2021 American Chemical Society); (c¢) The
self-floating 3D hydrogel based on PVA/CB (Reprinted with permission from Ref. [38]; Copyright 2023 Elsevier) ;
(d) Novel EGaln/PANi as the light absorber in double network hydrogel evaporator (Reprinted with permission
from Ref. [34]; Copyright 2022 John Wiley and Sons); (e) Au NPs incorporated into PVA hydrogels to form hy-
drogel evaporators of hierarchical structure (Reprinted with permission from Ref. [32]; Copyright 2012 The Royal
Society of Chemistry); (f) Floating sponge-like hydrogel evaporator based on Ti, O, nanoparticles (Reprinted with

permission from Ref. [39]; Copyright 2019 American Chemical Society)
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Figure 4 Organic filler hydrogels: (a) a hydrogel evaporator created by infiltrating PPy as light absorber into a PVA

and CS matrix (Reprinted with permission from Ref. [7]. Distributed under a Creative Commons Attribution License

(CCBY4.0)); (b) Robust microphase semi-separated PEDOT : PSS-PVA hydrogel evaporator (Reprinted with permis-

sion from Ref. [41]; Copyright 2022 Elsevier); (c¢) Hierarchically porous polyion complex/polyaniline hydrogel (Re-
printed with permission from Ref. [25]; Copyright 2014 The Royal Society of Chemistry); (d) Two-region COF/rGO

hydrogel evaporator with hydrophilic and hydrophobic properties (Reprinted with permission from Ref. [42]; Copyright

2022 American Chemical Society)
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Figure 5 Preparation of hydrogels: (a) 3D printed multi-layered porous SA-CS/CB hydrogel (Reprinted with per-
mission from Ref. [87]; Copyright 2022 Elsevier); (b) Hydrogel evaporators with vertically-aligned channels in-
duced by directional-freeze drying method (Reprinted with permission from Ref. [27]; Copyright 2022 American
Chemical Society); (c¢) Porous hydrogel evaporator with low tortuosity and adjustable pore size prepared by self-as-
sembly template method (Reprinted with permission from Ref. [21]; Copyright 2021 John Wiley and Sons);
(d) Porous hydrogel evaporators prepared by freeze-soak method based on Hofmeister effect (Reprinted with per-

mission from Ref. [12]; Copyright 2023 Elsevier)
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Figure 6 Salt-blocking (chemical structure, physical structure, external device, and localized crystallization) : (a)
Polyzwitterionic hydrogel realizes chemical structure and high salt resistance for solar desalination (Reprinted with
permission from Ref. [45]; Copyright 2023 John Wiley and Sons); (b) 3D hydrogel evaporator with freeze-cast
vertical radiation salt-resistant structure (Reprinted with permission from Ref. [14]; Copyright 2022 John Wiley
and Sons); (c¢) A salt-tolerant evaporator with a hierarchical structure based on the Donnan effect (Reprinted with
permission from Ref. [46]; Copyright 2021 John Wiley and Sons); (d) An exceptional 3D hydrogel evaporator
for solar water evaporation that is salt-resistant and may be used for targeted crystallization (Reprinted with per-

mission from Ref. [10]; Copyright 2021 John Wiley and Sons)
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Figure 7

Versatile applications of hydrogel evaporators (sterilization, electricity generation, and photodegrada-

tion). (a) PVA-based antibacterial hydrogel evaporator (Reprinted with permission from Ref. [48]; Copyright

2022 Elsevier); (b) Interfacial solar steam generation system for heat harvesting and conversion to electricity (Re-

printed with permission from Ref. [12]; Copyright 2023 Elsevier); (c¢) Self-assembled MAP hydrogels with water

evaporation and photodegradation functions (Reprinted with permission from Ref. [13]; Copyright 2022 Elsevier)
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