5 5 3R o |

ACTA CHIMICA SINICA DOI: 10.6023/A23040148

S PPRE R LA A ST R S R B
Wie ALY kEAR [ EAe

(RTFRZEMBREE S TR RS0 TRMEME S RN E GRS KA 300350)
CHRBKRAE G TR EEEE S THEEE R E AL E K 430072)
CHTF R TTRAN S E R EAEREE RKE 300071)

WE  KFHAEKER RGN, ER0R, SEMEREEGIL. K5 G bR BA EEE C SRi, KPHAE
URB KA R E ARHL AR AT 52 SR AR A SR SOE VS /N RE . FLrh, = D0 AT BR A 353 2 ) S T 7 28 A SREes
B ZANRT AR PR e . AT RPEEIRKBH BEZT U A A R (2. BEE KB BE KA K BRI W K E, Hl& et &
BB OB TR . IRAEIC MR RS RN > 0 SR ARL SRR BREEFRL URCR SRR,
TEAHIENE T AN AL R 6 A S LR A S5 R ROE P B E A R AL U AT ST BUIR S g 118 T 3 AE IR Ot 2
fIERRE, X HRRA M T RRE. B AR A w20t B R A BB R AR AT AT 05 %, X4 )5
TN RN A BAT B S5 AR T R

KRB KR JCHMRL SRR

Recent Research Progress and Prospect of Photothermal Materials in
Seawater Desalination*

Yang, Di” Shi, Xiaofan” Zhang, Jijie** Bu, Xian-He*¢
(“ Tianjin Key Laboratory of Metal and Molecule-Based Material Chemistry, School of Materials Science and Engineering,
Nankai University, Tianjin 300350)
(® Key Laboratory of Biomedical Polymers of Ministry of Education, College of Chemistry and Molecular Science, Wuhan
University, Wuhan 430072)
(¢ State Key Laboratory of Elemento-Organic Chemistry, College of Chemistry, Nankai University, Tianjin 300071)

Abstract Solar water evaporation system has appealing advantages of low cost and high energy efficiency, which is of great
significance to alleviate energy crisis, reduce water pollution and promote seawater desalination. However, the natural mech-
anism of solar-driven water evaporation system is often affected via low evaporation rate and small absorption spectrum
range. The interface evaporation strategy that locally heats and limits heat loss is widely recognized as a high-performance
and sustainable approach for efficient solar steam generation. With the continuous development of solar evaporation technol-
ogy, the preparation of green and efficient photothermal materials has become a research hotspot. In this review, the photo-
thermal materials were classified into metal materials, semiconductor materials, carbon-based materials and polymer materi-
als according to their types. It elaborated on the photothermal conversion mechanisms of different materials and summarized
the research status and progress of photothermal materials in the field of seawater desalination in recent years. The potential
candidate photothermal materials were discussed and their future development was forecasted. This review aims to propose
practical strategies for the rational design and development of efficient photothermal materials in the field of seawater desal-
ination. The findings summarized in this review are of great significance for the future development of photothermal materi-
als and provide valuable guidance for future research in this area.

Keywords seawater desalination; photothermal material; interfacial evaporation
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Figure 1 Figure caption schematics of solar interfacial evaporators
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Repriented (Adapted or Reprinted in part) with permission from {ACS Energy. Lett. 2023, 8, 1680.}. © {2023} American Chemical Society.
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Figure 2 The optical photographs of the solar-driven desalination test
under the actual sunlight irradiation

Reprinted (Adapted or Reprinted in part) with permission from {ACS Nano
2022, 16, 2511.}. © {2022} American Chemical Society
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Figure 3 Schematic diagram of the photothermal effect principle
Reprinted (Adapted or Reprinted in part) with permission from {ACS Appl.
Polym. Mater. 2020, 2, 4273.}. © {2020} American Chemical Society.
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Table 1 Performance parameters of photothermal materials
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AuF 1 — 85 [52]
Ti, 05 1 1.32 — [28]
Li,TiOs 2 0.87 — [56]
MoN/Mo,N 1 1.7 98 [58]
V/MoO; 1 2.0 93.44 [59]
Ni;S,/NF 1 1.29 87.2 [60]
Co0304/Ni 1 1.226 80 [61]
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cy diagram of representative photothermal materials research work in
recent years
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Figure 6 Schematic illustration of efficient evaporation of liquid as-
sisted by a floating plasmonic film of gold nanoparticles self-assembled at
the air-water interface

Reprinted (Adapted or Reprinted in part) with permission from {Small 2014,
10, 3234.}. © {2014} John Wiley and Sons.
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Figure 7 Solar evaporation diagram

Reprinted (Adapted or Reprinted in part) with permission from {ACS Mater.
Lett. 2022, 4, 1584.}. © {2022} American Chemical Society.
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WRCRIRTE R 97%, H AT (A5 AR T 3, RIS
R CIRTEPVA)BEAT SO, A LA Sk, A A 7K
REIESLHIE B 2SS -/K I b, seat s B3R, 78 850
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Wem 2 G REBRAE TR, 78 s 28 A R e 6 4 l vT
ik 1.26 kgem 2eh ! fl 80%.

Xue Z50081 V2 E W, 485 MG AL T K AR AR B
(F-Wood) RJ DLFHAEERAR (1) K FH BB Z8 K 4%, 7E 1 kWem 2
A3 kWem ™2 D658 T, HoOGIEE #8353 i) v] LAk 3
T2%AH1 81%. L3645 FR WAL KA I AN FLIR 45
FITCIE i, T DA R Az K 2, BRI KK 7 7%
RIEZER. Z AR T RIRARMAER AR )
MNA, T EAESHME. fEILEEA L, Chen ZE74HI{E
T PR AR S B SRR, AR R B s AL
BREER, WG ATIAR] 98%. AM A YR R Al R 4R
(K8 A R T K FH B 2873 =4, /£ 10 kWeem 2
PICREBRIE R, SRR =L 81%.

Song FFUSIR FH BT ¥ P SRABAR V2 45 5 68 75 1 B v
# T UK (2D C), I Cu PUKERL(2D C/Cu)
AT B, 20T FEE R Cu GK BRI
A 2D C/Cu A R IR 2. G5 I, Al
2D C/Cu MEHE 1 kWem 23R T, JeREH R
65%. JRUE AECRMRME —ERE R B T O
R, AHHTKZERBEA, Erm TEER. AR,
KINAEIAEE N AESE IR, K 2 B R b T IR AR
A, BB, =4 RORR T A ORI = 4 2 TR i Re
Fe RN S 1R 7K A B 1 R T O 3 51 R AATT I el i
i, — ORI TAE R A AR DTRRNE, DAoRETE
WENBRIR A ER, G T —FhE B R =42 LA £
VBN BH BE SR USR] E 1 kWem 2 (G IRGRE T,
HA R ACERIEF] 80%, HAZIU TAEEIE TR M3
FRIEH 2T A BRI, T A 20 SR
X—TAETF T BB 2 1 =4k 2 fL A S0 72 K 4k
PR, BAEEME L. Kim S8k =4 H

a PVA « Ni
Si0, spheres

Graphene
Growth

Etching .
(510, W)

M2 (3 DGNs) 5K F A 456 (Bl 8). 3 DGNs A K1
e L, [F B R A B R AT R A RE. 7R 1
kWem 2 658 T, ZAMEHRILH L 91.8% Mt H i 4
. B, Liu 550152 B by Ad [ 1006 50 A 1) 3 %,
Wt T — AN HRRFRFEF RN 3D KA. 4RE
IN1Z 3D ZE R A HA R R ZRR T EE R, 76 1 kWem 2
HHE T, KPR IEFAIE 2.18 kgem 2eh ! Xl
[R5 K6 BT DA 5 ek > B %, AT 472 re A B R 28 K 3K
. DL RIXE TARR ORI T F AT 2 =4 bRl
BT R,

JUEH IR e, AHRREERHE G H AT 1R
Z ) A AR, 0L AT AR AL B A R 1) 2 FLAE
BT FREE, I FOS R T AN R, EITERRGIK
£F 4 (CNFs) 5] N 43 2% FL 3k 1 75 1) v 25 TR B2 1R Bk
YK 4 45 (HPCNFs), JE¥HH T KBHAEKZEK. 18 1
kWem 2 [P 658 F, K 7Z&KIEF N 1.78 kgem 2sh !, J4
IR 96.13%. 5K ZHATTM B, %R %
FEINH B B K A 28 R IR A I B . % TARR
BT 0 B AT RHE M 7K R A A3 (30 L.
3.4 BREMME

AR, EBEV(PT). KX (PAn). ZENLH (PPy)
LEREVICHM B R AT R THEE S TR
Wit IEAANX R R RCR m SR s, N
— R SRR BR T 1% £ 2R oy S F LB,
] DU IR AR B R A DL B RS A R — R
BRI AN A £ AT 46 2 4 43 G, R e
F PR S A e R S H B v P M AR 4 R0 e 182,

L% (PPy)EL A K16 R e [ K s 1) ' A0 4t
MR, HAESEAM T S THl&, &—Ri s r ek

3DGN-Ni 3DGN

Etching

beawater

Seawater

Bl 8 kT 3DGN KA PH REHF /K% (LB B 1(a)3DGN i i AN (b) LAE P i B IR R T 3DGN A FLES o i 2 DB A I T B
Figure 8 Schematic of (a) 3DGN fabrication procedure and (b) working process of the 3DGN-based solar desalination device; the right inset shows
multiple scattering of light and the formation of water bubbles in the mesoporous structure of 3DGN

Reprinted (Adapted or Reprinted in part) with permission from {ACS Appl. Mater. Inter. 2018, 10, 15602.}. © {2018} American Chemical Society.
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PRSI {5 dn, Li SEB49R B kg 75 R SR A 2 3847 i
RREWIITE, B T —Fh B A 3R 8 R 2 AR K RH
e AR RS, 45 REW, H&M PPy-Wood HEH#
RHE W KR AL AR B TR O S A . 2R, Mu
SIS I F SR X Ca? AT IR A £ 4 S e ik 4T
o, A T R MR AR 4E- R SRR, SRR T S
gER . MR RE. SEIR S FAER, %S EIR A
AraflBag, SRR EHUMEREE. /E VKB AEKZE
KEEE, £ 1 kWem 2 JooR F, Jt #EE i 30R 0L 3
82.4%. Zhou FEULAEH T —Fhm KA PEKER, HE
LTI T TERE KB A8, R O], 25 R R
B, 3mSR I K B AT DA K R AS, AT
HEKBIZE K. 6 1 kWem 2 (RGBSR R 205 R R
153 3.6 kgem 2eh .

R —MERESY, BTN
AU MERE, PR T R ROKFHRE 725 . #ildn, He
SN T — MK R ERSWI(BPF), 7E 5 kWem 2]
FIEERIE T, &8 REFRIEF] 0.57 kgem 2h |, JLF24E
IKZERGEZR ) 3.2 £, [N, SRRk E] 48.3%.
VBN A 5 1) T 0 2023 2 DA HE B R D I A
HTHE. (A SEES AR T BPF R CRRE, 1X
AU AT R R A 22 20 R 2R3 T 098 S i, AR s o
RCRA RT3 g A . A, SRR i IR 3
i} R P SN R T2 93, Wang ZESIFF R T —Fh
W% /MXene TR A SERIEE AR SLIGIER,
AR R R e E . JuibtERELT . AR
SEMEIF LS, AT Tl KA, FEERE, £ 5
kWem 2 FPDGRRGREE T, KK FILF] 50.6%. WEEME
TE AT RS KR A B 1R K 1) R 7.

B AR BT GRS MR S o R A7 AR K BH R
KRB ARBE T Z R E, (HER /KR, ™E
(P ERYURR S 1) PR ) T e AR TAL S . 2T
Uk, FATFEARRM =2 LRI R CEE T
—EMIRE. Wang Fr1/NHINL S M0 260 1 ) TR KRG FT
(PMS) My 5k % T BT UK PHREZ8 R 2%, X FlBi 8L PMS
AR A EE N MERGE R, R HSE S T KFHEER]
M, Rit7E K. Ak, Wang Z500E B T —Rhsz Kt
3D LT LERI(PFF), 76 1 kWem 2 [{OEIRBRE T,
HOKZERHEZ A 1.48 kgem 2oh !, ZEKRBFRILT] 87.4%
B E B2, PFF 7E = h BE[10% (w) NaCl|Z&1F T A
P I . MR VO R 728 R PR AR T PFF
(1) P9 3B = 4k 45 0 R 3 B T IE R R PR SR A T 70 2 AL B
TG, X T AEANIE B T KBHAEM 3 B A Sehr Tolk 3
I HIT 5.

FAN, BERNRIE KN, B4R T LAMEdE PPY 7K
LI BT R, T3 B0 iy P A . 2R R,
Wu FPURH “ZuiRBR” KR, @ sl N T R
IR (BTA), & B T — FBr B 1) PPY/BTA K #t % .
PPY/BTA JK&EIZAERBANFHYG(1 kWem™2) T R ILH B 5
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) ) B 0 0 8 (i = 89%). AR, 7K A 7% R T ik
1.90 kgem 2sh ™!, JZ4l PPY 7% i (1.22 kgem 2eh )] 1.55
1.

AR, ) FH 1 R AAR) A B S IR RN v A0
LA R = o A RHBEUR T R 3 E2. fdn,
5 22 EEL RN SR M e JL 0 3R B W R I ) B8R 2 1) S TR AR
TR AL R 93 Liang 2509 E % CBT-Cys #4
B S ) AU A SR A BRI, AT — R R -2-
IRFERIEREME(PPBBT) Je H — CUBEATAEY). SEIRUESE,
ZALHIR S B RIFRAERE, FRERRIRBH G T
(0.8 Weem ) B A 5 HLEERR YK B A 24 H e G sk R
UL S A J5 SR A M BT R IR AE T 48 SR L

REVE MR KR A RS AR T
J&, AT TG A — Lo IR Bk R (1)K R AW
AR BH 1 ) Py R I 2 e STE L () m R A
MR 5218 BATA NSRS, BTk, Wan Z5E0Y)
T T i T R S e i A AR S A T AR
Y5 2,5-X0(= F L4 58) EW; I SR S I(B-T)IR B L =%
Bl 47 (MFS) _E R 8 — b i 280 1) K BH g 7K 26 438,
LR ARAE 1 ASKPBARES T, /KZERIEZAIA 2.10 kge
m 2h L Hrf, B-T SR /MEEE SR AR, s2i
UESE T AR B A LR s APERIRR e T, R R AT
JIIRBHAE K ZE R AR 2 —.

4 RE

VAR, SRR BRI KBS T B K
JE, SRR L 80% L B BRI B3, H
XA} A 1)K 22 B T I A, e IR S e e
FFAHR IR e R EE 7] IR oK R AT T B PR R AR e #4
MBS i BT UL B BUIR, AT 7 8 Fh ok
Wk R K FHRE K78 k. Horh, JE40/ 4 S8 HIHE L R 3L
FUBR R 2H AN 45 F4 TT BT T 8 e /K 398 1 A58 H it
M. BRibz 4b, AR Okl T S T R AR
HEE, HE, EH N, WA AR &
IR F B ROK R AR AE LA N = AN TH b
4.1 COFs EXAMBNTFL

B4 A A HUAE 22 (COFs) & — 2 B K E M
MR PR A VL Z LML, COFs #hh & i A )
A TR 1 e A B ol K B 6 ¥ 7K VR A0 STk R A 75
feik F 18 BN, Qiu SR AL AE Kkl 4 T —Fh
R FEREM AN AT HIHE QL (COF)HE45(BHMS) AR}, 7E 1
kWem 2 OGRS, BHMS F I & 728 R34 (1.39 kge
m 2h ). ZTAEE R HIGUE TR BHMS i
IK R TE R WIRTARTE, S AR RSt T 18
¥, A EEMEEE L.

Darling S5EUOOR| ] 2 LA BME AR, 76 1,4-28
MRS (P BR AL N R AWK N, — 56 i T k@
NIRRT HLHEZE(POF) M K], X8 POF FEATRME FH G IK S
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TR BSRIIK S R ERE, HAR AR @nbifAT HUHE
ZE(POF) [ VL 0 0% B s [(79.6 £3.0)% ). ZHF AN
BT POF MEHAKBHAEZE K 2% PGSR T —Fhid
1. TR I R G RS, AT, bR TARRR 2
¥ COFs MR BN 2 FLEER I, BT IR 4
MR Z [0 1) 53 2 45 5 B0 RHEE PR I RS e PR RRAR. TR,
PRZ LAl COF JRAEHE /K WAk o (0 S S A 0 B
BT, Zhang SO TG AL T E B ILN A HLIE
ZE(NKCOF-47)#4 K}, 83t 5410 5 & vk B 30K H T8 i
SEIE, T A K BHAE K R R SRIR g IR
NKCOF-47 JETE 1 kWem 2 )G RRGREE T FO7K 43 28 R
R HEL R 3 HI Tk 3.02 kgem 2eh ' A1 94%. {F
Hie, FE B R Ko A TR 2 LA R AR
fii COF 5 S2BIL v ' W ORI R BH B 6 PG 4 R ) TR AL
COF Sy R M f R ] =0 42 1) P M e L i g /R AL
MR E.

IR TR — P BB () 2 AN e, (R PR R
ARG SEREVE I 510, SRR TR SRS T DU 2 L4
REVRAUH T REM:, Wk, EPES. Kb, W
P PR PE B0, B b, Li 2004 ) — b i ik
B TRERG iR 1 2L 5] N COFs R RISRIS. [ H 34
PEIR T COFs = I 2L/ RE 77, AT SIS BH G )
R, T E H3E COFs(GS-COF-1)#4) 2 (1) K FH fig
KR ZAGAE 1 DEIERE (1 kWem 2) N R I H w7k
IYFEREA(1.38 kgem 2h™h). HhAb, — R A TAENMIH
T, LA HIHELL(COFs) I REZ —Fhiks 75 1t e i ik ik
MR, A SR m R I ROR
4.2 MOFs EAAMRIHF %

4 & H Ml & 22 5 Bl (Metal-Organic  Frameworks,
MOFs) & —F LA KR T fLEE TS50 S
(122 FLES S RE, 56 3 AN 2 7Rt K 1 B
jj[IOS]‘

4 JB A HLE 42 (MOF) B 44 K 5 1 s bRl T 3
e S RSO G v PR AR T R B BT 1) e A 46
R, {ERPBHAEKZR R CRON AT A 05, T
Uk, Chen ZENONE /K #vkitfil # 7 HA Z L5 Cu-
MOF FAERRA B T e it S50 RIE 500 C
ZAF T3 B IR S e AL R B e, TE— AN R
T kWem 2)H[IE 64.42%. {EH IR, L5506k
FER B YIMSE. 2, Ma 25065 H faf S 1A 7
NEFEIHIR 2D MOF BT IR TTREAEE NI L, K L
B, IG5 R LIHIIKEPE) S A, M1 HA =
HTERE(9T%) I ZE K A%, FE— N CRREEE R (1 kWem2),
R BEMFRRHE N 1.222 kgem 2oh ™!, JeIEE R %
N 84.3%. TEMG/KHAH RILH LT HIHERE.

Ma /NHUOIE B T I £ H Cu-CAT-1 MOF Jt#4
MEL WK 9 FioR, 78 1 kWem 2 F0G IR GRE T AT seil
1.50 kgem 2eh ! FIEI/K 2 REZ. fEH NN, @i
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AL R E L T Cu-CAT-1 MOF AR} K (5 Wi
0 R AIE T K BH e 1 AR . Wang S5 UOST| £ (1)
Fe-MOF-74 JEpBLHEAG R R BOGERE . (KT 2.,
SRKMES PRI e mZR AR, B
RIE—NIIESREE T (1 kWem )N 81.5%. 4l MOF Jt;#k
PRI BH 88 AR 8GR A B, Sk, Xu ZEHOME
YIS Ni-HITP #4546, o /51 Ni-HITP 7 —4
FERGRE N (1 kWem 27K ZE R BUR FIL 2.25 kgem 2
hl.

MOF NRs

Cu wire

B9 Cu-CAT-1 MOF YAk 7 il # 7 2

Figure 9 Schematic illustration of the construction of Cu-CAT-1 MOF
photocatalysts

Reprinted (Adapted or Reprinted in part) with permission from {Adv. Mater.
2019, 31, 1808249.}. © {2019} John Wiley and Sons.

Cu(OH), NWs on Cu

Bu B 7L/ N OB R % 7 R 4B NKU-128
MOF #8L ZMBURAMK, AISRtEdr &5 ih, MBA,
H i S M A R K. BT 0k, JRATTHEN
MOF #HRFAR KT H T i it KA.

PEERATP T %, MOFs FERPBHEHE AR AL SR
N RIE S fE T, B TARR O H R 2 MOFs £t
A EHIBE T T2 H1]% MOFs E5t#MI kL, wILA
78 MHA] MOFs HA BRI, 498 eiciu i, RA)™
W oL I 55¢.

4.3 HtRBEAMBNT L

KFHREKFR R R SRR A HHVIN KR, H
HiI I TE R 2 RAE SO P HEAT . Rk, $2THIER
T AT AR B BEZK 28 Rk BN T 58 B 1T K IR AL BAR
N EA RS I, fE R R R K
EEARE SE MRS FIK AR 2 18] 51N 28 AT, R B Gl
AR 1R A S AT DULE B3R 7K A 2 T A4 28 T 78 73 WM
M T K. R, IS BIR AR S I a8k, 72K
R ARG IS REFRAE, A T2 R 1 RF o it
7. 75— 07, &ENAE. e, A REAHLIREE KR
EZR R A BORIBR 52 U TT B AT RTE. i RE bl [R5
R ARRCR, B 2 K REZR Sas - AL AIA T BE
BRI, TR 2 O AR R BH BE KA R R G —
ANRIETT AL

5 g

GG HRBIRE KR RS, St 2R FHREK
RRAZGERIER . AR, R, R KR A
B IR A &I 71, A SCEEMICHF R R
TEIAP R BETE 5 I 5 BLBOE AR RL B T i A AL3E 5
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PR =AN T HEHT Tk, BT &M EAa SRRk ie 5
(1) = RO E A B L JE, (8T AT AL 4L
FAIR A — A EEmIAR. 124 81k, SR
KZERRFCEHS TRE R, AMUTR T & FhE
BRI B, i@ G H s R g i, #2
T AR FHBE K R R R G R RI R R EL
37 —LeRSR, Aot EOKBHAE H A ERT 1R
WSO FH 2 A K R SE R AR 72 3R I A Fs it — D 3 .
COFs 68 RE. MOFs % bk} DL K HiAth 255
R ebrkl, DL B SRy, s eI &
PEAL TR 5 R, TR KR AR AT TR ' B 1 L T
StolE, BATHGE, 2L = S UK AE K 7&K
RGBT ER K ED K.

EE BN

F e, 1998 4t A& F i 40T, 2017 42600 FAE AR L X
%, RFELPE AL P AR FTARMES . B
RS KA A

FHEI, 1997 Sk A T LA, 2019 5500 F i TS
MR KREF, RFEFIE 2022 22T HIF R, KR
MEgin, A FRARI T RXKF SR T
WS, FI A R FERL T 6 A MOF AR AL
49 & L ML AR AT AL

RIA, 2012 4= 2018 £ RFERFHRFF T FHLF
1. 2018 2L AHTFREMHMF L TREZR FEfRE
RMANER L EAR. B RART R 2B A MAE
ZR A AL 69 X T S A K T8 AR AR AL 2540 R R i A2 T 69 MU AT R
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FEA, HI HF BEAF KIFE XRFTEH#
AEAL. 2REWMER. XBLZRFA2E. AFRE
MR FELSIRFRERK TEMFRRE ARERESWY
R FRM R SHRERRRARLF S BIMAT FRRE
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