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Abstract: Molybdenum disulfide (MoS,) is an emerging photothermal material with wide spectral absorption and
high photothermal conversion capability. It has great application potential in the field of solar—driven interface water
evaporation and requires a systematic summary and in—depth understanding of the research progress of MoS,~based
photothermal materials in water treatment applications. This review first introduces the preparation methods of MoS,
nanosheets, and compares the advantages and limitations of different approaches. Subsequently, the application
strategies of MoS,~based photothermal materials in films, aerogels, hydrogels, sponges, and other three—dimensional
porous architectures are summarized. The influence of key structural design factors including photothermal
conversion efficiency, water transport pathways, thermal management, and salt resistance on the performance of

solar—driven evaporators is further discussed. Finally, the performance of MoS,~based photothermal materials in
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multifunctional water treatment applications, including seawater desalination, heavy metal and organic pollutant

removal, and antibacterial activity, is analyzed. Future development directions are also proposed, with the aim of

providing guidance for the construction and practical application of high—performance solar—driven interfacial water

evaporation systems.

Keywords: molybdenum disulfide; photothermal materials; interfacial evaporation; water treatment
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Table 1 The preparation process characteristics of molybdenum disulfide nanosheets and their application scenarios
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Fig.2 Classification of Molybdenum disulfide-based

photothermal materials

IR MoS,/GO 9K Fr, I 44 H A AL e L 2L A =9
40 K AL G5 AR A, MoS, 5 GO 114 57 Jo 235 1 1 75 5
TS SR B 7 A A e S TR AS  T, H
TIEHRR I H MoS, Fl GO 44K A 2 18] (1) B 40 5%
oA T A DR GE A B0 T 28 & R AL, i
PRIE T IK I ZE &, (AR 1A K PHEE IR R 28 & R
AliK1.69 kg m™ b, I H BAA R0 A GERE T .
Cui FEE R AT (CF) 5 il i i M Bk Al T —
Fih Z2 T BE A MoS, 5 (MoS,/CF) , 7E 1 > K FHARIE R,
R 25 R AR 2.07 kg m™ h™', I HAl ATEZE &
K TR) B S X B PR B B K 2 829% 1 B i R
Chang %575 3% 35 219 1 38 15 7K #4032 57 A2 K Mo,
KR il T ] E HEAE (MGF) o %454 2
7 HEURE 2 D RN T 4 (A1 B, AS (AT LARG o' i 52 (8
W W i, R AT LR R R Y 78 VA G O
MGF #BEAE 14~ K B4R IR 28 & R 0 1.85 kg m™
h', Y IAFE ALK 94% . Li S5 1 K ol 1T/
2H MoS, 44K 18 T 2% 2 WAL 5 B 48 K4S @ R TN M
i (CNT@C) Z fL i I, il 15 T MoS,~CNT@C £ .
CNT@C [ Z L5 H 4 Bh T 7K 5 % |, i MoS, 44 K
AT ARG P S AR, N3 i T X G A, 7 1
AR PA5R T 78 & B3R 2.53 kgem™-h™'o £ LT
WK I AR 2 S DR AR B R ] A%
A 1 S R E Y MoS, JETHEIE . 1 3 P8 4
KEER AL 28 T 5 S A T AR AR RES A

TR TR 6 B K A S RE 1 4 T AR
15 FLAT 35 0000 S AR 80 R 2 R R A O R
AR
22 HERK

BRI —F B FEE 42 LM% 250 1
o, AL BRI H T 90% , = I FLBUR A A T
PEHEK o WAL o 8 MoS, 8 H 2 A 41k A
FARBEWE BB, AT LR 8 MoS, B9 551
M AR FE 53 I FHACBRE I 17 e b2 1B 5 IR 8 B 3
o 2 15 I £ Mo, "B Jist 1 Pk 5 A T L4 oK 7 i o
Bz R A SR RE . I, 51 A E e AR
MoS, Tj filg T e 1 2 it e ik — [P) R 1) A 8k A% . ol
U, Wang Z4N5 T BE AL MoS, 40K F 52 BB —
BELE K R TR A ARG e e R T AR T =4
MoS, &S . HFIIA T HA LR EKERERM
R Z U (PDA) Floe RWE 1, LK 43 F7] LU%%
i EREE i 25 3 S A L B A LA IR LR
IS ELAT = FL B R LA R 1 L R BH G I iR
ML 95% , 76 1A KPR BR T, eI L e i 1k 5
88.0%. LiuZE"'LL MoS, Filifs J5 A AL A7 S84 (rGO )y
JEORE, SR — 25 K RN B2 B R TR & T
MoS,-rGO T EE K (MGA) (& 3b) , 1% Bk i B A 15
BB A 7K GE T A R G AP T B ALE AT 4R
KA AR BRI BB T, 76 1 K IHERIRT L 28
KHFEN 1.72 kg m™ b, AL B 08 Hhy 86.5%
Ye S PL MoS, A BE B CAGEE(PVA ) Ry Sk
J B AR R R R (PU) MUK Ry S HE R il 28 T
PU-MoS, S BENE . PUMLIK LA R AP AT R 4%
T AR AILBR R B TR AT LA B g T T T i T A e o
PVA{E N E JR G540 m] LU A SRR 2 A b
Lo SRR A BT RBE I NI K (G . — b
MOEHE G ZM R B SIS Rl L E LR R
IKHE | R AP FATLARGER B, 75 1> KPR %R T 28
RIMAN1.22 kg m™ h™', MoS, 5L B i BRIk
U5 Z AT A T OB AR K AR i B A
SRS PERE  SEEE T SRR FHAB K 75 % o
2.3 KRR

IR BRI S — 2 BT = Yl S B i 43 F I 2% 45 4
MR, BE A WSO R B R 7K 43, 2 K FH fig 5t 1
FRH R — LK. JKEEIE % & o 74 ] LA
A U B T A B A I i A Sk 2R R
PRIV B 2%, 1 MoS, 21 734 58 vy, [R] B S 41 s 4
R4 f R SRR E A A A I Hol T



<6 - i T

¥

FXXE

HAE S FLBRZE A , 78— B L nT DL g pe Rl
T A8 R OB (] 1> 1 — 20 4 T MoS, 7K 3 it 19
FE M. Lin IR T —Fsc BRI R A HA il
T — b B AR T T Eh /K B (SMoS,-PH) (& 3¢) o
ZOKBE S AE 1A KBRS BT 25 & %14 3.30 kg
m” b, i FEE AL R R A, I H
LS RS e M, AT AR v K 3R v P R
SLia4T 15 Ko Chen %5l i iR Ak S K MoS, 5 %2
P4 28 (HPC) B D RB AL, SXGE 3 — R 5 28 Bk
il % T % 4L HPC-MoS,/HPC 7K BE ¢ . MoS,~HPC
FR A A S 1 35 A A A R R ) Bl 3 T B 22 K
158 I R A RO B /K S W T ek, OF DG BRTR I8 mT LA
ok it T WO R %) el | SEERAIG IR T . L SR A
SRUTF L il £ 1 80 B BB 55 (CDs )/MoS,/PV A 7K ¥
JiE o LK CDs/MoS, 44K A6 A S& b TR 7E AL HL 1Y
JIHB BT 1 R iH AR A X RR 78 K
o TEZEARGT R B 0 TR R B A Ak b
PR FE | DL SR K #2210 1 A2 4R Bl 2D 7K A7
Je AT vty ) A 2% IR A AR, DT 05 AV B
CAIAIHT A T A R0 K AR 4R P A K BE S
e, [A) AR 4R 65 M 3 T A0 i v o A LS K PR
WER K BERE 75 R 330 1.49 kg m™ h', G 1k
BURA 92.5%, Li S NINKE BAT R Z L (PDA) TR
JZ G MoS, 23 9 K 3R 5 B 25 B (PVA) 7K
WL AL G, PDA VR JZ 5 s S5 R G5 T X
W, il T AT RS BE 1 K B A A A
o R, MoS, FE/K BE I ELAT R 1Y) 3 B ) 2% 15
ZALEEHE T LA R0 5 IR 2% & R v i Eh G
PAE 575 Y AR SR 4G ), 2 K BH g 1T 25 & 1)
R Akt
24 B4

V2R R ELA i B T AR A 2 i FLBR 25 4
B 8% A7 30 W WACA BH B I L5 Ak S T RE ot A
K ZE K AEIK G258 8 J5 B RARE A WY
IR A — REMG4 R TR H %, LA R
W SRR BOKAG R ae ) R G LR, R ER
BH B 2% 171 2% & 25 1 FRAR LIS o Xiao 2558 14 12 15t -
T -2 T2, il 4 T MoS,/iE B R AN (SA ) f 38 =
REM (MF) IR A48 (MoS,/SA@MF) . 1 1R
T Ak st H SR K T MF T4 B %3 i B AN A
F16 K AR I B IO SR T o o R B AN TR
RS 28 Je a3 R A7 P RE AR, Horp 4 emx4 em [ 78
KAFTE 3.5 wt% NaCLIF WA 1A KPR IR 28 &

HEH 1.92 kg m™ b JEHRFEHACRILFE] 90% . Yin
SENE 11 0 MoS, 48 K Fr (BNs) 5 B 8 R FLBR
SRR RS A H R R4 (KS) 25 & M T I AR
I E RO IGE & 5 (KBMS) . BNs ELAT B2 FRAE B
55 MoS, 45 &4 FI T4 THEIPEBE  KBMS 7 463
0 BN G IR I R 5K 95.0% , I FLHy T~ H e g =
Y ZFLEE BT, (il HAT P K 4328 & R S
fif £5 1 72 VAN K PHER IRR S T 1.54 kg m™ h™' 2%
R FEHN96.4% 1) I3 . Zhong 55738 i
— 3K P 4G T MoS, /58 JE AR AL A7 BB 0 48 K
(RMO) , 7 A R & i 45 R 2k A 2 T —Fb K
FH R 18 /K IR 1k 19 E B 45 49 2% & 4% (ERMOPU) (&
3d) . FIHH rGO/MoS, & A 44k B 7] S I i3 5 1
FH LSBT RAF ) 5 R BHBEAE A AR R AR E 11
K PH R R 04 28 3 S DG I 403808 43 30l vl 3k
2.03 kg m™ h' F195.4% , UE B T 3 1 45 ¥4 % 11 fE %
IR 4 5K R R VERE . VRIS R4
HEL Y RE S T EMEBRILEETT, S
T MoS, {5 1 6 Ak fig 5 1 4 1) /K B iz e 7 1
], R AR NAS | i MERE R K FH B AL I 78 & R 48
PR T HBGERE
2.5 Hit=#&F4#

U L LGS R B R 1 R T AR A
Z 1 R FLIE S5 4, S A 5 # T L I 2 R i 5 K FH
S 422 i 1 AR, I HL&Z 2 AL AT LA A BH 6 1E Y
AT 2 YU I E KOG 1% i 4%, i — 24 Tt
SR S AT AR . TR, 325 Y FLIE 2%
W REAE R K AL 4 A T8, PRUF 2% & 2% 22 18 K 43 145
SEfERY . DR, =4k AL 45 R 7E K BH i LT 75 & 40
WSRO, BT ARER OKER 5L,
U AR L 22 JIN | B gk AR R A SR SR A 1) 0 Sl BRI 1)
ZALGEMWZ RN T G R IAR A R
2 AR BR o] AR ELAT A R R AR A A gk
R REEE R R W, HRRIE R 2% £
FLESHE TR SE B AN VE FH 2B 8 A & K Bz, A
7 kg S 1 2 el AR R AR i /K AR . B, Wa
SENPLR SR 22 TG 2 A R B IS AR, 38 i K ik 22
JITEE 2 | T2k MoS, 40K R Rl JokE , At T — 4k 2
& K BHBEZE & 4% (HLMC) , HOUZ FLBR 25 44 45 1) F
AR A, T 22 N SRR R 2L AR
A B MoS, 29 2K A R FURT 14 56 W AT RN )l B % 3 3
IVIRTE Y a2l e N LNl A 2 X B &
94% , 75 R A ik 3.45 kgm™ h',



5 XX

www.hgxb.com.cn c 7

(a)
L\};} -ﬁ

“SWNT Amorphous MoS, MoS, nanosheets Ilh:bs'1

(b) .

c) <z € . T
v ) " Ty TMEDA, | ANH),S,0,
S oMo u A ) e AR i
1 AM | MBA DS u 3
u Foaming ek
g

‘I’olymcrimlian

SMoS,-PH -

45
MaS,

L
9, =

&%

T

y —f " -
a & it
MoS,@EG  mix i { stir @A
™ = —»,_ | :
4 30min, | =
=3
W
rGO solution : i

T700r/min
freeze drying : ‘ 1 wash -
i l =1 h &
u. -65°C, 48h i‘ 250 times

hydrothermal
reaction

V' 180°c,24

Na;MoO, &%= ------ L
NS DI = | e wse
HNS) s {HIR}‘“V
ol L AN
22>> N
' N
) -9 ~
Solar I, <ot

i ﬂ i, EVApOTatio
¢ 4 L4 44

vbrid .
Yo <1..ww‘.;
“ Tectonic E-
Shaped Structure

seawater

K13 (a) BEERRZARAT (SWNT)-MoS, iR ] 8 T 227 BEIE™; (b) MoS,~ S Hid J5UA7 845 (rGO) BB (MGA) il 8 T- 22475
() PTARER ) MoS, 2 FL /K BERE (SMoS, —PH) f il £ T. 255 (d) E BYZ& K 45 BRIl K iz =

Fig.3 (a)Schematic diagram of the fabrication process for single—walled carbon nanotube (SWNT)-MoS, films"'"; (b) Fabrication

process of MoS,—reduced graphene oxide (rGO) aerogel (MGA)*"; (c) llustration of the fabrication process for stretchable MoS,~based

porous hydrogel (SMoS, —PH)""; (d)Preparation and application of the E-shaped evaporators'
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B R i AR P T LA S84 ) BRI 5 7K B I il ik 2
I 258 ey At i 52 14 /K i KSR O ELA AU s TR
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R AKAE 2 ALE5 R Bk TR L HES Y MoS,, 38 L 3%
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Table 2 Key Design Parameters and Performance Comparisons of MoS,-Based Photothermal Materials
" xR
By R &I P lagpriis 2(%) (kgm” S E i
pEN (%)
SWNT-MosS, CVD+/K#+R k SWNT 5 MoS, W [l -+ i 2 14 ~82  6.6Y <89  [41]
MoS,/GO BPEK AR Dt — KA+ L 41 ~973 169  ~96.6  [42]
p v RN MoS,/CF S TIER Al 2 AL B 42+ MoS, 3k ~91.5 207 ~88.7 [43]
MGF IR LR 2 0+ 27 4 (A R - 1.85  ~94.0  [44]
MoS,-CNT@C KA IT/2H MoS, 44K #E+Z L CNT - 2.53 - [45]
3D MoS, THENE VU AR I BEACIR I RE AL MoS, >95 127 ~88.0  [46]
- MoS,-rGO KPR VR TR i LA /K 8 1 ~86.3 172 ~865 [47]
PU-MoS, TR AR PUIRLIRSHE+PVA 4 - 1.22 - [48]
Ce—MoS,/BNC BT 1T Hd MoS,+ XSUZ45#4 ~96 6152 ~81.4 [31]
SMoS,-PH I IR 3y TRLERIEE MoS,+ 3Bk &1l ~81.9 330 ~934 [30]
— HPC-MoS,/HPC JiR Ak +22 1k MoS, 5 HPC H 3L 4G - - ~86.5  [51]
CDs/MoS,/PVA HARDIR o 2 TR 25 )+ s LR >95 149  ~925  [52]
MoS,@PDA LS 125 MoS, 4K BR+PDA 32 ~95.6 541 ~93.7 [53]
MoS,/SA@MF ST VS S IR LI B+ R R . ~81.9 192 ~90  [54]
540 BNs@MoS, KGM kA WAk R E A MoS,+ZfLKGM ~95.0 1.54 ~964  [55]
ERMOPU KA 1GO/MoS, 5 &5 4 +E JE 454 >95 203 ~954  [56]
CuS-MoS,/PVA K CuS—MoS, M +8 Kk 2 i ~95.6 192  ~91.5 [59]
MoS,/C 22 JRE5 34 KA MoS, K Jr i ki + BUZ LB ~94 345 ~94  [57]
Hofb =2 ALk MoS, /A5 5 T MoS, K AL+ EL8% F 45 44 ~85 185  ~97  [82]
Zn-MoS /e RS FF K Zn{B 4% 1T-MoS +HE B 451 ~94 346 - [73]

2R HRIATE 1 kW mYEIEER T ;DA S kW m ™ IRSRE T ;@0 5.35 kW m G IEERJE T
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SEEM T AR Es R, LR Y 5 A A A 1T
MoS,-MXene A 47 25 (1) S I 6 14 ), il &6 T =4k
FER A (IMMC) o 7% 57 J 45 0 3o 2 i S5 K 1 i O
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FIRH T 2.29 kg m™? h', S sk KN 93.8%.
A, MoS, 5 5t 4 J@ A AR sl b kL 2 A
B8 = A PR RIS AN o W0 Liu S5 & T Ak 4
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P e T AR B KM, e R BR b T R T K 4
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TR . Cheng SN 55 85 11K Ag 41K il

B MoS, 44 K AL Fl 2R £ I i (PDA ) IR A 1 28k T /K
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PR B AR 28 K fn BA T 12 65 i fig
5 1 AT 0 80R Je RAF TR R RE L 72 1K
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A5 MoS, Y i 17 78 B 22 30T 21 41 IX 8 i) S . i) 2,
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m” h EHEE 2R A A I PERE . ZF b Ak gl ok g
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JB2 AT 7 By PR M AR 2 B, AT 0B ) T 0 30 ST Y
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Fig4 (a) Schematic diagram of photothermal mechanism of MoS,; (b) Schematic diagram illustrating the efficient photothermal

conversion and thermal localization of hollow structures of MoS, nanospheres coated with polydopamine (PDA)*; (c) Schematic
illustration of the fabrication of a three—dimensional composite evaporator (HLMC) incorporating MoS, nanosheets and carbon particles,

and the corresponding surface temperature distribution””; (d) Schematic illustration of the enhancement of thermal localization by

hollow nanostructure and interface assembly”; () Schematic diagram of the basic mechanism of salt rejection performance of solar

steam generation (STG) evaporators”™; (f) Schematic diagram of heat loss, multi—scattering, and salt circulating of the evaporator'®; (g)

Schematic diagram of the salt rejection mechanism of MoS, polyelectrolyte sponge(MPS )
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Fig.5 (a) Schematic diagram of the working mechanism of the double-layer MoS,/polyurethane (PU) sponge evaporation solar
desalination evaporator (MPU-PPU)""; (b) Comparison of ion concentrations in the water solution before and after solar desalination
using the double—layer MoS,/polyurethane (PU) sponge evaporator (MPU-PPU)™; (c) Schematic diagram of solar—driven water
evaporation of cellulose nanofibers (CNF)/MoS, nanosheets aerogel (CMoA) ™; (d) Ion concentration before and after desalination of
cellulose nanofibers (CNF)/MoS, nanosheets aerogel (CMoA) under 1 sun irradiation”; (e) Simple equipment for outdoor water
evaporation, containing the spherical condensing plate, solar evaporator, moisture collector, and temperature and humidity detector™,

(f) Optical picture of ZnMoSSE based—solar desalination prototype during the outdoor experiment'”’
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1 T B, DT $2 TR R W B 253 . Li A5 700 7K 44
B LA MoS,/C i BR i v 20 2% 1 588 e it 5 ) i Ak 1Y)
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S R RO B He™ A7 35 K A 200 g L FEAR 2 1
pg LI — AR KT 756 25 A5 O & (EPA)
JIF A2 AR . TR] S X Ni> ) 25 B R 5 38 99.6%
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# T 78 Kk 4% (KBMS) |, 75 55 3 5 78 & 3% (1.54 kg
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o R IR K G TR 38 %o 22 b B 4 J s e M i L
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LA HAR A €O, M H,0, 15 3 2 B K A7 HLTS e 4
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A R AR R R TG, {7 MoS,-MF A4 2K 1 2%
B Rk 5 66.8% , 1E & CI I3 K 2 75 51 80.07% .
Chang Z5*1% i35 2% MoS, ( B—MoS,) 1E 1 61 1 5]
S LTI T —FloE B A DU e 2R R AR L E 1A
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Fig.6 (a)Concentration of five heavy metal ions before and after solar—powered desalination by of MoS,~MXene/ chitosan aerogel™; (b)

Schematic diagram of boron—doped molybdenum disulfide (B—MoS,) solar—thermal evaporation device®; (c)Evaporation rate of

different evaporators under 1-sun irradiation for tetracycline solution ®"; (d)Schematic illustrating the solar—thermal and photocatalytic
mechanisms of the hydrothermal pinecone with in situ decorated MoS, (HPM) under solar light irradiation™, The photographs and

viability of (e) S. aureus colonies and (f) E. coli colonies™
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Table 3 Solar evaporation performance of different molybdenum disulphide based photothermal materials
R R R T A%
53R JBE (%) SR IR RPRIE REER RFEERR 2%
(kW m™) At i B (kgm™h™) (%) SCHER
(min)  ( ©)

AEMR 1T/2H MoS, - 1 3.33 43.0 1.52 ~90 [33]
TE MoS, 40K F- ~96 2.5 60 55.0 3.16 ~79.2 [85]
MoS,/CF Ji5t ~91.51 1 1.67 59.9 2.07 ~88.7 [43]
SWNT-MoS, Z& 1k st ~82 5 10 44.6 6.6 ~91.5 [41]
JZIR MoS,/ GO JiiE ~97.3 1 10 47.9 1.69 ~96.6 [42]
SMoS,~PH 7K BEK ~81.9 1 30 37.7 3.30 ~93.4 [30]
CDs/MoS,@PV A /K EEHL >95 1 15 423 1.49 ~925 [52]
MoS,@PDA /K EE ~95.6 1 10 375 541 ~93.7 [53]
MoS,/#R 5t A1 T HE L ~96.54 1 10 38.4 1.32 ~ 85.99 [86]
3D MoS, “LHENE ~95 1 60 61.0 1.27 ~ 88 [46]
ANF/MoS,@MXene T HEEE >82 1 60 475 1.42 ~95.84 [87]
Ce—MoS,/BNC XUZ B ~96 5.35 1 72.0 6.15 ~81.4 [31]
MoS,—rGO S EEIE ~86.3 1 60 66 1.72 ~86.5 [47]
MoS, EPE il >90 1 5 40.1 1.27 ~ 80 [88]
MoS,/BCF &2 & 41k} ~93 1 180 36 1.49 ~88.3 [89]
Ti,C,/MoS, 4K AR ~924 1 60 60.8 1.36 ~87.2 [90]
MoS,/C 2 JRZ5 44 ~94 1 60 35.6 3.45 ~94 [57]
MoS,/C @PU ¥4 ~98 1 60 38.5 1.95 ~ 88 [75]
B-MoS,@MF ¥4 ~943 1 60 41.7 251 ~94.2 [81]
MoS,~MEPCM ~96.86 1 105 47.0 2.06 ~95.3 [91]
BNs@MoS, KGM ~95.0 1 30 41.0 1.54 ~96.4 [55]
MoS,-PVA@PU {4 >85 1 - - 1.35 ~ 83 [92]
MoS,~MF ¥4 ~96 1 30 31.0 275 - [80]
Zn=MoS, P SERE AT ~94 1 - - 3.46 - [73]
T4 MoS, FA ~85 1 10 30.1 1.85 ~97 [82]
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