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Abstract: Seawater desalination is to extract clean fresh water from abundant seawater resources, being
an important way to solve the shortage of fresh water resources. The traditional seawater desalination
technologies strongly have exposed the shortcomings of high cost, high energy consumption and low
efficiency in practical applications. Therefore, the development of new technologies and materials for
desalination has become the focus of research. Molybdenum disulfide (MoS,) is a typical layered transition
metal sulfide. Because of its chemical stability and excellent light absorption capabilities, it has great
application prospects in the field of seawater desalination. As an efficient and environmentally friendly
seawater desalination material, MoS, has been extensively studied in improving traditional desalination
processes and developing emerging desalination technologies. This article focused on the research
progress of MoS, materials in the application of capacitive deionization, membrane desalination and solar
desalination, as well as the challenges of MoS, in the industrialization of these three desalination
technologies. The future development of MoS, materials in the field of desalination was also discussed.
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i R BRBE I 7E 0.8V HL R T F 8.8mg/g™, 7E 1.2V
HL T 8 9.97mg/g™ . MoS, 22 1) 7K 1 15 1 1 ik
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TR R |, PRI A Z R A B T
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Rbrfe), IEMARERERE (S0mmol/L) FBEA
RAFA DR PERE o Jia S50 38 2o $A0Ah BR A0 i 45
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WiERLZE R (PDA) Bt MoS, il £ 12 1 MoS,/
PDA B EMEL, xR RAFATEIB M . FE R
TR 7 P77 AR AR 1 A Lol L 3 s e Pl A P B2
HRART AR Na B0 B 3, o A5 00 F L 2%
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AL, R AL FLIRE 51k 174.26m%/g Fil
0.187cm’/g, it K T A 5 A fb ik (32.81m’/g il
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K b 2R AR AL AR FR PR AL T 88 22 1 8 - T B A7
R IR H R O far (AR S W 5 | B 2 IE
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Z/DTE 107 W B WA 20 v B AR e R e

F VHYNNT L T3 JLAE MoS, 3 B BOR R} A i 25
PEfE. SIRA MoS,AH L, Ut MoS, L AT MoS, 2%
LW AE AR E T (0.8~1.6V), FCHZ . HIK
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pespupe e WL £ % R mhbRie) B bR e e E=1
. NaCl T VIS L ENEE P NG &M_Jlﬁg Pﬁ?ﬁﬁgff‘fﬁzﬁ RN Il}iﬁzﬁ B 2/ j‘}‘
A% /mg-g /mg-g /mg-cm™ Sk

MoS, 100mg- 1! 0.8 12.8 8.8 7422 (5mV-s) [27]
MoS, 200mg-L" 1.2 10.97 9.79 75 (1mol-L'NaCl, 10mV-s™) [28]
MoS,/PDA 200mg-L! 1.2 16.94 14.8 99.9 (1mol-L™' NaCl, 10mV-s™) [27]
FULF MosS, 100mg-L™! 0.8 35 24.6 221.35 (5mV-s™)
ce—MoSzéVﬁKH‘ 400mmol - L' 1.2 8.81 16.51 109.7 (1mol-L™" NaCl, 10mV-s™) [29]
MoS,/rGO 200mg-1."! 1.0 19.06 16.82 198.6 (1A-g ' B EE ) [32]
MoS, /BN KA Smmol - L' 0.8 10 40 E HL R £E 200 [33]

25mmol - 1! 13 65 BB 210

100mmol - L™! 18 90 (1mol-L™" NaCl, 5mV-s™)

500mmol -+ L. 25 125
MoS, /1 =i 500mg- L™ 1.2 19.4 14.3 146.1 (0.5mol-L' NaCl, 5mV-s™) [34]

47.9 (0.5mol-L"' NaCl, 50mV-s")

MoS,/g—C,N, Hi}% 250mg- L 1.6 24.5 24.16 118.3F g™ (1A-g™") [35]

61.7F-g" (10A-g™)
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(1.0g-1™") 1.5 1.69 70.77
2 2.39 75.00
25 3.16 79.20

: EPS—RIELMHIR; EPE—R OIRIIK,



1466 - 1k T

it i 2021 455 40 45

BT
3 #iE

MoS, & it EE A B FE HL 28 KB . BB ER F R
PHBEMGER TP ARG N R 5, JEUS T — it
. FERAELE T, i MoS, B R AKE
B0 2 1T 67 R 7T OB MoS, 5Bk B AL BB ] 50 IR i
REBLRG , ATHE S MoS, 3L i AT BH I Eh M RE, 0
CDI & I/ NRUL T RE T BT 0848 s ZERME
MoS, 44 K 22 L K EL A5 5 Kl e f 3k B8 1A R oK
15 MoS, FH T BEEAG M B R AR A IS B2 25 Rl 2 35 i
JR AR R A [RIET RE AR R AT, A — R %%
fERELEIRR L FERBHREE R, i nT PR T s e
TR A BH BEBIR 21 1 78 & IR AR BAIR HLAS 5 22 /K K
Jsz g, I HAR 5 00 % W 0RO B e M e
MoS, JE 7% & #5 £ AL 25 K& R G FARZE & R 5 h
Y ELA B v B 25 e R RN 28 R o MoS, FE i £k
MRS HA RAFIE AR E M, JF H—28 MoS, 3
JIRER A b E A T s 55 A g T e A S B T 4 S A
HHLIE Y, e pH R e Eisfr, A
FITF A3 A2 2K AR I B KK BT . ARZEIRAE5)
BT MoS, b4 KL 7E Bt £ Hh i 5T BUIR A [RI s, g il 7
KT TEUE R R TTIa], X MoS, 3L 408 K 1k
FBERFAR N K J B B4 T

S5 3Lk

[1] 2B 21 fit 2 vp K BEIRAE AL K FIK AR HE R, 2000, 20
(5): 13-16.

PENG Keshan. China water resource crisis in the 21th century[J].
Advances in Science and Technology of Water Resources, 2000, 20(5):
13-16.

[2] AMY Gary, GHAFFOUR Noreddine, LI Zhenyu, et al. Membrane—
based seawater desalination: present and future prospects[J].
Desalination, 2016, 401: 16-21.

[3] GAMBLER Adrian, BADREDDIN Essameddin. Dynamic modelling of
MSF plants for automatic control and simulation purposes: a survey[J].
Desalination, 2004, 166: 191-204.

[4] SAYYAADI Hoseyn, SAFFARI Arash. Thermoeconomic optimization
of multi effect distillation desalination systems[J]. Applied Energy,
2010, 87(4): 1122-1133.

[5] ZHOU Jianguo, SUN Zhenlong, CHEN Minggi, et al. Macroscopic and
mechanically robust hollow carbon spheres with superior oil adsorption
and light—to—heat evaporation properties[J]. Advanced Functional
Materials, 2016, 26(29): 5368-5375.

[6] LIU Zhejun, SONG Haomin, JI Dengxin, et al. Extremely cost—
effective and efficient solar vapor generation under nonconcentrated
illumination using thermally isolated black paper[J]. Global
Challenges, 2017, 1(2): 1600003.

[7] YANG Yang, ZHAO Ruiqi, ZHANG Tengfei, et al. Graphene—based

standalone solar energy converter for water desalination and

purification[J]. ACS Nano, 2018, 12(1): 829-835.

[8] HU Xiaozhen, XU Weichao, ZHOU Lin, et al. Tailoring graphene
oxide=based aerogels for efficient solar steam generation under one sun
[J]. Advanced Materials, 2017, 29(5): 1604031.

[9] SEO Donghan, PINEDA Shafique, WOO Yunchul, et al. Anti—fouling
graphene—based membranes for effective water desalination[J]. Nature
Communications, 2018, 9(1): 683.

[10] DONG  Yingchao, MA Lining, TANG Chuyang, et al. Stable
superhydrophobic  ceramic—based  carbon nanotube  composite
desalination membranes[J]. Nano Letters, 2018, 18(9): 5514-5521.

[11] SHAO Yue, JIANG Zhiping, ZHANG Yunjing, et al. All-poly(ionic
liquid) membrane-derived porous carbon membranes: scalable
synthesis and application for photothermal conversion in seawater
desalination[J]. ACS Nano, 2018, 12(11): 11704-11710.

[12] YEH Che Ning, RAIDONGIA Kalyan, SHAO Jiaojing, et al. On the
origin of the stability of graphene oxide membranes in water[J]. Nature
Chemistry, 2015, 7(2): 166-170.

[13] JOSHI R K, CARBONE P, WANG F C, et al. Precise and ultrafast
molecular sieving through graphene oxide membranes[]J]. Science,
2014, 343(6172): 752-754.

[14] YANG Lei, ZHONG Ding, ZHANG Jingyu, et al. Optical properties of
metal-molybdenum disulfide hybrid nanosheets and their application
for enhanced photocatalytic hydrogen evolution[J]. ACS Nano, 2014, 8
(7): 6979-6985.

[15] CAO Linyou, YU Yifei, HUANG Shengyang, et al. Layer—dependent
electrocatalysis of MoS, for hydrogen evolution[J]. Nano Letters, 2014,
14(2): 553-558.

[16] WU Jinzhu, LI Beibei, FENG Yaxiu, et al. Silicon quantum dot—
assisted synthesis of MoS,/rtGO sandwich structures with excellent
supercapacitive performance[]]. New Journal of Chemistry, 2019, 43
(22): 8660-8668.

[171 YANG M H, JEONG J M, HUH Y S, et al. High—performance
supercapacitor based on three—dimensional MoS,/graphene aerogel
composites|J]. Composites Science & Technology, 2015, 121: 123-128.

[18] PERKINS F K, FRIEDMAN A L, COBAS E, et al. Chemical vapor
sensing with mono layer MoS,[J]. Nano Letters, 2013, 13(2): 668-673.

[19] SARKAR Depanjan, MONDAL Biswajit, SOM Anirban, et al. Holey
MoS, nanosheets with photocatalytic metal rich edges by ambient
electrospray  deposition for solar water disinfection[]J]. Global
Challenges, 2018, 2(12): 1800052.

[20] ZHAN Weiquan, YUAN Yuan, YANG Binggqiao, et al. Construction of
MoS, nano—heterojunction via ZnS doping for enhancing in—situ
photocatalytic reduction of gold thiosulfate complex[J]. Chemical
Engineering Journal, 2020, 394: 124866-124875.

[21] YIN Huajie, ZHAO Shenlong, WAN Jiawei, et al. Three-dimensional
graphene/metal oxide nanoparticle hybrids for high—performance
capacitive deionization of saline water|J]. Advanced Materials, 2013,
25(43): 6270-6276.

[22] ZHANG Jing, FANG Jianhui, HAN Jinlong, et al. N, P, S co—doped
hollow carbon polyhedra derived from MOF-based core—shell
nanocomposites for capacitive deionization[J]. Materials for Energy and
Sustainability, 2018, 6(31): 15245-15252.

[23] TANG Wangwang, KOVALSKY Peter, CAO BAichuan, et al.
Investigation of fluoride removal from low—salinity groundwater by
single—pass  constant—voltage capacitive deionization[]]. ~Water
Research, 2016, 99: 112-121.

[24] ZHANG Changyong, HE Di, MA Jinxing, et al. Faradaic reactions in
capacitive deionization (CDI)—problems and possibilities: a review[J].
Water Research, 2018, 128: 314-330.



55 3 FHFSE . RS KRR B R - 1467 -

[25] HEMMATIFAR Ali, PALKO James W, STADERMANN Michael, et
al. Energy breakdown in capacitive deionization[J]. Water Research,
2016, 104: 303-311.

[26] ACERCE Muharrem, VOIRY Damine, CHHOWALLA Manishi.
Metallic 1T phase MoS, nanosheets as supercapacitor electrode
materials[J]. Nature Nanotechnology, 2015, 10(4): 313-318.

[27] JIA  Feifei, SUN Kaige, YANG Binggiao, et al. Defect-rich
molybdenum  disulfide as electrode for enhanced capacitive
deionization from water{J]. Desalination, 2018, 446: 21-30.

[28] WANG Qingmiao, JIA Feifei, SONG Shaoxian, et al. Hydrophilic MoS,/
polydopamine (PDA) nanocomposites as the electrode for enhanced
capacitive deionization[]J]. Separation and Purification Technology,
2020, 236: 116298-116306.

[29] XING Fei, LI Tao, LI Junye, et al. Chemically exfoliated MoS, for
capacitive deionization of saline water[J]. Nano Energy, 2017, 31:
590-595.

[30] HUANG Kejing, WANG Lan, LIU Yujie, et al. Layered MoS,~
graphene composites for supercapacitor applications with enhanced
capacitive performancel]]. International Journal of Hydrogen Energy,
2013, 38(32): 14027-14034.

[31] DAVID Lamuel, BHANDAVAT Romil, SINGH Gurpreet. MoS,/
graphene composite paper for sodium—ion battery electrodese[J]. ACS
Nano, 2014, 8(2): 1759-1770.

[32] PENG Weijun, WANG Wei, HAN Guihong, et al. Fabrication of 3D
flower=like MoS,/graphene composite as high—performance electrode
for capacitive deionization[J]. Desalination, 2020, 473: 114191.

[33] SRIMUK Pattarachai, LEE Juhan, FLEISCHMANN Simon, et al.
Faradaic deionization of brackish and sea water via pseudocapacitive
cation and anion intercalation into few—layered molybdenum disulfide
[J]. Journal of Materials Chemistry A, 2017, 5(30): 15640-15649.

[34] HAN Jinlong, YAN Tingting, SHEN Junjie, et al. Capacitive
deionization of saline water by using MoS,~graphene hybrid electrodes
with high volumetric adsorption capacity[J]. Environmental Science &
Technology, 2019, 53(21): 12668-12676.

[35] TIAN  Shichao, ZHANG Xihui, ZHANG Zhenghua. Capacitive
deionization with MoS,/g—C;N, electrodes[J]. Desalination, 2020, 479:
114348.

[36] WANG Zhongying, MI Baoxia. Environmental applications of 2D
molybdenum disulfide (MoS,) nanosheets[J]. Environmental Science &
Technolog, 2017, 51(15): 8229-8244.

[37] WANG  Zhongying, TU Qingsong, ZHENG Sunxiang, et al.
Understanding aqueous stability and filtration capability of moS,
membranes|]]. Nano Letters, 2017, 17(12): 7289-7298.

[38] HEIRANIAN Mohammad, FARIMANI Amir Barati, ALURU Narayana
R. Water desalination with a single=layer MoS, nanopore[J]. Scientific
Reports, 2015, 6: 8616.

[39] LARSON R E, CADOTTE J E, PETERSEN R J. The FT-30 seawater
reverse osmosis membrane—element test results[J]. Desalination,
1981, 38: 473-483.

[40] RADISAVLJEVIC B, RADENOVIC A, BRIVIO J, et al. Single-layer
MoS, transistors[J]. Nature Nanotechnology, 2011, 6(3): 147-150.

[41] BERTOLAZZI Simone, BRIVIO Jacopo, KIS Andras. Stretching and
breaking of ultrathin MoS,[J]. ACS Nano, 2011, 5(12): 9703-9709.

[42] LI Weifeng, YANG Yanmei, JEFFREY K, et al. Tunable, strain—
controlled nanoporous MoS, filter for water desalination[J]. ACS nano,
2016, 10(2): 1829-1835.

[43] KOU Jianlong, YAO Jun, WU Lili, et al. Nanoporous two—dimensional
MoS, membranes for fast saline solution purification[J]. Physical
Chemistry Chemical Physics, 2016, 18(32): 22210-22216.

[44] LIU Yunhui, BO Wang, LI Ersong, et al. The preparation of a
strawberry=like ~super—hydrophilic surface on the molybdenum
substrate[J]. Colloids & Surfaces A, 2012, 404: 52-55.

[45] LI Hao, KO Taejun, LEE Myeongsang, et al. Experimental realization
of few layer 2D MoS, membranes of near atomic thickness for high
efficiency water desalination[J]. Nano Letters, 2019, 19(8): 5194-5204.

[46] ZHANG Chao, HU Dengfeng, XU Jingwei, et al. Polyphenol-assisted
exfoliation of transition metal dichalcogenides into nanosheets as
photothermal nanocarriers for enhanced antibiofilm activity[J]. ACS
Nano, 2018, 12(12): 12347-12356.

[47] ABDIKHEIBARI Sara, LEI Weiwei, DUMEE Ludovic F, et al. Novel
thin film nanocomposite membranes decorated with few=layered boron
nitride nanosheets for simultaneously enhanced water flux and organic
fouling resistance[J]. Applied Surface Science, 2019, 488: 565-577.

[48] LI Yi, YANG Shishi, ZHANG Kaisong, et al. Thin film nanocomposite
reverse osmosis membrane modified by two dimensional laminar MoS,
with  improved desalination performance and fouling-resistant
characteristics[]]. Desalination, 2019, 454: 48-58.

[49] HILAL N, AL-ZOUBI H, DARWISH N A, et al. A comprehensive
review of nanofiltration membranes: treatment, pretreatment,
modelling, and atomic force microscopy[J]. Desalination, 2004, 170(3):
281-308.

[50] MOHAMMAD A W, TEOW Y H, ANG W L, et al. Nanofiltration
membranes review: recent advances and future prospects[]].
Desalination, 2015, 356: 226-254.

[51] ZHANG Hao, TAYMAZOV Dovletjan, LI Mengping, et al.
Construction of MoS, composite membranes on ceramic hollow fibers
for efficient water desalination[J]. Journal of Membrane Science, 2019,
592: 117369.

[52] HIRUNPIN Wisit, PRESTAT Eric, WORRALL Stephen D, et al.
Desalination and nanofiltration through functionalized laminar MoS,
membranes[J]. ACS Nano, 2017, 11(11): 11082-11090.

[53] ZHAO Dieling, CHEN Shucheng, WANG Peng, et al. A dendrimer—
based forward osmosis draw solute for seawater desalination|]].
Industrial Engineering Chemistry Research, 2014, 53(42): 16170-
16175.

[54] BUI Nhu Ngoc, MCCUTCHEON Jeffrey R. Hydrophilic nanofibers as
new supports for thin film composite membranes for engineered
osmosis[J]. Environmental Science & Technology, 2012, 47(3): 1761~
1769.

[55] LIU Caihong, LEE Jongho, MA Jun, et al. Antifouling thin—film
composite membranes by controlled architecture of zwitterionic
polymer brush layer[J]. Environmental Science & Technology, 2017, 51
(4): 2161-2169.

[56] LI Mengna, SUN Xuefei, WANG Lin, et al. Forward osmosis
membranes modified with laminar MoS, nanosheet to improve
desalination performance and antifouling properties[J]. Desalination,
2018, 436: 107-113.

[57] HEDAYATI Mehdi Keshavarz, ABDELAZIZ Moheb, ETRICH
Christoph, et al. Broadband anti-reflective coating based on plasmonic
nanocomposite[J]. Materials, 2016, 9(8): 636.

[58] HEDAYATI Mehdi Keshavarz, ELBAHRI Mady. Antireflective
coatings: conventional stacking layers and ultrathin plasmonic
metasurfaces, a mini—review[J]. Materials, 2016, 9(6): 497.

[59] CAI Jinguang, QI Limin. Recent advances in antireflective surfaces
based on nanostructure arrays[J]. Materials Horizons, 2015, 2(1):
37-53.

[60] JUN Youngshin, WU Xuanhao, GHIM Deoukchen, et al. Photothermal

membrane water treatment for two worlds[J]. Accounts of Chemical



1468 - 1k T

it i 2021 455 40 45

Research, 2019, 52(5): 1215-1225.

[61] WANG Peng. Emerging investigator series: the rise of nano—enabled
photothermal materials for water evaporation and clean water
production by sunlight[J]. Environmental Science: Nano, 2018, 5(5):
1078-1089.

[62] ZHU Liangliang, GAO Minmin, PEH Connor Kang Nuo. Solar-driven
photothermal nanostructured materials designs and prerequisites for
evaporation and catalysis applications[J]. Materials Horizons, 2018, 5
(3): 323-343.

[63] GAO Minmin, ZHU Liangliang, PEH Connor Kangnuo, et al. Solar
absorber material and system designs for photothermal water
vaporization towards clean water and energy production[J]. Energy &
Environmental Science, 2019, 12(3): 841-864.

[64] ZHANG Gang, ZHANG Yongwei. Thermal properties of two—
dimensional materials[J]. Chinese Physics B, 2017, 23(3): 034401.

[65] ZHANG Lianbin, TANG Bo, WU Jinbo, et al. Hydrophobic light—to—
heat conversion membranes with self-healing ability for interfacial
solar heating[J]. Advanced Materials, 2015, 27(33): 4889-4894.

[66] YANG Xiangdong, YANG Yanbing, FU Linna, et al. An ultrathin
flexible 2D membrane based on single-walled nanotube-MoS, hybrid
film for high—performance solar steam generation[J]. Advanced
Functional Materials, 2017, 28(3): 1704505.

[67] # T*UL . 44 K 3 <63 8 S Ak 13 0 4 K FH BEDL A IR B AL AT 5T
[D]. i AR, 2019,

CHANG Yuhong. Nano transition metal chalcogen compounds for solar
steam generation[D]. Jinan: Shandong University, 2019.

[68] WANG Qingmiao, JIA Feifei, HUANG Anhua, et al. MoS,@sponge
with double layer structure for high—efficiency solar desalination[J].
Desalination, 2020, 481: 114359-114365.

[69] GUO Zhenzhen, WANG Gang, MING Xin, et al. PEGylated self-
growth MoS, on cotton cloth substrate for high—efficiency solar energy
utilization[J]. ACS Applied Materials & Interfaces, 2018, 10(29):
24583-24589.

[70] WANG Qingmiao, GUO Qijing, JIA Feifei, et al. Facile preparation of

3D MoS, aerogels for highly efficient solar desalination[]]. ACS
Applied Materials & Interfaces, 2020, 12(29): 32673-32680.

[71] GHIM Deoukchen, JIANG Qisheng, CAO Sisi, et al. Mechanically
interlocked 1T/2H phases of MoS, nanosheets for solar thermal water
purification[J]. Nano Energy, 2018, 53: 949-957.

[72] VRIJENHOEK Eric M, HONG Seungkwan, ELIMELECH Menachem.
Influence of membrane surface properties on initial rate of colloidal
fouling of reverse osmosis and nanofiltration membranes[J]. Journal of
Membrane Science, 2001, 188(1): 115-128.

[73] JIANG Qisheng, TIAN Limei, LIU Kengku, et al. Bilayered biofoam for
highly efficient solar steam generation[J]. Advanced Materials, 2016,
28(42): 9400-9407.

[74] YU Shengtao, ZHANG Yao, DUAN Haoze, et al. The impact of surface
chemistry on the performance of localized solar—driven evaporation
system[J]. Scientific reports, 2015, 5: 13600.

[75] LI Xiugiang, XU Weichao, TANG Mingyao, et al. Graphene oxide—
based efficient and scalable solar desalination under one sun with a
confined 2D water path[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2016, 113(49): 13953—
13958.

[76] CHEN Rong, WANG Xun, GAN Qimao, et al. A bifunctional MoS,~
based solar evaporator for both efficient water evaporation and clean
freshwater collection[J]. Journal of Materials Chemistry A, 2019, 7(18):
11177-11185.

[77] ZHANG Lei, MU Li, ZHOU Qixing, et al. Solar—assisted fabrication of
dimpled 2H-MoS, membrane for highly efficient water desalination[J].
Water Research, 2020, 170: 115367.

[78] LI Weigu, TEKELL Marshall C, HUANG Yun, et al. Synergistic high—
rate solar steaming and mercury removal with MoS,/C@polyurethane
composite sponges[J]. Advanced Energy Materials, 2018, 8(32):
1802108.

[79] WANG Qingmiao, QIN Yi, JIA Feifei, et al. Magnetic MoS, nanosheets
as recyclable solar—absorbers for high—performance solar steam
generation[J]. Renewable Energy, 2020, 163: 146-153.



	031_29-�åÛU2020-0770_ívo_H

