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Figure 1 (Color online) Oil/water separation carbon-based mem-
branes, including five parts: Superhydrophobic carbon-based separation
membranes, superhydrophilic carbon-based separation membranes,
Janus carbon-based separation membranes, smart carbon-based separa-
tion membranes and multi-functional carbon-based separation mem-
branes
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Figure 2 (Color online) The preparation of superhydrophobic polymer functionalized carbon-based membranes and their separation performance for
oil/water mixture. (a) The preparation process of the polyfluoroacrylic acid functionalized carbon-based filmP®, (b), (c) Photographs and SEM images
of the graphene oxide film and reduced grapheme oxide film, respectively[57]. (d) SEM images of GO/PDMS film and the water and oil contact angle on
the GO/PDMS film in air. (e), (f) The permeation mechanism of oil and water on the surface of the GO/PDMS film (0,, and 6, are the water and oil
contact angles on the GE surface, F,, and F, are the water and oil interfacial forces, F o, and Fy, are the resultant total interface forces within a
curvature for water and oil, respectively). (g) Photograph of the GO/PDMS composite films before and after oil/water separation[sg]
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Figure 3 (Color online) The preparation of superhydrophilic polymer functionalized carbon-based membranes and their oil/water emulsion separation
performance. (a) The schematic diagram of the preparation process of the PEI@CNT composite membrane’", (b) The schematic illustration for the
fabrication of PVA@CNT membranes' . (c) The diagrammatic Sketch of the design of the PDA/RGO membranes and its oil/water separation[m. (d)
The schematic illustration of the chemical interaction force between PGS and GO, and its separation for oil/water emulsion” "
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Figure 4 (Color online) Diagrammatic sketch of the preparation of the smart polymer functionalized carbon-based membranes and its separation
performance for oil/water emulsions. (a) Schematic description for the construction of the AuNRs/pNIPAm-co-AAm/SWCNT ultrathin membrane”™.
(b) The SEM and the XPS of the AuNRs/pNIPAm-co-AAm/SWCNT membrane. (c) The digital photograph of the AuNRs/pNIPAm-co-AAm/SWCNT
membrane after being bent. (d) The separation flux and the efficiency of the AuNRs/pNIPAm-co-AAm/SWCNT membrane under light off and light on
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Figure 5 (Color online) Carbon-based membranes with the ability of self-cleaning and oil-in-water emulsion separation. (a) SEM image of the GE-
TiO, membrane"!. (b) TEM image of GE-TiO, membrane. (c), (d) The WCA in air and the oil CA underwater of the GE-TiO, membrane. (¢) Schematic
illustration of the GE-TiO, membrane for oil/water separation. (f) WCA change of the GE-TiO, membrane before and after UV irradiation. (g) The
schematic illustration of the preparation of GO/g-C;N,@TiO, membranes””. (h) The permeation flux of the GO/g-CsN,@TiO, membranes. (i) Oil CA
underwater after being fouled by oil and subsequently irradiation by light of GO/g-C;N,@TiO, membrane (up) and GO membrane (down)
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Figure 7 (Color online) Carbon-based membranes with the ability of noble metals recover and oil-in-water emulsion separation. (a), (b) The
wettability of the CNTs/PAH membranes for water and oil in air, and the oil wettability of the CNTs/PAH membranes underwater. (c) Photograph of the
separation of the CNTs/PAH membrane for oil-in-water emulsion separation and the extraction of Au ions. (d) The sizes distribution of oil droplets
before and after oil-in-water separation. (¢) SEM image of the CNTs/PAH hybrid membrane after extracting AuNPs. (f), (g) Schematic illustration of

selective recovery of different metal ions and the uptake capacity of hybrid membrane for metal ions. (h) The optical micrographs and sizes distribution
of oil droplets before and after the separation of CNTs/PAH membrane for oil-in-water emulsions after AuNPs being extracted””

. W ROULZE KA, IR ER SR B e 40 A 2
IRVES BERRIA IR DL S A R O LS5 R, AN AT
DA 5543 B8 2 T 5 P 7R RS i K LR (B 7(e), (d)),
[J s A8 TT DA 42 DA S K LT e e [ i B 4 5 7,
I A R 4 AR ST 7 28 T AR A 2R 11 (1K1 7 (e)).
T S 5 [ S R AN ], BT3RS i o 4
R IFOR H A AN [ RS R ICRE 77, D BT 3R A5 19
CNTs/PAHKE G BX] 4 & B Wi AT e 8i k. 1)
. KEN/NRGT 2 EA KR, WAgNPs, PtNPs,
PANPsLAAuNPSTEZ I AE AL, TiCu™, Ni*', Fe'', Zn* |
VA B AR R AR 7(), (2)). Hob, Rifs

2326

/NT10 nmBEE BAUKRL T HAT R B IhEE, W LA
2B I T T A LTS G (17 (hy), AT
BENLATSIRTE SRaiaBihiG Bk H Y.

6 LAGSNIERL

ARSCAETHURAS T w701 DI RE AL BRI M A K Bt i
IT I BT RIS BHF T AR Z 4R 3L R
503, WK Iy B AT RS A B S T AR R
A ARUR, S PRI DT TR A A AR PR
(1) MBI R FRTZRAS A/ 7K o0 B R B i
FREB ROTR/IN, FF AN T Ml RS 4 v A g



JERYRAR SR LS. (2) BRIS G 2R
b, Al R B KIS K RGRRL, H
XA 5 S B 1 e 28 P R o 2 RS e AR ], X
He BELIE AL BRI ER R T A5 A T S B SRR A5 . 55
Gb, WA A At 2 -t 2 7 IR T R P S A A T
Wb SEIE, SRR AT GURR, Had il i 2R I
AR SR L BT RS, o B SR R e, X R T
TAVR R ZE. (3) FEtEZEME, KRR
HEE B4 1 2 RE BRI EL R A KA 2 AR A T 1

ZUANIK Y B IS R ARA G Ol W RO RIIR, 3L
T EENEITES. (4) DIREMES—EE. Sl Ko
o3k, HAUS Ak & A b Z Ry SR,
FI AR 22 X S A 1 T S 56 % P 70 B KR
EYER L, (EANE FH T TR P S BR EE B
155, R, BT SEBR IR 22 D REPE RO BB DI Y
SRR JE AR — PSR T 2 . AR R
LRSS SR, R Bk e T 7 P 81 53 R K A BT
PErR, DX F AR IR R (4 T 4H.

RPN

1

Wang B, Liang W, Guo Z, et al. Biomimetic super-lyophobic and super-lyophilic materials applied for oil/water separation: A new strategy beyond
nature. Chem Soc Rev, 2015, 44: 336-361

2 Gel,Zhao HY, Zhu H W, et al. Advanced sorbents for oil-spill cleanup: Recent advances and future perspectives. Adv Mater, 2016, 28: 10459—-10490
3 LiFR, Wang Z R, Zhao X Z, et al. Selective superwettability: Flexible, durable, and unconditioned superoleophobic/superhydrophilic surfaces for
controllable transport and oil-water separation. Adv Funct Mater, 2018, 28: 70136
4 Cao G, Zhang W, Jia Z, et al. Dually prewetted underwater superoleophobic and under oil superhydrophobic fabric for successive separation of
light oil/water/heavy oil three-phase mixtures. ACS Appl Mater Interfaces, 2017, 9: 36368-36376
5 Vidyasagar A, Handore K, Sureshan K M. Soft optical devices from self-healing gels formed by oil and sugar-based organogelators. Angew Chem
Int Ed, 2011, 50: 8021-8024
6 Gupta S, Tai N H. Carbon materials as oil sorbents: A review on the synthesis and performance. J] Mater Chem A, 2016, 4: 1550-1565
7 MaQ, Cheng H, Fane A G, et al. Recent development of advanced materials with special wettability for selective oil/water separation. Small, 2016,
12: 2186-2202
8 Shi Z, Zhang W, Zhang F, et al. Ultrafast separation of emulsified oil/water mixtures by ultrathin free-standing single-walled carbon nanotube
network films. Adv Mater, 2013, 25: 2422-2427
9 FengL, Zhang Z'Y, Zhu D, et al. A super-hydrophobic and super-oleophilic coating mesh film for the separation of oil and water. Angew Chem Int
Ed, 2004, 43: 2012-2014
10 Kollarigowda R H, Abraham S, Montemagno C D. Antifouling cellulose hybrid biomembrane for effective oil/water separation. ACS Appl Mater
Interfaces, 2017, 9: 29812-29819
11 Yong J, Chen F, Yang Q, et al. Oil-water separation: A gift from the desert. Adv Mater Interfaces, 2016, 3: 1500650
12 Zhang Y L, Xia H, Kim E, et al. Recent developments in superhydrophobic surfaces with unique structural and functional properties. Soft Matter,
2012, 8: 11217-11231
13 Yuan L, Dai J, Fan X, et al. Self-cleaning flexible infrared nanosensor based on carbon nanoparticles. ACS Nano, 2011, 5: 4007-4013
14 Chen Z, Dong L, Yang D, et al. Superhydrophobic graphene-based materials: Surface construction and functional applications. Adv Mater, 2013,
25: 5352-5359
15 Zhu J, Hsu C M, Cui Y, et al. Nanodome solar cells with efficient light management and self-cleaning. Nano Lett, 2010, 10: 1979—1984
16 WeiY, Qi H, Gong X, et al. Specially wettable membranes for oil-water separation. Adv Mater Interfaces, 2018, 5: 1800576
17 Gao S J, Zhu Y Z, Zhang F, et al. Superwetting polymer-decorated SWCNT composite ultrathin films for ultrafast separation of oil-in-water
nanoemulsions. J Mater Chem A, 2015, 3: 2895-2902
18 Wang X L, Pan Y M, Liu X H, et al. Facile thermally impacted water-induced phase separation approach for the fabrication of skin-free
thermoplastic polyurethane foam and its recyclable counterpart for oil-water separation. Macromol Rapid Commun, 2018, 39: 635
19 Peng H, Wang H, Wu J, et al. Preparation of superhydrophobic magnetic cellulose sponge for removing oil from water. Ind Eng Chem Res, 2016,
55: 832-838
20 Xu L, Xiao G, Chen C, et al. Superhydrophobic and superoleophilic graphene aerogel prepared by facile chemical reduction. J Mater Chem A,
2015, 3: 7498-7504
21 Zhu H, Chen D, An W, et al. A robust and cost-effective superhydrophobic graphene foam for efficient oil and organic solvent recovery. Small,
2015, 11: 5222-5229
22

LiJ, Li J, Meng H, et al. Ultra-light, compressible and fire-resistant graphene aerogel as a highly efficient and recyclable absorbent for organic

2327



4% b B 2095688 Hoesks F2H

23

24

25
26

27

28

29

30

31

32

33

34
35

36

37

38

39

40

41
4

43

44

45

46

47

48
49

liquids. J Mater Chem A, 2014, 2: 2934-2941

Zeng X, McCarthy D T, Deletic A, et al. Silver/reduced graphene oxide hydrogel as novel bactericidal filter for point-of-use water disinfection.
Adv Funct Mater, 2015, 25: 43444351

Cheng Q Y, An X P, Li Y D, et al. Sustainable and biodegradable superhydrophobic coating from epoxidized soybean oil and ZnO nanoparticles on
cellulosic substrates for efficient oil/water separation. ACS Sustain Chem Eng, 2017, 5: 11440-11450

Sun H, Xu Z, Gao C. Multifunctional, ultra-flyweight, synergistically assembled carbon aerogels. Adv Mater, 2013, 25: 2554-2560

Zhou X, Zhang Z, Xu X, et al. Robust and durable superhydrophobic cotton fabrics for oil/water separation. ACS Appl Mater Interfaces, 2013, 5:
7208-7214

Zhu Q, Chu Y, Wang Z, et al. Robust superhydrophobic polyurethane sponge as a highly reusable oil-absorption material. ] Mater Chem A, 2013,
1: 53865393

Zhao Y, Miao X, Lin J, et al. A hierarchical and gradient structured supersorbent comprising three-dimensional interconnected porous fibers for
efficient oil spillage cleanup. J Mater Chem A, 2016, 4: 9635-9643

Wang Z X, Lau C H, Zhang N Q, et al. Mussel-inspired tailoring of membrane wettability for harsh water treatment. J Mater Chem A, 2015, 3:
2650-2657

Wang F, Lei S, Xue M, et al. Superhydrophobic and superoleophilic miniature device for the collection of oils from water surfaces. J Phys Chem C,
2014, 118: 6344-6351

Guan L Z, Zhao L, Wan Y J, et al. Three-dimensional graphene-based polymer nanocomposites: Preparation, properties and applications.
Nanoscale, 2018, 10: 1478814811

Luo Z Y, Chen K X, Wang Y Q, et al. Superhydrophilic nickel nanoparticles with core-shell structure to decorate copper mesh for efficient oil/
water separation. J Phys Chem C, 2016, 120: 12685-12692

Luo Z Y, Lyu S S, Wang Y Q, et al. Fluorine-induced superhydrophilic Ti foam with surface nanocavities for effective oil-in-water emulsion
separation. Ind Eng Chem Res, 2017, 56: 699-707

Sun J Y, Zhao X, Illeperuma W R K, et al. Highly stretchable and tough hydrogels. Nature, 2012, 489: 133-136

Huang K T, Yeh S B, Huang C J. Surface modification for superhydrophilicity and underwater superoleophobicity: Applications in antifog,
underwater self-cleaning, and oil-water separation. ACS Appl Mater Interfaces, 2015, 7: 21021-21029

Zhang E, Cheng Z J, Liu Y, et al. Anti-corrosive hierarchical structured copper mesh film with superhydrophilicity and underwater low adhesive
superoleophobicity for highly efficient oil-water separation. J] Mater Chem A, 2015, 3: 13411-13417

Liu Z, Qin D, Zhao J, et al. Efficient oil/water separation membrane derived from super-flexible and superhydrophilic core-shell organic/inorganic
nanofibrous architectures. Polymers, 2019, 11: 974-987

Lin X, Chen Y, Liu N, et al. In situ ultrafast separation and purification of oil/water emulsions by superwetting TiO, nanocluster-based mesh.
Nanoscale, 2016, 8: 8525-8529

Wang Z J, Lehtinen M, Liu G J, et al. Universal Janus filters for the rapid separation of oil from emulsions stabilized by ionic or nonionic
surfactants. Angew Chem Int Ed, 2017, 56: 12892—12897

Song Y Y, Zhou J J, Wang S T, et al. Hydrophilic/oleophilic magnetic Janus particles for the rapid and efficient oil-water separation. Adv Funct
Mater, 2018, 28: 1802493

Che H, Huo M, Peng L, et al. CO,-responsive nanofibrous membranes with switchable oil/water wettability. Angew Chem Int Ed, 2015, 54: 8934-8938
FuY, Jin B, Zhang Q, et al. pH-induced switchable superwettability of efficient antibacterial fabrics for durable selective oil/water separation. ACS
Appl Mater Interfaces, 2017, 9: 30161-30170

Yang J, Loh X J, Li Z B, et al. pH-responsive poly(dimethylsiloxane) copolymer decorated magnetic nanoparticles for remotely controlled oil-in-
water nanoemulsion separation. Macromol Rapid Commun, 2018, 40: 1800013

Gao S J, Shi Z, Zhang W B, et al. Photoinduced superwetting single-walled carbon nanotube/TiO, ultrathin network films for ultrafast separation of
oil-in-water emulsions. ACS Nano, 2014, 8: 6344-6352

Li F R, Wang Z R, Zhao X Z, et al. Flexible, durable, and unconditioned superoleophobic/superhydrophilic surfaces for controllable transport and
oil-water separation. Adv Funct Mater 2018, 28: 201706867

Xue B, Gao L, Hou Y, et al. Temperature controlled water/oil wettability of a surface fabricated by a block copolymer: Application as a dual water/
oil on-off switch. Adv Mater, 2013, 25: 273-277

Fang W, Liu L, Guo G. Tunable wettability of electrospun polyurethane/silica composite membranes for effective separation of water-in-oil and
oil-in-water emulsions. Chem Eur J, 2017, 23: 11253-11260

LiuN, Cao Y, Lin X, et al. A facile solvent-manipulated mesh for reversible oil/water separation. ACS Appl Mater Interfaces, 2014, 6: 12821-12826
Zhu'Y Z, Wang J L, Jin J, et al. Zwitterionic nanohydrogel grafted PVDF membranes with comprehensive antifouling property and superior cycle

stability for oil-in-water emulsion separation. Adv Funct Mater, 2018, 28: 1804121

2328



50

51

52
53

54

55

56

57

58

59
60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76
77

Chen F, Lu Y, Parkin P, et al. Oil/water separation: Table salt as a template to prepare reusable porous PVDF-MWCNT foam for separation of
immiscible oils/organic solvents and corrosive aqueous solutions. Adv Funct Mater, 2017, 27: 1702926

Meng F N, Zhang M Q, Ding K, et al. Cell membrane mimetic PVDF microfiltration membrane with enhanced antifouling and separation
performance for oil/water mixtures. J Mater Chem A, 2018, 6: 3231-3241

Liu X, Xu Y, Ben K, et al. Transparent, durable and thermally stable PDMS-derived superhydrophobic surfaces. Appl Surf Sci, 2015, 339: 94-101
Huang T C, Li P, Sue H J, et al. Highly efficient oil-water separators based on dual superhydrophobic and superoleophilic properties of multiwall-
carbon nanotube filtration films. RSC Adv, 2016, 6: 12431-12434

Jiang Y, Biswas P, Fortner J D. A review of recent developments in graphene-enabled membranes for water treatment. Environ Sci-Water Res
Technol, 2016, 2: 915-922

Yin Y, Li H, Zhu L, et al. A durable mesh decorated with polydopamine/graphene oxide for highly efficient oil/water mixture separation. Appl Surf
Sci, 2019, 479: 351-359

Asthana A, Maitra T, Poulikakos D, et al. Multifunctional superhydrophobic polymer/carbon nanocomposites: Graphene, carbon nanotubes, or
carbon black? ACS Appl Mater Interfaces, 2014, 6: 8859—-8867

Yang S, Kang J H, Park C R, et al. Preparation of a freestanding, macroporous reduced graphene oxide film as an efficient and recyclable sorbent
for oils and organic solvents. J] Mater Chem A, 2013, 1: 9427-9432

Feng C F, Yi Z F, Kong L X, et al. Superhydrophobic and superoleophilic micro-wrinkled reduced graphene oxide as a highly portable and
recyclable oil sorbent. ACS Appl Mater Interfaces, 2016, 8: 9977—9985

Shin J H, Heo J H, Jeon S, et al. Bio-inspired hollow PDMS sponge for enhanced oil-water separation. J Hazard Mater, 2019, 365: 494-501
Gong T, Kim J, Woo J Y, et al. Fabrics coated with hot-iron-treated graphene oxide for a self-cleaning and mechanically robust water-oil separation
material. RSC Adv, 2017, 7: 2579625802

Chen J, Li K, Zhang H, et al. Highly efficient and robust oil/water separation materials based on wire mesh coated by reduced graphene oxide.
Langmuir, 2017, 33: 9590-9597

Gu J, Xiao P, Chen J, et al. Robust preparation of superhydrophobic polymer/carbon nanotube hybrid membranes for highly effective removal of
oils and separation of water-in-oil emulsions. J Mater Chem A, 2014, 2: 15268-15272

Gu J, Xiao P, Huang Y, et al. Controlled functionalization of carbon nanotubes as superhydrophobic material for adjustable oil/water separation. J
Mater Chem A, 2015, 3: 4124-4128

Lin X D, Choi M, Hong J, et al. Cobweb-inspired superhydrophobic multiscaled gating membrane with embedded network structure for robust
water-in-oil emulsion separation. ACS Sustain Chem Eng, 2017, 5: 3448—3455

Chen Y, L. Wang N, Jiang L, et al. A Co,0, nano-needle mesh for highly efficient, high-flux emulsion separation. J Mater Chem A, 2016, 4: 12014—-12019
Han Y, Xu Z, Gao C. Ultrathin graphene nanofiltration membrane for water purification. Adv Funct Mater, 2013, 23: 3693-3700

Dong Y, Li J, Shi L, et al. Underwater superoleophobic graphene oxide coated meshes for the separation of oil and water. Chem Commun, 2014,
50: 5586-5589

Yoon H, Na S H, Choi J Y, et al. Gravity-driven hybrid membrane for oleophobic-superhydrophilic oil-water separation and water purification by
graphene. Langmuir, 2014, 30: 11761-11769

Liu Y Q, Zhang Y L, Sun H B, et al. Bioinspired underwater superoleophobic membrane based on a graphene oxide coated wire mesh for efficient
oil/water separation. ACS Appl Mater Interfaces, 2015, 7: 20930—20936

Huang Y, Wang L, Yu M, et al. Ultrafiltration membranes with structure-optimized graphene-oxide coatings for antifouling oil/water separation.
Adv Mater Interfaces, 2015, 2: 1400433

Liu Y, Su Y, Cao J, et al. Synergy of the mechanical, antifouling and permeation properties of a carbon nanotube nanohybrid membrane for
efficient oil/water separation. Nanoscale, 2017, 9: 7508-7518

Liu Y, Su 'Y, Guan J, et al. Asymmetric aerogel membranes with ultrafast water permeation for the separation of oil-in-water emulsion. ACS Appl
Mater Interfaces, 2018, 10: 2654626554

Liu N, Zhao M, Wei Y, et al. Ultralight free-standing reduced graphene oxide membranes for oil-in-water emulsion separation. J] Mater Chem A,
2015, 42: 20113-20117

Zhao X, Su'Y, Liu Y, et al. Free-standing graphene oxide-palygorskite nanohybrid membrane for oil/water separation. ACS Appl Mater Interfaces,
2016, 8: 8247-8256

Huang T F, Zhang L, Gao C J, et al. Sol-gel fabrication of a non-laminated graphene oxide membrane for oil/water separation. J Mater Chem A,
2015, 3: 19517—-19524

Fujii S, Kappl M, Butt H J, et al. Soft Janus colloidal crystal film. Angew Chem Int Ed, 2012, 51: 9809-9813

Zhang H, Hao R, Jackson J K, et al. Janus ultrathin film from multi-level self-assembly at air—water interfaces. Chem Commun, 2014, 50: 14843—
14846

2329



8 & 20194688 64k %228

78

79

80

81

82

83

84

85

86

87
88

89
90

91

92

93

94
95

96

97

98

99

Yun J, Khan F A, Baik S. Janus graphene oxide sponges for high-purity fast separation of both water-in-oil and oil-in-water emulsions. ACS Appl
Mater Interfaces, 2017, 9: 16694-16703

Gu J, Xiao P, Chen J, et al. Janus polymer/carbon nanotube hybrid membranes for oil/water separation. ACS Appl Mater Interfaces, 2014, 6:
16204-16209

Hu L, Gao S, Zhu Y, et al. An ultrathin bilayer membrane with asymmetric wettability for pressure responsive oil/water emulsion separation. J
Mater Chem A, 2015, 3: 23477-23482

Jiang Y, Hou J, Xu J, et al. Switchable oil/water separation with efficient and robust Janus nanofiber membranes. Carbon, 2017, 115: 477485
Yang H C, Hou J, Chen V, et al. Janus membranes: Exploring duality for advanced separation. Angew Chem Int Ed, 2016, 55: 13398-13407
An Y P, Yang J, Yang H C, et al. Janus membranes with charged carbon nanotube coatings for deemulsification and separation of oil-in-water
emulsions. ACS Appl Mater Interfaces, 2018, 10: 9832-9840

Hu L, Gao S, Ding X, et al. Photothermal-responsive single-walled carbon nanotube-based ultrathin membranes for on/off switchable separation of
oil-in-water nanoemulsions. ACS Nano, 2015, 9: 48354842

Abraham S, Kumran S K, Montemagno C D, et al. Gas-switchable carbon nanotube/polymer hybrid membrane for separation of oil-in-water
emulsions, RSC Adv, 2017, 7: 39465-39470

HuJ W, Li HF, Dong J F, et al. Development of highly efficient oil-water separation carbon nanotube membranes with stimuli-switchable fluxes.
ACS Omega, 2018, 3: 6635—6641

Tong H, Ouyang S, Bi Y, et al. Nano-photocatalytic materials: Possibilities and challenges. Adv Mater, 2012, 24: 229-251

Hisatomi T, Kubota J, Domen K. Recent advances in semiconductors for photocatalytic and photoelectrochemical water splitting. Chem Soc Rev,
2014, 43: 7520-7535

Ghosh S, Manna L. The many “facets” of halide ions in the chemistry of colloidal inorganic nanocrystals. Chem Rev, 2018, 118: 7804-7864
Huang J, Lai Y, Wang L, et al. Controllable wettability and adhesion on bioinspired multifunctional TiO, nanostructure surfaces for liquid
manipulation. J Mater Chem A, 2014, 2: 18531-18538

Dong X, Cheng F. Recent development in exfoliated two-dimensional g-C;N, nanosheets for photocatalytic applications. J Mater Chem A, 2015, 3:
23642-23652

Gao P, Liu Z, Sun D D, et al. The efficient separation of surfactant-stabilized oil-water emulsions with a flexible and superhydrophilic graphene—
TiO, composite membrane. J Mater Chem A, 2014, 2: 14082-14088

Liu Y, Su Y, Guan J, et al. 2D heterostructure membranes with sunlight-driven self-cleaning ability for highly efficient oil-water separation. Adv
Funct Mater, 2018, 28: 1706545

Xiu Z, Zhang Q, Puppala H L, et al. Negligible particle-specific antibacterial activity of silver nanoparticles. Nano Lett, 2012, 12: 4271-4275
Gu J, Xiao P, Zhang L, et al. Construction of superhydrophilic and under-water superoleophobic carbon-based membranes for water purification.
RSC Adv, 2016, 6: 73399-73403

Li F, Yu Z, Shi H, et al. A Mussel-inspired method to fabricate reduced graphene oxide/g-C;N, composites membranes for catalytic decomposition
and oil-in-water emulsion separation. Chem Eng J, 2017, 322: 3345

Zhang L, Gu J, Song L, et al. Underwater superoleophobic carbon nanotubes/core-shell polystyrene@Au nanoparticles composite membrane for
flow-through catalytic decomposition and oil/water separation. J Mater Chem A, 2016, 4: 10810-10815

Yan L K, Zhang G, Chen T, et al. Robust construction of underwater superoleophobic CNTs/nanoparticles multifunctional hybrid membranes via
interception effect for oily wastewater purification. J Mater Sci, 2019, 569: 32—40

Zhang L, Zha X, Zhang G, et al. Designing a reductive hybrid membrane to selectively capture noble metallic ions during oil/water emulsion
separation with further function enhancement. J Mater Chem A, 2018, 6: 10217-10225

#hFErt Rt

BEIST B o 23T DI LB SE  E B Ak oy ) B R LR s

BEIS2 oK P i 3 I D) R AR R A i) i i G Tl K 23 B P

EIS3  HA7 JanusB5 R 125 20T W D REALARIE ST A K

EIS4  H AT JanusB5H (i1 731 S BE AR B A2 75 Wi S ) il g5 S LAtk 23 s PR RE
BlSs  HATHEALREARFIIN K 23 2 PERE IR I 25 70 12 G Wb et

AR SCUL b AR FE AR WL IR 45 M esb.scichina.com. #h 75 4 4 E & $2 4k R 46 204, 1R 3 R B fo A 5%

2330



S

Summary for “ . 4ERRIEM T H w4 7 2 A AR SRR o 2 P RE I S R

Recent advance of two-dimensional carbon-based films and
their polymer functionalized membranes for oil/water
separation

Jincui Gu, Lei Zhang, Jiawel Zhang* & Tao Chen’

Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China
* Corresponding authors, Email: zhangjiawei@nimte.ac.cn; tao.chen@nimte.ac.cn

Oily water treatment has become an urgent task in our daily life because of the environmental and economic demands.
Traditionally, gravity separation, flotation and filtration are used to separate oil/water mixtures successfully, but these
methods have some drawbacks, including energy waste, low efficiency and secondary environmental pollution. In recent
years, advanced materials with superwetting property involving superhydrophobic/superoleophilic separation materials,
superhydrophilic and under-water superoleophobic separation materials, Janus separation materials, smart separation
materials with switchable wettability emerge as a new research direction to address these problems. Because of the
convenient separation and low-energy consumption, membrane separation material shows great advantages over
conventional separation materials, which has a promising choice in the area of oily water treatment. Despite all these
progress, most of the membranes separation materials are suffered from several limits for separating surfactant-stabilized
oil/water emulsions and surfactant-free oil/water emulsions with micron or nanometer size, which may bring long-term
damage to the natural environment. Furthermore, due to the presence of various harmful substances involving organic
solvents, bacterial, heavy metal ions in real sewage system, the water pollution has become more serious and thus the
resultant water phase is not suitable to put into the water system even after several separation cycles. From this perspective,
to construct novel separation membrane materials with multifunction, good separation efficiency, high recyclability and
convenient separation process for the separation of oil/water emulsions is passionately desired.

Carbon-based (graphene and carbon nanotubes) membranes materials, especially polymer-functionalized carbon-based
membrane materials, have gained increasingly attentions attributing to their outstanding physical and chemical properties,
therefore are considered as an important choice for the separation of oily wastewater. Until now, there are tremendous
advances on the carbon-based materials for oil/water separation, but most of them are focused on the development of three
dimensional carbon-based separation materials, whereas the carbon-based membranes which play an important role on the
treatment of oily wastewater have been almost neglected. Based on these, the research progress of polymer modified
carbon-based films in wastewater treatment in recent years is reviewed in this paper. According to wettability and
functions, the carbon-based membranes are divided into five parts: (1) Superhydrophobic carbon-based separation
membranes, (2) superhydrophilic carbon-based separation membranes, (3) Janus carbon-based separation membranes, (4)
smart carbon-based separation membranes, and (5) multi-functional carbon-based separation membranes. In each part, the
influences of design routes, preparation methods and wetting behaviors on the separation efficiency of oily wastewater are
discussed in detail. Finally, the development prospects and challenges of carbon-based membranes used for oil-containing
wastewater purification are comprehensively discussed.

carbon-based film, polymer brush functionalization, oil/water separation, wetting behavior
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