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Dispersed phase

Continuous phase

Qil-in-water emulsion Water-in-oil emulsion
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B — P B AT 35 K S B TR R K G R E R K R LR
(PLA) A EL . TEAE 7K & & N 45 T gk 46 4
FIPER PLA LR ZERL . O 1 B — D4R b 3R I B 7K
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N e BX A\ PN
42 AT B IR AAMH Py A A TV A BT . R S R

PABRERMIREMBETAREORET S, B ympp mmp7aon, DRmlik SRR TR
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MG IEBEM B FFAl2, HAARBENEFTEX I @RER S R S S 1 R Sk B A /R LR
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|1 F TR B0 w4 TR AR IORHR 38 B A FE it

Material Separation

Components Wettability Fabrication technique Emulsion type Reference
type (%)
Membrane Poly(dodeylmethacrylate-3-trimethoxysilyl propyl- Superhydrophilic/  In situ and ex situ gasoline/water 98 [62]

hybrid  methacrylate-2-dimethyl amino ethyl methacrylate) superhydrophobic  treatment
material (PDMA-PTMSPMA-PDMAEMA)/SiO,

Polytetrafluoroethylene Superhydrophobic/ Self-assembly  coating/ Decane/water, 98 [63]

superoleophilic sintering process gasoline/water

Poly(sulfobetaine methacrylate) (PSBMA) Superhydrophilic/  Coating/surface-initiated Hexadecane/ [64]

underwater super- atom transfer radical po- water
oleophobic lymerization (SI-ATRP)

Poly(dimethylamino)ethyl methacrylate-4-vinyl benzyl Superhydrophilic =~ Vapor phase via initiated — 99.8 [65]

chloride (P(DMAEMA -VBC)) in  air/superoleo- chemical vapor deposi-

phobic tion (iCVD)

Poly(acrylamide-co-acrylic  acid)/chitosan/methacry- Underwater super- Free-radical polymeriza- n-Hexane/water 99.5 [66]

loxy propyl trimethoxyl silane modified SiO, (P(AM- oleophobic tion

AA)/CS/MPS-Si0,)

Silica nanoparticles and decanoic acid-modified TiO, Superhydrophobic  Coating n-Hexane/water 99 [67]

Fibrous, isotropically bonded elastic reconstructed (FI- Superhydrophobic/ Electrospun nanofibers — - [68]

BER) aerogels/SiO, superoleophilic and freeze-shaping
Meshes Styrene-acrylonitrile (SAN) nonwoven/NaOH Superhydrophilic/  Controlled electro spin- Light oil/water  99.99 [69]

hybrid superoleophobic  ning/thermal

material treatment
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Material . o ) ) Separation
Components Wettability Fabrication technique Emulsion type Reference
type (%)
Polydopamine (PDA)/stainless steel Hydrophobic Coating/mussel-inspired/ Diesel/water 99.95 [70]
Michael addition reac-
tion
PDA and polyethylene polyamine/copper (Cu) mesh Superhydrophobic — Octane/water 99.8 [71]
1, 8-triethylene glycoldiyl-3, 3'-divinylimidazolium di- Hydrophilicity/ One-step Diesel/water, 99.9 [72]
bromide ([DVIm-(EG);]Br,) oleophobic photopolymerization crude oil/water
Dimethylamino ethyl methacrylate (DMAEMA)/stain- Superhydrophilic/ Photoinitiated free radi- Gasoline/water [73]
less steel underwater oleo- cal polymerization
phobic
Calcium alginate-coated (Ca—Alg) mesh Superhydrophilic/  Fabrication Hexane/water,  99.6 [74]
underwater  oleo- toluene/water
phobic
Ag-coated stainless steel mesh Superhydrophobic/ Fabrication/coating kerosene/water, 98 [75]
superoleophilic hexane/water,
heptane/water
Magnesium stearate (M-S) Superhydrophobic  Fabrication/substrates + n-Hexane/wa - 96 [76]
adhesive + coating meth- ter, toluene/wa-
od ter
Polyvinyl butyral (PVB)/stainless steel Hydrophobic/oleo- Electrospinning ap- Layered oil/wa- 99.7 [77]
philic proach ter
Stainless steel mesh Superhydrophobic  Fabrication Hexadecane/ 96 [78]
water
ZnO nanowire (NW) coated stainless steel mesh Hydrophilic/lun - Chemical vapor deposi- Diesel/water, 99.5 [79]
derwater oleopho- tion/coating Hexane/water
bic
Sponge Polypyrrole (PPy) coated polyurethane sponges Superhydrophobic  Fabrication Motor oil/water — [80]
hybrid  Poly(2-vinylpyridine-b-dimethylsiloxane) ~ (P,VP-PD- Superoleophilic/  Oxidative self-polymer- — 99 [81]
material  MS), melamine sponge/dopamine, superoleophobic ization
Melamine, Span 80 (C,,H,,0,), diacrylate ester Superhydrophobic/ Fabrication/coating Water/isooctane  99.98 [82]
oleophilic
Polyurethane (PU) Superhydrophobic  Fabrication/interfacial Diesel oil/water — [83]
polymerization
Melamine, polydimethylsiloxane (PDMS)/silicone Superhydrophobic/ UV-assisted thiol-ene Chloroform/wa- — [84]
oleophilic click reactions ter
Melamine, isocyanate-terminated poly(dimethylsilox- Superhydrophobic Fabrication Hexane/water, 85.1-98.7 [85]
ane) (iPD) hexadecane/wa -
ter, toluene/water
Poly(vinylidene fluoride), poly(vinylidenefluoride-ter- Superhydrophobic Drop-coating method Peanut oil/water — [86]
trifluoro ethylene-terchloro trifluoroethylene), polysty-
rene/polyurethane/fluoroalkylsilane modified SiO,
Poly(N-isopropyl acrylamide) (PNIPAAm) Superhydrophilic/ Interface-initiated atom Gasoline/water, 70 [87]
superhydrophobic  transfer radical polymer- hexadecane/wa -
ization ter
PU sponge Superhydrophobic/ Fabrication Chloroform/wa- 75 [88]
superoleophilic ter
Clay dust/polydimethylsiloxane (PDMS) Superhydrophobic/ Kerosene/water 98 [89]

superoleophilic
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Material . o ) ) Separation
Components Wettability Fabrication technique Emulsion type Reference
type (%)
PU sponges/ PDMS Superhydrophilic/  Fabrication/simple  dip- Hexadecane/ 99 [90]
superhydrophobic/ ping-coating method water, decane/
hydrophilic water
Polymer DA/glass wool PDMS Superhydrophobic  Polymerization/fabrica - Toluene, n-hex- 97 [91]
based tion ane/water
hybrids Polyethylene Superhydrophobic  Pressing, scratching, and n-Hexane/water 99.5 [60]
materials pricking
Poly(lactic acid) Superhydrophobic Template-free water-as- Dioxin/water 98 [61]
sisted thermally impact-
ed phase separation ap-
proach with skin peeling
Polystyrene Amphiphilic Emulsion polymerization Chlorobenzene/ 70 [92]
water
Poly cardanol Amphiphilic Polymerization Asphaltene/wa - — [93]
ter
Poly(2,2,3,4,4,4-hexafluorobutyl meth acrylate) -poly Superoleophilic/  Atom-transfer radical po- water/heptane, 98 [94]
(N-isopropylacrylamide) hydrophilic lymerization (ATRP) water/n-octane,
water/petro -
leum ether
Vinyl-terminated PDMS copper sulfate (CuSO,)/steel ~ Hydrophobic Fabrication/electro-less ~ Hexane/water,  96.8 [95]
replacement deposition  chloroform/wa -
ter
Poly(ether amine) (PEA)-PDA Superamphiphobic Fabrication/self-polym - Toluene/water, — [96]
erization octane/water
2-hydroxy-4-methoxy benzophenone (HMB), bisphe- Oleophobic/super - Coating/encapsulation Span 80/water  — [97]
nol A (BPA), bisphenol AF, 3-(hydroxysilyl)-1-propane hydrophobic
sulfonic acid (THSP), and perfluoro-2-methyl-3-oxa-
hexanoic acid (RF/COOH) SiO, Talc
Polysulfone (PSF) Hydrophobic/su - Water-in-oil-in-water Motor oil/water [98]
peroleophilic emulsion solvent evapo-
ration
Polyhemiaminal (PHA) aerogel Hydrophobic One-step  precipitation- Gasoline/water 90 [99]
polymerization
Thiol-acrylate resins, 2-carboxyethyl acrylate, poly(eth- Superhydrophilic/  Thiol-acrylate photo-po- Hexadecane/ 99.9 [100]
yl glycol) diacrylate/SiO, nanoparticles superoleophobic  lymerization water
Polyelectrolyte-fluorosurfactant Oleophobic/hydro- Single-step polymeriza- Hexadecane/ 98 [101]
philic tion water
Polyurethane Superhydrophobic/ Fabrication/coating Hexane/water, — [102]
underwater  oleo- n-hexadecane/
phobic water
Fluoropolymers modified Kaolin nanoparticles Superhydrophilic/  Fabrication Glycerol/water, 92 [103]
superoleophobic sunflower  oil/
water,  castor
oil/water
Cationic polyethyleneimine Polymerization Heavy oil/water [104]
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Material

Separation

Components Wettability Fabrication technique Emulsion type Reference
type (%)
PU grafted of carbon nanofiber (CNF) Hydrophobic/su - Dip coating Hexane/water,  97.8, [105]
peroleophilic heptane/water,  99.8, 95.0
octane/water, 96.3
Chromium (Cr), a zirconium (IV) metal-organic frame- Superhydrophobic/ — Toluene/water,  99.9 [106]
work composed of six-metal clusters and terephthalic superoleophilic hexane/water
acid ligands (UiO-66), octadecylamine (OA), metal-or-
ganic framework
Natural Wood sheet Underwater Simple drilling process ~ Hexadecane/ - [107]
and oleophobic heptane/water
wood Wood/epoxy biocomposites Hydrophobic/oleo- Fabrication/coating Diesel oil/wa- — [108]
based philic ter, hexane/wa-
hybrids ter
Chitosan-coated mesh Hydrophilic in air/ Coating Hexane/water, 99 [109]
superoleophobic gasoline/water,
in water crude oil/water
Chitin/halloysite nanotubes Hydrophobic Freezing/thawing Hexane/water,  98.7 [110]
toluene/water
Inorganic  — - One-step Mannich-like Crude oil/water 97.8 [111]
salt reaction
based Cu(OH), nanowires Hydrophilic/super- Fabrication Diesel/water 98.5 [112]
hybrid oleophobic
materials  Aluminum (Al)/ZnClL, o -AlOy/lauric acid (C,H,, Hydrophobic/un - Coating and electro- Hexane/water, 98 [113]
COOH) derwater oleophil- chemical deposition petroleum ether/
ic water
Calcium sulfate hemihydrate - - Water/trans - 99.85 [114]
(CaSO,-5H,0) former oil

Li S [ 11587t 7 —Fpmr it pH A 1) 58 — B Ak SUbe
(PDMS) kI (4-2J@FENENE) (PAVP) MK, %Ak
FLA W14 pHAE (3 /K e M, I8 i 38 pH {E A it
IEE 73 BKEh J3 K JE A R0 B K o EH T I
(IR TAE RN 22 R 746, 5 PAVP % B L SR 1y i g ke
b & BT 2 fih pH {E 1672 A T ] 2 AR 4k . iZ B (PDMS)
REWEAE A WEKERK R R, mTHEsE, R
TEEE S AARE VR, B ZIHER TG B R R
PEREMIR T, DAA T2 s /K IR & [115-118].

AR, MK R 23 B i K TR S A A5 Gt AR T
HIE[T1]. HZ OImZIEMEZ ENZ (PDA) PR E K
il 7T HA ARG REE R o 78 Tris /275 15 B
T, ZERMARSMEEVATCHEE R R T BRI
FIFAEE[119]. & 5@ ENREEMELIEZE (PEPA)
BA @AM, MAMKBRE SRS, e 2 0k
7 AR SR B R B BRCTE R ) LA Iy 2 (8] 72 AE Michael AR
Mi[120-121]. &5 %3k T PDA/PEPA et EAL R 1) 4 7 &
S AR K FUAR R 2 B9« R B R R B R Cu e ) S

(717 Fv A B i A A Rk 5 A TR S8 7K P R 7K e i 12
I 3 6 3% J3 A R — 25 3 7] DA R093 B & Fint 7K FUR
T, L R T P TR AR E 0 FLAR VBRI AN VR VA 1 K LR
Wo MBI BRCE KT 99.6%, ST HIEHE . Cu®' &5
Pyt R, X LG e T DL W B Ao K
W EBR . E R = iy, w] DU 7 i &
AR A BRI AL 5T

FEE LA S M PIE GCVD) il £ 25 Fh A AR A B
TREY (CIP) (MDA AR P B g — AN 54
Mo SRR, Kk (RS FIRGIR
2.3 (DMAEMA) Ml4-5 20 (VBC) TESAH I E
iICVD R M, AR EATA IR fEUiR IR+,
DMAEMA H ] = fi% F VBC HH 1 2% 3 S HE AT 28 4% BUAR
R, FEAEB TR G, TEREA &R 1 5
(DMAEMA-co-VBC) B FRBIIL M. X R —K
TAE A A BT AN 2 B R TR R 458 JEL R 1) CIP i
MIRE TR S o BT I VAN 75 BEAT A A A ). 7
Wit CIP R B SR Ko K, ml ik — 25 B A ik



1657

0.
(o]

1 MENHV\NW NA/M

Oil/water separtion

Crosslink 1RT 40h

PVA sponge

Qil/water separtion
and Cu?* adsorption

Mix cellulose ester
microfiltration membrane

Emulsion separation
and dye adsorption

B 5. % PDA/PEPA Uit M RHK) T 2078 B e Rtk 23 B AN B Cu R S S g FE . RT: FiR . @RBEME BN, BEEZHEm71], ©

2016.
LRI 7 B [65] 0

4.3. F Tl o B8 1) 4 e A 4 8 S8 Ak A i

B & — AL T R T A 2R B0 T A 3 ) [ e I 473 4 D
BN O . B EEHIN R OIE-TE R (SAND) R
VAT BT 22, SNETERIA TR AT S B, RS
T AT pH B R . BT ) % 00 R LR [ 1 T D) 4
pHAEMBIMM, HA R =42 LU 450,
E S BA KRB E R . BT HA Rt
WREE,  pHE AT )46 1) 2 A = 9 3K B g st el K
BRIV R AT K VIR, IF BAE B A AR A AR
BATATA FEY[69] B s W4 3d o H mT R 5 e, mp
M 2 BEAY 5 P VR S BRI . AER
A Ah AR 3 S5 B 7E K E (13700 Les™ - m™) 1E
LR SR B R R (99.99%) 1R . BT EAT MR
Z AL I AT 4546 LA S AFAE B 1) pHAE R R 77, 120 R
DL R AF R AR . RO IVR & (ISTP) J7VAE—
G B K A A AR AT REAR A A, BURTIE I < —4%R”
BRI, BARCRYL, H4 NN-TH R TR -0
BRI &M (DDVAC) FRK HAE NS 7k (LD
AT ORAAR, 38 ISTP J3 il 72 75 U 80U B D il 4% 17 P b
4% DDVAC-O (fE S W5 il %) F1 DDVAC-N
(ERSIHETHIK) . RGHAH 7 DDVAC-0O FIRIh&
LA . Ff DDVAC-OCC il & 7 — Fi i i 7K A 85 4
(SSM) (K 6) [122], i £ 38 — S AL R 40 KR T A iR
gk oy ERTEER, BT 25 1 SSM TE /K 73 B v

15 99.8% [122].

Bl 6. Pkt SSM-O ik 7 i . () BB (b) &k
WA E AP AEMMGZH: (o) ESk (i) FKImEEY
BN LRI, HEEIEEREEERM . () BRI A SR @ e B
BB A RIMTBA . ZREEZELVR, HHE 25 3Ck[122],
©2017.

RS CIE T 7 B R GRS BT A 8 ik
BHEREY—F (2,2,34,44-HEFIGR T E wEE
(N- 574 3 4% Bk %) (PHFBMA-PNIPAAmM) . K —45,
B L R B R SSM R T, M Tz E R
MK 5 BE[94]. BT RIMEE . (s HEEAE
REHA I ELA M ZR G AR R, BTl 2% (R I (19 R 1 m] DAAE B K 74
MR M2 Y. R —2, NT T ENE, 3R
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ATt 7 — i R ] AR R A FL A K FLR, S5 R BoR
fEEBiEERE (ECk2.78 Les m2f17K 2.50 Los™ *m™)
TIE Ok S KII 0 BRI 98%. W TS Jednt IR
ok UL A fa T E, R & T B A R 3R (2D
(PEA) -PDA SR I REL JEM BHR B L, I LAy 257
IR FLR AN 5 G, an B B R A 44k [96]. PEA FI
PDA i# i Michael Il fi J 82 75 5% S B g 4 JIK 4 L 3dE AT 3R
Ao PEA BARRISEAKME, B AR B Gkl i 3 A8 2R &
Y1231, SRR 40 R s A IK B BB A 2 L =4k 25 M 1
AR, HrTH R R A YR E R 124]. Bl &
[ A=A R B K MUK N BB fE . TP, #4
B R fE SRR, 8% D) AT 7 farie = 1Y) & P
IKFURREAT A ROH K 50 85 . B4k, 4 PEA-PDA &1 )
BT Reid JEA R RE A SO B K 2 FH AR A IR
FTRTS™ Fee 1) SR m e 4T FH T 1) 3 3 It 2= et e A
T S KM PR 2R T o )P s TR 4 T AR g ) v S A
HG TR A IRt £ FLAT i I PR A S K PR 230 4 B oK
FRRL[100]o FIF = AALEEGRIBURL . 2-FR B MG IR £ I A0
B (LD ZINERRER, A chigg 7R Erse K
K. RN, 2 1H 1 H-A2 5 -n--HKe 5481106 (1 2 Th e i i
By 1 T S T BE[100], B S 4% T SRR £
FUERD I F T EL K FRIE . 0.45 wm 1) B 5 S 48 [
I A SR K R s PR R, A F699 Les™ m BB
F1199.9% 73 B 842 [100] -

I T AR IR G S S, RN T —MA
AU R BRI, TS B 58 A SR
A REBESESHAA-ERE. iR
P, RIS A B K, AT R R
BRI R, B B E R AR R A S EE1)29.9
A4 [83]. P LRI E LIH W (PED 1E 7K
AR, AR 1,3,5- K Z H R &L (1,3,5-benzenetri-
carbonyl trichloride) . AR & 5 [ 2 & B P i) JE i, - ALO,
YPRPRLRE VTR R A BRI 4 3L b, TR IR Z
ghk[26]. HULFIES, PELAARHAER 1) H 254 T —14
T, HIEMBKGRINN- 3 R G (V,N-dicy-
clohexyl carbodiimide) ] [l ff 44 751 [4- — HY B 2 KL Ak i
(4-dimethyl aminopyridine) ]/ M7, HF1,3,5-
2= IR G TT LA 5 i SR i v 4 P e e AR o 46 1) S 1R
TR SE, VA3 (14 L B I Ik [ b S AR Mg AR R
M, SX$EE T MR R AR E H[125]. 5 HAb KRR
(RSEIGAREL, BTl # 1) SR 2 e 4 18 7 B i K LR 2%
I B B R R et 1 R ) T B A A (5500 IRAEH), T
AN 2 H R R B /K PE[126-127]

5. JUINRBIR AL ESSE, HAREI T Ak

HATH 2 AEAR, B0 Bk, RIERE
IRV, RSO IR B AR AT | R LR . AR IE
W, BRI (R EYD B AN 1 ERRE
WmiRIRR . B B, BE. TAER. AN B3R SR AR AR
2.J5[29,128]. BA N FNEEVERI =Y, RUE B K
et <y Q& VAR I TE M T WD - 2 S i W T
S5 K AR 7K B 43 53 790 5 ) KR [129] 0 5 1 Ak, 57 Al 2L 771
PERERI N R AFEFURB R e e BT BEALFRIEE . KA
() pHABE AN 30 8 DL R P RS o — S 5 s 7L 77 1k R
HEFEF RS OB QR ARE +
SYELIIRE T BRI TE S A Z 18] 73 X e 5
O @FUIRE IR E M @/KA I pH A1 #h
#[29,130]. H—MEZER R EZMFWIFIAIRE, B5
I SR RIR . (CMC) ] RE 2 BRARAL FLRI AR 2%, Tk
FEAS AT B AR T FL[115] .

FEFLRIE KBS AR A, Bt i A PR T S
FEFINUAGRE , (23 T/KI SRS . Hal, k&g
MARGMEML AP, Skt gmnEGgH L, FAEE
TEE L R AN 1317, shAh, FERIm IR,
BB T LA BT AR ZE A I B, I AT DR Ak
BORBHATIEN, XA BT RERCD B FE, B S
Je[132]. fEHLBEFLS, (EHARIM R, B ER B
WHLs WK EOESE IR . SR IR R L. B
MFLIRIB > B 771, RO E R —F LRk ik s R, &
BRI J7E . T EE R T @ S K E LR R DU S
W R BCE N . B R T AR &K=
AR, IR B VKOS B G TR R A . AR, RS
W, R AR Y FRKOE Bt R DA R R SR
Ay DR, SRR I T E A AT R FL[133].

Xof Ji il LRI AN B AN B 005 B (1 2 7K AT 3 4 P R
RrvPAl,  BEAE 0T EREE TN R S E AT Bl BT
RIS ET ATE R E IR IS RO — A i
. IbAh, EBEE M I AEIbR SR YRR b ] R 2 TR UE
B PR R BT AL . DR, O T Al TR AE S K
B, AN I LE R AT HEWT, DMELE N DRI IX E T b
IERX EERE o O R K 2 B A RE AR LA In) /R, R
EATEAR D BT 2 LRSS FLARIBUY 2CA77E BB i ML 0T B
Bifsgm . g, MR B R A A (SIMAP) A
TR HTI R B I DV LA e . SRR . S
PERE PRI B Y5 14 )22 52 1 46 75 THD T ) ool o 0 8 U
(a2 R AL g, S22 A S N O ESE T %, B9



GRURAN G 07 T P 32y M Ak . AR, AR
REXS B R G4 M T (B R AR VE R sz ik, LK
$E 9 Y BT T 70 Bont AR A AN AR A B RS WL EE AT TR A4 [134]
PRI, R HIHIE FE 2% W A A AR E FLARBE A AE 1Y
Witk IR 15 S B AR REVR AP Lo AN AT B AR R S
RL, BLEIEESERN . IR BT IT R DRI A
A AR AL B TS e IR BN A M PP AG O AT e

FAT T R TR AN T D) 3 R 1) 5 S R S 7K 43 5
JiTHAR L R, AT TR R R Ak, SRR
RZEM - AEARENA R, #ERRERIFLRE . Bt
B RTEIX L e IR B VIR AT RO AT KR8 73 B K 7L
RT3 T (AL o BB R ) SRS A Bl 5 I 5 A
ARy ORI B RS fE R DhREA L o

6. ZILHMARKREE

n BRI P E . FUIR R A S5 e R K =
PR A R o A7 I G B LA AT
SEEEPPIRRB L —. Fit, JPARAZ IR
Wi SR REBIRERE, BT A B R DI RR M A BUR AE y
PERIREE, 2 BHOK LI PT L F 1. A ithis G ik g
BEe — M E AT A, R AT E AR, 4
i EE 0 14 i P AR E MR A A FLIRVAUS SRS A
PRtk . Oy T S A R XA R, BRAT R IS 2 AL
BEREZ = AR K R Bt . LR K B A 2R
T ARSI REA 2~ B . B A R DI R Y S
T ER AT e 2 D9 g o il LB B S A & 475 Fe kK
TG RIS R AL 7 — MR RERIMR R T . A SCERIA I
BR8], FmAERILR Mt 2Ry, W LSO
Pt 7R FLPR BT BRI P [ ) — o ] LA e 77 5%

BEAh, TFREA R AU L R S Y R BUR S/
TR G FRERTRERE — P PRI L b AR IR pAs 3 (A g ke
Ti%, RSN IR AR SN HUMN A e 5
BEAN, AT I R P KRR AL 7 (B Atk SXIE AR T 53
AN EE NI RE . I, R ARCEAT A R HL L
TIEREEMEGAR . R, BRERAIIRAFAE, X AT BASOR
LT FCVEA M ARE,  AT A R A SR B, TFk
HAMERRN. mELA MR as i rsel, AT
SR BB AR R TP RE -
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