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Abstract: Inspired by the strong adhesion of marine mussels, we have successfully prepared modified polytetrafluoroethyl-
ene (PTFE) membranes with high efficiency of oil-water seperation performance through simple surface modification.
Firstly, dopamine (DA) self-polymerized on the surface of polytetrafluoroethylene (PTFE) membrane to form polydopamine
(PDA)in weak alkalinity solution at room temperature. Then, hydrophobic groups were introduced to polydopamine by
chemical bonds when pH was 13 and polydopamine was reacting with 1-decathiol via Michael addition. Finally, after surface
modification, the wettabilities of PDA membranes changed, and oleophilic hydrophobic modified polytetrafluoroethylene
membranes were prepared. The water contact angle on the modified PTFE surface is 114.9° and its oil contact angle is 0°.
The flux of modified PTFE filtration membranes with the pore diameter of 2 um reaches 4 159.7 L/ (m>h) . The oil/water
separation efficiency for different oils is all above 96.7 percent. After 20 times of repeated separation, the maximum flux
decreasing rate is only 4.4% . After immersion in 4 mol/L hydrochloric acid or sodium hydroxide solution for 12 h, the flux of
modified PTFE membranes is still above 3 976.7 L/ (m>h) . Therefore, the modified PTFE membranes are promising for oil-
water separation in extreme environments.
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Fig.1 Schema of oil-water separation mechanism
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Fig.2 The device and the process diagram of oil-water
separation (water is marked blue)
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222 FHEWETHEIEELY XPS MK

R LTI R 2 B e i | etk R IR 2
IR XPS ik 4 . K 4(a) SR IR E
A, il 2 BB, FOCR iYIESRIG N, 250
| T LN i SO TV O | 5
1071eV AbHILT Na WES, &R R FE
H, ORYERE pH = 13 MYRREE, DA T & &b A=
). KL 4 (o) ] LA i ioc R i myAefh. R

5121’ Cls —— PDA-SH
— PDA
Ols — PTFE
Nls Nals
0 200 400 600 800 1000 1200 1400
5 feleV
(a) 43

395 400 405 410

i A
it ngleV

(o) Ailk

AEHEAREEE H358 Foll

VUL LA iE MR 20t 22 L AB I ), 3R 22 L e I 2R i
WOCR MBI THE. 28, ISR 71.59%
FHEE] 71.80% . RE ISR L 123 A i 1
Jei o Otk SR VU R IR SR T R T R B A TR,
LA BN 71.80% FER 71.28% . [ 4(c) W
T Z BB 1SS BB SRR R R R UC R AR k. AT
DIE Y, B2 B I | ek SR V3 ORI I R T &=
&R, MR, & 2O MRBE A S
M 0.86% T 7.52% . Zead 1S3, A S
M 7.52% FEZE 3.60% , XA FASAHEITEN 1-
BB E R 2 U I, 5 AR A s RAIG. (B
RO m TRMUR O EIEER A S 5, R
O SR VO R LRI B T G TR 2 R, i ek
PR 5RO 6L £ M B RS 1 280 B it v T IR DU SR S A TR 1Y)
Aot WNE 4@ hEH, BUROEIRRZ T 26
&I IS , BROCR 1) & G B AL, Zad 1-28hiRE
U, PR SR MU SR 2 A BB R B G R % A i T
B TR AR 0.4% TR 1.45% . XEH] 1-%8
T s N 3% 2 3 R 22 T B s |-

—— PDA-SH
— PDA
—— PTFE
280 285 290 295 300
5 fEleV
(b) fxi
—— PDA-SH
— PDA

— PTFE

160 165 170 175
i GhgleV

(d) Biig

B4 JRIREY XPSFiLE
Fig.4 XPS spectrogram of the filtration membrane

2.3 RUFAEZHIERFLENBERNRIT

A R VU R 20 B G LA TR IR TR B
8y 2R DU 9 A4 T ) FL AR . AN R SE B 1B AN [R] AL
TR R VUG LB I, 225 22 U e A i | A et 7K Bl

PEJF , BEA Tl I, 4 RANTEL S B, il s Rl
WEH DERE A FLARRE I, JE R, AEHEA Il K 23 g
B, IS PR SR VU SR £ A DR AR T M, S22
sk AN TR I R , IS EFLAR N R



2020 4£ 12 A

Wr mt, S5 VUSRS KK B ARk K <17 -

B, Bt 25 3 7E 2 THI 2 1 e 8, LIS TR S 2
BT NIRRT /N ILEE R, A LR
i, KASREIR I SR THE BT, TR/ KON SRl 4 i —
i i, NI AT LUK 3 2 0 B ). AL 5 Hf
LA W BB AL 0.22 um B, 8 550 R
12.5 L/ (m*h) . S4UEMSFLAR/NT 1.2 um 1), JEJHE &
PR, ANTE 32 B AR 7= A 19 o R S R K 4
W LA R 2 pm B, BT A S ok, R
4159.7 L/ (m™h) , 45 B FH T2 Bi Al 77 A 36 v 3k 7k
oy e (RSB ST IRIG K, S oK FiE it
JEEFL, A3 BRI RRBRAL, ANRET T 35053 5.

5000

4000

3000 F

2000 F

W/ (L-m™h")

1000

O [ v 777 7%
0.22 045 038 1.2 2

fLA#/um

Es5 FLESEERXR

Fig. 5 Relationship between pore diameter and flux
2.4 HERNEZEEERMAK S BERENR
WAL 2 pm (8 2CPE SR IO 3 S B A Ay 3k U
BEBEUERE, 23 XS A [RI R AR G 532
RO, RN 6 Fi.

100

98 I

ECkE MY R fomE S
EEEEES

Bl6 MMREIEZERETEFMEMPSBELE
Fig. 6 Separation efficiency of modified PTFE filtration
membrane for different oils

TP 6 R AT : AP 2R DU S 2 M B B AN [l b S
(53 B RCRINAE 96.7% L b LEMH RS04 T XA 1
OF SRR R, 0 98.5% 5 XA A 2 B AR iR AR
N 96.7% , IEIE AT EA BRI REEL , 5 JhH e
LA, SR FAER N, 2 5 S0, R 7ESL
TP 2 A K I T, BT B R

2.5 HMERNEZEEEREE SR

ACE: SR D B 2 0 i B T A R s SR an ] 7
iR, DAL 7 BT LI H « 08 R 3 A DR 0 v
ARSI T RIS, 7E 2 pm 2ACPE SR DY R Z AR B T A
20 WEESFEART, 43E 10 WAl sk, R
4080.4 L/ (m™h). JEMHE M RAME 4267.2 L/ (m™h)
FEINZE 4080.4L/(m*h) , FEHCRIL N 4.4% . X EH
SER R Bl S B UE S , /DR (i 431 B 7
MR DU SR 2 UE BB A AL S 3800 A8 15 K
20 WM B 4ERFAE 4 086.2 L/ (m™h) BT, A
PR A KR A A, X i T el R VU 2 06
T X /D8 433 3 B W Bk B AR AT .

5000

4500

4000 F

/(L-m™h™")

= 3500 F
o=}
3000

2500
1 5 10 15 20

G S UEL
B7 SBXHSEENXR
Fig. 7 Relationship between separation times and flux

W ALAR R 2 nme Y 2 R 100 96 £ M B T 4 Sl A
2.4 mol/L HERFR el A AL IR 120 J5, X
AT SR VU 96 2 R 4 i PR B P A 03, AN ()
Ab IR OO SR DU i £ AR P 2, 45 SR
K 8 fi7ns.

5000

4500

4000 s A9

W/ (L-m™h)

3500

3000

2500

VISt
B8 AEAEFXITEEHHI

Fig. 8 Influnce of different treatment methods on flux

HE 8 AL M4ERERARE 4358 2 mol/L I,
PR R 1.16%, BRfdim 5 P-4 T % 2.88%,
WRITE 4039.9 L/ (m*h) DL b, 2578 508k 2 431
K 4 mol/L I, R 3 P35 T B 3.15% , Bl fi i &1



- 18

YT 4.40%, (HiE B 4EHEE 3976.7 L/ (m™h) LI
b X TR R T 5 DU R 2 AR R IR Ak Y,
71T S 56 5K T %) 59 7K 75 508 DU 5 2 47 U0 B A A = il AR
SR FH SR K R R VE N S PE Y B, SRR A R R T 1
PRBE T ANEEE s . Bl IR B A T, ko
VYT I U P S P RR OB o, 7 A= 1y /D d e
fige = YA BT AR BB AL N ), P A LAR RN 3 Ao
(RIRFAR. 7E IR B BRI SR T, 2otk 3 DU 3 2 0 0
JESTN R 1 B i, X PR T SR ER AR A5 1 T B ) 1
i ok i S R PO e S MR REAA TR T R IR 2
s LA T R ) T TS . s A e o T IR R i
O R DU i, 2 s T R LA, 5 o B 2R A B8 v

3 & i&

30 3 FR 5 ) 7 R R VU R 2 M I A T | e
P 5 25 H ELA 0 /K S A 1) e 2R D G 2 s
FEIEATRAE. 8 W58 0t 2R DU R 2 R R FL AR
B R AR, AP 2 um A5 R R B i
HE, R 4159.7 L/ (m™h) |, 3& G W F RSB K 0
OYES . FERFFE R SR VU G5 247 D R AN [ o 26 9k 7K
RA Y0 B RCR W i, KB4y B8R & T
96.7%. TEAH R 544 T X &5 1950 B R e, N
98.5% ; MVIM A S B RCERAR, J 96.7% . FEfENE
KR 2 B, WOk VIR R IR M R, 43
B 20 W, WMEYLE 40804 L/ (m*h) LI F. 3ES
15 ~20 KHEREIEATELE 4086.2 L/ (m™h) .
TEM BRBEPEIR AP &, 76 4 mol/L AYEhARe E A Ak
i, Ay @ a] AR 3976.7 L/ (m™h) DA F. [A)Hk
JEE 19 R B A EL e 2R VO B 2 U ) T R P
5. IXSEPE AP, A A R P SR U SR A
JEA SR 0 At 45 B85 R A T K 0 .

SE k-

[1] Jernelsv A. Environmental effects of terrestrial oil
spills[J]. Encyclopedia of the Anthropocene,2018,1:
323-335.

[2] Leschine T M. Oil spills and the social amplification and
attenuation of risk[J]. Spill Science & Technology Bulle-
tin, 2002, 7(1/2) : 63-73.

[3] LiuYQ,Zhang YL,FuXY,etal Bioinspired underwa-
ter superoleophobic membrane based on a graphene ox-
ide coated wire mesh for efficient oil/water separa-
tion[J]. ACS Applied Materials & Interfaces, 2015,

[4]

[5]

6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

AEHEAREEE H358 Foll

7(37) :20930-20936.

Guo Z,Liu W, Su B L. Superhydrophobic surfaces:
From natural to biomimetic to functional [J]. Journal of
Colloid and Interface Science, 2011,353 (2) : 335-355.
A, X AE R Py Az g K P 2 T A F 5 e (0]
k2RI , 2006, 18 (6) : 721-726.

Wridk e, VLH . 2 2R W R S Re R 1 2 T A B R
£ [00. Rk, 2008,20(3) £ 323-330.

Chen F, Song J,Liu Z,et al. Atmospheric pressure
plasma functionalized polymer mesh: An environmen-
tally friendly and efficient tool for oil/water separa-
tion[J]. ACS Sustainable Chemistry & Engineering,
2016,4(12) : 6828-6837.

JuJ, Wang T, Wang Q. Superhydrophilic and underwater
superoleophobic PVDF membranes via plasma-induced
surface PEGDA for effective separation of oil-in-water
emulsions[J]. Colloids and Surfaces A : Physicochemical
and Engineering Aspects, 2015,481:151-157.

Brown P S, Bhushan B. Mechanically durable ,
superoleophobic coatings prepared by layer-by-layer
technique for anti-smudge and oil-water separation[J].
Scientific Reports,2015,5:8701.

Feng L, Zhang Z,Mai Z, et al. A super-hydrophobic and
super-oleophilic coating mesh film for the separation of
oil and water[J]. Angewandte Chemie International Edi-
tion, 2004 ,43 (15) : 2012-2014.

Shi H,He Y,Pan Y,et al. A modified mussel-inspired
method to fabricate TiO, decorated superhydrophilic
PVDF membrane for oil/water separation[J]. Journal of
Membrane Science, 2016, 506 : 60-70.

Lee H, Scherer N F, Messersmith P B. Single-molecule
mechanics of mussel adhesion[J]. Proceedings of the Na-
tional Academy of Sciences, 2006, 103 (35) : 12999—
13003.

WRAR. L DML S IO A i ke (1], Dk
FEHEE,2010,7(5) : 94.

Jiang J,Zhu L, Zhu L, et al. Surface characteristics of a
self-polymerized dopamine coating deposited on hydro-
phobic polymer films[J]. Langmuir, 2011, 27(23) :
14180-14187.

Wang Z,Xu C,Lu Y, et al. Microplasma-assisted rapid,
chemical oxidant-free and controllable polymerization of
dopamine for surface modification[J]. Polymer Chemis-
try, 2017, 8 (30) : 4388-4392.

Yilmaz F,Kose K,Sari M M, et al. Bioinspired surface



2020 4 12 A 43

A, G

S VU R B HK 23 BRI i 2 S ]

« 19 -

[17]

[18]

[19]

[20]

[21]

[22]

modification of poly (2-hydroxyethyl methacrylate) based
microbeads via oxidative polymerization of dopa-
mine[J]. Colloids and Surfaces B: Biointerfaces, 2013,
109:176-182.

BB, ABFHE. 506 DR 2 T e i i 5 5
PERELI]. @ FRORRRE S T, 2015, 31 (1) « 185-
190.

TR — AR Bh, KA, 55, Z R AR
SRR 0], R 5HOR, 2011, 31(3) - 32—
38.

Lee H, Dellatore S M, Miller W M, et al. Mussel-
inspired surface chemistry for multifunctional coat-
ings[J]. Science, 2007, 318 (5849) : 426-430.
Pipatchanchai T, Srikulkit K. Hydrophobicity modifica-
tion of woven cotton fabric by hydrophobic fumed silica
coating[J]. Journal of Sol-Gel Science and Technology,
2007,44(2) : 119-123

Huang S. Mussel-inspired one-step copolymerization to
engineer hierarchically structured surface with superhy-
drophobic properties for removing oil from water[J].
ACS Applied Materials & Interfaces , 2014, 6(19) .
17144-17150.

Kang S M, You I, Cho W K, et al. One-step modification
of superhydrophobic surfaces by a mussel-inspired poly-
mer coating[J]. Angewandte Chemie International Edi-
tion, 2010, 49 (49) : 9401-9404.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Yang H C,Pi J K, Liao K J, et al. Silica-decorated poly-
propylene microfiltration membranes with a mussel-
inspired intermediate layer for oil-in-water emulsion
separation[J]. ACS Applied Materials & Interfaces,
2014,6(15) : 12566-12572
Cao Y, Zhang X, Tao L, et al. Mussel-inspired chemistry
and michael addition reaction for efficient oil/water sepa-
ration[J]. ACS Applied Materials & Interfaces, 2013,
5(10) : 4438-4442.
Waite J H, Tanzer M L. Polyphenolic substance of Myti-
lus edulis: Novel adhesive containing L-dopa and hy-
droxyproline [J]. Science, 1981,212 (4498) : 1038—1040.
Kim H W, McCloskey B D,Choi T H,et al. Oxygen
concentration control of dopamine-induced high uniform-
ity surface coating chemistry[J]. ACS Applied Materials
& Interfaces,2013,5(2) : 233-238.
Zhang X, Liu M, Zhang Y. Combining mussel-inspired
chemistry and the Michael addition reaction to disperse
carbon nanotubes[J]. RSC Advance , 2012, 2(32) :
12153-12155.
Gao L,McCarthy T J. Teflon is hydrophilic. Comments
on definitions of hydrophobic, shear versus tensile hy-
drophobicity, and wettability characterization[J]. Lang-
muir, 2008, 24 (17) : 9183-9188.
EF R, X, —Fh BT CBERR ) 2R R -9 e K A
(0] AT A= S5 HAR, 2006, 13 (4) - 23-26.
RERE: AL %



