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Preparation of the superhydrophobic polypropylene membrane and
its application in the oil-water separator
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Abstract Superhydrophobic and superoleophilic melt-electrospun nanofibrous membranes exhibiting excellent oil/
water separation performance were green fabricated by a facile route magnetron sputtering silica nanoparticles onto the PP
membranes. By introducing the rough structures and low surface energy, the nanofibrous membranes could be endowed with
a superhydrophobicity with water contact angle of 162, 8=£2. 1°,a superoleophilicity with oil contact angle of 0°. More im-
portantly, the PP-SiO, membranes exhibited the excellent separation capability and stability for oil/water separation by a
solely gravity-driven process. This separation membranes prepared after repeated use 10 times remained superhydrophobic
and separation efficiency remained above 90% , which would make them a promising candidate for industrial oil-contamina-

ted water treatments and marine spilt oil cleanup.

Key words melt-electrospinning, magnetron sputtering , superhydrophile

[2] [3]

’ [l ’ ’ ’

[9-13]

N N s , . Tang

tel | Wenzel Cassie- (PP) ,
Baxter , s o s PP

(BY2014023-04)
(1989-), s



. 228 -
. PP . , . (R.%) (1)
’ R<%>:<1—%’)><1oo% D
, PP Sio, :Co Cp /
) ] ?go
o 2
1 2.1 Si0,
L1 1(a) FT-IR . .
(PP, Y40, 1100g/10min(230°C , 2956cm ! PP CH.CH.  CH; C—H
2. 16kg) ], : Si0, , . ’ .
’ ’ 1072cm™" . Si—0 .
, ’ Si0, . ,EDS
L2 PP o PP PP
7 bp C H. 1(h) . O si
,100°C 12h, . PP ’ 4 SiO;
0. 6mm s s °
. 190°C .
8em, 27k V. PP
60°C 5h, .
1.3 PP
PP SiO, .
25mm SiO, s
6X10""Pa,
_ 1 FT-IR  (a) EDS (b
. SiO, 1 .
PP-Si0, X, X . 2.2 PP-SiO,
1 SEM  AFM 2 3 , 2
) . i 2(b-d)
A 60.80  100W PP-Si0, , SiO,
/(scem) 20 ’ °
. SiO, . 100W
/Pa 1 ) ) 3 i
al ' R 100W . SiO, 60~270nm .
- /cm 10
/min 60
14
(SEM,SU1510
) (AEFM, CSPM-=3000
. )
(FT-IR) 600 ~ 3500cm " (EDS, EDAX-TSL
, AMETEK ) ;
(OCA20 , Data-Physics ) s
. 5 ,
L5
PP-Si0,-X
. 100mL . 2 SEM
[(a) ;(b) 60W; (c) 8OW;

(d) 100W]


zhk
铅笔


10 .« 229
3 AFM 5 PP-SiO,-100 /
[(a) 3 (b 100W]
23
SiO, s
o PP-Si0O,
s 4 o 4(c) ,PP-
SiO, s 60,80 100W
, PP-Si0O, 150. 6 £0. 5, 6 PP-SiO, (a)
156. 41 9 162. 8+2 1°, s (b)
N SiO, s 3
o, , [ 4
(b7, 0°, . ’
SiO, o
o PP-Si0,-100
162, 84+2 1°, o
10 s s
4 PP o
[(a) 100W 162. 82 1°;(b)
0% (e) PP-SiO; ]
[1] Al-Majed A A, Adebayo A R, Hossain M E. A sustainable ap-
2 4 proach to controlling oil spills[ J]. Journal of Environmental
Y Management,2012,113(1) :213-227.
/ [ 27 Ventikos N P, Vergetis E, Psaraftis H N, et al. A high-level
5 , 100m synthesis of oil spill response equipment and countermeasures
200ml [J]. Journal of Hazardous Materials,2004,107(1-2) ;51-58.
’ ’ ° [ 3] Mullin J V,Champ M A. Introduction/overview to in situ burn-
’ ing of oil spills[J 7. Spill Science & Technology Bulletin,2003,8
° ’ ° (4):323-330.
’ [47 Adebajo M O,Frost R L,Kloprogge ] T,et al. Porous materials
s PP-SiO, for oil spill cleanup:a review of synthesis and absorbing proper-
B s @) ties[ J]. Journal of Porous Materials,2003,10(3) :159-170.
.PP [ 5] Annunciado T R, Sydenstricker T H D, Amico S C. Experimen—
6(a) tal investigation of various vegetable fibers as sorbent materials
° for oil spills[ J]. Marine Pollution Bulletin,2005,50(11) 1340~
6(b) . 90% pillsL]
1346.
° ’ [ 6] Wang C,Yao T,Wu J,et al. Facile approach in fabricating supe-
pp 98 6%, rhydrophobic and superoleophilic surface for water and oil mix-
, PP 60. 62g/g o s ture separation[ ] ]. Acs Applied Materials & Interfaces,2009,1

95%

[l

(11):2613-2617.
( 232 )



.« 232 44
S, ,1993,6(2) ; 168-175.
o [16] HF [J.
. .2008.,39(9):90,91,110.
[17] [R].
’ ’ ,2004.
’ ) (18] . . .
[cl. .
r17] D]. . : .2010:18-25.
,20086. (19] ’ (1.
[2] . YHR .2001,16(6) :26-29.
0l ,1997,28(3) :19-22. [20] ’ ’ :
[3] . Lyl -2004(5) :20-23.
[D]. L2011, Lz1] ’ ’ :
[4] . . . (R -2005.36(12):1498-1502.
2010(4) ;9-12. [2z] , .
[5] , 0. »2009,40(1) :69-71.
1. ,2011(2) ;37-40, (23] [DJ.
[6] . 7. ,2012.
,1982(2) . 73-82. [247 Wang Xin,Luo Shaoze, Liu Guangsheng, et al. Abrasion test of
(7] flexible protective materials on hydraulic structures[ J]. Water
[Jl. ,1986(9) :20-24. Science and Engineering,2014,7(1):106-116.
[8] . . ., . HLC-GMS [25] o
L. ,2012(5) :111-113. (. ,2011,28(3) :63-67.
[9] C. L &
,1998.9(S1):8-13. [l ,2012,29(2) :64-67.
[10] s s .. [27] . SK [J].
[cl// . ) ,2014(13) :161-162.
: ,2010,96-101. [28] ; . .o
(11] . [J1. ,1990, (. ,2006,32(9) ; 31-33.
10(3) :59-67. [29] ( )
[12] . [l ,2007(36) (1. ,2009(3) ; 33-37.
463,490. [30] . [1]. ,
[13] . [Jl. 2002(1) :57-66.
,2006,32(3) :56-75. [31] , , . .
[14] ; . (1. .2002,22(1) ;19-22.
,2012,29(10) :114-117. :2015-09-24
(15] ; - [l :2015-12-07

33IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

( 229 )

[ 7] Tian D, Zhang X, Wang X, et al. Micro/nanoscale hierarchical
structured ZnO mesh film for separation of water and oil[ ]J].
Physical Chemistry Chemical Physics, 2011, 13 (32): 14606~
14610.

[87] Yuan J,Liu X, Akbulut O, et al. Superwetting nanowire mem-
branes for selective absorption [ J]. Nature Nanotechnology,
2008,3(6) :332-336.

[ 9] Zhang J. Seeger S. Polyester materials with superwetting sili-
cone nanofilaments for oil/water separation and selective oil ab-
sorption[ J]. Adv Funct Mater,2011,21(24) ;:4699-4704.

[10] ShiuJ Y,Kuo C W,Chen P,et al. Fabrication of tunable super-
hydrophobic surfaces by nanosphere lithography [ J ]. Smart
Materials, Nano-&. Micro-smart Systems, 2004, 5648 (4) ; 325~
332.

[11]

(12]

[13]

[14]

Song X,Zhai J, Wang Y.et al. Fabrication of superhydrophobic
surfaces by self-assembly and their water-adhesion properties
[J].J Phys Chem,2005,109(9) :4048-4052.
Wu X, Shi G. Production and characterization of stable superhy-
drophobic surfaces based on copper hydroxide nanoneedles mim-
icking the legs of water striders[J]. ] Phys Chem B, 2006,110
(23):1247-11252.
Tserepi A, Vlachopoulou M, Gogolides E. Nanotexturing of poly
(dimethylsiloxane) in plasmas for creating robust super-hydro-
phobic surfaces[ ] ]. Nanotechnology,2006,17(17) ;:3977-3983.
Tang X,Si Y,Ge J,et al. In situ polymerized superhydrophobic
and superoleophilic nanofibrous membranes for gravity driven
oil-water separation[ ] ]. Nanoscale,2013,5(23):11657-11664.
:2015-06-23
:2015-09-28



