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Fig. 1 'H-NMR spectrum of P(DMAEMA-co-HEMA-co-DMA)
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A, a—Unmodified stainless steel mesh; B, b—Polymer coated stainless steel mesh; C, c—Polymer/SiO, coated stainless steel mesh
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Fig. 2 SEM images of stainless steel meshes
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B S5 T R AR O AR RERR AR, SN T Rk
2.4 XPS 7#f

A XPS iF — 25 X 2 A& M 1Y AS 5 A9 W 1E AT
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Table I Water contact angles test of modified stainless steel
meshes
Water contact angles/(°)

Samples

pH=1 pH=7 pH=13

Polymer 121.4 132.7 132.4

Polymer(5 min later) 80.5 128.5 127.0

Polymer/SiO, - 151.0 150.5

Polymer/SiO,(5 min later) - 150.0 121.4
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ZEE R & (A 4(c) ), K258 58 A7 7 T R 6
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B3 N 1s iy XPS fETEE /7 () RAWIBHEAENIN; (b) BAYBHE AN ML pH=1 H/KIZH 30 min; (¢) B Y 1B
NP2 pH=7 B/KIZ 1 30 min; (d) BEYEMHAEIMNZ pH=13 7KL 30 min

Fig.3 N 1s core-level XPS spectra: (a) Polymer coated stainless steel meshes; (b) Polymer coated stainless steel meshes treated at pH=1 for 30

min; (c¢) Polymer coated stainless steel meshes treated at pH=7 for 30 min; and (d) Polymer coated stainless steel meshes treated at

pH=13 for 30 min, respectively
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Fig. 4 Oil-water separation of polymer/SiO, coated stainless
steel mesh: (a) Water (pH=1) penetrated through coated
mesh; (b) Oil was blocked by the coated mesh treated by
water (pH=1); (c) Oil penetrated through coated mesh; (d)
Water (pH=7) was blocked by the coated mesh treated
by oil
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Fig. 5 Separation efficiency of oil-water mixture by polymer/
Si0,-coated stainless steel meshes

252 KRGS H K 1500 H(ZY 10 pm)
ANEWNPERZLC, E— PR RAEW/SI0, B
BN A 2R X K FLIR Y 43 B B T Si0, B AE
oA Rk 3 T AE R M 25 A T 1 S K I AL rp P /s el 2%
R KB SR R . AR Si0, B i XK EL
WA BB, BF9T T Sio, i 0 50 1%, 3%.
5% I 5 A W /Si0, 181 AN 45 4K W Y SEM & (1] 6),
FE43 WX 285 T 7K (pH=1) 1 1E C %% 75 3L AL 37 o
80 45 FIE A FLI AT 00 55

M 6(A)F (a) 7] LLE H, 24 SiO, it & 50N
1% IF, FEAR4E N IN 2 1 Si0, A T /)N, it 41kt
X 90 K LR A B AR AR 22, 20 AN 343G 75 43
BT E L E O e IR R A4k, =R (2) TR
I ERCEA R 50%, X IEF N Si0, 7&K, Rk
KYEAR R, JCIEARLBE R IE C bt 7 Si0, i &4
BE 3% 6(B) FI(b) ), Ak i it kA B BH I 34
Jin, BEEF A B RCR T 99%. SR, 24 Si0, Jii 4y
BTt E 5% B (& 6(C). (c) ), Kit SiO,HI R IFEAER
7500 I ) % T RN AL B =z D, DT 5 75 9 K o B AR
AR 22, S B RORANAE 30% iAo Bl TR T
Si0, Jii 5 5 BUA 3% Tl 7K 7L 43 15 1 A B R B
LA A o JEAR B K ZLIRAR Wk, R AR EEE A
7E 1000 nm 2= A7, i 8 L A6 7 RS R 40 3R V7 AR K
W OB 2, VR TR RFLBORLFTH AR,
W E S A RARLE 10 nm Z2 45 B/ VBT, XD
I A FLA R I AR T o X f T Ik FLIR AR R
25, BELKAH {15 PDMAEMA 4% B e it 41 T
it J 2 p0 LR IR, DT (6 14 R A8 15 2R AR B s =2
S 7K 3 AN A ), T 1E L e ok BEL R A R T, DR
4y HmRY,



4513 RHERE, 2+ pHIA R 53 25 3SR 13 18 B 23 7 13 FH 21

w (Si0,)/%: A, a—1%; B, b—3%; C, c—5%
K6 SiO, itk 3 A [F] i 2R 6 #)/Si10, 12 i AN E5 I I (19 SEM ]

Fig. 6 SEM images of polymer/SiO, coated stainless steel meshes with different mass fractions of SiO,
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Fig. 7 (a) Photo of oil-in-water emulsion; Particle size distributions of oil-in-water emulsion (b) before separation and (c) after separation
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Synthesis of pH-Responsive Polymer Film and Its Application for
Oil/Water Separation

SONG Yaping, JIN Ling, GUAN Xinyue, WANG Chaofeng, LI Xinxin
(Key Laboratory of Specially Functional Polymeric Materials and Related Technology (ECUST),
Ministry of Education, School of Materials Science and Engineering, East China

University of Science and Technology, Shanghai 200237, China)

Abstract: The poly (dimethylaminoethyl methacrylate-co-hydroxyethyl methacrylate-co-dodecyl methacrylate,
DMAEMA-co-HEMA-co-DMA) was synthesized by free radical polymerization. Then stainless steel meshes with
different apertures were coated with the polymer or polymer/SiO, through impregnation, leading to the pH-responsive
oil-water-separation film. The topological structure and wettability of the meshes were analyzed by scanning electron
microscope(SEM) and contact angle(CA) test, respectively. The distribution of elements was characterized by X-ray
photoelectron spectroscopy(XPS). Furthermore, the oil/water separation capacity of the meshes was tested. The results
demonstrated that the surfaces of the meshes turned to be smoother after the coating with the polymers, while they
became very rough in case SiO, was added into the coating. Besides, the surface wettability varied with pH, which was
consistent with the XPS results. Under acidic condition, the coated surfaces were hydrophilic. However, as the media
was neutral/slightly alkaline, the surface became hydrophobic. Such change was related to the binding states of
nitrogen. The —N— in PDMAEMA was protonated under acidic condition so that the chain stretched and the
hydrophilicity was increased. Furthermore, the addition of SiO, made the mesh superhydrophilic under acidic condition
and superhydrophobic under neutral/slightly alkaline condition, which could be ascribed to the enhancement of surface
roughness. When the media was highly alkaline, the wettability of the surface was very unstable due to the chemical
reaction of SiO, under this condition. Oil/water separation experiments showed that the presence of SiO, and polymer
enabled the meshes with good capacity for the effective separation of oil and water, and additionally endowed the
meshes with a good stability. Meanwhile, when the mass fraction of SiO, was 3%, the results collected from infrared oil
measurment showed that the meshes presented good separation capacity for oil-in-water emulsion, and the efficiency
was more than 99%. Such results were further confirmed by DLS tests.

Key words: oil/water separation film; pH-responsive polymer; SiO,; wettability



