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T JE WL G0 oK UKL BT IR AR K Z iR NTE R S W SR b, H T B T L 94 oK R 2 R R
K, SBCERM MR REZE, WGl T HEMA . B SESE0N U, T X L
B, Xu 212028152 0 FF R 7 — B 7 AL A0 R S5 KA ML -TE ML 2% A 5 1 i K B e TR« AR
M BZERE (PDA) MBI (PED LRI AR B, R HE 2 R
PEE & & PR K PE T HLGKR Bk, 25 R Box, SR A% 7 2 el 8 A I 3% T ¥ 50 Hb 3 1 —
ETNACKTRL, T R KR T, I BT NP L R R Ak R .

EMEK PR T s R, Gl AR AN T A NS R, R AR LG R
e, [RDRE ST IR AN N i B RUIR K . D, Liu SRR A ) 7 UK PDA ¥4
b B R w20 (PVDF) BEFLR T, 54 4 90 oK kL [ & 76 B FL R 1, B 4R R L
AL B %%, AR 7 PVDF RS KPE . PVDF AL B ST B 7 5t 4-H 3 7% 9y A IE
B PR AR, RIS T MK A ES . RIS E K, EER
WP BE A SR K M SO A0V AR R LR, @ TE R R TH AT DL S BT K g B R R
Wy 1) 38

AA T A — P B R N K AL G R 1 4 T A A, T R T R AL I R
(251, 2 3% VR B ZH 76 A W T AE bl R R D A Bk R AU, A T R IS kA
C(4A-Fe) 5 fi A 57 261, 75 B it ) TR, K 4A-Fe R 45 & i — 0 12T+ T 4A-Fe
(i A6 AR 27T, AA-Fe fiEALTRIBR T BB m et ae b, 4k s eE B A i T H o K R m
F R R A R A (2R R, R — PR AT I P AR TS U R T LA R . A HIE AT L % 1
Vg 47 IR 25 A R K X (PES) T 8 A S SCHE I, Sk F PDA RI PEI JL T ARAE I 3R 1HT, v 4A-Fe
A0 750 1) ] S SRR S, WAL T 4A-Fe A5 U IR 7K B T LR IR o0 B M RE R R Ty B P AR
SEI T TR B RE 2R Wy 1) R A R AR R O 4 UK 4

1 SRS
1.1 AFIE5ER

EEBEK (PES): Zr#fral, fEE TR AR M, M5 7 &N 14500, {6 H AT E
HAMAE T (80°C) F % 24 hy NN-ZHIEEZBEE (DMAC): o #ral, KE R B
HBIRAR; RO E 400 (PEG-400): srtrall, RERZEKIAAARAR; =HF LR
B B 22 s (Tri-buffer). [ L E L (DAY ME 24 (PEI, Mw=600): 4 # 4k,
HRBIRFAARAA: EEFK (H0): SLI=EHH .
1.2 4T PES B I8 BE 1 oh) &%

K FH AR 5 770 A % A v o1 %% PES FRIE R . @ AR B W R PES R B, BT
T 2 AR B S R R 5 PES LGS K, 4L AN R IS 4% #F 4 Tab.1l A1 Tab.2 fioR . fE
gt ] VA RS L R b, K B R AE I B B R R DL S, SE AR TR R T 70% 1 3 5 o AR
FF 60 s, FA 5 TR 35 BRI S B T LU P R AT A R A T R . OO ] v BB T AR
WIEAETTFE 60s 5, LB THE —BEBTIFE 156s, K5 H R AR JE A 1) E
N R e AT A S8 4, 19 3 PES I

Tab. 1 Membranes prepared by dual-bath coagulation
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Dual-bath coagulation
PES PEG-400

Membranes (Wt9%) (Wi%) First coagulating bath ~ Second coagulation bath
(DMACc:H20, 25 °C) (25 °C)
S12-5 5:5
S12-6 12 24 6:4
S12-7 7:3
S14-5 315
S14-6 14 24 6:4 H20
S14-7 7:3
S16-5 5:5
S16-6 16 24 6:4
S16-7 7:3

Tab. 2 Membranes prepared by single-bath coagulation

Coagulating bath Coagulating bath
PES PEG-400 o
Membranes composition temperature (°C)
(Wt%) (Wt%)
(DMAC:H;0)
D16-5-L 5:5
D16-6-L 6:4 25
D16-7-L 7:3
16 24
D16-5-H 5:5
D16-6-H 6:4 48
D16-7-H 7:3

1.3 PES/4A-Fe [ &

1.3.1 PES JER WL YT PDA/PEI: K H AT SCHR By # 38 19 77 V% 76 g 4 £l PES I 5% 10 3%
UiA PDA #1 PEI, B AR . (1) ¥4l PES PR B s B 424 65 mm [ [& J
BT () ¥ T %0 PES EAE OB IRIE 10 s 2 J5 58 & % T 150 mL Tri-buffer ¥
W d (50mmol/L, pH=8.5), H:d PDA Al PEI I B 73 %8 3 mg/mL; (3) FLyiff 2-12
h J5 B e 28 FKIGHIE7E 60 C T HZ T4, Hf3 PDA/PEI Lyl PES i, idfi
M2, M4, M6, M8, M12.

1.3.2 PES BERTE B Mt 4A-Fe L7 : 4A-Fe fE PES IR XM A M T AWM F: &k, ¥
0.15 g 4A-Fe A 73 | 100 mL £ & F/KT; BEfE, ¥ T8 PDA/PEI LT PES X
FEARET 4A-Fe o B 12 hy e o ¥ BEECH 25 B F/KIE B IR 7E 60 C R 1A T
JEL (¥ i £ 4% #F 1 Tab.3 s .

Tab. 3 Preparation conditions of 4A-Fe/PES membranes

Membranes PEI/PDA deposition (t/h) 4A-Fe immobilizing (t/h)
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M2 2 h 12 h
M4 4 h 12 h
M6 6 h 12 h
M8 8 h 12 h
M12 12 h 12 h
1.4 R RAE

K H A Hitachi-S-4800 %37 & 4 31 i H5 (FE-SEM) Xt BT 1) % f9 5 2% T A0 W87 1 33k 47
TSR W %2 . K 7% [E Drop Shape Analyzer 100 7K 42 filt £ 3 i3 43 I 38 P 1) 4% 52 1) 7K 422 fod £
(WCA), FI B 25 %2 3 A0 H 3 Rkt 20 ) 3R A 7 B0 /K R 3/ COCADY; B 4h, A=
H G e i R AIE T 1R K R T 30 25 B B P AR
K R e o 0 5 SOk R 0F & AT AR, JaAE 0.2 MPa R TiUE 15 min, B 5 £E
0.1 MPa T #E47il &M ul, JFMRHE L (1D #ATIHE
Vv
 Sxt
X J—BFEE, L/(m2h); V—EDWAER, L S—EMAE KM, m2 t—l g
H, ho
15WAKSEER
1.5.1 EHAMAKBEMHE: UL H IR (109> AWM, A 2009 KEEE, W
Pi#E (8000 r/min) VA 2h B AEAAL M KBRS B, KA 7 I 38 35 DLE = #h )k
(¥ 77 26 i AR S AT A B, FERARI K S B AR (o) RAMRE LA (2) BT
o

1

7, = (L1) x100% (2)
mO

A mo M m A2 73 AT S KR A VR P OK R R

152 AWM AKBED T B REBBEM: LW &G (109> KWiAH, F 200g (pH=2)
KIBE G, B 2 grhif 80 f1 0.1g W4 O, ¥R & W H: Sk £ (8000 r/min) 5 h 5
1AL B KRS, BEJE AR K LA R NN 0.04 g (K By B IS R . R SRR =
TR, DUAS R 7 A PE 0.1 MPa FHEAT WK B, EB A 32mM ) H,0:
TEUE R Ty B Al S 06 o WK FLA VR I 43 B A2 (p2) SR 3K (3D 45 R STk 4 i 1y Jy v (80
BEAT VR, IR T B A R 56 A - T D0 43 o6 ol BE H EAT SR AE .

772:(1—£)><100% (3)
CO
A C I Co o il 4 B 0I5 FLAG R il W B, SR A 20 A0 I il Ak AT D OE .
A, BHERTEAE B HMMKEE SR EEMEH R, RS EN: H
JEF R A A KR A AT 3 B,  E A ARG, B AN EH B A A
gk, X AT B A IE BE 30 min,  BE 5 HE A B DL R B B R 10 Sk, R kR BRCHT 0
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Ay —HMAAMAREY, TWHE 2 Ry &, RIERME, BT 3IKRELE S &
S

2 R 5w
2.1 PES B RAE

TE AR 26 1 5 i % 1 PES JiR W7 10 45 #  Fig.1 fror . A DU, 250 — [
DMAc #H [E I8, B & PES & & (14 I, BB i 6 458 R KX L M sk /N, ¥ 4 L 45 1) 38 I 1
2. VWS — B AR, RS R A SRR R AR T R - TR O R
A 0 R R AR R i AT O Fick E BRI, AT B HE B Ty a2 I BT o A B -
[E] vy S TH PO VR B 22 . 2 PES S I INET, BRI OK, WPTEUE B, M
S ERE, R BN EE, Kb fLa g £ .24 PES & /-8y 12%AH1 14% I,
bt &2 — Bt DMAc MIE MG N, Mo sslg Mg 2. X2 W o 2 &t
DMAC ¥ B 38 I i, 5 700 F0 Al ¥ 700 78 J5 - 358 8] i T TR 1R B 22 ek /DS, U Rl O 4%
MosdEa T, SEENTESRILEMWEEZ. X PES &S HCN 16%H,
— Bt [E I DMAC T & 5> 200 50%I , 19 3 I I A 58 B K i 48 FL 45 H 1K) PES i, HLBE
EH—BE G DMAC S ERIE I, R BMAR, EAFHEEHILLEN. X FER
DA] Sy b N IBE VA 6 PR R, R B kO A A B R R L R

AN, EREE AN, FFEY PES & & — € MI %, 256 B EIE  DMAC
SRR ILE WG 2, B AR R T AT I A LSS M D, R AR
i ¥ DMAC T & 7> 8008 70% . &t [ 7 5 B2y 48°C I, 7E 5k [E 8 2% 14 T 45 3] 1 Wr i
N e R R LI S5 R o IR BE T T e 2 A AR A o0 T R bR, T B S VR e I G R AN I [
W Z (1) DMAC X 2 3 ¥ 71 A0 3E 45 71 22 18] (19 52 e 3 B A8 18, f 24 A X 2 [ 2 38 () 1
N, JETE R 7 B AL AR, H R R T 2RI M AL AR B R OR T B R M
HE W EmEfy, BERBERAEAEY —, Xt h TEHERRERS, $BURET
2 T P 35T AH 43 S AE 22 K P B
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D16-6-L [Smsgiuesass— D16-7-L

D16-7-H

Fig. 1 SEM images of cross-sections of as-prepared PES membranes
15 2 W T A 4R AL 45 # 1) PES i (S16-5 Fl D16-7-H) Z )5, A 7 — B W& H 4
Ky, xF 2 AR ER R T RBRAE, &5 RW Fig.2 Proc. ATRLEH, BEHEE. &
B[R W UL T T 45 B D16-7-H EE XUEE [F W8 43 2 /O S16-5 1 F R A fLAR K. LR

i

o



o TARRRE S TR
POLYMER MATERIALS SCIENCE & ENGINEERING

Top surface

S16-5

D16-7-H

Fig. 2 SEM images of the top surface and bottom of S16-5 and D16-7-H

X2 Fh kAR R AR B 4R AL A5 R PES M T K8 B R AR, W 92 E 1 RE 10 E] I
Krge HPrE & e . KEEN RS RW Fig.3 fiax, aTLLAEH, B D16-7-H KIHIR /K iE
B T S16-5, {HBE & Ik i ) (1) 2 K D16-7-H Ry /KB ERE T, 2h e K BEE#E T
fa g, 870 L/(m2 )/ 45 . T S16-5 MI/KIBEEV G M NG, & T i, @i
— B AR ERE 2020 L/(m2h) A A . Ui P S16-5 Lk D16-7-H A i Hi Ltk fe, T8 2
D16-7-H Jif B ik 2 4k 8] 8 I BE B v AH o0 B FE OB, A SO R 3B AR 0 AH 4 B Tk FE A
EROR, AR R S A —, B3I AR BRI R 5 R B b T BB R AR B I R
o JrLLJE 8 S5 b i B ) R JEE R S16-5.
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Fig. 3 Water flux of as-prepared membranes
2.2 4A-FelPES KR 1E
PL S16-5 Jy 2k B 15 FI i) 4A-Fe/PES B &KL S 45 M a0 Fig.4 fiox. A LLE Y, FE
# PDA/PEIl FLyTiARI ] i (K, 5 2B R 0 MM 4A-Fe B &M, XFERZMHT
PDA/PEI 3 T B I 18] 4 € < Al 15 I 3% 10 A o5 47 %6 2 PDAJ/PEL, B 3% I &5 I BE 1271 9
Gb, FTLAE M, 4 PDA/PEN SL TR (B BRI (2~4 h), PUAR 3L T 1) PDA/PEL AN g
B, WARREIRREMAAEN: BUIRNEERKZE, E£RKMEHY 600 %

W, BRI R AR RS, e KB M12 AR E L (100X) M43,
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FILAE H, BRRTH ) 4A-Fe MUK £E B 2 10 73 A 8039 50

5

IFig. 4 SEM images of 4A-Fe/PES membranes
4A-Fe/PES JBL ¥y /K #% filk 7 41 Fig.5 Jir o o Fifi 35 JBE 36 I 97 2K (Y 4A-Fe UKL AU 4G 2, B
T K B A f R B, MA2 R OK Ak AN D 250, JB TR SR KR .

84.55

Water contact angle(®)

?‘:’Sazvos'\‘“a N N OO RN At

Fig. 5 Water contact angles of membranes (PDA/PEI-deposited is the membrane after
co-deposition for 4 h)

2.3 4A-Fe/PES EXTE AL H KB EWH 2 B

KA Ll S16-5 JyZE ] £ 1f) 4A-Fe/PES M #EAT 7K 43 85 Mk, 7 2% DL = A R feE vt/
KOAE LA MK B A 2 5 7 Ry Ak RE . R B OKIE R L R R DL B AR I
Fig.6 fiTon. ATLLE M, TEM KD B2, 4A-Fe/PES JE (¥ /K J& & i 5 PDA/PEI UL FA it
B F 4E K S 38 K 5 sk, B & BT 24 PDA/PEL YR [A] 45 B, R 3R TH 1 31 4A-Fe £
B, BERKMEE, ZHIGEFBOKEERE TR, HEE 2% PDA/PEI PUAN ) Kif, BEE
il PDA/PEI ¥ fLBL S ™ #, 45 /K8 & FAR. 713 4A-Fe Jo, BE2RKMESRTE, Himh it
1 i, AR R B SR T HAN[E PDA/PEI HL T AR I 8] 75 21 1¥) 4A-Fe/PES IR 1) i1 48k B % AH
EARK, BN 95%LL . 4A-Fe/PES B 1 i 7K 4 85 2R 7E 96% LA I,
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Fig. 6 (a) Water flux and oil rejection of membranes; (b) separation rate of oil-water mixture
by various membranes

M EREEREATE, M4 R H A R m Kl B (649.2 L/(m2 ) FIAR S 1) 3 7K 43 B 1k
B, MBS, AR P M4 BN RN R . AR T M4 (K it £ i
fi (OCASs) RiEH] M4 8y T B A F b (K 70 B A, 450 Fig.7 fios. w L&,
M4 A K R I B 25 2 i ) OCAs Ay 135.3° , —H E:fEi Y1 OCAs & 165° (Fig.7a),
PLE M4 TEK T RAEEMYER . A, WOKTR W AR AE M4 R SR T ) 3 25 Z B 1k
(Fig.7b) thr] LLF i, M4 ALK N JCih &6 B 1k, H A 00 5 0 i o 1k

200

M4 mamic oil adhesi
N ‘- s 2 a b Dynamic oil adhesion
20l e~ 0 O (TRl TTUTUTUTTRT
E okl
-« — l
120}
5
o s— s —
5 80 |
: !
=
z 40t
-
Y
<
S ———— — s
0

0“ . ol
yacwu ™ por? . “\et\\v\s'\\\co‘\
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Fig. 7 Underwater OCA test of M4 (a), and the dynamic adhesion behavior of
dimethylsilicone oil on M4(b)

JAE S B A G FE e, AT A S B R PR BOBPE A Sl R K, N T R AE A B AT A
AR S B LR T 77, B MA D 1IN T R AE S F pH S5 AE R B0 KRR ik, &5 R A0 Fig.8
o ATLVE M, M4 BRAEANE pH R KRl f A 22 A 2 09 60° 24, U] M4 AL 22T A
£ S
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75

. M4
60

45

30

Contact angle(®)

1 3 5 7 9 1"
pH

Fig. 8 Water contact angle for acidic (HCI, pH=1), alkaline (NaOH, pH=11), and neutral
(NaCl, pH=7) solutions on M4

2.4 AA-Fe/PES JEXT AL KR & W0 1 43 B8 o X 28 By 1) 8 4 % #8

FRSEE R, 2 M4 B AEFLA R KR A PR, Bon T B AR 4 5 1 R
E 2 S bR B A B R K AT BE L AL AL KR A AR, i R~F BN, RUKR A
BIE), IR TS Z KM AKBE o EMEE, XN FiZRmMmAKs SRS T
R BB R . N T SRAE AW AT BT ) % (1 fe T FL AL KR S WA BAE 1 AR,
il & 7 F R v K R 80 FLAK T KR S, I AE L i N AR g 41 O SR bR T A
BE )5, K M4 765256 = [ i) 1 4 2 B v ok — B Rl /K ek R 80 Lk K TR & Mk
TEhA& 8, 4R W Fig.9a~d Pros. AT LVEH, M4 JRGEW B 19 70 B AL AL ik IR &9,
HEPHAT 3 M ELRIE, M4 JER) 5 BRI IR G R FFAE 94.2%0LL | (Fig.9f), HE=E
SAE AR M4 B R B R Biis JeEBE (Fig.9e).

1E AL MK IR AW CHIEE M BIK pH=2) WFn N KRy, HTE B W46 A H02 JF
B S5 WS N, AR K FLIR 4y B[R IE EAT R B B . 45 R Fig.9g BT o MR T I fig 1)
HLANE AT LLE B, BE G G 20N TR B A G, oK My 1 06 1B IZ T AR, FEJB 6 50 min J5, %
T, Ul BV R DR T AR PR AR 4, LI DR T R AR AR IS B 98.7% . bk S 4 Rk
B, ARSI AT ) 4% 1 4A-Fe/PES J5 SE I T I 7K 23 25 1 5] B 0 55 3 2R K 2K Wy TS 4 1 B
fif o G K Y ) B RN SR O5 1 (Fenton) N, B HLEER 405K (4)~(12) T ow

Fed* + H,0, — Fe?* + HO, -+ H* (4)
Fe?* + H,0, — Fe®* + OH + -OH (5)
Fe?*+ OH—Fe3*+ OH" (6)
HOz + H,0,—0,+ H,0+ -OH (7)
RH (W) + OH -»R -+ H,0 (8)
R -+ Fe®* — R* + Fe?* (9)
R*+ 02 — ROO* + CO; + H20 (10)
H202+ -OH —HO; +H,0 (11)
HO; + OH—H,0+0; (12)
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Fig. 9 (a) Schematic diagram of the continuous separation for oil/water emulsified mixture;
(b) image of mixture before and after separation; (c,d) polarizing micrographs of oil in water
emulsion; (e,f) reusability of the membrane; (g) UV adsorption spectra of phenol

degradation

3 &

DL PES >y 2 A4 Rk, 38 i X0 [F] i3 A 3 A0y ) % T g AR AL &5 M 1 PES R (S16-5),
Bk B 2020 L/(m2h), HPtEZE M. Ll S16-5 AR, 7 i % M Lyl A PDA/PEI 15
BRI R, FAE MR A E 4A-Fe MUK, 13 3] 4A-Fe/PES . 4A-Fe/PES H A7 BT i)
K ME L KT BB B DL K BT B B BE . 4A-Fe/PES JEFE AN [F] pH I Rt B0 UK HE il £ AR
AR K o 1840 B — FF Lk g /K IR A VR, PDAJPEN JE 3T AN [ 1 18] 45 21 1) 4A-Fe/PES Ji
(173 BS R BITE 96% L o B AL KR BT, 7 B AR AR A B 99.8%, HOE AT
S EEW G, A ENREFAE 94.2%0L 1.
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ABSTRACT: The development of technologies that can simultaneously separate oil-water
mixtures (especially emulsified oil-water mixtures) and degrade phenols and other organic
pollutants is the research focus of oil-water separation membrane or catalytic membrane in
future. In this paper, the polyethersulfone (PES) membrane with sponge-like pore structure,
high water flux and good compressive resistance was prepared by the phase inversion
method with dual-bath coagulation. The 4A-Fe/PES membrane was prepared by
co-deposition of PDA/PEI on the membrane surface and subsequent loading of iron species
catalyst (4A-Fe) particles. The oil-water separation performance and phenol degradation
performance of 4A-Fe/PES membrane were investigated. The results show that 4A-Fe/PES
has good hydrophilicity, oil resistance adhesion and excellent underwater
superhydrophobicity. In addition, the degradation of phenol in the oil-water emulsion is
realized while dynamically separating the oil-water emulsion. At pH of 2, the conversion of
phenol reaches 98.4% after 50 min, and the separation efficiency of oil-water emulsion
reaches 99.8%. The separation efficiency of the membrane maintains 94.2% after repeated
use for three times.
Keywords: isolated iron; polyether sulfone; oil-water separation; degradation
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