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FEE: UK o B IR RGP A M 22 1 (R8T, SR P Ay FHERR- TR I B ( TA-PVA ) Bh45 7 BH R R - 4l
(TA-Cull ) JEREIR-3R Z G4 ( TA-PVA-Cull ) W2 HERMmINSM (PVDF) X, §14& T HAREMM
KR E SRR K TREBMEE ( TA-PVA-Cull @PVDF ), KM SEM. FTIR. XPS Xl & MB#EAT T RAE, X
YRS PVDF IR ZRTEENEME: | K o B AT T, 548 T 00 i 2 T e tERS (81X TA-PVA-Cu Il @PVDF
PEPE IR DL B U 2 AR B R o 553K, 735K TA-PVA-Cu Il IA0KIRIZFVER T, TA-PVA-Cull
@PVDF (/K2 FI/K T I /43 BT A3 00F0 151.0°, FEXFFL AR 4325 50 B A 40 B s e i 40 i mT
ik 116930 LAmM*h)Fl 99.99%, JEIHEFAMK S BEIERE. N HI 2 FRetEmt a4 20 min Bf, TA-PVA-Cull
@PVDF TEHEEE MR Attt , B 15 W B s, Jf B USSR N 6.6%.
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Supramolecular micro-nano coating based on strong
hydrogen bonding modified filter membrane

CAO Xue', CAI Miaomiao®, LI Yule', HAN Zhi*", GAO Junkai'’

(1. School of Naval Architecture and Maritime, Zhejiang Ocean University, Zhoushan 316022, Zhejiang, China; 2. School
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Abstract: In order to solve the problem of poor recyclability of oil/water separation filter membrane,
superhydrophilic/underwater superoleophobic tannic acid-polyvinyl alcohol-copper (TA-PVA-Cu II )
coating modified polyvinylidene fluoride (PVDF) filter membrane (TA-PVA-Cu Il @PVDF) was
synthesized from modification of PVDF membrane with stable micro-nano coating obtained as adhesive of
tannic acid-copper (TA-Cull) with supramolecular tannic acid-polyvinyl alcohol (TA-PVA) as adhesive,
and characterized by SEM, FTIR and XPS. The surface wettability and oil-water separation performance of
PVDF membrane before and after modification were evaluated, while the influence of bivalent copper ion
modification time on the reusability of TA-PVA-Cu Il @PVDF and the durability of the coating were further
investigated. The results showed that under the function of hydrophilic micro-nano coating of TA-PVA-Cu
I, the TA-PVA-Cu Il @PVDF exhibited a water contact angle of 0° and underwater oil contact angle of
151.0°. In addition, the membrane flux and separation efficiency of TA-PVA-Cu Il @PVDF about
emulsified oil could reach 1169.30 L/(m’h) and 99.99%, respectively, indicating excellent oil/water
separation performance. The TA-PVA-Cu [l @PVDF modified by Cull for 20 min showed the best
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recyclability and coating durability with 15 cycles of separation times and a flux change rate of 6.6%.

Key words: strong hydrogen bonding; micro-nano coating; filter membrane; oil/water separation; recyclability;

functional materials
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PVDF [ ( H420 47 mm ), Y804 7 SRR
FABRAT; &AM (CuCly). Toakedk =H LR
fb& (CTAB). 0%t (CYH)., Jo/KZFEE. AR,
E 2L B AR A AR TA. PVA (BEfR B
JEE IR 43 H0 97.5%~99.0%, FhJE: 3.5~4.5mPa's), 1
Wik (PE). AR, LIgBTHL T A fbRHE B A R A
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Quanta 237 ; VECTOR 22 FUd B 2821 S8 EEY
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YEHLFRETE{Y ( XPS ), 5[ Thermo Fisher 23 7] ; JY-82
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RILT AN CITIAL, 7 5 RAPMRR & A PR A A
1.2 TA-PVA-Cull @PVDF W #l&

(1) PVDF FEAYTALFE . ARKIRR FHZE IR KRIG
KBV % F 4 PVDF ERTZR, ST
T4 12 h, FricA PVDF,

(2) TA-PVDF Rl HHbEER 1 A
PVDF JE ( 540 47 mm ) BCA 20 mL JFiH i &l
0.02 g/L 1 TA /KW R 10 min, TA 27 PVDF
RO, UG R BK L REEZ RN TA
W, FI N T 12 h, 43 TA-PVDF &, #Ric N
TA-PVDF,

(3) TA-PVA@PVDF K[l : ¥ 1 i TA-PVDF
JETICA 20 mL &4 EE R 0.05 g/L 1K) PVA /KB
SR 20 min, PVA K45 PVDF K1Y TA Z[H]
() R 2 P A I 45 A N, TA-PVA 4584, BUH JER
Ja ZRIK e LR 2400 PVA 1AW, IR T T
12 h, % TA-PVA@PVDF JiX, #7ic A TA-PVA@PVDF,

(4) TA-Cu Il @PVDF JE# % . ¥ 1 A
TA-PVDF A 20 mL JEaWEEHN 0.05 g/L 1
CuCl, KIEW S 10 min, Cull 5 PVDF JF3
() TA 2377 A A A i TA-Cu Il 48658, B B st
Je AZEIK Ve R R 281 CuCL /KR, Eil T
# 12 h, #175 TA-Cull @PVDF Ji&, #5icl TA-Cu
I @PVDEF,
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(5) TA-PVA-Cull @PVDF-1 JHI4: ¥ 1
A TA-Cull @PVDF it A 20 mL Jii & ¥ & 0
0.05 g/L [ PVA /KW % 20 min, PVA K4rF
RS PVDF IR M A TA-Cull 49 EH A
e AR ERYS, 1 PVDF BERE A4 TA-PVA-Cu Il 4%
EW, Ve R L A0 PVA VAW, IR T T4 12 h,
4% TA-PVA-Cu [l @PVDF-1 i€, 5 & TA-PVA-Cu
Il @PVDF-1.,

¢ CuCl,

1 TA-PVA-Cull @PVDF By 451t F s & 1K

(6) TA-PVA-Cull @PVDF-2 BRI 45: 1Ah,
R T B 2, % 1 i TA-PVDF J7E
20 mL iR K 0.05 g/L B CuCl, /KIE W o K
20 min, HUHHZERK S, FHEA 20 mL i
WEEN 0.05 g/L PVA KW R 20 min, B H
MK PRI FE S T T4 12 h, #l#3 TA-PVA-Cu
I @PVDF-2 &, #ric s TA-PVA-Cull @PVDF-2,
Al 8 R B EE 1 R .

TA-PVA-Cull @PVDF

P
FHZRAEK ke

£ PVA
P

Fig. 1 Schematic diagram of TA-PVA-Cu Il @PVDF preparation process

1.3 FREFHZESMHEREMK
1.3.1 RAETG %

SEM flli& . TAFHLE 10 kV, FTIR ik : FTIR
ELAT Sk 4 S SR o R AR TR I = R A R R
M, WEFEHE N 4000~600 cm ™', XPS M : K
ALK, FESFERTR, ST IREE A 2 nm, REN 30 eV,
TAETIE R 25 W, TAEHEN 15 kV, 2l .
T 7 FE 3 TR %) 7K TR S8 AR RS R S pl o it
ML AN 30 s, SHBEF ASIHEE,
LA 3400~ 2400 cm ™', WG BE VIRl R 0~3.000 AU,
HME R SF K 550 cmx380 ecmx150 ecm, HL K 220 V,
BN 50 Hz,

1.3.2  MEgemlax
1.3.2.1 7K 3 B PR RE DI K

50 g CHLIM . RO ke . At ZE s
AEHFI ) 1 50 g ZRIR/KIR Al 55 B /K IR &%, 4%
S4Ric A EO/W . CYH/W . PE/W . PO/W 5{ SO/W,
#0.60 gyl (HLI . PRCEE. AmEk. ZRilaETE

¥ ). 0.06 g CTAB Fl1 300 mL ZEE /K FIIRA 4 LA
2000 r/min I ZUEERE 2 b Hil & A8 e B AL AL, 2 BiIbR
it A EO-in-W., CYH-in-W, PE-in-W, PO-in-W &
SO-in-W /K438 S50 R H B Zs 1, 48X L2
JE 7374 0.09 MPa. ji/7K IR A 91 0 43 B R Bk 50 mL,
FLALIM B 2> B AR FR Y 20 mL . A &k B T AR
12.56 em®. A= (1), (2) HEMMI/KIES YA
At 4 i A3 B R 1R

4
= (1)
A-Af
R/%:( —ﬂJXIOO (2)
Po

Ao NBEE R, LAm®h); VA IE S R
B, Ly A A EEA, m*s At HAERE, h;
R NTERE, Y5 po 1 py 35 hyad i H S #9305
mWRE, g/l
1.3.2.2 B ZMPEREMR

J T KK TA-PVA-Cu ll @PVDF f43H 7k
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srEvERE, BOH T IR FLE SR K,
FEUNF . K5 60 g HLIMAD 140 g ZZMKIR A, RIG L
10000 r/min JIZUHEFE 10 min, 85 Fa 08 0 &5k B 7K
HHLIMFLLIR . MK TA-PVA-Cull @PVDF AT
TEER 3 18 i e E /K LI LAV 3 WK, BRIk A A
R 20 mL, fEER 1 WG HZRIR K bk 22 1 1 s
AT T —KIEAI 5

9 T TA-PVA-Cu Il @PVDF 2% (i 14 J2 F Tif
e, i/ 50 H AR ER b T ab ek bl 5286 . 1
%6, ¥ TA-PVA-Cull @PVDF [ E7Ek2E G Fitk
W $RIG, B 50 g haRxd Haat 47 opi;,
Aty 10 W, "wehd € X TA-PVA-Cu Il
@PVDF B4 fil g A7 IR
1.3.2.3 Al PEFR AR 15 AL

fifi FHZE KK S uE AL -3tk (EO-in-W) 5
Y TA-PVA-Cu Il @PVDF-1 1 TA-PVA-Cu Il @PVDF-2
THUEE UG IR R, B RIE I 53 B8 ZL AL T i 14
FUR 20 mL, X AT 15 Wt S8 2L AL IS B s
A BRR

RPEE R E R (F, ), TG 5R (R,) FIR
A5 0% (R, ) ¥P4 TA-PVA-Cull @PVDF-1 F
TA-PVA-Cu Il @PVDF-2 (M5 £, #=k (3) ~
(5) #FFIHH:

J
FH/%={JL’2J><IOO (3)

w,l

Jyy—J,
Rr/%=[ Wj LJXlOO (4)

w,1

Jy1—J
R, /%= [—W; w2 ]xlOO (5)
w,l

s Sy T Sy 2000 R B bR K G B RS 1 RAE PR
JEIE RS R K &, L/(m*h); Jo RIS 1 T
TEFLALIN S 38 B, LA(m* h),

WAL, UE AR A i i AR B (6 ) FA TR
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1

A H: FCR Dl A%, %; Jy 0 E R I8 7L
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2 #HRSIE

21 REEESEMHW

& 2 2y PVDF BESCERT S B R HOWIESL . a0
2al~a3 78, JRtG PVDF 8 3 = 4 22 fL A0 Bk
() PVDF ZF 4254y, BRERTHOGH . £4d TA Fil Cull
ektE, =4t 2L PVDF Bk m 3 TA-Cull 44
2 ( 2b1~b3), Z4H )RR TA FEHEM Cull i
PP B Y, %3t TA Fl PVA ek, PVDF
FRETEHILF T B AL, UH IR TA-PVA
HAZE (K 2cl~c3) 7,
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Kl 2 PVDF(al~a3),TA-Cull @PVDF(bl~b3 ), TA-PVA@PVDF( cl~c3 ), TA-PVA-Cu Il @PVDF-1( d1~d3 ), TA-PVA-Cu

I @PVDF-2 (el~e3) fiY SEM &

Fig. 2 SEM images of PVDF (al~a3), TA-Cull @PVDF (bl~b3), TA-PVA@PVDF (cl~c3), TA-PVA-Cu Il @PVDF-1

(d1~d3), TA-PVA-Cu Il @PVDEF-2 (e1~e3)

Mm%t TA-PVA-Cu I WL R E G, A
2d1~d3 7, TA-PVA-Cu [l @PVDF-1 [ H 34
K, —aE R LGE TSR AR .
FLRYAE, HEN Cu I A i Rt a) 4 TA A Cu Tl 7800 &
A RN, WK 2el~e3 Fas, TA-PVA-Cu ll
@PVDF-2 [t TA-PVA-Cull @PVDEF-1 EFLH H £
O EL B0 I oK RS, AT L& TG S 1 2 i R
RELERE
22 WWERHSHH

MRS PVDF JEAY FTIR 3% A1 XPS 3% F I
&l 3. PVDF Y4 maTREY, WKl 3apr
/K, PVDF 1E 1640, 1404, 1180 1 876 cm ' 4b Hi )
—FRIVFHENE, A 5HJE T C=0 Whifhiiks. —
CH, IR TR IR 8l . —CF, 4k sl fl C—C Ay hifh
Przh!', TA-Cull @PVDF 7E 1722 cm ™' b HBE T 3%
K C=C ARz, 3700~3000 cm™ i [l 9L 4%
WA BT, W] PVDF I E T TA-Cull %%
A4, TA-PVA@PVDF 7£ 3700~3000 cm™ {2 Bl 4
[FAE B T R S ST, IERH TA-PVA &%)
Z SR ESE . ¥ TA-PVA-Cull @PVDF-1 5 |
IR FTIR 3R, 6 B3R E fE A A
SR FEAN L 7E 3700~3000 cm ! 3 R R T A
TEWEH . W TA. PVA. Cull =7 PVDF i i
I I 724 TA-PVA-Cull 544 . 1fii TA-PVA-Cu
I @PVDF-2 I TA-PVA-Cu [l @PVDF-1 ¥4 ¥ 55 Y
Ay, UFBEERE AT 2 TA-Cu T e A £
TA-PVA 5 S5,

H &l 3b A[ %01, JEibh PVDF 1 XPS 3 EITESS A hE
290.37 1 687.60 eV 4b53 AL C 1s Fll F 1s H#fiEIE

TA-PVA-Cull @PVDF-2)\
.

PVDF i~
c=0 !
. . . L O] ¢
4000 3500 3000 2500 2000 1500 1000
WH/em™
b Cu2p Fls
¥ Ols Cls
Cu2p
v TA-PVA-Cu Il @PVDF-2
| TAPVAGTI@PVDRI
A
’_’N\—_\A TA-Cull @PVDF
A
PVDF
1000 800 600 400 200
gEa eV

K3 BePERi)E PVDF B4 FTIR 3%5(a) K XPS #£&(b)
Fig. 3 FTIR (a) and XPS (b) spectra of PVDF membrane
before and after modification

TA-Cu [l @PVDF #1}t PVDF 7E454 fE 532.88 Fll
933.18 eV AL/ BL T O 1s Fl Cu 2p F5FWE, 60
TA-Cull 51 PVDF £ . TA-PVA@PVDF
AL PVDF 7E454HE 532.88 eV AL 3 O 15 FRAFIE,
Vi TA-PVA 445 WI{E PVDF 1 4k i, TA-PVA-Cu
I @PVDF-1 #H Ik I ik B 7F 45 & 68 532.88 il
933.18 eV A/ 5L TR A O 1s Ml Cu 2p F#1E
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i, DL AE S A E 290.37 Fl 687.6 ¢V Ab Hi BT 55 () 7000 a o o S A |
C Ls M F 1s FFAEWE, 3X 9K T TA-PVA-Cull 4554 = 6000 11250
£ PVDF ZEif =AY, 8 Cull fysicbErs il § 5000 11200 2
TA-PVA-Cu [ @PVDF-2 # It TA-PVA-Cu Il = 4000 11150 2 %;
@PVDF-1 1) C 1s Il F 1s $FIE B 55, Cu 2p A1 O 1s ﬁ 3000 {1100 R
FRAFIE SR, #E—LUEW] PVDF &L THZK 2000 11050
TA-PVA-Cull 469, VLI TA-PVA %E 4%} TA-Cu 1000 11900

0

11 2545 W5 E PVDF Ll £54%
2.3 FREERMES T

UGS PVDF BRI KMl A (WCA ) FKR
WM (UOCA) WA 4,

. WCA

bl ol .
b2 @2

E;I Q
—_
In o >
=

o =
P NI 2“‘“
® "
)
g »
S

I

a
a2
Kl 4 WPERTS PVDF BB K M AE (al~el), /KTl

B (a2~e2)
Fig. 4 WCA (al~el), UOCA (a2~e2) pictures of PVDF
membranes before and after modification

~ UOCA

L& 4al. a2 fiizs, PVDF ) WCA F1 UOCA
S 94.0°F1 115.5°, FHAJLR PVDF HAT R 1H 5
IKFK R A RSP, A 4b1, b2, 1| 2 iR,
TA-Cu [l @PVDF () WCA Hl UOCA 7351 Jy 68.4°F1
133.1°; TA-PVA@PVDF [J WCA Fil UOCA 435k
73.2°H1 127.2°, V8] PVDF 435 i1 T35 K TA-Cu
1 452 TA-PVA &2 E T, FEARMESKT
i i5 AR 5 s . AN 4d1. el ffas, TA-PVA-Cu
Il @PVDF-1 F1 TA-PVA-Cu Il @PVDEF-2 [1) WCA #J
00, FHIEKMER TA-PVA-Cu Il 045K 152k
%[ PVDF [EA WK E. teAh, i 4d2. e2 fr
/~ , TA-PVA-Cu Il @PVDF-1 F1 TA-PVA-Cu Il
@PVDE-2 ) UOCA 4+ %K 145.0°F1 151.0°,
TA-PVA-Cu Il @PVDF-2 B {Ji: 5 i) 3 i kLS 45 44 il
H UOCA 1. T° TA-PVA-Cull @PVDF-1, HAG
K T BT AR
24 RS BEERES T

Kl 5a. b 4348 PVDF., TA-Cull @PVDF ., TA-
PVA@PVDF. TA-PVA-Cull @PVDEF-1 Fl TA-PVA-
Cull @PVDF-2 4355 EO/W R4y 1) i1 4 13 55
IFE], LA B EO-in-W (1 JIE i B Fl 40 B 850%
PVDF W T EA WK MR8 25 B9 K T siam o, [
ST K A B ARFRUR A3 B i (R4S, I B A B 50R
B,

TH C““ @ Ps“:J A—Cﬁ“

TA‘
R[]
1400 -
b Bz BER - B {102
_ 1200+ I
< 1000 »
g 9%6 &
3 800 vl
600 9% =
B 400 90
200 87
0 (OF 13 13
VY PVDF  —pVDY  GDF NDE-
V@ oyr@ | @F @®
AR IR I ACe B T
T T A—Y\]A TB’Y A
NG
7500 -
100

= 6000

E S

S 45001 ol

= B

3000 H w

2 S

1500 |
0
EO/W CYH/W PE/W PO/W  SO/W
RFRMAKREY
1200 d N EEE - RReE

= 1000

=

& 800 8

= 600 K%éjr

- %

& 400 R

200
0 EO-in-WCYH-in-WPE-in-W PO-in-W SO-in-W
NG RZ ]

K5 IR S B EO/W IR A 1 1 I3 1t R 43 B B )C a ),
AE A8 EO-in-W 19 8 = A1 43 B ACR (b)),
TA-PVA-Cu Il @PVDEF-2 43 B A [6)3i/7K 1R & 1 i i
B SR (¢), TA-PVA-Cull @PVDF-2 4
BN A ZL Ak T 00 B E A A B (d)

Fig. 5 Membrane flux and separation time of different

membranes for EO/W mixture (a), membrane flux
and separation efficiency of different membranes
for EO-in-W (b), membrane flux and separation
efficiency of TA-PVA-Cu Il @PVDE-2 for different
oil-water mixtures (c), membrane flux and
seperation efficiency of TA-PVA-Cull @PVDF-2
for different emulsified oils (d)
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1 PVDF A, %t TA. Cull 1 PVA AY3EK
M J5 , TA-Cu Il @PVDF ., TA-PVA@PVDF |,
TA-PVA-Cu Il @PVDF-1 F1 TA-PVA-Cu [l @PVDE-2
B4y B IR AR 4, X EO/W RS i JIE i 140 1ok
6820.92. 6366.20, 6227.80, 5115.70 L/(m*h), ¥
AR FRTE, T8 — TA-Cu [l 659 F1 TA-PVA
AR N E N PVDF = 4E 2 L4554, BTl
TA-Cull @PVDF #1 TA-PVA@PVDF %I EO/W {&&
Y /) I8 B RS S T TA-PVA-Cu [ @PVDF-1 Al
TA-PVA-Cu Il @PVDF-2,

TA-Cu Il @PVDF , TA-PVA@PVDF , TA-PVA-Cu
I @PVDF-1 il TA-PVA-Cu ll @PVDF-2 %} EO-in-W
Y JEE A 22 A K, TA-PVA@PVDF i T & oW
TEBIAR B E WA, AEaiz:. ¥ EO-in-W,
TA-PVA-Cu Il @PVDF-1 FI TA-PVA-Cu Il @PVDE-2
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