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Preparation and dye adsorption performance of PVDF membrane modified by zeolitic imidazolate
framework materials
SONG Wenli', XU Yuhao’, WANG Hongshuai', ZHANG Tianyu'
(1. School of Material Engineering, Jinling Institute of Technology, Nanjing 211169, China;
2. School of Materials Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212100, China)

Abstract : Using polydopamine (PDA)-coated zeolitic imidazolate framework-8(ZIF-8) material (ZIF-8@PDA) as modified
nanoparticles and polyvinylpyrrolidone (PVP) as modified base fluid, a series of polyvinylidene fluoride (PVDF) modified compos-
ite membranes were prepared by surface modification of PVDF membrane using casting method to efficiently remove dyes from
wastewater. The composite membranes were characterized by Fourier transform infrared spectroscopy and scanning electron micro-
scope and their porosity, pure water flux, contact angle, mechanical properties, swelling performance and adsorption capacity were
tested. The results show that ZIF-8@PDA is successfully loaded onto PVDF membrane with particle sizes mainly distributed
between 140—190 nm. When the amount of ZIF-8@PDA added is 10 mg, the performance of PVDF membrane is the best. The
maximum tensile stress can reach 6.29 MPa, the swelling rate can increase from 118.7% to 173.4%, the pure water flux is decreased
from 823.3 L/(m’+h) to 164.7 L/(m’+h), and the adsorption amounts of methylene blue and indocyanine green at a concentration of
10 mg/L are 4 129.2 mg/kg and 9 928.1 mg/kg respectively. The adsorption mechanism of modified PVDF membrane for indocya-
nine green follow quasi-first-order kinetics model, while that for methylene blue conform to quasi-second-order kinetics model. ZIF-
8@PDA-modified PVDF membrane shows broad prospects in water treatment and biological antibacterial applications.

Keywords : modified polyvinylidene fluoride membrane ; polyvinylpyrrolidone ; polydopamine-coated zeolitic imidazolate

framework-8 ; adsorption performance ; singlet oxygen
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&1 PVDF-PDAJERIARKERIFR
Tab.1 PVDF-PDA membrane ingredients list

Sample ZIF-8@PDA PVP Glutaraldehyde
PVDF-PDA-0 0 mg lg SmL
PVDF-PDA-5 Smg lg SmL
PVDF-PDA-10 10 mg lg SmL
PVDF-PDA-15 15 mg lg SmL
PVDF-PDA-20 20 mg lg SmL
PVDF-PDA-25 25 mg lg SmL

1.4 WX RAE
1.4.1 FTIR 447

W18 0 55 TR IS R R, o B R Ak B s
A, FHFTIR ACHEAT I o 04 3% 51 L R 400~
4000 cm™, PR 4 em™,
142 MLk

B i A PR BT A 10 mmx10 mm A9 &E &,
SEM X} ZIF-8@PDA I & B TS ES .
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Fig. 1 FTIR spectra of PVDF-PDA-10
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Fig. 2 Particle size distribution and SEM photo of ZIF-8@PDA and
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Fig. 3 Porosity of modified PVDF membrane
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Fig. 6  Stress-strain curves of modified PVDF membrane
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Fig. 8 UV absorption curves of methylene blue and adsorption kinetics

curves of modified PVDF membrane for methylene blue
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Fig. 10  Ultraviolet absorption curves of indocyanine green and adsorp-

tion kinetic curve of modified PVDF membrane for indigo green



RS, 55 A7 KIS B SRR AP PVDF IR 8 B e bbb e 79

RN AL OB X1 g g (1 W B B 4% 45 1 — 2 s g 2
FB5 R | S W] e 3 S (VR FEE 10 mg/L) 14 W B B Ol
9928.1 mg/kg, X —idftH, ZIF-8@PDA 7r 7MY
BT PR PR S AR, LA R 1 S, S|
WIS e AR AN T 16 (Al A . b ) P 285
LAY B (0 TRERAS VR Sk , VR BRAE WO B AN 7
TP B ZE 50 min i, G EEAS T & A AR L TIESE
LS 7 N e U

L 11 Sy A e Yo W e 5 g ) 25 Sk R B i 8
P P 11 ] T PO gt (18 W P 3 R O 1) T A9
Langmuir W ffit 557 28, #H2C 2250 0.997 19, A5G
ARAT, ik F BRSO R B MR e g = AL RS
(10, , [ W] W 2k 1 VI € 72 T 1 T SRAR 1 5
ZIF-8 5 PDA J¥ W% 5¢ 45 44 (ZIF-8@PDA) i}, 237
A P RSO, R T R BE rp B SRR i T
BAZR A L R, X R P [R] AR 0 AR ZIF-
S@PDA & & RHEE I T BE = 4 A8 E 1Y 10,
LS ERAT 85 T TR R

= Indocyanine green
Langmuir isothermal adsorption curve

= Freundich isothermal adsorption curve

w 40F

)

£

2 30

g

(=%

6]

= 20+

2

& R?=0.997 19

3 10r R=0.995 81
2 4 6 8 10

Concentration/(mg-L"")
FEI 11 PP PV D X g e e (14 S5 82 B 1 £
Fig. 11  Isothermal adsorption curves of modified PVDF membrane for
indigo green
3 &g
(1) ZIF-8@PDA 5 PVP IR & kAT 5 , 1 3
514055 PVDF B, SR SR THI Bk [ | Fifi ZIF-8@PDA 7
I, & A PR LA N, HKHE PVP AIE T FL
BoR LA B 44 4] s —OH FI—NH, 254 4 35 A
IRBEE R I 5K 77, {32 o A Sl 38 P 25 45 11 30.3°, K
PETHRREA 2B K
Q)il S5 BT, LI TIRE M PMREIVE R . ek
£ PVDF & & BREPE BRI 2 WP AL BHES 1 75 5K, i3
H. 22 5 Py [R) 485 58 0  , ZIF-8@PDA 5 PVP i
[7i) T S 30 e 2050 ) A o XS TR R S P B R BB 4
QVZEA I HIE S T2 W S FIBT R M RE
PVP Fil ZIF-8@PDA i1 i) PVDF EAE A 0 B4 4k

TEMERE Z A1 ATV, 7 R 455 S50 B A ] el 52 B
Z R PDA LA HL- oL . IZ0T9E ik
PEPVDF il s R B 1R T 20812

2 % ik

[1] NYUK KHUI P L,RAHMAN M R, MOHAMAD SAID K A B, et
al. Enhancing water treatment with polyvinylidene fluoride
(PVDF)/cellulose composite membranes: A comprehensive review
[J]. Polymer-Plastics Technology and Materials, 2025, 64(2):119—
137.

21 JE%, %16, 400 X, % . PVDF & A IR il £ SRR AR B i

o PR SEHE R (D). AL T3, 2023 ,43(1):18-24.
ZHOU Yang, YUAN Yi, ZOU Yiyi, et al. Research progress in
preparation of PVDF composite membrane and its application in
water treatment[J]. Environmental Protection of Chemical Industry,
2023,43(1):18-24.

[3] ARSCH|, ABRTAE, EAEA 55 . ST RRECPE DI AR Y 2 S Yo ki
FFHAERERIFFE (D). 495400, 2024, 38(S2):518-522.

SONG Wenli, HAO Qiancheng, CAO Cangjiu, et al. Preparation
and performance study on tannic acid modified functional
membrane[J]. Materials Reports, 2024 ,38(S2):518-522.

[4] LIUR Z,YANG J,ZHANG R F, et al. Performance comparison of
nano-ALO,-modified PVDF membranes fabricated via two
methods for enhanced dye removal[J]. RSC Advances, 2025, 15(6):
4163-4172.

[S] ZHAO C,YANG G, LUO Q X. Plasma etching assisted fabrication
of PDA/PEI modified PVDF membranes for oil/water emulsion
separation[J]. Journal of Materials Science, 2024, 59(20):9 165—
9 181.

[6] XIAOL W,CHEN L,XU H J,et al. Fabrication of anti-fouling and
self-cleaning PHI modified PVDF membranes for high-flux dye
removal[J]. RSC Advances,2025,15(12):9 141-9 152.

[71 ALMALIKI M B, OMIDBAKHSHAMIRI E, ALSALHY Q F, et
al. Novel bentonite modified PVDF membrane for desalination of
synthetic-produced water by vacuum membrane distillation[J].
Polymer-Plastics Technology and Materials, 2024 ,63(7):812-829.

(8] Z=dEdE, e, 2abAl, 45 E A M SR W ROk fE PVDF

JIEE P9 341 7K 43 725 R0 B P BE [J/OL). b Tk & | 1-17[2026-01-16].
https://doi.org/10.16085/j.issn.1000-6613.2025-0036.
LI Feifei, CUI Xuemin, LI Zhili, et al. Enhanced oil-water separa-
tion and adsorption performance of PVDF membranes by
aminochemical-modified geopolymer particles[J/OL]. Chemical
Industry and Engineering Progress, 1-17[2026-01-16]. https://doi.
org/10.16085/;.issn.1000-6613.2025-0036.

[91 SKIAE, DiF REGAE, 55 R Z EMR B LDH/PVDF BU: R i i)
£ BAEREIRL). 240K T, 2024, 53(8):1 922-1 926.
ZHANG Yixuan, FANG Ping, SONG Jinghua, et al. Preparation
and properties of dopamine and LDH-modified PVDF ultrafiltra-
tion membranes[J]. Contemporary Chemical Industry, 2024, 53(8):
1922-1 926.

[10] FEAEE, TH, BRAT, 45 . pHE X PVDF/PDA/CD ) REfL 4T 4k



80

AR

2026 4E, %5 54 4 55 1 1

[11]

[12]

[13]

[14]

JBENRE BV RE RS NRI[T]. 5 B i B S8R, 2022, 39(5):1-6.
DONG Jiarui, WANG Xiang, ZHAO Tianren, et al. Effect of pH
value on adsorption behavior of PVDF/PDA/CD functionalized
fibrous membranes[J]. China Synthetic Resin and Plastics, 2022,
39(5):1-6.

W3k, EATE, 501, 45 2 FEALR AT PDA/PVDF [
P IRL 2 A B AT WL YRE A B PERE Y X LU [T]. P 22 TR K22
12,2024,38(6):37-45.

YANG Jing, WANG Zhexi, HAN Dandan, et al. Microstructure of
PDA/PVDF ultrafiltration membranes under two pore-forming
agents and comparison of their retention of organic dyes[J].
Journal of Xi’an Polytechnic University,2024,38(6):37-45.

LI J,SUN J,REN L L, et al. Properties and preparation of TiO,-
HAP@PVDF composite ultrafiltration membranes[J]. Polymer
Composites,2023,44(11):7 499-7 509.

B XUk, 5K B, 45 . PDA/MMT/PVDF 8 3§ MK A 5 S A BEFL
LI RERFSE (). ML T, 2023, 52(2):485-489 ,497.

FANG Ping, LIU Bin, ZHANG Meng, et al. Preparation of PDA/
MMT/PVDEF ultrafiltration membrane and its performance in treat-
ing emulsified oil[J]. Applied Chemical Industry, 2023, 52(2):
485-489,497.

LIU CY,YAN Z X, XING Y N, et al. Effective improvement of
hydrophilicity and of PDA-modified PVDF
membrane by MoS,[J]. Colloid and Polymer Science, 2025, 303

anti-fouling

[15]

[16]

[17]

[18]

(11):2 115-2 127.

IR X KBTI, 4 . 2 B MR T AP B AT 4 X PVDF/CF
EAPRHEREIREIA[I]. TIRER 707741, 2018,31(4):366-373.
FANG Yichao, LIU Yuan, LIU Xinling, et al. Effect of carbon
fiber surface dopamine modification on the properties of PVDF/
CF composites[J]. Journal of Functional Polymers, 2018, 31(4):
366-373.

RS R TN, B I A S RGN T R AR
FFHLEERIMATVE L. HRBERRBI IR 2023, 31(1):10-16.
LI Wen, HAO Ting, LING Yufeng, et al. In vitro study of the anti-
bacterial effects of indocyanine green-mediated photodynamic
therapy on Fusobacterium nucleatum biofilms[J]. Journal of
Prevention and Treatment for Stomatological Diseases, 2023, 31
(1):10-16.

HU Dehong, ZHA Menglei, ZHENG Hairong, et al. Recent
advances in indocyanine green-based probes for second near-
infrared fluorescence imaging and therapy[J]. Research, 2025,
8. DOI:10.34133/research.0583.

HOSSEINIDOUST S, GHAEE A, ABEDNEJAD A, et al. Electro-
spun gelatin nanofibers incorporating ZIF-8@Polydopamine
nanoparticles as wound dressing with improved mechanical and
antibacterial properties[J]. Journal of Polymers and the Environ-

ment,2025,33(8):3 599-3 620.



