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Fig. 10 The permeation flux of PI membranes for different emulsion separation (a); the oil-water separation efficiency

of PI membranes for different emulsion separation (b) ;the contamination resistance of PI membranes (c)

3 i

AT GE IE T IR 2 LR 00 8 B 4 o 2 1T TR
) 7 %o i B 277 22 ) 4 4 P 90K £ 2 B 0k A7 i
DR Rk RE . I HIRRE T 7EAS [FIR B R4 R
[F) 22 2L e e i LA [) 0 7 B ) F 22 EL B 1 4R Ak B 2R
TR BE DL RO R ORI . R 4 SR R ik
HufAaSh KH-550 HESINEA 0.9 g, Z BRIt
0.2 g R ERTE] 6 hiEL bR PT AR LT 4Ef5
SR KGR LT A R H2 fl ffy Ry (8= 1D°, B il
18 705 L/(m® « h « MPa) , X 1F % 7L #4 43 BS 5L
FA99. 4%, BLA R 0 K E B AT K 2 B AR
55 PT J5UIEAH EE  PT 8 3 7K 999 K 27 4 i (1) 3 2 Pk &

R ER R BA B pTTs R vhfe. A AT 5
ﬁﬁo

S E k-

[1] Wang X, YuJ, Sun G, et al. Electrospun nanofibrous
materials: A versatile medium for effective oil/water
separation[ ] ]. Materials, 2016, 19(7): 403-414.

[2] Mark A S, Paul W B, Menachem E, et al. Science and
technology for water purification in the coming decades
[J]. Nature, 2008, 452 (7185); 301-310.

[3] Ling S J, Qin Z, Huang W W, et al. Design and
function of biomimetic multilayer water purification
membranes| J]. Sci Advances, 2017, 3(4): 1601939.

[4] Padaki M, Murali R S, Abdullah M S, et al.



54

O TR 257 « R % 7K SR T IV g 290 K 2T 4 5 ) o] 7 B A REAIT

« 171

S

Membrane technology enhancement in oil-water
separation. A review [ ] |. Desalination, 2015, 357;
197-207.

[5] You H, Jin Y Z, Chen J C, et al. Direct coating of a
DKGM hydrogel on glass fabric for multifunctional oil-
water separation in harsh environments[J]. Chem Eng
J. 2018, 334. 2273-2282.

[6] Ariana M A Vitor J P, Vilar M' S, et al. Optimization
of a primary gravity separation treatment for vegetable
oil refinery wastewaters[ J |. Clean Technol Environ,
2014, 16(8) . 1725-1734.

[7] Sato M, Sumita 1. Experiments on gravitational phase
separation of binary immiscible fluids[J]. J Fluid Mech,
2007, 591. 289-319.

[8] Ramaswamy B, Kar D D, De S. A study on recovery of
oil from sludge containing oil using froth flotation[ J]. ]
Environ Manage, 2007, 85(1): 150-154.

[9] Etchepare R H, Oliveira A, Azevedo ] R. Separation of
emulsified crude oil in saline water by dissolved air
flotation with micro and nanobubbles [ J] Sep Purif,
2017, 186. 326-332.

[10] Wang X, Wang Q H, Wang S J, et al. Effect of
biostimulation on community level physiological
profiles of microorganisms in field-scale biopiles
composed of aged oil sludge[ J]. Bioresour Technol,
2012,111. 308-315.

[11] Roberts P, Thomas K. The occurrence of selected
pharmaceuticals in wastewater effluent and surface
waters of the lower Tyne catchment[J]. Sci Total
Environ, 2006, 356(1/2/3): 143-153.

(12] BATCIC. SR IR & MR S K T 8 ol 45 5 K 4 5 1 g
WD, MR : M /RIE ol K5, 2023.

[13] Zhang ] Y, Fang W X, Zhang F, et al. Ultrathin
microporous membrane with high oil intrusion pressure
for effective oil/water separation[ J]. ] Membr Sci,
2020, 608: 118201- 118247.

(14] BRESE. R BRRL 04 ) 28 B A LW 43 85 o i) 1
FHLDI. J50 R0 K% 2020,

[15] 235, PAM/TIO, Skl =i 552 K IR kK
SrEPERELT ] SRL, 2021, 50 (4). 43-47.

[16] Song H M, Chen C, Shui X X, et al. Asymmetric
Janus membranes based on in situ mussel-inspired
chemistry for efficient oil/water separation [ ] ]. J

Membr Sci, 2019, 573 126-134.
177 FEMERR. B Ak it i i o B A S 53 3

AL A A R D], B 1AL K, 2024,

(18] 3kFMH. ¥ 5, ARSENI, 5. FETEF4ER B2 B
EOFB R oo WS R s e € s I % S o
B, 2024, 44(6); 71-77.

(197 wMms2s. b /K 3R Bk IV e 209 K 2 2 R ] 4 B T 7K 53 5
WFFELD]. MR IR IE Tl R, 2022

[20] FHRN4. T Z LU 3R I 960 £ I RS 3 1 Sk Ab ek
KAEREDIFE[D]. MR IR /RIE TR, 2017.

[21] v B, XBHL, AEIRT, 5. f7 Wk 254 ik 4525
BEEH & AR RE R R [T, BRI 5H AR, 2021, 41
(2): 9-17.

[22] Z=EfE. 5k &h, ZE0M0F, 45, BT 2 OMRK R
R has e e Rtk oy BT o LT ], BEERL 2
HEAK, 2024, 44(5): 20-31.

(23] #HE R, T, X & Ko E Bt L]
PR SR AR, 2019, 39(3): 132-141.

[24] #bedn. DR 22 00 58 O 9 £ 4 R DB s i vk 1)
BFFELD]. M JREE MG R Dol K%, 2014,

[25] Lee M W, An S, Latthe S S, er al. Electrospun
polystyrene nanofiber membrane with superhydro-
phobicity and superoleophilicity for selective separation
of water and low viscous oil [J]. ACS Appl Mater
Inter, 2013, 5(21):10597-10604.

[26] Ma R H, Lu X L, Kong X, et al. A method of
controllable positive-charged modification of PVDF -
CTFE membrane surface based on C— Cl active site
[J]. ] Membr Sci, 2021, 620: 118936.

[27] Park EJ, Park BC, Kim Y J, et al/. Elimination and
substitution compete during amination of poly ( vinyl
chloride) with ehtylenediamine: XPS analysis and
approach of active site index [ J]. Macromol Res,
2018, 26(10): 913-923.

(28] W12, MATEE. b FF. 55 REOHREET A
Bk — - PO T8 B A L s A i 1 A S LT .
OITREG R, 2024, 43(4): 497-501.

[29] Wang Z X, Lau C H, Zhang N Q, et al. Mussel-
inspired tailoring of membrane wettability for harsh
water treatment[ ] |. J Mater Chem A, 2015, 3: 2650-
2657.

[30] XuY C, Wang Z X, Cheng X Q, et al. Positively
charged nanofiltration membranes via economically
mussel-substance-simulated co-deposition for textile
wastewater treatment[ J]. Chem Eng J, 2016, 303;
555-564.



<172 - R e 5 R 45 %

Preparation and performance study of superhydrophilic
polyimide nanofiber membranes
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Weihai 264209, China; 2. Sino-European Institute of Membrane Technology, Weihai 264209, China)

Abstract; Membrane separation technology, as an efficient method for treating oily wastewater, has shown
significant advantages in the field of oil-water separation. However, the large-scale application of this
technology is limited by the performance of membrane materials, mainly manifested in insufficient
permeation flux and poor anti-pollution performance. In this paper, polyimide (PI) nanofiber membranes
were prepared by electrospinning technology, and then coated with y-glycidoxypropyltrimethoxysilane
(KH-550) and dopamine to obtain superhydrophilic nanofiber membranes for ultrafast separation of oil-in-
water emulsions. The experimental results showed that through surface hydrophilic modification and
surface coating with KH-550, superhydrophilic polyimide nanofiber oil-water separation membranes with
micro-nano hydrophilic structures could be effectively constructed. The surface morphology, chemical
composition and wetting properties of the membrane were analyzed in detail by scanning electron
microscopy (SEM), X-ray photoelectron spectroscopy (XPS), contact angle meter (CA) and other
characterization methods, verifying its superhydrophilic characteristics. The contact angle of the modified
membrane was 8°41°, and it had excellent anti-pollution performance, with an underwater oil contact
angle of 155°+1° and a water droplet passing time through the membrane within 0. 5 s. The water flux of
the membrane was 18 705 I./(m® « h « MPa), and the oil-water separation efficiency for n-octane emulsion
reached 99. 4%, achieving excellent superhydrophilic performance and showing strong application
prospects in the separation of oil-in-water emulsions.

Key words: superhydrophilic; nanofibre membranes; oil-water separation; electrospinning
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size analysis to reveal the accelerated mechanism of ultrasonic power on the degradation of the membrane.
The results showed that low power ultrasonic (20~60 W) mainly triggered the detachment of ZrO, and
PSf skeleton in the form of fragmentation, resulting in a gentle increase in HTO and membrane
degradation, which corresponded to the stable stage of the early stage of in-situ degradation; while the
high power ultrasonic (80 ~100 W) induced the fracture of PSf skeleton and the formation of through-
hole, which resulted in the sudden decrease of gas barrier performance and the sharp increase of HTO,
which was consistent with the performance of drop in the late stage of in-situ degradation. Pearson
correlation analysis showed that the correlation coefficient between the ultrasonic acceleration data and the
actual degradation data was 0. 973, which was a strong correlation, and the degradation process of 3 200
hours required by the traditional test could be shortened to less than 1 hour, which was a fast and effective
way to reproduce the characteristics of the multi-stage of composite membrane degradation in actual use,
Key words: alkaline water electrolysis; composite membrane; durability testing; ultrasonic cavitation

effect; accelerated aging method



