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Table 1  Formulation for hydrophobic modification

experiment of PTFE hollow fiber membranes

FEiih H;O/g  PEl/g GA/g
PTFE-11 20 0.2 0.10
PTFE-12 20 0.3 0.15
PTFE-13 20 0.4 0. 20
PTFE-14 20 0.5 0.25
PTFE-15 20 0.6 0. 30
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Fig. 4 FTIR spectra of PTFE-U, PTFE-1
and PTFE-A
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Table 2 Elemental composition and content on the
surface of PTFE-U and PTFE- A membranes

determined by XPS

v S U4
FE S
C F O N
PTFE-U 50. 30 49, 70 0 0
PTFE-A 65. 71 28.32 3.62 2.35

(a) (b)
20um

(c)
ok
(e) ! : }

E 6 PTFE-U[(a).(b)],PTFE-I3[(c).(d JHI
PTFE-A3[(e) . (DIl s 5K
Fig. 6 SEM images of PTFE-U [ (a),(b) ],
PTFE-13 [(¢),(d)] and PTFE-A3 [ (&), (D]
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membrane before and after modification
2.4 RIEHIEEHIAE
TEr B R rh B2 s e F 2 g A
R FR G Uk ok Wk Y S uE M B R
PTFE-A3 it A %] HCI(pH = 2) .NaOH (pH=
12) #1 NaClO(2 000 mg/L) #WH 16 d, 4nfal



<130 - WOR

5 oH A A5

8(a) ffin, Zat 16 d Wb R 5 . PTFE- A3 (Y
TR AR 4> R (141, 520, 8)°, (141, 20, 7)°F
(140. 6£0. 7)°, 5HUHME (141, 7£0. 9 LA H
AN, R H UK ML AR 25w, [,
J13% 48 &F A F ) B[] 43 5] R (160 7 0. 4) s,
(16.20.4) s f1(15.40.3) s, SIEVERTAY(17. 6
£0.9) s AHEAR AN B G, 156 BH B9 385 M e 1L 2
THUEE R FRRRE

SR PTFE- A3 ‘& T B i, dEA T 7

(a) 150 25
140} 120
& 130 {15 <
& =
# 120} =
Ry 110
110} !5
0:: x r r 0
pH=2 pH=12 NaClO

AR Sh 3 e IR R DAk RS A TR A BRI TR RE . A
8(b) 7R » it 3 YOI 7 I I VEIE A )5 . PTFE - A3
T K B2 A £ A (141, 2£0. 8)°, 5 E PR AT AH H L
WA A R R G AR E AR (17, 1+
0.3) s, SIEVERTAH L AHZE R K. 25 LRk, eiopk e
PTFE-ASTE £ Ak MW BRIS Ve, HLrEfe el
HH 5T B K B ik A R SOME AR VS VAT IS LT
A84E, UESE T PTFE- A3 JEHA 8 5% (1T fh 27 Ay
HEePERE.

(b) 150 25
140} {20

@ 130f {15 =

120t =
RV 110
110} |5
0

YRR e HT YRR IR

K8 k2 () FIHL (D) VLTS PTFE- A3 Bk 4 fil f A vk A2 1k
Fig. 8 Changes in WCA and air permeability of PTFE- A3 before and after chemical (a) and physical (b) cleaning
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Fig. 10

The concentration and weight changes of PTFE-U membrane under different temperature (a) and flow rate (b);

the concentration and weight changes of PTFE- A3 membrane under different cycles (c);

the WCA and permeability changes of PTFE—- A3 membrane under different cycles (d)

3 i

ASCLL PELLGA il SC Ay e v, sl 45 1
K VEE 58 ) PTFE w25 2F 4 B8, 145 3 DL T 45
e

1) PTFE-A3 By/K %l f M (118. 8£0. 5)°42
JHE 41, 7£0. 9, S R 455 N —0. 09 MPa I
FE IR Ry (17, 6420, 9) s, 3R B e Acb 21 I 25 3 5
TR B K B SRR R AT .

2) PTFE-A3 ByhrfH5s B4 53. 86 MPa, 44
Ry 90. 7%, FPERL R 307, 20 MPa, Bk
PEAD R AT BRI 1) ) 2= Mg s BT SR PR Hr IR = 1

HLBHAR B

3) PTFE- A3 By 7Kz fish /i A MR E AL 2 Fn
YIS VeI IS LT B A A2 Ak, Gk B B 5 Y i
A2 R B R o

4) BEK Ay e iR B, PTFE- A3 By ZBE B %
WM 285. 41 g/(m?® » h) BN 10, 25, HE
it 2R G PERE AR e - R WA S R0 4y B
BB R 4 R i AP

Sk
[1] Nassif A G, Ibrahim S S, Majdi H S, et a/. Ethanol

separation from an ethanol-water solution using vacuum



<132+ R 5 H A 45 %
membrane distillation[ J |. Membranes, 2022, 12(8): [13] XuZ H, LiuZ, Song P F, etal. Fabrication of super-
807. hydrophobic polypropylene hollow fiber membrane and

[2] Sanchez O J, Cardona C A. Trends in biotechnological its application in membrane distillation [ J .
production of fuel ethanol from different feedstocks[]]. Desalination, 2017, 414(15). 10-17.

Bioresour Technol, 2007, 99(13): 5270-5295. [14] Zhang Y X, Wang X Z, Cui Z L, et al. Enhancing

[3] fRfrds, M, mAN. XU IR AL P& A PLIE wetting resistance of poly ( vinylidene fluoride )
FIE K BFZE ] ], ERE 53R, 2024, 44(1) . 130~ membranes for vacuum membrane distillation [ ] ].
136. Desalination, 2017, 415(1). 58-66.

[4]Ni T L, Lin J Y, Kong L X, et al. Omniphobic [15] Zhang W, Yu S L, Li P, et al. Preparation Janus
membranes for distillation:  Opportunities  and membrane via polytetrafluoroethylene membrane
challenges[ J ]. Chinese Chem Lett, 2021, 32 (11);: modification for enhanced performance of vacuum
3298-3306. membrane distillation desalination [ J ]. Sep Purif

[5] Omar N M A, Othman M H D, Tai Z S, et al. A Technol, 2023, 313(15);: 123465.
review of superhydrophobic and omniphobic membranes [16] wiEdy, M, B M, & BIUGRHOKhas 4K
as innovative solutions for enhancing water desalination Bl & L kot S b FH A s JR T ). A HLE Tk, 2021,
performance through membrane distillation[ ]J]. Surf (3): 43-47.

Interfaces, 2024, 46 104035. L17] SERIAK, 2500, T 558, 5. SRR S M S5 B ) il

[6] Zhong W W, Guo L W, Ji C, et al. Membrane o ML EEREL ] BERHE 5 HOK, 2024, 44(5).
distillation for zero liquid discharge during treatment of 1-11.
wastewater from the industry of traditional Chinese [18] Ding Z K, Liu Z, Xiao C F. Excellent performance of
medicine; A review[]]. Environ Chem Lett, 2021, 19. novel superhydrophobic composite hollow membrane in
2317-2330. the vacuum membrane distillation [ J ]. Sep Purif

[7] Silva E V, Francisco Alves ] L, Mumbach G D, et al. Technol, 2021, 268(1): 118603.

Performance comparison of falling film distillation [19] Wang AT, Li X L, Hou T, etal. A tree-grapes-like
process configurations for energy-saving ethanol-water PTFE fibrous membrane with super-hydrophobic and
separation[ ] |. J Ind Eng Chem, 2024, 135(25): 480- durable performance for oil/water separation[ J]. Sep
492, Purif Technol, 2021, 275. 119165.

(8] 2 B, EXME. E3CH. 55 . Rigik PVDE Rl & [20] Park EJ, Kim D H, Lee ] H, et al. Fabrication of a
HEZR A B Y Bk e e ) ], PER 22 54 superhydrophobic and oleophobic PTFE membrane:
A, 2019, 39(3): 110-118. An application to selective gas permeation| ] ]. Mater

[9] Floros I N, Kouvelos E P, Pilatos G I, et al. Res Bull, 2016, 83. 88-95.

Enhancement of flux performance in PTFE membranes [21] Huhtamiki T, Tian X L, Korhonen ] T, et al.
for direct contact membrane distillation[ J]. Polymers, Surface-wetting characterization using contact-angle
2020, 12(2): 345. measurements[ ] . Nat Protoc, 13: 1521-1538.

[10] Shahu V T, Thombre S B. Air gap membrane [22] Sheng J L, Zhang M, Xu Y, et al. Tailoring water-
distillation;: A review[]J]. ] Renew Sustain Energy, resistant and breathable performance of

2019, 11(4): 045901. polyacrylonitrile nanofibrous membranes modified by

[11] Huang SM, Chen Y H, Yuan W Z, et al. Heat and polydimethylsiloxane[ J]. ACS Appl Mater Interfaces,
mass transfer in a hollow fiber membrane contactor for 2016, 8(40). 27218-27226.

sweeping gas membrane distillation [ J ]. Sep Purif [23] Wang W Y, Huang X Q, Wu M Y, et al. A novel

[12]

Technol, 2019, 220(1): 334-344.
Lu K J, Zuo J, Chang J, et al. Omniphobic hollow-
fiber membranes for vacuum membrane distillation[ ] .

Environ Sci Technol, 2018, 52(7): 4472-4480.

modification method for
( PTFE ) fiber

membrane using sacrificial template[ J]. ] Membr Sci,

2024, 699. 122667.

hydrophilic

polytetrafluoroethylene hollow

(TH#E 142 ;1)



c 142 - R e 5 R 5545 45

interfacial evaporation technology has become a research hotspot in the field of seawater desalination due to
its high efficiency and environmental friendliness. In this paper, the Janus structure design based on
polyvinylidene fluoride (PVDF) membrane was proposed, and the composite photothermal membrane of
polyvinylidene fluoride-carbon black-polydimethylsiloxane (PVDF-CB-PDMS) was prepared by chemical
modification, vacuum filtration and coating process. The effects of the amount of carbon black (CB), the
soaking time of PVDF membrane and the amount of polydimethylsiloxane (PDMS) on the evaporation rate
were systematically investigated, and the optimal conditions were optimized by response surface analysis:
the amount of carbon black was 0. 51 g, the soaking time of # PVDF membrane was 19. 7 min, and the
amount of PDMS was 0. 20 g. The predicted interfacial photothermal evaporation rate was 2. 87 kg/(m?® «
h), and the experimental value was 2. 87 kg/(m’ « h), which were in high agreement. Microscopic
characterization showed that the uniform dispersion of carbon black significantly enhanced the light
absorption (=>99%), while the PDMS hydrophobic layer effectively inhibited salt crystallization. This
paper provides theoretical support for the development of low-cost and high-stability solar desalination
membranes.

Key words: interfacial evaporation; seawater desalination; carbon-based materials; polyvinylidene fluoride

composite membrane; photothermal conversion
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Hydrophobically modified polytetrafluoroethylene (PTFE) hollow fiber
membranes and their applications in ethanol-water separation

WU Zhichao', LIU D:i*, HUA Conggui*, WU Mingyuan', WU Qingyun',
LIU Jiuyi', YANG Jianjun', ZHANG Jian’an'
(1. School of Chemistry and Chemical Engineering, Anhui University, Hefei 230601, China;
2. Anhui Konanuo Membrane Technology Co. , Ltd. , Hefei 230088, China )

Abstract; In this study, the hydrophobicity of PTFE hollow fiber membranes was enhanced by a two-step
modification strategy to improve their performance in ethanol-water separation. First, the membrane fibers
were coated with a cross-linked network formed by branched polyethylenimide (PEI) and glutaraldehyde
(GA), and then grafted with stearyl chloride (SC) to reduce the surface energy and increase the roughness
of the membrane. The surface chemical and morphological changes of the modified membranes were
characterized by FTIR, XPS and SEM, and the water contact angle (WCA), air permeability and ethanol-
water separation performance were analyzed before and after modification. The results showed that the
modified membrane exhibited the WCA increased from (118. 8£0. 5)° to (141, 7£0. 9)° and maintained
good air permeability. The tensile strength was 53. 86 MPa, the elongation at break was 90. 7% and the
elastic modulus was 307. 2 MPa, which did not decrease compared with the mechanical properties of the
original membrane. The properties of the modified membrane were stable after chemical and physical
cleaning. The ethanol-water separation test showed that the ethanol permeation flux of the modified
membrane was 285. 41 g/(m* * h), and the separation factor was 10. 25, which indicated that the modified
membrane had excellent separation performance and durability.

Key words: PTFE hollow fiber membrane; hydrophobic; ethanol-water separation



