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Fig.1 Schematic diagram of the preparation process of the PTFE/PVA/SiO, composite fiber membrane



110 a-0.5% S0,
@) e b-1% SiO,
e-1.5% SiO,
d n 2% SiO,
c_l
b__l‘ .
a__l
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 30 50 70

a-0.5% SiO,
b-1% SiO,
c-1.5% SiO,

(100) (102) (110)  (200) 2% SiO,

an l A N Ao, b
ke L d Aa A Zaias =ed
20 30 40 50
26/(°)

Fig.2 XRD patterns of PVA/PTFE/SiO, fiber films with different mass fractions of SiO,
(a): general atlas; (b): sub-atlas
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Fig.3 Morphology of the unsintered PTFE/PVA/SiO, fiber film by
dropping deionized water
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Fig.4 Hydrophobic angle diagram and broken line diagram of
SiO:; fiber films with different mass fractions of SiO,
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Tab.1 Hydrophobic angle and average value of sintered PTFE/SiO, fiber film prepared with different mass fractions of SiO.

Mass ratio Average
Angle/(°) 1 2 3 4 5 6 7 8 9 10 value
0 156 160 156 157 156 155 156 160 156 155 156.7
0.5% 157 162 163 158 159 157 156 162 158 157 158.9
1% 158 156 157 158 157 160 158 159 158 160 158.1
1.5% 156 157 155 158 158 157 160 156 157 157 157.1
2% 158 157 156 158 157 158 155 157 155 156 156.7
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Fig.5 Hydrophobic angle diagram and bar diagram of aqueous solutions with different properties on the

PTFE/SiO; composite fiber membrane

(a): bar graph; (b): macrograph
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Fig.6 SEM images of PVA/PTFE/SIO; fiber films with different mass fractions of SiO. before and after sintering
(a): 0%; (b): 0.5%; (c): 1%; (d): 1.5%; (e): 2%; 1: before sintering; 2: after sintering
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Fig.7 Diameter distribution diagram of PVA/PTFE/SIO, fiber films with different mass fractions of SiO. before
sintering
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Fig.8 EDS of the composite fiber film (a)before and (b)after sintering



Tab.2 Elemental changes of fiber films before and after sintering

Element State

Mass fraction/% Atomic fraction/%
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F
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Before sintering
Si
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59.28 49.21
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Fig.9 Thermogravimetric analysis diagram of the composite fiber
membrane
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Fig.10 FT-IR spectra of the PVA/PTFE/SiO; fiber film before and
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Fig.11 XPS of the PTFE/SiO; fiber film
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Fig.12 Oil-water separation process
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Fig.13 Separation efficiency of the composite fiber membrane for
different oil-water mixtures
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Fig.14 Cyclic separation efficiency of the composite fiber membrane
for different oil-water mixtures
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Tab.3 Statistical table of contact angle after immersion of the composite fiber membrane for 12 h

an‘g’lf “ 1 2 3 4 5 6 7 8 9 10 Az‘;i‘lie
0 157 62 163 158 159 157 156 162 158 157 158.9
2 153 152 150 153 152 150 152 153 1Sl 150 1516
4 154 151 151 152 152 153 153 151 151 154 1522
6 152 153 150 150 151 150 152 151 152 151 151.2
8 152 150 153 152 151 150 152 153 151 150 151.4
10 151 152 155 154 152 153 1s4 152 151 1s2 1526
12 152 IS 153 152 153 152 154 152 150 151 152
14 151 150 152 152 151 150 152 153 152 151 1514

Tab.4 Hydrophobic angle of the composite fiber membrane before and after ultrasonic oscillation

Handling
Angle/(%) 1 2 3 4 5 Average value
Before oscillation 162 159 157 156.5 160 158.9
After oscillation 158 161 157 159 157 158.4

Fig.16 Surface morphology of the composite fiber film (a) before and (b) after ultrasonic oscillation
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SiO, I £F 4L 4y B 8 s 7 270 0.38% . UL A,
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Si0, & & £F 4k i 6 A2 e Hh A i R) 46 ), S bR B A
18 &
29 FEEMEESH

TE S B A I 2 A, 2 H AN ) L A 1 vk
KRG, BT UL AR 4 EAE AS [ 8 Bl 14 V5 P i Fe e
fii & S E 5, 43 5 F NaOH . HC1 Al 25 8 1 /K it &

H pH A 2~14 1) TR Bk 14 5 8L, % T ol 4% 10 &2 & 8
B 7K 2 A JE 3 AT T R k1 UK

¥ PTFE/SIO, B & £F 4E JE BY 1% 5 cmx5 em, 7£ pH
BN 2~14 (1 BRS04 /K ¥ VR 36 12 h S HCHE , {3
F2 B T K IR S I A8 4 R 3 AT 3 Yok bR AR B
T 5 2 THT 11 2 AR P 9 A4, 4R i K L TRON 60 °C 1) T 45
FaH T2 h, B JE AT BLK AR TERANRE R
(AN [F) A7 B AR 5 R T S P I E

Tab.3 A 21 4E 92 90 12 h )5 2 fik £ $00HE 45 i 3%,
Fig. 15 N4F 4R 12 h 5Bk A R | . |
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W5, BiK A3 A T B, wi KPR R I B AK, (H B
K A B AT KT 1500, 5 & B /K 27 4 B R
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Fig.15 Hydrophobic angle and broken line diagram of the
composite fiber membrane soaked in solutions with
different pH values for 12 h
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Preparation and Properties of Polytetrafluoroethylene

/Si0O, Composite Fiber Membrane

Chenyang Zhang, Xinmei Li,Weibin Liu,Xiaohui Wang,Qian Liu

(School of Mechanical Engineering, Xinjiang University, Urumgqi 830017,China)

ABSTRACT: Polyvinyl alcohol (PVA)/ polytetrafluoroethylene (PTFE)/SiO, oil- water separation fiber membranes
with superhydrophobic properties were prepared by electrostatic spinning. The PVA/PTFE fiber membranes were

constructed by using SiO, particles as secondary rough structure, and PVA/PTFE/SiO, composite fiber membranes
were obtained. The composite fiber films were characterized by XRD, hydrophobic angle test, SEM, EDS, TG-DTG-
DTA, FT-IR and XPS. The oil-water separation and chemical stability were tested. The results show that the addition of

SiO; particles improves the hydrophobic performance of the fiber membranes. When the mass ratio of SiO, particles is

0.5%, the average hydrophobic angle of the fiber membrane reaches the maximum of 158.9°. The separation efficiency

of the composite membrane for different oil-water mixtures is above 99.2%, and the efficiency remains above 98.6%

after 20 cycles of separation. It shows great application potential in oil- water separation, and also has excellent

chemical stability properties.

Keywords: electrospinning; polytetrafluoroethylene; silica; superhydrophobic; oil-water separation; membrane



