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ABSTRACT

ypothesis: Today, nanofibrous membranes equipped with self-cleaning surfaces
Hinspired by the leaves of the water lily have drawn considerable attention due
to their ability to repel water and contaminants. Various methods can create
self-cleaning surfaces, with electrospinning attracting considerable attention.
Methods: Employing various strategies in electrospinning, including (1)
electrospinning of poly(vinylidene fluoride) (PVDF) (15% w/w), (2) electrospinning
of PVDF with 1H, 1H, 2H, 2H-perfluorooctyltriethoxysilane (FAS-13) (2% v/v), (3)
electrospinning of PVDF and then electrospraying of silicon dioxide (SiO,) nanoparticles
(25% w/w with respect to the polymer weight), and (4) electrospinning of PVDF and
then electrospraying of SiO, nanoparticles with FAS-13, nanofibrous membranes were
prepared. FESEM and EDX spectroscopy analyses were employed to observe the
nanofibers surface morphology and investigate nanoparticles distribution on their
surfaces, respectively. Additionally, ATR-FTIR spectroscopy (number of scans: 16)
was considered to analyze the chemical structure of the samples. The contact angle
measurement and release of water droplet on the membrane surface were also used to
demonstrate the wetting and self-cleaning properties of the surfaces.
electrospinning, Findings: Initially, the presence of desired elements in the produced membrane
structure was verified using EDX and FTIR tests. The water contact angle on the
surface of pristine membrane was measured as 123.4 + 1.4°, which increased to 133.8
perfluorooctyltriethoxysilane, + 1.4° after the addition of FAS-13 to the polymer solution due to the fluorine chains
SiO, nanoparticles in the FAS-13 structure. Furthermore, after electrospraying of SiO, nanoparticles on
: the membrane surface, the water contact angle increased to 141.6 = 1.9°. Finally, the
addition of FAS-13 to the dispersion of SiO, nanoparticles and its electrospray on the
membrane surface resulted in a super-hydrophobic surface with water contact angle of
151.8 + 3°. The results indicated that the simultaneous coating of SiO, nanoparticles
and FAS-13 on the nanofibrous membrane surface led to significantly enhanced
hydrophobicity compared to the pristine sample. Moreover, this surface exhibited
excellent self-cleaning properties.
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Table 1. Codes assigned to the samples along with their preparation conditions.

Sample | Electrospinning . . Electrospray .
) Electrospinning conditions ) Electrospray conditions
code solution solution
Working distance, 15¢m; voltage, 16 kV;
PVDF/DMF: . o
P feed rate, 0.9 mL/h; relative humidity, _ _
Acetone (1:1)
30+5%; and temperature, 22+4 °C
PVDF/FAS-13/ | Working distance, 15cm; voltage, 16 kV;
PF DMF: Acetone feed rate, 0.9 mL/h; relative humidity, _ _
(1:1) 30+5%; and temperature, 22+4 °C
Working distance, 11cm;
. PVDF/DMF: L PVDF/SiO,/ voltage, 12kV; feed rate,0.5 mL/h;
PSi Similar to code P . .
Acetone (1:1) DMF: Acetone relative humidity, 30+5%; and
temperature, 22+4°C
PVDF/FAS- o di . .
PVDF/DME: Working distance, 11cm; voltage, 12kV;
PSiF Similar to code P 13/SiO,/DMF: | feed rate, 0.5 mL/h; relative humidity,
Acetone (1:1) Acetone 30+5%; and temperature, 22+4°C
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Fig. 1. FE-SEM images at different magnifications captured from the surface of the prepared PVDF nanofibrous membrane: (a),

(b), (c) the pristine membrane, (d), (e), (f) membrane electrospun with FAS-13 (g), (h), (i) membrane after electrospraying of SiO,

nanoparticles on its surface, and (j), (k), (I) membrane after electrospraying of SiO, nanoparticles and FAS-13 on its surface.
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Fig. 3. EDX spectra of the prepared PVDF nanofibrous membranes: (a) pristine membrane, (b) membrane electrospun with

FAS-13, (c) membrane after electrospraying of SiO, nanoparticles on its surface, and (d) membrane after electrospraying of SiO,

nanoparticles and FAS-13 on its surface.
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Fig. 4. Elemental mapping of carbon (red dots), oxygen (yellow dots), fluorine (green dots) and silicon (blue dots) elements on the

surface of prepared PVDF nanofibrous membrane electrospun: (a) membrane with FAS-13, (b) membrane after electrospraying

of SiO, nanoparticles on its surface, and (c) membrane after electrospraying of SiO, nanoparticles and FAS-13 on its surface.
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Table 2. Weight percentage of elements obtained from EDX
spectroscopy on the surface of the prepared PVDF nanofibrous
membrane: PF (electrospun with FAS-13), PSi (after electro-
spraying of SiO, nanoparticles on its surface) and PSiF (after
electrospraying of SiO, nanoparticles and FAS-13 on its surface).

Member C O F Si
PF 37.71 0.5 58.64 3.15
PSi 44.8 7.88 36.14 11.19
PSiF 51.13 0.22 44.68 5.16
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Fig. 6. Water contact angle on the surface of the prepared
PVDF nanofibrous membranes: (a) pristine membrane, (b)
membrane electrospun with FAS-13, (c) membrane after
electrospraying of SiO, nanoparticles on its surface, and (d)
membrane after electrospraying of SiO, nanoparticles and

FAS-13 on its surface.
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Fig. 5. ATR-FTIR spectra of the prepared PVDF nanofibrous
membranes: (a) pristine membrane, (b) membrane electro-
spun with FAS-13, (c) membrane after electrospraying of
SiO, nanoparticles on its surface, (d) membrane after electro-
spraying of SiO, nanoparticles and FAS-13 on its surface,

and (e) ATR-FTIR spectrum of FSA-13.
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Fig. 7. Self-cleaning property of the surface of the prepared PVDF nanofibrous membranes: (a), (b), (c) the pristine membrane,

(d), (e), (f) membrane electrospun with FAS-13, (g), (h), (i) membrane after electrospraying of SiO, nanoparticles on its surface,

and (j), (k), (I) membrane after electrospraying of SiO, nanoparticles and FAS-13 on its surface.
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Fig. 8. Schematic representation of Cassie-Baxter state created on
the surface of electrospun PVDF nanofibrous membrane: (a) after
electrospraying of SiO, nanoparticles on its surface, and (b) after
electrospraying of SiO, nanoparticles and FAS-13 on its surface.
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