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Superhydrophobic and superoleophilic stainless steel meshes
are produced by homogeneous formation of nanofibers
around the mesh wires. The nanofibers are obtained by
electrodeposition of poly(3,4-propyledioxythiophene) bearing
two linear or branched hydrocarbon chains.

1. Introduction

The superhydrophobicity is a major field of research in a theoretical
point of view'? and for their resulting potential applications such as
in anti-icing and anti-corrosion coatings, sensors, catalyses, batteries,
optical devices, microfluidics, anti-bacteria, repellent textiles or
oil/water separation.’ The formation of superhydrophobic materials
needs the creation of surface structures, as shown by the Wenzel®
and Cassie-Baxter’ equations and natural species.®

Many processes can be used to induce the formation of surface
structures.” Among them, the electrodeposition of conducting
polymers is a fast and easy process with the possibility to tune the
surface morphology and roughness by changing the electrochemical
parameters or the monomer structure.'®'? The surface
hydrophobicity can be controlled using hydrophobic doping agents
or by introducing hydrophobic substituents.'® The formation of
nanofibers is highly specific to the monomer structure and they can
be obtained using aniline,”® pyrrole,'* 3,4-ethylenedioxythiophene
(EDOT)'*!6 or 3,4-propylenedioxythiophene (ProDOT)
derivatives.'”?' ProDOT is a key heterocycle due to exceptional
polymerization capacity and the control of nanofiber formation with
the substituent hydrophobicity, size and position.'”?**!

To enhance the superhydrophobic properties, meshes can be used as
textured surfaces.>?* The presence of the mesh texture and
nanostructures such as nanofibers around the mesh wires are ideal to
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produce meshes for oil/water separation.”>*® Due to their complex
geometry, the surface modification of textured surfaces such as
meshes is easier using processes able to induce the formation of
surface structures from the surface. The electrodeposition is one of
the methods. For the fabrication of meshes for oil/water separation,
three strategies were developed in the literature: superhydrophobic

and superoleophilic meshes,?>*

27,28

superhydrophilic and underwater
superoleophobic meshes, and more rarely superhydrophilic and
superoleophobic meshes.” In the case of superhydrophobic and

superoleophilic meshes, the best route is the use materials with

hydrophobic and oleophilic properties such as hydrocarbon
derivatives.
o o 0] o
S S
ProDOT-n-F, ProDOT-br-F,

Scheme 1 Monomers used in this work.

Here, we report the formation of superhydrophobic and
superoleophilic meshes by electropolymerization of the two
monomers, represented in Scheme 1 and bearing two linear or
branched hydrocarbon chains, in order to produce homogeneous
nanofibers around the mesh wires. These monomers were used for

their ability to form nanofibers.
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Fig. 1 SEM images at different magnifications of (a-c) PProDOT-n-H,; and (d-f) PProDOT-br-H, electrodeposited on stainless steel meshes; Number of
deposition scans: 3.

The surface properties of the modified meshes were analysed by 2. Experimental
contact angle measurement and scanning electron microscopy

(SEM). The influence of the monomer structure and the number of 2.1 Electrodeposition
deposition scans (deposition by cyclic voltammetry) are also

reported. The monomers ProDOT-n-H, and ProDOT-br-H, were synthesized

using a  procedure  reported in  the literature.'”?

2| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012



Page 3 of 5

Journal Name

LEI 3.0kv  X10,000

ol

1um WD 8.0mm

RSC Advances

COMMUNICATION

v

g 4 - T
LEI 3.0kVY X10,000 Tum WD 8.3mm

Fig. 2 SEM images PProDOT-br-H, electrodeposited on stainless steel meshes after (a) 1 deposition scan and (b) 10 deposition scans; Magnification: x10000.

The deposition were performed on stainless steel meshes (opening
100 um; Fisher Bioblock) in two electrodeposition steps. The first
step consisted in an electrodeposition of a smooth polypyrrole film
in order to enhance the adherence of the films and to reduce the
oxidation potential of the ProDOT monomers. In a glass
electrochemical cell were put 0.25 M of pyrrole and 0.08 M of oxalic
acid in deionized water. Three electrodes were inserted in the
solution. A glassy carbon rod (Metrohm) and a saturated calomel
electrode (SCE) (Radiometer analytic) were used as counter-
electrode and reference electrode, respectively, while the stainless
steel meshes were used as working electrode. The three electrodes
were connected to an Autolab potentiostat of Metrohm. The smooth
polymer films were electrodeposited at constant potential (E = 0.77
V versus SCE) and using a low deposition charge (Qs =5 mC cm™).

The second steps consisted in the electropolymerization of the
ProDOT derivatives around the polypyrrole-coated stainless steel
meshes. 0.01 M of ProDOT-n-H, or ProDOT-br-H, were put in an
anhydrous  acetonitrile  solution  containing 0.1 M  of
tetrabutylammonium perchlorate. After degassing under argon,
structured polymer films were electrodeposited by cyclic
voltammetry between -1 V and 1.45 V for ProDOT-n-H, and 1.47 V
for ProDOT-br-H, and at a scan rate of 20 mV s, Various
deposition scans (1, 3, 5 and 10 scans) were realized in order to
study the effect of the polymer growth on the surface properties.

2.2 Surface characterization

The apparent and dynamic contact angles were obtained with a
DSA30 goniometer of Kriiss using liquids of various surface tension.
The apparent contact angles were obtained using the sessile drop
method. The dynamic contact angles were obtained with the tilted-
drop method. In this method, a 6 pL droplet was deposited and the
surface was inclined until the droplet rolls of the surface. The
maximum surface inclination in called sliding or tilting angle (o).
The advanced and receding contact angles and as a consequence the
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hysteresis are determined just before the droplet rolls off the surface.
The SEM analyses were performed using a 6700F microscope of
JEOL.

3. Results and discussion
3.1 Polymer growth

The polymer growth on the stainless steel meshes were studied
by SEM analyses. Fig. 1 shows examples of SEM images after
3 deposition scans. The two monomers gave rise to the
extremely homogeneous formation of nanofibers only around
the mesh wires. Indeed, it is extremely important to keep the
holes free because they are important for the surface
wettability.”? The shape of PProDOT-n-H4 and PProDOT-br-H,
nanofibers was not exactly the same and PProDOT-br-H,
nanofibers were close to nanoneedles. Moreover, the porosity
between the nanofibers is higher with PProDOT-br-H, (Fig. 1b)
than with PProDOT-n-H, (Fig. le). The increase in the number
of scans induced an increase in the number of polymer fibers
around the mesh, as shown in Fig. 2, and as a consequence a
decrease in the porosity between the fibers. The groups of
Jiang®® and Yu?' previously the possibility to induce the
elaboration of conducting polymer nanofibers using porous
The
underwater oleophobicity could be controlled by varying the

anodic aluminum oxide membranes as templates.
electrochemical potential,*® the length and the nature of the
substituent.’!

The wettability of the meshes was investigated using liquids of
various surface tension (yry) in order to determine the liquids able to
penetrate throughout the meshes: water (ypy = 72.8 mN m™),
ethylene glycol (47.3 mN m™), sunflower oil (31 mN m™),
hexadecane (27.6 mN m™), dodecane (25.3 mN m™), decane (23.8
mN m™), octane (21.6 mN m™) and hexane (18.4 mN m™). Fig. 3
gathers the apparent contact angle (6) as a function y;y and the
the
Superhydrophobic properties were obtained whatever the polymer
the (from 1 to 10).

number of deposition scans, for two  polymers.

and number of deposition scans
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Fig. 3 Apparent contact angle as a function of liquid surface tension (yLv) and the number of deposition scans for (a) PProDOT-n-H,4 and (b) PProDOT-br-H,

electrodeposited on stainless steel meshes.

This is an important result in order to reduce the deposition
time. Moreover, dynamic contact angle measurements showed
also ultra-low hysteresis and sliding angles (< 3°). Indeed, it is
extremely important separation to have
superhydrophobic properties with ultra-low hysteresis in order
to enhance the separation efficiency.

In terms of superoleophilicity, PProDOT-br-H, displayed a
total wetting (6 = 0° for all the oils) and an extremely fast
penetration of all the oils tested in our experiments (Fig. 3b).
Indeed, a shoulder was observed for PProDOT-n-H, (Fig. 3a)
for 25 < ypy < 31 mN m™. This shoulder may be due to the
differences of porosity between the nanofibers as the number of
scans changes. This shoulder was not observed with PProDOT-
br-H, because the porosity between the nanofibers is higher.
The results can be explain with the Wenzel and the Cassie-
Baxter equations.®” When a liquid droplet follows the Wenzel

for oil/water

equation® (cos O = rcos 0¥ where r is a roughness parameter and
0¥ is the Young angle® of the corresponding smooth surface),
it is in full contact with the surface leading to an increase in the
solid-liquid interface by the surface roughness. In the case of
meshes, the liquid droplet do not penetrate the mesh if ¥ > 0°
and reversely. This equation can lead to superhydrophobic
properties if 0¥, > 90° but with high water adhesion due to the
increase in the solid-liquid interface. It is also possible to reach
superhydrophilic properties if 0, < 90° or superhydrophilic
properties if 0¥, < 90°. The Cassie-Baxter equation7 can
predict superhydrophobic properties and even superoleophobic
properties whatever oY, or 6%, respectively. When a droplet
follows the Cassie-Baxter equation, the surface porosity
induces the formation of a composite interface made of solid-
liquid and liquid-vapor interfaces. As described by Marmur,****
the Cassie-Baxter equation can be: cos 0 = rfcos 0¥+ f — 1
where 17 is roughness ratio of the wet surface, f is the solid
fraction and (1 — f) is the air fraction. Superhydrophobic
properties but with ultra-low hysteresis can be obtained due to
the increase in the liquid-vapor interface.

Here, the presence of hydrocarbon chains,
intrinsically hydrophobic and oleophilic favors the Cassie-
Baxter state with water and the Wenzel state with oils (Fig. 4).

which are

4| J. Name., 2012, 00, 1-3

Moreover, the microporosity of the mesh and the nanoporosity
between the nanofibers enhance both the superhydrophobic and
superoleophilic properties. Indeed, as shown by the group of
Jiang, the stability of the meniscus of the liquid between two
adjacent mesh wires is very important to predict
superhydrophobic and superoleophilic properties.>® The liquid
will not penetrate throughout the mesh if the hydrostatic
pressure AP = 2y, /R = -1y ycos(0,4)/A where R is the radius of
the meniscus, A is the cross-sectional area of the pore, 1 is the
circumference of the pores and 0, is the advancing contact
angle of the liquid. When 6, > 90°, the liquid will not penetrate
due to a negative capillary effect (AP > 0) and reversely. Hence,
the permeation is highly dependent on the mesh opening, the
presence of nanostructures around the mesh wires and also on
the liquid surface tension.

a) CASSIE-BAXTER state

b) WENZEL vnte

olL

Fig. 4 Schematic representation of nanostructured stainless steel meshes with
(a) repellency of water in the Cassie-Baxter state and (b) penetration of oils
in the Wenzel state.

4. Conclusions

Here, we have showed the possibility produce homogeneous

growth of nanofibers on stainless steel meshes, by

poly(3,4-propylenedioxythiophene)
bearing two linear or branched alkyl chains, in order to produce

electrodeposition of

superhydrophobic and superoleophilic properties. The polymers
were deposited by cyclic voltammetry and using various
number of deposition cycles. We have demonstrated that the
highest properties were obtained with the branched alkyl chains
independently of the number of deposition scans (from 1 to 10).
These meshes could be used for oil/water separation.

This journal is © The Royal Society of Chemistry 2012
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