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Abstract: A stable superhydrophobic PC surface was obtained by a simple phase separation method at room temperature.
The water contact angle of the superhydrophobic PC surface is 156± 2°. FESEM image exhibited that the PC surface
composed of flower-like shaped linked together centrally with branches offered roughness on the surface with a hierarchical
micro/nano-binary formation. When the PC superhydrophobic surface was immersed in water with the temperatures ranging
from 5°C to 45°C for 1 h to 15 days, the water contact angle remained higher than 150°.
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1. Introduction
Biomimetic surfaces have the greatest attention of
engineers and scientists due to their unusual properties,
biological structures can be mimetic in many types of
surfaces such as Lotus leaves, Mosquito-moth eyes, Butterfly
wings, Rice leaves, Cicada wings, Gecko feet, Desert beetle,
Spider silks, fish scales which exhibit excellent hydrophobic
[1, 2]. These natural structures show new idea in design of
superhydrophobic structures, superhydrophobic surfaces,
defined as a surface that a drop of water almost perfect
sphere and even a very slight tilting cause the water drop to
roll off, and have a high water contact angle (CA) and low
sliding angle, the ability of a surface to water-repellency
droplets that consider important for both biological and
technical applications [3]. In nature, lotus leaves exhibit
specific properties of superhydrophobicity and self-cleaning
which considered one of the primary surface properties of
solid materials usually characterized by measurement of the
contact angle of a surface [4]. Generally, surfaces with water
contact angles larger than 150° and slide angles lower than
10° can easily rolling the water drops and called
superhydrophobic surfaces [5, 6]. Nowadays, most of
researchers focused on superhydrophobic surfaces due to
unique applications used in many fields, such as selfcleaning, oil-water separation, anti-reflection, anti-adhesive,

fluidic drag reduction, anti-biofouling, anti-fogging, antiicing, and anti-bacterial [7, 8]. The form of superhydrophobic
surface control by roughness, and synthesis methods require
can be divided into two categories: (i) modification the
surface with low surface energy material (ii) making the
surface rough with low surface energy used some technique
[9, 10]. Hierarchical structures play an important role in
wetting property because of the area fraction of solid surface
contact with liquid is much smaller than that of single-level
structure, to explainable why hierarchical structures can
generate superhydrophobic state, we depend on the wellknown theories, such as Wenzel and Cassie-Baxter models
for the liquid drop on rough solid surfaces [11]. Variety
materials used for fabrication the superhydrophobic surfaces
including both the organic and inorganic materials [12].
Inorganic materials that do not contain carbon, and not
deriving from living matter, such as ZnO and TiO have been
of particular interest in recent years because of their potential
practical applications, especially in decomposition of organic
material from their surface under exposure to the UVillumination, therefore this material used as a non-wetting
and self-cleaning surface, and also require high cost, multiple
steps, special equipment and the critical conditions [13].
Organic materials such as polymeric materials that contain
carbon or C-H bonds generally inherently hydrophobic,
fabrication of surface roughness is the primary focus, the
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primary difference between inorganic compounds and
organic compounds, that the organic compounds always
contain carbon while most of the inorganic compounds do
not contain carbon, also, almost all organic compounds
contain C-H bonds or carbon-hydrogen [12]. Polymers
(macro-molecules) form a very important class of materials
they are all around us in everyday use in rubber, plastic,
resins, adhesives and tapes, the word polymer derived from
the Greek words, poly (many) and mer (parts or units) of
high molecular mass each molecule of which consist of a
very large number of the single structural units joined
together in a regular manner [14]. The distinct characteristics
polymer are: very resistant to chemicals, both thermal and
electrical insulators, very light in weight with significant
degrees of strength, processed in various ways, usually made
of petroleum, but not always, used to make items that have
no alternatives from other materials and polymers can made
into clear, waterproof surface [15]. Polymers have been
classified into three types; Natural polymer such as (natural
silk, rubber, proteins, cellulose, starch, etc..); Semi synthetic
polymer such as (hydrogenated, natural rubber, cellulosic,
cellulose nitrate, methyl cellulose, etc..); Synthetic polymer
which synthesized in the laboratory such (polyethylene,
polyvinyl alcohol, polysulfone, polystyrene, polycarbonate,
polypropylene, polyacrylonitrile, poly methyl methacrylate,
etc..) [16]. Polycarbonates (PCs) are an important
thermoplastic polymer which have organic functional groups
linked together by carbonate groups (-O-CO-O-), PCs
temperature resistant, non-toxic and exhibits excellent
mechanical, optical and low water absorption properties [17].
Therefore, PCs are very attractive material using in a wide
range of applications includes optical data storage devices
(CDs and DVDs), bulletproof windows, food packaging,
mineral water bottles, packaging, medical, machine parts,
electronic equipments, building and self-cleaning [18, 19].
Moreover, they dissolve easily in organic solvents like
(toluene,
dichloromethane,
formamide
(DMF),
tetrahydrofuran) [20]. Although these properties, PC surface
exhibits low water CA (~84°) [21]. Therefore, suffers from
hydrophilic effect or partial wetting when contact with
aqueous solutions, which severely limits of using PC in
various applications of water repellency [22]. Various
approaches devloped to transform a hydrophilic PC into
superhydrophobic material such as ion beam irradiation,
chemical treatments, plasma treatment [23, 24]. In fact, most
of these methods which used to fabricate superhydrophobic
surfaces are either using special apparatus or complicated and
destabilized of synthesized surface after overtime in humid
environments, also require multiple steps, specific substrates.
Thus, it becomes urgent demand of preparing the
superhydrophobic PC surfaces by inexpensive and simple
method, and it will further greatly advanced the many
applications. In contrast, rapid, simple, and low-cost phaseseparation method was applied to polymer materials in order
to fabricate rough superhydrophobic surfaces [10]. In
compared with other studies [25-28], this study, developed a
novel approuch and low-cost technique for fabricating a
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hierarchical PC structure with a micro-nano-binary formation
in one step, without the need for special instruments and low
surface energy material modification by using solvent/nonsolvent selected and phase separation with different
percentages of solvents.

2. Methodology
In this work superhydrophobicity surfaces synthesized
using cast drop and phase separation technique, which is
simple, low cost, and highly efficient method for Preparation
hierarchical PC surface.

3. Experimental
3.1. Materials
PC resin was acquired from Sabic Saudia.
(C3H6O; purity of 99%) from Himedi India and
ethanol (C2H5OH) from the Netherlands were
received. DMF (C3H7NO; purity of 99.9%) was
from Scharlau Spain.

Acetone
absolute
used as
obtained

3.2. Preparation of Superhydrophobic Surface
The glass substrate was cleaned with ethanol, and
deionized water for several times to remove the residuals and
impurities from the surface of substrate. Resin of PC was
dissolved at 55% and 65% acetone/DMF mixture solvents
percentage, with ultrasonically dispersed for 30 min, and
magnetically stirred for 8h. After homogeneity, the solution
was drop cast on a substrate using a micropipette (germany
pipette), and evaporated at room temperature.
3.3. Characterization
The surface morphology of the Specimens was observed
with a field emission scanning electron microscope (FESEM;
Hitachi-S4160, Japan). The behavior of superhydrophobic
and water CA of the surface was characterized on a
homemade system at ambient temperature and this process
was monitored by a high-speed CCD camera with a setting of
25 frames per second.

4. Results and Discussion
We fabricated PC superhydrophobic surfaces using phase
separation method described above at room temperature with
different percentage of acetone/ DMF mixture solvents. The
surface structure is one of the key factors which need to
control for formation superhydrophobic surface, also should
have roughness on nano/micro-scale and should be
hierarchical structure. Figure (1) shows the FESEM images
of the PC superhydrophobic surfaces after adding 55% of the
acetone/DMF mixture with water CAs of 153±2°. From the
FESEM image, results showed the PC surface formed after
treatment with mixture of solvent was rough and entirely
composed of stacked particles.
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directly without addition of low-surface-energy compounds
by a new simple approach. The water CAof the prepared
superhydrophobic PC surface were 156±2°. Compared with
other methods of synthetic superhydrophobic surfaces, the
present method is very simpler to control, without adding any
complicated process. It can also be easily scaled up to create
large-area superhydrophobic surface structures and can be
applied in the commercial manufacturing.

Acknowledgements

Figure 1. FESEM image of PC surface morphology after treatment with
55% acetone/DMF solvent mixture. Inset is CA.

Figures (2) show the FESEM image of the PC
superhydrophobic surfaces after adding 65% of the
acetone/DMF mixture with water CA of 156± 2°. From this
figures, FESEM image exhibited that the PC surface
composed of flower-like shaped linked together centrally
with branches offered roughness on the surface with a
hierarchical micro/nano-binary formation. In order to
discussion the effect of acetone/ DMF mixture solvents on
formation of PC superhydrophobic surfaces, the difference in
solubility and melting point played an important role in the
formation of the hierarchical structure of the surface.
According to the phase seperation method, acetone is a nonsolvent of PC resin that acts as a precipitator, and some
aggregates appear with the addition of a non-solvent, and
DMF is solvent to PC resin, Therefore, when the solvent
mixture increased more polymer aggregates formed and
caused hierarchical structure formation.

Figure 2. FESEM image of PC surface morphology after treatment with
65% acetone/DMF solvent mixture. Inset is CA.

The PC superhydrophobic surface was immersed in water
with the temperatures ranging from 5°C to 45°C for 1 h to
155 days, the water CA remained higher than 150°, in order
to evaluate.

5. Conclusions
A stable superhydrophobic PC surface has been obtained
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