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ABSTRACT

We present a novel method of producing
hydrophilic/hydrophobic patterning on several different
substrates using a novel two-step process. The developed
process involves a simple surface functionalization with a
fluoroalkylsiloxane, followed by masked ion implantation.
This method allows for the patterning of many different
substrates, with only two facile steps, producing the same
degree of hydrophilicity and hydrophobicity irrespective of
the wettability of the initial substrate. This paper discusses
applications of this process on polymer, metal and glass
substrates.
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1 INTRODUCTION

The way in which water interacts with surfaces has an
impact on many different industries and so the ability to
control this interaction and determine the wetting behavior
of a surface allows for the development of intelligent
interfaces to overcome challenges and improve efficiency
in many areas. Compared to uniform surface properties, the
design of a surface with particular areas of hydrophilicity
and areas of hydrophobicity allows for a greater control of
the wetting behavior and flow of water across the surface.
This has well-known application in microfluidics [1]-[4],
but can be of use in many different industries where
benefits can be gained through controlling behaviors at the
interface between water and a surface, such as heating and
air conditioning [5],[6], and water harvesting [7],[8], in
particular.

As there is a wide range of potential applications for
hydrophilic/hydrophobic pattering, there is a similarly large
variety of substrate materials that may be used in these
applications, As some applications require other material
characteristics, it is not always possible to utilize different
materials to achieve hydrophilic/hydrophobic patterning,
without producing a less efficient surface due to a loss in
other properties. Hence, it is desirable to have a method of
hydrophilic/hydrophobic patterning that can be applied to

different substrate materials, without significantly affecting
the other physical properties of the surface.

Existing methods of hydrophilic/hydrophobic patterning
generally utilize lithography/etching techniques and
chemical vapor deposition (CVD) [9]-[12]. These methods
involve numerous steps, many of which are often delicate
and require many resources. These existing methods also
often require specific substrates or rely on relatively thick
surface coatings, which can alter other performance
properties of the surface. Many existing methods, such as
that used by Kobayashi et al. [12], utilize a hydrophilic
substrate and areas of this substrate remain exposed in the
final surface, providing the hydrophilic areas of the pattern.
This inherently limits the process to substrate materials with
relatively high inherent hydrophilicity, which is not always
achievable when considering specific applications. Other
methods, such as that used by Ishizaki et al. [11], use
various methods of CVD to deposit a hydrophilic surface
onto the substrate, followed by other processes to create the
hydrophobic domains. However, these methods are also
limited to substrate materials that are suitable for CVD
processes.

Conversely, we have developed a novel system that
allows facile hydrophilic/hydrophobic patterning of a
surface with only a two-step process that can be applied to
several different types of substrate material. Firstly, a facile
surface functionalization is applied to the surface using a
fluoroalkylsiloxane (FAS), to impart hydrophobicity to the
surface. This step is then followed by an ion implantation
treatment applied through a mask, to create areas of
hydrophilicity. The FAS functionalization and ion
implantation can be applied to a number of substrates and
the resulting hydrophilicity and hydrophobicity is
dependent on the chemistry of the FAS and products
resulting from the ion implantation, hence this system can
be applied to a number of different substrate materials,
while achieving the same hydrophilic/hydrophobic pattern
with similar wetting properties. As this process affects only
the surface chemistry, any surface roughness present in the
substrate will be retained and will affect the achieved
degree of hydrophilicity/hydrophobicity.

This novel process is being developed on polymer,
metal and glass substrates.
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2 METHODS

2.1 Substrates and Preparation

Three types of substrates were utilized in these
investigations, polymers, metals and glass. The polymers
used were polyoxymethylene (POM),
polymethylmethacrylate (PMMA), polycarbonate (PC), and
polyvinylchloride (PVC). All samples were cut from
polymer sheets. These polymers were chosen as they are
commonly used in manufacturing. The metals used were
aluminium (Al), steel (St) and stainless steel 316 (SS).
Again all samples were cut from sheet metal. These metals
were chosen as they are most commonly used in industry.
Glass was also investigated, using glass microscopy slides.

Different types of substrate were chosen to demonstrate
the applicability of this process to a range materials for
different application, hence the materials chosen were
materials commonly used in industrial applications. All
substrates were cleaned before functionalization steps, with
hot soapy water followed by ethanol.

2.2 FAS Functionalization

The FAS used in this process was Dynasylan F8815, a
commercially available fluoroalkylsiloxane. This FAS was
chosen as it is water-soluble, lending itself to facile
processing. A solution of 2 wt% Dynasylan F8815 (FAS)
was prepared in distilled water. Each substrate was
submersed in 2 wt% FAS solution for 10 minutes. After this
time had elapsed the functionalized substrate was removed
from the solution and patted dry with paper towels. The
samples were left to fully dry at room temperature.

2.3 Ion Implantation

After the FAS functionalization each sample was treated
with ion implantation. The ion implantation treatment was
applied to the samples with a mask. In these investigations
the mask used simply covered half of each sample, to
clearly demonstrate the effects of the process, however the
shape of the mask has no effect on the treatment and so
more complicated masks may be used. Samples were
treated using Ar’ ions with a fluence of greater than
10" atoms cm™. The beam current density was kept low
(<3 pA) to prevent significant heating of the samples.

2.4 Characterization

A custom-built goniometer was used to measure the
apparent water contact angle (CA) of samples. The CA of
each substrate was measured before FAS functionalization,
after FAS functionalization and after masked ion
implantation treatment. Apparent water contact angle
measurements were taken by capturing a back-lit photo of
10 pL droplet of distilled water on the sample surface. The
volume of the droplet was measured in a gas-tight syringe

and the droplet placed gently onto the surface from above,
without the droplet free falling at any point to minimize
impact on the surface. The image was then analyzed using
the computer program Image]J with a plug-in called
Dropsnake to calculate the left and right CA wvalues
[13],[14]. Three droplets were analyzed per sample and
three calculations were performed on each droplet, with the
left and right CA averaged for each calculation. These nine
values were then averaged and the mean taken to represent
the final value, with the standard deviation calculated as the
uncertainty.

3 DISCUSSION OF RESULTS

FAS functionalization is able to be carried out in
aqueous solution as the FAS used, Dynasylan F8815, is
water-soluble. This allows for a facile dip coating method,
with only 10 minutes soaking required. The FAS
functionalization was successful on all substrates and
increased the CA of the samples to approximately 95-105°.
The CA achieved after functionalization is dependent on the
roughness and so varies slightly between samples. As these
substrates were all generally flat, the CA of the FAS
functionalized surfaces remained relatively low. However,
it has been shown that this functionalization on rough
substrates can achieve CA values of over 120°, dependent
on the roughness pattern of the surface [15].

With a hydrophobic surface established after the FAS
functionalization, the ion implantation treatment is then
applied to the surface through a mask, to disrupt the FAS
and destroy the hydrophobicity in targeted areas. The ion
implantation treatment used in this process has been
optimized to provide the highest degree of hydrophilization
and to ensure hydrophobic recovery of the polymer does
not occur. After ion implantation the treated areas of the
surface become hydrophilic with decreased CA values,
again the exact CA values achieved varied, dependent on
the surface roughness of the sample. All of the samples in
this investigation were found to have CA values sufficiently
decreased to be described as formally hydrophilic. Again,
the actual CA values achieved were dependent on the
roughness of the sample surface and, as shown previously
[15], the hydrophilicity of the treated sample is increased
with increased surface roughness.

Ion implantation is widely known to cause severe
damage to organic polymers, however the specific chemical
and physical processes that occur to cause this damage are
not fully understood. It has been shown that chain scission
and cross-linking occurs in the polymer at the surface,
leading to increased conjugation of the polymer, towards a
fully graphitized surface in extreme cases [16],[17]. This is
known to lead to changes in the physical properties of the
surface, including increased wettability [18]. However, ion
implantation on fluoropolymers has not been investigated in
the same manner. Hence, the chemical reactions that occur
and mechanism of damage have not yet been investigated
and remain unknown. In this investigation, ion implantation
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was found to have similar effects on the FAS treated
surfaces as expected from organic polymer substrates after
ion implantation. A significant increase in wettability was
induced and the surface was rendered hydrophilic. This
indicates that the mechanisms occurring are potentially the
same as those seen to occur in the ion implantation of
organic polymers.

As the penetration depth of the ion implantation
treatment used here is very shallow, masks can be made
from many different substrates; even permanent marker
provides a layer thick enough to protect the underlying
substrate. Hence, this allows for many different methods of
mask production to be used and opens the possibility of
producing masks using specialized techniques providing
very fine detail, or producing masks using more simple
techniques, depending on the requirements of the final
application of the surface.

4 CONCLUSIONS

This novel process of hydrophilic/hydrophobic
patterning has been demonstrated on several different
substrates, including polymers, metals and glass. The FAS
functionalization successfully increases the CA of all
substrates and can be increased to achieve greater CA
values on substrates with higher degrees of surface
roughness. The ion implantation treatment can easily be
masked, to affect only the FAS-functionalized areas of the
substrate exposed to the ion beam. This ion implantation
process successfully hydrophilizes the targeted areas,
creating the desired hydrophilic/hydrophobic patterning.

This novel process is comprised of only two facile steps
and can be applied to many different substrates. This shows
that the process can easily be used in many different
industries for surfaces with different applications.
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