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Obtaining of Hydrophobic and Hydrophilic Surface in Plasma AR/CH,
Medium

S.A. Orazbayet”, M.T. Gabdulli!, Ramazanov T.3° A.T. Zhunisbekov,
M.K. Dosbolaef® and D.B. Omirbekdv
Scientific and Research Institute of Experimental @heoretical Physics, Al-Farabi Kazakh
National University, Kazakhstan, 050040 Almaty,Rdrabi av., 71
®National Nanotechnology Laboratory of the Open TyleFarabi Kazakh National
University, Kazakhstan, 050040 Almaty, Al-Farabi,ail

*E-mail: askarzhunisbekov@mail.ru

Abstract

Nowadays the wettability of surfaces is a decisacor in many applications. Control of the
hydrophobic or hydrophilic property is a key aspectmicroelectronics, light industry, etc.
The wettability of the surface generally dependstwo factors: surface chemistry and
surface roughness. If to use both parameters pyopdr is possible to develop

superhydrophobic surfaces with a contact angleedosL80, with very small grazing angle

(lotus effect).

In this work, first we got superhydrophobic surfaessing a simple one-step process, based
on polymerizing carbonaceous nanoparticles in pdasmd deposition on silicon wafer.
Nanoparticles arising in plasma polymerization pssc are typical example of plasma
polymers, i.e. materials, which in difference toneentional structured polymers, are not
consisted of repeating units. In addition, we regead how wetting characteristics was
changing when proceeded in different plasma enuients. Experiments have shown that
the superhydrophobic surfaces can be convertedsiperhydrophilic surfaces in means of
various plasma processing methods.

Figure 1 shows a schematic diagram of the expetehenstallation based on a high-

frequency (HF) capacitive discharge method. Thssailhation is used for vapor deposition of
nano- and microparticles and it consists of a waglkdthamber (1), a HF generator (2) with a
self-consistent device (3) and with a measuring @i determining the value of self-

displacement (4). Inside the chamber two electrateslocated: primary electrode (5), to
which high frequency alternating voltage is suppli@nd power electrode(6), which is
grounded. Thus, a high-frequency discharge ignitoplasma within the chamber is formed.
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FIGURE 1. The generalized diagram of the RF disgalevice

For synthesis of carbon nano- and microparticles mgature of methane (2%) and argon
(98%) was used with various HF plasma dischargarpeters.

The method of synthesis of nano- and micropartices follows: the working gas Ar + CH4
is blowed through the hole in glass cover. Gasipggbrough the mesh electrodes forms a
laminar flow between electrodes, and pumped outimoously. When high voltage applied
to the electrodes breakdown is arising in the gdsch cause plasma ignition, later gas is
decomposed into radicals and ions under dissoniai ionization processes, and during
the chemical reactions nanoparticles are synthésiZéien obtained nanoparticles are
deposited on the researching surface.

In this work, we focused on the process of growtmanoparticles and their subsequent
deposition. Specific feature of this process isnbgative charge of the nanoparticles. Once
the particles reach a size of several nanometeey,quickly collect a negative charge (due to
the high mobility of the electrons in the plasnf&g.a result, the particles are held in positive
plasma potential, i.e. they are levitating in tlecdarge, where they continue to grow due to
the accumulation of neutral radicals and positmesi After the plasma turns off, particles

lose the negative charge and fall down to the loelectrode. Every time plasma is turned off

a certain amount of nanoparticles will fall ont@ thilicon substrate, which is located on the
lower electrode. Thus, the number of particles @ili@on substrate depends on the number
of cycles, i.e. the film’s hydrophobic feature (taet angle) increases with the number of
cycles (Figure 2).

S

25 cycle 50 cycle 75 cycle

FIGURE 2. Photos of water droplets spreading itite surface of carbon-containing
nanofilms in three different numbers of cycles: 28, 75. The nanopatrticle synthesis time in
the plasma is 20 seconds.
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At the next stage of research we affected film exxe$ with different plasmas in order to
change the chemistry of surface. In all cases mgsmocessing leads to essential changes of
wettability. So after plasma processing surfacebechydrophilic.

The experimental results show that the hydrophdéatures of the film depends on the
number of cycles; these superhydrophobic surfagede easily converted to the hydrophilic
surfaces with simple plasma treatment. Dependinghenprocessing time and the specific
parameters of the plasma contact angle can betedjfrem about 1600 values below 10
This process is accompanied by a rapid increafieeajrazing angle.
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