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Abstract: Plasma-surface modification [PSM] have been de-
veloped as the new approach for membrane modification. In the
past few years PSM has become very popular among the available
methods of surface modification. However, plasma modification
is often one of the stages of polymer grafting and immobiliza-
tion of biomaterials. In this study microfiltation polyethersulfone
membranes were modified with argon plasma. The project goal
was to modify a polyethersulfone membrane by plasma treatment
and characterize its impact on the membrane surface. The sur-
face morphology of the membranes were characterized by scan-
ning electron microscopy (SEM) and contact angle measurement.
To investigate the chemical structures FTIR was used. SEM
studies and contact angle measurements show that highly hy-
drophilic surfaces were obtained.

1. Introduction

1.1. Membrane processes

Membrane processes belong to a large group of techniques for separation of gas and
liquid mixtures. Membranes can be used for the separation of particles with sizes
between tens of microns to tens of nanometers (Ceynowa, 2006).

The membrane is defined as a continuous phase separating two solutions (liquid
or gas), which is a barrier for the flow of the individual components of these solutions.

Different criteria for membrane classification may be encountered in the literature.
The most common division of membrane technology is based on the kind of driving
force (Rautenbach, 1996). These classifications include microfiltration, ultrafiltration,
nanofiltration and reverse osmosis (Ceynowa, 2006).

For the evaluation process microfiltration membranes were used. Microfiltration
is a process in which particles with diameters of 0.6-50 microns and low molecular
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Fig. 1. Membrane techniques (Piątkiewicz and Szwast, 2008)

weight components are separated from the solvent. Membrane average pore size is
ranged between 0.1 and 10 microns (Ceynowa, 2006).

1.2. Plasma- surface modification

Plasma surface modification (PSM) has become very popular among available meth-
ods of surface modification. The plasma modification is only one of the stages in the
polymer grafting or immobilization of biomolecules as well.

By applying different gases, such as argon, oxygen, nitrogen, carbon dioxide and
water vapor, specific surface properties for a particular application can be obtained.
The purpose of plasma modification is to improve mechanical strength, adhesion,
surface conductivity and biocompatibility (Bryjak et al., 2009).

For technological applications, including surface modification, low temperature
plasma is used.

2. Methodology

2.1. Materials

Commercial (MEMBRANA R©) capillary, polyethersulfone (PES) membranes were
used as the modificated material. PES remains in satisfactory condition in long-
term continuous use without any visible dimensional change or physical deterioration
at temperatures as high as 200◦C.

2.2. Experimental setup

The modification process was conducted in a plasma reactor unit with argon gas
supply illustrated in Fig. 1 The membrane was placed between two electrodes inside
the heat resistant cylinder-shaped chamber. The chamber was evacuated using a
vacuum pump. Plasma was generated by a Dionex Series 2000 Plasma Processing
Reactor Center. The Dionex reactor generates RF waves (radio frequency) using a
sinusoidal frequency range from 1 kHz to 1 GHz. The most common frequency is
13.56 MHz.
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Fig. 2. Plasma reactor unit with Ar gas supply

2.3. Membrane modification

PES membranes were cut into 150 mm long pieces. Prior to that plasma modification
membranes were rinsed in ethanol to remove any impurities from the surface and
pores. Next, samples were rinsed with water and dried in a vacuum oven for 60
minutes.

The modification process was conducted in a plasma reactor unit Dionex Series
2000 Plasma Processing Reactor Center. Various combinations of plasma powers (25
or 50 W) and exposure times (60, 180 or 240 s) were used. Plasma modification was
held in argon environment under pressure 3.5 Pa.

2.4. Membrane characterization

Membrane morphology study

The surface morphology of the membranes were characterized by scanning electron
microscopy (SEM). All samples were dried in vacuum for 12 h at room temperature.
The scanning was performed at an accelerating voltage of 10 kV.

Fourier transform infrared spectroscopy (FTIR) study

To investigate the chemical structures of PES unmodified membranes and plasma
modified membranes, Nicolet 6700 FT-IR was used. Each spectrum was collected by
cumulating 32 scans at a resolution of 4 cm−1.

Water contact angle

Membrane hydrophilicity was studied by measuring contact angles (Krüss Processor
Tensiometer K12) of the membranes at 25◦C. PES capillary membranes were im-
mersed into water. Each membrane was tested 5 times. The average of measured
values was taken as its water contact angle.

The Wilhelmy method was used to determine surface tension of water and for the
determination of contact angles.

3. Results and discussion

3.1. Morphology of the modified PES membranes

The membrane surface morphologies were shown by SEM images as presented in
Fig. 3
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Fig. 3. SEM pictures for plasma modifications with different combinations of exposure
times and plasma powers (A) – unmodified, (B) – 60 s, 25 W, (C) – 180 s, 25
W, (D) – 240 s, 25 W, (E) – 60 s, 50 W
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Fig. 4. FTIR measurements

The presented results show that argon plasma modification affected PES mem-
brane morphology. There seems to be more pores in plasma modified membranes.

3.2. Chemical structures on membrane surface

The chemical structures of the modified and unmodified membranes were character-
ized by FTIR. Fig. 4 presents the obtained results.

Based on the above data, it appears that there is a change only in the number of
SO2 groups (1500-1000 cm−1). There are no significant changes in absorbance images.

3.3. Surface tension of plasma treated polyethersulfone surface

PES membranes were treated with argon plasma and contact angles of water were
measured. Fig. 5 shows the experimental results.

The data collected for modified membranes indicated an increase in hydrophilicity.
We observed a sharp decrease in water contact angle (from 40.20 for unmodified

Fig. 5. Contact angles for unmodified and modified PES membranes
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membranes to 24.90). The surface becomes more wettable compared to unmodified
membranes. An exception is modification with exposure time 60 s and plasma power
50 W, where the average contact angle is higher than in unmodified membranes.

4. Conclusions

Argon plasma increases hydrophilicity of the membrane surface. Prolonged plasma
exhibition and high plasma power do not cause visible damage to the sample surface.
SEM pictures show that argon plasma modification affects PES membrane morphol-
ogy. There seems to be more pores in plasma modified membranes.
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