
INTRODUCTION

Polypropylene (PP) and polyethylene terephthalate (PET)
fibres are used for a wide variety of applications in many
technological fields because they have some excellent bulk
properties, such as high strength-to-weight ratio, good resis-
tance to corrosion and relatively inexpensive production1.
These materials are frequently used as films and foils for
packaging, protective coatings and sealing applications2. However,
polymers are hydrophobic, low-surface energy materials and
thus they do not adhere well to other materials. Metallization
of polymeric substrates is currently widely investigated because
of various applications in microelectronics, packaging, optics
and medical implants3. Recently, nano-structured materials
based on nano-metal particles have also been studied extensively
for various applications on account of their attractive physical,
chemical and catalytic properties4-6.

In this field, the adhesive property between film and
substrate is one of the most important properties because the
film delaminating should be suppressed during manufacturing
process. So it is desirable to modify polymer surfaces and increase
the surface free energy while keeping their no-change bulk
properties for many commercial applications. Traditional
methods of surface treatment are mostly chemical processes.
However the ecological requirements force the industry to
search alternative environmental safety methods1,7.

The technique of plasma treatment is an effective surface
modification way to save processing cost and to avoid environ-
mental pollution problem8-14.
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Recently, surface modification using atmospheric pressure
plasma treatment is being widely used and it can be realized
in air with no vacuum system. The last two decades, dielectric
barrier discharges (DBDs) are widely used as a surface modifi-
cation tools15.

There has been growing interest in investigation of the
industrial applications of the barrier discharge technology. This
type of discharge has advantages over many other types of
discharges that dielectric barrier discharges require no vacuum
system and can be used for processing of large samples16.

In this research work we have investigated the effects of
using a dielectric barrier discharge (DBD) device on modifying
the surface properties of polypropylene foils and fabrics and
specially in studying the adhesive properties of these material
to platinum.

EXPERIMENTAL

In this research work, we studied the effects of dielectric
barrier discharges treatment on the commercial polypropylene
foil (Tatrafan KX-30 µm) and polypropylene fabrics. The
samples first cleaned and extract with chloroform, the cleaned
samples were treated by a dielectric barrier discharge (DBD)
for up to 10 min. The experimental set up is shown in Fig. 1.
This device is applied for treating plane materials at an atmos-
pheric pressure. The reactor mainly contains an Al2O3 ceramic
electrode (active area 9 cm × 20 cm) and a high power supply
unit (500 W). The electrode is cooled by a circulated oil system
which is operated by a pump.



Fig. 1. Experimental setup

The condition chosen for device to operate was an alter-
nating voltage of 20 kV and a power of 300 W. The gap
between the electrodes could be adjusted in the range of 0.5-
2.5 mm.

The system worked in air at an atmospheric pressure,
though it was also possible to use different kinds of gases as
the discharge medium. Samples were attached to a movable
trolley by means of a vacuum sucker. The movable trolley
which supplies a linear displacement is responsible for mov-
ing the samples to get contact with plasma.

After plasma treatment, surface roughness of polypropylene
foils was measured by atomic force microscope (AFM) (Park
Scientific Instrument). Atomic force microscope images were
obtained with the silicon nitride probe mounted on a cantilever.
Imaging was performed in contact mode. The morphology of
the fabric samples was observed by a scanning electron micro-
scope (SEM) using a LEO 440 I with an accelerating voltage
of 20 kV. The resolution of 3 µm was chosen. The samples
were pre coated with gold, using a sputter coater. The magni-
fication of the image was set in the range of 3000X.

Fourier transform infrared spectroscopy (FTIR) was also
used for investigation of the chemical structure of the foils
and fabrics. Infrared spectra of the samples were obtained using
a Perkin-Elmer, FTIR spectrometer. For coating the samples
with platinum a Sputter Anlage für REM-Proben SCD 030
was used. The time of coating and electric current were: 120
s, 15 mA, respectively. The wet ability of the samples were
evaluated by water drop test according to AATCC 79-2000
standard, in which drops of controlled size were placed at a
constant rate upon the fabric surface and the duration of the
time required for them to penetrate to the fabrics were measured.
The adhesion properties were measured using abrasion
(Martindale 2000, Shirley Ltd.) and rubbing tests were done
according to the European standard ISO 105-X12: textiles-
tests for colour fastness-colour fastness to rubbing. Samples
were rubbed by dry wiping fabric and the staining of wiping
fabrics was evaluated according to the grey scale.

RESULTS AND DISCUSSION

The samples of polypropylene foils and fabrics were
treated under different time intervals duration up to 10 min
and then analyzed by FTIR, SEM and AFM to compare the
results. It is found that, under a power of 300 W and voltage
of 20 kV a duration of 8 min gives the best results. In shorter
time no significant changes occurred on the samples and in
longer exposure time, some parts of the samples were melted.

Fourier transform infrared spectroscopy: The modified
polypropylene was characterized by FT-IR in order to give
better understanding of the enhanced adhesive properties. As
shown in Fig. 2, as-received polypropylene fabric exhibits
some peaks at 840, 890, 960, 1180, 1370, 1450 and 2900 cm-1,
which are well matched to those reported in the handbook17.
But upon dielectric barrier discharge treatment, an extra peak
appears around 1708 cm-1, which can be attributed to C=O
stretching, moreover, absorption in the range of 1628-1593
cm-1 is related to resonance C-O bonds17-21.

Fig. 2. FTIR spectra of untreated and DBD treated PP fabric

To achieve a high rubbing fastness, a strong adhesion
between the adhesive and the substrate is essential. This
requires the formation of covalent bonds between the mole-
cules of the adhesive and the adherent and thus a good match
between the functional groups of the substrate surface and the
adhesive material. The formation of additional functional
groups at the surface is probably the most significant contri-
bution of the plasma treatment to the adhesion improvements.
Probably both the oxygen groups and the large variety of
functional groups produced, contribute to this improvement.
Variety of functional groups can be especially an advantageous
when different types of adhesives are to be used. Incorpo-
ration of oxygen is also responsible for the increase in surface
energy.

Water drop test: When polypropylene surfaces were
treated by plasma, their surface free energy considerably
increased and their wet ability improved. The results shown
in Table-1, in which the absorption times have been recorded
for different treated and original samples. As seen after plasma
treatment the water absorption time is much decreased. The
decrease of water-absorption time can be attributed to intro-
duction of polar groups such as hydroxyl and carboxyl groups
due to plasma chemical modification and morphological
changes. Time of absorption for untreated polypropylene
fabrics is about 14 min and by coating the samples with
platinum, this time is increased more than 1 h.

TABLE-1 
ABSORPTION TIME OF TREATED AND UNTREATED FABRICS 

Sample Absorption time 
Untreated 14 min 
DBD treated polypropylene fabric for 120 s 2 s 
DBD treated polypropylene fabric for 480 s 1 s 
Untreated-Pt coated 75 min 
DBD treated-Pt coated 75 min 

 
Atomic force microscope (AFM): Adhesion properties

are strongly influenced by the surface topology. A microscopic
and nano metric roughness can also lead to a mechanical
interlocking between the two partners of the adhesive joint.
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The surface topology of original polypropylene and also treated
films were measured with atomic force microscope, the results
are shown in Fig. 3. The average surface roughness (Ra) has
increased from 9.4 nm for the original polypropylene surface
to 18.3 nm, for treated specimens. This investigation revealed
that the roughness of the films has been increased due to the
dielectric barrier discharge treatment. Surface roughening of
polymer substrate can result from the difference in etching
rates between crystalline and amorphous regions of the polymer
during reactive ion etching22,23. It is believed that complete
wetting samples is primarily caused by a large increase in
surface roughness induced by an ion bombardment together
with the generation of oxygen containing functional groups.
Surface micro-roughness produces a greater surface area leading
to increased total surface area and as a result reduced contact
angles even though it is difficult to differentiate the effect of
surface roughness and surface functional groups on the measured
wetting time.

polypropylene-untreated

PP-DBD treated

Fig. 3. Atomic force microscope images of untreated and DBD treated
polypropylene foil

Scanning electron microscopy: Fig. 4 shows the photo-
graphs obtained by an scanning electron microscope from the
treated fibers, as well as of non-treated ones. As shown the
treated samples have suffered some morphological changes
on their surfaces, with the formation of ripple-like patterns.
Also some of the spots on the surface of original polypropylene
have disappeared due to the treatment.

Adhesion properties: For measuring the adhesive
properties, both treated and untreated samples were coated
with platinum using sputtering system and the results were
compared with rubbing and abration testers. The adhesion
properties of Pt-coated dielectric barrier discharge treated
polypropylene samples and Pt-coated untreated samples were
evaluated in terms of the fastness towards rubbing and abrasion,

Fig. 4. SEM images of untreated and DBD treated polypropylene fabric

using the gray scale according to ISO standard recommen-
dations of which the results are given in Table-2. Assessment
of fastness involves a visual determination of either change in
shade or staining of an adjacent material. The graduation of
the gray tones in the scales is defined as the smallest difference
in depth, which is of commercial significance.

TABLE-2 
RESULTS OF RUBBING AND ABRASION  

FASTNESS OF BOTH TREATED AND UNTREATED 
POLYPROPYLENE FOILS AND FABRICS 

Samples Degree of 
rubbing fastness 

Degree of 
abrasion fastness 

Untreated polypropylene foil 3 2 
DBD treated polypropylene 
foil for 120 s 

4 3 

DBD treated polypropylene 
foil for 480 s 

5 4-5 

Untreated polypropylene 
Fabric 

3 3 

DBD treated polypropylene 
Fabric for 120 s 

3-4 3-4 

DBD treated polypropylene 
fabric for 480 s 

5 5 

 
Thus, as given in Table-2, the dielectric barrier discharge

treatment on polypropylene samples has caused an increase
in the adhesion of the platinum particles to the sample fibers
as compared to untreated samples. This is due to the creation
of some functional groups and some morphological changes
on the surface of the samples after the dielectric barrier discharge
treatment which has caused the surface energy of samples to
be increased. An observed correlation between the increase in
the RMS surface roughness and the adhesion properties
(Table-2) in this study also confirms the effectiveness of surface
roughening on the significant adhesion improvement. It is also
found that by increasing the time of dielectric barrier discharge
treatment till to an optimums value (8 min) this feature
improves, however treating more than 10 min would lead to
melt and destroy the fibers.

Conclusion

Atmospheric pressure plasmas are an interesting alter-
native to other pretreatment methods (e.g., low-pressure plasma
or wet chemical treatment) because of in-line process capabi-
lities, relatively low costs and low requirements on personal
and environmental safety. In present report, we have studied
the effects of a dielectric barrier discharge device working at
atmospheric pressure on physical and chemical properties of
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polypropylene. The results from the atomic force microscope
and wetting time measurements showed a gradual increase in
the surface roughness of plasma-treated surface with the time
of exposure increased. The wettability of polypropylene
samples is strongly improved after dielectric barrier discharge
pre-treatment. As expected, a higher etching rate of the surface
after dielectric barrier discharge treatment was observed. The
adhesion strength between platinum layer and polypropylene
substrates is increased significantly. In addition to the increased
formation of functional groups such as C=O and C-O-C by
the plasma treatment, surface roughening is ascribed to the
increase in the measured adhesion strength due to increased
surface area and the largely roughened morphological effects
induced by surface etching in the present experimental conditions.
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