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ATMOSPHERIC PRESSURE PLASMA POLYMER MODIFICATION — NEW VISIONS,

CHALLENGES AND SOLUTIONS

P. Dineff, D. Gospodinova

Technical University of Sofia, Faculty of Electrical Engineering, 1000 Sofia, Bulgaria

A new development of the concept of using one-atmosphere barrier discharge plasma in the creation of
technological plasma systems is proposed along with some new visions, challenges and solutions.

The concept of changing the electric load and the development of electric energy transformation in the plasma
volume, when the polymeric material is introduced, is related to the basic technological characteristic of cold
plasma treatment and modification - the variation of the volume and/or surface densities of the active power at
loading the cold plasma generator/reactor system.

The plasma surface modification of highly-porous woven or non-woven textile materials is determined mainly :
first, by the change in surface properties - in the topology and chemical functionality of the fibers, and second,
by the modification of the highly-porous media itself, which is of decisive importance for its capillary activity.

Keywords: cold plasma reactor system, electrode edge effect, external characteristic, one-atmosphere air barrier
discharge, plasma etching, plasma-chemical activation and grafting, plasma-chemical setting and plasma surface

modification

1. Introduction

Barrier discharges at atmospheric pressure (760 =+ 25 Torr,
or 1 atm) have serious technological advantages, which
impose their application to the technology of textiles and
textile fibers, electronics and microelectronics, printing in-
dustry [1].

Characteristic to all types of barrier (corona) discharges
is the presence of one or two dielectric barriers that separate
the electrodes from the working medium. This remains a
purely external trait of barrier discharges, as the dielectric
barrier performs a very essential part in the occurrence and
burning of the discharge, [1,2]:

— the barrier with its capacitance Cj plays the role
of a reactance, i. e. of a capacitive, ballast reactance
Xc = w™!C; !, that limits the increase in the current
during discharge burning;

— the barrier re-distributes the electric field intensity in
the inter-electrode space by electrically loading the work-
ing air gap and determining the critical parameters - igni-
tion voltage Upg and ignition current Ipg of discharge;

— the barrier defines the voltage of burning U}, of the
discharge, which remains constant during its burning and
does not depend on selected working voltage.

The task of the present work consists in studying the
behavior of low-frequency (50 + 60 Hz) air barrier dis-
charge that burns under load - a high-porcus non-woven
textile media, in the volume of a cold-plasma generator sys-
tem at atmospheric pressure - one-armosphere air barrier
discharge (OAABD).

The technological modifications - physical and plasma-
chemical etching, plasma-chemical surface activation and
grafting, plasma chemical setting, or plasma-chemical sur-
face modification, depend on voltage Ugqp (RMS) applied
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across the electrode system, on the ge-ometry of the plasma
generator system, and on the morphology and dielectric
properties of treated polymeric material.

The present investigation should demonstrate how a
high-porous non-woven textile medium, penetrable by the
electric discharge burning partially in the capillary struc-
ture of this porous medium, influences the plasma-chemical
process of its physicochemical modification.

2. Experimental Investigation

Experimental investigations [1-3], performed by us for a
continuous period of time in connection with the manifes-
tation of the load effect in a cold plasma reactor system,
allow to seek a new technical solution in using the load ef-
fect for creating an effective cold plasma generator/reactor
system,

Due to the considerable volume of the experimental
investigation, the discussion of results is focused on the
OAABD-discharge that burns in the plasma volume for
constant thick-ness of dielectric barriei § = 3,4,5,6,7,8
and 9 mm, and for varying width b = 6,9 and 12 mm of
plasma gap.

High Voltage Electrode

./ / Plasma Volume

Earth Electrode

Figure 1. Type of plasma or O AA B D-reactor system used in the
experimental investigation.
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Figure 2. Stages of burning of one-atmosphere air barrier dis-
charge (OAABD) represented by the linear sectors of the exter-
nal characteristic, which expresses the relationship between the
aver-age value of current I44p and the effective value of applied
voltage Ugap.

OA - non-operating linear sector; AB - first operating linear or
05- sector; C'D - second operating linear or Na-sector; BC' -
non-linear transient sector of external characteristic.
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Figure 3. Variation of the volume density of active power py of
an one-atmosphere air barrier discharge (O AAB D) with voltage
Ugap, applied across the electrodes, for various values of plasma
gap b and the same thickness § of the glass barrier.

1 - no-load (idling) operation of the plasma generator system; 2
- operation of the plasma generator system under load.

The barrier is made of alkaline silicate glass and having
dielectric permittivity € = 10, specific volumetric electrical
resistance p = 10° Om, and tg 6 = 25 (at 20°0C), which
is located in the inter-electrode space, Figure 1.

The plasma generator operates in idling regime, i. e. in
free or non-influenced operating regime, where no material
to be plasma-treated is placed into the plasma volume.

The external or voltage-current characteristic of the bar-
rier discharges is determined experimentally.

It expresses the relationship between the average value
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of electric current Ig,, (AV) flowing through the bar-
rier discharge and the effective value of voltage Ugyqp
(RMS) applied across the discharge gap - Igap(AV) =
@[Ugap(RM )], Figure 2.

The external characteristic is represented by a broken-
line polygon of three linear sectors, each of them corre-
sponding to one of the three development stages of the
barrier discharge, Figure 2, [2,3]:

e the stage preceding the ignition of the barrier dis-
charge, or the so-called free or non-operating discharge
regime;

e the first stage of burning, which corresponds to the
formation of cold ozone- and oxygen-containing plasma;

o the second stage of burning, which corresponds to
the formation of cold plasma containing mostly nitrogen
oxides (NO,).

For high values of linear correlation factor r,. the lin-
ear law describes very well the individual sectors of the
external characteristic of barrier discharge, Figure 1.

The external characteristic of one-atmosphere barrier
discharges is used for determining the basic technological
characteristics of discharges.

The surface density of power pg, in W/m?, and the
volumetric density of power py, in W/m?, are used as a
basic technological characteristics for the purpose of com-
parison.

Power factor cos ¢ is used for determining what part of
the electric power consumed is transformed into plasma-
chemical surface modification of the polymeric material.

The electric loading of the plasma gap is realized by
treating a sample of non-woven textile on the basis of
polyethylene terephthalate (PET) in its space. The textile
sample has area mass 500 g/m?, linear mass 15 tex and
fiber length 45 mm and is of the Geotextile brand produced
by Non-Woven Tex-tile Ltd., Sofia, Bulgaria.

3. Results and Discussion

The volumetric density of the active power pg is considered
as a characteristic of a process of surface plasma modifi-
cation that characterizes the intensity of the technological
process.

Changing the voltage Uy, (RMS) applied across
the discharge gap, controls the intensity of the plasma-
chemical process, Figure 3.

Loading the discharge gap or the working plasma vol-
ume by introducing the high-porous non-woven material
to be treated exerts considerable effect on improving the
technological characteristic of the cold-plasma generator
system. The load effect turns out to be of essential impor-
tance for the operation of the plasma system: the increase in
the volume density of active power py under system load-
ing with respect to that for the operation in idling regime
is considerable, Figure 3.

Loading the cold plasma generator in the treatment of
high-porous non-woven media leads to considerable in-
crease in its specific active power py .

This fact indicates that plasma-chemical processes in-
side the porous structure of the non-woven textile material
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Figure 4. Variation of the surface density of active power ps for
a one-atmosphere air barrier discharge (O AAB D) with voltage
Ugap, applied across the electrodes, for various values of plasma
gap b and for the same thickness § of the glass barrier.
1 - no-load (idling) operation of the plasma generator system; 2
- operation of the plasma generator system under load.

evolve much more intensively than those in the air medium
at idling operation of the generator, the discharge gap of
b = 6 mm conditioning the attainment of the maximum
value of specific active power py > 120 kW/m?, Figure 3.

It is found a fact being of practical interest, that irre-
spectively of the operation regime of the plasma generator
- at no load or under load, - the highest value of specific
active power py is obtained for a glass barrier of thickness
¢ = 3 mm and a width of the discharge gap b = 6 mm.
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Figure 5. Variation of power factor cos ¢ of an one-atmosphere
air barrier discharge (OAABD-) generator at no load (1) and
under load (2) with voltage Ugap, applied across the electrodes,
for various values of plasma gap width b and the same thickness
4 of the glass barrier.

Also the results obtained with respect to the surface
density of active power pg can be considered in an analo-
gous way, Figure 4.

Under the same circumstances the maximal specific
power pg of the plasma generator attains up to 750 W/m?
under load.

The parameters of burning and critical parameters of
the O AA B D-discharge demonstrate again essential differ-
ences, which are due to the specific loading of the discharge
gap under load, Table 1.

Investigating the power factor cos ¢ shows once again
the advantage of the load effect at O AAB-discharge -
in treating high-porous materials values too high for this
process are attained: cos ¢ ~ (.55, Figure 5.

It is experimentally found that there is a considerable
difference between the idling regime and that under load
for the OAABD-plasma generator.

Table 1. Behaviour description of one-atmosphere air barrier discharge

Critical or ignition discharge parameters
OAABD Thickness of Voltage of Voltage Current Voltage Current
dielectric barrier b, mm burning Uy, kV Upa (1), kV Ipa (1), pA Upa (2), kV Tpa (2),uA

Under load 6 10.37 10.85 171

9 11.90 12.30 155 — —

12 11.60 12.04 151
Non-load 6 1.36 7.70 151 342 -4328

9 5.08 13.30 225 188 -3172

12 2.14 10.93 183 51 -573
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Moreover, it turns out that the load regime has very
good energy-related and technological characteristics. And
at that, the most effective energy-related and technological
parameters are attained at discharge gaps of 6 mm.

4. Conclusion

A possible explanation of the load effect that is ob-
served for the OAABD-plasma generator might be the
re-distribution of the electric field in the discharge gap
upon introducing the high-porous polymer medium into it.

In the same time it should not be forgotten that poly-
meric fibers perform the part of a col-lector, distributed in
the space, that inhibits high-energy electrons and abruptly
increases the discharge voltage of burning.
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