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ABSTRACT

The reduction in consumption of energy and chemicals becomes more and more
important. Low pressure plasma is nowadays hype, because it gives an answer to
those needs of the industry. Because of its dry processing and low pressure, it allows
producing at very low variable processing cost. It has been implemented already in
several industries, but still various areas are not exploited yet. Examples can be
found in technical products such as HVAC-filters, products used in the automotive
sector such as passenger compartment air intake filters or air filters for diesel
engines, blood filtration and battery separation, but also in consumer products such
as more than 99% efficient respirator masks. In this presentation, the technology
used for producing such advanced filter and separation media will be explained.
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Introduction

Low pressure plasma technology has been industrially applied since the early
eighties. Initially, mainly printed circuit boards were cleaned or desmeared using an
etching type of plasma. As of the early nineties, the technology spread into the rigid
plastics’ industry: polymers were activated using pure gases such as oxygen. The
activation creates functional groups onto the surface of the polymers, which
increases the surface energy of the polymer and more important it increases the
polar surface energy. This improves the adhesion with paints, adhesives or printing
inks even on complex 3D parts. This kind of functionalization of surfaces opened new
markets for plasma technology such as medical, automotive and consumer
electronics. The higher quality performance, the ecologic and economic aspects
leaded to a breakthrough of plasma technology in the different markets. Plasma
activation is used to replace primers, flame, and corona.

Also in the nineties came the first applications of thin film deposition using low
pressure vacuum plasma starting from gaseous precursors. Typical coatings have a



few tens of nm thickness and the polymerization takes place on the substrate
surface. Hydrophobic, anti-fouling and permanent hydrophilic coatings have been
developed and industrially applied.

Low pressure plasma technology

The plasma state of a gas — also considered as the fourth aggregation state of matter
— can be reached if the gas is under sufficiently low pressure and when
electromagnetic energy is provided to the gas volume. Under those circumstances,
the process gas will be partially decomposed into radicals and atoms and will also be
partially ionized. Depending on the frequency of the electromagnetic energy, the
pressure range in which equilibrium with a high density of charged particles is
reached might be different. For the radiofrequency range (typically 40 kHz or 13.56
MHz), normally the working gas pressure is kept in the lower 1.E-01 mbar range,
whereas for microwave sources, a working pressure between 0,5 and 1 mbar is often
used. In order to effect the plasma treatment in sufficiently pure process gas
conditions, a base pressure in the lower 1.E-02 mbar needs to be reached. This can
be done with two stage roughing vacuum pumps (rotary vane type) or dry pump or a
combination of either of those pumps with a roots blower.

Equipment for low pressure plasma treatment

Any plasma equipment has the following basic set up. It consists of a vacuum
chamber and a pumping group to evacuate this vessel. Of course, between pumping
group and vacuum chamber, there are valves to isolate the pumping group from the
chamber. Further, there are a set of mass flow controllers and valves in order to bring
in the process gases in a controlled way. In the chamber, there is an electrode
system which is powered by one or more electromagnetic generators. Finally, there
are several measurement aggregates such as pressure measurement gauges,
thermocouples etc. The entire equipment might be controlled by a PLC.

Plasma systems can have all kinds of shapes and differ mostly in the loading system.
Such loading system might be a set of trays in which rigid parts are organized or it
might be a complete winding system for rollable goods such as fabrics, nonwovens or
foils. In the latter case, one speaks about roll-to-roll plasma equipment.



Fig. 1: A Europlasma CD1800/600 ROLL roll-to-roll plasma treatment machine for
coating or activating nonwovens and fabrics.

Fig. 2: A Europlasma in-line roll-to-roll plasma treatment machine for coating or
activating nonwovens and fabrics.

In the case of plasma treatments on finished filter elements, a tray system is normally
used. However, most plasma treatments in the filtration industry are carried out on
web type materials. Figure 1 shows a picture of a typical machine for non woven
webs. The web, which is provided on 75mm plastic cores, can have a width from
0,5m up to more than 2,0m. Depending on the dimensions of unwind and rewind
chamber, roll outer diameters of 0,6m up to more than 1,0m are possible. Because
there was a need in industry for in-line plasma systems, a complete new design for
in-line treatment of nonwovens was developed. Figure 2 shows a picture of the in-line
roll-to-roll plasma system. The web enters first several smaller chambers; each
chamber goes to a higher vacuum level. In the big chamber the vacuum level is low
enough to run the plasma process. The web in the in-line system can have a width up
to 1,5m. This in-line roll-to-roll system opens new opportunities for innovation. It gives
the possibility to apply before entering the plasma chamber wet chemicals to the non-



woven which can be dried while entering the plasma chamber and thereafter a
plasma treatment can be performed. In that way, the plasma system can be used as
a vacuum drier at the same time. With this in-line system there is also a possibility to
cover one side during the process with a foil to plasma treat only one side. Figure 3
shows a picture of a typical machine for the treatment of filters. The CD1000 as
showed can e.g. treat 16 pieces with following size (250mm width x 300mm length x
60mm height) in one batch. Depending of the annual capacity the inner volume of the
plasma system can be varied from smaller to bigger systems.

Fig.3: A Europlasma CD1000 PLC plasma treatment system for coating or activating
filter elements.

Applications of plasma technoloqgy in the filtration industry

Plasma is used for the treatment of filter media used in respirator masks. Such filter
media consist of several layers of meltblown non woven PP, which are
electrostatically charged (electrets). Filtration efficiency for oily particles can be
greatly improved by applying a hydrophobic/oleophobic coating prior to electrostatical
charging. Typical oil repellency grades of 3 to 4 using the 3M procedure (AATCC test
method 118-1997) are achieved. Figure 4 illustrates this behaviour for dioctyl
phthalate (DOP)-droplets on a macroscopical scale.



Fig. 4. lllustration of a hydrophobic coating on nonwoven meltblown PP.

According to new regulations for air conditioning filters, the middle efficiency of a filter
has to be measured after an Isopropanol discharging. In table 1, some results can be
found for a meltblown polypropylene with a filter grade F8.

It is shown that both the initial and the middle efficiency of a charged plasma treated
filter are much higher than the initial and the middle efficiency of a charged untreated
filter. The efficiency of the untreated filter drops off after Isopropanol treatment, but
not so for the plasma treated filter. The plasma treatment makes the filter alcohol
resistant. After discharging in Isopropanol, the plasma treated filter therefore shows a
much higher efficiency than the untreated filter, the difference between the two filters
being much larger than before discharging in alcohol. Due to the plasma treatment
the middle efficiency of the filter can meet the target according EN779 regulations,
which is for a filter grade F8 between 90 and 95%.

Filter — Plasma
. Filter — discharged Plasr_na tregted filter —
Type of filter . treated filter - | discharged
charged with charged with
Isopropanol Isopropanol
Initial efficiency
0,4um [%] 50 33 80 87
Middle efficiency
0, 4um [%] (must 83 76 92 94
value: 90-95%)

Table. 1. Efficiency of a Meltblown PP filter grade F8 according EN 779:2002.

Other applications for the same coating in the filtration industry have been
developed. One example is the improvement of filtration efficiency and water
repellency of air filters for diesel engines based on non woven PBT.

A plasma nanocoating can also be used for blood filtration, where a permanent
hydrophilic coating is deposited on a non woven PP. This type of nanocoating is
applied by a mixture of non-hazardous gases, which can increase the wetting
behaviour considerably.



Conclusions

Low pressure plasma has found already several applications in the filter area such as
medical filtration, automotive filtration, air-conditioning systems, respirator masks ...
The in-line roll-to-roll plasma system now opens new challenges for the development
of filtration media. Wet chemicals can be applied before entering the plasma chamber
and will be dried during the plasma process.

Because of the continuous innovation in plasma systems and plasma processes,
plasma will be used more and more for filtration media to replace other conventional
technologies such as the classical wet chemical impregnation or spraying.
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