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32nd Workshop of the Anwenderkreis Atmosphärendruckplasma (ak-adp) 

14 and 15 November 2018, Dresden 

"Atmospheric pressure plasma: Adhesion specialist for broad applications“ 

 

The two-day workshop "Atmospheric pressure plasma: Adhesion specialist for broad applications" organized 

by the Anwenderkreis Atmosphärendruckplasma (ak-adp) took place on 14 and 15 November at the 

Deutsches Hygiene-Museum in Dresden/Saxony. In the workshop with more than 60 participants from 

Germany, Austria, Belgium, Switzerland and Luxembourg, the use of atmospheric plasmas for the activation 

and coating of local to large scale applications was examined and discussed. The lectures explained the 

fundamentals and results of research and development and introduced suitable industrial facilities as well as 

practical examples.  

 

The main topics of the 12 lectures from research and industry included: 

 Improvement of adhesion through plasma treatment or deposition of adhesion-promoting nano 

coatings 

 Applications for printing processes, painting, long-term stable bonds and primers on different 

materials 

 Presentation of new plasma equipment and its application 

 Surface treatment from local to large area 

 Integration of plasma processes into automated manufacturing processes 

 Plasma analysis for process control and process optimization 

 Examples of adhesion improvement through the use of atmospheric plasmas 

 

In the following, all lectures are briefly summarized. 

 

SURA Instruments GmbH 

The presented research topic dealt with different techniques for adhesion improvement of digital printing 

applications. In a test series, pretreated polypropylene boards were digitally printed using UV inks and 

different pretreatments (fluorination, flame treatment, Pyrosil® method and atmospheric pressure plasma). 

In subsequently performed cross-cut tests on the printed boards, an optimum adhesion could only be 

achieved with flame treatment and Pyrosil® pretreatment. In the case of digital printing on flat glass, only 

the flame treatment and the Pyrosil® process were used as appropriate pretreatment method, again 

adhesion tests were carried out using the cross-cut testing and, in addition, pull-off tests for quantification. 
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In the latter case, the results showed that only a combination of Pyrosil® treatment and adhesion promoter 

can ensure sufficiently adherent UV digital printing results on glass. 

 

Leibniz Institute for Polymer Research Dresden 

In a lecture studies on atmospheric pressure plasma for pretreatment of PP/EPDM surfaces before coating 

were presented. In this work, flame and plasma treatment as a pretreatment method of 

polypropylene/ethylene propylene diene monomer rubber (PP/EPDM) compounds for automotive applications 

were tested, followed by various characterization tests (contact angle measurement, zeta potential 

determination, confocal microscopy, SEM, XPS, adhesion tests and rinsing tests). The test results showed 

that the activation by plasma led to higher surface energies compared to the flame treatment and a higher 

number of functional groups was incorporated on the surface (oxygen, nitrogen). However, the roughening 

of the surface was stronger due to the plasma treatment. The measurement of the zeta potential showed a 

strong shift of the isoelectric point (IEP) to the acidic region by the plasma treatment (only with static 

nozzle). The ratio of soluble constituents on the surface also increased and PP degradation products were 

already detectable. The best adhesion values were achieved by plasma pretreatment using a rotary plasma 

nozzle. Using flame treatment the tendency was observed that adhesion was insufficient due to a weak 

activation, whereas in the case of the static plasma nozzle an over-treatment could not be excluded.  

 

Institute of Wood Technology Dresden (IHD) 

In the lecture on plasma coatings as an adequate primer on resinous wood, research results of the plasma 

coating of different wood species for weather protection and blue stain inhibition were presented. The used 

plasma primer was a thin SiOx-based functional layer (thickness between 50 and 100nm), which is intended 

to protect the wooden surfaces from the effects of the weather and microbial attack. The protection against 

microbial infestation was achieved by modifying the precursors with biocidal additives. The long-term 

stability of the functional properties was tested by artificial and natural weathering. The results of the 

experiments clearly showed that the plasma coating was an adequate replacement for conventionally used 

blue stain protection and that the plasma did not impair the functionality of the lacquer. 

 

Tantec Vertrieb GmbH Flensburg 

Possibilities and practical examples of atmospheric pressure plasma treatments in automated manufacturing 

processes were presented. The company Tantec sells plasma single-nozzles, which are very compact, easy 

to maintain and suitable for robots and can be integrated in a production line. Treatment speeds up to 

300m/min are possible (standard: 20m/min). It has also been shown that over-treatment with atmospheric 

pressure plasma can lead to cohesive fractures under the surface of the substrate. Although the surface 

appears fine and no changes in surface energy values can be detected by means of contact angle 
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measurements, the adhesion could be poor in some cases. Furthermore, it was also mentioned that oxide 

gases are released as a byproduct of the plasma treatment (NO, NOx, NO2, N2O5, ozone and others). The 

treated surface can also release gases depending on the material. Therefore, each plasma device should be 

equipped with a sufficient suction to avoid health problems and corrosion of machine parts.  

 

Molecular Plasma Group (MPG) 

The lecture included a presentation of MPG's plasma system concept, primarily for plasma coating of 

different materials (metal, plastic, wood, paper, etc.) and substrate geometries (plates, foils, 3D-parts, 

yarns, etc.) with functional nanofilms. As precursors all liquids could be used which are not too viscous and 

from which an aerosol can be generated by means of an atomizer. The presentation also included an 

overview of the critical parameters of the plasma deposition process. For example, two factors play a key 

role in the kinetics of the plasma coating: the plasma input power and the mass flow of the precursor. An 

increase of both factors leads to higher deposition rates, but in principle the plasma power is limited by 

etching effects and the mass flow via condensation processes. The chemistry of the precursor also 

determines the deposition rate - the more double bonds, the higher the reactivity, the higher the deposition 

rate (exponential). However, to achieve high quality plasma coatings, the deposition rate should be reduced. 

This is possible by optimizing the parameters plasma power, mass flow of the precursor and substrate 

temperature.  

 

SOFTAL Corona & Plasma GmbH Hamburg 

SOFTAL produces corona and plasma equipment for the treatment of substrate widths from 260mm to 11m 

(e.g. polyethylene films). In the ALDYNETM series, pretreatment is carried out with a precisely dosed process 

gas mixture. This is mainly used for the replacement of wet-chemical primers on sheet materials. For large-

scale treatment modulated high-power generators are required as well as water cooling of the electrodes. A 

newly developed technology for an uniform surface treatment of particularly sensitive substrates of any 

thickness is the LinearPlasmaTM series. This is designed without a counter electrode and used, for example, 

for the pretreatment of foams or twin-wall sheets (no discharge traces). LinearPlasmaTM devices can also be 

designed potential-free to treat electrically sensitive materials, e.g. TCO or ITO coated films, solar cells, 

circuits.  

 

Fraunhofer IFAM Bremen 

Research results in the field of atmospheric pressure plasma-deposited adhesive layers for long-term stable 

bonds were presented. By means of a rotary plasma nozzle adhesion promoter layers were applied to 

plastic, copper and aluminum substrates using silicon-based and organic precursors. While adhesive layers 

with silicon-based precursors are already in industrial use, organic materials are rarely established. These 
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offer interesting, new applications, especially in terms of storage stability. The test results showed that a 

replacement of paint primers is possible and an improvement of stability under increased loads (hot-wet 

exposure) can be achieved.  

 

Fraunhofer IST - Application Center for Plasma and Photonics & HAWK Göttingen 

In a lecture, the newly developed "Disc-Jet" plasma source based on a jet-induced DBD (Dielectric Barrier 

Discharge) was presented. This was especially designed for plasma treatments of undercuts, e.g. T-slots, 

cavities or 3D-contours. The discharge can be gradually adjusted in relation to the source distance and a 

formed "gas cushion" ensures a homogeneous spread of the discharge over the entire source area. A 

disadvantage is the strong heating of the plasma source even after a short period of operation, which can 

also lead to damage to the substrate. In the course of the further development of the plasma source, the 

fluid flow through the heat sink and the cooling capacity were simulated and fluid mechanical investigations 

were carried out by means of CFD. Based on the results, a liquid cooling of the electrode was integrated for 

continuous operation and the inner electrode was streamlined for better gas flow.  
 

In a second presentation, the use of plasma analysis at the "Disc-Jet" to optimize polymer surface 

modification using optical emission spectroscopy (OES) was presented. By means of OES reactive species, 

relative concentrations, plasma temperatures and electron densities can be determined. The results of the 

analysis showed that up to an electrode distance of 4mm rarely reactive nitrogen species were found in the 

spectrum and also XPS measurements on a treated polypropylene film showed no nitrogen groups. Up to an 

electrode distance of 10mm, no significant changes in the plasma temperatures were determined; from a 

distance of 4mm an increasing filamentation of the discharge was detected.  

 

Ahlbrandt System GmbH 

In a presentation, a plasma & spray system for the efficient treatment of roll goods was presented. Thereby 

film, nonwoven, paper and textile products are first plasma-treated in-line using DBD (Dielectric Barrier 

Discharge). Then the spray application takes place by means of a rotor spray system before the coated 

goods are dried. The process based on a corona treatment (DBD air plasma), at which 8 electrodes are 

arranged on the roller side by side. The rotor spray system consists of spray plates that rotate and apply 

fluid drops. In this way for example, anti-fog coatings are applied to Polyethylene terephthalate films or 

hydrophobic coatings on paper/nonwoven composites. An integrated smoothing roller ensures a 

homogeneous penetration of the coating materials.  
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PlaToS Consulting 

In a presentation, an overview of industrially applied atmospheric pressure plasma technology (DBD-Corona 

vs. Plasma-Jet), the fundamental construction of plasma devices, the plasma reaction and interaction with 

the substrate surface as well as the main plasma process parameters were presented. As a representative of 

the company Tigres GmbH their different plasma concepts were introduced. On the one hand, DBD corona 

systems are manufactured for large-area applications as well as for wires, yarns, cables, filaments and 

rovings (no compressed air required, but not suitable for electronic components) and, on the other hand, 

corona jets for the treatment of e.g. PET-bottles. The “Plasma MEF”-design (single nozzle – Plasma jet) is 

potential-free and suitable for thermally sensitive surfaces, while the “Plasma CAT” product family 

guarantees high performance pretreatments at treatment speeds up to 400m/min. 

 

Plasmatreat GmbH 

The company Plasmatreat presented the Openair-Plasma® technology (rotary nozzle – Plasma jet) and its 

applications. With the Openair-Plasma® device surfaces can be cleaned, e.g. metal, glass and plastic 

surfaces. Good cleaning performance can be achieved with respect to hydrocarbons (fine cleaning) through 

targeted process control and modification of the surface for subsequent bonding, printing and painting 

processes can be obtained (improvement of the adhesion properties). With the PlasmaPlus® system also a 

plasma coating is possible, for e.g. injection molded thermoplastic/elastomer or metal/thermoplastic 

compounds. 

 

 


