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The adhesion properties of surfaces are very important in various applications. Whereas 

many applications require particular bulk properties of a material, that have to be preserved in 

time, the surface adhesion properties must be modified or enhanced for different purposes. For 

example, the deposition of protective films is an efficient method used for the stable enhancement 

of the surface adhesion properties. In this manner, the bulk properties are preserved and the 

degradation of the material is avoided. In the case of fibres used in the textile industry, it is 

important to improve the adhesion of dyes/pigments or antistatic agents, without modifying the 

mechanical and physical properties of the material bulk [1]. In the case of fibres used in surgical 

applications, the enhancement of the adhesion properties allows the immobilization of biological 

active species (antibiotics, anticoagulants etc.) for a better interaction with the living tissues [2,3].  

Among various techniques used to control the adhesion capability of polymer materials in 

interaction with their working environment, plasma is a complex source of energy for surface 

modification, due to the large variety of components, as excited and ionized particles, photons, 

radicals, all these species being capable to induce chemical reactions, both in the plasma volume 

and at its interface with solid surfaces. In this respect, plasma treatments at atmospheric pressure 

were used for improving the adhesion properties of polymers [4,5] and were applied also for 

treating polymer fibres [6].  

Taking into account the above, we are proposing here a new configuration of a glass tube, 

which we name “T configuration”, working in a dielectric barrier discharge regime. Different 

variants of this configuration were tested, by changing the position of the HV electrode, of the 

ground electrode and modifying the direction of the gas flow. In Fig. 1 we present one of these 

configurations, the glass wall playing the role of the dielectric barrier.  

Our aim is to establish the optimum working conditions in order to ensure plasma stability 

and homogeneity, also uniform and stable surface modification of polymer fibers. In this respect, 

we performed the electrical and spectroscopic diagnosis of the discharge. Thus, the electric 

parameters, i.e. voltage, current, charge, and the emission intensity of significant lines and band 

heads of excited species identified in the discharge, were simultaneously recorded using a digital 

oscilloscope for each set of experimental conditions. 

The results were used to determine the working voltage range, in terms of HV pulse 

amplitude, repetition frequency and width, the gas flow rate, the electrode position and the 

interelectrode gap, associated to highest efficiency and stability of the plasma. The plasma 

efficiency was evaluated taking into account the energy deposited in the discharge during one HV 

pulse and the presence of excited species, susceptible to induce significant surface modification, 

mainly by oxidation. 

We also performed a study on the influence of the polymer fibre speed on the plasma 

stability and parameters, as the fibre to be treated, drawn by a motor, constantly shifts throughout 
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the plasma region, thus allowing continuous treatment of considerable material length. The system 

used to draw the fiber also permits optimization of the total processing time, as shortest exposure 

can be ensured.  
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Fig. 1. Experimental set-up of a dielectric barrier discharge in the T configuration 

 

Using a theoretical model [7], permitting the precise evaluation of the contact angle of 

liquid drops deposited onto cylindrical surfaces, we calculated the surface energy parameters 

characterizing the adhesion properties of the surface. Table 1 presents values of the adhesion work 

(WA) for water deposited onto polyamide-6 (PA-6) fibres (200 µm in diameter), and the surface 

energy (γsv), before and after atmospheric pressure plasma treatment. The treatment was 

performed in the experimental setup presented in Fig. 1, with the following working parameters: 

helium as working gas at 100 cm
3
/min flow rate, pulsed HV with 4 KV amplitude, 1 KHz 

repetition frequency, 10 ns width, 5 s treatment time. 

 

Table 1. Adhesion work (WA) and surface energy (γsv) of untreated and treated PA-6 fibers 

 

 WA (mJ/m
2
) γsv (mJ/m

2
) 

Untreated 110 55 

Treated 136 65 

 

Results show an important enhancement of the fiber adhesion properties, expressed as 

~24% increase of WA and ~20% increase of γsv. The surface energy evolution is due to a 

significant increase of the polar component and thus is correlated to enhanced surface polarity, 

favoring improved adhesion. 

Future work will aim to perform a comparative study of different atmospheric pressure 

plasma configurations, able to ensure an uniform treatment of fibres in a short time, with 

applications in textile industry in order to improve the adhesion of dyes in the painting process. 

 

References 

[1] J. Verschuren, P. Kiekens, C. Leys, 2007 Textile Res. J. 77 727 

[2] A.J. Uddin, N. Katayama, Y. Ohikoshi, Y. Gatoh, M. Nagura, 2002 J. Poly. Sci. Part B: Polym. Phys. 

40 2449 

[3] V. Zhukovski, L. Rovinskaia, T. Vinokurova, I. Zhukovskaia, 2002 Autex Res. J. 2 204 

[4] H.-E. Wagner, R. Brandenburg, K.V. Kozlov, A. Sonnenfeld, P. Michel and J.F. Behnke, 2003 

Vacuum 71 417 

[5] G. Borcia, C.A. Anderson, N.M.D. Brown, 2005 Plasma Sources Sci. Technol. 14 259 

[6] N. Dumitrascu, C. Borcia, 2006 Surf. Coat. Technol. 201 1117 

[7] N. Dumitrascu, C. Borcia, 2006 J. Coll. Interf. Sci. 294 418. 


