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Combinatorial modification of metal surfaces by dielectric barrier discharges
using 2D gradients
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The present contribution reports on plasmachemical surface modification of

ZnMgAl-alloy coated steel sheets and pure Al samples based on dielectric barrier

discharges (DBD). The reactor used in these experiments enables a two-dimensional

gradient of process parameters: a concentration gradient of a reactive gas i, dc

i

/dy,

transverse to the gas flow direction, and a gradient in x direction (flow direction) of the

temperature of the surface and the gas phase, 100 °C ≤ T

S

 ≈ T

Gas 

≤ 300 °C.

The aim of the project work reported herein is to modify surface composition and

properties of metal foils or sheets by using DBDs in different reactive gases and to

study the influences of the concentration of active species and the temperature.

Properties of interest are, for example, the thickness of the oxide layer on the surface,

its chemical composition, zeta potential, and wettability, and to correlate these

characteristics with application-relevant qualities such as the corrosion resistance or

adhesion of paints and coatings. Gases used for the modification are oxygen,

hydrogen, water vapor, and xenon in concentrations ranging from a few ppm to 10 %,

the carrier gas is Ar 6.0. The effects of the treatments are analyzed using FTIR

spectroscopy, XPS, SEM/EDX, zeta potential measurements, wetting tests and 90°

peel tests.

Using combinatorial methods to reduce the experimental effort is of special interest for

studying such processes owing to their multi-parameter dependence. Plasma-based

oxidation, for example, is generally expected to depend on type and concentration of

oxidizing species, temperature, and UV irradiation of the oxide. Treatment time

dependence is near logarithmic, requiring potentially long treatments to achieve the

limiting oxide thicknesses.
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