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Plasma diagnostics using optical emission spectroscopy during plasma
nitriding of Al alloys

Anke Dalke

1

, Heinz-Joachim Spies

1

, Horst Biermann

1

, Stephan Hamann

2

, Jürgen

Röpcke

2

1

IWT, TU Bergakademie Freiberg, Freiberg, Germany 

2

INP Greifswald, Greifswald,

Germany

anke.dalke@gmx.de

The nitriding of Al alloys is, contrary to steels, characterized by an outer nitriding

mechanism. Therefore, the knowledge of the processes subsiding at the aluminum

surface during plasma nitriding is essential. The analysis of the plasma discharge give

direct information of the relations at the interface between material and process gas.

To date, the nitriding process control, with respect to the influence of the plasma duty

cycle, and the plasma properties are not yet enough investigated in detail. In this work

plasma nitriding of Al alloys was investigated with the help of optical emission

spectroscopy (OES). The plasma nitriding was carried out using different Al alloys and

process gas compositions (N

2

, N

2

+Ar, N

2

+H

2

) to investigate their influence on the

resulting plasma discharge. All nitriding treatments were performed at a process

temperature of 743±10K. The optical emission of the generated plasma was analyzed

by an Acton500 spectrograph with a focal length of 0.5m using a grating with

600groovesmm

-1

 and an ICCD detector unit (Andor iStar, DH734-18F-03). The range

of the spectra was λ=300–900nm recorded in steps of 25nm at an integration time of

100ms and 10accumulations. Using OES the development of the line intensities of

different gas species, e.g. atomic hydrogen, atomic argon, molecular nitrogen,

nitrogen ion, were analyzed. The temperature of the plasma discharge was

determined by means of the (0-0)-band of the first negative system of the N

2

+

-ion. It

was established that the addition of Ar into the process gas leads to an increased gas

temperature of nitrogen for all treated Al alloys. In case of the AlMg alloy the line

intensity of the N

2

+

-ion increased up to 4 times for all process gas compositions in

contrast to other Al alloys. The OES-monitoring of an entire nitriding treatment gives

information of the temporal progress of the nitride forming processes and offers the

possibility of additional process control. The relations between plasma discharge

characteristics with respect to the intensities of the selected spectral lines, the

nitriding treatment conditions and the structure of plasma nitrided layers on Al alloys

were examined and will be discussed.
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