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At high temperatures metallic or intermetallic Cr– and/or Al–rich protective coatings are applied on metallic plant components to minimize high temperature corrosion. Protection
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against corrosion is achieved by the formation of a continuous Al2O3 and/or Cr2O3 scale. By progressive scale formation and interdiffusion between the coating and the substrate
during operation, the subsurface zone depletes in the scale–forming elements, Al and Cr. The drop of their concentration below a critical value is followed by accelerated corrosion
and rapid breakdown of the component. To date the depletion process is measured only by destructive methods. To overcome this problem, in the present project as a combined
reservoir/depletion sensor phase we use high temperature coatings made of a ferromagnetic material, which allow in‐situmeasurement of the depletion.

Fig.1 illustrates the concept for the development of high temperature protective coatings
with sensor function.
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Fig.3: Magnetic moment vs. applied magnetic field of uncoated Alloy 602 CA and coated
with Al0.98Cr0.02N, and oxidised up to 1000h (a). Magnetic moment change vs.
oxidation time of Alloy 602 CA coated with Al0.98Cr0.02N (b)

A diffusion treatment (pack cementation) applies the reservoir/sensor phase onto the
substrate surface. Thereafter, the appearance of a magnetic signal is observed. During
the operation the formation of Al2O3 and/or Cr2O3 depletes the reservoir and the
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Fig.1: Graphic representation of the concept for the development of 
a depletion sensor for  protective high temperature coatings
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The magnetic moment changes with the oxidation time (Fig. 3b). It was expected that
during oxidation Al0.98Cr0.02N oxidises to form protective Al2O3, thus leading to a decrease
in the magnetic moment value. Instead, after an initial increase (30h), it starts to
decrease (100h and 300h) and then rises again. Because Ni precipitates (ferromagnetic)
were also found in the diffusion zone it was suggested that during the diffusion
treatment along with the formation of Al1‐xCrxN a simultaneous change in the
microstructure of the alloy subsurface zone takes place. Thus, the coating is rather a
mixture of ferromagnetic phases than a single phase Al1‐xCrxN. An MFM investigation
supports this assumption (Fig.4).

measured magnetic signal decreases, thus allowing a non‐destructive measurement of
the depletion process. The concept focuses on non‐magnetic substrates such as Cr/Ni‐
austenitic steels and Ni‐base alloys.

AlN doped with small amounts of Cr i. e. Al1‐xCrxN (x=2–7 at.%) implements the concept’s
requirements of suitable coating material – soft ferromagnetic properties (sensor) with a
Curie temperature as high as 1000 K [1] and Al– and Cr–reservoir.
Two‐step pack cementation was used to apply Cr‐doped AlN coatings on Alloy 602 CA
(Ni 60 wt.%, Cr 26 wt.%, Fe 11 wt.%, Al 2.1 wt.%, Si, Ti, Mn, C). In the first step the
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substrate surface was enriched with Al, while in the second step Cr and N2 were
introduced into the coating.
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Fig. 2(a) represents a cross‐section image of an Alloy 602 CA sample coated by this
process. At the top of the diffusion layer under a layer of CrN a thin layer of 2 at.% Cr‐
doped AlN i. e. Al0.98Cr0.02N had formed. It can be found up to 50 µm deep throughout
the diffusion zone distributed into the metal matrix. The doping rate determined by EDX
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Fig.2: SEM cross section image of Alloy 602 CA  coated with Al0.98Cr0.02N (a). 
EDX‐spectra of the coating (b)
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Fig.4: MFM images and element distribution maps of Alloy 602 CA coated
with Al0.98Cr0.02N (a) and coated and oxidised for 1000h (b)

The MFM images show an increasing number of ferromagnetic precipitates from top to
bottom of the diffusion layer, which corresponds well with the increasing number of Ni
precipitates in the same direction observed in the element distributionmaps.
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analysis (Fig. 2b) was established also by EPMA. At the inner part of the diffusion layer
AlN and Al2O3 are observed. Minor impurities of Cl2 are also found.
The magnetic moment curve of the coated alloy indicates ferromagnetic behavior. It
should be related to the application of the coating, since pure Alloy 602 CA has
paramagnetic character – the magnetic moment changes linearly with the applied
magnetic field (Fig. 3a). In order to characterize the oxidation behaviour of the coating,
samples coated by 2‐step pack cementation were exposed to air at 600 C for up to
1000h and their magnetic moment was measured as a function of the applied field.
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