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INTRODUCTION
Surface treated thin steel sheet- metals have nowadays a wide application in the industry due to their improved properties compared to other commercial materials. The tendency towards innovation and modification of known methods of thermochemical treatment was recorded in the present, in order to increase the mechanical, tribological and corrosion properties at simultaneous obtaining of aestethic appearance of products (1-3(. To the modified unconventional methods of thermochemical treatment belongs also nitrooxidation in fluidised bed- called THERMOFLUID method (developed by IMP Warszaw), at that the oxidation follows the nitrogen surface saturation, at the same process temperature (4(.      

The aim of this paper was to review the microstructure and properties changes of low- carbon deep- drawing steel sheets after nitrooxidation process by THERMOFLUID method.  

EXPERIMENTAL
Low-carbon deep-drawing steel 11 321.21 (DC 01/DIN EN 10130-9) treated by nitrooxidation process in fluidised bed was used in this investigation. Its chemical composition is given in Table 1. Fluidised bed was composed of Al2O3 with 120μm in size. The waft of the layer during treatment was provided by gaseous ammonia, during oxidation using a vapour of distilled water. Conditions of this treatment were as follows: nitridation at 580(C/120 minutes, oxidation at 580(C/5 minutes, air cooling. 
                              Table 1      Chemical composition of experimental steel [wt. %]
	EN designation
	C max. 
	Mn max.
	P max.
	S max.

	DC 01
	0,10
	0,45
	0,030
	0,030


RESULTS
Based on complex analysis of nitrooxidised steel the main results can be summarised:
(  Structural analysis. The nitrooxidation treatment produced a characteristic surface layer about 300 μm in thickness (Fig. 1). This was composed of two zones- about 70 μm thick compound layer, with continuous thin Fe3O4 a Fe2O3 layer of ~ 3 až 5 μm in thickness and ε- phase (Fe2-3N), about 10 μm in thickness. Layer of ferritic matrix with needle- shaped (´- Fe4N nitrides was connected to the ε - phase. Its thickness was about 50 μm. The 200 μm thick diffusion layer was connected to the compound layer. The diffusion layer was composed of ferritic matrix with dispersed fine α´´- Fe16N2 precipitates.
· Mechanical properties. Improvement of yield strength of about 47% and the maximum strength of 21% was observed. Surface microhardness was increased of 653 % compared to basic state steel.

· Formability. 9% decrease of cupping „h“ (IE) during the Erichsen cupping test and 1,5 % increase of deep- drawing coefficient „m“ during Fukui deep- drawing test were observed for nitrooxidised steel. Application of forming operations (drawing, bending) led into local distortion of surface ε- phase in the places of maximum tensile stresses (Fig. 2). In the places of compression stresses ε- phase distortion was not observed. Precipitated nitrides had no influence on the microstructure changes during forming and caused no failure in the surface layer of bended nitrooxidised steel. 
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· Corrosion properties. Nitrooxidised steel  showed 10- times  increased resistance to atmo-
CONCLUSIONS
The microstructure and properties changes of low- carbon deep- drawing steel sheets after nitrooxidation process in fluidised bed were investigated. 

It was shown that nitrooxidation had a beneficial influence on mechanical properties, formability as well as corrosion resistance. Due to this effect the weight of products could be decreased, at maintaining of required formability and also improved lifetime. 
This research has been supported by VEGA 1/2102/05.
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Fig. 3 Results of condensed water test         for analysed  samples








spheric corrosion compared to basic state steel, Fig. 3. Only 2% of sampled area was attacked after 144 hours in condensed water test cabinet.  
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Fig. 2 Microstructure of formed piece after bending process, the outer side (tensile stress)
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Fig.1 Microstructure of nitrooxidised             11 321 low- carbon steel        
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