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found that ferrite grains in the examined TRIPLEX steels are 
elongated and distributed uniformly along the boundaries of 
austenite grains. Ferritic areas in steel X105MnAlSi24-11 along 
the boundaries of austenite grains are larger than in case of 
steel X98MnAlSiNbTi24-11 due to a fraction of Nb and Ti in 
the chemical composition of the latter of the mentioned steels. 
Small ferritic areas inside austenite grains can be observed in 
both steels (Fig. 4c, Fig. 5c). It can be confirmed by analysing 
the results of steel examinations that austenite grains in steel 

with Nb and Ti are also smaller than for steel without such 
additives. It can be concluded by comparing steel structures 
that micro-additives of Nb and Ti influence grain refinement, 
as confirmed by literature reports for other high manganese 
steels [15-17].

The investigations of carbides isolated from the matrix of 
steel X98MnAlSiNbTi24-11 give a more complete picture of 

Fig. 4. Austenitic-ferritic microstructures of high manganese 
X98MnAlSiNbTi24-11 steel: a), b) SEM image; c) LM image

Fig. 5. Austenitic-ferritic microstructures of high manganese 
X105MnAlSi24-11 steel: a), b) SEM image; c) LM image
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Fig. 11. Precipitation based on Nb and Ti in the austenite – X98MnAlSiNbTi24-11 steel: a) dark-field image, b) bright field image, c) EDS 
spectrum from the area C

Fig. 12. Precipitation based on Nb and Ti in the ferrite – X98MnAlSiNbTi24-11 steel: a) dark-field image, b) bright field image, c) EDS spectrum 
from the area D
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Fig. 18. X-ray diffraction pattern of  carbides isolated from X98MnAlSiNbTi24-11 steel

Fig. 19. X-ray diffraction pattern of  carbides isolated from X105MnAlSi24-11 steel






