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Investigate matrix phase composition and properties across wide variations of alloy chemistries.

Boron in Steel

 CALPHAD-based simulation approach using the MatCalc toolbox. Increasing the through hardenability ~ 30wt.-ppm
e Systematic variation of chemical composition to explore alloying effects. —> Boron at y-grain boundaries
-2 restricts nucleation of ferrite

Focus Areas: Pseudobinary phase diagram with varying Ti-fraction [1] - Tends to form BN
* Phase stability (0.5 wt.-% C, 79 wt.- ppm N, 0.03 wt.-% Al, and 36 wt.-ppm B) in ferritic/pearlitic structures in the cementite of
* Transformation kinetics FCC_A1 +L pearlite
« Mechanical properties , 1400 y { in austenite:

> 1300 Fec Al | in former pearlite regions (after short annealing)
Key Enablers: 'é y FCC_A1 +TiN ® TiN at austenite grain boundaries (after long

. o 1 .

e accurate thermodynamic databases % 1200 A BN annealing)
* Robust kinetic modeling @ 1100 * AN

£ Rule of thumb: > 10 wt.ppm in SS for good B

8 10007Fcc_a1 +AIN R ' ¢

+ BN + TiN _AL+BN+Ti performance
9007
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Benefits: oo weight percent Ti
* Reliable predictions under realistic processing conditions %,‘x‘ee
* Significant reduction in development time /
 Minimization of experimental trials

time
>
Innovation Potential: 4.
. . . . & B—atoms____

* Real-time adaptation of process parameters during production \@/ Martensite

* Enhanced efficiency and responsiveness in manufacturing workflows

[1] FGhrer, Markus; Zamberger, Sabine; Seubert, Christoph; Povoden-Karadeniz, Erwin (2025): Experimental Investigation of the Interplay Between Al-, B-, and Ti-Nitrides in Microalloyed Steel and Thermodynamic Analysis. In: Metals 15 (7), S. 705. DOI: 10.3390/met15070705.




TECHNISCHE ©Co

wien Modeling approach

Precipitation simulation in MatCalc [1]

Grain growth model

Thermodynamics/mobility: calphad-type database Change in grain diameter D
G = 2 NG (T, P, x;) D = Megr - AP = Megr - (Pp —Py7) [4]
Nucleation: classical nucleation theory (CNT) Matcalc Workflow driving pressure retarding force
Yp VYpfv
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Kinetic model: Numerical Kampmann-Wagner S & \ p = Tlplly b2RT
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% g | ’ Mobility solute Drag effect Mgp (Cahn [5,6])
Interfacial energies: generalized nearest-neighbor broken-bond [3] @ - ‘ . . ) 1
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[1] Kozeschnik, Ernst (2022): Mean-Field Microstrugture Kinetics Modeli_ng (In: _Frapcis-ca G. Qaballero (ed.), E_ncyclopedia of Mat.erials: M_etals anq Alloys. vol. 4,), S 521—-526 _ _ [4] J. E. Burke, D. Turnbull, Prog. Met. Phys. 1952, 3, 220.
[2] Svoboda, J.; Fischer, F. D.; Fratzl, P.; Kozeschnik, E. (2004): Modelling of kinetics in multi-component multi-phase systems with spherical precipitates. In: Materials Science and Engineering:A 385 (1-2), S. 166-174. [5] J. W. Cahn, Acta Metall. 1962, 10, 789.

[3] Sonderegger, B.; Kozeschnik, E. (2010): Interfacial Energy of Diffuse Phase Boundaries in the Generalized Broken-Bond Approach. In: Metallurgical and Materials Transactions A 41 (12), S. 3262-3269. [6] H. Buken, E. Kozeschnik, Metall. Mater. Trans. A 2017, 48, 2812.
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