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ABSTRACT 

SOUZA FILHO, I. R. Phase transformations in a high-Mn steel: strain hardening 

mechanisms, austenite reversion, and athermal martensitic transformation. 2019. 

152p. Thesis (Doctoral of Science) – Escola de Engenharia de Lorena, Universidade de São 

Paulo, Lorena, 2019. 

In this work, phase transformations in a high-Mn steel containing 17.6 wt.% of Mn and 

belonging to the Fe-Mn-Al-Si-C-Ni system were investigated for a variety of states, 

including cold rolled and annealed ones. The strain hardening mechanisms of austenite, -, 

and ’-martensite were tracked during cold rolling. The complex superposition of several 

displacive reactions were revealed for each phase with the aid of the combinatorial use of 

XRD measurements (coupled with the software MAUD), ECCI-SEM, and EBSD. 

Dilatometry measurements revealed that the austenite reversion splits into two stages during 

continuous annealing. Such phenomenon is due to strong elemental partitioning between the 

growing austenite and the ’-matrix, as simulated using the software DICTRA and 

confirmed via near-atomic resolution APT. Results provided new insights that the successful 

austenite nucleation is preceded by long-range elemental partitioning. Besides, the growth 

of austenite is also given by strong elemental partitioning and solute redistribution within 

both austenite and ’-martensite. Magnetic properties were also investigated for several 

microstructures of the present steel, modified by means of straining and/or annealing. The 

formation of nano reversed -grains in the early stages of the austenite reversion is sufficient 

to induce strong magnetic shape anisotropy. Using in-situ magnetic measurements and 

thermodynamic modelling, the Curie temperature of the steel was evaluated, as well as the 

stability of austenite during controlled conditions of cooling. The influence of local changes 

in chemical composition on the magnetic properties was deeply investigated by means of 

magnetic measurements, thermodynamic simulations (Thermo-Calc), high-resolution 

microscopy, including STEM, and APT. The findings revealed that short- and long-range 

chemical fluctuations strongly affect the saturation magnetization of the steel and brought 

new insights on the use of magnetic probing as tool for quantification of phases in Mn-based 

steels. 

 

Keywords: High-Mn steel. Strain-hardening mechanisms. Austenite reversion. Athermal 

martensitic transformation. Magnetic properties. 

  



 

RESUMO 

SOUZA FILHO, I. R. Transformações de fase em um aço de alto Mn: mecanismos de 

encruamento, reversão da austenita e transformação martensítica atérmica. 2019. 

152p. Tese (Doutorado em Ciências) – Escola de Engenharia de Lorena, Universidade de 

São Paulo, Lorena, 2019. 

Neste trabalho, transformações de fases foram estudadas em um aço contento 17,6 % em 

massa de Mn e pertencente ao sistema Fe-Mn-Al-Si-C-Ni. Os mecanismos de encruamento 

na austenita, martensitas  e ’ foram monitorados durante a laminação a frio. A complexa 

superposição de várias transformações adifusionais foram reveladas para cada fase com 

auxílio de medidas de difração de raios X (acopladas ao uso do software MAUD), ECCI e 

EBSD. Medidas de dilatometria revelaram que a reversão da austenita ocorre em dois 

estágios durante recozimentos contínuos. Esse fenômeno é devido à pronunciada partição de 

elementos entre a austenita revertida e a matriz martensítica, como mostrado por meio de 

simulações utilizando-se o software DICTRA e confirmado via APT. Os resultados obtidos 

evidenciaram que a nucleação bem-sucedida da austenita é precedida da partição de longo 

alcance de elementos químicos. Além disso, o crescimento da austenita revertida também é 

acompanhado de partição de longo alcance e redistribuição de solutos entre as fases  e ’. 

As propriedades magnéticas do presente aço também foram investigadas para uma ampla 

variedade de microestruturas, modificadas por deformação e/ou recozimento. Foi observado 

que a formação de grãos austeníticos de ordem nanométrica no início da reversão é suficiente 

para induzir pronunciada anisotropia magnética de forma. Por meio de medidas de 

magnetização in-situ e modelamento termodinâmico, a temperatura de Curie foi avaliada 

como também a estabilidade da austenita frente ao resfriamento controlado. A influência de 

mudanças composicionais sobre as propriedades magnéticas foi detalhadamente investigada 

com auxílio de medidas magnéticas, simulações termodinâmicas (Thermo-Calc), 

microscopia de alta resolução, incluindo microscopia eletrônica de transmissão (MET), e 

APT. Os resultados mostraram que flutuações químicas de curto e longo alcance afetam 

fortemente a magnetização de saturação do material. Além disso, este trabalho trouxe novos 

insights acerca do uso de medidas de magnetização como uma ferramenta para quantificação 

de fases em aços a base de Mn. 

 

Palavras-chave: Aços de alto Mn. Mecanismos de encruamento. Reversão da austenita. 

Transformação martensítica atérmica. Propriedades magnéticas. 
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Chapter 1 

Introduction 

In the last decades, the rising interest in Mn-based steels for automotive industry 

applications is due to their outstanding mechanical properties (FROMMEYER; BRÜX, 

2006; DE COOMAN; CHIN; KIM, 2011; KIM; SUH; KIM, 2013; RAABE et al., 2014; 

ZHANG; RAABE; TASAN, 2017). These materials are known as advanced high strength 

steels (AHSS) and combine high strength with ductility without sacrificing the crashworthy 

properties. Depending on several metallurgical aspects, especially the chemical composition 

in terms of Mn, metastable austenite () in these steels may accommodate deformation by 

means of different and complex strain hardening mechanisms. Among them, one can cite the 

transformation-induced plasticity (TRIP effect) where fcc- transforms into bcc ’-

martensite with or without the intermediate presence of the hcp -phase (REMY; PINEAU, 

1977; LEE; CHOI, 2000; ALLAIN et al., 2004; BRACKE; KESTENS; PENNING, 2007; 

SAEED-AKBARI et al., 2009; DING et al., 2011; STEINMETZ et al., 2013; PIERCE et al., 

2014;  WONG et al., 2016). Another important mechanism for strain accommodation is the 

twinning-induced plasticity (TWIP effect), where the profuse formation of nano-twins 

subdivides the original -grains into smaller units and consequently diminishes the mean free 

path for dislocation motion (GRÄSSEL et al., 2000; DE COOMAN; CHIN; KIM, 2011). In 

terms of Mn, the TRIP effect is generally observed for steels with Mn content lower than 15 

wt.%. For Mn compositions higher than 25 wt.%, the TWIP effect is predominant. Finally, 

for Mn contents ranging between 15 and 25 wt.%, both TRIP and TWIP mechanisms may 

take place simultaneously (GAZDER et al., 2015). 

Recently, Mn-based steels have been designed by means of precipitation reactions, 

segregation engineering (RAABE et al., 2013), and grain refinement (ZHANG; RAABE; 

TASAN, 2017). Reduction of anisotropy in mechanical properties is one of the most 

important advantages of strengthening by means of grain refinement (ESCOBAR; DAFÉ; 

SANTOS, 2015). This can be achieved by the transformation of ’-martensite back into 

austenite using the so-called austenite reversion treatments (’ → ) (DASTUR et al., 2017). 

In this context, the elemental redistribution (especially Mn) between parent ’ and growing 

 plays a key role on the final microstructure and mechanical properties of the steel. In fact, 

Mn possesses very low diffusivity in austenite. Contrastingly, its high diffusivity in ’-

martensite promotes Mn fluxes towards the growing austenite, leading to strong partitioning 
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and segregation at ’/ interfaces and grain boundaries (DMITRIEVA et al., 2011). In this 

scenario, the segregation tendency is also observed to be enhanced by high Mn contents.  

In light of the above observations, the high-quality performance of Mn-based steels 

lies on the complexity of their microstructural aspects. In this Doctorate work phase 

transformations driven either by diffusionless or diffusion mechanisms were carefully 

investigated for a high-Mn steel belonging to the Fe-Mn-Al-Si-C-Ni system and containing 

17.6 wt.% of Mn. The present steel possesses a stacking fault energy (SFE) of ~ 8.1 mJ/m2 

and therefore the formation of ’-martensite is preceded by the intermediate formation of 

the -phase (SOUZA FILHO et al., 2019a). The complex superposition of several displacive 

(diffusionless) and incommensurate transformation reactions occurring concomitantly in , 

 - and ’-martensite were revealed for a broad range of strain imposed by rolling (SOUZA 

FILHO et al., 2019b). With regard to the diffusion reactions, austenite reversion was tracked 

for continuous and isothermal conditions of annealing. Relevant and new results regarding 

austenite nucleation and growth, as well as the corresponding elemental redistribution during 

the occurrence of the ’ →  reaction threw lights on the thermo-kinetics of the austenite 

reversion in Mn-based steels (SOUZA FILHO et al., 2019c). Starting with fully austenitic 

microstructures at high temperatures (viz. 800°C), the stability of austenite faced to the 

athermal martensitic transformation was also investigated by means of in-situ magnetic 

measurements for controlled conditions of cooling and thermodynamic modelling (SOUZA 

FILHO et al., 2019a). Last but not least, the changes in magnetic properties (especially 

regarding the coercive field and saturation magnetization) were evaluated for a variety of 

microstructures modified by straining and/or annealing. In this work, the strong influence of 

chemical composition fluctuations on the magnetization was clearly revealed for the Mn-

based steels variants containing the ferromagnetic ’-martensite. The systematic 

investigation conducted in this work brings new insights about the use of the magnetization 

saturation as a probe for quantifying ferromagnetic phases in steels. 

This thesis is organized in seven chapters as follows: 

 

Chapter 1: Introduction 

 

Chapter 2: Experimental 

 

Chapter 3 Thermodynamic assessment 
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Chapter 4: Strain hardening mechanisms during cold rolling: interplay between submicron 

defects and microtexture 

This Chapter is a modified version of the present author’s publication: I.R. Souza Filho, M.J.R. Sandim, D. 

Ponge, H.R.Z. Sandim, D. Raabe. Strain hardening mechanisms during cold rolling of a high-Mn steel: 

Interplay between submicron defects and microtexture. Materials Science & Engineering A, v.754, p.636-649, 

2019. 

 

Chapter 5: Martensite to austenite reversion: partitioning-dependent two-stage kinetics 

revealed by atom probe tomography, in-situ magnetic measurements and simulation 

This Chapter is a modified version of the present author’s publication: I.R. Souza Filho, A. Kwiatkowski da 

Silva, M.J.R. Sandim, D. Ponge, B. Gault, H.R.Z. Sandim, D. Raabe. Martensite to austenite reversion in a 

high-Mn steel: Partitioning dependent two-stage kinetics revealed by atom probe tomography, in-situ magnetic 

measurements and simulation. Acta Materialia, v.166, p.178-191, 2019. 

 

Chapter 6: Magnetic properties: study of strain-induced martensite formation, austenite 

reversion, and athermal ’-formation 

This Chapter is a modified version of the present author’s publication: I.R. Souza Filho, M.J.R. Sandim, R. 

Cohen, L.C.C.M. Nagamine, H.R.Z. Sandim, D. Raabe. Magnetic properties of a 17.6 Mn-TRIP steel: Study 

of strain-induced martensite formation, austenite reversion, and athermal α′-formation. Journal of Magnetism 

and Magnetic Materials, v.473, p.109-118, 2019. 

 

Chapter 7: Revealing the anomalous increase in magnetization of ’-martensite at low 

temperatures 
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8. Final Remarks 

 Since the high-quality performance of Mn-based steels is closely related to 

microstructural aspects and in order to design high-strength variants of such materials, it is 

imperative to deeply understand their complex superposition of several strain hardening 

mechanisms, diffusion-controlled reactions, as well as their influence on mechanical 

properties. In this work, a systematic characterization of a high-Mn steel containing 17.6 wt. 

% of Mn and belonging to the Fe-Mn-Al-Si-C-Ni system was conducted for a variety of 

deformed and annealed conditions. Starting with a fully recrystallized microstructure, the 

combinatorial use of XRD, ECCI-SEM, and EBSD allowed revealing the occurrence of 

several displacive and important reactions in ,  - and ’-martensite, including the formation 

of sub-micron structural defects and the martensitic transformation induced by deformation. 

With regard to the austenite reversion, near-atomic resolution APT combined with 

thermodynamic and thermo-kinetic simulations, and dilatometry measurements brought new 

information about the challenging observation of the -nucleation in high-Mn steels. This 

work also contributes to add new evidences to the literature that the successful -nucleation 

events are preceded by strong long-range elemental partitioning, especially in terms of Mn. 

Besides, the growth of reversed austenite is also controlled by pronounced elemental 

partitioning and solute redistribution, as revealed by thermo-kinetic simulations and 

confirmed via APT. Magnetic measurements are considered as one of the most powerful 

tools for investigating phase transformations in steels. By using ex-situ and in-situ magnetic 

measurements, the stability of austenite faced the martensitic transformation upon cooling 

was studied and the findings of this work confirmed that the -martensite is an intermediate 

phase for ’-formation. Regarding isothermal annealings, the formation of nano reversed -

grains in the early stages of the austenite reversion is sufficient to induce strong magnetic 

shape anisotropy. Finally, the strong influence of short and long-range chemical fluctuations 

on the magnetic properties was studied using APT, high-resolution microscopy, 

thermodynamic simulations, and magnetic measurements. It was clearly demonstrated that 

the Mn-based steels variants containing the ferromagnetic ’-martensite are very sensitive 

to local changes in chemical composition. The results reported in this thesis throw new 

insights regarding the use of the magnetization saturation as a probe for quantifying 

ferromagnetic phases in steels. 

 

 



30 

  



31 
 

References 

 

 

AARONSON, H. I.; ENOMOTO, M.; LEE, J. K. Mechanisms of Diffusional Phase 

Transformations in Metals and Alloys. Boca Raton, FL: CRC Press, 2010. 

 

 

ADLER, P. H.; OLSON, G. B.; COHEN, M. Strain Hardening of Hadfield Manganese Steel. 

Metallurgical Transactions A, v.17, p.1725-1737, 1986. 

 

 

ALLAIN, S.; CHATEAU, J.-P.; BOUAZIZ, O.; MIGOT, S.; GUELTON, N. Correlations 

between the calculated stacking fault energy and the plasticity mechanisms in Fe-Mn-C 

alloys. Materials Science and Engineering A, v.387-389, p.158-162, 2004. 

 

 

ANAND, K. K.; MAHATO, B.; HAASE, C.; KUMAR, A.; CHOWDHURY, S. G. 

Correlation of defects density with texture evolution during cold rolling of a Twinning-

Induced Plasticity (TWIP) steel. Materials Science and Engineering A, v.711, p.69-77, 

2018. 

 

 

BALDO, S.; MÉSZÁROS, I. Effect of cold rolling on microstructure and magnetic 

properties in a metastable lean duplex stainless steel. Journal of Materials Science, v.45, 

p.5339-5346, 2010. 

 

 

BERRENBERG, F.; HAASE, C.; BARRALES-MORA, L. A.; MOLODOV, D. A. 

Enhancement of the strength-ductility combination of twinning-induced/transformation-

induced plasticity steels by reversion annealing. Materials Science and Engineering A, 

v.681, p.56–64, 2017. 

 

 

BORGENSTAM, A.; HÖGLUND, L.; ÅGREN, J.; ENGSTRÖM, A. DICTRA, a tool for 

simulation of diffusional transformations in alloys. Journal of Phase Equilibria, v.21, 

p.269-280, 2000. 

 

 

BRACKE, L.; KESTENS, L.; PENNING, J. Transformation mechanism of ’-martensite in 

an austenitic Fe–Mn–C–N alloy. Scripta Materialia, v.57, p.385–388, 2007. 

 

 

BUNGE, H. Texture Analysis in Materials Science, Butterworth, London, 1982. 

 

 

CALCAGNOTTO, M.; PONGE, D.; DEMIR, E.; RAABE, D. Orientation gradients and 

geometrically necessary dislocations in ultrafine grained dual-phase steels studied by 2D and 

3D EBSD. Materials Science and Engineering A, v.527, p.2738-2746, 2010. 

 



32 

CHUANG, Y.-Y.; CHANG, Y. A.; SCHIMD, R.; LIN, J.-C. Magnetic Contributions to the 

Thermodynamic Functions of Alloys and the Phase Equilibria of Fe-Ni System below 1200 

K. Metallurgical Transactions A, v.17A, p.1361-1372, 1986. 

 

 

CHUKLEB, A. N.; MARTYNOV, V. P. Phase Transformations YZ a During the Aging of 

1808 Type Steels Previously Deformed at a Negative Temperature. Physic of Metals and 

Metallography, v.10, 1960. 
 

 

CULLITY, B.D. Elements of X-ray diffraction. 2nd.ed. Massachusetts: Addison – Wesley 

Publishing Company, 1978. 

 

 

CULLITY, B. D.; GRAHAM, C. D. Introduction to Magnetic Materials. 2nd ed. John 

Wiley and Sons, New Jersey, 2009. 

 

 

DAFÉ, S. S. F.; SICUPIRA, F. L.; MATOS, F. C. S.; CRUZ, N. S.; MOREIRA, D. R.; 

SANTOS, D. B. Effect of cooling rate on (ε, α’) martensite formation in 

twinning/transformation-induced plasticity Fe–17Mn–0.06C steel. Materials Research, 

v.16, p.1229-1236, 2013. 

 

 

DASTUR, P.; ZAREI-HANZAKI, A.; PISHBIN, M. H.; MOALLEMI, M.; ABEDI, H. R. 

Transformation and twinning induced plasticity in an advanced high Mn austenitic steel 

processed by martensite reversion treatment. Materials Science and Engineering A, v.696, 

p.511-519, 2017. 

 

 

DASTUR, P.; ZAREI-HANZAKI, A.; RAHIMI, R.; KLEMM, V.; DE COOMAN, B. C.; 

MOLA, J. Nanoscale partitioning of Mn between austenite and martensite revealed by Curie 

temperature variations. Philosophical Magazine Letters, 2018.  

DOI: 10.1080/09500839.2018.1465238 

 

 

DE COOMAN, B. C.; CHIN, K. G.; KIM, J. (2011). High Mn TWIP Steels for Automotive 

Applications, New Trends and Developments in Automotive System Engineering, Prof. 

Marcello Chiaberge (Ed.), ISBN: 978-953-307-517-4. 

Disponível em: http://www.intechopen.com/books/new-trends-anddevelopments- 

in-automotive-system-engineering/high-mn-twip-steels-for-automotive-applications. 

Acesso em: 16 jun. 2019. 

 

 

DE, A. K.; MURDOCK, D. C.; MATAYA, M. C.; SPEER, J. G.; MATLOCK, D. K. 

Quantitative measurement of deformation-induced martensite in 304 stainless steel by X-ray 

diffraction. Scripta Materialia, v.50, p. 1445–1449, 2004. 

 

 



33 
 

DING, H.; DING, H.; SONG, D.; TANG, Z.; YANG, P. Strain hardening behavior of a 

TRIP/TWIP steel with 18.8% Mn. Materials Science and Engineering A, v.528, p.868–

873, 2011. 

 

 

DINSDALE, A. T. SGTE data for pure elements. Calphad (Computer Coupling of Phase 

Diagrams and Thermochemistry), v.15, p.317-425, 1991. 

 

 

DJUROVIC, D.; HALLSTEDT, B.; VON APPEN, J.; DRONSKOWSKI, R. 

Thermodynamic assessment of the Mn-C system. Calphad (Computer Coupling of Phase 

Diagrams and Thermochemistry), v.34, p.279-285, 2010. 

 

 

DJUROVIC, D.; HALLSTEDT, B.; VON APPEN, J.; DRONSKOWSKI, R. 

Thermodynamic assessment of the Fe-Mn-C system. Calphad (Computer Coupling of 

Phase Diagrams and Thermochemistry), v.35, p.479-491, 2011. 

 

 

DMITIREVA, O.; PONGE, D.; INDEN, G.; MÍLLAN, J.; CHOI, P.; SIETSMA, J.; RAABE 

D. Chemical gradients across phase boundaries between martensite and austenite in steel 

studied by atom probe tomography and simulation. Acta Materialia, v.59, p.364-374, 2011. 

 

 

DONADILLE, V; VALLE, R.; DERVIN, P.; PENELLE, R. Development of texture and 

microstructure during cold-rolling and annealing of fcc alloys: example of an austenitic 

stainless steel. Acta Metallurgica, v.37, p.1547-1571, 1989. 

 

 

ELMASSALAMI, M.; PALATNIK-DE-SOUSA, I.; AREIZA, M. C. L.; REBELLO, J. M. 

A.; ELZUBAIR, A. On the magnetic anisotropy of superduplex stainless steel. Journal of 

Magnetism and Magnetic Materials, v.323, p.2403-2407, 2011. 

 

 

ERSHOV, N. V.; KLEІNERMAN, N. M.; LUKSHINA, V. A.; PILYUGIN, V. P.; 

SERIKOV, V. V. Specific Features of the Local Atomic Structure of a Fe–Si Alloy in the α 

Area of the Phase Diagram. Physics of the Solid State, v. 51, pp. 1236-1242, 2009. 

 

 

ESCOBAR, D. P.; DAFÉ, S. S. F.; VERBEKEN, K.; SANTOS, D. B. Effect of the cold 

rolling reduction on the microstructural characteristics and mechanical behavior of a 

0.06%C–17%Mn TRIP/TWIP steel. Steel Research International, v. 86, n. 9999, p. 1-12, 

2015. 

 

 

ESCOBAR, D. P.; DAFÉ, S. S. F.; SANTOS, D. B. Martensite reversion and texture 

formation in 17Mn-0.06C TRIP/TWIP steel after hot cold rolling and annealing. Journal of 

Materials Research and Technology, v. 4, p. 162-170, 2015. 

 

 



34 

FIELD, D. M.; BAKER, D. S.; VAN AKEN, D. C. On the prediction of a-martensite 

temperatures in medium manganese steels. Metallurgical and Materials Transactions A, 

v.48A, p.2150-2163, 2017. 

 

 

FROMMEYER, G.; BRÜX, U. Microstructures and mechanical properties of high-strength 

Fe-Mn-Al-C light-weight TRIPLEX steels. Steel Research International, v.77, p.627-633, 

2006. 

 

 

FUSTER, V.; DRUKER, A. V.; BARUJ, A.; MALARRÍA, J.; BOLMARO, R. 

Characterization of phases in an Fe–Mn–Si–Cr–Ni shape memory alloy processed by 

different thermomechanical methods. Materials Characterization, v.109, p.128-137, 2015. 

 

 

GALINDO-NAVA, E. I.; RIVERA-DÍAZ-DEL-CASTILLO, P. E. J. Understanding 

martensite and twin formation in austenitic steels: A model describing TRIP and TWIP 

effects. Acta Materialia, v.128, p.120-134, 2017. 

 

 

GARCÍA DE ANDRÉS, C.; CABALLERO, F. G.; CAPDEVILA, C.; ÁLVAREZ, L. F. 

Application of dilatometric analysis to the study of solid-solid phase transformations in 

steels. Materials Characterization, v.48, p.101-111, 2002. 

 

 

GARSHELIS, J.; FIEGEL, W. S. Magnetic observations of austenite-martensite 

transformations induced by torsional strain. Journal of Applied Physics, v.53, p.2407-2409, 

1982. 

 

 

GAUZZI, F.; MONTANARI, R.; PRINCIPI, G.; PERIN, A.; TATA, M. E. Martensite 

formation during heat treatment of AISI 304 steel with biphasic structure. Materials Science 

and Engineering A, v.273-275, p.443-447, 1999. 

 

 

GAUZZI, F.; MONTANARI, R.; PRINCIPI, G.; TATA, M. E. AISI 304 steel: anomalous 

evolution of martensitic phase following heat treatments at 400°C. Materials Science and 

Engineering A, v.438-440, p.202-206, 2006. 

 

 

GAZDER, A. A.; SALEH, A. A.; NANCARROW, M. J. B.; MITCHELL, D. R. G.; 

PERELOMA, E. V. A transmission Kikuchi diffraction study of a cold-rolled and annealed 

Fe–17Mn–2Si–3Al–1Ni–0.06C wt% steel. Steel Research International, v.86, p.1204-

1214, 2015. 

 

 

GEISER, B. P.; LARSON, D. J.; OLTMAN, E.; GERSTL, S.; REINHARD, D.; KELLY, T. 

F.; PROSA, T. J. Wide-field-of-view atom probe reconstruction. Microscopy and 

Microanalysis, v.15, p.292-293, 2009. 

 



35 
 

GORBATOV, O. I.; KUZNETSOV, A. R.; GORNOSTYREV, YU. N.; RUBAN, A. V.; 

ERSHOV, N. V.; LUKSHINA, V. A.; CHERNENKOV, YU. P.; FEDOROV, V. I. Role of 

Magnetism in the Formation of a Short-Range Order in Iron–Silicon Alloys. Journal of 

Experimental and Theoretical Physics, v.112, p. 848-859, 2011. 

 

 

GRÄSSEL, O.; KRÜGER, L.; FROMMEYER, G.; MEYER, L. W.  High strength Fe-Mn-

(Al,Si) TRIP/TWIP steels development–properties–application. International Journal of 

Plasticity, v.16, p.1391-1409, 2000. 

 

 

GUPTA, R. K.; ANANTHARAMAN, T. R. An X-ray diffraction study of deformation in 

h.c.p. rare-earth metals. Journal of Less-Common Metals, v.25, p.353-360, 1971. 

 

 

GUTIERREZ-URRUTIA, I.; ZAEFFERER, S.; RAABE, D. Electron channeling contrast 

imaging of twins and dislocations in twinning-induced plasticity steels under controlled 

diffraction conditions in a scanning electron microscope. Scripta Materialia, v.61, p.737-

740, 2009. 
 
 

GUTIERREZ-URRUTIA, I.; ZAEFFERER, S.; RAABE, D. The effect of grain size and 

grain orientation on deformation twinning in a Fe–22wt.% Mn–0.6 wt.% C TWIP steel. 

Materials Science and Engineering A, v.527, p.3552-3560, 2010. 
 
 

GUTIERREZ-URRUTIA, I.; RAABE, D. Dislocation and twin substructure evolution 

during strain hardening of an Fe–22wt.% Mn–0.6 wt.% C TWIP steel observed by electron 

channeling contrast imaging. Acta Materialia, v.59, p.6449-6462, 2011. 

 

 

GUTIERREZ-URRUTIA, I.; ZAEFFERER, S.; RAABE, D. Coupling of electron 

channeling with EBSD: toward the quantitative characterization of deformation structures 

in the SEM. Journal of the Minerals, Metals and Materials Society, v.65, p.1229-1236, 

2013. 

 

 

GUY, K. B.; BUTTLER, E. P.; WEST, D. R. F. Reversion of bcc ’ marteniste in Fe-Cr-Ni 

austenitic stainless steel. Metals Science, v.17, p.167-176, 1983. 

 

 

HAMADA, A. S. Manufacturing, Mechanical Properties and Corrosion Behaviour of 

High-Mn TWIP Steels. 2007. Doctoral Thesis. Department of Mechanical Engineering, 

Faculty of Technology, University of Oulu, Linnanmaa, Finland, 2007. 

 

 

HARRIS. COMMISSION OF THE EUROPEAN COMMUNITIES. JOINT RESEARCH 

CENTRE. ISPRA ESTABLISHMENT et al. Mechanical behaviour and nuclear 

applications of stainless steel at elevated temperatures. Varese, Italy: Maney Pub, 1982. 

 



36 

HERRERA, C.; PONGE, D.; RAABE, D. Design of a novel Mn-based 1GPa duplex 

stainless TRIP steel with 60% ductility by a reduction of austenite stability. Acta Materialia, 

v.59, p.4653-4664, 2011. 

 

 

HILLERT, M. In: AARONSON, H. I. ed. Lectures on the Theory of Phase Transformations, 

2nd ed. Warrendale, PA: TMS-AIME, 1999. p. 1. 

 

 

HÖLSCHER, M.; RAABE, D.; LÜCKE, K. Rolling and Recrystallization Textures of BCC 

Steels. Steel Research International, v.62, p.567-575, 1991. 

 

 

HÖLSCHER, M.; RAABE, D.; LÜCKE, K. Relationship between rolling textures and shear 

textures in fcc and bcc metals. Acta Metallurgica et Materialia, v.42, p.879-886, 1994. 

 

 

HUANG, W. M. An assessment of the Fe-Mn system. Calphad (Computer Coupling of 

Phase Diagrams and Thermochemistry), v.13, p.243-252, 1989. 

 

 

HUFFMAN, G. P.; FISHER, R. M. Mössbauer studies of ordered and cold-worked Fe-Al 

alloys containing 30 to 50 at.% aluminum. Journal of Applied Physics, v.38, p.735-742, 

1967. 

 

 

IDRISSI, H.; RYELANDT, L.; VERON, M.; SCHRYVERS, D.; JACQUES, P.J. Is there a 

relationship between the stacking fault character and the activated mode of plasticity of Fe–

Mn-based austenitic steels? Scripta Materialia, v.60, p.941-944, 2009. 

 

 

INDEN, G. The role of magnetism in the calculation of phase diagrams, Physica, v.103B, 

p.82-100, 1981. 

 

 

INDEN, G. The effect of continuous transformations on phase diagrams. Bulletin of Alloy 

Phase Diagrams, v.2, p.412-422, 1982. 

 

 

INDEN, G.; NEUMANN, P. Simulation of diffusion-controlled phase transformations 

in steels. Steel Research, v.67, p.401-407, 1996. 

 

 

JIANG, B. H.; SUN, L.; LI, R.; HSU, T.Y. Influence of austenite grain size on − 

martensitic transformation temperature in Fe-Mn-Si-Cr alloys. Science of Metallurgical 

Materials, v. 33, p.63-68, 1995. 

 

 



37 
 

JIANG, B. H.; QI, X.; ZHOU, W.; HSU, T.Y. Comment on “Influence of austenite grain 

size on  →  martensitic transformation temperature in Fe-Mn-Si-Cr alloys”. Scripta 

Materialia, v.34, p.771-773, 1996. 

 

 

JUN, J. H.; CHOI, C. S. Variation of stacking fault energy with austenite grain size and its 

effect on the Ms temperature of  →  martensitic transformation in Fe-Mn alloy. Materials 

Science and Engineering A, v.258, p.535-556, 1998. 

 

 

KAPOOR, R.; KUMAR, L.; BATRA, I. S. A dilatometric study of the continuous heating 

transformation in 18wt.%Ni maraging steel of grade 350. Materials Science and 

Engineering A, v.352, p.318-324, 2003. 

 

 

KAPOOR, R.; BATRA, I. S. On the ’ to  transformation in maraging (grade 350), PH 13-

8 Mo and 17-4 PH steels. Materials Science and Engineering A, v.371, p.324-334, 2004. 

 

 

KEIJSER, T. H.; MITTEMEIJER, E. J.; ROZENDAAL, H. C. F. The determination of 

crystallite-size and lattice-strain parameters in conjuction with profile-refinement method 

for the determination of crystal structures. Journal of Applied Crystallography, v. 16, p. 

309-316, 1983. 

 

 

KELLY, P. M. The martensite transformation in steels with low stacking fault energy. Acta 

Metallurgica, v.13, p.635-646, 1965. 

 

 

KIM, H.; SUH, D.-W.; KIM, N. J. Fe-Al-Mn-C lightweight structural alloy: a review on the 

microstructures and mechanical properties. Science and Technology of Advanced 

Materials, v.14, p.014205(1)-014216(11), 2013. 

 

 

KIM, J. J.; DE COOMAN, B. C. Observation of dislocations with Burgers vector containing 

a <c> component in martensitic  Fe-17%Mn. Scripta Materialia, v.128, p.78-82, 2017. 

 

 

KISKO, A.; MISRA, R. D. K.; TALONEN, J.; KARJALAINEN, L. P. The influence of 

grain size on the strain-induced martensitic formation in tensile straining of an austenitic 

15Cr-9Mn-Ni-Cu stainless steel. Materials Science and Engineering A, v.578, p.408-416, 

2013. 

 

 

KOYAMA, M.; ZHANG, Z.; WANG, M.; PONGE, D.; RAABE, D.; TSUZAKI, K.; 

NOGUCHI, H.; TASAN, C. C. Bone-like crack resistance in hierarchical metastable 

nanolaminate steels. Science, v.355, p.1055-1057, 2017. 

 

 



38 

KUMAR, B. R.; SINGH, A. K.; DAS, S.; BHATTACHARYA, D. K. Cold rolling texture 

in AISI 304 stainless steel. Materials Science and Engineering A, v.364, p.132-139, 2004. 

 

 

KUNDU, S.; BHADESHIA, H. K. D. H. Crystallographic texture and intervening 

transformations. Scripta Materialia, v.57, p.869-872, 2007.  

 

 

KUZMINA, M.; HERBIG, M.; PONGE, D.; SANDLÖBES, S.; RAABE, D. Linear 

complexions: Confined chemical and structural states at dislocations. Science, v.349, 

p.1080-1083, 2015. 

 

 

KUZMINA, M.; PONGE, D.; RAABE, D. Grain boundary segregation engineering and 

austenite reversion turn embrittlement into toughness: Example of a 9 wt.% medium steel. 

Acta Materialia, v.86, p.182-192, 2015. 

 

 

KWIATKOWSKI DA SILVA, A.; LEYSIN, G.; KUZMINA, M.; PONGE, D.; HERBIG, 

M.; SANDLÖBES, S.; GAULT, B.; NEUGEBAUER, J.; RAABE, D. Confined chemical 

and structural states at dislocations in Fe-9wt%Mn steels: a correlative TEM-atom probe 

study combined with multiscale modelling. Acta Materialia, v.124, p.305-315, 2017. 

 

 

KWIATKOWSKI DA SILVA, A.; INDEN, G.; KUMAR, A.; PONGE, D.; GAULT, B.; 

RAABE, D. Competition between formation of carbides and reversed austenite during 

tempering of a medium-manganese steel studied by thermodynamic-kinetic simulations and 

atom probe tomography. Acta Materialia, v.147, p.165-175, 2018a. 

 

 

KWIATKOWSKI DA SILVA, A.; PONGE, D.; PENG, Z.; INDEN, G.; LU, Y.; BREEN, 

A.; GAULT, B.; RAABE, D. Phase nucleation through confined spinodal fluctuations at 

crystal defects evidenced in Fe-Mn alloys. Nature Communications, v.9, p.1-11, 2018b. 

DOI: 10.1038/s41467-018-03591-4 

 

 

LACAZE, J.; SUNDMAN, B. An Assessment of the Fe-C-Si System. Metallurgical 

Transactions A, v.22A, p.2211-2223, 1991. 

 

 

LEE, Y. K.; CHOI, C. S. Driving force for γ → ε martensitic transformation and stacking 

fault energy of γ in Fe-Mn binary system. Metallurgical and Materials Transactions A, 

v.31, p.355-360, 2000. 

 

 

LEE, Y. Relationship between austenite dislocation density introduced during thermal 

cycling and Ms temperature in an Fe-17 wt pct Mn alloy. Metallurgical and Materials 

Transactions A, v.33, p.1913-1917, 2002. 

 

 



39 
 

LI, X.; CHEN, L.; ZHAO, Y.; MISRA, R. D. K. Influence of manganese content on -/’-

martensitic transformation and tensile properties of low-C high-Mn TRIP steels. Materials 

and Design, v.142, p.190-202, 2018. 

 

 

LIU, Y. C.; SOMMER, F.; MITTEMEIJER, E. J. Abnormal austenite-ferrite transformation 

behaviour in substitutional Fe-based alloys. Acta Materialia, v.51, p.507-519, 2003.  

 

 

LU, F.; YANG, P.; MENG, L.; CUI, F.; DING, H. Influences of thermal martensites and 

grain orientations on strain-induced martensites in high manganese TRIP/TWIP steels. 

Journal of Materials Science and Technology, v.27, p.257-265, 2011. 

 

 

LÜ, Y.; HUTCHINSON, B.; MOLODOV, D. A.; GOTTSTEIN, G. Effect of deformation 

and annealing on the formation and reversion of -martensite in an Fe–Mn–C alloy. Acta 

Materialia, v.58, p.3079-3090, 2010. 
 

 

LUTTEROTTI, L.; SCARDI, P.; MAITRELLI, P. Simultaneous structure and size-strain 

refinement by the Rietveld method. Journal of Applied Crystallography, v.23, p.246-52, 

1990. 

 

 

LUTTEROTTI, L.: MAUD, version 2.038, 2006  

Disponível em:  http://www.ing.unitn.it/~luttero/maud. Acesso em: 16 jun. 2019. 

 

 

MA, B.; LI, C.; HAN, Y.; WANG, J. γ → α′ Martensitic transformation and magnetic 

property of cold rolled Fe–20Mn–4Al–0.3C steel. Journal of Magnetism and Magnetic 

Materials, v.419, p.249-254, 2016. 

 

 

MANGONON, P. L.; THOMAS, G. The martensite phases in 304 stainless steel. 

Metallurgical transactions, v.1, p.1577-1586, 1970. 

 

 

MÉSZÁROS, I.; PROHÁSZKA, J. Magnetic investigation of the effect of α′-martensite on 

the properties of austenitic stainless steel. Journal of Materials Processing and 

Technology, v.161, p.162-168, 2005. 

 

 

MILLER, M. K.; SMITH, D. W. An atom probe study of the anomalous field evaporation 

of alloys containing silicon. Journal of Vacuum Science and Technology, v.19, p.57-62, 

1981. 

 

 

MITRA, A.; SRIVASTAVA, P. K.; DE, P. K.; BHATTACHARYA, D. K.; JILES, D. C. 

Ferromagnetic properties of deformation-induced martensite transformation in AISI 304 

stainless steel. Metallurgical and Materials Transactions A, v.35A, p.599-605, 2004. 



40 

MONTANARI, R. Increase of martensite content in cold rolled AISI 304 steel produced by 

annealing at 400°C. Materials Letters, v.10, p.57-61, 1990. 

 

 

MOSZNER, F.; POVODEN-KARADENIZ, E.; POGATSCHER, S.; UGGOWITZER, P. J.; 

ESTRIN, Y.; GERSTL, S. S. A.; KOZESCHNIK, E.; LÖFFLER, J. F. Reverse ’ →  

transformation mechanisms of martensitic Fe-Mn and age-hardenable Fe-Mn-Pd alloy upon 

fast and slow continuous heating. Acta Materialia, v.72, p.99-109, 2014. 

 

 

MUMTAZ, K.; TAKAHASHI, S.; ECHIGOYA, J.; KAMADA, Y.; ZHANG, L.F.; 

KIKUCHI, H.; ARA, K.; SATO, M. Magnetic measurements of martensitic transformation 

in austenitic stainless steel after room temperature rolling. Journal of Materials Science, 

v.39, p.85-97, 2004a. 

 

 

MUMTAZ, K.; TAKAHASHI, S.; ECHIGOYA, J.; KAMADA, Y.; ZHANG, L. F.; 

KIKUCHI, H.; ARA, K.; SATO, M. Magnetic measurements of the reverse martensite to 

austenite transformation in a rolled austenitic stainless steel. Journal of Materials Science, 

v.396, p.1997-2010, 2004b. 

 

 

NAKADA, N.; ARAKAWA, Y.; PARK, K. S.; TSUCHIYAMA, T.; TAKAKI, S. Dual 

phase structure formed by partial reversion of cold-deformed martensite. Materials Science 

and Engineering A, v.553, p.128-133, 2012. 

 

 

NAKADA, N.; TSUCHIYAMA, T.; TAKAKI, S.; PONGE, D.; RAABE, D. Transition 

from diffusive to displacive austenite reversion in low-alloy steel. ISIJ International, v.53, 

p.2275-2277, 2013. 

 

 

NAKADA, N.; MIZUTANI, K.; TSUCHIYAMA, T.; TAKAKI, S. Difference in 

transformation behavior between ferrite and austenite formations in medium manganese 

steel. Acta Materialia, v.65, p.251-258, 2014. 

 

 

OLSON, G. B.; COHEN, M. A general mechanism of martensitic nucleation: part I. General 

concepts and the FCC → HCP transformation. Metallurgical Transactions A, v.7 p.1897-

1904, 1976.  

 

 

PADILHA, A. F.; PLAUT, R. L.; RIOS, P. R. Annealing of cold-worked austenitic stainless 

steels. ISIJ International, v.43, p.135-143, 2003. 

 

 

PIERCE, D. T.; NOWAG, K.; MONTAGNE, A.; JIMÉNEZ, J. A.; WITTIG, J. E.; 

GHISLENI, R. Single crystal elastic constants of high-manganese transformation- and 

twinning-induced plasticity steels determined by a new method utilizing nanoindentation, 

Materials Science and Engineering A, v.578, p.134-139, 2013. 



41 
 

PIERCE, D. T.; JIMÉNEZ, J. A.; BENTLEY, J.; RAABE, D.; OSKAY, C.; WITTIG, J. E. 

The influence of manganese content on the stacking fault and austenite/ε-martensite 

interfacial energies in Fe–Mn–(Al–Si) steels investigated by experiment and theory. Acta 

Materialia, v.68, p.238-253, 2014. 

 

 

PISARIK, S.T.; VAN AKEN, D.C. Crystallographic orientation of the  →  martensitic 

(athermal) transformation in a FeMnAlSi steel. Metallurgical and Materials Transactions 

A, v. 45A, p. 3173-3178, 2014. 

 

 

PISARIK, S. T.; VAN AKEN, D. C. Thermodynamic driving force of the  →  

transformation and resulting Ms temperature in high-Mn steels. Metallurgical Materials 

Transactions A, v.47, p.1009-1018, 2016. 

 

 

POPA, N. C. The (hkl) dependence of diffraction-line broadening caused by strain and size 

for all Laue groups in Rietveld refinement. Journal of Applied Crystallography, v.31, 

p.176-80, 1998. 

 

 

PORTER, D. A.; EASTERLING, K. E.; SHERIF, M. Y. Phase transformations in metals 

and alloys. Boca Raton, FL: CRC Press, 2009. 

 

 

PRAMANIK, S.; SALEH, A. A.; PERELOM, E. V.; GAZDER, A. A. Effect of isochronal 

annealing on the microstructure, texture and mechanical properties of a cold-rolled high 

manganese steel. Materials Characterization, v.144, p.66-76, 2018a. 

 

 

PRAMANIK, S.; GAZDER, A. A.; SALEH, A. A.; PERELOMA, E. V. Nucleation, 

coarsening and deformation accommodation mechanisms of ε-martensite in a high 

manganese steel. Materials Science and Engineering A, v.731, p.506-519, 2018b. 

 

 

PRINCE, E. The Rietveld Method. Oxford: Ed. R. A. Young, Oxford University Press, 

Oxford, UK, 1993. 

 

 

RAABE, D.; LÜCKE, K. Textures of ferritic stainless steels. Materials Science and 

Technology, v.9, p.302-312, 1993. 

 

 

RAABE, D. Texture and microstructure evolution during cold rolling of a strip cast and of a 

hot rolled austenitic stainless steel. Acta Materialia, v.45, p.1137-1151, 1997. 

 

 

 

 



42 

RAABE, D.; SANDLÖBES, S.; MILLÁN, J.; PONGE, D.; ASSADI, H.; HERBIG, M.; 

CHOI, P.-P. Segregation engineering enables nanoscale martensite to austenite phase 

transformation at grain boundaries: a pathway to ductile martensite. Acta Materialia, v.61, 

p.6132-6152, 2013. 

 

 

RAABE, D.; SPRINGER, H.; GUTIERREZ-URRUTIA, I.; ROTERS, F.; BAUSCH, M.; 

SEOL, J. B.; KOYAMA, M.; CHOI, P. P.; TSUZAKI, K. Alloy design, combinatorial 

synthesis, and microstructure-property relations for low-density Fe-Mn-Al-C austenitic 

steels. Journal of the Minerals, Metals and Materials Society, v.66, p.1845-1856, 2014. 

 

 

REMY, L.; PINEAU, A. Twinning and strain-induced F.C.C. → H.C.P. transformation in 

the Fe-Mn-Cr-C system. Materials Science and Engineering A, v.28, p.99-107, 1977. 

 

 

SAEED-AKBARI, A.; IMLAU, J.; PRAHL, U.; BLECK, W. Derivation and variation in 

composition-dependent stacking fault energy maps based on subregular solution model in 

high-manganese steels. Metallurgical and Materials Transactions A, v.40, p.3076-3090, 

2009. 

 

 

SAHU, P.; DE, M.; KAJIWARA, S. Microstrucutral characterization of stress-induced 

martenistes evolved at low temperatures in deformed powders of Fe-Mn-C alloys by the 

Rietveld method. Journal of Alloys Compounds, v.346, p.158-169, 2002. 

 

 

SAHU, P.; HAMADA, A. S.; GHOSH, R. N.; KARJALAINEN, L. P. X-ray diffraction 

study on cooling-rate-induced  fcc → ε hcp martensitic transformation in cast-homogenized 

Fe-26Mn-0.14C austenitic steel. Metallurgical and Materials Transactions A, v. 38, p. 

1991-2000, 2007. 

 

 

SAHU, P.; HAMADA, A. S.; SAHU, T.; PUUSTINEN, J.; OITTINEN, T.; KRJALAINEN, 

L. P. Martensitic transformation during cold rolling deformation of an austenitic Fe-26Mn-

0.14C alloy. Metallurgical Materials Transactions A, v.43A, p.47-55, 2012. 

 

 

SATO, A.; SOMA, K.; MORI, T. Hardening due to pre-existing ε-Martensite in an Fe-

30Mn-1Si alloy single crystal. Acta Metallurgica, v.30, p.1901-1907, 1982. 

 

 

SCHNEIDER, A.; INDEN, G. Simulation of the kinetics of precipitation reactions in ferritic 

steels. Acta Materialia, v.53, p.519-531, 2005. 

 

 

SEOL, J. B.; RAABE, D.; CHOI, P. P.; IM, Y. R.; PARK, C. G. Atomic scale effects of 

alloying, partitioning, solute drag and austempering on the mechanical properties of high-

carbon bainitic–austenitic TRIP steels. Acta Materialia, v.60, p.6183-6199, 2012. 

 



43 
 

SHINTANI, T.; MURATA, Y. Evaluation of the dislocation density and dislocation 

character in cold rolled type 304 steel determined by profile analysis of X-ray diffraction. 

Acta Materialia, v.59, p.4314-4322, 2011. 

 

 

SMOLUCHOWSKI, R. Influence of order on magnetic properties. Le Journal de Physique 

et le Radium, v.12, p.389-398, 1951. 

 

 

SOUZA FILHO, I. R.; SANDIM, M. J. R.; COHEN, R.; NAGAMINE, L. C. C. M.; 

HOFFMANN, J.; BOLMARO, R. E.; SANDIM, H. R. Z. Effects of strain-induced 

martensite and its reversion on the magnetic properties of AISI 201 austenitic stainless steel. 

Journal of Magnetization and Magnetic Materials, v.419, p.156-165, 2016. 

 

 

SOUZA FILHO, I. R.; ZILNYK, K. D.; SANDIM, M. J. R.; BOLMARO, R. E.; SANDIM, 

H. R. Z. Strain partitioning and texture evolution during cold rolling of AISI 201 austenitic 

stainless steel. Materials Science and Engineering A, v.702, p.161-172, 2017. 

 

 

SOUZA FILHO, I. R.; SANDIM, M. J. R.; COHEN, R.; NAGAMINE, L. C. C. M.; 

SANDIM, H. R. Z.; RAABE, D. Magnetic properties of a 17.6 Mn-TRIP steel: Study of 

strain-induced martensite formation, austenite reversion, and athermal α′-formation. 

Journal of Magnetism and Magnetic Materials, v.473, p.109-118, 2019a. 

 

 

SOUZA FILHO, I. R.; SANDIM, M. J. R.; PONGE, D.; SANDIM, H. R. Z.; RAABE, D. 

Strain hardening mechanisms during cold rolling of a high-Mn steel: Interplay between 

submicron defects and microtexture. Materials Science and Engineering A, v.754, p.636-

649, 2019b. 

 

 

SOUZA FILHO, I. R.; KWIATKOWSKI DA SILVA, A.; SANDIM, M. J. R.; PONGE, D.; 

GAULT, B.; SANDIM, H. R. Z.; RAABE, D. Martensite to austenite reversion in a high-

Mn steel: Partitioning dependent two-stage kinetics revealed by atom probe tomography, in-

situ magnetic measurements and simulation. Acta Materialia, v.166, p.178-191, 2019c. 

 

 

STEINMETZ, D. R.; JÄPEL, T.; WIETBROCK, B.; EISENLOHR, P.; GUTIERREZ-

URRUTIA, I.; SAEED–AKBARI, A.; HICKEL, T.; ROTERS, F.; RAABE D. Revealing 

the strain-hardening behavior of twinning-induced plasticity steels: Theory, simulations, 

experiments. Acta Materialia, v.61, p.494-510, 2013. 
 

 

TAKAKI, S.; NAKATSU, H.; TOKUNAGA, Y. Effects of austenite grain size on  

martensitic transformation in Fe-15mass%Mn alloy. Materials Transactions, v.34, p.489-

495, 1993. 

 

 



44 

TAKAKI, S.; TOMIMURA, K.; UEDA, S. Effect of pre-cold-working on diffusional 

reversion of deformation induced martensite in metastable austenitic stainless steel. ISIJ 

International, v.34, p.522-527, 1994. 

 

 

TASAN, C. C.; DIEHL, M.; YAN, D.; ZAMBALDI, C.; SHANTHRAJ, P.; ROTERS, F.; 

RAABE, D. Integrated experimental–simulation analysis of stress and strain partitioning in 

multiphase alloys. Acta Materialia, v.81, p.386-400, 2014a. 

 

 

TASAN, C. C.; HOEFNAGELS, J. P. M.; DIEHL, M.; YAN, D.; ROTERS, F.; RAABE, D. 

Strain localization and damage in dual phase steels investigated by coupled in-situ 

deformation experiments and crystal plasticity simulations. International Journal of 

Plasticity, v.63, p.198-210, 2014b. 

 

 

TAVARES, S. S. M.; DA SILVA, M. R.; NETO, J. M.; MIRAGLIA, S.; FRUCHART, D. 

Ferromagnetic properties of cold-rolled AISI 304L steel. Journal of Magnetism and 

Magnetic Materials, v.242-245, part 2, p.1391-1394, 2002. 

 

 

THOMPSON, K.; LAWRENCE, D.; LARSON, D. J.; OLSON, J. D.; KELLY, T. F.; 

GORMAN, B. In situ site-specific specimen preparation for atom probe tomography. 

Ultramicroscopy, v.107, p.131-139, 2007. 

 

 

TOMIMURA, K.; TAKAKI, S.; TOKUNAGA, Y. Reversion mechanism from deformation 

induced martensite to austenite in metastable austenitic stainless steel. ISIJ International, 

v.31, p.1431-1437, 1991. 

 

 

ÚNGAR, T.; DRAGOMIR, I.; RÉVÉSZ, Á.; BORBÉLY, A. The contrast factors of 

dislocations in cubic crystals: the dislocation model of strain anisotropy in particle. Journal 

of Applied Crystallography, v.32, p.992-1002, 1999. 

 

 

ÚNGAR, T. Microstructural parameters from X-ray diffraction peak broadening. Scripta 

Materialia, v.51, p.777-781, 2004. 

 

 

VAN HOUTE, P. Simulation of the rolling and shear texture of brass by the Taylor theory 

adapted for mechanical twinning. Acta Metallurgica, v.26, p.591-604, 1978. 

 

 

WANG, M. M.; TASAN, C. C.; PONGE, D.; KOSTKA, A.; RAABE, D. Smaller is less 

stable: Size effects on twinning vs. transformation of reverted austenite in TRIP-maraging 

steels. Acta Materialia, v.79, p.268-281, 2014. 

 

 



45 
 

WANG, M. M.; TASAN, C. C.; PONGE, D.; DIPPEL, A. C.; RAABE, D. Nanolaminate 

transformation-induced plasticity–twinning-induced plasticity steel with dynamic strain 

partitioning and enhanced damage resistance. Acta Materialia, v.85, p.216-228, 2015. 

 

 

WARREN, B. E. X-Ray Diffraction. Reading, UK: Addison-Wesley, 1969. 

 

 

WILLIAMSON, G. K.; SMALLMAN III, R. E. Dislocation densities in some annealed and 

cold-worked metals from measurements on the X-ray Debye-Scherrer spectrum. 

Philosophical Magazine, v.1, p.34-46, 1956.  

 

 

WONG, S. L.; MADIVALA, M.; PRAHL, U.; ROTERS, F.; RAABE, D. A crystal plasticity 

model for twinning- and transformation-induced plasticity. Acta Materialia, v.118, p.40-

151, 2016. 

 

 

WRIGHT, S. I.; NOWELL, M. M.; FIELD, D. P. A review of strain analysis using electron 

backscatter diffraction. Microscopy and Microanalysis, v.17, p.316-329, 2011. 

 

 

WU, X. L.; YANG, M. X.; YUAN, F. P.; CHEN, L.; ZHU, Y. T. Combining gradient 

structure and TRIP effect to produce austenite stainless steel with high strength and ductility. 

Acta Materialia, v.112, p.337-346, 2016. 

 

 

WUANG, Y. N.; HUANG, J. C. Texture analysis in hexagonal materials. Materials 

Chemistry and Physics, v.81, p.11-26, 2003. 

 

 

XINGJUN, L.; SHIMING, H. A thermodynamic calculation of the Fe-Mn-Al ternary 

system. Calphad (Computer Coupling of Phase Diagrams and Thermochemistry), v.17, 

p.79-91, 1993. 

 

 

YANG, W. S.; WAN, C. M. The influence of aluminium content to the stacking fault energy 

in Fe-Mn-Al-C alloy system. Journal of Materials Science, v.25, p.1821-1823, 1990. 

 

 

YANUSHKEVICH, Z.; BELYAKOV, A.; HAASE, C.; MOLODOV, D. A.; KAIBYSHEV, 

R. Sctructural/textural changes and strengthening of an advanced high-Mn steel subjected to 

cold rolling. Materials Science and Engineering A, v.651, p.763-773, 2018. 

 

 

ZAEFFERER, S.; ELHAMI, N. Theory and application of electron channelling contrast 

imaging under controlled diffraction conditions. Acta Materialia, v.75, p.20-50, 2014. 

 

 

https://link.springer.com/article/10.1007/BF01045392
https://link.springer.com/article/10.1007/BF01045392
https://www.sciencedirect.com/science/article/pii/S1359645414002572
https://www.sciencedirect.com/science/article/pii/S1359645414002572


46 

ZENG, Q.; BAKER, I. Magnetic properties and thermal ordering of mechanically alloyed 

Fe–40 at% Al. Intermetallics, v.14 p.396-405, 2006. 

 

ZHANG, J.; RAABE, D.; TASAN, C. C. Designing duplex, ultrafine-grained Fe-Mn-Al-C 

steels by tuning phase transformation and recrystallization kinetics. Acta Materialia, v.141 

p.374-387, 2017. 

 

 

ZORZI, J. C. S. Avaliação do processamento de aço TRIP-TWIP em escala piloto. 2014. 

Dissertação (Mestrado). Universidade Federal de Minas Gerais, Belo Horizonte, Brasil, 

2014. 

 

 

 


