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Abstract. A cellular automaton and a vertex model were used, respectively, for the simulation of re-

crystallization and grain growth in a Fe-0.374%C-21.64%Mn alloy. The results of the recrystalliza-

tion simulations revealed that the preferential nucleation during the annealing of the rolled sheet 

occurs at shear bands, which is corroborated by experimental observations. Subsequently, grain 

growth simulations were carried out with a 2D vertex model. The model used experimental data as 

input for its validation in this specific steel. The simulations showed a good agreement with the ex-

perimental results. 

Introduction 

There is nowadays an increasing interest of the automotive industry in high Mn steels. This stems 

from the basic necessities of modern automobiles: low cost, low weight and safety in crash situa-

tions. For this reasons, new steel alloys must fulfill requirements such as good formability, high ten-

sile strength and excellent ductility. High Mn steels are good choices due to their excellent mechani-

cal properties [1, 2]. The main advantage of these steels is that they can be deformed by additional 

deformation mechanisms (martensitic transformation and twinning) besides dislocation slip due to 

the highly sensitive dependency of the stacking fault energy (SFE) on Mn content. In order to under-

stand the underlying physics of the phenomena that occur during the thermal treatment of these ma-

terials, a thorough characterization is necessary. Recrystallization is of particular interest in metals 

with low SFE because the data on austenitic steels available in literature have shown contradictions. 

For instance, Lücke [3] showed in Cu-alloys that the intensity of the texture component {φ1=79°, 

Φ=31, φ2=34} increases with decreasing SFE. However, this was not observed in low-SFE austenit-

ic steels by Bracke et al. [4] and Lü et al. [5]. The former found in a TWIP steel that after recrysta-

llization the original deformation texture prevailed whereas the latter observed in a TRIP steel main-

ly randomly oriented grains. In the present paper we make use of computer simulations to elucidate 

the mechanisms of recrystallization and grain growth in a Fe-0.374%C-21.64%Mn TRIP steel. 

Recrystallization Simulations 

It is well known that the final recrystallization texture depends strongly on the nucleation mecha-

nisms. The reason for this is that certain orientations will prevail over others depending on their 

frequency of occurrence and possible kinetic advantages. The orientations of the newly formed nu-

clei are correlated to the nucleation mechanism. For instance, nuclei at shear bands are, normally, 

randomly oriented [6, 7], whereas at grain boundaries the nuclei tend to have orientations similar to 

the deformed matrix [8], and at transition bands grains with Cube orientation are expected [9]. In 

order to obtain some information on the nucleation mechanisms, a cellular automaton model was 

utilized to compute the recrystallization texture for a variety of nucleation mechanisms and their 

frequency of occurrence. The response of the automaton to these changes was recorded, analyzed 

and compared with the experimentally determined texture.  
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The experimentally measured deformation texture [5] (Fig. 1a) was used directly in the model as 

input for the simulations. The type of nuclei was selected from experimental observations [5]. In 

respective experiments, it was found that shear bands, twin- and grain boundaries become the pref-

erential nucleation sites. It has to be stressed that nucleation at preexisting martensitic regions was 

not considered because all experimental observations [5, 10] pointed out that martensite transforms 

into austenite prior to recrystallization. Surprisingly, these newly formed regions do not become 

preferential nucleation sites [10].  

The simulations revealed that in order to reproduce the measured recrystallization texture the nu-

cleation frequency at grain boundaries has to be at least 70% less than that for nucleation at shear 

bands. In simulations with the higher frequency of nuclei at grain boundaries, the deformation tex-

ture components were retained in the final texture. This is illustrated in Figs. 1b, 1c, and 1d where 

we compare the experimentally determined texture 1b with the simulated orientation distributions. 

For the texture shown in Fig. 1c, nucleation at shear bands was as frequent as at grain boundaries 

whereas for the texture in Fig. 1d, nucleation at shear bands was 80% more frequent. It seems that 

nuclei at grain boundaries meet preferential growth conditions and thus, the final recrystallization 

texture is mainly comprised of their components if the nucleation frequency is sufficiently high to 

consume the deformed matrix faster than the nuclei from shear bands. 

 

    
(a) (b) (c) (d) 

 

Fig. 1. (a) Experimental ODF for the 50% deformed sample, (b) measured recrystallization texture; 

a weak texture can be observed and (c) simulated recrystallization texture with 50% of preferential 

nucleation at grain boundaries and (d) with 80% of preferential nucleation at shear bands. 

 

  

 

(a) (b) (c) (d) 

 

Fig. 2. (a) Simulated microstructure after recrystallization; it is comprised mostly of randomly ori-

ented grains. (b) Misorientation distribution function for the microstructure (2a). It confirms a ran-

dom orientation distribution. The experimentally determined pole figure (b) is compared with the 

simulated one (c) and shows reasonable agreement. 
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(a) (b) 

 

Fig. 3. Initial microstructure (a) and texture (b) used in the grain growth simulations. 

 

The simulated microstructure after recrystallization can be observed in Fig. 2a. It resembles only 

moderately the experimental microstructure shown in Fig 3a, where two classes of grain sizes can 

be identified. Unfortunately, it is not possible to correlate the larger grains with some specific nu-

cleation mechanism because the large grains are randomly oriented, as well. Nevertheless, it seems 

obvious that the nucleation rate in the areas where the large grains are created is lower and thus, the 

nuclei in this area consume the deformed matrix more slowly, leading to larger grain sizes. The het-

erogeneously deformed matrix seems to be primarily responsible for the final inhomogeneous grain 

microstructure. The misorientation distribution function (Fig. 2b) of the simulated sample confirms 

a random texture. A comparison of the experimental pole figure (Fig. 2c) with the simulation shows 

reasonable agreement (Fig. 2d).  

 

 
 

Fig. 4. The simulated grain growth kinetics shows a good agreement with the experimental meas-

urements. 

Grain Growth Simulations 

For grain growth simulations a 2D vertex model was utilized [11,12]. The initial microstructure for 

our simulations was taken from EBSD measurements in the TRIP-steel. The EBSD data was digit-

ized and formatted into the required information for the model i.e. a topological network. The 

EBSD mapping of the initial microstructure can be seen in Fig. 3a whereas the texture of the same 

sample is shown in Fig. 3b. For these simulations, the grain boundary energy for low angle grain 

boundaries was calculated according to the Read and Shockley equation [13] whereas for high angle 
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grain boundaries a constant value of 0.6 J/m
2
 was assumed. The grain boundary mobility m was 

taken from experiments on grain growth kinetics, specifically m=2.5x10
-15

 m
4
/Js. The simulated 

kinetics showed good agreement with the experiments, as seen in Fig. 4, except for long times 

where the simulated grain size departs from the experimental results. This occurs because when the 

mean grain size reaches values close to the minimal sample dimensions, the growth of the grains is 

hindered, which was not taken into account in the simulations. It is expected that the texture re-

mains nearly the same during grain growth since the initial sample has randomly oriented grains and 

therefore no texture component has an advantage for its growth. While not shown in this paper, this 

was actually observed in the simulated as well as the experimental texture after grain growth. 

Summary 

Simulations of recrystallization and grain growth in a TRIP-steel were conducted. Experimental 

observations have determined that shear bands and grain boundaries seem to be preferential sites for 

nucleation. The simulations showed that nucleation at grain boundaries has to occur at a significant-

ly lower rate than nucleation at shear bands to account for the observed random texture. The simula-

tions allowed determining the minimal ratio needed to reproduce the measured textured. It was also 

possible to successfully validate the grain growth model for its utilization in the specific steel used 

in this investigation. The deviations in the simulated and experimentally measured kinetics are due 

to the size effect of the sample, which was not considered in the simulations. In essence, it was 

shown that the used models provide valuables tools for the better understanding of the phenomena 

occurring during thermal treatment of iron-base alloys. 
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