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Abstract: 
       Good mechanical properties of high manganese steels are related in first order to the presence of different mechanisms 

of deformation, in the other hand  the activation of each mechanism depends on the value of stacking fault energy (SFE). 

With a decreasing value of the SFE, the plasticity of these steels is achieved by: (i) gliding of partial and perfect 

dislocations, (ii) gliding and mechanical twinning (iii) gliding and 𝜀 or 𝛼 , martensitic transformation, while the variation of 

SFE value is governed by temperature and chemical composition. The aim of this paper is to highlight the variation of 

alloying element effect on the SFE with temperature by using the model of Olsen-Cohen. 

Keywords: Stacking fault energy, Temperature, Alloying elements, High manganese steels. 

 

 

1. Introduction   

Plastic deformation of austenitic steels is a complex 

process, mostly heterogeneous, due to the simultaneous 

effect of several mechanisms of deformation. The dominate 

mechanism of deformation depends on an external 

parameter temperature and another internal which is 

chemical composition.  

This paper aimed to show that temperature changes the 

effect of alloying element on the stacking fault energy is 

divided in two parts: The first one is focused on the 

definition of stacking fault energy, the thermochemical 

model [1] developed to predict the effect of adding few 

amount of copper, chromium, aluminum or silicon on 

system Fe-Mn-C. The second part shows the results of 

modeling. 

2. Stacking fault energy definition : 

SFE is defined as the energy that measured the stability 

of hexagonal closed packed phase (phase ε) against the 

faced centered cubic phase (phase γ) [2], this stability is due 

to the diminution of free molar enthalpy of martensitic 

phase formation compared to austenitic phase. 
Generally the dissociation of perfect dislocations to 

partial dislocations is the first generator of stacking fault. 
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Fig.1. Dissociation of perfect dislocation into partials dislocations. 

The energy of dislocation’s line is proportional to the 

square of Burgers vector, so the dissociation according to 

the relationship (1) occurred if: 
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3. Stacking fault energy  modeling : 

A widely used approach to calculate an ideal SFE was 

proposed by Olsen and Cohen [2], which defines the 

required Gibbs free energy to form an intrinsic stacking 

fault by the movement of a single Shockley partial 

dislocation occurring on every second plane, a hexagonal 

close packed (hcp) crystalline structure is formed with 

thickness of two atomic layers. The core equation to 

calculate the SFE is: 

𝑆𝐹𝐸 = 2𝜌Δ𝐺𝛾→𝜀 + 2𝜎𝛾/𝜀                            (4) 

Where :  

 𝜌 : is the molar surface density along {111} planes; 

 Δ𝐺𝛾→𝜀 :is the change of molar Gibbs free energy due to 

the transformation of (cfc) austenite to (hcp) martensite; 

  𝜎𝛾/𝜀 : defines the interfacial energy of the 𝛾/𝜀 interface. 

The Gibbs free energy of 𝛾 → 𝜀 phase transformation 

Δ𝐺𝛾→𝜀  was intensively discussed in several works in 

literature like those of S,Allain and P,Dummy [2,3], and its 

detail expression was divided into magnetic and magnetic 

contribution. 

𝐺𝜑 = 𝐺𝑐ℎ𝑖𝑚
𝜑

+ 𝐺𝑚𝑎𝑔
𝜑

                        (5) 

The chemical effect was also divided in two terms one of 

alloying element and the other is only for carbon 

(interstitial element) effect. 

Δ𝐺𝛾→𝜖 = Δ𝐺𝐹𝑒𝑀𝑛𝑋
𝛾→𝜖

+ 𝑥𝑐Δ𝐺𝐹𝑒𝑀𝑛𝑋 /𝐶
𝛾→𝜖

+ Δ𝐺𝑚𝑔
𝛾→𝜖

     (6) 

With :  

Δ𝐺𝐹𝑒𝑀𝑛𝑋
𝛾→𝜖

: Is the contribution of substitution alloying 

elements within CFC structure, with X= Cu, Cr, Al, Si.  

Δ𝐺𝐹𝑒𝑀𝑛𝑋 /𝐶
𝛾→𝜖

: Is the contribution of Carbon in insertion; 

Δ𝐺𝑚𝑔
𝛾→𝜖

 : Is the magnetic contribution due to the Néel 

transition of each phase. 



13
ème

 Congrès de Mécanique  11 - 14 Avril 2017   (Meknès, MAROC) 

 

The details values of all expressions mentioned above were 

given in the works [1-4], and the table 1 gives the chemical 

composition of the tested TWIP steels for SFE calculation. 
Material Mn(%) Al(%) Si(%) C(%) Cr+Mo(%) Nb(%) 

TWIP2 25 1.6 0.24 0.08 <0.01 0.05 

Table 1: chemical composition of the tested TWIP steel [4] 

4. Results & discussions : 

a- Temperature effect :  

In fig.2. We show the total stacking fault energy, 

chemical and magnetic contributions as functions of 

temperature. And the value of SFE found at room 

temperature for this material (TWIP 2) is equal to 20.5 

mJ/m
2
 and it is in good agreement with the result referred in 

[4]  

 
Fig.2. The predicted effect of temperature on the SFE 

We appear clear that the increasing temperature 

increases also the SFE. That is due in fact to at low 

temperature the magnetic contribution is the dominate 

contribution. While, at high temperature the effect of 

moment magnetic atoms disappear then the chemical effect 

takes place. 

b- Alloying elements effect : 

It is well known that each alloying element has its own 

effect on the SFE, while this effect changes with 

temperature. The temperatures chosen for this study are in 

the temperature range used for the thermal treatments of 

these steels as it found in reference [5]. 

 
Fig.3. The predicted effect of Al, Cr and Si on the SFE of TWIP 2 material 

at room temperature 300K 

 
Fig.4. The predicted effect of Al on the SFE of TWIP 2 material 

 
Fig.5. The predicted effect of Cr on the SFE of TWIP 2 material 

 
Fig.6. The predicted effect of Si on the SFE of TWIP 2 material 

Fig.3 shows the result when adding each element (Al, Cr 

and Si) to the TWIP 2 steel at room temperature. 

Aluminium increase the SFE, contrary to chromium. 

Silicon has a complex effect on SFE, increasing SFE for 

small quantities and decreasing it at higher ones. 

Fig.4 shows that Aluminium has a constant effect on the 

SFE and even if at high or low temperature. 

Fig.5 shows that adding Chromium increasing slowly the 

SFE at low temperature, while this element becomes 

decreasing SFE at high temperature. 

 Fig.6 shows the same behavior of Silicon to Chromium.   

5. Conclusion : 
      Based on thermochemical modeling and numerous 

bibliographic data of stacking fault energy we reach to 

conclude that, there is an indirect effect of temperature on 

the SFE, which is changing the effect of alloying elements 

especially the effect of Cr and Si change with temperature.  

-100

-50

0

50

100

150

5

5
5

1
0
5

1
5
5

2
0
5

2
5
5

3
0
5

3
5
5

4
0
5

4
5
5

5
0
5

5
5
5

S
F

E
 [

m
J

/m
2

]

Temperature (K)

0

10

20

30

40

50

60

0 1 2 3 4 5 6

S
F

E
 [

m
J

/m
2

]

X(Al, Cr, Si) % wt

Si Al Cr

0

20

40

60

80

100

120

140

160

180

0 1 2 3 4 5 6

S
F

E
 [

m
J

/m
2

]

X(Al) % wt

Al(200K) Al(300K)

Al(600K) Al(900K)

0

20

40

60

80

100

120

140

160

0 1 2 3 4 5 6

S
F

E
 [

m
J

/m
2

]

X(Cr) %wt

Cr(200K) Cr(300K)

Cr(600K) Cr(900K)

0

20

40

60

80

100

120

140

160

0 1 2 3 4 5 6

S
F

E
 [

m
J

/m
2

]

X(Si) wt% 

Si(200K) Si(300K)

Si(600K) Si(900K)



13
ème

 Congrès de Mécanique  11 - 14 Avril 2017   (Meknès, MAROC) 

 

References  

 

[1] J.-L. Collet, ‘Les mécanismes de déformation d’un 

acier TWIP FeMnC’, 2009. 

[2] S. Allain, J.-P. Chateau, O. Bouaziz, S. Migot, and 

N. Guelton, ‘Correlations between the calculated 

stacking fault energy and the plasticity 

mechanisms in Fe–Mn–C alloys’, Materials 

Science and Engineering: A, vol. 387–389, pp. 

158–162, Dec. 2004. 

[3] A. Dumay, J.-P. Chateau, S. Allain, S. Migot, and 

O. Bouaziz, ‘Influence of addition elements on the 

stacking-fault energy and mechanical properties of 

an austenitic Fe–Mn–C steel’, Materials Science 

and Engineering: A, vol. 483–484, pp. 184–187, 

Jun. 2008. 

[4] S. Curtze and V.-T. Kuokkala, ‘Dependence of 

tensile deformation behavior of TWIP steels on 

stacking fault energy, temperature and strain 

rate’, Acta Materialia, vol. 58, no. 15, pp. 5129–

5141, Sep. 2010. 

[5] M. N. Shiekhelsouk, ‘Modélisation polycristalline 

et étude expérimentale du comportement 

mécanique d’aciers Fe-Mn à l’effet TWIP: prise 

en compte du traitement thermique d’élaboration 

sur le maclage et les contraintes internes’, Metz, 

2007. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


