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Many austenitic stainless steels have a metastable austenite phase that transforms into α'-

martensite during deformation at room and cryogenic temperatures. Given the significance 

of the deformation-induced martensitic transformation for strengthening, plasticity, and 

grain refinement, examining the kinetics of this transformation is an important issue. 

Accordingly, in the present work, an alternative kinetics model was introduced and verified 

by considering strain, deformation temperature, chemical composition, and strain rate as 

the main variables. This model was formulated as fα' / fsat = 1/{1+1/(λε)m}, where fα' and fsat 

represent the volume fraction of α΄-martensite and its saturation value, respectively; ε is the 

equivalent strain, m was obtained as approximately 3 for the effect of deformation 

temperature and strain rate on α'-martensite formation in AISI 304 and AISI 301LN 

stainless steels, and λ was found to be a reliable metastability parameter. In the proposed 

model, λ and m can be determined without the need for non-linear regression, which is a 

clear advantage compared to other models. The proposed model was benchmarked against 

the well-known Olson-Cohen model, highlighting its advantages and confirming that it can 

serve as a viable option for future research works on austenitic stainless steels, advanced 

high-strength steels, and high-entropy alloys. 
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1. Introduction 

Due to their remarkable corrosion resistance and 

mechanical properties, austenitic stainless steels are 

ideal materials for numerous engineering applications 

[1-3]. Many austenitic stainless steels have a metastable 

austenite phase that transforms into α'-martensite during 

deformation at room and cryogenic temperatures. This 

specific phase transformation results in significant 
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strengthening effect [4, 5], improves plasticity via the 

transformation-induced plasticity (TRIP) effect during 

tensile deformation [6-8], and also enables significant 

grain refinement during subsequent controlled 

reversion/recrystallization annealing processes [9-12]. 

Given the significance of deformation-induced 

martensitic transformation, examining and tailoring the 

kinetics of this transformation is of considerable 
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importance [13]. The Olson-Cohen [14], Shin [15], 

Ahmedabadi [16], Tavares [17], and Hill-based [18] 

models are among the common ones that have been 

proposed. Each model has its own specific advantages 

and drawbacks. Additionally, it is important to connect 

the model parameters to the material properties and 

deformation conditions, a task that becomes difficult 

when considering the underlying mechanisms [18, 19]. 

Therefore, there is always a pressing need to introduce 

alternative models that can be simply applied. 

The deformation-induced martensitic transformation 

is significantly affected by deformation variables, 

including the amount of deformation, deformation 

temperature [20, 21], strain rate [22, 23], and 

stress/strain states [24, 25]. Moreover, material 

parameters also significantly affect deformation-induced 

martensitic transformation, including the chemical 

composition and austenite grain size [26, 27]. Usually, 

these parameters impact the stacking fault energy (SFE) 

to affect the kinetics of deformation-induced martensitic 

transformation and the stability of austenite [28]. The 

deformation temperature is among the key variables that 

can be changed to tailor the kinetics of deformation-

induced martensitic transformation. 

Consequently, the present work seeks to tackle these 

concerns by introducing an alternative kinetics model, 

which will be verified by examining the effect of 

different parameters on α'-martensite formation kinetics 

in austenitic stainless steels. 

 

2. Methodology 

The Olson-Cohen model, based on Eq. (1) [14], is the 

most widely used equation for investigating the change 

in the volume fraction of α'-martensite (fα') versus 

equivalent strain (ε): 

 

𝑓𝛼′ = 1 − 𝑒𝑥𝑝{ − 𝛽{1 − 𝑒𝑥𝑝( − 𝛼𝜀)}𝑛} (1) 

 

Where n is usually taken as 4.5 for austenitic 

stainless steels [14], α is associated with the shear-band 

formation rate, and β denotes the likelihood that a shear 

band intersection will produce an embryo [14]. Based on 

this model, α and β parameters can be obtained by non-

linear fitting using plots of fα' versus ε. 

On the other hand, according to the idea of sigmoidal 

growth in mathematics, the equation of 𝑦 = 𝑦0/{1 +

1/(𝜆𝑥)𝑚} was considered, in which y0, λ, and m are 

constants. By substituting fα' instead of y and ε instead of 

x, the following equation can be obtained: 
 

𝑓𝛼′ = 𝑦0/{1 + 1/(𝜆𝜀)𝑚}  (2) 

 

At large ε, fα' approaches its saturation value, 

meaning that y0 = fsat. Accordingly, Eq. (2) can be 

rewritten as Eq. (3), then as Eq. (4), and finally by taking 

the natural logarithm of both sides of Eq. (4), Eq. (5) can 

be obtained: 
 

𝑓𝛼′/𝑓𝑠𝑎𝑡 = 1/{1 + 1/(𝜆𝜀)𝑚}  (3) 

 

𝑓𝑠𝑎𝑡/𝑓𝛼′ − 1 = 1/(𝜆𝜀)𝑚  (4) 

 

𝑙𝑛{ 𝑓𝑠𝑎𝑡/𝑓𝛼′ − 1} = −𝑚 𝑙𝑛 𝜆 − 𝑚 𝑙𝑛 𝜀  (5) 

 

Accordingly, the plot of 𝑙𝑛{ 𝑓𝑠𝑎𝑡/𝑓𝛼′ − 1} versus 

− 𝑙𝑛 𝜀 can be fitted by a straight line with a slope of m 

and an intercept of -mlnλ. In this way, it is possible to 

obtain λ and m without the need for non-linear 

regression. 

As α'-martensite develops during plastic 

deformation, strain serves as the fundamental parameter. 

Additionally, deformation temperature, chemical 

composition, and strain rate are the key factors 

influencing the kinetics of martensitic transformation 

[20-23]. Thus, the impacts of strain, deformation 

temperature, chemical composition, and strain rate have 

been taken into account in this study for assessing the 

developed model. Nonetheless, it is important to note 

that stress/strain state [24, 25] and grain size [26, 27] 

may also influence the transformation kinetics. 

Moreover, besides austenitic stainless steels, the 

suitability of the model can be assessed for advanced 

high-strength steels and high-entropy alloys. 

 

3. Results and Discussion 

3.1. Olson-Cohen modeling 

The relationship between transformation kinetics and 
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strain at various deformation temperatures (between 

−188 °C and 22 °C) has been obtained for AISI 304 

stainless steel [14, 20], as illustrated in Fig. 1. It is 

evident that lowering the deformation temperature 

enhances the formation of α'-martensite, which is linked 

to a greater driving force and reduced SFE [19, 28]. The 

quicker accelerated kinetics of α'-martensite formation 

result in a reduced strain required to generate a notable 

quantity of α'-martensite, along with enhanced fsat. In 

fact, decreasing the deformation temperature increases 

both the kinetics of α'-martensite formation and its final 

amount. 

The curves related to the non-linear fitting by the 

Olson-Cohen model are also presented in Fig. 1. The 

Olson-Cohen model appears to be suitable for presenting 

the kinetics of α'-martensite formation. The sigmoidal 

nature of this equation is an important factor in this 

regard. On the other hand, the parameters of this model 

have physical meanings, and the acquired α and β values 

are presented in Fig. 2. It is observable that α diminishes 

with increasing in the deformation temperature. Given 

that α is influenced by SFE, it makes sense that α 

diminishes with increasing deformation temperature. In 

fact, by increasing the deformation temperature, the 

apparent SFE increases, which inhibits α'-martensite 

formation. Consequently, the trend of α evolution with 

deformation temperature aligns with the observed 

kinetics of α'-martensite formation. Reasonably, β also 

exhibits a consistent trend with increasing deformation 

temperature, except for the temperature range of 

−188 °C to −70 °C. Since β indicates the probability that 

an intersection of shear bands will generate a martensitic 

embryo, it can be concluded that increasing the 

deformation temperature is not conducive to the 

generation of martensitic embryos. Therefore, the 

Olson-Cohen model is a robust model, and its 

parameters have physical meanings. However, in this 

model, two main parameters are available, both of which 

vary with the main influencing parameter (here, 

deformation temperature). Moreover, it can be seen that 

β does not show a distinct trend for the whole 

deformation temperature range. These observations 

necessitate the introduction of alternative models. 

 
Fig. 1. Plots representing the kinetics of α'-martensite 

formation in AISI 304 stainless steel (data from [14, 20]) with 

the corresponding fitted Olson-Cohen curves in the present 

work. 

 

 
Fig. 2. Parameters of the Olson-Cohen model versus 

temperature based on the fittings of Fig 1. 

 

Based on the curves obtained according to the Olson-

Cohen model in Fig. 1, it is possible to estimate fsat 

versus temperature for each deformation temperature. 

According to Eq. (1), at large ε, 𝑒𝑥𝑝( − 𝛼𝜀) tends to 

zero, and hence, fα' tends to 1 − 𝑒𝑥𝑝{ − 𝛽}. Therefore, 

fsat can be estimated as follows: 

 

𝑓𝑠𝑎𝑡 = 1 − 𝑒𝑥𝑝{ − 𝛽} (6) 

 

Since β indicates the probability that an intersection 

of shear bands will generate a martensitic embryo, it is 

reasonable that the final amount of α'-martensite (fsat) 

becomes dependent on the value of β. Based on the 

obtained values of β in Fig. 2, the values of fsat were 

calculated, and the results are presented in Fig. 3. It can 

be seen that by increasing the deformation temperature, 

fsat decreases significantly, indicating a severe inhibition 

of α'-martensite formation. 
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Fig. 3. fsat and β versus deformation temperature. 

 

3.2. Developed sigmoidal growth model 

According to Eq. (5), the plot of 𝑙𝑛{ 𝑓𝑠𝑎𝑡/𝑓𝛼′ − 1} 

versus − 𝑙𝑛 𝜀 can be fitted by a straight line with a slope 

of m and an intercept of -mlnλ. In this regard, the values 

of fsat were taken from Fig. 3 and the corresponding 

plots for all deformation temperatures are depicted in 

Fig. 4. The existing data appear to align well with the 

fitted lines, indicating that the proposed model is 

suitable. This reveals that the developed model in Eq. 

(3) is suitable for representing the sigmoidal nature of 

α'-martensite formation, similar to the general trend 

seen for phase transformations in materials science 

[29]. 

Based on these analyses, the obtained values of m 

and λ are summarized in Fig. 5. It can be seen that the 

m values are near each other and can be averaged as ~3. 

This aspect can also be verified by considering of Fig. 

4, where the fitted lines for all deformation 

temperatures are parallel, indicating a similar slope. It 

is an important advantage because the only parameter 

affected by the deformation temperature is λ. Fig. 5 

reveals that λ is highly sensitive to the deformation 

temperature, and it decreases as the deformation 

temperature increases. Therefore, λ can be considered 

as the sole metastability parameter, indicating that 

increasing λ is conducive to α'-martensite formation 

kinetics. In addition, as shown in Fig. 5, it is possible 

to correlate λ with the deformation temperature. If the 

deformation temperature is expressed in degrees 

Celsius, the following equation can be obtained: 

𝜆 = 3.65 + 6.67 × (1 − 0.99−𝑇) (7) 

Fig. 4. Developed sigmoidal growth model applied to the 

results of AISI 304 stainless steel presented in Fig. 1. 
 

Fig. 5. Parameters of the developed sigmoidal growth model 

versus temperature based on the fittings of Fig. 4. 
 

Based on Eq. )7(, the temperature corresponding to λ 

= 0 can also be estimated as 43.4 °C. This reveals that by 

increasing the temperature to 43.4 °C, the metastability 

parameter λ tends to zero. Accordingly, α'-martensite 

formation becomes insignificant. This can be verified 

based on previous works [14, 20], where at ~ 50 °C, the 

amount of α'-martensite formed during tensile 

deformation became negligible. Therefore, it can be 

deduced that the developed model is a robust one for 

investigating α'-martensite formation kinetics. 

In summary, for AISI 304 stainless steel, the 

developed model can be summarized as follows: 
 

𝑓𝛼′/𝑓𝑠𝑎𝑡 = 1/{1 + 1/(𝜆𝜀)𝑚} 

𝑚 = 3 

𝜆 = 3.65 + 6.67 × (1 − 0.99−𝑇) 

(8) 

 

3.3. Further verification of the proposed model 

For further verification of the proposed model, the 

effects of the chemical composition and strain rate were 
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also considered. Regarding the chemical composition, 

AISI 304 and AISI 301LN stainless steels were 

compared, where the data for both alloys were taken 

from the work of Talonen and Hänninen [21]. According 

to Eq. (5), for each alloy, the plot of 𝑙𝑛{ 𝑓𝑠𝑎𝑡/𝑓𝛼′ − 1} 

versus − 𝑙𝑛 𝜀 was fitted by a straight line to find the 

values of m and λ. The corresponding plots are depicted 

in Fig. 6, resulting in m values of 3.040 and 3.098 for 

AISI 304 and AISI 301LN stainless steels, respectively. 

It can be seen that the value of m is still ~ 3, similar to 

the findings presented in Fig. 5. On the other hand, the λ 

values of 1.20 and 5.40 were calculated for AISI 304 and 

AISI 301LN stainless steels, respectively. It can be seen 

that the metastability parameter λ is much higher for 

AISI 301LN stainless steel, denoting a more pronounced 

kinetics for α'-martensite formation. This higher 

metastability is directly related to the chemical 

composition of AISI 301LN stainless steel. The change 

in chemical composition can be investigated based on 

the SFE of these stainless steels, which is 17.8 mJ/m2 and 

12.8 mJ/m2 for AISI 304 and AISI 301LN stainless 

steels, respectively. Therefore, AISI 301LN stainless 

steel is more metastable, which can be verified based on 

both SFE and λ. 

Regarding the effect of strain rate, the reported data 

for AISI 301LN stainless steel from the work of Talonen 

and Hänninen [21] were considered, as depicted in Fig. 

7(a). It can be seen that for strain rates of 0.0003 s-1, 0.1 

s-1, and 200 s-1, the m values were obtained as 3.098, 

3.073, and 3.061, respectively. It can be seen that the 

value of m is still ~ 3, similar to the findings presented 

in Fig. 5 and 6. On the other hand, the λ values of 5.40, 

4.62, and 3.98 were calculated for strain rates of 0.0003 

s-1, 0.1 s-1, and 200 s-1, respectively. It can be seen that 

the metastability parameter λ decreases as the strain rate 

increases, as summarized in Fig. 7(b), which denotes 

slower α'-martensite formation kinetics. This effect has 

primarily been correlated to the adiabatic heating effect 

at higher strain rates, which reduces the driving force for 

α'-martensite formation [30, 31]. In this regard, however, 

Talonen and Hänninen [21] showed that the temperature 

dependence of the SFE could be the crucial factor in 

inhibiting the transformation at higher strain rates. 

Fig. 6. Developed sigmoidal growth model applied to the 

results of AISI 304 and 301LN stainless steels tensile 

deformed at room temperature with a strain rate of 0.0003 s-1 

(data from [21]). 
     

 
Fig. 7. (a) Developed sigmoidal growth model applied to 

the results of AISI 301LN stainless steel tensile deformed at 

room temperature with various strain rates (data from [21]), 

where a few data points with high discrepancy have been 

removed and, (b) parameters of the developed sigmoidal 

growth model versus strain rate. 

 

The above findings reveal that the proposed model is 

capable of investigating α'-martensite transformation 

kinetics and the main parameter of this model (λ) is 

meaningful and represents the degree of metastability. 

This model is appropriate for comparison purposes 
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based on the obtained values of λ. Therefore, this simple 

model can be used in future investigations to represent 

the effects of other deformation conditions, as well as the 

effect of chemical composition of the material and its 

average grain size. 

 

4. Conclusions 

In this work, an alternative model was introduced and 

evaluated for investigating α΄-martensite formation 

kinetics, which is formulated as fα' / fsat = 1/{1+1/(λε)m}. 

Moreover, it was also compared with the well-known 

Olson-Cohen model. Accordingly, the following 

conclusions can be drawn: 

(1) The plot of 𝑙𝑛{ 𝑓𝑠𝑎𝑡/𝑓𝛼′ − 1} versus − 𝑙𝑛 𝜀 can 

be fitted by a straight line with slope m and intercept -

mlnλ. This allows λ and m to be determined without non-

linear regression, which is an important advantage over 

the competing models. 

(2) λ was found as a reliable metastability parameter, 

sensitive to the deformation temperature, strain rate, and 

chemical composition. The parameter m can be 

considered approximately constant (~3), leaving λ as the 

main variable reflecting material metastability. 

(3) Investigating the effect of deformation 

temperature (T, °C) on α'-martensite formation in AISI 

304 stainless steel resulted in 𝜆 = 3.65 + 6.67 × (1 −

0.99−𝑇). 

(4) Comparison of AISI 304 and AISI 301LN 

stainless steels shows λ values of 1.20 and 5.40, 

respectively. The effect of the chemical composition was 

correlated to SFE of the studied stainless steels. 

(5)  For AISI 301LN, λ values of 5.40, 4.62, and 3.98 

were obtained at strain rates of 0.0003 s-1, 0.1 s-1, and 

200 s-1, respectively. This confirms that metastability 

decreases at higher strain rates. 
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