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Abstract 

The effect of Chromium (Cr) on the dynamic transformation (DT) of austenite to ferrite 

at temperatures up to 430 °C above Ae3 was studied in a medium-carbon low-alloy steel. 

Hot compression tests were performed using Gleeble 3800® thermomechanical simulator 

followed by microstructural examinations using electron microscopy (FESEM-EBSD). 

Driving force calculation using austenite flow stress and ferrite yield stress on an inverse 

absolute temperature graph indicated that Cr increases the driving force for the 

transformation of austenite to ferrite; however, when the influence of stress and 

thermodynamic analysis are taken into account, it was observed that Cr increases the 

barrier energy and therefore, emerges as a barrier to the transformation. An analysis, 
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based on lattice and pipe diffusion theories is presented that quantifies the role of stress 

on the diffusivity of Cr and is compared with other the main alloying elements such as C, 

Si and Mn and its impact, positive or negative, on the DT barrier energy. Finally, a 

comparison is made on the differential effects of temperature and stress on the initiation 

of DT in medium-carbon low-alloy steels.  

Key words 

Dynamic transformation, Medium-carbon low-alloy steel, Phase transformation, Stress 

induced diffusion, As-cast structure. 

 

1 Introduction 
 

Generally, the transformation of ferrite at temperatures lower than Ae3 depends upon 

various deformation conditions such as deformation temperature, prior austenite grain 

size, strain rate, precipitates, and so forth. The occurrence of dynamic transformation 

(DT) of austenite to ferrite at temperatures above Ae3 was first reported by  

Yada et al. [1, 2]. They deformed Fe-C alloys using torsion testing at temperatures above 

Ae3 temperature. Using in-situ X-ray examinations and microstructure, it was confirmed 

that ferrite was dynamically formed during hot deformation. In recent years, this field has 

attracted a considerable attention and various research have been reported on DT of 

austenite to ferrite in steels [3-5], and also on other materials, such as titanium alloys, 

where deformation-induced transformation from a soft to hard or hard to soft phase 

occurs [6, 7]. 

To date, several models have been proposed to account for the phenomenon of DT 

above the Ae3 temperatures in steels. Hanlon et al. [8] and Ghosh et al. [9] reported that 

increase in Gibbs energy during deformation was responsible for DT, and related it to the 

stored energy from dislocation generation during hot deformation above the Ae3 

temperature. However, it was later observed that transformation was initiated at the 

critical strain levels of ~0.1, at which the dislocation-based model did not prove 

significant to justify the description of the phenomenon.  



Recently, Aranas et al. [10] proposed that the driving force for the transformation 

can be calculated from the flow stress difference between the strain hardened austenite 

and the yield stress of Widmanstätten ferrite. In their model, the chemical free energy 

difference between austenite and Widmanstätten ferrite, the lattice dilatation work, and 

shear accommodation work associated with the transformation, were opposing factors to 

the driving force. On the role of alloying elements, they found that Si increased the 

driving force, whereas Mn decreased the net driving force. Despite extensive research on 

effect of alloying element on DT kinetics, the role of Cr on DT as an important alloying 

element in medium-carbon steels has not been discussed. Moreover, the role of stress on 

solute mobility has not been fully treated in the existing DT models while, this aspect 

appears to be of significant importance [11]. The present work inscribes in this context 

and has for main objective to study the effect of Cr on the driving force and barrier 

energy to DT of austenite to ferrite. The analysis will then be expanded to compare and 

evaluate the diffusion distance and diffusivity of Cr with other elements such as C, Si and 

Mn, while considering the stress involved during hot deformation and provide more 

insight into the driving force and barrier energy theories of DT. 

 

2 Materials and Methods 
 

The material used for the current investigation was an as-cast medium-carbon 

low-alloy steel (Labelled as, “HCr (High Chromium) alloy steel”). In order to evaluate 

the effect of addition of Cr, Low Cr “LCr (Low Chromium) alloy steel” with 0.1 wt. % 

Cr and remaining alloying elements in same wt. % as HCr alloy steel, was considered. 

The detailed compositions of both alloys are shown in Table 1. The specimens of HCr 

alloy steel were provided by Finkl Steel-Sorel Forge, Sorel, Quebec, Canada. Cylindrical 

specimens were machined with a diameter of 10 mm and a height of 15 mm. Hot 

compression tests were conducted based on the ASTM E209 standards with  

Gleeble 3800® thermomechanical simulator. The samples were heated at 2 °C s-1 till  

1260 °C and then held 300 s for homogenization. The specimens were then cooled to 

their deformation temperatures at the rate of 1 °Cs-1 before being compressed to a true 

strain of 0.8 and strain rate of 1 s-1. They were then water quenched immediately to 



preserve the deformed microstructure. The Schematic of the thermomechanical cycle is 

shown in Fig. 1.  

To reveal the microstructure through Electron Back Scatter Diffraction (EBSD), 

the samples were mechanically polished, then electropolished at room temperature using 

a mixture of Perchloric acid and ethanol (1:9 by volume). The electropolishing was done 

at 25 V and 15 s. EBSD characterization was performed with FEG-SEM (Carl Zeiss; 

Model: Supra 40) using TSL-OIMTM software. Low angle grain boundaries (LAGB’s 

˃2°) are illustrated in red and high angle grain boundaries (HAGB’s ˃15°) are shown in 

black.  

LCr alloy steel was selected to compare its properties with HCr alloy steel. 

JMatPro® Software [12] was used to calculate the flow stress analysis for LCr alloy steel, 

flow stress per phase and thermodynamic calculations for both alloys.  

3 Results and Discussions 
3.1 Stress-Strain Curves 

 

The flow stress-strain data obtained after deformation at 1200 °C and 1150 °C and a 

strain rate of 1 s-1 using Gleeble 3800® thermomechanical simulator for HCr alloy steel 

and predicted results of LCr alloy steel are displayed in Fig. 2. The results reveal that the 

flow stress levels for both alloys increase with a decrease in the deformation temperature. 

Moreover, it can be seen that the flow stress is higher for HCr alloy steel than that of LCr 

alloy steel for both deformation temperatures, which indicates that the increase in wt. % 

of Cr increases the mechanical properties of the alloy. However, all stress-strain curves 

present a hardening stage followed by a peak stress and then a stress drop of ~3% 

indicating the occurrence of one or more softening processes in the material e.g., DRX 

[13] and DT. The occurrence of DT for HCr alloy steel has already been reported in a 

previous study [14] and the associated critical strain (~0.1) for the initiation of DT of 

austenite was determined. The values of the critical strain will be used in the present 

study for further calculations.  

4 Net Driving Force for Dynamic Transformation 
 



The HCr alloy steel contains austenite stabilizers such as Mn, Ni, N and  

Co [15, 16] (i.e. delay ferrite formation), and ferrite stabilizers like Si, Mo and Cr [16] 

(i.e., promote ferrite formation). The effects of Mn and Si on dynamic transformation of 

austenite was studied by Aranas et al. [10], who reported that Mn as austenite stabilizer 

significantly increased the driving force as well as the total barrier energy (TBE) for DT, 

while Si as ferrite stabilizer marginally increased the driving force but significantly 

reduced the total barrier energy (TBE) for the occurrence of DT. Due to this, the net 

effect of addition of Mn was found to be smaller as compared to that of Si. Therefore, in 

order to quantify the impact of Cr on DT, its driving force and contribution to the TBE 

need to be calculated.  

Aranas et al. [10] calculated the driving force by plotting the austenite flow stress 

and ferrite yield stress against inverse absolute temperature using Wray et al. data [17]. 

The driving force calculation requires values of austenite flow stress at 0.1 (approximate 

critical strain for dynamic transformation) and ferrite yield stress at temperatures above 

Ae3. Since the yield stress of ferrite cannot be measured experimentally above the Ae3 

temperature, the values of ferrite yield stress were predicted using JMat Pro® software 

flow stress per phase analysis tool.  

Fig. 3 (a & b) shows the graph of austenite flow stress and ferrite yield stress at 

deformation temperatures of 1200 °C and 1150 °C and strain rate of 1 s-1. The inverse of 

absolute temperature for HCr alloy steel (Fig. 3 (a)) and LCr alloy steel (Fig. 3 (b)) are 

plotted against the stress (MPa). The driving force for the transformation of austenite can 

be calculated from the diagrams by measuring the vertical distance between austenite 

flow stress (strain = 0.1) and ferrite yield stress. The results reveal that the increase of Cr 

content from 0.1 wt. % to 1.9 wt. % increased the driving force marginally by ~6 Jmol-1 

at 1200 °C and ~3 Jmol-1 at 1150 °C, relatively.  

There are three types of barrier energies to the transformation of ferrite: 1) work 

done to accommodate localized shearing during transformation, 2) dilatation work 

imposed on surrounding austenite by the expansion of lower density ferrite, and  

3) chemical free energy between phases (∆𝐺𝐺𝛾𝛾−𝛼𝛼) [18]. The work consumed in 

accommodating the process of shearing and the dilatation associated with ferrite 



formation was evaluated using the austenite flow stress developed at the measured critical 

strain of 0.1. The shear accommodation work per unit volume 𝑤𝑤𝑠𝑠 was calculated using 

the following relation [18]: 

𝑤𝑤𝑠𝑠 = 𝑚𝑚 × 𝜎𝜎0.1 × 𝛾𝛾 

 

(1) 

where, 𝛾𝛾 = 0. 22, is the shear strain involved in the transformation of austenite to  

ferrite [19], and m = 0.5, the Schmid factor at which the grains are most favorably 

orientated with respect to the applied stress [10]. 𝑤𝑤𝑠𝑠 is expressed in the units of Jmol-1. 

The dilatation work per unit volume, 𝑤𝑤𝑑𝑑, was calculated for both alloys in a 

similar manner as shear accommodation work. The orientation factors for both alloys 

were assumed to be, λ = √𝑚𝑚 = 0.707 (for m = 0.5). The factor was calculated for a 

dilatation strain of 3% using the relation [18]: 

 

𝑤𝑤𝑑𝑑 =  𝜆𝜆 × 𝜎𝜎0.1 × 0.03 

 

(2) 

The chemical free energy difference between phases (∆𝐺𝐺𝛾𝛾−𝛼𝛼) was determined to 

be maximum at 1090 °C [14]. The maxima at 1090 °C indicates that at this temperature, 

the transformation of austenite to ferrite is most difficult to occur. Chemical free energy 

difference (∆𝐺𝐺𝛾𝛾−𝛼𝛼) vs. temperature graph is shown in Fig. 4, for both alloys. Note that 

the values of the temperature in Fig. 4 is shown as deformation temperature minus  

1100 °C. With the addition of 1.9 wt. % Cr, the barrier to transformation increases by 

~13.7 Jmol-1 at 1200 °C and by 15.1 Jmol-1 at 1150 °C. It is also interesting to note that at 

the maxima, the increase in chemical free energy difference between LCr and HCr has 

maximum value i.e. 17.35 Jmol-1 and this value keeps decreasing (10.21 Jmol-1 at  

1300 °C) as the temperature nears delta ferrite formation temperature (~1480 °C for both 

alloy steels). This indicates that, the effect of Cr addition gets reduced as the deformation 

temperature is increased. The decrease in the values of chemical free energy difference 

for both alloys with increasing temperature signifies that the barrier to DT is decreased as 

the deformation temperature nears delta ferrite temperature.    



The combined effect of these barriers to the transformation was calculated as the  

sum of 𝑤𝑤𝑠𝑠 + 𝑤𝑤𝑑𝑑 + ∆𝐺𝐺𝛾𝛾−𝛼𝛼.  

Driving force data, TBE and net driving force for both alloys, were calculated, 

and the results are shown in Figs. 5 ((a) & (b)), for temperatures of 1200 °C (a) and  

1150 °C (b), respectively. It can be seen from Fig. 5 (a) that the net driving force at  

1200 °C is higher by 15.67 Jmol-1 for LCr relative to that of HCr alloy. The decrease in 

the net driving force at 1200 °C per 1 wt. % Cr is approximately 8.7 Jmol-1. As the TBE 

is relatively low for LCr alloy steel as compared to that of HCr alloy, a higher net driving 

force was observed, despite of having lower driving force (Fig. 3 (b)). Similar trends are 

observed in Fig. 5 (b) (1150 °C) where, the net driving force is higher for LCr alloy steel 

by 22.19 Jmol-1 relative to that of HCr alloy steel. The decrease in the net driving force at 

1150 °C per 1 wt. % Cr is approximately 12.3 Jmol-1. The results clearly reveal that while 

the increase in wt. % of Cr increases the driving force marginally, it significantly 

increases the TBE of the transformation of ferrite, which ultimately leads to reduction in 

the net driving force. Therefore, it appears that while Cr is a ferrite stabilizer, it finally 

acts as a barrier to the dynamic transformation of ferrite.  

To further assess the underlying mechanisms of the effect of alloying elements on 

the dynamic transformation kinetics and microstructure, diffusion analysis of each 

element was carried out and presented in the next section.  

5 Diffusion Analysis of Alloying Elements 
 

It has been reported that carbon diffusivity increases by nearly 8.6 times when the 

temperature increases from 900°C to 1350°C [20-22] during the occurrence of DT in 

medium-carbon low-alloy steels. However, the above works considered the temperature 

as the only variable parameter and did not account the contribution of stress on the 

diffusivity of the alloying elements. F. Masoumi et al. calculated the effect of stress on 

diffusion of Ni in Ni-based superalloy [23], where it was found that with the application 

of a compressive stress of about 187.5 MPa, the diffusion of Ni increased by 25 times. 



For this reason, the diffusion of Cr and its effect on the phenomenon of DT were studied 

below.   

When analyzing diffusion coefficients, distinction must be made between lattice 

and pipe diffusion behaviors as they are the two most important mechanisms by which 

solutes transfer to or away from stacking faults [24]. Amongst these two, pipe diffusion, 

is probably the dominant mechanism in the diffusion of solutes [25]. The effective 

diffusion coefficient, given by Deff, can be defined as the sum of the lattice and pipe 

diffusion by the following equation, 

𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒 =  𝐷𝐷𝐿𝐿𝑓𝑓𝐿𝐿 + 𝐷𝐷𝑃𝑃𝑓𝑓𝑃𝑃 (3) 

                                                           

Where, DL and DP are respectively lattice and pipe diffusion coefficients, 𝑓𝑓𝐿𝐿 and 𝑓𝑓𝑃𝑃 are 

fraction of atoms participating in the lattice and pipe diffusion processes. fL is given as 

unity and 𝑓𝑓𝑃𝑃 = 7.03125 �𝜎𝜎
𝜇𝜇
�
2
[26]. 

The general expressions for calculating DL and DPeff (𝐷𝐷𝑃𝑃𝑓𝑓𝑃𝑃) are provided in Table 

2, equations 8 & 9. In these equations, b represents burgers vector (m) and µ represents 

shear modulus (MPa). The equations for obtaining the values of b (eq. 4) and µ (eq. 6) 

under applied stress were proposed by Ashby and Frost [27, 28]. Table 3 shows all the 

required variables for the calculation of DL and DP of Cr, Si and Mn [27, 29-34] where, 

the diffusivity and diffusion distances calculated using Eqs. 8 and 9 for these three 

elements are compared with carbon values obtained from [14]. Tingdong [35] reported 

that the variations of lattice diffusion coefficient at a specific temperature could be 

considered independent of the stress level (i.e. constant). Thus, in this study, only the 

variations of DP will be considered for both temperatures.  

In Figs. 6 (a-c), the influences of temperature and strain levels on diffusivity due 

to pipe diffusion (eq. 9) are illustrated for the three elements (carbon considered as 

reference) for HCr alloy steel. It is interesting to note that the diffusivity of Cr is 

significantly lower than that of Si and Mn at both temperatures by 800 and 200 times, 

respectively and ~3000 times lower than that of carbon. The results stating lower 

diffusivity of Cr and Mn as compared to Si corroborates well with the findings that with 



the addition of Cr (present research) and Mn [10], the barrier energy to DT increased, 

whereas it decreased with the addition of Si [10].  

Fig. 7 ((a) & (b)) shows the variation of diffusion distance, 𝑥𝑥 = �𝐷𝐷𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 × 𝜀𝜀
𝜀̇𝜀
 (m) 

of Si (a), Cr (b) and Mn (b), atoms due to pipe diffusion at deformation temperatures of 

1200 °C and 1150 °C, respectively. The diffusion distance of Cr varies from 1.12 nm (at 

ε = 0.05) to 5.7 nm (ε = 0.8) at 1200 °C. Upon comparing the diffusion distance at a 

strain of 0.8, the distance travelled by Cr is ~20 and ~100 times lower than that of Mn 

and Si, respectively and ~210 times lower than that of carbon atoms. Such differences in 

the solute mobility will affect the overall kinetics of the transformation process. The grain 

boundary map for HCr alloy steel is shown in Fig. 8 (a) for the deformation temperature 

of 1200 °C and strain rate of 1 s-1, where the maximum average grain size (average grain 

size of only large grains of the map, marked by red circle) is ~8.1 µm and minimum 

average grain size (average grain size of small grains of the map, marked as black circle) 

is ~2.4 µm. The criterion for determining ferrite or martensite is based on Kernal Average 

Misorientation map [11] (Fig. 8(b)) with the grains with lowest misorientation being 

ferrite (shown in blue) and those with the highest misorientation being martensite (shown 

in yellow). The diffusion distance of Cr and Mn is ~400 and ~50 times less than that of 

the minimum average grain size, whereas diffusion distance of Si  

is ~1.5 times less that of minimum average grain size. Thus, it can be said that elements 

such as Cr and Mn would not be able to diffuse out of grains (minimum or maximum 

average) during transformation, which further confirms that addition of Cr can impede 

the DT of austenite and the growth of DTed ferrite during further straining due to its 

sluggish diffusion.  

The above findings on diffusivity and diffusion distances of various solutes 

provide a new insight regarding the driving force and barrier energy models for 

explaining the occurrence of DT. The model predicted that Si promotes the DT [10] 

whereas Mn [10] and Cr (present study) have a detrimental effect on it. This can be 

explained by the differences in the diffusivity of these three elements: during 



transformation, since the diffusivity of Si is high, the Si atoms can much faster diffuse 

out of the austenite matrix as compared to Cr or Mn atoms.  

The effect of Cr on the initiation of DT can be calculated by calculating the 

strength of the austenite matrix. The strength can be determined by adding the work done 

for the dilatation and shear accommodation energy (Work D+SA) during the deformation. 

Work D+SA was calculated using the eqs. (1) & (2), and then was compared for HCr alloy 

steel and LCr alloy steel and the results are reported in Fig. 9. It can be seen that,  

Work D+SA for HCr alloy steel is higher by 8.68 Jmol-1 and 7.53 Jmol-1 at deformation 

temperatures of 1150 °C and 1200 °C, respectively. This finding signifies that the 

increase in wt. % of Cr increases the strength of austenite matrix, resulting in a higher 

austenite flow stress at the strain of 0.1. The higher strength of the austenite matrix 

impedes the formation of Widmanstätten ferrite [18]. The strength of austenite can be 

correlated with the critical stress and critical strain of the initiation of DT. The critical 

strain used to calculate Work D+SA is determined by double differentiation technique [36]. 

It has been reported that the double differentiation technique overestimates the critical 

stress and strain since it requires the formation of about 5% of the dynamic phase in order 

for the operation of the softening mechanism to be detectable [37]. To overcome this 

barrier, the critical stresses are calculated by the total barrier energy method, which 

provides exact moment that transformation begins. 

The critical stress and strain for the initiation of DT are calculated by total barrier 

energy method using the following equation: 

𝐸𝐸𝐷𝐷𝐷𝐷 =  𝐸𝐸𝐵𝐵 (11) 

where, 𝐸𝐸𝐷𝐷𝐷𝐷 is the driving force and 𝐸𝐸𝐵𝐵 is the energy of the barrier to the 

transformation. By substituting the equations for the driving force and barrier energy  

(eqs. (1) and (2)), the above equation can be expressed as: 

𝜎𝜎𝑐𝑐 − 𝜎𝜎𝛽𝛽−𝑌𝑌𝑌𝑌 =  ∆𝐺𝐺𝛾𝛾−𝛼𝛼 + 𝑤𝑤𝑠𝑠 + 𝑤𝑤𝑑𝑑 (12) 

where, 𝜎𝜎𝑐𝑐 is the critical stress for transformation, 𝜎𝜎𝛽𝛽−𝑌𝑌𝑌𝑌 is the yield stress of 

ferrite as calculated above.  



The critical stress calculated by eq. (5) was compared with the critical stress 

calculated by double differentiation equation for LCr alloy steel and HCr alloy steel at 

deformation temperatures of 1150 °C and 1200 °C [14]. It was found that the critical 

stresses obtained from total barrier energy method (eq. (5) and shown in Table 4) are 

significantly less as compared to the ones calculated by double differentiation method. 

From Table 5, it can be observed that the critical stresses for initiation of DT of austenite 

are lower for LCr alloy steel as compared to that of HCr alloy steel for both temperatures. 

Therefore, the increase in Cr restricts the occurrence of DT from austenite to ferrite. 

6 New Model for Dynamic Transformation  
 

 In a study by Ghosh et al. [38] on the diffusion analysis of C and Mn during the 

DT of austenite, it was found that C atoms takes about 100 µs to diffuse a distance of  

100 nm, whereas, Mn atoms diffuse a distance of only 0.12 nm in the same period of 

time. Due to low diffusion distance of substitutional element, it was considered that the 

DT of austenite was a displacive phenomenon and diffusion (specifically of substitutional 

elements) does not play any role during the transformation. Their diffusion calculations 

employed only lattice diffusion coefficient parameters and the effect of stress (pipe 

diffusion) was not considered. In the present study, it was revealed that the diffusion 

distances for C (1.04×10-6 m), Si (0.53×10-6 m), Mn (12×10-9 m) and Cr (1.7×10-9 m) at 

100µs (𝜀𝜀 = 0.1 𝑎𝑎𝑎𝑎𝑎𝑎 𝜀𝜀̇ = 1𝑠𝑠−1, 𝜀𝜀
𝜀̇𝜀

= 0.1 𝑠𝑠 𝑜𝑜𝑜𝑜 100 µs) are much greater than those reported 

by Ghosh et al. [38], since the contribution of stress to the diffusional kinetics is taken 

into consideration. Therefore, the DT of austenite to ferrite is not only due to displacive 

transformation, but also includes diffusion of the alloying elements (e.g. substitutional 

elements like Si, Mn and Cr) as an additional contribution. The schematic representing 

the DT phenomenon is shown in Fig. 10. During hot deformation at temperatures of 1200 

°C and 1150 °C, the austenite matrix (Fig. 10 (a)) composed of interstitial (C) and 

substitutional (Si, Cr and Mn) alloying elements is deformed by the action of stress. As 

the stress increases, the atoms of alloying elements like C (interstitial atom) and Si 

(substitutional atoms) start to diffuse from the austenite matrix, thus making the 

transformation easier (Fig. 10 (b)). However, elements like Cr and Mn (substitutional 



atoms), which have relatively lower diffusivity, remain in the austenite matrix, and thus 

make the austenite matrix stronger. This leads to an increase in the barrier energy due to 

shear accommodation and dilatation (Fig. 10 (c)) and thus acts to impede the DT of 

austenite. After shear accommodation and dilatation, the austenite matrix is converted 

into Widmanstätten ferrite (Fig. 10 (d)) [18]. The nucleation of Widmanstätten ferrite 

starts from the prior austenite grain boundary (PAGB) (Fig. 10 (e)). Due to the effect of 

stress w.r.t. to strain rate and corresponding diffusion of carbon (schematic adopted  

from [14]), the Widmanstätten ferrite starts to grow. At slow strain rates, the diffusion 

distance of C is less w.r.t. the grain size, which results in the formation of Quasi 

polygonal ferrite (QPF) (Fig. 10 (f)), however, at high strain rates, the diffusion distance 

of carbon is high w.r.t. to the grain size, which results in the formation of Widmanstätten 

Ferrite with long plates are formed (Fig. 10 (g)).  

7 Conclusions 
 

In the present work, the effect of Cr on the dynamic transformation of austenite was 

studied for two medium-carbon low-alloy steels. With the driving force model and 

diffusion analysis the following conclusions were drawn: 

1. Increase in the wt. % of Cr from 0.1 to 1.9 wt. % in the alloy increased only 

marginally the driving force for ferrite formation, whereas, it significantly 

increased the barrier energy to the transformation, which signifies that the 

addition of Cr lowers the net driving force for the DT of austenite. The net 

decrease on the driving force at deformation temperatures of 1200 °C and  

1150 °C per 1 wt. % Cr is approximately 8.7 and 12.3 Jmol-1, respectively. 

2. Diffusion analysis indicated that Cr has the least diffusivity during hot 

deformation in the austenite matrix and therefore resulting in lower values of 

diffusion distance as compared to Mn and Si. Due to this, the Cr atoms cannot 

move out of relatively large grains and thereby, impede DT phenomenon. 

3. The lower diffusivity of Cr and Mn atoms result in lower diffusion out of the 

austenite matrix, thus acting as a barrier to the transformation through 

shearing and dilatation of austenite as compared to Si, where shearing and 



dilatation of the austenite matrix is easier. Slower diffusivity leads to sluggish 

diffusion of Cr atoms resulting in stronger austenite matrix which eventually 

impedes DT phenomenon although Cr is a ferrite stabilizer. 
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