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Abstract 

The hot deformation characteristics of a FeCrMnN austenitic stainless steel containing 0.28 

wt.% nitrogen (N) was investigated by hot compression tests using a Gleeble simulator in the 

temperature range of 800-1200°C and at constant true strain rates of 0.01 to 10 s-1 with all 

specimens deformed to ~0.9 true strain. The influence of deformation conditions on 

microstructural mechanisms and phase transformations was characterized. A processing map 

based on dynamic materials modelling (DMM) was designed and interpreted for predicting the 

domain of stable flow for safe, defect-free hot deformation. The results revealed the occurrence 

of dynamic recrystallization (DRX) in a domain extending over the temperature and strain rate 

ranges of 1100-1200°C and 0.1-1 s-1, respectively, with the efficiency of power dissipation () 

of 45-55 %. Decreasing temperature and increasing strain rate led to a reduction in DRX grain 

size following microstructural reconstitution. Another small deterministic domain of 820-

1000°C and 0.01-0.05 s-1 was identified showing occurrence of partial DRX in shear bands 

leading to formation of a mixed microstructure. The instability criteria delineated the regime 

of unstable flow covering a large part of the processing map extending over low temperatures 

(800-950°C) and high strain rates (0.1-10 s-1) that must be avoided during processing. 
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1. Introduction 

In recent years, nitrogen (N) has been used in austenitic stainless steels (ASSs), leading to a 

reduction and even complete elimination of nickel (Ni) as the austenite stabilizing element [1-

3]. Besides the advantage of lowering the steel cost, replacing Ni completely with N in the steel 

also solves the allergy-related problems caused by Ni ions on human skin. Various sources in 

literature confirm that adding N to ASSs improves both mechanical as well as corrosion 

properties [4-7]. Kim et al. reported that increasing N in ASSs increased the yield strength and 

ultimate tensile strength [4]. Ha et al. investigated Fe-Cr-Mn-(0.39-0.69) N steels and showed 

an improvement in pitting corrosion resistant due to the presence of an increased content of N 

[7].  

Structural changes of stainless steels during thermomechanical processing are very important 

due to their effect on excellent corrosion resistance properties and mechanical properties of 

these steels. It is reported that the dynamic recrystallization (DRX) during hot deformation of 

the ASSs occurs by bulging mechanism and growth of a necklace structure [8-11]. The 

occurrence of changes in the microstructure such as texture formation, precipitation and grain 

boundary distribution during hot deformation have been suitably assessed by relevant structural 

examination techniques [12-14]. Several constitutive equations have since been derived for the 

modeling of hot deformation and flow curves with the Zener-Hollomon (Z) parameter based 

on general relations or modified Arrhenius type equations proposed by Yang et al [15-19]. A 

processing map is used to evaluate the hot deformation behavior in temperature - strain rate 

space and provides an opportunity for the estimation of optimal hot or warm working 

conditions based on the principles of the dynamic materials modelling (DMM) [20-23]. In this 

model, a workpiece undergoing hot deformation is considered to be a dissipator of power. At 

any instant, the dissipation of total input power (P) occurs through a temperature rise (G 
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content) and a microstructural change (J co-content) and the partitioning of power between G 

and J at any given temperature and strain is determined by the strain rate sensitivity (m) of the 

flow stress (). At a given temperature and strain, the J co-content is given by [23, 24]: 

                                                                                               

(1) 

J = [m/(m+1)]. 𝜀̇ 

where 𝜀̇ is the strain rate. The J co-content of the workpiece, which is a non-linear dissipator, 

is normalized with that of an ideal dissipator (m = 1) to obtain a dimensionless parameter called 

the efficiency of power dissipation (η): 

                                                                                                                                  (2) 𝜂 =
𝐽

𝐽𝑚𝑎𝑥
=

2𝑚

𝑚 + 1
   

This parameter (𝜂) helps in mapping the dissipative microstructural characteristics of the 

workpiece and when plotted in a wide range of temperature and strain rate, constitutes the 

power dissipation map. Based on the principles of irreversible thermodynamics applied to large 

plastic flow, an instability parameter (𝜉(�̇�)) has also been developed [23, 24], which suggests 

manifestation of metallurgical flow instability during hot deformation, if 𝜉(�̇�)) parameter 

(Equation 3) becomes negative:  

                                                                                                      (3)                                                                                                  𝜉(𝜀̇) =
∂ln (𝑚 𝑚+1⁄ )

∂ln �̇�
+ 𝑚  

The variation of (𝜉(�̇�)) parameter over a broad range of temperature and strain rate constitutes 

an instability map. A processing map is generated by superimposing the flow instability map 

on the power dissipation map, thus delineating the regime/s of flow instabilities.  

Although the hot deformation behavior of ASSs including Ni-free variants with high N content 

have been widely investigated, less attention has been paid to the ASSs with low N content 

(<0.3 wt.%). The objective of the present investigation is to develop a processing map to 

characterize the constitutive hot deformation behavior of a Ni-free ASS containing ~0.3 wt. % 
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N utilizing uniaxial hot compression testing carried out over broad temperature and strain rate 

ranges. 

2. Materials and Experimental Procedures 

The Ni-free ASS used in this steel was melted in a vacuum induction melting (VIM) furnace 

of ~10 kg capacity. The molten steel was maintained under a pressure of 150 mbar N2 gas to 

add N to the steel melt. The cast ingot was then refined by an electro-slag refining (ESR) system 

leading to the final chemical composition of 17.1 %Cr, 11.3 %Mn, 0.27 %Si, 0.28 %N, 0.06 

%C and 0.004 % Mo (in wt. %). The ESRed material was then homogenized at 1200 C for 5 

h followed by hot forging at 1100 °C. The as-forged samples were subjected to stress-relief 

annealing at 1000 °C for 1 h. Cylindrical test specimens of the dimensions  6 mm  9 mm 

were machined out of the forged sample and hot compression tests were performed using the 

Gleeble 3800 thermomechanical simulator over a wide matrix of temperature and strain rate 

ranges of 800-1200 °C and 0.01-10 s-1, respectively, to a true strain of about 1.0. A graphite 

foil and a tantalum foil were used between the test cylinders and the tungsten carbide anvils in 

order to reduce friction during the hot compression tests. The tantalum foils also prevented 

excessive heating of the anvils. The experimental scheme of the hot deformation tests is shown 

in Fig. 1.  

The microstructural investigation was conducted by light optical microscopy (LOM) 

technique. The samples were electro-etched with 65% HNO3 solution at a voltage of 1.2 V for 

60 s. A field emission scanning electron microscope (FESEM, TESCAN JEOL JSM7001F) 

equipped with the electron backscatter diffraction (EBSD) facility was employed for detailed 

microstructural characterization at high magnifications. The EBSD samples were prepared by 

mechanical polishing with 0.1 micrometer alumina powder followed by electro-polishing with 

a solution containing 10% perchloric acid and 90% ethanol using a potential of 10 V d.c. for 

120-190 s at ambient temperature. The phase identification was carried out by X-ray diffraction 
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(XRD; Phillips Expert MPD) using a Cu-Kα radiation (10° < 2 <100°, 40 kV, 30 mA) at room 

temperature. Thermodynamic calculations were performed using the Thermo-Calc software 

with the TCFE7 steel database. The variation of phase fraction as a function of temperature for 

the studied steel is shown in Fig. 2. 

 
Fig. 1. Experimental scheme of the hot deformation process. 



 

6 

 

 

Fig. 2. The variation of phase fraction vs. temperature predicted from thermodynamic calculations 

using the Thermo-Calc software with TCFE7 database. 

 

3. Results and discussion 

3.1. Initial microstructures      

The LOM image and XRD pattern of the annealed steel are shown in Fig. 3. The steel displayed 

essentially austenitic microstructure along with the presence of approximately 6% delta ferrite 

(dark area in Fig. 3 a). The average grain size using the linear intercept method was estimated 

at approximately 55 µm with a wide size distribution as shown in Fig. 3 c.  
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Fig. 3. The optical microstructure (a), XRD spectrum (b), and the histogram presenting the grain 

size distribution of the hot forged and annealed steel (c). 

An important point concerning the hot deformation of N-containing stainless steels is the 

avoidance of deformation at temperatures leading to the strain-induced formation of harmful 

Cr2N precipitation. The kinetics of Cr2N precipitation has been analyzed at different 

temperatures as a function of time [25]. According to Fig. 4, it can be observed that the 

formation of Cr2N precipitates under the selected deformation conditions was insignificant, 

though the rate of strain induced precipitation can be significantly higher. 
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Fig. 4. The kinetics of Cr2N formation in the investigated steel.  

 

3.2. The hot deformation characteristics 

The stress-strain curves obtained by hot compression tests under various deformation 

conditions are shown in Fig. 5. Evidently, under the influence of different temperature and 

strain rate conditions, the flow stress invariably changed such that at a higher temperature and 

lower strain rate, a lower flow stress was achieved, for instance. Under most deformation 

conditions, critical conditions marking the initiation of DRX were achieved, while dynamic 

recovery (DRV) occurred at the conditions of high strain rate and low temperatures, such as 

800 C/10 s-1 and 900 C/10 s-1.  

(a) 
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Fig. 5. The flow stress curves obtained for different conditions of deformation temperatures and 

strain rates of (a) 0.01 s-1, (b) 0.1 s-1, (c) 1 s-1 and (d) 10 s-1. 

 

Based on our study [26] the Z parameter for the steel under investigation can be described as:  

                 (4) 
Z = 𝜀̇ exp(

502000

RT
) = 2.75×1019 {sinh(0.0065σP)}6.12 

Or 

                 (5) 
𝜀̇ =  2.75×1019 {sinh(0.0065σP)}6.12 exp(

-502000

RT
) 

Where T, σp and R, are temperature (k), peak stress and Gas constant, respectively. The average 

values of material constants (A, n and α) were calculated through a linear regression analysis 

[26]. The critical stress and strain were determined using work hardening rate (θ) calculations, 

which showed the changes in the slopes of the curves, as plotted in Fig. 6, representing the 

onset of recrystallization. 

(c) 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=10&ved=0ahUKEwj1iOLxkoLYAhUBb5oKHemEDT8QFghQMAk&url=http%3A%2F%2Fpooryab.ir%2F%25D9%2582%25D8%25B1%25D8%25A7%25D8%25B1%25D8%25AF%25D8%25A7%25D8%25AF%25D9%2586-%25D8%25B9%25D9%2584%25D8%25A7%25D9%2585%25D8%25AA-%25D8%25AA%25DB%258C%25DA%25A9-%25E2%2588%259A-%25D9%2588-%25D8%25B6%25D8%25B1%25D8%25A8%25D8%25AF%25D8%25B1-x-%25D8%25AF%25D8%25B1-%25D8%25A7%25DA%25A9%25D8%25B3%25D9%2584%2F&usg=AOvVaw2sMm7joca8ulu1IImPiBWS
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=10&ved=0ahUKEwj1iOLxkoLYAhUBb5oKHemEDT8QFghQMAk&url=http%3A%2F%2Fpooryab.ir%2F%25D9%2582%25D8%25B1%25D8%25A7%25D8%25B1%25D8%25AF%25D8%25A7%25D8%25AF%25D9%2586-%25D8%25B9%25D9%2584%25D8%25A7%25D9%2585%25D8%25AA-%25D8%25AA%25DB%258C%25DA%25A9-%25E2%2588%259A-%25D9%2588-%25D8%25B6%25D8%25B1%25D8%25A8%25D8%25AF%25D8%25B1-x-%25D8%25AF%25D8%25B1-%25D8%25A7%25DA%25A9%25D8%25B3%25D9%2584%2F&usg=AOvVaw2sMm7joca8ulu1IImPiBWS
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Fig. 6. Work hardening rate versus true stress and strain at 1100 C / 0.01 s-1. 

The estimation of the critical stress and strain values marking the DRX initiation showed that 

with increasing temperature and decreasing strain rate (decreasing Z), the critical stress and 

strain too decreased. The variation of critical stress and strain for DRX with parameter Z are 

presented in Fig. 7. 

  
Fig. 7. Critical stress and strain as a function of lnZ 

3.3. The hot deformation characteristic parameter model 

   The typical stress and strain values at peak and critical conditions are related to the Zener-

Hollomon parameter by  power-law relationships σ = AZP and ɛ = BZq [15], respectively, where 

A, B. p and q are constants. The corresponing relationships as a function of the dimensionless 

parameter Z/A, are shown in Fig. 8. 
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Fig. 8. The characteristic points of the flow curves as a function of Z/A. 

 

 

 

 

 

(6) 

σP = 0.8901Z0.12 = 125.21(Z/A)0.12 

σC = 0.8278Z0.12 = 115.58(Z/A)0.12 = 0.93 σP 

ɛP = 0.0042Z0.0902 = 0.238(Z/A)0.0902 

ɛC = 0.003Z0.0902= 0.169(Z/A)0.0902 = 0.71 ɛP 



 

12 

 

3.4. Power dissipation and instability maps 

In order to calculate the efficiency of power dissipation (𝜂) and instability parameter (𝜉), 

firstly, the values of flow stress at different temperatures and strain rates were noted at the 

strain of 0.2, 0.4 and 0.6. Then, the strain rate sensitivity factor (m) was calculated by fitting a 

third-order polynomial to each logarithmic flow stress-strain rate curve. Accordingly, the first 

derivative was given the m value. Finally, the values of 𝜂 and ξ were computed. More details 

of the computational analysis are described elsewhere [24]. The constructed 2D power 

dissipation maps showing iso-efficiency contours and corresponding instability maps marking 

the variation of ξ parameter in temperature-strain rate space plotted for different strains (0.2, 

0.4 and 0.6) are exhibited in Figs. 9. Based on the peak efficiency values (Fig 9 a, c and e), the 

power dissipation maps should be suitably interpreted to determine the safe processing 

window. It is noteworthy that the parameter  describes the ability of the workpiece to dissipate 

power through metallurgical processes and should not be misconstrued with the efficiency of 

the process. As observed, the characteristics of the maps at different strains are similar. In this 

regard, two deterministic domains can be identified from power dissipation maps and the peak 

efficiency in these domains varied in a narrow range with strain (Fig. 10):  

(I) The first domain is a small domain occurring at 900 °C/0.01 s-1 extending over narrow 

temperature and strain rate ranges of 820-1000 °C and 0.01-0.05 s-1, with 𝜂 varying in the range 

55-65%.  

(II) The other domain is located at relatively high temperatures and intermediate strain rates 

with peak at about 1200 °C/0.3 s-1, extending over the temperature and strain rate ranges of 

1100-1200 °C and 0.1-1 s-1, respectively, with η varying in the range 45-55%. 

According to the nature of the flow stress curves (Fig. 5), the governing mechanism for the 

microstructure formation at these domains is apparently DRX, though the two domains are 

interestingly far apart and intriguing. According to the instability criterion (Fig 9 b, d and f), a 
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negative value of ξ represents the instability regime marking unstable flow under the conditions 

of hot deformation and must be avoided during processing of the material. As can be seen from 

the instability maps at 0.4 and 0.6 strains (Fig. 9 d and f), the regime of instability (blue and 

dark green regions corresponding to ξ = -ve up to 0) extend over nearly half of the temperature 

-strain rate space and delineates the region, where instabilities are likely to manifest during 

deformation. The instability map of 0.2 strain (Fig. 9 b) was not considered, as the domains/ 

instability regimes at low strains are still developing and cannot be very accurate.  As each 

deterministic domain in the processing map is aptly characterizing the occurrence of a possible 

microstructural mechanism, a complementary microstructural characterization is inevitably 

essential to identify the safe/unsafe hot working parameters. Likewise, the instability regime 

should be suitably characterized with metallographic features to confirm the possible 

occurrence of unstable flow through manifestation of instabilities that can vary depending on 

the processing parameters. 
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Fig. 9. (a,c,e) The power dissipation maps showing the iso-efficiency contours at the strains of 

0.2, 0.4 and 0.6, respectively and (b,d,f) the corresponding instability map showing variation of ξ 

parameter in temperature-strain rate space at the strain of 0.2, 0.4 and 0.6 respectively. 

 

(a) 

(c) 

(e) 

(b) 

(f) 

(d) 
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Fig. 10. Variation of peak efficiency of power dissipation with strain for the two deterministic 

domains identified in the processing map. (i) Domain I represents the lower temperature domain at 

900°C/0.01 s-1, and (ii) Domain II corresponds to the higher temperature domain with peak at about 

1200 °C/0.3 s-1. 

 

3.5. Microstructural investigation  

As discussed, the power dissipation maps need to be interpreted in terms of efficiency of power 

dissipation and shape of the domains and validated in terms of microstructural processes 

occurring in different domains. Thus, the two domains obtained in the power dissipation maps 

for a Ni-free, N-bearing ASS were investigated for microstructural features, as discussed 

below.  

 

3.5.1. Domain at 900 °C and 0.01 s-1 

 

 The microstructures of the deformed steel specimens at different hot deformation conditions 

are shown in Fig. 11. It can be seen that the austenite grains were elongated in the direction of 

deformation (marked by arrows) and a necklace structure comprising a large number of fine 

DRX grains decorating the deformed grains formed suggesting the dynamic restoration 

mechanism occurring in this domain, in accord with the mechanism proposed by Kumar et al 
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[27] for high nitrogen steels. Due to the high dislocation density, a partial DRX has taken place 

in the shear bands that manifested during the low temperature deformation, as the instability 

regime is almost bordering this narrow domain. Increasing the strain rate at 800 °C resulted in 

a lower DRX fraction, i.e., a tiny necklace structure on initial austenite boundaries at the strain 

rate of 1 s-1, as the shear banding dominated close to the instability regime (Fig. 11 c). The 

deformed microstructure at 900 C/0.01 s-1 (Fig. 11 d) is similar to the condition of 800 C/0.01 

s-1 (Fig. 11 a) showing a necklace structure created by bulging mechanism, in which a higher 

DRX fraction is achieved at 900 °C. It is to be noted that the dark regions in the microstructure 

show deformed delta ferrite, which etch strongly and can align along the prior austenite 

boundaries. The high efficiency of power dissipation in this domain varies in a narrow range 

(55-65%) with strain, suggesting that it is not a cracking domain, but the high efficiency of 

power dissipation could be due to the presence of high N content in the steel that can affect its 

stacking fault energy (SFE) as well [28, 29], which is not ascertained here and is beyond the 

scope of this study.   

 

Fig. 11. The microstructure of the steel after hot deformation at (a) 800 C/0.01 s-1, (b) 800 C /0.1 s-1, 

(c) 800 C/1 s-1, and (d) 900C/0.01 s-1. 



 

17 

 

 

The inverse pole figure (IPF) and grain boundary maps of the steel deformed at 800 C/0.01 s-1 

(Fig. 12) shows that the DRX did not occur in some of the austenite grains and only very low-

angle (2° < θ < 5° ; green lines) and low-angles boundaries (5° < θ < 15° ; red lines) formed. 

Fig. 12 c shows the magnified IPF map of the necklace region showing a fine grain size 

structure below 1 µm. Considering the ASS as a low SFE alloy, DRX should occur at high 

temperatures and intermediate strain rates. On the other hand, the possible influence of high 

nitrogen in the ASS in slightly increasing the SFE [28, 29] does not completely explain the 

occurrence of DRX at such low temperatures and strain rates and requires further 

investigations. 

 
Fig. 12. (a) IPF and (b) grain boundary maps of the ASS deformed at 800 C/0.01 s-1. The IPF map 

of the necklace region with higher magnification is shown in (c).   

 

3.5.2. Domain at 1200 °C and 0.3 s-1  

The EBSD characterization of the higher temperature domain at 1200 °C/0.3 s-1 combined with 

LOM showed a completely recrystallized structure in the specimen deformed at 1000 °C/0.01 

s-1 consisting of high angle grain boundaries (blue and black lines) (Figs. 13 a-b) that are in 

good agreement with the LOM image (Fig. 13 c). Only a small fraction of the low-angle and 
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very low-angle boundaries (green and red lines, respectively) can be observed in the structure. 

The average grain size of this specimen was about 15 µm, in comparison to the starting grain 

size of 55 µm. Increasing the strain rate from 0.01 to 10 s-1 at temperature of 1000 °C reduced 

the DRX fraction and caused an incomplete recrystallization at 1 s-1 with a mixed 

microstructure comprising both the deformed grains as well as necklace DRX structure 

decorating the prior austenite boundaries, as shown in Fig. 14. This location on the map is quite 

close to the instability regime, see Fig. 9. Microstructural observations in other locations at 

high temperatures showed that the DRX took place completely in the specimens deformed at 

1100 and 1200 °C at all strain rates (Figs. 15 and 16). The presence of significant low-angle 

(green) and very low-angle (red) boundaries as substructures in the microstructures of these 

samples confirm the occurrence of DRX. Increasing strain rate from 0.01 to 10 s-1 caused a 

reduction in the DRX grain size due to the lower grain growth (Fig. 15). A higher content of 

delta ferrite (dark phase in Fig. 16) was also found in the microstructure of samples deformed 

at 1200 °C compared to that at 1100 °C because of the higher stability at 1200 °C, in accord 

with the equilibrium phase fraction as a function of temperature shown in Fig. 2. The efficiency 

of power dissipation (45-55 %) in this domain varied in a narrow range (slightly increasing 

with strain) confirming the occurrence of DRX in this domain and is somewhat higher than 

reported for the high temperature domains seen in the processing maps of other austenitic 

stainless steels in literature [30-32]. As stated earlier, the higher efficiency of power dissipation 

could be due to high N content in the steel, though the effect of delta ferrite, if any, on causing 

an indirect effect is not easy to understand. 
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Fig. 13. (a) IPF and (b) grain boundary maps with (c) LOM images of the specimen deformed at 

1000 °C/0.01 s-1. 

 

 

Fig. 14. LOM images of the specimen deformed at 1000 °C/1 s-1. 
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Fig. 15. (a, c) IPF and (b, d) grain boundary maps of the specimen deformed at (a, b) 1100 C/0.01 s-1 

and (c, d) 1100 C/10 s-1. 
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Fig. 16. LOM images of the steels deformed at (a) 1100 C/0.01 s-1, (b) 1100 C/10 s-1,  

(c) 1200 C/0.01 s-1 and (d) 1200 C/0.1 s-1.  
    

The pole figures (PF) images of the deformed specimens show that the orientation distribution 

has changed with increasing temperature at the strain rate of 0.01 s-1 (Fig. 17). The intensity 

decreased with increasing temperature up to 1000 C and then increased at 1100 C because of 

the grain growth. Similarly, for the specimen deformed at the temperature of 1100 C, the 

intensity of the poles in the PF images decreased with increasing strain rate as the rate of grain 

growth was lower at the strain rate of 10 s-1, as shown in Fig. 18. 
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Fig. 17. PF images of specimens deformed under strain rate of 0.01 s-1 at temperature of (a) 800 C, 

(b) 900 C, (c) 1000 C, and (d) 1100 C. 
 

 

 

Fig. 18.PF images of specimens deformed at temperature of 1100 C under strain rate of (a) 0.01 s-1 

and (b) 10 s-1. 
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3.5.3. Manifestation of instability 

Fig. 19 shows that at 900 C, the fraction of fine necklace structure decreased, as the strain rate 

increased from 0.01 to 1 s-1. Consequently, a coarse-grained, deformed austenitic structure was 

achieved, with substantially reduced recrystallized grains (Fig. 19 c) unlike the necklace 

structure seen in the case of 900 °C /0.01 s-1 (Fig. 11 d) sample. This also coincides with the 

occurrence of instabilities at high strain rates, mainly manifesting as localized shear bands (Fig. 

20). At 800 °C and 900 °C / 10 s-1, the region coinciding with relatively high Z conditions, 

deformation in austenite grains led to pancaked structure besides shear band formation. 

Therefore, the microstructure in this region is quite complex with operation of a number of 

mechanisms, mainly pancaking in the grains and localized shear bands and is not desirable for 

processing. 
 

 

Fig. 19. IPF map of the sample deformed at 900 C and strain rate of (a) 0.01, (b) 0.1, and (c) 1 s-1. 

 

Color Coded Map Type: 

Inverse Pole Figure [001] 
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Fig. 20. OM image of the steel after hot deformation at (a) 800 C/10 s-1 (b) 900 C/10 s-1. 

 

3.6. Processing map for the Ni-free ASS 

By superimposing the instability map on the power dissipation map,  validated using the   

microstructural observations, a conceptual processing map, as shown in Fig. 21, is suggested 

to describe the hot deformation of the investigated Ni-free ASS containing 0.28 wti. % N in 

the temperature and strain rate ranges of 800-1200 °C and 0.01 to 10 s−1, respectively. Based 

on the amount of 𝜂, 𝜉 and the corresponding microstructures, the most reliable regime for the 

DRX is located at the temperature range of 1100-1200 °C and the strain rate of 0.01-1 s-1 in 

which a positive value obtained for the instability parameter and the efficiency of power 

dissipation stays ≥40%. For practical applications, it is possible to achieve a fully refined DRX 

microstructure by high-speed deformation (> 1 s-1) at temperatures above 1100 °C without any 

microstructural flaws, but the instability regime must be avoided to prevent manifestation of 

the defects in the microstructures.  
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Fig. 21. Processing map for the investigated Ni-free ASS containing 0.28 wt.% N . 

 

4. Conclusions 

In this study, the hot deformation processing map of a Ni-free ASS containing 0.28 wt. % N 

was developed. The main conclusions can be drawn as follows: 

1) The critical stress and strain for DRX occurance decreased with increasing deformation 

temperature and decreasing strain rate. 

2) Deformation at low temperatures (800 to 1000 ℃) led to the formation of a necklace 

microstructure with the deformed and recrystallized grains.  

3) A fully DRX structure was achieved at the temperature range of 1000-1200 °C and the strain 

rate of 0.01-1 s-1. By increasing deformation temperature, higher strain rate could be applied, 

safely. 

4) The optimum condition of hot deformation to achieve a fine recrystallized microstructure 

without any deformation defects was located at the condition of 1000 ℃/ 0.01 s-1.  
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5) The processing map reveals that it is possible to achieve a fully refined DRX microstructure 

by high-speed deformation (> 1 s-1) at temperatures above 1100 °C without any microstructural 

flaws. 
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