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INTRODUCTION 

       Austempering is an isothermal heat treatment alternative to conventional quenching and 

tempering, during which the steel is heated to the austenitic phase then quenched to a temperature 

above martensite start (Ms) with the aim of obtaining bainite instead of martensite . Isothermal 

transformation takes place until all of the austenite transforms to bainite and then air-cooled. 

Austempering procedure helps minimization of residual stresses and easier to achieve dimensional 

stability. Thus, it is easier to produce a structure that is tougher than comparable structures 

produced by quenching due to the fact that the phase transformation is uniform and the structure 

contains bainite [1-6].  M. A. Sh [7] showed that the austenitizing temperature controls the carbon 

content of austenite affects the structure and properties of austempered steel. Austenitizing 

temperature should be minimum required to heat the entire part to the desired temperature and to 

saturate the austenite with equilibrium level of carbon. Austenitizing time is affected by chemical 

composition, austenitizing temperature and section size. The preferred temperature of the quenching 

bath is generally on the lower side of the bainitic range resulting in the formation of lower bainite 

which has better mechanical properties than tempered martensite [8-11]. Thermodynamic studies 

indicate that as transformation temperature lower below 400°C, the kinetic resistance of ferrite 

diffusion growth is higher than the possible maximum driving force of transformation; the ferrite 

cannot grow with the growth rate obtained from diffusion. Below 500°C, resistance of ferrite shear 

growth is lower than the driving force of transformation; therefore below this temperature it is 

advantageous for the shear growth of the ferrite. At temperature range of 400 – 500°C, the overlap 

of the growth of two mechanisms appears. When the steels contain silicon at levels above the usual 

impurity level, it is found to have a significant effect on bainite. It causes the bainite in these metals 

to contain significant amounts of retained austenite, reduced amounts of carbides, and it changes the 

type of carbide in the lower bainite from cementite to Fe2.5C (epsilon carbide)[12-15]. S. G. 

Chowdhury [16] found that the bainitic structure in high silicon steels consists of bainite plates 

and/or inter-lathe thin films of carbon-enriched retained austenite instead of carbide because silicon 

strongly retards the formation of carbide, that film was most desirable morphology. The amount of 

retained austenite present, after quenching from austenitising temperature, depends on the 

composition, cooling rate, austempering temperature and time. It has been reported that the 

austenite retention was especially promoted by addition of Mn that stabilized austenite and Si 

retarded cementite formation. 
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MATERIALS AND PROCEDUERS 

Two types of steels were used in this work, DIN CK50 and DIN 62SiMnCr4 Fig.1-2, with 

microstructure of pearlite and ferrite . Their chemical compositions are shown in Table 1. 

 

 
                    Figure 1: Microstructure of DIN CK50 

 

 For heat treating both types of steel rods were cut to a cylindrical shape of 19mm length and 10mm 

diameter. Tensile test samples were prepared according to ASTM E8M standard. A molten lead 

(Pb) bath was prepared for austempering since its melting temperature is below the nose of the TTT 

curve for both steels also it does not react with steel.  

 
Figure 2: Microstructure of DIN 62SiMnCr4   

 

Table 1: Chemical composition of steels, wt%  

                    Element      
Material 

 
%C 

 
%Si 

 
%Mn 

 
%Cr 

 
%Mo 

 
%Ni 

 
%P 

 
%S 

 
%Fe 

Nominal chemical 
composition DIN CK50 

0.47-0.55 0.4 0.6-0.9 0.4 0.1 0.4 0.04 0.035 Bal. 

Actual  chemical composition 
DIN CK50 

0.49 0.39 0.89 0.15 0.03 0.07 0.029 0.027 Bal. 

Nominal chemical 
composition DIN 62SiMnCr4 

0.58-0.66 0.9-1.2 0.9-1.2 0.4-0.7 ------ ------ 0.04 0.03 Bal. 

Actual chemical composition 
DIN 62SiMnCr4 

0.64 1.11 1.01 0.62 ------ ------ 0.023 0.013 Bal. 

Ferrite 

Pearlite 

Ferrite 

Pearlite 

40µm 

40µm 
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Bainitic and martensitic transformation temperatures (Bs, Ms) were calculated according to 

the following empirical equations [17]: 

Bs = 830-270wt%C-90wt%Mn-37wt%Ni-70wt%Cr-83wt%Mo …….. 1 

 Where,  Bs is the bainitic transformation start temperature (oC). 

Ms =531-391.2wt%C-43.3wt%Mn-21.8wt%Ni-16.2wt%Cr     ………  2   

Where, Ms is the martensite transformation start temperature (oC). 

           Samples were heated to the austenite region at a temperature of 850oC, soaking at this 

temperature for 25 minutes. Samples were immediately transferred to the molten bath, holding at 

this bath for five duration times: 10,15,20,30 and 45 minutes at different temperatures: 

350,400,500,550 and 590oC for DIN CK50 steel and 400, 450 and 500oC for DIN 62SiMnCr4 steel 

,then air cooled to room temperature. All samples were ground using ASTM grits 120 to 2000 

emery papers, polished with Al2O3, alcohol washed, dried then etched with 2% nital.  

 

 

RESULTS AND DISCUSSION 
 

1-Austempering of DIN CK50 

            The computed value of Bs temperature for this steel (equation-1) is 590oC. It was found that 

austempering at this temperature increases hardness slightly without noticeable change in other 

properties. TTT curve of this steel, Fig.3 , shows that this temperature is near to the nose of the 

curve promoting austenite transformation to pearlite ,fig.4, moreover, the Ms temperature is around 

320oC, so the temperature range of 350-590oC was used in austempering. Fig. 5 indicates that 

austempering at 350oC for 30 minute gives higher hardness with a maximum value of 320HB. The 

structure results from the isothermal transformation at 350oC for 30 minutes is bainite and some 

pearlite and ferrite ,fig.6, it is very hard to get full bainitic structure in this type of steel since its 

TTT curve has a nose close to the left side, when quenching in lead path, pearlite formed at the 

beginning then the remaining austenite transformed to bainite [17]. 

After 30 minutes hardness decreases, so at prolonged periods, bainite sheaves losing to their 

shapes in addition to coarsening. Also tensile strength of this steel (austempering at 30min.) was 

increased from 748 MPa (as received) to 1056 MPa with an increment of 41%. Elongation 

percentage was decreased from 22.3 to 14%.  Austempering at 590oC did not affect the 

microstructure and remained pearlite and ferrite, Fig.4.    
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                                                                        Figure 3: TTT diagram for DIN CK50[6] 
 

 
Figure 4: Microstructure of austempered CK50 steel at 590°C for 30 min.  

 

 

 

 

 

 

 

 

 

Pearlite 

Ferrite 

40µm 

Figure 5:  Effect of austempering time and temperature on hardness of DIN CK50 
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2- Austempering of DIN 62SiMnCr4 

   The bainitic start transformation temperature for DIN 62SiMnCr4 is 516°C (equation-2), 

while the martensite starting temperature is 224°C. According to TTT diagram for this steel (fig.7) 

the bainite range is between 400-500 °C. Therefore, the selected austempering temperatures for this 

steel were 400°C, 450°C and 500°C. Fig. 8 shows that austempering at 400°C for 15 minute caused 

an increase in hardness value from 235 HB (as received ) to 429 HB with a structure of lower 

bainite in addition to some retained austenite and martensite, Fig.9. The alloying elements present 

in this steel especially silicon stabilized austenite [6]. The hardness increases with increasing 

austempering temperatures, due to higher volume percentages of less stable retained austenite will 

get, then it transformed to martensite after quenching to room temperature. Increasing isothermal 

transformation temperature, also results in obtaining the upper bainite with precipitations of 

carbides on the boundaries of particular laths. It influences a drop of the retained austenite stability 

[13]. The reason for this increase in the amount of retained austenite with the increase in the 

isothermal transformation temperature is the decrease in the driving force for the bainitic reaction. 

This decrease is caused by the decrease in the temperature gradient [1]. Also, Fig. 8 shows that 

hardness increase gradually with increase holding time (10 to 15 minute) where, the structure 

consists of  lower bainite , retained austenite and martensite, that because there is not enough time 

for the bainite to fully grow into the austenite and not enough carbon will move to the austenite to 

stabilize it, then high amount of remaining austenite transformed to martensite after quenched at 

room temperature, where retained austenite amount at 10 minutes higher than it at 15 minute, while 

lower bainite amount at 10 minute is less than that at 15 minute. At 15 minute the structure consists 

of higher volume fraction of lower bainite from 10 minute, with lower amount of retained austenite, 

then the structure consist of lower bianite and martensite with small amount of retained austenite, 

Ferrite 

Pearlite 

Figure 6:  Microstructure of austempered CK50 steel at 350°C for 30 min.  

Bainite 

40µm 
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where it was found that austenite existing as layers between bainite sheaves was much more stable 

than the retained austenite existing between bainite grains [5]. The variation in hardness values 

decreases after 20 minute because bainite transformation is completed, then less austenite 

transformed to martensite during quenching following austempering. Generally, austempering of 

DIN 62SiMnCr4 steel increases values of yield and tensile strength with good elongation. The 

strength is mainly influenced by the thickness of the bainitic laths, at a lower transformation 

temperature (400 °C), the bainite laths become finer and close-net, the amount of retained austenite 

is low, that gives a good combination of elongation and strength, where strength is increased from 

775 MPa to 1171 MPa and elongation percentage decreased from 19% to14.6%. The microstructure 

of the as received DIN 62SiMnCr4 is pearlite and ferrite, it becomes a mixture of lower bainite, 

retained austenite and martensite when austempered at 400oC for 15 minute, fig. 9. Increasing 

temperature to 450oC and 500oC decreases the fraction of retained austenite, this behavior can be 

attributed to the faster bainite transformation kinetics at higher isothermal holding temperatures 

[13]. Fig.10 shows the structure obtained at 450 °C after 15 minute isothermal transformation. This 

figure displays the mixed structure of upper bainite and martensite. Typical upper bainitic structures 

are easy to distinguish. 

 Regarding the results and hardness test, it is conclusive that this structure contains the upper bainite 

with martensite.  

 

 

 
 

Figure 7: TTT diagram for DIN 62SiMnCr4[16] 
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Figure 8:Effect of austempering time and temperature on hardness of DIN 62SiMnCr4 

  

  
Figure 9: Microstructure of austempered spring steel at 400°C for 15 min.   

  

  

  
Figure 10: Microstructure of austempering spring steel at 450°C for 15 min.  
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CONCLUSIONS 

1- DIN 62SiMnCr4 steel has higher ability to be austempered than DIN CK50 steel. 

2- Optimum austempering temperature for DIN CK50 and DIN 62SiMnCr4 is 350oC and 

400oC respectively. 

3- Optimum isothermal transformation time is 15 minutes and 30 minutes for DIN CK50 and 

DIN 62SiMnCr4 steels respectively. 

4- Bainite-Pearlite and ferrite mixture is the final microstructure of the austempered DIN CK50 

while it is a mixture of bainite, retained austenite in addition to some martensite for the 

austempered DIN 62SiMnCr4. 

5- Presence of carbon and silicon make austempering easier in obtaining bainitic structure with 

both types (upper and lower). 

6- Increasing alloying elements (especially silicon) increase amount of retained austenite. 

7- Increasing holding time decreases hardness for both steels. 

 

 

 
REFERENCES  

1. W. Shidao, "Thermodynamic Study of Bainitic Transformation in Fe-C Alloys, "Acta 

metallurgica Sinica ,Vol. 3, No.1,  pp 22-28, January 1990. 

2. F. G. Caballero, " High Strength Bainitic Steel ", International Journal of ISSI, Vol. 1, No. 

1, pp 15-23, 2004. 

3. K. Tsuzaki " Some Aspects of Bainite Transformation in Fe-Based Alloys " Department of 

Materials Science and Engineering, Kyoto University, Japan, Journal de Physique III, Vol.5, 

pp 61-70, December 1995. 

4. M. Oka and H. Okarnoto, " Variation of Transition Temperatures from Upper to Lower 

Bainite in Plain Carbon Steels ", Journal De Physique , Vol. 5,pp 503-508,  December 1995. 

5. J. R. Yang, "Mechanical Stabilization of Austenite Against Bainitic Reaction in Fe-Mn-Si-C 

Bainitic Steel ", Material Transactions, Vol. 37, No 4, pp 579-585, 1996. 

6. S. H. Avner, " Introduction to physical metallurgy" McGraw-Hill company, 2nd edition, pp 

250-290, 1974. 



Kufa Journal of Engineering, Vol.4, No.2, 2013 

 

  
  
 
 

128 

7. M. A. Sheikh, ”Effect of Heat Treatment and Alloying Elements on Characteristics of 

Austempering Ductile Iron “, University of Engineering Technology Lahore-Pakistan, PhD 

Thesis, 2008. 

8. N. H. Van Dijk, "Magnetic and X-ray Diffraction Measurements for the Determination of 

Retained Austenite in TRIP Steels " Materials Science and Engineering, A313, pp 145–152, 

2001. 

9. J. R. Davis "Structure / Property Relationship in Irons and Steels ", Materials Selection and 

Design, Vol. 20, pp 153-173, 1997. 

10. " Steel Alloys with Lower Bainite Microstructures for Use in Railroad Cars and Track” 

Office of Research and Development Washington, DC”, January 2002. 

11. A. C. Reddy "Effects of Holding Temperature and Time for Austempering on Impact 

Toughness of Medium Carbon and High Alloy Steel" International Journal of Computer 

Network and Security (IJCNS) Vol. 3 No. 1, ISSN: 0975-8283, 2004. 

12. N. V. Luzginova ," Microstructure and Transformation Kinetics in Bainitic Steels ", Tomsk 

State University, Russia, Ph.D. thesis, 2008. 

13. A. Grajcar "Determination of the stability of retained austenite in TRIP-Aided Bainitic Steel 

", World Academy of Materials and Manufacturing Engineering, Vol. 20, Issue 1-2, 

February 2007. 

14. J. B.  Lawrence, "The Effect of Phase Morphology and Volume Fraction of Retained 

Austenite on the Formability of Transformation Induced Plasticity Steels ", Queen’s 

University, MSc. thesis, January 2010.  

15. A. Grajcar "Heat Treatment and Mechanical Stability Behavior of Medium-Carbon TRIP-

Aided Bainitic Steel ", World Academy of Materials and Manufacturing Engineering, Vol. 

33, Issue 1, pp 5-12. Sept. 2008. 

16. S. G. Chowdhury , “Effect of Austempering Treatment on Microstructure and Mechanical 

Properties of High-Si Steel”, Springer Science –Business Media, LLC. , Vol. 44, 2009, 

pp1069-1075.  

17. H. K. Bhadeshia, “Bainite in Steel”, IOM com. Ltd, second Edition, 2001. 

 

 



���������������������������������������������������������������������������
���������������������������������������������������������������������������������
�����������������������������������������������������


