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Abstract: Some special features of the kinetics and mechanism of the bainitic transformation in high-speed steel HS18-0-1 have been 
studied. Austempering has been performed at temperatures 270 oC for 5  to 360 min, after heating up to  1280  oC. Before austempering have 
been carried out isothermal holding at temperatures 560 oC for 240 min and 650 oC for 40 min was made. Optical metallographic analysis, 
electron-microscope analysis, X-ray phase analysis and testing of Rockwell hardness have been carried out. The effect of the isothermal 
holding at temperatures above bainitic region and the austempering regime on the phase composition, microstructure and hardness of steel 
HS18-0-1 has been investigated. 
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1. Introduction 

The austempering of iron-carbon alloys is a thermal treatment, 
decreasing the inner stresses and deformations and increasing the 
impact toughness of the details. The bainitic structure formation is 
the result of this treatment. Bainitic structure is characterized by 
high hardness and increased toughness and has a wide practical 
application in the constructions steels and ductile cast irons 
processing [1,2]. Incomplete austempering is also applied in a 
thermal treatment of some hypereutectoid and ledeburite steels as 
high chrome instrumental steels, high speed steels etc. [3-5]. The 
possibility of a wider application of this type of thermal treatment 
requires additional data for the bainitic transformation in the high 
carbon and ledeburite steels. 

The aim of the present  study is to investigate the structure 
forming in the bainitic region of a high speed steel HS18-0-1 after a 
preliminary isothermal holding in the region of an increased 
austenite stability at 560 – 650 оС. 

2. Methodology of the investigation 

The present report gives the results of investigation on the 
bainitic transformation in high-speed steel HS18-0-1 (ISO 
4957:1999) with the following chemical composition: 0.73 – 
0.83 % C, 3.80 – 4.50 % Cr, 17.20 – 18.70 % W, 1.00 – 1.20 % V, 
≤ 0.45 % Si. 

The microstructure is studied by using an optical metallographic 
analysis and electron-microscope analysis. Micro sections are 
exposed to microstructure investigation on an optical microscope 
Neofot 2 after etching in a solution: 5g FeCl3, 15ml HCl, 50ml H2O 
and 2ml HNO3. Lacquer replicas are used for electron-microscope 
analysis. They are exposed to microstructure investigation on an 
electron microscope JEOL 100C. The quantity of retained austenite 
and the parameter of its lattice are determined by X-ray phase 
analysis. X-ray diffraction analysis is made by means of a 
diffractometer TUR M61. Testing of Rockwell-C hardness is 
carried out. 

3. Experimental results  and analysis 

It is known from the thermal treatment practice of high speed 
steels the isothermal holding in the region of high stability of the 
super cooled austenite at  500 – 600 оС (step quenching) leads to a 
higher rate of martensitic transformation during quenching. This is 
explained by the release of submicroscopic particles – carbides and 
intermetallics in the super cooled austenite in isothermal holding at 

500 – 600 оС, which increase Мн point in the following austenite-
martensitic transformation. Such preliminary preparation of the 
austenite can also influence the austenite transformation in the 
bainitic region. In the work the influence of the preliminary 
preparation of the austenite in two modes is investigated (Table 1). 

Mode І: 1280 оС(3 min) → 560 oC(240 min) → 270 oC(τi  min) 

Mode ІІ: 1280 оС(3 min) → 650 oC(40 min) → 270 oC(τi  min) 

        Table 1: The regimes of austempering processes 

Heating 
temperature 

Isothermal 
holding regime 

Austempering 
temperature 

Austempering time, 
min 

 

1280°C 

560°C          
240 min 

 

270°C 

 

5,10,20,40,60,120,360 
650°C          
40 min 

 

 

Fig. 1. Change in hardness HRC  with the time of isothermal 
    soaking at 270 oC.  

The hardness results HRC obtained for both thermal treatment 
modes are presented in Table 2.  After direct cooling from a 
temperature 560 o C (mode І) the hardness is 64 HRC. After 40 
minutes isothermal holding at 270 oC the hardness decreases to 61,5 
HRC and remained at that level to 2 hours of isothermal holding. 
The next increase of the isothermal holding to 6 hours the hardness 
sharply reduces to 56, 5 HRC (Figure 1). After a direct cooling from 
650 o C (mode ІІ), the hardness is 59, 5 HRC. In isothermal holding 
at 650 o C for 40 min a partially diffusion austenite disintegration 
occurs in the pearlite region. (Figure 4 a, b). The products of the 
pearlite transformation are formed (troostite), which leads to the 
hardness decrease in comparison to the mode І results. In the 
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following bainitic transformation of the austenite at 270 o C with the 
time increase of isothermal holding to 20 min, the hardness 
decreases to 58 HRC. It is observed the constant hardness value for 
a time as well as in mode I. And after 1 hour of isothermal holding 
the hardness starts to decrease and achieve a value of 55 HRC in 
austempering at 270 o C, 6 hours (Figure 1). 

 

Table 2: The hardness HRC and the quantity of retained austenite A after 
austempering 

 
Austempering 
time, min 

Heating temperature  1280oC 
Isothermal holding regime above bainitic region 
560 oC, 240 min 650 oC, 40 min 

Austempering temperature  270 0C 
    HRC A, %      HRC A, % 

 - 64 12 59,5 5 
 5 64 16 59 10 
 10 63 18 58,5 12 
 20 62 - 58 - 
 40 61,5 20 58 28 
 60 61,5 - 58 - 
 120 61,5 25 57 34 
 360 56,5 27 55 36 

 

   

        a                                                            b 

    

        c                                                            d 

Fig. 4. Microstructure of steel HS18-0-1 after bainitic transformation at 
270oC, 5 min (a), 270 oC, 40 min (c) and  270 oC, 360 min (b,d). 
Temperature of  heating 1280 oC. Isothermal  holding at temperature 650 oC 
for 40 min. 

The microstructure of steel HS 18-0-1 after austempering 
consists of a martensite, a retained austenite, primary carbides and 
secondary carbides (Figure 2). It is seen from the metallographic 
observations that the hardness decrease after austempering in mode 
I and mode II is connected with the formation of an oriented needle 
structure (Figure  3 a, b; Figure 4 a, b). X-Ray analysis show that 
the quantity of the retained austenite in the steel after cooling to an 
ambient temperature increases with the time increase of the 
isothermal holding at 270 o C (Figure 5) .The lattice parameter 
increases from 0,3638  to 0,3642 nm (mode І) and from 0,3636  to 
0,3648 nm (mode ІІ) (Table 3). At a temperature of 270 оС it is 
solely the carbon diffusion that takes place [1], hence the 
percentage carbon content in the austenite increases. The kinetic 
data analysis of the transformation indicates a low carbon formation 
in the structure during the austenite transformation. 

    

        a                                                            b 

Fig. 2. Microstructure of steel HS 18-0-1 after quenching.                                    
Temperature of heating 1280 oC. 

Despite the similarity with the kinetic parameters of the 
common bainitic transformation SEM analysis indicates [5], the 
structure received in mode I and II possesses some peculiarities. 
The oriented structure consists of needles of α – phase (bainitic 
ferrite). α – phase is formed by a martensitic mechanism from an 
austenitic region  with a low carbon content [1]. A distinctive 
feature of bainite formed as a result of a preliminary austenite 
preparation (mode I and II), is the isolated needles nature α – phase 
at the all transformation stages. (Figure 3 c,d; Figure 4 c, d).  Each 
needle is growing as a whole in the transformation process. 

The direct bainitic transformation of the austenite ( without a 
preliminary preparation at 560  and  650 o C) begins with a 
formation of separate needles of α – phase and is developed with 
the formation of new needles, located close to each other and 
forming a package consisting of alternating laminas of α-phase and 
austenite. In the optical metallographic analysis this package looks 
like as a separate needle [5]. 

The needles of α phase have a strong relief, formed as a result 
of dispersive releases during self annealing. This process is relieved 
due to the preliminary preparation of the austenite at 560 and 650 o 

C , where submicroscopic carbide and intermetallic particles are 
released. After α - phase formation it is possible to observe a 
redistribution of carbon situated in the boundary regions of the 
austenite to the boundary (as a result of higher carbon diffusion 
coefficient in α-Fe) where carbide particles have been formed in 
consequence of α –phase self annealing or of the inheritance of the 
austenite structure of its preliminary preparation at 560 and 650 o C. 
In this the α-phase crystals are increasing on account of low carbon 
austenite regions. It is realized self initiating increase of α-phase. It 
is distinctly observed relief carbide separations in α –phase crystals. 
They are alongside located on the boundaries of the growing 
crystal. This is clearly observed after a preliminary austenite 
preparation at 650 o C (Figure 4 c, d). The α – phase crystals also 
increase as a result of carbon diversion from the nearby austenite 
region to the remote one. 

 

Fig. 5. Change in  quantity of retained austenite A with the time of 
isothermal soaking at 270 oC.  
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          a                                                            b 

   

        c                                                            d 

Fig. 3. Microstructure of steel HS18-0-1 after bainitic transformation at  
270 oC, 5 min (a,c)   and  270 oC, 360 min (b,d). Temperature of heating 

1280 oC. Isothermal holding at temperature 560 oC for 240 min. 

The bainitic transformation in the preliminary prepared 
austenite at 560 and 650 o C proceeds the same way in the whole 
bainitic region. The microstructure, received in isothermal holding 
at 560 o C, 4 hours and direct cooling with the furnace to the 
ambient temperature is shown in Figure 6. The α-phase crystals are 
formed at different temperature intervals of the bainitic region, but 
they have identical structure. 

 

Fig. 6.  Microstructure of steel HS18-0-1 after isothermal holding at 
temperature 560 oC for 240 min and direct cooling with the furnace to the 

ambient temperature.Temperature of  heating 1280 oC. 

Table 3: The parameter of retained austenite lattice 
 

 
 
 

Austempering    
time, min 

 Heating temperature  1280oC 
Isothermal holding regime above 

bainitic region 
560 oC, 
240 min 

650 oC, 
40 min 

Austempering temperature   
270 0C 

Lattice parameter of the retained 
austenite, nm 

- 0.3638 0.3636 
360 0.3642 0.3648 

 

In this way the bainitic transformation in the preliminary 
prepared in mode I and II austenite proceeds with a structure 
formation consisting of α –phase (bainitic ferrite) and enriched with 
carbon austenite А(c). The enriched with carbon austenite А(c) does 
not destruct to a two phase ferrite-carbide mixture. This scheme of 

the bainitic transformation resembles the formation process of a 
lower bainite in the low and middle carbon steels. 

4. Conclusion 

The isothermal holding during cooling from the temperature of 
the austenitization in the region of increased austenite stability (560 
– 650 оС) does not change the scheme of austenite transformation in 
the bainitic region of steels HS18-0-1. The structure consisting of 
bainitic ferrite (α-phase) and enriched with carbon austenite А(c) [5] 
is formed. The morphology of the structure is changed: bainitic 
ferrite is formed as a separate needle α-phase with strongly 
expressed signs of self annealing. The resulting structure is similar 
to this one of the lower bainite in the hypoeutectoid steels. The 
features of the transformation are explained with the preparatory 
processes in the austenite in the temperature range 560 – 650 оС and 
with the inheritance from α-phase of the prepared in the austenite 
structure. 
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