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The processes taking place during the isothermal martensitic 
transformation and subsequent processes of nucleation and 
growth of carbides, occurring during the heating to the tempering 
temperature and soaking at this temperature, seem to play a key 
role in explaining the effect of DCT on the properties of the steel.

2. Experimental

The high speed steel HS6-5-2 steel was austenitized at 
a temperature of 1200°C and quenched with nitrogen in a vac-
uum furnace with high pressure gas quenching system. Deep 
cryogenic treatment was carried out in a cryogenic processor at 
–180°C for 24 hours. After quenching or quenching and DCT 
treatment the steel was subjected to double tempering at differ-
ent temperatures in the range of 490÷570°C. Parameters of heat 
treatment processes of steel samples are presented in table 1.

TABLE 1

Parameters of heat treatment of HS6-5-2 steel

Austenitizing Quenching DCT Double 
tempering
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490°C
2 510°C
3 530°C
4 550°C
5 570°C
6

DCT
(–180°C, 24h)

490°C
7 510°C
8 530°C
9 550°C
10 570°C

Rockwell hardness tests were carried out using a laboratory 
hardness meter. Observations of the metallographic specimens 
(etched with 3-% Nital or Murakami reagent) were performed 
with aid of metallographic microscope KEYENCE VHX 5000 

with magnification up to ×2500. Electron microscopy imaging 
was carried out with aid of HITACHI HD2700 STEM micro-
scope using foils made of rolls with a diameter of 3 mm.

3. Results of tests

3.1. Microstructure

Observations of microstructure of steel subjected to Nital 
etching allowed to determine the size of the primary austenite 
grain size and observe primary carbides and secondary carbides 
in the material’s matrix. The average size of the primary austen-
ite grains for steel subjected to quenching (without tempering, 
Fig. 1a) was approx. 8-10 mm, which corresponds to 10-11 on 
the ASTM scale. This parameter remained unchanged in case of 
deep cryogenic treatment process (Fig. 1b). At the same time, it 
should be noted that the specified grain size is of an estimated 
nature and is burdened with a rather large measurement error. In 
[7], one can find a statement that in the case of deep cryogenic 
treatment, this value may change by approx. 4 to 6%. The size of 
the primary austenite grains also did not change after tempering 
processes in the range of 490 to 570°C. 

In the samples tempered at 550°C martensite plates are 
visible (Fig. 2a, 2b), while in case of untempered samples the 
marensite morphology remains undisclosed (Fig. 1a, 1b). In the 
case of the variant involving the quenching and DCT (Fig. 1b) 
pay attention also strongly outlined the primary austenite grains. 
Strongly outlined primary austenite grains and undisclosed 
morphology of martensitic matrix can be related to the state of 
internal stress. 

In order to reveal the presence of carbide precipitates and 
facilitate the evaluation of their quantity, observations of metal-
lographic specimens subjected to etching with Murakami reagent 
were carried out. Observations were made at 2500× magnifica-
tion (Fig. 3). Etching with Murakami reagent allowed to notice 
the differences between microstructures of samples subjected to 

a) b)

Fig. 1. Microstructure of HS6-5-2 steel subjected to a) quenching or b) quenching and DCT (Nital etched, LM)







933

at lower temperatures and forming of a structure with a much 
lower retained austenite content [2]. Deep cryogenic treatment 
process led to shifting of the maximum hardness peak to the 
lower temperature and the reduction of the obtained maximum 
hardness. The resulting maximum hardness after tempering was 
lower by approx. 1 HRC. Shifting of the secondary hardness 
peak to lower values at the tempering curve of high speed steels 
was also observed by authors in the paper [11]. In addition, the 
reduction of the maximum hardness was observed also in works 
[8,12-14].

Observed changes in hardness may be due to the shifting 
of the stage of nucleation and growth of carbide phases to lower 
temperatures or the changes taking place in the matrix, connected 
with the additional transformation of the martensite at sub-zero 

temperatures and more extensively occurring precipitation pro-
cesses, lowering the content of the carbon in the martensite, 
determining thereby its lower hardness. During tempering the 
processes connected with lowering of hardness (tempering of 
martensite and precipitation of carbides lowering the hardness 
of the matrix) and increasing of hardness (transformation of 
austenite and carbide precipitation processes) are superimposed 
on each other and determine the obtained final hardness [15]. In 
the steel subjected to DCT process the lower retained austenite 
content will determine a smaller share of its transformation on 
the obtained after tempering the hardness of material. Obtained 
after tempering lower hardness may be therefore the result of the 
impact of the process of DCT on the retained austenite content 
and proceeding in an altered manner precipitation processes.

a) b)

Fig. 5. Microstructure of HS6-5-2 steel subjected to a) quenching and tempering at 550°C or b) quenching, DCT and tempering at 550°C (TEM)

Fig. 6. Hardness of HS6-5-2 steel after tempering at different temperatures




