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М/А-CONSTITUENT IN BAINITIC LOW CARBON HIGH STRENGTH STEEL 
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Results are provided for experimental studies of conditions for the formation of various types of  
M/A-constituent (structural component consisting of martensite and austenite) in the microstructure of 
low-carbon pipe steel specimens produced by rolling with thermomechanical treatment (controlled roll-
ing and accelerated cooling).  As a result of experiments different types of M /A constituent are obtained 
and the temperature-time conditions for their formation are determined.  A research procedure is devel-
oped making it possible with maximum confidence to determine the type, size and volume fraction of 
M/A-constituent in the microstructure.  Depending on cooling conditions and exposure temperature,  
two critical states of the M/A-constituent are identified: at high exposure temperature, predominantly 
twinned martensite is formed, and austenite is formed at a low temperature.  At intermediate tempera-
tures, various combinations of these phases are observed, while the fraction of martensite in the compo-
sition of M/A “islands” decreases with decreasing exposure temperature, but the fraction of austenite in-
creases. 

Keywords: M/A constituent, martensite, retained austenite, etching in LePera reagent, accelerated cool-
ing, transmission electron microscopy. 

High-strength low-carbon steels manufactured by controlled rolling and accelerated cooling (CR + AC) 
form a complex microstructure consisting of a matrix represented by sorbite, ferrite, bainite, lath martensite, or  
a combination of them (depending the temperature for the end of accelerated cooling) and various secondary 
high-carbon phases and structural components, i.e., pearlite, high-carbon bainite, martensite, and residual aus-
tenite [1–3].  Use of rapid cooling after deformation makes it possible to suppress carbon diffusion to the extent 
that within the metal there is deformation of secondary phases, not containing cementite: residual austenite and 
high-carbon martensite or M/A constituent, i.e., a structure represented by a combination of martensite and re-
sidual austenite [4–7].  As a result within the structure of high-strength pipe steels, prepared by CR + AC tech-
nology there is always a content of some amount of M/A-constituent in the form of layers over boundaries be-
tween laths, or if the bainite matrix is granular in the form of “islands”.  In this case the volume fraction of these 
structures in contemporary low-carbon microalloyed bainitic steels (type K60) is insignificant, normally not 
more than 2%.  Nonetheless, there is interest is developing special technology for forming a significant amount 
of M/A-constituent, which will make it possible to obtain an additional tool for controlling steel properties.   
By means of forming M/A-constituent in a bainitic matrix it is possible to obtain a unique combination of me-
chanical properties [8].  Technologically formation of M/A-constituent may be achieved by using heat treatment 
in the rolling mill line (HOP-process) and also special accelerated cooling regimes. 
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Different types of M/A-constituent of a structure may have a different effect on steel mechanical properties 
and cold resistance.  Formation of a large proportion of twinned martensite (TM) may lead to an increase in 
strength and a reduction in ductility, and presence of residual austenite as a result of a TRIP-effect, and the  
opposite may lead to an increase in relative and uniform elongation.  Not only the M/A-constituent morpholo-
gy has an important effect on properties, but also its fineness.  It is well known that with presence of coarse  
M/A-“islands” there is a reduction in impact strength, since they become stress concentrators and facilitate crack 
propagation [9–12]. 

In world practice in order to identify M/A-constituent there is extensive use of color etching in LePera rea-
gent [15], which makes it possible to separate with respect to color a matrix of ferrite, bainite, and M/A-constit-
uent: ferrite is blue, bainite is brown, and austenite/martensite is white.  From an image obtained it is possible to 
reveal only presence of M/A-constituent in a microstructure and to work out is volume faction.  For reliable de-
termination of the M/A-“islands” phase composition, the proportion in the structure and size, it is necessary to 
use in combination some research methods for study: transmission electron microscopy (TEM), X-ray diffrac-
tometry (XD), special procedures of color etching (LePera method and others).  A method is also used of scan-
ning electron microscopy (SEM), including use of analysis of diffraction of back-scattered electrons (EBSD).   
In this work in order to determine the composition and morphology of M/A-constituent comprehensive research 
was conducted using methods of color etching, TEM, and XD. 

The aim of the work is to study the effect of temperature and time parameters for cooling and exposure on 
M/A-constituent formation within the structure of low-carbon steel during TMT, and also selection of proce-
dures for unambiguous identification of secondary phases in these steels. 

Research procedure.  In order to conduct experiments workpieces were selected from industrial thick sheet 
steels of strength categories K60 and K65 prepared in the AO VMX 5000 mill by CR + AC regimes.  The chem-
ical composition of the test steels differed with respect to alloying elements: 0.06% C, 1.6% Mn for K60; 
0.04% C, 1.7% Mn for K65, both steels were microalloyed with Nb, Ti (K65 contains in addition ≈ 0.3% mo-
lybdenum), both steels were deoxidized with Al, have a low sulfur and phosphorus content, and small amounts 
(≈ 0.2% of each) of silicon, nickel, and copper. 

Preliminary study of the phase transformation kinetics showed that both test steels have presence of  
a bainitic region over a wide temperature range, which satisfies the experimental conditions: for steel K60  
on average 150 ºC (temperature for the start of bainitic transformation  (Tsb ) = 610 ºC,  temperature for the  
end  (Teb ) = 460 ºC),  and for steel K65 the temperature range for bainitic transformation with a cooling rate of 
more than 10 ºC/sec comprises on average 170 ºC  (Tsb = 610 ºC,  Teb = 440 ºC). 

Experiments were performed in a BAHR-805 deformation dilatometer on cylindrical specimens 5 mm di-
ameter and 10 mm thick.  They were fastened in quartz tubes with a circular inductor and heated in a vacuum by 
current of frequency 2 MHz to 1170 ºC.  Then specimens were deformed in compression at 1050 and 850 ºC 
with a degree of deformation of 25% each, simulating the roughing and finishing stages of controlled rolling.  
After deformation specimens were subjected to controlled cooling. 

The effect was studied in specimens of the following parameters of post-deformation cooling on M/A-con-
stituent composition and morphology: interrupted AC temperatures, temperatures and time for exposure between 
AC stages; cooling rate in the second stage (after exposure); interrupted AC temperatures after exposure.   
The deformation regime for all specimens was identical (indicated above).  After treatment specimens were 
cooled to 820 ºC at a rate of 30 ºC/sec to the isothermal exposure temperature, which was varied within the limits 
of 600–450 ºC (with a step of 50 ºC), and its duration was also altered at 20, 40, and 60 sec, then specimens were 
cooled rapidly at a rate of  20 ºC/sec  to  250 ºC.   Specimens were studied additionally cooled after exposure with  
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rates of 1.5–30 ºC/sec to 40–20 ºC.  Two-stage AC was used in order to create favorable conditions for carbon 
redistribution with the aim of enriching of remaining areas of austenite with carbon. 

The microstructure of the specimens obtained was studied by optical microscopy (OM) and transmission 
electron microscopy (TEM).  Dilatometric specimens were cut in a longitudinal direction at a 1/4 through the 
thickness and cast in resin for preparation of metallographic microsections.  Thin specimens were also cut at  
a 1/4 of the thickness in order to prepare foils and study metal by the TEM method. 

Metallographic microsections were etched in 4% solution of nitric acid in alcohol and LePera reagent, and 
the microstructure was studied optically.  Microsections etched in LePera reagent were photographed in bright 
white light at magnifications of × 400 and × 800 for collecting statistical data.  Then these images were pro-
cessed in an ImageExpert Pro3 program in order to evaluate the proportion and size of M/A “islands”.  Prelimi-
nary treatment of images included avoiding an illumination gradient, a reduction in noise increasing sharpness 
and contrast in images, performed using Photoshop CS2 graphic editing.  Then inversion and binarization of im-
ages was performed, and binarization criteria were selected in order to retain to a maximum information content 
of images, and they were corrected for each image in relation to the original level of photograph illumination 
and degree of specimen etching with reagent, which with an identical etching time depended strongly on the 
type of structure. 

The type of M/A “islands” detected on etching with LePera reagent was determined by TEM for which 
specimens were prepared by a standard procedure using polishing in electrolyte based on orthophosphoric acid 
and chromium anhydride, and the foils prepared were studied in a JEM200-CX transmission electron micro-
scope with an accelerating voltage of 120 kV.  The proportion of residual austenite was determined by X-ray 
structural analysis (XD) in a Geigerflex diffractometer with a sharp focus tube from Philips.  X-ray tube ra-
diation with a cobalt anode was monochromatized with a graphite monochromator in the reflected beam.   Before 
recording the surface layer of specimens was removed to a depth of not less than 10 μm by etching in hydrochlo-
ric acid.  The volume fraction of austenite was calculated from the ratio of integral intensities of diffraction 
lines (111) for austenite and (110) for ferrite by a standard procedure. 

Research results and discussion.  Analysis of optical images of the microstructure of both steels obtained by 
etching in 4% nitric acid solution in alcohol showed that the microstructure of specimens constants of a ferrite 
matrix (polygonal, quasipolygonal, or bainitic) and a high-carbon phase, mainly represented by the M/A-con-
stituent.  A reduction in exposure temperature led to a change in the structure of both the ferrite matrix, and also 
secondary high-carbon phases.  For both of the test steels (K60 and K65) exposure temperature had a more sig-
nificant effect on secondary phase morphology (M/A-constituent).  Typical changes in the structure of steel K60 
are shown in Fig. 1a-c.  With a reduction in exposure temperature ferrite grains comprising the matrix, change 
their shape, i.e., from similar to equiaxed to more extended, and in this case the structure became finer, which  
is a consequence of a reduction in temperature for the end of the first AC stage, At the same time, quite coarse 
(up to 8 μm) “islands” of high-carbon phase (martensite) etching dark (see Fig. 1a) with a reduced isothermal 
exposure temperature, change to finer light grey “islands” with residual austenite (see Fig. 1b).  TEM data are 
provided below for studies confirming the secondary phase composition and changes are showed in the shape of 
matrix crystals. 

In the course of studies by TEM a preferential type of matrix of the ferritic type and types of secondary 
phases in relation to isothermal exposure temperature were determined.  With a reduction in  Thol   ferrite crys-
tals, comprising the bainitic matrix, changed shape from equiaxed (Fig. 2a) to more extended, and with the  
lowest  Texp   approximated lath ferrite (Fig. 3c).  There was also a change in morphology of the main second-
ary phases: coarse TM islands (with residual austenite over boundaries) were the main secondary phase with  
high  Texp ≈ 600 ºC  (Fig. 2b), and with reduced  Texp   there was a gradual increase in the number of “islands” of  
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 (a)  (b)  (c) 

    

 (d)  (e)  (f) 

Fig. 1. Type of microstructure in relation to isothermal exposure temperature for steel K60 (OM):  (a)–(c) etched in nitric acid,  
(d)–(f)  etched in LePera reagent. 

   
 (a)  (b)  

Fig. 2. Large “islands” of M /A component (> 5 μm), high-temperature exposure (600 ºC); steel K60: (a) light field, TM + A “islands”: 
(b) dark field in austenite reflection. 

residual austenite in pure form, and the proportion of martensite in “islands” (TM + A) was reduced, and their 
size decreased (Fig. 4).  With exposure at low temperatures of 500–450 ºC residual austenite (Fig. 3a, b) and 
cementite were detected in the structure, or over grains boundaries (Fig. 3c, d), or in the form of degenerated 
pearlite. 

Studies by TEM revealed a common tendency of a change in the specimen microstructure of both steels, 
and therefore the exposure temperature was separated into three ranges  (subsequently T1, T2, and T3)  in relation  
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 (a)  (b)  

Fig. 3. TM + A “islands” and residual austenite in pure form, exposure at 500 ºC in an intermediate temperature range, steel K65: 
(a) light field; (b) dark field in austenite reflection. 

   
 (a)  (b)  

   
 (c)  (d)  

Fig. 4. Fine (< 1 μm) “islands” of austenite (a), (b) and cementite precipitates (c), (d), exposure at 450 ºC (low-temperature range), steel 
K65: (a) light field; (b) dark field in austenite reflection; (c) light field; (d) dark field in cementite reflection. 
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Table 1  
Schematic Image of the Microstructure Obtained in Certain Exposure Temperature Ranges 

Exposure 
temperature range 

Schematic image of martensite 
and secondary phase type Matrix type Secondary phase type 

Т1 (600–550 °С) 

 

Polygonal ferrite / 
quasipolygonal ferrite 

TM + A 
(twinned martensite + austenite) 

Т2 (550–500 °С) 

 

Quasipolygonal and 
lath bainitic ferrite 

TM + A and A 
(austenite in pure form) 

Т3 (500–450 °С) 

 

Lath bainitic ferrite 
A + C 

(cementite and 
structure containing cementite) 

to predominant type of secondary phases: 

 – range T1 is high-temperature exposure (600–550 ºC).  The matrix structure is represented by polygo-
nal/quasipolygonal ferrite, secondary phases, i.e., predominantly coarse (with size up to 10 μm) “is-
lands” consisting mainly of high-carbon TM with residual austenite over the periphery; in this case it 
is entirely correct to use the term M/A-phase”; 

 – range T2 is exposure at 550–500 ºC (transition region), The matrix is represented by both equiaxed 
ferrite, and lath type ferrite; the secondary phases are approximately equal proportions observed as 
“islands” of twinned martensite with residual austenite (TM + A), and austenite (a) in pure form (Ta-
ble 1); 

 – range T3 is low-temperature exposure (at 500–450 ºC).  The matrix is represented predominantly by 
bainitic ferrite of the lath type, and secondary phases are austenite in pure form (A) and a small 
amount of structural component containing cementite (pearlite, bainite) of cementite in pure form, 
over ferrite crystal boundaries. 

On the basis of research results for structural changes within the steel during exposure may described as fol-
lows. 

With a high exposure temperature the diffusion rate is quite fast and with an increase in exposure time there 
is an increase in carbon concentration in austenite islands and simultaneously there is a reduction in their volume 
as a result of occurrence of ferrite transformation in neighboring areas impoverished in carbon.  As a result  
of this there is an increase in carbon concentration in quite coarse “islands” (up to 10 μm) to a level suffi-
cient for obtaining high-carbon martensite during the second AC stage.  Presence of and austenite “framing” of 
martensitic  islands  may  be  a  result  of  enrichment  of  the  surface  of  austenitic  regions  with carbon during ferrite  
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 (a)  (b)  

Fig. 5. Effect of isothermal exposure temperature on fraction of M /A-component in steel K60 (a) and K65 (b) microstructure with ex-
posure time of 20, 40, and 60 sec. 

transformation in neighboring metal areas.  During performance of studies by the TEM method grains were of-
ten detected of almost dislocation-free ferrite in the vicinity of M/A “islands” and cementite was absent from the 
structure. 

With low exposure temperatures due to the almost complete transformation of ferrite by a shear mechanism 
stable austenite is mainly detected in the form of layers between bainitic ferrite laths.  Carbon concentration in 
austenite is high so that it is not converted into martensite in the second AC stage and remains stable at room 
temperature.  However, with more prolonged exposure there may be austenite decomposition with precipitation 
of cementite particles, which is confirmed in studying specimens by the TEM method (see Fig. 3c, d). 

With exposure in the medium temperature range ferrite transformation proceeds partly by a shear mecha-
nism, volumes of austenite are fewer with interrupted exposure, and carbon concentration within them after ex-
posure is quite high.  After the second AC stage there may be formation of both pure austenite, and fine TM + A 
islands.  With an increase in exposure duration, due to carbon access from neighboring regions, there is an in-
crease in carbon concentration and a reduction in volume fraction and size of TM-“islands” with an increase in 
the proportion and size of pure austenite islands. 

Results of determining the proportion of M/A-structure by calculation conducted in an ImageExpert Pro3 
program (from optical photographs of the microstructure obtained with etching in LePera reagent) are shown  
in Fig. 5, where the data obtained are plotted for the dependence of M/A-constituent “islands” within structure 
on exposure temperature and time.  It is seen that the effect of  Texp   on proportion of M/A-constituent in the 
microstructure (with exposure time of 20–60 sec) is definitive, whereas the exposure time the change in propor-
tion of M/A-constituent depends weakly on the change in exposure time (within the limits studied).  For both  
of the test steels the maximum proportion of M/A (≈ 5% for K60 and ≈ 5.5% for K65) was observed at 550 ºC, 
and with a further reduction in exposure temperature the proportion of M/A in the structure decreased sharply, and 
at 450 ºC already comprised less than 1% (see Fig. 5a, b).  The proportion of M/A-constituent in steel K60) with 
a higher carbon content) with an exposure temperature in range T1 was significantly higher than for steel K65, 
which is mainly connected with a greater proportion within its structure of high-carbon twinned martensite.  
Then with a reduction in  Texp   and transition of secondary phases from TM to A, the overall M/A-“islands” 
proportion became approximately identical. 

A change in average calculated diameter of M/A-“islands”  ( Dav  calculated for measurements in an Im-
ageExpert  Pro   program)   is  shown  in  Fig. 6a  in  relation  to  exposure  temperature.   The  relationship  obtained  is  
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 (a)  (b)  

Fig. 6. Effect of isothermal exposure temperature on size of M /A-“islands” in microstructure of steels K60 and K65 (exposure time 
40 sec). 

   
 (a)  (b)  

Fig. 7. Effect of end of cooling temperature after exposure on fraction and size of M/A-“islands” in steel K60 structure (Texpl = 600 ºC,  

texp = 25 sec,  vcool = 20 ºC/sec). 

similar to that for proportion of M/A-“islands” in the metal structure.  The effect is seen of chemical composi-
tion on curves: in steel K65 the island size is greater in the ranges T2 and T3, and at high temperature (in the 
range T1) in contrast the diameter of “islands” is larger in steel K60 containing more carbon.  The coarsest is-
lands (≈ 8 μm) are observed in the range T2 in steel K65 (Fig. 6b), i.e., it is martensite but the proportion of rela-
tively coarse “islands” (2–8 μm) comprises not more than 10% of the overall amount of areas of M/A-constitu-
ent observed.  It is seen that the average “island” diameter is small and even with exposure in ranges T2 and T1 
(for steel K60, see Fig. 6a) comprises about 1 μm. 

Results of experiments revealing the effect of temperature for dwell time in the second cooling stage after 
exposure at 600 ºC on the proportion and size of M/A-“islands” in the structure are shown in Fig. 7 for 
steel K60.  It is seen that the temperature for the end of AC after exposure has a considerable effect on the pro-
portion of M/A-“islands” of the TM + A type: with a reduction from 400 to 200 ºC the proportion of M/A-con-
stituent increases by ≈ 2,5% (abs.).  The diameter of M/A-“islands”, the same as in preceding cases, correlates 
with the volume fraction, i.e.,  Dav = 1.3μm  is observed with their maximum proportion in the structure of 
≈ 5% with a temperature for the end of  AC  of  200 ºC  (see Fig. 7b).   Cooling to room temperature does not lead  
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 (a)  (b)  

Fig. 8.  Effect of cooling rate after exposure for 40 sec in ranges T2 and T3 on fraction and size of M /A-“islands” in steel K60 structure. 

Table 2  
Results of Studying K60 and K65 Steel Specimens by OM, TEM, and XD Methods  

with Different Exposure Temperatures and Time of 40 sec 

Texp , 
°С 

Steel 
temperature range 

TEM, 
secondary phase type 

XD, 
austenite fraction, % 

OM (LePera), 
M/A fraction, % 

К60 К65 К60 К65 К60 К65 К60 К65 

650 Т1 Т2 (М /А) (М) + А 2.6 2.4 3.5 2.0 

600 Т2 Т2 (М) + А (М) + А 3.0 1.4 4.5 2.2 

550 Т2 Т2 (М) + А (М) + А 3.2 1.0 5.1 5.5 

500 Т3 Т2 A + C (М) + А 2.6 2.8 2.1 1.8 

450 Т3 Т3 A + C A + C 1.0 2.1 0.6 0.6 

to an increase in the proportion go M/A-constituent in the structure, and conversely in this case its proportion is 
at a maximum, i.e., ≈ 2% (see Fig. 7a). 

The effect of cooling rate after isothermal exposure (v2) on the proportion and size of M/A-constituent in 
the structure of steel K60 is shown in Fig. 8.  An increase in cooling rate from 5–10 to 20–30 ºC/sec led to sig-
nificant increase (from ≈ 2 to ≈ 6%) proportion of M/A-structure type TM + A within the microstructure, and in 
this case the average island diameter varied from 1.3 to 1.6 μm in the range T at 600 ºC.  With exposure in  
the T3 range a change in cooling rate did not have any significant effect on the reason for an initially lower pro-
portion M/A-structure (see Fig. 8a, range T3, 600 ºC for steel K60).  It is evident that slow cooling does not fa-
cilitate formation of a significant proportion of M/A-constituent within the structure of both steels, which is 
connected with the possibility of austenite decomposition during cooling at a slow rate. 

Results of determining the proportion of residual austenite by the XD method and the proportion of  
M/A-constituent in the structure revealed by color etching are given in Table 2.  It should be noted that the XD 
method makes it possible to determine only the overall proportion of austenite, and the metallographic method 
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after etching in LePera reagent gives the general proportion of M/A-constituent without the possibility of sepa-
rating them into twinned martensite and residual martensite.  The color etching method also does not make it 
possible to consider entirely the proportion of fine (0.5 μm and less observed by the TEM method) sections of 
residual austenite in steels with low-temperature exposure.  This explains the difference in significant proportion 
of M/A-constituent obtained by different methods (Table 2). 

From data in Table 2 it is possible to estimate the effect of steel chemical composition on the proportion and 
type of M/A-constituent in the structure.  More alloyed steel K65, containing more Mn and Mo additive, has  
a broader temperature range for existence of martensite within the secondary phase composition and lower ten-
dency towards austenite decomposition with formation of cementite at low isothermal exposure temperatures.  
In this case in steel K60, containing more carbon, the proportion of M/A and residual austenite constituents (ac-
cording to OM data and XD data) is higher in the ranges T1 and T2 that for steel K65, but austenite is less table 
and has a tendency towards decomposition with separation of cementite in the T3 temperature range. 

CONCLUSION 

The question of identifying M/A-constituent in the structure of high-strength pipe steels has been studied, 
and a procedure is proposed for determining the morphology of secondary phases, proportion of residual austen-
ite, size, shape, and distribution of M/A-structure areas.  The method of transmission electron microscopy 
(TEM) makes it possible to determine reliably the phase composition and morphology of M/A “islands”, but 
does not make it possible to provide quantitative evaluation of this constituent.  The color etching method is 
suitable mainly for evaluating the volume fraction and size of residual coarse M/A “islands”.  The X-ray diffrac-
tion method (XD) makes it possible to determine the proportion of austenite, including very fine areas, but does 
not make it possible to determine other phases.  Therefore, combined study is required for structural steels by 
TEM, XD, and optical microscopy (OM) with etching in LePera reagent, and analysis of the images obtained 
using special software. 

The effect of post-deformation cooling parameters has been studied: cooling rate and dwell time tempera-
ture for interrupted accelerated cooling temperature; exposure temperature and time; accelerated cooling param-
eters in the second stage (after exposure) on composition and morphology of M/A-constituent in the structure of 
low-carbon pipe steel of strength categories K60 and K65.  It has been established that formation of the structure 
of a ferritic matrix and M/A-constituent is mainly affected by the temperature for completion of the first stage of 
accelerated cooling, determining exposure temperature.  Exposure duration (in the test range 20–60 sec) does 
not have such a marked effect on proportion of M/A-constituent, and at the same time a short exposure does not 
give total occurrence of carbon redistribution processes, and too long exposure may lead to decomposition of 
austenite into ferrite and cementite.  The effect cannot be overestimated of cooling rate and exposure tempera-
ture for cooling after conducting exposure: a slow cooling rate and high exposure temperature for cooling also 
leads to austenite decomposition into ferrite and cementite and reduces the proportion of M/A-constituent within 
the structure obtained. 

For M/A-constituent in the form of “islands” or thin layers in a bainitic-ferrite matrix, depending on expo-
sure temperature (with conditions for quite a low temperature for interrupted AC and quite a fast cooling rate) 
two boundary conditions have been revealed: with a high exposure temperature there is formation of predomi-
nantly twinned martensite, and with a low temperature there is pure residual austenite.  With intermediate tem-
peratures different combinations of these phases are observed, and in this case as there is a reduction in exposure 
temperature the proportion of martensite within the composition of islands decreases, but the proportion of aus-
tenite increases. 
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It has been established that in steel with the greatest austenite stability (K65) exposure temperature ranges 
facilitating formation of M/A “islands”, containing martensite and austenite, are broader.  In this case according 
to XD data, in steel containing more carbon (K60) with comparable conditions the proportion of residual austen-
ite is greater, but it is less stable and breaks down with formation of cementite phases. 

Therefore, the experimental scheme developed has made it possible to determine conditions for microstruc-
ture formation, consisting of a matrix of bainitic ferrite and M/A-constituent of different morphology. 

Temperate and time parameters have been determined for formation of a significant proportion of 
M/A-structure in steels K60 and K65 under conditions approaching the actual controlled rolling process with 
accelerated cooling.  For both of the test steels the maximum proportion of M /A-constituent is of the order of 5–
5.5%, obtained with an isothermal exposure temperature of 550 ºC as a result of forming this component based 
on twinned martensite and residual austenite in pure form. 
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