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Abstract 

In this work, quench and partitioning (Q&P) heat treatment was performed on four different steel alloys in order to obtain 
multiphase steels with a microstructure of ferrite, martensite, bainite, and retained austenite. The four alloys are SS1672, 
38MnVS6, R350HT and SS2244. They were selected to study the effect of increasing the Mn/Si ratio and the Cr effect on 
the microstructure. Multiphase steels with retained austenite of different fractions and morphologies in a ferritic-bainitic 
matrix were obtained depending on the Cr and Si amounts. The detailed characterisation of the microstructural evolution 
of four heat-treated Q&P steel samples by optical microscopy (OM) was done only to provide a qualitative understanding. 
Despite these limitations, the OM micrographs were sufficient to confirm and identify the formed phases, especially the 
bainite phase.  This study shows that a high Si levels are not strictly required to suppress pearlite formation during the 
quenching and partitioning (Q&P) treatment of medium and eutectoid steels, due to the influence of manganese. A Mn/Si 
ratio greater than 2 is found to be essential for effectively preventing pearlite formation. Additionally, a lower martensite 
starting temperature (Ms) significantly refines the microstructural features, particularly bainite and retained austenite. 
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Introduction1.

Multiphase steel is defined as steel a mixture of 
different microstructural phases, typically including 
softer phases like ferrite and retained austenite, as 
well as harder phases such as martensite and hard 
microstructural constituents as bainite. This 
combination of phases is engineered to achieve a 
balance between strength and ductility [1-3]. 
Obtaining multiphase structures that combine both 
equilibrium and non-equilibrium phases typically 
involves carefully designed heat treatments and alloy 
compositions. Examples of these heat treatments are 
intercritical annealing followed by quenching to 
produce dual-phase steels (DP) with a microstructure 
consisting of ferrite and martensite phases [4, 5]. 
Intercritical annealing followed by isothermal holding 
is a sophisticated heat treatment strategy used to 
produce TRIP steels with a microstructure that 
includes ferrite, martensite, and retained austenite 
phases [6]. Q&P is a sophisticated heat treatment 
technique used to produce high-strength steels with 
excellent ductility and formability by stabilizing 
retained austenite [7].  

Multi-phase steels are designed to offer an optimal 

combination of strength and ductility by incorporating 
different phases within the steel microstructure that 
surpass those of conventional steels, which usually 
rely on a single strengthening mechanism like solid 
solution or precipitation hardening [8]. Conventional 
isothermal bainite transformation processes can 
indeed be very time-consuming, sometimes taking up 
to a month [9]. This lengthy process is primarily due 
to the slow kinetics of bainite transformation, which 
requires diffusion of carbon atoms within the steel 
structure at relatively low temperatures. The initial 
presence of martensite promotes and speeds up the 
formation of bainite during isothermal treatment 
around the martensite start (Ms) temperature. This 
acceleration is often attributed to the creation of 
nucleation sites at the interfaces between martensite 
and austenite (α′/γ), a phenomenon sometimes 
referred to as the “swing-back” effect or mechanism 
[10-12]. The deviation of the alloy partitioning at the 
ferrite and martensite (α′/a) interface from the local 
equilibrium condition concentration is called para-
equilibrium [13]. The C content in bainite formed at 
low transformation temperatures (<450˚C) is much 
higher than the para-equilibrium value, which is 
called the C supersaturation in bainite phenomenon. If 
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there is a significant carbon supersaturation in bainite, 
it would generally hinder the transformation process 
because the excess carbon can impede the nucleation 
and growth of bainite. Thus, controlling carbon 
partitioning is crucial to avoid such supersaturation 
and to optimize the transformation kinetics. The 
assumption that carbon is in local equilibrium at the 
migrating interface means the absence of C 
supersaturation in the bainite. The presence of prior 
ferrite tends to accelerate martensite transformation 
because ferrite facilitates the nucleation of martensite. 
Conversely, prior ferrite can retard the bainite 
transformation due to its impact on local C 
concentrations [14]. 

In the literature, the roles of the alloying elements 
silicon and manganese in the development of 
multiphase microstructures in Q&P heat-treated steels 
are well documented individually. Si suppresses 
carbide formation during heat treatment, thereby 
enhancing the stability of retained austenite and 
promoting carbon partitioning [15, 16]. Mn, on the 
other hand, serves as a strong austenite stabilizer by 
lowering the martensite start temperature (Ms), which 
increases the fraction of retained austenite at room 
temperature [17, 18]. However, studies examining the 
combined effect of silicon and manganese are limited 
especially in medium and eutectoid steels. 

This study aims to develop complex 
microstructures in four different steel alloys to obtain 
complex microstructure consisting of ferrite, bainite, 
martensite, and retained austenite through quenching 
and partitioning (Q&P) processing. A key aspect of 
the study is the role of the Si/Mn ratio in inhibiting 
carbide precipitation, thereby facilitating carbon 
partitioning into austenite instead of cementite 
formation. This study focuses on the effect of varying 
chemical compositions specifically involving 
conventional alloying elements such as C, Mn, Si, and 
Cr, which are commonly present in commercial steels 
like SS1672, 38MnVS6, R350HT, and SS2244, 
classified as medium-carbon and eutectoid steels, on 
microstructural characterization after quenching and 
partitioning (Q&P) heat treatment using optical 
metallography 

 
Materials and experimental procedure 2.

Material 2.1.
 
All the steel samples used in this study are 

categorized as low-alloy steel. Four alloys are used in 
this work the first three samples are medium C steel 
and the last sample is eutectoid steel and their 
compositions are shown in Table 1. They were 
selected to study the effect of increasing the Mn/Si 
ratio and the Cr effect on the microstructure. 

According to the empirical equations 1 and 2, the 
bainite starting temperature (BS) and the martensite 
starting temperature (MS) can be calculated with 
alloying element concentrations expressed in weight 
percent [19, 20]: 

 
(1) 

     
 

(2) 
 
Cylindrical samples 51 mm in diameter and 51 

mm in length are used in the heat treatment tests. 

 
Heat Treatment 2.2.

 
Heat treatment that leads to obtaining the 

multiphase structure requires quenching to different 
temperatures and subsequent isothermal bainite 
transformation. The use of high austenitization 
temperatures ensures that a complete and uniform 
austenite phase is formed before quenching. This can 
increase the amount of retained austenite, particularly 
in the areas between the martensitic laths, where 
carbon diffusion is slow [21].  Austenization 
temperature of the steel used in the experiment is 
1020 °C, for samples 1, 2, 3 and 900 °C, for sample 4 
as R350HT is typically fully austenitic at 
approximately 900 °C. These temperatures are above 
the Ac3 temperature to ensure full austenitization 
before quenching [22].  The temperature was 
increased to the austenitization temperature at a 
heating rate of 5 °C/s and held for 30 min. After 
austenitization the samples were quenched to 
temperatures in the intercritical range of the samples 
and then were held at these temperatures for 
isothermal heat treatment at 900–800 °C for samples 
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M C Mn Cr

Ni Mo Si W
s     

   
498 99 333 3 33 3 27 8

16 7 11 1

. . . .

. .

Bs  630 445 30 20 25

35 15 40

Mn Cr Ni Mo

Si W V

   

 

Sample 1 Sample 2 Sample 3 Sample 4

% wt SS1672 hot 
rolled

38MnVS6 
hot rolled

SS2244 
(AISI 
4140) 

hot rolled

R350HT 
hot rolled 
pearlitic 

steels

%C 0.46 0.38 0.4 0.75

%Mn 0.5 1.4 0.8 0.95

%Cr 0.3 0.95 0.15

%Si 0.25 0.4 0.23 0.35

%V 0.14 0.01

% Mo 0.2

Mn/Si 2 3.5 3.5 2.7

Table 1. Chemical composition of steel (wt.%) used in this 
study



1,2 and 3 and at 800-700 ºC for sample 4. The samples 
were first quenched to temperatures below the 
eutectoid temperature at 600–500 °C. Subsequently, 
they were quenched to temperatures below the 
martensite start temperature (Ms) and held for 
isothermal treatments at 350–400 °C and 200–250 °C 
for Samples 1–3, and at 300–200 °C for Sample 4. 
This intermediate quench temperature, situated 
between the martensite start (Ms) and martensite 
finish (Mf) temperatures, promotes the formation of a 
controlled fraction of martensite, while retaining a 
significant amount of untransformed austenite [23]. 
The samples were heated to the partitioning 
temperature range of 600–500 °C and held for shorter 
partitioning times, all kept under 300 seconds. Finally 
the samples were quenched to room temperature. The 
basic quenching and partitioning heat treatment 
process for the four samples is illustrated in Fig. 1. 

 
Microstructural Examination 2.3.

 
Light metallographic techniques have been widely 

used by researchers to differentiate retained austenite 
from other microconstituents in multiphase low-alloy 
steel microstructures [24, 25]. These methods offer 
several advantages, such as ease of sample 
preparation and no restrictions on sample geometry, 
which is crucial for industrial applications where it is 
important to examine the entire sample to ensure 
uniformity of the microstructure. However, the most 
challenging when using light optical microscopy 
(LOM) is to distinguish finely divided retained 
austenite from martensite. For the microstructural 
investigation in the light optical (LOM), the 
specimens were prepared by grinding with emery 
paper, polishing with diamond paste, and etching with 
3% Nital (97ml ethanol, 3ml HNO3). The 
microhardness was done in the ferrite and martensite 

phases individually. Optical metallography (OM) was 
used to perform microstructural characterization. 
Despite these limitations, the OM micrographs were 
sufficient to confirm and identify the formed phases, 
especially the bainite phase. The metallographical 
analysis were done using a Leica DMREM light 
optical microscope having high-performance LED 
illumination for analyzing in brightfield, darckfield, 
and phase contrast. 

 
Results and Discussions 3.

 
It is evident from Fig. 2a that the microstructure of 

sample 1 is formed by three phases, Allotriomorphic 
ferrite formed along the former austenite grain 
boundaries following their contours, as indicated by 
the white regions. The dark grey regions (Fig. 2a) are 
pearlite. The light grey regions in Fig 2a are 
magnified and are presented in Fig.2b and the pearlite 
are magnified in Fig. 2c. The micro indent shown in 
Fig. 2a measures the microhardness of multiple 
phases. The larger indents include pearlite and 
allotriomorphic phases and the smaller indents 
measures the hardness of multiple phases 
simultaneously, namely martensite, baintie and 
allotriomorphic ferrite.  

Fig. 2b shows that the microstructure consists of 
allotriomorphic ferrite decorated at pre austenite grain 
boundaries (PAGB) and a mixture of bainite and 
martensite. It is observed in Figs. 2b and 2c that the 
interface between allotriomorphic ferrite and bainite 
is clear in some cases and unclear in the others. A 
clear interface means that a black line is visible 
between two phases. Unclear interfaces between two 
phases suggests that there might be a gradual 
transition or mixing of orientations between the two 
phases. This could be due to partial transformation or 
overlap zones where the phase boundaries are not 
well-defined [26]. This can be caused by the fact that 
the interfacial energy and the grain boundary energy 
are not constant with the orientation of the interface 
and the grain boundary [27]. The interface between 
the allotriomorphic ferrite and pearlite is unclear, no 
boundary visible between allotriomorphic ferrite and 
pearlite. Optical microscope observation showed that 
the interfaces between allotriomorphic ferrite and 
adjacent bainite are mostly of the clear type, which 
suggests they are high-angle boundaries.  

When ferrite grows, the carbon that was 
previously in the austenite accumulates in the 
remaining austenite at the advancing planar ferrite 
fronts. If the carbon concentration becomes 
sufficiently high, cementite may form unless the 
reaction is prevented by kinetic factors. 
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Figure 1. The basic route for the quenching and 
partitioning heat treatment process of the four 
samples  



Some of the allotriomorphic ferrite (primary 
ferrite) at PAGBs have a saw-teeth like morphology 
seen in Fig. 2c. Widmanstätten ferrite can sometimes 
form independently without the subsequent formation 
of pearlite, and dependently with the subsequent 
formation of pearlite under specific cooling 
conditions. This is because the cooling rate within the 
sample is not homogenous across the thickness of the 
sample [28]. All the Widmanstatten plates are parallel 
and have probably nucleated on the extension of the 
grain boundary shown in the lower right part of Fig. 
2.c. It can be seen from Fig. 1.c that the upper ends of 
the Widmanstätten are sharp denote the advancing 
edges of the growth, while the lower ends are blunt 
indicating a rectangular cross-section of the plates. 

The microstructure of sample 2 shown in Fig. 3a is 
a typical OM image of the bainite formed at the PAGB 
having feathery structures of parallel plates on both 
sides of the former austenite grain boundary which is 
a typical microstructure of upper bainite. Also there is 
intra granular nucleation of acicular bainite which are 
the short units of bainite nucleated on sides of the 

primary units. Nital etching revealed the as-quenched 
martensite as a light-etching region containing 
acicular ferrite.  Allotriomorphic ferrite formed at the 
PAGBs, hinders the nucleation of bainite at PAGBs. 
With the hindrance of bainite nucleation at the grain 
boundaries due to allotriomorphic ferrite, the steel’s 
microstructure often shifts towards the formation of 
acicular ferrite within the austenite grains. In a mixed 
ferrite + austenite microstructure, both the γ/γ grains 
and the α/γ interface boundaries can act as nucleation 
sites for bainite [29]. According to the study done by 
Ravi et al. [30] the presence of the α/γ interface will 
result in a higher alloying gradient across the 
interface. The increased concentration of the alloying 
elements near the α/γ interface acts as a chemical 
retardation effect on the subsequent bainite 
transformation. The competition between acceleration 
(due to interface features) and retardation (due to 
higher alloying concentrations near the interface) 
determines the overall kinetics of bainite 
transformation in steels.  

The initial banded microstructure of sample 2 can 
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Figure 2. (a) Optical micrograph of sample1 showing showing pearlite, allotriomorphic and Widmanstätten ferrite, (b) 
Optical micrograph of sample 1 showing pearlite, bainite, martensite, and allotriomorphic ferrite, (c) Optical 

micrograph of sample 1 showing Widmanstätten ferrite, martensite, pearlite and allotriomorphic ferrite

a) b)

c)



significantly impact the heat treatment process. The 
microstructural banding in hot-rolled low-carbon 
high-alloyed steels sample 2 arises due to the 
segregation of substitutional alloying elements during 
solidification. Sample 2 has a ferrite/pearlite banded 
microstructure in the as rolled condition and the 
banded structure is not evident after heat treatment. 
The absence of a banded microstructure after heat 
treatment does not mean that segregation is absent due 
to the fact that during austenitization the diffusion of 
substitutional alloying elements such as Cr or Mn is 
negligible. However, the structure of the α/γ interface, 
together with the associated chemical heterogeneity 
near the interface, including carbon and alloying 
element segregation, resulting from the nucleation of 
bainite [14] and the fact that in the context of 
microstructural banding, the phenomenon of austenite 
pancaking leads to increased total grain boundary 
area, which lead to a “geometrical dilution” of 
segregated elements. Also the homogenization of 
carbon across regions with varying manganese 
concentrations helps to ensure a more uniform 
microstructure, reducing the chances of banding. 
Since manganese (Mn) reduces the activity of C, it 
interacts with C in an attractive manner, leading to 
lower C activity when both elements are present in the 
matrix. As a result, C tends to accumulate in Mn-rich 
regions, resulting in higher local C concentrations [31, 
32]. The presence of bainite and Widmanstätten ferrite 
in Figs.3a and 3b suggests a non-uniform cooling rate 
or varying alloy composition within the steel.  

Comparing sample 1 with sample 2 exhibits a 
significant variation in their pearlite content 
(see Fig.2 and Fig. 3). The pearlite transformation is 
extremely sensitive to Mn, which can be seen in the 
influence Mn has on the CCT diagram in Fig. 4. The 
CCT diagrams were created using the JMatPro 

software, as thick samples still undergo gradual 
cooling from the surface inward during the cooling 
stage following the isothermal hold. From Fig. 4 it can 
be seen that the pearlite curve is shifted towards 
longer times.  Increasing Mn content tends to shift the 
phase transformation temperatures, making the 
formation of bainite more favorable compared to 
pearlite and ferrite. Higher Mn content stabilizes the 
austenite at lower temperatures, which encourages the 
formation of bainite rather than Widmanstätten ferrite 
or pearlite as the steel cools. Cr reduces both the Ms 
and Bs temperatures as seen in Eqs. 1 and 2, further it 
increases the amount of retained austenite [33]. The 
reduction of potential energy due to the attractive 
interactions between C-Cr and C-Mo in a C enriched 
prior austenite is driven by the formation of stable 
carbide phases. These interactions can decrease the 
carbon content distributed in the retained austenite 
[34, 35].  This reduces the rate at which lower bainite 
forms because the diffusion of carbon, which is 
necessary for the formation of bainite, is hindered   
[36]. Si reduces the driving force for cementite and 
carbides nucleation and Si shifts the bainitic 
transformation towards a more ferritic structure with a 
finer and more plate-like morphology [37-39]. This 
change in the microstructure is one of the reasons why 
the bainite morphology becomes more refined and 
changes with increasing Si content. By stabilizing the 
ferrite and reducing carbide formation, Si leads to an 
increased amount of carbon in the austenite phase, 
which in turn results in a higher amount of retained 
austenite. 

In Fig. 3b the intra granular shapes of the bainite-
ferrite in the grains are sub-grains in the upper bainite. 
The bainitic ferrite plates can only grow to a certain 
length due to the constraints imposed by the 
transformation process and the presence of obstacles 
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Figure 3. (a) Optical micrograph of sample 2 showing bainitic, martensite, acicular ferrite and allotriomorphic ferrite, 
(b) Optical micrograph of sample 2 showing pearlite with allotriomorphic ferrite at prior austenite grain 

boundaries, bainite and martensite intra-granularly

a) b)



such as cementite particles or low-misorientation 
boundaries. Once these plates reach their maximum 
length, new plates or “subunits” of bainitic ferrite can 
nucleate that carries the growth further. These 
subunits are separated by low-misorientation 
boundaries or by cementite particles [40]. Nital 
etching revealed the as-quenched martensite as a 
light-etching region containing acicular ferrite. 

Comparing the microstructure of sample3  with all 
the other samples, the microstructure varies with the 
increase in Cr content of sample 3 compared to all the 
other samples. Figs. 5a and 5b show no polygonal 
ferrite in sample 3 which leads to the conclusion that 
the amount of polygonal ferrite decreases with Cr 
addition. Cr segregates to the grain boundaries so the 
Cr atoms at the grain boundaries pin or fix these 
boundaries in place. This pinning effect impedes the 
movement of the grain boundaries as a result, the 
amount of polygonal ferrite formed decreases [41]. 

With the increase of Cr content, as in sample 3, the 
polygonal (proeutectoid) ferrite gradually transforms 
to acicular ferrite, bainite and martensite. 

The OM observations revealed that sample 3(Fig. 
5a and 5b) and sample 4 (Fig. 6a and 6b) having the 
lowest Ms when quenched to just below Ms leads to 
lower isothermal bainite transformation temperatures 
which results in a significant refinement of the 
microstructure components bainite and RA. The 
microstructure of sample 3 and 4 is composed of 
bainite and RA in the form of thin layers and islands. As 
the isothermal temperature decreases, the bainitic 
ferrite plates become thinner and more closely spaced. 
This is because lower temperatures slow down the 
diffusion rates of carbon and other alloying elements, 
leading to the formation of finer, more compact bainitic 
ferrite plates.  M/A islands tend to decrease in size and 
number as the transformation temperature lowers. This 
happens because the lower temperature leads to a finer 
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Figure 4. TTT diagram of sample 2 (38MnVS6 steel) created and calculated with the usage of JMatPro software

Figure 5. (a) Optical micrograph of sample 3 at the surface showing bainite, martensite and small white islands RA with 
no polygonal ferrite present, (b) Optical micrograph of sample 3 at 5 mm from the surface showing binite, 

martensite and very small white islands RA with no polygonal ferrite present

a) b)



and more homogeneous bainitic structure, reducing the 
areas where M/A islands can form. 

Sample 4 was austenitized at 900 °C. This 
temperature is above the eutectoid temperature where 
the entire microstructure transforms into austenite. 
Fig. 6a shows the typical lower bainite structure 
bainite at the former austenite grain boundaries also 
can be seen from Fig. 6a small white RA. At higher 
magnification the microstructure of the intragranular 
can be seen in Fig. 6b. RA (white) in the 
microstructure of sample 4 appear in the form of 
blocks and as thin films between ferrite plates seen in 
Fig. 6b. The blocks of RA are larger compared to the 
thin films. The RA shown in Fig. 6b has an average 
size of a few micrometers at the given magnification.   

RA in steel microstructures is a metastable phase 
and its morphology can vary significantly based on 
the different process parameters. Lower isothermal 
quenching temperatures reduce the size of the bainite 
micro constituents. Because the transformation 
process is more rapid and less complete at lower 
temperatures, some austenite may remain as a film-
like or retained phase within the bainite structure [42]. 
Higher isothermal temperatures result in slower 
transformation rates from austenite to bainite, wider 
bainite laths due to the enhanced diffusion of carbon, 
which facilitates the growth of these laths, and more 
stable RA, which tends to form larger regions rather 
than thin films. When temperature is too high, the 
enrichment of carbon in the residual austenite impairs 
the transformation of austenite into bainite. 
Subsequent quenching to room temperature after the 
isothermal bainite transformation can lead to the 
formation of martensite/austenite (M/A) islands in the 
microstructure. The analysis of the structures obtained 
from Fig.6b confirms that the RA often occurs 
between laths of bainitic ferrite as elongated, thin 
layers or fine grains. 

A comparison of the microstructure and the Ms 
and Bs temperatures of sample 4 with sample 3, as 
shown in Table 1, reveals that the Ms and Bs 
temperatures are lower for sample 4. This is due to the 
higher carbon and alloying element content in sample 
4 compared to sample 3. As a result, the bainitic 
transformation occurs at lower temperatures. 
Lowering the isothermal treatment temperature 
further promotes the bainitic transformation and 
reduces the amount of M/A islands. The 
microstructure of sample 4 consists of both film-like 
RA and island RA within the bainite structure, 
whereas the microstructure of sample 3 contains only 
island RA. According to the work done by Park et al. 
[43], the carbon content in retained austenite (RA) 
significantly impacts its stability. Film-like RA, which 
has a higher carbon content, is generally more stable 
than blocky RA with a lower carbon content. This 
increased stability in film-like RA is attributed to the 
higher carbon concentration in the austenite, which 
delays its transformation into other phases, such as 
martensite or carbide, during subsequent cooling or 
deformation.  

When steel undergoes a Q&P treatment and the 
partitioning temperature is chosen to be between the 
Ms and room temperature, the resulting 
microstructure often includes a combination of phases 
such as martensite, bainite, and potentially retained 
austenite. These isothermal products are generally 
neither purely martensitic nor purely bainitic but 
rather a complex mixture of different phases. The 
distinction between the product phases present is 
difficult particularly because of their similar 
morphologies. In Figs. 5a, 5b and 6b isothermal 
products with wide laths and wavy and irregular 
boundaries with ledges can be seen. According  to 
Somani et al. [44] and Kim el al. [45],  these 
isothermal products are neither purely martensitic nor 
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Figure 6. (a) Optical micrograph of sample 4 with visible areas where a bainitic structure was formed and small white 
RA, (b) Optical micrograph of sample 4 showing bainitic sheaves, RA as bright white and PAGB

a) b)



purely bainitic. More recently, Somani et 
al. [44] identified this product phase as isothermal 
martensite. According to the literature, isothermal 
martensite is indeed predominantly reported in high-
carbon steels and high-nickel alloys but not in 
hypoeutectoid and eutectoid steels [46-48]. 

The microstructure of multiphase steels containing 
martensite and ferrite is difficult to distinguish 
between bainite and martensite. Using the LOM 
methodology can contrast the different phases by fine-
tuning the etching technique. Bainite typically has 
dark etching characteristics in metallographic images 
due to its specific phase structure. It can be seen from 
Figs. 5 and 6 that martensite laths (dark units) appear 
during isothermal holding.    

In summary, it can be said that the four 
investigated steel alloys contain a certain amount of 
C, Si, Mn, Cr, Mo alloying elements. Sample 1 
contains a specific Mn/Si ratio of 2 and undergoes a 
transformation of pearlite, while the other samples 2, 
3, and 4, do not show any transformation of pearlite 
and they all have a Mn/Si ratio higher than 2. 
Isothermal heat treatment allows for significant 
microstructural refinement in bainitic steels. The 
Q&P process implemented in this study effectively 
stabilized the retained austenite in samples 3 and 4, 
both of which exhibited the lowest Ms temperatures. 
A key factor in this outcome was the selected quench 
temperature, which facilitated the partial 
transformation of austenite into martensite. This 
process generated carbon-supersaturated martensite, 
acting as a carbon reservoir during the subsequent 
partitioning step. At the partitioning temperature, 
carbon diffused from the martensite into the 
remaining untransformed austenite. This carbon 
enrichment enhanced the thermal and mechanical 
stability of the austenite, increasing the likelihood of 
its retention at room temperature. 

 
Conclusions 4.

 
1. Samples 3 and 4 have the lowest Ms when 

quenched just below Ms, resulting in lower isothermal 
bainite transformation temperatures, which results in 
a significant refinement of the microstructure 
components bainite and RA. Also, using steels with 
lower Ms is effective in minimization of competitive 
reactions, such as the precipitation of carbides in 
austenite and the formation of pearlite. 

2. High Si levels are not strictly necessary to 
prevent pearlite formation during the Q&P treatment 
of medium and eutectoid steels, due to the presence of 
Mn.  A Mn/Si ratio greater than 2 is found to be 
necessary to prevent pearlite formation.  

3. Samples 2 and 3 have the same Mn/Si ratio of 

3.5 but sample 3 has a higher Cr content of 0.95 % 
compared to 0.3 %. With the increase in Cr content for 
sample 3, the proeutectoid ferrite is reduced and the 
microstructure mainly consists of lath bainite, 
martensite and RA. 
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KVALITATIVNA STUDIJA MIKROSTRUKTURE VIŠEFAZNOG ČELIKA 
RAZVIJENE U ČETIRI RAZLIČITE LEGURE ČELIKA 
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Apstrakt 
 
U ovom radu, termička obrada kaljenjem i particionisanjem (Q&P) izvršena je na četiri različite legure čelika kako bi se 
dobili višefazni čelici sa mikrostrukturom ferita, martenzita, beinita i zaostalog austenita. Četiri legure su SS1672, 
38MnVS6, R350HT i SS2244. One su odabrane za proučavanje efekta povećanja odnosa Mn/Si i uticaja Cr na 
mikrostrukturu. Dobijeni su višefazni čelici sa zadržanim austenitom različitih frakcija i morfologija u feritno-beinitnoj 
matrici u zavisnosti od količine Cr i Si. Detaljna karakterizacija mikrostrukturne evolucije četiri termički obrađena uzorka 
Q&P čelika optičkom mikroskopijom (OM) urađena je samo da bi se obezbedilo kvalitativno razumevanje. Uprkos ovim 
ograničenjima, OM mikrografije su bile dovoljne da potvrde i identifikuju formirane faze, posebno beinitnu fazu. Ova 
studija pokazuje da visoki nivoi Si nisu strogo potrebni za suzbijanje stvaranja perlita tokom obrade kaljenjem i 
particionisanjem (Q&P) srednje čvrstih i eutektoidnih čelika, zbog uticaja mangana. Utvrđeno je da je odnos Mn/Si veći 
od 2 neophodan za efikasno sprečavanje stvaranja perlita. Pored toga, niža početna temperatura stvaranja martenzita (Ms) 
značajno poboljšava mikrostrukturne karakteristike, posebno beinit i zaostali austenit. 
 
Ključne reči: Kaljenje i particionisanje; Beinit; Martenzit; Zaostali austenit
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