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Heat treatment routes utilizing intercritical
annealing of automotive medium-mn
steel sheets

A. Grajcar, M. Morawiec

Low-carbon medium-Mn steel with an increased aluminium content was subjected to different heat treatments using
dilatometry simulations. Samples of the 0.16C-5Mn-1.5Al steel were intercritically annealed between 700 and 800°C
for duration of 1 hour. These heat treatment routes were designed to enrich the austenite in carbon to stabilize retai-
ned austenite after cooling the samples to room temperature. The austenite decomposition was monitored using the
dilatometry. The martensite start temperatures were calculated and determined experimentally when the Ms was hi-
gherthan the room temperature. The microstructures were investigated using light and scanning electron microscopy
techniques. It was found that a heat treatment temperature affects substantially a thermal stability of the austenite and
other microstructural features of the multiphase microstructures. The effect of C partitioning during the intercritical
annealing on the austenite stability is discussed.
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Introduction

A new generation of steels for the automotive industry
is undergoing a dynamic development because of high
demands on various environmental, safety and fuel eco-
nomy aspects.

These demands coming from different regulations put a
pressure on the automotive and steel industries to ma-
nufacture awide range of steels with a good combination
of mechanical properties [1-4]. The special interest is in
advanced high strength steels characterized by a mul-
tiphase microstructure. Recently, the focus is on me-
dium-manganese steels, which include from 3 to 12%
Mn. The idea for these steels is to obtain a good com-
bination of strength and ductility, together with a relati-
vely low price related to the chemical composition and

manufacturing process. In case of medium-manganese

steels the main route for their manufacturingis cold rol-
ling after which a simple heat treatment takes place [5-
8]. A typical Mn content in the cold-rolled medium-Mn
steels is from 7 to ca. 11%. From the industry point of
view it increases the price of finished sheet products.
Moreover, there are various technological problems
related to hot-dip galvanizing, instable flow behavior,
weldability, etc.
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Far less attention is paid to the hot rolling process for
this grade of steels [8-11]. One can assume that the man-
ganese addition together with carbon should increase
the stability of austenite and enhance the TRIP (TRan-
sformation Induced Plasticity) effect. However, some
authors reported [12-14] that the increase of Mn content
to the chemical composition can result in an opposite
effect.

The reason is that the Mn addition decreases the diffu-
sional enrichment of the austenite in carbon (a thermo-
dynamic effect),

In hot rolled steels it is also very important to know how
manganese influences the austenite decomposition ki-
netics.

From our preliminary tests this is clear that manganese
shifts the ferritic and bainitic regions to very long times.
In case of the presented lean-Mn steel obtaining the bai-
nitic transformation during isothermal holding at diffe-
rent temperatures was impossible even after 5 hours.
This means that the redistribution of C to the austenite
can not take place. Hence, the different approach of heat
treatment for this kind of hot-rolled steel was applied in
the present study.

Experimental procedure

The chemical composition of the analyzed medium-Mn
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steelis as follows: 0.16% C, 4.7% Mn, 1.6% Al, 0.2% Mo,
0.2% Si.

The steel was hot rolled and air cooled. The initial mi-
crostructure is martensitic due to the strong hardenabi-
lity effect of manganese,

The intercritical annealing was applied for hot rolled and
machined samples.

The heat treatment was performed by the means of di-
latometry, which at the same time gives the information
on a phase transformation kinetics upon heating and
subsequent cooling.

The samples in a shape of rods of 5 mm diameter and 10
mm length were heated up to the desired temperatures
in a range from 700 to 800°C at a heating rate of 3°C/s,
held for duration of 1 hour and cooled to room tempe-
rature at the rate of 60°C/s. This heat treatment approach
is presented in Fig. 1.

The whole process was carried out in vacuum. After
the heat treatment the samples were cut in the middle
part of the rod for the preparation for light and scanning
electron microscopy.

The samples were grinded with the use of 220, 500, 800
and 1200 grinding papers and polished with the use of 3
and 1 ym diamond solution.

Next, the samples were etched using 5% Nital. The Vi-

ckers hardness was measured with the load of 9.81 N,

t =60 min
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Fig.1 - The heat treatment routes applied for the investigated steel
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Results and discussion

The first step of the analysis was the dilatometry.

The dilatometric results present how the phase transfor-
mation kinetics changes at different intercritical annea-
ling temperatures.

In case of the presented results, the change of marten-
sitic start temperature indicates the different stability of
austenite upon cooling to room temperature. First of all,
the martensite start temperature of the steel was calcu-
lated using the mucg83 software developed by Bhade-
shia [15].

The calculated temperature was equal to 335°C.

This was the same value as determined by the experi-
mental approach.

Next the dilatometric analysis was carried out to deter-
mine the influence of intercritical annealing temperature
on the M_temperature,

The change in M_temperature indicated a change in the
stability of the austenite.

This took place due to an enrichment of the austenite
in carbon during ferrite formation in the intercritical re-
gion. These dilatometric results are presented in Fig. 2.
It can be seen that the M_ temperature decreases gra-
dually together with the decrease of the intercritical
temperature from 800 to 700°C.,

For example, the M, = 245°C at 800°C and is below room
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temperature for the samples intercritically annealed at
700°C,

This is due to the different state of the austenite at the
intercritical region expressed by the lever rule.

At 800°C the microstructure contains a large austenite
fraction but with the smallest carbon content.

Thus, the austenite does not have the sufficient thermal
stability and transforms to martensite during a cooling
step.

When the annealing temperature decreases the amount
of the austenite decreases because a larger volume
fraction of ferrite is formed from the initial martensite.
Hence, the martensite start temperature decreases to
190 and 105°C, respectively for the samples held at 760
and 720°C,

This is because the lower intercritical temperatures al-
low for the higher carbon content to be enriched in the

remaining austenite.

100

80

60

40

20

Change in length, um

-20 4

40

&
&
o

—700, Ms < 20

—720,Ms =105
——760, Ms =180
——800, Ms =245

Fig.2 - Dilatometric analysis during cooling to room temperature after intercritical annealing at 700-800°C
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Fig.3 - LM microstructures after intercritical annealing at: a) 800°C, b) 760°C, c) 720°C, d) 700°C

The sufficient enrichment of the austenite in carbon took place only at the temperature of 700°C. For this treatment
there was no martensite start in the dilatometric curve (Fig. 2).
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Fig.4 - SEM microstructures after intercritical annealing at: a) 800°C, b) 760°C, ¢) 720°C, d) 700°C;
F - ferrite, M - martensite, RA - retained austenite
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After the dilatometric tests, the microstructure investi-
gation was carried out. The microstructures from the li-
ght microscopy (LM) are presented in Fig. 3. It is clear
that the microstructures inherit the martensite morpho-
logy. It is difficult to assess if the martensite transformed
into austenite. The difference in a ferrite content can
only be visible in these LM micrographs. It is difficult to
separate ferrite at 800°C (Fig. 3a). This phase is clearly
seen at 760°C as thin layers between martensite laths
(Fig. 3b). At 720 and 700°C the amount of the ferrite is
larger. Moreover, some ferrite grains are more granular.
The higher fraction of the ferrite allowed to enrich the
austenite in carbon.

A higher magnification in Fig. 4 allowed for more detai-
led analysis of the microstructure. It can be seen that the
presented laths of ferrite are very thin; some of them be-
low 100 nm in width. The width of the austenite and ferri-
te decreases as the intercritical temperature is reduced.
The separation of individual laths of austenite and ferrite
is also stronger at the lower intercritical temperatures.
Moreover, the martensite morphology is not the same
in all samples. The various volume fraction of fresh mar-
tensite can be observed at different temperatures. Ac-
cording to the dilatometric analysis in a 720-800°C range
some poor-enriched carbon austenite transforms into

martensite during cooling (it is called fresh martensite).
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The most important phase present in the microstructure
is retained austenite, which fraction increases together
with decreasing the intercritical temperature. At 700°C
there is no fresh martensite in the sample (Fig. 4d). Hen-
ce, thisis an optimal heat treatment temperature.

The last step of the analysis was hardness measuremen-
ts. Six tests were carried out on each sample, after whi-
ch the average value was calculated. The results of the
hardness analysis are presented in Fig. 5. The hardness
increases at the higher annealing temperatures. This is
in good correlation with the dilatometric and micro-
structure investigations. At 800°C, the highest hardness
was measured. This corresponds to the large fraction
of fresh martensite formed between 245 and 20°C. The
fresh martensite formed during cooling does not under-
go any tempering. This is expressed as its highest hard-
ness (ca. 460 HV). When the temperature of the annea-
ling decreases the amount of the intercritical austenite
and resulting fresh martensite decrease. Moreover, the
amount of retained austenite increases with the decre-
asing temperature. At 700°C no fresh martensite is for-
med during cooling to room temperature, as the dilato-
metry test shows (Fig. 2).

Hence, the lamellar mixture of the highest volume
fraction of ferrite and austenite shows the lowest hard-
ness (ca. 310 V).
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Fig.5 - Hardness for different intercritical annealing temperatures
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Conclusions

Presented results showed that intercritical annealing is
a simple heat treatment, which can be applied for lean
medium-Mn Al-alloyed steels. The dilatometric analy-
sis indicated that it is possible to stabilize the austeni-
te during the intercritical annealing through its carbon
enrichment from the formed ferrite. The microstructu-
res consist of different portions of lamellar ferrite, fresh
martensite and retained austenite. The ferrite fraction in-
creased as the interctitical temperature decreased from
800 to 700°C,

The beneficial very thin duplex ferrite and austenite mi-
crostructure was only obtained at 700°C due to the lar-
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gest ferrite fraction and resulting carbon enrichment of
the austenite. At higher temperatures triple ferrite-au-
stenite-fresh martensite microstructures were formed.
The martensite start temperatures were above room
temperature being the reason for the fresh martensite
formation. The hardness was the highest for the higher
annealing temperature, i.e., for the corresponding lar-
gest volume fraction of fresh martensite. The lowest
hardness showed the sample with the duplex ferrite-au-
stenite microstructure, with the highest potential for the
automotive sheet steel application.

Further studies are needed to assess a volume fraction

of retained austenite and its carbon content.
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