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Abstract

TRIP steels are multiphase steels. At present; fimel their use primarily in the
automotive industry, where they are most frequemtilized for manufacturing body panels. The
thin-walled hollow semi-products obtained by themazhanical treatment could represent new
possible applications. In standard TRIP steels ogitee precipitation during bainitic
transformation and retained austenite stabilizatéwe carried out mainly through silicon
alloying. Silicon at higher concentrations causeebfems with surface quality in some
applications. One of the alloying elements beirkgteinto consideration for silicon replacement
is aluminium, whose addition not only restrictshide and pearlite formation during bainitic
transformation, but also increases formation ofwer ferrite. A lower value of solid solution
hardening and the increase of the tdmperature represent the disadvantages of alumini
addition. Thermomechanical treatment with varioasameters of bainitic transformation was
investigated on the 0.26C-1.5Mn-1.3Al steel with #im of determining how aluminium affects
structure development, retained austenite stabidiza and mechanical properties.
Experimentally achieved structures were analyzednbgns of light and confocal microscopy.
The fraction of ferrite and retained austenite a#i as the size of ferritic grains were determined
via image analysis.
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Introduction

The amount of carbon and silicon in alloying &giés of low-alloyed TRIP steels are
restricted by their negative effects on some priggre.g. weldability and scaling. This is why
some other alloying elements are used for furthgsrovement of mechanical properties and
technological behaviour.

One of the alloying elements coming into consitlerafor silicon replacement is
aluminium. It is known that silicon can partly keptaced by aluminium assuming an increase of
carbon content [1]. Complex alloying by siliconumlinium and phosphor also come into
account as another alternative (Fig.1).
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Aluminium decreases the carbon activity in ferated increases its dissolubility. At
the same time, aluminium increases the startingpéeature of cementite formation and mainly
accelerates the kinetics of bainitic transformafiji{3].

The addition of aluminium not only significantlgstricts the carbide and pearlite
formation during bainitic transformation but it heases acicular ferrite building as well. It
causes the content of bainite to increase and e¢t@ined austenite to decrease. Thus the
concentration of carbon in retained austenite grovaking the retained austenite more stable.
[4].[5].[6]

Having lower efficiency compared to silicon alufim contributes to the ferritic
matrix hardening only very weakly. Complete repfaeat of silicon by aluminium worsens the
ratio between strength and ductility [7]. In theseaf aluminium alloying the transformation
temperature of austenite to deformation inducedtenaite Md rises, which leads to austenite
destabilization and partial shift of the temperatinterval Ms-Md above room temperature [3].
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Fig.1 Influence of alloying elements on transforimaiprocess during cooling [3]

The aims of the experiment were to detect thectffeof replacing silicon by
aluminium and investigate its influence on the yetd cementite precipitation and thus on
preserving retained austenite stability. The netep involved determining the impact of
aluminium on solid solution hardening. The treattnga designed focused on investigating the
behaviour of bainitic transformation at various paratures, attempting primarily to obtain
ferritic-bainitic structure with a sufficient fraon of retained austenite and fine ferritic grain.

The temperature and holding time in the regiobaihite transformation represent an
important part of the thermomechanical treatmestgie Bainite transformation in TRIP steels
generally takes place in the temperature intengtivben 400-450°C during an isothermal
holding. This transformation is of a shear anduditbnless type and it develops in the so called
“over ageing zone” [8]. It consists of two step#sHy, the ferrite laths are formed from the
nontransfomed austenite. Secondly, cementite ptatgép on the interface of austenite and
ferrite [9].

Experimental Program
Low alloyed C-Mn-Al TRIP steel was used for thepesiment. In this steel silicon
was almost completely replaced by aluminium (TaljleThe thermomechanical treatment was
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carried out on a thermomechanical simulator, whiltbws precise controlling of the regime’s
temperature and deformation behaviour (Fig. 2). pitexise control of the regime’s behaviour
makes physical modelling of real processes posditdeh deformation step consisted of tension
and compression in order to obtain very high de&diom intensity.

Fig.2 Thermomechanical simulator

The first regime applied to the thermomechanicamnutator consisted of
austenitization at 900°C with 20 s holding timeghty step deformation in the temperature
range of 900-720 °C and 600 s holding of bainitamsformation at 425 °C. Very fine structure
with 9 % of retained austenite, 57 % of ferrite avith the ferritic grain of about 1,8m (Fig.3)
was obtained.

Table 1 Chemical composition of TRIP steels [94 wt.

C Mn Si P S Cr Ni Cu Al Nb Mo W
0.206 1.418 1.849 0.007 0.00p 0.007 0.071 0.059 060.p0 0.002 0.02 0.02
0.26 1.455 0.02 0.007 0.008 0.000 0.068 0.055 1/32.000 0.02 0.01

To compare the supportive impact of deformationfemite formation and grain
refinement the regime with forty step deformationtie same temperature region was carried
out (Fig. 4). No difference was observed betweeth Istructures. In other words, no effect of
deformation on ferrite formation as well as furtierritic grain refinement was detected. The
fraction of retained austenite was measured by me&image analysis after two step etching.
X-ray diffraction analysis was used for validatiohthe retained austenite fraction. In order to
eliminate effects of potential structure texturauged by deformation the measurement was
carried out in three different tilt-angles of thpesimen.

Regimes with various temperatures and holdinggiofebainitic transformation were
used to investigate the influence of aluminium be tlelay of cementite precipitation. The
austenitization conditions, i.e. temperature andihg time, were identical for all these regimes.
Based on previous experience three temperaturésioitic transformation equal to 405, 425
and 450 °C and two various holding times of 100 @dd s were chosemmaple 2.

The structures we obtained consisted of ferriggnite and retained austenite (Fig. 4,
Fig. 5, Fig. 6). Only a very few islands of retaireustenite contained the MA component. After
each tested regime the volume fraction of ferrgengen 57-59 %, average size of ferritic grain
around 2um and volume fraction of retained austenite aroiid% were measured. Some
coarser bainitic formations of approximately isn appeared as well. Retained austenite
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occurred in its granular as well as needle-likarfoA higher amount of retained austenite was
present between bainitic laths, which implies thespnce of the needle-like form. This confirms
the higher stability of the needle-like form comgmarto the granular type. No temperature of
bainitic transformation or any holding time ledaaignificant decrease of the retained austenite
volume fraction, which could further lead to wonsechanical properties. Even for very low
temperatures of bainitic transformation just abthe M, temperature, no significant amount of
temperature induced martensite was observed.
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Fig.3 Twenty step deformationgT425°C/600s, Fig.4 Forty step deformationgT425°C/600s, two
two step etching step etching

Table 2 Influence of various intensities of trueis and the influence of various temperature halding times of
bainitic transformation on structure developmeng- Temperature of austenitization [°Cl,-ttime of
austenitization [s], g- temperature of bainitic transformation [°Ck- holding time at temperature of bainitic

transformation [s]¢ - true logarithmic strain [-]

: RA —image RA — : .
Ta ta Te ts (0] Fraction of : ) Size of ferritic
o o Structure : analysis X-ray diff. .
[°C] [s] [°C] [s] [-] ferrite [%0] [%3], [OX) ] grains um]
425 | 600 2.8 ferrite 57 9 14 2+0.8
425 600 + 57 9 13 21+1.1
100 bainite 58 11 13 2.1+1.2
900 20 600 | 10.4 + q 58 9 12 2.4+1.3
retaine:
450 1 100 austorite | 59 10 13 2412
405 | 600 60 - 11 2.1+0.9
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Fig.5 Forty step deformation,sT 425°C/100s,
two step etching step etching
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Mechanical Tests

Mechanical properties were evaluated by tensié éas well as Charpy impact test.
Both tests were carried out on mini-specimens, kwhiad been cut from the central part of
thermomechanically treated specimens (Fig. 7).

Fig.7 Specimens for mechanical tests

Applying the regimes with the temperature of b#nransformation equal to 450 °C,
a tensile strength of about 640 MPa ang ductility of around 30 % was measured for both the
100 and 600 s holding times.

With the temperature of bainitic transformationnge425 °C, great differences were
observed between the two holding times of 100 €@ $ For the 600 s holding time, a tensile
strength of 649 MPa and 26 % ductility were meadunéhich does not significantly differ from
the results obtained at the higher temperatureadfitic transformation. The shorter holding
time of 100 s led to a strong increase of tensilengith up to 740 MPa and high ductility of 36
%. At the lowest temperature of bainitic transfotiora of 405 °C and 600 s holding time, the
lowest tensile strength of 601 MPa and ductilityosfly 23 % was obtained. These worse
mechanical properties may have been caused bytluence of aluminium on the shift of the
M temperature to higher values. The austenite insthecture was presumably not stable
enough to significantly influence mechanical praiest

These results imply that specimens with 100 siti@imolding at 425 °C featured the
highest stability of retained austenite during sgoent cold forming. Lower tensile strength
compared to the standard alloyed C-Mn-Si TRIP dtegkneral is caused by a lower ability of
aluminium to harden the solid solution.

Table 3 Mechanical properties of tested stmestu

Th N Reoz R Asz Z KCV
[°C] [s] 8 [s] [MPa] [MPa] [%] [%] [J.cni’]
5 600 500 649 26 64 60

100 487 741 36 67 62

900 20 [ L0 600 473 647 31 45 62
100 444 641 28 64 50

405 600 455 601 23 65 59

The results of the Charpy impact test on specimétis4x3 mm cross-section and a
1 mm deep V-notch showed no significant differenfigsthe tested regimes. Notch toughness
fell into the interval from 59 to 62 J.6min all the cases except for the regime with a
temperature of bainitic transformation at 450 °@ @00 s holding time, where the value
decreased by 10 J.@nThe instrumented Charpy impact test implies #lathe fractures show
the characteristics of ductility failure.
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Conclusion

The experiment compared the influence of bairtitt;msformation temperature and
holding time on the structure development duringeriomechanical treatment. The
metallographic evaluation did not discover any #igant difference between individual
structures. Besides bainite the structure contabie89 % of ferrite and 9-11 % of retained
austenite, with the average size of ferritic gita@mng approximately gm.

The best mechanical properties were reached Wétbainitic transformation at 425
°C and 100 s holding time. Under these conditidndermomechanical treatment, the nominal
yield strength of 487 MPa, tensile strength of MRa and ductility of 36 % were achieved.
Notch toughness of 62 J.@mvas measured on the mini-specimens.
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