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Manufacturing of Low and High-carbon TRIP Steels by Modeling
CCT Diagrams, Design of Microstructure Maps and Tensile
Properties

Highlights

«» The production chain of automotive high-strength TRIP steels has been established.
+ Cooling route modeling and microstructure maps were produced.
«» Superior tensile properties have been achieved by developing a low-cost alloy.
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Figure. Graphical Abstract
Aim
To examine the manufacturability of TRIP steels as an inexpensive alloy with superior properties
Design & Methodology
Chemical and thermal modeling, microstructure and maps, tensile properties
Originality
Microstructure mapping and modeling to create a rich context for the fabrication of literary steel.
Findings

Superior tensile properties, microstructure maps, low and relatively high carbon productions of TRIP steel and
alternatives

Conclusion
The production of TRIP steel superior to both cost-effective alloys used in this study was achieved.
Declaration of Ethical Standards

The author(s) of this article declare that the materials and methods used in this study do not require ethical committee
permission and/or legal-special permission.



Politeknik Dergisi, 2025; 28(4) : 1165-1173 Journal of Polytechnic, 2025; 28(4) : 1165-1173

Manufacturing of Low and High-carbon TRIP Steels
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ABSTRACT

Although TRIP steels are the first-generation steel for the automotive industry, their high strength, formability, and strength after
forming are versatile and widely used automotive steel. This study attempts to evaluate the automotive TRIP steels' manufacturing
chains, thermal process, microstructure, and tensile properties via experimental modeling (CCT diagrams-microstructure maps) on
two steel groups with low cost. The TRIP Steels manufacturing chains are chemical design, investment casting, hot rolling, and
TRIP thermal processes modeling and applications. Experimental techniques performed on samples, meaning characterizations,
are image analysis, XRD, hardness, and tensile tests. The results showed that a small amount of martensite transformation occurs
during air cooling after the bainitic retention because of the low alloy content. As a result, modeling and microstructure maps have
been successfully combined and studied in detail to design and manufacture the TRIP sheet steel.

Anahtar Kelimeler: TRIP celikleri, Beynitik izotermal tutma, Mikroyap: haritalari, Soguma diyagramlari, Cekme

ozellikleri.

PropertiesCCT Diyagramlar1 Modellenmesiyle Diisiik
ve Yiiksek Karbonlu TRIP Celiklerinin Uretimi,
Mikroyap1 Haritalarinin Dizayni ve Cekme 6zellikleri

(074

TRIP g¢elikleri otomotiv endiistrisi i¢in birinci nesil ¢elik olmasina ragmen yiliksek mukavemeti, sekillendirilebilirligi ve
sekillendirme sonras1 mukavemeti ¢ok yonlii ve yaygin olarak kullanilan otomotiv ¢eligidir. Bu galigma, otomotiv TRIP geliklerinin
retim zincirlerini, 1s1l siireglerini, mikro yapilarin1 ve ¢ekme 6zelliklerini, diisiik maliyetli iki ¢elik grubu iizerinde deneysel
modelleme (CCT diyagramlari-mikro yapi haritalari) yoluyla degerlendirmeyi amaglamaktadir. TRIP ¢eliklerinin {iretim zincirleri
kimyasal tasarim, hassas dokiim, sicak haddeleme ve TRIP termal proses modelleme ve uygulamalaridir. Numuneler iizerinde
gergeklestirilen deneysel teknikler, yani karakterizasyonlar, goriintii analizi, XRD, sertlik ve ¢ekme testleridir. Sonuglar, beynitik
tutmanin ardindan havayla sogutma sirasinda diisiik alagim igerigi nedeniyle az miktarda martenzit doniisiimiiniin meydana
geldigini gosterdi. Sonug olarak, TRIP celik sacin tasarimini ve {iretimini ger¢eklestirmek i¢in modelleme ve mikro yap1 haritalari
basartyla birlestirildi ve ayrintili olarak incelendi.

Keywords: TRIP steel, Microstructure maps, Bainitic isothermal holding, Cooling diagrams, Tensile properties.

1. INTRODUCTION consumption, energy saving, and crashworthiness
requirements, high-strength steels have been extensively
used in automobile bodies to improve crashworthiness
without increasing body weight [6]. Advanced high-
strength steels (AHSS) have been developed on the high-
strength low alloy steels (HSLA) concept and have made
significant progress in the last four decades. Today's
automotive sheet steel development started in the 1960s
—1970s with HSLA steel (Thermomechanical processing
+ micro-alloy additions). This development continued
from the 1970s to the 1980s after the discovery of dI-
phase steel [7-9]. Transformation plasticity (TRIP) steel
was first introduced into the literature by General Motors
and FORD in early studies in the 1990s. As before, this

Although Ti and its many combinations exist, with new
concepts to reduce part weight, steel is always an
important structural and critical material. It is the subject
of many interesting studies. In addition, steel is the basic
building block in the automotive industry [1-4]. Over the
last 70 years, harmonizing the weight reduction of car
bodies with the improvement of crashworthiness has
become one of the most important tasks of automobiles,
particularly intending to reduce CO2 gas emissions by
improving fuel consumption [5]. Applications of high-
strength steel sheets are expanding to meet these
conflicting demands. Under the strong pressure of fuel
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research was followed by the development of second and
third-generation AHSS steels [10,11]. Also, today, steel,
particularly AHSS, is one of the essential materials for
the body in the white construction of the automabile [12].
Today, automobile manufacturers use advanced steels to
achieve their range targets in increasing TRIP steel in
AHSS, with Allotriomorphic ferrite, residual austenite,
sometimes martensite  phases, and deformation
mechanisms in the microstructures, which has a vital role
in weight reduction and formability of the part [11].
Moreover, medium and high alloy TRIP steels are
possible today. However, conventional TRIP steels still
have a significant advantage in their low alloying and
low-cost improvement [12].

TRIP steels typically require an isothermal hold at an
intermediate temperature, which produces some bainite.
TRIP steels' silicon and carbon content can result in
significant volume fractions of retained austenite in the
final microstructure [5,13]. According to the general
acceptance, Essential characteristics of TRIP steel
arising from residual austenite play a key role [14-16].

Researchers reported [14,17,18] that adjusting the carbon
content may control the strain level at which retained
austenite begins to transform into martensite. At lower
carbon levels, the retained austenite begins to transform
almost immediately because of deformation, increased
work hardening rate, formability during stamping, etc.
The retained austenite is more stable at higher carbon
contents and transforms only at strain levels beyond
forming. At these carbon levels, the retained austenite
stays in the final part. In various first and third-generation
AHSSs, C, Si, Al, Mn, Cr, Mo, Ni, B, Nb, Ti, V, etc., are
added to enhance various mechanical properties through
the microstructural structure [5,19,20]. Microalloying
elements such as are added. For TRIP steels, Al and Si
are two important elements for the presence of residual
austenite and the inhibition of carbide formation. Al is
mainly added as an alternative to Si [21-23]. Al a ferrite
stabilizer like Si, is also insoluble in carbide.

Another advantage of Al over Si is a high driving force
from austenite to bainite, which accelerates the bainite
transformation kinetics resulting from the increased
nucleation rate. It converts to martensite during
subsequent deformation, such as a crash event.
Therefore, TRIP steel is preferred for manufacturers'
requirement of high strain value in the production of
automotive parts such as frame rails, rail reinforcements,
side rails, crash boxes, dash panels, roof rails, B-pillar
upper, roof rail, engine cradle, front and rear rails, seat
frame and so forth. Therefore, this study combined heat
treatment with software modeling, giving better
opportunities to design TRIP and other advanced steel
such as DP and CP. Another essential scope of this study
is microstructure maps. First, Lawson [7,24-26]
recommended that microstructure maps be interpreted to
achieve austenite transformation martensite, specifically
hardenability information for various austenite
substances. Even though TRIP steel has not been studied
in detail, a microstructure map could help estimate the

thermal process characterization [27,28]. Furthermore,
the research presented herein constitutes the inaugural
organization of detailed tensile results and microstructure
maps created as particular annealing temperature vs.
bainitic isothermal holding (BIH). This research employs
a combination of modeling and experimental tests to
develop a cost-effective method of producing TRIP steel.
Considering the above, this research is organized as the two-
stage thermal process, which is annealing (intercritical
annealing (1A) and bainitic isothermal holding (BIH) process.
They were performed to produce different C-content TRIP steel
structures and to improve mechanical properties. The hot-rolled
steel structure was annealed and quenched at different
intercritical temperatures. In the second stage, after intercritical
annealing, it was kept in an isothermal salt bath at various times
and then cooled in air. This stage has been modeled by
combining the CCT&TTT diagrams using JMatPro software
and perforce experimental study [29,30].

Furthermore, it has produced microstructure maps that observe
austenite transformation from critical temperature cooling and
bainitic retention. Although these microstructural maps were
rarely emphasized in previous studies, TRIP steel is helpful as
a phenomenon for production chain and planning. Another
feature of this study is the simultaneous evaluation of Al and Si
alloys and low and high (relatively) -carbon alloys.

2. MATERIAL and METHOD

The chemical compositions of the two different steel
group materials (labeled as M1 and M2) used in this
study are given with the calculated [8] limit temperatures
of the thermal process and martensite formation as AC1,
AC3, and Ms in Table 1, respectively. The
microstructures of the steels are shown in Figure 1. The
design of these steel compositions aims to keep the other
alloying elements constant while changing the amount of
Carbon. These steel materials were produced as

40x40x400 mm blocks by investment casting method,
and then, the size of blocks was reduced to 75x4 mm by
hot rolling and left cooling at room temperature.

A RN AN A W B . 3 A (O
Figure 1. The initial microstructures of the designed steel, a)
low C and b) high C steel

This study produced TRIP steel by two steel groups'
intercritical annealing and isothermal holding. For this
process, the first step was calculating intercritical
annealing temp, the limit temp as Acl and Ac3 shown in
Table 1.
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Table 1. Chemical compositions of steel samples (wt %) with
calculated intercritical temp

Calculated
Chemical composition Intercrltlca.l
Materials and Martensite
groups start
Ac1 | Az | Ms
C Si Mn Al (OC) (OC) (oC)
Low

Carbon, 0.14 | 0.62 | 1.62 | 0.08 | 726 | 863 | 430
M
High
Carbon, 023 | 0.64 | 1.59 | 0.09 | 727 | 840 | 393
M

The second step was determining the change of austenite
volume friction with intercritical annealing and then
cooling in cold water experimentally, as shown in Figure
2. As well known, TRIP steel production with heat
treatment covers two steps: intercritical annealing and
isothermal holding at bainitic temperatures over
martensite start temperatures. Using this knowledge in
Figure 2., intercritical annealing temperatures for
producing TRIP steel have been determined.
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Figure 2. Changing of austenite volume fraction (martensite,
VFM) with intercritical annealing temperatures for two groups,
a) M1 b) M2

Another primary process after intercritical annealing is
the bainitic holding (BIH) stage. Followed cooling map
routes of the TRIP process were obtained by JMatPro
software and classical formulas. The Thermal and time
profile of the TRIP process used in this research is given
in Figure 3.

The microstructures obtained after partial austenitization
were evaluated, and temperatures with a volume ratio
close to 50% Ferrite + 50% Martensite (austenite) were
used. It is aimed to obtain conversion products (bainite +
martensite + residual austenite) in different amounts from
45-55% austenite  phase obtained in  partial
austenitization. Targeted amounts of bainite are 25%,
35%, and 45%. The XRD method determined the residual
austenite content of the microstructure-mapped
materials. XRD analysis condition: Cr-Ka radiation was
measured by four peak methods and evaluated according
to the ASTM E975 standard (Measurement resolution =
0.05 °, Collimator diameter = 2mm). The measurement

time (excluding device movements and positioning) is
900 seconds per scan interval. Peak ranges: 1. Scan 1:
74.000° - 84.000°, 2. Scan 2: 102.000° - 108.000°, 3.
Scan 3: 122.000° - 136.000°, 4. Scan 4: 149.000° -
163.000°
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Figure 3. Schematic showing heat treatments, meaning partial
austenitization and then isothermal holding

Sizes of the Tensile test samples were Lo =34 mm, LT =
77, and thickness =3 mm (EN 1SO 6892-1). Three tensile
tests for each steel sample were conducted to ensure that
the obtained tensile properties represent actual
mechanical behavior. The tensile test speed was kept
constant at 57x10-2 s-1.

3. RESULTS AND DISCUSSION

3.1. Microstructure and Cooling Transformation
Diagrams

Using the information in Figure 2, which shows the
variation of the intercritical annealing temperature with
austenite (martensite), the critical annealing temperatures
at which the TRIP samples of both groups could be
produced have been obtained. For desired phase volume
fractions at austempering-BIH, as essential annealing
temperatures, 780 oC and 740 oC were selected for M1
and M2 to receive 47%VFM and 53%VFM, respectively.
These temperatures are relatively low critical annealing
temperatures. In critical annealing, the carbon content of
the partial austenite is high by the lever rule. It thus
increases the stability of the austenite during the second
stage of the thermal process BIH [31]. In order to create
a TRIP structure with both steel groups, the samples
underwent thermal procedures following the profile
depicted in Figure 3. Here, the cooling route of TRIP and
so holding BIH temperatures and times were obtained via
Using all the above, the dissociation-transformation
product of three different partial austenite, 50%, 70%,
and 90% by volume, was obtained with three BIH
holding times. These percentages were also used to code
the samples produced. Experimental results have also
shown that the phase volume fractions obtained have
been approximately in amounts compatible with previous
knowledge (Figure 2) and modeling of the cooling
diagram (Figure 4).
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Figure 4. Intercritical annealed and then fast-cooled samples microstructures of both steel groups a) 1S 780°C
samples of M1 (a) 2 S 740°C samples of M2

The sample microstructure and identification of the TRIP
steels produced in this study are shown in Figures 5 and
6. However, the state of the residual austenite from these
phases is somewhat different from the others. The ferrite,
bainitic ferrite retained austenite, and martensite phases
could be clearly understood. Although it is possible to
show residual austenite, it is challenging to view the
whole and determine the exact amount with an optic
microscope or SEM [25,33]. Therefore, a realistic
measurement and determination were made exclusively
with X-RAY diffraction, and the retained austenite
volume ratio was determined as shown in Table 2. As
given in Table 2, the reference sample (inter-critical
annealed) of the first group has shown 53% ferrite + 47%
austenite, and the reference sample of M2 (inter-critical
annealed) has the Modelling of CCT and TTT diagrams
by JMatPro software, which is based on thermodynamic
modeling [29,30,32] as seen in Figure 4. shown 47%

ferrite + 53% austenite. These samples were etched with
2% Nital + Sodium metabisulfite [7] Microstructures
consisting of ferrite (off-white), bainite + martensite
(black), and retained austenite (white) could be easily
distinguished as described on the microstructure in
optical microscopy, and a multiphase structure has been
obtained. Retained austenite is homogeneously
distributed throughout the microstructure along with
martensite and is connected to neighboring ferrite or
bainite. Containing residual austenite was produced; in
other words, it could be said that TRIP multiphase steels
were accomplished [34]. BIH temperatures were 402 ° C
for M1 and 347 ° C for M2 in this research. In the open
literature, reported BIH temperatures are generally
typically between ~350 and 450 °C. However, holding
time is also very effective in the transformation of
austenite. As indicated by Sugimoto et al., RA volume
fraction decreases at longer BIH times [35]. Also, in this

Table 2. Phase's volume fractions, after BIH, obtained by a combination of X-RAY diffraction RA and image
analysis (Ferrite, Martensite, and bainite)

Volume Fractions of Phases (%) *(£2) tolerance

Samples

BIH time (s)
groups Ferrite* Martensite* Bainite* RA
M1 A 50% 53 20.1 20 6.9 (+0.8/-0.7) 40
M1 A 70% 53 6.3 31.8 8.9 (+2.5/-2.3) 54
M1 A 90% 53 2 385 6.5 (+1.4/-1.3) 104
M2 A 50% 47 16.1 24.5 12.4 (+7/-5.7) 185
M2 A 70% 47 5.3 35.7 12.0 (+5.7/-5.0) 255
M2 A 90% 47 2.3 41.4 9.3(+2.6/-2.3) 492
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Figure 7. Microstructure Maps of the Austenite transformation A) M1 and B) M2

study, the effect of time easily could be understood from
the microstructure maps in Figure 7. and Table 2.: we see
that RA increases in M1 with a 50 percent conversion rate
(50% and 70%) and decreases at 90%, while M2 tends to
decrease continuously. Jacques et al. [31] reported the
increased RA value up to saturation value in 1.5Si and
1.5Al TRIP steels. They reported that RA peaked in 0.4
Si steel and decreased due to low carbon levels.

Therefore, through this knowledge, the minus tolerances
given in the XRD results were used as the minus
tolerance before and after the start and end times as the
RA volume ratio when creating the microstructure maps.
The Image Analysis method calculated bainite and
martensite volume fractions by preliminary studies
(Table 2).
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Table 3. Phase's volume fractions, after BIH, obtained by a combination of X-RAY diffraction RA and image
analysis (Ferrite, Martensite, and bainite)

Mechanical Properties

Samples group

and

decomposition of Hardness YS UTS erorr?gztil:i:)en eté:gg':ir:n :gfilg
Austenite via BIT (HV0,5) (MPa) (MPa) (%) (%) YSIUTS
M1 base steel 182 413 636 29,7 225 0.649
A 50% 217 375 731 29 20.7 0.512
M1 A 70% 207 366 739 324 23.6 0.495
M1 A 90% 198 356 746 33.7 23.9 0.477
M2 base steel 191 532 830 26.1 20.4 0.640
M2 A 50% 307 455 961 26.5 21.8 0.473
M2 A 70% 298 423 1042 26.4 24 0.405
M2 A 90% 280 359 986 26.2 22.8 0.364

3.1. Hardness and Tensile Properties

The hardness results for the M1 and M2 groups are in
Table 3, along with the tensile test results. When we
examine the Tables, when we compare the percent
conversion amounts of the materials, we see that it is
higher for the M2 group (307 HVO0.5 at the highest 50%
conversion) and decreases in both fabrics with the
increased amount of bainitic percent conversion. It is
assumed that low BIH and carbon ratios cause the
hardness of the M2 group. Researchers [36,37], reported
that temperature increases hardness during the isothermal
bainite transformation, so the strength of the bainite
structure decreases. In this case, austenite, exiting the
surrounding matrix phase and referred to as "matrix
constraints,” may reduce grain stability, resulting in a
lower RA. The decrease in residual austenite can lessen
TRIP steel's final ultimate tensile strength (UTS) [16,22].

Suikkanen et al. [38], stated that TRIP steel properties
depend on the cooling path and carbon content for ultra-
high-strength TRIP steel, except for samples kept at 450
° C, noting that carbon content hasn't had much more
effect on yield strength. However, yield strength
increased  with  decreasing isothermal  holding
temperature (BIHT). In addition, decelerated that
Independent of quenching and isothermal retention
temperature, tensile strength increases with increasing
carbon content. Moreover, they said uniform elongation
increases with increasing carbon content at < 350 ° C
holding temperatures. The isothermal retention
temperature does not significantly affect uniform
elongation. As a result, they claim that carbon content or
controlling temperature has no definite impact on total
extension. Related to their study, a similar approach may
be used, according to Table 3, for this research, which
shows the tensile and hardness test results of the M1 and
M2 groups samples. Yield strength appears to decrease
with BIH and BIH processes compared to original
materials, as seen in Table 3. What are the changes by
BIH and, therefore, especially on RA? It can be estimated
that the flowing starts at lower tensions in the austenite
phase, which is softer than protectoit ferrite, bainite, or
martensite. However, austenite particles are tiny in size
and lower in volume. Its softening effects could depend

on RA percent volume and grain size. Tensile strength is
independent of the proportion of residual austenite,
meaning that a higher proportion of residual austenite
probably results in a higher rate of deformation hardening
through the TRIP effect [35,37].

While total elongation is insensitive, homogenous
extension is sensitive to changes in the volume ratio of
residual austenite. That is remarkably consistent with
Barbacki's [39] which found that homogenous elongation
depends on the volume ratio of residual austenite in
bainitic TRIP steels, but tensile elongation does not. It is
known that the effect of TRIP relies not only on the
residual austenite ratio but also on its morphology,
distribution, and chemical composition play essential
roles. As a result, the TRIP effect depends on the stability
of residual austenite, and a gradual transformation of
martensite is desired in deformation. Austenite is found
in two morphologies in the steels studied: granular
islands and thin films. The volume ratio of residual
austenite increases the homogeneity and total elongation
if the residual austenite is distributed uniformly between
the bainitic sheets. However, granular islands should be
avoided. It should also be remembered that the TRIP
effect is not the only factor affecting homogeneous and
total elongation because it contributes to inclusions,
microstructural banding, and matrix microstructure [40].

Suikkanen P.P. et al. [38] stated that the carbon content
strongly affects tensile strength. They said that while the
yield strength increased with decreasing isothermal
retention temperature, the tensile strength increased
enormously with the increasing carbon content. Residual
tends to improve austenite homogenous elongation, but
has said that it has no significant effect on total
elongation. TRIP steels are C-Mn-Si / Al steels. Carbon
is a crucial element that keeps austenite stable and
determines the martensite transformation characteristic
during deformation. In addition, the carbon increases the
strength of the austenite by interfering with austenite.
During isothermal holding, especially ferrite formation,
austenite is enriched with Carbon by austenite carbon
fusion. In the case of the deformation, the low carbon
level causes the transformation of residual austenite to
martensite, increasing the hardening speed and
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formability during the forming process. If the carbon
content in the residual austenite is high, austenite
becomes much more stable, and transformation occurs at
a significantly prolonged deformation stage. As with
other and general steel logic, the element must be
primarily for sulfur stabilization, strength and
hardenability, and general steel characteristics. In
addition, being an austenite-forming element, stabilizing
austenite makes an essential contribution to isothermal
retention [7,41].

Unlike other high-strength steels, TRIP steels silicon, one
of the main elements; Silicon delays the formation of
cementite during the bainitic transformation and
contributes to increasing the stability of the residual
austenite. A high dissipation force is required for the
solubility of the Silicon in the cementite phase to be
relatively low to enter or remove the cementite phase.
Silicon atoms accumulating around cementite nuclei
increase the activity of carbon atoms and prevent them
from diffusing into cementite grains [31,42]. The
minimum amount of Silicon required to delay the
formation of cementite would be ~ 0.7% by weight.
However, high silicon content can cause a high oxide
layer, low surface quality, and low coating during steel
production. That poses a problem, especially in
galvanizing steel. To prevent such issues, while the
amount of Silicon is reduced, the features can be
improved by adding some Aluminum. If how much lower
alloying elements have been added, so much it is better.
This study aimed to do so. The tensile test results show
that compatibility was achieved according to the
literature.

Another important alloy for TRIP steel is aluminum. Like
Silicon, aluminum delays cementite formation during
isothermal retention and conversion. However,
aluminum has a lower potential to prevent cementite
formation at the same weight ratio as Silicon [31]. Since
steels containing aluminum have a large amount of
austenite, more TRIP effects can be observed during the
tensile test. However, aluminum does not increase the
strength of the ferrite phase as much as Silicon. That
significantly changes the overall strength of the material.
In recent years, it has been possible to maintain the
welding ability and formability by increasing resistance
with microalloying elements such as Nb, Ti, and V,
which decrease the martensite formation temperature in
TRIP steels and delay the carbide formation in the
internal structure during the bainitic transformation.

These microalloying elements are essential for high-
strength and high-strength steels and are also used
commercially. Materials used in this study also include
minor microalloying elements, as mentioned in related
literature. Therefore, it could be said that the samples'
achieved tensile properties and strength were also by
these elements.

Moreover, in literature, High Strength Low Alloy
(HSLA), AHSS, or microalloyed steels stand out with
their high strength, superior mechanical properties, and

corrosion resistance steels show much higher strength
and toughness than the structural steels in which they are
developed [36]. Different names are known for
microalloyed steels in the market or the literature, such
as microalloying steel, perlite poor steels, fine grain
steels, High strength low alloy steels (High strength low
alloys steel), etc. [29]. For example, high-strength and
lightweight parts are desired in the automotive industry.
Despite the low C-ratio, the flow rate of the
microalloying elements Nb, V, and Ti can reach 500 N /
mm2 with controlled rolling and grain thinning and
hardening effects. Development objectives [37]
Development of weldability, the primary production
technique, improves strength and toughness, reduces
weight, and reduces cost. Micro-alloy steels are produced
in four steps [9,43,44]. Microalloying, austenitization,
hot rolling, and controlled cooling. These steps can be
applied individually or in combination to produce the
desired features. Many low-alloy, high-strength steels
can be ferrite + perlite, while some may be ferrite +
bainite and tempered martensite or bainitic structure.
Microalloying elements control the microstructures of
steels with various mechanisms, and these mechanisms
vary with microalloying. Steel production has a double
function as a deoxidizing agent and micro-alloy element.
In fully stagnant steels, dissolved aluminum acts as an
element. That prevents austenite grain growth and
accelerates austenite transformation. Tensile test curves
of the samples were given using different combinations
in Figure 8. As observed, the original steel sheet has
shown discontinuous yielding. However, the TRIP
samples of both groups have demonstrated continuous
yielding. That is good information for gaining the best
surface after the stamping process. All TRIP samples
have shown better strength and similar or more
elongation than the original steel samples. All these
results of the TRIP structure and its deformation arise
from their microstructures and multiphases. Increasing
the austenite transformation volume has increased tensile
strength but causes decreasing elongation. However, all
successful relations of strength—elongation value are
better and usable when compared with original materials.
When compiling the M1 group and M2 group results, the
M1 groups have shown higher strength but lower
elongation than M2. As explained before, alloy
contamination and phase structure are dominant.

4. CONCLUSIONS

As a result of the modeling of the cooling diagrams
applied in this study, heat treatment applications,
microstructure maps, and material characterization
studies, the following critical evaluations can be made
about the production chain, materials characterizations,
and tensile properties of TRIP steels.

1. The production of TRIP steel, which is superior to both
cost-effective alloys used in this study, was achieved.

2. As with dual-phase steels, microstructure maps and
cooling diagram modeling are very useful for
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producing the desired multiphase structures of TRIP
steels.

3. The TRIP steels produced have high elongation values
and very high strength compared to the original
properties of the steel produced.

4. The C ratio in partial austenite appears to increase the
amount of residual austenite. However, BIH
influences the characteristic of residual austenite,
while the part of residual austenite has had a definite
effect on homogenous elongation.

5. With increasing BIH, the yield strength decreased,
regardless of C, and higher values were obtained in
the material with higher C (M2).
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