Evolution of the Plasticity of Some Low Carbon Steels,
Subjected to Directed Cooling from High-temperature
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An important influence factor for the plasticity of the low carbon steels is the cooling speed value after
heating treatment. It is important to be chooses the optimal cooling regime for these materials because the
steels have been laminated at high temperature or, the steels have been heated at high temperature after
lamination process. There were considered two groups of samples of two low carbon steels, each group
had eight samples. Three different mediums for directing of the cooling process were considered and the
properties of the steels have been modified. After an experimental program, the values obtained were used
to determine the variation between these variables corresponding to two kinds of steels (coded. Steel 1 and

Steel 2).

Keywords: steel; plasticity; monitoring; directed cooling; correlation; statistical model

The metallurgy and processing of advanced high-
strength steels is well known, but is somewhat different
compared to conventional steels. All these steels are
produced by controlling the cooling rate after hot rolling at
high temperature on run-out table or cold rolling (in
annealing furnace). A special attention can be made on
higher loads during deformation [1, 2], even these kind of
steels do not brings new problems.

In the Literature, the group of steels meeting very high
automotive requirements refers to the newer type called
Advanced High Strength Steels (AHSS), which usually
comprises Dual Phase (DP), Transformation Induced
Plasticity (TRIP), Complex Phase (CP) and Martensitic
Steels (MS) [2]. The paper focuses on directed fast cooled
steels strips for automotive application after hot laminated
process.

Microstructural control of metallic materials, such as
the steels for example, during hot laminating (rolling) is
an important key during the thermo-mechanical
processing since it allows to control the final microstructure
and in turn the desired mechanical properties of the alloys
such as plasticity, for example [3]. Dynamic re-
crystallization (DRX) is the most important mechanism to
control the microstructure of the steels, which can realizes
the refinement of microstructure and the flow stress
reduction. Understanding of the DRX behavior in the hot
working or rolling of alloys (steels) will be helpful to
determine the optimal processing parameters [4].

If we study the literature [1, 5-21] for steels with 0.1% C,
0.48% Mn, 0.24% Si, the microstructural parameters which
determine the mechanical properties of the steels are the
sizes and the shape of pearlitic (P) and ferritic (F) grains
which form its microstructure. Ferrite has a low mechanical

strength but it has plastic properties. Cementite (Cem) in
steels has a good hardness but it is fragile and can provoke
cracks. Therefore, with the increasing of the carbon
content, the hardness and the strength of the steels
increase but the plasticity decreases. These types of steels,
for some parts of machine building, for example, are used
current without chemical treatments. The steels with low
carbon have high plasticity properties below 550°C and the
thermal stresses will not leads to the formation of cracks
[1]. Damage in the case of materials represents the
progressive or sudden deterioration of their mechanical
strength which conducts to thermal or chemical effects
[1,5,6]. Itisimportant to know how it is possible to improve
the properties of the steels [5]. For this case, itis necessary
to find a causal relation between a technological
parameter (the speed of cooling which depend on the
cooling medium) and mechanical properties of the steel
such as the plasticity, for example.

The aim of the paper is the study of plasticity of some
low carbon steels, subjected to direct coolyng from high-
temperature with different colling conditions.

Experimental part

There were considered three groups of samples of each
kind of the steel and each group had eight samples. Chemical
composition of the steels were presented in table 1.

There were applied three cooling regimes [1, 5]: (1)
cooling regime in normal conditions; (2) cooling regime in
metallic box; (3) cooling in air flow (using a jet of cold air).
The initial temperatures were: T1 = 850°C (for the first
batch of samples), T2 = 900°C (for the second batch of
samples), T3 = 950°C (for the third batch of samples) and
T4 = 1000°C (for the last batch of samples). If the cooling
mediums differ, the speeds of the cooling are different. In

Steel zrade C (%) | Ma (%) Si(%e) T P(%) | S(%a) | AL
Table 1
Steel 2 Amount 0.14 151 031 7001 o0l 0.041 STEELS
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case of cooling in jet of air, the speed of the cooling will be
the highest. Tensile tests related to room temperature were
carried out according to ASTM: E8M-11 standard [5, 22],
while those related to elevated temperatures were carried
outaccording to ASTM: E21-09 [1, 5, 23, 24]. Charpy impact
tests for resilience determination were carried out
according to ASTM: E23-07ael standard [25].The
preparation of metallographic specimens was conducted
according to ASTM E3-11 standard [1, 5, 26, 27]. All of
mentioned standards can be found in Annual Book of ASTM
Standards (2012) [1].

Results and discussions

Intable 2 were presented the cooling speed values for each
different cooling conditions and the evolution of some
mechanical properties which corresponds to these cooling
regimes applied to the steels.

Cooling Speed value (VR) -Average [ C/min] was calculated
with the following relation:

t’'— t0

VR
At

@
where:

t'=the initial temperature corresponding to each cooling
regime, [°C];
t&= the final temperature which was approximate to
20°C;

ATt = the cooling duration, [min.].

In some cases, because the difference between the
initial temperature and the final one, the behavior of the
evolution of the cooling speed values was special,
unexpected.

In figures 1 to 4 were presented the evolution of the
mechanical properties versus the cooling speed and the
initial temperature, depending on the cooling regimes [1,
5], for both steels analyzed. In figures la to 1c and
respectively, 4a to 4c was represented the evolution of the
hardness (HB) of the Steel 1 and respectively, the Steel 2
versus the initial temperatures (ti) and cooling speed (VR).
In figures 2a to 2c and respectively, 5a to 5¢ were
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Fig. 1. The evolution
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hardness (HB) vs.
cooling speed (VR)
and temperature, for
a - cooling in metallic
box; b - normal cooling
conditions; ¢ - cooling
in jet of air
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represented the evolutions of the plasticity characteristic,
for example, the elongation at break (A5, [%]) evolution
versus the cooling speed (VR) and initial temperature (ti),
for Steel 1 and Steel2. Graphics have been made using
Matlab Program.

Table 2
THE INFLUENCE OF THE COOLING CONDITIONS ON THE PLASTICITY CHARACTERISTICS AND MECHANICAL
PROPERTIES OF THE STEEL [1, 5]

Cooling Initial T [%a] HB Cooling EV A3 %] Fm [N/mm?]
conditions | tetnpera (Z) Speed values (20°C)
ture (VB Average
[c] [*Ciomin]
Steel | Steel | Steel | Steel | Steel | Steel | Steel | Steel | Steel | Steel | Steel 1 | Steel 2
1 2 1 2 1 2 1 2 1 2
(1) 1000 74 78 124 165 ¢ 467 | 305 | 13351 955 435 33 391 549
(1) 930 743 0 TR14 0 128 165 | 381 62 149350 94 393 ) 342 589 547
(1) Q00 il 737 128 1643 o006 | 6.82 @ 1485 88 43 32 400 331
(1) 820 774 7 134+ 18135 0 733 ¢ 733 1 148 89 1 373§ 315 398 562
(2) 1000 738 0 TR 131 172 ¢ 363 | 369 1 111 96 38 | 355 388 538
(2) 930 T3 193 140 162 | 375 | 388 | 803 86 | 402 1 34 398 548
(2) Q00 718 778 1232 160 ¢ 423 @ 413 ¢ 703 90 ¢ 3935 : 368 ¢ 393 334
(2) 820 7 783 152 1 16235 0 437 | 481 | 633 o1 | 418 ¢ 358 | 4102 562
(3) 1000 737 768 119 183 17820 196 | 1165 ¢ 93 | 438 | 338 4134 542
(3) 930 774 1 To.6 139 178 186 | 20211 1785 | %96 37 10348 0 412 5349
(3) Q00 7520 716 140 175 11913 0 20950 1775 0 93 ¢ 403 ¢ 338 ) 402 535
(2) 820 7814 TIE 139 184 11976 0 2184 1 1675 0 90 1 412 ¢ 332 40018 331
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Fig.5. The evolution for Steel 2 of the elongation at break (A5,[%]) vs. cooling speed (VR) and temperature (ti), for: a - cooling in normal
conditions; b - cooling in metallic box; ¢ - cooling in jet of air
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Fig. 6. The evolution for Steel 2 of the cooling speed (VR), versus cooling time (T1) and temperature (ti), corresponding to: a - normal conditions;
b - cooling in jet of air; ¢ - cooling in metallic box,
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Fig.8. The evolution for Steel 2 of the
Thinning (Z,[%]) vs. cooling speed (VR)
and temperature (ti), for: a - cooling in jet
of air; b - cooling in metallic box; ¢ - cooling

in normal conditions

Fig. 7. The evolution for Steel 1 of the
Thinning (Z,[%]) vs. cooling speed (VR) and
temperature (ti), for: a - cooling in jet of air;
b - cooling in metallic box; c- cooling in normal

conditions

In figures 3a to 3c was represented the evolution of the
cooling speed versus cooling time, depending on the
cooling medium for Steel 1. In figures 6a to 6¢ was
represented the evolution of the cooling speed versus
cooling time, depending on the cooling medium for Steel
2.

In figures 7a to 7c and in figures 8a to 8c were
represented the evolutions of the plasticity characteristic,
for example, the Thinning (Z [%]) evolution versus the
cooling speed (VR) and initial temperature (ti), for Steel 1
and Steel?2.

In figures 9a to 9c were represented the evolutions of
the resilience KV (+20°C) corresponding to Steel 1 and in
figures 10a to 10 ¢ were represented the evolutions of the
resilience KV (+20°C) corresponding to Steel 2.
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Fig. 9. Evolution of the resilience KV (+20 °C)
corresponding to Steel 1, depending on the
cooling speed, for: a - cooling in normal
conditions; b - cooling in metallic box;
¢ - cooling in jet of air.
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Fig. 10. Evolution of the resilience KV (+20 °C) corresponding to Steel 2, depending on the cooling speed, for: a - cooling in normal
conditions; b - cooling in metallic box; ¢ - cooling in jet of air

Conclusions

The highest resilience had been obtained in the case of
Steel 1, corresponding to the cooling in jet of air. Resilience
decreases more in the case of the cooling in metallic box.
Cooling speed had a very important increased value in the
case of cooling in jet of air.

The hardness increases very much in the case of the
cooling in jet of air and in metallic box, for both of steels
grades.

It can be observed that in the case of the steel with a
higher quantity of Carbon (Steel 2) than the other steel, the
hardness has better values comparing with the other alloy
(Steel 1).
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If the content of Carbon increases in the structure of the
steel, some of plasticity properties increase, depending on
the cooling regime.

The experimental program shown that the plasticity
characteristics differ appreciably according to process
parameters (for example, VR).
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