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Abstrakt

Na zistenie zmeny Struktlry priemernejlk@sti austenitického zrna (AGS) a
precipit&ného spravania bol ohriati material C-Mn-Nb-V. Tapl ohrevu boli od 950 do
1250°C acasy ohrevu boli od 10 do 60min. Po ohreve boli pozané nejaké zmeny
priemernych AGS. Teplota 1100°C zobrazuje, Zze A@%na narastaod 78 do 16@m. Je to
zaprtinené prekroéenim teploty rozpustnosti precipitatov. Tato teplf hraninou teplotou pre
abnormalne AGS a je zapiriena kotviacim ginkom karbidov a karbonitridov Nb k hraniciam
ztn, ktoré su rozpustené gas ohrevu. Priemerné AGS boli stanovené met6doéitgma #n po
kruznici. Namerané Udaje boli porovnané s Wtamymi. Hodnoty boli vypéitané dvoma
rovnicami na zaklade regresnej analyzy,c@m jedna rovnica je pdd Dutta-Sellar-ovho
modelu. Rovnica (1) pomocou programu MATLAB zobiazdobrd zhodu s nameranymi
Udajmi, ale je aplikovateou pre rychle vypdty. Koeficienty zavislé na vstupnej AGS,
chemickom zloZeni ocele, procesnych podmienkadktimaginej energie rastu zrna boli pouZzité
pre vypa@et rovnice (2a). Obe rovnice si vhodné pre poroenamameranymi Udajmi. Vplyv
¢asu vydrZe na rast AGS aplikovanim rovnice (2ajkaeuje dobry popis zmeny AGS, ak sa
vstupné AGS menili od 40 do 10®. Bolo navrhnuté stanoveniesswa #15% odchyliek

nameranych a vygftanych Gdajov pre jednotlivé rovnice d, =a T3 1%

3
reheartreheat a

dy —d;’O = A.expQ/RT)t .
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Abstract

The material C-Mn-Nb-V steel was reheated in onefind out structural changes
and precipitation behaviour of austenite graing $&GS). Reheating temperatures were from
950 to 1250 °C and reheating times were from 16Qmin. After the reheating some AGS
changes were observed. Temperature 1100°C showed®S began to rise from 78 to 168.
It was caused by exceeded precipitation dissoluonperature. This temperature is threshold
temperature for abnormal AGS and it is caused hyg @ffect of Nb carbides or carbonitrides to
grain boundary which are soluted during the rehgatiAfter the reheating of material the
average AGS by calculating method of grains atdiheular line was determinated. Measured
data were compared with calculation data. Calautatiata were created by two equations on the
basic of the regression analysis and one of ther Bgaccording to Dutta-Sellar model. Eq.1
by MATLAB program showed a good coincidence withasigred data, but it is applicable for
the fast calculation. Coefficients dependence quutirAGS, chemical composition of steel,
processing conditions and activation energy ofrggrowth were used for derived equation (2a).
Both equations are suitable for comparison with sueed data. Influence of holding time on
growing of AGS application by equation (2a) showe good description of change of AGS,
where the input AGS was changing from 40 - |0 Determination of+5% and +15%

iati ¢ = & 8
deviations of measured and calculated data from atems d,=a T3 . tSes@Nd

dy —d}’,"o = Aexp(Q/RT)t were designed, respectively.

Keywords: HSLA steels, heating temperature, holding time,rage austenite grain size
(average AGS), precipitation behavior, MATLAB

1. Introduction

Needs of automotive industry and other types dafdpct-line still require the
improvement of weight-strength proportion. Reseavetrks are oriented to sophisticated
application ways of physical metallurgy principle technology process. It is focused on
achieving of high strength, plasticity and toughmnpoperties of high strength steel materials.

The aim of the present work is to research infbgeof reheating temperature and
time on average AGS changes and precipitation hehawof material. The C-Mn-Nb-V steel
(according to the ULSAB classification) is HSLA stevith the R=210-550 MPa. This steel is
characterized by [1-4] as steel with high strengibpd toughness and weldability. Perfect
mechanical properties are obtained by balanced ichémomposition with the controlled
thermomechanical processing. HSLA is alloying sefgdy with Nb, Ti and V or in their
combination [1,5]. These microalloying elements aegregated on the grain boundary and
thereby they improve the strength properties.

One of the important parameters for ensuring offoamity and uncoarsening
austenite microstructure is the reheating tempezaflihis temperature influences on a grain
size, precipitation dissolution degree and ausesiiabilization. Hence we need to know the
reheating temperature for the required dissolufamthe following microalloying elements:
carbides, nitrides and carbonitrides. Guaranteendbrmity and uncoarsening can be achieved
by delaying of austenite grains growing during tledeating process in the furnace. Delay
effects are made by non-soluble particles of cadidhitrides or carbonitrides which show a
strong drag effect to grain boundary. These pagidbse their function of delaying whereby
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they enter to solid solution after exceeding thecffit temperature (precipitation dissolution
temperature) and AGS begin to grow [6, 7]. Thersirmmfluence of temperature on the grain
size can be interpreted as a measure for dissplufoNb and V carbonitrides [8]. Next

parameter to ensure the uniformity and uncoarsesirsgenite microstructure is the time, which
has a weak effect [6, 7]. The difference in preeigis population develops on solidification but
reheating to a high (1200°C) temperature causespleten dissolution of the precipitates
regardless of position removing all particle pirnif9,11]. Commercial reheating is usually
carried out at lower temperatures, between 1158fC1250°C for HSLA steels [10, 11].

2. Experimental procedure

The chemical composition of the researched C-MavN§teel is shown ifrab. 1.
The samples were reheated from 950 to 1250°C wlihiding time on temperature from 10 to
60 min and the process was finished by their quegchThe experimental material
microstructure was investigated by optical micrgecoOlympus Vanox-T. For optical
microscopy of original AGS the etching in picriddgvas used. Determination of average AGS
by calculating method of grains at the circulaelimas realized.

Table 1 Chemical composition of steel

E'ﬁ{“e c | Mn| si P s v Nb Ti Al B N o H
wi.% 1,30
{7 | 012| 154 012 0004 0001 018 0088 0010 0pIS000E | 0,0042( 0001F [ppm]

3. Results and discussion
3.1 Influence of reheating temperature on the agerAGS

The reheating process is designed to take mioyalj elements, particularly V and
Nb back into solution for subsequent preciptiatioming or immediately after rolling to achieve

Dependace of AGS on reheating temperature
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Fig.1 Average AGS at reheating temperatures
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desired strength levels via grain size control dispersion strengthening. Reheating above
=1200°C would case complete dissolution of all pigniprecipitates and a coarse grain
structure would, there, be expected. Reducedrdyifarce for grain growth for reheating below
1050°C in conjunction with little dissolution ofrpiing precipitates should lead to a greater
grain size. Reheating to temperature range of cqipately 1100-1250°C would result in
dissolution of the (Nb,Ti,V)(C,N) precipitates [11]

The effect of reheating temperature on average Afx$eel is shown ifig.1. It can
be seen that average AGS increased with the inogesamperature. Average AGS are between
35 um (at the lowest temperature and holding time)Q6 @m (at the highest temperature and
holding time). Temperature above 1100°C represethiedtrong influence of NbC, Nb(CN) to
an abnormal growth of the AGS. According to [123igrcoarsening during reheating occurs at a
temperature significantly (100-150°C) below theubdity temperature calculated for coarse
particles.

Numerical processing of measured data enabledobylinear statistical method to
derive regression equation, which describes depmedef AGS on reheating parameters in
form:

dy = 658910728 Tpeq *L thoiq @237 [um] (N

Comparison of experimental and calculated dasadsvn in theFig. 2.

~ong 1250
100 1150
0 sep 1000 100

Reheating time [min] Reheating ternperatura [°C)

Fig.2 Graphical characterization of the equation (1

From graphical description results a good coinoigeof measured and calculated
data, whereby deviations are showed at temperahaee 1200°C.
Dutta-Sellars model of AGS development during atimg conditions has form:
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dp - d}r),O = Aex;{ R Tthatj -lreheat [_] (@)
Explanatory notes:
d, [um] - output diameter of AGS
d, o [um] - input diameter of AGS
n=2-10 [ - coefficients dependence oaroltal
A=1,4410°-5,02.18° [] composition and processing condition
Q=280-914 [kJ/mol] - activation energy o&ip growth
R = 8,314.1¢ [kJd/mol.K] - universal gas constant
Teheat [K] - reheating temperature
treheat [min] - reheating time
At the explanation of output AGS diameter fronsthiodel, the following equation is
obtained:

d,=n|d,o".A.e
y d|: y’O XF{R

-Treheat

]-treheat}

[m] (2a)

Coefficients in equation (2a) represent unknownatdes, which were consequently
derived by multi-regression method for reheatingdition described by laboratory experiment
at interval Tenear= 950-1250° andctes= 10-60min. Resultant form of equation (2a) foM@-
Nb-V steel and researched reheating conditionlisvfing:

d, = i/[403 + (3,287251022).

.

8314102 Trgheat

—-460

]-treheat} [,um] (2b)

Dutta-Sellars model has been widely used to ptedé precipitation in HSLA steels

upon isothermal holding [9].

3.2 Influence of holding time or{
growth of AGS

Prediction of AGS
growth behavior for other time-
temperature conditions was$
calculated and displayed in
Fig.4, which base was equation
(2a) From Fig.4 resulting that
with increasing temperature$
and input AGS average output
AGS increased with
dependence  on  reheatin
temperature and time. Stron
rising of AGS is possible to

| I Treheat=20min
I I Ticheai=E0min i,
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observe at temperature 1150°C.

Fig.4 Influence of reheating time on growing of 3G
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3.3 Comparison of measured and calculated data

Comparison of equation (1) and equation (2a) iewshin Fig. 3, and displays
together with measuring data a good coincidence easly application for given heating
conditions.
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Fig.3 Graphical comparation of equation (1) andatign (2a)

3.4 Deviations comparison of measured and calcdldigta
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Fig.5 Deviations of data from Eq.2a Fig.6 Deviations of data from Eq.2a

Deviations of +5% and +15% from average valueares shownHig.5 that considerable
part of data is in the interval af 5%, middle part is betweei5% to-15% deviations, but the
end points are further from begining and the Iast is on the boundary of -15% deviatons.
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In opposite case is shown Hig.6, where initial values are in a narrow interval of
+ 5% deviations, the middle part is between +5 and +&iation, and last points are near
the boundary of these deviations.

Conclusion
On the basis of experimental study of influenceaifeating conditions on average
AGS changes it is possible to make following cosidas:
1) the reheating conditions are important from thew of mechanical and metallurgical
technology
2) description of experimental data was made by égoations, one is regression and other is
Dutta-Sellars model with new derived coefficientlidd for investigated steel chemical
composition and investigated reheating conditions:
a) very good coincidence of measured and calalilda¢a was achieved
b) from graphical and mathematical dependencesemdting dominant influence of
reheating temperature and weakly effect of rehgatime on change in AGS
diameter.
Initial conditions for dominant grain growth of Azare:
- Treheat2110°C  for treneat < 30min
- Treheat2105°C  for  trenean30min
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