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le Austenite Grain Size during Various Heat Treatment of Plain Low-Carbon Steels
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le prior mean austenite grain size of two plain low-carbon steels were investigated using
al Standard (ISO643) with determination of grain size by comparing to the standard charts
ation to the index G equation. The grain size of austenite was evaluated after heating at
°C for 1-6 h and water quenching. The steels were killed with aluminium and therefore
herently fine grained, and can be successfully heat treated at higher temperature and hold

»eriod of time without the danger of abnormal grain growth. It was found that the Vickers

timated had good correlation to grain size.
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P o a 2 ) o o ' Y o ]
ﬂﬂﬂ‘llu‘lﬂlﬂiuﬂ'ﬁ]ﬁﬁﬂuvlu‘mﬂﬂ ‘U'E)Ql.ﬁﬂﬂﬂﬁ'lﬂ'liﬂfluﬂ]ﬂﬂﬁﬂfjuulﬂgﬂﬁ’ﬁﬁ]i]Iﬂﬂﬂ'liﬁl‘lf

i = ] o
aw1u"lau.aﬂa643 Lﬁ'ﬁlmﬂ‘lj‘lju'lﬂmiuﬁﬂﬁllﬂ"li G wmmsuaaﬁmu'lmrmﬂ

muwmmﬂﬂmmsaummﬂﬂn 1000- 1200 C @MU 1-6 mﬂm uawwaam

G

s

JU'E)u?nﬂﬂﬂi“"lfl'lﬂ?ﬂﬁ'lﬂHffiJE)ﬁlJmEﬁJ ﬂiﬂﬂﬂﬁhlﬂiﬂﬁ”!ﬂﬂﬂﬂ\)uﬂﬂu Lasmuigm

=y

wmsnnmmammmu ol ﬂmﬂﬂuﬁmﬂunmmu Tﬂﬂﬂi’]ﬁmﬂ BUATIVINMT

“ g

ﬁ'u‘ﬂﬂﬂﬂﬂﬂ ﬂﬁ’J"l]EJWU’Hﬂ‘Iﬂ'J'IlJt!‘IN Vickers Mﬂ’J'IlIlﬂ‘l—!ﬁHﬁiJﬁu 'ﬁ |El‘ll‘ln|’lﬂlﬂ'51‘l

N3N NIMINI5Y

1. Introduction

Plain lo
L.e. sheet or strj
final temper ro]
mvariably displa
alloying additioy

minimum residy;

The Tnitial Auste;

The ausi
austenite grains a
the pearlite disap

growth theory, th

where N is the nu
the free energy ba
can be obtained.
Grain Size Control
The room
cementite/martensi
just before the tran
necessary to chany
necessary to heat tl
1s unstable at lowe
heated above the |

working, or combi



= 4 A w o
MNINNIMINTINMEANT UM UM 2 aviun 1 39

1. Introduction

Plain low-carbon steels are predominantly produced in the form of flat rolled steel products,
1.e. sheet or strip. Usually they are produced in the cold rolled and annealed condition with often a
final temper rolling treatment to remove the discontinuous yield phenomenon which these sieels
invariably display. The compositions of these steels invariably are low carbon with less than 1% total
alloying additions. Low carbon is essential for the cold-formability requirements, as also is a

minimum residual alloy content [6].

The Iriitial Austenite Grain Size

The austenite without significant grain refiners added [18) forms by the nucleation of
austenite grains at various locations and their growth. Eventually they begin to impinge, and finally
the pearlite disappears. At this stage the steel has its initial austenite grain size. From nucleation and

growth theory, the number of grains per unit area N; in a planar cut through a sample is given by (4] :

N, = 1.01 (N/G)"” (1)
Therefore N = Kexp(AG/RT)exp(-AG /RT) )
and G = K(Ag,Jexp(-AG/RT) (3)

where N is the nucleation rate, G is the growth rate, AGC 1s the critical free energy change, AGb 1S
the free energy barrier change and Agv is the free energy change per volume. From N, the grain size
can be obtained.
Grain Size Control

The room temperature microstructure of plain low-carbon steel is principally ferrite plus
cementite/martensite. These phases have formed from the grains of austenite that existed in the steel
Just before the transformation. If the size of ferrite, cementite and martensitic grains want to alter, it is
necessary to change the size of the austenite grains before transformation. For this purpose it is
necessary to heat the steel and make the austenitic grains to reappear in the structure. Since austenite
1s unstable at lower temperatures, austenitic grains can be made to reappear only when the steel is
heated above the lower critical temperature. Heat treatment at lower temperature, cold mechanical

working, or combinations of these may alter and distort the microstructure of steel, so that its
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grain size can no longer be revealed by any ordinary method, but they cannot actually
S grain size.

uring slow reheating of steel, austenite begins to form at the interfaces between ferrite and
rystals when the temperature reaches lower critical temperature. At this temperature a very
rer of austenitic grains appear and they are at their minimum size. The size of the austenitic
ease with increase in temperature and time of heating. In many heat treatments, it is
 dissolve ferrite or cementite by heating above the upper critical temperature. By doing so,
ening of austenitic grains take place, but it is not appreciable and can be tolerated for
id steels. Above this temperature, the increase in size of austenitic grains is rapid and
tth increasing temperature and holding time.

: best method of controlling the grain size of steel is by addition of certain alloying

ring the manufacturing process. For example, addition of aluminium results in inherently

steels which &an be successfully heat treated without the danger of grain coarsening [3)].

m of Grain Size

International Standard (ISO643) specifies a micrographic method of determining
tenite grain size in plain low-carbon steels. It describes the methods of revealing grain
ad of estimating the mean grain size of specimens with unimodal size distribution. The
1ed on the s¢reen (or on a photomicrograph) is compared with a series of standard charts
‘he standard charts at a magnification of x 100 are numbered from 00 to 10 so that their
qual to the index G. Where tHe magnification g of the image on the screen or
1ph is not x 100, the index G shall be equal to the number M of the closest standard

d as a function of the ratio of the magnifications [10] :

G = M+ (6.64 log g/100) (4)

tal Procedure

low-carbon steels were studied to optumize the influence of carbon content and single
ons on the austenite grain size. The composition (wt%) of these steels used in this study

le 1. The samples were austenitized at 1000, 1100, and 1200°C for 1, 3,and 6 h.

MIWTININII

Table 1. Chemje.

The aust
photomicrographs
specially etched in
had to be adjusted
filler eyepiece.

The austen
the grain so that sm
that the picture m
microstructures of |
brittleness, resilienc

to deformation or ini

3. Result and Discu
Since the a
necessary to compar
prior austenite grain
size. Table 2 shows
eighteen samples. Sir

size ([Lm) is reported



a ¢ oy o
AMIANTIAINIINATAAT UAD 1.]1] 2 AVLUN 1 11

Table 1. Chemical composition of experimental carbon steels, wit%

Element | Steel 27_ Mn4 !_St_e_e_l 16 Mn4

C 0.27 0.16
Mn 1.01 1.08
Si 0.38 0.41
P 0.018 0.018
S 0.010 0.011
Y -

Ti - - -
Al ' 0.04 0.03

The austenite grain size microstructures of all the relevant samples representative
photomicrographs were taken. In order to determine the austenite grain size, the samples were
specially etched in a saturated picric acid solution at about 80°C [1]. The concentration of the acid
had to be adjusted for different samples. The austenite grain size was then measured at x 25 using a
filler eyepiece. g

The austenite grain size determination should be done in a magnification suited to the size of
the grain so that small grains may not be lost. The degree of magnification will be limited by the fact
that the picture must include a sufficient number of grains [21]. The all austenite grain size
microstructures of the sample steels are shown in Fig 1. Hardness may denote strength, stiffness,

brittleness, resilience, toughness, or combination of these properties. It usually implies the resistance

to deformation or indentation [3].

3. Resuit and Discussion

Since the austenite grain size of plain low-carbon steels is an important factor, it was
necessary to compare the grain size between the different temperatures and times of the steels. The
prior austenite grain boundaries were revealed by etching the specimens for evaluated the mean grain
size. Table 2 shows the evaluated mean austenite grain size characteristics, and Vickers hardness of
eighteen samples. Similarly, the relation of the austenitizing temperature ("C) and time (h) with grain

size (lLm) is reported in Fig. 2 & 3.
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The evaluation mean austenite grain size of plain low-carbon steels were showed a primary
response. There are usually carbide and are often present in steel that have also been
ned by precipitation and solid solution strengthening. The kinetics solution of second phase
2ly temperature and time dependent, so varying results can be obtained with steel depending
nperature history. The mean grain size of austenite in many samples are similarly, because
:ratures were high, so that aluminium results in inherently fine-grained steels which can be
Ily heat treated, and had major effect on retarding recrystallization. When steel is heated at a
mperature or for an extremly long period of time, it results in overheating. During
12, grain growth occurs, and consequently a coarse grain structure is obtained. Such a coarse

ructure will have poor mechanical properties, such as low toughness, ductility and impact

sions

he following conclusions may be drawn from the results presented in this paper :

' The tendency of low carbon steel toward grain growth increases with decreasing carbon

Plain low-carbon steels, killed with additionally aluminium result in inherently fine
rels, and can be successfully austenitized at higher temperature (up to 1000°C) and hold
sriod of time (up to 6 h for steel 27 Mn4) without the danger of abnormal grain growth.

Grain size of steel has a marked effect on its mechanical properties. A coarse-grained steel

ywer hardness as compared to fine-grained steel.,

There is good correlation in the Vickers hardness estimated according to mean grain size.
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. Evaluated mean austenite grain size characteristics according to International Standard

(ISO643), and Vickers hardness of carbon steels [10]
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Fig. 2 The relation between grain size and temperature in eighteen samples
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Fig. 3 The relation between grain size and time in eighteen samples as different temperature



a ¢ oy wo A
ATANTIAINTINAITAT WA ﬂﬂ 2 9Uun 1

ces

ilwazri, E.Essadiqi and S.Yue:ISIJ International, v.44 , no.1, pp. 162-170, 2004.

oh, Mater. Sci.Technol., 6, 1139, 1990.

grawal, “Introduction to Engineering Materials,” Tata McGraw-Hill, New Delhi, 1989.
rooks, “Principles of the Austenitization of Steels,” Elsevier Applied Science, Essex, 1992.
skeland, “The Science and Engineering of Materials,” 3" gl Ed., Chapman & Hall, London, 1996.
ckering, “Physical Metallurgy and the Design of Steels,” Applied Science Publishers, Ltd.,
1978.

’ickering, “Materials Science and Technology,” 7 ed. by R.W.Cahn, P.Haasen and
mer, VCH, Weinheim, 1992,

ndrade, M.G.Akben and J.J. Jonas:Metall. Trans. A, 144, 1967, 1983.
ani, F.Terasaki and T.Kunitake : Trans. ISLI, 12,118, 1972.

ational Standard (1S0643), “Steels-Micrographic determination of the apparent grain size,”
103.

:rman, B.Donnay and V.Leroy, “ISIJ Inter,” 32, 779, 1992.

\g and T.N.Baker, “ISIJ Inter,” 43, 2015, 2003.

en and G.S.Ansell, “Alloy and Microstructural Design,” Academic Press, New York, 1976.
urzydlowski and B.Ralph, “The Quantitative Description of the Microstructure of
" CRC Press, Boca Raton, 1995.

t, “Neural Network Modelling of Hot Deformation of Austenite,” Wolfson College, The
of Cambridge, Cambridge, 2001.

eminezhad and A K .Taheri, Mater. Sci.Technol,, 20, 106, 2004.

shby and D.R.H.Jones, “Engineering Materials,” Pergamon Press, Oxford, 1980.

nnerz and de Kazinczy, Journal of the Iron and Steel Institute, 208, 475, 1970.

2rill and P.R.Mould, “Recrystallization and Grain Growth in Metals,” Surrey University

lon, 1976.

. Honeycombe and H.K.D.H. Bhadeshia, “Steels Microstructure and Properties,” Edward
ndon, 1995.
Hoff and F.N.Rhines, “Quantitative Microscopy,” McGraw-Hill, New York, 1968.

sslie, “The Physical Metatlurgy of Steels,” McGraw-Hill International Book Company,
2

NIy

Supp)

I -
may

‘mMadane

B3
@ A

uideiifigay:
Tne Tagldiy
Tnseaievsan:
Tvaveedudis:
Togiueziung
- 4

NATIZH AN N

g

This research aim
industry in Thai
Samutsakhon, in
information flow
study in AS-IS
supply chain man

analysis.

Mmangy (Keywor

Shrimp Industry



