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Neither the Polish Standard PN EN 10052:1993 nor the standards of other European
Union countries (e.g. British BS EN BS EN 10052:1994) define eutectoid transformation
start (during cooling) and finish (during heating) temperatures in steels. Thus, there is a lack
of standard validations of the temperature determining the start of the coexistence range of
ferrite and austenite during heating as well as the temperature determining the finish of this
range, during cooling, in hypoeutectoid steels. Knowledge of such temperature range in the
steel structure is very important e.g. during a heat-mechanical treatment of DP steel (dual
phase) [1÷3]. Problems of lacking the proper definitions of phase transformation tempera-
tures in steels was broadly discussed in paper [4].

Phase transformation temperatures in steels (the so-called critical temperatures) are the
most often estimated by the dilatometric method where the dilatograms of heating samples
– with the given, not high rate (usually app. 0.05oC/sec.) – are recorded. It was shown in
paper [5] that the possibility of determination of the finish temperature of the pearlite into
austenite transformation, during heating, can depend on the interlamellar spacing in pear-
lite. The heating dilatograms together with the interlamellar spacing in pearlite of steel con-
taining 0.1%C and 0.5%Mn are shown in Figure 1 [5]. Samples from the same steel but of
various pearlite morphologies were obtained by an application of different kinds of the heat
treatment: hot-rolled and air cooled to room temperature, semi hot-rolled, hot-rolled and
reheated to 1000oC then cooled at different cooling rates [5].
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Dilatometric examinations (performed by means of the Adamel Lhomargy DT1000
dilatometer) indicate that the smaller interlamellar spacing in pearlite the more distinct dila-
tation effect – from the finish of the eutectoid transformation, in the heating dilatograms. In
the case of large interlamellar spaces in pearlite the dilatation effect corresponding to the
end of the eutectoid transformation is practically invisible (Fig. 1. Samples ANN2 and
ANN3). Differences in the initial structure of the examined dilatometric samples revealed
themselves also in temperature values at the beginning of the pearlite into austenite trans-
formation. Those differences are seen in Figure 1 of paper [5], however the authors did not
specify them.

Examples of the heating dilatograms together with the differential curves and the esti-
mated transformation temperatures for two hypoeutectoid steels are presented in this paper.
Examinations were performed by means of two dilatometers of different resolutions.

��� ��
�������
��
����
���
���
��
���
���

Examinations were performed for two hypoeutectoid C35 and C56 steels, which chem-
ical compositions are given in Table 1. Before the dilatometric examinations the material
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was normalised by annealing: C35 steel in 860oC for 30 minutes, while C56 steel in 830oC
also for 30 minutes, then air cooled. Microstructures of the investigated steels, after the
normalizing annealing, are shown in Figure 2.
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Dilatometric examinations at the heating rate of 0.05oC/sec., in a vacuum of 10–2 mbar,
for samples of dimensions ∅2×12 mm were performed by the Adamel-Lhomargy DT1000
dilatometer. The heating dilatograms for two investigated steels together with the differen-
tial curves are presented in Figures 3 and 4.

Chemical composition, weight percent 
Steel 

C Mn Si P S Cr Ni Cu 

C35 0.38 0.66 0.25 0.013 0.002 0.05 0.07 0.15 

C56 0.55 0.61 0.20 0.019 0.015 0.04 0.02 0.03 
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Since none dilatation effects corresponding to the finish of the eutectoid transforma-
tion were seen in the heating dilatogram of C56 steel, the additional examinations were
performed on the identically prepared sample of this steel (normalizing annealing: 830oC/
30 min, air cooling) by means of the high-resolution L78 RITA dilatometer (thanks to the
courtesy of the Linseis Application Laboratory, Germany). The obtained results, in the form
of the heating dilatograms in the systems: elongation-temperature and elongation-time to-
gether with the differential curve diagram are presented in Figure 5.
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Dilatometric examinations of C35 steel performed by means of the DT1000 dilatome-
ter revealed distinct dilatometric effects corresponding to the start and finish of the pearlite
transformation into austenite – at temperatures marked as Ac1s and Ac1f respectively, as
well as to the end of the ferrite transformation into austenite (Ac3 temperature). The tempe-
rature values of individual transformations were readout from the differential curve (the
relevant places together with the corresponding transformation temperatures are marked on
this curve in Fig. 3). In the case of C56 steel the determination of the occurrence place of the
dilatation effect related to the pearlitic transformation finish is not possible neither on the
dilatometric curve (DT1000 dilatometer) nor on the differential curve. Only the temperature
of the pearlitic transformation start (Ac1s temperature) and the temperature of the end of the
ferrite into austenite transformation (Ac3 temperature) can be determined from the differen-
tial curve. According to the previously cited paper [5] the lack of the dilatation effect related
to the finish of the pearlitic transformation – on the heating dilatogram, can be linked to
a larger interlamellar spacing in this steel pearlite as compared with C35 steel. Dilatometric
samples of both steels were exposed to the normalizing annealing. Since the structure after
such annealing constitutes the initial structure for various processes of heat or mechani-
cal-heat treatments the possibility of the determination of phase transformation tempera-
tures for samples after annealing is essential.

The change of the pearlite morphology (decreasing of interlamellar spacing) by means
of the relevant heat treatment, as presented in reference [5], would probably allow to deter-
mine the temperature of the pearlitic transformation finish for C56 steel (using DT 1000
dilatometer). However, an application of a heat treatment different, than normalizing
annealing, would change the initial structure of this steel for further treatments, thus,
making the obtained temperature Ac1f quite useless. Due to this, the additional dilatometric
examinations during heating were performed – by means of the L78 RITA high-resolution
dilatometer, for C56 steel samples after the normalizing annealing. The heating rate was
identical as for examinations made by the DT1000 dilatometer (equal 0.05oC/s). Examina-
tions were performed in the protective argon atmosphere. Temperatures of the start (Ac1s)
and finish (Ac1f) of the pearlitic transformation as well as a temperature of the end of the
ferrite into austenite transformation (Ac3) can be estimated from the obtained dilatograms
and from the differential curve. The L78 RITA dilatometer is characterised by a much better
resolution than the DT1000 dilatometer and this enables the determination of a temperature
of the pearlitic transformation finish, Ac1f, for samples exposed previously to normalizing
annealing, which means for the proper initial structure for eventual further procedures of
heat treatments. The differential curves – obtained by measurements made by both dilatom-
eters, in the temperature range from the beginning of the pearlitic transformation (Ac1s) to
the beginning of only austenite occurrence in the steel structure at heating (Ac3) are of
a characteristic V shape (Figs 3–6). It is rather puzzling, that in the case of C56 steel (con-
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taining very small amounts of ferrite) the effect related to the finish of the pearlitic transfor-
mation appears on the left slope of a V-shaped differential curve, while in the case of C35
steel, which has a majority of ferrite in its initial structure, this effect appears on the right V
slope of the differential curve fragment. Regardless of various fractions of pearlite and
ferrite in the initial structure of both investigated steels and a different carbon content, the
maximum shrinkage effect – in the range of the investigated phase transformations, related
to the specific volume of ferrite, �	�
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��stenite transformation an instantaneous volume increase of the sample occurs.
Such a phenomenon does not occur in the hereby paper results, even for C35 steel with high
ferrite content. Assuming that immediately after the pearlitic transformation finishes the
transformation of ferrite into austenite starts (it means the transformation related to the de-
crease of the specific volume), this instantaneous increase of the volume is difficult to be
explained. Presumably, this can be relevant to eventual processes of carbon diffusion from
austenite (formed from pearlite) rich in carbon – into austenite (formed from ferrite) of
a small carbon content.
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The dilatometric examinations of two kinds of plain carbon hypoeutectoid steels indi-
cated, that the determination of a temperature of the eutectoid transformation finish, during
heating, is – in certain cases, impossible, due to the lack of the effect related to this stage on
the dilatometric curve. It is obvious that applying the dilatometer of a higher resolution
capacity can be in such cases intentional and justified. However, the dilatometric examina-
tions performed within this study revealed serious doubts and raised certain questions rela-
ted to the phase transformation mechanisms. Explanations of these doubts require further
studies both dilatometric and microstructural in the discussed range of phase transforma-
tions.
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The authors would like to express their gratitude to the Linseis Application Laboratory,
Germany for the possibility of performing examinations by means of the high-resolution
dilatometer L78 RITA.
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