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INFLUENCE OF ORIENTATION RELATIONSHIP
BETWEEN FERRITE AND CEMENTITE
IN PEARLITE ON STABILITY OF CEMENTITE PLATES

1. INTRODUCTION

1.1. Pearlite spheroidization

The most often met lamellar structure is a pearlite. Generally, the morphology of the
pearlite is very complex. A variety of lamellar faults, e.g. kinks, holes, cementite of the
fibres form and cementite particles of different shapes etc. are always occur [4].

It is well known, that the structure of pearlite is unstable and by annealing for
a sufficient long time just below the eutectoid temperature it transforms from lamellar to
spheroidal form. It is process of pearlite spheroidization [18].

For the analysis of pearlite spheroidization mechanism one can distinguish several par-
tial structural processes:

— fragmentation,
— rounding off small plate segments into spherical particles particle coarsening,
— growth of ferrite grains.

There are many conceptions regarding a mechanism of spheroidization process: the
Raylegh’s perturbation theory [10, 11, 13, 28], the thermal groove theory [2, 6, 12, 15], the
fault migration theory [10]. Unfortunately, the conceptions mentioned above do not explain
fully the mechanism of spheroidization process, but in the area of possible interpretations
they rather complete each other. Besides, none of the mentioned conceptions consider satis-
factorily the factors like e.g. anisotropy of energy of interphase boundary ferrite/cementite.

The results of investigations of pearlite spheroidization kinetics do not also lead to
unique conclusions. The values of process activation energy mentioned in a literature are
characterized by a large discrepancy — from 90 kJ/mol [14] up to 290 kJ/mol [27].
An activation energy in range of 123-147 kJ/mol was found for the spheroidization process
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by Skowronek and Czarski [23]. This range of values shows good agreement with the acti-
vation energy for iron and carbon diffusion along a ferrite/cementite interface, so a coupled
interface diffusion is the rate-controlling process.

1.2. Orientation relationships between cementite and ferrite

It is stated that there are first of all two crystallographic orientations relationships (OR)
between ferrite and cementite in pearlite as follows:

— the Bagaryatski OR [1]:
[100] , || [111] f,
[010] Ll 11T g,
001) 2| 112);

— the Pitsch OR [17];
[100] , 2,6° from [131] g,
[010] 4 2,6° from [113] f,
001) 1l (527,

where subscripts Z and F refer to cementite and ferrite, respectively.

The Pitsch OR [17] occurs when pearlite nucleates on a “pure” boundary of austenite,
while Bagaryacki OR [1] appears when pearlite nucleates on pre-eutectoid cementite [5, 7]
(or on pre-eutectoid ferrite [19, 20]). Simultaneously, the majority of results indicate that
regardless a carbon content in steel and a degree of undercooling, dominating in a structure
was the Pitsch OR (Pitsch [17] — carbon steels 0,25% C, 0,7% C, 1,25% C, Stackleton and
Kelly [22] — low-alloy steels from 0,52% C to 0,96% C and Hadfield steel , Lupton and
Warrington [9] — carbon steel 0,8% C, Ohmori [16] — steel 0,19% C, 0,0087% B. The re-
sults of Sczastlivcev and Jakovleva [21] steel 1,12% C, 4,25% Mn, 0,28% Si) it would
come that the domination in the structure of one orientation of two mentioned above de-
pends on the degree of undercooling.

There is also, but rarer mentioned the third orientation relationship i.e. the Isaichev
OR:

— the Isaichev OR [8]:

(103) , |1 (110) f,
[010] Ll 11T,
[311] ; 0,91° from [111] f.

The Isaichev OR [8] differs from the Bagaryatski OR [1] in rotation about 3,5° around
[010] 5, but there is no unequivocal answer the question if it realizes instead of
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the Bagaryatski OR, whether these orientations occur in simultaneously [20, 25]. The pre-
sence of the Isaichev OR is stated very seldom, among others by Suchomlin [26] (steel
0,3% C, 1,5% Mn, 0,56% Si), where it appeared with the same frequency as the Pitsch OR
apart from the temperature the pearlite transformation was being realized (873K and 923K).

Besides three mentioned orientations, Zhang and Kelly [29, 30] have determined three
orientations which are near to the Pitsch OR:

OR1 OR 2 OR3
(103) Il (101) ¢ 011) 2l (101 )¢ (210) .l (101 ) ¢
[010] ;8,5° from [131] 5 [311] /I [1 11 ] [001] .1 [131] &
B11]2 Il (11175 [100] 2 2,4° from [131]F  [121 ] 25,95° from[101]

2. EXPERIMENTAL PROCEDURE

2.1. Subject of experimental investigations

The pearlite spheroidization process occurs not uniformly. Even, after long times of
spheroidization annealing in microstructure still exists areas with lamellar structure and also
single cementite plates. The reasons for the described behavior are not known.

In research of Skowronek and Czarski [24] it was stated the lamellar pearlite with
smaller true interlamellar spacing tend to spheroidise more rapidly. The aim of the present
work was to assess the influence of orientation relationships between ferrite and cementite
in pearlite on a stability of cementite plates.

2.2. Material and heat treatment

A high purity Fe-C alloy was used in the experimental work. The chemical composi-
tion of the material is given in Table 1.

Tablel. Chemical composition of the steel under examination

Element C Mn Si P S Cr Ni Cu | Al | Al N Fe

% 0.75 0.05 [ 0.01 [ 0.002 | 0.012 ] 0.03 | 0.03 | 0.01 | 0.01 | 0.01 | 0.009 | rest

In order to produce a coarse lamellar pearlite, the material was subjected to the follow-
ing heat treatment (Fig. 1):

— austenitizing (900°C/0,5 h) with subsequent transfer to lead bath at temperature 700°C,
— isothermal holding in the bath (700°C/3 h).
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Fig. 1. Microstructure with coarse lamellar pearlite
(etched in picral)

For spheroidization, the specimens were annealed at the temperature 700°C for the
duration times (t in hours): t = 50, t = 100, t = 400. The photomicrographs (Fig. 2) show the
shape evolution of cementite plates during the spheroidization process.
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Fig. 2. Microstructures afier different time of the spheroidization at 700°C: a) 50 hours, b) 100 hours;

¢) 400 hours (etched in picral)
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Thin foils were made by electropolishing using stream method in electrolyte consisted
of perchloric acid (1 part) and glacial acetic acid (10 parts). Polishing was carried out at the
voltage 5055 V and temperature 12°C. All thin foils were examined in a electron micro-
scope JEOL 100C. With the aid of selective electron diffraction there was the determination
of orientation relationship between ferrite and cementite made.

2.3. Experimental results

After eutectoid transformation (output state) the microstructure consists mainly of
lamellar pearlite accompanied by only small fraction of speroidized cementite. The diffrac-
tion analysis showed the existence of the Pitsch OR (or close to it) (Fig. 3) or the Bagaryatski
OR (Fig. 4).

Fig. 3. Pearlite microstructure after eutectoid transformation (output state). Orientation near to the
Pitch OR: a) bright-field image, b) diffraction pattern; c) diffraction pattern solution for ferrite, zone
axis [173]; d) diffraction pattern solution for cementite, zone axis [210]
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Fig. 4. Pearlite microstructure after eutectoid transformation (output state). The Bagaryatski OR:
a) bright-field image; b) diffraction pattern; c) diffraction pattern solution for ferrite, zone axis [111];
d) diffraction pattern solution for cementite, zone axis [010]

a)

Fig. 5. Microstructure after spheroidization at 700°C, t = 100 h. The Bagaryatski OR: a) bright-field
image, b) diffraction pattern; c) diffraction pattern solution for ferrite, zone axis [211]; d) diffrac-
tion pattern solution for cementite, zone axis [001]
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During the spheroidization annealing the morphological changes of microstructure are
occur. Irrespective of the speroidization annealing time (50 h, 100 h, 400 h) the diffraction
analysis showed the existence both the Bagaryatski OR (Fig. 5) and the Pitsch OR (or near
to it) (Fig. 6).

Fig. 6. Microstructure after spheroidization at 700°C, t = 100 h. Orientation near to the Pitch OR:
a) bright-field image; b) diffraction pattern; ¢) diffraction pattern solution for ferrite, zone axis [111];
d) diffraction pattern solution for cementite, zone axis [311]

3. SUMMARY

A detailed microscopic analysis shows that during the spheroidization annealing the
morphological changes are occur in a typical way i.e., areas of spheroidized cementite in-
crease while lamellar fractions decrease successively (Figs. 1-2). The spheroidization pro-
cess occurs not uniformly.

The diffraction analysis demonstrated the existence of the Bagaryatski OR and the
Pitch OR both in the pearlite microstructure after eutectoid transformation and after each
spheroidization annealing time (Figs. 3—6). The result achieved is a confirmation of Zhang
and Kelly’s data [30].

The obtained results of diffraction analysis indicate that the crystallographic orienta-
tion realationship between ferrite and cementite does not influence the stability of cementite
revealing lamellar morphology. Despite that the Pitsch OR in the structure after pearlite
transformation occurs rarer than Bagaryatski OR, its presence after each considered time of
spheroidization annealing be stated.

The financial support from the Polish Ministry of Science and Higher Education
(MNiSW) contract No. 11.11.110.405 is gratefully acknowledged.
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