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Metallurgical rolls are greatly subjected to failure in the roll neck – roll face contact
areas, what results from the significant stress concentration in these areas [1]. Cast rolls are
particularly subjected to such failures due to their low crack resistance [2–4]. This work
presents the examples of structural reasons for failure of the necks of cast iron rolls.
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For investigation of reasons for failure of rolls necks four rolls were chosen (Fig. 1).
The chemical composition of the rolls is shown in Table 1. Roll No. 2 was made of cast iron
with modular graphite, and rolls No. 1, 3, and 4 were made of cast iron containing flake
graphite (Fig. 2). It should be noticed, that morphology of graphite precipitates in the case
of the rolls No. 3 and 4 is different in the core of the roll neck than that in the vicinity of its
surface (Figs. 2c÷f). It results from the conditions of crystallization. In the vicinity of the
roll neck surface a banding character of graphite precipitates could be noticed (Figs. 2d, f).
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No. of roll C Mn Si P S Cr Ni Mo 

1 3.27 0.81 0.96 0.07 0.025 0.95 1.15 0.25 

2 3.46 0.41 1.35 0.04 0.010 0.39 1.46 0.17 

3 3.50 0.74 1.22 0.06 0.023 1.37 1.23 0.32 

4 3.44 0.74 1.23 0.05 0.023 1.35 1.22 0.32 
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The microstructure of investigated rolls was shown in Figure 3. In the microstructure
of all investigated rolls transformed ledeburite as well as pearlite could be observed. It
should also be noticed, that volume fraction of hard, but also brittle ledeburitic cementite is
high in the case of rolls No. 1, No. 3, and No. 4. Besides, it forms a continuous net, which is
unfavorable from the mechanical properties point of view. As can be seen, precipitations of
transformed ledeburite (originally ledeburite, so eutectic mixture) and flake graphite in the
vicinity of the roll neck of rolls No. 3 and No. 4 exist in a form of bands. The conditions of
crystallization of the roll neck influenced such banding of its structure. Originally, dendritic
crystals were formed on the surfaces, in which the flakes of graphite were precipitating, and
then quasieutectic (ledeburite) precipitated out of remaining mixture.
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The most common reason for defects in roll necks is a presence of shrinkage porosity
in their interior. In the case of investigated (damaged) roll necks, the areas of shrinkage
porosity were detected in roll No. 1 and roll No. 2, what was shown in Figure 4. As can be
seen, the pores are distributed in the areas where eutectic should exist. Such porosity is most
common place of crack nucleation. Then, these cracks propagate along brittle carbide
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phase, neighbouring with shrinkage porosity. These cracks propagate from the core of the
roll neck (areas, where shrinkage porosity exists), along the maximum sheer stresses (acting
during roll bending) towards the roll face (Fig. 1a, b). Such character of a damage of the roll
neck should always lead to investigation of metallurgical faults inside the roll neck core, as
the most probable reasons for damage formation. It is worth to notice, that shrinkage poro-
sity forms particularly easy in the upper part of the casting, what should be taken into
account while choosing which roll neck should be placed on the side of the roll drive.
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Macroscopic observations of the roll neck can also allow identifying the shrinkage
porosity. Figure 5 shows the fracture surface of the roll No. 1, where shrinkage porosity can
be noticed.
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In the microstructure of almost all rolls (except roll No. 2), continuous net of ledeburit-
ic cementite exists (with cementite built up on it, precipitated from austenite in the result of
decreasing solubility of carbon in austenite ongoing with a decrease of the temperature).
This continuous net of ledeburitic cementite facilitates crack propagation (Fig. 6). In the
case when precipitates of ledeburite are in a form of bands, cracks will propagate along
these bands (Fig. 7). If stresses cause different than parallel to these bands direction of
cracking, then cracking will propagate by “jumping” over from one band to another through
“cementite bridges” between them (Fig. 8).
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Described above disadvantageous morphology of transformed ledeburite was the rea-
son for failure of the rolls No. 3 and No. 4 (see Figs. 1c, and 1d), but shrinkage porosity was
not observed in their microstructure. The way of development of original fatigue crack was
mostly influenced by the state of sheer stresses in the neck of these rolls. That is why in roll
No. 3 the crack propagates to a depth of about 15 mm by “jumping” over from one band of
ledeburite to another. When this fatigue crack reached the critical length, the microstructure
(banding) had predominant influence on its development. Similar mechanisms were ob-
served in the case of the roll No. 4 with this only difference that initial crack developed only
on one side of the roll neck (see Figs. 1c and 1d).
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Secondary cementite in mottled cast irons can build itself on the net of transformed
ledeburite, but it can also occur as independent component of the structure. Considering
crack resistance, the most disadvantageous is precipitation of such cementite along grain
boundaries of austenite. In the case of the roll No. 2 secondary cementite precipitated in
a form of very thin, continuous net along austenite grain boundaries (Fig. 9).
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Even so thin net of secondary cementite significantly facilitates propagation of the
crack (Fig. 10). This thin net of secondary cementite combined with shrinkage porosity
became a reason for damage of the neck of the roll No. 2.
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In the case of cast iron, the morphology of graphite precipitates can have a strong in-
fluence on their crack resistance. In this respect, the most favorable is his spheroidal form,
less advantageous is vermicular, and the least favorable is a flake form [5]. The most unfa-
vorable case occurs, when the bands of flake graphite precipitates exist in the structure, as it
was revealed in the surface area of the neck of rolls No. 3 and No. 4. It is due to the fact, that
graphite precipitates are practically incapable of transmitting stresses, thus they can be con-
sidered as voids.

Spheroidal precipitates of graphite can even restrict crack propagation, causing its
“blunting”. However, flaky precipitates can act as crack nucleuses, forming so called struc-
tural notches.

In the microstructure of rolls No. 3 and No. 4, flake graphite precipitates facilitated
crack migration from one band of transformed ledeburite to another (Fig. 8). The bands of
flake graphite precipitates also formed the paths for crack development (Figs. 7 and 11).
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The following conclusions can be driven from this study:
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