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Abstract: The paper defines the scope and character of the surface layer of
castings made of selected types of cast iron with special consideration of on
spheroidal cast iron. The study also showed that on the basis of the distribution
of hardness along the casting core, it is possible to define the distribution of
structures and the reach of the surface layer of a cast iron casting.
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1. Introduction

Surface layers have been the subject of research of many scientific centres
in the world for many years. Warstwa wierzchnia od wielu lat byta i jest
tematyka badawczg wielu osrodkéw naukowych na Swiecie. Issues connected
with the surface layer of a cast are related to tribology. The surface and the
sub-surface parts of a half-product, which is intended or not to be subject of
further processing, have been treated marginally so far. Conditions in which a
half-product is manufactured influence essentially its properties, especially
in its subsurface zone and in the core of the casting. Having investigated cast
iron castings made of grey cast iron and lamellar graphite, the author found a
characteristic distribution of the properties of the surface layer of the examined
castings, particularly for raw castings, along the direction from the surface into the
inside of the product. A surface layer is a material layer limited by an outer (real)
surface of an object (product) containing this surface and such part of material
inside it which present modified physical and sometimes chemical properties in
relation to the remaining material of the object (material of the core) [3].

The surface layer of a raw casting made of cast iron includes an oxide layer
and glass-like materials - a reaction zone — mistakenly called an epidermis and
a transition zone. The depth of the surface layer and its character depend on the
conditions in which the product was manufactured. Characteristic properties,
such as distributions of hardness, microhardness, stresses, and structure, follow
the guidelines described in the European Standards. A model of a surface layer of
grey cast iron of a flake graphite structure, basing on typical hardness distributions
is presented in Fig. 1.

Fig. 2, in turn, shows the stress distribution against the hardness distribution.
It should be stated that a surface layer of grey cast iron is best represented by
hardness distribution in the cross-section of the wall of a casting.

Various research centers have carried out wear and tear tests which relate to
the surface formed within the transition zone of the surface layer of gray cast iron
for the following parts:
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parts for agricultural machinery,
forms and pre-forms for glass moulds,
pomp parts,

parts for mining machinery.
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Fig. 1: Amodel of a surface layer of grey cast iron with flake graph-
ite, basing on hardness and structure distributions [3].
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Fig. 2: Hardness distribution in the cross-section of the casting
made of grey iron cast with flake graphite in relation to the cast-
ing's heat accumulation coefficient bz [34].

The investigation of gray cast iron EN-GJL-250
and EN-GJL-200 resulted in the conclusion
that there are no contraindications to use the
transition zone of the surface layer of the cast as
an exploitation area of the product.

The characteristics of the cast resulting from
the wall thickness and the thermo-physical
conditions, i.e. the heat accumulation coefficient
of the form, determine the hardness of the
surface layer in the cross-section of the wall and
other parameters. Increasing the hardness of the
exploitation surface of the product within the
transition zone will allow the improvement of
the quality of its working surface. It is possible to
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reduce the technological allowances and even
to obtain a product with dimensions as close as
possible to its design requirements. The selected
areas can be finally machined in the range of 0.5
-~ 1 mm by removing only the transition zone by
e.g. grinding.

Fig. 3 shows the abrasiveness of grey cast iron
EN-GJL-200. The graph shows beneficial effects
of the transition zone of the surface layer of grey
cast iron with flake graphite on the formation
of a product operating area within its range.
Tests were carried out at the friction velocity of
v =1.05 m/s and the pressure of the sample onto
the steel counterbody amounting 0,5 MPa even in
the case of dry friction.
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Fig. 3: Friction wear of grey cast iron 200 in the function of time
and distance [3].

Recently, numerous global  cast iron
manufacturers have changed their production
profile from cast iron of a flake graphite structure
into the production using grey cast iron. The
special form of the spheroidal graphite makes it a
material of future wide use.

Production of ductile iron castings in Poland
and abroad continues to grow and whereas the
production volume stabilized in Western Europe
and represents 50% to 60% of the total production
of cast iron, in Poland it remaines at a much lower
level, thus in 1993 it was 9,6% [11], in 1999 it was
12,0%, and in 2001 it was just 14% [2, 12].

Fig. 4 shows the trends in the production of
castings in 2002+2011 in Poland and abroad.

China, the US and Japan have been the
unquestioned leaders in the production of
castings (including cast iron) (Fig. 5) in the current
decade.

Despite the global crisis an increase in the
production of castings has been observed, which
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Fig. 4: Trends in the production of castings in 2002 + 2011 in Po-
land and abroad [12].
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Fig. 5: Global trends in the production of castings by main produc-
ersin 2002 +2011[2, 12].

was mainly generated by an increase in the
production of grey cast iron and aluminum alloys
for the automotive industry.

A total 14 per cent increase in the production of
castings in Poland was observed, which included
[12, 131

min the production of iron alloy castings — 9%

- grey cast iron and alloy cast iron castings — 12%
« ductile iron castings - 3%

min the production of iron alloy castings non-
ferrous — 25%

« aluminum alloy castings — 27 %

+ magnesium alloy castings - 20%

It should also be noted that 14 per centincrease
in the production of castings compared to 2010
ranks Poland at the seventh position among
the manufacturers of castings in Europe (sixth
in the countries of the European Union), fifth in
production of castings from non-ferrous alloys
(fourth in the EU). Also it is worth mentioning that
Poland is experiencing a considerable increase
in productivity by 15% compared to 2011 and a
significant increase in exports of castings to the
level of 60%.
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Estimated market share of recipients of castings
in Poland in 2011 is shown in Fig. 6 [12, 13].
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Fig. 6: Estimated market share of recipients of castings in Poland
in2011([2;12,13].

2. Objective and Scope of Research

The primary objective of the study was to
confirm the assumption that all hypotheses
regarding high-quality iron made of flake
graphite also apply to high-quality spheroidal
cast iron. Thus, the conducted studies were to
determine the range and form of a surface layer
of selected types of castings made of cast iron
in order to demonstrate its usability for shaping
(within its range) exploitation surfaces. The issue
is also associated with a decrease in technological
allowances and thus an increase in yield.
Fig. 7 shows diagrams of hardness distribution of
castings as a function of distance from the surface
of a raw casting towards the core of the casting
for the three selected types of grey cast iron, i.e.
ductile iron.

The diagram reveals a stabilization of the
hardness of the native material (the core cast) of
the wall of the casting in the range of 1,2 to 2mm.
The lines showing the processes of solidification
and cooling of the walls (of a thickness up to 10
mm) do not follow characteristic shapes and the
maximum of the hardness of the surface layer
falls, in this case, in the centre of the core of the
casting, i.e.in the wall of the casting along its heat
axis (castings with such thick walls are generally
not subject to further processing). The analysis
of the examined distribution of hardness on the
cross-section of ductile iron castings (GJS-500-7)
alows the following statement:

W the hardness of the casting surface depends on
the cooling conditions of the form and also on
the hardness of the reaction zone of the surface
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Fig. 7: Hardness of a casting in the function of distance from the surface of a raw casting, with photographs of metallographic structures

for each characteristic depth for ductile iron GJS-500-7 [7].

layer-a zone the composition of which depends,
inter alia, on the predisposition of the material of
the casting to react chemically with molten cast
iron [1],

m hardness distribution on the cross-section of the
wall of a cast iron is conditioned by the cooling
properties of the moulding compound and on the
thickness of the wall of a casting [3, 5],

mthe hardness of the transition zone (of the
surface layer of a ductile iron casting) increases
towards the inside of the casting until it reaches
a stable level at the core of the cast (original
material).

The presented exemplary distribution confirms
the results of the introductory studies. The
distribution manifests a decrease in the maximum
hardness in the surface layer depending on the
decrease in the coefficient of heat accumulation
b2 of a moulding compound (not included in this
study). It also manifests the shift in the maximum
hardness of the surface layer into the casting
inside and vice versa.

In order to make a good use of the research
conclusions, it seems to be advisable to apply
Rockwell's method as an authoritative measure
for the determination of the scope and the
course of the surface layer of the raw casting, as
it is a resultant hardness of particular structures
of ductile iron (averaged hardness of individual
structures).

The surface layer of the raw casting made of

ductile cast iron manifests a variable hardness
and a different structure in relation to the core
material.

In this aspect the following general conclusions
may be drawn:
m Various moulding compounds, characterized
by different thermal physical properties result in
the formation of particular surface layers of a raw
casting [3],
m The application of moulding compounds of
higher heat accumulation coefficients results in
the reduction of the thickness of the surface layer
of araw casting, and, simultaneously, the increase
in the hardness of the layer [3],
W The alteration of the wall thickness of a casting
causes a change in the structure and the hardness
of the surface layer of raw casting of cast iron
[1,31,
mThe increased hardness of the machined
surface will allow the increase in the performance
properties of the finished product,
m The use of the characteristics of the surface
layer of ductile cast iron, will help to reduce
technological allowances,
m/n the design of a technological process of
manufacturing products made of ductile iron,
the form and the range of the surface layer of the
casting should be taken into account in order to
obtain a product of as high quality as possible at
minimum costs.

The walls of iron castings are generally of various



thickness. Thus, it is recommended to carry out
studies on different moulding compounds in the
function of wall thickness, in order to determine
the possibility of clotting process control in order
to obtain the required structure of the surface
layer of the raw casting, as well as to obtain the
required hardness distribution.
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