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INTRODUCTION

The goal of the metallurgist is to design a process
that will produce a structure that will yield the expected
mechanical properties. The quality of the final product
depends on the mechanisms of defect formation and
microstructure evolution �1�. The structure determines
many of the properties inherently available from the cast
metal. This structure is largely determined during crys-
tallization from the melt. Crystallization from metal
melt involves the successive stages of nucleation and
growth. The relative possibilities for nucleation and
growth depend upon foreign particles or solutes present
in the liquid, whether as trace impurities or as deliberate
additions �2�. The control of processing parameters re-
quires knowledge of the structure-properties correlation
for the ductile iron under consideration as well as of the
factors affecting the structure �3�. When discussing the
metallurgy of ductile iron, the main factors of influence
on the structure that one needs to address are: chemical
composition, cooling rate, liquid treatment and heat
treatment �4 - 7�. When changing the cooling rate, ef-
fects similar to those discussed for gray iron also occur
in ductile iron, but the section sensitivity of ductile iron

is lower. This is because spheroidal graphite is less af-
fected by cooling rate than flake graphite. But pouring
very thin sections in ductile iron presents danger of mas-
sive carbides as-cast �8�. The liquid treatment of ductile
iron is more complex than of gray iron. The two stages
for liquid treatment of ductile iron are: modification,
which consists of magnesium or magnesium alloy treat-
ment of the melt, with the purpose of changing graphite
shape from flake to spheroidal, and inoculation to in-
crease the nodule count or to suppress carbide forma-
tion. Increasing the nodule count is an important goal,
because a higher nodule count is associated with less
chilling tendency and higher as-cast ferrite/pearlite ratio
�9�. Normally, spheroidizing is followed by inoculation.
It may take place at different process in combination or
separately �10�.

This investigation was conducted to establish the
conditions required to produce a desirable structure of
the castings of various section sizes.

EXPERIMENTAL

Casting procedure

A high-frequency induction furnace was utilized to
prepare 120 kg experimental spheroidal graphite cast
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iron melts. The charge material consisted of pig-iron,
mild steel, return scrap and carburizing agent.

The analysis of the influence of sections size on the
diameter and shape of the graphite spheroids and respec-
tively the influence of graphite distribution on the me-
chanical properties was been carried out with the similar
matrix microstructure in all samples. Therefore, the base
irons were of eutectic composition; the concentration of
Si was 2,4-2,8 wt%. But the silicon content increases up
to 3,5-3,8 wt% after spheroidizing and late inoculating
treatments. It had ensured a fully ferritic matrix in all
samples because silicon reduces the carbon diffusion
path during the eutectoid transformation, prevents for-
mation of carbides and increases the amount of ferrite in
the structure �10, 11�.

The spheroidizing process was carried out by apply-
ing the sandwich method, and using Lamet noduliser
(6% Mg, 0,4-0,6% La). Treatment temperature was
1450-1470 °C. The temperature of molten iron was
measured by thermocouple using Pt-Rh thermocouple.
After the nodularising treatment reaction subsided the
melt was inoculated with 0,3 wt% of ferro-75 wt% sili-
con based inoculant Alinoc containing 70-75% Si,
3,5-4,5% Al, 0,5-1,5% Ca. The agent was added into the
stream when reladling from treatment to pouring ladle.
The pouring temperature range for the first and the last
molds were 1300-1310 °C and 1270-1280 °C, respec-
tively.

Mold design

The treated irons were poured into greensand molds.
The test castings were step plates consisting of joined
strips different wide (from 25 mm to 140 mm) by 100
mm long. The thicknesses of the strips were nominally
3, 5, 10, and 24 mm. Two different molds were used to
obtain test plates of vertical and horizontal configura-
tion (Figure 1). The 50 mm thickness plate was cast sep-
arately. Pouring time was approximately 4 seconds.
Shakeout time was approximately 120 minutes.

Testing procedure

Microstructure was observed with an optical micro-
scope. Tensile strength, elongation and Brinell hardness
were measured using the 30 mm diameter specimens
cast separately in sand molds. The chilled samples were
also obtained for final chemical analysis. Chemical
composition of the cast iron has been determined by
spectrometer SPEKTROLAB.

EXPERIMENTAL
RESULTS AND DISCUSSIONS

The effect of the sections size of the vertical and hor-
izontal specimens on the diameter of the graphite spher-

oids was evaluated. The results for samples taken from
the vertical moulds are shown in Figures 2 and 3. As the
section size increases, the average spheroids diameter
increases too. This effect is seen on the horizontal plates
too (Figure 4) and can be explained by different cooling
rate of plates �12�. As in the case of vertical molds, there
is no noticeable difference between the average size of
graphite nodules in the samples taken from top and bot-
tom of plates (Figure 2).

The effect of the time after spheroidizing treatment on
the size of the graphite spheroids was been cared out on
the 10 mm thick plates. It was established that the graph-
ite size had not varied after 5, 10 and 15 minutes but after
20 and 25 minutes it was appeared strong non-homo-
geneous size of graphite spheroids (from 20 to 55 µm)
(Figure 5). Additionally after 25 minutes it was appeared
irregularly shaped graphite spheroids. Respectively, such
microstructure changes are of major importance in me-
chanical ductile iron properties (Table 1).

It is well known to the foundry people that all
inoculants effects fade with time after addition. Usually
20 minutes is the maximum time to insure any residual
effect of spheroidizing �13, 14�. According Table 1 date,
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b)

Figure 1. Horizontal (a) and vertical (b) test castings (di-

mensions in millimetres)



15 minutes is the maximum time to insure ductility of
ductile iron castings. It is advisable therefore to pour the

molds as quickly as possible. However, the practical
controlling factor of strength and hardness is tempera-
ture rather than the effect of inoculants fading, thus this
conclusion give more latitude to the time between
spheroidizing and pouring. These observations were at-
tributed to the fully ferritic ductile iron only. The ap-
proach used in this investigation can be further extended
to applications in more general cases for optimization of
design of ductile iron casting technological process.

CONCLUSIONS

Melts of eutectic composition were used to cast
plates of thickness ranging from 3 to 50 mm. The results
show that the wall thickness of spheroidal graphite cast
iron castings had very strong effect on the graphite size
and shape of the castings.

The time after spheroidal treatment has significant
effect on the elongation, but insignificant effect on the
tensile strength and hardness of castings. The graphite
shape is under the sway of the holding time too.

Any effect of plates position in the molds was not ob-
served.
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Figure 2. Effect of the sections size of the vertical speci-

mens on the diameter of the graphite spheroids

a) b)

c) d)

Figure 3. Optical microstructure of castings of different

section size: a – 3 mm, b – 5 mm, c – 24 mm, d –

50 mm

Figure 4. Effect of the sections size of the horizontal speci-

mens on the diameter of the graphite spheroids

Figure 5. Size of the graphite spheroids diameters in 10

mm thick plates as a function of the time after

Table 1. Effect of time after spheroidizing treatment
on the mechanical properties of ductile iron

Parameter Time after spheroidization / min

5 10 15 20 25

Tensile strenght / MPa 572 562 582 585 588

Elongation / % 12,8 12,8 11,4 8,6 5,7

Hardness / HB 192 187 199 197 192
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