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The work is devoted to improvement of mechanical properties of iron castings via adjusting of the cool-
ing rate without introduction of alloying additives. The new technological solution is suggested; it can be
easily adapted to a casting technology. This solution is based on variation of the cooling rate of iron cast-
ings within structurally sensitive solidification intervals. For this purpose, the casting mould was initially
cooled after pouring, then heated and cooled again. Cooling of the mould during the period of primary
austenite crystal forming led to increase of dendrite crystallization rate and was executed using com-
pressed air. Retarding of the cooling rate during the period of eutectic transformation was provided by
the mould heating via burning of exothermic carbon-containing additives introduced in a facing layer of
sand-clay moulding mix. Burning reaction is accompanied by heat extraction, what steeply retarded the
cooling rate within the interval of eutectic transformation. Consequent acceleration of castings cooling
within the interval of eutectoid transformation was achieved via repeated air blowing through a worked
reaction layer. Adjusted cooling of iron castings allowed to provide the most favourable solidification
conditions, taking into account strictly individual requirements for each structurally sensitive tempera-
ture intervals. It led to increase of a volumetric part of primary austenite dendrite crystals, to decrease of
eutectic transformation overcooling degree, to forming of graphite eutectics and enlargement of disper-
sity of pearlite component in iron. Consequently, lowering of widespread iron castings rejects takes place,
among them chilling, with simultaneous improvement of metal mechanical properties.

As a result, the primary and real structures were varied, what had a positive effect on mechanical proper-
ties of casting metal. It is shown that use of solidification rate adjustment led to essential increase of metal

tensile strength for the experimental casting.

Introduction

Grey iron is at present time the main structural mate-
rial in machine-building owing to combination of high
casting properties, sufficient strength and wear resistance.
Relatively low liquidus temperature and narrow tem-
perature interval of crystallization provide good casting
properties of machine-building grey iron, such as high
castability and small shrinkage.

Usual crystallization of low-carbon and low-silicon
iron does not provide obtaining of stable high properties
in castings and is accompanied by appearance of deep
chilling. High level of mechanical properties in such
iron is obtained via melt modifying, e.g. by ferrosilicon
or calcium silicon [1—3]. The components operated at
increased temperature usually require use of alloyed grey
iron containing additionally chromium, nickel, molyb-
denum and aluminium [1, 4, 6].

At the same time grey iron is considered as a structural
material that is very sensitive to thermal kinetic condi-
tions of crystallization and cooling [5, 7—10]. Variation of
properties takes place in this grey iron depending on the
cooling rate, and in general they can be compared with
application of alloying additives.

Increase of the cooling rate in the temperature interval
of iron solidification is accompanied by enlargement of
dispersity of eutectic cells, decrease of total amount of
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eutectic component and increase of the amount of pri-
mary austenite dendrite crystals. Eutectics of grey iron,
i.e. austenite-graphite eutectics, can become meta-stable
and austenite-cementite one (ledeburite) at high cooling
rate values [7—12]. In this case grey iron becomes white
iron and correspondingly its properties vary principally.
Cooling retarding or acceleration of iron casting in the re-
crystallization temperature interval is inevitably reflected
on pearlite and ferrite correlation in the structure of me-
tallic base. If the cooling rate is increased (what is typical
for thin-wall castings), pearlite amount in the structure
increased, as well as its dispersity. If the cooling rate is re-
tarded, ferrite amount increased, while pearlite becomes
at first medium-laminar and later coarse-laminar, losing
substantially its hardness and strength [5—9].

Thereby, structure forming of grey iron occurs in sev-
eral structurally sensitive temperature intervals, and each
of them requires individual cooling rate to achieve the best
complex of mechanical and technological properties for
castings.

Unidirectional variation of the cooling rate of metal
casting is widely practically used to obtain the required
results [11—16]. If the cooling rate is increased, form-
ing of cementite eutectics is very possible, what can lead
to chilling. If the cooling rate is retarded in the eutectic
interval, it allows to get reliably grey iron castings with
formed graphite eutectics.
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This research was aimed on variation of the metal

Table 1. Chemical composition of researched cast iron, mass.%

casting cooling rate within the structurally sensitive | ¢

Mn | Si P S Cr Ni Cu Mo Vv Fe

solidification intervals in order to improve mechani- |3.30

0.55|1.72|0.073 {0.111]0.173|0.118| 0.162 | 0.010 | 0.013 | Res.

cal properties of grey iron castings.
Materials and methods of investigation

Experimental equipment allowing to produce si-
multaneously experimental and control castings was
developed and manufactured for investigation of the
effect of castings cooling rate in moulds. Dimensions of
castings were 120x60x10 mm. The control casting was
isolated from the experimental one, while exothermal
reaction of carbon-containing additive was initiated
around the experimental casting; it was accompa-
nied by steep retarding of heat removal in the mould.
Increase of cooling rate of the experimental casting was
realized via compressed air feed under 3 atmospheres
pressure in the beginning of dendrite crystallization,
and it was finished after forming of primary austenite
crystals. Then burning process of exothermal carbon-
bearing additive was initiated by oxygen from blown air.
The temperatures of structurally sensitive crystalliza-
tion intervals of poured cast iron were determined pre-
liminary by the results of differential thermal analysis,
using software complex “Kristallograf” together with
the technique described in [17].

Activation of exothermal carbon-containing addi-
tive and heat extraction at the stage of eutectics form-
ing occurred to the moment of eutectic transformation.
Management of burning reaction start was undertaken
via choosing consumption of fed compressed air and
amount of introduced carbon-containing additive. It
should be noted that such technique allowed to start
and stop exothermal burning reaction of carbon-con-
taining additive practically immediately, via feed or
stopping feed of compressed air in the casting mould
at the required moment determined by the temperature
of structurally sensitive intervals [14]. The exothermal
carbon-containing additive — M-100 fuel oil (accord-
ing to GOST 10585-2013), combining large amount of
extracted heat and maximal mass loss during heating
together with low gas forming was chosen for retarding
of the cooling rate in the interval of eutectic transforma-
tion, based on preliminary thermogravimetric research-
es of the ten carbon-containing materials [ 18], The ad-
ditive was introduced in the amount 0f 2.5% (mass.)
above 100% in the experimental casting composition of
facing layer of moulding mix containing 94% (mass.) of
sand from Orlovskiy sand quarry (grade 2K20202 ac-
cording to GOST 2138-91) and 6% (mass.) of bentonite
clay (BS1T2 according to GOST28177—89). Humidity
of moulding mix made 3.5%. Thickness of facing layer
was 10 mm. As soon as the experimental casting reached
overcritical temperature of eutectoid transformation,
the mould was blown again by air under the same pres-
sure. Increase of the cooling rate in the interval of eu-
tectoid transformation was achieved due to secondary

air filtration through already processed reaction layers.
Comparison of the obtained results was realized by si-
multaneous recording of castings cooling curves with
adjusting and non-adjusting cooling in the experimental
casting mould. Temperature of castings was measured by
“A” type thermocouples (BP5/BP20 tungsten-rhenium
thermocouple). DFS-500 spectrometer was used for de-
termination of chemical composition of castings metal.
Experimental melting was conducted in the induction
melting furnace IPP-15 (GW-MF-15) in the laboratory
of Volgograd State Technical University (VolgSTU).
Hypoeutectic cast iron was taken as a research object.
Its chemical composition is presented in the Table 1.
Carbon equivalent (Cp) is equal to 3.874%, eutecticity
degree (Sc) is 0.885, calculated via the technique [19].
After pouring the experimental mould by liquid cast
iron and consequent cooling, the castings were knocked
out and the following samples were manufactured: for
mechanical testing on the pull test machine IP 5082-100
(according to the GOST 1497—84), for hardness deter-
mination via Brinell method on the hardness tester TB
5004 (according to the GOST 9012—59) and for metallo-
graphic analysis on the microscope OLYMPUS BX51M.
The chemical reagent No. 54 was used for reveal of pri-
mary structure [20]. Dispersity of dendrite structure was
evaluated by the distance between the 2nd order branches.
Size of eutectic cells was measured by the linear analysis
method, including overlapping of the family of measur-
ing straight lines on the structure image. 4% solution of
nitric acid HNOj in ethylic alcohol C,H;OH was used
for pickling of samples for real structure (according to
the GOST 3443-87).

Results of investigation and their discussion

Cooling curves of the control and experimental cast-
ings are presented on the Fig. 1.

The picture displays that cooling rate of the ex-
perimental casting can be increased practically by
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Fig. 1. Cooling curves of the experimental (7) (with cooling
adjusting) and control (2) castings
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dendrite crystallization and, respectively,
on forming more dispersed structure.
The distances between the second order
branches for the control and experi-
mental castings are equal to A, = 34 um
and A, = 25 pm respectively (Fig. 2).

Afterwards the burning reaction in the
mix layers adjacent to the casting was initi-
: ated in the eutectic transformation interval

a ' ~ and it was conducted due to heating of mix
Fig. 2. Dendrite metal structure for control () and experimental (b) castings layers up to the inflammation temperature
of combustible additives. At this moment
retarding of the casting cooling rate led to
forming of austenite-graphite eutectics.
The size of eutectic cells practically didn’t
increase in this case (Fig. 3).

Decrease of overcooling rate during eu-
tectic crystallization and lowering of heat
_ removal in the period of forming the small
o ¢ o T i \ secondary carbides for adjusting cooling
%’ e .‘ Bk W St Eozoﬂ : 7 procedures varied structure and properties
a b of iron castings in desired direction.

The real structure of the control and
experimental castings was determined with

100 fold magnification for determination of
metal base and with 500 fold magnification
for evaluation of laminar pearlite dispersity
(Fig. 4) [21].

Pearlite metallic base was formed in the
experimental casting (Fig. 4, b), otherwise
than for pearlite-ledeburite base of the
control casting (Fig. 4, a) that is typical for
mottled iron. Pearlite dispersity in the ex-
perimental casting differs from 0.3t0 0.8 pm
(Fig. 4, d) and from1.3to 1.6 um (Fig. 4, ¢).
It testifies about positive influence of sec-
ondary blowing in the eutectoid transforma-
tion interval, what finalizes in decrease of
the distance between ferrite and cementite
plates more than by 2 times.

Such variations in structure forming for
the experimental casting led to improve-
ment of cast iron mechanical properties.
Metal mechanical properties for the experi-
mental and control castings are presented in
the Table 2.

AT
o2 ?‘

Fig. 4. Real structure of cast iron for control (a, ¢) and experimental (b, d) .
castings with different magnification Improvement of mechanical proper-

ties can be characterized by rise of tensile
strength (metal rupture for experimental

Table 2. Mechanical properties of iron castings casting) by 72%, hardness — by 36%, rela-

Casting Tensile strength Relative Impact toughness Hardness, | tive elongation by 10% and impact tough-
G,, N/mm2 | elongation 8;,% KCU +20, J/cm? HB ness by 52%.

Control 180 2.0 1.25 17 Such complex and multi-directional ef-

Experimental 310 2.2 1.9 241 fect of iron cooling rate in the structurally

sensitive solidification intervals allowed to
2 times via mould blowing by compressed air in the  increase tensile strength and metal hardness for the ex-
dendrite crystallization interval. It had a serious ef-  perimental casting together with a slight rise of ductile
fect on forming of large amount of primary austenite ~ parameters (elongation and toughness).
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Conclusions

It was found out that usage of adjustment of solidifi-
cation rate for iron castings in the structurally sensitive
intervals allows to improve substantially metal mechani-
cal properties without introduction of additional alloying
additives. Practically the same technological operation
provides cooling and heating of a casting mould with rates
that are sufficient for directional variation of structure and
properties of grey iron — casting alloy that is sensitive to
thermokinetics. It is shown that putting into practice of
the suggested innovation will be accompanied by increase
of number of technological operations. However, neces-
sity of more strict control of technological parameters
and, consequently, increase of labour intensity of casting
production as well as adaptation of this technical solution
in the conditions of manufacture of thin-walled special
critical duty castings with high risks of chilling appear-
ance are rather justified and make this innovation quite
attractive in comparison with the existing technologies
based on alloying and modifying.
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