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One of the ways to produce high-quality castings at relatively inexpensive costs is lost foam casting. However, the 
existing problem of surface carburization due to the burnout of the polystyrene pattern and general contamination 
of the near-surface layer is one of the factors that hinder the widespread use of this casting method. In order to 
minimize carburization, it is proposed to use a complex pattern composition. The results of studying the effect of 
the pattern complex composition and the technological parameters of manufacturing the “Through Cover” casting 
for the ingot purity and structure are presented.
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INTRODUCTION

Recently, new requirements have been imposed on 
the quality of castings: decreasing the cost of consum-
ables, increasing the quality of castings, and decreasing 
the cost of finished products. These requirements are 
met by the technology of manufacturing castings by the 
lost foam casting method, where polystyrene is used as 
the material for the patterns [1-4]. Lost foam casting is 
used at a number of machine-building enterprises of the 
Republic of Kazakhstan, in particular, it is introduced at 
the Parkhomenko KMZ LLP (Karaganda). Producing 
high quality castings is ensured by using the pattern ma-
terial with a good degree of gasification and, at the same 
time, with a low cost. Studying the effect of the lost 
pattern composition on the structure and properties of 
steel castings were carried out both in the laboratory 
conditions and directly in production practice in order 
to determine the optimal composition of the pattern for 
manufacturing steel castings for cast parts of equipment 
for the mining industry of the Republic of Kazakhstan.

One of the disadvantages of lost foam casting is car-
burization of the casting surface layer, as well as the 
problem of ingot contamination. To minimize this phe-
nomenon, it is recommended to use low-density polysty-
rene foam, to optimize the pouring rate, to use apertures, 
non-stick coatings with high gas permeability [5-8].

RESEARCH METHODOLOGY

It used the “Through cover” casting as an object of 
research. Such parts of different standard sizes are used 
in many units and structures, for example, in the hy-

ISSN 0543-5846
METABK 60(1-2) 97-100 (2021)

UDC – UDK 669..14:669.163-678.674:620.18:66.093-621.6.02=111

draulic power cylinder or for support units on rolling 
bearings.

It is known that interaction of the lost pattern with 
molten metal produces the following combustion prod-
ucts: the water vapor, the liquid phase, the solid residue 
and gas that contains the elements of hydrogen, hydro-
carbon, carbon monoxide, and carbon. The content of 
the solid phase relative to the gaseous phase increases 
with increasing the temperature and at steel pouring 
temperatures exceeds 75 %. Carbon and soot form the 
solid phase that contributes to carburization of the cast-
ing both on the surface and in the bulk of the ingot as a 
whole.

In the foundry of the Parkhomenko KMZ LLP 
(Karaganda) there were carried out studies to select the 
parameters for manufacturing castings with a complex 
composition of the lost pattern that was made using cast 
polystyrene and granules of secondary construction 
polystyrene foam. Previously, studies were carried out 
to optimize the composition of the pattern [9-10]. The 
composition is shown in Table 1.

Processing polystyrene granules is an important part 
of the technological process and includes the following 
operations: classification of particle size distribution, 
foaming the granules, drying and their activation. The 
size of polystyrene granules is determined by the pat-
tern wall thickness, since the foamed granules must fill 

Таble 1 Lost pattern composition

No Polystyrene Content / % Density / 
g/cm3

1 Foundry polystyrene, 
grade D-833

100 0,31

2 Experimental 
composition

Foundry polystyrene 
58 %, granules of 

secondary construc-
tion polystyrene 42 %

0,29
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the cavity of the mold and provide the required bulk 
density and low roughness and geometric accuracy of 
the pattern surface. Table 2 shows the sizes of the origi-
nal polystyrene granules depending on the pattern wall 
thickness.

The granules were foamed in hot water at the tem-
perature of 95 - 100 ºС. The granules were poured in a 
thin layer into a box that was closed with a lid. The box 
with the granules was immersed in boiling water to such 
a depth that the top of the box was completely in boiling 
water. After holding in boiling water, the box was re-
moved and placed in a dryer, the temperature of which 
was 25 - 30 °C.

Steam foaming of polystyrene granules was carried 
out in an autoclave at the temperature of 95 - 105 °C by 
the static method, in which the granules were poured in 
a uniform layer into a container with the bottom in the 
form of a copper mesh and placed in a tank over boiling 
water. Foaming polystyrene granules allows obtaining 
granules with a lower moisture content, which shortens 
the drying time.

The chemical composition in different parts of the 
samples was determined using a DFS-71 spectrometer. 
The melt temperature was determined using a Stal 
S-3000.1 pyrometer (Russia).

EXPERIMENTAL STUDIES

Equipment and tools

Patterns of the “Through Cover” casting were made 
of the compositions indicated in the (Figure 1).

After manufacturing castings, samples were cut out 
of them with a disk cutter, which were used to prepare 
sections for evaluating microstructures. The quantita-

tive and qualitative assessment of microstructures was 
carried out using the Rhizome Pro software (Russia).

In the first series of experiments, the effect of density 
on the depth of carburization was assessed (Table 3).

It is obvious that reducing the pattern density has a 
beneficial effect on minimizing carburization of the cast-
ing surface. However, the use of a combination in the 
used proportion of construction and foundry polystyrene 
leads to the most optimal packing of the granules and 
thus the rate of burnout and removal of gases from the 
mold cavity occurs sequentially, which is practically 
comparable to the burnout rate of foundry polystyrene.

There were also set radial risers with equal intervals 
on the surface of the pattern and the expediency of their 
use was considered from the point of view of carburiza-
tion (Table 4). The risers were set with the diameter of 
6 mm.

Studies have shown that the presence of risers re-
duces in general the depth of carburization; however, 
increasing the number of risers does not affect carburi-
zation.

The presence of a solid residue also affects the fluid-
ity of the alloy and as a consequence the quality of the 
casting, its geometric accuracy and dimensions.

The fluidity of steel was studied using a pattern with 
a complex composition. Studying the fluidity was car-
ried out in accordance with GOST 16438 - 70. It was 
determined that the fluidity of steel when using the pro-
posed composition of the pattern is 5 - 10 % higher than 
that of a pattern made of a purely foundry composition 
(Table 5), which indicates a lower amount of formed 
vaporous elements and solid residue. Thus, the experi-
mental composition of the pattern makes it possible to 
produce castings with thinner walls and a complex con-
figuration.

Figure 1 The “Trough Cover” casting pattern

Таble 2 Recommended granule size

Pattern wall thickness / mm Granule size / mm
Over 15 1,3 – 1,9
11 - 15 1,0 – 1,4
8 - 10 0,6 – 0,9
6 - 8 0,3 – 0,6

Таble 3  The pattern density effect on the carburization 
depth

No Density / g/сm3 Maximum carburization depth / mm
1 0,31 0,62
2 0,37 0,68
3 0,44 0,96

Таble 4 Risers number effect on the carburization depth

No Risers number Maximum carburization depth / mm
1 0 0,95
2 2 0,71
3 4 0,69

Таble 5  Steel fluidity when using different pattern 
compositions

Filling the sample based on the pattern / % Pouring temperature 
/ 0СFoundry 

polystyrene
Complex pattern 

composition
89 93 1 660
93 98 1 700
97 100 1 740

100 100 1 780
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DISCUSSION OF RESULTS

Full filling of the mold with the pattern complex com-
position with a lower temperature (by about 40 °C) allows 
using less energy for preparing the melt and this fact also 
helps to reduce the cost of the final product (castings).

To calculate the pouring speed, it was assumed that 
there are 4 “Through Cover” castings (weight 12,5 kg) 
and 10 % per the gating system in the mold at a time. 
The calculation is perfromed according to the tradition-
al method.

The duration of the mold filling can be determined 
as follows:
 ,

where S is the coefficient of time τ / S = 1,5;
 δ is the average value of the casting wall.

  с

The average speed v of the melt rise in the mold is 
determined by the formula:

  mm / s

where с is the casting height / mm.
That is, the design height of the metal rise is about 

10 mm per second. It will have a beneficial effect on the 
removal of the generated gases, which ultimately will 

make it possible to obtain a dense casting with a smaller 
carburized layer over the surface.

The porograms of the foundry polystyrene and com-
plex composition patterns are shown in Figure 2.

Analyzing the porograms shows that the pattern of 
complex composition contains micropores of a smaller 
diameter in large quantities and evenly distributed 
throughout the entire volume of the pattern, which al-
lows flowing the melt simultaneously throughout the 
entire volume and contributes to uniform and consistent 
burnout of the pattern. This in turn makes it possible to 
remove most completely the gaseous decomposition 
products of the pattern through the risers when rising 
the metal and by suction when using an evacuated flask. 
Solid decay products are on the surface and can be re-
moved by the surface treatment of the casting.

In patterns made of casting polystyrene, the pores 
are less evenly distributed and have different diameters. 
It leads to uneven gasification of the pattern, and a part 
of decomposition products remains in the metal or re-
acts with the melt saturating its individual sections with 
carbon.

The finished “Through Cover” part is shown in Fig-
ure 3.

There was determined contamination with non-me-
tallic inclusions of the casting obtained by the lost foam 
casting method according to the experimental technol-
ogy: point oxides, carbonitrides of the 4th point of the 
GOST 1778-80 scale (Figure 4).

The microstructure of the “Through Cover” casting 
is shown in Figure 5.

Figure 2  Pattern porograms: а – foundry polystyrene; 
b – complex pattern composition

Figure 3 The finished “Through Cover” part

Figure 4  Experimental casting contamination with non-
metallic inclusions, ×500

Figure 5  The casting microstructure, austenite + carbides, 
×500
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CONC LUSION

Thus, the proposed complex composition of the pol-
ystyrene pattern with the use of the proposed techno-
logical modes for «Through Cover” castings solves the 
problem of carburizing the surface layer of the casting, 
reducing the ingot contamination. The most optimal 
composition of the pattern is as follows: foundry poly-
styrene 58 %, granules of secondary construction poly-
styrene 42 %; pellets 1,3 - 1,9 mm for patterns with 
walls that are thicker than 15 mm; the need for 2 - 4 
risers depending on the size of the casting diameter. The 
recommended pouring time of the casting mold for the 
“Through Cover” castings is 20 seconds.
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