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Abstract

Expanded polystyrene is widely used as a material for packaging, in modern construction as a heat and sound insulation layer, 
in thermal insulation systems for buildings, as well as tanks and pipelines. It is additionally used in foundry engineering for the 
production of models which are gasified during the production of castings from ferrous and non-ferrous alloys under the con-
tact with liquid metal. The use of expanded polystyrene products is associated with waste generation, both in production and 
in consumption. About 40–50 kg/person of polystyrene waste is generated per year. The peculiarity of polymeric wastes is their 
resistance to aggressive environments. They do not rot and the destruction processes in natural conditions proceed rather slowly, 
with the formation of harmful substances that poison the environment. Therefore, the problem of the processing of waste from 
polymeric materials is of great importance, not only from the standpoint of environmental protection, but also due to the fact that 
in conditions of a shortage of polymer raw materials, this waste becomes a powerful raw material resource. This article describes 
the prospects for recycling expanded polystyrene wastes in foundry engineering. In this work, the properties of molding and core 
sands containing a combined binder, consisting of a solution of expanded polystyrene wastes in turpentine and clay were inves-
tigated, and their main characteristics (weight during stretching and crumbling) were determined. Molding and core mixtures, 
which contain only a binder in the form of a solution of expanded polystyrene in turpentine, have a crude strength of not more than 
0.01 MPa. The introduction of a mixture of clay in the amount of 2–3% allows a crude strength of the mixture of up to 0.05 MPa to 
be obtained. After drying, the investigated mixtures containing a solution of expanded polystyrene wastes and clay have a tensile 
strength of up to 2.1 MPa. Mixtures into which a solution of polystyrene wastes and clay was introduced have an insignificant gas 
capacity and satisfactory gas permeability.

Keywords:
waste, solution, polystyrene, turpentine, strength limit, sprinkling, residual strength

1. INTRODUCTION

The use of products made of polymeric materials is inex-
tricably linked with the generation of wastes, both in the 
field of production and in the field of consumption. The pe-
culiarity of polymer waste is their resistance to aggressive 
environments. Such materials simply do not rot. The pro-
cesses of their destruction in natural conditions are quite 
slow, with the formation of harmful substances that poison 
the environment. In 2016, the global production of polysty-
rene and expanded polystyrene (EPS) was around 14.7 and  
6.6 million metric tons per annum [1].

The problem of processing and recycling polymeric waste 
is currently of great importance, not only from the standpoint 
of environmental protection but also due to the fact that in 

conditions of shortage of polymeric raw materials, such wastes 
become a powerful raw material resource. 

The properties of sand-clay molding mixtures containing 
a solution of polystyrene waste in turpentine as a component 
are the object of the study. The aim of this study is to improve 
the properties of sand-clay molding and core mixtures by 
using a solution of EPS in turpentine as a binder.

2. USE OF EXPANDED POLYSTYRENE  
AND THE FORMATION OF ITS WASTE

EPS can be found in many areas of modern life. EPS is widely 
used as a material for food packaging and storage. This fact 
emphasizes the hygienic properties of EPS, the properties of 
which do not change over time. EPS packaging often contains 
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meat, fish, frozen or fresh vegetables, and beverages. Almost all 
packaging for household electronics is currently made of EPS. 
It is widely used in modern construction as a heat and sound 
insulation layer in systems of warming of houses and other 
buildings, and also capacitive devices and pipelines [2–5].  
EPS is also used in foundry engineering to obtain models un-
der gasification in contact with liquid metal in the production 
of castings from ferrous and nonferrous alloys [6–10]. Up to 
10% of raw materials goes to waste during the production 
of gasified models by the method of thermoplotter cutting of 
polystyrene block [11].

3. RE-USING OF EPS WASTE

EPS packaging accounts for 40% of all household waste and 
does not decompose. Therefore, the use of such packaging 
is associated with the generation of waste totaling approx-
imately 40–50 kg/year per person [11]. EPS wastes do not 
decompose during deposition in landfills and cause great 
damage to the soil. An alternative method is incineration. 
However, compounds are released during combustion which 
cause acid rain and is detrimental to the environment. Ash is 
also formed during combustion which is easily sprayed with 
air over a large area. Such ash causes great harm when in-
haled, leading to pulmonary poisoning and irritation.

Generally, re-using, mechanical recycling, chemical recy-
cling, and energy recovery have been the four main options 
conventionally-used for the reclamation and recycling of 
plastics. EPS contains more than 98% of air, making its recy-
cling uneconomical and inexpedient [12].

These are the following priority areas for the re-use of EPS 
waste [13–17]: 

• polystyrene coating for waterproofing,
• protective and decorative polystyrene coverings,
• polystyrene coatings for pottery,
• paints and varnishes for painting,
• thermocompaction of polystyrene waste,
• composite materials with expanded polystyrene matrix,
• binder component for molding and rod mixtures. 

It should be noted that molding and rod mixtures based 
on the binder have easy knockout and high strength [18–23]. 
EPS wastes are mainly used in foundry engineering as a com-
ponent for molding and core mixtures in the form of solu-
tions at the metallurgical enterprises of Ukraine and nearby 
countries.

The preparation of solutions of EPS in organic solvents is 
due to a multiple decrease in the initial volume of expanded 
polystyrene and a significant increase in the volume of the 
solution compared to the volume of the solvent. Therefore, 
the preparation of polystyrene solutions is a convenient way 
to compact it. The most commonly used solvent for polysty-
rene wastes is gum turpentine [24]. Turpentine dissolves pol-
ystyrene wastes well and has low volatility.

As a result of a number of studies [20–23], the technolo-
gy of EPS recycling was created. It is possible to make mod-
ern, low-toxic binding materials for the production of sand 
molding and core mixes, and also coverings of molds using 

EPS wastes. It makes it possible to improve and develop new, 
more efficient and cost-effective metal casting processes. In 
addition, the use of EPS wastes is of great environmental 
importance, as it is about reducing the amount of such wastes 
in landfills [25–29].

If the low volatility of gum turpentine is a positive factor 
from the point of view of the requirements of sanitary work-
ing conditions, it is negative from the perspective that there 
is a technological need to ensure the accelerated hardening of 
forms and cores, since this demands the compulsory remov-
al of any solvent from mix. There are a number of ways to 
remove the liquid composition from the mixture, including 
vacuuming and blowing the mixture with dry heated air. The 
temperature exposure during drying in ovens is the most 
affordable method [26–28]. Analyzing the use of an EPS solu-
tion as a binder for molding and core mixtures, a number 
of problems can be identified that are associated with the 
implementation of this scheme into production.

The most significant problem is technical. The use of bind-
er in a "pure" form provides a raw strength of mixtures of  
no more than 0.01 MPa. It is known that if the strength  
of mixtures in the raw state is very low – less than 0.01 MPa, 
it requires the use of additional special equipment-drivers, 
equipment necessary to move the manufactured product  
to the driver, subsequent transportation and heat treatment to 
obtain the required technological strength, which increases 
the cost of production as well as lengthening the technologi-
cal cycle of manufacturing casting. The solution to this prob-
lem may be the application of a combined binder containing 
additional liquid glass or clay to the EPS solution [27–30].

4. MATERIALS AND METHODS

In this study, research was carried out by dissolving EPS 
waste PSBS-25 in turpentine (Technical Specification  
No. 24.3-30959 201-001-2004). The choice of PSBS-25 sam-
ples is justified by the fact that it is used in the manufacture of 
models for Lost Foam technology by means of thermoplotter 
cutting. PSPB-25 is the most common type of expanded pol-
ystyrene due to its low density, and therefore a low ash resi-
due after combustion and low carburization of steel. 30% of 
the used polystyrene foam is scraped off. Therefore, disposal 
of polystyrene foam wastes is an urgent problem. Dissolving 
them with turpentine is a regulated and environmental-
ly friendly process. Turpentine vapors are environmen- 
tally neutral, unlike nitro solvents.

The quartz sand grade K2 was used as a grain base for the 
preparation of mixtures. A clay from deposit of Chasiv Yar was 
used as a binder in the form of a dry powder.

The mixture was prepared in a paddle mixer. First, the 
dry components were mixed for 5 minutes, and then a solu-
tion of foam plastic in turpentine was added and mixed for  
10 minutes.

Standard test samples were made using the 2М030 labora-
tory device for the production of standard samples of foundry 
mixture. Drying of the samples was performed in a chamber 
dryer model for 1 hour at a temperature of 150°С.

Compression and tensile tests were performed on standard 
samples on a universal model device 5070А. Determination 
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of gas permeability was carried out using the accelerated 
method DSTU 29234.11-91 by passing room temperature 
air through a standard sample of the test material on the 
model device 042-М. The gas-forming capacity of the mix-
ture was determined in accordance with GOST 23409.12-78 
– "Molding and rod mixtures. Method for determining gas 
solubility".

Scattering was determined on standard samples according 
to DSTU 23409.9-78: in 10 minutes after preparation of mix-
tures and production of samples, in an hour, in 3 hours and 
after 24 hours. Residual strength was determined by heat 
shock in the temperature range 150–800°С.

The hygroscopicity of the samples was determined accord-
ing to GOST 23409.10-78. 

5.  RESULTS AND DISCUSSION

5.1. Dissolution of EPS in turpentine

It is known from the literature [17–20] that the best strength 
properties of foundry mixtures are given by 38– 40% solution 
of EPS in turpentine. 

Preparation of such a solution from EPS waste in turpen-
tine showed the first positive result of the study on their 
utilization, namely that there is a sharp decrease in the vol-
ume of waste.

Figure 1 shows the volume of 40 grams of EPS waste 
and the volume of the solution obtained after dissolution 
to obtain the desired 40% concentration (ingredients ratio 
EPS/turpentine = 40 g/60 g).

5.2. Investigation of the properties of molding mixtures 
containing EPS wastes and clay as a binder

In this study, the possibility was investigated of obtaining 
molding of a sufficient raw strength by introducing small 
additives of molding clay mixtures with a binder solution of 
EPS waste in turpentine.

In the preparation of mixtures, 1.5, 2.0 and 3.0% clay was 
administered. Figure 2 shows the effect of clay content on 
the raw compressive strength, and Figure 3 on the dry ten-
sile strength of mixtures.

From the figures it is visible that the introduction of clay 
in the investigated mix allows us to obtain a crude durabili-
ty of more than 0,01 MPa. So, the possibility of manipulation 

of cores without additional technological operations and 
special equipment is provided. Increasing the clay content 
from 1.5% to 3.0% leads to an increase in the raw compres-
sive strength of the samples from 0.01 MPa to 0.05 MPa. At 
the same time, the tensile strength of dry samples increases 
insignificantly from 2.07 MPa to 2.10 MPa.

Measurement of the gas capacity of the studied mixtures of 
2% clay showed their insignificant gas evolution (10 cm3/g), 
and gas permeability (275 units). The hygroscopicity of 
these mixtures was 0.14%, which makes it possible after 
storage to keep the rods and molds for a long time without 
compromising their properties.

The obtained results were compared with the available 
literature data [20] on the strength of the mixture with dif-
ferent compositions. It was found that the strength of the 
mixture with an EPS waste binder is at the level of existing 
analogues with resins, and exceeds them in terms of manu-
facturability and harmful effects on the environment.

Fig. 2. Influence of clay content on crude compressive strength of 
mixtures
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Fig. 3. Influence of clay content on the dry tensile strength of the 
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Fig. 1. The volume of 40 grams of EPS waste: a) before dissolution; 
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Residual strength was determined on samples of a mixture 
containing 3% clay, after heating to 150, 200, 250, 300 and 400°C. 
The test results of the samples under compression are shown in 
Figure 4.

The compressive strength of this mixture after exposure 
to 150°C for 1 hour exceeds 3 MPa.

The curve in Figure 4 shows that the investigated mixture 
begins to lose strength intensively at 250°C (σ = 0.3 MPa). 
Presumably this is due to the thermal destruction of the pol-
ystyrene film that binds the grains of sand. After heating to 
300°C, the mixture significantly loses strength (σ = 0.08 MPa), 
and after heating to 400°C, the samples were destroyed in 
the furnace.

5.3. Investigation of the effect of  
small impurities of EPS solution  
in turpentine on the properties of  
standard sand-clay mixtures

The study was performed on a sand-clay mixture contain-
ing 10% clay as a binder. Additionally, a 40% solution of 
EPS in turpentine was introduced into the mixture (this 
corresponded to 0.4% in terms of polystyrene). Samples of 
the control mixture that did not contain polystyrene were 
examined at the same time. The bulkiness and residual 
strength (which characterizes the knockout) of mixtures 
were investigated. 

The bulk (surface strength) characterizes the ability of 
a mold or rod to maintain its configuration under the influ-
ence of a jet of liquid metal, as well as other forces that 
occur, for example, during transportation or assembly of 
the mold. One way to reduce the scattering is to increase the 
clay content in the mixture. The inevitable consequence of 
increasing the clay content in the mixture is a deterioration 
of its knockout and pliability, which is undesirable.

The aim of this stage of the study was to use small impu-
rities of a solution of expanded polystyrene in turpentine to 
obtain a sand-clay mixture with high scattering rates and 
low residual strength.

Figure 5 in semi-logarithmic coordinates shows a graph 
of the change in the scattering of the control and experi-
mental mixture over time. During the experiments, it was 
observed that the samples from the test mixture had a scat-
ter less than the control in all cases.

The figure shows that after exposure for 1 hour, the scat-
tering of both mixtures increases slightly, after 3 hours 
decreases significantly and, after 24 hours, grows again.

Figure 6 shows the dependence of the residual strength 
of the test mixture in comparison with the control from the 
heating temperature of the samples.

Figure 6 shows that the mixture has greater tensile 
strength than the control in the initial state of the test. That 
is, the admixture of expanded polystyrene solution acts as 
a strengthening component.

It was found that at heating temperatures < 600°C, the test 
specimens also had a residual strength greater by 15–20%  

Fig. 4. Residual strength of samples after heating
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than the control ones. This is most likely due to the incom-
plete destruction of the polystyrene molecules. The comple-
tion of this process at a higher temperatures (600–800°C) 
provided a decrease in the compressive strength of the 
experimental samples in comparison with the control by 
10–12% (Fig. 6), so the mixture of these samples had better 
knockout. Analysis of Figure 6 shows that a small amount of 
EPS waste acts as a strengthening and softening component 
of the sand-clay mixture.

6. CONCLUSIONS

A large amount of waste is generated under the produc-
tion and consumption of expanded polystyrene. Possessing 
chemical inertness, this waste accumulates in the environ-
ment and harms it. Expanded polystyrene wastes can be 
used as a raw material for the production of waterproofing, 
protective and decorative coatings for wood and pottery, 
paints and varnishes for painting, the basis of composite 
materials, a binder component for molding and core mix-
tures in foundry production. 

Based on the research, it was found that:

1. Molding and core mixtures containing only a binder in 
the form of an EPS solution in turpentine, have a raw 
strength of not more than 0.01 MPa.

2. The introduction of clay into the mixture in the amount 
of 2.0–3.0% allows us to obtain a crude strength of the 
mixture of up to 0.05 MPa.

3. After drying, the test mixtures, in which a solution 
of EPS waste and clay was introduced, have a tensile 
strength from 2.07 MPa to 2.10 MPa.

4. Mixtures with the EPS waste solution and clay have insig-
nificant gas capacity and satisfactory gas permeability.

5. The study of the effect of small impurities of the EPS 
solution in turpentine on the properties of sand-clay 
mixtures have revealed that the studied mixtures (in 
comparison with the control) have less scattering and 
residual strength.
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