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SYSTEM ANALYSIS OF MODERN AREAS OF INCREASING
ENVIRONMENTAL AND SANITARY HYGIENIC SAFETY
OF USING COLD HARDENING MIXTURES IN FOUNDRY

JI.I. Cononenxo, CJA. Pen’ax, IB. Ilpoxonoeuu, K.M. Cyxuii, /].O. Jmumpenxo. CHCTeMHHH aHAJi3 Cy4acHHX HANpPSMKIB
MiIBMIEHHS] eKoJIOTiYHOi i caHiTapHo-ririeHiyHoOi 0e3nmeKkH BHKOPHCTAHHS XOJIOJIHOTBEPAiIOYMX cyMilleii B JMBapHOMY
BupoOHNNTBi. Ha croromnimHiil neHp YkpaiHa € opfHi€r0 3 HaWOLIBII 3a0pyIHEHHX TEXHOTCHHMMH PEYOBHHAMH KpaiH CBIiTY, J¢ B
MPOMUCIIOBUX PETIOHAX KOHIEHTPALis TOKCHYHHMX 1 KAaHIEPOTEHHHX DPEYOBHMH IIONMHS IEPEBHUINYE B 1Ba 1 Oinblie pas3iB iX TpaHHYHO
JIOIYCTUMY KOHLIEHTpallitoo. [IpuuiHO0 LBOTro € CKIIaJHa eKoJIoTiyHa 00cTaHOBKa B YKpaiHi. Bucokuii piBeHb 3a0pyqHEHHs aTMoc(hepHOro
TMIOBITPSI TOB'A3YIOTH 3 MiIBUILICHUM BMiCTOM B HbOMY (hopMajbaeriay, GpeHomy, GTOpHCTOro BOJHIO, aMiaKy, a TAKOXK MUY, JIOKCHIY a30Ty
Ta oKcuy Byriemto. OMHUM 3 JPKepes HaJXOKEHHs B HABKOJIMIIHE CEPENOBHIIE TAKUX PEYOBUH € JIMBAPHI LIEXH, AKi BAKOPHUCTOBYIOTH Y
CBOIX TEXHOJOTIYHUX TpOIEecaX CUHTETHYHI cMoiu. Mera poOOTH: mpoBecTH BHMOIp HAMOUIBII MEPCIIEKTHMBHOTO HANpPSIMKY pPO3pOOKH
CIIOTyYHOr0 MaTepiaiy i cnocoOy BHTOTOBJIEHHs JIMBApHUX (OPM i CTPWIKHIB 3 TOYKM 30py iX €KOIOriuHoi Oesneku i BiANOBiXHOCTI
CaHITapHO-TITiEHIYHNM HOpMaM BHPOOHMIITBA JUTTA. Y JMBapHUX IeXaX YKpaiHHM CHCTEMHM YyJIOBIIOBAHHS, YTHIIi3alil Ta mepepoOKu rasis,
110 BUIUISIOTHCS 13 3aMUTHX (OPM, K MPaBHUIO, BiACYTHI. YacTka TOKCMYHUX pedoBHH ((heHomn, OeH30i, TOIyoI, Kpe3oi, (hopMabaeria,
aMiak Ta iH.), 10 BHIUIAIOTECA 3 OPM 1 CTPMIKHIB Y BHIIAAI Ta3iB i KoHAeHcaTy, cTaHoBUTh 30...40 % (110 Maci) BCiX BHKHUJIIB JMBapHOTO
nexy. KpiM 1mporo, 3aquimkm cMomu i 3aTBepjKyBada B BiIIpal(bOBaHOI CyMillli, MOTPAILISIOTh B TPYHT i 'PYHTOBI BOAH, 301IBIIyIOUH
[OKAa3HUKKM TEXHOTCHHOro 3abpyaHeHHs Teputopii YkpaiHu. HaBeneHo pesynbTaTH CHCTEMHOrO aHaiidy BIUIMBY CYYaCHHX XOJOHO-
TBEPAIIOYMX CIONYYHUX MaTepialiB B JIMBAPHOMY BHPOOHMITBI Ha EKOJIOTiUHY OE€3MeKy Ta CaHIiTapHO-Tiri€HiYHi yMOBHM BHPOOHHMIITBA
BUMBKiB. [lokaszaHO, IO BHKOPUCTAHHS B JIMBAPHUX Il€XaX B SKOCTI CHONYy4YHHX MaTepialiB CHHTETHYHHX CMOJI TOCHIIOE TSDKKE
€KoJIOTiYHuit cTaH B YKpaini. HezanepeuHi nepeBaru miiaHo-xiJKOCTEKOJIbHUX CyMilllel — HU3bKa COOIBAPTICTh, MaTepialid BITYM3HIHOTO
MIOXOKEHHS, MOXKJIMBICTh BUKOPHCTAHHS BiAIPAIbOBAaHOI CyMillli I BUPOOHULITBA PiKOTO CKJIa B CYKYITHOCTI 3 BHpIIICHHSM IPOOIEM,
MOB'A3aHMX 3 TEXHOJNOTIYHICTIO IMX CyMiIIel O3BOJNATH B OUIBIIOCTI JIMBApHUX NeXiB YKpaiHM BUPIMIUTH TpoOieMy 3a0pymHEHHs
HaBKOJIMIIHBOTO CEPEOBHUINA 1 PI3KOr0O TOJIMIIEHHS CAaHITapHO-TIri€HIYHUX YMOB BHPOOHHMIITBA JIMTTS NPHU 3HIDKEHHI BUTpAT Ha HOro
BUPOOHHITBO. ToMy, po3pobka HOBHX CIIOCOOIB (JOPMOYTBOPEHHSI 13 3aCTOCYBaHHSAM CIIOMYYHHX MaTepialliB HEOPraHIYHOTO ITOXOJKEHHS,
30KpeMa, PiZIKOTO CKJIa, € aKTyaJlbHUM 3aBJIaHHSIM ChOTOJICHHS.
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from the point of view of their environmental safety and compliance with sanitary and hygienic standards for casting production. In foundry
shops in Ukraine, systems for capturing, utilization and processing of gases released from the cast forms, as a rule, are absent. The proportion
of toxic substances (phenol, benzene, toluene, cresol, formaldehyde, ammonia, etc.) released from the forms and rods in the form of gases
and condensate is 30...40 % (by weight) of all emissions from the foundry. In addition, the remnants of the resin and hardener in the waste
mixture fall into the soil and groundwater, increasing the indicators of industrial pollution in Ukraine. The results of the system analysis of
the influence of modern cold-hardening binder materials in the foundry industry on the environmental safety and sanitary conditions of the
production of castings are presented. It is shown that the use of synthetic resins in foundries as binding materials of synthetic resins
exacerbates the difficult ecological state in Ukraine. Undeniable advantages of sand-liquid mixtures are their low cost, domestic origin. The
possibility of using a mixture of waste for the production of liquid glass in combination with solving the problems associated with the
technology of these mixtures will allow most casting plants in Ukraine to solve the problem of environmental pollution. This will contribute
to improving the sanitary and hygienic conditions of the production of casting while reducing the cost of its production. Therefore, the
development of new methods of forming with the use of binders of inorganic origin, in particular, liquid glass, is an important task of the
present time.
Keywords: ecology, binder, synthetic resins, liquid glass

Introduction. Today, Ukraine is one of the most polluted man-made substances of the world.
According to the results of environmental studies in industrial regions of Ukraine, the concentration of
toxic and carcinogenic substances exceeds their maximum permissible concentration by a factor of 2
or more per day. The reason for this is the complex ecological situation in the country. The high level
of air pollution is primarily due to the high content of formaldehyde, phenol, hydrogen fluoride, am-
monia, as well as dust, nitrogen dioxide and carbon monoxide in it. One of the sources of such sub-
stances into the environment is foundries, which use synthetic resins in their technological processes.

The solution to the problem of improving the ecological safety of foundry production is based on
the analysis of three factors [1]:

— technological. It includes the selection of the most optimal, from the point of view of ecology,
and efficient, from the point of view of the economy, the method of production of castings;

— economic factor includes the cost of facilities, equipment and its operation for the treatment of
emissions, discharges and disposal of solid waste in relation to fees for environmental pollution;

— environmental factor includes the volume of gassing in the cold stage of the process and during
pouring, cooling and discharging, the possibility and cost of depositing waste, recycling, etc.

Proceeding as from this, as well as from an economic, technological and environmental point of
view, it is expedient to include the development of a new method of forming that would take into ac-
count all three stages of solving the problem of the ecological safety of the foundry domestic produc-
tion where a binder using.

Formulation of the problem. According to the results of research carried out by scientists of the
Max Planck Institute for Chemistry (Mainz), now around the world about 3 million people die from
diseases caused by air pollution every year [2]. Ukraine for this indicator is one of the three most dis-
advantaged countries in the world [2, 3].

The reason for this is the difficult ecological situation in Ukraine, as evidenced by, for example,
the map of the total chemical and radiation pollution of the environment of Ukraine [4]. In Fig. 1 indi-
ces of complex air pollution in some cities of Ukraine in 2018. An average value of exceedances of
maximum permissible concentrations (MPC) of toxic and harmful substances in the atmospheric air of
cities of Ukraine in the first half of 2018 are given respectively in Table 1 and Table 2 [5].

The high levels of air pollution in these cities the ecologists associate with a high content of for-
maldehyde, phenol, hydrogen fluoride, ammonia, as well as dust, nitrogen dioxide and carbon monox-
ide. At the same time, the most ecologically unfavorable cities are located in the eastern and southern
parts of Ukraine, that is, in its most technically developed and technologically loaded regions.

Generally accepted that the main sources of emissions of harmful substances into the air are ce-
ment, steel, coal mining, petrochemical industries, thermal power plants and transportation. However,
today in Ukraine, foundry shops should be attributed to the number of significant sources of emissions
of harmful substances into the air.

Analysis of recent research and publications. Products foundry was and remains the basis of
most industries economically developed and actively developing countries. Among the producing
countries, China currently produces the largest amount of castings, the share of which, for example,
in 2016 was 45.2 % in the global production of castings. The foundries of the countries of the European
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Foundry Association (CAEF — the European Foundry Association) in the same 2016 produced 11.4 million
tons of castings, Ukraine — 1.15 million tons of castings [6], which follows from the histogram in Fig. 2.

Table 1

Indices of complex air pollution in
10 the most polluted cities
of Ukraine in 2018

Ne City ICAP”
1 | Mariupol 13.6
The degree of contamination of the rerritory 2 Odessa 13.1
(by the nmiltihcjlt} O:Dil:h?::la;;:E:jble vahies’ 3 LUtSk 122
I:l maoderately polluted 4 Kamenskoe 119
:l poluted
- very polted 5 Dl:]epr 118
- extremely polluted 6 KleV 100
- ecological disaster 7 Nikolaev 99
Conditional boundaries of the temitory { y 8 Slquansk 9.0
— ::‘;:;‘:;Egrmmﬂ E?ﬂ"agojml Scale 1:5 000 000 9 Krivoy Rog 8.8
10 | Kramatorsk 8.6
Fig. 1. Map of the total chemical and radiation pollution
of the environment of Ukraine [5]
Table 2
The coefficients of the average excess of the MPC of toxic and harmful substances in the air of Ukrainian cities
in the first half of 2018
Toxic and harmful substances
[«5) [
g 2 | g 2
S 3 =] So | So < =
v s 5| S |9 |85|85| 2| s | 8| 8
E | & | &| £ |32|3%5| E| 8| °|°
L - >
Z T
Kiev 3.3 1.3 2.0
Dnepr 3.3 3.0 2.1
Odessa 4.7 1.4 + 1.2
Kamenskoye 2.3 1.3 + 2.3
Mariupol 5.0
Nikolaev 4.7
Lutsk 3.7 2.8
Rovno 1.6
Zaporizhia +
Kramatorsk 3.0

* Indices of complex air pollution (ICAP) are calculated by specialists of the Central Geophysical Observatory (CGO) named
after B. Sreznevsky according to the results of the determination of 22 pollutants in the air, including eight heavy metals
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Fig. 2. The proportion of countries in the global release of casting

Despite the relatively small amount of casting, due to a temporary economic downturn, Ukraine
remains among the leading countries producing cast parts. In 2016, the largest share in Ukraine con-
sisted of castings from steel (44.34 %) and cast iron (47.81 %). At the same time, the share of castings
from gray and alloyed iron amounted to 36.9 %, from ductile iron — 6.51 %, from NCI — 4.4 %.

The overwhelming number of such castings are made in forms where organic (synthetic) resins
are used as a binder, curing under the action of either temperature or gaseous hardeners, enveloping
the inorganic ingredients of the mixture and forming three-dimensional cross-linked polymer matrices
in the process of structuring a mixture (CHM-s). In a much smaller amount (up to 4 %), steel and cast
iron castings are made in CHM forms based on inorganic binding materials, as well as in sandy-clay
forms, ceramic shell forms, etc.

High durability and manufacturability of the manufactured forms and cores, convenience and
speed of manufacture, ease of knocking, etc. promoted the widespread use of CHM-s. However, the
use of CHM-s has a significant drawback. This is the toxicity of the binder and the catalyst substance.
This circumstance dramatically worsens the sanitary and hygienic conditions of casting production,
creates a serious environmental hazard and can cause people to develop chronic diseases and poison-
ing, even to death [7, 8].

Objective. To select the most promising areas of development of the binder material and the
method of manufacturing casting molds and cores from the point of view of their environmental safety
and compliance with the sanitary and hygienic standards for casting production.

Research materials. The characteristics of any binder composition (binder with a catalyst for its
curing) and the technological process of manufacturing casting molds and cores based on it, as well as
recycling from an environmental safety point of view, include the following elements:

Safety regulations for storage, transportation, work with components of the mixture and auxiliary
materials;

— release of toxic gases into the atmosphere during the mixing and filling of equipment, aging in
equipment before the mold is assembled and filled with metal (“cold stage”);

— release of toxic gases, accumulation of condensate during the pouring of the mold by metal, so-
lidification and cooling of the casting in the mold, knockout of the casting (“hot stage”);

— completeness, material and energy intensity of regeneration;

— release of toxic gases, solid wastes and dust, as well as the release of chemicals into the aquatic
environment during regeneration;
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—release of toxic gases and the entry of toxic substances into the soil and groundwater from
waste mixtures and waste in dumps, their impact on the environment and the state of water re-
sources [9, 10, 11].

Among the known binding materials in the foundry industry, the requirements for synthetic resins
and mixtures based on them in terms of environmental safety and sanitary conditions of production are
the highest and most numerous.

Among the known binding materials in the foundry industry, the requirements for synthetic resins
and mixtures based on them in terms of environmental safety and sanitary conditions of production are
the highest and most numerous. This is due not only to their high toxicity and carcinogenicity, but to
fire and explosion hazards also. Moreover, these shortcomings are inherent in all types of processes of
forming with synthetic resins, which follows from the data Table 3.

Table 3

Process, type of CHM and gases emitted from the cast forms and rods

Excreted toxic substances
CHM with a binder of organic origin
carbon monoxide, methanol, formaldehyde, phenol, xylene, toluene,
benzene, methanol, furfural, furyl alcohol, sulfuric anhydride, isoacetate,
epichlorohydrin, diphenylolpropane, acrylic acid, isopropyl benzene
hydroperoxide, trimethylolpropane, etc.
CHM with a binder of inorganic origin

Process, type CHM |

Pep-set, Alfa-set (o-set),
Beta-set (B-set) or
Cold-box-MF, Resol-CO,,
Epoxy-SO,, Cold-box-amine

Based on phosphates, metal
phosphates, liquid silicate
glasses
Based on ethyl silicate

Water

Ethyl alcohol, water

At the same time, according to [9], the approximate shares of the amount of gas evolution from
CHM-s are: 6...8 % — when pouring molds with metal; 85...90 % — when cooling the cast forms;
2...8 % — when knocking out castings.

The average composition of some degradation products, as well as the volume of air containing
these substances at the level of their maximum permissible concentration (MPC) released from the
filled forms when using the Alfa-set and Beta-set processes per 1 ton of CHM-s are given in Table 4.

Table 4

Average mass composition and air volume with degradation products for Alfa-set and Beta-set processes”

Average values of gas emission from 1 ton of mixture
Substance MPL, g/m? from forms from rods
by weight, g/t | by air volume, m*/t | by weight, g/t | by air volume, m*/t
Carbon monoxide | 0.02000 610 30500 360 18000
Phenol 0.00010 34 340000 20 200000
Formaldehyde 0.00005 17 340000 10 200000

We assume that the mass of castings that produced by the Alfa-set and Beta-set processes is
40000 tons. The ratio of the mass of the molding mixture to the degraded resin and the mass of the
casting produced is 1. Then the annual air volume emitted from the foundry with the maximum allow-
able the content of phenol and formaldehyde, will be:

340000 - 40000 = 13 600 000 000 m°,

“ The air volume is calculated using data from the table and the MPL values of substances [12]
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The resulting value of 13.6 billion cubic meters is approximate. However, for Ukraine, taking in-
to account the technogenic and radiation contamination of its territory, the level of automation and
culture of foundry, etc., it is not only undesirable, but also unacceptably high.

The main factors that determined the use of organic resins for the manufacture of casting molds
and cores were:

—the possibility of pre-production and long-term storage of binder compositions for casting
molds and cores;

— satisfactory technological and strength characteristics of structured mixtures;

— quick and time controlled curing of mixtures.

The use of organic binders has contributed to significant progress in the manufacture of foundry
products. However, steadily increasing requirements for environmental protection today require a
global review of the technologies and materials used. Saving energy and reducing emissions of harm-
ful substances into the environment while maintaining production efficiency are two main challenges
facing scientists around the world. Realizing the seriousness of the problems arising from emissions of
toxic substances, the global community has developed initiatives aimed at improving the environmen-
tal situation (Montreal and Kyoto Protocols). As a result, a huge amount of organic compounds fell
under a complete ban or limited use, which, in turn, stimulated the development of so-called “green”
technologies.

The problem of using organic resins in the production of casting molds is related to their thermal
decomposition during the production of molded products, since the onset temperature of decomposi-
tion of most organic compounds, as a rule, does not exceed 350...400 °C, which is significantly lower
than the melting point of metals and alloys used to manufacture cast products. Based on the analysis of
literature data and the review of the market of organic resins for foundry compositions, polycondensa-
tion resins (phenol-formaldehyde, phenol-urethane, epoxy, acrylic, epoxy-acrylate, epoxy-urethane)
are the most used at present.

The curing mechanism of such resins with the formation of a three-dimensional cross-linked pol-
ymer structure in the process of structuring the mixture suggests the presence of one of the following
or a set of factors, namely:

— input of hardener (hardener in addition to chemical reagents for a number of resins can be air
moisture and carbon dioxide),

—raising the temperature of the structured mixture, at which the decomposition of the polymeri-
zation initiator can occur with the formation of a radical pair, initiating the polymerization process.

Given the volume of consumption of organic resins, their cost and commercial availability, today
the most used are phenol-formaldehyde resins and their modified analogues, which are 2 times cheaper
than acrylic and 3...4 times cheaper than epoxy, but the decomposition products of which (phenol ,
formaldehyde and their derivatives) are extremely toxic.

Currently, to solve environmental problems in the technology of manufacturing molded products
associated with the decomposition of organic resins during heating, there are four main areas:

1 - reducing of the level of toxicity of using phenol-formaldehyde resins and their decomposition
products. In the context of the present invention, it is promising to reduce the content of phenol and
formaldehyde in resins at the stage of resin synthesis. This reduces (until completely removed) the
resin content of the non-reactive solvent component by reducing the polymerization of resins. As a
result, the viscosity decreases, less toxic solvents are used based on raw materials of vegetable origin,
the efficiency of the resins increases and, accordingly, their content in the mixture decreases;

2 —improvement of equipment and technological processes aimed at the capture and disposal of
decomposition products;

3 —search for commercially available and environmentally friendly organic resins;

4 — the use of inorganic binders [12].

Considering the prospects for solving the environmental problem of using synthetic resins in the
foundry industry, should be noted that the implementation of paragraphs 1 — 3 does not solve it, alt-
hough if successful, it can reduce the amount of toxic emissions into the environment.
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The fact is that the use of synthetic resins, including those modified, using advanced systems for
the capture and utilization of gaseous products of the destruction of resin from forms, ranging from
their burning to the use of a specially selected strain of destructor microorganisms immobilized on an
inert fiber carrier (packaging), is possible only reduce the amount of harmful substances emitted into
the atmosphere [4, 5, 9]. But the cost of foundry production is substantially increased and this does not
solve the problem as a whole

In the foundries of Ukraine, to reduce the cost of casting production, a system for capturing, utili-
zation and processing of gases released from the cast forms, as a rule, are absent. As a result, the pro-
portion of toxic substances (phenol, benzene, toluene, cresol, formaldehyde, ammonia, etc.) released
from the forms and rods in the form of gases and condensate is 30...40 % (by weight) of all emissions
from the foundry [12]. In addition, the resin residues, condensed products of its evaporation and de-
struction, as well as the hardener in the spent mixture, get into the soil and groundwater, increasing the
indicators of man-made pollution of the territory of Ukraine. For this reason, no synthetic resin, in-
cluding modified, cannot be environmentally friendly. In this regard, the statements of the developers
of the resins about the absolute ecological purity of their next development [13, 14] are nothing more
than an advertising move in the market of foundry materials.

It should also be noted some of the technological features of the application of widely advertised
HTS-s. For successful use of CHM-s used quartz sand should have a certain grain composition and a
limited amount of impurity ions, a strictly defined pH-level, a certain temperature and humidity up to
0.1...0.5% (by weight). The negative technological features of CHM-s should also include the low
duration of storage of forms and rods, significant gas evolution from them and a sharp irritating odor,
the need to use sealed containers and pipelines, etc. In this regard, the question of technical efficiency
in the foundry industry, economic feasibility and environmental safety of the use of synthetic resins is
of particular importance.

Research results. The above data indicate the need for a fundamental change in the approach to
technology and materials used in foundries in Ukraine. The way out of this situation is the replacement
of synthetic resins with alternative materials of inorganic origin or the development of new methods
for manufacturing forms with known or new binding materials of inorganic origin (orthophosphoric
acid — CHM-f, liquid glass — CHM-g).

At all stages of production and storage of CHM—-s with a binder of inorganic origin, only water
vapors emit into the atmosphere and are indeed environmentally friendly materials. However, this type
of HTS has its significant drawbacks. In particular, waste dumps of CHM-f lead to the pollution of
groundwater by phosphorus compounds — phosphates. Entering phosphates into a reservoir leads to its
eutrophication — a sharp decrease in dissolved oxygen in water due to the active growth of blue-green
algae, which absorb large amounts of oxygen in water, respectively, the extinction of fish in the reser-
voir and its transformation into a swamp. Remaining in the ground, phosphates can cause contamina-
tion of the drinking water of aquifers, wells, etc.

Casting molds and cores based on CHM-f and CHM-g are characterized by high gas-making abil-
ity and crumbling, low processability, brittleness. In addition, any CES are characterized by the com-
plexity and power consumption of regeneration, which increases the cost of the production process
of casting.

The indisputable advantages of sand-liquid mixtures is low cost, the materials of domestic origin,
the ability to use the waste mixture for the production of liquid glass in conjunction with solving prob-
lems related to the technological effectiveness of CHM-g. It will allow in most of the foundries of
Ukraine to solve the problem of environmental pollution on hygienic conditions of production of cast-
ing while reducing the cost of its production.

Conclusion. Today, Ukraine is one of the most polluted with technogenic substances of the
world, where in industrial regions the concentration of toxic and carcinogenic substances daily ex-
ceeds twice or more their maximum permissible concentration.

One of the sources of toxic and carcinogenic substances into the environment is foundries, which
use synthetic resins in their technological processes.
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No synthetic resin, including modified resin, can be environmentally safe in foundries in Ukraine.

Further use or expansion of the use of synthetic resins for the production of casting in Ukraine
without radical reconstruction and reorganization of the technological process and equipment, as well
without the use of highly efficient waste gas collection systems and thermal regeneration of waste
mixtures is a dead end direction from the environmental and sanitary points of view.

To date, for foundries of Ukraine, only binding materials of inorganic origin are ecologically and
sanitary-hygienically safe. In this regard, promising areas of work on the CHM can be considered:

— development of new methods of forming using domestic binding materials of inorganic origin;

— improving the composition of the binder compositions and mixtures based on liquid sili-
cate glasses;

— development of new domestic binding materials of inorganic origin.
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