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Purpose. To carry out a comparative quantitative assessment of environmental and sanitary-hygienic hazards of utilizing syn-
thetic resins for manufacturing molds and rods in foundry production.

Methodology. Quarry quartz sand brand 1K,0,02, furan resin brand Permaset 839 and catalyst Permacat 128, aluminum alloy
AL2, gray cast iron SCh200, carbon steel 30L, bronze BrA9Zh3L were used in the work. Chromel-alumel thermocouples com-
pleted with electronic potentiometer were used for thermography. Molds were made from quartz sand, furan resin and catalyst
mixture. Casting mold heating depth determination from casting to temperatures above 400 °C was carried out by its thermogram
graphical processing, which was obtained after casting mold pouring with aluminum alloy, bronze, gray cast iron and carbon steel.

Findings. Among those studied, the most dangerous are urea-phenol-formaldehyde, urea-formaldehyde and urea-furan res-
ins, and the least dangerous are phenol-formaldehyde and phenol-formaldehyde-furan resins. Ecological and sanitary-hygienic
hazard level when using resin mixtures increases with increasing resin amount in mixture, castings walls thickness, their surface
area, as well as with increasing temperature of melt poured into the mold.

Originality. For the first time, in relation to foundry molds and rods in foundry production manufacturing, technogenic hazard
coefficient (THC) has been developed and its value has been calculated. This, in fact, is air volume (m?) containing maximum
permissible concentration of carcinogenic or poisonous substances released as a result of mold organic binder material destruction
when pouring aluminum alloy, bronze, cast iron or steel.

Practical value. The use of the research results makes it possible to increase the level of predicting accuracy of technogenic
(sanitary, hygienic and environmental) hazards, accuracy level of calculating ventilation systems capacities in foundries, taking
into account the serial castings production, castings structural features, as well as binding materials nature for foundry molds and

rods for such castings.

Keywords: coefficient of hazards, synthetic resins, foundry, casting, labor protection

Introduction. Cast parts quality requirements level, their
weight, overall dimensions, their material properties, produc-
tion character, etc., have determined molds and rods manu-
facturing methods. Castings produced in the world main vol-
ume (more than 75 %) have been prepared in disposable sand
molds. At the same time, according to UK Foundry and Cast-
ing Industry, the largest castings producers today are China —
49.2 %, European Union countries — 11.9 %, India — 10.7 %
and the USA — 9.8 %, which follows from the data in Fig. 1.

According to UK Foundry and Casting Industry, about
62 % of foundries in Europe for castings production use dis-
posable molds with cold-solidified mixtures (CSM), where
binding material is synthetic resins.

That is, in the most economically developed countries’
structure, CSM molding with synthetic resins modern meth-
ods occupy a prominent position (Fig. 2), despite the fact that
such casting molds and rods are the most harmful from an
ecological and sanitary-hygienic point of view, which already
today causes many problems and questions regarding their fur-
ther using expediency.

At present, for steel and iron castings manufacturing,
whose mass share in Ukraine reaches more than 70 %, CSM,
where binder is also synthetic resin, has mainly used. Steel and
cast iron castings have produced in much smaller (tens of
times) quantities in CSM molds based on inorganic binders, as
well as in sand-clay, ceramic shell molds, etc. [1].

Therefore, the problem of gas waste emissions negative ef-
fect from foundry production on environment and, accord-
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ingly, on human health is inherent not only for Ukraine, but is
relevant for all other economically developed countries as well.
This problem successful solution requires, first of all, an
emerging dangers adequate targeted assessment when using
synthetic resins in castings manufacturing specific conditions.

Literature review. CSM on synthetic resins widespread us-
ing has been facilitated by molds and rods high strength and
manufacturability, operating rate and convenience, easy
knocking out, etc. Nevertheless, CSM on synthetic resins us-
ing has significant drawback — unsatisfactory sanitary and hy-
gienic conditions, production toxicological and environmen-
tal hazards when using molds and rods. Implementation of
modified synthetic resins, systems for resin destruction gas-
eous products capturing and utilization, ranging from catalytic
afterburning to specially selected microorganisms- destructors
strain, somewhat reduces harmful substances emissions into
media, but, at the same time, significantly increases casting
production costs and does not solve the problem in general,
because sand-resin mixtures give up to 40 % of environmental
pollution from foundries [2].

This is related both to the nature of used resins genesis,
and to the temperature at which their destruction begins. The
fact is that at 250—500 °C, synthetic resins are destroyed with
gaseous formaldehyde, phenol, furfural, styrene, carbon mon-
oxide, etc. 3] releasing. Corresponding data, according to
N. V. Sygarev with colleagues (2013), is presented in Table 1.

Above-mentioned harmful substances have the following
toxicological characteristics [4]:

Class 2 danger:

1. Nitric oxide — has pronounced irritating and caustic ef-
fect on the respiratory tract, affects the alveolar tissue, which
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Fig. 1. Share of countries in the world’s casting production ac-
cording to UK Foundry and Casting Industry
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Fig. 2. Various molding processes with CSM in foundry industry
prevalence — share of rods manufacturing various methods
application (a); share of rods manufacturing methods ap-
plication that harden in cold equipment during blowing with
gas reagents (b) according to the data of UK Foundry and
Casting Industry

leads to pulmonary edema; has an effect on arteries, causes
vasodilation and blood pressure lowering.

2. Benzene — has narcotic (convulsive) effect on central
nervous system, chronic poisoning can lead to death; contrib-
utes to leukemia formation [5].

3. Phenol — strong poison has general toxic effect, can be
absorbed through the skin.

4. Formaldehyde — irritates the skin and mucous mem-
brane, has general toxicity; can cause cancer of nasal cavity,
sinuses, throat, leukemia — myeloid (lungs) [5].

5. Phosphoric anhydride — irritates the eyes, respiratory
tract and mucous membranes.

6. Furfure alcohol — has depressing effect on central ner-
vous system, breathing, lowers body temperature, causes diz-
ziness, nausea.

7. Cyanides — cause tissue death due to formation with one
of intracellular respiratory enzymes.

Class 3 danger:

1. Methanol — strong poisons with pronounced cumulative
effect; has strong irritating effect on mucous membranes of re-
spiratory tract.

2. Sulfuric anhydride — has strong irritating effect on respi-
ratory tract, disrupts metabolic enzyme processes.

3. Furfural — poison that causes paralysis has weak irritat-
ing effect on mucous membrane.

Class 4 danger:

1. Ammonia — has narcotic effect; in high concentrations
excites nervous system and causes convulsions.

2. Acetone — has narcotic effect; when inhaled for long
time accumulates in the body; slow elimination from the body
increases chronic poisoning risk.

3. Carbon monoxide — displaces oxygen from blood oxyhe-
moglobin, which prevents oxygen from lungs to tissues trans-
fer, reduces oxygen content in blood, causes dysentery, has
toxic effect on cells, disrupting tissue respiration and reducing
tissue oxygen consumption.

The release of these substances into the air and their ad-
sorption on solid surfaces sharply worsens sanitary and hy-
gienic working conditions and can cause people to develop
chronic, professional diseases up to the death point [6, 7].

Using in foundries of various systems for catching gases
released during synthetic resins destruction, with their subse-
quent neutralization, for example, by means of catalytic after-
burning, is associated with significant financial expenditures.
As a result, in Ukrainian foundries, in cases majority, there are
no systems for gases emitted from cast molds utilization and
processing.

No synthetic resin, including modified, for example, eth-
oxy groups, can be environmentally safe material in foundry
technology. Synthetic resins developers and manufacturers
declarations that at temperature more than 500 °C low-tem-
perature destruction products decomposing into water and

Table 1

Harmful substances released from mixtures containing organic binders

Harmful substances released

Binding substances
Rods and molds manufacturing

Casting, cooling and knocking out from mold

Phenol formaldehyde | Methanol, formaldehyde, furfural,

phenol, furfure alcohol

Carbon monoxide, ammonia, acetone, methanol, benzene, cyanides, sulfur
dioxide, hydrocarbons

Ammonia, acetone, methanol,
formaldehyde, phenol

Phenol furan

Carbon monoxide, methanol, formaldehyde, phenol, benzene, marginal
carbons, furfural, furfure alcohol, sulfuric anhydride

Urea formaldehyde Ammonia, methanol, formaldehyde Carbon monoxide, methanol, formaldehyde, marginal carbons, furfural,
ammonia, cyanides, nitrogen oxides, phosphoric anhydride
Urea furan Methanol, formaldehyde, furfural, Carbon monoxide, methanol, formaldehyde, marginal carbons, ammonia,

furfure alcohol

cyanides, nitrogen oxides, furfural, furfure alcohol, phosphoric anhydride

Methanol, formaldehyde, phenol,
ammonia

Phenol urea
formaldehyde

Carbon monoxide, methanol, formaldehyde, marginal carbons,
ammonia, cyanides, nitrogen oxides
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carbon dioxide are incorrect, since this process can only be
implemented in closed space to which neither molds, nor rods,
nor foundry shops belong to. At the same time, harmful sub-
stances into the air from sand-resin mixtures releasing occurs
already at the stage of casting molds and rods manufacturing
in quantities that can be compared with gases amount released
during such casting molds filling (Table 2).

In this regard, it can be stated that resin developers decla-
rations about their next new development of this or that resin

Table 2
Harmful substances content in foundries working areas air [§]
Harmful substances
pollution into air,
mg/m?
SZ:?SGE/IC;ZTIH Substance name E % % %n éb =
ETE | 25°
© g
Phenol- Acetone 200,0 114.07 53.6
formaldehyde Methanol 50 |1.86-6.73 | 2.58-3.43
(Cold-box- Formaldehyde 0.5 |0.53-0.99 | 0.37—0.94
‘éff)‘ig_e;:)X_MF’ Phenol 0.3 | 0.41-0.66|0.34-0.59
Resol-CO,, Carbon monoxide | 20.0 - 22.6—24.7
Alfa-set’, Benzene 15.0 - 42
Bets-set?,
Pep-set, Triethylamine' 10.0 4.82 6.77
;ﬁi;f;) Nefras' 1000 |  64.0 29.8
Methyl formate?> | 250.0 83.4 125.6
Furfure resin | Formaldehyde 0.5 0.13 0.26
(Hot-b0) Ty tethanol 50 | 792 6.52
Furfural 10.0 17.41 11.76
Carbon monoxide | 20.0 - 24.8
Benzene 15.0 — 8.06
Epoxy resin Sulfuric anhydride | 10.0 0.52 0.63
(Epoxy-S02) - Ipri chlorohydrin | 1.0 | 0.62 0.76
Acrylic acid 5.0 1.21 0.89
Toluene 150.0 324 18.3
Aromatic 50.0 38.6 27.6
hydrocarbons
Carbon monoxide | 20.0 - 22.7
Urea-furan Methanol 5.0 9.86 6.77
resin Formaldehyde 05 | 047 0.76
Furfural 10.0 11.78 13.03
Furfure alcohol 0.5 0.39 0.26
Ammonia 20.0 - 5.78
Carbon monoxide | 20.0 - 25.8
Phenol-furan | Methanol 5.0 13.74 6.91
resins Formaldehyde 0.5 0.32 0.58
Phenol 0.3 0.67 0.85
Furfural 10.0 10.68 9.66
Furfure alcohol 0.5 0.42 0.37
Carbon monoxide | 20.0 - 26.9
Benzene 15.0 — 4.76

Note'-> — Harmful substances releasing refers to CSM solidification
process

ecological purity [9, 10] are nothing more than advertising de-
liberation to promote their products on the foundry materials
market.

Currently, as a rule, hygienic, toxicological and epidemio-
logical data analysis results are accepted for any production
harmful environmental factors risk to public health estimation
[11, 12].

In international practice, similar assessment uses the re-
sults of carcinogenic risk for health calculations (cancer cases
increasing probability) and the danger index (all diseases
types, except cancer, increasing probability) [13].

At present, danger index can be determined based on dan-
ger coefficient value, which is the ratio of carcinogenic sub-
stance average dose to its reference dose in 1m? of air or the
ratio of carcinogenic substance average concentration to its
reference concentration in 1m? of air [14, 15].

For non-carcinogenic risk to public health estimating the
following formula has been proposed in [16]

HQ= Ci/ Cupes

where C, is average concentration of the i” pollutant, mg/m?;
Cypc — maximum permissible concentration of the i pollut-
ant, mg/m’.

In work [17], in order to determine environmental protec-
tion measures implementation priority and to assess the total
risk to population living in polluted areas or working in harmful
industries health, it is recommended to use the method ac-
cording to which carcinogenic risk of getting an oncological
disease from carcinogenic pollutants presence in natural envi-
ronment media has to be the sum of risks of getting an onco-
logical disease from carcinogenic pollutants presence in: atmo-
spheric air, soil, surface waters, drinking water, food products.

Today, the main danger indicator in most countries of the
world is the risk to population health [14]. For public health
risk from atmospheric air pollution estimation in Ukraine rel-
evant methodological recommendations [17] exist.

The authors of the work [18] developed an improved
method for population health in air pollution case compre-
hensive risk estimation. According to this method, carcino-
genic risk indicators have been calculated for each pollutant
according to the formula

CR=SF- LADI,

where CR is getting cancer probability (dimensionless value —
1:1,000,000); SF — getting cancer probability in case of single
LADDI dose taking, 1/mg/kg-day.

To discover atmospheric air pollution sources, the authors
| 18] propose to use the value of pollutant emissions from in-
dustrial enterprises danger index, which has to be calculated
according to the following formula

min
— BBJ _BB
B ™ pmax min ’
BB _Bb’

where [ is pollutant emission hazard index, dimensionless
quantity; B, — pollutants emissions danger indicator into at-
mosphere (dimensionless value) from the j” enterprise

_2(B)"
(Bip)"

where B, is emissions volume of the i polluting substance
into atmospheric air from the i enterprise, kt/year; Bcp —
emissions of the i pollutant into atmospheric air average vol-
ume from enterprises of Ukraine, kt/year; B; — degree indica-
tor that takes into account the danger class of the i pollutant
(for danger class I — 1.7; for II — 1.3; for III — 1.0; for IV —
0.8); BF'™ — pollutants from harmful permanent sources in
Ukraine into the atmospheric air emissions danger indicator
minimum value; By* — pollutants from harmful permanent
sources in Ukraine into the atmospheric air emissions danger
indicator maximum value.

BJ
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A large number of synthetic resins of various origins is
known today which are used in foundries [20]. Such resins de-
struction takes place in their characteristic temperature rang-
es, with certain intensity, with gases different amounts and
compositions releasing. At the same time, diverse in series
castings production of various thicknesses from alloys with dif-
ferent pouring into sand-resin molds temperatures also leads
to different levels of production hazards, for which evaluation
methodology is currently absent. Therefore, methodology de-
velopment for comparative quantitative assessment calculating
of synthetic resins using for molds and rods manufacturing in
foundry production environmental hazard is a relevant task.

Purpose. To carry out a comparative quantitative assess-
ment of synthetic resins utilizing for molds and rods manufac-
turing environmental and sanitary-hygienic hazards in found-
ry production.

Investigation tasks are:

1. To establish casting mold depth heating dependence to
temperatures exceeding 400 °C for flat castings with 10, 25 and
40 mm thickness from alloys based on aluminum, copper
(bronze) and iron (gray cast iron and carbon steel).

To develop a problem-oriented criterion for synthetic resins
in foundry production using environmental and sanitary-hygien-
ic hazard assessing — coefficient of techno-genus hazard (CTH).

To carry out CTH calculation for various resins and alloys
and to determine on its basis most and least dangerous modern
synthetic resins brands used in foundry production.

Methodology. In this work the authors used:

- quarry quartz sand brand 1K,0,02, furan resin brand
Permaset 839 and catalyst Permacat 128;

- aluminum alloy AL2; gray cast iron SCh200; carbon steel
30L; bronze BrA9Zh3L.

Casting mold heating depth determination to temperatures
above 400 °C has been carried out by casting mold at different
distances from casting graphical thermogram temperature
changes processing.

Chromel-alumel thermocouples completed with an elec-
tronic potentiometer have been used for thermography. Ther-
mocouples have been placed in casting mold at distance of 2,
8, 13, 20, 30 and 60 mm from casting surface according to
scheme presented in Fig. 3.

B S P

Fig. 3. Scheme of thermocouples location in casting mold:

1 — pouring basin; 2 — casting mold working cavity; 3 — compacted
hardened molding mixture; 4 — flask; 5 — thermocouples junctions
“hot”; 6 — electronic potentiometer; 7 — fireclay cover

Monolithic casting molds made from quartz sand, furan
resin and catalyst mixture were used in research. Resin content
in all casting molds mixtures was 1 % (by weight).

For thermography casting mold with initial temperature of
20—25 °C has been filled with AL2 aluminum alloy (11.8 Si,
88 % Al), BrA9Zh3L bronze (9 % Al, 3% Fe, 87.5% Cu),
gray cast iron SCh200 (3.4 % C, 2.0 % Si, 0.9 % Mn, 0.1 % P,
0.1 % S, rest — Fe), carbon steel 30L (0.3 % C).

Casting molds thermography was performed for castings
with dimensions of 10 x 110 x 110, 25 x 260 x 260 and 40 x
x 410 x 410 mm. Melts were poured into casting molds with
superheating by 100—150 °C above their liquidus temperature
through a pouring basin, which, according to design, was lo-
cated along the entire length of casting upper end (Fig. 3).
During casting solidification, pouring basin of this design per-
formed its open type riser function.

For quantitative environmental hazard assessment of spe-
cific synthetic resin implementation as binding material for
casting molds and rods, parametric problem-oriented criteri-
on has been proposed — technogenic danger coefficient (TDC)

Table 3
Substances mass fractions (¢;) formed as resins high-temperature destruction result and their MPC
P;
Resin brand Carbon . .
monoxide Methanol Phenol Benzene Formaldehyde Furfural Ammonia Cyanides
Urea-Formaldehyde resins
M-3 0.069 0.110 - — 0.071 - 0.585 0.165
BK-1 0.145 0.098 - - 0.093 - 0.486 0.178
Urea-Furan resins
K®d-90 0.6943 0.0143 - - - 0.0002 0.2247 0.0665
bC-40 0.1369 | 0.0196 - - 0.0001 0.0001 0.7642 0.0791
Phenol-Formaldehyde resins
PC®-3010 0.4039 0.0040 0.2856 0.3065 - - - —
CO-3042 04312 | 00137 | 0.1924 0.3627 - - - -
Phenol-Formaldehyde-Furan resin
«DypuTOn-68 0.8373 00105 | 00183 | 01327 | 00007 0.0005 _ _
Furan resin
neC 02419 | 00075 | - | 07493 | - 0.0013 - -
Urea-Phenol-Formaldehyde resins
KOD-n 0.2238 0.0932 0.0320 0.0077 - - 0.3050 0.3383
MPC;10°, kg/m? 20 5 0.3 5 0.5 10 20 0.3
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Table 4

Coefficient TDC; calculated data for castings with 10 mm wall thickness from various alloys and synthetic resins

TDC;, m’/m?
Alloy m%:lr:)zge Methanol Phenol Benzene | Formaldehyde Furfural Ammonia Cyanides
Resin M-3
Aluminum 11.4 72.6 - - 468.6 - 96.5 1,815
Bronze 45.5 145.2 — - 1,874.4 — 386.1 7,260
Cast Iron 79.7 508.2 — - 3,280.2 — 675.7 12,705
Steel 91.1 580.8 - - 3,748.8 - 772.2 14,520
Resin BK-1
Aluminum 23.9 64.7 - - 613.8 — 80.2 1,958
Bronze 95.7 258.7 - - 2,455.2 - 320.8 7,832
Cast Iron 167.5 452.8 - - 4,296.6 - 561.4 13,706
Steel 191.4 517.5 - - 4,910.4 - 641.5 15,664
Resin K®-90
Aluminum 114.6 9.4 — - - 0.07 37.1 731.5
Bronze 458.2 37.8 - - - 0.3 148.3 2,926
Cast Iron 801.9 66.1 - - — 0.5 259.5 5,120.5
Steel 916.5 75.5 - - — 0.5 296.6 5,852
Resin BC-40
Aluminum 22.6 12.9 - — 0.66 0.03 126.1 840.1
Bronze 90.4 51.7 - - 2.6 0.13 504.4 3,480.4
Cast Iron 158.1 90.6 - - 4.62 0.2 882.7 6,090.5
Steel 180.7 103.5 - - 5.3 0.3 1,008.8 6,961
Resin PCD-3010
Aluminum 66.6 2.6 3,141.6 67.43 - - - -
Bronze 266.6 10.6 12,566.5 269.7 - - - -
Cast Iron 466.5 18.5 21,991 472 — — - -
Steel 533.2 21.1 25,133 539.5 - — - -
Resin CD-3042
Aluminum 71.1 9.0 2,119.4 79.8 - — - -
Bronze 284.6 36.26 8,465.5 319.2 — — - -
Cast Iron 498.0 63.3 1,4815 558.6 — — - —
Steel 569.2 72.3 1,6931 638.4 - - - -
Resin «®ypuron-68»
Aluminum 138.2 6.9 201.3 29.2 4.6 0.17 - -
Bronze 552.6 27.7 805.2 116.8 18.5 0.7 - -
Cast Iron 967.1 48.5 1,409.1 204.4 323 1.2 - -
Steel 1,105.2 55.4 1,610.4 233.6 36.9 1.3 - -
Resin [1PC
Aluminum 39.9 4.9 — 164.8 — 0.4 - —
Bronze 159.7 19.8 - 659.4 - 1.7 - -
Cast Iron 279.4 34.7 - 1,153.9 - 3.0 - -
Steel 3,19.3 39.6 - 1,318.8 - 3.4 - -
Resin KOO-1
Aluminum 36.9 61.5 352.0 1.7 - - 50.3 3,721.3
Bronze 147.7 246.1 1,408 6.8 — - 201.3 1,4885
Cast Iron 258.5 430.6 2,464 11.9 - - 352.3 26,049
Steel 295.4 492.1 2,816 13.6 - — 402.6 29,770.5
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m;
MPC,’

where m; is gas mass released from binder material, the i sub-
stance upon contact with casting surface 1 m?, kg; MPC; —
maximum permissible concentration of the i substance in air,
kg/m?>.

TDC physical meaning is an air largest volume (m?) con-
taining carcinogenic or toxic substance (phenol, formalde-
hyde, carbon monoxide, etc.) MPC, which was released as
organic binding material (synthetic resin) destruction result
from 1 m? mold surface in cases aluminum casting alloy,
bronze, cast iron or steel.

Gas mass of the i substance released from binder material
of 1m? casting surface has been calculated by formula, kg

mi=k-8-p-M-n-o, ()

TDC, =

(M

where k is the molding mixture heating-through coefficient to
temperature 400 °C; 8 — casting wall average thickness, m; p —
apparent density of foundry mold material, kg/m?®; M — binder
material mass fraction in molding mixture content; m — binder
material mass fraction that turned into gas as destruction re-
sult; n — casting mold binder substance mass fraction that has
turned into gas; ¢; — gaseous i substance mass fraction in
mass of gases released from casting mold.

Findings. Based on thermography data processing results,
it has been established that for each specific alloy coefficient k
value depends exclusively on alloy nature and does not depend
on casting wall thickness. For alloys used in this work, molding
mixture heating-through to temperature 400 °C coefficient was
established as: 0.2 — for aluminum alloy, 0.8 — for bronze,
1.4 — for gray cast iron, 1.6 — for carbon steel.

If we assume that casting mold material apparent density
value is p = 1,650 kg/m?, binder material in molding mixture
mass fraction is M = 0.01, binder material that turned into gas
as destruction result mass fraction is » = 0.1, then formula (1)
will have the form, m?/m?

TDCi:k?SpMn(pi:l.GSk&(pi. 3)
MPC, MPC,

From [9] data analysis, as result of gaseous i substance
conversion mass fraction in gases mass released from the mold,
as product of high-temperature resins destruction, and their
MPC are presented in Table 3.

Assuming conditional casting average wall thickness is
equal to 6 = 0.01 m, TDC, coefficients were calculated for
mold and rod mixtures synthetic binder components, when
aluminum, bronze, cast iron and steel alloys was poured into
them. Calculations results are presented in Table 4.

Table 3 analysis shows that urea-formaldehyde (BK-1,
M-3), phenol-formaldehyde (PC®-3010, C®-3042) and
urea-phenol-formaldehyde (K®®-n) resins are most danger-
ous. That is because these resins have the largest formation of
gas substances belonging to the 27 class of danger, namely
phenol, benzene, cyanides. This is also evidenced by the histo-
gram (Fig. 4) analysis, which shows 7DC; maximum values for
casting molds with different resins when steel casting with wall
thickness of 10 mm pouring.

Therefore, the use of synthetic resins as binder material for
molding and core-rod mixtures in foundries leads to a large
number of carcinogenic and poisonous substances releasing
into environment. As a result, this not only has an extremely
negative effect on environment, but also significantly worsens
sanitary and hygienic working conditions in foundry shops,
which contributes to professional diseases development among
workers (silicosis, leukemia, central nervous system damaging,
respiratory tract oncological diseases, etc.).

For this problem to protect foundry workers from such
emissions radical solving, it is necessary either to carry out
technological (sanitary and technical) procedures for carcino-
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Fig. 4. TDC, total value for casting molds with different resins in
steel casting with wall thickness of 10 mm production

genic and toxic gases from molding and rod mixtures synthetic
resins released into surrounding and foundry shop air extract-
ing, or synthetic resins replacing with inorganic origin binding
materials (liquid glass, water, clay, etc.).

Conclusions.

1. All synthetic resins considered in this work, without ex-
ception, are environmentally hazardous substances when used
as binding material for casting molds and rods.

2. Most dangerous are urea-phenol-formaldehyde, urea-
formaldehyde and urea-furan resins, in which the main harm-
ful substances are cyanides. The least dangerous (with an order
of magnitude lower technogenic danger coefficient — TDC)
are phenol-formaldehyde and phenol-formaldehyde-furan
resins, which do not release cyanides.

3. Ecological and sanitary and hygienic danger level when
using synthetic resins increases with increasing: their quantity
in mixtures, castings walls thickness, their surface area, melt
pouring into the mold temperature, that is — from aluminum
alloys castings to bronze, cast iron and steel castings.

4. Casting mold layer thickness, which is heated from the
melt poured into casting mold to temperatures above 400 °C,
does not depend on casting wall thickness within the boundar-
ies of its changes from 10 to 40 mm. It is 0.2 of aluminum made
casting wall average thickness, 0.8 — for bronze casting, 1.4 —
for gray cast iron casting and 1.6 — for carbon steel casting.

5. Despite synthetic resins high technological properties
and modern equipment wide variety availability for their using
in foundries, synthetic resins implementation for casting
molds and rods manufacturing should be recognized as an en-
vironmentally unacceptable technical solution.

6. An alternative to synthetic resins as binding materials for
casting molds and rods involves binding materials of inorganic
origin, including liquid glass, water, clay, etc. and materials of
organic origin, in which all destruction stages are accompa-
nied by only water steam, carbon and/or carbon dioxide re-
leasing.

7. For the first time, problem-oriented criterion for syn-
thetic resins in foundry production using environmental and
sanitary and hygienic hazard assessing has been elaborated —
technogenic danger coefficient (TDC).
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Merta. [TopiBHsIIbHA KiJIbKiCHA OLIiIHKA €KOJIOTiUHOI I ca-
HiTapHO-TIriEHIYHOI HeOe3MeKM BUKOPUCTAHHSI CUHTETUY-
HUMX CMOJI [/Isl BATOTOBJIEHHS (DOPM i CTPUKHIB Y IMBAPHOMY
BUPOOHUIITBI.

Metoauka. Y po0b0Ti BUKOPUCTOBYBAJIM Kap €PHUIT KBap-
noBuii micok Mapku 1K,0,02, dypaHoBy cmoiry MapKu
Permaset 839 i karanizatop Permacat 128, amoMiHieBuii
craB AJI2, cipuit waByn CY200, ByrieuneBy cranb 30J1,
opon3sy bpA92K3JI. 115 reMorpacdyBaHHS BUKOPHMCTOBYBaIN
XpOMEJTb-aJTIOMEJICBI TepMOIIApU B KOMILIEKTi 3 €JIEKTPO-
HHMM TTOTeHIioMeTpoM. JIuBapHi (popMy BUTOTOBJISUIM 3 Cy-
Millli KBapLOBOTO ITiCKY, (pypaHOBOI CMOJIM i1 KaTaJi3aTopy.
BusHayeHHs TIMOMHU TPOTPiBY JIMBApHOI (DOpMU Bil BU-
JuBKa 10 Temmeparyp Oinbire 400 °C mpoBOIUIN IIIIXOM
rpaciuHO1 06poOKM ii TepMOrpam, 1110 OTPUMYBAJIU ITiCJIsl 3a-
JINBAaHHSI JIMBapHOi (pOpMH aTIOMiHIEBUM CIUIABOM, OpOH-
3010, CipMM YaBYHOM, BYIJIELIEBOIO CTAJLIIO.

PesyabraTu. 13 yncna nociiakeHunx, HaiibiabII HeOe3ney-
HUMM € KapbaMinodeHonpopManbiaeriati, KapoaMigzodop-
MaJIbJETiIHI 1 KapOaMinodypaHOBi CMOJIA, HAMEHIII HEOE3-
MeyHuMu — peHopopMabaeriaHi Ta (eHopopManbIeria-
HodypaHOoBi cMo. PiBeHb €KOJIOTIUHOI Ta caHiTapHO-TIrie-
HiYHOI HeOe3IeKM TMPU BUKOPUCTAHHI CMOJISIHUX CyMillieit
MiABUIILYETHCS 31 30UIBIIEHHSM KiTBKOCTI CMOJIM y CYMillli,
TOBILMHU CTIHOK BWIMBKIB, IJIOII iX TTOBEPXHi Ta 3i 30i/1b-
LIEHHSM TeMITepaTypH PO3IUIABY 3aJIUTOTO Y JIMBApHY (popMy.

HaykoBa HoBHM3HA. Y1ieplile, CTOCOBHO BUPOOHMIITBA JIU-
BapHUX (POPM i CTPIKHIB y IMBApHOMY BUPOOHUIITBI, PO3pO-
osieHo koedilieHT TexHoreHHoi Heoe3neku (KTH) i po3paxo-
BaHa jtoro BeanuuHa. ITo cyti, KTH — o6car nositps (M%), 110
MiCTUTh IPAaHUYHO JOMYCTUMIi KOHLIEHTpaLlil KaHLIEpOreHHO1
a0o0 OTpYIHOI PEYOBMHMU, SIKA BUALISIOTLCS B pe3yJbTarti e-
CTPYKIIii OpraHiYHOro CIOJYYHOro MaTepiaiy opMu npu 3a-
JIMBLII aTIOMiHIEBOTO CILJIaBy, OPOH3M, YaByHY ab0 CTaJIi.

IIpakTiyna 3Ha4umMicTh. BUKOpUCTaHHS pe3ysbTaTiB 10-
CJIiIXKEeHDb T03BOJISIE MiIBUILIUTU PiBEHb TOYHOCTI MPOTHO3Y-
BaHHSI TEXHOTEHHOI (CaHITapHO-TIri€HIYHOI Ta €KOJIOTiUHOT)
HeOe3MeKu, pPiBeHb TOYHOCTI pO3paxyHKYy MOTYKHOCTE BeH-
TUJISILIAHUX CUCTEM JIMBAPHMX LIEXiB 3 YpaXyBaHHSIM cepili-
HOCTi BUpOOHUIITBA JIMTBA, KOHCTPYKUIMHUX OCOOIMBOCTEMN
BWIMBKIB, a TAKOX MPUPOIU CIOJYYHUX MaTepialiB JIsl JIU-
BapHUX (OPM i CTPMXKHIB TSI IUX BUJIMBKIB.

KuiouoBi ciioBa: koeghiyicum nebesneku, cunmemu4na cmo-
Aa, AUapHe UPOOHUUMBO, BUNUBOK, OXOPOHA NPAUT
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