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Abstract. One of the most important indicators for evaluating the innovation activity of enterprises is the economic 
effect of introducing advanced technology into production. Each type of production has its own characteristics, 
which are manifested not only in the organisation of the technological process but also in calculations related to 
the establishment of economic indicators of the feasibility of using new technologies. Evidently, casting and special 
casting technologies, such as the use of thermite foundry applications of the high-temperature gradient to save the 
alloy poured into the mould, influence the algorithm for determining the economic effect. This is caused primarily 
not only by the establishment of direct costs when transforming the standard technological process, namely, the cost 
of the metal-thermal mixture, changing the mould, ferroalloys, the use of light-separating foundry additives plates, 
but also by the possibility to re-use remnants of the foundry application, gate, sprue base, etc. elements for remelting. 
The purpose of the study is to establish the specific features of calculating the economic effect of the introduction of 
advanced technologies in production, such as technologies associated with the reduction of foundry applications. 
Statistical methods, namely the quantitative analysis, comparison, and grouping methods were used to conduct 
research and process the results. Comparison of economic indicators with the actual quantitative characteristics  
of industrial technology through Integrated evaluation allowed analysing the results and drawing conclusions for the 
study. The main results of the study are determined by the proposed methodology for determining the economic 
effect, which, unlike the existing one, considers renewable resources and the possibility of obtaining an environmental 
effect. This allows using the renewable resources obtained from industrial waste in a reasonable and rational way and 
contributing to environmental protection. The areas of further research are primarily related to the identification 
and evaluation of technical and economic indicators of casting-related technologies, namely the production of 
ferroalloys, foundry production, non-ferrous metallurgy technologies, etc. In the future, this will allow establishing 
conditions for the most effective use of innovative technologies and obtaining the maximum economic effect from 
their introduction
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The Problem Statement
The transition of the Ukrainian economy to a new stage of 
technological advance requires an active position in terms 
of innovation and a fundamentally new approach to inno-
vation. Innovation becomes the main factor in theoretical 

and practical projects implemented by modern technolo
gical programmes. The fundamental increase in the value of 
innovations is also caused by changes in the global market.

The elements of any research are technical and eco-
nomic calculations and the development of an optimal plan 
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for its implementation, thus, before the introduction of new 
technological processes, it is necessary to set a task to eval-
uate all aspects of the technical efficiency of the new tech
nology, to establish the economic effect (if possible), or to 
calculate the expected economic effect of the new technol-
ogy, to evaluate the environmental, social, or other related 
effects, and to compile a plan for the implementation of 
research, which is based on network planning and manage-
ment methods or methods of economic and mathematical 
optimisation.

The first stage of research is the development of a 
technical and economic solution to the problem. Such a tech-
nical and economic problem at the Dnipro mill roll plant was 
determining the efficiency of introducing the technology in 
the casting for large export mill rolls, namely, the possibility 
of using the technology of thermite foundry applications of 
the high-temperature gradient.

Analysis of Recent Research and Publications
The most common methods for establishing the expected  
economic effect are methods for evaluating the effect of pur-
chasing a new product by the consumer; rational use of 
material, labour and financial resources; economic incen-
tives for the production of competitive products; economic 
efficiency of management and marketing techniques; eco-
nomic efficiency of costs for creating and implementing 
information, logistics and other technologies for account-
ing, control, and audit [1-5]. Studies for which not only the 
forms are established, but also the place of their application 
are of particular importance [6-11].

The introduction of new technologies in ferrous, 
non-ferrous, special metallurgy, related industries (casting, 
ferroalloy production, etc. [10]) and the determination of 
the expected economic effect have a number of features 
that have not yet been thoroughly studied.

Purpose of the Study
The above posed a problem for the authors to solve which 
it is necessary to establish a method for determining the 
economic effect of the introduction of casting technology 
for large castings using thermite foundry applications of the 
high-temperature gradient.

Research Results
The authors previously performed work that confirmed 
the possibility of using the technology of termite foundry 
applications based on experimental melts for rolls weighing 
5.46 and 6.67 tonnes. Experimental rolls of 580x1800 mm of 
export design were filled with liquid cast iron СШХН-42 
by the siphon method. Three exothermic bags weighing 5 kg 
each were placed on the surface of the melt in the area of 
the foundry application. The batch filling of the exothermic 
charge, in addition to increasing the duration of the charge 
burning, reduced the heat loss of the thermite metal. In the 
composition of the charge, fluorspar CaF2 was additionally 
introduced, which reduced the ignition temperature of the 
mixture and increased the fluidity of aluminous slag [10]. 

Exothermic charge, which consisted of 80% thermite mix-
ture, 5.5% carbon (in the form of ГЛ1 black graphite), 11% of 
ЖКМК-1 ligature (contains 5% Mg) with granules of 3-6 mm, 
3.5% of ferrosilicon (FS75), synthesised a highly superheated  
melt of similar composition, poured into the mould. The 
weight of the charge was calculated using special methods [10] 
and it ranged from 20.5 to 27.6 kg. Loading of packages with 
metal-thermal charge on the melt surface was performed 
sequentially three times with an interval of 1.5 minutes.

The analysis of the studied rolls conducted by the 
authors showed the sufficiency of heating the foundry appli
cation with a directed heat dissipation and feeding with liq-
uid thermite alloy casting. No bleach was detected in the 
microstructure of the surface of the cast iron roll. In all the 
experimental melts described above, the foundry applica-
tion was not refilled with cast iron by 1/3. Metal savings 
on foundry additives amounted to ~ 33%. An incision of 
the foundry application showed that the shrinkage sink 
penetrated only 1/2 of its height. Further mechanical treat-
ment did not detect shrinkage defects for the roll necks. 
Chemical analysis showed the chemical composition of the 
casting defect of the roll body and application within the 
technical tolerance. This offers considerable prospects for 
saving metal when casting heavy shafts. During the indus-
trial tests, the method of calculating the amount of charge 
introduced into the roll casting application was developed. 
This allowed creating the basis for the technology of risering 
cast iron rolls using a metal-thermal charge.

Development of a method for calculating the charge 
for risering cast iron castings
The main technological parameter of termite foundry appli
cations is the mass of the metal-thermal charge in the insu
lation for risering. Since termite applications are used instead 
of conventional ones, their calculation is based on mass data 
from conventional applications. The method for calcula
ting termite applications is given in [10]. However, this tech-
nique does not allow considering the specific features of 
the casting technology of mill rolls, which consists in the 
fact that the application is formed in several technological  
techniques. They consist of filling an additional part of 
the mould with liquid melt and then periodically adding 
metal to the mould application during the casting harden-
ing process. These technological methods of forming the 
application lead to the fact that the hardening time of the 
casting increases in comparison with the hardening time of 
the application of the same mass formed in one step when 
pouring the form. To use the mass of a conventional appli-
cation, which is set through its linear dimensions according 
to the roll casting drawing and the alloy density as the base 
for calculating the amount of metal-thermal charge, the 
effective application mass was introduced – mef. mef is the 
mass of an application formed in one step. Furthermore, 
the hardening time of mef is introduced, which is equal 
to the hardening time of the application with mass madd, 
formed in several steps (1).

m=c madd  (1)
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where c – coefficient that depends on the amount, value, 
and time of refilling.

The casting time of the roll casting mould does not 
exceed several minutes, and the temperature of the cast 
alloy is 1250-1300ºC, which slightly exceeds the tempera-
ture of the beginning of the crystallisation of roll cast iron. 
These circumstances allow not considering the time of filling 
and the time of removing the heat of superheat. Thus, the 
effective mass depending on the cooling time of the app
lication in a sand-clay mould formed in one step to the 
temperature within the crystallisation temperature range 
can be found from the dependence (2):

According to the existing technology of manufactur-
ing mill rolls, part of the application (on average, 25% of 
the application in length) falls on the length required for 
clamping the roll during its processing on roller machines 
and on casting defects on the surface of the application.

Thus, the application of mill roll casting can be redu
ced by an average of 75% by weight, provided that it is 
compensated by a metal-thermal charge. To ensure a mar-
gin of reliability, it is recommended, according to the results 
of experiments, to reduce the usual application by 70% by 
weight. It has been shown that 1 kg of metal-thermal charge 
is equivalent in its thermal effect to 20 kg of a liquid alloy. 
Then the amount of metal-thermal charge mс required to 
replace 70% of the mass of a conventional roll application 
with a termite application (3):

	 m=0.04 mef 	 (3)

The ratio (3) was found for the case when the metal-
thermal charge was introduced into the mould in one batch. 
From relation (2), it can be concluded that the introduction 
of the charge in particles with a certain interval between 
layings increases the hardening time at the same charge 
mass or reduces the total mass of the metal-thermal charge 
if the same application hardening time is maintained. It has 
been experimentally established that the introduction of 
a charge in 2-4 batches reduces the weight of the charge  
by 10-20%. The interval between layings is determined by 
the time a crust forms on the application’s surface. The mass 
of the charge is determined by the formula (4):

	 mc=0.04 с΄mef 	 (4)

where с΄ depends on the charge tab conditions.
The coefficient value с΄ depends on the number of 

layings (from 1 to 4) and is in the range (3.2-4.0)•102.
The ratios (3) and (4) were used to calculate the 

amount of metal-thermal charge required to reduce the 
weight of the roll application by 75% [12].

For applications up to  300 mm, the number of re-
fills (n) – 1, for application of  350–450 mm – 2, and for the 
application of  450 mm or more – 3. In the future, the obtai
ned calculation results were tested on large industrial rolls.

Technical and economic efficiency of the work per-
formed
The calculation of the expected economic effect from the 
introduction of the technology of manufacturing cast iron 
mill rolls using termite foundry applications was performed 
using a statistical method, namely the quantitative analysis 
and comparison and grouping with equivalent methods for  
similar technological processes, which clearly showed that 
the problem under study is typical for ferrous and non-fer-
rous metallurgy. Furthermore, the comparison of economic 
indicators with the actual quantitative characteristics of 
industrial technology through integrated evaluation allowed 
analysing the results and drawing conclusions for the study 
according to the Dnipro mill roll plant.

The introduction of the new technology ensures: redu
ction of alloy used on roll casting application by at least 30%; 
reduction of welding costs of shrinkage defects of the upper 
necks of the rolls; elimination of charcoal costs; release of 
the topping bucket; elimination of defects of rolls due to end 
shrinkage defects. The calculation was performed in accor-
dance with the requirements of the temporary technological 
instructions developed by the authors.

As a basis for comparison, when determining the 
annual economic effect of the introduction of technology 
for the production of castings with termite applications, 
indicators of the technology of insulation and risering of 
castings that are being replaced are taken. The calculation 
was performed (1) tonne of cast rolls using the formula (5):

	 E = (I1 – I2) × A – Es × Cadd  	 (5)
where I1 – I2– initial costs for the main measured elements 
of the cost of rolls. Cadd – additional capital funds for the 
introduction of new technology (6):

	 Cadd = C2 – C1 	 (6)

where C1 – capital costs before the introduction of new tech
nology; C2 – capital costs for the introduction of new tech
nology; Es – standard coefficient of efficiency of capital 
investments; Es = 0.3.

Capital costs before the introduction of a new tech-
nology C1 are equal to the cost of a bucket for refilling appli-
cations in the amount of 9800 UAH. Capital costs for the 
introduction of a new technology consist of pre-production 
costs C2 = 100000 UAH.

The change in initial production costs is calculated 
as follows. Prior to the introduction of termite application 
technology, the application weight per 1 tonne of cast rolls  
averaged 0.166 tonnes. The introduction of the new tech-
nology allows reducing the weight of the application by at 
least 30%, that is, the application is 0.105 tonnes. Savings 
from reducing the application weight per 1 tonne of rolls are:

Cw. a.=0.166×0.3×(2233.00–376.00)=92.48 UAH

where 2233.00 – the cost of 1 tonne of cast rolls, in accordance 
with the calculation of the rolling shop; 376.00 – the cost of 
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𝑚𝑚𝑒𝑒𝑒𝑒 = 1,37 (1 + 𝛽𝛽 𝑛𝑛
𝐷𝐷2)𝜌𝜌𝐷𝐷3 (2).



83

1 tonne of applications cut for remelting as scrap metal; 
2233.00–376.00 =1857.00 – the cost of 1 tonne of liquid alloy.

From the combustion of a metal-thermal charge, a 
liquid melt is generated in the application in the amount of 
0.5 by the weight of the charge. Since the charge consumption 
averages 5% of the application weight, the amount of liquid 
alloy is:

L=(0.1666–0.166×0.3)×0.05×0.5=0.003 t

Its cost:

Cl=0.003×1856.00=5.57 UAH

Eliminating the cost of heating the application with 
charcoal on each tonne of cast rolls saves 4.00 UAH. Ac-
cording to the calculation of the rolling shop:

Ccha=4.00 UAH

Termite application technology eliminates roll defects 
due to shrinkage defects. The defects due to shrinkage 
at the enterprise in 1 year range from 4% to 6.7% of the 
mass of defective rolls. Savings by eliminating this type 
of defect:

Cd = 1856.00 × 0.04 × 0.067 = 4.97 UAH

Elimination of the cost of installing and welding seal 
is 1.80 UAH for each tonne of cast rolls (according to the 
calculation of the rolling shop):

C3 = 1.80 UAH

Reducing the weight of the application eliminates 
the re-remelting operation from the technological cycle, 
which leads to the burning of the alloy.

This saves:

Ccha=(0.166+0.095)×1182.00×0.3=95.55 UAH

where 1182.00 UAH – the cost of 1 tonne of charge; 0.095 – 
the burning of the alloy.

Introduction of the technology of using a metal-
thermal charge to risering castings will lead to costs:

Cm. c.=0.166×0.05×2440.00=20.25 UAH

where 2.440.00 UAH is the cost of 1 tonne of metal-thermal 
charge.

Savings per 1 tonne of cast rolls in terms of flow 
costs will be:
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Environmental evaluation of a technological solution
The result of this work was the development of a technolo
gical process for risering castings of mill rolls using termite 
applications. In the technological process, it is proposed to 
use a metal-thermal charge of the following composition 
(in % by weight): iron – aluminium termite (iron scale – 74; 
aluminium powder – 26); graphite – 3 (% by weight of termite); 
soda ash – 1.5 (% by weight of termite) [13].

All components that constitute the charge are non-
toxic and are widely used in the metallurgical and casting 
industries. During the technological process, aluminium 
oxidation and iron reduction reactions are performed in 
the charge in the solid and liquid phases without the gen-
eration of gaseous products. Graphite, which is introduced 
into the charge, dissolves in the resulting liquid steel, while 
soda ash takes part in slag generation. Thus, the introduc-
tion of termite application technology does not lead to 
additional harmful effects on the environment. In addition,  
the disposal of mill scale, which is a technological waste of  
rolling and blacksmithing industries, contributes to solving 
the problem of environmental pollution. For additional cost 
savings on the introduction of the proposed technology, 
the aluminium powder can be used in the form of a grind 
of purified aluminium chips, and carbon in the form of  
a grind of unburned graphite electrodes in the manufacture 
of the melt.

Conclusions
1. The criteria and sequence of economic justification of new 
solutions in casting are established.

2. The method of determining the effective mass when 
using the technology of thermite foundry applications of the 
high-temperature gradient for large castings is identified.

3. The main components of calculating the expected 
economic effect from the introduction of new technology for 
manufacturing cast iron mill rolls using termite applications 
are determined.

4. The value of the economic effect of the introduction 
of the new technology was determined, which amounted 
to 1092389.61 UAH with the production of 6080 tonnes of 
rolls per year.

5.  An environmental evaluation of the technical 
solution from the introduction of the new technology of ther-
mite foundry applications of the high-temperature gradient 
for large rolls is performed.

Further research will be aimed primarily at iden-
tifying and evaluating technical and economic indicators 
of casting-related technologies, namely the production of 
ferroalloys, foundry production, non-ferrous metallurgy 
technologies, etc. In the future, this will allow establishing 
conditions for the most effective use of innovative technol-
ogies and obtaining the maximum economic effect from 
their introduction.

With the volume of the introduction of the new 
technology in the production process of 6080 tonnes of 
rolls per year, the economic effect will be:

C1 – C2 = Ew.a. + Cl + Cbur + Cd + Cc+ Ccha – Cm.c. = 92.48 + 5.57 +

+ 4.00 + 4.97 + 1.80 + 95.55 – 20.25 = 184.12 UAH

E = 184.12×6080–0.3×(100000–9800)=1092389.61 UAH
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Особливості визначення економічного ефекту 
 від використання прогресивних технологій 

 у ливарному виробництві

Юрій Юрійович Жигуц1, Василь Федорович Лазар2, 
 Богдан Ярославовович Хом’як2

1Ужгородський національний університет
88000, пл. Народна, 3, м. Ужгород, Україна

2Мукачівський державний університет
89600, вул. Ужгородська, 26, м. Мукачево, Україна

Анотація. Одним з найважливіших показників оцінки інноваційної діяльності підприємств є економічний 
ефект від впровадження прогресивної технології у виробництво. Кожен тип виробництва має свої особливості, 
які проявляються не тільки у організації технологічного процесу, але і у розрахунках пов’язаних із 
встановленням економічних показників доцільності застосування нових технологій. Очевидно, що ливарне 
виробництво, а особливо спеціальні технології литва, такі, як наприклад, використання термітних ливарних 
додатків високого температурного градієнту для економії сплаву, залитого у форму, накладають відбиток на 
алгоритм визначення економічного ефекту. Насамперед це викликано не тільки з встановленням безпосередніх 
прямих витрат при внесенні змін у стандартний технологічний процес, а саме витрати на металотермічну 
суміш, зміну ливарної форми, феросплави, використання лекговідділяючих ливарні додатки пластин, але 
і можливістю повторного використання решток ливарного додатку, ливників, зумпфа, стояка та ін. елементів для 
переплавлення. Метою запропонованої роботи було встановлення особливостей розрахунку економічного 
ефекту при впровадженні прогресивних технологій у виробництво, таких, як наприклад, технології пов’язані 
із зменшенням ливарних додатків. Для проведення досліджень і обробки результатів використані статистичні 
методи, а саме метод кількісного аналізу, методи порівняння і групування. Порівняння економічних 
показників з дійсними кількісними характеристиками промислової технології методом комплексної оцінки 
надали змогу проаналізувати результати і зробити висновки до роботи. Основні результати проведеної роботи 
визначаються запропонованою методикою встановлення економічного ефекту, яка у відмінності від існуючої, 
враховує відновні ресурси та можливість отримання екологічного ефекту. Це дає можливість обґрунтовано 
та раціонально використовувати відновні ресурси отримувані з відходів виробництва, сприяти охороні 
навколишнього середовища. Напрями подальших досліджень пов’язані насамперед з виявленням та оцінкою 
техніко-економічних показників супутніх технологій до ливарного виробництв, а саме виробництво 
феросплавів, формувальне виробництво, технології кольорової металургії та ін. Це в перспективі дасть змогу 
встановити умови найефективнішого застосування інноваційних технологій та отримання максимального 
економічного ефекту від їх впровадження
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