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Ipoananizoeani 06’em, cmpykmypa, ma peyukiiHe OCHOBHUX MEXHONO02IYHUX 8i0X00i6 Mema-
aypeiiinozo nionpuemcmea. Haeedeni 0CHO6HI 6u0u ma 06CsaeU OCHOBHUX MEXHONIOSIUHUX 8i0X00i6, K]
nocmynarwomo 00 nepepooku . [lokazana ooyinbHicms ix 6UKOPUCAHHA Y 81ACHOMY 8upoOHuymei. Ha-
8e0eHUll Y 8IOCOMKOBOMY GIOHOUICHHI XIMIUHUL CKAAO OCHOBHUX 6UOI8 MEXHONOSTUHUX 8i0X00i6. Bu-
SHAYEHO CIMYNIHb PEYUKLIHRY IO 3a2aibH020 00 €MY GUHUKHEHHS OCHOBHUX MEXHOIO0ZIYHUX 8i0X0018.

Knrouoei cnosa: mexnonoeiuni 8i0xoou, 0OMeHHUU WAAK, MAPMEHIBCOKUN WAAK, PeYuKiine,
OOMeHHUU Yex, MapMeHiBCoKUll yex, yex uiaKonepepooxu.

Problem’s Formulation

As a result of intensive development of mining and metallurgical industry, a considerable
amount of technogenic deposits is formed, on which technogenic waste is largely accumulated. In re-
cent years, due to the formation and accumulation of a large amount of industrial waste and the need
to solve environmental problems, the importance of integrated waste management has increased. The
technological processes associated with the processing of natural raw materials into industrial products
are accompanied by the formation of a significant amount of waste. The metallurgical industry occu-
pies an important place in the economy of the country, being the basic industry, characterized by sig-
nificant volumes of production and production costs of finished goods. Considering the problem of
resource conservation, for many mining and metallurgical enterprises, man-made deposits may be-
come the only sources of metallurgical raw materials. A large amount of technological waste from
mining and metallurgical enterprises is concentrated in the waste heaps. Technology dumps are depo-
sits of various minerals that after processing are involved in reuse in production. Processing of process
waste allows to obtain relatively cheap raw materials on the one hand and to reduce the impact of en-
vironmental pollution on the other [1—3].

One of the types of process waste is metallurgical slag. Metallurgical slag accounts for a large
part of the waste of metallurgical production, which is a man-made mixture of metal and oxide com-
ponents, each of which is a valuable raw material [4].

The processing and disposal of slag makes it possible to solve one of the most important envi-
ronmental problems — the clearing of territories from large-scale waste, which is the slag of meta-
lurgical production. Slag dumps serve as sources of dust formation, pollute groundwater and surface
sources with heavy metals, occupying considerable land areas. The factories are interested in the or-
ganization of the process of slag processing not only for environmental but also for economic reasons.
According to studies, the content of metal in the slag reaches up to 15%. Extraction of metal compo-
nents from the slag and their use for the production of steels and alloys can significantly increase the
economic performance of metallurgical production.

Analysis of recent research and publications
With the current rate of increase in iron production and metal processing, the problem of re-
solving the return of metallurgical waste and machining to production is an acute problem. In the
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process of steel production, metal losses are observed at every stage of the technological cycle, from
iron ore extraction to steel rolling. This is due to the use of outdated equipment of metallurgical enter-
prises, low payment for emissions, discharges and disposal of waste, imperfect legislation in the field
of subsoil use and environmental protection [5].

Slag is a technological waste that is generated at high temperatures due to the physical —
chemical interaction of the components of the source solid materials and the gas environment. They
occupy large areas of land for which the plant pays a fairly high fee [6].

Ways of applying slag are quite diverse. Metallurgical slag plays a major role in the generation
of waste, but their main application is not related to metallurgical processing. Much of the slag is
processed in the liquid state to produce granular slag, for the production of cement, some used in steel
smelting. Steelmaking is used both in metallurgy and in the production of fertilizers, abrasives, and in
construction. Fractionated and ordinary slag rubble is used in road and industrial construction, which
allows to reduce the volume of natural stone materials and to reduce the scale of environmental distur-
bances caused by their development. Also, considerable amounts of slag are used in the erection of
dams and seepage tanks and other objects of industrial hydraulic engineering [7].

Recycling and processing of industrial waste is one of the main problems that modern metal-
lurgical enterprises need to solve. Metallurgical processes take place at a considerable expense of var-
ious material and raw material resources, which make up to 7 t /t from the extraction of ore to the re-
ceipt of finished rolled metal. The specific consumption of only the main types of material resources
in ferrous metallurgy is, t/t of the product: in sinter production 1,27—1,32, in the production of iron
1,70—2,00, in the production of steel 1,08—1,15, rolling — 1,12—1,50. At this level of production,
thousands of different types of industrial waste are generated. Thus, the specific output of sludge and
dust in sintering, blast furnace, steelmaking and rolling shops are respectively 0,07—0,16; 0,06—0,22,
0,01—0,03 and 0,03—0,07 t/t of product [8].

Metallurgical enterprises of Ukraine have accumulated 240 million tones of slag, 128 million
tones of which are steelmaking. The number of accumulated slag in Ukraine leads the Yenakiyevo
Metallurgical Plant, ArcelorMittal Kryvyi Rih and Zaporizhstal. Typically, blast furnace slag is sepa-
rated from the smelter. The mass fraction of iron in them is 5% in the form of queens. The most inter-
esting for attracting further processing are steelmaking slag which contains more metal — 10—15%.
The specific yield of steel-slag slag is, on average, 160—170 kg / t of steel [9].

For the integrated use of slag, it is efficient to remove residual iron from them and to attract
for further use. To solve this problem, it is necessary to select a method and create the conditions for
the effective removal of iron from them (iron ore concentrate) in a separate product and obtain materi-
al for further use.

Goal setting

Analyze the volume, structure, and recycling of major technology. List the main types and vo-
lumes of major process wastes that are being recycled. Show the feasibility of using them in your own
production. Give the chemical composition of the main types of technological waste. Determine the
degree of recycling of the total amount of major technological waste generated

Presenting main material

Given the scarcity of iron ore for many metallurgical enterprises, namely, the south of
Ukraine, the use in the technological cycle of waste of own production in our time is to a large extent
or not the main and appropriate reserve for reducing production costs and improving economic per-
formance of metallurgical production. At the metallurgical production of the plant of PJSC “Zapo-
rizhstal”, metallurgical slag, namely blast furnace and open-hearth waste, is the major part of the ferr-
ous waste generated in the production cycle. Metallurgical slag occupies vast areas and interacts with
the environment, causing enormous damage to the environment. Process wastes that are not utilized in
the production cycle or stored temporarily, pending processing, are placed in the slag processing plant.
The volumes of occurrence of major process wastes are presented in Tabl. 1.
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Table 1. Volumes of occurrence of the main technological wastes of metallurgical plant
"Zaporizhstal" for 2016—2018

Type of waste Volumes of occurrence of the main technological wastes, thousand tons
2016 2017 2018
Blast slag 1484,925 1491,953 1757,416
Martenovsky slag 480,874 479,327 489,158

Given the scale of occurrence, special attention is paid to the issue of slag processing at the
mill. The production facilities located in the slag processing plant make it possible to prepare and re-
cycle slags of current production and previously accumulated in waste heaps. The volumes of recy-
cling of the main process wastes are presented in Tabl. 2. In the territory of the slag processing plant
the transportation of slag is carried out by dump trucks. Today, dump trucks are widespread in the
mining industry. Career dump trucks are one of the main means of transportation of metallurgical slag
and products of their processing [10, 11].

Table 2. Recycling volumes of the main technological wastes of metallurgical plant «Zapo-
rizhstal" for 2016—2018

Type of waste at the Recycling volumes of major process wastes, thousand tons
point of origin in the
production cycle 2016 2017 2018
blast furnace production 751,948 931,290 845,584
open-hearth production 270,539 283,971 298,574

The uses of the slag processing products depend on the physical and chemical properties of the
recyclable materials. Blast slags in chemical composition are almost indistinguishable from natural
silicates. They are well granular and therefore can be used in the construction industry. The Marten
slag is different from blast furnace slag, both in chemical properties and in application. The products
of processing open-hearth slag are used in our own production. [12].

The approximate chemical composition of the major process wastes generated in the produc-
tion cycle is shown in Tabl. 3.

Table 3. Chemical composition of the main process wastes formed in the production cycle of
metallurgical plant "Zaporizhstal"

Chemical composition of blast furnace slag,%
Type of cao | (Ca0+MgO)
waste Si0, | CaO MnO| FeO | ALOy MgO | ¢ ; SiO
Si0, 2
Blast slag 40,105 | 47,106 | 0,12 | 0,18 | 8,130 | 3,824 | 0,969 | 1,176 1,271
2 4
Type of The chemical composition of the open-hearth slag,%
waste Sio, CaO MnO FeO AL,O;, Cr,0,
;’Efgn'hemh 2424 51,34 13,46 9,03 1.93
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Conclusions

Technological waste of production is undesirable but also inevitable products of technological
activity. Production wastes are a sign of the imperfection of technology and organization of production
and consumption. Analyzing the above, we can conclude that the use of technological waste solves a
complex of issues to reduce man-made load on nearby areas, reduces the need for primary raw mate-
rials, reduces environmental pollution, reduces the land area of technological waste accumulation.

As a result of the analysis of the production process, the degree of recycling of the main tech-
nological wastes was determined, which is 53% for blast furnace slag, and for 58% for open-hearth.
Therefore, the recycling of technological waste is appropriate not only from an environmental but also
from an economic point of view.

Thus, in the conditions of PJSC "Zaporizhstal" the implementation of measures for recycling
of technological waste of the main production allowed to partially solve the problem of shortage of
iron ore raw materials and improve the environmental situation in the region.
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PENUKJIIHI TEXHOJOT'TYHUX BIAXOAIB B YMOBAX KAP’€PY
METAJIYPTTUHOI'O IANTPUEMCTBA
Cepena B.I1., MykoBcbka J1.51.

Pedepar

VY naniii cTaTTi mpoaHaNi3oBaHi 00’€M, CTPYKTYpa, Ta PELHKIIHI OCHOBHHX TEXHOJOTTYHHX
BinxoniB Meranypriitnoro mianpuemctsa [TAT «3amopixcransy 2016—2018 pp. HaBeneni ocHoBHi
BHJIU Ta 00CSTH OCHOBHUX TEXHOJIOTTYHUX BIIXOiB, SKi MOCTYMAOTh 10 nepepoOku . [Tokazana norti-
JBHICTB iX BUKOPHCTaHHS y BIACHOMY BUPOOHMITBI. HaBeneHuil y BiACOTKOBOMY BiHOIIEHHI XiMiu-
HUU CKJIaJi OCHOBHHUX BHJIIB TEXHOJOTIYHUX BiAXOJiB. BH3HAUEHO CTYMIiHb PEIUKIIIHTY BiJl 3arajabHO-
ro 00’ €My BUHUKHEHHS OCHOBHUX TEXHOJIOTIYHHX BiJXOIB.

B pesynbraTi ananizy BUpOOHUYOro mpotecy 0yJio BU3HAYEHO CTYIIHb PEHHKIIHIY OCHOBHUX
TEXHOJIOTTYHUX BiIXOMIB, KU CKJajzae Juis AOMEHHOro uuaky — 53 %, s MapTeHiBCBKOTO —
58 %. ToMy peNMKIIIHT TEXHOIOTTYHUX BIIXOJIB € JAOIUIBHUM HE TUTBKH 3 €KOJIOTIYHOI, a 1 3 eKOHOMI-
YHOI TOYKH 30pYy.

Takxum unHOM B yMoBax IIAT «3amnopixcranb» 3aCTOCYBaHHS 3aXO/iB MO PEUUKIIHTY TEXHO-
JIOTTYHHUX BiIXOMAIB OCHOBHOTO BHPOOHUIITBA JO3BOJIMJIO YACTKOBO PO3B’si3aTH Mpoliemy aedinuTy
3aJTi30pYAHOI CHPOBHHH Ta MOKPAIIUTH EKOIOTTYHY CUTYAIiI0 Y PEerioHi.
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