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1 AxtyanbHICTh pOOOTH.

VY 3B'sI3Ky 3 yMOBaMH, 110 CKJIAJIUCS B YKpaiHi, KOMaH/a KOMOIHATy 3amopikcTai
B3sJIacsl 3a MOHOBJICHHS BHUPOOHMIITBA yacTMHU BTpadeHoro Ha MMKI ta A3zoBcrai

COpPTaMEHTy — a caMme : KaTaHuX cJs101B 171 3aBoiB MeTiHBecTy B €Bpori,.

Sx BUIHO 3 JIITEpaTypHOTO OISy, B HAJAHUX MaTepialiaX € BKE BEJUKI MPAKTUKH Ta
HaNpaIoBaHHS TPO 3arajbHI MPUHIUNN (OPMYyBaHHS CTPYKTYpH Ta BIACTHBOCTEH
c1s100BOi  3aroTiBii, aje mapamMeTpu NpPOLECiB MOBUHHI BHU3HAYaTHCS MLIOpa3y IS
KOHKpeTHUX yMOB BUpoOHuITBa. Tak sik Ha IIAT «3anopixkcransy BiacytHas MHJI3 1
PO3JMB 3IHCHIOETHCS CUPOHHUM CIIOCOOOM y BHJIMBHHUII 3 MOJAJBIION MPOKATKOKO 31
3MUTKIB 'y cision. Tomy, HEOOXiAHO TPOBEACHHS JOMATKOBUX JIOCIIJKEHb II10/0
IPOBEJIEHHA POOIT 3 BUAAYl PEKOMEHJALIM 3 MIKpO- Ta MaKpOAOCTIIKEHb 3 METOI0
MOJIAJIBIIIOT0 KOPUTYBAHHS TEXHOJIOTTYHOTO MPOIECY ISl TMABUIIEHHS SIKOCTI TOBAPHUX

CJs101B Ta IPOXOJKEHHS cepTU(IKalLlli 1aHO1 JIHIKA HOBOTO MPOIYKTY.

2 Mera 1 3aBOaHHs JOCIIKEHHS.

Metoro nmaHoi poOotu Oyno 3a0e3nedyeHHs HEOOXITHOT SKOCTI MEPIIOCOPTHHUX
KaTaHWX ToBapHUX cisi0iB 13 cram mapku S355 BignosigHo g0 "STEEL GRADES
DIRECTORY TDC 01/2022" Customers: Ferriera Valsider SpA; Metinvest Trametal SpA
(ERBU) Bupobuux: PJSC Iron&Steel Works «Zaporizhstaly BumuaBmenux y
nBoBaHHOMY cranemiaBmwibHoMy arperati (HICIIA1) 3 momanpmmM po3nHBaHHSIM Y
3muTKU Macow 18,271, y moBHi# BiamosigHocTi 3 EN 10025-2019 3a ayist po3mmpeHHs
MPOAYKTOBOI JIIHIMKY Ta OTPUMAaHHS JI01aTKOBOTO MPUOYTKY KOMOIHATy 3amopiKCTaib 3a

PaxyHOK OCBOEHHSI 111€1 TEXHOJIOTT].



3 Marepian Ta METOAMKA JTOCITIIKEHb.

OO6'ekTOM MOCHIIKEHHS BHUCTYIA€ TEXHOJOTIS BHUPOOHUIITBA KaTaHUX
TOBapHUX CJs01B 31 cTaiai Mapku S235J2 ta S355J2, mpeameToM JOCHIKCHHS —
Oyna nmociipkeHa Makpo Ta MIKPOCTPYKTypa TEMIUIETIB TOBapHUX CIsA0iB Ha
3a0pyIHEHICTh HEMETAJICBUMHU  BKJIFOUCHHSMH, BIANPAIIOBAaHHS  TEXHOJOTIT
OZIEp’)KaHHS 3aJaHOTO XIMIYHOTO CKJIaAy VY TOTOBIM cTam [ OTpUMAaHHS
CTa01ILHOTO KOMIUIEKCY MEXaHIYHUX BiiacTuBOCTe 3riHo 3 EN 10025-2019.

[IpoBeneHHsT JOCHIAIB TOYMHAETHCS 3 BUBYCHHS BIUIMBY KOXKHOTO
TEXHOJIOTTYHOTO (pakTopa, MOTIM MOETHAHHS KIJTBKOX (DaKTOPIB 3 METOIO PO3POOKHU
CKCIIEPUMEHTAJIbHOI ~ TEXHOJOTIYHOI ~ CXeMHU  BUPOOHHUITBA. Y  poOOTI
BUKOPHCTOBYBAJIMCS HACTYNHI METOJAW: aHajll3 JITEpaTypHOIO ONISALY CBITOBUX
MpaKkTUK, aHam3 TexHIYHuX MoxiuBocTel [IAT «3amopixkcTanby, MOIIYK
BUPILIEHHS MMHUTAHb 3 MOXJIMBOCTI MPOBEIECHHS MaKpOaHai3y, aHa/l3 MOTOYHHX
CTaTUCTUYHUX JaHUX, MEXaHIYHMX BiIacTUBOCTer ctami S235, S355, po3polOka
METOJUKH JOCIIKEHHSI MaKpO Ta MIKPOCTPYKTYpPH CJSI0IB MpH BiAMpAaIFOBaHHI
TEXHOJIOT1i BUTOTOBJICHHSI TOBApHUX CIA0IB 13 3JIMTKIB, OTPUMAHHS JaHUX I100
napameTpiB MaKpOCTPYKTypH CJs101B, BUTOTOBJICHUX I10 3allPOIIOHOBAHIN CXeMi Ta
po3poOKa pPEKOMEHJAII MO MIABUIIEHHIO IX SIKOCTI 3 METOI MPOXOKEHHS

NoJabIIol cepTudikarlii el TpOayKIIii.

4 OcCHOBHI OTpUMaHI pe3yJbTaTH Ta iX HOBU3HA.

B xo0/11 0cBO€HHS BUPOOHUIITBA MEPLUIOCOPTHUX KaTaHUX TOBAPHUX CIS01B 13 CTall
Mapku S235, S355 migmosimHo nmo "STEEL GRADES DIRECTORY TDC "
Customers: Ferriera Valsider SpA; Metinvest Trametal SpA (ERBU), npoBenenus
eKCIIepUMEHTAIbHOI YACTHHH 1 aHAJI13y OTPUMaHUX MEXaHIYHUX BIaCTUBOCTEH Oyiu
BU3HAYEHI OCHOBHI MapaMeTpH TEXHOJIOTIi (KOTpi Oy/iM 3akpirieHl B periaMeHTI

BUPOOHUIITBA TEPIIOCOPTHUX KaTaHUX TOBAPHUX CIAOIB 13 cTajl Mapku S235,



S355), saxi 3a0e3neuyloTh CTAaOUIbHE OTPUMaHHA TOTPIOHMX MEXaHIYHUX
BJIACTUBOCTEH. 3a pesyibraramu JociikeHb Ha komOiHati [TAT «3amopixcranby
pPO3pOOJICHO Ta BIPOBAKEHO HU3KY 3aXOJIB IIOA0 MOKPAIICHHS SKOCTI TOBAPHHUX
cIisi01B:

- perIaMeHTOBaHO: B IIMXTOBKY IJIaBOK 3aCTOCOBYIOTH TUIBKA OOOPOTHHI 00pi3
Ta YaByH 3 MIHIMaJbHUM IMOTOYHHUM BMICTOM CIpKH, a TaKOX Y 3aBajKy 1 JOBEIACHHS
3aCTOCOBYIOTh TUILKH METATypriiiHe BallHO 3aMICTh BaITHAKY /1J1s 3a0€3MEUeHHS HU3BKOTO
BMICTY CipKu B T0oTOBi# cTam S<0,025 %;

- TpOBEACHO BUMNPOOYBaHHS HOBUX BHUJAIB  ILUIAKOYTBOPIOBAJBHUX  Ta
YTEIUTIOBAJILHUX 3JIMTKOBUX CyMillleH 11 3a0e3MeYeHHs] 3HUKEHHS [NIMOUHU yCaJIKOBUX
ne(EeKTIB, a TAKOXK MOKPAILEHHS SKOCTI CIs101B;

- Ilpu npoxarii toBapHux cisi6oiB miss EC-akThBiB B O0OB'A3KOBOMY  HOPSJIKY
3MIMCHIOBAJIM KAaHTYBaHHS BCIX PO3KATIB HAa TOBIIMHI y MPOMIXKKY pPO3MIPIB, MO
BHU3HAYAIOTHCS Y 3AJIEKHOCTI BIJl TOBIIMHHU CIII0Y 3T1IHO 3aMOBJICHHS.

BripoBaikeHHsI IMX 3aXO0/IiB JO3BOJIMIIO:

- 3MEHIIUTH BMICT CipkM y ToBapHux cisibax Ha 0,015% y cepennpbomy mnpotu
3HA4YEHb 3a MOTOYHOIO TEXHOJIOTIELO;

3HU3UTHU 3a0pYIHEHICTh METaTy HEMETAJEBUMH BKIIOUEHHAMH TUIY Cyab(QIiIiB 3
Ha 2 6amu mkamu JICTY 8966-2019 BigHOCHO 3HBYCHH ITOTOYHOT TEXHOJIOTI1

- 3meHmuTd PKM ronoBHoi yactunu cisaly a0 12% npotu 15-17% 3a uynHHOIO
TEXHOJIOTIEI0.

- 3HU3UTH BIICOTOK 3a4MCTKH 3a TOBEPXHEBUMH Jie(heKTaMU SIK 1O KAaHTYBaHHsI PU
pUiiMaHH1, TaK 1 MCJIA KaHTyBaHHS TIPY MIPUHMaHHI1, 3HWKEHHS cTaHOBUTh 4,4% 19,8%
BIZIIIOB1IHO.

- 3HU3UTH YaCTKYy CJIA01B 13 HasIBHICTIO Ae(PEKTy THUITy rpyOOi BKaTaHOI OKAJMHU Y
9,6 pazm.

5 IlpakTuuHe BUKOPUCTAHHS PE3y/bTaTiB JOCHIIKEHb.
PoGora Mae mnpakTuuHe copsiMyBaHHSA. Bcl TexHONOTiYHI 0COOIMBOCTI,

pO3po0JIeH] B MaricTepchkiii poOOTi, Oy BUKOPUCTAH1 Ha MPAKTHUIIl 1 JO3BOJIMIN

KOMO1HAaTy OTpuUMaTH MPHUOYTOK 3a paXyHOK PO3pOOKH HOBOTO BUAY MPOIYKINi. 3a



pesynbraramu pobotu 3 novarky 2023r Oysno BinBaHTaxkeHo 71057,61T., ToBapHUX
cis101B 13 ctani mapok S235 ( A120, A160, A180,) TaS355 (A320, A340) TOBUIMHOIO

150-200mMm., Ta cyMapHUM €KOHOMIYHUM edexTom 4,973 MiH nonapis.

6 BucHoBKH

[TpoBeneHi mocmiKeHHS T03BOJISAIOTh 3pOOUTH HACTYITHI BUCHOBKH:

1. B pob6oTi mpoBeneHO aHaji3 JiTeparypu Ta TOPIBHAHHS TEXHOJIOT1H
BUTOTOBJICHHSI KaTaHUX TOBapHHUX CJS0IB Ha PI3HUX MiANpPUEMCTBaX. BumaiieHo
OCHOBHI TEXHOJIOT14HI ()aKTOPH Ta BU3HAYEHO HAINpPSMKHU Ta 3a/Ja4l B MPOBEIACHHI
JOCII)KEHb

2 JIonaTKOBO Y3rOIMIM MPOBEACHHS IOCIIIKEHHS MaKpOCTPYKTYpH CIIA01B
13 mianpueMctBoM TTPAT «k KAMET-CTAJIb». Ockinbku Taka TEXHOJIOTIYHA cXeMa
BUPOOHMIITBA BUKOPUCTOBYBAJIACS BIIEpIIIE, HA MiICTaBl «3arajdbHux BuMor NR480
DT RO5S E» Oynma pospobnena Tta ys3romkeHa 3 bropo Bepitac mnporpama
ceprudikaniifHux BUMIPoOyBaHb, TYH K yBIUIIIA METOIUKA BIIOOPY TEMIUIETIB BiJ

TOBapHUX CJSA01B AJI JOCHIIKEHHS MaKpOCTPYKTYpH 3rigHo 3 BuMoramu ASTM
E 381-2020 Ta ICTY 8975- 2019

3. JlogaTkoBO OpraHi3oBaHO KOHTPOJIb 32 MPOBEACHHIM MIKPOCTPYKTYPH B YMOBAx

[TAT «3amopikcTainb.

4. B xoni ocBoeHHs1 BUpOoOHUIITBA CisibiB ctam Mmapku S235JR ta S355JR, npu
IPOBEACHHI EKCIIEPUMEHTAIFHOT YaCTUHHU Ta aHaJli3y 37100y THX BIIACTUBOCTEH Oynu
HaJlaHI PEeKOMEHJallll 3TiAHO MaKpo- Ta MIKpO JOCHIIKeHb BU3HAYE€HI OCHOBHI
napameTpy TeXHoJorii (ski Oyl 3aKkpiluieHl y perjaMeHTI BUPOOHHUIITBA CTajl

mapku S235JR Ta S355JR),

5. KinueBum eranom po6otu Oyno orpumanss [TAT «3anopixkcTansy ceprudikary
06.09.2023 p. y BUREAU VERITAS ta RINA Ha BUpOOHMIITBO TOBapHUX CIIAOIB.

HasiBHicTh cepTH(dikaTiB Ha TOBApHI CIASOM A CyIHOCTaTl MIATBEPIKYIOTh Ha



KOMOIHATI SIKICHOI TEXHOJIOTii BUPOOHMIITBA Ta €(PEKTHUBHUM yHpaBIIHCHKUN

MeHepkMeHT 3riaHo 3 [ISO 9001:2015.

7 Indopmarris moa0 anpooarrii Ta ony0J1iKyBaHHs pe3yJIbTaTiB pOOOTH.

B po6oTi BUKIIaIeH] TEXHOJIOTTYHI MPUMOMU BUPOOHUIITBA KAaTAaHUX TOBAPHHUX
cia0iB crami mapku S235, S355 BUIUIaBIEHUX y TBOBAHHOMY CTaJICIUIaBHIIBHOMY
arperari (JICITA1) 3 moganpmMM po3IMBaHHAM Y 31UTKU Macoro 18,271. Pobora €
1HTeNeKkTyanbHo0 BiacHicTIO [IAT «3amopixkcranb», podora koHbI1IEHIIIHA, HE
nijysirae myOmikarii.

Pesynbraty, siki He € KOH(]1ASHIIITHIME, OITyOJIiKOBaH1 y poOoTi

Pashynskyi V., Liolko O. The use of the results of the macro and
microstructure research for the development of the production technology of
commercial slabs produced from ingots of low-carbon steel grade S355 for eu-assets
in the conditions of PJSC “ZAPORIZHSTAL”. International scientific conference
“MININGMETALTECH 2023 — The mining and metals sector: integration of
business, technology and education” : conference proceedings (November 29-30,
2023. Riga, the Republic of Latvia). Riga, Latvia : “Baltija Publishing”, 2023. Vol.
1.p. 102—-105.

DOI https://doi.org/10.30525/978-9934-26-361-3-31



https://doi.org/10.30525/978-9934-26-361-3-31

ABSTRACT

The topic of the work: "Improving the macrostructure and set of mechanical
properties of S 235J2 and S355J2 commodity slabs melted in DSPA-1 at
Zaporizhstal PJSC due to the optimization of production processes"

The work contains142 pages, 23 figures, 4 tables, 13 slides.

Presentation of the content of the work: The work presented in the master's thesis
is aimed at using the results of the macro and microstructure research in the
development of the technology for the production of commodity slabs made from
ingots of the low-carbon steel grade S 235J2 and S355 for EU assets in the conditions
PJSC "Zaporizhstal".

Object and subject of the study. The object of the study is the production
technology of S 235J2 and S355J2 steel, the subject of the study was the
investigation of the microstructure of commodity slab templates for contamination
by non-metallic inclusions, development of the technology of obtaining a given
chemical composition in the finished steel to obtain a stable set of mechanical
properties according to EN 10025-2019

The purpose and task of the work. Recognition of the requirements for the
macrostructure and complex, mechanical properties, commodity slabs and the
technology of forming the given parameters in the conditions of PJSC
"Zaporizhstal", the development of the methodology for the study of the macro and
microstructure of slabs while working out the technology for the production of
commodity slabs from S 235, S355 steel ingots, obtaining data on the parameters of
the macrostructure of slabs manufactured according to the proposed scheme and
developing recommendations for improving their quality in full compliance with
E10025-2019 for expanding the product line and obtaining additional profit for the
Zaporizhstal plant due to the development of this technology.

Research methods. The following methods were used in the work: first of all, it is
an analysis of a literary review of world practices. Analysis of the technical
capabilities of PJSC "Zaporizhstal" current statistical data on the mechanical
properties of steel S235, S355, with the aim of identifying areas of work, carrying
out industrial experiments on the basis of discovered patterns and identifying the
main areas in the work of a master's student, Studying the macro and microstructure
of templates selected from commodity slabs.

Research results. The technology for the production of S 235J2 and S355J2
commercial slabs with mechanical properties in full compliance with EN 10025-
2019 has been developed.



Scope. Production of first-class rolled slabs for further processing in accordance
with "STEEL GRADES DIRECTORY TDC 01/2022" Customers: Ferriera Valsider
SpA; Metinvest Trametal SpA (ERBU) Manufacturer: PJSC Iron&Steel Works
Zaporizhstal

Brief conclusions. In the course of mastering the production of rolled slabs of steel
grades

S235J2 and S355J)2, during the experimental part and the analysis of the obtained
mechanical properties, the main parameters of the technology were determined
(which were fixed in the regulations for the production of S 235J2 and S355J2 steel),

A) restrictions on the chemical composition of steel: C — no more 0.18%, Mn - no
more 1.60%, S - no more 0.025%, P - no more 0.025%;

B) only reversible cut and cast iron with a minimum flow sulfur content of 0.025-
0.030 are used in the smelting charge, and only metallurgical lime is used in filling
and proofing instead of limestone to ensure a low sulfur content in the finished steel
S<0.025%;

C) testing of new types of slag-forming and insulating slag mixtures was carried out
to ensure the reduction of the depth of shrinkage defects, as well as the improvement
of the quality of the slabs;

D) when rolling commercial slabs for EU-assets, it is obligatory to perform edging
of all rolls with a thickness of 300-400 mm, depending on the thickness of the order.

According to the results of the work, this is the shipment of 71,057.61 tons of
commodity slabs at the beginning of 2023. Metinvest Trametal SpA (ERBU) with a
thickness of 150-200 mm, with a total economic effect of 4.973 million dollars

KEY WORDS: S235J2 and S355J2, non-metallic inclusions, commercial slabs,
chemical composition, EN 10025-2019, economic effect, microstructure,
macrostructure, templates.



		2024-01-23T13:27:36+0200
	Лиолько Александра Александровна


		2024-01-23T14:20:13+0200
	Лобов Вадим Александрович




