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1. Po3po6Ka, nocinskeHHs i BIPOBAIKEHHS TEXHOJIOT i BUPOOHUIITBA HiAMUITHUKOBOI eJIeKTPOCTaJli MigBUIIeHO]

SKOCTi Ta KOHKYPEHTOCIIPOMOSKHOCTI

2. Development, research and introduction of production of high quality and competitive ball-bearing steel

Pedepar:

1. Inceprarnist NpUCBsAYEHA y3araJabHEHHIO i aHaJi3y TEOPETUYHUX Ta €KCIIEPUMEHTAIbHUX PE3YJIbTATIB NOCIiIKEHbD
BUPOOHULITBA MiJIIMITHUKOBOI CTaJli, PO3POOKK HAYKOBOTO OOI'PYHTYBAHHS i TOCIiIPKEHHSI TapaMeTpPiB HaCKpPi3HOi
TEXHOJIOTIYHOI CX€MH i IPOoLieciB BUIJIaBKU MeTasly-HalliBIPOLYKTY, [I03ai4HOi 0OOpOOKM CTasli B KOBLIi-Tleyi iy,
OKCUJHO(MDTOPUIKAIBbLiEBUMM 1IJIaAKAMU 3 PO3KUCJIEHHSIM i JIeryBaHHSIM (PepOCUIIiIKOMapraHlleM Ta BaKyyMyBaHHS,
17151 I IBUIIEHHS BUXOy TOTOBUX MAPTill IPOAYKLii 3a IJ100YyJISPHAMMU i OKCUIHMMHY CTPIYKOBUMMU BKJIIOUEHHSIMU. B
pOOOTi BUKOHAHO aHaJIi3 pe3ysIbTaTiB KOHTPOJIIO IKOCTI MiFINITHUKOBOI CTasli. BCTaHOBIIEHO, 110 3 MiABUILEHHSIM
BMICTY Yy CTaJli KaJbliil0 30i7IbIIYIOTHCSI BEIMYMHY 0aJIiB IJI00YJISIPHUX | OKCUIIHUX BKJIIOYEHb. JJocinKeHi axxepena
HAIXOIPKEHHS! y CTaJlb Kasbllilo, cepeq, skux ¢pepocuiniit @C65 (ICTY 4127-2002) Ta okcuaHO-PTOPUIKAIIbIIEBUM
myaK. BukoHani TepMoguHaMivdHi JOCTIIKEHHS peakiiil pO3KUCIEHHS MEeTaly-HaliBIPOAYKTy (hepoCIaBaMu:
®MH78, MHC25, MHC17, ®C65, a Takox Al i Ca, 1110 BiZHOBJIIOETHCS 3 OKCUAHOPTOPUL-KaJIbLIi€EBOTO LIJIAKY



KpeMmHieM amominiem. HaykoBo 06rpyHTOBaHa JOLiNbHICT PO3KUCJIEHHS i JleryBaH-Hs CTaJi
depocunikomapranuem MHC17 (ICTY 3548-97) B3amin ¢pepomapranio (ICTY 3547-97) 3 obMeskeHUM
BukopuctanHsam OC65. [IpoananizosaHi (azosi piBHoBaru y cucremi Fe-C-O-Al-Ca-Mg (3rigHo JaHux

[T MuxaiinoBa). 3 BUKOPUCTaHHSIM €HEProJAUCIEPCIHOIO CIIEKTPOMETPY Ha €JIEKTPOHHOMY Mikpockomni JSM 6360
LA, SIKui1 OCHalEHUN CUCTEMOIO [IJIs1 TPOBEAEHHs MikpoaHaisy PCMA, nociimkeHa MiKpOCTPYKTypa
rerepoQaszHux II100yJsIPHUX i OKCUIHUX BKJIIOUEHD Y 3arOTOBKax i copToBoMy mpokarti crani [IX15CI-B.
[TpoaHanizoBaHi aaHi mopo BrinuBy CaF2 Ha padiHyloun BIaCTUBOCTI OKCUIHO-(PTOPUIKAJIbLi€BUX IIJIAKIB.
[MinTBepmxeHO, wo CaF2 nigpuilye akTUBHICTD 3aKUCY 3aiiza aFeO y mu1aKy, a TaKOK OKMCJIIOBAJIbHUN [IOTEHIIial
mJ1aKy i crasi. BUKOHaHO KOMIT'I0TepHe TepMOJMHAMIYHE MOJIE/IIOBaHHS PIBHOBa)KHOT'O CKJIaAy yCix MOXKIMBUX (a3
y ra3oBiil ¢asi, 17151 SIKUX NapLiajibHU TUCK He HuK4de 10-25 aTM. BcTaHOBIIEHO, 110 B IOCTI)KyBa-HOMY UHTEpBali
temnepatyp 1300-1800 °C Begydnmu 3'eqHaHHSIMU ra3oBoi ¢asu € CaF2, OAIF2 u AlF, o nigTBepaKy€eThCs
PO3paxOBaHMMMU 3HAYEHHSIMU TapLiabHUX TUCKIB jleTKux propuis (1800°C, atm.): PCaF2 =1,06"10-2 POAIF2 =
5,61710-3; PAIF = 2,14710-3. IIpoBenieHO aHasi3 pe3yJibTaTiB BUIJIaBKY i padinyBaHHs crani [IX15CI-B 3
BHUKOPHUCTaHHIM ¢pe-pocuiikomapranio MHCI7. [JoBeneHo, 10 po3pobiieHa iHHOBalliHa TEXHOJIOTis BUPOOHMUIITBA
crasi IIX15CI-B i IIIX15-B 3a6e3nedye cTabinbHMIl BUXif IAPTiil 3arOTOBOK i COPTOBOTO MPOKATY Pi3HUX PO3MipHHUX
TPYyI 3 [I€PIIOTO 3/1aBaJIbHOTO KOHTPOJIIO IJI00YJIIPHUX i OKCUIAHUX CTPIYKOBUX HEMETAJIEBUX BKIIIOUYEHD Y
BignosigHocTi 3 'OCT 801-78 i ASTM E-45 (metog A), DIN 50602 (MeTog, K) i mifjBuilye nokasHUK BUXOAY TOTOBOTO
npokary 3 63-70% 1o 92-98%, a 10 OKpeMHM pO3MipHUM IpyIiaM MeTasnon-poaykuii go 100%. [lutomi BuTpaTu
(depocnnasiB ckopodeHi Ha 15%. 3arajibHuil eKOHOMIYHMIT eekT 3a nepion 2008-2011 p.p. cknagae 1,661 MyH. rpH.
HoBusHa i mpomucioBa KOPUCHICTb po3p06JieHOI i BIIPO-Bai’KEHOI y IPOMHUCJIOBE BUPOOHUIITBO iHHOBALli1HO]
TEXHOJIOTII CTasli NiMUITHUKOBOIO COPTaMEeHTy 3axulleHi nareHToM N2 98284 (Ykpaina). "Criocib BuIIaBKu

HiAMUITHUKOBOI cTasi" 3 mpioputeToMm Big, 25.04.2012 p.

2. The thesis is devoted to the synthesis and analysis of theoretical and experimental research and in-dustrial
implementation of production of ball-bearing steels ShH15SG-V, ShH15-V in electric furnaces of PJSC
"Dneprospetsstal”. Data analysis of the ball-bearing steel quality in recent years (2003-2006) has shown its decline
mostly by presence of globular and oxide inclusions due to increased calcium content. The sources of calcium and
its content variations at all stages of steel production have been analysed. It was found that one of the major
calcium sources is commercial ferrosilicon FeSi65 (DSTU 4127-2002) with has non-regulated varying calcium
content (0.3-0.6% Ca). The key provision of new technology of steel production is the diversification of ferroalloys
use, es-sentially exclusion of ferromanganese FeMn78 (DSTU 3547-97) and application of MnSil7 (DSTU 3548-97)
and ferrosilicon to adjust the silicon content. Thermodynamic analysis of the reactions of semi-product metal
deoxidation with Mn, Si, Al and Ca coming from ferrosilicon and reduced from slags by silicon and aluminium has
been carried out. The phase equilibria were analyzed in the Fe-1%C-0O-Al-Ca-Mg system according to G.G.
Mihailov. The mi-crostructure and composition of heterogeneous globular and stroke-like oxide inclusions in
billets and rollings of ShH15SG-V steel were investigated using energy-dispersive spectrometer with an electron
mi-croscope JSM 6360 LA and microanalysis REMMA 101A. Application of imported low-Ca ferrosilicon has
demonstrated reduction of globular inclusions in 21 experimental heats, but simultaneously it led to increase of
oxide inclusions, so the total metal quality was not reduced. The effect of CaF2 additions on the stability and acting
capacity of refining slag was ana-lysed for processing steel in the furnace-ladle combination and the increase of
FeO activity in the slag has been confirmed. Computer thermodynamic modelling of the equilibrium compositions
of all possible phases in the gas phase (for which the partial pressure of not less than 10-25 atm) has been carried
out. It was found that in the temperature range 1300-1800°C leading compounds of the argon-rich gas phase are
CaF2, OAIF2 and AlF, with their partial pressures at 1800°C (atm) 1.06710-2; 5.61™10-3; and 2.14"10-3 re-spectively.
The technology of smelting and refining of ball-bearing steels ShHI5SG-V and ShH15-V has been developed and
implemented by PJSC "Dneprospetsstal” using silicomanganese alloy MnSil7. The yield of billets and rolled steel
from the first commissioning of control according to GOST 801-78 and ASTM E-45 (Method A) has increased from
63-70% (conventional technology) up to 92-98% in developed new technology. Specific consumption of ferroalloys
was decreased by 15% per each ton of steel. The eco-nomic effect of new technology commercialization is 1,661



mln hryvna. The novelty of the technology has been protected by Ukrainian patent N2 98284 "Method of bearing
steel smelting" (with priority from 25.04.2012)
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