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Tema gucepranii:
1. BB TepMOCHIIOBOi OOPOOKM 3 BUKOPUCTAHHSIM €JIEKTPOMATrHITHOI [Iii Ha CTPYKTYPY Ta BJIACTUBOCTI Al-Si

CILJIaBiB

2. Influence of thermal & forced processing with using of electromagnetic action on structure and properties of Al-
Si alloys

Pedepar:

1. B gucepTauii oTpuMay noganbUnii pO3BUTOK YSIBJIEHHS IIPO OCOGJIMBOCTI IIPOLECY TEPMOCUIIOBOI 0OpPOOKHU
(TCO) B opuriHasbHUX MarHiToguHaMiyHUX ycTaHoBKax (M/IY) pinkux crisaBiB cuctemu Al-Si 3 BUKOpHUCTaHHIM
€Heprii eJIEKTPOMAarHiTHUX I10JIiB i TypOyJIEHTHUX TeUili, 3aBISKM YOMY 3a0€311e4yeThCsl YCYHEHHS HebaKaHOi
METaJIyprifiHOi CMIaJIKOBOCTI, CYTTEBE MOAPIOHEHHS CTPYKTYPHUX CKJIAOBUX CIJIABIB, MiJIBULIEHHS IX MEXaHIYHUX
BJIACTUBOCTEN, TOJIOBHUM YMHOM - IIJIACTUYHUX. BuzHaueHo panioHansHi pexxumu TCO 10~ i 3a€BTEKTUYHUX
criyMiHiB y M/IY i BCTaHOBJIEHO, 1O iX MpaKTU4HA peastidallis, MOPiBHAHO 3 TPAAULIMHUMU TEXHOJIOTISIMU
peareHTHOI 06pOoOKY PO3IIaBiB, cripusie GOPMYBaHHIO JUCIIEPCHOI i OOHOPILHOI CTPYKTYypHU TBEPLOro MeTany (B 3
pasy 3MEHIIYIOThCS PO3MipY 3epHA i 4aCTOK €BTEKTUYHOrO KPEMHIIO, y 3,5 pa3u - NEPBUHHUX KPUCTAJB KPEMHIIO),

B pe3yJIbTaTi Yoro BifHOCHE BUIOBXeHHs Al-Si criiaBiB y TBEpAOMY CTaHi (IIicsst TepMoo6pooku 3a pesxxumom T6 Ta



crielialbHAMU CTYIIHYaTUMU pexkumamiu, po3pobiaennmu B IMO im. I'.B. Kypatomoa HAH Ykpainu) 36ib11yeTscs B
2-3 pasu. IIpoTsarom Kinbkox roguH 36epiraetbcs edexT PisndHoro MoaudikyBaHHS CUIIYMiHIB, 2 OXOJIOIKEHHS
npuroroBaHoro B MJ1Y noesrekruyHoro Al-Si criyiaBy y nepegkpucTranizauiiiHuil nepiog npu noro
€JIEKTPOMAarHiTHoMy po3yiMBaHHi 3 M/IY B KOKijb Yepe3 BOJ0OX0JIOIKYBaHUI 5K0JI00 CIIpUsiE LOJATKOBOMY
NoJpi6bHEHHIO CTPYKTYpHU. [lofasnbiia iHTeHCHMBHA MJIaCTUYHA Aedopmallis - rigpoeKCTpysid i rigpoekcTpysis mif
BUCOKMM THUCKOM (3zilicHIoBasiack y JoH®TI im. O.0. T'ankina HAH Ykpainu) 3a6e3neuye aucrnepryBaHHs
CTPYKTYPHUX CKJIA[IOBUX CILJIaBY: YACTMHOK €BTEKTUYHOI'O KDEMHIIO Y JOEBTEKTUYHOMY CUIIYMiHi - 10 0,6-0,8 MKM,
a'y 3a€BTEKTUYHOMY - 10 1 MKM, PO3Mip KPUCTAJIiB IEPBUHHOIO KPEMHIIO 3MEHIIYETLCS 10 6 MKM, TIOBHICTIO
YCYBA€ThCS IEHIPUTHA JIKBALisl B TOEBTEKTUYHOMY CILJIaBi, Y 2 pa3u 306iJIbIIyeTbCS TBEPHAICTh JOEBTEKTUYHOTO i y
1,45 pasu - 3a€BTEKTUYHOTO CWIyMiHy. OTpUManu NoJasbiiuii PO3BUTOK YSIBJIEHHSI IPO MEXaHi3M TEeIJIOCUJIOBOI il
Ha pO3IUIaB BTOPMHHOrO cuiayMiny AK7 B kananax MY nipu iHinjaunii kepoBaHOro HUKJIIYHOTO HiHY-e(EKTY, 110
CYIIPOBOIPKY€ETbCSI CUJIOBUMU iMITyJIbCHUMU KOJIMBAHHSIMU TUCKY JBOX BUZIB (3 yactoToo 100 I'y i ammiTynoro 2-
2,5 kIla Ta yacrototo 2,5-3 I'ty i ammityzgomo 7-10 kI1a), 1oKkanbHUM NeperpiBaHHsAM po3mniasy (5o 3000 K) i
(opmMyBaHHSIM 30HU po3pimkenHs (10-12 kI1a). Bxxe micis 15 XB Takoi 06p0oOKM PiAKOTO CIIJIaBy KOHLIEHTpallis
BOJIHIO B HbOMY 3MEHIIYETHCS ¥ 3-5 pasiB, B 2-3 pa3y 3MEHILIYIOTbCS PO3MipU CTPYKTYPHUX CKJIQIOBHUX, Y T. 4.
inTepmeranizis. EdextusHicTs po3pobseHoro criocoby TCO mo- i 3aeBrekTnyHux Al-Si crinasis B MY
HiJTBEPAKEHA YCHIIHUMU JOCIiZHO-ITPOMUCIOBUMY BUIIPOOYBAHHSAMU, IPOBEAEHUMU BiTIN3HIHUMU Ta
3aKOPAOHHUMMU (PaxiBLUSIMU i yCTAaHOBaMHU, 30KpeMa, Jlep>KaBHUM FOCIIPO3PAXyHKOBUM MiAIIPUEMCTBOM

"AnmasinctpymeHT" HAH Vkpainu Ta Kopeiicbkum iHCTUTYTOM MaTepiano3HaBcTBa (KIMS).

2. In the thesis, there is further development of concepts of thermal & forced processing of liquid Al-Si alloys in the
original magnetodynamic installations (MDI) with using of energy of electromagnetic fields and turbulent flows
(TFP). It provides the elimination of unwanted metallurgical heredity, substantial refinement of structural
components of alloys, and increasing of their plastic properties, especially elongation. There are ascertained the
rational modes of TFP of hypo- and hypereutectic silumins in the MDI. Application of such modes promotes
forming of dispersed and homogeneous structure of solid metal in comparison with conventional reagent
treatment of melts. Due to TFP, the sizes of grains and parts of eutectic silicon are decreased in 3 times, and the
sizes of silicon primary crystals are reduced in 3.5 times. As a result, elongation of the Al-Si alloys (after T6 heat
treatment and special stepwise heat treatment developed in the G.V. Kurdyumov Institute of Metal Physics NASU)
is raised up in 2-3 times. Effect of physical modifying of silumins is kept during a few hours. The additional
refinement of structure of hypoeutectic Al-Si alloy prepared at the MDI can be realized by cooling of melt in the
fore-solidifying period at its electromagnetic pouring into chill mould through the water-cooled metal duct.
Subsequent intensive plastic deformation (performed at O.0. Galkin Donetsk Institute for Physics and Engineering
NASU) provides refinement of structural components (sizes of eutectic silicon particles in hypoeutectic alloy make
0.6-0.8 micrometer, and the same ones in hypereutectic alloy make to 1 micrometer). At that, dendritic
segregation in hypoeutectic Al-Si alloy is eliminated. Hardness of hypoeutectic silumin is raised up in 2 times, and
the same one for hypereutectic Al-Si alloy increases in 1.45 times. Also, there is further development of concepts of
thermal & forced processing of aluminium melt (AK7 silumin) in the channels of the MDI during initiation of the
controlled cyclic pinch-effect. It is accompanied by pressure fluctuations of two types (with frequency of 100 Hz &
amplitude of 2-2.5 kPa and with frequency of 2.5-3 Hz & amplitude of 7-10 kPa), local overheating of melt (up to
3000 K), and forming of underpressure area (to 10-12 kPa). Already after 15 min of such processing, content of
hydrogen in the alloy reduces in 3-5 times, and the sizes of structural components of alloy (including
intermetallides) decrease in 2-3 times. Efficiency of the developed method for TFP of hypo- and hypereutectic Al-
Si alloys in the MDI is confirmed by successful experimental-industrial tests, performed both domestic and foreign
specialists and enterprises, in particular, by State self-supporting factory "Almazinstrument" NASU and Korea
Institute of Materials Science (KIMS).
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