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OJOCIIAXXEHHSA BIVIMBY MOAU®IKYBAHHSA BUCOKOAUCIIEPCHUM
KAPBIJOM KPEMHIIO HA IIIVIBHICTb TA MAKPOCTPVYKTVYPY
BMNJINBKIB 13 BTOPMHHOT'O CIIJTABY CUCTEMMU AL-SI 3A PI3HUX
TEIVIO®I3NYHNX YMOB 3ATBEPAIHHS

AHomauis. I[Ipedcmaeneni  pesynemamu  00CNiOMEHb  BU3HAYEHHS  BNJUBY
MOOUiKy8aHHs 8MOPUHHO20 AIIOMIHIEBO20 JUBAPHO20 chaasy cucmemu Al-Si
gucokoducnepcHum kapbioom kpemuino mapku F1200 3 po3mipom uacmox 1 — 3 mkm y
kinekocmi 6id 0,1 do 0,3 mac.% Ha wineHicmes AUMO020 Memany ma Makpocmpykmypy
UuniHopuuHux eunuekie eucomow 150 mm ma cepedHim diamempom 50 mm, wio
ompumaxi aummsm 68 KOKilb ma 6 niwaHo-2auHucmy ¢opmy 3 000a8aHHIM
gucokooucnepcHozo Kapb6idy Kpemiwo. JocnioweHHs WilbHOCMi Memany 6uJUBKis,
3a1umux 8 KOKilb ma niwavo-2iuHucmy gopmy, uwjo nposodunu 3a 00NOMO2010
2idpocmamu4Ho20 36aXCy8aHHS 3PA3Kie HA AHANIMUUHUX 8d2aX, NOKA3ANU HASABHICMb
gniugy ModugikysanHs ma mennoQizuuHux ymo8 3ameepoiHHS Ha 8i0n08ioHi
nokasHuxu. B memanesiii ¢popmi weudkicms 3ameepdiHHa cniasy suuia i cmpykmypa
cmae Oinbll WiNbHOW (WIiNbHICMb 3paA3Kie suauskie, wio ompumadi 8 III'O, Ha 2,7%
MeHUIA 8 NOPIBHSAHHI 3 BUJIUBKAMU, W0 OMPUMAHMI 8 KOKiji). YV 3pa3kax eujuekis, uio
Oyau 8ionumi 8 niwaHo-2auHucmy ¢opmy, 3i 30invuwieHHAM Kinrvkocmi SiC 3Hauyuioi
3MiHU wineHoCcMi cniagy matixe He 8id06ysaemoca. Ompumari daHi ceiduames Makox
npo me, wo, i cnoCi6 oMpuUMaHHs 8UIUBKI8, i MOOUDIKYB8AHHS cniasy enauawmsy Ha

lioz0 makpocmpykmypy.

Knrwouoei cnoea: OdocnioxicenHs, emopuHHuli sausapHuii cnnae cucmemu Al-Si,
MoOugikyeaHHs, kapbio KpeMHilo, 8UNUBOK, WiNbHICMb, MAKPOCMPYKMYypa
Bcrym.

Bigomo, mo mjs1 migBMUINEHHS SIKOCTi JMBapHMX CIuiaBiB cuctemyu Al-Si
BUKOPUCTOBYETbCSI, B TOMY UMCJIi, TEeXHOJIOTiE O0OpPOOKM IMOPOUIKOBUMMU

MmoaudikaTopamu [1]. OKpeMe Mmiclie B 1IIbOMY CEHCi 3a/iMalOTh BTOPMHHI aJlOMiHi€Bi
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CIUIaBY, IO TTOCTYMNAITBHCS 3a SIKICTIO MEPBMHHUM 3 NPUYMHU, B IIEpIIy 4Yepry,
HasIBHOCTi HeOa)kaHMX B KOHKPETHili Mapili CIUIaBy JOMIIIOK, SIKi MOTParsiioTh 3
IIMXTU B IIpolleci MeperyiaBy i BUKIMKAIOTh HEOOXiTHICTh B J0OJaTKOBUX
TEXHOJIOTIUHMX OIlepallisix 3 jeryBaHHs, padiHyBaHHS Ta moaudiKyBaHHS, IO, B
CBOIO uepry, HeraTMBHMM YMHOM BIUIMBA€ Ha cobiBapTicTh. OgHAK, BUKOPUCTAHHS
BTOPUMHHUX aJIOMIHI€BMX CIUIaBiB [JISI BUTOTOBJIEHHS BWJIMBKIB 3a/IMIIAETHCS
MEepCHeKTMBHMM CcaMe 3 TOYKM 30py €eKOHOMIUHOi pgouinbHOCTi. Tomy
IIPOIOBKYIOTHCS TOC/IIKEHHS BIUIMBY 3a3HaUeHMUX METOMiB 00pOOKM, B TOMY UMCJIi,
moaudikyBaHHsI BucokoaucnepcHum SiC, Ha JAMBapHi BJAACTMBOCTI Ta SKiCTh
OTPMMYBAHOrO BuiMBKa [2]. 10 3HAUylIMX BJIACTUBOCTEM MOXKHA BiJHECTU TaKOX
IIiIbHICTh CIUIABY Ta HAsBHICTh MakpomedeKTiB, 30KpeMa IIMNapucTOoCTi, B JIUTOMY
MoauGikoBaHOMY MeTaJli 3a pisHUX TermI0di3MUHMX YMOB 3aTBEpIiHHS.

AHati3 JiTepaTypHUX JaHMX Ta 3aBJAHHSA JOCTiIKeHHSI.
BTopvHHMM aniOMiHi€EM Ha3MBalOTh aJIOMiHI€BI CIJIaBM, OTPUMAaHi LIJISIXOM

neperjiaBy JoMy Ta Biaxo#iB [3]. Binblile cTa poKiB TOMY TeXHOJOTisSI IepepoOKu
aJIOMiHI€EBMUX BiZXomdiB Oysa my>ke IMPMMITMBHOIO, YCi IIpolecy oOpoOKM Ta IIaBKuU
BUKOHYBIM BPY4YHY. BiylydeHHSI MeTany B TOTOBY MPOAYKILil0 HE MepeBullyBaso 73
- 75% [4, 5]. BHac/mimok HM3bKOI SIKOCTi OTPMMaHHOIO BTOPMHHOTO aJIOMiHil0 ii0T0,
B OCHOBHOMY, BMKOPUCTOBYBaJIM B YOPHili MeTanyprii s pPO3KUCAeHHS cTati. Y
MOJAJbIIOMY alOMiHi€Ba MPOMMCIOBICTb (BMPOOHMUIITBO aJIOMiHiI0) OTpMMasa
3HAUHMII PO3BUTOK, 1[0 3a6e3Meunsio nMpoKke BIIPOBAIKeHHS aJIlOMiHi€BUX CIIaBiB
B MalIMHOOYIyBaHHi, TPAaHCHOPTi Ta MOOYTi. BHACTIZOK 11bOr0 YTBOPEHHS BigXO[iB
Ta JIOMY aJIIOMiHiI0 Ta J0ro CIUIaBiB IIBUIKO 3POCTAJIO Ta SIKiCHA Iepepobka ixX crana
BOKIMBOIO HapOJHOTOCIIOAAPChKOW 3amaveto. I[IpoTe, 3aBoau, IO 3aifHSTI
BUMPOOHUIITBOM BTOPMHHOTO aJIIOMIiHiI0, Ille JOBI'MIf Yac 3a TEXHIYHMM OCHAIIeHHSIM
Ta KyJbTYpPOIO BUPOOHMUIITBA 3aJUIIMINCSI HEJOPO3BMHEHUMMM 3 TOUKU 30Dy
BiJITIOBiIHOCTi TTOTpeb6aM y cIiaBax 3 ¢Qi3MKo-MeXaHiYHMMM XapaKTepUCTUKaMU, 110
HaOIVKeHI 10 aHaAJOTiYHMX XapaKTepUCTUK TEepBMHHUX CIUIaBiB. B maHmMii vac
BTOPMHHMIA aIIOMiHili OTPUMYIOTh Ha BeJMKUX CIIellia/li30BaHMX 3aBOJIAX
MIOTYKHICTIO TTOpSAKY 50 Tucsu TOH Ha pik. Ha 1ux 3aBojgax BMPOOHMYI ITpoliecy B
3HAuHili Mipi aBTOMaTM30BaHi, a TEXHOJIOTisI 6a3yeThCsl HA CydacHOMY O0JiaJHaHHI

(crieKkTpabHi MeTOAM BUIIPOOYBAaHHSI CMPOBUHM Ta KOPUTYBAHHS pO3IIaBy, IJIaBKa
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B CleliayIbHMX TleYax, ITaKeTyBaHHS BiIXOMiB i T.4.) B pe3ynbTaTi IbOro BUIYUYEHHS
MeTaly B TOTOBY IPOAYKIil0 miaBuimiaocs a0 91,0 — 91,7%, a KiCTb BTOPMHHUX
aJIOMiHi€EBMX CILIaBiB 3HAUHO MOKpallyiIach, 3aBIASKM YOMY OiJibllla YacTMHA iX
BUKOPUCTOBYETHCS SIK TMOBHOIIHHMII MaTepiaa B MammMHOOymyBaHHi. IIIBumkmit
PO3BUTOK QJIIOMiHi€EBOI MPOMMCIOBOCTI OyJe CIpuUsITH MiABUIIEHHIO Y KijlibKa pasiB
00csITy BUpOOHMIITBA BTOPMHHOTO a/IIOMiHil0. B TemepilHii yac y cBiTOBii mpakTuiri
3[iMICHIOIOTBCS MPOEKTU 3aBOJIB BTOPMHHOI KOJBOPOBOI MeTaMyprii ¢ MOTYKHICTIO
amoMiHieBoro BupoOHMITBa 80 — 120 THCAY TOH, IO 06JamHAHI €JIeKTPUIHUMMU
iHIYKUiAHMMM TIaBUIBHUMM Ta BaKyyM-AUCTUISIIHMMY padiHyouuMy redyamu 3
KOMILJIEKCHOI0O MeXaHi3aIli€elo Ta aBTOMATM3aIli€l0 BUPOOHUUYMX IIPOILIECIB.
P03po6/SIIOTbCSI HOBi TEXHOJIOTiYHI IIpoIlecH IIiATOTOBKM i TUIaBKM OpyxTy Ta
BiIxomiB i padiHyBaHHS OTPMMAHOIO PO3IUIABY 3 METOI 3HAYHOIO IMiABUIIEHHS
SIKOCTi BTOPMHHMX aJIIOMiHi€BUX CI/IaBiB.

BropuHHa anoMiHi€eBa CHMpOBMHA MOyKe pi3HOMAaHITHa 3a BCiMa BUIAMM
Kiacudikamii 6pyxTy Ta BimxomiB. 3HauHa ioro dyactuHa (o 40%) — cTpyKka, II0
YTBOPIOETHCS P MeXaHiuHiii 06poOIli aJfoMiHiI0 Ta 10ro CIIaBiB. AOMiHieBMik
OpyXT Ta BiIXOAM MOXYTh OYTM IIpeICTaB/ieHi TaKOX ITOKOBKaMM, BUJIMBKAMMU,
npodisibOBaHMM MMPOKATOM, JIMCTAMU, IIPYTKaMu Ta APOTOM, (PoJIbrolo Ta iHIIMMU
Mmarepiasiamu. [>kepesamMmy yTBOPE€HHSI BTOPMHHOI aJlOMiHI€EBOI CUPOBMHU TaKOX
MOKYTb OyTU JeTasli MallMH, JiTaKOBUit OPYXT, OPYXT aBTOMOOITbHMUX i aBialliiHUX
IBUTYHIB, Pi3HMX MpPUIaiB, MOOYTOBMX Ta €JIEKTPOTEXHIYHMX BUPOOIB Ta iH.
[TepepobKka BTOPMHHOI aJIOMiHi€EBOi CMPOBMHM B JaHMI Yac IIPOBOAUTHCS IIISIXOM
JIOTO mMeperviaBleHHSI ITlepeBa)XHO HaA CIUIaBM MEeBHOro ckiaapy. [as IutaBKu
aJlOMiHieBOro  OpyxXTy i  BigXomiB  3acTOCOBYIOTb  BigOMBHI,  IIaxXTHi,
KOpoTkobapabaHHi (10 00epTaloThbCs), i eNeKTpUuHi iHAyKuiliHi neui. Haiibinbiie
MIOIIMPEHHS 10 I[bOTO Yacy Y BTOPMHHIM MeTalyprii ajqioMiHil0 MalOTh BigOMBHI
Tevi, OraifoBaHi pigKMM abo ra3onoAiOHNM IMaJMBOM, a TAKOX ixX cymirmio. [TraBka
aJIOMiHi€EBMX CIUIAaBiB y BiZOMBHMX ITeuax NMpUAATHA IJIs1 IIepepoOKM MPaAKTUUHO BCiX
BUiB BTOPMHHOI CMPOBMHM Ha OCHOBIi ajoMiHil0. BOHa xapakTepusyeTbCsl OOCUTD
BMCOKOIO TIPOAYKTUBHICTIO, TPOCTOTOI KOHCTPYKIi meui Ta il TeXHOJOTiYHOI0
YHiBEpCaAJAbHICTI0O Ta TMOPiBHSIHO HEBEJUKUMM eKCIUTyaTalliilHUMM BUTpPaTaMu.

Big6uBHi meui ajOMiHi€eBOro BUPOOHMIITBA PO3PIi3HSIIOTHCSI MiXK 00010 (OPMOIO
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MiYHOI BaHHM, MICTKiCTIO, KiJIbKiCTIO POOOYMX KaMep Ta CIIPSIMOBAHICTIO PyXy
ra30BOr0 IOTOKY IO BiJHOIIEHHIO A0 MepeTikaHHS po3iuiaBy. MiCTKiCTh BimOMBHMX
reuveit amomiHieBoi I1wiaBky craHoBUTH 10...50 T1. Haii6inpil [gOCKOHAJIMMU
BiIOVBHMMM II€UaMM IS IIJIABKM BTOPMHHOI aJIFOMiHi€BOI CMPOBMHM € IBOKaAMEpPHi
revi mMpOTUTOYHOTO TUITY.

EdexkTBHMM croco60M MigBUINEHHS MeXaHiUYHMX BJIACTMBOCTEN BUPOOIB 3
BTOPMHHMX aJIIOMiHi€EBUX JMBAapHMX CIUIaBiB € 3MiHM Mopdosorii da3, 1o
KPUCTai3yIOThCs, 32 paXyHOK 3aTBepHiHHS i MoAaudiKyBaHHS iX, B TOMY YMCJi, Y
SICKPaBO BMPaKeHUX HEePiBHOBAXHMUX YMOBax [6 - 9]. 3aBAsSKM LIbOMY CTBOPIOIOTHCS
YMOBM i1 TIOAPiOHEHHSI CTPYKTYPHUX CKJIQAOBMUX, 3HAUYHOTO ITiIBUILEHHS
PO3UMHHOCTI Yy TBEPAOMY CTaHi, MNPUIYIIEHHS 3POCTAaHHS TPyOMX BKIIOUYEHD
TepBMHHMUX iHTepMeTanimiB. lle, B CBOW0 dYepry, poOUTh 3HAUYIIMii BIUIMB Ha
BOCTpeOyBaHMIT (3 TOUKM 30py EKCIUIyaTaliiHMX XapaKTePUCTUK) PiBeHb SIKOCTi
JUTOTO MeTaly, A0 CKJIagOBUX SIKOTO, B TOMY UMCIi, BigHOCSTBHCS ITOKAa3HUKU
I[iIBHOCTI Ta MAaKpOCTPYKTypa OTPUMYBaHMX BWIMBKIB. ToMy aKTyaJbHUM
3aBIAHHSIM TIPECTAB/ISIEThCSI OTPUMAHHS HAYKOBO-OOTPYHTOBAHMX pe3y/IbTaTiB
IOCTi/I>KeHb IOAO0 BM3HAUeHHSI 3a3HaueHMX IlapaMeTpiB BTOPMHHMX JIMBApPHUX
criaBiB cucteMu Al-Si.

MeTo10 po6OTHU € BU3HAUEHHS Ii/IbHOCTI BTOPUMHHOTO CIUIaBy cucteMu Al-Si,
1m0 moaudikoBaHuit obaBkamu BucokomuciiepcHoro SiC y kinbkocti 0,1 - 0,3 mac.%
y TIOPiBHSHHI 3 HeMoAM(iKOBAaHMM CIIJIABOM TP JIUTTI B KOKiJIb Ta 00’€MHY MillIaHY
dbopmy, a TakoXX aHa/li3 MaKpOCTPYKTYpM BUJIMBKIB, 10 OTPUMMAaHi 3a 3a3HaueHUX
YMOB 3aTBEpPIiHHS.

Marepianu Ta MeTOAM IOOCHIAKeHb. [Iji1 MpoBeleHHS MOOC/iIKeHb i3
BTOPMHHOTO ajlOMiHi€BOrO cIjiaBy (Tabs. 1) BUTOTOBJS/IM BUWJIMBKU LMITIHIPUIHOI
dbopmMu B cTameBOMY BUTPSIXHOMY KOKiIi (puc.l), a TakoX B MilllaHO-TJIMHUCTI
dopmi (III'D) 3 Tiew X KOHiryparico Ta po3MipamMu poboY0i MOPOKHUHM. BmicT
moaudikaTopa y posmiaBi ckiaamas Big 0,1 mo 0,3 mac.%. B skocti moaudikaTopa
BUKOPUCTOBYBAJIM MOPOIIKOMOAiOHMIT Kap6in KpemHito mapku F1200 dpaxkitiero 1 —
3 MKM. 3aJIMBKY 3AilicHIOBau rpu Temnepatypi 690 — 700 °C. Posmnonin 3pa3kiB ajist

TIpOBeJIeHHS JOCiI)KeHb IMpeiCTaBJIeHuIi Ha PUC. 2.

ISSN-print 1991-7848 91
ISSN-online 2707-9457



“Modern problems of metallurgy” N2 27 - 2024

Tabmuug 1
XiMiuHMI1 CKJ1a[l, BTOPUMHHOI'O a/IlOMiHi€BOro CIUIaBy, Mac.%

Mg Cu Si Al Fe Zn Mn
0,528 | 1,124 11.539 | 84,969 0,905 | 0,692 | 0,242
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PucyHok 1 — Cxema BUTPSIXHOI'O KOKiJIIO

3pa3ku Ojis JOCiIpKeHb BUTOTOBJISIZIA 3 TEMIUIETIB, BUPi3aHUX 3 Tijla BUJIMBKIB

Y BiATIOBiJHOCTI OO CXeMU, 1110 IpeAcTaBjieHa Ha puUc. 2.
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PucyHok 2 — CxeMa po3iTy 3paskiB: 1 — aHa/li3 MaKpOCTPYKTYPH; 2 — HOCIiI>KEeHHS
BJIacTMUBOCTe: 2.1 — 3amip TBepaocTi meTany; 2.2, 2.3, 2.4 - MeTanorpadiuHi JoCTiIKeHHS,;
2.5, 2.6, 2.7 — pocnigskeHHS MiIbHOCTI; 2.8, 2.9, 2.10 — gocmigkeHHS
MeXaHIUHMX BJIaCTUBOCTEN
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AHami3 MakpOCTPYKTypU BWIMBKIB TPOBOAMIM 3 BUKOPUCTAHHSIM IIKAJIU
mmapucrtocti BIAM (puc. 3): 6an 1 — ngpibHa mimapucricth; 6an 2 — 3HMKEHa

HIIIAPUCTICTh; 6a 3 — cepeHs MITapUCTiCTh; 6as 4 — MiABUINEHA IIIAaPUCTICTh; 6aj
5 — BMCOKa IIMapUCTiCThb.
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PucyHoxk 3 - lllkana mmapuctocti BIAM

['a30By MIMapuCTiCTh TEMIUIETIB BWJIMBKIB BM3HAUaJIM Ha TPbOX KBagpaTax
TUIOLMHOKW 1 cM? KOXKHMI (pUC. 4).

PucyHok 4 — Cxema po3TalllyBaHHSI KBaJpaTiB Ha MakpoITidax

KinpKicTh 1mop Ta ixHili po3Mip BU3HavaaM SIK cepenHe apudMeTHUUHe TPbOX
BuMipiB. CTymiHb IIMApuUCTOCTi MakpouutipiB B 6Gajax BCTAHOBIIOBAIN
TOPiBHSHHSIM iX 3 €TaJIOHAMM LIKaJIN.

JocmigskeHHST MIIBHOCTI CIUIaBY MPOBOAMIM 3a AOMOMOIOI0 TiIpOCTaTUUYHOIO
3BaXyBaHHS 3pa3KiB Ha aHamiTMuHux Barax WA - 21 B mnoBiTpi Ta B
YOTUPBOXXJIOPUCTOMY ByTJelli 3 TouHicTio 10 0,001 r/cm3.

[IinpHicTh 3pa3KiB o6unc/IOBaMM 3a opmysomw (1)

P
p=—(5-2)+ 2
P-Q (1)
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e P — maca 3paska B MOBITpi, T;
Q - maca 3paska B CCly, T;
d — miispHicTh CCly — 1,5959 r/cm3;

A — minbpHicTD MoBiTps — 0,00122 r/cm3 .

PesynbTaTi gociaimkeHb. OTpyMaHi pe3yibTaTy OOCTiIKeHb 3pasKiB JIMTOTO

MeTasty (Tabs. 2) cBigyaTh IMpo Te, 10 mpoiiec MoaMbiKyBaHHS 30i/IbIIy€ MITbHICTD

CILJIABY.
Tabmuig 2
PesynbTaTy BU3HaYeHHS IiIbHOCTI JOC/TiI)KyBaHUX 3pa3KiB

YMoOBU Maca 3pa3ka B HlueHicTs
3aTBEPAiHHS MoBiTpi Maca spaska B | cruiasy,

: ’ CCly, 1 r/cm®
Koxdrb 6€3 | 1 164 0,481 2,715
Mo aubiKyBaHHS
Koxkinp+ 0,1SiC 1,516 0,641 2,761
Koxkinp+ 0,2SiC 1,873 0,782 2,735
Koxkinp+ 0,3SiC 1,414 0,595 2,752
Ir'd+0,1SiC 1,451 0,587 2,673
IIr'®d+0,3SiC 0,879 0,356 2,676

Lle meMOHCTpPY€ 3pa30K JUTOTO BTOPUHHOIO aJIFOMiHi€BOTO CIUIABY 3 KiJIbKIiCTIO
MmoaudikaTopa 0,1%, miinbHicTh sKOTO Ha 1,6 % 6isbIlla B TIOPiBHSHHI 31 3pa3kom 6e3
MmoaudikaTopa. 3 MiABMUINEHHSIM KibKoCTi Kapb6imy kpemuiro 3 0,2% mo 0,3%
HIiIJIbHICTh CIUIAaBY 3pOCTa€, IMpOTe, 3aJIUIIAETbCS MeHIow, HixX 3 0,1% SiC. V
3paskax, 110 Oy/au BiguTi B MilllaHO-TAMHUCTY (Popmy, 3i 36iblIeHHSIM KiJIbKOCTi
SiC 3MiHa IIiTBHOCTI CIJIaBY Maiiske He BilOyBa€ThCSI.

[MopiBHSUIBHUMIA aHa/i3 TMOKAa3HMUKIB ILIUIBHOCTI MeTally BU/IMBKIB, 3aJUTUX B
KOKiJIb Ta MilllaHO-IJIMHUCTY (HOopMy, MTOKa3aB, 1110 Teriodi3nyHi yMOBM 3aTBepIiHHS
TaKOX MaloThb CBiii BIUIMB. B MeTasneBiit hopmi MIBUIAKICTb 3aTBEPAiHHS CILJIaBY BUILIA
i cTpykTypa cTae GilbIl IIIbHOW (IIIBHICTh 3pa3KiB BWJIMBKIB, II0 OTpUMaHi B

[II'®, Ha 2,7% MeHIIa B MOPiBHSIHHI 3 BUJIMBKAMU, 1[0 OTPMMAaHi B KOKiJIi).
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MaxkpoCTpyKTypa BTOPUMHHOTO CIIaBy cuctemu Al-Si mocimimHMX BWIMBKIB

TpeicTaBieHa Ha puc. 5 - 7.

a
PucyHOK 5 - MakpoCTpyKTypa BUIMBKIB, 1[0 OTPMMaHi B KOKiJIi 6e3 MogudikyBaHHS (a) Ta 3
nmomaBaHHsaM 0,1 mac. % SiC (6)

MakpocTpykTypa BWINBKa, 110 He wMoAudikyBaBcs, BK/IOYae B cebe
30Cepei’)keHy IIMapuCTICTb Y BEpxXHiA YacTUHI Tila BWIMBKA, a TaKOX
po3ocepemKkeHy Y BCbOMY 10ro Tijli. 3a mikajoro mmapuctocti BIAM mannii gedext
BimmoBimae 3 6any — cepeqHs MMapuUCTicThb (puc. 5, a).

MaxkpocTpyKTypa 3pasKa, 3aJuToro B Kokiab 3 0,1% SiC, Ma€ KOHIIeHTpPOBaHY
yCagKOBY PaKOBMHY IMIMOMHOW 27 MM 3 rpyoumu tpimyHamu 10 — 12 MM B HUSKHI
YaCTUHI paKOBMHU. A TaKOX 30Cepe/iKeHy yCaJKOBY IIMAapUCTiCTh B BepXHilt 4aCTUHI
BUAMBKA. MakposedeKTy B HIKHIN YaCTMHI BUIMBKA BiACYTHi. 3arajoM, BUIUBOK

BifmoBimae 2-omy 6any — 3HIMDKEHA MITAPUCTICTh (puUc. 5, 6).
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PucyHOK 6 - MakpOoCTpyKTypa BWIMBKIB, 110 OTpUMaHi B KOKiJIi 3 jogaBaHHsIM 0,2 mac. %
SiC (a) Ta 0,3 mac.% SiC (6)

MaxkpoCTpyKTypa MeTa/ly BUJIMBKA, 110 3aJUTUI B KOKiJb, 3 0,2% SiC Bk/IOUae
KOHIIEHTPOBAaHY YCaJKOBY PaKOBMHY IMOMHOI0 30 MM 3 rpyommu TpimyHamu 12-15
MM B HVWKHIN 11 yacTuHi. [1i pakOBMHOIO yTBOpUIACS 30CepelskKeHa IIMapuCTiCTh,
[0 33 CBOEK KOHIIEHTPAII€l0 MEHIIa 3a IIMapucTicTb y 3pasky 3 0,1% SiC.
MaxkpopgedeKkTy B iHIIIII YaCTUHI Tijlla BUJIMBKA BiJICyTHi. BUIMBOK BifmoBigae 1-omy
OaJty HIMapMUCTOCTI 3a IIKaiokw mirnapuctocti BIAM — api6Ha (puc. 6, a).

MaxkpocTpyKkTypa BWIMBKA, IO OTpMMaHuii B Kokimi, 3 0,3% SiC, mae
KOHIIEHTPOBAHY YCaJIKOBY PaKOBMHY IJIMOMHOIO 26 MM 3 TPill[MHOIO 8 MM B ITpaBiii ii
YaCTHHIi, a TAKOX 30CepeKeHy yCaJKOBY IIMapUCTICTh, K i y BUuInBKy 3 0,2% SiC.
['a30Bi mopu B iHIIIV YaCTUHI BUAMBKA BiACYTHi. 3araloM MakpOCTPYKTypa BUIMBKA
BiAmoBimae 1-omy 6Gamy 3a mKajowo mmapucrtocti BIAM - npibHa

HITIAPUCTICTh (pUC. 6, 0).
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PucyHOK 7- MaKpOCTPYKTypa BUAMBKIB, 1[0 OTPUMaHi B MilllaHO-TIMHUCTI hopMi 3
nomaBanusaMm 0,1 mac. % SiC (a) Ta 0,3 mac.% SiC (6)

BisyanbHuii aHasi3 3pa3kiB BUIMBKIB, BiIJIMTUX B IMilllaHO-TAMHUCTY (HOpMY,
mo MmoaudikoBaHi Kapbimom KpeMHilo B Kigbkocti 0,1% Ta 0,3%, mokasas, IO
BWIMBKM 332 MaKpOCTPYKTYpOIO MiXX CO00I0 Maiiske He Bifgpi3HSIIOTbCS. B BepxHiii
YaCTMHi 000X BUJIMBKIB MPUCYTHS 30Cepe/isKeHa IMapucTicTb. B cepemnHi Ta B3I0BXK
6iuHoi moBepxHi BmwiIMBKa, moaudikoBaHoro 0,3% SiC, micTsTbCS Ta30Bi mopwu
pisHoro niameTrpy. MaKpoCTpyKTypa JMTOTO MeTaldy BiAmoBimae 1-omy Oany
HITTapUCTOCTI 3a mKanow BIAM (puc. 7).

BucHoBku

1. 3a pesyabTaTammu AOCTIIKEHb BCTAHOBJIEHO, IO IMIIJIbHICTh JIUTOIO
BTOPMHHOTO cIIaBy cuctemMu Al-Si, oTpuMaHOro B KOKii 3 MoaudikyBaHHSIM
Kapbigom KpeMmHilo B Kinbkocti 0,1%, 3poctae Ha 1,6% i ctaHOBUTDb 2,761 r/cM3 y
MOpiBHSHHI 3 He MoaudikoBaHMM MeTasioMm (2,715 r/cm®). 3i 36iablIeHHSIM BMICTy
Kapb6igy kpemHito mo 0,2% IIiibHICTh MeTany ckiagae 2,735 r/cm®, mo Ha 0,9%
MeHie, HiXx y BuiuBka 3 0,1% SiC. IIpu Bmicti SiC B KinbkocTi 0,3 Mac.% WHIibHICTD
MeTasy 3poctae Ha 0,6% i craHoBuUTh 2,752 r/cm®. IllinbHicTh MeTany BWIMBKIB,

OTPUMaHMX y MilllaHO-TIMHUCTIN GopMi 3 moaudikyBanusam 0,1% Ta 0,3% kapb6imy
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KpeMHilo, Ha 2,87% MeHIlIa MOPiBHSIHO 3 BWIMBKAMM, BIOJUTUMM B KOKIiJb, i
IopiBHIOE 2,673 r/cm® Ta 2,676 r/cM> BiATIOBiAHO.

2. BcTaHOB/IEHO, 1110 MAaKPOCTPYKTYpa JIMTOTO BTOPMHHOIO CIIJIaBy cucTeMu Al-
Si, mo He mimmaBaBcsi MOAM(IKyBaHHIO Ta 3aJMBABCS B KOKiJib, Ma€ HEBEJIMKY
yCagKoOBY PaKOBMHY Ta pO30CepeskeHy IIMapuCTiCTb y BCbOMY 00’€Mi MeTamy
BWINMBKA i BifIoBigae 3-omy 6asy 3a mkanaoio BIAM. MakpocTpyKTypa BUJIMBKIB, IO
MoaudikoBaHi BMCOKOAMCIIEPCHMM KapOigoM KpeMHil0 BK/IIOYA€ KOHIIEHTPOBAHY
yCaJIKOBY PaKOBMHY IMIMOMHOIO 26 — 30 MM 3 rpyoumu TpimmHamu 8 — 15 MM B
HVKHIl YaCTHHI paKOBMHU. A TaKOX 30CepesKeHy yCaJKOBY IIMapUCTICTh B BEPXHili
yacTuHi BuUAMBKA. MakpoaedekTu B HWXKHili 4aCTMHI BWIMBKA BiCYTHi. 3arajiom,
MakKpoCTpyKTypa BuauBKiB 3 0,1 — 0,3 mac.% SiC Ta 3aJIMTUMM B KOKiJIb, BiATIOBiga€
2-My Ta 3-My 6ay MIMapuUCTOCTi 3a 1Kanow BIAM.

3. JocnimkeHHSI MakKpOCTPYKTYpPM BWIMBKIB, BiIJIMTUX B MillAHO-TJAMHUCTY
dopmy 3 MomudikyBaHHSIM Kapbimom Kpemuiro 0,1% Ta 0,3 mac.%, mokasaau
HasSIBHICTb 30CepemkeHO0l yCcaJgKOBOI LIMAapMUCTOCTi B BePXHiili YaCTUMHiI BUIMUBKIB Ta
HasIBHICTh ra30BMUX MOP Ha OiUHii ITOBEpXHi, 110 BiAIoBigae 1-oMy 6aay 3a MIKAJIO0
BIAM. Takox IMpoBeeHMiT aHali3 MOKa3as, 110 BOHM He MAalOTh SICKPaBO BUPAKEHO1
KOHIIEHTPOBAHOI YyCaJKOBOi PaKOBMHM 1 BCSl IIMNApUCTICTb po30cepelskeHa 3
30BHIIIHLOTO OOKY BMJIMBKA, IIPU 1IbOMY, B BepXHiii UaCTMHi 06MIBa BUAMBKA MAIOTh

IpibHY 30CcepemKeHy MIapuCTiCTh.
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UDC 621.745.55
V. Selivorstov, Yu. Dotsenko, T. Selivorstova, L. Yvanova

STUDY OF THE EFFECT OF MODIFICATION WITH HIGHLY DISPERSED
SILICON CARBIDE ON THE DENSITY AND MACROSTRUCTURE OF
CASTINGS FROM THE SECONDARY ALLOY OF THE AL-SI SYSTEM

UNDER DIFFERENT THERMOPHYSICAL SOLIDIFICATION CONDITIONS

Presented are the results of research on determining the effect of modification of the
secondary aluminum casting alloy of the Al-Si system with highly dispersed silicon carbide
of the F1200 brand with a particle size of 1-3 ym in the amount from 0.1 to 0.3 wt.% on the
density of the cast metal and the macrostructure of cylindrical castings with a height of 150
mm and with an average diameter of 50 mm, obtained by casting in a metal mold and in a
sand-clay mold with the addition of highly dispersed silicon carbide.

Studies of the metal density of castings poured into a metal mold and a sand-clay
mold, carried out using hydrostatic weighing of samples on analytical balances, showed the
presence of the influence of modification and thermophysical conditions of solidification on
the relevant indicators.

In the metal form, the rate of solidification of the alloy is higher and the structure
becomes denser (the alloy density of the castings obtained in the sand-clay mold is 2.7%
lower compared to the castings obtained in the metal mold). The alloy with the addition of
0.1% SiC and poured into a metal mold has the highest density.

In samples of castings that were cast in a sand-clay mold, with an increase in the
amount of SiC, there is almost no significant change in the density of the alloy. The
obtained data also indicate that both the method of obtaining castings and modification of
the alloy affect its macrostructure. In particular, the macrostructure of the cast secondary
alloy of the Al-Si system, which was not subjected to modification and poured into the mold,
has a small shrinking sink and scattered porosity throughout the volume of the casting
metal and corresponds to the 3rd point on the reference scale.

The macrostructure of castings modified with highly dispersed silicon carbide includes
a concentrated deep shrinking sink with coarse cracks in the lower part of the shell. As well
as concentrated shrinkage porosity in the upper part of the casting. There are no
macrodefects in the lower part of the casting. In general, the macrostructure of castings with
0.1-0.3 wt.% SiC, poured into the mold, corresponds to the 2nd and 3rd sparring points on
the reference scale.
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Studies of the macrostructure of castings cast in a sand-clay mold with silicon carbide
modification of 0.1% and 0.3 wt.% showed the presence of concentrated shrinking sink in
the upper part of the castings and the presence of gas pores on the side surface, which
corresponds to the 1st point for reference scale. The analysis also showed that they do not
have a pronounced concentrated shrinking sink and all porosity is concentrated on the
outside of the casting, while in the upper part of both castings there is a small
concentrated porosity.

Keywords: research, secondary casting alloy of the Al-Si system, modification, silicon
carbide, casting, density, macrostructure
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