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®A30BBI COCTAB 3A3BTEKTUYECKOIO CUAYMUHA
ITP1 BLICOKOCKOPOCTHOM 3ATBEPAEBAHNUN

B. I IIENNEJIEBUY", O. B. 'YCAKOBA?,
JI. B. AIEKCAH/IPOB?, H. 0. CTAPOJIYMOB”

YBenopycekuii 2ocydapcmeennwiii ynueepcumem, np. Hezasucumocmu, 4, 220030, 2. Munck, Berapyco
I Meaicoynapoousiii 2ocyoapemeennviii skonoeuyeckuti uncmumym um. A. J. Caxapoea BI'Y,
yi. [loneobpoockas, 23, 220170, e. Munck, benapyce
Vpanvckuii pedepanvubiii yuusepcumem um. nepeozo Ipesudenma Poccuu B. H. Envyuna,
yi. Mupa, 19, 620002, 2. Examepunbype, Poccus

[IpencraBneHbl pe3yiabTaThl HCCiIeA0BaHus ()a30BOr0 COCTaBa 3a’3BTeKTHUYecKoro cmiymuHa Al — 16,0 at. % Si —
0,2 ar. % Fe. IIpoBeieH CpaBHUTENbHBIN aHAMM3 (Aa30BOTO COCTAaBA 0OPA3IOB, MONydeHHBIX mpu cpenneii (107 K/c)
u cBepxBbicokoii (10° K/c) ckopocTy oxyaxieHus paciuiasa. IIpu cpeHeii ckopocTH oGpasiisl 3aTBepIeBaId B rpadu-
TOBOH HM3JIOKHUIIE, CBEPXBBICOKAS CKOPOCTh OXJIAKICHUS paciiiaBa 00eCIeYrBaiach MPH M3TOTOBICHUU (OIBI METO-
JIOM CBEPXOBICTPOM 3aKalK/ U3 paciuiaBa. MeTooM PeHTIEHOCTPYKTYPHOTO M MHKPOPEHTICHOCTIEKTPAIIEHOTO aHAIN3a
YCTaHOBIICHO, YTO OBICTpO3aTBEpAEBIINE (POJIBIU COCTOST U3 MEPECHIICHHOIO KPEMHUEM TBEPJIOTO PacTBOpa Ha OCHOBE
aJIIOMUHUS, TUCHEPCHBIX YacTULl KpeMHUA U (a3bl TpoiiHoro coenuHenus AlFeSi,. CpaBHUTEIbHBII aHAIN3 pe3ylbTa-
TOB PEHTTCHOCTPYKTYPHBIX W PEHTICHOCIICKTPAIBHBIX UCCICIOBAHUN 00pa3IOB, MOJYUYCHHBIX IPH Pa3HBIX CKOPOCTSIX
OXJTaXKJICHUSI PacIlIaBa, MO3BOJIII YCTAHOBUTH, YTO IIPH BEICOKOCKOPOCTHOM 3aTBEPICBAHUU TIEPECHIIICHHBIN TBEPIBIN
pacTBOp Ha OCHOBE AJIFOMHUHUSI COAEPXKHUT 110 2 at. % Si.

Knrouesste cnoga: 3a3BTeKTHYECKHI CHIIyMHH; BBICOKOCKOPOCTHOE 3aTBep/eBaHue; (ha3oBblil COCTaB.
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The paper presents the results of the study of the phase composition of hypereutectic silumin Al — 16.0 at. % Si —
0.2 at. % Fe. A comparative analysis of the phase composition of samples obtained at an average melt cooling rate of
10% K/s and at an ultra-high melt cooling rate of 10° K/s was carried out. At an average rate, the samples solidified in
a graphite mold, and the ultra-high melt cooling rate was provided during the production of foils by the method of ultrafast
quenching from the melt. It was established by X-ray diffraction and micro X-ray spectral analysis that the rapidly solidi-
fied foils consist of an aluminum-based solid solution supersaturated by silicon, dispersed silicon particles and the AlFeSi,
ternary compound phase. Comparative analysis of the results of X-ray diffraction and X-ray spectral studies of samples
obtained at different melt cooling rates indicate that, during rapid solidification, the aluminum-based supersaturated solid
solution contains up to 2 at. % Si.
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BBenenune

CunyMuHBI 00NIAIA0T YHUKATBHBIMU TEXHUYECKUMHU XapaKTEPUCTUKAMU: MaJION TNIOTHOCTHEO, XOPOIITUMHU
MeXaHMYECKUMH CBOMCTBaMH, HU3KUM TEMIIEPATYPHBIM KOG PHUINEHTOM JIMHEHHOTO paciuupenus [1; 2], mo-
ATOMY OHH HanboJiee pacIpOCTPaHEHBI CPE/IN ATFOMUHUEBBIX CILIABOB. B CBS3M C MIMPOKUM HUCIIOIB30BAHUEM
CWJIYMUHOB B MallMHO-, aBHa- U PAKETOCTPOCHUHN OTPOMHOE BHUMAHHUE YAENAETCS YIYUIICHUIO UX HKCIUTya-
TaI[MOHHBIX XapaKTepUCTHK. Vccie[oBaHus U TEXHOIOTHYECKUE pa3pabOTKH, HAlIPABIICHHBIE HA MTOBBIIIICHHUE
MIPOYHOCTH U TUTACTUYHOCTH CIUIaBOB cUCTeMbl Al — Si 3a c4eT yMEHBIICHHs pa3MepPOB YaCTHIl KPEMHHUS,
BEJIYTCs 110 TPEM OCHOBHBIM HalpaBJICHUSIM. BO-1epBbIX, MOTU(PHUIIMPOBAHNE MUKPOCTPYKTYPHI CHITYMHUHOB
OCYIIECTBIISICTCS TIPHU J100aBKaX OTIEIBHBIX XUMHUYECKHX JJIEMEHTOB M MX KOMIUIEKCOB [3—5]. Bo-BTOpBIX,
pa3pabaThIBaIOTCS TEXHOJIIOTUH MUKPOJISTHPOBAHUS CHIIYMUHOB MUKPO- U HAHOUACTHIIAMU PA3IUYHBIX COCTA-
BOB [6—S8]. B-TpeTbux, U3y4yaeTcs BO3MOXKHOCTb HAIIPaBICHHOTO U3MEHEHUSI MUKPOCTPYKTYPBI U YIyUIIECHUS
MEXaHUYECKUX CBOMCTB 3a CUET YBEIUUCHHUS CKOpOCTU 3atBepAeBanus [9—12]. [locnennee aBnseTcst BBICOKO-
3((HEeKTUBHBIM CITIOCOOOM M3MENFICHHS CTPYKTYPHBIX COCTABIISIONINX CHITyMHHOB.

Merton cBepXOBICTPOI 3aKaJIKK U3 paciijlaBa — HauOoJIee TEXHOJIOTHYHBIN 1 pecypcocOeperarmuii crocoo,
o0ecreunBaroIIni BRICOKAE CKOPOCTH 3aTBep/ieBaHus. B 1aHHOM MeToe Mareprai B Bujie (hOJbr Moy4aeTcs
B PE3yJIbTaTe 3aTBEPEBAaHUs TOHKOTO CJIOS PACIUIaBa MOCJE €ro PacTeKaHus MO MOBEPXHOCTU BPAIIAIOIIErocs
KpUCTAIIN3aTopa. B 3aBUCUMOCTH OT TOJILKHBI CJI0S PACI/IaBa CKOPOCTh OXJIAXKACHUS COCTABIISICT 10°-10" K/c.
[Ipu aTOM 3aTBEpeBaHNE HAUMHAETCS MIPH [ITyOOKOM MEePEOXTKICHHH U TPOTEKAET MPH OOJIBIIIOM TPaTUCH-
Te Temnepatypsl [ 13—14], a, kKak U3BECTHO, MOBBIIICHHE CKOPOCTH OXJIAXKACHUS pacIuiaBa 00eCIeYnBaeT 13-
MEJIBYCHUE CTPYKTYPHBIX cocTaBisomux. [lokazano [15], uTo nst CUIyMUHOB pa3Mep BKIIOYEHUN KpEeMHUS
MOJKET OBITh YMEHBIIICH Ha MOPSI0K 110 CPABHEHUIO C KBA3UPABHOBECHOM KprcTayum3anuei. [Ipu Beicokocko-
POCTHOM 3aTBEepJCBaHUN HAOIIOMASTCs MOBBIIICHHE PACTBOPUMOCTH KOMITIOHEHT CBEepX paBHOBecHOH. [Ipen-
roJylaraercs, 4to B cruiaBax Al — Si pacTBOPUMOCTh KPEMHHUS B ATFOMHHUY 3HAUYNUTEIILHO ITPEBOCXOIUT PABHO-
BecHyl1o [16; 17]. OnHako yCTaHOBUTBH PAaCTBOPUMOCTH KPEMHUS — TPy[HAs 3a7a4a, MOCKOJIbKY, KaK PaBUIIO,
HEU3BECTHO, KaKas ero JIoJisl 00pa3yeT BKIIFOYCHUSI.

Ienp paboThI — UCCIIEIOBAaHUE DIEMEHTHOTO U (Pa30BOTO cOcTaBa OBICTpO3aTBEepACBINEH (HOJIBIH 3a3BTEK-
TUYECKOTO CHITyMHHA, CHHTE3MPOBAHHOTO METOIOM CBEPXOBICTPOH 3aKallki U3 pacIuiaBa MpU CKOPOCTH €ro
oxnaxnenus 10° K/c, 1 MaccHBHBIX 00pasIoB, NOTYYESHHBIX TPU CKOPOCTH OXJIKIACHUS U3 PacIliaBa 10° K/c.
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MaTepI/Ia.]'l])I U METOAbI

B kxadecTBe MCXOTHOTO HCIIONH30BAICS IBTCKTHUCCKUN MPOMBIIIICHHO BBIMTYCKAEMBI CHIIYMHH OCOOOM
gnctoTel AK120u cnemyromero cocraBa: Al — 12,2 at. % Si — 0,2 at. % Fe. 3asBTexTruecknil CHIIyMHUH, CO-
nepxxamuit 16,0 at. % Si, momyyasncs crnasneaneM AK1204 u kpemuus, umesiero yuctoty 99,999. Cocras
KOHTPOJIMPOBAJICS C IOMOIIBIO PEHTTEHOCIIEKTPAIbHOTO MUKPOAHAIN3a.

HcenenoBaHb! CTPYKTYphl CHITyMMHOB, CHHTE3UPOBAHHBIX TP CKOPOCTH OXJIakeHus pacrnasa 10° K/c (mac-
cuBHbIe 06pasis) u 10° K/c (6picTpo3atsepaenume Gpombru). MaccuBHble 06pasiibl pazmepoM 30 x 10 %2 MM
MOJTYYaJINCh TPH 3aCTHIBAHUM paciulaBa Ha BO3AyXe B rpaduToBoil m3noxuuue. Jis odbpazoBanus (onbru uc-
T10JIb30BAJICS. ME/IHBIN KPUCTAJTN3ATOP B BHJIE TIOJIOT0 OapabaHa, BPAIIAOIIHMICS CO CKOPOCThIO 25 00/c. JInHeii-
Hasi CKOPOCTb JIBIDKCHHSI €0 OOKOBOM IMOBEPXHOCTHU cocTaBisiia 15 m/c. @onbra nosyyanack nocie 3arBepie-
BaHMs TOHKOTO CJIosi pactuiaBa. ITpu ero Tommmae 50—60 MKM CKOPOCTh oXMaxaeHus gocturama 10°—10° K/e.
®onpru uMmenu TommuHy S0—60 MM, rpuHy 10 15 MM 1 amuay 8—10 cM.

AHanu3 371eMEeHTHOTrO U (a30BOro COCTaBa MPOBOAWIICS Yy NPUIETAIOIIEH K KPUCTAIIIM3aTOPy IOBEPXHOCTH
¢onbru (cropona A), y IpoTHBONOJIOKEHHOM TOBEPXHOCTH, 3aTBEpAEBAOLIeH Ha Bo3ayxe (ctopoHa B), a Taxke
B ceyeHuH (onbru. st mpUroToBIEHNs! IPOAOIBHOTO U MONIEPEYHOr0 cedeH (HOIBIM UCTIONb30BaJIach IIIH-
(oBaspHO-TIONMpOBaIbHAs ycTaHoBKa TegraPol-25. IlonupoBaHue TpoBOAMIOCH MO TEXHOIOTHUH U C UCTIONb30-
BaHMEM PACXOIHBIX MarepuanoB GupMsl Struers (Janust).

MHUKpOCTPYKTypa CIUIaBOB UCCIIEA0BATACh C IOMOIILBIO PACTPOBOIO AIEKTPOHHOrO MUKpockona LEO 1455 VP.
Pacnipenenenue 3meMeHTOB IO TOBEPXHOCTSIM (DOJIBTU M MOMEPEIHOMY CEUEHHIO M3y4alloch C MCIIONIb30Ba-
HUEM PEHTI€HOCIIEKTPaIbHOTO MUKPOAHAIN3aTopa C SHEProIUCIIePCHOHHBIM JieTekTopoM Aztec Energy Ad-
vanced X-Max 80 npu yckopsitornux HanpsikeHusx 10 u 20 kB. ®a30BbIii cOCTaB CIUIABOB ONMPEACIISIICS TyTEM
PEHTIeHOCTPYKTYpHOTO aHann3a Ha audpakromerpe Rigaku Ultima [V B MegHOM M3ITydIeHHH.

Pe3y.111,TaT1,1 H UX oﬁcymlle}me

OOmmit BUI MEKPOCTPYKTYD, MTOJTYYCHHBIA B OTPAKEHHBIX AJICKTPOHAX HA PACTPOBOM JIEKTPOHHOM MHKPO-
CKOIIe, B CEUYEHHH MACCHBHOTO 00pasia (CKOpOCTh OXIaxeHus paciviaBa 10% K/c) u GwicTposaTBepreBieit
donbru (ckopocTs oxmaxaenus pacmiasa 10° K/c) mpusenen Ha puc. 1. B MaccuBHOM 06pasiie YeTKO BbI-
JISIISIOTCSL CEPhIe BKIIFOYCHHS PA3IMYHBIX Pa3MepOB, SpKue Oesible BKIFOUSHHS U TeMHasi MaTpulia. B ObicTpo-
3aTBep/ieBIIel (oabre y CTOPOHBI, MPIJIETAIONIEH K KPUCTAILIH3ATOPY (BEpXHsIS 4acTh PUCYHKA), 3aMETHBIX
BKJIFOUCHUW HET. B ocranbHOW YacTu (DOJIbIM HAOMIONAIOTCS MEJIKUE CBETIIBIC BKIIFOUCHHS U CIab0opa3iniu-
MBIC CBE€TJIBIC U TEMHbBIC YYaCTKU.

ala o/b

Puc. 1. MUKpOCTpPYKTYpa MacCUBHOTO oOpasia (a) u ObicTpo3arBepaeBiIeid (onbru (6)
Fig. 1. The microstructure of a massive sample (a) and rapidly solidified foil (b)

PentrenocnekTpaabHbIi MUKpOAHAIN3 MaCCUBHOTO 0Opasiia MoKa3aj, YTO CEepble BKIIOYEHHUS COIepkKaT
KPEeMHUH, TEMHOE T10JIe — AIIOMUHUAN ¥ KPEMHHUH, IpKue Oelible BKIIOYCHHUS XapaKTePU3YIOTCS MOBBIIICHHBIM
COZIEp’KaHHEM JKelle3a U KpeMHHS. B CBeTbIX BKIIIOYCHHUSIX B OBICTPO3aTBEPACBIINX (DONIBrax TaKkkKe HMEIOTCS
KpeMHUH u xene30. Cnabopa3nuyuMble CBETIIbIC M TEMHBIE yUaCTKH B 00beMe, IPUIIEralonieM K CBOOOIHO 3a-
TBEpJeBaloLIel CTOPOHE (OJIBIH, COIEPKAT KPEMHHI M aTJFOMUHUI Pa3TUYHON KOHIICHTPAIH.

st onipeziesieHust pa3oBOro cocTaBa MacCHBHOTO 0Opasia U ObICTpO3aTBEeplEBIICH (OIBIH MPOBEICHBI
PEHTTEHOCTPYKTYpHBIE MCCIEOBAHUS B WIACHTUYHBIX YCIOBHSX MAaCCHBHOTO oOpasia M OBICTPO3aTBEepACB-
meit ¢pomeru crutaa Al — 16,0 mac. % Si— 0,2 mac. % Fe, a Taxxe nonoxeHust Tu(paKIHnOHHBIX MAKCHMYMOB
ATIOMUHUS U KpeMHus (Tadm. 1).
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Tadoauma 1

Mosoxkenust TUPPaKIHOHHBIX MAKCHMYMOB (20) Ha THdpaKkTOrpaMmMax MacCHBHBIX 00pa3L0B
u ObicTpo3aTBepaenIei Gpoabru cniaasa Al — 16,2 mac. % Si— 0,2 mac. % Fe, rpag

Table 1
The positions of the diffraction lines in the X-ray patterns of massive samples
and rapidly solidified Al alloy foil — 16.2 wt. % Si— 0.2 wt. % Fe, deg
MaccuBHbIit 00pasert ®obra, cropoHa A Al* Si#* AlFeSi,
28,4465 28,447 — 28,42 (100) —
35,595 35,597 — - 35,56
38,4733 38,473 38,47 (111) - —
41,94 41,90 — 41,94
44,7191 44,7195 44,74 (200) - -
47,301 47,30 - 47,31 (220) —
56,117 56,12 - 56,10 (311) -
59,858 59,9 — - 59,9
65,0823 65,083 65,13 (220) —
69,106 69,11 — 69,17 (400) —
76,374 76,38 — 76,37 (331) -
78,2154 78,216 78,23 (331) - -
82,424 82,45 82,44 (222) - —
88,008 88,01 - 88,06 (422) —
94,928 94,94 - 94,97 (511) -
99,059 99,09 99,0 (400) - —
106,68 106,7 — 106,73 (440) —
111,993 112,11 112,44 (331) - -
114,064 114,10 — 114,13 (531) —
116,540 116,62 116,27 (420) - —
127,49 127,5 - - -
137,418 137,43 - - -

*Cornacuo nmanaeiM JCPDS, kaprouka No 00-004-0787. **CoriacHo nanusiM JCPDS, kaprouka Ne 00-005-
0565. B crkoOkax ykazaHbl HHICKCHI COOTBETCTBYIOMUX Tutockocteit (HKL).

AHanu3 TOKa3bIBaeT, 4yTo (ha30BbI COCTAaB MaCCHBHOTO 0Opaslia U (oJjbrd OJUHAKOB. Ju(pakiroHHbIe
MaKCUMYMBI MIPUHAJIJICIKAT YUCTOMY KPEMHUIO, AIFOMUHUI0. TakKe MPUCYTCTBYIOT CIIA00MHTESHCUBHBIE AH(]-
PaKIMOHHBIE MAKCUMYMBI, TTPHHAJJICKAIINE, OUEBUIHO, JKeJIe30coIepKanie dase.

ITo cpaBHEHMIO ¢ MacCHBHBIM 00pa3IoM Ha AudpakTorpamMmmax ObICTpo3aTBepeBIIci (obru HaOmonaeTcs
YMEHBIIICHHE NHTCHCUBHOCTH U PACIIUPEHUE TUPPAKIIMOHHBIX MAKCHMYMOB KPEMHHUsI, YTO OOYCIIOBIICHO B OC-
HOBHOM H3MEJIFIEHHEM ero CTpyKTyphl. Pasmep 3epen (OKP) kpemuusi, onpenenenssiii mo merony ebas —
[eppepa n3 ganubIX qudpaxuoHHoro Makcumyma Si (331), cocrapnsier 38,5 Hm. HeoOxommumo oTMETUTb, YTO
9TO 3HAYCHHUE MOXKET OBITh 3aHIKEHO, ITOCKOIBKY HCIIONIb3YEMBIi METO/I HE YUYUTHIBACT BO3MOXKHOE YIIIUPEHUE
JUHHHA, 00YCIIOBICHHOE HANIPSHKECHUEM, HAIMYHEM JTMHEHHBIX 1e(DeKTOB | Jp.

KonuiecTBo HabIIOMAEMBIX CIIA0OMHTEHCUBHBIX ITUKOB HEOCTATOYHO ISl YBEPEHHOTO OTIpeieieHus (a3bl
BKJIFOYCHHUS 110 PE3yJIbTaTaM PEHTICHOCTPYKTYPHOTO aHaln3a. B CBsi3u ¢ 3THM OBLTH TIPOBE/ICHBI HCCIIEI0BA-
HUS yYaCTKOB MAacCHUBHOTO 00paslia, COACPKAaIIUX BKIIOUECHHS C KEJIE30M C MOMOIIBI0 PEHTICHOCIICKTPaIb-
HOTO MUKpoaHaiwu3a (puc. 2).

Pe3ynbraThl peHTTeHOCHEKTPAIbHOIO MUKpPOAHAIN3a MOKA3bIBAIOT, YTO B UCCICAYEMBIX BKIIOUCHUSIX CO-
JIepKaHUe KPEMHHS B 2 pa3a MPEBhIIIACT COJCPKAHKE KeIe3a, YTO IMO3BOIISET MPEIOI0KHUTE (POPMUPOBAHKE
¢a3zer AlFeSi,, oOpa3oBaHne KOTOPOH XapakTepHO AJIS 3a3BTEKTHYECKUX CHIIYMHUHOB, CHHTE3UPOBAHHBIX MPH
BBICOKHMX CKOPOCTSIX OXJIaX/AeHus pacruiasa [18].
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Puc. 2. MuKpoCTpyKTypa (@) ¥ pactpeieicHHe 3JICMEHTOB
BJIOJIb JINHAW CKaHMPOBAHHUS (6 ) ydacTKa IMOTEPEYHOTO CEUCHISI MAaCCHBHOTO 00pasia

Fig. 2. Microstructure (@) and distribution of elements
along the scan line (b) of a cross-section of a massive sample

CornacHO NOTyYEHHBIM PEHTTEHOCTPYKTYPHBIM JTaHHBIM, CYIIIECTBEHHBIX CMEIICHUH MOJIOKEHUN TU(paK-
LUOHHBIX MAaKCUMYMOB aJIOMUHHSI HU B MaCCUBHBIX 00pa3lax, HU B ¢onbrax He HaOmonaercs. OTcyTcTBUE
CMEHICHUH TUPPAKIMOHHBIX MaKCUMYMOB MOXKET OBITh OOYCIIOBICHO 0Opa30BaHHEM YUCTOTO aTFOMHHUSI.
Onnaxo B ciyuae 6nmu3octu paanycos noHoB Al u Si, paBueix 0,053 u 0,054 HM COOTBETCTBEHHO, IIPU 00-
Pa30BaHUM TBEPAOIO PACTBOPA 3aMEILEHHS IPU HEOOIbIINX KOHLIEHTPALMAX IPUMECH CMEIIEHUs IapaMeTpa
PELIETKH MpakTHYecKu He OyneT. Bo3MOkHO, IMEHHO 3TOT (haKT MPUBOAUT K TPYAHOCTH OINpPEACTICHHUS pac-
TBOPUMOCTH IPU BBICOKUX CKOPOCTAX OXJIaxkaeHus pacimasa [17]. [loaTomy 1 HaXoKAeHUS] KOHLIECHTPaLuu
KPEMHHS B TBEPJIOM pacTBOpPE Ha OCHOBE aJTFOMUHHUSI OBLT MCCIIEIOBAH COCTAB B JIOKAIBHBIX 00IaCTsIX MaTpH-
(bl MACCUBHOTO 00pasia u OblcTpo3aTBepaeBIIei (oIbIu, CBOOOIHBIX OT BhlIeIeHHNH. O1eHKa pa3mepoB 00-
JIACTH TeHEpaIy PEHTTEHOBCKOTO M3ITyYeHHUs B allFOMUHUH onpeensiach mo gopmyse [19]

0,033(E," - E) 4
x zp > (1)

rae £, — sHeprus MmMydKa 3J1€KTPOHOB; £ — KpUTHUYECKUH TOTEHIINA BO30YKICHUS aHAJIM3UPYEMOTro JIeMEHTa
(E,, = 1,559 xoB nuia Al); A — atomusiit Bec (26,98); z — aromublit Homep (13); p — miotnocTs (2,69 r/em).
OO6nacTb reHepany PEHTTCHOBCKOTO U3JIyUEHHsI B aJIIOMUHMH NPH yCcKopsitoleM HanpsbkeHnu 20 kB He npe-
Bbimaet 4,1 MKM, a ipu yckopsirorneM HanpspkeHnn 10 kB ona onennBaetcs paBnoii 1,2 mxm. [loatomy npu
HaJIM4YMHU B 00pa3lie YYacTKOB aJllOMHHUS pazmMepoM Oosee 10 MKM onpeneneHne coaepKaHus KPeMHUsI B HUX
METOJIOM PEHTTEHOCIIEKTPAILHOIO MUKPOAHaIN3a IPAaBOMOYHO.

Ha puc. 3 npuBeneHbl pe3yabraTbl HCCIIEIOBAHUS SIEMEHTHOTO COCTaBa B y4acTKax MAacCHBHOTO 00pas-
11a, HE UMCIOLMX BKJIIOUEHUH KpeMHUsI. PEHTreHOCIIeKTpanbHbI MUKPOAHAIN3 IOKa3bIBACT, YTO COJICPKAHNE
KpEeMHHUS B y4acTKax aJlOMUHHS cocTaBiseT okoio 1,7 Bec. %.

JUnst ycTaHOBJIEHHUS CPEIHETO 3HAUYCHUSI KOHLIEHTPAMHU Si B TBEPAOM PacTBOPE Ha OCHOBE Al H3y4eHO HECKOJIb-
KO YYIaCTKOB MaCCHBHOTO 00pa3ia 0e3 BKIFOUCHUH KpeMHUs (Tabm. 2). JIist HCKITFOUeHMS MTOTIaAaHus B CIIEKTP PEHT-
TEHOBCKUX KBAaHTOB OT COCEJIHUX BKJIIOUCHUI KPEMHHMS YUacTKH BEIOMPAINCH pa3MepoM He MeHee 50 MKM.
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ala o/b

Crexrp 3
Py

KonuuectBo HUMITYJIbCOB

1 12141,61,8 2 22242628 3 3,2
KB

Puc. 3. MUKpOCTpYKTypa y4acTKa MacCUBHOIO oOpa3ia (a) U peHTTeHOBCKUH crieKTp (6),
TIOTyYESHHBIH 13 JIOKAJIBHOTO YIacTKa, He COJIeprKallero BKIIOYECHHI KpeMHHUS

Fig. 3. Microstructure of a massive sample () and X-ray spectrum (b) obtained
from a local area that does not contain silicon inclusions

Tabnuma 2
Konuentpauus Al u Si B TBepiom pactBope
HA OCHOBE AJIIOMUHHUSI B MACCHBHOM 00pa3ie
Table 2
The concentration of Al and Si in aluminum
based solid solution on in a massive sample
Al Si
Howmep yuactka
Bec. % at. % Bec. % at. %
1 98,19 (0,02) 98,26 1,81 (0,02) 1,74
2 98,28 (0,05) 98,35 1,72 (0,05) 1,65
3 98,31 (0,06) 98,38 1,69 (0,06) 1,62

11 puMedaHHUC. B ckoOkax YKa3aHO CpEeAHEEC KBaAPATUIHOC OTKIIOHCHUC.

HpI/I OMpPEACJICHNN KOHICHTPALlU KPEMHUA B TBEPAOM paCTBOPEC HAa OCHOBE aJIlOMUHUS B 6BICTp03.':1TBCp—
JCBIINX (I)OJ'IBFaX MMPOBCACHBI UCCIICAOBAHUA PACTIPEACIICHU A 3JICMCHTOB B IONIEPEYHOM CCUYCHUMU 10 PC3yJibTa-
TaM CKaHUPOBAHU MOBCPXHOCTHU C MOMOLIBIO PEHTICHOCIICKTPAJIbHOIO MUKPpOaHaJI13a. Ha puc. 4 npeacraB-
JICHBI PE3YJIbTAaThl TAKOT'O UCCIICIOBAHUA Y CBO6OI[HO 3aTBep}_ICBI]_ICI\/JI CTOPOHBI (I)OJ'IBFI/I. Heb6omabmine (nopsmka
0,5 MKM) SAPKUC CBETIILIC BKIIIOUCHU A HAa KapTC pacClipeACICHUS KPEMHUA COOTBETCTBYIOT KpUCTaJJIaM IICPBUY-
HOI'0 KpEMHUS. Temubie Y4aCTKU Ha 3TOM KapTe€ COOTBETCTBYIOT BETBAM JCHAPUTOB aJIFOMUHUS. MC)KI[y HUMHU
HaxoaAuTCsd CMECh aJIIOMUHUSA U 3BTCKTUYCCKOTO KPEMHMUH. Pa3MCpLI TaKHUX BETBEU JOCTHUI'alOT 4—5 MKM.

ala o/b
AlK SiK,

* &

| —— | ——

Puc. 4. Pacnpenenenue Al () u Si (6) IO TOBEPXHOCTH YY4acTKa MOMEPEYHOTO CEUCHHUS (PONBIH,
HOJIy4eHHOE B XapaKTePUCTHYECKOM PEHTICHOBCKOM M3JTy4CHHH

Fig. 4. The distribution of Al (a) and Si (b) on the surface
of the cross section of the foil, obtained in the characteristic X-rays
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HccnenoBanne KOHIEHTPAIIUH 3JIEMEHTOB B ACHIPUTAX aIFOMUHUS TIPOBOIMIOCH TIPU aHAJIN3E pacrpesie-
JICHUH 3JIEMEHTOB BIOJIb JTUHUM CKAaHUPOBAHUS, a TAKXKe MPH JIOKAJIEHOM (TOYEYHOM) OTPEIEICHUN KOHIIEHT-
palyy B BETBAX JICHAPUTOB. Pe3ynbTarsl mpeacTaBlieHsl Ha puc. S u B Taom. 3.

Pacripeienienne KpeMHHUs BIONb JIMHUH CKAHUPOBAaHHUA L — L', a TakKke CHEKTp, TMOTyYeHHBIH U3 y4acTKa
C HAUMCHBIIINM COJIeP)KaHUEM KPEMHUSI, TIOKA3bIBAIOT, UYTO B OBICTPO3aTBEpIeBINEH (HOTBbIe 32a9BTEKTUYECKOTO
CUJIyMHHA B aJTFOMUHUM COJICPIKUTCS 110 2 aT. % KpeMHHus1. [t TOJTBEepKACHUS 3TOTO pe3ynbTara ObLT omnpe-
JICJICH COCTaB B HECKOJILKUX aHAJIOTMYHBIX y4acTKax (CcM. Tadi. 3).

o/b
< 28 . %
£ 24 . Si A
3 i ML
g 20 1 |
L O B | Il '
12
RETiwa FU L
g 4 W ) — e ", — Foad
g AP ol
5 10 15 20 25 30
Paccrosinue, MKkM
6/c
A
- - | An%
§ 1500 Al 978
5 ] Sil 2.2
g ]
= 1000
@) 4
/M i
I
8 -
£ 500 -
c ] 5]
OW'llllllllllllllllllb
1 1,5 2 2,5 3 3,5 4 4,5 5 5,5
KB

Puc. 5. MuKpoCTpyKTypa ydacTka (OJIbTH B OTPaKEHHBIX 3JIEKTPOHaX (a),
pacripesnieNienye KpeMHUs BIOJTb JIMHUK ckarupoBanns L — L' (6),
CIIEKTP PEHTTCHOBCKOTO U3JIy4CHHUs U COCTaB B TEMHOM y4acTKe (6)

Fig. 5. Microstructure of an area of the foil in reflected electrons (a),

silicon distribution along the scanning line L — L' (b),
X-ray spectrum and composition in the dark area (c)
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Tabnuma 3

KOHIIeHTpallI/Iﬂ KPEMHUA U AJTIOMUHUSA B PA3JIMYHBIX TCHAPUTAX AJTJIOMUHUA

Table 3
The concentration of silicon and aluminum in various aluminum dendrites
Al Si
Homep yuactka
Bec. % at. % Bec. % at. %
1 97,7 (0,11) 97,79 2,3 (0,11) 2,21
2 97,44 (0,12) 97,54 2,56 (0,12) 2,46
3 97,46 (0,13) 97,56 2,54 (0,13) 2,44

I[Ipumeuanue. B ckobkax ykazaHO CpeHee KBaAPaTHIHOE OTKIOHEHHE.

Hcxons U3 noiydeHHBIX 3KCIEPUMEHTAIBHBIX 1aHHBIX, MOXKHO YTBEpP)KIaTh, YTO B OBICTPO3aTBEPACBIIMX
(onprax KOHIECHTPALUS KPEMHHUS B BETBSX JICHIPUTOB aTIOMUHMS HAXOAUTCS B mpeaenax 2 ar. %. bosee BbI-
COKHE €€ 3HAUCHMS CBSA3aHBI, CKOPEE BCETO, C BHIXOJOM PEHTTCHOBCKOIO M3JIyYEHHUsSI U3 COCEIHUX C BETBIMHU
JEHIPUTOB YYACTKOB, COJIEPKAILINX IBTEKTUUECKUN KpeMHuil. HeoO0XoanmMo OTMETUTb, YTO MOIy4YEHHBIE pe-
3yJbTaThl HE JAIOT OCHOBAHMS 3aKJIIOUNTh, YTO KPEMHUH BXOJMT B PEILETKY aTIOMUHUSL, 00pasysl TBepIbIi pac-
TBOp 3aMenieHusl. OH MOKeT 00pa30BbIBaTh OTAEIbHBIC KIACTEPhl B COSANHEHNH C ATIOMUHHEM, B TOM YHUCIIE
CO CIeIM(PUIECKON CTPYKTYPOH PacIooKeHnst aToMOB B HUX [20].

3akJaroueHnune

3a’BTeKTHYECKHIE CHITyMHHEI, cofiepyantue 16,0 at. % KpeMHHs, CHHTe3HpoBaHHbIe IpH cpearnx (107 K/c)
u cBepxBbicokux (10° K/c) ckopocTaX OXTakIeHHsS paciuiaBa, (OpPMHpPYIOTCSA ¢ 00pa3oBaHHEM KPHCTAIIOB
[IEPBUYHOTO KPEMHMS, JEHIPUTOB HAa OCHOBE TBEPIOTO PAacTBOpa alOMHHHUS U KeJlezoconepxaiiei ¢asbl
AlFeSi,. YBenuduenue cKopocTH OXJIAKICHUS pacilaBa MPUBOIUT K POCTY KOHLIEHTPALMK KPEMHUS B BETBSIX
JEHIPUTOB aJIFOMHHUS CBEPX PABHOBECHOTO 3HAYEHHUSL.
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