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AHHOTANUA

Beenenue. Pa3sButie aJiuTUBHBIX TEXHOJIOTUI HAMPaBIEHO Ha CUHTE3 HOBBIX MOPOIIKOBBIX KOM-
MO3UIHUI Il yCTAHOBOK CENEKTUBHOTO J1a3€pHOTO IUIABJIEHUS U UCCIIEN0BAaHNE BIMAHHS MapaMeTPOB
pexuMa Ha cTabunpHoe KauecTBo u3zenuil. lleabro 1anHOi padoThI sBIsIETCSA N3yUeHUE BIUSHUS CTpa-
TErMH CKaHUPOBAHUS HA MUKPOCTPYKTYPY, SJIEMEHTHBIN COCTaB, HOPUCTOCTh U INIOTHOCTh 00pa3IoB,
HOJIY4eHHBIX METOIOM CEJIEKTUBHOTIO JIA3€PHOTO IUIABICHHS U3 HOPOIIKOB Hechepuueckoit popmel (Al
91 macc. %, Si 8 macc. %, Mg 1 macc. %), HOABEPrHYThIX CHIELUAILHON HOATOTOBKE JUIS ONPEIEIICHUS
ONTUMAJIbHBIX YCJIOBUI CENEKTUBHOTO JIA3€pHOTO IIaBieHus. MeTogaMu Mcc/ie0BAHUS SBISIOTCS
PEHTICHOCTPYKTYPHBIH M PEHTTeHO(A30BbIi aHAIIN3, & TAKKE IPOCBEUUBAIOLIAS JISKTPOHHAS MUKDO-
cxomnusi. B padore nccienoBanbl 06pasipl, cHOPMUPOBAHHBIC HA YETHIPEX Pa3HBIX CTPATETUSIX CKaHU-
poBanust. Pe3yabrarsl H 06cy:xaenusi. Pazpaboran nepcrieKTUBHbIN aqroMHHUEBBIN ciuiaB AlSi8Mg
JUISL CEJIEKTHBHOIO J1a3€PHOro IUIaBIEHUs. Marepuan MMeeT XOpOLIyI0 T€XHOIOIMYHOCTh U HHU3KYIO
CTOMMOCTb IIOPOILIKA. TEeXHOJIOrMYECKHe MapaMeTphl IUIABJICHUS MO3BOJISIOT C(OPMUPOBATH TOHKYIO
CTPYKTYpPY C HU3KUM YPOBHEM MOPHUCTOCTH. Mccaen0BaH MeXaHU3M BIUSHUS CTPAaTeruy CKAHUPOBAHUS
Ha [IOPUCTOCTh, MOP(HOJIOTHIO TOBEPXHOCTH, OTHOCUTENBHYIO INIOTHOCTh U MUKPOCTPYKTYpY. OOpasen
U3 MOPOLIKOBO# komno3unuu AlSi8Mg ¢ BEICOKOH OTHOCHTEIBbHOM INIOTHOCTEIO 99,97 % ObUT H3roTOB-
JIEH METOAOM CEJIEKTUBHOT'O JIa3ePHOTO IUIABJICHHUS C IUIOTHOCTHIO 3Hepruu 200 Jik/MM’ co cTparerueit
CKaHMPOBaHHUA 00pa3lia, KOrJa HalpaBJeHUe IBI)KECHHS Ja3epa MeHseTcs Ha yrou 90° kaxaplil HeueT-
HbI cioii. J[oka3aHo, 4To MIIOTHOCTH ciuiaBa AISiMg 3aBHCHT OT MPUMEHSIEMOM CTPaTerul CKaHUPO-
BaHus. PacueTHas II0THOCTH 00Pa3ia COCTABIIA 2,5 I/CM’, 4TO COOTBETCTBYET IUIOTHOCTH CHIyMUHA.
Anamuz POM-u3obpaxenuii u kapt pacrnpezneneHus nementoB (Al, Mg, Si) o6pa3uoB mokasain, 4to
pasHbIe CTPATEruK MOMY4YEHUs 00Pa3L0B HE BIHUAIOT Ha XapakTep paclpeeseHus KpeMHus. B roroBom
cruiaBe AlSi8Mg HabiromaeTcs yHUKaIbHas 3epeHHast CTpYKTypa. BaHHa paciuiaBa COCTOHUT U3 MEJIKUX
3epeH Ha IPaHuLIe U KPYITHBIX 3epeH B LieHTpe. OOpa3oBaHe MEIKUX 3epeH 00bsACHAeTCs 100aBIeHUEM
Si ¥ BBICOKO# CKOPOCTBIO OXJIXAEHUS BO BPEMsI CEJICKTUBHOTO JIa3€PHOTO IUIABICHHUS.

Jlisi nMTHPOBaHuUs: BiMsHHE TEXHONOTMYECKUX [APaMETPOB Ha MHKPOCTPYKTYpY M CBOWcTBa ciuiaBa AlSiMg, mony4eHHOro MeTonoM
cenekTrBHOTO Ja3epHoro ruiaBineHus / Campeikuna H.A., Campeikun A.A., Iapkee FO.I1., M6parumor E.A. // O6paboTrka MeTamioB
(TexHoNorHs, 000pynoBaHue, HHCTpYMEHTHI). — 2024. — T. 26, Ne 3. — C. 192-207. — DOI: 10.17212/1994-6309-2024-26.3-192-207.
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BBenenne

CenextuBnoe nazepnoe tiasnenue (CJIII) sB-
JISIeTCS TEXHOJIOTHEH AOAIUTUBHOIO IMIPOU3BOACTBA
(AII), npu KOTOPOM 117151 TOCIOWHOIO CO3/IaHuUs U3-
JEIUA  TPOUCXOJUT IIJIABJICHHUE METANINYECKOro
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MATERIAL SCIENCE

MOPOIIIKA JIy4OM Jia3epa Mo 3aJaHHON TPaeKTOPHUH.
B cpaBHeHuU ¢ TpaAMIIMOHHBIMU TEXHOJIOTHSIMHU
npousBoacTBa CJIIT umeer psanx npeumyiecTs, Ta-
KHUX Kak ObICTpO€ CO37AaHME MPOTOTUIIOB, U3TOTOB-
JIeHUE JeTaneil CIOKHOW (POpMBI M COKpalieHue
BpPEMEHH BBINOIHEHUS 3aKa3a. Pa3Butue TeXHOINO-
MM HANpaBlIEeHO HA CHUHTE3 HOBBIX MOPOIIKOBBIX
komnozunui st ycranoBok CJIII, uccnenoBanue
BJIMSIHUSI TTapaMETPOB pekMMa Ha CTaOWUJIbHOE Ka-
YECTBO M3/EUI, TOBTOPSEMOCTh U BOCIIPOU3BO/IN-
MOCTb Ha pa3HbIX yCTaHOBKax [1].

[Topomiok amOMUHHS U CIUIABOB Ha €r0 OCHO-
BE SIBIISICTCS OAHHMM M3 PACIpOCTPaHEHHBIX Mare-
pUaJIOB B ABTOMOOWJIHHOM, a’pOKOCMHUYECKON U
ABUAIMOHHON TNPOMBIIIJICHHOCTH, TaK KaK HUMeEeT
MIPEBOCXO/IHOE COOTHOIIIEHUE MPOYHOCTH U MAaccChl,
XOPOIIYIO TEIUIO- U 3JIEKTPOIPOBOIHOCTH, 00Ia1a-
€T KOPPO3UOHHOM CTOMKOCTBhIO. B mocienHee Bpems
MOPOILIOK Ha OCHOBE AJIFOMHUHHUS TaKXe SBISETCS
00BEKTOM HCCIIeIOBaHU Uil MPUMEHEHHUS B yCTa-
HOBKaxX CEJIEKTHUBHOTO JAa3epHOro IUIaBICHUS [2].
OTa TEXHOJIOTHS MO3BOJSET HE TOJBKO COKPATUTh
IIUKJI IPOCKTUPOBAHMSI U IIPOU3BOJICTBA, HO U MOJY-
YUTH CIUIAB C YHUKAJIBHOM CTPYKTYpOH B Ipoliecce
OBICTPOTO pACIIABICHUS U OXJIAXKJICHUS MeTaJllu-
4yecKoro nopomika [3].

B nacrosiiiee BpemMsi U3BECTHO O OOJIBIIOM KO-
JIMYECTBE HCCIICIOBAHUI IO TOJYYECHUIO W3ACIIHI
13 TIOPOIIKOB Ha OCHOBE anmtoMuHusi Mmetogom CJIII
[4—6] 1 maHBl peKOMEHAAIMY 110 YIYUYIIEHUIO Kaye-
CTBa MOJy4YaeMbIX u3aenuil. Tak, npu onpeaeaeHuu
ycnosuit CJIIT yuutsiBaroTcst puznyeckue cBONCTBA
AJTIOMUHUS: BBICOKUN KOA(D(OUIIMEHT TETUIOBOTO
pacIiIMpeHus, BbICOKas ycaJka IIpU 3aTBEP/IeBaHNUH,
HU3KHI ypOBEHb TMOIVIOUICHUS] SHEPruu Jiaszepa,
dbopMHupOBaHUE TPOYHOW OKCHJIHOW IUICHKH, BHI-
COKasi TEIUIONPOBOJHOCTh U OTHOCUTENBHO IIUPO-
KUI Juana3oH TeMiieparyp 3arBepaeBanus [7-9]. B
Ipolecce CeJIEKTUBHOTO JIA3ePHOTO IJIaBJICHUS T10-
POIIKOB HAa OCHOBE aJIIOMUHHUS BO3HUKAJH J1e(HEeKThI
MOBEPXHOCTU U BHYTPEHHEH CTPYKTYpPHhI, TAKHE KaK
MOPUCTOCTh, MCKa)XEHUE CIIOEB, PAaCTPECKUBAHUE,
HU3Kasi TOYHOCTh Pa3MepoB M IIEPOXOBATOCTH IO-
BepxHocTH [10]. 3auactyro 3Tu AehEKTHl CBSI3aHBI
C pa3BUTHEM HEpaBHOMEPHBIX TEMIIEpaTypHbIX Ipa-
JTUEHTOB MO CILJIaBJISIEMON MOBEPXHOCTH, C 3arps3-
HEHUEM MOPOIIKOB OKCHJIAaMH, a TaKKe C HEOAHO-
POIHOCTHIO MOBEPXHOCTHOTO HATSXKEHUS, KOTOPOE
MPENSATCTBYET CLEIJICHUIO pacIijiaBa ¢ MOIOKKOM
U MexcioiHoMmy coeauHenuto [11]. Bee uccneno-

OBRABOTKA METALLOV %

BaHUs MPOBENEHbI Ha 00paslax, MOJyYEHHBIX W3
CHEIUATBHBIX TIOPOIIKOB Cepruieckoi (OopMbI
HEOOXOJIUMBIX CIIJIAaBOB, UMEIOIUX BBICOKYIO CTO-
uMocTh. OTHOCUTENbHAS TJIOTHOCTH OOPA3IOB W3
MOPOITKOB cheprudeckoil hopMbl UMEeT 3HaYCHHE
6omee 99,5 %, oHa MoJTy4deHa 3a CYEeT ONTUMHU3AITT
MapaMeTpoB JIa3epHOTO0 CKAHUPOBAHUS U3 CILIAaBOB
AlSi10Mg [12, 13], Al-12Si [14] u AISi7Mg [15].
Kpome TOro, ati 0o0pasiibl mokazaiu MPEeBOCXO.-
HbIE MEXaHMYECKHE CBOHCTBa C(HOPMHUPOBAHHOU
MEJIKOW STYEUCTON JEHJIPUTHOU MUKPOCTPYKTYPHI,
BBI3BaHHOW ocoOeHHOCThI0 Tporiecca CJIIT [16].
HecMotps Ha noctuxeHus B 001acTy alIUTUBHBIX
TEXHOJIOTHH, TOJBKO W3 OrPAaHUYEHHOIO KOJHue-
CTBa AJFOMHUHUEBBIX CIUIABOB MOXXHO H3TOTOBHTH
u3/eNIie BBICOKOTO KadectBa Metogom CJIIT [17].
[ToTHOCTBIO TUIOTHBIE M HE UMEIONINE TPEIIUH 00-
pasibl U3 MOPOIIKOB HA OCHOBE aJIIOMUHHUS MOTYT
OBITH MOy4YeHbl ¢ ucnoib3oBanrem CJIIT B y3kom
nuanasoHe pexxuma [ 18, 19], kotopslit mondupaeTcs
AKCIEPUMEHTAJIBbHO JUIsl Kakaoro marepuana. Hc-
clenoBaHus 00pasIoB M3 MOPOIIKOB Hechepuue-
CKOM (hOpMbI YUEHBIMHU HE OMHMCAHBbI.

Yenosust CJIIT Bkitouator B cebst Gomee 120
MapaMeTpoB, B TOM WM WHOW MEpEe BIMSIOIIMX HA
KauecTBO u3nenus. [loMmumo pexuma CeleKTUBHO-
r'0 JIa3€pHOTO IJIABJICHUS CTPATerus CKaHUPOBAHUS
TaKXe SBJISETCS OMHUM M3 TTapaMeTpPOB 00pabOTKH,
BIMSIONIMM Ha (OpMHUpPOBAHHE MHUKPOCTPYKTYPbI
M CBOMCTBa Moiydaembix netaineil. KoHTpomupys
HamnpaBlieHUE TEIUIOBOTO IMOTOKA MEXIYy CIOSMU
3a CYET CTpaTerdyd CKAaHWPOBAHHS JIyd4OM Jiazepa,
MOKHO ()OPMHUPOBATh Pa3IUYHbBIE 3€PHEHbIE CTPYK-
TYpbl U U3MEHSTH HAIIPABIEHUE POCTA MEKCIIOEBBIX
3epeH [20]. Bricokue sHeprosarparbl U HEpaBHO-
MEpHOE pachpeejieHue TeMIepaTyphl TPHUBOIAT
K OTPOMHBIM TEMIIepaTypHbIM T'paJueHTaM, O0O0JIb-
IITUM TEPMHYCCKHM HAIPSDKEHUSAM | Jie(hopMaIiu.
TepMmuueckre rpaJueHTHI TEMIIEPATyphbl, HaIpaB-
JIEHWE TEIJIOBOTO MOTOKA M CKOPOCTh OXJIAXKICHUS
OKa3bIBAIOT OYCHBb BAXKHOE BIUSHUE HA TUIOTHOCTh
JUCIIOKAITNH, pa3Mep 3epHa B TEKCTYpPy U3TOTaBIIN-
BaeMBIX JeTajIeH.

Henvro oannoit padomer SBASETCS WU3YyUCHHUE
BIIMSTHUS CTPATErH CKAaHUPOBAHUS HA MUKPOCTPYK-
TYpY, DJIEMEHTHBIN COCTaB, TOPUCTOCTD U INTIOTHOCTh
00pa31oB, NOTYYEHHBIX METOIOM CEIEKTUBHOTO Jia-
3€pHOTO IUIABJICHUS U3 MOPOIIKOB Hechepruueckoi
dopmer (Al — 91 macc. %, Si — 8 macc. %, Mg —
1 macc. %), kKoTopble ObUTH MOABEPTHY THI CTICLINATb-
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HOM MOATOTOBKE, OTMCAHHOM B paHee OMmyOIMKOBaH-
HBIX CTaThaX [21], 115 onpeaesneHus: ONTUMaIbHBIX
ycnoBuid CJIM.

[TocTaBneHnHas 1enb TpeOyeT pereHus cleayro-
UX 3a0ay:

— MoJTy4yeHue 00pa3lioB METOJOM CETEKTUBHOTO
JIa3epHOTo TUIABJICHUS C Pa3HOU CTpaTeruei CKaHu-
POBaHUS U3 MOATOTOBICHHON MOPOILIKOBON KOMIIO-
3unuu [21];

— BBISIBIICHUE ONTUMAIbHON CTpaTeruu CKaHH-
pPOBaHHUSA, KOTOpasi MO3BOJSET MOIYYUTH OOpasely
C HaMMEHbIIEH MOPUCTOCTHIO 0€3 U3MEHEHHUS JIpY-
T'UX TapaMeTPOB IJIaBJICHUS;

— ompezeNieHue IOTHOCTH 00pa3IoB, UCCIeIO0-
BaHUE CTPYKTYpHO-(Ha30BOro coctaBa obpasia me-
TOJIOM MPOCBEYNBAIOIIEH MUKPOCKOIIHH.
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MeToauka uccjaeaoBaHuil

Uccnenoanuss mnposeneHsl Ha 3D-mpuHTEpe
BAPUCKA®-100MBC, wusroroBiennom B HOp-
TUHCKOM TEXHOJIOTHYECKOM HWHCTUTYTE TOMCKO-
ro TOJUTEXHUYECKOTO YHHUBEPCUTETA. YCTAHOBKA
000pyn0BaHa UTTEPOUEBHIM BOJOKOHHBIM JIa3€pOM
momrHocThio 100 Bt ¢ mmmuoit Bomuel 1070 HM.
[Tpouiecc hopMupoBaHus U UCCIIEAOBaHUE TOPOIII-
KOBOM KoMmriozunuu AISIMg W3 OIHOKOMITOHEHT-
HBIX TOPOILIKOB QJIIOMUHUS, KPEMHUS U MarHus
Obutn ommcaHsl panee [21]. [lng ananu3a BIUSHUS
CTpaTeruy CKaHUPOBAHUS HA MUKPOCTPYKTYPY, dJIe-
MEHTHBIH COCTaB, MOPUCTOCTH U IJIOTHOCTH 00pa3-
IIOB PEKUMBI OBLIIN OINPEACIICHBI IIOMCKOBBIMH JKC-
MEpUMEHTaMH U OMHCaHbl B cTarbe [22]. OOpa3ibl
pasmepom 10x10%3 MM MOdTy4YeHbI Ha CIEAYIOIMIMX
nmapamMeTpax pexuMa: CKOPOCTh CKaHUPOBAHUS
V=225 mm/c, mar ckanupoBanus S = 0,08 mwm,
MOIIHOCTH Jlazepa P = 90 Brt, TonmuHa ciios mo-
pomka /2 = 0,025 mm. Temneparypa pabodero crosa
B Havane nukna CJIIT cocraBmsmra +25 °C, mias-
JIEHWE TIOPOIIIKA MPOUCXOUIIO B 3AIUTHOW Cpelie
aproHa. [InotHocTh 3Hepruu, pasHas 200 Jox/Mm,
00ecreurBaeT J0CTaTOYHOE KOJIMUECTBO TETIa JIJIst
pacruiaBieHus] TMOpPOIIKa W CIOCOOCTBYeT Tmepe-
MJIaBKE YaCTH MPEABIIYIIETO CJIOS U TOPOXKKH pac-
IJiaBa JJisl IJIABHOTO COEAMHEHUS] COCEAHUX CIIOEB
[22]. [Tocne dhbopmupoBanusi oOpa3ibl MUITH(OBATH
U TOJUPOBAIIM HA aJMa3HbIX MAcTax C yAaJeHUEM
BepxHero cios Ha BenuuuHy 400 Mxm. [Topucrocts
omnpesiesieHa KaK cpeHee 3HaYCHUE 10 JICBSITH OIl-
THUYECKUM H300paKCHHUSIM TTOBEPXHOCTH ILIU(A.
Cxema cheMKH TpeACTaBiIeHa Ha puc. 1.
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Puc. 1. CxeMa cbeMKH

Fig. 1. Shooting pattern

HccnenoBanus  CTPYKTypHO-(A30BOTO  CO-
CTOSIHMSA OOpa3lia BBINOJHEHbl Ha IPOCBEYHBAIO-
1ieM anekTpoHHoM Mmukpockone JEOL JEM-2100.
VYcnoBUsS CBEMKH: YCKOPSIOIIEE HaNpsSIKEHUE —
200 kB, yBemnuenue — 6000...1 500 000 kpar,
«UIMHA KOJIOHHB» B MHUKPOIU(PAKIUOHHOM pe-
xume — 100 cm. MUaentudukanus a3 npoBoau-
J1ach IPU MOMOIIU MEXAYHAPOAHOM KapTOTEUHOU
0a3bl qanHbix ICDD PDF4+ (International Center
for Diffraction Data).

Jlnst u3ydeHus: BIMSHUS CTPAaTeTHH CKaHUPOBa-
HUS HA MUKPOCTPYKTYPY M HOPHUCTOCTH 0Opa3loB
peann3oBaHbl yeThipe crpareruu. Crparerus cka-
HupoBaHus | (£ 90), mpu koTopoil HampaBiieHUE
JBKEHUS Jiazepa MeHsieTcs Ha yroa 90° ot cios k
CJIOI0, TOKa3aHa Ha puc. 2.

Puc. 2. Crparerus ckanupoBanus [ (£ 90)

Fig. 2. Scanning strategy I (£ 90)

IIpu cTpareruu ckanupoBanus 11 (£ 45) Hanpas-
JIEHUE JBUKEHMS Ja3zepa MeHseTcs Ha yroa 45° or
cios K cioto (puc. 3).

ITpu crparerun III (£ 90S/2) dbopmupoBanue
o0pasia MpOUCXOINT, KOT/Ia HAlpaBlICHUE JIBHIKE-
HUs J1a3epa MeHseTcsl Ha yroia 90° kaxkJIbplil HedeT-
HBIHN ciol (n, n + 2, u T. 1.). Kaxaplii 4eTHBIN cion
(n + 1, n + 3) ABUXKEHUE JTa3€pPHOTO JIyda IIPOUCXO-
IWT TAPaJUIETbHO TPEABIIYIIEMY CIOI0, IPU 3TOM
Tpek cMemaercs Ha paccrossaue S/2. Ctparerns 111
IIpeJICTaBIEeHA Ha pUcC. 4.

CornacHo crpareruu ckanupoBanus [V (£90 m.o.)
Kbl CJIOW CKaHMPYETCS JIy4OM Ja3epa JBa pasa
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Puc. 3. Crparerus ckanuposanus 11 (£ 45)

Fig. 3. Scanning strategy 11 (£ 45)

Puc. 4. Crparerns ckanuposanwus 11 (£ 90S/2)
Fig. 4. Scanning strategy III (£ 90S/2)

OBRABOTKA METALLOV %

(mBOMHOM TMeperiaB), MPH BTOPOM IPOXOJE IIar
CMeNIaeTcss Ha paccrosHue S/2, a HampaBiICHHUE
JBIDKEHUS J1azepa MeHsieTcss Ha yroa 90° ot ciod
K cioro (puc. 5).

Puc. 5. Crparerus ckaaupoBanus IV (£ 90 m.1.)

Fig. 5. Scanning strategy IV (£ 90 p.p.)

Pe3yﬂbTaTbI H UX 06cy>1cz1e}me

dotorpaduu CTPYKTypbl 00pas3loB, CHOpMH-
POBaHHBIX C Pa3HBIMHU CTPATETUSIMH CKaHHPOBAHUS
13 KOMITO3UMLIMHU NopoukoB Ha pexumax CJIII [22]
P=90Bt, V=225 wmm/c, S=0,08 mm, 2= 0,025 mm,
t =25 °C, mpencrasiieHsl B Ta0. 1.

Tabmnunma 1
Table 1

®otorpadguu cTPYKTYphl 00pa3na v 3Ha4YeHUs MOPUCTOCTH, Yo

Photos of the specimen structure and porosity values, %

Crparerus ckanupoBanus [ (£ 90)
Scanning strategy 1 (£ 90)

0,01

0,02 0,01

0,43

0,39 0,06
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[Ipogonxenue tabdbm 1
Continuation of the table 1

0,63 0,35 0,93

«Cpennstsi» nopuctocts 0,31 %

Crparerus ckanupoBanus 11 (2 45) / Scanning strategy II (£ 45)

0,11 0,09 0,05
0,18 0,14 0,06
0,11 1,36 0,47

«Cpennsts» nopuctocts 0,29 %

Crparerust ckanuposanus 111 (£ 905/2) / Scanning strategy 111 (£ 905/2)

0,04 0,01 0,02
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OkoHyaHue Tab6m 1
The end table 1
0,06 0,01 0,02
0,05 0,04 0,03

«Cpennsisi» nopuctocts 0,03 %

Crparerus ckanupoBanust [V (£ 90mn.m.) / Scanning strategy IV (£ 90m.11.)

B pesynbrare n1BOMHOrO neperuiaBa Ha MOBEpX-
HOCTHU CJIOsI ObITH COPMHUPOBAHBI KPYITHBIE Kall-
nu pacriaBa pazmepom 0,2...0,5 MM, 94TO TIpUBENO
K HEpaBHOMEPHOMY HAaHECEHMIO CIIEAYIOLIETo IO-
POILKOBOIO CJIOSI U MOSBIEHUIO HEmporiaBoB. [lo
ATOM NMPUYMHE HE YAAJIOCh BBIPACTUTH OOpasel] He-
o0xonuMoii TommuHbL. s maHHOTO OOpasma mo-
PUCTOCTh HE OLIEHMBAJIaCh BBUIY HELEIEeCcO00pas-
HOCTU. ['padyik 3aBUCUMOCTH CPEIHEr0 3HAYCHHS
MOPUCTOCTH OT CTPAaTeTHH CKAHWPOBAHHS TIIOKa-
3bIBACT, YTO HAWMMCHBUICC 3HAYCHUC IMOPUCTOCTU
0,03 % umeet obpa3ell, MOTyUYESHHBIH TPU TOMOIITH
crpareruu Il (puc. 6).

[InoTHOCTH SIBASIETCS BaXKHBIM  IOKa3areiieM
JUIA OIICHKH KadecTBa netajiel. C MOMOIIBIO IIITaH-
TeHIUPKYJIS TMPOU3BEICHO U3MEpPEeHHE rabapuTHBIX
pasMepoB 00pa3loB [JIMHA X IIMPUHA X BHICOTA,
koTopoe coctaBuiio 10x10%3 MM COOTBETCTBEHHO.
C momompro aHanutudeckux BecoB BCT-600/10
M3MepeHa Macca o0pasIoB, KOTOpash COCTaBHJIA
0,748 T nuist 0O6pasiia, MOIyYEHHOTO C MPUMEHEHHEM
cTpareruu ckanuposanus I, u 0,75 r — no crpare-
ruu ckanupoBanus 1. PacueTnast miotHoCTh 00pas-
110B cTpareruii ckanupoBanus [ u Il — 2,49 r/CM3, a
oOpa3siia, MoIy4YeHHOTO C MPUMEHEHHEM CTPaTeruu
ckanupoBanus III, — 2,5 F/CM3, YTO COOTBETCTBYET
IJIOTHOCTU CUITyMHHA.
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Puc. 6. 3aBUCUMOCTB CpEIHETO 3HAUYEHUS TOPUCTOCTH
o0pasia oT cTparern CKAaHUPOBAHHS

Fig. 6. Dependence of the average porosity of the
specimen on the scanning strategy

Ha puc. 7 npuBeaensl POM-uzolpaxkenus u
KapThl pacnpenaeneHus aneMeHToB (Al, Mg, Si) o6-
pa3LoB, MOIYYEHHBIX IIPH Pa3IUYHbIX CTPATErHsIX.

AmoMUHUN ¥ MarHuii Bo Bcex oOpasiax pac-
npezeneHsl ogHopoaHo. lpu 3ToM KpemHuit B 00-

MATEPUAJIOBEJEHUE

pasnax pacupelesieH B BHJE MEJIKHX YacTULl C
pasMmepom MeHee 5 MKM. Mi3menenue crtpareruu mo-
Jy4eHUs1 00pa3LioB HE MEHsET XapaKTep pacipenae-
JICHUS KPEeMHHUs B 00pasliax.

CTpykTypHO-()a30BO€ COCTOSIHME U 3IIEMEHT-
HBIH COCTaB oIpezeneHsl 1 oopa3na, chopMupo-
BAaHHOIO Ipu crparerun ckanuposanus 1. Mccie-
IyeMblii 00pasel] UMeeT 3epEHHYI0 CTPYKTYpY, IPH
UCIOJIB3YEMbIX YBEJIMYEHUSIX MHUKPOCKOIIUYECKUE
IIOPBI HE BBISABIISIFOTCS.

MukponuppakiiMOHHbIE KapTHHBI, IOJy4YeH-
HbIE C pa3HBIX 00IacTei, MpencTaBlIeHbl MPEKIe
Bcero peduexcaMu pasiIuYHON HHTEHCUBHOCTH.
WnentudunmpoBanHbie pediekChl COOTBETCTBYIOT
OLIK-¢aze Al — 91 macc. %, Si — 8 macc. % (PDF
Card — 04-003-7125). Ha mukpoaudpakiuoHHON
KapTtuHe (puc. 8, 6), MOJy4YEHHON C HCIOJIb30Ba-
HUEM HauOoJbIleH CEIeKTOpHOW auadparmsl MpH
MaJIOM YBEJIMYEHUU 00paslia, TaKKe HPUCYTCTBY-
10T pedreKchl, pacloloKeHHbIE 110 OKPYXHOCTSIM,
YTO yKa3blBaeT HA HaJM4YUe B CTPYKType obOpa3ua

Puc. 7. POM-u3o0pakeHus u KapTel pacupeaeneHus anemenToB (Al, Mg, Si) o6pa3mos ¢ uc-
[0JIb30BAaHUEM PA3HBIX CTPATETHH HOITYyUEHHS:
a—Nel;6—Ne2; 6—Ne 3 (cm. Takxke c. 199)

Fig. 7. SEM images and distribution maps of elements (4/, Mg, Si) of specimens using differ-
ent production strategies:
a—No. 1; 6 —No. 2; 6 — No. 3 (see also p. 199)
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Puc. 7. OkoHuanue
Fig. 7. The End

MEJTKOJUCTIEPCHBIX YacTuil. [Ipu Oonpmux yBemu- Jlisg aHanu3a OIHOPOIHOCTH paclpeaeieHus
YEHUSAX U Ha TEMHOMOJIBHBIX N300PKCHHIX OTYET- DJIEMEHTOB B HCCIEAYEMOM 00pasiie MPUMEHSIICS
JUBO BHJIHO, YTO ITH MEJTKOJUCIIEPCHBIC YACTHIBI  DHEPTOAUCIIEPCHOHHBIA MHUKpPOAHAIU3 3JIEMEHTOB.
pacrnojararTcs Ha TpaHUIaX 3epeH. [Ipexne Bcero ObUTH MOCTPOEHBI KapThI pacIpesie-
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Puc. 8. Muxkpoctpykrypa oOpasua u3 cmiaBa AlSiMg: cBetnononsHble H300pa-
XKeHus (a, ) ¢ COOTBETCTBYIOIIMMH MHUKPOAM(PAKIIMOHHBIMU KapTuHaMu (0, 0)
Y TEMHOTIOJIBHBIMHU H300paXeHUIMU (8, €)

Fig. 8. Microstructure of the 4/SiMg alloy specimen: light-field images (a, 2) with
corresponding microdifraction patterns (6, 0) and dark-field images (s, ¢)
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JIeHUsl 3JEMEHTOB 10 y4acTKy aHanu3a. Kaptupo-
BaHME OKa3aJl0, YTO OCHOBHOW 3JIEMEHT CIljlaBa —
Al — B 3epHax pacnpeneieH paBHOMEpPHO, HO IO
IPaHUIIAM 3€pEeH €ro Cojep)KaHHe YMEHBIIAeTCs.
Bropoii no copep:kaHuio 31eMeHT — Si — HalpoTHB,
B OCHOBHOM COCPEIOTOYEH I10 TpPaHUIAM 3EpeH.

OBRABOTKA METALLOV %

Tpetuil o copep:kaHuio 31eMeHT — Mg — pacnpe-
JieJIeH paBHOMEPHO 0 uccieayemMomy oobemy. Hc-
X0l U3 XapakTepa CyMMAapHOro crekrpa (puc. 9)
JpyTUe 3JIeMEHThl B 00pa3iie He 0OHAPYKUBAIOTCS.
DneMeHTHBIH cocTaB HcciaeyeMoi 00acTu puBe-
IeH B Tadi. 2.

aAHC

Puc. 9. CetnononsHOE n300pakeHue y4yacTka aHanuza (a); uckomoe [IPOM-m300paxenne ydactka aHanmmza (0);
[TPOM-u300paxkeHne Uil COIOCTABICHNS KapTaM dJIEMEHTOB (6); KapThl pacipeeIeH s SIIEMEHTOB (e—e); CyMMap-
HBIH CIIEKTpP 001aCcTH KapTUPOBaHUS (d1C)

Fig. 9. A bright field image of the analysis area (@), the desired 7SM image of the analysis area (6), a TSM image
for comparing element maps (8), element distribution maps (e—e) and the total spectrum of the mapping area (orc)
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TabOnuma 2
Table 2

DJieMeHTHBII aHaau3 ciiaBa AISiMg mo cymmapHo-
MY CHeKTPY U3 00J1aCTH KAPTHPOBAHNUS

Elemental analysis of the AISiMg alloy by the total
spectrum from the mapping area

DneMeHT Becosoit % AtomHBIN %
AlK 92,65 92,86
SiK 6,95 6,69
Mg K 0,40 0,45

s moaTBepKACHUS JIOKAJIbHOW HEOIHO-
POAHOCTH DJJIEMEHTHOTO COCTaBa TakKxke OBLIO
MPOBEIEHO HUCCJIEIOBAHUE AJIEMEHTHOTO COCTa-

MATEPUAJIOBEJEHUE

Ba MO 3aJaHHON suHHUM. Ero pesyinsraTsl npu-
BeAaeHsl Ha puc. 10. Xapakrep pacnpeneneHus
9JIEMEHTOB AaHAJOTHYEH KapTUPOBAHHWIO — Ha
TpaHUIlaX 3€peH HaOMI0AaeTCS YMEHBIICHHOE
coaepxanue Al u MoBBIIIEHHOE colep)kaHue Si.
Kak BuaHO, KOHIEHTpauuss Mg mnpu uccieno-
BaHUM JAaHHBIM METOJOM TaKXe HEOJTHOPOHA.
OnHako MOCKOJBKY cojiepkaHue Mg B cocTaBe
Maso (Mo JaHHBIM DJIEMEHTHOTO aHaJin3a, MeHee
0,5 macc. %), TO HeNb3sT TOYHO OTO TMOCTYIH-
poBaTk.

Ha monydeHHBIX ONTUMAIBHBIX YCIOBHUAX
CJIII u3 moAaroTOBIEHHONW CMECH TIOPOIIKOB OBLI
caenaH oOpasel] CI0KHON reoMeTpudeckon (hopMbl

(puc. 11).

Puc. 10. CemiiononsHOE N300pakeHe ydacTka aHaim3a (a); uckomoe [IPOM-u3o0paxenune ygacTka aHanmsa (0);
ITPOM-u300paxeHue ¢ HAaHeCEHHBIMU JaHHBIME COIEPIKaHMS DJIEMEHTOB (8); pacIpeesieHrue 2JIEMEHTOB
0 TPEKy (e—e)

Fig. 10. A bright field image of the analysis area (a), the desired 7SM image of the analysis area (0), a TSM image
with plotted element content data (), the distribution of elements along the track (e—e)
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Puc. 11. OnbITHBI 00pa3er 3aBUXPHUTEIS

Fig. 11. A prototype of the swirler

3aKJIloueHue

B nporecce nccnenoBaHuii mojgy4eHa TEXHOIO-
rusi GOpMUPOBAHUS IEPCIIEKTUBHOTO A TFOMUHHEBO-
ro crutaBa AlSi8Mg mist CeeKTUBHOTO JIa3e€PHOTO
TJIABJICHUS W TOPOIIKOB Hec(hepudecKor (OpMEI.
Marepuan nokasana XOpOIIyl0 TEXHOJIOTHYHOCTh U
HU3KYI0O CTOMMOCTH MOpOIIKa. TeXHOJIOrH4ecKue
napaMeTpsl IJIaBICHUS MO3BOJSIIOT chOPMUPOBATH
TOHKYIO CTPYKTYpPY C HU3KUM YpPOBHEM MOPHUCTO-
ctu. MccrnenoBaH MexaHW3M BIUSHUSL CTpaTeruu
CKaHUPOBaHUS HA MOPUCTOCTb, MOP(OJIOTHIO TO-
BEPXHOCTH, OTHOCUTENIbHYIO MJIOTHOCTh U MHKPO-
CTpyKTYpy. OCHOBHBIE BBIBOJIBI CYMMHUPYIOTCS Clie-
JIOITUM 00pazoMm.

O6pa3zer u3 moponikoBoi kommnosunuu AlSi8Mg
C BBICOKOH OTHOCHTEIBPHOM IIJIOTHOCTBIO 99,97 %
OBLT U3TOTOBJIEH METOJIOM CEJIEKTHUBHOTO Ja3epHO-
ro masjaeHus. [1I0THOCTh SHEPTUU CyIIECTBEHHO
BJIMSIET HAa Ka4eCTBO MOBEPXHOCTH. B aToM mcce-
JIOBaHUU MPUMEHSIACh TNIOTHOCTh SHEPTUH, paBHAas
200 x/mMm’, u CTparervs CKaHUpOBaHUS (HOPMH-
poBanusi obpasma III, korma HampaBiIeHUE IBUXKE-
HUS Jiazepa MeHsieTcsa Ha yroi 90° kakapiii HedeT-
HBIH ciiolt (n, n + 2, u T. 11.). Kaxaplii 4eTHBIN CIIoi
(n + 1, n + 3) HampaBiIeHUE ABUKCHUS JA3€PHOTO
Jy4a napajuiebHO MpeAbIAYIIEMY CJIO00, IPU ATOM
Tpek cMmemraercs Ha pacctosiaue S/2 (£ 90S/2). Dt1o
Jy4IIMe mapaMeTpsl mpoliecca Jisi JOCTHKEHUS ca-
MOM BBICOKOM OTHOCHUTEJIBHOM MJIOTHOCTH.

OBRABOTKA METALLOV %

JlokazaHo, 4TO MIOTHOCTH cruiaBa AlSiMg 3a-
BHUCHUT OT NMPUMEHSIEMON CTPAaTErny CKaHUPOBAHUSI.
PacueTnas mioTHOCTH 00pa3loB CTpaTeTruii CKaHU-
posanwus [ u Il coctaBuna 2,49 F/CM3, a Jiy1st 00pasia,
MOJTy4YEHHOTO C IPUMEHEHHEM CTpaTeruu CKaHUPO-
Banus 111, — 2,5 F/CM3, YTO COOTBETCTBYET IJIOTHO-
CTH CUJIyMHUHA.

Ananmuz POM-u300pakeHnid ¥ KapT pacrpese-
nenus snemeHToB (Al, Mg, Si) oOpa3moB mokasan,
YTO pa3Hble CTpPATeTUH MOJTy4YeHHUs o0pa3loB HE
BJIMSIIOT Ha XapaKTep pachpeesieHns KpeMHUS.

B roroBom cmiaBe AlSi8Mg naGmromaercs
YHUKaJIbHasl 3epeHHasi CTpyKTypa. B BanHe pac-
IJlaBa MEJKHE 3€pHa PaCIOJIOKEHbI MO TpaHUIIE,
a KpyIHbIe 3epHa — B IeHTpe. Jlo0aBieHne KpeMHHUs
U BBICOKasi CKOPOCTH OXJIaXJCHHUS BO BpeMs ce-
JIEKTUBHOTO JIa3€PHOTO IUIABJICHUS SBISIOTCS I10-
JIO)KUTEIBHBIMU YCIOBUAMH Ji1 (OPMUPOBAHUS
MEJIKHUX 3€pEH.
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Introduction. The development of additive technologies is aimed at the synthesis of new powder
compositions for selective laser melting plants, the study of the effect of mode parameters on the stable
quality of products. The purpose of this work is to study the effect of the scanning strategy on the
microstructure, elemental composition, porosity and density of specimens obtained by selective laser
melting from non-spherical powders (4] — 91 wt. %, Si — 8 wt. %, Mg — 1 wt. %), subjected to special
preparation to determine the optimal conditions for selective laser melting. The research methods
are methods of X-ray diffraction and X-ray phase analysis, transmission electron microscopy. The
paper examines specimens formed using four different scanning strategies. Results and discussions.
A promising aluminum alloy AISi8Mg is developed for selective laser melting. The material has good
manufacturability and low powder cost. The technological parameters of melting make it possible to
form a thin structure with a low level of porosity. The mechanism of influence of the scanning strategy
on porosity, surface morphology, relative density and microstructure is investigated. A specimen from
the AISi8Mg powder composition with a high relative density of 99.97 % is produced by selective laser
melting with an energy density of 200 J/mm’, a specimen scanning circuit when the direction of laser
movement changes by an angle of 90° each odd layer. It is proved that the density of the AISiMg alloy
depends on the scanning strategy used. The calculated density of the specimen was 2.5 g/cm3, which
corresponds to the density of silumin. Analysis of SEM images and maps of the distribution of elements
(41, Mg, Si) of the specimens showed that different specimen formation strategies do not affect the
nature of silicon distribution. A unique grain structure is observed in the resulting A/Si8Mg alloy. The
melt pool consists of small grains along the border and large grains in the center. The formation of fine
grains is explained by the addition of Si and the high cooling rate during selective laser melting.

For citation: Saprykina N.A., Saprykin A.A., Sharkeev Y.P., Ibragimov E.A. The effect of technological parameters on the microstructure and
properties of the AISiMg alloy obtained by selective laser melting. Obrabotka metallov (tekhnologiya, oborudovanie, instrumenty) = Metal
Working and Material Science, 2024, vol. 26, no. 3, pp. 192-207. DOI: 10.17212/1994-6309-2024-26.3-192-207. (In Russian).
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