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BBEAEHWE

Bnaromapst xopolluM ITOKa3aTelsIM MeXaHude-
CKUX 1 (U3NYSCKUX CBOMCTB, U3ACINS U3 ayCTCHUT-
HoM ctanu 3161 mMpOKO MCHOJB3YIOTCS B pa3ind-
HBIX OTPACISIX IPOMBIIIJIEHHOCTHA: OT MEIULIUHEL IO
netaneii HeTe- U Ta30MPOBOAOB, M PEaKTOPHOTO Ma-
IIUHOCTPOCHUSI.

Kpome paBHOBecHOil ha3bl nenbra Geppura,
nMmeroiero OIIK kpuctauimyeckyio pemerky, B
olnpeleeHHbIX YCI0BUAX B cTainu 3161 MoryTt obpa-
30BbIBAaTbCSl METACTAOUJIbHbIE MAPTEHCUTHbBIE (Pa3bl:
o'-asza ¢ OLIK kpucTaminyecKkoii pemeTkoii u e-ga-
3a c I'TTY kpucramummueckoit penretkoii. O6pa3oBaHme
MapTeHcuTa aedopmaiuu (o'-dasbl) B ayCTEHUTHOM
cranu 316L HabGmomaau MpyU HU3KOTEMIIEPATypPHBIX
nedopMallMOHHBIX BO3AEHCTBUSX WU MTPU OOJIBIITNX
nporeHTax medopManuu (=50%) Tipu KOMHATHOI
temneparype [1—3]. MI3BecTHO, 4YTO BbI3BaHHOE JI€-
dopmalmeit MapTeHCUTHOE MpeBpalleHue (o' -Map-
TEHCUT) BbI3bIBAET OXpyMUMBaHUE MaTepuaia [4].
Kpome Toro, aTa MapTeHcUTHas da3za siBisieTcs dep-
POMArHUTHOM [5], 9TO HeXeIaTeTbHO TSI MEINITH-
CKMX MaTepuajioB, MCMOJIb3yeMbIX B KauyeCTBE UM-
IUIAHTATOB. €- MapTEeHCUT SIBJISIETCS MeTacTaOMJIbHOI
MPOMEXYTOUHOI (ha30ii B MpeBpaIeHn Y — € — O U
oOHapyX1BaeTCsl B MACCUBHBIX 00Opasiuax cranu 316L
TOJIBKO mociie AehopMalvi MPU KPUOTEHHBIX TeMIIe-

parypax [6].

AycTteHuTHas cTajab 316 aKTUBHO MCIIOJIb3YETCS
B MeIUILIMHE OGJaronapsi XopolieMy CoOueTaHUIo Me-
XaHUYECKNX, KOPPO3MOHHBIX CBOMCTB U CTOUMO-
ctu. OcoOBIil MHTEpPEC MPENCTABIISIIOT UCCIIEd0Ba-
HUS TIOPUCTBHIX MeTaUIMUYecKuX o0pasloB, Kak
HaunboJiee MepPCIeKTUBHBIX MJISI IIPOIIECCOB OCTEO-
UHTerpanuu. B mopucTeix o6pasmnax us cranu 3161,
MOJYYeHHBIX TPAAUIIMOHHBIM CIIOCOOOM JIMThS,
MapTeHCUTHas o/'-dasa ObLla OOHapy:KeHa Iocie
nedopManny cKaTrueM IIpU KOMHATHOM TeMIIepaTy-
pe mo 30% [7].

AKTUBHOE pa3BUTUE aNAUTUBHBIX TEXHOJIOTUIM,
HaIpaBJICHHBIX Ha MOJIyYeH1Ee MeTa/UTMYeCKUX U3/e-
JIMH TIpencTaBaseT OONBIION HAYYHBIA M IIpaKTUYe-
CKuii mHTepec. MHOTOYMCIIEHHbIE WCCIIeIOBAHUS
MOKa3aju CYIIeCTBOBaHUE OOJbIIOTO OTIUYMUS B
CTPYKTYpE€ CIUIABOB, ITOJYYEHHBIX C MoMoIpio 3D
npuHTepa. OCOOEHHO 3TO KacaeTcsl U3MeNnil, oIy~
YeHHBIX C MOMOILbIO Ja3zepHoit 3D nmeuatu (1a3ep-
HbI cuHTe3 Ha nomioxke, JIC, L-PBF), crpykrypa
M CBOMCTBA KOTOPHBIX 3HAYUTEIHLHO OTIMYAIOTCS OT
UX JUTHIX aHajioroB. CeroaHs yxe U3BECTHO, UYTO He
BC€ CILJIaBBI IIPUTOAHBI [JIsI MCIIOJIL30BaHUS B A~
TUBHOM J1a3epHOI ITe4aTh. DTO CBSI3aHO C 0COOEHHO-
CTSIMU METAJNIMYECKUX TMOPOIIKOB, HEOOXOIUMBIX
s ucrronb3oBanus B 3D mpuHTepe. Takue dakro-
pBI Kak: popMa YacTUII MOPOIIKA U TPaHYJIOMETPHU-
YEeCKHUiI COCTaB OKa3bIBAIOT BIUSIHUE HA TEKYYECTh U
TeIruiou3ndecKre CBOMCTBA ITOPOIIKa, a TaKXKe Ha
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IUIOTHOCTh YITAKOBKM YAaCTUII B CIUIABIIIEMOM CJIO€
[8]. HemanmoBaxXHBIM TaKXKe SIBISIETCS XXKUIKOTEKY-
YeCTh METaJjlla U €r0 CKIIOHHOCTh K 00pa30BaHUIO TO-
psunx TpemunH. Cpelu BceX ayCTEHUTHBIX CTajlei,
MOJYYEHHBIX € MOMOIIblo JjadepHoilt 3D mnewartw,
craib 3161 3aHMMAaEeT IeEpBOE MECTO, TTOCKOIBKY JIC
00pa3lbl U3 3TON CTalIu ITOKA3bIBAIOT MPOYHOCTHEIE
CBOMCTBA, a TAKXE U3HOCOCTOMKOCTh, 3HAYUTEIBHO
BBIIIIE CBOMX aHAJIOTOB, MOJIyYeHHBIX TPAIULIMOHHbBI-
mu criocobamu [9—13]. OnHako, HECMOTpsl Ha OOJIb-
1I0€ KOJUYECTBO IyOIMKalUUui U JIaxe OO030pOB,
OOJTBIIIAST YACTh KOTOPHIX MTOCBSIIEHA BEIOOPY PEXM-
MOB pab6otel 3D mpuHTepa, ucciaeaoBaHui Mopgo-
Jnorun obpasyromuxcs ¢a3 B JIC obpasiax u3 craau
316L nmpaktuyecku HeT. Takke HET YETKOTO MOHUMa-
HUS IpUYIUH oOpa3oBaHus pas3nnuyHbix ¢a3 B JIC 06-
pasuax u3 3Toi cTajau BO BpeMs UX GOPMUPOBAHUS B
nazepHoMm 3D nmpuHTEpe.

Llenbio paboOTEHI SIBJISIETCS UCCIIemoBaHMEe (ha30BBIX
npeBpallieHuii B ITOPUCTHIX oOpa3liax M3 ayCTCHUT-
HOM ctaymmm 3161, MoMy4eHHBIX C IIOMOIIBIO JIa3€pHOM
3D neyatn.

MATEPHAJIBI U METO/1bI

Jas1t uccaenoBaHus ObLIM B3SITHI 0Opa3Libl, MOJIYy-
YyeHHBIEe ¢ TToMolbio Ja3epHoro 3D mpuHTepa Ren-
ishaw AM 400 ¢ momrHocThIO 1a3epa 400 Bt. I1pu m1e-
yaTu WCIIOJb30BAIM PEXUMbBI, PEKOMEHIOBAaHHBIC
MPOU3BOIUTENEM [IJIsI TIOJIyYeHUs CTAIBHBIX 00pa3-
noB. ST co3maHust onpencaeHHON CTEIeHn MOPU-
CTOCTU 00pa31l0B MOIIHOCTH Jlazepa Oblla CHUKEHa
Ha 25% ot pekoMeHayeMoii nipousBoauTeneM. O0-
pa3nel uMean aauHy 70 MM, gmameTrp 15 MM B BO
BpeMsi pocTa ObLIY PACIION0KEHBI TOPU30HTATbHO B
kamepe 3D mpuHTepa. CTpyKTYpHBI aHAIN3 OBLIT
BBITIOJTHEH BIOJIb U TIOIIEPEK HAIpaBJICHUS POCTa
obpasua. /s nazepHoii 3D meyaty ObLI MCIIOJIB30BaH
niopoiiok ASTM F3184 (crans 316L). ITnoTHOCTH 110~
JIy4eHHBIX 00pa31IoB, OINpeAe/IeHHAas IO METOAY ApXU-
Mena, coctaBuiia 92%. CTpyKTYpHBI aHaIN3 ObLT BbI-
TIOJTHEH C TTOMOIIIBIO pacTpoBoro Mukpockomna ZEISS
CrossBeam AURIGA (POM)u mnpocCBeYMBAaIONIIETO
anekTpoHHoro mukpockorna JEM 200CX B LleHTpe
KosuleKTuBHOro nosb3oBanuss MOM YpO PAH u B
VpanbeckoMm (enepansHoM yHHBepcuteTe (ExarepnH-
Oypr). is1 cTpyKTypHO-(pa30BOro aHajims3a OBLT HC-
TOB30BaH peHTreHoBCcKMi nudpakromerp JJPOH-3,
usnyyenue Cuk,,.

PE3VYJIBTATDI

ITo naHHBIM PEHTTEeHOCTPYKTYPHOIO aHau3a Mo-
nydyeHHbIe JIC o6pa3iisl HaXOOMIMCh B OTHO(Ma3HOM
(y-aza) aycteHUTHOM cocTosiHUM. Hukakux nomnoJ-
HUTEJIbHBIX peJIeKCOB IpyTUX (a3 UM KapOUI0B He
OOHapyXeHO.

MN3BECTUA PAH. CEPUSA ®USNYECKAA  tom 87
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Puc. 1. Mukpoctpykrypa JIC o6paslia, CKaHUpYOILIast
SJIEKTPOHHAsE ~ MUKPOCKOMMUS:  STYEUCTO-ACHAPUTHAS
CTpyKTypa (a); y9acToK obpasiia ¢ mopamu (6).

Pucynok 1 mpencrapisieT pe3yabTaThl pacTpOBOM
BJIEKTPOHHON MMKPOCKOMUMU HCCIAEAOBAHUS TOJY-
yeHHBIX JIC 06pa3ioB. Bece JIC o0Opas3ibl UMEIOT sT4e-
HUCTO-IEHIPUTHYIO CTPYKTYpy (puc. la). B 3aBucu-
MOCTU OT OPUEHTALMU 3€pPeH, Ha PUCYHKE MOXHO
BUIETH pa3IMIHBIC CeUYeHUS sTdeeK. SAueiiku MMeroT
BBITSIHYTYIO (hopMy, IraMeTp cedeHusT ~1 Mxm. Takke
Ha puc. la MOXXHO BUIETh OKPYTJIbIe Ta30BbIC TTOPHI C
pasmepamu 100—200 aM. PucyHok 16 mipencraBiisieT
ctpykrypy JIC oOpasna ¢ OpyrMM YBEIWYEHMEM.
31ech XOpOIIO BUIHBI TEXHOJIOTUYECKUE MTOPHI, UMe-
JoIIMe HelrpaBMWILHYIO (popMy. Pazmep mmop noctura-
eT 150 MkMm. BHYTpU TEXHOJIOTMYECKUX ITOP MOXKHO
BUIETh HepacIUIaBJIeHHbIE MeTANIMYECKUEe IOpOo-
IITHKM.

Ha wuzoOpaxeHus1X, IOAY4EeHHBIX C ITOMOIIbBIO
MPOCBEUMBAIOIIEN IJEKTPOHHOU MUKPOCKOIIUU
(puc. 2) mpencTaBiieHbl pa3IMYHbIE Y4aCTKU 00pa3-
na. Slyercras cTpyKTypa ayCTeHUTHOM (ha3bl UMeEeT
CyOCTPYKTYpY B BUIE Cy03epeH ¢ IIMPOKUMU Je-
¢dexTHBIMU TpaHuliaMu (puc. 2a). M3o00pakeHus Ha
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Puc. 2. Muxkpoctpykrypa JIC obpaslia, IIipocBeYMBaollasi 3JIeKTPOHHAass MUKPOCKOITUSI: CBETJIOIOJIbHOEe n3obpaxkeHue (a);
CBETJIONOIBHOE U300paXeHNE OCTATOUHOTO O-(heppuTa (6); TEMHOIOIBHOE U300paXeHUe B pedIieKce 0CTaTOUHOro d-heppu-

Ta (8); MMKPO3JIEKTpOHOrpaMMa (2) K (6—8), ock 30HbI [11 1]onk || [101]ruxk.

puc. 26—26 moJiydeHbl ¢ 00JIacTH, COmepXKalleil C
d-depput. d-DeppuT HaGIIOIAETCS B BUIE ITPOCIIO-
€K MEeXIy ayCTEHUTHBIMU ST9eiiKaMu, IMUPUHA ITPO-
cioex coctabiisieT 200—300 HMm. Kpas nmpocioek He-
POBHBIE, BHYTPH ITPOCIOEK MOKHO BUAETH BHICOKYIO

IJIOTHOCTb AUCTIOKALM. MUKpPO3IeKTPOHOrpaMMa
¢ aByxdasHoii Y + & obnactu (puc. 22) MOKa3bIBaeT,
yto pacrioioxenue pediekcos ot 'IIK 1 OLIK a3z
COOTBETCTBYET OPUEHTALIMOHHBLIM COOTHOIIEHUSIM

MN3BECTHUA PAH. CEPUA OUBNYECKAA tom 87 Ne 10 2023
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Puc. 3. Pesynbrathl TekcTypHoro aHanu3za JIC obpasua, EBSD-ananus, ckaHupyiolas 3,J1eKTpOHHAasi MUKPOCKOITUSI: pas3jiny-
HbIe OpMeHTallMu obpa3siia (a—e), OCh 7 — HallpaBJieHUe pocTa obpasiia B KaMepe 3D npuHTepa; MoJifocHbIe GUTYPHI (2).

KypatomoBa—3akca st KpUCTAIIUYECKUX PEIIETOK Pesynbrarel TekcTypHoro aHanusa JIC oGpasina

aycTeHUTa U d-deppura:
110\u
viouk=[110 v |TOK,
w 001w
h 110)(h
klruk=|11 0| k |ouk.
/ 00 1)/

MN3BECTUA PAH. CEPUA ®U3SNYECKAA

npuBencHbI Ha puc. 3. Ob6pasel] ObLI UCCISIOBaH CO

Tpex ctopoH. Ha puc. 3 och z BeIOpaHa B Harpas Jie-

HHUU pocTa odpasua B Kamepe 3D npunrepa. Cormac-
M o MOJIyYEHHBIM pe3ybTaTaM, o0pasel] HaXOaAUTCs B
06Ee3TEeKCTYPHOM COCTOSIHUM, TTOCKOJIbKY HU B OTHOM
W3 cedeHUit 0Opa3iia He 0OHAPYKEHO BBITSIHYTBIX 3€-
peH (puc. 3a—36). I[lontocHbie GUTYPHI TAKXKE HE 0~
Kazanu Hajanuus B JIC obOpasiie mpenMyIiecTBEHHOM
OPMEHTUPOBKU (puc. 3e).

()
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OBCYXIEHME PE3VJIIbTATOB

AycrenutHas crtaiab 316L  (pycckmit  aHajgor
03X17H14M3) oTHOCUTCS K paspsily CTaOMIbHBIX
aycTeHUTHBIX ctajeii [14]. ComracHo nuarpaMme co-
crositHus [15], B 3TOi cTtanu (pa3oBHIM mepexod U3
aycreHuta (y-daza, 'LIK) B nenvra deppur (OLIK)
poucxoauTt npu temmneparype ~850°C. B 3aBucu-
MOCTH OT XMMHWYECKOIO COCTaBa, YCJIOBMIA IjiaBjie-
HUS U TIOC/ISAYIONICH TepMOMEXaHNYeCKOI 00paboT-
KM 3Ta CTajlb MOXET HaXOOUThCI B ABYyX(ha3zHOM
(aycteHuT + nenbTa (eppUT) COCTOSIHUU TIPU KOM-
HaTHOM Temriepatype [16]. ConracHo [15], ¢da3oBbrit
cocTtaB craiau 316L MoXHO paccuuTaTh C IIOMOIIBIO
nuarpammsl ledaepa, 3Hass XpoMO-HUKEIEBBIN K-
BUBaJIEHT Cr,y/Nig,:

Ni,, = Ni +30C + 0.5Mn, 3)
Cr,, = Cr + Mo +1.58i + 0.5Nb. 4)

B saBucumoctu or Cr,,/Ni,, ha3oBblii cocTaB cTa-
1 3161 MOXeT M3MEHSTHCS OT ITOJHOCTBIO ayCTe-
HUTHOM OO aycTeHUTHO-(peppuTHOil. Kak mokazaHo
B [15], npu Cr,/Ni,, =1.71 O-peppUT B HEOOIBIIOM
KOJIMYECTBE MOXET OBITh COXpaHEH B ayCTEHUTHON
MaTpuie ctaau 3161 mpu GBICTPOM OXJTaXKIEHUH.

Merton 1azepHoro cuHTe3a Ha nmomioxke (JIC) xa-
paKTepU3yeTCsl BBICOKOH CKOPOCTBIO OXJIaXIeHUS
paciiaBa, 4YTO CO3IJaeT TpagueHT TeMIlepaTyp Ha
(GPpOHTE KPUCTAUIU3AILIMH. DTO IIPUBOIUT K COXpaHe-
HUIO B Marepualie BBICOKOTO YPOBHSI OCTaTOYHBIX
YIIPYTUX HAIPSDKEHU, MPOSIBIISIIONIETOCS B IIOBBI-
meHUU 1e(PEeKTHOCTU, YBEJIMUEHU U INIOTHOCTH JUC-
Jlokauuit, nBoMiHMKoBaHuUu [13]. B OonbmInHCTBE
paboT peHTIeHOCTPYKTYPHBIN aHaIn3 00pa3loB U3
ctagu 3161, mosydeHHBIX Jla3epHBIM CILIaBJIEHUEM
perucTpupyeT ogHo(ha3HOE ayCTEHUTHOE COCTOSIHUE,
Takoe Xe, KaK M B MCXOIHOM Itopoiuke [9, 10, 12].
ITpu Hanuuu O-peppuTa B UCXOOAHOM ITOPOLLIKE, OH
6611 o0Hapy:xeH u B JIC obpasuax cranu 316L, npu-
yeM B JIC oOpa3nax MHTEHCUBHOCTh PEHTTEHOBCKUX
oTpaxeHuii O-deppuTa ObUla 3HAYUTEIBLHO HUXKE,
YeM B UICXOTHOM IOPOIIKE U 3aBUCETIA OT TEXHOJIOTH -
yecKMx napameTpos npuHrepa [11, 13]. B JIC obpas-
1Ie C TUIOTHOCTBIO 99.23%, TOy9IeHHOM C BBICOKOM
CKOpOCThIO cKaHuposaHus (3000 mm/c), d-deppur
OBLI OOHapyXeH B ABYX BUIaX: B BUIE TOHKUX WUTO-
JIOK, O9eHb crIbHO HanmoMmuHarommx OLIK mapreH-
CUT (XOT$ aBTOpHI paboThI [11] yTBEpKmaroT, 4TO 3TO
¢deppur), 1 B Buie objacTeil ¢ HEeOpaBUIbHBIMU
rpanutiamu. B pa6ote [13] B JIC obGpasme meTomom
IPOCBEYMBAIOIIEA JJIEKTPOHHOU MUKPOCKOIUU
KpPOME OCTaTOYHOTO O-(eppUTa B ayCTEHUTHON
MaTpuilie OblJIa OOHapy:XeHa MapTeHCUTHas €-daza
¢ I'TTY kpuctajuinyeckoil peleTkoi u mapaMeTpa-
mu: a = 0.245 um, ¢ = 0.393 HM, OSIBJICHUE KOTOPOii
B JIC o0Opa3iie TakKe CBSI3aHO C BEIOOPOM TEXHOJIOTH-
yeckux TapamMeTrpoB 3D mpuHTepa. Takum oOpaszom,
MOXKHO CKa3aTh, 4To B JIC obpasuax u3 craau 3161 da-
30BbIM COCTaB 3aBHCUT OT TeMIIEPaTypPHO-CKOPOCT-

N3BECTHUA PAH. CEPUA OUBNYECKAA

KA3AHIIEBA wu np.

HBIX YCJIOBUIA TIpollecca KPpUCTAJIU3ALMK, KOTOPhIE
KOHTPOJIUPYIOTCS TEXHOJOTMYECKUMHU TTapaMeTpaMu
3D npuaTepa. B Hatem cirydyae, yanuThIBast 9yBCTBU -
TEJIBHOCTb METOJA PEHTTeHOCTPYKTYPHOIO aHaIn3a
(~5%), TIpolleHTHOE coAepXaHUe OCTAaTOYHOIO
o-deppura B JIC o6pasLe mano. B Toxe Bpems, cam
¢daKT ero IMPUCYTCTBUS B 00pa3lie CBSI3aH C M3MEHE-
HUEM TEXHOJIOTUYECKUX IIapaMeTpOB IIpUHTEpa
(CHMXXEeHUEeM MOIITHOCTH Jia3epa Ha 25% oT peKOMeH-
JIyEMOM TIPOU3BOAUTEIEM).

TexHoyornueckue mnapamMeTpbl JaszepHoro 3D
MpUHTEPA OKa3bIBAIOT BIUSHUE U HA TNIOTHOCTS [ 13]
u tekctypy JIC o6pasua [17]. ITosiBaeHHE Ta30BbIX
nop B ucciaenoBanHoM JIC obpa3siie cCBUAETEIbCTBYET
0 JJIUTEJIbHOM NpeObIBAHUY pacIljlaBa IIpU TeMIIepa-
Type KureHusi. KpynmHble TeXHOJIOTrMYeCKue Mophbl C
HepacIUIaBJICHHBIMU TIOPOIIMHKAMU BHYTpU (dop-
MUPYIOTCS TTPU HEJOCTATOUHOM TeMIepaTypHO-CKO-
POCTHOM peXuMe ITIIaBieHUs (B HallleM ciydae 3a
CUeT CHMXKEHMSI MOIIHOCTU Ja3epa). OO6pa3oBaHue
TEKCTYpbI (0JIATONMPUSITHO OPUEHTUPOBAHHBIX 3€PEH)
MOXET CITOCOOCTBOBAThH IBOMHUKOBAHUIO U (pa30BO-
My npespatieHuio Y — € B JIC obpasue [13]. B Hatem
cllyyae CHMXXKEHME MOIIHOCTH Jia3epa MpUBEIO K
dopMUpPOBaAHUIO OE3TEKCTYPHOIO COCTOSIHUSI B HC-
cienoaHHoM JIC ob6pasie. Bo3MOXHO MO3TOMY MBI
He HaOJIonaaIy HU IBOMHUKOB, HU €-(a3bl B CTPYK-
type JIC ob6pa3iia.

3AKJIFTOYEHHME

HMccnenoBanbl (a30BbIX MpeBpallleHUl B MOpPU-
CcTOM 00pasiie u3 cTanu 3161, morydeHHOM ¢ TTOMO-
11blo JlazepHoro 3D npuHTepa. [TokazaHo, 4TO MOSIB-
JIeHUe B ayCTEHUTHOM oOOpa3slie MOMOJHUTEIbHbBIX
(a3 (6-deppuTa MM MapTEHCUTA) 3aBUCUT OT TEXHO-
Jjornyeckux napamerpoB 3D npuHTepa. B Haiiem
ClIydae MOSIBJIEHHE OCTaTOYHOTO O-(heppuTa IPOU30-
11JIO 32 CYET CHUKEHUSI MOLIIHOCTHU Jla3epa Mpu Teva-
TH, 4TO TPHUBEJIO K HM3MEHEHUIO0 TeMMepaTypHOro
IMana3oHa, B KOTOpOM HaxoJWjicsi o0pasell mpu ero
pocte B Kamepe 3D mpuHTepa.

CHXeHVe MOIITHOCTH Jla3epa IIPUBeJIo K (hopMHU-
POBaHUIO TA30BBIX M TEXHOJOTMIECKUX TIOP, TTOSBIIC-
HHE KOTOPBIX CBUIETETBCTBYET O ITUTETLHOM HaX0X-
JIeHnH oOpasia B pexXuMe KUITeHus (Ta30BbIe IIOPhI) U
HEIIOCTAaTOYHOM TEeMITePaTyPHO-CKOPOCTHOM PEXKIME
IUIST TIOJTHOTO pacIuIaBlieHUsI TTOPOIIKa (TEXHOJIOTH-
YeCKHe ITOPHI).

Pabora BBIMONHeHa TIpM (PUHAHCOBOIW TMOI-
nepxke Poccuiickoro HaydyHoro ¢oHaa (IpoekT
Ne 22-29-01514). CrtpyKTypHBIE WCCIEIOBAHUS
ObLIM BBINOJHEHHI B LIeHTpe 3JIEKTpPOHHOM MUK-
pockonuu McnplTaTeIbHOrO IEHTPa HAHOTEXHO-
JIOTMI 1 MePCIeKTUBHBIX MaTepuanoB MHcTuTyTa
GU3UKN MeTaIIOB YpanbcKoro oraeaeHuss PAH.
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Electron-microscopic study of phase transformations in 316L austenitic steel
manufactured by laser 3D printing
N. V. Kazantseva® % *, N. 1. Vinogradova“, Yu. N. Koemets’, 1. V. Ezhov*, D. 1. Davidov* *
4 [nstitute of Metal Physics of the Ural branch of the Russian Academy of Sciences, Yekaterinburg, 620108 Russia

bUral State University of Railway Transport, Ekaterinburg, 620034 Russia
*e-mail: Kazantseva-11@mail.ru

We studied the structure and phases in porous samples of 316L austenitic steel manufactured by laser 3D
printing. Transmission electron microscopy revealed the presence of residual d-ferrite along with austenite in
the sample. A high density of dislocations is also observed in the sample. EBSD analysis revealed a lack of

texture.
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