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Annomayus. IIpencraBineHs! pe3ynbraThl KOMIDIEKCHBIX HCCIeoBaHN Hepskasetomen cramu 40X13. C ncronb30BaHreM METOOB ONTHYECKOH, pacTpo-
BOIl U aTOMHO-CHJIOBOH MHKPOCKOINH HOTyUYEHbI N300paskeHnst MUKPO- M HaHOCTPYKTYp. [IpoBeneHo conocTaBneHue noyyeHHbIX n300pakeHni
CTPYKTYp U (ha30BOro COCTaBa CTAJIM B TPEX PA3IUUHBIX COCTOSHUSIX (TOCIIE OTHKUTA, 3aKATKH U BEICOKOTEMIIEPATYPHOTO OTITYCKa) C Pe3y/ibTaTaMu
9MEKTPOHHOH M ONTHYECKOH MUKpockonuu. [lomyueHHble onTuueckue U300paxeHus: GeppuTo-TNepIUTHON CTPYKTYPbI CO 3HAUMTEIBHBIM COIEp-
KaH1eM mIo0ysapHbIx kapounos cocrasa (Cr, Fe),,C,, koTopas moiydyaeTcs nocie OT/KAra, IPUBOIMTCS B CPABHEHHMH € PE3YJIBTATAMHU HCCIIEI0BA-
HMSI PACTPOBBIM U aTOMHO-CHJIOBBIM MHKpOcKonaMu. [TokazaHo, 4To MCIOIb30BAHUE aTOMHO-CUIIOBOH U PACTPOBOH JIEKTPOHHOH MHUKPOCKOIINH
B paboTe MO3BOJISET CJIeNaTh Ka4eCTBEHHBIC BHIBOJBI O MUKPOCTPYKTYPE CTallH, HE TOJIBKO COBIAJAIONINE C JAHHBIMHU ONTHYECKON MeTaiuiorpa-
(bun, HO M MPEBOCXOJSIINE MOCIEAHNE 110 ACTATU3ALMI CTPYKTYPHBIX XapaKTepUCTHK. VICronb30BaHNe B UCCIIEI0BAHUAX PACTPOBOIO AIEKTPOH-
HOTO0 MHKPOCKOIIA TT03BOJIMJIO YCTQHOBHUTH, YTO KPYITHbIE KapOMJIbI PACIIONOKEHBI 110 IpaHULaM (EpPUTHBIX 3€PEH; TaKKE MMEETCS HEKOTOpoe
KOJIMYECTBO KapOWJI0B BHYTPH MEIKMX 3epeH (eppuTa; onpeeseHsl pasmepsl BritoueHui. [locne 3akanku oOpasyercs CTpyKTypa, cOCTOsIIas
n3 rpybouronsaaroro MapreHcura. Mcenomnbs3oBanne ACM-1300paxeHUH TO3BOIMIIO TIOTYYUTh CTPYKTYPY C SIBHO BBIPAXKEHHBIM I10 CPAaBHEHUIO C
PDOM-u300pakeHHEM HrOIbYaThIM CTPOCHUEM C BO3MOXKHOCTBIO MOCTPOCHMS HANISTHBIX TPEXMEPHBIX M300pakeHud. DopmMa HepacTBOPEHHBIX
KapOuI0B TaKke oka3ajnach NIoOyisApHOi. OnpeneneHsl pa3Mepsl MApTEHCUTHBIX IacTHH. CTPYKTypa CTaIM MOCIE BBICOKOTEMIIEPATypHOTO OT-
nycka (copOHuT oTmycka) oOpasyercsi B pesyibrare pachajga MapTeHCHTa Ha (eppuTo-KapOUIHYIO CMECh C BbIACICHHEM KapOWIOB MPaBUIIbHOM
OKpyrioii hopmbl. O6pasoBaBIiecs OMMHOUHbBIE U cTpouHble kKapounsl (Cr, Fe),,C, cosiepxkar cuiibHbIH KapOu1000pa3oBaTeb — XpoM, UTO TOJI-
TBEPXKIACTCS Pe3y/IbTaTaMM CIIEKTPAIbHOro aHanu3a. Takas CTpyKTypa oTidaercs 0onee BHICOKOH, O CPABHEHHIO ¢ MAPTEHCUTOM, TPOYHOCTHIO.
J11st BceX COCTOSIHMI IIPUBOJIATCS PE3y/IbTaThl MEXaHMUECKUX MCIBITAaHMI MO CXeMe OJJHOOCHOTO PACTSDKEHUS, onpezeneHa Teepaocts HB.
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Heo6x0oamMoCTh MOCTOSHHOTO COBEPIICHCTBOBAHUS U
Pa3pabOTKU HOBBIX MaT€pPUaoOB PUBOIUT K TOMY, UTO Me-
Tajyiorpadus SBISETCS 0YeHb BOCTPEOOBAHHOM U aKTyallb-
HOU. 3HaUUTEIbHBIMU NIEPCHEKTUBAMHU B 3TOH o0nacTu, Ha-

*PaGora BbInonHeHa B paMkax [IporpaMmel yHIaMEHTaNIbHBIX UC-
cnenoBanuii [ocynapcrBenHoit akanemun Hayk B 2015 — 2020 rr. 1 rpan-
ta PODU Ne 16-08-00385-a.

PSRy ¢ y’Ke U3BECTHBIMH U TPAJAUIOHHO HCIONb3yEeMBbIMU
METO/laMU OITHYECKOW M CBETOBOM Mukpockonuu [1, 2],
0051a/1al0T METO/BI, OCHOBAHHBIC HA HMCCICAOBAHUH TOIIO-
JIOTUU TPEXMEPHOU MOBEPXHOCTH, MOTYUYEHHOM C BBICOKUM
(1076 M) mpoCTpaHCTBEHHBIM pa3pelnieHneM. TaKuMu MeTO-
JaMH SIBJIAIOTCS, HallpuMep, TyHHeNbHas U aTOMHO-CUJIO-
Bast MUKpockonus [3 — 7]. Bo3aMOXKHOCTH aTOMHO-CHIIOBOM
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MHUKPOCKOIHMHU TO3BOJISIFOT HE TOJIBKO MONYYHTh PEaTbHOE
3D-m300paskeHne AEMEHTOB CTPYKTYPHI IIOBEPXHOCTH Me-
tajorpaduyeckoro mda, HO TaKKe MO3BOJSIOT MPOBO-
IUTh aHAJIN3 CTPYKTYPBI CTANCH C IEeTbI0 HACHTHU(DHUKAIIH
ux (I)a3OBOFO COCTaBa U MoJIy4aTb KOJIMICCTBCHHBIC JTaHHBIC
JUTSL OLICHKH CTPYKTYPHBIX COCTaBIstOIUX U (a3 [8 — 12],
HalpHuMep, CPEHET0 pa3Mepa 3epeH, pa3Mepa MepIUTHBIX
KOJIOHWH, BKJIFOYCHUH KapOUIHOTO THIIA.

Vcrnonp30BaHNE HOBBIX HAYKOEMKHX METO/IOB UCCIIEO-
BaHUS JJISI IOAPOOHOTO M3YyUCHHsI ITEPCIICKTHBHBIX Mare-
pHasoB (TaKMX KaK BBICOKOJETHPOBAHHbBIE HEPIKABEIOIINE
CTalli) B COYCTAHWU C TPAAWIMOHHBIMHA MeETajutorpagu-
YECKUMU METOAaMH IO3BOJACT CYHICCTBCHHO YTOYHUTH
MIPECTABIEHUS 0 MUKPOCTPYKTYpE MeTaJlIa.

B Hacrosmielt paboTe MPUBOASTCS PE3yNbTaThl KOMII-
JICKCHBIX MCCIICIOBAaHMH METaIUIOTPpaUIecKoil CTPYKTYPBI
C MCIIO0JIb30BAaHUEM ONTHYECKOH, pacTpOBO, aTOMHO-CUJIIO-
BOM MHKPOCKOIIMM U MEXaHUYECKUX CBOWCTB HEPIKABEIO-
meit cramu 40X13, copepxkameii 0,4 % C, 12,5 % Cr. On-
TUMaJIbHOE€ COOTHOLIEHHWE MPOUYHOCTHBIX U IUIACTHUYECKUX
CBOMCTB 3TOW CTaly Hapsly ¢ €€ BbICOKOM KOPPO3UOHHOM
CTOHKOCTBIO B arpecCHBHBIX cpenax (aTMOoc(epHBIH BO3-
IyX, BOAA U Psifi KUCIIOT) MPEANOJaracT IMUPOKHE BO3MOXK-
HOCTH €€ UCII0JIb30BaHUsI B OTBETCTBEHHBIX KOHCTPYKLIHUAX
U arperaTax.

Hepxageroryro cranb 40X13 menecooOpa3HO UCTIONb-
30BaTh nocie orxkura npu temneparype 7 =920 K. DOra
CTaJlb UMEET XOPOLIYI0 KOPPO3HOHHYIO CTOMKOCTh U TBEp-
JIOCTh C TEMIIEPATyPbI, KOTOpasi CIIOCOOHA 00eCTIEYUTH MOJI-
HOE pacTBOpeHHe KapOumoB. [t 9TOTo MpOBOAAT 3aKaIIKy
npu 1320 K B reuenune 3 4 ¢ OBICTPBIM OXJIQXKICHUEM Ha BO3-
nyxe. B pesynbrare 3akajku 1ojry4aeTcs BHICOKOIPOUYHbIN 1
XpYNKUN MapTeHCUT. J{1s1 yBeJIM4eHUs IJIaCTUYHOCTH C Lie-
JbIO MOJY4EHHUs] KOHCTPYKLIMOHHOTO Marepuaja IpPOBOISAT
BbICOKOTEeMIEpaTypHblil oriyck npu 870 K B Teuenue 3 u
C TIOCTENYIONMM OXJaXIeHueM ¢ meubto [13, 14]. Takum
oOpasom, B pabote uccienopana craib 40X 13 B cocTosHIM
MOCTaBKH Tociie oTkura (/), B 3aKaJleHHOM COCTOSIHUH (2)
Y TIOCJI€ BBICOKOTEMIIEpaTypHOro oTirycka (3).

MexaHuuecKre UCTIBITaHHUS TUIOCKUX CTaJbHBIX 00pas-
I[0B IO CXEME OJHOOCHOTO PACTSDKEHUSI CO CKOPOCTBIO
6,67-107 ¢ Ha yHuBepcanbHOi Mamune LFM-125 (Ilseii-
uapm[) TMO3BOJIMJIIN YCTAHOBUTH OCHOBHBIC MEXaHUYCCKUC
CBOICTBa CTaJId B YyKa3aHHBIX COCTOsSHUsX. OnpezneneHa
TBEPAOCTb MO MeToay bpunems.

Mertamiorpadudeckie HCCISOBaHUS XPOMHCTOW He-
pxkaserouieit cranu 40X 13 mpoBOANIIN C UCTIOIB30BAHUEM:

— OINTUYECKOIr0 MUKPOCKOINA OTpakeHHOro cBeta Neo-
phot 21 (I'epmanus);

— aroMHO-CWJIOBOTO MHKpockona Solver PH47-PRO
(BAO «Hanorexnonorus-MIT», 3enenorpan, Poccus [8])
(nporpamMmHoe obecrieuenue npubdopa Solver PH47-PRO,
KOHCTPYKLIUS, @ TaKKe TUI HMCIOIb3yeMOTO KaHTUJIeBepa
MO3BOJISIIOT MCIIOJIb30BaTh pa3Hble PEKUMBl aHAIM3a I10-
BEPXHOCTHU TBEPBIX TE U HAOIIOaTh BCEBO3MOXKHBIE 0CO-
OEHHOCTH CTPYKTYpPHI Ha H3yJaeMbIX IOBEPXHOCTIX);

134

— pacTpoBOTro AMEKTPOHHOTO MUKpockomna «Hitachi TM-
1000» (SmoHust) ¢ MporpaMMHBIM KOMITJIEKCOM, KOTOPBIN
MO3BOJISIET MOJIY4UTh pazperienre A0 100 Hw;

— nerekropa TM-1000 EDS nmnst yka3aHHOTO BEHIIIIE
3MEKTPOHHOTO MUKpockona «Hitachiy.

XHUMUYECKUM COCTaB OIpENeNsid IyTeM H3MEpeHus
9HEPrHU PEHTTEHOBCKOTO M3JIyYEHUs, BO3HUKAIOIIETO MIPH
B3aMMOJIEHCTBUM 3JIEKTPOHHOTO My4yKa C MOBEPXHOCTBHIO
obpasna [15].

[ToaroroBky mpo6 00pa3IoB i UCCIETOBAHUN TIPOBO-
JIWIIA B COOTBETCTBHH C PEKOMEHJAIMsIMU paboThI [ 16], 1re-
POXOBaTOCTh IMOBEPXHOCTH METAIOTPapHIECKOTO NUTH(a
He mpeBblmana 15 aM. Metamnorpaduueckyio CTpyKTypy
BBISBIISIIM XUMUYECKUM TPABJICHUEM.

Kpuble HarpyxeHus B KoOpAWHaTax s—e (Tme §=
= o(1 + ) — uctunHOE HanpspKeHue; e = In(1 + &) — ucTuH-
Hast 1e(hopMaIHs; G — YCIIOBHOE HANPSKEHHE; € — YCIOBHAS
nedopmarrs) moapoOoHo u3ydeHsl B padote [17]. Kpubbie
HarpyxeHus craid 40X13 B ykazaHHBIX TPEX COCTOSHUAX
TIpe/ICTaBIeHBI Ha pucC. 1.

PesynbraThl MEXaHHYECKUX HCIBITAHUNA U U3MEPEHUs
TBEPIOCTH 10 bpuHEIUTIo TIpH pa3HOW TepMUYECKOH 00pa-
60TKe 00pa3IOB MPUBECHBI HIDKE:

Ob6pazen s, MIla e HB

1 817 0,180 238
2 1300 0,015 468
3 1210 0,055 303

Muxkpoctpykrypsl cranu 40X13 mocne orxura, mo-
Jy4eHHBIE METOJIaMH ONTHYEeCKOW MHKpockonuu (OM),
aToMHO-cujioBor  MuKpockonuu (ACM) u  pacTpoBoi
ANIEKTPOHHOU MuKpockormu (POM), mpepcraBieHbl Ha
puc. 2, a — e. Crajb UMEET 3€PHUCTYIO CTPYKTYPY, COCTOs-
iyt 13 (GeppuTHOH MaTpPHUIBl, 3€PHUCTOTO TEPIHTa C

s, MIla

1000

T
~

500

0 0,05 0,10 0,15 e

Puc. 1. Kpussie Harpysxenus cranu 40X 13 nocie orxura (1), B 3aka-
JICHHOM COCTOSIHHH (2) ¥ TIOCIIE BRICOKOTEMITEPAaTypHOTo oTiycka (3)

Fig. 1. Stress-strain curves of stainless steel after annealing (1),
quenching (2) and tempering (3)
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Puc. 2. Muxkpoctpykrypa cranu 40X13 nocne omxkura (npu 920 K):
a — OM-u3o6paxenue; 6 — POM-u3obpaxenue; 6 — 2D ACM-u3o6paxkenue odnactu 16x16 Mxm; 2 — 3D ACM-u300paskeHHe OTCKaHUPOBAHHOM
obnactu

Fig. 2. Microstructure of the chromium steel after annealing (under temperature of 920 K):
a — optical image; 6 — scanning microscopy image; 6 — 2D AFM-image of the surface area of 16x16 pum; 2 — 3D AFM-image of the surface area of
16x16 pm

MOJIUBIPUIECKYI0 GOPMY, CpeIHHI pa3Mep 3epHa COCTaBHII

KPYIHBIMH M MeNKuMH dactunamu kapouma (Cr, Fe),,C,
npuOIM3UTENBbHO 7 MKM. TBEpAOCTh HEepKaBeIOIIeH CTalu

(puc. 3) [19], mpu >TOM HabMONAETCS YepeoBaHUE KPYyII-
HO3EPHUCTOTO W MeJKo3epHHCTOrO (epputa. B kpymHbIX  cocTaBmia 238 HB.

(eppUTHBIX 3epHaxX KapOUAbI BCTPEUArOTCs, KaK MPaBUIIO, H3o0paxenue, noaydeHHoe MetogoM POM (puc. 2, 6),
BOJIM3W WJIM TIO0 TPAHUIAM 3epeH. 3epHa (eppuTa UMEIOT  ITO3BOJSET HE TOJNBLKO BBISBUTH, UTO OOJIBIIHE 3epHA heppu-

Cnexkmpansuutii ananuz

Conepxanue, %
DJIeMEHT
ITo macce Ar.
Kenezo 85,18 84,25
Xpom 14,82 15,75
HUroro: 100,00 100,00
Cr Fe Cr Fe
o
R 100
S
< 80
§ § 60
e 40
I v 87 2
0 2 4 6 8 10 12 1B 0 Fe Cr
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a

Puc. 3. POM uccrenoBanus cramu 40X13 mocne oTxura (CTpyKTypa — cMech (peppHTHOI U KapOouaHoit da3):
a — PeHTIeHOBCKMIT MHKpOaHau3 o0J1acTy, MPUBEACHHO Ha pHC. 2, 0; 6 — SIEMEHTHBIH aHalIM3; 6 — THCTOrPaMMa JIEMEHTOB

Fig. 3. Scanning microscopy analysis of the chromium steel after annealing: microstructure of the steel is a mixture of ferrite and carbide phases:
a — X-ray microanalysis of the surface area shown on figure 2, 6; 6 — elemental analysis; 6 — elements histogram
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Ta coJepKaT MelIKue KapOu/HbIe BBIZEICHHS, HO U OIpe-
JeNUTh UX pasMep: npuomusutenbHo 200 HM. KpymHbie
KapOuabpl pasMepoM 1,5 MKM pacrosoKeHbl MO IpaHHLAM
3epeH. Takxke oTMedaeTcss HeOOJIbIIOE KOJIMIECTBO KapOu-
JIOB BHYTPHU MEJIKUX 3epeH deppuTta.

PesynbraTel mccnenoBaHUS CTPYKTYPHl KOHTAKTHBIM
METOZIOM Ha aTOMHO-CHJIOBOM MMKPOCKOIIE Ipe/ICTaBIIe-
HBI Ha pHC. 2, 6, 2. Caenyer 3aMeTuTh, uT0 ACM-1300pa-
JKEHHE TT03BOJIsieT (PMKCHPOBATh 3€PHA U YaCTHIbI KapOu-
JIOB OYEHb MENIKUX Pa3MEpOB, TIOATOMY CPEIHHUE Pa3MephI
CTPYKTYPHBIX 3JIEMEHTOB MOTYT HECKOJIbKO OTJIMYAThCS OT
JIAHHBIX ONTHYECKOW MeTautorpaduu, OIHAKO TakKoH pe-
3yNbTaT, 110 MHEHUIO aBTOPOB, SBJISETCs 0oJiee J0CTOBep-
HEBIM (pHuc. 2, 8, 2).

COBEpIICHHO MHYIO CTPYKTypy umeeT craimb 40X13
nociie 3akanku (ipu 1320 K B Teuenuwe 3 94 ¢ OBICTPBIM
OXJIXJECHHEM Ha Bo3ayxe). B pesymbrare oOpasyercs
CTPYKTYpa, COCTOAIIAs M3 T'PyOOHTOIBYATOTO MapTEHCH-
Ta cMemanHoro Tuna 6amwia 10 [20], HeOoIbLIIOTO KOJU-
YecTBa AWCICPCHBIX KapOHWIOB W OCTaTOYHOTO ayCTCHUTA
(puc. 4, a). Ananuz mnomyueHHbIXx ACM-u300pakeHuit
MTOKA3bIBACT, YTO MATPHUIA MPEACTABISCT COOOH IpenMy-
LIECTBEHHO MIOJIBYATHII MAapTEHCHUT, 1€ IOMUMO HIJI Map-
TEHCHTA BCTPEUAIOTCS OTHCIBHBIC KPHUCTAIUIBI, MMEIOIINE
¢dopmy mactus (peek) (puc. 4, 6, 0). lllupuna Takux mia-

CTHH B IIONIEPEYHOM HarnpaBieHHu cocrasisier oT 100 HM
10 3 MKM.

Ecnu Ha POM-n300paxeHun CTpyKTypa IpOCMaTpHBa-
eTcs He SIBHO, TO Ha ACM-n300pakeHIsIX Ta e CTPYKTypa
HUMEET SIPKO BBIPAXKECHHBII XapaKkTep, UroIb4aToe CTPOCHHE
METaJUIOrpapMUSCKON TOBEPXHOCTH B TPEXMEPHOM H30-
OpaskeHMH BBISIBISIETCS AOCTATOYHO 4eTKo (puc. 4, g, 2).
HepactBopenHbIe dYacTHIBI KapOHma XpomMa HMEIOT B
OCHOBHOM (hopMy roOyneil, MakCUMalbHBIA pa3Mep KOTo-
puix coctaswi o0 500 HM (puc. 4, 0). Hapsiny ¢ KxpymHbIMU
Y4acTHI[AMK KapOUJIOB XpoMa HaOJIOal0TCs TaKKe OYeHb
MEIIKHE YaCTHIIBI, UMEIOIIHE BRITAHYTYIO popmy. Ciemyer
3aMETUTh, YTO TAKHE MEJIKUE BBIACICHUS HE MOTYT OBITh
BBISIBJICHBI METOJIOM ONTHYECKOW MeTaiuiorpaduu. Teep-
JIOCTb TIOCJIe 3aKAJIKH YBEJIMYMIach U cocTaBmia 468 HB.

Ha puc. 5 npencraBieHbl H300paXKeHUS CTPYKTYPBI CTa-
JIM TIOCIIC BBICOKOTeMIeparypHoro ormycka (mpu 870 K B
TeYeHHE 3 9 C MOCIEAYOIINM OXJIAXKICHUEM ¢ 1eublo). [Ipu
TAKOM OTITyCKe ITPOUCXOJUT paciiaj MapTeHcHTa Ha (eppu-
TO-KapOWIHYIO CMECh M BBIJICJICHUE KapOUI0B THTIA Me, ,C,
(puc. 5, a). CrpykTypa cTajid CTaHOBHUTCS T'€TE€pOTEeHHOMH,
(dheppuTHas Marpuia OOCTHSIETCS XPOMOM, B pe3yabTare
4yero oOpasyercsi copOUT otmycka (puc. S, 6). Ilpu Taxoii

TeMIIepaType OTITYCKa IPOUCXOIHUT 3aMETHOE YKPYITHEHHE
KapOHIHBIX YacTHIl B (eppuUTHOM Mmarpure (puc. S, s, 2).

Puc. 4. Muxkpoctpykrypa cranu 40X 13 noce 3akainku:
a — OM-u3o6paxenue; 6 — POM-uzobpaxenue; 6 — 2D ACM-u3o6pakeHue odnactu 50x50 MkM; 2 — 3D ACM-u300pakeHHe OTCKAHHPOBAHHON
obnactu 50x50 MkMm; 0 — 2D ACM-n3obpaxenue odnactu 9x9 Mxm

Fig. 4. Microstructure of the chromium steel after quenching:
a — optical image; 6 — scanning microscopy image; 6 — 2D AFM-image of the surface area of 50x50 pm; 2 — 3D AFM-image of the surface area of
50x50 um; 0 — 2D AFM-image of the surface area of 9x9 pm
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Puc. 5. Muxkpoctpykrypa ctanu 40X 13 mociie BBICOKOTEMIIEpaTypHOTo OTITyCKa:
a — OM-u3o0paxenue; 6 — POM-uzobpaxenue; 6 — 2D ACM-uzobpaxenue odnactu 10x10 mxm; 2 — 3D ACM-u300paskeHHe 0TCKaHUPOBAHHON
obmacTu 2,5%2,5 MKM

Fig. 5. Microstructure of the chromium steel after high-temperature tempering:
a — optical image; 6 — scanning microscopy image; ¢ — 2D AFM-image of the surface area of 10x10 um; 2 — 3D AFM-image of the surface area of
2,5%2,5 um

®dopma yacTHIl MPaBUIbHAS, OKPYIJIAs MU CIIETKA BBITSIHY-
Tas, a pa3Mep B IIOIIEPEYHOM HAINPABICHUH HE MPEBBIIIACT
1 MmxM. TBepaOCTBh CTajaM IOCJE BBICOKOTEMIIEPATYPHOIO
ormycka coctasisier 303 HB.

Buieoowi. 1lpuBeneHHble pe3ynbTaThl HMCCIIEIOBAHUS
0COOCHHOCTEH CTPYKTYpHl W MEXaHWYECKHX CBOICTB
HepkaBetomierd cranu 40X13 B OTOXIKEHHOM COCTOSIHUM,
MOCJIe 3aKaJIKU M BRICOKOTEMIIEPaTypPHOTO OTITyCKa TTOKa3a-
JIM, YTO B OTJMYHE OT 3€PHUCTON CTPYKTYPHI CTAJIU MOCIE
OTXHTa, COCTOSAMICH U3 (PEPPUTHON MATPHIIBI, 36PHUCTOTO
HepJuTa ¢ KPYIMHBIMH M MEIKUMH YacTHIAMH KapOH0B
(Cr, Fe),,C,, mocine 3akanku CTajngb NPUOOPETAET BHICO-
KyI0 TBEpAOCTh Oyarojapsi 0oOpa3oBaHUIO MapTEHCUTA C
HE3HAYUTEIHFHBIM KOJMYECTBOM KapOWUIOB U OCTATOYHOTO
aycrenura. [Ipy BRICOKOM OTIYCKe 3aKaJICHHOM CTalu mpo-
HCXOJMT MApTECHCUTHBIN pactiai, GopMUpyeTcsi COpOUTHAsI
CTPYKTYpa, [IPU 3TOM TBEPAOCTh CHIDKACTCSI HE3HAYUTEIIb-
HO. OOpa3oBaBIIMECsS OIUHOYHBIC M CTPOYHBIC KapOHJIbI
(Cr, Fe),,C; cdepuueckoit (opmbl comepKar CHIbHBIA
KapOu000pa3oBaTesib — XpOM, YTO IMOJATBEPXKIACTCS pe-
3ynbTaTaMM  CIIEKTPAIbHOIO aHaiu3a. lcronb3oBaHue

aTOMHO-CUJIOBOM M PacTpOBOH 3IEKTPOHHOH MHMKPOCKO-
U B paboTe TO3BOIMIIO CIENATh KAYeCTBCHHBIC BHIBOJIBI
0 MHKPOCTPYKTYpE CTaJi, He TOJIBKO COBIIAIAIOIIIE C JIaH-
HBIMHU ONITHYECKOH METaIOrpadui, HO U MPEBOCXOISIIIC
IOCJIE/IHUE T10 JISTAIN3AINU CTPYKTYPHBIX XapaKTEePUCTHK.
Takum oOpa3oMm, IPAMEHEHHE B MAaTCPHAJIOBEICHUN KOM-
IUIEKCHOTO TI0JIX0/1a, BKIIFOYAIOIIETO B ce0sl COBOKYITHOCTb
Pa3NMUYHBIX METOIOB M METONWK, ITO3BOJISICT IOIYIHUTH
OoJyiee IMOJNHYIO KaueCTBEHHYIO M KOJIMYECTBEHHYIO WH-
(hopMaImro o CTPYKType cTajiei, n30eKaTh HETOYHOW WH-
TepIpeTanuy MOJTy4YeHHON KapTHUHBI JUISl CONOCTaBIICHUS
Pe3yJIBTaToOB ¢ TPEOOBAHUSAMH CTAH/IAPTOB, Pa3pabOTaHHBIX
JUISL TPAANIIMOHHOM MeTaorpaduy.
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APPLICATION OF ATOMIC FORCE MICROSCOPY FOR STAINLESS STEEL MICROSTRUCTURE
STUDY AT VARIOUS KINDS OF HEAT TREATMENT
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Abstract. The paper presents the results of complex researches of 40Cr13
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stainless steel. Using the methods of optical, scanning and atomic-
force microscopy, micro- and nanostructures have been obtained, as
well as has been given the comparison of the received images of
structures and phase states of steel in three different states (after an-
nealing, hardening and high-temperature tempering) with the results
of electron and optical microscope investigations. The received op-
tical images of a ferrite-pearlite structure of a valuable content of
globular carbide with the composite of (Cr, Fe),,C,, received after
annealing, are given in comparison with the research results of scan-
ning and atomic-force microscope investigations. It has been shown
that the use of atomic-force and scanning electron microscopy in this
work allows to make conclusions on steel microstructure, which co-
incide not only with the data of optical metallography but also exceed
the latter in specification of structural characteristics. The usage of
scanning electron microscopy allows establishing that large carbides
are situated along the borders of ferrite grains. There are also some
number of carbides inside the fine grains of ferrite; the sizes of inclu-
sions have been defined. After hardening there are some structures
which consist of macroacicular martencite. The usage of the images
of atomic-force microscopy allows receiving the structure with the
expressed acicular structure in comparison with scanning electron
microscopy with the possibility to build visual 3D-images. The form
of undissolved carbides is also globular. The sizes of martensitic la-

mella have been defined. The steel structure after high-temperature
tempering (secondary sorbite) is formed as the result of the crack-
ing of martensite on ferrite-carbide mixture with the formation of
carbides of right round shape. The formed single and line carbides
contain strong carbide-former — chromium (Cr, Fe),,C,. It was con-
firmed by the results of spectrum analysis. Such structure differs from
martensite in higher strength. For all the states the authors have given
the results of mechanical tests by the scheme of axial extension, as
well as have defined the HB hardness.

Keywords: stainless steel, microstructure, nanostructure, grain boundary,

martensite, carbide.
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