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HEPCIHHEKTHUBHBIE CI1IOCOBBI PEAJIM3AILIUU JIOKAJIBHOI'O
HMOHHOI'O A3OTUPOBAHUS CTAJIEA

Xycaunos IO.I'.
Y dumMckwmii ToCyJapCTBEHHBIN aBUAIMOHHBIA TEXHUIECKUH YHUBEpCHUTET, Y da, Poccus

Annomayusn. B paboTe peanioxKeHbl U UCCIEIOBAHBI TPU MEPCIEKTHBHBIX CII0OCO0a pealn3aliy JJOKaIFHOTO HOHHOTO
azoTupoBaHus ctaned mmpokoro kinacca 16X3HBOMB-II, 38XMIOA, P6MS, 12X18H10T u 13X11H2B2M®-111,
MO3BOJISAIOIINE (POPMHIPOBATH HAa 00padaThIBacMOil IIOBEPXHOCTH 32 OIMH BaKyyMHBIA NUKI AU y3NOHHBIE CIIOH, pa3-
JIMYHBIE MO TOJIIWHE M MEXaHWYeCKUM cBoicTBaM. [lepBbIii croco0 OCHOBaH Ha CO3JaHUM IUIA3Mbl MOBBIIIEHHON
IUIOTHOCTH Ha y4acTKax JeTalieil ¢ momoribto 3¢ dhekra monoro katoaa. Bropoii crocod mpesmnonaraeT co3aanue BbICO-
KOMOHHM3UPOBAHHOM IIa3Mbl TJICIOMIETO Pa3psijia C MOMOIIBI0 CKPEIIEHHBIX JJEKTPUYECKUX U MArHUTHBIX TOJeil Ha
JIOKQJIbHBIX y4YacTKax JeTaliel. YBenuueHue TONIIUHBI TU(QPYy3HOHHOTO CIOs HA JOKATBHBIX Y4acTKaX MPU MOHHOM
a30TUPOBAHUU CBS3aHO C YBEIMYEHHEM TPAJMEHTa KOHIEHTPAIMH HACBHIIAIOMIETO AJIEMEHTa B IMOJIOCTH, 00pa3yeMoi
MOJIBIM KaTOJOM HJIM CKPEUICHHBIMU SJIEKTPUUYECKUMU M MAarHUTHBIMH TMOJISIMH. TpeTHii crocod peanusyeTcs myTeM
M3MENBYCHHST CTPYKTYPHl MaTepHansa METOJaMH IUIACTHYECKOW OeopMamuu ITepen MpoIeccoM a30THPOBAHUS Ha
ydacTKax JeTajied, NOJIBEP>KEHHbIX MHTEHCUBHOMY M3HOCY. B pe3syibrare M3MelbyeHUs] CTPYKTYphl Ha JIOKAIbHBIX
yJacTKaxX JeTaled MalliH ¥ MEXaHW3MOB HHTCHCH(UIMpYIOTCS Mu(Qy3HOHHBIE MPOIecChl U 00pa3yoTcs H3HOCO-
CTOMKHE YyIPOYHEHHbIE clloU. B cTaThe ncciaenoBaHbl MUKPOCTPYKTYPBI CTaJIEH MOCie JOKaJbHOTO HOHHOIO a30THPO-
BaHUS MPEUIOKEHHBIMHU CITOCO0aMU, a TakKe MPHUBEICHBI Pe3yIbTaThl 3aMEPOB MUKPOTBEPOCTH YIIPOYHEHHOTO CIIOS
Ha Pa3NIMYHBIX 00pabaTHIBAEMBIX YYacTKaX. YCTaHOBICHO, YTO IPH MOHHOM a30THPOBAHUH C IIOJIBIM KAaTOJIOM WIJIH B
CKPEIICHHBIX AIEKTPUIECKUX U MArHUTHBIX TOJSAX C IOMOIIBIO TIA3MbI TICIOUIETO pa3psijia MOBBIIIEHHOW MIOTHOCTH
Ha JIOKaJbHOM ydacTke jaetanu dopmupyercs nuddy3uoHHBIN cioil B 2-2,5 pa3a OoJiblie, 4eM MPHU KIACCUIECKOM
MOHHOM a30TUpOBaHuU. [Ipu HOHHOM a30TUPOBAHMH JIETANIEH C MPEABAPUTENBHBIM U3MEIbUEHUEM CTPYKTYPhI MaTepu-
aja MeTOJaMHM IIIACTHYECKOH MedopManuu mepen mporeccoM andGy3HOHHOTO HACHIMIEHHUS HAa OTICJIBHBIX yJacTKax
netanu GopMupyroTcs audGy3uoHHBIE CIIOH, TOJNIIMHONW B ~2 pa3a MPEBBIMIAIONINE COOTBETCTBYIOUINI MOKa3aTeb,
MOJTy9aeMbIi TIPH a30THPOBAHUH JICTallell ¢ HEM3MEHEHHOH CTpYKTypoil. Mccnenyemsre crmocoObl IO3BOAT 00padaThI-
BaTh BRICOKOHATPY)KCHHBIC ICTATH MAIIMH ¥ MEXaHU3MOB, Pa0OTAIOIIKE B YCIOBHSIX JIOKAIFHOTO H3HOCA.

Kniouegvle cnoga: nokaabHOE MOHHOE a30THPOBAaHWE, TICIONMH paspsd, 3(QdexT mojoro karona, 3NEKTPUUECKHE
CKpeIIEeHHbIE 1 MarHUTHBIE TOJIsL, CTallb, CTPYKTYPa, MUKPOTBEPIOCTh, YIIPOUYHEHHBIH CIIOM.
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PROMISING METHODS FOR LOCAL ION NITRIDING OF STEELS

Khusainov Yu.G.
Ufa State Aviation Technical University, Ufa, Russia

Abstract. The paper describes studies on three proposed promising methods for local ion nitriding of steels of a wide
class: 16Kh3NVFMB-Sh, 38KhMYUuA, R6M5, 12Kh18N10T and 13Kh11N2V2MF-Sh, to create diffusion layers with
different thickness and mechanical properties on the treated surface in one vacuum cycle. The first method is based on
creating high-density plasma on sections of parts, using the effect of a hollow cathode. The second method proposes the
creation of highly ionized glow discharge plasma, using crossed electric and magnetic fields on the local sections of
parts. Increase in diffusion layer thickness in local areas during ion nitriding is attributed to an increase in the concen-
tration gradient of a saturating element in the chamber formed by a hollow cathode or crossed electric and magnetic
fields. The third method is implemented by refining a material structure by plastic deformation methods before the ni-
triding process on the areas of high-wear parts. As a result of such structure refinement, local areas of machine parts and
mechanisms show intensified diffusion processes and formed wear-resistant hardened layers. The paper presents re-
search on microstructures of steels after local ion nitriding with the proposed methods, and microhardness measure-
ments of the hardened layer on the various treated areas. It has been found that during ion nitriding with a hollow cath-
ode or in crossed electric and magnetic fields, using high-density glow discharge plasma, the local area of the part
shows the formation of a diffusion layer, which is 2-2.5 times larger than during classical ion nitriding. lon nitriding of
parts with a preliminary refinement of the material structure with plastic deformation methods before the diffusion satu-
ration process contributes to forming in individual sections of the part diffusion layers, which are ~ 2 times thicker than
the relevant indicator, achieved during nitriding of parts with an unchanged structure. The methods under study will
provide for processing heavy-loaded parts of machines and mechanisms, operating under local wear conditions.

Keywords: local ion nitriding, glow discharge, hollow cathode effect, crossed electric and magnetic fields, steel, struc-
ture, microhardness, hardened layer.
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KHX Cpellax W Jp.. BO3MOXXHOCTH TMOJY4EHUs Tud-

Beenenue
A (y3HOHHOTO CJIOSI C 3aJaHHBIM (Da30BBIM COCTaBOM

N3BecTHO, uTO mopaBistoOUIasl YacTh paspyllie-
HUHM JleTaneil MamuH, paboTalomMX B YCIOBUIX
TpEHUS W NHUKJIMYECKHX HArpy30K, HAYUHAETCS C
MOBEPXHOCTH MaTepHuajia BCIICJICTBUE OOpa30BaHUS
Ha HEl NUTTUHTOB M MUKPOCKOMHWYECKUX TPEIIUH
[1]. TIoBBICHTH HaIE)KHOCTh U JOJTOBEYHOCTh TAKUX
JeTanel TMO3BOJIAIOT METOABl  [OBEPXHOCTHOTO
YIPOYHEHUS, B YaCTHOCTH HMOHHOE a30THPOBaHUE.
[Iybnukaruu TOCIeaHUX JIET CBHIAETEIHCTBYIOT,
YTO a30THPOBAHHE B INIA3ME TICIOMIETO pa3psiaa
SIBIIIETCSL OJJTHUM M3 HanOosee 3(h(HEeKTHBHBIX METO-
JIOB MOJU(HUIIMPOBAHUS IOBEPXHOCTH, KOTOPEII BCE
IUpEe NPUMEHSIETCS B MPOMBIIUICHHO Pa3BUTHIX
cTtpanax. Kak mokas3siBaeT mpakTHKa, HOHHOE a30-
THPOBAHUE TPUMEHSICTCS IS JIeTajiel MalIuHO-
CTPOEHUS, OCHOBHOM NMPUYMHOU pa3pyllieHusi KOTO-
PBIX SIBIIIETCA U3HOC MMOBEPXHOCTH MaTepuana [2].

HNonHoe azoTupoBaHUE HUMEET pAl IPEUMY-
LIECTB Mepeld TPAAUIMOHHBIMU METOJIaMU, TaKUMHU
KaK Ta30BOE a30THPOBAaHME, a30TUPOBAHUE B KHUJI-

M BBICOKMM KJIACCOM YHCTOTHI TTOBEPXHOCTH, 00pa-
0O0TKa MACCHBHUPYIOIINUXCS MaTepuajaoB 0e3 Jomol-
HUTEILHOW JIeTIaCCUBUPYIOIIel 00paboTKH, a TaKkxke
SKOHOMHYHOCTH U DKOJIOTUYHOCTH mporiecca [3].

3avacTyio mpy dKCIUTyaTally AeTajleii MaliuH U
MCXaHU3MOB MHTCHCUBHOMY H3HOCY IOJABCPIrar0oTCA
TOJIBKO OT/IEJIbHBIE BBICOKOHATPY>KEHHBIE YUACTKH,
K IpUMepy KOHTaKTHas TMOBEPXHOCTh 3yObeB Iie-
CTepeH W 3yOuaThIX KOJIEC, MECTO IOCAaIKU O]
MOJIIIMITHHAK Ha Bawty u Ap. [4]. B aTux ciydasx 6o-
Jiee 11e1eCo00pa3HO YIPOUHHUTD JIMIIL PAO00UyIO T10-
BEPXHOCTbH JICTAIIH.

Takum oOpazom, mpobieMa JIOKaIbHOTO a30TH-
pPOBaHMsI Ha COBPEMEHHOM 3Tare Pa3BUTUS Mallu-
HOCTPOCHUS SBISIETCS BeCbMa aKTyajbHOH. B nmaH-
HOW paboTe MpeIoKEeHbI TPH CIIoco0a JTOKAIEHOTO
YIOPOUYHCHUA Hanboiee IMOABEPKCHHBIX H3HOCY
YUYaCTKOB JIeTaJiel 3a cueT (OpMHPOBaHUS Ha 00pa-
OaTpiBaeMOW TOBEPXHOCTH 3a OJIMH BaKyyMHBIN
UK AU((Y3HOHHBIX CIIOEB, Pa3jIMYHBIX IO TOJ-
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IIIUHE ¥ MEXaHUYECKUM CBOHCTBaM. Takke 3TO M03-
BOJIUT CHU3UTHh CEOECTOMMOCTh TEXHOJOTHYECKOM
oreparyi a30THPOBAHUS BCJICICTBUE COKpAICHHS
JUTATETHPHOCTH TIporiecca 00pabOTKH U yMEHBIICHHS
SHepro3arpar.

Matepuajbl H METOABI HCCIET0BAHMS

HccnenoBanust mpoBOOWINCH HAa MOIEPHU3HPO-
BaHHOW MHOTO(YHKIIMOHAFHON YCTAaHOBKE LISl TIPO-
BEICHUsI INIPOLIECCOB  TEPMHUUYECKOH M XMMHKO-
TepMuueckoil 0oOpaboTku B Bakyyme DJIY-5M. Jlo-
KaJIbHOMY HOHHOMY a30THPOBAHHIO C MOJIBIM KaTOAOM
MoABEpraiuck o0pasibl W3 cTajleil MapTeHCHUTHOTO
16X3HB®MBb-III n mepmuraoro 38XMIOA kiaccos,
MIpeBapUTEIbHO TepMOooOpaboTaHHBIE (3aKanka |
BeICOKHH OTITycK Tipu 600°C), mpuMeHsieMble IS 13-
TOTOBJICHU BBICOKOHArpy>XCHHBIX SY6‘IaTI)IX KOJIEC,
LIECTEpPHEN, BaoB. B mpoiiecce JI0KanbHOrO0 HOHHOTO
A30THUPOBAHMUS C MOJIBIM KaToJOM 4acTh oOpaslia pac-
Hosarajgach MOA TEXHOJIOTMYECKUM 3KPaHOM-CETKON
(puc. 1). B momocty, 00pasyeMoit MeXIy SKpaHOM H
JIeTaITbio0, TPOSBIBUICS 3((EKT MOIOTO KaTroja B BHUIE
WHTCHCUBHOTO cBeueHus [5]. B Teuenue Bcero mpo-
1iecca a30TUpoBaHus napienue coctarisuio P = 60 Ila,
TeMIiepaTypa MOBEpXHOCTH 00padaThiBaeMbIX 00Opas-
1oB He mpeBbimana 7~ 550°C. O6paboTka MpoBOAH-
mack B TedeHue t = 12 4.

JlokanbHOMY HMOHHOMY a30THPOBaHHIO B CKpe-
INCHHBIX OJJICKTPUYCCKUX W MArHUTHBLIX IIOJIAX IIO-
Beprayiich 00pasibl U3 CTaIM MapTEeHCUTHOTO Kiacca
P6MS, npenBapuTeabHO TEPMOOOPaOOTaHHBIC (3aKall-
Ka M OJHOKpaTHBIA oTyck mpu 560°C), npumense-
MBI€ ISl U3TOTOBJICHUS! IITAMIIOBOIO MHCTPYMEHTA U
OCHACTKH [6].

K Hacocy

OXMIaKAK0IIAsg KHAKOCTh

K Hacocy “.
“o
O
%,

Puc. 1. [IpyHnunuansHas cxeMa mpoBeeHHs
OKCIICPUMCEHTA JIOKAJIbHOTO HOHHOT'O
a30TUPOBAHUSA C ITOJBIM KaTOAOM: 1- BaKyyMHas
Kamepa; 2 — obpaszerr; 3 — TeXHOIOTHIeCKAN
OKpaH AJIst CO3AaHus 3(1)(1)eKTa II0JIOIr'O Katoaa

Fig. 1. Schematic diagram of the local ion nitriding
experiment with a hollow cathode: 1 is a vacuum
chamber; 2 is a sample; 3 is a technological
screen to create the hollow cathode effect

B mporrecce noxanpHON 00paboTKH 00pasibl ObI-
JIM PACIONOXKEHBl HA OMNPEIEICHHOM PacCTOSHUU OT
MarauTHOM cucteMbl Nel — O mm, No2 — 12 mm, Ne3 —
20 MM 1 Ne4 — 60 mm (puc. 2).

JlokanpHOMY MOHHOMY A30THPOBAaHMIO C IpeaBa-
PUTEIBHO W3METBUCHHON CTpyKTypod (puc. 3) mon-
Beprajmch o0pasipl u3 craned 13X11H2B2M®-11I u
12X18HI10T [7]. B pe3ynbrate u3Menb4eHUs] CTPYK-
TYpbI Ha JIOKaJbHBIX YYacTKax ACTaJled MAaIluH U Me-
XaHM3MOB  HMHTeHcUuimpytotes  nuddy3noHHbIe
NpoLecchl M 00pa3yloTCs M3HOCOCTOMKHE YIPOYHEH-
HbIE ciiou [8].

AHoI
[#4]
O6pasupl
O6nacTe nnasmbl
NoBbIWEHHO W
NAOTHOCTH
#3
!
Katog

Puc. 2. HpI/IHHI/IHI/IaJ'ILHaSI CcXeMa MpOBEACHU SKCIECPUMCHTOB JIOKAJIbHOTO HOHHOT'O a30TUPOBAHUSA B CKPCIICHHBIX
QJICKTPUUCCKUX U MAarHUTHBIX IOJIAX: 1 - BaKyyMHas KaMepa, 2 — MarHuTHas CUCTEMA, 3- JA€TaJlb, 4 — cuIoBBIE
JIMHUXU MarHuTHOTO I1I0JIA; 5 — 00J1aCTh I1J1a3MBbI ITOBBIIIEHHON IIIOTHOCTH

Fig. 2. Schematic diagram of the local ion nitriding experiments in crossed electric and magnetic fields: 1 is a vacuum
chamber; 2 is a magnetic system; 3 is a part; 4 are magnetic field lines; 5 is a high-density plasma region
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Puc. 3. [IpuHIMNuansHas cxema Co3AaHus U3MEIbUYeHHON
CTPYKTYpBI Ha IOBEPXHOCTH MaTepuaia rnepex
IIPpOHECCOM MOHHOTO a30TUPOBAHUA

Fig. 3. Schematic diagram of forming a refinement
structure on the surface of the material before
the ion nitriding process

HccnenoBanne MUKPOCTPYKTYPBI YIPOUYHEHHO-
IO CJOs TPOBOJIWINCH C MOMOIIBIO ONTHYECKOrO
MuKpockona Zeiss Axiotech 25HD. Jns BeissBIeHUs
CTPYKTYpBI a30THPOBAHHOTO CJOSI 00pa3lbl XUMH-
yecku TpaBwiu 5%-m HNOs; u 95%-m C,HsOH. 3a-
Mepbl MUKPOTBEPIOCTH TIOBEPXHOCTH BBITOTHSIINCH
Ha MUKpoTBepaoMepe Struers Duramin-1/-2.

IMonyyeHHBIEe pe3yJbTATHI H HX 00CYKAEHHE

Ha puc. 4 nokaszansl GoTorpaguu MUKpOCTPYK-
Typsl o0pasuoB u3 crameii 16X3HBOMB-III u
38XMIOA mocne J10KanbHOTO MOHHOTO a30THPOBA-
HUS B TIJICIOMIEM pa3psiie ¢ MojbIM Katogom. Jlo-
KaJlbHOE a30TupoBaHue npoBoaunu npu 7 = 550°C,
P=601Ia,U=500B,t=1249,h=5 mm.

¢ moJibIM KaTozioM nipu 7=550°C, P=60 I1a, U=500 B, t=12 4, h=5 mM: | — a30THpOBaHKE C IKPAHOM;

Il — azoTupoBanue 6e3 HKpaHa
Fig. 4. Microstructure of steels 16Kh3NVFMB-Sh (a) and 38KhMYUA (6) after local ion nitriding with a hollow

cathode at T=550°C, P=60 Pa, U=500 V, t=12 h, h=5 mm: | is nitriding with a screen; Il is nitriding without a screen
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UccnenoBanne MUKPOCTPYKTYp 0Opas3LoB U3
craneit 16X3HBOMB-III u 38XMIOA nocne no-
KaJIbHOTO MOHHOTO a30THPOBAHUS B TJICIOIIEM DPas3-
psie C MONBIM KaToIOM TIOKa3ajo HaJlH4yhe ABYX
TeMHbIX AU (Y3MOHHBIX 30H Pa3IMYHON TONIIUHBL:
| — HaxoAMBIIAsICA MTOJ TEXHOJIOIMYECKUM SKPAHOM;
Il — BHE TEXHOJIOTHYECKOTO IKpaHa.

U3 puc. 4 BUIHO, YTO A1 KOHCTPYKLHMOHHBIX
craneii 16X3HBOMb-III u 38XMIOA nHa ydactkax
HOHHOI'O a30THUPOBAHUS B TICIOLIEM Pa3psAe C MOIbIM
KaToJIOM TOJIIIMHA TEMHOTO CHJIBHO TpPaBSILErocs
crost B 2—2,5 pasa OoJbliie IO CPaBHEHUIO C yYacTKa-
MH HMOHHOIO a30THPOBaHUS, HAaXOIOWUBIIMMHUCS BHE
TEXHOJIOTUUECKOTO dKpaHa MPH TeMIlepaType MoBepX-
Hoctu 550°C u mmmTensHOCTH Tporecca 12 4. Takoe
YBENMUYCHHE TONIIUHBI TUPQPY3HOHHOTO CIIOS Ha
ydaCTKax HMOHHOI'0 a30TUPOBaHUA C IOJIBIM KaTOAOM
CBS3aHO C YBENMYCHHEM TIPaJMeHTa KOHICHTPAILNN
HACBIIIAIOMIET0 3JIEMEHTa B IIOJIOCTH, OOpa3yeMoi
TEXHOJIOTMUECKUM 3KPAHOM-CETKOM 1 KaTOJOM.

MakcumalbHbIN pa3Mep NMEPEXOJHON 30HBI IS
craneit 16X3HBOMB-III u 38XMIOA nocturan
3 MM. Ilepexon Mexay HByMsl 30HAMH TUIaBHBIH, O
4YeM CBHUIACTCIBCTBYCT IIOCTCIICHHOC MN3MCHCHUC
TOJIIMHBI TeMHOU TN (Y3HOHHOM 30HBI.

AHanu3 CTPYKTYpBHl JIOKaJbHO a30THPOBAHHBIX
Y4aCTKOB C IOJIBIM KaTOJAOM IIOKa3bIBACT HAJINYUC

700

600 4

500 +

400 -

00 4+———r————r——1——1——1——1———— N,MKM
0 25 50 75 100 125 150 175 200 225 250

Puc. 5. 3aBucuMocT pacpeneneHnss MEKpPOTBEPIOCTH
o TonmuHe auddy3nonHoro cos npu
JIOKQJIbHOM MOHHOM a30THPOBAHWU B TJICIOIIEM
pa3psac € noJIbIM KaTOAOM JJid CTaJIn
16X3HB®MB-II npu 7=550°C, P=60 Ila,
U=500 B, t=12 u: 1 — a3oTHpoBanue 6e3 3KpaHa;
2- a30TUPOBAHUC C DKPAHOM

Fig. 5. Dependences of the distribution of microhardness
over thickness of the diffusion layer during local
ion nitriding in a glow discharge with a hollow
cathode for steel 16Kh3NVFMB-Sh at T=550°C,
P=60 Pa, U=500 V, t=12 h: 1 is nitriding without
a screen; 2 is nitriding with a screen
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TeMHOH A Hy3HOHHOI 30HBI, pa3Mep KOTOPOH Me-
HETCSI B 3aBHCUMOCTH OT TEXHOJIOTHUECKHX Iapa-
MeTpoB Tieromiero paspsna. Jduddysnonnas zoHa
MpeNCTaBiIsieT co00i a-ha3y — a30TUCTHIN (eppuT C
OLK-permeTko#, eproa perieTKd MEHSETCS B 3a-
BHCHMOCTH OT cojepkanus azota [9]. Ilepexom ot
A30THPOBAHHOTO CJOS K HIDKENIEXKAIUM CIIOSIM
TUTaBHBIN, YTO SIBISIETCS OJHMM M3 OCHOBHBIX Tpe-
0oBaHUI K MUKpOCTpyKType ctanu [10].

M3mepeHus MHKpPOTBEPIOCTH Ha IIOTIEPEYHBIX
nudax a30TUPOBAHHBIX 00Pa3LoB U3 KOHCTPYKIH-
onnbIx crasiedi 16X3HBOMB-III u 38XMIOA mos3-
BOJIWJIM ONEHHUTH TIIyOWHY nu((y3HOHHOTO CIOA
IIpU JTOKaJIbHOM MOHHOM a30TUPOBAaHUHU B TJICIOLIEM
paspsiae ¢ nonbiM KatogoMm. Ha pue. 5, 6 npusene-
HBl 3aBHCHMOCTH DPAcCIpeeSICHUs] MUKPOTBEPIAOCTH
no rinyouHe IUpQPY3MOHHOTO CJOsi sl CTajel
16X3HBO®MB-II u 38XMIOA Ha yuactkax I u II
MIpH JUTATENBHOCTH 00paboTku =12 1.

AHanu3 3aBUCHUMOCTEH pacOpeleneHUs] MUKPO-
tBepaoct st ctainedt  16X3HBOMB-III u
38XMIOA mnoka3pIBaeT, YTO Ha Y4acTKE HOHHOIO
A30THPOBAHMS C TEXHOJOTHYECKUM SKPAHOM TOJI-
muHa TudQy3noHHOro cnos B 2—-2,5 pasza Ooubliie
M0 CPaBHEHUIO C YYacTKOM a30THpOBaHHOrO 0e3
JKpaHa IpH Temneparype noepxnoctu 7=550°C u
JUTATENEHOCTH 00paboTKH t=12 .

vau
1100

1000 E
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700 I
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300 |- -

1 1 L L L 1 " 1

. PR R 1
0 50 100 150 200 250 300 350

h, MKkM

Puc. 6. 3aBucuMOCTH pacnpe/ieNeHUs] MUKPOTBEPIOCTH
1o TonmuHe T Py3HOHHOTO CIIOS TP
JIOKQJIbHOM MOHHOM a30THUPOBAHWHU B TIICIHOIIEM
pa3psaac ¢ moJibIM KaToaAO0M JJid CTalik
38XMIOA npu 7=550°C, P=60 I1a, U=500 B,
t=12 u: 1 — a3oTHpOBaHue Oe3 HKpaHa;

2— a30TUPOBAHUEC C IKPAHOM

Fig. 6. Dependences of the distribution of
microhardness over the thickness of the diffusion
layer during local ion nitriding in a glow
discharge with a hollow cathode for steel
38KhMYUA at T=550°C, P=60 Pa, U=500 V,
t=12 h: 1 is nitriding without a screen;

2 is nitriding with a screen
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Tak, mna cram 16X3HBOMB-III Tommumna
YIPOYHEHHOT'O CJIOS Ha y4acTKax MOHHOTO a30TH-
pOBaHHA C TOJBIM KaTooM coctaBisieT 140 MxMm, a
qutst cranu 38XMIOA — 240 MxMm.

Crpykrypa cramm P6MS mocnme mOKambsHOTO
HWOHHOTO a30TUPOBAHUS B CKPELICHHBIX 3JIEKTpHYe-
CKMX U MarHUTHBIX MOJISIX IpEJCTaBIeHa Ha pUc. 7.
Ha mukpoctpykrype 00pa3iioB HaOJIHOAaeTCsA TEM-
Has nuddysnoHHas 30Ha, TpeACcTaBIsIOmas coboit
o-pazy — azoructeii Qepput ¢ OLK-pemerkoii,
HPUYEM C YBEINYEHHEM PACCTOSHHS PACIIONIOKECHUS
o0pasua oT MarHuTa riryOMHa a30THPOBAHHOTO CIIOS
ymenbmaercs [2]. Ilepexom oT a30THpOBaHHOTO
CJIOSl K OCHOBE (MaTpuiie) MaTepHaia IIaBHbIH, 4TO
SBJISIETCS OJHUM M3 OCHOBHBIX TPeOOBAaHHH K MHK-
pPOCTpYKTYpe azoTupoBaHHOM ctamu [10].

A - —

W3mepeHnsi MUKPOTBEPAOCTH 10 TiIyOuHe Tud-
(Gy3uOHHOM 30HBI TPOBOAWIM HAa IONEPEUYHOM
e o6pasioB. Pe3ynbTaTsl H3MepeHU CBEIECHBI
B TA0/IMLY.

IIpy a30THPOBAaHMM B CKPEIICHHBIX 3JEKTpHUe-
CKUX M MarHUTHBIX MOJISIX JOCTUIaeTCsi MaKCUMallb-
Hasg IIIyOMHA a30THPOBAHHOIO CJIOS IPU Pacrojo-
JKEHMH o0pa3lla HEMOCPEICTBEHHO Ha MAarHuTe
(0 mm). C yBenuueHHEM paCCTOSHHUS OT MAarHHTA
rIyOMHa a30THPOBAHHOIO C€i10sl ymeHbliaercs. Mc-
MOJIb30BaHUE CKPEIIEHHBIX MJIEKTPUYECKUX M Mar-
HUTHBIX IOJEH NP MOHHOM a30TUPOBAaHHUU IPUBO-
IUT K WHTEHCHU(HUKAIMHN mporecca TupPy3nn u
obecrieunBaeT BBICOKYIO 3(dexkTHBHOCTD Iporecca
M0 CPaBHEHHIO C OOBIYHBIM METOJIOM a30TUPOBAHUSI.

Puc. 7. MPIKpOCTPYKTypa ctaau P6MS5 mociie JIOKaJbHOIO MOHHOTO a30TUPOBAHMS B CKPCIICHHDBIX 3JICKTPUYCCKUX
Y MarHUTHBIX TOJAX: a — 0 Mm; 6 — 12 MM; B — 20 MM; T — 60 MM
Fig. 7. Microstructure of R6M5 steel after local ion nitriding in crossed electric and magnetic fields: a is 0 mm;

6is 12 mm; B is 20 mm; r is 60 mm

Tabmia. Mexannveckre CBOMCTBa 00pa3uoB u3 crainu P6MS mocine J10KaabHOTO HOHHOTO a30THPOBAHUS
B CKPEIICHHBIX AJIEKTPUUECKUX U MATHUTHBIX MOJISX
Table. Mechanical properties of R6M5 steel specimens after local ion nitriding in crossed electric and magnetic fields

PaccTostHHE OT MarHUTHOM CUCTEMEI, MM 0 12 20 60
MukpoTBep0CTh a30THpOBaHHOTO cios, HV 1076,9+10 747,610 746,9+10 709,5+10
I'myOuHa a30TUPOBAHHOTO CIIOSI, MKM 100+5 70£5 50+£5 40+5

www.vestnik.magtu.ru

87




MATEPUAJIOBELEHNE N TEPMUYECKASI OBPABOTKA METAJI/I0B

Crpykrypa cramun 12X18HI10T mocne nokais-
HOTO HOHHOTO a30THPOBaHMS IPEACTaBlIeHA Ha
puc. 8.

Puc. 8. Mukpoctpykrypa cranu 12X18H10T nocne
JIOKJILHOI'O HOHHOT'O a30TUPOBAHMSL:
a — UCXOJHOE TePMOOOPaOOTAHHOE COCTSIHHE;
0 — mocye MOBEPXHOCTHOTO U3MEJIbUCHUS
3EPEHHON CTPYKTYpBI MaTepuaia

Fig. 8. Microstructure of steel 12Kh18N10T after local
ion nitriding: a is an initial heat-treated state;
6 is after surface refinement of the grain structure
of the material

Cranp 12X18H10T wu3-3a BBICOKOTO cOAepKa-
HUS XpOMa CUUTAETCS TPYTHOA30TUPYEMOH CTaNbBIO.
[Tpu sTOM ANst COXpaHEHHsT KOPPO3UOHHO-CTOMKHX
CBOWCTB PEKOMEHAYETCSl NPOBOAUTE 00PabOTKy MpHu
temneparype Huxke 470°C. C nenbio HHTeHCHpUKA-
1y 1u(Qy3MOHHBIX TIPOIECCOB MPU TAKUX HUIKUX
TemIepaTypax oOpasibl ObUIM TOABEPTHYTHI I0-
BEPXHOCTHOMY M3MEIbUCHHUIO 36PEHHOU CTPYKTYPHI
MaTepuaia (cMm. puc. 8).

Jnst onpeneneHus TITyOuHbI YIPOYHEHHOTO CIIOS
OBLIM TIOJYYEeHBI paclpeieNieHHss MUKPOTBEPIOCTH B
MOTIEPEYHOM CEYEHHH a30THPOBAaHHBIX 00pa3oB
(puc. 9). Ananu3 mokasai, YToO Ha BcexX oOpasmax,

NPOLIECIINX a30TUPOBaHKE, C YBEIIMUCHUEM PacCTO-
SHHUS OT TOBEPXHOCTH 3HAYEHHE TBEPIOCTH IIOCTE-
MEHHO CHIDKAETCS, YTO BBHI3BAHO YMEHBIICHUEM KOH-
LEHTpaIMK PacTBOPEHHOTO a30Ta B y-(pase ajis cTaiu
12X18H10T [2]. IIpu sTOM pacmpeneneHne TBEPIO-
cTH 1o TiIyOuHe Mud@y3HOHHOTO CII0sl Ha 00pa3iax,
NPOLIESIINX TOBEPXHOCTHOE M3MENIbUEHHE CTPYKTY-
pbL, UMeeT Oosiee TUIaBHBIN Xapaktep. Pasmep ynpou-
HEHHOM 30HBI 00pa3ia Mocje MOBEpXHOCTHON 00pa-
00TKH B ~2 paza Oombime, 4emM 00pasia B MCXOAHOM
TepMOOOPabOTaHHOM COCTOSIHUH.

HVioo
500

| (@
400 A

300 -

200 e

800
750 4

700

650 -

o 0 10 20 30 40 S0 60 70 8 9 100h, MM

Puc. 9. PactipeneneHuss MUKpOTBEPIOCTH IO TITyOHWHE
a30THPOBaHHEIX 00pa3noB u3 ctanu 12X18H10T:
a — ICXOJHOE TePMOOOPaOOTaHHOE COCTSHHE;
0 — mocJie MOBEPXHOCTHOTO U3MEIbYCHUS
3epEeHHOI1 CTPYKTYPBI MaTepHana;
| — ynpounenHas 30Ha, Il — cepaneBuna

Fig. 9. Depth distributions of microhardness of nitride
specimens of steel 12Kh18N10T: a is an initial
heat-treated state; 6 is after surface refinement
of the grain structure of the material;
I is a hardened zone; Il is a core

3akiaouenne

Takum oOpa3zom, BHepBBIE MPEUIOKEHBI U HC-
CJICIOBAHbBI CJICAYIONIUE TEPCIEKTUBHBIC CIIOCOOBI
JIOKQJILHOTO MOHHOTO a30THPOBAHUS, T03BOJISIONINE
(hopMupoBaTh Ha 00pabaThIBAaEMOH IMOBEPXHOCTH 32
OJIVH BaKyyMHBIH UK TUu((y3UOHHBIE CIIOH, pa3-
JIMYHBIE 110 TOJIINHE U MEXaHUYECKUM CBOMCTBAM:

1. Coco6 JI0OKaJbHOrO MOHHOTO a30THPOBAHHS
C TOJBIM KaToOM, MO3BOJISIOMUN (POPMHUPOBATE C
MOMOIIBIO TDIa3MbI TJICIONIETO pa3psja MOBBIIIECH-
HOU TUIOTHOCTH Ha y4acTKe JeTaiu Tu(QPy3nOHHbINH
cioit B 2—-2,5 pa3a Ooibllie, 4eM MPH KIACCHYECKOM
WOHHOM a30TUPOBAHUH.

2. Cnioco0 JIOKaJIbHOr'O MOHHOTO a30THPOBAHHUS B
CKpPEIICHHBIX JJICKTPHYECKUX W MAarHUTHBIX TOJISX,
MO3BOJISFOIIUMA TIOJTyYaTh HAa OTACNBHBIX YYacTKax
neranu uddy3noHHbI ciol B 2-2,5 pa3za Oonblie,
YeM MPH KIACCHYECKOM HOHHOM a30THPOBAHUH.
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Xycauros I0.I".

3. Crocob OoKaIbHOrO MOHHOTO a30TUPOBAHUS
C IPEeABAPUTENBHBIM H3MEJIBYCHUEM CTPYKTYPbI
MaTepHuaja METOJaMH IUIacTHYecKoil aedopmanyn
nepe]t MPOoLEeCCOM a30TUPOBAHMS Ha y4acTKax JeTa-
JIel, TIOABEP)KEHHBIX MHTEHCUBHOMY H3HOcy. Crio-
co0 MO3BOJIET NONydYaTh YIPOYHEHHBIE CJIOWM Ha
OTJENBHBIX y4yacTKaX JEeTalH, TOJIIMHON B ~2 pa3a
MPEBBIIIAIOIINE COOTBETCTBYIOLIMI  MOKa3aTeb,
[OJIy4aeMbld TP UIOHHOM a30TUPOBAHUU JETAJIEH C
HEU3MEHEHHOU CTPYKTYPOM.
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