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BAHHA AJIAA MOAUPIKALII CTAJII
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Anomauia. Hadani excnepumenmanvhi pe3yismamu 6NIugy npoyecy KOMHIEKCHO20 I0HHO20 A30-
MYBAHHA 30 PIZHUMU PEHCUMAMU HA 2IUOUHY A30MO8AH020 wapy. Busnayeni cmpykmypHi ocodnugo-
CMi NoBepXHegUX ma NPUnO8epxXHesux Wapie cmaii ma xapakmep po3nooiny MIKpomeepoocmi no
nepepizy demari. Bcmanosneno, wo mexHonozis KOMHIEKCHO20 IOHHO20 A30MYS8aAHHs 05 MOOUIKayii
cmani 3a paxymox 2auOUHHO20 A30MYBAHHS € eeKmuGHO Ma 3ACIAY208VE BNPOBAOIICEHHS ma

PO36UNMK).
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oicmw, ougppaxyiiuni cnexkmpul

Beryn

[TizBuIieHHs HAXIHHOCTI €JIEMEHTIB MaIlHH 1
MEXaHI3MiB € OCHOBHUM 3aBIAHHAM 301JIbILICHHS
ix pecypcy Ha jgaHuil yac. OJHUM 3 TOJIOBHHUX
3ac00iB HOro BUPINICHHSI € BUKOPUCTAHHS J0CS-
THEHb B 00JacTi 3MII[HEHHS TOBEPXHI, fAKi 3a-
0e3MevyIoThCsl HOBITHIMU €Hepro30epiratounMu
Ta €KOJIOTIYHO OE3MEUYHMMH TEXHOJIOTISIMH, IO
JIOTIOMAraloTh BHUPINTYBAaTH MUTaHHI MOIudika-
i1 MOBEpXHi Ha eTamax CTBOPEHHs, eKCILTyara-
il Ta PEMOHTY KOHCTPYKIIHHUX €JIEMEHTIB 00-
JaTHaHHS.

Mopudikarist CTpyKTypd 1 BIaCTHBOCTEH
MOBEPXHI IUIAXOM a30TyBaHHsI JO3BOJISIE 3HAYHO
MIJBUINUATH 11 TBEPIICTh, 3HOCOCTIHKICTh, TEI-
JIOCTIMKICTh Ta iHIN (DYHKI[IOHATBHI XapaKTepH-
CTHKH, B TOMY YHCII TIPH EKCIUTyaTalii B yMo-
BaX BIUIMBIB 3HAYHUX Ta 0araTOIMKIIOBHX HaBa-
HTa)XeHb. TOMy poOOTH, IO CIPSIMOBaHI Ha Po-
3BUTOK iIHHOBAI[ITHUX TEXHOJIOTIH a30TyBaHHS, €
aKTyalbHUMH 1  3aTpeOyBaHUMH  IMPOMH-
CJIOBICTIO.

AHaJi3 myOaixanii

Haiibinpme mnpoMucioBe BUKOPUCTAHHS B
JaHWK Yac OTPUMAaB METOJ «IIIYHOTO a30TyBaH-
HS» CTaJlel 13 3aCTOCYBaHHSIM aMiaky IpH TeM-
neparypax Bix 500 mo 600 °C. BukopucraHHs
i€l TexXHONOTii 03BOJSIE IOCATaTH TOBIIUHU
a30ToBaHHOro 1mapy B mexax 0,2-0,6 MM 3a me-
piox 10-90 romun 06poOku [1]. Karamituune
a30TyBaHHS 13 3aCTOCYBaHHIM CIIEI[iaIbHUX Ka-
TaJi3aToOpiB A JUCOIAIll amiaky J03BOJISE
3HU3UTH TPUBAIICTH 0OPOOKH B reui BaBiyi [2].

3HAYHO MiJBUIIMTHA IHTCHCHBHICTH IMPOLECY
IUQy31HHOrO HaCHYEHHs MOBEPXHI a30TOM JO-

3BOJISIE€ 10HHE a30TyBaHHS 3 BUKOPUCTAHHSIM HU-
3BKOTEMITepaTypHOi Tu1a3mu [4]. Y nmpomy BHIa-
JIKYy B TIOPIBHSHHI 3 TEPMIYHUM «IIIYHUM a30TY-
BaHHSIM» 3HAYHO 3HIDKYETHCS CHEPTisl aKTUBAIlil
mudysii [5] 1 migBuIyeTbes: KoedimieHT andysii
[6].

[Neprri BiTYM3HSAHI TEOPETHYHI Ta EKCIEpHU-
MEHTAJIbHI JTOCII/PKEHHS MPOLECIB a30TyBaHHS
y BakyyMi, a came, 0OpoOKH B TIIIFOUOMY PO3Ps-
Ii, BigHOCATHCS 10 60-X POKIB MHUHYJOTO CTO-
JIUTTS, TOMAL K, BJACHE, 1 MMOYajaocs MPOMHUCIIOBE
BIIPOBAKEHHS 11i€l TexHojorii. Haibinem cyT-
TE€BI pe3yNbTaTH OyJIM OTPUMaHI i KEPiBHHIIT-
Bom M.Jlaxtina (MA/I) i B.M. ApsamacoBa
(MBTY im. baymana) [1, 4].

B mepury depry, AOCHiIKEHHSI CTOCYBaJIUCS
BUBYCHHS IIPUPOJIU 1 TApaMeTpiB TIIOUOTO pO3-
psly CTOCOBHO JIO TEXHOJOTIYHOTO IpOoIecy
Monu(ikamii TOBepXHi, HOT0 BIUIMBY Ha KiHIIEBi
pesympTat. Tomi  Oynum mpoBemeHi mJo-
CIIJDKEHHSI CKJIaJy Ta30BOTO CepeloBHIIA B
MPUKAaTOJHOMY TPOCTOPi, SKi JO03BOIWIIN 3DPO-
OWTH NPHUHLMIIOBO BaXJIMBUM BHCHOBOK IIPO
POJIb aTOMAapHUX 10HIB aKTMBHOI'O KOMITOHEHTY.
B minomy noBeneHo, mo a3oTyBaHHS B TIIO-
YOMY pO3psii, 3a SKICTIO Ta iHIIMM BIIACTHBO-
CTSIM MOJU(IKOBaHOTO APy, HE Tiplle ra3oBo-
ro a30TyBaHHs MpPH ICTOTHO MeHIIH (iHOII Ha
MOPSZIOK) TPUBAJOCTI Ta 3HAYHOI EKOHOMIl
€HEepropecypcis.

Tak, iOHHE a30TyBaHHs B T'a30Bil MJ1a3mi Ba-
KYYMHO-JIyTOBHX YCTaHOBOK IPH TeMIIepaTrypax
Bix 500 mo 600 °C He TUTbKH TO3BOJISIE CKOPO-
TUTH Yac a30TyBaHHS A0 | ToxuHM, ajie i, B 1Oo-
PIBHSHHI 3 MIYHUM a30TyBaHHSM, IiJIBHUIILYE Bi-
JTHOCHY 3HOCOCTIMKICTh a30TOBaHHOTO Iapy [7,



BectHuk XHALLY, BbIn. 82, 2018

8], mae MOXJIMBICTH KepyBaTd (pa3oBHM CKJia-
J0M (LUTIXOM 3MiHHM €HEPreTHYHHX XapaKTepu-
CTHK TIporiecy a0o CITiBBITHOMIEHHS POOOYHX
ra3iB B CyMillli a30Ty i aproHy), CTBOPIOE MOXK-
JIMBICTH JJIS TOSIBH HOBUX (Da3 Ha OCHOBI CIIOTYK
3 a3oToM [9—-11], gKi He yTBOPIOIOTECSI B YMOBax
3BUYAafHOTO HACHYEHHS a30TOM IIPH IIiJBHIIIE-
Hill Temmepatypi [12—-14], a TakoX I03BOJISIE
mo30yTHCs MIKiUIMBOI nii amiaky [3, 4]. Y npo-
1eci HacHYeHHsS M Ji€lo ioHHOTO OomObapmy-
BaHHS B MaTepiajili 3HaYHO 301TBIIYETHCS KOH-
LHEHTpalis CTPYKTYpHUX JedekTiB [15], me
CIIpHSiE TIIBUINEHHIO 1HTEHCUBHOCTI IPOIECIiB
mudysii, B TOMy YHCI, MacomepeHOoCy a3oTy
[16].

Take a30TyBaHHS 3BUYaHO MTPOBOJSTH MiCIIS
TepMiuHOi 1 MexaHiuHoi 00pobok [17]. Ilpum
IFOMY B TIpOIleCi a30TyBaHHS Ha BHPOOW TOJa-
OTh HeraTuBHUM noreHuian Big 800 mo 1300 B
[3], perymtoroun HOro BeMMYHMHY TAaKUM YHHOM,
mo0 MATpUMYBaTH TeMIlEpaTypy BHPOOIB B
mesxax Big 500 mo 600 °C npu cTpymax ayrH Bix
50 mo 100 A. TBepuicTh moBepxHi BUpOOIB Tic-
7S a30TyBaHHA BHCOKA 1 3HAXOAWTHCA Ha PiBHI
1o 11-17 I'Tla 3ajexHO Bif CKIay CTai.

Opnnak, BUINE3raJaHuMM 3aco0aMM HEMOX-
JUBO a30TyBaTH BUPOOW 3i cTajeil 3 HU3BbKUMHU
TeMIlepaTypaMy BiJITyCKy, HAIPUKIAT TaKUX SIK
9XC, X12M® Ta iH., OCKIIBKH TeMIepaTypa
a30TyBaHHS MEPEBUIIYE TEMIICPATypy BiIITYCKY.

Kpim TOrO, aHami3 pe3ynbTaTiB eKcILIyaTa-
HifHUX BUMPOOYBaHb a30TOBAHHHUX CTaJeH, M0
NPAIOIOTh B YMOBAX yJapHO-IIMKIIYHUX HABaH-
Ta)KeHb, T0Ka3aB, II0 YTBOPEHHS Ha IOBEPXHI
A30TOBAHHOTO BUCOKOTBEPJIOTO APy 3 Pi3KOIO
TPaHUIIEI0 PO3AUTYy MPHU3BOAMUTH A0 BUKPHIILY-
BaHHs 1oBepxHi. Lle mos'a3ano 3 Tum, mo dop-
MyBaHHSI TOHKOI HITPHIHOH 30HM 3HAYHO 3HU-
KY€ IUIACTUYHICTh a30TOBaHHOTrO Imapy [17].
ToMmy B OCTaHHI POKM TPOBOZISTHCS IMOLTYKOBI
JTOCITiIPKEHHST TEXHOJIOTM, SKi TO3BOJISIOTH MPO-
BOJIUTH TIPOIIEC a30TyBaHHS 3 OLJIBIIOK PIBHO-
MIpHICTIO pO3MOAiTY a30Ty i Ha OiIbIIY TIAHOU-
Hy [18].

Merta i nocTaHOBKa 3aBIaHHA

MeToro OCHIKEHHSI € BHBUYCHHS BIUIUBY
napameTpiB TpoLecy HHU3BKOTEMIIEPaTypHOIrO
a30TyBaHHS B IUIa3Mi HECAMOCTIHHOTO JTyTOBOTO
PO3psily HU3BKOTO THCKY B TOEJIHAHHI 3 I0JIa-
JBIIOID TEPMIYHOIO OOPOOKOIO Ha CTPYKTYPY 1
BJIACTUBOCTI TOBEPXHEBUX 1 TNPHUIIOBEPXHEBUX
nrapiB myaHcoHiB 3i ctam 9XC.

MeToauka Ta OCHOBHMII MaTepian
HOCJTiI7KeHHSA

Y poboTi BHUKOPUCTOBYBABCS METOJ a30TY-
BaHHS CTAJIEBUX BUPOOiIB B BAKYYMHO-TyTOBOMY
razoBomMy po3psiai [1]. Lleit criocid peanizyroTs B
YCTaHOBILI 3 BaKyyMHOIO KaMepolo, sika obman-
HaHa BaKyyMHO-IYTOBHMH BHIIapHHKamu. Ha
puc. 1 HaBenena cxema ycTaHoBKU «bymat-6»,
sKa TpU3HAYeHa JUIsd a30TyBaHHS B AYTOBOMY
Ta30BOMY PO3PAII.

-]
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Puc. 1. IlpuHuumnoBa cxema BaKyyMHO-IyTOBOIO
yCTaHOBKHM THIy «bynar-6» s 10HHOTO
azoryBaHHs: 1, 4, 5 — BaKyyMHO-IYTOBI BH-
MapHUKY, 2 — BaKyyMHa KaMepa; 3 — MIiIH-
HUU ekpaH; 6, 7 — JpKepena >KUBJICHHS Tra3o-
BOTO pO3psdy; 8 — a30ToBaHi BUPOOH; 9 —
BHCOKOBOJIbTHE Jkepeno; 10 — moBopoTHHIA
npuctpiii; 11 — HaTikay

AzoTyBanach napris myaHcoHiB 3i ctani 9XC
(puc. 2) B craHi moctadaHHsA. A30TyBaHHS TIPO-
BOJIMJIOCS TIICHS TOMEPEHBOTO BiJIKaYyBaHHS
no Tucky 0,003 Ila i Tucky azoty (IIpu HaIyCKy
azoty) 0,3 Ila. Perymoroun mo3uTHBHHMIA TOTEH-
mian B Mexax Big 100 mo 150 B, miaprpumyga-
jach Temmepatypa asoryBaHHsa — 500-600 °C,
MPOTATOM OJIHi€T TOTUHH.

Puc. 2. 3aranbHuii BUTIIS ITyaHCOHA

TepmooOpoOka micist a30TyBaHHA 3AIHCHIO-
Bayacsi B My(embHili 1medi 1 cKiiaganack 3 rapry-
BaHHsS Ta HU3BKOIO BIIIYCKy, a came: AeTali
rapTyBaJuCch (Temreparypa HarpiBanHs — 820
°C, yac Bunepxku — T = 20 XB., OXOJODKCHHS —
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B MacJi), Iaji BiAMTyCKAaJIKNCh MPH TeMIepaTypax
150 °C (pexxum Ne2), ta 250 °C (pexum Ne3).
ITicns mpoOro MPOBOAMIM MEXaHIYHYy OOpOOKY
(moBomky): 3HiMaBcs npumyck 1o 200 mrMm. Pe-
kuM Nel mozmiOHuit pexxumy Ne2, anme 6€3 3HATTS

npunycky (puc. 3).

%

s

Puc. 3. Mikpoctpyktypa ctamu 9XC micins KoM-
IUIEKCHOTO a30TyBaHHs 3a pexxuMoM Nel (x 50 )

3rigao cranmapty DIN 50190, wactuna 3,
rmMOMHa a30TOBAHOTO MIapy BH3HAYalach Ha
TiJicTaBi BUMIpIOBaHHs TBepaocTi (puc. 4). Mertox
3aCTOCOBYETBCSl Il a30TOBAHMX JeTalel Hesa-
JIeKHO BiJ] BIIACTHBOCTEH a30TOBAHOTO IIapYy.

Puc. 4. BusHauenHs: TTUOMHHA a30TyBaHHS Me-
TOJIOM BUMIpIOBaHHS MiKPOTBEPAOCTI

['muOvHa a30TOBaHOTO APy BH3HAYAETHCS
SIK BIJICTaHb BiJl MOBEPXHI B HOPMAJbHOMY [0
Hel HampsMKy J0 TOYKH, B SIKiii TBepJicTh
BI/IMIOBIZIa€ BCTAHOBJICHOMY TPaHUYHOMY 3Ha-
YEHHIO (TBEPAICTh CTaJIl MICIsA TEPMIYHOI 00pO-
Oku Oe3 a30TyBaHHs).

Ha pucynkax 5, 6, HagaHi miCyMKOBi Jiar-
paMu piBHS Ta TJIMOWHU 3MIITHEHHS B PE3yJIbTaTi
KOMIUIEKCHOT'O 10HHOTO a30TyBaHHs ctajii 9XC.

KomruiekcHe i0HHE a30TyBaHHS 3a PEIKUMOM,
KU BKITIOYAE JI0 ce0e a30TyBaHHS Ta TEPMIYHY
00poOKy (puc. 3), hopMye Ha MOBEPXHI 3pa3ka

3HAaYHUH 3HEBYTIICILOBAHUN (TEXHOJOTIYHHNA)
map 3 HU3bKOK MikporeepaicTio 2 800 Mlla,
rmouHOo0 10 210 MKM, TOMY TICHIS I[BOTO pe-
KMy HeoOXigHa MexaHigHa 0OpoOKa s 3HAT-
TS LIBOTO LIApY.

7000 /
MIla
2 5000
g
H
= 4000 i
Q &
B 3000
g
= 2000
= 1000
0
1 2
B  — Cepennst TBEpAICTh 3MILIHEHOTO

wapy; B — TBEPIICTh CEPLEBHHY;
O — mpupict TBepmocTi

Puc. 5. Pe3ynbraTn BUMiprOBaHHSI MiKpOTBEpAO-
cti cram 9XC micns KOMIUIEKCHOTO 00poOKH
(a3oTyBaHHS, TapTyBaHHS 1 BiANycKy) 3a pe-
xumamu 2 1 3 (1 — Bigmyck 150 °C), (2 — Bi-
amyck 250 °C).

'mnbuna 30HU
3MILHEHHS

Puc. 6. Pe3ynbpraTi BUMiprOBaHHSI TNIMOWHU 30-
HU 3MinHeHHs ctani 9XC micns KOMIUIeKC-
HOro OOpOOKM (a30TyBaHHs, TapTyBaHHS i
BiIyCKy) 3a pexxumamu 2 1 3 (1 — Bigmyck
150 °C), (2 — Biamyck 250 °C)

KoMruiekcHe 10HHE a30TyBaHHS 332 PEKUMOM
3 HU3BKUM BimmyckoM 150 °C, mio BKJIFOYaE 10
cebe MexaHiuyHy 0OpoOKy, POpMYy€e CTPYKTYpY 3
MikpoTBepaicTio 6 180—6 650 MIla, mikpoTBep-
JICTh CeplieBUHU CTaHOBUTH 5 400— 5 500 MI]a.
[pupict TBepaocti micns wie€i oOpoOKK cTaHO-
Buth 1 250 MIla, po3mip 30HH 3MILHEHHS
920 MKM.

KoMruiekcHe 10HHE a30TyBaHHS 338 PEKUMOM
3 MeXaHiuyHOI 00poOKoto Ta Bigmyckom 250 °C,
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dbopMye CTPYKTypy 3 MIKpoTBepaicTio 6600
Mlla, MiKpOTBEpHICTh CEPUEBHUHU CTaHOBUTH 3
400-3 600 MlIla. IIpupict TBepaOCTI Imicius i€l
00po6ku cranoButh 3 100 Mlla, po3mip 30HH
3MIHEHHST 560 MKM.

3a maHUMH PEHTTeHIiBCbKOI AndpakTomMeTpii
(CUk.q), CTPYKTypa 3MIITHEHOTO MIapy CKiIaja-
€ThCcsl 3 BOX()Aa3HOT KOMIIO3HMINII: C-TBEPOTO
po3unHy Ta 3epeH HiTpuay FeyN, ctpykrypa
IpiOHOTUCTIEPCHA, 3 PO3MipoM objacTeit Kore-
PEHTHOTO po3cifoBaHHs Oist 10 HM.

VY sxocTi pexoMeHAalii mponoHyeThCs AeTa-
Ji MCIIsT KOMIUIEKCHOI 0OpoOKH, KpiM MeXaHid-
HO1 00po0KH 3 mpumyckoM 10 200 MKM, TTPOBO-
JUTH JOBOJAKY YHCTOBUM WLTi(pYyBaHHAM 3 TpH-
nmyckoM 2040 MKM, 11 OTpUMaHHS BHCOKOTO
KJIACy MIOPCTKOCTI.

IopiBHrotoun pexxumu Ne2 i Ne3 mokHa BU-
3HAYUTH, TIO TPHUPICT 3MIITHEHHS BHILE MiCIs
pexkumy Ne3, 3 OLIBII BUCOKOIO TEMIIEPATYPOIO
Bigmycky — 250 °C, a po3aMip 30HU 3MIITHEHHS
oinpe micist pexumy Ne2 3 Biamyckom 150 °C
(xo4a 3HAYCHHS TVIMOMHM 30HU 3MII[HCHHS ITO-
BUHHO OyTH MPaKTUYHO OJHAKOBUMHU, & PI3HUIIL
MOSICHIOETHCSl HEPIBHOMIPHOCTBIO IPOIIECIB Tie-
PETBOPEHHSI CTPYKTYPH 3 PI3HUX CTODiH JeTaii
(puc. 7 a, 6).

L 2
3

0 (x50)

Puc. 7. MikpocTpykTypa IyaHCOHY 3i crami
9XC miciasi KOMIUIEKCHOTO a30TyBaHHS 3a
pekumoM Ne2 (Biamyck 150 °C (a, © — pi3Hi
CTOPOHU OJTHOTO 3pa3Ka)

B 000x pexuMax 3Hau€HHS MiKpOTBEPJOCTI
MOBEPXHEBOI 3MIIIHEHOI 30HM NPAKTHYHO HE
Bizpi3userbes (6 600 MITa).

BucHoBku

1. KommuiekcHa 00poOka METOJOM 10OHHOTO
a30TyBaHHS J103BOJISAE 30UTBIIATH TIAUOWHY TIPO-
HUKHEHHS a30Ty, TOOTO piBe€Hb 3MII[HEHHS IIO-
BepxHi (1 250-3 100 MIIa).

2. OnTuMansHUM PEeXUMOM 00pOOKH B paM-
Kax JIaHOTO JIOCIIDKEeHHS € pexum Ne3, 3 Biamy-
ckom 250 °C.

3. Ilpu xomiiekcHili 00poOLi BUHUKAE TIIH-
OOKMIT TEXHOJIOTIYHUM MIap, TOMY HEOOXiIHO
000B’SI3KOBO  TIPOBOJWUTH KIHIIEBY MEXaHIUHY
00poOKy.

4. Ilpu mpoBeneHHI KOMIDIEKCHOI 0OpOOKH
Tpeba BpaxOBYBaTH MOJOXEHHS JeTall BiTHOC-
HO TIOTOKY 10HIB a30Ty, Ui (popMyBaHHS OUIbII
piBHOMipHOTO HIapY.

5. PexomeHmyeThCs TPOBENEHHST 00OB’S3KO-
BOTO YHCTOBOTO NUTIpYBaHHS AJIS 3HATTS 3aJU-
HIKYy TEXHOJOTIYHOTO CJol TiubuHoo 20—
40 MKM.

JocnijpkeHHs TIOKa3ajo IO KOMIUIEKCHE
1I0HHE a30TyBaHHS Uit MoxuQikamii craimi €
e(eKTUBHUM Ta MEPCIEKTHBHUM METOIOM 3Mi-
[IHEHHS 32 PaxXyHOK TJIMOMHHOTO JIETYBaHHS
azotoM. [Ipu mbOMY 3HAYHO TNPHUCKOPIOETHCS
MpoIeC a30TyBaHHS, OCKIJIBKH aTOMH a30Ty Jie-
TIIe IPOHUKAIOTh B HE3arapTOBAHYIO CTallb, 4ac

a30TyBaHHs He nepeBuurye 1 ronuau. Ane Oyno
BUSIBUJICHO DPSII HEAONIKIB Ta MpOOIEM HaHOTO
KOMILJIEKCHOTO METOJy, a came: HepiBHOMIp-
HICTh TJIMOMHM 30HM 3MILHEHHS IO Mepepisy
JleTalni, pi3Hy TIHOWHY TEXHOJIOTiYHOTO MIapy
SIKU# HeOOX1THO HUTiyBaTH.

Otpumani B poOOTi pe3yabTaTH CTaIM OCHO-
BOIO JUIS CIIPAMOBaHOI MoAudikaIii MmoBepxHi
MIPOMUCIIOBUX TMAapTid MyaHCOHOB PI3HOTO TIPH-
3HaueHHA. B gaHmii yac mpoBOASTHCS iX BUPOO-
HUYi BHNPOOYBAHHS i HAKOIMYEHHSI CTATUCTHY-
HUX JJaHHX.
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INVESTIGATION OF EFFICIENCY OF
COMPLEX ION NITRIDING FOR STEEL
MODIFICATION
Sobol O.V, Shevchenko S.M.,
Protasenko T.O., National Technical University

«Kharkiv Polytechnic Institute»

Abstract. Problem. The development of inte-
grated ion nitriding technology is actual for industri-
al production. This method is in the development
stage, especially for steels that are not classical for
nitriding, for example, cheap and available steel 9XC
for production. The goal of the research is to study
the influence parameters of the process of low-
temperature nitriding in plasma of a non-
independent low-pressure arc discharge on structure
and properties of the surface and near-surface layers
of punches from steel 9XC in combination with sub-
sequent heat treatment. Results. The research solved
the following tasks: 1. A metallographic analysis of
9XC steel samples after complex ion nitriding is car-
ried out, which includes nitriding and subsequent
heat treatment (quenching and tempering at various
temperatures). 2. Measured microhardness of surface
and near-surface layers in depth. 3. Phase analysis is
done. 4. Determined depths of nitrogen-hardened
layers and their morphological features. 5. Conclu-
sions are made on the practical use of integrated ion

nitriding technology. Practical value. For hardening
punches of steel 9XC method of complex processing
are proposed and tested in the work. It includes ni-
triding in a vacuum gas discharge before quenching
and tempering. At the same time, the process of diffu-
sion of nitrogen atoms is significantly accelerated
(since nitrogen atoms more easily penetrate non-
hardened steel), which leads to an increase in the
depth to the penetration of nitrogen atoms and a
change in structure and hardness. It was established
that, by properties, the impact area is divided into a
surface layer (with a thickness of about 200 um) with
a lower hardness and a deeper working layer with a
higher hardness. The size of the strengthening zone is
560-920 pum.

At the same time, increased hardness compared
to the main structure without nitriding is remained at
a depth exceeding 2000 um. The surface layer of
parts with low hardness must be mechanically pro-
cessed to obtain the required dimensional accuracy
and roughness. The surface hardness of the punches
made of steel 9XC after such treatment is at the level
of 6600 MPa. The phase composition of the nitrated
layer with high hardness consists of the lower nitride
of FesN and a solution of nitrogen in a-Fe. The re-
sults obtained are relevant for steel with a low tem-
pering temperature.

Key words: ion nitriding, complex processing,
diffusion, depth of action, hardness, diffraction
spectra.

HCCIEJOBAHUE DOPEKTUBHOCTH
KOMIIVIEKCHOI'O HOHHOTI'O A30OTHUPO-
BAHUA 1JISA MOJUPUKALINHN CTAJIN
Co6oab O.B., llleBuenko C.M.,
Mporacenko T.A., HanuoHaadbHbIH TeXHUYECKU A
yHiBepcnTeT «XapbKOBCKMIl MOJIMTEXHUYeCKHUI
HHCTUTYT»

Annomayusn. Ilpedocmagienvl KChepumenma-
JIbHblE Pe3VIbMantvl GIUSHUSL NPOYECca KOMNJLEKCHO-
20 UOHHO20 A30MUPOBAHUSL HO PAZHBIM PENCUMAM HA
2nyouny ynpounenno2o cuos. Onpeoeienvl cmpyKkmy-
PHblEe 0COOEHHOCMU NOGEPXHOCTIHBIX U NPUNOBEPXHO-
CMHBIX Cl0€8 CMAlU U XAPAKMEDP PACHPeOeeHus.
MUKPOMBEPOOCU NO cevenuto demanu. Ycmanosie-
HO, YMO MEXHOL02Usl KOMNILEKCHO20 UOHHO20 A30MU-
POBAHUSL 0151 MOOUDUKAYUYU CIMATU 3a CUem 2TYOUH-
HO20 A30MUpOBanUsl A611emcs dPoexmusnol u 3a-
caydcueaem 6HeOpenUst U pa3eumusl.

Knrouegvie cnosa: uonnoe azomuposanue, KOM-
niekcHas obpabomka, oug@ysus, enybuna ynpoure-
HUsl, mMeepooCcmb, OUPPAKYUOHHBIE CHEKMPUL.
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