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YnpouHeHue  JIEKTPOOCAXKIEHHOIO  ’Kejie3a
XHMHUKO-TEPMHYECKOM 00padOTKOM

Hardening of the electrodesieged iron chemical
heat treatment

Peghepam. B HacTos11iee BpeMs B pEMOHTHOM ITPOU3BOICTBE Ha CTA/IMN BOCCTAHOBIICHUH CTAJIBHBIX JIETANIeH IIHPOKOE IPUMEHEHHE M10Ty-
UM CTICLHUAIbHBIEC TIOKPBITHSA, 00pa3yromuecs 3a CUeT dIEeKTPOIUTHIECKOTO BO3NCHCTBUS HA HOHBI Jkene3a. JJaHHbINH TeXHOTOTHYeCK il IprueM
OTJIMYAETCS BEICOKOH NPOU3BOUTENILHOCTBIO, IPOCTOTOM MPOBEAEHHUS], HEBBICOKON CTOMMOCTBIO TEXHOJIOTHYECKOr0 000PYI0BAHUS U IPUMEHS-
eMBIX MaTepHaloB, a TaKkKe JETKOW aBTOMaTu3anuel mporecca. OfHAKO MaHHBIA METON MUMEET PsZ HEJOCTATKOB: HHU3KYIO YCTAIOCTHYIO
MPOYHOCTH BOCCTAHOBJICHHBIX JIeTaslel, HeJOCTATOYHO MPOYHOE CLEIUICHHE 5KEeI€3HOr0 IMOKPBITHS ¢ OCHOBOH, B YaCTHOCTH, C JISTMPOBAHHBIMU
CTaJsIMH, HEJAOCTATOYHYIO0 M3HOCOCTOMKOCTh. C ILE/IBIO MOBBIMICHKS NOITOBEYHOCTH M M3HOCOCTOMKOCTH JeTaneil, BOCCTAHOBICHHBIX 3a CUET
IEKTPOXUMUUECKOTO BO3ACHCTBHS, IPEUIAraeTcs CIOIb30BaTh XUMHKO-TEPMUYECKYI0 00pabOTKY, 3aKJIFOUYAIOLLYIOCS B IIPUMEHEHHU HUTPOLIE-
MeHTanuu. McenenoBana 3((heKTHBHOCTh IPUMEHEHHS PA3IMYHBIX PEKUMOB HHTPOLEMEHTALMH B BBICOKOAKTUBHOM IAaCTOOOPA3HOM KapOro-
pu3aTope, U UX BIMAHUE HA CTPYKTYPY H CBOMCTBA KEIE3HBIX FAJIbBAHUYECCKUX OKPHITHH. Y CTAHOBICHO, YTO HUTPOLIEMEHTALHA KaK IIPH HU3KUX,
TaK ¥ HPH BHICOKMX TEMIIEpaTypax MHOTOKpaTHO (B 6-7,5 pa3) MOBBIIAET MUKPOTBEPAOCTb MOKpBITHHA. [Ipu 3TOM HamBbICIIAsk TBEPHOCTH
HOTy4aeTcsl IPY HU3KOTEeMIIepaTypHOI HUTPOILIEMEHTAIIHH C HEeIIOCPEeICTBEHHOM 3aKalkoi B Bojie. IIpoBeieHre nporiecca HUTPOLEMEHTAIMH IPU
HHM3KHX TeMIepaTypHbIX 3HaueHUsX (650 °C), 3HAUUTENBHO MOBBIIIAET TBEPIOCTH HKEJIE3HOTO MOKPBITUSI, YBEIUUMBAsS IIPU 3TOM IIPEJIEN €ro Te-
Ky4eCTH, a TakKe 3HAYNTEIbHO YBEIMUHBACT U €r0 MPees BIHOCIMBOCTH. Y CTalOCTHAS IPOYHOCTh HUTPOLIEMEHTOBAHHBIX 00PA3LOB C JKele3-
HBIMH OCaJIKaMHU Ha MOBEPXHOCTH, KaK MOKa3aJI HAIM MCCIIE0BAHUS, HE TOJIBKO BbIIIE IPOYHOCTH TAKUX K€ 00pa3LoB 0€3 HUTPOLEMEHTALUN
(6osee yeMm B 2 paza), HO 1 BBIIIE YEM YCTAIOCTHAS IIPOYHOCTH OCHOBHOT'O MeTajia 6e3 oKpbITHs. [ToBbIIIeHHE TeMIIepaTypbl HATPOLIEMEHTAIIIN
He NPUBOJUT K HOBBIIEHHIO TBEPAOCTHU SIEKTPOIUTUUECKOTO XKele3a. Pazpaborana pairoHanbHas TEXHOIOTUsI YIIPOUHEHHS CTANIbHBIX JeTanei,
BOCCTaHOBJICHHBIX JKeJIe3HEHHEeM. BbIOpaHbl oNTHMalIbHbIE PEXKUMbI HUTPOLIEMEHTAIMH JUIS YIIPOUHEHHS JieTajlel, BOCCTAHOBJICHHBIX JKeJIe3He-
HHMEM, C LE/IbIO TOBBILIEHUS JOITOBEUHOCTH jeTanell MamuH ONTHMalbHBIM TEXHOIOTMYECKMM TEMIEPAaTypPHBIM PEXHUMOM IPOBEIEHHS
HpoLEecca HUTPOLIEMEHTALMH, TIPH KOTOPOM BO3MOKHO MOJy4YeHHE MaKCHMAJIbHOH YCTaJOCTHOH NPOYHOCTH M M3HOCOCTOMKOCTH OT BOC-
CTaHABIMBAEMOH! IeTalu, SIBIAETCS MPOTeKaHue HuTpouemenTanuu npu 650 °C, ¢ nocnenyroeit 3akankoit u ormryckom npu 150 °C.

Summary. Currently in the repair and manufacture at the stage of recovery of steel parts, widely used special coatings formed by electrolytic
effects on ferrous ions. This technique offers high performance, ease of implementation, low cost of technological equipment and materials used, as
well as easy automation of the process. However, this method has several disadvantages: low fatigue strength of reconditioned parts, insufficiently
strong grip of the iron coating to the substrate, particularly in alloy steels, insufficient wear resistance. For the purpose of increasing durability and wear
resistance of parts, restored through electrochemical action, it is proposed to use chemical-heat treatment, consisting in the application of carbonitriding.
Investigated the efficacy of different modes of carbonitriding in the highly carburizing paste-and their influence on the structure and properties of iron
plating. It is established that the nitrocarburizing both low and high temperatures repeatedly (6-7.5 times) increases the microhardness of the coatings.
The highest hardness is obtained by low-temperature carbonitriding with direct quenching in water. Conducting the carbonitriding process at low tem-
peratures (650 °C), significantly increases the hardness of the iron coatings, increasing the limit of its fluidity, a and also greatly increases its endurance
limit. Nitrocarburized fatigue strength of samples with iron precipitation on the surface, as shown by our studies, not only higher strength of the same
samples without carbonitriding (more than 2 times), but higher than the fatigue strength of the base metal without coatings. Raising the temperature of
the carbonitriding did not increase the hardness of electrolytic iron. Developed a rational technology of hardening of steel parts, re-chain iron fortifica-
tion. Selected optimum conditions for carbonitriding hardening restored iron fortification, with the purpose of increasing durability of machine parts
Optimal process temperature re-benching of the process of carbonitriding in which is possible to obtain maximum fatigue strength and wear resistance
from the restored detail, is the process of carbonitriding at 650°C, followed by quenching and tempering at 150 °C.

Kmouegvie crosa: HUTpOLIEMECHTALY, YCTAJIOCTHAS IIPOYHOCTD, I/I3HOCOCTOI7IK0CTI>, TaJIbBAaHNMYCCKHUE [TOKPLITHS, YIIPOUYHCHUEC JIeTaJeH.

Key words: nitrocarburizing, fatigue strength, snooty-bone, electroplating, hardening of parts.
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lapBaHMUECKHE (9MEeKTPOIUTIYECKHE)
MOKPBITHS IAPOKO TPUMEHSFOTCSI B PEMOHTHOM
MPOU3BOJCTBE IPU  BOCCTAHOBJICHUH  CTAJIbHBIX
JIeTaiel, UMEIOIMX OTHOCHTEIHLHO HEOOINbIINE W3-
Hochl (0,3...0,5 MM), ipu 3TOM HamOoJee MIMPOKOe
MPUMEHEHHE HAXOJHT DIIEKTPOJIMTHYECKOE IKENe3-
HEHHe. JTOT CIOCO0 BOCCTAHOBIICHWS OTIMYASTCS
BBICOKOW  TIPOM3BOMTEIILHOCTBIO, TPOCTOTOH U
HEBBICOKOW CTOMMOCTBIO OOOpY/IOBaHUS M Mate-
pHaIloB, BO3MO)KHOCTBIO —OJJHOBPEMEHHOTO Hapa-
mMBaHKs OOJBILOTO KOJIMYECTBA JieTajlel, aBToMa-
TH3ameit npouecca. OIHAKO HAPSLY C TIOJOKUTEIb-
HBIMH CTOPOHAMH, YIIOMSHYTBIMH BBIIIIE, HIIEKTPOJIH-
THYECKOE JKEeJIe3HEHHE HMEET psiJi HEeJOCTATKOB, a
MMEHHO: HU3KYI0 YCTAIOCTHYIO MPOYHOCTH BOC-
CTAaHOBJICHHBIX JIeTaliel, HEeIOCTa-TOYHO TIPOYHOE
CIICTUICHUE JKEJIC3HOIO TIOKPBITHUSI C OCHOBOH (B
YaCTHOCTH, C JISTHPOBAHHBIMH CTaJISIMH) M, BO MHOTHX
CIIy4asix, HeJIOCTaTOUYHYIO U3HOCOCTOMKOCTh. B CBsizn
C 9THUM PECYpCHI JeTaleH, BOCCTAHOBIICHHBIX KeJe3-
HEHHEM, 3AMETHO HIDKE PECYPCOB HOBBIX JICTANICH.

C T1enpl0  TMOBBINICHUS  JOJTOBEYHOCTH
JIeTajeid, BOCCTAHOBIICHHBIX KEJIE3HBIMH ITOKPHITH-
SIMH, TIPEJUIAraroTCsl pa3IMuHbIe CIIOCOOBI YIIPOUHE-
HUS, W3 KOTOPBIX HawOOJee paIOHATBHBIM Clie-
JIyeT TPU3HATh XMMUKO-TEPMHUYECKYIO 00paboTKy,
B YaCTHOCTH, HUTpOIleMeHTarwmio | 1, 2].

Hacrosimass ~ paGora  mocsimieHa — HcC-
CJICJIOBAHUIO BIIMSHUS PSKUMOB HUTPOIIEMEHTAIUH
B BBICOKOAKTHBHOM I1acTOOOpa3HOM  KapOro-
pu3arope Ha CTPYKTYpy M CBOWCTBA JKEIIE3HBIX
raJIbBAHUYCCKUX TIOKPBITHH C IENBI0 Pa3pabOTKH
paroHaIbHON TEXHOIOTUN YIPOYHEHHUS CTATBHBIX
JieTaeil, BOCCTAaHOBJICHHBIX JKEJIE3HEHUEM.

Jlnsi HaHECEHUsT JKEJE3HBIX TOKPBITUH Ha
CTaNbHBIE U3ENUs ObLT NCTIOIH30BAH XIJIOPHIHBIH
AIIEKTPOJIUT, OCAKICHHUE MPOBOIWIOCH Ha Tepe-
MEHHOM aCHMMETPHUYIHOM TOKe ¢ KoddumumeHToM
acUMMeTpuu [(=6, KaTomHas IUIOTHOCTh TOKa
30..40 A/nm? [3]. MEKpPOCTPYKTYpa KEJE3HOTO
ocaJika MpeCcTaBlieHa Ha PUCYHKE 1.

HutpouiemeHTanus mpoBOMIaCh B BEICOKO-
AKTHUBHOM IaCTOOOpa3HOM KapOropH3aTope Clemy-
fomero cocrasa (% macc): caka razoas-60; xe-
ne3ocunepoanbii kammi [KsFe(CN)g]-30; yrimekwc-
ne1id Hatpuit (NaxCO3)-10; mactooOpasyromast Ku-
KOCTh — BOJIHBIM PacTBOP KapOOMETHIIIEILTFONIO3bI
(xnmeit KMLI) [4]. KomImoHEHTHI TIacTBI B TOPOIII-

KOOOpa3HOM  COCTOSHHM  TIIATENIbHO — TepemMe-
HIMBAJIUCH U PA3BOAWINCH KJIEEM JIO KOHCHCTEHIUH-
rycroii nactsl. ITacta HaHOCKIIaCh Ha 0OPA3LIbI CII0EM
1,5...2 MM 1 BeIcymBanach. OOpasIbl ¢ CyXUM HUT-
POLIEMEHTYIOIIUM TOKPBITHEM YIAaKOBBIBAIICH B
KOHTEHHED C HaIlOJIHUTEJIEM B BUJIE CMECH UyT'YHHOMI
CTpYXKU C caxeil. KoHTeliHep nmomeraicst B neub,
pasorperyo, 10 3a4aHHON TEMIIEPaTyphbl, U BbIIEP-
JKMBAJICS] TaM HEOOXOTUMOE BPEMSI.

Pucynox 1. MukpocTpykTypa 3JIE€KTPOOCaKIEHHOTO
xenesa (B=6 Ik - 3 A/nm?)

[ocne HUTpOLIEMEHTAIMK 00PA3IIB BRITPYXKa-
JIMCh U3 KOHTEeHHEpa, TIOJIBEPTaIIHCH 33/IaHHOMH TEPMO-
00paboTKe ¥ WCHONB30BAIMCH ISl  OMpPEIeTICHHS
MHKPOTBEPAOCTH, YCTAJIOCTHOM MPOYHOCTH U M3HOCO-
CTOMKOCTH. Y CTaJIOCTHYIO IPOYHOCTH ONPEAEISIIN He-
Pa3pyYILIAOIIM BUXPETOKOBBIM CIIOCOOOM TI0 METO-
JWKe [5], i3HOCOCTOMKOCTB — Ha MarmHe TpeHust CMLI-2
B YCJIOBHSIX TPAHMYHOTO TpeHws (KOHTpTeno-uyryH CU18)
¢ no0aBieHreM B cMa3Ky abpasusa (10 T Ha 1 ).

YcTaHOBIIEHO, UTO MPOBEICHUE ITPOTIECCa HAUT-
POLIEMEHTAIIMHU TIPY HU3KHUX TEMIICPATYPHBIX 3HAYe-
Husx (650°C), 3HAYUTENBHO TOBBITIACT TBEPIOCTH
YKEJIC3HOTO TIOKPBITHUS, YBEITMYNUBAS TP STOM PSS
€ro TeKY4eCTH, a TAK)KE 3HAUNTEIILHO YBEIIHYUBACT U
€ro Tpe/IeN BEBIHOCIMBOCTH. Y CTaJIOCTHAS TPOYHOCTD
HUTPOIIEMCHTOBAaHHBIX O00pa3lOB C KEIEe3HBIMHU
0CajIkaMH Ha MMOBEPXHOCTH, KaK MOKa3aJi HAIIK KC-
CJICA0BaHMA, HE TOJILKO BBIIIC IPOYHOCTU TAKUX KE
o0pasioB 0e3 HuUTpoleMeHTau (Oonee dem B 2
pas3a), HO W BBIIIE, YeM YCTAIOCTHAs MPOYHOCTH
OCHOBHOT'O MeTayijIa 0€3 MOKPBITHSL.

Pesynbrarhl SKCIIieprMEHTA MIPEICTABICHEI B
Tadmure 1.

Tadonunma 1

PeSy.]'IBTaTLI OKCIICPUMCEHTA 11O OIPCACIICHUIO MI/IKpOTBépI[OCTI/I, MMPOYHOCTHU U H3HOCOCTOMKOCTH MaTepuaioB

MaTennal. VIDouHasiomas o6naborka MukpoTBepa0CTh IIpenen HNHTeHcuBHOCTH
praL, yIp B P Hyui00, MIla BBIHOCJMBOCTH 6.1, MIla | m3nammsanus, kr-10°/4

Cranp 30X, HopManu3anus 1450 308 11,5
JKenesnoe nmokpeitue 6€3 TepMOOOPAOOTKH 3605 199 12,2
JKene3Hoe MOKpPHITHE, HUTPOIIEMEHTAITHS

(650°C, 34), 3aKanKka B Bojie, oTmycK mpu 150°C 11885 420 19

JKene3Hoe MOKpPBITHE HUTPOLICMCHTAIHS

(650°C, 3u), 3akaska B Bojzie, oTmyck mpu 350°C 10495 348 2.3
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Kax BUIHO W3 9KCIIEpUMEHTATIBHBIX JaHHbIX,
HUTPOLIEMEHTALMI B  NAcTOOOpa3sHOM  KapOro-
puzaTope  pagMKalbHBIM  00pa3oM — HM3MEHHIA
CBOICTBa JKEIC3HBIX DJIEKTPOJUTHUECKUX OCAJIKOB.
HutpouemeHnranuss kak npd HHU3KUX, TaK M IpU
BBICOKHX TeMIIepaTypax MHOTOKpaTHO (B 6-7,5 pa3)
MOBBIILIAET MUKPOTBEPAOCTh MOKpbITUil. [Ipn sTOM
HauBbICIIAsl TBEPAOCTh MOJIYYaeTCsl IPU HU3KOTEM-
MepaTypHOM HUTPOIIEMEHTAIIMU C HENOCPEICTBEH-
HOU 3akankoi B Boje. IloBblieHHE Temreparypsl
HUTPOLCMCHTAIIlUKM HE TIMPUBOAUT K IIOBBIIICHUIO
TBEPIOCTH EKTPOIUTUIECKOTO JKeresa.

HutpouemMeHTOBaHHbBI  CI0M, MOJyYEHHbII
npu Temrieparype 650 °C, mMeeT Ha TTOBEPXHOCTH
TOHKYIO IUICHKY € - KapOOHUTPH/IA, MO KOTOPOW Ha
ryouny mpumepHo 0,05 MM mpocTupaercst 30Ha
A30THCTOTO AayCTEHUTA C BKPAIUICHMSIMH MEJKUX
KapOOHUTPHUIOB. JTa 30HA TUIABHO TIEPEXOAUT B
CTPYKTYPY KEJIE3HOTO ITOKPBITHS, IPUYEM IIOKPHITHE
OTZIETIEHO OT OCHOBBI YETKOM TpaHuIieH (PUCYHOK 2).

[Ipu 3akanKe HUTPOLIEMEHTOBAHHOTO CJIOS B
HEM BO3HHUKAIOT 3HAYMUTENIbHBIC CKUMAIOLINE
HaNpsDKEHUs,, 4TO NPUBOIUT K €ro BBICOKOU
YCTaJIOCTHOW TPOYHOCTH, a OOJbIIasi TBEPAOCTh
KapOOHHUTPUIHON KOPKH M HWKEJIEXalluX 30H K
BBICOKOH U3HOCOCTOMKOCTH.
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Pucynoxk 2. MuUKpoCTpyKTypa nepexoHOH 30HbI

Takum 00pa3zom, MOJKHO 3aKJIFOUUTh, YTO HUT-
POLIEMEHTAIMS  JKEJIE3HBIX  AJIEKTPOIUTHYECKUX
MOKPBITUH 3HAYUTENBHO TOBBIIAET HX OKCILTY-
aTalMOHHBIE CBOMCTBA, TAKUE KaK N3HOCOCTOMKOCTB
M YCTAJIOCTHYO MNPOYHOCTh. ONTHMaJIbHBIM TeEX-
HOJIOTMYECKUM TEMITEpaTypHBIM PEKUMOM IIPOBE/Ie-
HMs IIPOLIECCa HUTPOLEMEHTALMH, IIPU KOTOPOM
BO3MOKHO MOJTy4YEHHE MaKCUMaJIbHOM YCTaJIOCTHOM
MIPOYHOCTH ¥ HM3HOCOCTOMKOCTH OT BOCCTaHa-
BJIMBAEMOM JETaJH, SBIISETCS MPOTEKaHUE HUTPOLIe-
MeHTanuu rnpu 650 °C, ¢ nocnemyromnen 3aKkaakon 1
otiryckom mipu 150 °C.

REFERENCES

1 Serebrovskii V.I., Serebrovskaya L.N.,
Konyaev N.V. Sposob uprochneniya el-
ektroosazdennykh zhelezokhromistykh pokryitiy
nitrotsementatsiei [The method of hardening elec-
trodeposited iron-chromium covering nitrocarbu-
rizing]. Patent RF, no. 2524294, 2014. (In Russ.).

2 Serebrovskii V. 1., Serebrovskii V.V., Sere-
brovskaya L.N., Safronov R.I. Hardening of electrode-
posited iron coating with tungsten and molybdenum.
Fundamental’naya nauka i tekhnologii — perspektivnye
razrabotki. [Materials of the VI international scientific
and practical conference Fundamental science and tech-
nologies - promising developments. North Charleston,
SC, USA], 2015, pp. 183-186. (In Russ.).

3 Serebrovskii V. 1., Gnezdilova Yu.P. Electro-
deposition of binary iron-based alloys for hardening of
machine parts. Vestnik Orlovskogo gosudarstvennogo
agrarnogo universiteta. [Bulletin of Orel state agrarian
University], 2012, no. 1, pp. 9-12. (In Russ.).

4 Serebrovskii V.I., Gadalov V.N., Goncha-
rov A.N., Grigoriev S. B. Hardening of electrodepos-
ited iron-based alloys. Tekhnologiya metallov. [Metals
Technology], 2011, no. 8, pp. 37-39. (In Russ.).

5 Gadalov V.N., Serebrovskii V.I. Struktura
i fiziko-mekhanicheskie svoistva stalei, splavov i
mnogofuktsional’nykh pokrytii [Structure and
physical-mechanical properties of steels, alloys and
multifunctional coatings]. Kursk, Kurskaya gos. s-
kh. akad., 2010. 318 p. (In Russ.).

143



