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BruiuB ckiaay MMXTH MOPOIIKOBUX JIPOTIB HA
MEXaHI4YH1 BJAaCTUBOCTI Ta KOPO31iHY CTIMKICTh
€JIEKTPOIYTOBUX TOKPUTTIB

JlocimkeHo MeXaHiYHI BJIACTUBOCTI, XIMi4HY MIKpOT'€TEpOreHHICTh Ta KOpO3iiHYy CTiiikicTh y 3%
BogHOMY po3unHi NaCl enekTpoxyroBux IOKPUTTIB 3 MOpoIkoBux ApotiB (I1/]) 3anexHo Bij KOMIOHEHTHOTO
CKJIQy IIMXTH, BUKOPHCTAHOTO Mij Yac iX BUroToBieHHs. [lokasaHo, mo nmokputrsM 3 I1/] BnacTuBa BHCOKa
HCOJIHOPIHICTh 33 XIMIYHUM CKJIAJIOM, IO BiAPI3HSE IX BiJ{ MOKPUTTIB, OTPUMAHUX PO3MILIIOBAHHIM CYIIBHIX
JpoTiB. AJiKe MOJpiOHEHI MOBITPSIHUM CTpYMEHEM KparuiiHu po3miasy [1]], mo ¢popMyloTh HOKPUTTS, CYTTEBO
PI3HATBCA 3a XIMIYHUM CKIazoM. Takui TpafieHT CIPUYMHEHUH HETIOBHMM PO3IUIABJICHHSM 1 3MIilTyBaHHSIM
CKJIQJIHUKIB IIUXTH Ta CTaJIeBOi OOOJOHKH B y3i Mix TopisiMu I1J] mig gac exeKTpoayroBOTO HAIMITIOBAHHS
MOKPHTTIB. 3alpoIOHOBAHO JMOAaBaTH A0 CKiamy muxTd [1J] mopomrkm, siki 3a0e3nedmivi OW B KpaluIMHAX
po3miaBy [1J] HEoOXimHy KibKiCTh XpoMmy, Oopy, Byriemo. A came, mofaBaHHS no mmxTH [1]] mopomikis
dhepoxpomy (PX), kapbixy 6opy (B4C), pepoxpombopy (DPXB), dpepocmnasis (FeSi, FeMn) ta camoduocy I1I'-
10H-01 pmamo 3MoOry miIBHIIUTH TOMOIEHHICTh po3miaBy I1J] Ta akTuBi3yBaTH YTBOPEHHS EBTEKTHK MiX
cxnagaukamu mwuxta I1J] 90X17PT'C ta IIJ] 90X17P3I'C. 3aBnsku 1poMy AOOMIMCH HHMXKYOi XiMI4HOT
MIKpOreTepOreHHOCTI OTPUMAaHUX IMOKPHUTTIB Ta 3a0e3Neymsii IM BHCOKY KOpO3iiHY TPHBKICTb, OJM3BKY 10
KOpO3iiHOT TpUBKOCTI Hepikasiroua craimi X18HIT.

MOKPHUTTS, NOPOUIKOBI APOTH, MiKPOIreTeporeHHicTh, MiKpOTBepaicTh, KOPO3iliHA TPUBKICTH

IlocTanoBka mnpodJjemu. EnekTpoayroBe HamuIIOBaHHS IOKPUTTIB TOMIMPEHE Y
0araTboX Trayy3sX IPOMHCIOBOIO BUPOOHHMIITBA, 30KpeMa JUIs BiJHOBJICHHS TeOoMeTpii
3HONIIEHUX B €KCIUTyaTalliHUX yMOBax JeTajeil MallluH, Ui MiJABUINEHHS 1X 3aXHCTY BiJ
abpa3uBHOrO Ta Ta30a0pa3sMBHOIO 3HOIIYBaHHA (MpUUOMY, 1 3a KIIMAaTHYHUX, 1 32
TEXHOJIOTIYHO OOYMOBJICHHX MiABUIICHUX Temmeparyp) [1-4]. SIk mpaBwiio, HaNmMUIIOBaHHS
CYLUTHbHUMH, OJHOPITHUMHU 32 XIMIYHUM CKJIaJIOM JPOTaMHU JA€ 3MOTY OTPHUMATH JOCTATHBO
TOMOTEHHI 3a XiMiYHUM ckJiagoMm enekTpoayroBi mokputts (EIT). Ilporte 3a ix xiMiuHUM
cknagoM Taki EJIIT icTOTHO BiJIpi3HSIOTHCS BiJf BUKOPUCTAHOTO IJISi PO3MUJICHHS APOTY.
[[poMy cripusie IHTEHCHBHE BUTOPSIHHS HAsBHUX y KpaIUIMHAX PO3IUIaBy CYLIIBHOTO APOTY
BYIJICLIO, BHUIIAPOBYBAHHS TakuX eleMeHTiB sk Zn, Mn, Cr (3 BHCOKOIO MpPYXHICTIO
JTUcoITiaIlii iX mapiB) Ta OKCHIOYTBOPEHHS Yepe3 JIETKE OKUCHEHHS TaKMX CKJIATHUKIB K Al,
Ti, Cri Fe.

[ToxkpuTTsi, HanMJIEH] 13 BUKOPUCTAaHHAM mopoiukoBux Apoti (I1[1), Bim3HauyaroThCs
BHCOKOIO XIMIYHOIO HEOTHOPIIHICTIO, 110 icTOTHO BizpizHse iX Bia E/II i3 cymiapHUX APOTIB.
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Lle 3yMOBIEHO Pi3HUM XIMIYHHM CKJIAJJOM KpAIUIWH, 10 YTBOPIOIOThCA 13 posmiaBy 1] Ta
NEPEHOCATHCSI CTPYMEHEM MOBITPs 70 MOBEPXHI MIAKIAAKH, (POpPMYyIOuM Ha Hii MOKPUTTS.
HemoBHe crutaBnenHst muxtu [IJ] 31 cTaneBor0 OOOJOHKOK MiJ Yac eIeKTPOAYTOBOTO
HarmmoBanHs EJIIT 3ymMoBIIO€e Taky iX reTeporeHHicTh. AJKe BaHHA PO3IUIABICHOTO METATy
MK TopisiMu [1J] MUTTEBO (BIIPOAOBXK Hacy, CyMIPHOTO YacTKaM CEKYHIH) MOAPIOHIOETHCA
NOBITPSHUM CTpYMEHEeM Ha JApiOHI Kparil po3IUIaBy 1 3aBASKH BHUCOKOMY THCKY IOBITps
HepeMily€eThCsl 10 TOBEPXHI ISl HAMMIIOBaHH. ToMy IIMXTa 3 eIeMEeHTaMH JIETYBaHHS Y ii
ckiani (y Tomy 4yucii y Baxko maBkuMu Ttakumu sk ©X, B4C, ®Xb He BcTUTae MOBHOIO
MIpOI0 pPO3IUIABUTHUCS 1 HepeMiH_IaTI/ICSI 3 PO3IUIABOM CTAJIEBOI OOOJIOHKH. 3po3yMiJIO 110
uepes ue zmcnemeaHl HOBlTpSIHI/IM CTPYMEHEM KDATLTUHU PO3IIABY I MaTHMYTb pi3Huit
XIMIYHUH CKIaJ 1, K HACIIIOK, MOKPUTTS, YTBOPEHI 3 IUX KPAIIMH Ha TIOBEPXHI MiAKIAIKH,
OyAyTb  XapakTepu3yBaTHCS BHCOKOIO  HEOJHOPIAHICTIO Ta  3HAYHOIO  XIMIYHOIO
TeTepOTreHHICTIO. 3p03yMLIIO0, IO XiMidHa reTeporenHicts orpumanux EJII1 BrmuBaTuMe Ha 1X
¢i3uKo-MexaHiyHI BJIACTMBOCTI 3a pI3HUX eKCIUIyaTaliiHUX Temrmeparyp 1 0coOJIMBO
BIJTYYTHO 3a BIIMBY KOPO3UBHHUX CEPEIOBHILL.

AHaJi3 ocTaHHiX gociaifkensb i myOJikamiii. JlitepatypHi mkepena 3acBiIUyIOTh,
mo 3actocyBanHs [1J] ans orpumanns EJIl nae 3mory ¢gopmyBaTH HOKPHUTTS i3 BUCOKHMHU
eKCIUTyaTalliiHUMHU ~ XapaKTEepUCTHUKaMH (OCOOMMBO 3a BIUIUBY  KOPO31MHO-aKTHBHUX
TEXHOJIOTIYHUX cepenoBuIl) [5-8]. Taki mokpuTTs 3aCTOCOBYIOTD JUTA BiTHOBJICHHS T€OMETPIi
3HOIIECHUX JIeTajel MaIlInH, JJIs 3aXHCTy pOOOYMX €IEeMEHTIB 1 Bij a6pa3HBHoro 3HOIIYBaHHS
(mpuuoMy 1 3a KIMHATHHUX, 1 32 MiJBUIIEHUX TEMIeEpaTyp), 1 BiJ KOpO3iHO-aOpa3uBHOIO
3HOIIYBaHHA 3a €KCIUTyaTalii B TEXHOJOTIUHUX cepenoBuinax [7, 8]. PasoMm 3 Tum mpu ix
eKCIuTyaTalii B KOpPO3IHHUX CepeloBHIAX 4Yepe3 BHUCOKY XiMidHy HeojxHopiaHicts EJII
(0cobmuBO yepes IrpaJieHT 3a BMICTOM XpOMY Ha IEpexXoAax BiJ JaMedni 10 JaMelli TOKPUTTS)
B HMX BHHMKAIOTH T'ajbBaHIUHI MapH, SKi COPUSAIOTH iX MIBUAKOMY 3HUIIEHHIO. TOMy MOIIyK
HUIAXIB 3HIWKEHHA XiMmiuHoi rereporeHHocti EJII, cdopmoBanux posnuiatoBaHHsMm [1]1,
BiJTHOCSITH JIO 3aBJaHb, BAXIUBHX 1 aKTyallbHUX B 0ararboxX 3aCTOCYHKaXx.

IloctanoBka 3aBaaHHs. /(s e(EeKTUBHOTO 3aCTOCYBaHHS JCTaliel, BITHOBJICHUX
Hanecenusm EJIIT i3 TIJI[, B xKopo3iliHWUX cepemoBUINAX MEpII 3a BCE CIIJ 3’SICyBaTH SK
BIUTMBAa€ KOMIOHEHTHUM ckian mmxtu [1/] Ha iX XimiuHy reteporeHHicTh. Lle ocHOBa st
po3pobnenns HoBux 1] mis popmyBanus EJII1 3 BHCOKOIO 3HOCOCTIMKICTIO Ta JOCTaTHBO
BHCOKHM BMICTOM JIETYBJIBHHX €JIEMEHTIB, HCOOXITHUX s 3a0e3medeHHs iX e(eKTHBHOI
eKCIUTyaTallli B TEXHOJIOTTYHUX CEPEIOBHINAX.

Buxiaax ocHoBHoro marepianay. Jlns ¢dopmysanns EJIIl BukopucTanu opuriHaibHE
YCTaTKyBaHHS, BUTOTOBJICHOTO Ha OCHOBI 11€i 1 KOHCTPYKTOPCBHKOI po3poOku Dizuko-
MexaHigyHoro iHcTuTyTy iM. . B. Kapnienka HAH Vkpainu (puc. 1). nsg nanumoBanns EJIIT
BUKopuctanu moxaenbHi [1J] giamerpom 2,0 MM, cTBopeHi sk 06a30Bi (cucteM jeryBaHHs Fe—
Cr—C ta Fe—Cr-B).

L s S L e et

puc.5

CricHeHe
MoBiTpA

Pucynok 1 — [IpunnmmnoBa cxema pOBHI/IHIOBaHHH Kpal'IJ'II/IH PO3IUIaBy MOPOILIKOBOTO
JIpOTY Ta (POPMYBaHHS €ICKTPOIYTrOBHX MOKPHUTTIB HA TX OCHOBI
Iicepeno: pospobaeno agmopamu
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KimpkicHo BenmumHy XimiuHOi TereporeHHocti EJIIT ormintoBamm 3a koedirieHTOM
XIMIYHOT MIKPOT€TEpOTeHHOCTI K, ,, IKUI1 BU3HAYAIIN 3 BUPA3Y:

KMF=(§ )/"chp’

Jie 1 — KiMBKICTh MPSIMOKYTHHX JIUISHOK HA TOBEPXHi MOKPUTTs (rurommero 35107 M%), B
MeXaxX SKHX METOJOM MIKPOPEHTTEeHIBCHKOTO CIIEKTPAIBHOTO aHami3dy (iKCyBald BMICT
KOXKHOTO 3 €JIEMEHTIB JIETYBaHHS ¢; SIK B MEXaX KOXXHOI OKPEMOi JlaMei, TaK 1 K cepemHiil ix
BMICT Ccep y EJIIL

Bubip xomnonenTiB mmxtu I1/] ans minimizanii xiMigyHoi Mikporeteporennocti E/II1.
Jns 3a0esneueHHss BHCOKOi KoposiiHoi criiikocti EJIII B arpecuBHUX cepemoBHIax
HEOOXiZTHO OyJ0 3HM3HMTHU iX XIMIUHY MIKpOTETEpOTeHHICTh Ta JOCATTH JOCTAaTHbO BHUCOKHMA
BMICT XpoMmy (BiH MaB 6u OyTtu nmoHaz 12 mac. %) y KoxHi# 3 Horo nameneit. [y nocsrHeHHS
iei MeTu a0 ckinaxy mmxTty [1] momaBamu iHTpEIiEHTH, SKI YMOXKIUBIIOBATU (HOPMYBaHHS
€BTEKTUK 3 HU3bKOIO TEMIIEPATYpPOIO IUIABJICHHS 3 PO3YMHEHHSIM Yy OOl TaKUX TYTOIUIaBKUX
cknaaHuKiB mmxTH [1]] sk kapOiamn, Gopuan, TYromaaBKi METaIH Ta CIUIABH.

BaxnuBo Takok, IO €BTEKTUYHI CIUIaBU 3 HU3bKOIO TEMIIEPATYypOIO IUIABJICHHS
MOXYTh OKpIM TOrO BHUKOHYBaTH (yHKLII0 IIe ¥ camoduocy. ToMy BOHM CHPOMOXHI
B3aEMOJIISITH 13 TYTOIUTAaBKMUMU OKcHIaMu (30kpemMa takumu sik Cr,O; ta Al,O3, Temneparypa
IUIaBJICHHS SIKUX 1, nocsrae 2435 ta 2050°C BiAMOBIAHO), YTBOPIOIOYH MPU LOMY CHOJIYKH
OKCHIIB, SIK1 SIK TPaBUJIO MOYMHAIOTH IJIABUTHUCS 32 BIAUYTHO HIXKUOI TEMIIEpaTypH.

Jns EJIL, mo ekciuryaTyBaTUMYThCS B yYMOBaX CYMICHOTO BIUTUBY KOPO3MBHHUX
cepenoBHIl Ta aOpa3WBHOTO 3HOIIYBaHHS, ciif BUKopucToByBatu [1J] 3 sikomora MeHIINM
niametpoMm. [Ipore MOCUTH 4acTo 1€ Ba)KKO, a00 B3arajai HEMOXKIUBO JOCATTH. AJDKE, YUM
MeHmmui piamerp [1J[, TuM Baxkye AOCITTH MOTPIOHUI BMICT XpOMY, BYTJICIIO Ta OOPMICTKUX
KOMITOHEHTIB y cKJaji ioro mmxTth. Tomy, mo0 3abe3neunTt HeoOXiIHY KOpO3iiHY CTIHKICTh
EAIT (3 BmicTOM XpoMy Yy KOXHIM 3 Horo mameneil He MeHmuM 3a 12 wmac. %),
pexkoMeHI0BaHo BUKOopucToByBatu [1]] miamerpom He MeHIuM 3a 2,0 MM.

Jlst oOTpyHTYBaHHS ONTHUMAJIBHOTO CKjiamy mmxTtd [/ mocmigunum m’sTh MOCTIAHMX
BapianTiB 1], sKi BiAPI3HSINCSA 32 KOMIIOHEHTHUM CKJIagoM muxTH (Tadn. 1). Jlo ix ckmamy
BXOJIMJIM XpoMm, 0op, Byriers MicTki komnoneHtu (Cr, ®X, B4C, ®Xb) 3 nomaBannsm FeSi,
FeMn Tta camodumocy III'-10H-01, siki cripusian yTBOPEHHIO €BTEKTHK MIX CKJIQJIHUKAMH
IIMXTH, TOMOT'€HI3yBa ckiaj po3miay [1/] ta 3amwkyBamm mikporereporenHicts EJIIT (puc. 2).

C('ep - Ci

Tabmuus 1 — MexaHiuHi BIaCTHBOCTI KOPO3IMHOCTIMKHUX €JIEKTPOAYTOBUX MOKPUTTIB
13 OPOIIIKOBUX JIPOTIB 3 PI3HUM KOMIIOHCHTHHM CKJIaJIOM ITUXTH.

.. . Bwmicr Cr 3aIUIIKOBI . .

[To3HaueHHs, XIMIYHUM CKIIaj HAIIDYIKCHHSE Koresiitna| Mikpo- | Ctpym

TIOPOIITKOBOTO APOTY (KOMIIOHCHTHHHA y Kyn Py MIIHICTh, | TBEPHICTH, | KOPO3ii,
CKJIa]] IIIAXTH) MTaMEILAX, PO3TATY, MIla HV 10* mA
mac. % MIla 03

Nel. 90X17P2I'C, cknan IIMXTH:
Cr+B,C+FeSi+FeMn 17,1 10,07 43,6 140 610 6
Ne2. 20X16P3H2I'C, CKJIag
muxtu:FeCrB, + Cr + III'10-H-01 16,4 10,06 41,9 100 690 >
Ne3. 90X17PI'C, «cknmapm IIMXTH:
FeCrBy+ ®X+Cr+FeSi+FeMn 17,3 1005 769 185 623 2
Ne4. 90X17P3I'C, cknajm IIMXTU:
Cr + B,C + FeSi+FeMn 17,0 0,1 66,8 150 595 5
Ne5. X17P3C, cxiaj IUXTH:
FeCtB, +Cr+ FeSi 17,1 0,15 6,17 80 700 14
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Pucynox 2 - Jliarpamu crany [ 3aji3a Ta KpeMHiro (a) Ta 3aiiza i 6opy (0), 1110 MOXyTb
YTBOpIOBATH JieTKoru1aBKi eBTekTuky Fe-Si ta Fe-B, remneparypa ninaBieHHs SKMX CTAaHOBUTb
Bigmosimxuo 1212 °C i 1174 °C.
Loicepeno: pospobaeno asmopamu

Honmasanns mo muxtu [1J] xap6imy 6opy (B4C) y uncromy BUrIsAl He 3a0€3MeUnII0
nocratHboi TBepaocti EJII (tabun. 1), orpumanum posmumtoBarasM 1] Nel (90X17P2I°C) ta
ITJ] Ned4 (90X17P31'C). Bakasu, 110 1€ 3yMOBJIEHO THM, IO B IIbOMY BHUIAJKY YaCTOUKH
B4C mnoBHicTiO He po3uMHWIUCH Yy posmiasi [1/], i3 sxoro dopmyBamu mokputts. Ilig yac
HanroBaHHs EJ[I1 moBiTpstHUI cTpyMiHB i BUCOKMM THCKOM BHJIYBaB 3HAUYHY iX YaCTHHY
13 mmxtu [1/] 1, THM camum, 111 YaCTOYKH HE MpUMaiH y4dacTi y hopMyBaHHS MOKPUTTS. [Ipu
IIbOMY KOT€31i{Ha MIIHICTh TaKMX MOKPHUTTIB MOKa3asa iX cepeHiil piBeHs (Tabdi. 1).

3amipu MIKpOTBEPIOCTI Mokazanu (Tabi. 1), 1Mo HAWBHUIOI TBEPIOCTI MOCATIIM Ha
EJIT 3 TIJ] Ne2 (20X16P3H2I'C) ta IT/] Ne5 (X17P3C). Lle BinOyBanocs 3aBAsKA HASIBHOCTI Y
mmmxTi [TJ1 3 mac.% 6opy, sSkuif mOTpaIuIsiB 10 iX MIMXTH Y CKJIaJli MOPOLIKY (GepoxpomMbopy
OXb-2. ®dazouii anamiz uux EJIl BuaBuB B iX ¢QepuTHI CTPYKTYpi BHIUICHHS
npioromucniepcaux O6opuaiB FeCrB ta FeCr,B. Pa3som 3 TuMm koresiiiHa MIIHICTh IHX
nokputTiB He nepeBunia 100 MIla (tabmn. 1). e mosicHIIN TUM, IO TiJ] 9aC HAMUITIOBAHHS
EJIT y iX cTpyKTypl MOTJIM BUHHMKATH 3aJIMLIKOBI HAMPYKEHHS PO3TATY MEPIIOro poAdy, sKi,
SK TPABUJIO, CIIPHUSIOTH PO3TPICKYBAHHIO MOKPHUTTIB i Yac IX MOAAIBLIONO MEXaHIYHOTO
00pobnenns. Tomy mepen HaneceHHsMm EJIIT 3 takux I/l ocHOBY aJis HamMIIFOBaHHS CIIiJ
migirpisaru 1o 150...200 ‘C.

Cepennto TBepaicTh cepen aHamizoBanux BapianTiB EJII1 mokazamu mokputts i3 T1J]
Ne3  (90X17PI'C). MapreHcuTHa MaTpulls, IOJATKOBO 3MiI[HEHA ApiOHOAMCIIEPCHUMHU
BroueHHs MU OopuiiB FeCr,B 3a0e3neuniia ix BiIHOCHO BUCOKY TBEPHICTh. Taki MOKPHUTTS
BUSIBWIM CYTTE€BO BUIIY Kore3iiiHy MinHicTh (10 185 MIla) Ta cepenHiii piBeHb 3aJUIIKOBUX
HaIpy>keHb nepuioro poay 43,6 Mlla (tabu. 1), o 3yMOBIIEHO HAsIBHICTIO B CTPYKTYP1 TaKUX
HOKPUTTIB ayCTEHITHO-MAPTECUTHOT MATPHIIi.

[Tix gac kpucTamizaliii Ta OXOJOKEHHSI KPAIUIMH Ha XOJIOJHIM MOBEPXHI HAMUICHOT
JeTaj]i MOKPUTTS 3MEHIIYEThCS Y PO3Mipax, a MacHUBHIIlIa OCHOBA YHHHUTH OMIp I[bOMY, IIO
CIIPUYMHSIE HANPY>KEHHsI po3TATy y moBepxHeBux mapax EJII1. Ile symoBmtoe dhopmyBaHHS
KOJIOBUX HalpyKeHb mepumoro poxay. OCKiTbKH KOe(Dili€HT TEPMIYHOTO pPO3MIMPEHHS
MaTpPEHCUTY € HAMHMKYUM, a ayCTEHITy — HallBUIIUM, TO BHACHII0K (pOpMYBaHHS MAaTPUYHOT
¢da3u MapTeHCUTY y NOKPUTTIX BUHMKAIM JIMIIE HE3HAuHI HANpYXeHHsS po3Tary. Taxi
MOKPUTTSL JIeTIIe OOpOOJSATH, OCKUIBKM JUIsi 1X MEXaHIYHOTO OOpoOJeHHS MOXHa
3aCTOCOBYBATH 3HAYHO KOPCTKIIl PeKUMH IUTipyBaHHS Oe3 3arpo3d BUHUKHEHHS y HUX
TPIIIUH Y4 BIAMIAPOBYBAHHS OTPUMAHHUX IMOKPUTTIB BiJI MiIKIAIKH.

KoposiiiHa TpUBKicTh eJIeKTPOAYTOBUX NMOKPHUTTIB i3 po3podaennx II/{ micas ix
pizHoi excnio3uuii B 3%-my Boanomy po3uuni NaCl. I3 3amydeHHsM MOTEHI10JUHAMIYHOTO
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METOYy BCTaHOBWIIM 3akoHOMIpHOCTI B3aemonii E/II1, nanecenux I1J] m’satu 3ampornoHoBaHUX
KOMIIOHEHTHUX CKJIaAiB muXTd, 13 3% pozunHom NaCl. 3 oTpumaHHX MOOIsSpU3aLIHHUX
KPUBUX MPUHIIUIH 10 BUCHOBKY, IO 33 XapaKTEPOM KOPO31iHOT B3aEMO/IiT 3 CEpeIOBHUIIEM YCi
anamizoBani EJII1 3 po3po6nenux [1/] Mano uumM Bigpi3HSAIOTHECS OJHE Bif oxHOTO (pHC. 3, a,
0, B, T).

Otxe, mompu BiaMiHHOCTI po3pobnenux EJIIT 3a XiMiyHMM ckIagoMm  ix
€JICKTPOXIMIYHI TapaMeTpH Ta XapakTep 3MIHU TMOJSPU3AMIMHUX KPUBHUX OCOOJIMBO HE
3MiHIOIOTBCA (puc. 3). Tak mpu BUTpUMYBaHHI 3pas3KiB i3 MOKPUTTAMH B CEPEIOBHUIII
BIIPOJIOBXK | TOAWMHHU JMINE TOTEHIan Kopo3sii, 3adikcoBaHuil st mokputts 3 [1J] Ne3
(90X17PI'C), sikoMy BIAcCTUBHUH TNPAKTHYHO HAMBHINMKA CEepeaHiM BMICT XpoMy Ta
HalHWKYUN KoedimieHT Ky, CYTTEBO 3MICTHUBCA B 00JIaCTh OLIBII BiJ €MHUX 3HAYCHD
MOpIBHSHO 3 moTeHIianoM kopo3ii ans EJII1, nanecenoro 3 [T/ N5 (X17P3C). loxo EAIT,
Hanecenux [IJ] iHmoro kommoHeHTHOro ckiamxy (Ne2, Ne4) To iX mOTEHIanM KOpPO3ii
BUSIBIJIMCS JIMIIE TPIimku Ounbin mosutuBHUME mopiBHsSHO 3 EJIIT 3 TIJ] Ne3 (90X17PTC).
[Ipy mpoMy BiI3HAYMIIM, 11O 3MiHA TYCTHMHH CTpyMy Kopo3sii mis ycix anamizoBanux EJIII,
HAHECCHMX PO3MUIIOBaHHSM po3pobneHux [1]1, He mepeBuiryBaia 0JHOTO MOPSIKY.

-0,7 -06 -05 -04

E.B I

Pucynox 3 — IloTeHniognHaMi4Hi KpUBI HAIIMIIEHUX €JIEKTPOAYTOBUX IOKPUTTIB
3 MOPOIIKOBHX APOTIB pizHoro ckiany: 1 — 11 90X17P2T°C; 2 — I1J] Ne2 (20X16P3H2I"C);
3 —IIJ Ne3 (90X17PT°C); 4 — 11 90X17P3I'C; 5 — I Ne5 (X17P3C)
micis BUTpUMKH iX y 3% posuuni NaCl npotsrom | rox (a), 1 ngo6wu (6), 3 ni6 (B) Ta 7 mi6 (T)
Lowcepeno: pospobaeno agmopamu

[MocninoBHICTh po3TamryBaHHS MOTEHIIOJUHAMIYHUX KpHBHX, oTpuManux Ha EJIII 3
a”anizoBaHux [1J] micins 301IbIICHHS] TPUBAIOCTI BUTPUMYBAHHS 3pa3KiB 3 MOKPUTTAMH Y 3%-
my po3unHi NaCl (mo 1 mobu), npaktudHo He 3MiHUIacs (puc. 3, 0).

PazoM 3 TUM BHSIBWIOCH, IO 31 30UIBIICHHSM TPUBAJIOCTI BUTPUMYBAHHS 3pasKiB 3
MIOKPUTTSAM B KOPO3WBHOMY CEpEIOBHIII A0 1 J0OM MOTEHINa KOpo3ii cTami 3 MOKPUTTIM
3cyHyBcsi B oOnacth HeratuBHimux 3HaueHb Ha 0,3...0,4 B (puc. 3r), mopiBHSHO i3
3aikCOBAaHUM 3a EKCIIO3UIlii y IIbOMY K CEepelOBHII, ae BnpoaoBxk 1 rox (puc. 3B). Take
3MIIEHHST TOTEHLIady KOpo3ii 70 HEeraTHBHIIIMX 3HAuY€Hb MOSCHWIM 3MIHOI0 XIMI4HOTO
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cknany mameneit EJII1, manmmnenux pisammu [1J[. 3okpema, 3a HasBHOcTi B EJII1 Takux
esnieMeHTiB K Al, Mn Ta Ni, siki piBHOMIpHO PO3NOAUISUINCH B JIAMENAX 1 BUKOHYBAJIM POJIb
AQHOJTHUX MUISTHOK. To/i SIK cTainh OCHOBY BUKOHYBasa (PYHKIIIIO KaTo/a.

Ha ycix nanmunenux E/II1 BUSBUIM BIKPUTY TOPYBATICTh, 110 CYTTEBO BILUIMBAJIO HA
KOpo3iifHy moBemiHkKy sk camoro EJIIT, Tak 1 maTepiany OCHOBH. AJDKE 3aBISKH IIii
MOPYBATOCTI KOPO3WBHE CEpPEJOBHINE MPOHUKANO TO HACKPI3HMX MOpax J0 OCHOBU Ta
CTBOPIOBAJIO CHPHUSATIMBI TEPEeAyMOBH [UId peanizamii miamiiBkoBoi koposii. IIpomykru
KOpO3ii MpH IIbOMY HaKOIMYYBAJIUCS B310BXK Mex po3ainy EJII 3 ocHOBOIO, mopymryBanu ix
a/re3iio 1 MOJIETIIyBaH 1X BiAIIApyBaHHS.

Amnaii3z pe3ynbTaTiB noteHuioanHamiunux pociuixkenb EJIT (puc. 3) BusBUB, 1m0 Ha
MOYaTKy 3aHYPEHHs 3pa3KiB y KOPO3MBHE CEPEIOBUINE IMPOIEC EICKTPOXIMIYHOI KOpo3il
MIPOTIKaB 3 MEPEeBarol KaToAHOTO KOHTpoito (b, > b,). KatogHe BiIHOBIEHHS OKHCIIIOBaya
MIPU IbOMY JIIMITY€E TIPOIIEC EIEKTPOXIMIYHOI KOpo3ii (puc. 3). 31 301IbIICHHSIM TPUBAJIOCTI
excno3uuii mokputTiB y 3%-my po3unni NaCl xopo3iifHuii mpoliec MOYMHAE MPOTIKATH 3a
aQHOJHOTO KOHTPOJO (b, > by), a MMITYIOUOI CTAII€I0 TPH IILOMY CTA€ PEaAKINsl aHOTHOTO
OKHCIIeHHs MeTany (puc. 3 0,B,T).

3mina mnoreHmiamy kopo3ii EJI, HammieHux Ha crajneBy OCHOBY, (puc.3 B,T)
3aCBIIUMJIa AaHOJHY IPUPOIY KOPO3IMHUX IPOIIECIB, SKI CYIIPOBOIKYIOTh POOOTY MMOKPHUTTS B
KOpPO3UBHOMY cepefoBuili. [Ipu 1pboMy crajgeBa OCHOBa 3ajJHMIIATUMEThCS KaTOIHO
3aXHUIIEHOI0, JOKH TTOKPUTTSI TIOBHICTIO HE Oy/1e 3HUIIEHE Yepe3 KOPOo3iiiHe PO3YMHEHHS.

3a ButpumyBaHHsS 3pa3kiB 13 EJIIl y kopo3uBHOMY cepemoBuIli moHam 2 00U iX
CTPYMH KOpO3ii 3pocTaiu, TOOTO iX KOpoO3iiHa TPUBKICTh 3MeHImyBajacs. CIpUYUHEHO IIe
HACKPI3HOIO MOPYBATICTIO. AJPKE 3a TPUBAJIOI €KCIIO3HIIT CEPEAOBHIINE MOTIIO TPOHUKATH 10
CTaJeBOI OCHOBM 1 CIPUYUHATH MIAIUIIBKOBY KOPO3il0 3 BIAIIAPYBAHHIM TIOKPHUTTS Bif
OCHOBH (puc. 4).
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Pucynox 4 — Brmus tpusanocTi excriosuuii E/IT 3 pisnux 11 (1 — I1J] 90X17P2I°C;
2 — I Ne2 (20X16P3H2I°C); 3 — ITJ] Ne3 (90X17PT'C); 4 — 1] 90X17P3I'C;
5 —TI1 Ne5 (X17P3C) B 3% po3unni NaCl Ha ryctury cTpyMy (a) Ta moreHmiain (6)
KOpO3ii, BU3HAYCHI 32 pe3yJIbTaTaMH IMOTEHITIOUHAMITHIX JOCIIKEHb

Ioicepeno: pospobaeno agmopamu

3a3HauMMo, 110 YaCTHHA XpOoMYy Mif Yac (OpMyBaHHS MOKPUTTIB BUTPAYAETHCA HA
yTBOpEHHsS O0opuaiB. BHAcHiOK IIbOTO B TBEPAOMY PO3UYHHI XpOMY 3aJHIIAEThCs MeHIe. Lle
NPU3BOJUTH 0 3HAYHOI MIKPOTE€TEPOTreHHOCTI MOKPUTTS Yepe3 Pi3HUIIIO 32 BMICTOM XpOMY B
PI3HHUX JIaMeJsIX MOKPUTTS. SIK HACHiIOK BUHUKAE BEIWKA KUIbKICTh TaJIbBaHIYHMX Map, IO
1HTEHCH((DIKYE eIEeKTPOXIMIUHY KOPO3iIO.

3a magBHocti y mmxti [TJ90X17PI'C Tta IIJJ90X17P3I'C xpomy, ¢epoxpomy,
depoxpeMHil0 Ta (GepoMapraHiro MiHiMi3yBasio XiMmiuHy MikporereporenHicts EJIT i, sk
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HACIIIOK, 3a0e3medyBano iM BHCOKY KOposiiiHy TpuBkicts - 0,0002 MA/cM’, GIH3BKY [0
KOpO3iiiHOT TpHBKOCTI HepxkaBirouoi craxi X18HIT — 0,0001 MA/cm?.

BucHoBku:

1. Jlns 3abe3redeHHs TOBHOTO CIUIAaBJICHHS KOMIOHEHTIB muXTH I1/] Mi>k coboro Ta 3
HOTO cTaneBo0 000JIOHKO 3amMponoHOBaHO aoaaBatu a0 muxt [1/] mopomku depocmiaBiB
Fe-Mn, Fe-Si, ski 3maTHI B3a€EMOJIATH 13 TYrOIUIABKUMH KOMITOHEHTAMH IIIHUXTH 3
YTBOPEHHSIM  HHU3BKOTEMIIEpAaTypHUX  €BTEKTUK. ExcnepuMeHTasbHO  OOIPYHTOBAHO
MPaBOMIPHICTh TAKOTO KOMIIOHEHTHOTO ckiany muxtu 1] sk edekTruBHUN CrIOCIO 3HMKSHHS
TEeMIIepaTypH TIaBiaeHHs ckiaaaukis [1/].

2. JlomaBanus no ckiamy muxTa IIJ] Ha ocHOBI ¢epoxpobopy Ta depoxpomy
nopomikiB  epokpemHio, depomapranmo Ta camodatocHoro crmiaaBy [TH-10H-01
3abe3neumsio BUCOKY TBepaicTh EJII, Many iX reTeporeHHICTh 32 BMICTOM XpOMY Y JIaMEJIsX
1, IK HACIIIJTOK, BUCOKY KOPO3ilHY TPUBKICTh, SIKa CYMipHa 3 BJIACTUBOIO HEPKaBIIOYil CTal.
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Research on the Dependence of the Microhardness of Modified Surfaces of Titanium
Alloys on the Depth of Nitrogen Saturation During Vacuum Ion Plasma Nitriding in the
Thermocyclic Mode

Electric arc spraying of coatings is common in many branches of industrial production, in particular to
restore the geometry of machine parts worn in operational conditions, to increase their protection against
abrasive and gas-abrasive wear (at the same time, both at climatic and at technologically determined elevated
temperatures). Coatings sprayed using powdered wires are characterized by high chemical heterogeneity, which
significantly distinguishes them from electric arc coatings made of solid wires. This is due to the different
chemical composition of the droplets formed from the molten powder wires and carried by the air jet to the
surface of the substrate, forming a coating on it. The charge with alloying elements in its composition (including
difficult-to-melt ones such as FH, B4C, FHB) does not have time to fully melt and mix with the melt of the steel
shell. It is clear that because of this, the melt droplets of flux-cored wires dispersed by an air jet will have a
different chemical composition and , as a result, the coatings formed from these droplets on the surface of the
substrate will be characterized by high heterogeneity and significant chemical heterogeneity, which will affect
their physical and mechanical properties at different operating temperatures and especially when exposed to
corrosive environments.

To ensure high corrosion resistance of electric arc coatings in aggressive environments, it was necessary
to reduce their chemical microheterogeneity and achieve a sufficiently high chromium content (it should be more
than 12 wt.%) in each of its lamellae. To achieve this goal, ingredients were added to the composition of the
charge, which enabled the formation of eutectics with a low melting temperature, with the dissolution of such
refractory components of the powder wire charge as carbides, borides, refractory metals and alloys.
Microhardness measurements showed that the highest hardness was achieved by electric arc coatings made of
powder-coated wires Ne. 2 (20X 16P3H2T'C) and powder-coated wires Ne. 5 (X17P3C). This happened due to the
presence in the charge of 3 wt.% of boron, which entered their charge as part of the FHB-2 ferrochromiumboron
powder. Phase analysis of these EDPs revealed the segregation of finely dispersed FeCrB and FeCr2B borides in
their ferrite structure. However, the cohesive strength of these coatings did not exceed 100 MPa. This was
explained by the fact that during filing, residual first-order tensile stresses could occur in their structure, which,
as a rule, contribute to the cracking of the coatings during their subsequent mechanical processing. Therefore,
before applying coatings from such powdered wires, the base for spraying should be heated to 150...200°C.

Conclusions. 1. To ensure complete fusion of the components of the powder-coated wire charge with
each other and with its steel sheath, it is proposed to add Fe-Mn, Fe-Si ferroalloy powders to the powder-coated
wire charge, which are able to interact with the refractory components of the charge with the formation of low-
temperature eutectics. The legality of such a component composition of the charge of flux-cored wires as an
effective method of reducing the melting temperature of the components has been experimentally substantiated.
2. The addition of ferrosilicon, ferromanganese powders and self-fluxing alloy PH-10H-01 to the charge of flux-
cored wires based on ferrochromium and ferrochromium ensured high hardness of electric arc coatings, low
heterogeneity of the chromium content in the lamellae, and, as a result, high corrosion resistance, which
comparable to that of stainless steel.
coating, powder wires, microheterogeneity, microhardness, corrosion resistance
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