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KOPO3IMHA CTIMKICTh XPOMOAJIITOBAHOI CTAJII 12X18H10T

The paper under scrutiny presents the research results of chrome-calorized steel 12X18N10T. Moreover, we demonstrate that
it is possible to obtain complex chrome-calorized coating with titanium nitride TiN on the surface of the steel 12X18N10T. To
obtain this coating, we combine two processes: physical vapor deposition of titanium nitride and diffusion of chrome-calorizing
conducted through the powder method in containers with fusible gate under reduced pressure at 1050 °C for 3 hours. Hence
we obtain the structure, phase and chemical composition of coatings. We determine the effect of the barrier layer of titanium
nitride TiN on the composition and structure of the coatings. Chrome-calorized coating on the steel surface 12X18N10T helps
improve its corrosion resistance in these environments: acetic acid at 4,3, 5,3 and the water in the soda is 3,2 times. The
coatings obtained are promising for using in friction and wear, high temperatures and corrosive environments.

Beryn

Cranp aycteHiTHoro kjacy I12XI18HI0T, o
BiAPI3HSETHCSI TIOMIPHOIO MIILIHICTIO, BHCOKOIO
MJACTUYHICTIO Ta XOPOILIOI KOPO3iHOI CTilKic-
TI0, HaOyJa IIMPOKOTO 3aCTOCYBaHHS B Pi3HUX Ta-
JIy3siX MaluuHoOyayBaHHsT [1, 2]. YV pazi 30inb-
IIIEHHSI 3HOCO- Ta XKapOCTiMKOCTI TMOBEPXHEBUX
1IapiB 3’SIBISIEThCSI MOXJIMBICTh OTpUMMAaTHU HOBUIA
maTepian i3 BMCOKMMHW 3HAUE€HHSIMM BKa3aHMX
BIACTUBOCTEl Ta TMpUTaMaHHUMM IS CTaji
12X18H10T wMiuHicTiO, TJIACTUYHICTIO Ta KOpO-
3ilfHOI0 CTilKiCTIO. 3aciayroBye Ha yBary Te, 11O
OTpUMAaTHM MOHOJITHUI Marepiaa i3 IOZIOHUMM
BJIACTUBOCTSIMU 3 BUKOPHCTAHHSIM BiJOMUX Me-
TOAIB MPaKTUYHO HEMOXIIMBO.

Huni mupoke po3NOBCIOMXEHHSI OTpUMAIU
Indys3iiiHi TTOKpUTTS, $Ki CKJIaJaloThecsl i3 Kap-
0ixiB, HiTpuAiB Ta iHTepMeramimiB. Cepen HUX Ha
0COO0JIMBY YBary 3acJIyTOBYIOTb MOKPUTTSI HA OCHO-
Bi TUTaHyY, XpoMYy i amoMiHioo [3—6].

3acTOCOBYBaHMM Ha TMPaKTULL TOKPUTTSIM,
OTPMMaHUM Pi3HMMM METOJaMM, IIpUTaMaHHi ITeBHi
BJIACTUBOCTI: 3HOCOCTIMKiCTh, KOpPO3iiiHa CTilKiCTb,
JKapOCTINKICTh, KA peali3yeThCsl MPU BUCOKUX TEM-
rneparypax 3a paxyHOK B3a€EMOJii MaTepialy IIo-
KPUTTSI 3 KUCHEM 30BHILIHLOTO CepeaoBuilia. 3poc-
TaHHS KAPOCTIMKOCTI MOXe OyTHM JOCSTHYTE uepe3
CTBOPEHHSI Ha 30BHIillIHiIii TOBEpPXHi MOKPUTTIB,
CTIMKMX OO OKMCHEHHS wIapiB [3, 7, 8].

Ilpu BHUCOKUX TeMmmepaTypax, KpiM OKUC-
HEHHSI, BiIOYBA€ETbCS B3aEMOJisl TMOKPUTTS 3 OC-
HOBOIO uepe3 nu(y3il0 aTOMiB OCHOBU B ITOKPHUT-
T, i HaBmaku. YuM MeHIla IIBUAKICTb AUPY-
3IMHMX TIPOIECIiB, THMM CTaOUILHIIIIOI Oyme KOM-
Mo3ullis “NOKPUTTSI—OcHOBa”. TakuM 4MHOM, 3HU-
JKeHHST IIBUIKOCTI Aucy3ii 6ap’€pHUMMM lIapaMu
Ha TpaHUIli MOKPUTTS 3 OCHOBOWO, TaJibMyBaHHS
B3a€EMO/il MOKPUTTS i3 30BHIIIHIM CEpPEIOBUIIEM €

CKJIAJOBUMU YaCTUHAMU MPoOJeMHU MiABUILCHHS
pecypcy poOOTH 3aXMCHUX TOKPUTTIB.

SX BxXe 3a3Hayajoch, KapOCTIMKICTh METaJliB
i cIj1aBiB Moxe OyTH TigBUILEHA JIETYBaHHSIM T10-
BEpXHi aJlfOMiHiEM, KpeMHieM, xpoMoMm [2, 3]. ¥V
npausx [3, 9] mokasaHo, 110 NOKPUTTSI, OTPUMaHi
MpU ABOKOMIOHEHTHOMY HACUYE€HHi, MalOTb Kpa-
i BJACTMBOCTI, HiXk OAHOKOMITOHEHTHi. 3 OIIsSIay
Ha BUKJIAIeHE BMIIE ifesl OTPMMAaHHSI IBOKOM-
IMMOHEHTHOTO KApOCTIMKOro MOKPUTTH, SIKe, KpiM
QJIIOMiHil0, MiCTUTh XpOM, LIJIKOM NPUPOIHA.

CyyacHi JaHi 3 HaHECEHHSI IIOKPUTTIB Ha
cranb 12X18HI10T crocyoTbcsi B OCHOBHOMY JIO-
CIiIKeHb OymOBM Ta BJIACTUBOCTEM IApiB, OTpHU-
MaHUX 3 BUKOPUCTAHHSIM 3arajbHOBIJOMUX CIIOCO-
6iB [3, 6]. Illo cTocyeTbes mOCTimKeHb i3 (op-
MyBaHHSI B TOKPUTTSIX Oap’€pPHUX CTPYKTYp, TO Taki
poboTi MaloTh ooMexxeHuit xapakrep [10, 11].

Tomy MoxXHa BBaxaTd, IO MOAAJbIIL ITO-
LIIYKA HOBHUX 3HOCO-, KOPO3iiiHO- Ta >KapOCTIMKUX
MaTtepiaJliB i3 IIMPOKMM KOMIIJIEKCOM BJacTH-
BOCTE MAIOTh UTU, B MEPILy YEPry, LULUISIXOM
CTBOPEHHSI HOBMX 0araTOKOMITOHEHTHUX MOKPUT-
TiB, sIKi IIOEMHYBAaTUMYTh BMCOKY XKapOCTIMKiCTb,
TBEPIICTh OAHMX 1IapiB 3 Oap’€pHUMU BIACTUBOC-
TSIMU 1HIIMX.

ITocTanoBka 3anaui

Meta nmocmimKeHHS — BUBYATH (Pa3oBuil i
XIMIYHMIA CKJIagy, CTPYKTYpPY Ta BJIACTUBOCTI XpO-
MoanitoBaHoi crtani 12X18H10T 3 mnomnepeaHbo
HaHECEHUM 1IapoOM HIiTpUIy TUTaHY.

Metoauka Aoc/imKeHb
ITpouec xpomoanityBaHHs ctani 12X18H10T

IOpOBOAMIN ITOPOILIKOBUM cnocobom y KOHTEW-
HEpax i3 IJTaBKUM 3aTBOpPOM 3a YMOB 3HMXKCHOTO
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TUCKY. JI0 MacoBOTO CKJIany BUXiIHOI CyMillli BXO-
IWIA TIOPOLIKKA XpoMy (46 %), amominito (10 %),
XJIODUCTOIO aMOHil0 (4 %), OKCuay aJIOMiHil0
(40 %). XpomoasliTyBaHHSI BimOyBajoCs IpPH TeM-
neparypi 1050°C mpotsarom 3 roa. YactuHy 3pas-
KiB 3i ctani 12X18H10T moxpuBaau HITPUIOM TH-
TaHy 3a METOJAOM (hi3MYHOIO OCAIKEHHSI Ha ycTa-
HoBli BY1b. TopumuHa mapy TiN Ha cTani craHo-
Buia 5,0—6,0 MkM. 3pa3Ku 3 MOKPUTTSIMU Ha CTali
12X18H10T Oynm mociimkeHi TaKMMU BiIOMUMM
MetrofamMu hi3MYHOTO MaTepiaJo3HABCTBA: PEHTTe-
HOCTPYKTYPHUM, MiKpPOPEHTI€HOCHEKTPATbHUM, Me-
TasiorpadiuyHUM, TIOPOMETPUYHKM.

ExcrniepuMeHTANIbHI pe3y/IbTaTH Ta iX 00roBOpeHHs

®azoBuii i XiMIiYHUI CKJIamM Ta ACsIKi BJac-
THUBOCTi JOCJIIXEHUX y poOOTi MOKPUTTIB 3a
Y4acTIO XpOMY, aJIOMiHiIO, HITpuay THUTaHy Ha-
BedeHo B Tabi. 1 i Ha puc. 1. BigmoBigHo mo pe-
3yJbTaTiB PEHTIEHOCTPYKTYPHOIO aHasi3y mepiofa
rpatku TiN, ocaiXeHOro Ha IOBEpPXHIO CcTali
12X18H10T, cranoButh 0,4250 HM, i € gemuio
MEHIIMM 3a Mepiofl IPaTKy CIOJYKU MOHOJITHOTO
TiN crexiomerpuuHoro ckinany [12—13]. Bimomo
[12], w0 mepioau KpUCTadiyHOI I'paTku (a3 Ipo-
HUKHEHHS y TOKPUTTAX 3a3BUYail OiuIbLIi, HiX s
macuBHUX 3paskiB. Ile, K mpaBuiio, MOB’SI3yIOTh
i3 HasSIBHICTIO Y TOKPUTTAX 3aJMIIKOBMX HAMpy-
JK€Hb, 3epeH IeBHOI BEJIMYMHU, a TaKOX i3 HasiB-
HIiCTIO B HiTpui Aomilnok [12]. bausbKicTh ckinamgy
dasu TiN 10 cTeXioMeTpUUHOIO MiITBEPIKYETHCS
pesyiabTaTamu MetajorpacdiuHoro asamizy. Illap
HITpUAY TWUTaHy, OCAIKEHUIN Ha TOBEPXHIO CTai
12X18H 10T, 30BHi Ta Ha IonepeyHoMy LITi(i Mae
XapaKTepHUI KOBTO-30JI0TaBUI KOJip, 110 Bil-
nosimae crexiomerpuyHomy TiN.

ITepion kpucraniuHoi rpatku iapy TiN micis
XpOMOAJIITyBaHHsI 3MEHILUBCS TOPIBHSIHO 3 BUXil-
HUM HE3HayHOI MipOl0, 110 BUKJIWKAHO JIeTyBaH-
HSIM Yy HEeBEJIMKIl KiJIbKOCTi 3aj1i30M i xpomoMm. IIpu
IIBOMY KOJIip IIIapy HiTPUIy TUTAHY Ha TTOTEPSUHNX
uTipax B ONTUMYHOMY MiKPOCKOMi 3aJIMILIUBCS 3KOB-
To-30/i0TaBuM. Cilig 3a3HAUYUTH, IO XPOMOATITYy-
BaHHS TIPAaKTMYHO HE BIUIMHYJIO Ha TOBIIMHY Ta
MikpoTBepaicTh wapy TiN (auB. Tad:. 1).

TTorapoBUM peHTreHOCTPYKTYPHUM aHajizom
XpPOMOAQJIITOBAHOI CTajli, XpoMOaJiTOBaHO1 CTalli 3
nokputTsM TiN BCTaHOBIIEHO, IO JJISI 000X BUIIB
MOKPUTTIB XapakKTepHa HasIBHICTb Ha 30BHIlLIHiKi
CTOPOHI B 30Hi crioiyk mapy iHtepmeraniny Al(Fe,
Cr), 3 gkum Oe3nocepenHbo Mexye 1ap Al(Fe,
Ni). BigmoBinHO 10 pe3yJabTaTiB PeHTreHOCTPYK-
TypHOro aHajiizy ta giarpam craHy Al—Fe—Cr Ta
Al—Fe—Ni BuSIBIEHI CIIOJYKM MalOTh BIOPSIAKO-
BaHy cTpykTypy Tuny CsCl [14—15]. Ha audpak-
torpamax wapiB crnoiayk Al(Fe, Cr), Al(Fe, Ni)
BUSIBJICHO HasSBHICTb HAACTPYKTYPHOTO MaKCUMY-
My (100), 1o CBimZYMTh MNPO BHOPSIKOBaHICTh
ctpykTypu. [lapameTpu KpUCTaJIiYHUX IPATOK
000X crmoayk OJM3bKi, I TOMy Ha peHTreHorpamax
IUMPaKUiiiHi MKW PO3AiNSIOTbCS HE3HAUYHOI Mi-
poto (auB. Tadu. 1).

besnocepemrHb0 10 OCHOBU TMPUJISITAE  1LAp
TBEPAOro PO3UMHY allOMiHil0 B a-3ami3i. Cig 3a3Ha-
YUTHU HasIBHICTb y 1IbOMY PO3YMHIi HIKEJIIO Ta XpOMY

ocHoBU. Kpucranu Fe, MaloTh xapakTepHy CTOBOYa-
cty ¢opmy. BoHM BUHMKAIOTH B ayCTEHITI BHACIIIOK
Fe,—Fe, mepeTBOpeHHs IMCIs NOCATHEHHS MEXIi
PO3YMHHOCTI aJlloMiHil0 B HboMY. TIpocyBaHHS Tpa-
Huub Feq—Fe, Bin moBepxHi B IMOMHY 3pas3Ka Cy-
MPOBOKYETbCS 3POCTAHHSIM Yy TOMY K HaIpsIMKY
Fey-da3u y Bumsiai croBbyacTux KpucTasliB.

Tabauus 1. ®a3zoBuii cki1aa Ta Aesiki BIACTUBOCTI MOKPUTTIB Ha ctani 12X18H10T

Bapiant | Bum 06po6ku, ¢, °C; | da3oBuii ckiamg Map aM.e P . TosumHa MikpoTtBepaicTs, [ [TopucTicTsb,
. KpPUCTaJIIYHOI 5
00poOKHU T, TOJ TMOBEPXHI TOKPUTTSI, MKM I'Tla MM
IPaTKU, HM
1 diznuHe 0CamKeHHS TiN a=0,4249 4,5-5,5 21,0
TiN (PVD) Fe, a=0,3587 OcHosa 1,5-1,8 0,15
X , . Al(Fe, Cr) a=0,2901 25,0 5,8-6,2
2 pom;%g‘g?";aﬂ“" Al(Fe, Ni) a=0,2897 27,0 5,6-5,2 0,95
’ Feq (Al, Cr, Ni) | a=0,2931 110,5 4,6-2,0
X ) . Al(Fe, Cr) a=0,2914 5,0 5,0-5,8
; pw?;;‘g‘;j‘f;‘ Al(Fe, Ni) a=0,2916 10,0 6,2-6,8
ettt 22 K TiN a=0,4244 5,5-6,5 20,5 0,13
mapom TiN 1050; 3
Fey(Al, Cr, Ni) | a=0,2933 62,5 4,2-2,0

* Ha nmoBepxHi npucyTHiit okenn amominiio Al,Os; (a=0,4745, ¢=1,2998 Hm)
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Bapro 3a3HayuTu, 1o toBuMHa mapy Fey, B
XpPOMOAJITOBAHUX MOKPUTTSX 34 YYaCTIO IOIepen-
HbO HaHeceHoro mapy TiN 3HaYHO HUXK4Ya, HiX Y
xpomoainiToBaHux (auB. Taoiu. 1). KoHueHTpalis

amoMiHilo B 1mapi Fe, mo06am3y 30BHILIHBOI rpa-
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Puc. 1. Mikpoctpykrtypa ctam 12X18H10T micist xpomoanityBanHs: ¢ = 1050 °C; t = 3 ron (eJeKTpoHHEe 300pakeHHsI) (a) Ta po3-
nofin ximiuaux enemeHTiB: 6 — Al; 6 — Ti; e — Cr; 0 — Fe; e — Ni
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norepegHb0 HaHeceHoro 1mapy TiN Ha craib
12X18H10T nHa po3momiy eJIeMeHTIiB Yy HOKPUTTI ITiC-
Jig qudy3iiHOrO XpoMoaliTyBaHHS (puc. 2).
BussneHo, 1110 po3nogil HAaCUIyBaJIbHUX €JIe-
MEHTIB Ta €JIEMEHTIB OCHOBU B ITOKPHUTTSIX 000X
THUITIB Ma€ Oarato cmijbHOro. PazoM 3 TMM BIIUB

il gl
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mapy TiN nposiBUBCSI y 3pOCTaHHi KOHLIEHTpaLlil
aJIlOMiHil0O Ta XpOMy Ha 30BHIllIHiii CTOPOHi Xpo-
MOAJIITOBAHOTO TIOKPUTTS, 3MEHIIEHHi KOHIIEH-
Tpallii 3aJli3a i MpakKTUYHil BiICYyTHOCTi TUTaHY.
MertanorpagiyHuM aHajli3oM BCTaHOBJIEHO
CTPYKTYpY JBOX THUIIiB MOKPUTTIB: AU(Y3iHOIO Xpo-
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Puc. 2. Mikpoctpykrypa ctaii 12X18H10T micist xpomMoalliTyBaHHSI 3 MOMNEPeIHRO HAHECEHUM 1IapoM HiTpuay TuTaHy: = 1050 °C;
1= 3 roa (eJeKTpoHHE 300paxkeHHs1) (a) Ta po3MoAisl XiMiuHUX eeMeHTiB: 6 — Al; ¢ — Ti; ¢ — Cr; d — Fe; e — Ni
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MoajtiroBaHoro mapy Ha cram 12X18HI0T ta xpo-
MOAJIITOBAHOIO 111apy Ha Tild e CTaJli 3 MOMNepeaIHbO
HaHeceHUM 11apoM TiN. 30BHIlIHS 30Ha CIOJYK
OJTHaKoBa 3a (Pa30BUM CKJIAIOM JIsi 000X MOKPUTTIB.
Ho cxmamy 3onm Bxomath crionyku Al(Fe, Cr) Ta
Al(Fe, Ni), siki BUSIBJISIIOTbCSI Y BUIJISINL JABOX 1IApiB
CBITJIO-CIpOTO KOJILOPY 3 UIiTKOIO MEXEIO PO3MIiTy.
CyTTeBUX BiIMiHHOCTEl Y OyIOBi IBOX THUITiB MOKPUT-
TiB KijibKa. [To-nepiie, 116 HAsIBHICTh Y KOMIUIEKCHUX
TIOKPUTTSIX, SIK BX€ 3a3HAa4ajoCh, ILApy HITpULY TH-
TaHy, MeH1ua toBimHa 1apiB Al(Fe, Cr), Al(Fe, Ni),

Feq(Ni, Cr, Al), a TakoX 3HAYHO MEHILWI BMIiCT Ha
TMOBEPXHi 3aj1i3a i OUIbILIMI — aTIOMiHiIO.

IleBHMIi iHTEpeC BUKIMKAIOTh MEXaHi3M yTBO-
PEHHSI XpOMOAJITOBAaHMX MOKPUTTIB Ha CTali 3 IO-
nepenHbo HaHeceHnM 1mapoM TiN Ta Horo BimMiH-
HOCTI Bil ME€XaHi3My IIpU 3BUYAAHOMY XPOMOAJIITYy-
BaHHi. BcTaHoBJeHO, 1110 MpU XpPOMOAiTyBaHHI B
ctanb Kpi3b wmap TiN mudyHaye auile oauH i3 Ha-
CUYYBAJIbHUX €JIEMEHTIB — allOMiHiil. ¥ Toi camuii
yac 10 nmoBepxHi Kpi3b map TiN mpoHUKaIOTh eje-
MEHTHM OCHOBM — 3adi3o Ta Hikenb. IIlap TiN
MNPaKTUYHO TMOBHICTIO TaJbMYy€ MEPEMILIEHHS 10
MOBEPXHi JIMIlIE OMHOIO eJIeMEHTa OCHOBU — TUTa-
Hy. PopMyBaHHSI 30BHILLIHEOTO TOKPUTTS BigOyBa-
€ThCSI eKCTpakiiero Kpidb map TiN eaeMeHTIB oc-
HOBM afCcOpOOBaHMMM ITOBEPXHEIO aIOMIHIEM i
XpOMOM Ta HACTYITHOIO B3aEMOJEI0 €JIEMEHTIB 3
yrBopeHHsIM 1apy cnionyk Al(Fe, Ni), Al(Fe, Cr).

Binomo [9], 1o HOBi da3zu MOXyThb 3’SIBJISI-
TUCSI Y TIOKPUTTI Oe3MocepenHbo B mpoleci audy-
3ii{HOI 3MiHM CKJIaay OCHOBM IpU TeMIIepaTypi Xi-
MiKo-TepMiuHOi 00poOku. Taky audysiio, 110 cy-
MPOBOIKYETHCSI TOSIBOIO HOBUX (a3, MNpUIAHSATO
Ha3WBaTU pPEeakKTUMBHOIO, abo peakuiiiHoo. IIpuH-
LUAIOBY MOXJIMBICTh MpPOTiKaHHS PEaKTMBHOI IU-
(y3ii MoxXHa BM3HAUUTW 3a [diarpaMaMM CTaHy.
3BUYaiiHO, B CUCTeMax i3 Oe3NepepBHUMM psSIaMU
TBEpIUX PO3YMHIB peakKTUBHA I1y3is HEMOXIIMBA,
ajie B CUCTeMaXx 3 OOMEXEHOI0 PO3YMHHICTIO KOM-
MOHEHTIB y TBEpAOMY CTaHi BOHA BigOyBa€ThCs.

Ha croromHi € gBa MeXaHi3MM YTBOPEHHS
HOBUX (pa3 y TIpolieci XiMiKO-TepMidyHOI OOpPOOKU
Ipu peakTuBHiNM Audys3ii. 3a OOHUM 3 HUX Oe3I0-
CepelHbO Ha MeXi MeTally 3 HaCUUyBJIbHUM cepe-
JOBUIIEM IIPOXOISITh XiMiUHI peakllili YTBOPEHHS
croiyk. Taky peakiilo MoXHa pPO3IISAaTH SIK Mep-
BUHHMI TMpolec peakTuBHOi augysii (B.3. byra-
koB). HoBa aza yTBOPIOETbCA BHACIZOK il CHJI
XiMiYHOI B3a€EMOMil pearyrouyux ejieMeHTiB. Takum
YMHOM MOX€ YTBOPIOBATUCh TOHKHUI (MOHOATOM-
HUi1) wap crnoiayku. Hagani 3pocTaHHS TOBLUIMHU

1Iapy HOBOI (pa3u BinOYBa€eThCs 32 paXyHOK IUPY-
3iMHOTO TigBOAY 3 OCHOBHM Kpi3b map TiN i map
HOBOI (ha3m 3ajliza Ta HIKeJI0, 3 HACUYyBaJIbHOTO
cepeloBUIla — XpOMY I aJIFOMiHilO.

IHmuMit MexaHi3M peakTMBHOI AuY3ii BKIIO-
Yyae CTajlilo 000B’SI3KOBOIO JOCSITHEHHSI TPAaHUYHOI
PO3YMHHOCTI MpU HAOXOMXKEHHI JTUGYHIYIOUUX
eJIEMEHTIB i3 30BHilIHLOTO cepenoBuila. Ilicas
1IbOTO CTa€ MOXJIMBUM YTBOPEHHS Ti€i ¢ha3u, sika
BiIIIOBITHO 10 AiarpaMu CTaHy IlepeOyBa€ y piB-
HoBa3i 3 TBepauM poszunHoM (JI.A. ITpokolikiH).
AJle CyTh TIPOLIECY BU3HAYAETHCS HE XIMIYHMMU
peakllisiMM Ha MOBEPXHi, a MEePEeHACUYCHHSIM MpU
Indy3il BUXiTHOTO pO3UuMHY (ayCTEHIT, JeroBaHUIA
XpPOMOM Ta HiKeJieM).

OTxe, MOXHa BBaXaTH, 110 (OpMyBaHHS IO-
KpUTTS TIpu XpomoanityBaHHi crami 12X18HI0T 3
nonepenHiM mokpuTrsM TiN BimOyBa€eThCs 3a Mexa-
HizMoM B.3. byrakoBa, nmpu 3BMYaliiHOMY XpOMOATi-
TyBaHHi — 3a MexaHizMoM JI.A. I[IpokouikiHa.

Y poboti Oyau mochigkeHi KOpoziliHi Bia-
cruBocti craji 12X18HI10T y BuxizHOMy cTaHi Ta
XPOMOAQJIITOBAHOI B Pi3HUX arpeCUBHUX CEPEeIOBU-
max. BunpoOyBaHHS TPOBOAMIM TPU KiMHATHIN
TeMIepaTypi B yMoOBax IpupoaHoil aepauii. OLiHKY
KOPO3ifiHO1 CTiMKOCTi BU3HAYalIu TpaBiMETpUUYHUM
Ta MetajgorpadiyHuM Mmerogamu. B nesxux Bunan-
Kax IJIs BUXiOHOI CTajli Ta CTaji 3 MOKPUTTSIM Oy-
JIM ToOyA0BaHi nosisipu3ailiiiHi KpuUBi.

I3 HaBegeHux y Tabj.2 JaHWX BUAHO, LIO
XPOMOAQIITYBAaHHS ITiABUIIYE KOPO3IMHY CTilKiCTh
crami 12X18H10T y Bomi, 10 %-My po3umHi Kaslb-
nuHoBaHOI comu, 10 %-My OLITOBOI KUCJIOTH, a B
10 %-my posuuHi a3zotHoi kKuciaotu, 10 %-my cip-
YaHOi KMCJIOTM XPOMOAIITYBaHHSI MPUCKOPIOE
MpolieC KOpo3il B KiJibKa pa3siB.

3OBHIllIHIN OMISA OBEPXHi Ta MeTajgorpadiu-
HUI aHaJIi3 3pa3KiB ITiC/IsI TIEBHOIO 4Yacy BUIIPOOY-
BaHHSI BUSIBUB, IO MOPSI i3 CYUUIbHWUMM IiJISTH-
KaMM KOPO3ilfHOro pyiHYBaHHS MalOTh Micle i
JIOKaJAbHI [UISHKW Yy BUDISIAL IUIIM, ITTUHTLIB
(puc. 3). CamMe B LMX MIiCIIX MOXHA OYiKyBaTu
MiABUILEHY KiTBKiCTh HACKPi3HUX MOP, SIKi B MPO-
Leci Kopoaii TpaHc(hOPMYIOThCS B SI3BM, IIITUHIU i
SIBJISIIOTh COOOI0 TiSIHKU aKTUBHOTO PYWHYBaHHS.

IMonsipuzaniiiini  KpuBi, 3HATI Ha cTami
12X18H10T y BuximHOMYy CTaHi Ta ITiCJISI XpOMO-
aJiTyBaHHS B 5 %-My BOZHOMY PO3YMHI Cip4aHOIl
KHCJIOTH, HaBeleHO Ha puc. 4. AHaji3 OTpUMaHMX
JlaHUX TI0Ka3aB, 1[0 BMCOKa KOPO3iiiHa CTiliKiCTh
CTaJli B CipyaHiil KMCJIOTiI 3yMOBJIEHA 3CYBOM ITOTEHIIi-
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Tabauysa 2. Tloxkasznuku koposii cram 12X18HI0T i3 xpomoarniToBaHuM AubYy3iiHUM TOKPUTTSIM y BOIHUX arpecUBHUX

CepeoBUIIIAX
- X g{ i E ~ . <IJ - 1 6 =
o 8 £ T 3 225 | £E ;s : g e Eg =
.'I}H = P -Ex..a M o= T = M E Xz ¢
=S = T R XS5 s 8 3 g as T 23 &
= o < 8 = = =T 8 2 & 5 s 5 -EEFE
2 = S 28 e a= g © 53 9o g 5z 0
g 3 = g a <) PR 8 2 O g E = _é_ [ =) a
<8 £ o 5 S22 | &z¢& 5 32 | 258
© = S m S o E 2 5‘ = A o) ’g S = g
= > % £ & = ol

.0 (o) Cr—Al 168 447125 447040 0,00085 0,01235 5.29
2> (BOlL 12X18H10T 168 3,93225 3,92775 0,00450 0,06540 —

10 % Na,CO; Cr—Al 168 4,09310 4,09175 0,00135 0,01962 3.18

(Kam’;‘;‘;?‘*a“a 12X18H10T 168 3,79945 3,79515 0,00430 0,06250 -

10 % CH,COOH| Cr—Al 168 4,32085 432065 0,00020 0,00291 427
(ourosa 12X18H10T 168 423530 423435 0,00095 0,01381 -
KMCJIOTA)

10 % HNO, Cr—Al 168 4,40275 439550 0.00725 0.10537 0.11
(asoHa 12X18H10T 168 4,61275 4,61195 0,00080 0,01163 -
KMCJIOTA)

10 % H,S0, Cr—Al 168 3.95255 3.85390 0,09865 1,43377 0,003
(cipuana | ) vy eH10T 168 4,14000 4,13970 0,00030 0,00436 -
KMCJIOTA)

aly Kopozii BogHeBoro einekrpoma (FEc). lle
TOB’I3aHO 3 HASIBHICTIO y CTaJli 3HAYHOI KiJIbKOCTi
XpOMY Ta HiKeo. XpoMOoaJliTyBaHHS CYIPOBOIXKY-
€ThCcsl 3cyBoM Ec 1o Oinblll HEraTUBHUX 3HA4YeHb,
MPU SIKHUX 3’ SIBJISIETHCSI MOXJIMBICTb BUIIJICHHS BOJI-
Hi0 (E=-0,3 B H.B.C.).

BcraHoBienuit nin yac AOCHimKeHHS BUI Je-
MOSIpU3allii KOPO3ilfHOro IPOIECY XPOMOAJIiTOBA-
HOl1 CTaji 3yMOBJIEHUII BUCOKMM BMIiCTOM Y TIO-
KPUTTI aliOMiHil0, sIKMii, 9K Bigomo [16], Mae
OiJblI  HEraTMBHUM CTAHIAPTHUM €JIEKTPOIHUM
MoTeHLiaa, HiX 3aji3o. B Toil camuii yac nepeHa-

Mnpyra BUAUIEHHS BOAHIO Ha aJlOMiHil0O 3HAaYyHO
BMIlLA, HIXXK Ha 3aji3i Ta xpoMi. Tomy XxpomoaniTy-
BaHHS MIABUILYE KATOOHY IIOJSIpU3allilo CcTali
12X18H10T B 5 %-My po3uMHi cipyaHOi KUCIOTH.
3aBIIKM HASBHOCTI aJIOMiHIiI0 XpOMOAJIiTOBaHi ITO-
KPUTTSI MOJIETIIYIOTh MOr0 aHOAHE PO3YMHEHHSI B
aKTMBHINA 00JIaCcTi Ta 3CyBalOTh KPUTUYHUM TOTEH-
mian cram 12X18H10T mo Ginplil HeraTMBHUX 3Ha-
YeHb, TMOJETIIYIOTh il Mepexil y CTaH IacuBallil,
OIHAK, TPOXU 30LIBLIYVIOTh CTPYM MHacHUBAaLlil CTaIi.
Ha aHogHux nossipu3alliiHUX KpUBUX, 3HATUX
Ha cram 12X18HI10T Ta cram Tmiciass Xpomoamity-

Puc. 3. Mikpoctpykrtypa xpomoaniroBanoi ctaii 12X18H10T micns xopo3siitHux BUmnpoOyBaHb y cipuaHiil kuciorTi (a) Ta 'y Bomi (6)

npotsiroM 168 rox; Neophot 7, ZEISS Axio observer. Alm
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-1 -0,5 0 0,5 1 1,5 2
FE, H.B.c.

Puc. 4. lMonspusautiitHi kpusi 3HsTI Ha ctani 12X18HI10T (/) Ta
CTajli 3 XpPOMOAITOBaHUM MOKPUTTIM (2) y 5 %-Mmy
PO3UMHI CipyaHOi KMCJIOTU

BaHHSI, CITOCTEPIraroThbCsl MEepPeruHM, SKi 3yMOBIICHI
OKHUCJIeHHSIM TUTany (E, > 0,8 B), yTBopeHH:IM aHi-
OHY CrzOg’ (E>1,2—1,4 B) Ta nogaiblIow TMacu-

BAlli€I0 CTaJji, a IOTIM BUXOJOM i3 MACMBHOIO CTaHY
3a paxyHOK BUALIeHHs KucHio (£> 1,6 B).

1. Torvowmetin M.H., Ipaues C.B., Bexcaep I'M. Cneuua-
JIbHBIe cTanu. — M.: Meramyprus, 1985. — 408 c.

2. Xumywun @.®. Hepxkaseroiue ctamd. — M.: Metautyprust. —
1976. — 798 c.
3. Konaomwiyes I1.T. 2Kapocroiikue nud@y3noHHbIE TTOKPbI-

thsa. — M.: Meramnyprust, 1979. — 272 c.

4. Zheng M., Rapp R.A. Simultaneous Aluminizing and
Cromizing of Steels to form (Fe,Cr);Al Coatings // Oxi-
dation of Metals. — 1998. — 49, N 112. — P. 19-31.

5. Xone JI., Jlansuns 10., Cunve JI., Cuaneyance 2K. Compo-
TUBJICHHE KOpPpO3uM Hepxasetomeil cramu TP347H ¢
ATUTUPOBAHHBIM cJioeM // MeTtaiioBeneHUe U TepMUYeC-
Kast oopabotka MeTtauioB. — 2010. — Ne 1. — C. 44—47.

6. Konaomviyes I1.T., Camoiinenko B.M. KoMOMHMpPOBaHHOE
MOKPBITUE JUIS1 JIONATOK TYPOMH BBICOKOTEMITEPATYPHBIX Ta-
30TypOMHHBIX nBurateneir // Tam xe. — 2006. — Ne 12. —
C.28-31.

7. Ramanathan L.V., Pillis M.F., Fernandes S.M.C. Role of
Rare Earth Oxide Coatings on Oxidation Resistence of
Cromia-Forming Alloys // J. Materials Science. — 2008. —
43. — P. 530-585.

8. Besmann M.T. Interface Science of Thermal Barrier
Coatings // J. Materials Science. — 2009. — 44. —
P. 1661—-1663.

PexomennoBana Panoro
IHXXEeHEPHO-(hi3NYHOTO (haKyIbTeTy
HTYY “KIII”

Bucnosku

Y cTaTTi moKazaHO MOXKJIMBICTb HAHECEHHS
Ha moBepxHio ctadi 12X18HI10T komrIuteKCHUX
MOKPUTTIB, OTPUMAHMUX XPOMOAIITYBaHHSM CTajlei
3 TIONepeJHbO HaHeceHUM TOKpUTTAM TiN 3
YTBOPEHHSIM Ha MOBEpPXHi IIApiB BIIOPSIKOBAHUX
intepmeraniaiB Al(Fe, Cr), Al (Fe, Ni).

BcranosneHo Oap’epHi (yHkuii 1mapy TiN,
SIKU TranbMye IU@y3iliHe TPOHUKHEHHSI XpoMy I
aJIIOMiHiI0O B OCHOBY, a 3ajli3a Ta TUTaHy OCHOBU B
mapu crnoiyk BnopsiakoBaHux (a3 Al(Fe, Cr), Al
(Fe, Ni) npu xpomoaJtiTyBaHHi.

XpoMoaJliToBaHi MOKPUTTSI Ha MOBEPXHi cTali
12X18H10T cripustioTh MigBUILEHHIO ii KOPO3iiHOI
CTIKOCTi B TaKMX CEpeloBMIIAX, SIK OLITOBA KUCJIO-
Ta — B 4,3, Boga — B 5,3 1 KaJIbIIMHOBaHAa cola — B
3,2 pasy.
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