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BJUSHUE TEPMOTUJIPOXUMHUYECKOM OBPABOTKH HA MOP®OJIOT IO
M IIEPOXOBATOCTH CTAJIBHOM MIOBEPXHOCTH

kano. mexn. nayk A.A. IIIMATOB, kano. mexn. nayx 10.B. CHHbKEBHY
(benopycckuil nayuOHAILHBLI MexXHuyecKul ynugepcumem, Munck)

Hccredosanvl mopghonozus u uiepoxosamocms CIMAanbHOU HOBEPXHOCTU, NOOBEPSHYMOU MePMOUOPOXU-
muuecxoi obpabomre (TI'’XO) ¢ sododucnepcrnoii cpede na ochose oxcudos TiO; + MoQOs. IIpoyecc TI'XO
sKIIOYAEm: 2UOPOXUMUYECKYI0 00paAbOMKY NOBEPXHOCMU 8 CReyUudIbHOL 80000UCNEPCHOU cpede; mepmoodpa-
o6omky. Ilocne eudpoxumuyeckoil oopabomxu 6 meuenue 10 — 120 munym u nocnedyrowezo nacpesa do 250 C
Wepoxo8amocmy NOLYHEeHHbIX NOKPLIMULL OCIMAEMcs 8 npedenax 00Ho2o Kidaccd. B pesynomame onmumusayuu
npoyecca TI'’XO koaghgpuyuenm mpenusi cmanvHoll nosepxHocmu cHuzuics 6 8,3 pasda.

Brenenune. [1lepoxoBaTocTh ABIAETCS BaXKHBIM IMTOKa3aTeleM KayecTBa ITOBEPXHOCTU H3JAETHi; OT mie-
POXOBATOCTH M COCTOSHUS NOBEPXHOCTH 3aBUCAT IMOKA3aTENM JOJTOBEYHOCTH, KUBYUECTH U HAJEKHOCTH
CTAJIBHBIX JleTanell MallliH ¥ MHCTPYMEHTOB [1]. BombimiM HemoCTATKOM HM3BECTHBIX 3AI[HTHBIX MOKPHITHH,
MIOJIyYCHHBIX HAIlJIaBKOW, HalbUICHHEM, T'a30BOW LIEMEHTAIled W HUTPOLIEMEHTAIMeH, JeTOHAMOHHBIM, JIa-
3epHBIM, IJIA3MEHHBIM M JAPYTHMH METOIAMH, SIBJISETCS] BEICOKAs IIEPOXOBATOCTh MOBEPXHOCTH U OTCYTCTBHUE
TOBapHOTO KadecTBa MOKPBITHA [2]. JIns mcnpaBieHus 3TOro0 HEJOCTaTKa MPUXOTUTCS NMPOBOIAMTH JOMOIHH-
TEJNBHYIO Olepannio GUHHUITHONH 0O0pabOTKHM MOBEPXHOCTH M3AeNHH. B 3TOM 1utaHe HanOoNMbIINi HAaydHBIH H
MIPAaKTHYECKUH WHTEpEC MPEeACTaBIIET YIPOUHAIOMmAs TepMoruapoxnmudeckas oopadorka (TI'XO) cramm B Bo-
JOIMCIEPCHON Cpefie, TIOCKONBKY IIPOIECC MPUMEHUM AJISI TOTOBBIX K 9KCIUTyaTalluH U3AEINH, HE3HAUUTEIBHO
MEHSIET IIEPBOHAYATBHYIO IIEPOXOBATOCTH IIOBEPXHOCTH, UX Pa3Mepsl, popMy u cTpyKTypy [3 — 8].

Tepmoruapoxumudeckas 00paboTka — HauboJee MPOCTOi 1 YHUBEPCAIbHBIA MeTo. C MOMOIIBIO 3TOTO
METOoJla MOKHO CO3/1aBaTh M3HOCOCTONKHE HAaHOCTPYKTYPHUPOBAHHBIE TOKPBHITHS HA OCHOBE OKCHIIOB, CYJb(H-
JIOB, KapOU/IOB, APYTUX aHTU(PPUKIIMOHHBIX MATEPUAIIOB ¥ X KOMIO3UIIHH.

CornacHo HaCTOSIIIMM TIPECTABICHHUAM B 00NMacTH TpeHWs M u3HammBauus [9 — 11], myuymmmMu aHTH-
(hpPUKIMOHHBIMU CBOMCTBaMU B aTMOC(EPHBIX YCIOBHAX 00J1a1al0T MaTepHalbl M MOKPBITHS Ha OCHOBE CYJb(H-
JI0B ¥ oKkc10B. OJTHAKO MPEIIOUTEHUE MTPH Pa3padOTKe MOKPBHITHI OTAAETCSl OKCHIaM, TOCKOJIbKY OHH SIBJISFOT-
Cs1 IOCTOSTHHOW COCTABIISIOIICH TPaHUYHOTO CIIosl, 00pasyromerocs mpu TpeHuu jrodoro matepuana. [Ipu ¢op-
MHPOBaHUN OKCHIHOH IUICHKH OIIPEZETICHHOTO COCTaBa M CTPYKTYPHI MO>KHO CO31aTh IOBEPXHOCTHOE YIIPOYHeE-
Hue (3ddexr Pocko) u CHU3UTH CONMPOTHUBICHNE CIBUTY mpH TpeHuu (3pdexr Pebunaepa, bepnamna u ap.);
npuueM dpdexr PeOunmepa peanmm3yercs TONBKO B MPHCYTCTBUH TOBEPXHOCTHO-aKTUBHBIX BemlecTB (IIAB).
CornacHO MOJIEKYISIPHO-MEXaHUIECKOH TEOPHH TPEHUS MOBBIIICHHS M3HOCOCTOMKOCTH M3EIHSI MOXKHO I0-
CTHYb NPH BBITIOIHEHUH JIBYX OCHOBHBIX YCIIOBHH: IIPH BBICOKOM TBEPAOCTH MOBEPXHOCTH (MOKPHITHS) U HU3KOH
ee MPOYHOCTH aATE3UOHHON CBSI3U C KOHTAKTHUPYIOIIMM MaTepHajoM B 30HE TPCHHUS.

VIMEHHO TIOKpBITHSI Ha OCHOBE TYTOIUIABKMX M CBEPXTBEPIbIX MAaTepUajoB, CHOPMHUPOBAHHBIE METOJIOM
TI'XO, UMEIOT HAHOCTPYKTYPY U 00JaIAI0T TBEPAOCMAa30UHbIMU CBOiicTBamu [3 — 8]. HaHOCTpyKTYpUpOBaHHbBIE
MaTepualibl M MOKPHITHSI, UIMEIOIIE BHICOKOE KaYyeCTBO IMOBEPXHOCTH, OOJIEr4aloT Pa3phiB aAre3MOHHBIX COE/H-
HEHUI B 30HE TPEHHS; B TO YK€ BPeMs TBEPIOCTh HAHOMATEPHAIOB U3 METAJUIOB MM TYTOIUIABKUX COEIUHEHUI BO3-
pacraer B 2 — 3 pasza [1; 12; 13]. B ycoBHsX HHTEHCHBHOM 3KCILTyaTallMd HHCTPYMEHTOB M ETANCH MallliH, KOTra
B 30HE TPECHHS OTCYTCTBYET CMa3Ka WJIM €€ I0f[a4ya OrpaHuIeHa, HAMIydIIuM CIIOCOOOM CHIDKEHHS Kod(hQuIenTa
TPEHUS SIBJISCTCS HaHECEHHE TBEPJOCMAa30YHBIX IOKPHITHHA Ha pabouyre YacTh M3JENHH, YTO TapaHTHPYeT HX
ITeNbHy0 padoty. [Tostomy mpomecc TI'XO mmeer Oonblune MEPCIIEKTHBHI JUISI CBOETO PAa3BHUTHS, MPEKIC
BCETO /U MHCTPYMEHTOB U JeTajell MallliH, MMEIOIIUX MaIbIH pecypc paboTsl. [Ipon3BoaCTBEHHbBIE HCTIBITAHUS
nokaszand, 9To TI'’XO 1o3BOJsIeT yBEIWYHUTh SKCIUTYaTAallMOHHYIO CTOHKOCTH Pa3JIMYHBIX BHIOB CTATBHBIX HH-
CTPYMEHTOB (METYMKOB, CBEPJI, 3¢HKEPOB, Pa3BEPTOK, (Ppe3, MPOTKEK, JEHTOUHBIX IHJI, HOXEH, J0JIOSKOB,
[ITaMIIOB XOJOAHOI0 AehOpMHUpPOBaHHMs) U aeTaneil aas aprocamocBana «beiaA3» B 1,3...4,5 pa3 mo cpaBHEHHUIO
€O cTaHAapTHO TepMoobpaboTanHbiME [7; 8]. OHAKO BOIPOCHI, CBA3aHHBIE ¢ MOP(OIOTHEH 1 IIEPOXOBATOCTHIO
MOBEPXHOCTH MPAKTUYECKH BCEX MHCTPYMEHTAJIBHBIX MU KOHCTPYKIIMOHHBIX cTanel, moaseprayTeix TI'XO, ma-
JI0 U3yUYEHBI.

B Hacrosimeii pabore nocrasieHsl 3a1a4u: 1) U3y4nTh ¥ ONTUMHU3UPOBATH 110 TPUOOTEXHUYECKUM CBOM-
CTBaM NOKPHITHS, nosrydeHHsle ipi TI'XO cranu; 2) n3yuuts MOpQOIOrHYecKyI0 CTPYKTYpY M LIEPOXOBATOCTh
ONTUMH3UPOBAHHBIX MOKPHITHH Ha CTANH; 3) CPABHUTB PE3YJIbTATH TPUOOTEXHUYECKHUX UCCICAOBAHUN U U3y4de-
HUS MOP(OIIOTHH U MIEPOXOBATOCTH CTAIFHON MOBepXHOCTH, IoaBeprayToit TI'XO.
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O0beKTHI U METOAMKA HMccief0BaHMii. Bce nccnenoBanns npoBeaeHsl Ha YIIIEPOAUCTOH HHCTPYMEH-
tanpHoM ctamu Y8 (0,8 % C), koTopyro MOABEprain TePMOTHIPOXUMHUIECKOi 00paboTke. Cam mporece TT'XO
OCYIIIECTBIISUTH B 2 dTama: myTeM a) TuapoxumMmudeckoit oopabotku (I'XO) MOBEpXHOCTH CTallk IPH TEMIIEpaType
95...100 °C B teuenue 40...120 MHHYT B CHCIHMAIbHO NMPUTOTOBJICHHOM BOJOJIUCIIEPCHOM COCTaBe Ha 0ase
HAaHOPa3MEPHBIX MOPOLIKOB OKCHIOB TUTaHAa U MOJHOIeHa; 0) mocnemyromei tepmuueckoit oopabdotku (TO),
BKITIOYaromeit Harpes 10 temmepatypbl 130...1050 °C, Beigepxky B Tedenue 30...60 MUHYT B OKHACIHUTEILHON
WM 3alIUTHOHN cpele U oxnaxaeHue. Hachlmaronyro BOLOIUCIEPCHYIO Cpefy IIpeABapUTeIbHO FOTOBUIH 110
CIIeLIMaIbHON TEXHOJIOTHH AUCIICPTUPOBAHUS IO HAHOPA3MepOB Irpy00IUCIEPCHBIX YacTHLl (C FpaHyIOMeTpHUyYe-
CKHMM COCTaBOM 110 5 MKM) cMecH okcuoB TiO2 + M0O3 mytem BBeaeHust 5 %-HOro BOZOPAaCTBOPHMOIO Opra-
Huueckoro [TABa (cynbdanomna). ['oToBeIM cumrancst padounii cocraB ¢ kuciotHocThio PH 6...8, xoropyro
yCTaHABIHMBAM M MOJAJCPKUBAIK myTeM ao3upoaHHoro BBegeHus NH4OH. Ilpu mpoBeneHHH TuapoXUMIYe-
cKoll 0OpabOTKH 00pa3ipl MOMENIANH U BHIAEP)KUBAIA B BaHHE C TOTOBBIM COCTaBOM BOJHOW HACBIIIAIOIIEH
Cpelbl, HarpeToii 10 TeMnepatypsl mpouecca. [IoBepXHOCTH 00pPa3LOB MPEeIBAPHTEIHHO 00E3KHUPHBAIH H JIeKa-
nupoBain B 5...10 % pacTBope cepHOil KHCIOTHI B TedeHue 1...2 munyT. Ilocne KaXkmoi onepanyun IOATOTOBKU
U THIPOXUMHYECKOI 00paboTKH 00pa3ibl IPOMBIBAIH B BoAE. M30TepMUUECKYIO BBIICPIKKY CTAIU MIPOBOIMIH B
BO3IYIIHOH cpene 10 250 °C, BhImIe 3TOM TeMIepatypsl — o cioeM ¢urroca SNCl; win miaskoro 3atBopa B,Os.

OmnpeneneHre TPUOOTEXHUIECKUX CBOIMCTB CTaJbHOM MOBEPXHOCTH OCYIIECTBIISUTM HAa MHUKPOTpHOOMETpe
BO3BpaTHO-TIocTynarensHoro tuna (MMMC, I'omens) 1Mo cxeme «IIOABMKHBIH MapyuK — HETIOABIDKHAS TIOCKOCTE)
TIPH CIEAYIOMNX YCIOBHAX WCHBITAaHWN: Harpy3ka 1 H; mmmmaa Tpeka 3 MM, ckopocts 4 MM/c; mapa TpPEeHUS:
YIPOYHEHHAS CTaNb (IIOCKOCTE) — ctaib LIIX15 (chepa auamerpom 4 Mm) [6 — 8].

IToka3aTenb OTHOCHTENBHOH CTOMKOCTH YHIPOYHEHHOTO MHCTPYMEHTa (WM AETald) OLpenessuin no ¢op-
myne Ky = tofty, Tie t1 — Bpemst paGoTsl (1rMHa pabodyero xo/a) HCXOAHOTO MHCTPYMEHTa; t, — BpeMsi paboTh
YIPOYHEHHOT'0 HHCTPYMEHTA.

[lepoxoBaTocTh TEPMOTHAPOXUMHUYECKH 00paOOTaHHOW MOBEPXHOCTH CTaJM OTPEASISUTN ¢ TOMOLIBIO
npodunorpada-npoduiomerpa «Perfometer M2» (Mahr, I'epmanus) (puc. 1). MccnenoBanus TOHKO# CTpyK-
TYPBI, MOP(OJIOTHH U IIEPOXOBATOCTH MOBEPXHOCTH MPOBOTUIN Ha aTOMHO-CHIOBOM MHKpockorme Tuma «Na-
noscope 3D» (Veeco, USA) ¢ ucrionp3oBanueM kantmiesepa (urist) u3 TiN (puc. 2).

Kpvusas Rmr
Lc 2.500 mm
VER 10.0 um
HOR 20 %
Perthometer M2
Aetans
gaumn.
Rata 03.08.2009
5 i4:54
Lt (AUTO) _ 17.50 mm
- Ls Hopma 2.5 um
Le 2.50@ mm
Ra 7.208 um
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Rz 44.4 pm
— RzJ 25.0 um
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2 55 %
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<
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-E";‘ Rmr(-5.00,5.0) 13 %
= Rmr(-6.00,5.0) 15 %
‘%_ Rmr(-7.00,5.0) 18 %
Rmr(-8.00,5.8) 21 %
= Rmr(-9.00,5.0) 24 %
Rmr(-10.0.5.8) 27 %
= Rmr(-11.0,5.0) 31 %
Rmr(-12.0,5.0) 35 %
Rmr(-13.9,5.0) 38 %
Rdc-cnucox
RAC(5.0, 15) 5.83 um
—_— Rdc( 20, 8@) 15.1 yum
s ! Rdc( 85, 98) 8.37 um
8¢

a) 0)
Puc. 1. Ipodumnorpadp-npodunomerp «Perfometer M2» npoussojcrsa I'epmannu (a)
M AMarpaMMHbIE JICHTHI TOKa3aTeseil Kaxaoro 3amepa (6)
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Puc. 2. Aromuo-croBoit mukpockorn «Nanoscope 3Dy npousBoactea CILA

Pe3yabTaTsl Hecie10BaHUM

[Tpouecc TepMOTHIPOXUMUYECKONH 00paOOTKH MMEET JBONCTBEHHBIH XapakTep YIPOYHEHHs: Ha ITOBEpX-
HOCTH CTaJll OCAXKIACTCS TBEPIOCMAa309YHOE TYTOIUIAaBKOE TOKPBITHE Maiol TommuHs! (200 — 500 HM), a B moA-
cloe cozaeTcss MoAu(UIUPOBaHHAS 30HA C BBICOKMMH HaIPsSHKESHUSAMU cxaTus [7; 8].

Tpubomexnuueckue uccnedosanusn. IlomydeHHble TBEPIOCMa30YHbBIE MTOKPHITHS Onaromapst (GopMupo-
BaHHUIO HAHOKPUCTAITMYECKOH CTPYKTYPBI 001aaf0T cBepXIuiacTuunbiMu cBoiictBamu [10; 11; 13]. Pesynbratsl
TIPEIBAPUTENIBHBIX TPUOOIOTHIECKUX HCIBITAHUKA MOBEPXHOCTH CTaldHM Y8, MOABEPTrHYTOH THIPOXUMHYECKON
00paboTKe B BOJOJHUCIEPCHON CpeJie U3 TYroIUIaBKUX aHTH()PUKLIHMOHHBIX MAaTEpPHAIOB, OKA3aJld, YTO B yCJO-
BUSIX CYXOTO TPEHHs CKOJRKEHHS M BO3AYIIHOW atMocdepsl: a) TBepaocMa3odnble ruapoxumudeckue (I'X) mo-
KPBITHSI Ha OCHOBE HAHOOKCHJIOB MMEIOT JIydlline aHTU(PUKIHOHHBIE CBOiicTBa, yeM ['X TMOKpbITHS Ha Oase
HAHOKapOWI0B, HAHOHUTPHJIOB M HAHOYTJIEPOAHBIX MAaTepUAIIOB; 0) YBEIHMUCHNE YHCIIa KOMIOHEHTOB M3 TYIO-
TUIABKUX aHTU(QPUKIIMOHHBIX MaTEPHUAJIOB B COCTaBE BOJOMCIIEPCHOM HACHIMIAIONIEH CPe/Ibl BEAET K CHUYKEHHIO
ko3¢ durireHTa TpeHus ocaxaeHHbIx nokpeitail [7; 8]. [Ipouecc TT'XO Moxer ctate HanboIee MPOCTHIM CIIO-
co0OM IIeJIeHaNpaBIeHHOT0 MOBBIILICHNST H3HOCOCTOMKOCTH I'OTOBBIX M3/IENINH, N U3HAYAJIBHO BaXKHO C(HOPMHPO-
BaTh Ha MOBEPXHOCTHU CTaJIeii MHOTOKOMITOHEHTHBIE OKCHI0CO 1P KAIINE MTOKPBITHS.

Ha ocHOBaHMK onTUMH3AIMK U KOMIIBIOTEPHOTO MpoekTHpoBaHus npouecca TI'XO cramm V8 ¢ noMomiso
CHHTE3-TEXHOJIOTHH OIpeeNICHbl TEXHUYECKH ONTHMAaJIbHBIE PEXMMBI 1 MHOTOKOMIIOHEHTHBIE COCTaBbI BOJIO-
JIICTIEPCHBIX HAHOOKCHIHBIX cpen [6]. Obpaborka cranu Y8 no ontumansHoMy pexxumy (XO, 1 1 B cocraBe Ha
ocuose TiO,+ M0Os , 3atem TO mipu 200 °C, 0,5 u) mo3BosiIa cymiecTBeHHO (B 8,3 pasza) CHU3UTH KO3 hHIHEHT
TPEHUS CTAILHOM MOBEPXHOCTH MPU CyXOM TPEHUU CKOJIBKEHUS 10 HEM MOABMKHOIO mapuka u3 cranu LIX 15,
10 CPABHEHHIO C HCXOIHBIM COCTOSIHHEM (pHc. 3).
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Puc. 3. CpaBHuTeNnbHAs AnarpaMmMa U3MeHeHus KoddduinenTta TpeHus
OT JUTUTENFHOCTH U3HAMMBaHUs (0e3 cMa3Kky) moBepxHocTH cranu Y8 no u nmocie TI'XO [6].

Bup o6padotku: 1 — crane Y8 mociie TTXO B onTUManbHOM pexHME;
2 — cranb Y8 ¢ anmvazonono6usM PVD nmokpeitueM; 3 — ncxonHast crans Y8 (6e3 00paboTkm)
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Jliist MHCTpYMEHTA, Y KOTOPOTO MECTO KOHTAKTa C JIETalIbI0 MEHSETCsl CO BpeMeHeM (IpupadoTKa He uaeT
B OJIHO# TOuKke) [14], BaKHO Ha NPOTSHKEHUU BCETO BPEMEHH KCILTyaTallil UMETh HE TOJIbKO MUHUMAJIbHBIE, HO
HEeM3MEeHHbIEe 3HAueHUs1 KOA(PPUIMEeHTa TPEHHS; ITUM TpeOOBaHUAM oTBevatoT TepMoruapoxumuyieckue (TI'X)
nokpbITHs. OHU UMEIOT NpenmylecTBa nepen PVD anMazHbIM mokpeITHEM (CM. puC. 3) U APYTUMH TBEpAOCMa-
304HBIMH MOKPBITHAMU [13], y KOTOpBIX cHavyana ko3 HUIMEHT TPpeHHsI BBICOKHUIA, a 3aTeM OH MEJICHHO CHMXKa-
eTcsl TI0 Mepe MPUPaOOTKH MOKPBITHH ¢ KOHTPTEIOM, IPUYEM ¢ OOJIBIION aMILTUTYI0H KOIeOaHHH.

Hccnedosanun mopgponozuu u uiepoxoeamocmu ROBEPXHOCHU HA AMOMHO-CUL080M MuKpockone. C 1o-
Moribio ACM «Nanoscope 3D » (Veeco, USA) u3yueHO BIMSHHEC BPEMEHH BBIICPKKU MPU XUMHUYIESCKOH 00pa-
00TKe M TeMIeparypsl MMOCIEAYIOIEro HarpeBa Ha mepoxoBarocTs RMS (tabmn. 1) m Mopdonoruto cransHOM
HOBEPXHOCTH (pHc. 4), KOTOpbIE OpeAEIeHEI IIPH €€ CheMKe ¢ muomany 100x100 Mrm?.

Tabnuna 1
Bnusaue napamerpoB TI'XO Ha mepoxoBaTOCTh HOKPHITUI Ha cTanu Y 8
Bpems xuMH4Ieckoro ocakIeHus ITOKPBITHIH, MUH 10 30 60 120
[IlepoxoBaTocTs Rms, HM 31 41 52 63
Temmepatypa HarpeBa HOKpbITHS, °C 100 150 | 250 | 300 | 400 | 500 | 600 | 700 | 800 | 870 | 1000
[lepoxoBaTocTs Rms, HM 63 84 47 95 166 259 116 82 219 100 300

Monyuennsie nanHbie (cM. Tabi. 1) CBUAETENBCTBYIOT O TOM, YTO [TOCIE THAPOXUMHUYECKOI 00paboTKH B
tegenue 10...120 muayT M mocnexyromero HarpeBa g0 250 °C  mepoxoBatocth TI'X MOKpHITHIA OCTaeTcs B
npenenax oxHoro knacca ('OCT 2789-73). MakcuManbHOe yBENWYEHHE IIEPOXOBATOCTH HAOIIOAAETCs MOCIe
tepmooOpadoTku mpu 500, 800 u 1000 °C, uTo MOKET OBITH CBA3aHO CO CTPYKTYPHBIMHE U (ha30BBIMH H3MEHEHH-
SIMH, KOTOpPBIE HE yJanoch 3a(puKCHpOBaTh METONOM (ha30BOTO PEHTTEHOBCKOTO aHAJIN3a, IIOCKOIBKY pa3pado-
TaHHBIE HAHOCTPYKTYPHUPOBAHHBIC TTIOKPBITHS SBISIOTCS PEHTTEHOAMOP()HBIMH.

a)

X 1.000 pm/div

2z 1000.000 nm/div X 1.000 pm/div

z 1000.000 nm/div

10 Mmun 30 muH

X 1.000 pm/div
z 1000.000 nm/div

X 1.000 pm/div
Z 1000.000 nm/div

1 yac 2 yaca

Puc. 4. U3menenne MOpQOIOTHU MOBEPXHOCTH CTAM Y 8 OT BpeMEHH THAPOXUMHYECKOMH 00paboTKu (a).

Pesxum I'XO: T= 100 °C; cocraB BogHOM cpesl Ha ocHoBe TiO2+ M0oO3
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0)

X 20,000 pm/div scan size  100.0 ym X 20.000 pm/div
2 1000.000 nm/div Data scale 1,0000 um Z 1000.000 nm/div

Scan size 100.0 pm

150°C pata scale  1.000 um

250°C

400°C 800°C

40 Scan size 10

0 Data scale -

Scan size 100.0 pm
pata scale 1,000 um

Puc. 4 — Oxonuanue. M3mMeneHne Mopdororuu moBepxXHOCTH CTAIH Y 8
OT TeMIIEpaTypbI MOCIIEYIONIEro Harpesa (0)

Hccnedoganue wiepoxogamocmu nosepxnocmu na npogunozpage-npogunomempe. C NoMOLIbIO IPH-
6opa «Perfometer M2» u3y4eHO BIMSHHE MCXOIHOHM LIEPOXOBATOCTH MOAJIOXKKH M MpoJopKuTensHocTH I'XO
Ha IEpPOXOBATOCTh (apamMeTp Ra) moxydeHHOro MOKphITHs (Tabu. 2; puc. 5).

PesynbraTel nccnenoBanuit (CM. puc. 4) TOBOPAT O TOM, YTO THAPOXMMHUYECKHE MOKPBITHS UMEIOT JTyd-
IIyI0 aHTU(QPUKINOHHYIO MOP(OIOTHIO MTOBEPXHOCTH, YEM TEPMOTUAPOXUMHUYECKNE TIOKPBITHUS, MOCKOIBKY HPH
I'XO cramn dopmupyercss CTpyKTypa MOBEPXHOCTH C OKPYTIOH (GopMoil BEICTYNOB u BhaawH, a pu TT'XO
CTPYKTYypa MOBEPXHOCTU MEHSETCA U MpeJCcTaBisieT co00l MMKOOOpa3Hble BBICTYIBI U BIAJMHBI, YaCTOTA U BHI-
COTa KOTOPBIX BO3pAcTacT C IMOBBIIMICHHEM TEMIIEPaTypbl Harpesa. B 3ToM miaHe onTHUMaNbHON TeMIepaTypon
TEpMOOOPaOOTKH THAPOXUMHYECKUX MOKPHITUH siBisieTcst Temiieparypa 200 °C.

Tabmnua 2
[IlepoxoBaTOCTh MOBEPXHOCTH CTANN Y 8 C MOKPHITHEM B 3aBUCUMOCTH
OT Ka4ecTBa UCXOJIHOM MOBEPXHOCTU U BpeMeHu [ XO
Ne [Iepox0BaTOCTh MOBEPXHOCTH
06pa_3ua 110 00paboTKH nocie 1 1 I'XO nocie 2 4 I'XO nocite 4 4 I'’XO nocite 6 4 I'XO
Ra, Mmxm Ra, Mxm Ra, Mkm Ra, MmxM Ra, Mmxm

1 0,043 0,212 0,399 0,674 0,911
2 0,289 0,316 0,323 0,648 0,942
3 0,501 0,503 0,540 0,793 0,982
4 2,221 2,185 2,113 2,183 1,977
5 2,675 2,569 2,369 2,199 1,938
6 5,424 5,733 5,575 5,448 5,035
7 7,208 7,523 6,675 7,656 7,341
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Puc. 5. 3aBucuUMOCTB 1IEPOXOBATOCTH ITOBEPXHOCTH CTAJIH Y § ¢ MOKPHITHEM
ot BpeMenu [’ XO u kauecTBa HCXOIHON MTOBEPXHOCTH:
1 - 7 — HOMep obpa3ua (cM. Tadm. 2)

[MonyyeHHbIe JaHHbIE CBUICTENBCTBYIOT O TOM, uTO mocie oauoyacoBoit ['XO cramu Y8 (HRC 60) mre-
POXOBaTOCTh MUTU(OBAHHON MOBEPXHOCTH C Raucx = 0,289...7,208 MKM m3MeHsIeTCS HE3HAYUTENBHO (KPUBBIC 2 —
7), a MIepOXOBaTOCTh MOJUPOBAHHON MOBEPXHOCTH C Rayex = 0,043 MM moBeimaercs. [Ipu yBenmuyeHun Aju-
tenbHOCTH npotiecca ['’XO oT 2 10 6 4acoB IIEpOXOBATOCTh MOJIUPOBAHHON 10 Raucx = 0,043 MxM u nutndosan-
HO# 10 Rayex = 0,043; 0,289 u 0,501 MKM MOBepXHOCTEH MOMONHUTENBHO moBbIaetcst (kpusie 1 — 3). Ilepo-
XOBaTOCTh TPy0O MUTM(OBAHHBIX MOBEPXHOCTEH ¢ Raucx = 2,2...7,2 MKM, KaK HPABUJIO, OCTAETCS HA MPEKHEM
ypoBHe (kpuBble 4 — 7). [TosToMy omHOYacoBas Bbimepkka mpu ' XO cramu Y8 sBiIsieTcsl MPEANOYTHTEIBHOIH,
MIOCKOJIBKY MCXOJHAsl IIIEPOXOBATOCTH XOPOIIO U Tpy0o0 MIIM(OBaHHBIX MOBEPXHOCTEH HE M3MEHSAETCA, a LIepo-
XOBAaTOCTh ITOJMPOBAHHOM MOBEPXHOCTH yXYIIAETCS HE3HAYUTEIBHO.

Ha ocHOBaHuM cpaBHEHHUS Pe3y/IbTATOB TPUOOTEXHUUECKUX UCCIICAOBAHUN U U3yUeHHsT MOP(HOJIOTHH U
IIEPOXOBATOCTH CTAJBFHON MOBEPXHOCTH, NoaBepruyToit TI'XO, MOXKHO clenaTth BEIBOJX O TOM, YTO BEICOKOE
Ka4eCTBO IMOBEPXHOCTH U MAKCHMAJIbHOE CHIDKEHHE KOA(PPHUIIMEHTa TPEHHS MOJIydYSeHHBIX TOKPBITHH TOCTHT a-
€TCsl IPU BBINOJHEHUHN ontuManbHoro pexkuma TI'XO cramm Y8: mpu ogHOYacOBON HPOAOKUTEIBHOCTH
I'XO B BomomuciepcHoO#t cpene Ha ocHoBe TIO2 + M0O3 u mocieayromei H30TepMUIECKON BBIZIEPIKKE TIPH
temneparype 200 °C.

BuiBoasI:

1) B pe3ynbrare ONTHMHU3AIMHU HpOLECCa TEPMOTHAPOXUMHYECKOH 00paboTKH ctanu Y8 ko3¢ dunueHt
TPEHHUS CTANFHON MMOBEPXHOCTH MIPH CyXOM TPEHHUHM CKOIBKEHHUS M0 HEel MOABIKHOTO mapuka u3 cramm [1IX 15
cHHM3WICA B 8,3 pasa 1o CPaBHEHMIO C HCXOIHBIM COCTOsSIHHEM. Pa3paboTaHHbIe TOKPBITHS, B OTIMYUE OT APYTHX
TBEPJOCMAa304YHbIX MOKPBITHH, HE TPEOYIOT MPUPAOOTKH, 1 MUHUMAJIbHbIC 3HAYCHHS KOI(PPHUIIUCHTA TPEHUS Ha
MPOTSHKEHHH BCETO BPEMEHH HKCIUTyaTaI[M OCTAIOTCS HA OJTHOM yYpPOBHE;

2) MpU THAPOXUMHYECKOI 00paboTKe cTanmu GopMupyercsi CTpyKTypa MOBEPXHOCTH, COCTOSIIAS U3 BbI-
CTYIOB U BHAJMH OKPYIJIOH (GopMbI, a TIPH TEPMOTHIPOXUMUUECKONH 00paboTke MOP(OIOrus TOBEPXHOCTH Me-
HSIETCS] ¥ IPE/ICTABISIET MUKOOOPA3HBIC BBICTYIBI M BIAJHHBI, YACTOTA M BHICOTA KOTOPBIX BO3PACTAIOT C TOBBI-
IICHHEM TeMIIepaTypbl Harpesa;

3) nocie ruapoxuMuueckoir 00paboTku B TeueHue 10...120 MUHYT U mocneayoriero Harpesa 10 250 °C
IEPOXOBATOCTb MOJyUYCHHBIX MOKPBITHI OCTAETCS B MPEAEIaX OJHOTO KIacca;

4) Ha OCHOBaHMH CpPAaBHEHHsI TPUOOTEXHHUYCCKUX HCCICAOBAHMN M M3YyUeHHUs] MOP(OJIOTHH U IIEPOXOBa-
TOCTU TMOBEPXHOCTU YCTAHOBJICHO, YTO BBICOKOC KAa4YCCTBO IMOBCPXHOCTU M MAKCUMAJIbHOC CHUKXCHUC KOB(b(bI/I-
IIUEHTA TPEHUS MMOKPHITHN TOCTUTASTCS IPH BBHITIOTHEHNUH onTuManbHOro pexknma TI'XO cramm Y8: npu oxHO-
4yacoBo#l mponomkutensHoctd [ XO B BomoaucnepcHoii cpene Ha ocHoe Ti02 + M0Os u nocnenyronieii u3o-
TEePMHUYECKOH BBIAEPKKE Ipu Temiepatype 200 °C.
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INFLUENCE OF THERMO-HYDROCHEMICAL TREATMENT
ON MORPHOLOGY ROUGHNESS OF STEEL SURFACE

A. SHMATOV, J. SINKEVICH

The morphology and roughness of steel surface, subjected to thermo-hydrochemical treatment in an
aqueous suspension of nano-sized oxides TiO, + MoOs, are examined in the paper. The process involves (1) the
hydrochemical treatment in a special aqueous nano-sized suspension and (2) subsequent heat treatment. After
hydrochemical treatment for 10 — 120 minutes and then heated to 250 °C the roughness of the obtained coatings
is the same class. Treatment with optimal regime permits decreasing the friction coefficient of the steel surface
in 8,3 as compared with untreated.
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