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YNPOYHEHMUE CTAJIbHbIX U3AEIMA MUKPOAYIOBbIM
OKCNMaAnPOBAHUEM C UCMNOJIb3SOBAHUEM AJIIOMUHUEBOIO
noacnod, noJIYHEHHOro Xxos10a4HbiM rAaSOAMHAMUYECKUM

HANbUJIEHUEM

Tokazana s¢hghexmusrnocms co30anUs OKCUOOKEPAMUYECKUX NOKPLIMULL HA NOGEPXHOCMU CIAAbHbIX U30eAUll
couemanuem npedeapumenbHo20 Xo100H020 2a300UHAMUHECK020 HANbLAICHUS ANMOMUHUEB020 NOOCA0s U NOCAedY-
rowe2o e2o MUKpodye06020 okcuduposanus. Ilonyuennvie eazoounamuueckue nOKpsimus npedcmaegasiom coboii
KOMANO3ULUOHHbLI MAMEPUAn, COCMOAWUIL U3 AMOMUHUEEONU MaAMPUYbl U 6KAIOUEHUTl yacmuy KopyHoa (~15 %),
YCBOECHHbIX U3 HaNbLAAeM020 nopouika. O0HopooHas ¢ nuskoi (1—6 %) nopucmocmoio cmpyKmypa 0CHO8bI U Pa6-
HOMEPHO pacnpedenentble 8 Hell Yacmuubl KopyHoa obecneuusarom evicoKuil yposens adeezuu (do 122 Mlla),
meepdocmu (0o 1140 MIla) u kpumuueckoii depopmayuu 0o paspyuienus (0o 46 %) noxpvimus. Chopmupo-
BAHHblE HA ANOMUHUEBOM NOOCA0e KepamuuecKue NOKPbimus moawurol do 180 mxm xapaxmepusyiomes 00-
HOPOOHOU cmpPyKmypoli 0cHogHo20 c0s. DPazoewlil cocmag NOBEPXHOCMHBIX CA0e8 NOKDbIMUL npeocmasiel
v-Al0;, svicoxonpounvim o.-Al0; oxcudamu u myanumom, codepicanue Komopvix cocmagasiem 45, 40, 15 %
coomeemcmeenno. Ilpu yoasenuu om nosepxrocmu 621y0b NOKpbimus ommeuaemces sHavumenvusiii (0o 80 %)
pocm codepucanus o.-AlO; npu o0noepemennom cruxicenuu obsemuoil doau y-Al,O; u omcymemeuu myaiuma.
Cnedcmeuem amoeo seasemcs docmamouto evicokuii (0o 19 I'lla) yposerv maxcumanbubix 3Ha4eHuil meepoocmu
8 IMUX CA0SX NOKPbIMUS, CHUMICeHUE Ko3pguyuenma mpenus 0o snavenus 0,048 na cmaduu ycmanosusuie2ocs
UBHQUIUBAHUS NPU 02PAHUHEHHOU nodaye MAacaa, OMCYmMcmaue U3HOCa KepamuiecKkoeo NOKpbimus Npu Smux yc-
N0BUAX UCNBIMAHUS.

Karoueeote caosa: xonoonoe eazodunamuueckoe Hanslienue, Mulcpodyeoeoe oxcudupoeaﬂue, Kepamuuyeckoe

nokpwimue, adee3usi, MUKpomeepoocmo, KOPYHO

BBenenue. 3HauuTeNbHAs HOMEHKATypa CTajlb-  IOIIEro MUKpoayroBoro oxcuaupoBaHuss (MJLO).

HBIX JeTayieil, paboTalomMX B YCIOBUSIX M3HOCA, BBI-
COKMX TeMIlepaTyp M XUMHWYECKH aKTUBHEIX Cpel
(HammpuMep, M3IeNS BEHTWILHOW TPYMITBI, IeTaan
HAcoCOB W KOMIIPECCOPOB, O00OPYIOBaHUE XUMMYE-
CKOI1, He(hTera3oBO IMPOMBIIIJICHHOCTH), HY>KIACTCST
B yBeJIMUYEHUU pecypca paboThl. DTO MOXET JOCTU-
raThCsI HAHECEHNEM Ha TTOBEPXHOCTH TaKUX M3IEITUIA
W3 CTaJy aTIOMUHHMEBOTO TOKPHITUS M €TO TOCIeIy-

B pesynbrate peanuzauuu MJIO-TexHoJiorMu Ha
paboyeii MOBEPXHOCTU CTaJIbHOU NeTanu obOpasyer-
Ccsl OKCUIOKEPaMUYECKOE MOKPBITUE TOJIIUHOU 10
200 MKM C YHUKaJIbHBIM KOMILJIEKCOM CBOMCTB, B TOM
YUCJIE BBICOKOW M3HOCO- U KOPPO3UOHHOU CTOMKO-
ctb10 [1—-3]. I1pu 3TOM YpOoBEeHb CBOKCTB C(HOPMUPO-
BaHHOro M O-NOKpBITUS B 3HAUUTEIbHOI CTeNeHU
3aBUCUT OT CTPOEHUS U CBOMCTB aJTIOMUHUEBOTO MO~
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CJI0$1, KOTOPBIE OOYCIOBJIEHBI METOAOM U pEXUMaMU
ero HaHeceHus [4].

CylecTByIOIIME METOIBI HAHECEHUS Ha CTAJIbHYIO
OCHOBY QJIIOMUHUEBBIX TMOKPBITUHA M3 KOMITAKTHBIX
MaTepuajioB (COBMECTHasl MpOKaTKa, CBapKa B3pbI-
BOM, HarlIaBKa, OCaXAEHUE U3 pacIljiaBa) v MOPOIIKOB
(MeTanu3anus, 3JeKTpodopes, AEKTPOCTATUIECKOE
WJIN I€TOHAIIMOHHOE HAMbUICHUE, AINTUPOBAHUE) OT-
JINYAIOTCS BBICOKOM CTOMMOCTBIO, HEOOXOIMMOCTHIO
MPUMEHEHUS TOPOTOCTOSIIEr0 000pyIOBaHMs, TPEOy-
10T TIPOBENEHUS IOMOTHUTEIbHBIX TEXHOJIOTMYECKMX
ornepauuii (rmpeaBapuTenbHas MOATOTOBKA KOHTAKT-
HBIX MOBEPXHOCTEH, CO3AaHUEe MHOTOKOMITOHEHTHBIX
MOPOIIKOBBIX CMecelt, creluaabHasi TepMooOpadoT-
Ka, 3alllUTHBIE CPEMbI, TPOMEXYTOUHAS MTPOKATKa WIN
ruapocTaTuyeckoe obxarue) [5].

Kak mpaBwio, B 30He KOHTaKTa aJllOMUHUEBOTO
CJIOS1 CO CTaJIbHOU OCHOBOW B CBSI3U C TEPMUYECKUM
Bo3AeiicTBUEM (DOPMUPYIOTCS Pa3IUYHOTO TUIIA WH-
tepMmetaumabl Fe Al,, CyIIECTBEHHO CHIXAIOIINE
MPOYHOCTh aare3uu. s ra3oTepMUYECKUX MOKPbI-
TUM XapakTepHa BBICOKAasi MOPUCTOCThb, OKUCJIEHUE
YacTUIl TIOPOIIKAa W, KaK CJIEACTBUE, TaKXKE HU3Kas
anre3ust [6]. B OONBIIMHCTBE ClIyyaeB Ha TpaHMIIE
pasnesnia «MOKPhITUE — OCHOBa» MPUCYTCTBYIOT 3Ha-
YUTEJbHbIE BHYTPEHHWE HaMNpPsKEHWsI, OTpaHUYMBa-
I0IIME YPOBEHb aAre3ur W BbI3bIBAIOIINE OTCIavBa-
HUE TTOKPBITUI MIPU MOCIEAYIOIIeM HATPY>XXEHUH.

M3b6exaTh 3TUX HEAOCTAaTKOB TO3BOJIIET Me-
TON XOJIOMHOTO Ta30IMHAMWYECKOTO HambUICHUS
(XTOH). XTIH xapakTepusyeTcsl CBEpX3BYKOBBIMU
CKOPOCTSIMU COYAApEeHUS HAIbUISIEMBIX YaCTUIL C OC-
HOBOI Y1 MMHMMAaJIbHBIM TEPMUYECKUM BO3JEUCTBU-
€M Ha MaTepuajl OCHOBHI [7], UTO TTO3BOJISIET:

- obecrnevyuTh BBICOKME aAre3uio, KOTe3ui0 U OIHO-
POMHOCTb MOKPHITUS MMPU MUHUMAJIBHOU MOPUCTOCTU
B IIMPOKOM IHMaNa30He TOJIIIVH;

- u30exaTh CTPYKTYPHBIX WK (hpa30BBIX MpeBpallie-
HUIi B MaTepuase OCHOBBI U TEM CaMbIM BO3MOXKHOM
JIeTpalalluy €T0 CBOMCTB;

- YCTpaHUTh PUCK OOpa30oBaHUS B W3AEIUSIX BHY-
TPEHHUX HaMpsKeHWH, CIOCOOHBIX MPUBECTU K KO-
POOJIEHUIO U PACTPECKMBAHUIO, YTO OCOOEHHO BaXKHO
JUIST U3ACJTUI CIOXHOUW KOH(MUTypallui U KpyImHora-
OapUTHBIX U3NEUIA.

YuuteiBasg oTMeueHHbIE (DAKTOPBI, MOXHO OXM-
JaTh, YTO COBMEILIEHWE TEXHOJIOTMI XOJOMHOTO Tra-
30IMHAMUYECKOTO HAIMbLIEHUS ATIOMUHUEBOTO CJIOS
W MUKPOAYTOBOTO OKCUAMPOBAHUS TO3BOJUT 0Oe-
CIIEYUTh TOBBIIIEHHbIE CBOWCTBA pabOYMX MOBEPX-
HOCTe cTanbHbIX u3nenauii. Ha aTo yka3blBaloT Takxke
pe3yJbTaThl UCCIAENOBaHUM, MOJMyYyeHHble B [4] mpu
MUKpoAayroBoM oxcuaupoBaHuii XI'JTH-mokpbITuii,
HaHECEHHbIX Ha aIIOMUHUEBYIO OCHOBY. CienyeT Bce
XK€ OTMETUTh, YTO CUCTEMATUYECKUE UCCIIENOBAHUS
CTPYKTYPBI U CBOMCTB OKCUAOKEPAMUYECKUX MOKPHI-
TUM, TTOJIYYEHHBIX Ha CTAJIbHBIX U3EIUIX C UCTIOJb-
3oBaHueM XIJIH-moacnost, B JOCTYIMHBIX UCTOYHU-
Kax OTCYTCTBYIOT.
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Llens HacTosimiedl paboOThl — WCCIEAOBaAHUE
CTPYKTYPHO-(}a30BOTO0 COCTOSSHUSI U CBOMCTB MOJTY-
YEHHBIX Ha TTOBEPXHOCTHU CTaJIM TIPU Pa3IMYHBIX pe-
xkuMax XIJTH amoMMHMEBOTO KOMMO3ULIMOHHOTO
ciost U cOOPMUPOBAHHOTO Ha HEM MMKPOIYTOBOTO
KEpPaMU4eCKOTO MOKPHITHS.

Metoauka ucciaenoanus. B kauecTBe Marepu-
ajja OCHOBBI Hcmosib30oBajach craiab 30. [MomydyeHue
JTIOMUHUEBOTO TTOKPBITUS Ha HEU OCYIIECTBISIOCH
METOJOM XOJIOAHOTO Ta30IMHAMMWYECKOro HarbLIe-
Hug nopomkoB A-10-01, A-20-01, A-30-01, conmep-
KaluX COOTBETCTBeHHO 15, 20, 25 % okcuna a-Al,O,
(xopyHna). HanbuieHre mpoBOIMIIOCHh Ha YCTaHOBKE
ANMET-405 npu pasanyHbIX TeMIlepaTypax JUHa-
MUYECKOro MoTroka Bo3ayxa (tabauua 1) Ha paccTo-
ssHUU 5—10 MM OT cpe3a cortoBoii Hacanku CHK-6.

TonmuHa nonyyeHHbIX XI'JITH-mokpeITUii Bapbu-
poBasiach B auarna3zoHe 10—425 MKM, 4TO JOCTUTaa0Ch
W3MEHEHUEM Uuca [IMKIOB HanblieHus1. I3mepeHue
TOJIIMHBI HAHECEHHOTO AJIFOMUHUEBOTO CJIOS MpO-
BOAWJIOCH IMUPOKOAMATIA30HHBIM MAarHUTHBIM TOJI-
muHomMepoM MTII-3. CreneHb aare3uu MOKPBITUIA
OlLIEHMBAJIACh IITU(HTOBBIM METOIOM IO pe3yJbTaTaM
WCTIBITAHUI HaIBUICHHBIX 00pa3lioB HAa pa3pbIBHOMU
maiuHe Instron-3380. BHemHuii B o0pa3ioB mist
OIpeesieHUs aAre3ur MOKPhITUIA U cXeMa OIpeesie-
HUSI IPOYHOCTH UX CIETIICHYSI C OCHOBOY TTPUBEICHBI
Ha pucyHke 1. TBepaoCTb MOKPBITUS OIpPEAesiach
TMOPTAaTUBHBIM YJIBTPa3BYKOBBIM UMITEIAHCHBIM TBEP-
noMepoM «KoHctanTta TY».

Ilpy MUKpPOIYroBOM OKCUAMPOBAHUU WCITOJb-
30BAJIMCh TJIaCTMHYAThIe 00pas3ibl U3 ctanu 30 pas-
mepoM 20x20x3 MM C HambUIEHHBIM Ha OJHY U3 MO-
BEpXHOCTEN  alOMMHUEBBIM  Ta30JMHAMMYECKUM
MOKphITUEM ToiamuHo 350 MKM. Muxkpoayrosoe
okcuaupoBanue chopmupoBanHbix XIH-cnoes
BBITIOTHSIJIOCh Ha YCTAHOBKE C TUPUCTOPHBIM DPETy-
JIUpOBaHUEM, OOECIeUUBaIolIeil aHOJHO-KaTOJHYIO
nossipusauuio odpasuoB ¢ yacroror 50 Iir mpu Ha-
npstkeHun 280—320 B u motHocTH ToKa 40 A/mm>.
OTHOIlIEHWE BETUYUH KaTOJHOTO W aHOIHOTO TOKOB
I,/ 1, = 1. IlpogommkurensHocTh Mpouecca MO co-
ctapistaa 60 (pexum 1) 1 90 (pexkum 2) MUHYT. B Ka-
YECTBE JEKTPOIUTA NCIOJIb30BAJICS BOAHBINA PACTBOP
rugpokcuna Kanusgs KOH M Xuakoro HaTpueBOTo
crekina Na,SiO; ¢ KOHIEHTpauueil KOMITOHEHTOB
21 4 T/11 COOTBETCTBEHHO. MUKPOTBEPIOCTH OKCHIIO-

Ta6muua 1 — TemnepaTypa JMHAMHYECKOTO MOTOKA BO3/AyXa

TemnepaTypHbIil pexXuM 3HaueHue Temneparypsl, “C
1 140—165
2 235-245
3 315340
4 390—415
5 495-510
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Pucynok 1 — O6pa3upi (@) 1 cxema (6) 1151 OUEHKH CTENeHH aJre3un
XTJTH-nokpaiThii: 1 — ob6paselr; 2 — MOKPBITHE; 3 — OCHOBaHKME

KepaMUIeCKUX TTOKPBITUI OTpeesisiach Ha mprubdope
IIMT-3 npu Harpy3kax Ha uHaeHTop 0,196 u 0,49 H
B 3aBUCUMOCTH OT MCCJIEYEMBIX YIaCTKOB ITOKPBITHSI.

CtpyktypHO-(pa3zoBoe coctosHue XIITH
1 MJO-noKpbITHA UCCIeN0BaTIOCh METOAAMU PEHT-
TEHOCTPYKTYPHOTO M MeTajiorpad)myeckoro aHa-
JIN30B, CKAHUPYIOILIEH 3JIEKTPOHHOW MUKPOCKOITUUA
(CBM). PeHTreHOCTpPYKTypHBIE HCCIeMIOBaHMUS 00-
pa3ioB MOKPHITUI TTPOBOAMJINCH HA aBTOMAaTU3UPO-
BaHHOM KOMILIeKce Ha 6a3e nudpakrtomerpa JJPOH-
3M B CuKo-uznyyeHunr ¢ npuMeHeHUeM BTOPUYHOM
MOHOXpPOMAaTH3allMM PEHTTEHOBCKOTO ITyYykKa, MeTall-
Jorpacduyeckre — ¢ UCIOIb30BaHNEM MUKPOCKOTIOB
XIM300 u MUM-8.

TpuboTexHnYeCcKre UCHBITaHUS CHOPMUPOBAH-
HOTO KepaMWYEeCKOTO TTOKPBITHSI BBITIOJHSIUCH Ha
yHuBepcaibHoM TpuooMmetrpe MFT-5000 (Rtec in-
struments, CIIIA) B yc10BUsIX OTpaHUYE€HHON TTogauyu
cmaszku (macio M-20A) mpu BO3BpaTHO-MOCTyMa-
TEJTLHOM TTepeMEIICHNH OTHOCUTEIHHO MHASHTOpA 13
cranu LIX-15. Hasnenue cocrapnsuio 20 MIla, nyTts
TpeHust — 1600 m.

Pesynsratel m ux obcyxnenme. Ha pucynke 2
MPeACTaBIEHBI MUKPOCTPYKTYPbl KOMOMHUPOBAaHHBIX

TMOKPBITHIA, TIOJYYeHHBIX Ha cTayu 30 Tpy coyeTaHuu
TEXHOJIOTUI XOJIOMHOTO Ta30AMHAMUYECKOTO HAIIbI-
nenus nopomka A-20-01 mo pexumy 3 (cMm. Tabau-
my 1) ¥ MUKpPOIYrOBOTO OKCHIVMPOBAHUS TIPU TIPO-
TMOJDKUTETBHOCTH MTocneanero 60 (a) u 90 (6) MMHYT.

W3 aHamm3a TpuBeIeHHBIX MUKPOCTPYKTYD CJie-
IIyeT, YTO TOKPBITUE COCTOUT U3 IBYX CYIIECTBEHHO
paznuyaromuxcst oonacteit. O61acTh, Mpuieraroas
K OCHOBE, COOTBETCTBYET CJIOI0, HAHECEHHOMY Me-
tonoMm XI'JTH. BepxHuii, rpaHuyaIiuii ¢ HUM CJIOW,
npeacTasiseT coboii kepamuyeckoe nmokpeitue (KIT),
MOJTyYeHHOE MUKPOMYTOBBIM OKCHAMPOBAHUEM Ha-
MTBIJICHHOTO AJTIOMUHUEBOTO CJIOSI.

Hwuxe mnpuBeneHbl gaHHBIE O CTPYKTYpHO-(a-
30BOM COCTOSTHUM W CBOMCTBaX ra3oAMHaMUYECKOTO
aMIOMUHUEBOTO TOKPHITUS. [losydeHHBIE NaHHBIE
(cM. pucyHKHM 2, 3) MO3BOJISIOT 3aKJIOUYUTh, YTO ITO
MMOKPBITHE TIPENCTABISIET COOOM KOMITO3MITMOHHBIN
Marepuan. Kak crieayer M3 pesyjbraToB PeHTIEHO-
(azoBoro aHanusa (cM. pucyHok 3), ba3oBbIii COCTaB
TOKPBITHS TIPEICTABIEH AIIOMUHUEM W BKIIIOUEHMS -
MM KOPYHJIa, YTO COOTBETCTBYET COCTaBY MCXOIHOTO
nopoinka. CorjlacHO TPOBENeHHOU OlleHKe, COomep-
XaHWe KOPYH/a B MOKPBITUM cocTaBisieT ~15 %, uro
CBUIIETENIBCTBYET O MOCTATOYHO BBHICOKOM YCBOCHUU

PucyHok 2 — MHEKpOCTPYKTYpa NOKPbITHS HA MIOBEPXHOCTH
CTaJIM TPH NPOJOJIKUTETHHOCTH MHUKPOIYTOBOTO OKCHIMPOBAHMS
amoMuHneBoro cios 60 (a) u 90 (6) MunyT
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Pucynok 3 — JIudpakrorpamma noepxuocta XI'JIH-nokpbitus

HaIbUISIEMBIM CJIOEM YIIPOYHSIOIINX YACTULL UCTIOJb-
3yeMOI TOPOIIIKOBOI KOMIO3UIIWH.

YacTuubl KOpyHAA, BKJIIOYEHHBIE B KauyecTBe
J00aBKM B HAMbUISIEMYI0 KOMIO3UIIMIO, TIPU yaape
O TIOKPBITHE B MOMEHT €ro HaHEeCeHUsI COMBAIOT 00-
pa30BaBIlIMECS OKCUIHBIE TUIEHKHU C TOBEPXHOCTHU Ya-
CTHUII MMOPOLIKA ATIOMUHUSI, CIIOCOOCTBYS TEM CaMbIM
WX TTPOYHOMY COETMHEHUIO MeXAy coboii U oOpa3o-
BaHUIO AJIOMUHUEBON OCHOBBI C OJHOPOIHOUN HU3-
KOIOPUCTOW CTPYKTYpo# (cM. pucyHok 2). Y3 mpu-
BEIEHHBIX Ha 3TOM PUCYHKE MUKPOCTPYKTYP BUIHO,
4YTO B C(OOPMUPOBAHHOUN ATIOMUHMEBOI OCHOBE IMO-
KPBITUSI TOCTATOYHO PaBHOMEPHO paclpelesieHbl Ya-
CTUILIBI KOPYH/IA, pa3Mep KOTOPBIX HAXOAUTCS B AU-
anazoHe 2—20 MKM, YTO COOTBETCTBYET MX pa3Mepy
B MICXOIHOM TTOPOIIIKe (PUCYHOK 4).

Pucynok 4 — COM-u3006paxeHns YacTHI ATIOMUHUSA (&)
1 KopyHza (6), BXOISAUIMX B COCTAB MOPOIIKA [LISl HANIBIIEHUSI
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O paBHOMEPHOCTU pacIpeAesieHUs] CTPYKTYPHBIX
COCTaBJIIOIINX B aJIIOMUHUEBOM ITOKPBITUM CBUIIE-
TEJIBCTBYIOT TAKXKE PE3yIbTaThl CKAaHUPYIOLIEH 2JIeK-
TPOHHOI MUKPOCKOMUHU (PUCYHOK 5, Tabnuua 2). 13
aHaJIu3a NPUBEJECHHBIX TaHHBIX 1O 3JIEMEHTHOMY CO-
CTaBy TMOKPBITUSI CJIEAYET, YTO MO BCEl ero riayouHe
B CTPYKType, KpOM€ aJlOMWHUEBOW OCHOBHI (CITEeK-
Tpel 5—9) 1 yacTul KopyHaa (criekTpbl 1—4), mpu-
CYTCTBYIOT TAKX€ BKIIIOUEHUSI, COCTOSIIIINE U3 XKEJe3a,
xpoma U Hukens (cnektpsl 10, 11). [TosgeaeHue ux
B COCTaBe MOKPBITHUS CBSI3aHO, CKOPEE BCETO, C Mepe-
HOCOM MaTrepuajia TEXHOJIOTMYECKON OCHACTKM IS
HaIbUICHUS TTOPOIIIKA.

OTMeTHM, YTO HaJIWYMe pPa3BUTON MOBEPXHO-
ctu rpaHulbl pasaena XIAH-oKpsITUSI ¢ OCHOBOM

—r

& ﬁlnem’p 9
CnekTp 17%

H- -
Cnextp 8

Pucynok 5 — COM-uzoopaxenue XIJTH-nokpbiTus

Taéaua 2 — DIeMEHTHDII COCTAB MOKPbITHS

CoznepxkaHue 371€MEHTOB, Macc.%
CnekTp
O Al Si Cr Mn Fe Ni
1 48,16 | 51,84
2 50,43 | 49,57
3 44,67 | 55,33
4 47,60 | 51,87 0,53
5 3,68 193,59 1,92
6 3,87 | 94,22 1,90
7 3,05 [ 96,03 0,93
8 3,02 195,87 1,11
9 3,92 195,05 1,03
10 2,96 (32,46 10,46 | 0,77 | 43,26 | 6,72
11 2,49 (17,67 13,98 57,31 | 8,56
12 100,00
13 0,43 0,89 | 98,68
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(CM. pHUCYHOK 2) CBUETEIBCTBYET O BEICOKOU €ro aji-
Te3UH, YTO MOATBEPXKIAETCS MOTYYEHHBIMU TAHHBIMU
MO CBOWCTBaAM MOKpPBITUS. B Tabnuue 3 mpuBeneHbl
JAHHbBIE MO0 MEXaHUYEeCKUM CBOWCTBaM U TOPUCTO-
CTH AJTIOMUHUEBOTO Monacaosl ToamuHoi 10—18 MxMm
B 3aBUCHMMOCTH OT TeMITepaTypbl JMHAMUYECKOTO TMO-
TOKa Bo3ayxa. IS cpaBHEHUSI B HEUl TIpencTaBIeHbI
pe3yJabTaThl UCHOBITAHWS TOKPBITUS, HANBUIEHHOTO
mopouikaMu ¢ 15 u 25 % kopyHaa (MapKu TTOPOILIKOB
A-10-01, A-30-01 coOTBETCTBEHHO).

Kak cnenyeT U3 aHanu3a NMPUBEACHHBIX PE3YJib-
TatoB, cBoricTBa XIJIH-MOKpHITUII B 3HAYUTEIbHONI
Mepe 3aBUCAT OT TeMIlepaTypbl TMHAMUYECKOTO MO-
TOKa Bo3ayxa. BuaHo, 4To HaubobInas aare3ust 1
BCEX MOPOIIKOB JOCTUTaeTcs Mpu TemIlepaType Ha-
nbuteHus 315—340 °C (cm. Tabauny 1, pexxum 3). [pu
3TOM 1Jis mopoiuka Mapku A-20-01 mo cpaBHEHUIO
C IPYTUMU aare3vsi HECKOJIbKO BBIIIIE.

TBepaOCTh MOKPHITUIA TPU MOBBIIIIEHUU TEMIIEPa-
TYpbl HambLIEHUS MOPOILIKOB MCHOJIB3YeMbBIX MapoOK
oT 235-245 °C (pexum 2) no 390—415 °C (pexum 4)
CHUXXAETCsI, OCTaBasiCh MPU ITOM HaMOOJbILIEH s
nopomka A-10-01. ITo Mepe CHMXEHUS TBEPAOCTU
BO3paCTAET BA3KOCTh MOKPHITUS U TTEPEXOAHON 30HBI,
0 YeM CBUETEJIbCTBYET HApaCTaHUE KPUTUUYECKOM Jie-
bopmanru nepexomHON 30HBI C TIOKPBITUEM 10 pa3-
pyuieHus €,. [loprcTOCTh MOKPBITUI MTPAKTUYECKH HE
3aBHUCUT OT TEMITEPATYPHBIX PEKMMOB HallbUICHUS, HE
MpeBbITIas B 0ONBIIMHCTBE ci1ydaeB 1 %.

B Tabnuile 4 npuBeAeHBI JaHHBIE UCTIBITAHUS Me-
XaHWYECKUX XapaKTePUCTUK U TTOPUCTOCTU ISl LIU-
pOKOTO nuara3oHa ToamuH (18—426 MkM) amoMu-
HUEBBIX MOKPBITUA, MTOTYYEHHBIX MOPOIIKOM MapKW
A-20-01 mpu Temneparype HanbuieHus 315—340 °C,
JUCTAaHUMU 5 MM, AaBjieHuu Bo3ayxa 1,5 MIla.

Kak cnenyet U3 aHanu3a NMpeACTaBICHHBIX AaH-
HBIX, POCT TOJIIMHBI MOJYYEHHBIX Ha CTAIBHON OC-
HOBE IO YKa3aHHBIM PeXUMaM MOKPBITUIA COMPOBO-
XKIAETCS. HEKOTOPBIM YBEJIMYEHUEM MX MOPUCTOCTH.
B cayyae ToHkux (18—80 MKM) MOKPBITUI OHA HAXO-
muTcs B uHTepBajie 1—3 %. Ilpu TommuHax, MpeBbi-
mamux 160 MKM, TOPUCTOCTh CTAOUIM3UPYETCS Ha
ypoBHe 2—6 %.

Hccnenyemble MexaHWYECKUE XapaKTEPUCTUKU
TMOKPBITUIA HEOAHO3HAYHO M3MEHSIOTCS C POCTOM
MX TOJIIMHBI. BUIHO, 4TO anre3us Mpu yBeJIUYEHUU
TOJIIIUHBI TTIOKPBITUSA OT 18 MKM 10 216 MKM WHTEH-
cuBHO cHmkaetcs (¢ 122 no 68 MIla). [1pu nanbHeii-
IIeM POCTE TOJIIIMHBI BILIOTh 10 426 MKM 3aMETHOTO
W3MEHEHUs aAre3un MPaKTUYECKN He TIPOUCXOIUT, €€
3HaYeHMEe HaxXOmUTCsl Ha ypoBHe 63—70 MIla. [Tomo6-
Hasl 3aBUCUMOCTb OT TOJIIMHBI ATIOMUHUEBOTO CJIOS
HabonaeTcs il KpUTUIECKO nedopmannu nepe-
XOIHOM 30HBI C TOKPBITUEM A0 Pa3pyllICHUS €., 3HA-
YeHUST KOTOPOU JJIsT TOJIIMH 18—56 MKM U3MEHSIIOTCSI
o142 10 37 %, Torna Kax [uist ripeBbiaomux 200 MKM
cocrabisier 22—24 %. TBepAoCTh B 3TOM IMAaraso-
HE TOJIIIUH COXPAaHSETCS MOCTOSIHHOW U COCTaBJISIET
790—-830 MITa.

Crabunusanys MEXaHWYeCKHUX CBOWCTB ra3o-
JTAHAMMWYECKOTO TOKPBITUS MPU TOJIIUHE CBBIIIE
200 MKM MOXeT OBbITb OObSICHEHA POCTOM B HEM
BHYTPEHHMX HAaMpSKEHU CXaTus, BO3HUKAIOLIUX
B CBSI3U C CWIbHOW nedopMalveil 1 HaKJIenoM ya-
ctull amtoMunus npu XIAH. D1tu pe3yasrarsl coria-
CYIOTCS C JAaHHBIMU padoTHI [§].

HeBbicokas MOPUCTOCTh B COYETAHUU C MPUEM-
JIEMBbIMY 3HAUYEHUSIMU aIT€3UU CO3Ial0T MPEINOChLI-
K 1 3DGdEeKTUBHON MMKPOIYTroBOi 00paboTKM
HAHECEHHOI0 Ha CTajlb KOMITO3UIIMOHHOTO MOKPbI-

Ta6mua 3 — MexaHuyecKue CBOCTBA U MOPUCTOCTD ATIOMHUHHEBBIX MOKPbITHIA (TommuHA 10—18 MKM) /151 pa3IMYHbIX MAPOK MOPOLIKA

U TEMIIEPATYPHBIX PEKUMOB €ro HANbLICHUA

Mapka noporika
Xapakrepuctika A-10-01 A-20-01 A-30-01
TOKPBITUI

Pexum 2 | Pexum 3 | Pexum4 | Pexum 2 | Pexum 3 | Pexum4 | Pexum2 | Pexum 3 | Pexum 4
Anre3us, MIla 85 118 92 89 122 90 80 118 72
Teepmocts, MIla [980—1140|890—1010( 720—780 |940—1100 | 860—940 | 660—690 | 880—1020 | 810—880 | 600—640
g, % 28 32 39 34 37 42 41 46 46
IMopucrocts, % 0-2 0-2 0—1 0—1 0—1 0—1 0—1 0—1 0—1

no pexumy 3

Ta6muua 4 —MexaHnyecKue CBOMCTBA M OPUCTOCTD AJIIOMUHUEBBIX MOKPBITHI PA3JIMYHON TOJIIMHBI , HANBLIEHHbIX Nopomkom A-20-01

XapaKTeDI/ICT“I/IKa TOHLHHHB" MKM
TTOKpBITHH 18 56 81 158 216 298 374 426
Anresus, MIla 122 104 92 81 68 70 63 68
Teepnocts, MIla | 940—1100 860—940 860—940 | 820—880 | 790—860 | 790—830 | 790—830 | 790—830
g, % 42 37 29 24 22 23 22 24
IMopucrocts, % 0-1 0-3 0-3 2—-4 24 2-6 2-6 2—6
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THSI, B aJIIOMUHUEBYI0O MaTPUILy KOTOPOTO BKIIIOUE-
HBI YacTUIIBI KOpyHaa (cM. pucyHok 2). Kak cieny-
€T M3 aHaJIn3a MUKPOCTPYKTYPHI C(POPMUPOBAHHBIX
Ha 3TOM KOMIIO3UTE KepaMMUYECKUX TMOKPHITHI, UX
cTpykKtypa TunuuHa mist KII, co3maBaembix Ha aito-
MWHUEBBIX CITJIaBax B MPOIECCE MUKPOIYTOBOTO OK-
cuaupoBaHus [1, 2]. leicTBUTENbHO, Kak U B [1, 2],
Ha noBepxHocTu KII, mpuBeneHHBIX Ha PUCYHKE 2,
HabomaeTcs xapakTepHblid mist MIO-nokpbITHii
PBIXJIBI TEXHOJIOTUYECKUU CII0M, KOTOPBI OOBIYHO
YAAISeTCd C MOBEPXHOCTU JIeTajlell MeXaHW4eCKOM
00pabOTKO¥.

IMon aTuM cioeM (popMHUpYETCsl TOCTATOYHO OfI-
HOPOIHOE TTOKPBITUE, CTPYKTYPHBIE XapaKTepUCTUKU
KOTOPOTO CYIIECTBEHHO 3aBUCAT OT PEXUMOB MU-
KpOIYroBOTO OKCHIWpOBaHUs. BuaHO, 4TO TOMIIIM-
Ha 8 KepaMMYECKOTO TOKPBITUS, TTOJYYeHHOTO TpU
mitenbHocT MJ1O-Tiporiecca 60 MUHYT COCTaBIISIET
100 MKkM, mopucTocth — 2—3 % (CM. PUCYHOK 2 a).
C yBeanuyeHueM MpPOAOKUTENbHOCTU 10 90 MUH
TPOUCXOIUT 3aMETHBIN POCT 3TUX CTPYKTYPHBIX CO-
cTaBsomux, pu 3tom tommnuHa KIT cranoButcs
paBHO# 180 MKM, a MMOPUCTOCTh cocTaBisieT 4—6 %
(cM. pucyHOK 2 6). Kak 1 B ciiyyae CITJIaBOB C reTe-
poreHHoi cTpyktypoit [9, 10], B MOJIydeHHBIX Ha
ATIOMUHUEBOM TIONICIIOE KEPAaMUYECKMX TTOKPBITHSIX
BIOJIb X TIOTIEPEYHOTO CEYSHUSI OTMEYAETCsT HEKOTO-
pasi HepaBHOMEPHOCTh TOJIIIMHBI. Perncrpupyemslii
3 GeKT clieayeT CBI3bIBaTh C Pa3UUUEM CKOPOCTU
pocta toaimuHbl KIT B 061acTsIX aTloMUHUEBOM OCHO-
BBl U YaCTUIl KOpyHJa (CM. puCyHOK 2). Bciencteue
3TOTO (hOPMUPYETCS pa3BUTAsT TOBEPXHOCTh TPAHUIIBI
paszfesia KepaMHYeCKOTO MMOKPBITHSI ¢ KOMITO3UITMOH -
HBIM HaIbLJIEHHBIM cJloeM. Takoil XxapakTep TpaHUIIbI
paszgena nosbliiaeT aare3uio KIT.

CrienyeT OTMETHUTD, UTO BKITIOUEHUSI KOPYH/Ia, Ha-
OJrtojaeMble B KOMITO3UIITMOHHOM HAITBIJIEHHOM CJIOE,
HUKaK He MPOSIBJITIOTCS B CTPYKTYpE TTOJydeHHBIX Ha
HEeM KepaMU4ecKMX MOKphIThii. [lociemHee MoxkeT
OBITH CBSI3aHO C MeperuiaBieHueM B mpouecce MO
YaCTUIL ITUX BKIIIOYEHUIA.

Ha pucynke 6 mpuBemeHBl pe3yjabTaThl PEeHTIe-
Ho(pazoBoro aHanuza cioeB KII, moaydyeHHOro 1o
pexumy 1 (60 MunyT). U3 tudpakTorpaMmMbl, OTHO-
CAIIENCS K TIOBEPXHOCTHOMY CJIOIO TIOKDPBITUST (CM.
PUCYHOK 6 @), BUAHO, YTO (pa30BbIii COCTAB 3TOTO
CJIOsI TIpeNCTaBIeH HU3KOTEMIIEPATypHBIM OKCUIOM
v-Al,O,, BBICOKOTEMNIEPATYpHBIM 0-Al,O; 1 MymH-
toMm 3Al,0,°2Si0, (Al(Si,0,;). ObpazoBaHue MyUIUTa
CBSI3aHO C TIOCTYIUICHUEM KPEeMHUs U3 DJIEKTPOJIUTA
B 30HY MUKPOTUTa3MeHHbBIX peakiuii. CorracHo mpo-
BEJIEHHOW OIIeHKE, KOJMYECTBEHHOE COJepKaHue
v-ALO, coctapnsieT 45 %, a KOopyHIa U MyJulUTa —
40 u 15 % cOOTBETCTBEHHO.

IMosyueHHBbIE pe3yabTaThl ITOKa3aJk, 4YTO II0
Mepe YIIyOJIeHUsT B TOKPBITHE OTMEYaeTCsl OTCYT-
CTBME B HEM MYJUIUTA U yBeJIMUeHUE OOBEMHOM 10U
BbIcOKOTIpouHOiT a-AlL,O, da3sl BrtoTs M0 80 %,
0 YeM HEIOCPEICTBEHHO CBUIETETLCTBYET POCT UH-
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Pucynok 6 — JIndpakrorpaMmsl HOBEPXHOCTHOTO (@) U YIJIEHHOTO
ot Hero Ha 30 MKM (60) cJl0eB KepaMHYeCKOro MOKpPBITH,
NOJIy4eHHOTO TIPH NPOJO/IKUTEILHOCTH Npouecca 60 MuHyT:

X — MYJUIUT

TEHCUBHOCTH €€ TU(bPaKIIMOHHBIX TUHUU (CM. pUCY-
HOK 6 6). OMHOBPEMEHHO C 3TUM MPU YIAJECHUH OT
TMOBEPXHOCTU BINIYOb MOKPBITUS CHUXKAETCS COIEp-
kaHue v-Al,O,.

IlomoGHas cutyauusi u3MeHeHUs1 (Ha3oBOro Co-
CcTaBa UMEET MECTO W B Ciyvyae MOKPBITUS, cHopMU-
poBaHHOTrO Tpu Oosbiieit (90 MUHYT) ATUTETBHOCTA
MJ1O-niporiecca (pUCYHOK 7).

XapakTep pacnpeneneHus a3 B CI0OsIX KepaMuie-
CKOTO OKPBITUS ONPEAeIsIeT U3MEHEHUE U BETUUUHY
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Pucynok 7 — ucdpakrorpaMmMbl NOBEPXHOCTHOTO (&) ¥ yIAJEHHOTO
ot Hero Ha 30 MKM (6) cJI0eB KepaMHYeCKOro MOKPbITHS,
MOJY4eHHOTO Npu nponosnkuTeabHocTn M O-npouecca 90 MUHYT
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Pucynok 8 — Pacnpezesienne MUKPOTBEPIOCTH MO LIyOUHE
KepaMHYeCKOro MOKPBITHS, MOTy4eHHOTO NP Pa3INIHOI
nmreasnoctd MJIO-npouecca: 1 — 60 MuHyT; 2 — 90 MUHYT

MuKpoTBepnoctu H, (pucyHok 8). M3 maHHbBIX pac-
npeneaeHuss MUKpPOTBEpAOCTH o riyouHe KIT ciemy-
et, 4ro Hanbosee Huskue 3HaveHust H, (10—12 I'Tla)
PETUCTPUPYIOTCS B €T0 MOBEPXHOCTHBIX CJIOSIX.

Ilo Mepe mnpubnvkeHuUs K TpaHULEe pasnaena
C QIIOMMHUEBBIM ITOACIOEM OTMEYAETCS MOCIEA0Ba-
TeJIbHBIA pOCT MUKPOTBEpAOCTU. [1pu 3TOM XapakTep-
HOl 0COOEHHOCTBHIO MOJIYYEHHBIX KPUBBIX SIBISIETCS
HaJIMYMe TOCTATOYHO MPOTSKEHHBIX Y4aCTKOB € MaK-
cuMaibHbIM ypoBHeM (18—19 I'Tla) TBepaocTu, 4TO
CBSI3aHO C MPEUMYIIECTBEHHBIM COACPXKaHUEM B 3TUX
CJIOSIX BBICOKOTIPOYHOM (popmbl okcraa a-Al,O,.

TpuboTexHUYECKNE WCIBITAHUS, TPOBENECHHBIC
B PEXMME TPaHUYHOTO TPEHU S, TOKA3JIU TOCTATOYHO
BBICOKME XapaKTePUCTUKN KEPaMUYECKOTO TOKPbI-
THs. Tak, IpyM HOMUHAJIBHOM AaBjieHuu p = 20 MIla
KO3 @UIIMEHT TPeHUs Ha CTaauu NpupaboTKU Co-
craigeT 0,060—0,065, a Ha cTagUyU YCTAHOBUBLIETOCS
M3HALIUMBaHUS CHMXaeTcs no 3HadeHuit 0,048—0,050
(pucynok 9). MUznoc KII npu 3TUX YCIOBUSIX UCTIBITA-
HUS HE 3apErUCTPUPOBAH.

Takum 00pa3oM, MOJYyYEHHBIE PE3YyJIbTaThbl CBU-
JETENbCTBYIOT, 4YTO CO3JAaHHBIE Ha ITOBEPXHOCTHU
CTaJIbHBIX 00pPAa3LIOB KepaMUYECKUE MUKPOIYTOBbIE
TOKPBITHS SIBJISTIOTCST BBICOKOTIPOYHBIMU, 00eCIIeyu -
BalOT CPaBHUTEJbHO HU3KUE 3HAYEHUS KOdGhUIM-
€HTa TPEHUS U BBICOKYIO U3HOCOCTOMKOCTh B YCJIIOBU -
SIX TPAHUYHOT'O TPEHUS B Mape CO CTaJblo.

3akmouenne. MccrenoBaHbl CTPyKTypHO-(Da30-
BOE COCTOSIHME Y CBOMCTBA MOKPBITUIA, CPOPMUPO-
BaHHBIX HAa CTaJIU XOJOJHBIM Ta30AUHAMUYECKUM
HalbUIEHWEM MOPOIIKOB AJTIOMUHUS U TOCIEAYIO-
UM MUKPOIYTOBBIM OKCHUAMPOBAHWEM HAHECEHHO-
ro noncinosi. IToka3aHo, YTO MOJyYEHHbIE METOAOM
XTOH mokpbiTHsl 00J1aJal0T BEICOKUM YPOBHEM aji-
Te3uu, BSI3KOCTU U TBEPAOCTH, YTO OOECTIeUMBAETCS
OIHOPOJHOCTBIO Y HU3KOW MOPUCTOCTHIO CTPYKTYPhI
AJIOMUHMEBOW OCHOBBI M PABHOMEPHOCTBIO pacIipe-
JIeJIeHWSI B HEW YacTUI] KOPYH/a, YCBOEHHBIX U3 Ha-
MBLUISIEMOrO MTOPOIIIKA.

TTonyyeHHBIE Pe3yabTaThl TOKA3JIM, YTO CO3AaH-
HOE Ha MOBEPXHOCTU CTaJbHBIX 00Pa3IIOB C UCMOJIb-
3oBaHueM XIJIH-noncnost KepaMu4eckoe MOKPhITUE
TOJWMHON 10 180 MKM XapaKTepu3yeTcsl OIHOPOJ-
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Pucynok 9 — M3menenue ko3¢ dunuenra TpeHnsi KepaMuIecKoro
NOKPLITHS OT NMYTH TPEHUS

HOW CTPYKTYpOIi OCHOBHOTO cJiosl. IIpeuMyliecTBeH-
HOE Collep>KaHME B 3TOM CJI0€ BHICOKOIIPOYHO (ha3bl
a-AlLO; obecnieunBaeT AOCTATOYHO BBICOKWHA (OO
19 I'Tla) ypoBeHb MmukporBepaoctu KII, Huzkuit
(0,048—0,050) xoadduUUMEHT TpeHUs Ha CTaauu
YCTaHOBUBIIIETOCS M3HAIIIMBAHUS IIPY OrpaHUICHHOMN
rmogaye cMa3ku, OTCYTCTBUE M3HOCA KePaMUUYECKOTO
TIOKPBITHUS IIPY 3TUX YCIIOBUSIX UCTILITAHUS.

HocTaTouHO BEICOKWI YpOBEHB CBOMCTB ITOJY-
YEeHHBIX KepAMUUICCKUX MOKPHITUI CBUIOCTEITBCTBYET
00 3(p(peKTUBHOCTU UCIIOJIb30BAHUS Ta30AHAMUYE-
CKHX TTOKPBITHI B KAYeCTBE MOCIOEB IIPH CO3TaHNN
KepaMWYECKUX TOKPBITUI Ha ITOBEPXHOCTH CTaJlb-
HBIX U3IETUNA.
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HARDENING OF STEEL COMPONENTS BY MICROARC OXIDATION
USING AN ALUMINUM SUBLAYER OBTAINED BY COLD
GAS-DYNAMIC SPRAYING

The efficiency of creating oxide-ceramic coatings on the surface of steel products is demonstrated by the combination
of preliminary cold gas-dynamic spraying of an aluminum sublayer and its subsequent microarc oxidation. The
resulting gas-dynamic coatings are a composite material consisting of an aluminum matrix and inclusions of
corundum particles (~15 %), assimilated from the powder sprayed. Homogeneous with a low (1—6 %) porosity base
structure and evenly distributed corundum particles provide a high level of adhesion (up to 122 MPa), hardness
(up to 1140 MPa) and viscosity (up to 46 %) of coating. The ceramic coatings formed on an aluminum sublayer with
a thickness of up to 180 um are characterized by a homogeneous structure of the base layer. The phase composition
of the surface layers of coatings is represented by y-AlO,, high-strength o.-Al,0, oxides and mullite, the content of
which is 45 %, 40 %, 15 %, respectively. With the deepening into the coating, a significant (up to 80 %) increase
in the content of a-Al0; is noted with a simultaneous decrease in the volume fraction of y-Al,O, and the absence
of mullite. A consequence of this is a sufficiently high (up to 19 GPa) level of maximum hardness values in these
coating layers, a reduction in the coefficient of friction to a value of 0.048 at the stage of steady wear with limited
oil supply, and no wear of the ceramic coating under these test conditions.

Keywords: cold gas-dynamic spraying, microarc oxidation, ceramic coating, adhesion, microhardness, corundum
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