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ABSTRACT

Electrochemical behavior of multilayer coatings based on aluminum and titanium nitride regarding
substrates of 12X18H10T stainless steel, which is used in implantology is studied. Coatings were applied using
vacuum-arc method (cathode-ionic bombardment). The pressure of nitrogen during the process of formation of
nitride was 20 - 10* Torr, the temperature of substrate -200°C. Aluminum nitride, which with the stoichiometric
ratio was characterized by chemical resistance (AIN) in bioinert environments, served as the outer layer. The
uniformity of coating was provided by cleaning the aluminum plasma flow of aluminum microparticles by using
curvilinear magnetic separator. Titanium was used as an intermediate ductile layer to reduce stress in the coating
and improve its protective properties and adhesive strength. Corrosion-electrochemical behavior of the coatings
was evaluated by the values of corrosion potentials (E,), which were installed after 30 minutes of exposure in
the corrosive environment and by the characteristics of the anode and cathode polarization curves (APC, CPC).
It is shown that the corrosion-electrochemical activity of the steel-coating system in 0.9% NaCl solution
(physiological saline solution) depends on the composition and thickness of the individual layers and total
coverage. In particular, on the basis of measurements of capabilities in the considered range of thickness
— 2 ... 6 um they have though transverse pores and defects, that’s why fixed E., potentials are compromise
values which are affected by the materials of substrate and intermediate layers. Scatter of values over a wide
range (from -0.02 to 0,28 V respective to silver chloride electrode) and random nature of dependence from the
structure of the coating does not allow to make definite conclusions about the protective effect of the latter. More
clearly it manifests itself in terms of anodic polarization of samples with surfaces. APC analysis allows to
ascertain, that all variants of multilayer coatings demonstrate protective effect relatively to implantation material
— steel 12X18HI10T. A typical current height and tilt of APC indicates the activation of the anodic process,
which is associated with the reaction formation of pitting on the surface of steel. Investigated coverage not
exclude the course of this reaction, but they are slowing it to a different extent, the offset of potential formation
of pitting in a positive way. The most effective of the considered options to protect the steel are multilayer
coatings (Ti + AIN) x3, with a total thickness of 6 um, which increase the potential formation of pitting more
than on 600 mV. The presence of the multilayer coatings with dielectric top layer does not cause the flow of
cathode reactions connected with the reduction of oxygen, but it significantly increases the polarization
compared to reactions on the surface of the source material. Unlike the anode processes, activity of cathodes
processes depends a little on the variants of qualitative and quantitative combination of coating layers.

KEY WORDS: ceramic coating, implantation or materials, titanium nitride, aluminum nitride,
corrosion-electrochemical properties.

BCTYII

Cepen iMIUIaHTANIHHUX MaTepialliB, SIKI BAKOPUCTOBYIOTh CHOTOJIHI B OpTOIEIii Ta CTOMATO-
JIOT11, YacTKa METaJIiB MPEBAIIOE 3aBJSIKK X BHCOKHM ()i3UKO-MEXaHIYHUM BIACTHBOCTSM, IO TapaH-
TYIOTh JJOBIOTPUBAITY EKCILTyaTallif0 eHJ0NpPOTEe3iB B opraHizMi JroauHi. OCHOBHUI HEJOMIK IMITIaH-
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TaliiHUX METaJiB — KOpO3ifiHa Ta EIEeKTPOXIMIYHA aKTUBHICTh y OIOJOTIYHOMY CEpEIOBHIII, SKa
HEraTHBHO BIUIMBAE HAa 010CYMICHICTh 1 MOXKE MIPU3BECTH JI0 «METaJI03iB» — allepTidHUX 3arajcHb.

[MomimmuTy moka3HUKH 6I0CYMICHOCTI METaJIEBUX IMIUTAHTATIB, TOOTO 3MEHIIUTH X KOPO3iii-
HO-ENIEKTPOXIMIUHY aKTHBHICTh, MOJKHA IIISIXOM HaHECEHHS Ha TIOBEPXHIO (PYHKI[IOHAILHO-3aXUCHUX
MOKPUTTIB. Peanizallist Takoro pinieHHs cTaixa MOXJIKBA B 3B’A3KY 3 PO3BUTKOM BaKyyMHO-TJIA3MOBHX
TEXHOJIOT'1H, SKi JO3BOJSIOTH (POPMYBaTH (YHKIIOHAIBHI MIAPH Pi3HOMAHITHOTO CKIIAAy 1 BIACTUBOC-
Tel, 30KpeMa JieJIeKTPUYHI Ta METAJONOAIOHI KepaMiKu 13 HITpUIIB, KapOidiB Ta OKCHJIB METAJIB.
Came 111 CHOJyKHM XapaKTepU3ylOThCs BUCOKMMHM MMOKa3HWKaMU O10TOJICPAHTHOCTI 1 3aCIIyrOBYIOTh Ha
yBary sik MepneKTHBHi Oiomarepianu [1].

OcHOBHa TepeBara BaKyyMHO-IJIA3MOBUX ITOKPUTTIB — BUCOKA ajre3ifiHa MIllHICTh 3’ €IHAHHS
3 METAJIEBOIO MiNKIaKoro, sika B 10..100 pa3iB mepeBuIllye aHANOTIYHI MOKa3HUKH IS TalTbBAHIYHUX
Ta Ta30TEPMIYHHX IIApiB, IO 1 € MEPEIyMOBOIO iX YCIIIIHOTO 3aCTOCYBaHHs Ha iMIUIaHTatax. Ha
Kallb, 4yepe3 PI3HUI0 y (I3UKO-MEXaHIYHUX XapaKTepUCTHUKAX, 30KpeMa KOe]illieHTIB TepMidyHOro
posummpenns (KTP), migknaaku MOKpUTTS, i BHYTPIMIHIX HANPYT, SIKI BAHUKAIOTh Y TAKUX TOKPHUTTSIX,
HEMOXKJTMBO c(OPMYBATH KepaMiuHi mapu Oyib-IKO0i BEJIMKOi TOBIIUHH, IOCTATHHOI JUIS TIOBHOTO 3a-
XHCTY MIJIKIaJIK! BiJI arpECHBHOTO CEPEIOBHUIIIA.

Bnamum pimenHsM 1iel mpobieMu, mo oJlepKaio MUPOKE BIPOBAPKEHHS B TEXHIYHUX Taiy-
31X, € 3aCTOCYBaHHS 0araToIapOBHX CHUCTEM IOKPUTTIB, Y SKHX IOETHYEThCS TUIACTHYHI (MeTaJieBi)
Ta TBep/i (KepaMivHi) mapH pi3HOro (HyHKIIOHATBHOTO MPU3HAYECHHS.

Mera po6oTH mojsrajga B JOCTIIKEHHI KOPO31MHO-3aXMCHUX BJIACTUBOCTEH OaraTomapoBUX
KEepaMiYHHUX MOKPHUTTIB 3 PI3HOI CTPYKTYpPOIO CTOCOBHO METaJICBOTO IMILIAHTAIIMHOTO Martepiaiy, B
SKOCTi sikoro Oyna BuOpana Hepkasitodya cranb 12X18HI10T. [opiBHsIHO 3 TpyIHOIO THTaHy Ta HOro
CIUIaBIB 1lel KOHCTPYKIIHHUI Oi0iHXEeHEpHUI MaTepiall € OUTbII KOPO3iifHO BPa3IUBUM y CEpeIOBUILI
OpraHi3My i moTpedye JT0IaTKOBOTO 3aXHUCTY.

METOAUKA EKCHHEPUMEHTY

B sikocTi MartepiaiiB A mapiB MTOKPHUTTS BUOpaHi TUTAH, HITPUJ TUTaHY, 110 MalOTh Oarato-
piuHy MPaKTHKy BUKOPUCTAHHS B MEAWIUHI [2], Ta HITPUA alrOMiHiO, (i3HMKO-XIMIUHI BIaCTUBOCTI
SIKOT'0 JIAFOTh IMIJICTABH BBAKATH HOr0 MEPCIEKTUBHUM OioMaTepiaiom [3].

[TokpuTTsT HAHOCHIM BaKyyMHO-IYrOBUM METOJIOM B YMOBaX iOHHOro OomOapyBaHHS IO-
BepxHi (KIB). Bapiantu cTpyKTyp MOKPHUTTIB — KUIBKICHHM Ta SIKICHMH CKJaJ], TOBIIMHUA OKPEMHX
mapiB (AuB. Ta0J.) BU3HAYAIM HA OCHOBI PO3paxyHKy MiHIMaJbHO MOXIIMBUX HANpYXKEHb, SKi BUHH-
KaloTh y MOKPUTTI Ta MiAKIAALI BiAIOBIAHO [4]. 30BHINIHIM IIApoM B yCiX JOCTIKYBAaHUX BapiaHTax
CITy)KUB HITPHJ| aTFOMIHIIO, SIKHA TIPU CTEX1OMETPUYHOMY CITiBBIHOIICHHIO E€IEMEHTIB XapaKTepu3y-
€ThCS JIICNIEKTPUYHUMHU BJIACTUBOCTSAMHM 1 XIMIUHOIO CTIMKICTIO Y OIlOJOTrIYHHX CepeloBHINAx. THCK
asory 1pu dopmysanni AIN cknanas 20-10™ Topp, Temmnepatypa migknaaku — 200°C. OnHOpinHicTh
MOKPHUTTS 3a0e3MeuyBaiy OYHIICHHSM MOTOKY TUTa3MH allFOMIHIIO0 BiJI MIKpOYACTHHOK aJIOMIHIIO 32
JIOIIOMOT'O0 KPUBOJIIHIHOT'O cenaparopa.

[Minknanku i3 Hep>kaBito4oi cTani — ruIacTHHKH po3MipoM 40x14x0,3MM — niepe; HaHECEHHIM
MOKPHUTTIB nofipysanu 10 R,=0,06MKkM. B sikocTi KOpO3MBHOTO cepeioBUIa BHKOPUCTOBYBaIH (i3io-
noriyauid po3unH -0,9% -uit pounn NaCl. TemriepaTypa q0ociiKeHb — KIMHATHA.

Kopo3iliHo-e1eKTpoXiMIYHY TTOBEIIHKY CHCTEM: IiK/IaIKa — OaraToIIapoBe MOKPUTTS OLIIHIO-
BaJIM 332 3HAYCHHSAMH MOTEHIliaNiB KOpo3ii, Ey, sIKI BCTAHOBJIIOBAIMCH yNPOAOBXK 30-TH XBUIMHHOT
BUTPUMKH B KOPO3WBHOMY CEPEOBHII, 1 XapaKTEPUCTHKAMU aHOIHUX 1 KATOAHUX TOJSPU3ALIHHIX
kpuBux (AIIK, KIIK). 3HadeHHs NOTEHIAIIB HaBeIeHI BITHOCHO XJIOPCPIOHOrO €IEKTPOLY.

PE3YJIbTATHU JOCJIKEHb

Po3kua 3HaueHb MOTeHIiaNiB KOpo3il B mmpokoMy miamazoni — Big -0,02 mo -0,28 B
(muB. Tab1.) Ta BUMAIKOBHH XapakTep iX 3aJIeKHOCTI BiJl CTPYKTYPH IMOKPUTTS HE JIO3BOJISIFOTH POOUTH
OJTHO3HAYHI BHCHOBKH IIOJ0 3aXMCHOI Ail ocTaHHIX. MoOXHa TUIbKA MPUIIYCTUTH, IO JOCITIKYBaHI
KOpO3iifHO-3aX¥CHI IOKPHUTTS y PO3TIIIHYTOMY Jiara3oHi TOBIIMH — 2...6 MKM MarOTh HACKPIi3HI TOPH
Ta nedekT, ToMy 3adikcoBaHi MOTeHIIATH E, € KOMIPOMICHUMM BETMYMHAMHU, HA 3HAYCHHS SKHX
BILTMBAIOTh MaTepialv MK KU Ta TIPOMDKHHX [IapiB.
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Taonuus. CTpyKTypa Ta XapaKTepUCTUKA MOKPUTTIB
Table. Structure and characteristics of coatings

s C Typa IOKPHUTTS
= TPYEP P [orenmian Oo6nactb .
B Kpatui KOpO3ii [ACHBHOCTI Marepian
g . . paTHicTh KT IK]
; Marepian mapis Tosmna, ym IIOBTOPY Exop, V AE,, V
Ti 0.9
1 AIN 11 1 -0.19 0.67 12X18HI10T
Ti 0.9
2 AIN 11 3 -0.095 0.94 12X18H10T
Ti 0.18
3 AIN 11 3 -0.17 0.41 12X18HI10T
Ti 0.9
4 0.2 1 -0.04 0.55 12X18HI10T
AIN 11
Ti 0.45
5 AIN 055 4 -0.02 0.37 12X18HI10T
Ti 0.45
6 0.12 4 -0.28 0.68 12X18H10T
AIN
0.55
Ti 0.9
7 AIN 11 1 -0.21 1.21 CKJIO
Ti
8 AIN - - -0.01 0.29 12X18HI10T

Binbm BHupa3HO 3axucHa (QYHKINS TMOKPHUTTIB MPOSBISETHCS B YMOBaX aHOMHOI MOJSpU3AIii
3paskiB. AHaniz AIIK (puc. a) 103BoMsE KOHCTATyBaTH, IO BCi PO3IIISTHYTI BapiaHTH 0araTomapoBHX
MOKPHUTTIB BUSBIISIOTH 3aXUCHUN eeKT BiTHOCHO iMIUIaHTalidHOrO Martepiany — crami 12X18HI10T
(xpuBa 8). Xapakrepuuii 3pict ctpymy 1 Haxui miei AIIK cBiquuTh mpo Te, 110 aKTUBI3allis aHOAHOTO
MPOIIECY IMOB’sI3aHa 3 PEaKIi€l0 MITHHTOYTBOPSHHS Ha MOBEPXHI cTaji. JloCHiKyBaHI MOKPUTTS HE
BUKITIOYAIOTh Tepedir AaHol peakilii, ane pi3HOI MIpO YIOBUIBHIOIOTH ii, 3CYBarOud IOTEHINa
MITHHTOYTBOPEHHS y MO3UTHUBHUE Oik. [TinTBepKeHHsM, 110 MITHHTOYTBOPEHHS BiOyBa€eThCcS came
Ha MiIKIaami 31 cTaji, € Kkpusa 7 (puc. @), AKa XapaKTepU3ye aHOTHHUI MPOIeC y MOKPUTTIX, HaHeCe-
HUX Ha MICNCKTPUYHY MiAKIaaKy 3i ckia. IlIBumiie 3a Bce, aHOAHA aKTHBAIS y IIBOMY BHITAIIKy
MOB’s13aHa 3 PEaKIi€l0 OKUCHEHHS Ha IPOMDKHOMY IIapi i3 TUTaHy.
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Puc. AHonHi (@) Ta xaroHi (b) monspuszaniiiHi KpUBi Ha 3pa3Kax 3 HOKPUTTAMH,
HaHECEHUMH 3a BapiaHTamu (/ — 7) (nuB. Tabi.); 8 — ctanp 12X18HI10T 6e3 mokpurTs.

Fig. The anode (a) and cathode (b) polarization curves on samples with coatings,
inflicted according to variants / — 7 (see table); 8§ — steel 12X18H10T without coating.

[NopiBHsIHHES 3aXHCHOTO e(EeKTy BiJ Pi3HUX CTPYKTYp OaratomapoBHX MOKPHUTTIB JIO3BOIISE
3pOOUTH TPUMYIIECHHS, IO BiH Yy 3HAYHIH Mipi 3aJISKUTH BiJl TOBIIMHYU IPOMIXKHOTO TUTAHOBOTO IIApy

1 30inbmIyeTses 3 ii poctoM. Tak, Hanpukiaz, BapianT 1(hy = 0,9 MKM) 3axuIlae MiAKIAIKY Kpalle,
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HDXK BapianT 3 i S(BignoBimHo hr;=0,18 # 0,45 MKkM), XO4a 3arajbHa TOBIIMHA IOKPUTTS 32 PaXyHOK
MOBTOPY B 2-X OCTAHHIX BHIAJKaX MEPEBUIYE TepIe B 2 pa3u. B ymMoBax aHaIoOriyHOro sSIKiCHOTO Ta
KUTBKICHOTO CKIIJly OKpeMHUX IIapiB (BapiaHT 1, 2) 3aXMCHI BIaCTHBOCTI 0araTomapoBHX IOKPUTTIB
MIJBUIIYIOTBCS 3 POCTOM 3arajibHOI TOBIIMHHM. 30KpeMa, HaHe(eKTHBHIIIEC cepel PO3TISHYTHX
BapianTiB cranp 12X18H10T 3axumarore MOKpUTTS, chopMoBaHi 3a BapiaHTOM 2, 31 CTPYKTYPOIO
(Ti+AIN)x 3 Ta 3araqbHOIO TOBIIMHOIO 6 MKM, SIKi 30UIBIIYIOTh 3HAUCHHS IOTCHIIAJIIB MITHHTOYTBO-
peHHs Oinb, Hik Ha 600 MB.

B ymoBax peanbHOI ekcrutyaTalii BUpoOiB-IMIIJIAHTATIB HE BHKITIOYAETHCS MOKIIMBICTh, KOJIH
BOHH 3a YMOB KOHTAKTYy 3 OUIbIII HETaTUBHUM METaJIOM MOTPAIUISIOTH Iifl 0 KATOAHOTO MOTEHITIAITY.
Sk mokazanu Haii OCTIDKeHHS (IHUB. pHC. b), HASABHICTh 0AaraTomapoBUX MOKPUTTIB 3 JieNEKTPUY-
HUM BepxHIM mapoM i3 AIN He BUKIIOUae mepedir KaToJHUX PEeaklliid, ane CYTTEBO YIIOBUIBHIOE iX,
3CYBa€ IIOTCHINAJ MOYATKY PEaKI(iii BIIHOBICHHS IMOBEPXHEBUX OKCHIIB Ta KHCHIO JI0 HEpEAIbHHUX B
OpraHi3Mi 3HA4YeHb BiJI’€MHOI0 MOTEHIaay. AKTHBHICTh KaTOAHHMX IPOLECIB, HA BIAMIHY BiJ aHO-
HUX, MEHIIIE 3aJIeKHUTh BiJ] BapiaHTIB AKICHOTO Ta KUTbKICHOTO MOEIHAHHS MIApiB MOKPUTTS, OCKUIBKH
peakiii BiIHOBJIIEHHS MOXYTh OyTH pealli3oBaHi Ha mepmomy a0 moBepxHi merany (Ti) abo meraino-
nmonionomy TiN migmapky. BogHodac MoxHa CTBEpKYBATH, IO JIIIII MOKa3HUKH €IEKTPOXIMIUHOT
THEPTHOCTI 3a KaTOJHOT MmoJsipu3alii (K 1 3a aHOIHOI) 3a0e3MeuyIoTh TOKPUTTS, HAHECEH] 3a BapiaH-
ToM 2 (nuB. Tabm.). 3a i€ XapaKTEPUCTUKOIO BOHU HAOIMKAIOTHCS JIO MIOKPUTTIB, chopMOBaHUX HA
JeleKTpUYHiil OcHOBI ( IUMB. KpuBi 2 1 7, puc. b).

BUCHOBKH

3a pesynbTaTaMu JOCIIIKEHb BCTAHOBIICHO, IO BCi PO3IIISIHYTI BapiaHTH BaKyyMHO-TIJIa3MO-
BUX 0araTomapoBHX IMOKPUTTIB HA OCHOBI MPOIIAPKIB i3 MIacTHYHOro TUTaHy Ta kepamik AIN i TiN
MPOSABJISIOTH 3aXUCcHUH edekT BimHocHO craii 12X18H 10T, sikuii BU3HA4aIOTh 30UTBIIICHHSIM 3HAYCHHS
MOTEHIIIaTIB MITHHTOyTBOpeHHs. [lokazaHo, 110 NpeBajIOI0YMil BIJIMB HE 3aXUCHI BJIACTHBOCTI TO-
KPHUTTIB Ma€ TOBIIMHA Mpommapky i3 Ti, 3 pocToM K0T BOHHM NOMIMIIYIOThCs. BeraHoBieHo, mo Gara-
TOLIAPOB1 MOKPUTTS 3 JiENEKTPUIHUM BepXHIM mapoM i3 AIN eeKTHBHO 3HIKYIOTh €IeKTPOXIMIYHY
AKTHBHICTh METAJIEBOTO IMIUTAHTATA 332 KATOMHOI MOJSApPHU3allil, MO 3HWXKYE PU3UK BUHUKHEHHS Ta
(GYHKIIIOBAaHHS rajibBAHONAP B OPTaHi3Mi JIFOJMHU.
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