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Monuukamys mOBEpXHOCTH MEAUIIMHCKIX UMIUIAHTAHTOB MUKPOOKCHUAUPOBAHHEM
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Surface Modification of Titanum Carbide Reinforced Titanium Matrix Medical
Implants via Micro-arc Oxidation.

AHHOTAIIUA

Cpenu CymiecTBYIOIIUX CIIOCOOOB MPOW3BOACTBA IMOPOIIKOBAsS METAILTYpPrUs
ABJISIETCA MPEANOYTUTEIBHBIM METOAOM MO CIEAYIOUMM IapaMeTpaMm: MOJIyYeHUe
BBICOKOKAQYECTBEHHOM MPOIYKIIMHM, HU3KOM CEOMCTOMMOCTH TOBapa U JOCTYIMHOCTH
HCXOJHBIX MaTe€pUalioB. DTOT CIOCOO MPOU3BOACTBA COCTOUT M3 JBYX OCHOBHBIX
ATAIOB: NPECCOBAaHUS U CIIEKaHUs. B mpolecce criekaHus, YaCTHUIIbl COEIUHSIOTCS
JIpYT C APYroM IIPU HarpeBe, o0pasys KECTKUE CKEJICTHI.

TuTaH u ero crjiaBbl UMEIOT MPEBOCXOIHBIE MEXAHUYECKUE CBOMCTBA, TaKUE
KaK: BBICOKAsl CTOMKOCTh IPU 3HAYUTENIbHBIX TEMIIEpaTypax, HU3Kas IIOTHOCTD,
XOopo1ias KOppO3UOHHASI CTOMKOCTh U OMOCOBMECTUMOCTb, MOXET 3aHSATh IMIUPOKYIO
obnacTe nmpumeHenusa. Hanbonee BaxHOM XapaKTEpUCTUKON, YTO JIETTAET TUTAH U €ro
CIJIaBbl COBMECTHUMBIM ISl OMOMEIMIIMHCKUX MPUMEHEHUM, SBISCTCS CJIOU
mvokcuaa tutaHa (TiO;), chopMupoBaHHBIH Ha MOBEPXHOCTH Marepuana. Jis
dbopMHUpOBaHUS CJIOM TUOKCHJA TUTAaHA HA TOBEPXHOCTH THTAHA M €ro CIUlaBax
CYIIECTBYET HECKOJBKO TMOMYJISPHBIX TEXHOJIOTHUH:  30Jb-T€lb  MOKPBITHS;
XUMHUYECKOE OCXKICHUE U3 TTapOBOH (Da3bl; paclbUICHUE U TJIA3MEHHOE PACTIbIIICHHUE.

B mnocnengnue 40 ner mnpouecc MHKPOAYTOBOTO OKHUCJICHHS CTAHOBUTCS
HauOoJyiee MOMYJISIPHON TEXHOJOTHeH MoAu(UKAIMA TIOBEPXHOCTH THUTAHOBBIX
crutaBoB. CpaBHEHHE Pa3MUYHBIX CIOCOOOB HAHECEHUsS MOKPBITHA, B TOM YHCIIE U
mporiecca  MUKPOJIYTOBOIO  OKHUCJIEHHUS, TOCIASAHUM  sBISETCS  Haubosee
MPEAMOYTUTENBHBIM M3-3a CICAYIONINX MPEUMYIIECTB: BBIIIE TOJIIWHA CIIOsI, Oojee
BBICOKAsi MPOYHOCTh CIEIUVIEHUS C MaTpUIled, MOpUCTOCas CTPYKTypa, HU3Kas

CTOMMOCTHB U 3KOJIOTUYHOCTD TCXHOJIOI'UH.



B oroif npumiomHONl  paboTe, TUTAHOBBIE MAaTpUYHBIE  KOMITO3UTHI
apMHUpOBaHHbIE  KapOMJOM  THUTaHAa  MPOU3BOAWINCH  METOAOM  TOPSYErO
M30CTAaTUYECKOTO mpeccoBaHus. [locne ropsyero M30CTaTUYECKOTO NPECCOBAHUSA,
KoMno3uThl criekanuck mpu 1300 °C B teuenue 150 MUHYT U, Janee MPOU3BOIUIICS
IPOLIECC MUKPOAYIrOBOro okucieHus. [Io cpaBHEHHMIO C TOpPSYMM H30CTaTUYECKOUM
IIPECCOBAHUEM, B IPOLIECCE CIIEKAaHUS YMEHBINAETCS IJIOTHOCTh B TO BpeMs Kak
TBEPAOCTh M HM3HOCOCTOMKOCTH KOMIIO3WTOB YyBennuuBaercsa. [locme mpornecca
MUKpoayroBoro okcuaupoBanuss (MJO) ObliM mMOMyd4eHBl HAa IOBEPXHOCTH
KOMIIO3UTOB TOPUCTHIE CJIOM OKCUJA B (popme aHaTa3za M pyTWja TONIIMHOM 5 MM,
4TO AeNaeT ux 0osee OMOJOTNYEeCKH AKTUBHBIMUA KOMIIO3UTaMH.

[Io pe3ynbTaTaM  TIPOBENEHUS  EKCIIEPUMEHTOB  HA  JHMKPOJYTOBOE
OKCUIUPOBAHHE, B 3aBUCHUMOCTH OT TBEPAOCTH, HM3HOCOCTOMKOCTH U OHO-

COBMCCTHUMOCTH, OIITUMAJIbHBIC cBoricTBa 30% IIPOABIIAIOT MAaTPUYIHBIC KOMIIO3HUTHI C

30 % TiC.

SUMMARY

Powder metallurgy is the prefered production method among the various handling
technologies because of the production of high quality, low cost and near net shaped
components. This production method consists of two main steps: pressing and
sintering. During sintering, particles were binded to each other by applying heat
treatment via sintering process.

Titanium and its alloys, which have superior mechanical properties involving good
resistance at high temperatures, low density, good corrosion resistance and
biocompatibility, can take a large application area. The most important property
which makes titanium and its alloys suitable for biomedical applications, is the
titanium dioxide layer formed on the surface of the material. There are a lot of
process to form titanium dioxide layer on the surfaces of titanium and its alloys. Sol-
gel coating, chemical vapour deposition, ion spattering and plasma spreying are the
most popular processes. In last 40 years, micro arc oxidation process can take place
as an attractive surface modification technique for titanium alloys. According to the
other coating methods, this process is prefered because of its advantages including
higher layer thickness, higher adhesion strength, porosity structure, low cost and
friendship to the environment.

In this study, titanium carbide reinforced titanium matrix for medical implants were
produced via hot isostatic press technique. After isostatic hot pressing, composites



were sintered at 1300°C for 150 minutes and were subjected to micro arc oxidation
process after sintering. Compared to hot isostatic press, sintering process reduced
density of the composites while increasing hardness and wear resistance. Porous
oxide layers were generated in the form of anatase and rutile, with 5 um thickness on
the surfaces of composites after the MAO process which makes the composites more
bioactive. Depending on the hardness, wear resistance and bio-compatibility,
optimum properties were obtained from the micro arc oxidized 30 % titanium carbide
reinforced titanium matrix composite.

4 BBIBO/IbI

1 TIlpoBenmeH aHaIW3 COBPEMEHHOTO COCTOSIHAS WIOTOBJIEHUS MEIUIMHCKHUX
UMIUIAaHTAHTOB.  [lOKa3aHO, 4YTO  NECHEKTUBHHBIM  SABJSAETCS  3TOTOBJICHUE
VMMIUTAHTAaHTOB METOJAMH MOPOIIKOBOM METAJULYPIHMH U MOCIEAYIONIEE YIPOYHECHHE
MX MIOBEPXHOCTH OKCUANPOBAHUEM.

2 N3yueno  BiMsiHME ~ JIOMOJIHUTEIBHOM  TepMUYECKOM  00paboTKH
ropsiYENPECCOBaHHBIX 00pa3loB Ha HX CTPYKTYpy M cBoictBa. Ilokazano, yto
IPUMEHEHUE JOTOTHUTEIHHOM TEPMHUUECKONU 00pabOTKM MPUBOJUT K YBEIMUYCHUIO
MOPUCTOCTH MW YMEHBIICHUIO IUIOTHOCTU. YBenuyeHue koiudectBa TiC B
MUKPOCTPYKTYPE CIIOCOOCTBYET YBEJIMUYEHUIO MIIOTHOCTU U3IETUH.

3 N3yyeno BiausiHME MeTOAa TOJNYy4YeHHs OOpaslloB Ha UX HEKOTOpHIE
MEXaHMUYECKHE XapaKTepucTuku. [lokazano, 4To y 000X, Kak TOpsSYEPECCOBAHHBIX,
TaK W TOCJIE JOMNOJIHUTEIbHOTO CIEKAHUS KOMIIO3UTOB, 3HAYEHUSI TBEPIOCTH
BOo3pacTaroT ¢ yBenuueHueMm kommuectBa TiC. CriedeHHBIE KOMIIO3UITMOHHBIC
NOJIYYMJIM TOpaszo OoJbllle, YeM 3HA4Y€HHE TBEPJOCTH TOpSYEro MpecCOBaHUs
KOMITO3UTOB. J[OTIOJTHUTENIbHO CIEYCHHBIE KOMIIO3UTHI, MMEIOT 00Jiee BBICOKYIO
TBEPAOCTH, YEM KOMITO3UTHI ITOCIIE TOPSYETO MIPECCOBAHUA.

4 N3ydyeHn mnpouecc  MUKPOAYTOBOrO MHUKPOOKCHUIUPOBAHUS HWMILUIAHTAHTOB.
[TokazaHo, 4TO Ha MOBEPXHOCTH MOPUCTOTO KOMIMO3UTA (DOPMUPYET OKCHIHBIN CIIOM
TOJIIMHOMW OKOJIO 5 MM, COJEp KallMil aHata3 U pyTuia. OKCUAHBIN CION SIBJISETCS
OMOAKTUBHBIM U YBEJIIMUYMBAECT KOPPO3UOHHYIO CTOUKOCTh MaTepraja K UCTUPAHUIO, B
1esoM. B uccnenoBanusix OMOJIOTHYECKON aKTUBHOCTH B UMHUTATOPE KUIKOCTH Tea

JUIsl 00pa3IloB MOCe MUKPOAYTOBOI'O OKCHIUPOBAHUS, 0COOCHHO i cruiaBoB 30%



TiC 3aMeTHBI 3HAUUTEILHBIE OCAXKICHHUA TMAPOKCHAIiaTruTa.

4 CONCLUSIONS

1 The analysis of the current state of manufacturing medical implants. It is
shown that promising is manufacture implants by powder metallurgy and
subsequent hardening of the surface oxidation.

2 The effect of extra heat treatment of hot samples on their structure and
properties. It is shown that the use of an additional heat treatment leads to an
increase of porosity and reduction of density. Increasing the amount of TiC in the
microstructure increases the density of the products.

3 The effect of the method of obtaining samples on some of their
mechanical characteristics. It is shown that oboh as hot-and after additional
sintering composites hardness increases with increasing amounts of TiC. Sintered
composite gained much more than the hardness of hot pressing composites.
Additionally, sintered composites have a higher hardness than the composites after
hot pressing.

4 The process of micro micro arc oxidation implants that it was shown that
the surface of the porous composite oxide layer forms about 5 mm thick
containing anatase and rutile. The oxide layer is bioactive and increases the
corrosion resistance of the material to wear in generaly. In studies of biological
activity in the simulated body fluid samples after micro-arc oxidation, especially
for alloys 30% TiC noticeable considerable deposition of hydroxyapatite.



