WV a
una@gnsms

a A’ s i a a as Py nv s
mumuuﬁ’mqﬂi:m&ﬁaﬁnmamwamaamsﬂsuﬂ;am'ﬁummaqTam’lnmLﬁwwau LNIA
Ti-6AI4V danalnmatfian1s&nusa é‘utﬁaammnmnﬁmﬂﬁsmdwﬁaﬂﬁuﬁa‘?umﬂﬂmtﬁﬂmm:

d' a v 2 a Qo { s J
%Luuﬁm:gnwlﬂumsﬁma@;Elalu'lumamaaﬂwmﬁﬂu Maseileddaasanzrasm s iiiatu

a

P a a e Qas e - 1 €
maami’éﬂmaﬂmm@gﬁﬂu lunitﬁﬂgphsJ"LmumsmmLwaﬁaaﬂwmﬁﬂu'lmwm RN

magiuwnisnasasutivaaniiu 2 fuda

1. %mlaumsﬂ%’uﬂ;aﬂﬁaq{ammLﬁumau Tm;msﬁaﬁ'a@'fwm#mﬂ aaliu) 81 ey
wanna 5afiu msﬁaﬁ%’hﬂ"a”a@y,ﬂmi{ﬂ:‘lﬁmmmL‘%ﬂuﬁdtﬁuﬁu WINTABIRIUEIIINS
AerzitnlasldndasgansiakbiiaaTauiundainie (Scanning Electron Microscope: SEM)
et iU ueesfa uaziimaiadianuidsufndaeieasiaanudsufuuududs
waaeninsBafudautisiueuussmlyvnmsedaviadelnmuiisylulesd (TN e
SEmsedsuuuvlemunin dfedawlafiedavfindmiuanumsd uenanilsaldinmmnas
wiavfadrsmuafauinnuiiuagfiiisanuwndsuarilululesd (TiAveN,) finaduuaz
Wamlagna I inInTsngasIns wﬁﬁmﬁﬂmﬂ‘[ﬂaﬁws:aamnéﬁﬁuq% WIANTINMT
nReuRMATMIiidadeulasld8nsiadauuuy DC unbalance magnetron sputtering lag
ldfwansnaw (Ar) Malulasian (N,) I@ﬂmuqué'@mmsvlmmaaﬁwﬁg\aaaalﬁmﬁ wananil
ﬁ'amuquﬁaé’uﬁlﬁmﬁm’lumimﬁau‘é‘u 5 Iaeft lumsdnunilednwdnnavasdasns
Inarafionu (CH,) Tasdinsmageumaindaufisasinsing 0.3, 0.5 sz 0.7 Standard Cubic
Centimeter per Minute (SCCM) %é’ommﬂﬁauﬁa%mmm%w.ﬁ"z %aﬁw%mm"lﬂﬁmﬁ:ﬁmw
FOUHT FUgINUIAD mmmnuazmsﬂuﬁ‘]au‘uaamgmﬂ ANURINLEIRT aNnuudTzauana
WAzNAFAUANUINNWLIAMIBIMWAI85E MTT cytotoxicity assay

2. dunsunasaunsannsa laglddrassnalnnsdnnsafifaduunitvasiunulans
Innmifisuney Tﬂmﬂ’%'aaﬁaﬁaanuunua:maauhﬂmﬂ%ﬁmnimq@mmms winsfiadt
mmim‘hamms:ﬁLﬁﬂ%m:m'mﬁ';gjﬁuﬁai:ﬁdn"ﬁvmm‘[am'lﬂmLﬁamm:'ﬁumuﬁmuﬁ
ns:gnﬁﬁwmni’a@wamai‘ (Polymethyl Methacrylate: PMMA) mMsnagauns&nnsanagauss
meldgnizuis I@ﬂ'«ﬁ’]amaﬂ’]'):ﬂ’ﬁhﬁﬂﬂ’ﬁﬁﬂﬂiaLLUUE%LLN (Severe wear mechanism) W&
nagaunslagnizien IG]Uﬂ@]ﬁﬂﬂ%ﬂﬁ%l%ﬁ’liﬂ:ﬁ’]U‘ﬁLa&IuLL‘LI‘lJ’ﬂaGma’Jlui"ldﬂ’lEl&llﬁ‘i&t?
(simulated body solution) lagfluasmariifianuiduduuas Nacl 0.45 % laasiwin wauasns
nagauwui lang Inmiflsuiian1sdinnsa (wear) warmsLEamefian (surface damages) N3
"‘Jmﬁ:ﬁmamiﬁﬂmalm%aqmmw 3Lﬂiﬁ:ﬂ‘1@ﬂlﬁﬂ§aaqaﬂﬁﬂﬁ (optical microscope: OM) L&z

N&BIaNnIIAUBLIAAATBRULULABINTIA (Scanning  Electron Microscope:  SEM) &miums

mMIAn¥IMIRNNI DN mﬂ'lé'am'a:'l,nﬁl,ﬁmﬁ'ué'wmﬂmgwf mwé“amnmsﬂ?uﬂ;aqmmwﬁa iii



aTennsannse lmdilSunmazlfiaTesiannuanuasin sulfuuuiairas lassuisn

a v

. - P o & 2 dAa & e
DIUNATNIDHUFINWIBYNIND LLa')ﬂ’]u’Jmaaﬂu’uﬂulﬁu’]ﬂiﬂqiﬁﬂ“SQﬂLn@]’l]uvl,@l

lunsitaseiitvasdunswlnniilsufidiunisnds wudn iiesesuanidudiurusan
8911970 Notch Effect 1845%% uazfafiriiumsBonss wosesuanldfuaznstwiion
maam&mﬂﬁ‘l’&’ﬁaﬁ's Fafudnwardosvasfusuiidefiaun LLa:ﬂ:ﬁﬂﬁmqnwslfeﬂuguaa
lwvmefimandoufiadas TIAVC,N, amnwsasfinduudin ilasensuidludelaslulad
¢unsiinig Ssuianssunsedeufindasitnil munsoth Ul FfiunAnglumsdsudgs
qmmwmaaﬁa‘[am"lmmLﬁmuﬁl‘ﬁ'lumw?m%'a"‘smnsm i Teqialwle

msansnsanniew meldsnnlndifusiuhimouysd mewdsnnnsdiudsigmmnia iv



Executive Summary

The objective of this research is to study the influence of modified surfaces for titanium
metal alloy grade TiAl6V4 on wear mechanism caused by the sliding between the titanium
alloy and embedded bone cement. This study represents a model of wear mechanism that

occurs in patients who have the endoprosthesis hip implants surgery.

For the experimental study, the work of this research was classified into 2 parts:

1. Surface modification: Alumina (Al,O3), Silica (SiO,) and Steel (Fe) were blasted on TiAI6V4-
surfaces in order to obtain differently roughened implant surfaces. The blasted surfaces were
investigated by Scanning Electron Microscopy (SEM) and tactile Surface Profilometre. After
blasting processes, a part of specimens was brought to coated with TiN-layer by the physical
vapor deposition coating method (PVD) under the commercial condition. To investigate the
innovative coating method which is developed by the Department of Production Engineering
King Mongkut’'s University of Technology Thonburi, another group of specimen was coated with
Titanium Aluminium Vanadium Carbonitride (TIAIVC,N,) by the DC unbalance magnetron
sputtering. During this innovative coating process, Argon (Ar) and Nitrogen (N,) gas flow rates,
including other coating parameters, were constantly maintained, whereas the gas flow rate of
Methane (CH,) was varied in 3 levels, since 0.3, 0.5 and 0.7 sccm., respectively. Aﬁer finishing
the surface modification steps, all coating specimens were investigated theirs properties, such
as surface roughness, surface morphology, surface crack and particle contamination, film

thickness, microhardness, and biocompatibility of coating surface with MTT cytotoxicity assay.

2. Part Simulation of wear mechanism: Ti-6Al-4V-specimens were performed using a
specially developed wear testing device. The fretting wear test device is designed and
developed at the production engineering department that can simulate the load of interfacial .
contact between the implants surface and the bone cement made from polymer material
(Polymethyl Methacrylate (PMMA)). The test was conducted at wet and dry condition the dry
condition reflected the most severe wear that can happen to patients (worst case scenario).
The wet condition was run in the simulated body solution (with 0.45% wt of NaCl). The result of
wear and surface damages were qualitatively analysed by Optical Microscopy (OM), Scanning
Electron Microscope (SEM). To quantify the wear volume, the calculation of wear scar was

conducted by using 3D Measuring Laser Microscope.
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The surface failures, such as the notch effects of surface milling, subsurface cracks and particle
contamination in the blasting surfaces show the detrimental effects of the surface specimens.
The results of the fretting wear experiments show the improvement of surface performance
after coating with TIAIVC,N, .This innovative coating method will be served as the basic

knowledge for the further improvement of commercial hip implant.
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