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The purpose of this study was to fabricate and characterize the nanoporous titanium
oxide coating layer on titanium using anodisation technique. Speccifically, we had two aim:
(a) to observe the effect of anodisation conditions on surface morphology, and (b) to
compare the corrosion and wear resistance of untreated and anodized titanium.

The influence of an applied voltages and a concentration of electrolyte on anodic
oxide layer properties such as morphology, wettability and microstructural were observed.
First, sample was anodized under different voltages ranging 10-40 volt in 0.1M
H,S0,/0.075wt% HF. Anodised samples were characterized by Scanning Electron
Microscope (SEM) and X-ray Diffraction technique (XRD). It was observed that an applied
voltage at 20 volts, an interconnected pore network can be fabricated. Second, sample was
prepared in 0.1M H,SO, with the concentration of HF range from 0.075-0.5 wt% at the
applied potential of 20 volts. Based on experimental results, the microstructure of anodic
oxide layer depends strongly on the formation potential and the HF concentration.
Nanopores can be formed under a range of experimental conditions. Moreover, it was found
that titanium oxide nanotube arrays are formed in 0.1M H,S0O,/0.4wt% HF. XRD patterns of
anodised samples showed the tubes crystallized in a coexistent of titanium and titanium
oxide phases. The anodised surfaces are more hydrophobic than the untreated surface.

The corrosion behavior of untreated titanium and anodized titanium also studied for
comparison. Untreated and anodised exhibited spontaneous and immediate passivity as a
result of oxide film formation. The potentiodynamic curves had an extreamly low current
density and outstanding corrosion resistance. Moreover, Tafel extrapolation studies showed
the corrosion resistance of the anodised titanium higher compared to untreated titanium.
Higher corrosion resistance in anodised titanium was attributed to the quicker passivation
and stronger oxide film on the surface. The wear study had been made of the sliding wear
behavior of untreated against anodised titanium using ball on flat apparatus. It found that

the anodised titanium exhibited greater wear properties compared to untreated titanium.
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3) daumzivisgdaanzvan uszlunszgnld@ (Osseointegration)
1 v v o &
4) NUMBIZRININTLTINN INTedaasunsinmeluuasissannaauandsdama
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wazANND luaIn
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Tnimiiounaz laveuad lnmuiau uamJmnmumanaqﬂamammwnsJ
(Biomedical implants) A3U14 4 tazn3asit Aneinagaa (Young’s modulus) é1 anaudaunss
g3 mmﬂu@iamséﬁga IRINLLY NUAANIINANTAWINNVRIRAITINWII9ne vinlwd
mqm{l"ﬁmumamu "l&iLﬂuﬁb}@iai"]dmﬂLLazﬁqmauu"alﬁ’myuvlﬁﬁﬂyuiwmwgwﬁ ﬁagﬂ
dadenlanensunng  (Askeland.; D.R.; & Phole. 2003.) % AW UWAsY Tagzlnn
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JenlasasiadvsuyIniszniabaidanszgniuiuia Ininiioy nsbeduszwieinnilow
nunzgniasdiFiadulnngmsaingndunuadiadylul w.a. 2497 (a.a. 1952) lag
AMFATNIULUTUNITA  (Branemark) WAINMIINENALAUS (Lund University) Uszineaaiian

A o 6 K A A a v A
Twanznlindasanysent Ansnafouudassasmslnadoulafialuduwfoadas
(Microcirculation) numawilduasnizgnuiugy (Tibia) va9nszdnuruntatasdanaian g
{ o ] ' \ Y 4 o o
v lnmiisunsenszuean nuildaunsaunziengesssinadarindrslans lnmnifisueen

o A =} % 6 ~ [ . . . & a 4 &
nnnazgn e ihasandnsaiafisumgninifisean’od (Titanium oxide) UUAUAY GeTu
A ead A & a a A i & e bt o

Tninfloneenloaniafeuiudalanzfizsn1izidies (Inert environment) Tuaan branaztladn
MIFNHRLANATITzR NI lopautaslansALRIWINR oY LialimIauEEALaNA %‘%aagﬂu
snzieseuiidusasnaIFinw niaagluinameuasfii®ia  (zhu.; et al. 2004. p 605-
616)

2. N3TUIBNITHD LI lALBT® (Anodisation process)

nsualulawami (Anodisation) unszuaumamaiedwm (Electrochemical ) 1fia
Agueanloduuiniilansuazaansosvuninis sy Tasmsdszneuimadsiinlas-
'ladt (Electrolytic cell) uazrnunszudiWWndrldvlwiAaufasoued dsnmdszne 2 99
sznavay

1. unasiudianszuglWwhanmsnen (Power supply)

2. 471w (Electrode) ﬁam%IamﬁajuagﬂuﬁLﬁﬂlwivlaﬁﬁﬁawm‘mﬁﬂﬂﬂﬂﬁ
m%ﬂvxlvﬁmﬂwnwé’nﬂmzﬂﬁﬁ%mLﬁu 2 dsman asft  lmdtsandudaualua ( Anode) A
\iaUfjf3u10anGiaT  (Oxidation  reaction) uazunssiidudaualne ( Cathode) 7i
\iaUA3u13anTu (Reduction reaction)
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Ti >Ti* +2e” (1
fushalnindeusenlodnudianlaslad:
2H20—)202_+4H+ (2)
(laausanGranii fisonulnm dinuAaswoanlod)
2H,0 >0, +4H" +4e” (3)
(NATNTaANTLIN)
fisaudaniges;
Ti®* +20% —TiO, +2¢ (4)

Funln: SO +4H" +2e” <> SO, (aq) + 2H,0 (5)
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‘ﬁlmz Lifshin. Eric. (1993). Concise Encyclopedia of Materials Characterization. p
423.
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Q 4 a ~ é 1 e L Qs a 1 a
0 nuﬁ'ummawaaLLmﬁmL%mwuawwa (Contact angle) \JuanN® M UDILIIRINITZAINGAR
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Spreading Wetting Dewetting
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Awilsenau 4 a”nwm:maommﬁvxmag’uuﬁuﬁwawaaLLﬁaﬁﬁwmwmmﬂmaﬁu

nun: http://www.adhesives.org/TrainingEducation/StudentResources/Wetting.aspx:

online
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WIIBINNLABTNI 3 Aiene Az ldaunITVe9Ld (Young's Equation)

Vs =Vsv — Ly COSO (6)
daugdaunis (6) Tnal
cos@ = Ysv " Vst 7)
Vv
o Voo 918 WTIAIRITTNINVRIUTINLBIRAT T BNNITFNAA

Vev B ussdsArrznivasdanulein m annzauga
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ANMIUTRLAMUUNBRITEIVINTIN 2 wuy adNuAWULSYY (Hydrophilic Surface) 4
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¥ A oy _ 4 & A . ¥
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() AwAuulaifen (v) AwAwuuian
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3.3 msuﬂs'}zﬁ’[ﬂsamwNanwaamqmﬂmsaauﬂs'}wmstammuwaasaﬁ
73 o 5 a
wont (X-ray Diffractrometer: XRD) (ﬁimﬂ(ﬂ 2AUNIATT URZAT. 2543.)
d'l a 6 ,;' v A & 6 d'l A A 6 o A o
LAIDIAATITHNNTLRL AU WY DITIFLONT LD ULAIBINAATITHNNTIALILIAVDY
az@auiuiuLaqaﬁﬂmaa‘?ﬁwawﬁn (Crystal structure) Va4an3U3zNaLET § MINATIZR
ﬁmﬁ'mﬁ'ﬂmnﬁmLuuLLa:mimzL%Waa%’a&'Lﬁn%ﬁmﬂm:ﬂwﬁwﬁﬂmaamm""aaamﬁaw
] [ [ ni [ [ = a [ )
69 9% LLazﬂaﬂugLﬂnaﬂuIﬂsaa‘mmaﬂ (Crystallography) tJunsianziuuylidvinasans
ot 1 . . a o’ni v o = a o %
@18819 (Non-destructive analysis) NamnmiwzwvlngﬂmvlﬂLﬂmumﬂmugmmayﬁ

ANAIF W WD ITYIPMnaIdlsznaurass ety

A& (4

Awilsenay 7 Lﬂ%ﬁ]xﬁmi’]zﬁﬂﬂﬂﬁﬂ’uﬂ%mﬂd%ﬂﬁLﬂﬂsﬁ

‘ﬁm: http://www.directindustry.com/prod/ge-inspection-technologies/x-ray-

diffractometers-xrd-9257-429497 .html: Online.
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n32134 (Scattering) lauMITUNLBLANATOWIKELABNVBIHNAN LasTIFONTNNTZIINUEIAIL]
1 dl dl 1 dl a a =) v = v Qs dl
AANNEMARRT iWaswLUa UGy wastiamaEsuase LasnNaINUYaIna% M3
NIZLIINIOMILALNLUVAITIFONTUULH L1 TUN1INILTILLLOIWHS  (Coherent scattering)
WRZLIENNNTNIZLIINULRIN MINTLLTILLLLLINT (Bragg scattering) WaNTIAINSLREILLIL

I3 6 v (3

VRITITANBIILNVBIUUINT (Bragg's law) aInIwilsznay 8
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Mwisznay 8 NMILALALBTBITIRLENG

A v aw edaA A 2 a a a o

WaRmandNlinnuenindu A annnUNANianINIziisnnTaszuLaInL
NN TRANNIZNUURAAANIIN T TIF IR ILIZ W LRI T UL WU TIENIFaIdaNU
ULANGNITBINIGY  (Path difference) ¥l BC + CD uazinisddndvisaasaluina
a o A o \ A 4
l@EINUAzdA BC + CD LI%dwInlyinadinnuamaaunannizny

BC + CD = n\ @)

A A ° & Aa | @
138 n A9 LS IWIBLANNTA WAL 1,2, 3 oo 5
Waga1n BC + CD = 2dsinf (10)
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ni A d' a &’ ] o A %3 =

laun 0 @a YUNNAYUITHIWTIFANNILNUNUITUIVVAINEN

d Al TLHUTHIITERINITEUILVINAD
19T

2dsin® = ni (11)

2 A = & .
TIRUNNTN (11) Ad FUNTLUINA (Bragg’s equation)

0w A o ’~ & =& o a A A ' =

mmagaw"l,@mﬂmmmmmmwaamﬂmw TIUITNAUNILNAG TaunNauaazNe
T UANHULIANIZVDINTDZABUGN 9 ANANNRFUNWTVBIRNAITULIA TRINITORIAN

' ' = A . ' = v o = a '

LYW ILHIWNILUIUUINAN (d K38 d-spacing) Pasudaznauain luiSauinauen

419937% JCPDS (Joint Committee on Powder Diffraction) ﬁﬁag
3.4 NInaN3an (Corrosion)
nInanIaw (Corrosion) liwnstdavgninaaslanzanmaiadjisonainie
@l W (Electrochemical  reaction) wadlansnudsuiasen laslanziddowldidn
sadsznauvaslans 15w eanloduadlanznianifundiaiiy asanmsdioinyszy nwh
{ =) Q A‘ U A aAaa i1 { v aAaa
wisuaniasudianasaunuiswasey sadudfisead wwhndsznavdaslfizen
8anGLATH (Oxidation reaction) uazUN3e13aNTH (Reduction reaction)
Aaaa a Bt aaa va & a J nll 094’ dll
Unsueandieruvaslansiindfisonmslidisnasensziiadunaiualue (Je
A A& ° o A a X ad v
lanzgaiFodianaten iliezaaulanzidowdulosaulanzdszavinifedundiuelua a3
JUMT

Mn+

M — +ne (12)

Unsusantuveslansidul jisomssudianasenaziiadunvaualng lasnaluuils
aanuiln 4 wuy a9h

A 6y a &’ 3 AaA a
1. ifhalalesauiadu (Melugazwiasennigniidunsa)

2H* +2e” —H, (13)
2. il JiTenTantuvasaandian (meluanzwesenndgnidunsa)
O,+4H" +4e” -»2H,0 (14)

3. iNaUfNsenIanTuvasaanGian (mUluanﬁazLn@ﬁauﬁﬁqﬁiﬁuﬂmm%a@m)
0, +2H,0+4e” —40H"
4. el fisenIanduaadlosanvaslans
M* +e” >M?* (15)
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3.4.1 nuasnag (Faraday’s Law) (A3ansal #33933896. 2545: 29-30)

e Iwniefidul jisennimsliusssudianason ainuaasnsiwases
A A'l v A [ A nﬂl AKX A 1 aaa d' a d' ] >3
aianasauivalinsatundauanifoniinadal fseninentesdevaslansnusnsazae

Y rf( s aaa = bt 0?: v a & s U

wazanunnltaaniuaasaanlisoed liwhunle mslnavesdidnasawiaaindl
nazua W (1) lumshsvasuanudls (Amperes: A) lag 1 A whibdSunmlnnh 1 gaauyd

a = o

18 a ' o ! | {
(Coulomb: C) W%a 6.2 x 10 atﬁﬂﬂiau@laqu’]ﬂ ﬂ@'ﬁqﬁqufﬂadﬂizLLﬁ@aN’Jama\‘]Iaﬂzﬁﬂq

v

Unseadveh (m) munguesvhsiad asi

Ita
nF (18)
lag F fa faenvsad (Faraday's Constant) {61 96,500 aaxif

A o A A A a %
n fe uwnauyaniadiinaseunuanidfowi
a fs wIinazaanvadlane
t fe avssmaiadjisened liwnduiund
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tlilansndvundamindne A el fiseda t sasimsnansow (r) duly

AAUNYUBINITIAE AD
= L 1 m
a0ININANTEN r=— (17)
tA
Ita
= (18)
tAnF
” ia
w30 r = i (19)
nk

A LA , A |
LN 1 918 AMMUABILUBWUDINISLR NﬂﬁLﬂu K

' o [ ] A A =
PNFUNILRAII 8@TININANIAW (1) %iauaaia%:wgmuLaﬂ"Lﬂ (Mass loss) 91N
MIAANITAANTAUAARUIIAUNADRUILIAT AAUTHUA VAN UAW L UUVDINTELR

A a o A a
I@]UNﬂ’lﬂGWﬂé‘ldﬂ’]iLLﬂiNu 8 _F
n

3.4.2 dnd (fzasimas
o o o o o 4 o 4
fnd lradaas WWadl Aa dne IWWNTaIATILTRR LA 9 LABLNUATILTAE
') v { o @ ') v 2 ' ') v
lalastananasgiu andlinninialaasidudndluwhvasaiomss 13and dndlnwinnesgu
& I3 0 4 & o 4 & v & %
209030088 (E°) NzanasgIuneIaTamas fnuanadsasnysznaudiedd Wndu
[ dld v v 1 a a = ¥ A ey
aglumsazanendanudntu 1 luadediainas m gunnd 25 asewaiBos ddfmdu

. = o Y o
fuUIznNaUYDINTY Léﬁﬂﬁﬂ’]ﬁ%@]lﬁﬁﬂﬁ’m@]% 1 U338Ne



13h99NALANATaNITLARaUNINTINA AN IWWA67 11 ﬂ'w”aﬁﬁﬁ'nﬁ"l,wmgoﬂiw

2 e A = KR Ao % A e va =
ouumoLmaamuaLaﬂmamwﬂﬂﬂdll,wwqgom’msoLmaa‘n‘l%maﬂmau

Vil tssiertoer

= Hylgl {1 aim)

- Standland Bydrogen
checkiode {aade)

Cut*iag + 2o~ —= Cials) High—= 2 H*(agh+ 2 &~

mMwdsznay 9 unumwiastad wdnsuiadrdnd INwvestInesuwad (Copper)
NN IUNRBATLIIINUT LalanauIAIFI%

ﬁim: http://school.obec.go.th/mrvilai/cellpotential.htm: Online.

—E?

EO 5 EO anode (20)

cell cathode
4 o s " o T2
Tagn E° 1iud1asnianizdnsuasItoaashami
0 e & v A ] 2] 3 @
E® adlraauaInduInuazay adauIninnuaadinlasanluassimasidnen
A & VYA ' o A eV 1A
panG ladna uanrdaduaunInLaasduaraand lasn Laa
E2, > 0 Ujiseniale
E2, < 0 ufjfseialdle (Aalunaassdw)
E2, = 0 ujisonialaldwinan
o & 2 A ' 0 I o
AIHLATAIRANLUINHIAALVDIAN Eyasinaauananaidunlylduasniy

alisennviwelild

3.4.3 sauusaadaulihanasgmaslan:

AN 1 mMavasaulanzlasisassanuddnguasdianlnseunasgiv
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nnun ey SundududreuaiusiadenlWwn  (Electrochemical series) LunIuaas

@ P a \ o @ 1w ¥ a = = e o o
uwalsinlunsnasiialesauvaslanzdns g srauaidng WWBIanINIAATITARIANT I

o gt 1 { ki aaa = {o o o
¥a337% (E°) wia saudussadanli (Emf) snasgiuaesdjisenadaaaansngas

©

=]
W


http://school.obec.go.th/mrvilai/cellpotential.htm

{ ° % 4 1 ' o ¥ A A o o
@397 1 Srauussiafanliv ddanglwniBianInsenIsirassanTHANAIFI
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Element / Other

Reaction

Electrode Potential (Volts)

Gold

Gold

Chlorine
Oxygen, Hydrogen (acid)
Platinum
Palladium
Silver

Oxygen, Hydrogen (acid)
Copper
Oxygen, Water
Copper
Stannum
Graphite
Hydrogen (acid)
Iron

Chromium

Zinc

Water
Manganese
Titanium
Titanium
Aluminum
Magnesium
Magnesium
Sodium
Calcium
Potassium
Lithium

Calcium

Au”+e <> Au
Au* +3e” <> Au(s)
Cl,(g)+2e < 2Cl-

O, +4H" +4e” <> 2H,0O(pH =0)

Pt* +2e” < Pt

Pd* +2e < Pd
AgT+e o Ag
O,+2H" +2e <> H,0,
Cu"+e < Cu

O, +2H,0+4e <> 40H"
Cu* +2e «<Cu

Sn* +2e” <> Sn*
C(s)+4H" +4e” <>CH,
2H* +2e” <> H,

Fe* +3e < Fe

Cr* +3e & Cr

Zn*" +2e < 7Zn
2H,0+2¢ <> H,+20H"
Mn** +2e~ <> Mn

Ti* +3e o Ti

Ti*" +2e” & Ti

Al*" 13 < Al

Mg +2e” <> Mg

Mg" +e <> Mg

Na" +e <> Na

Ca® +2e <> Ca
K"+e <K

Li*" +3e” < Li

Ca"+e «—Ca

+1.83
+1.52
+1.358
+1.229
+1.188
+0.915
+0.799
+0.695
+0.521
+0.401
+0.341
+0.15
+0.13
0
-0.037
-0.744
-0.761
-0.827
-1.185
-1.37
-1.63
-1.662
-2.372
-2.7
-2.71
-2.868
-2.931
-3.04
-3.8

ﬁlm: http://en.wikipedia.org/wiki/Standard_electrode_potential_(data_page):

Online.


http://www.efunda.com/materials/corrosion/electrochem_list.cfm?e1=&e2=&e3=&sort=alf
http://www.efunda.com/materials/corrosion/electrochem_list.cfm?e1=&e2=&e3=&sort=pot
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3.4.4 msansImsnansanlagISnsinmuinlalawiaind lwanlsiozw
(Potentiody-namic polarisation) (Trethewey. Kenneth R. 1998: 81-90)
= > 1 U ad al a £ a
mM3dnsInInansaudedsmsininudle lawdingwa lsiasw  unafians
Jianznganssuninansewvadsiunulanzaiatnsludsiasaninue lasanizlans
A Aa an o , k1 [ i i A & Aa N
nIalansnauntantfan1iznansan -xnzladnit (Active-passive) #3aNaNLNNTRNLG
Undas (Passive film) laglioad naluuuangy (Mwyszney 10) Ussnaudis Junu
o . < % q o i A & & ¥ Ag o
Tanaranaiduta Iwnnlg59u (Working electrode: WE) @aidun I luszuuiadl lwwils
dnwnsnaniau aglussazapdidnl - asladndanizvesnnuitntu gunndl Usunm
panGlanlugniazans anumwue 2281989010337 (Reference electrode: RE) 1giiNaa3ns
a v a o \ o A A A aaa a & b o
anuafaslinumyIadianuasandluizuy thasanilafed jisenod I lsouues
171 IWvhgldiu azfadenudwdndanasendaniaes Mldmriadanudsdnduiiami
fanuaaaafew aanudslen wansdaiannudrsanguasn n Lt lasad lnwad
dasldfinszuaniiaanda inwhldaulnadiu antudaliasursasdisdn gl dnu
= A & ¥ Ao o &
(Counter Electrode: CE %38 Auxiliary electrode) Gtua Wnwnvinlinszualuwlnaasy
Qq: i1 ¥ v { =) J 1 U k1 %) 1
2997 lagia IWvhitazgneanuuulvnszusiiiedulurasinaduld  lasdaudndluwnly
Q‘ é/ 4 4 1 o 1 a o { { '| o i
NNLINANTWTEE 9 BT M INansak wazfaamunszus v aewldnardand lnna
@9 9 lnlanmwanusuwussenisdnd inwiuazanunwiuiunszug (i) wIanawln
AN b3LTU (Polarisation curve) GILFAINOANTTNAINANTOUVBILATE NININANTEU AT
a X & \ & &
\adinpaslan nIavaguasian uaznuanvayNay

Potentiostat

Mwisznay 10 a9adsznauuadtnas MWILLUURIN)

ﬁlmz Song Park; et al. (2007). Surface characteristics of titanium anodised

in the four differrent types of electrolyte. p 863-870.
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3.4.5 Ina 515 (Polarisation) (fifyaw a3znag. 2535: 31-38)
Waiiaanuaeang Inwuaznszua W lnandivasrs Inwhaziinany
sauwananzangalud Jisendu vaeniienesnmaiied fissnufswnnfiamani
T ludnianenis anudsandlwwnifeanndjiseneziiemadasudssly ms
wWasuudlasasanuddngd ez lddunuiianiimsluazasnszus W dsnanadu
maswmulnsennan W dSunmmsidsuudasasanuasdnganwn Waisuny
1 et 4:§ a ¢:§J 4 o ] a Gq: bt 1 C™
anudndndauga Safadwlanszualiw lnaduiivestilwv Sondlwalaadu
(Polarisation)
aAaa 1 IQ o =) v Qs 1 & = a {
UnsenlinedndalanzazdniinlidrsaasiSisnivaudsumdianasani
{ qz 4 v v A {a o a o A ' % o {a
wantsuni Wanstiuassudianaseunfialansduinluminanisaandg Wi lany
ni ,&’ Aa & a aaa nlln 1
szilfonllumadusuaundu innzdididnesauansasaial jisenaiassesdevas
A { {a o o @ 1 { X
lanzuazr1Iazane dianasawnidunnnivinlveang inhaaslansiddonldmaduauuindy
finadanisaadanisnansan mudssuandinrnfalansunuiidu ualndnlwan laodu
(Cathodic polarisation) lunsasenudnandianasaunialansd il sanayi lnans lwwa a2
1 l&’ 1 Qo Qs 1 1 =) % .
Tanzlanduuinuinds wazdnatssaasnisnanian Sundn waludnlwan bsissi  (Anodic
. . { o Y Aa ' @ a X '
polarisation) fmItUAsuutasng lwnfAsesdeveslanznuasasanaiiaduwannivinla
o 4 A . o ¥ e . . -
wnlitunlanzazifianssanadiniagnianiauunnduyitni daiunaifaualudnlnanls -
% (% v a o ' v o o Y Aa @ & '
W (uusinanliinanmsnansaw a1ladng inwindlans ladruinanndu nunsanui
ng 1 QI &/ =) a 52
aninanseuvasmIazansaziagIuwziiaualudnlnan g
A A s e & e W 24 -
Waiinszug v Inarudaniaes anuasanduasiinIzadaziians
Wasuuwdasfaiduanuersandnanalua (B, wazanudsdangnaualneg (E.) lasf
Unnaasmadsuudastioudu ussdinluni (v) fe swalwanlsistuazaugananueng
o & <& % ) v ¢ o X a \ o & o
dnduasda v (mwdsznay 11) anwdwdndvasiedait s audwdndvainiInia
N8 (Corrosion potential) LRZNIZURVBINIINANTW (Corrosion current) lunsdinlanziia
a N o o =1 a Qs 1 1 1 s 1
mIna-nian lasansulWned USinawesnnansendaniiona  (wi) asdusasin

a a 1 - 6 y A
AUNTEURVBININANIBY (i, ) MUNYVBINIIAEL (Faraday’s law) Ag

corr

%zKi 1)

N&1NAD USNN oM UaINIINANTaUARIILVAIIALAZADRUIIVDINUN BIDDATINNT

NANID mmmLLam"l@”LugiJmaamzLLa@ia‘v\mUﬁ'uﬁ BIDAMURUILUY DINTELR
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Eocp, ¢

Ecorr

Eocp, a

Ny

Awlsenay 11 LLﬁ@]Gﬂ’)’]&J@hGﬁ’ﬂET“llﬂdﬂ’]iﬂv@mﬁa%

ﬁm: http://www.feppd.org/ICBDent/campus/materials_for_prosthetic_dentistry/

Galvanic.htm: online.

msdnfiumanansousansoudsld 3 snwme aait
1. m*smugwﬁm%uaiu@ (Anodic control) tilelwan lsttuvasdaualuadannni
Tnanlsirsuvestanalna L%'ﬂﬂmiﬂ”@ﬂiammuf:’hLﬂ%LLUUﬂJUQNﬁLLaIu@ Wi NNINe -
m'awnaomﬁﬂﬁwagluﬁﬁmuﬁiumﬁ
2. ﬂ’]iﬂ’lﬂﬂﬂﬁ“ﬂ%uﬂiﬂ@ (Cathodic control) tilalwan lsttuvasdunlnaien
annn Tnanlsesupasaaualue L’%'smmsn”@ﬂiaul,l,uuf:dﬂLﬁmmumuQuﬁ'uﬂim L
miﬁ'@ﬂiamaomﬁﬂ‘ﬁwﬁagiuaﬁiazawﬁﬁqwﬁiﬁum@ wiensnansensesaziafiutlunse
fuzOn
3. MINUANUUUKEN (Mixed control) dolwan lsirtuuasdnnigasdeniringi
L’%‘ﬂﬂﬂ'ﬁﬂ”@ﬂiaw,l,uuf:’j’]Lﬁumuqmwwau
mwisznay 12 LLamnS’IWTWmvl,iwﬁﬁ'uﬁmqua"'@mmiﬁ'@ﬂiau lasnns
Lﬁ@ﬂg’jﬁ%ﬂ'}ﬁﬂ%uaiu@ Gualne LasHIFasa MW (n) LLammsmuqumw‘hl,ﬁumiﬁ'@
ﬂs'auLLuumimquﬁm%LLaTu@ mslnanlswsuinane luaaswudansinii ieieuny
mslwanlswsuisaualng aw (@) u,ammsmuqums@‘hLﬁumsﬁ@m’ammun’ﬁﬂ’mqwﬁ
daualna  mslwanlsatuisaualnaasuwulassinn Wadsurumsinatlsosun
dualua MW (A) LLammsmuqums@‘hLﬁumiﬂ”@ﬂiammumimuqwﬁ'ﬂ%LLaT,u@LLa:
uwalne mslwanlsosuidaualue waztaualng Snsddouutairingi


http://www.feppd.org/ICBDent/campus/materials_for_prosthetic_dentistry/%20Galvanic
http://www.feppd.org/ICBDent/campus/materials_for_prosthetic_dentistry/%20Galvanic
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£ £
Eo,c EOc
Ecorr |
I
]
|
: Eeon 1
Eo.n ! Eo,u b
P oo !
(n) ()
£
EO,C
ECN'I' 1
!
1
|
£y i

.0 i

(m)

NWLIENaY 12 UHUNMWUAAINIAILANEATIMINANTEK (N) MIAILANATILELLA

(1) MIALQUNTIMALNG () NIAIVANNTINIF
nu: http://electrochem.cwru.edu/encycl/art-c02-corrosion.htm: Online.

3.5.6 na 1 lnanlsuman (Polarisation curve) (R3anwal 13333896, 2545: 12)
d v 1 o 1 o et a a 1 g
Weldanudsdndunszuurlilanzdusinaninnuszifanisnaniaugediv
| {a o i E . L -y 4 | o A
lanzagluanniznidndlwwuduuan (Anodic polarisation) andudas ilannudadndiAu
&/ 1 a a 1 1 4') [ g 1 1 4 1
andu ud dasnsnansauiidiaadiag lanslusnmwisuiisonihagluanwidasdanisgn
Aansan nIagMwniaNandasnis (Passivation) NnLaulaslwan bstssunens lwidnan
AndndlWnuiafsutoiiu  (Passive potential (E,)) lawzaziianisnansaudindas
' @ a ' f Y ' i VA o a ¢ 4 o A
deutags Sundlanzaglusnmwnaniau  (Active) udilladhgamwiiafduioanun
andlnvhganhadndlnwfedsudesiiu sasnsnanieunduaaasauwniaiasann lag
3 6 ' ! A @ o . . '
AT 107 D9 10 i1 aaniialandadini  (Passive film) wIaWaNu1ndauya
U & 6 a o 6 o 1 dl a &/ dln (%
Undas Faduansiszneveanloduadlans idunianmsininansewiiiadunfilansus
Janulans laldifad jAssnesndiasunialdiiansnansounio liiianisazans lanzuas
lanzwanazdaudfannizdesnu Walidndnvhganhdndlnwuifefsudasiu wifiams
v i A e ¥ v o
Aansaw Whasnnmsuanvadsfautaint asnwdsznay 13
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Passive

(-) <@— POTENTIAL = (+)

CORROSION RATE OR CURRENT DENSITY
mwisznay 13 uaainginssuninadaudasnis (Passive) Nenen ﬁ"lwmgaﬂ’hm E,

%38 Passive potential

ﬁm: http://srizam-expro.blogspot.com/2011/03/how-to-explain-potentiodynamic.

html. Online.

gatnans W inan lsisuaaslnindtoslunfewns  (NaCl) lateaudandtnwqly
mMavIniIee 9 uazfaaunszua rnidfsnly ldlanWanusunnsszning
AN INWILRZANVALUWATELE BIanTWININWA Lo b Tna lwa bstaty asnwisznay
14 FILFAINIIGUAUNNINNINANTaILLIaantTdu 5 USoh adth

1.91m30 A lUfga B iuySiailanzegluanizaiius (Cathodic region) 1ia

D e e ¥ .
ANMUAIANELANDY LAAMNAILUUYDINTELFAARI
[ Aa 2( 1 ™ 6 AI J 1

2. 9139 B 1990 € uinmiianudadndiiadn uazanuniuiusInTzus
QI &/ v =) { a a ! . .
Waduee Luusmnlanziianisnanian (Active region)

3. 130 C ugananuniuiunIzuagiga 13oniaaIngannuniuies

iy . ' o e a , , v &d a & ¥ )
A3zuE (Critical current density) WRZANNFANGHRISINI ANNGANSNINaRsNLBInY
(Passivation potential)
o a A A \ o & a X \

4.7ma C lUfa D iduvSnmiilannuddndifisdu anunuuiunizug
ARINIAAIN Lhadanniduusnuniianaulasnuniwilvadlans vinlwlansnnalana lal
gﬂﬁ'@ﬂiau

3 a { a a 1 Gq// - a Y
5. 9130 D IuliuuSimiiianisnaniaudnaia (Transpassivity) lasuTiamit
; e s X . aa . o X

LHaANNEIANTANNTY YN 1AAMUAWILUUTDINTUFNNAY 1THDINNMTLANVAINSULAY

ﬁﬂvl,ﬂgimiﬂ”@ﬂiammumwnzﬁ LT LLuugwﬁu (Pitting) uuldsasdan (Crevice)


http://srizam-expro.blogspot.com/2011/03/how-to-explain-potentiodynamic.%20html
http://srizam-expro.blogspot.com/2011/03/how-to-explain-potentiodynamic.%20html
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2.0

1.5
w104
O
«
£ o5
=
I
S 004
°
o

-0.5 4

B
1.0 T
10" 10° 10°% 107 10%  1x10° 1x10* 10°  10°
I/area {Alcm?)
Mwlsznay 14 waaInTWlwan b

ﬁm: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-
66321998000400002: online.

3.5 NIRANKID (Wear test)
= A A A iy o AN = &
mssnwsaidumsidasuudasuSnmivesdwnuluans e LNl sz aae
1h899INMILLNNRATEIBRMALBAITIIIL IINMILFEARNUBEIAITUIMIZR TN LT
4 . 93 . y ~ - - -
Fadnariliame UM wesshwilnduwnwiandfouulss nsfinnraidunmgaasi
v o {a 4 {o o o Aa = 1
TaQIINMINUTInIE MR R uNFUHENLENAIME 1 MIdnrIaanmsing
52AI9R0 (Sliding wear) NM13TAYUBIARAARLAY (Abrasion) MITHVBIBUNATUIALANTE
[ R-N . & o A a =3 ] 1 04
289WanUAY (Erosion) TIRNBMATAIBNG NITAAMIANATDLARZUULITUANGIN 1)
=) 09: é/ T o« a 1 U a a a % %
Usmasmidnussiuduagiunansdads iu lassaseszauganaiia sliavesiag ansme
MILAROUNVDIIEG ANBUVBILINNAAIUUAIBENNATEL  (Nature loading) UATeLALl
wazgndl (Pearce. WATUYTN TUUNANLA. 2002)
o A . . A
mMIAnsNIRnnIeaczltintaslulasiaslulad (Micro-tribology) a1
=} s s 6 1 A a A a . . ! di .
MIANBIANNFUNBTIZRINNIRUATHIBNILTLANIM  (Friction) N3Waadk (Lubricant)
WazNIAN -n38  (Wear) va9iuinizgidnisinfonln 1 (http://www.focuslab.co.th/
th/funda_lub.php.) kazitsIdnsnesauide 2 wuy @I
1) Pin on Disc A3 minasauikdunisasiaseunsinniazasiag laswinyaf

o o

2 a = A a ! A > A . . o
Haaany ’JE]@]%ZL@]E‘]E]%‘Y]Lﬂuﬁdﬂﬂ&ll%ix%ﬁqdﬂqﬂaE]%‘llﬂ\‘i')ﬁ@;l‘u%l)ﬂiﬂ{'l Pin on Disc @i


http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-66321998000400002
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-66321998000400002
http://www.focuslab.co.th/%20th/funda_lub.php.)
http://www.focuslab.co.th/%20th/funda_lub.php.)
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A P Ao A & ' oA o A g

MNYIznay 15 MILARaUNLUUBIIN WIS LANDLATDILA LN LRSI Qa@lﬂiﬁuﬂqiﬂ@aﬂuu
= Qs 1 L= A o o a

ﬁ]zgﬂ%'ﬂﬂ&!@y@LﬁuﬂxﬁﬂauﬁﬂﬂﬂmzLﬂuﬁﬂdUuqa@l TG@WNWSQ%’]N’]Q’]%?MIHN']@S?]a@ﬂqsﬁﬂ-

1 et a A€ A A a &/ v
HIDURLANRNUILANTUTILRUANIUNLD @I‘ll%vl,@l (http://lwww.astm.org.Standard/G99.htm)

Z-CARRIAGE
X - Slider
<€

Dual
Friction/Load
Sensor

Suspension e

6" Adapter
Table

Lower Rotational
Motion Drive —

mwdsznay 15 sautlsznavvadtasadiulaslasluladuuy Pin on disc

‘ﬁim: http://www.cetr.com/ASTM_Standard/ASTM_G132-96.htm: online

% %

2) Ball on Flat 3 InagauhldnnIasIIgaunI@NIaveddag Ianumen1s

A A 9 a A A ! & A A4 o @
wndeun ldinluuwnduasizesgnuan uaziianslunmaadawiiszniediudinidewldnauly
navaduszez 9 luwwiduass aanwidsznay 16 Jagnldluninaseutiazgnanuaan lu

o v Aa o 1 a o a [ é o o a
m“n’ﬂmm@anumnﬂmawummana@;mas;m “Ii\‘iﬁ’]ﬂJ’]iﬂ%’l&nﬂ’]W}m}JﬁJ’]@lTﬂﬂx‘]ﬂ’ﬁi‘?ﬂ -

' e a &% = A a J v
mmmzmawﬁsmﬂmmLammumn@muvl,@


http://www.astm.org.standard/G99.htm
http://www.cetr.com/ASTM_Standard/ASTM_G132-96.htm
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r LCADING ARRANGEMENT S5
(Norma Forca)

BALL SPECIMEN | % ®
-l
FLAT SPECIMEN \
v\ < _ — ROLLER
HOLD-DOWN \  \

\

LUDAICANT BATH

OSCILLATING LRIVE
e e e P

e ey et —~—a

LUBRICANT LEVEL

FRICTION FCRCE
TRANSDUCER
I -

(25iro<es = 1 cycle)

mMwisenay 16 sautlsznavvadiaiadlasluladuuy Ball on Flat

nu: http://www_tribology.group.shef.ac.uk/facilities/Standard/ facilities_plint.html:
online
= A ana A Aa VA
sUuuuraIMINasauNIFNWIaRiITMIMasey 2 JUuuy A uuuNdinInEedn
(Lubricated) waz ldfinnsraads (Non lubricated or dry)
Ao A= = & A v  aa v A A A
lunsAAdneINsINRIeVITUIARaLI83F Ball on Flat uuulaiinnsnaadin T4
Usznaude Tuinundanumzuunany (Flat specimen) Wazanuaanay a3 SKF G20 (Ball
1 1 5 3 A A{
specimen) NYInangunngsnsunszuaunsiliiamandanuuignidsaan
Ajl/ a v ad o v a [l =3 &
anuTuuszaandiaudmeIsmavhlinasuudman inrhwualulunszuangyanme
_ ri— & Ao Lo 4
(Vacuum degassing) lasgnuaanauidudiafonn uazfunuidansmzuuusiagnun
lavazdafd lusnduduasluszozusziamnuiuenan usinszfgnaseuaunm
e lauiduwussluuuwIng (F,) 1N &amusslulwiaunuuas (F,) LA30Inagauazyinnns
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Fabrication of Titaninum Oxide Nanotube Arrayvs on Titanium Implants: The
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Absract—The primary aim of this study is to observe the
influence of an applied voltages and a concentration of electro-
Iyte on anodic oxide layer properties such as morphology, wet-
tability and microstructural. First, sample was anodised under
different voltages ranging from 10-40 wvolts in 0.1M
H,;5040.075wt% HF. Anodised samples were characterised by
Scanning Electron Microscope (SEM) and X-ray Diffraction
technique (XRD). It was observed that an applied voltage at 20
volts, an interconnected pore network can be fabricated. Sec-
ond, sample was prepared in 0.1M H,50, with the concentra-
tion of HE range from 0.075 -0.5 wit% at the applied potential
of 20 volts. Based on experimental results, the microstructure
of anodic oxide layers depends strongly on the formation po-
tential and the HF concentration. Nanopores can be formed
under a range of experimental conditions. Moreover, it was
found that titanium oxide nanotube arrays are formed in 0.1M
H;504/0.4wt% HF. XED patterns of anodised samples showed
the tubes crystallised in a coexistent of titanium and titanium
oxide phases. The anodised surfaces are more hydrophobic
than the untreated surface.

Keywords—Biomaterial, Titanium, Anodic oxidation, Tita-
nium oxide nanotubes.

I. INTRODUCTION

Titanium 15 the most popular implant matenials for the
dental and orthopaedic application on account of their ex-
cellent biocompatibility characteristics such as chemical
stability, mechanical resistance and absence of toxicity [1-
2]. Titantum surface modifications can considerably affect
the osteointegration process of prosthetic implants [3].
Moreover, the surface roughness 1s the key factor i success
or failure for osseointegration. Several researchers found
that the nanofeatures of titanium surface promote endothe-
lial cell function on Ti to mimic that of the native endothe-
lium [4-5]. In order to create rough surface and mmprove the
osseointegration capability of titamum implants, in the fol-
lowing vears, many surface modification treatments have
been studied to fabmicate titanium oxide nanotubes [6-7]. It
has been found that self-orgamised nanotube arrays can be
formed by anodisation (anodic oxidation) technique under
an optimised condition. Therefore. in this study. we explore
the use of a H,S0,/HF nuxed electrolyte to form nanotubes

arrays on fitanium substrate in order to achieve the right
condition. Moreover, to determine the effect of surface
treatment on the surface morphology. chemical composition
and contact angle values.

II. MATERIALS AND METHODS

A. Substrates preparation

Commercially pure titanium of 2 cm diameter and 2 mm
thickness were connected to copper wire with silver conduc-
tive epoxy and mounted in cold-setting resin. After resin
mountmg on reverse side titanium discs were abraded me-
chanically using silicon carbide (SiC) abrasive papersnum-
ber 120 to 2000 and rmsed with distilled water. The surface
of discs were sequentially polished to a mirror finished with
aqueous alumma (ALO;) 5. 1, 0.3 and 0.05 micron. After-
ward clean with acetone in ultrasonic bath. And remove
oxide layer i 2ml 48% HF + 3ml 70% HNO; + 100ml DI
water about 90 seconds.

B. Titanium oxide nanotubes

After substrates preparation. anodic oxidation process
was carried out potentiostatically m homemade two elec-
trode configuration. Electrochemical set up was employed
with working electrode made from disc-shaped of com-
mercially pure titanium and having graphite disc as an aux-
iliary electrode by using a direct current (dc) power supply
which kept a constant voltage of 20V m solution H,SO/HF
for 6 hours at room temperature. In this mvestigation sam-
ples are divided into two groups. The first group, samples
were prepared in different concentration of H,50, ranging
from 0.1-1M. The second group. samples were prepared in
different concentration of HF ranging from 0.075 — 0.5
wit%. After anodisation. samples were heated at 120°C for
30 minutes.

C. Surface characterisation

To determine the surface topography of substrates, SEM
image were taken using a JEOL 6300 scanmng electron

C.T. Lim and J.C H. Goh (Eds.): WCB 2010, IFMBE Proceedings 31. pp. 1208-1211, 2010.
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microscope. The crystalline structures of the formed nano-
tube layers were identified using an x-ray diffractometer
(D8 Advance™, Bruker AXS). the scan step was 0.02°, and
the scan range (28) was 10°-70°. Wettability was studied by
the contact-angle measuring system at ambient temperature.
Contact-angle measurements were made by the sessile
drop technique. Water was dropped on the surface sample
and the static equilibrium contact angle was measured
immediately.

III. RESULT AND DISCUSSION

A. Vary anedising voliage

FE-SEM images of the surface morphologies obtaimned
for (a) untreated sample and anodised titantum oxide film
n 1 M H;S040.075 %wt HF with different anodising volt-
age: (b) 10 volts (c) 20 volts (d) 30 volts (e) 40 volts. The
SEM image of the untreated sample showed smooth and
flat surface without wrinkle scratch (figure 1a). The tita-
nium discs were anodised at 10-40 volts. At 20 volts, a
network structure appeared on the anodised titanium sur-
face (figure 1c). It was found that increasing anodisation
voltage mitially increased the thick of the oxide film.
Therefore, the optimum voltage for anodising in muxture
H,S04/HF electrolyte was 20 volts.

Fig 1 FE-SEM top view images of titanium (z) untreated and titanium
oxide film anodised in 0.1 M H;504/0.073 %wt HF with different voltage:
(b) 10 volts {c) 20 volts (d) 30 volts (e) 40 volts

IFMEBE Proceedings Vol 31
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B. Vary concentration of H:504

FE-SEM image of the surface morphologies obtained in
electrolyte containing 0.075 %ewt HF with different concen-
tration of H,804 0.1 M, 0.25 M, 0.5 M and 1 M are shown
in Figure 2. The results demonstrated the pore network (Fig
2b) in 0.1 M H;SOy4 concentration. The concentration of
0.25 M H,50, tube-like features appeared (Figure 2c). Fur-
ther higher H,SO, concentration, the surface morphology
seems to form island oxide (Figure 2d and 2e).

Fig. 2 FE-SEM top view images of (a) untreated and titanium oxide film
anodised in 0.075%wt HE with different concentration HoS04 (b) 0.1 M
(©)023M (d) 0.5M (e) 1 M.

C. Vary concentration of HF

The surface topologies of titanium disc anodised in elec-
trolyte containing 0.1 M H,50, with different concentration
of HF: 0.075 %wt, 0.1 %wt. 0.2 %wt, 0.3 %owt, 0.4 %wt
and 0.5 %wt are shown in Figure 3. A network structure
appear on the anodised titanium surfaces with concentration
of HF from 0.075 %wt to 0.3 %wt (figure 3a — 3d). Anodis-
mg in 0.04 wt? HF contamning occur a highly ordered and
uniform titanium oxide nanotube arrays (fig 3e).

D. Surface Characterization

The crystalline phase of the samples was identified with
an X-ray diffractometer. Fig. 4 depicted the XRD patterns
of anodised titanmum m 0.075 wi% HF with different con-
centrations of H,S0,. Figure 5 demonstrates the XRD pat-
terns of anodised titanium in 0.1 M H:SO, with different
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Fig 3 FE-SEM top-view images of (a) untreated and titanium oxide film
anodized in 0.1 M H,S50.with different concentration of HF: (b) 0.073
Yawt (c) 0.1 %wt (d) 0.2 %awt (e) 0.3 Yewt (f) 0.4 Yowt (g) 0.5 Yawt
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Fiz. 4 The XRD pattemns of titanium substrates were anodized i 0.075
wt% HF with different concentrations of H,S0.

concentrations of HF. The XRD diffraction patterns of all
samples show the characteristic peaks of the pure titaninm
substrate. The locations of planes corresponding to (100),
(101). (102) and (110) are good agreement with the JCPDS
spectrum No. 05-0682 reference diagram and coexists with

IFMBE Proceedings Vol. 31
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T1;0s (JPCDS Files No. 23-0606) comespond to (113)
plane. After anodisation titanium peak is identified. This
may due to the oxide layer is too thin to be detected by

XRD.
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Fig. 5 The XRD patterns of titanium substrates were anodised in 0.1 M
H.50 with different concentrations of HF

E. Wettability

The wettability of the titanivm oxide film was studied by
measuring the advancing contact angle of water as shown in
figure 5. The anodised titanium m 0.1 M H,SO,/0 4 wi%
HF exhibited super-hydrophobic behaviour (figure 6 (b)).

Fig. 6 The wetability of samples: (a) untreated and (b) anodised titanium in
1 M H.804/0 4 wt¥a HF




Fabrication of Titanium Oxide Nanotube Arrays on Titanium Implants: The Effect of Electrolytes Conditions

IV. CoNcLusioN

In order to achieve titanium nanotube arrays on commer-

cially pure titanium grade 2 substrates, the use of a
H,SO4/HF mixed electrolyte in different conditions were
investigated. Based on experimental results. it was found
that the optimal mmxture of H,SO4/HF electrolyte to produce
titanmum nanotube arrays titanmm was found to be 0.4 wit%
H,504/0.075 wt% HF.
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