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ABSTRACT

The current paper describes titania nano tubes (TNT), wires and rods that
have been successfully grown by anodization in 0.5 wt% HF (Hydrogen
Fluoride) electrolyte on Titanium metal and Ti-6Al-4V alloy, by varying the
anodization voltage and keeping the temperature and time constant. The
formed nenotubes,wires and rods were characterized by Environmental
Scanning Electronic Microscope (ESEM), Energy Dispersive Spectroscopy

(EDS) and X-ray Diffraction (XRD) technique.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

TiO, nanotubes have attached tremendous atten-
tion due to the combination of a wide band gap
semiconductive naturewith high surfacearea, high sur-
faceactivity and high sengtivity. Their excdllent optica
and dectricd characteristicsmakethem suitablefor use
inwater litting, dry-sensitized solar cdlls(DSSCs)2?
and photocatalysig4. Duetothespecificioninteraction
properties, TiO, nanotubes can also be used in
electrocromic display devices®. Their biocompetibility
further makesthemimportant for biomedical applica-
tiong®l. For fabrication TiO, nanotubes, many ap-
proaches such astemplate based, hydrothermal, and
sol-gel methods, have been exploited™ . Recently self
organized growth by anodi sation hasdrawn much more
attention**13 because of the advantages of simplicity
and of vacuum and high temperature bel ng unneces-
sary, whileretaining quiet regular ordering. Intheself-
organized growth eachindividua TiO, nanotubeisper-
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pendicular to themembranesurfaceandthe TiO, layer
hasagood ohmic contact withthe Ti substrate.
Electrochemica anodization hasbeen onecommon
method of choiceto synthesizetitaniananotubesandis
also applied for thefabrication of nano structured ce-
ramic materias, and considerabl e attention has been
giventothee ectro chemica depogition of ceramic coat-
ingsfor biomedical applications. By changingthebath
compositions and deposition parameters allows con-
trol over themorphology and porosity of thefilmg4.,
Thetechniqueisrdatively smplewhilestill providesa
high degreeof control of nanotubedimensons. By con-
trolling various anodization parameters (e.g. applied
potential, el ectrolyte concentration, temperature) dif-
ferent titanium oxide structures can besynthesi zed. Smi-
lar approach has been applied in this paper wheretita-
niananotubes(TNT), rods and wires have been suc-
cessfully grown by anodization of titanium metal and
Ti-6Al-4V dloyina0.5wt% HF (Hydrogen Fuoride)
electrolyte and their characterstics have been exam-
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inedwiththehelp of ESEM,EDSand X RD techniques.

EXPERIMENTAL

Thetitanium metal and Ti-6Al-4V aloy samples
prior to anodization were mechanically polished with
different silicon carbide papersto obtainamirror-like
finishandwas ultrasonicaly cleaned in deionized wa-
ter and subsequently in acetonefor 15 minutes each.
Titanianano tubeswiresand rodsweregrown onftita-
nium metal and Ti-6Al-4V aloy. Theanodization was
performed using aA plab Regulated DC Power Supply
L3205in adectrolyte medium of 0.5wt% HF (hydrof-
[uoric acid). Platinum wirewas used as cathode. The
electrolytemixturewas stirred during the process. The
distance between thetwo el ectrodes was fixed at 26
mm. Nano tubes, wiresand rodsweregrown ontita-
niummetal and Ti-6Al-4V alloy at threedifferent an-
odizing potentialsi.e. 15V, 20V and 25V for atime
period of 40 minutesat room temperature. Anodization
voltagewaskept constant throughout the process. The
electrolytic solution (0.5 wt% HF) was changed after
each process. The sampleswerethen annedl ed at 500°
Cinafurnacefor 3 hours. Surface morphology of tita-
nianano tubes, rodsand wiresgrown on titanium meta
and Ti-6Al-4V aloy sampleswere observed by Envi-
ronmental Scanning Electron Microscope (FEI Quanta
400). Energy dispersive spectroscopy (EDS) wasused
to determinethe elemental composition of titanianano
tubes, rodsand wiresgrown on titanium metal and Ti-
6Al-4V alloy samples. Crystallographic anadysisof ti-
tanianano tubes, rodsand wiresgrownontitaniummetal
and Ti-6Al-4V alloy sampleswere carried out by X-
ray Diffraction (XRD) technique.

RESULTSAND DISCUSSIONS

Anodization of titanium metal and Ti-6Al-4V dloy
at 15V resultsananorod like structure. Anincreasein
cell voltagefrom 15V to 25V hasresulted inanin-
crease in average pore diameter from 30 nm to 150
nm. At an anodization voltage of 20V, an oxidelayer
has been formed on the surface dueto interaction of
the metalswith O% or OH-ions. The oxidelayer has
been removed in certain areasdueto localized dissolu-
tion of the oxide only aspongelikeporousstructureis
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observed at 25V, whereasat 20V nano tubular struc-
ture has been formed. Anodization processresultsin
formation of TiO, nano tube like structurewhenitis
performed at an anodization voltage 20 V for 20-30
minutesat room temperature. Theporesizeof thetubes
wasfoundto bein therangefrom 25to 65 nm.

The surface morphology of nano tubearrays ob-
tained ontitanium metal at 20V and anneal ed at 500°
Cfor 3hoursisshowninFigure 1. It can be seen that
the nano tubes are uniform over the surface. The nano
tubesareapproximately 400 nminlength. The surface
morphol ogy of nano wiresobtained on Ti-6Al-4V al-
loy at 25V isshownin Figure 2. It can be seen from
theimagethat the nano wiresare uniform over the sur-
face. The surface morphol ogy of nano rods obtained
on Ti-6Al-4V dloy at 20 V isshown in Figure 3. It
indicatesthat nano rods and wiresformationis depen-
dent on the applied potentia inthe anodization pro-
Cess.

The EDSdataof titanianano tubesarraysobtained
on titanium meta at 20 V and annealed at 500°C is
provided in Figure4. The EDSdataconfirmsthe pres-
ence of titanium and oxygen. Similarly, EDS data of
mixed titanianano wiresand rods synthesized by an-
odization of Ti-6Al-4V aloy anneded a 500°Cisgiven
in Figure 5. The EDS data confirms the presence of
titanium, d uminum, vanadium and oxygen.

TheX-ray diffraction measurements have been car-
ried out to examinethecrystdlinity of titanianano tubes,
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Figure2: Surfacemorphology of the nanowir esobtained on
Ti-6Al-4V alloy

Figure3: Surfacemor phology of thenanorodsobtained on
Ti-6Al-4V alloy
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rodes and nano wiresgrown on thetitanium metal an-
odizedat 15V, 20V and 25 V. Figure 6 showsthe X-
ray diffraction patternsof titanianano tubeswhich has
been obtained on thetitanium metal samplesanneded
at 500° C for 3 hours.

Smilarly, X-ray diffraction messurementshavebeen
carried out to examinethe crystalinity of titanianano
wiresandrodsfor Ti-6Al-4V aloy samplesanodized
at 15V, 20V and 25 V. Figure 7 shows the X-ray
diffraction patternsof titanianano wiresand rodswhich
have beenformed onthe Ti-6Al-4V alloy annealed at
500° Cfor 3 hours.

THE MECHANISM OF NANO TUBEAND
ROD FORMATION

Thegrowth of nanotubesand rodsontitanium meta
and Ti-6Al-4V dloy isaffected dueto selective disso-
lution of lessstable dementd®>'. The Ti-6Al-4V a-
loy hasadua phasea +  microstructure. The o phase
isenrichedwith dement Aluminium, whereas phaseis
enriched with e ement Vanadium. Duetothisdifference
in chemistry of these phases, formation of thenano tu-
bular oxidelayer isnot uniforminalloysasf phaseis
etched preferentially by the electrolyte. Similarly, the
process of nano tubeformation on o phaseissmilar to
anodization of puretitanium metd sampled.

Theoverdl reactionsfor theanodization of titanium
can berepresented asfollows™:
2H,0=4H*+0,+4e
Ti+0,=TiO,

Initially, an oxidelayer isformed on the surface of
titanium asaresult of theabovereactions. Inthe presence
of fluorideions, the oxidelayer dissolveslocally anda
nano tubeiscreated from small pitsthat areformedin
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Figure4: EDSdataof titaniananotubearraysobtained on titanium metal
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Figure5: EDSdata of mixed oxidenano tubear raysobtained on Ti-6AI-4V alloy
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Figure6: XRD patternsof nano tubessynthesized on tita-
nium metal at different voltages
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Figure7: XRD patter nsof nanowiresand rodssynthesized
on Ti-6Al-4V alloy at different voltages

theoxidelayer. Thesepitsare created fromthefollowing
reactionsbetween TiO, and HF:
TiO,+4H* +6F =TiF > +2H,0

Thechemical dissolution reducesthethickness of
the oxide barrier layer at the bottom of the pits and
alowsthedectrochemica etching processto continue
(field ass sted oxidation and dissolution). At the bottom
of the pits, both the chemical dissolution and theelec-
trochemical etching take place. Theoxidelayer at the
bottom of the pitsisrdatively thin; andthethinlayer, in
turn, increasesthedectricfiddintensity, resultinginfur-
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ther poregrowth. Inaddition, chemical dissolutionre-
movesthetop of theshdlow porecolumnandthisforms
the unanodized metallic region between thepores. The
channelsformed in these regions separate the pores
from each other.

CONCLUSIONS

1. Self-organizedtitaniananotubes, rodsand wires
have been successfully synthesized under an ap-
plied anodized voltageof 15V,20V and 25V in
0.5 wt% HF by anodization of titanium metal and
Ti—-6AI-4V dloy.

2. Theaverageinner diametersof nanotubesat ap-
plied anodizing voltage15V, 20V and 25V volt-
age resulting nano tubes are straight, with apore
sizeranging from 65 to 100 nm.

3. Surfacemorphology of titanianano tubes, rodsand
wires obtai ned on titanium metal and Ti-6Al-4V
aloy sampleshavebeen observed by Environmen-
tal Scanning Electron Microscope

4. Energy-dispersvespectroscopy (EDS) resultscon-
firmed the elemental composition of titanianano
tubes, rodsand wires.

5. Crydadlographicandyssof titanianano tubes, rods
and wiresgrown on titanium meta and Ti-6Al-4V
aloy sampleshave been confirmed by X-ray Dif-
fraction (XRD) technique.
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