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ABSTRACT

Titania (TiO,) nanotube is considered a very important material due to its promising applications in many fields
ranging from energy harvesting to sensors and photocatalytic applications. TiO, nanotubes were grown
electrochemically in Plexiglas cell, the Ti foils (99.96%) serves as anode and platinum foil as cathode while the
electrolyte was ethylene glycol containing (0.5%) NH,F and (4%) de-ionized water at 20°C for one hour. The effect
of anodizing voltages at the range 10 t0100v is studied by extensive current / voltage plots and microstructure
examination using SEM, and AFM techniques. All potentials were led to highly ordered nanotubes but they have
different micrographic parameters; tube length, tube diameter and tube wall thickness, a role these parameters with
the values of anodizing potentials are investigated.
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INTRODUCTION

Nano-sized objects show a great variety of interggtroperties and this is the main driving foréahe research in
the field of nanotechnology today. The anodizatbsome metals, (ex;Ti,Al),under suitable condisipleads to the
formation of ordered arrays of pores in an oxiddrixaThis technique has implemented and is nove dabltune
pore diameter and period.

Highly ordered vertically oriented Tihanotube arrays outperform their colloidal courdergor applications
including sensors[1],water photoelectrolysis[2-Bhotocatalytic degradation of gas pollutants[4]e-dgnsitized
solar cells[5],and for super capacitors [6].In &iddi to biomedical applications including bioserssamolecular
filtration, drug delivery and tissue engineering[FFurthermore, initial investigations indicate tiia¢y also may be
useful for energy storage devices such as Li-ictelias, and super- capacitors [8].The widespreatrological
use of titania is impaired by its wide band gaB(3eV) which can be narrowed by different methodis. The
anodization method has attracted the most intarasing the other fabrication methods due to itstghid produce
integrative ,vertically oriented highly ordered p&ube arrays with controllable dimensions [9].Télisdy aims at
investigation of the effect of anodizing voltages morphology , dimensions ,and degree of ordemhefdgrown
titania nanotubes .

MATERIALS AND METHODS

Titanium (Ti) metal foils (99.7% purity of Alfa aag ,rectangular piece of 1.5* 1.0 cm and 0.25 ricki were cut
out of a sheet ,then degreased by ultrasonic texasrin de-ionized water (DI>3us.sec), and eth&moll0 min.
The Ti foils were then anodized in homemade Plesigiell using a two electrode configuration, withfdil as
anode and a platinum electrode(99.9% Sigma-Aldngh) thickness of 0.1 mm, served as a cathodeséparation
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between the two electrodes was 2.0 cm, the elgtdralas 0.5 wt % NEF (98% Sigma-Aldrich) with 4ml (DI) in
ethylene glycol (Anhydrous, 99.8%, Sigma AldricAhodization was carried out at different voltageghe range
between 10 to 100 v ,the temperature kept conata2®°C by circulating cooled water through copgmt warped
around the Plexiglas cell ,the anodizing duratiaswhour in all experiments. In each case the geltaas held
constant using a DC voltage supply, during anottingteriod the current (mv throwfdresistance) & voltage were
recorded for time monitoring using two channeldiugltmeter XY recorder (siemense8800) as showscimematic
diagram in figure.1. The anodized samples wereneléavith distilled water to remove the occludedsidrom the
anodized solutions, and dried in a nitrogen gae #rmnealed at 500 C for 3hours. The produced aeddianium
oxide nanotubes (ATO) were examined for morphol@md topography investigation by Scanning Electron
Microscopy (Hitachi 4500) and Atomic Force Micropgd AFM-AA3000 of Angstrom Advanced Inc.).

DC power supply

|

Plexiglas cell

Figure 1.Setup of Titanium anodizing apparatus
RESULTS AND DISCUSSION

3.1 Current —Voltage behaviors

The |-V behaviors during anodizing time was reeord always and for all process potentials (1000 ¢ ) ,the
current start to increases suddenly and reacheaxémmuam point at the first (3-5 min) ,then a fastalgs of the
current started until a steady reading was recbva@ch remained nearly constant for the rest tirhthe process,
as shown in figure (4-1). Recently some workerslipbbd on the formation of metal oxides by anodaaiand
analyze the formation thermodynamically and mecsteaoailly[10].

time/min

Figure 2.The variation of current against time at dfferent anodizing voltages of Ti foil in 0.5 wt %NH4F 4ml (DI) in ethylene glycol for
1 hour at 20C,section A represent maximum current, section B ngresent steady stat current

In spite of the similarity of the I-V behavior all potentials ,but a differences in the valuesmaiximum current
density, the steady stat current density ,andithe of reaching them ,table 1 show all these pararsie
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Table 1 time of reaching maximum and steady currerst of anodizing of Ti foils in (95.5wt% ethylene glgol, 4wt% H,O and 0.5wt
%NH 4F), at different anodizing potentials

Anodizing Max/current density) Time | Steady Current density Time
Potentially/volt mA/cn? second mA/cn? second
10 3.00 240 0.82 520
20 3.87 212 1.06 443
30 4.03 200 2.98 401
40 4.93 157 3.32 188
50 5.11 119 2.67 143
60 7.89 100 2.54 122
70 8.06 95 2.23 110
80 9.95 83 1.72 100
90 11.70 122 0.83 133
100 14.65 190 0.39 220

The data showed that the current was increasedimdtbasing process potentials at the first 1-4nfiis behavior

is expected to occurs according to ohm's low (I5V/Riis stage of anodizing process is respons$dslenaking full
coverage of Ti@ on the Ti surface. The maximum current densityagisvincreased with increasing anodizing
voltages, while the steady state current densityemses with increasing potentials till reachingvd@c, then the
current decreased with increasing voltage reacmimgmum value at 100 v dc, figure (3).
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Figure 3.The variation of maximum current and steag current against anodizing voltage of Ti foil in 05 wt % NH4F 4ml (DI) in
ethylene glycol at 20C

The time required to reach maximum current showathiy two manners : the first was that time wasrdased
with increasing potentials in the range of 10 tovafc, while this time increased ongoing up to ¥Qfigure (3A),
the time to reach the steady current shown in §gB8B).These behaviors may be attributed to thatian of the
tubes properties (diameter, length, and wall thégs) of the new Ti-TiQ@formed after reaching the maximum
current step.
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Figure 4.The variation of; A-maximum current ,and B-steady current against anodizing time of Ti foiin 0.5 wt % NH;F 4ml (DI) in
ethylene glycol at 20C
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3.2. The morphologic Examination;

The prepared TNT's were subjected to extensive SiBM AFM examination ,an information about ;tubentiter
,tube length , tube wall thickness , and degretheforder of the TiQarrays were obtained , the measurements
conducted on SEM images using (Imager J) softveagetabulated in table (2).

Table 2. Variation of TNT’s parameters (length, dianeter, and wall thickness) against anodizing voltges of Ti foil in 0.5 wt % NH4F
and 4ml (DI) in ethylene glycol at 26C

Anodlglng Tube diameter| Tube length Tube wall thickness nn Cell Diameter Degree of order

potential V nm nm nm
10 38 780 33 104 bad
20 54 845 29 112 v.good
30 62 1900 31 114 v.good
40 68 2200 22 112 good
50 80 3010 26 132 v.good
60 65 7000 30 125 good
70 58 8000 25 108 bad
80 48 8200 26 100 good
90 63 9500 39 141 v.good
100 70 5000 48 166 v.good

The variation of tube diameters with increasing @nedizing potentials showed three different masintre first

was at the range 10 v to 50 v ,in which the diamitereases with increasing potentials and thieegmwith the
result in a similar work of others [11-13] ,so iasvaround 40 nm when the potential was 10 v , acret@sed up to
higher potentials and became around 80 nm on neg&t v, the second behavior have seen at the &hge 80 v

,at which the diameter decreased with increasirgrpial , they were around 65 nm at 60 v,and becagaely 48

nm on reaching 80 v ,figure 6,the last variaticaywappeared at the potentials of 90 and 100 v didmeeter started
to increases again with increasing voltage as shoviigure (5).
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Figure 5. Tube diameters against anodizing potentis. of prepared ATO in 0.5 wt % NH,F 4ml (DI) in ethylene glycol at 20C

Images in figure (6) reflect the variation of tutiameters, and tubes wall thickness with anodipiogntials of 20,
60, and 100 v.

Figure 6. SEM images top views of ATO prepared i8.5 wt % NH4F 4ml (DI) in ethylene glycol at 26C and anodizing potentials of
20,60,and 100 v.

The length is almost increases with increasing ks this fact agree with many works of otherd-]8], except
that of 100 v which was shorter than 90 v, figurg, this may attributed to the dominate of the rateoxide
dissolving step over the rate of oxide formatior othe maximum length that achieved was at 90 wag around
10 microns.
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Figure 7. Tube length against anodizing potentialof prepared ATO in 0.5 wt % NH,F 4ml (DI) in ethylene glycol at 20C

figure (8) show SEM images that revealed the tebgth at different anodizing voltages(20,40,60,80180v);

20.0kV X18.0K 3.80sm

Figure 8. SEM images reflect the length of preparedTO in 0.5 wt % NH4F 4ml (DI) in ethylene glycol at 20C at different anodization
voltages

Somehow similar results achieved using AFM images, highly accurate ATO cell dimensions measufegire 9
show 2D and 3D views by AFM contact mode scan:

~6.00nm

-8 00nm

~10.00nm
«\CSPMO07.csm.
CSPM Title
Topography
Piels = (512,512)
Size = (3050nun, 3050mm)

Figure 9. 2D and 3D AFM views of ATO produced in @ wt % NH4F 4ml (DI) in ethylene glycol at 20C and 60 v
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The roughness report was deduced by Imger 4.2 aadtshow that for the longest ATO arrays which fedrsing
90 v, the R average was equal to 1.54 nm and kg ®Ras 1.96 nm and the surface yield (peak-peak)ida2nm.

A footprint were established by AFM scans with thrgpes of contact mode images includes; topography
deflection, and lateral force for the back of fetend ATO template prepared at 50 v and removedblople sided
adhesives and mounted on microscopic glass slidegval pictures for a TNT honey combs structuresewe
recorded at several magnifications starting fromess thousand of microns going to single unit eéth, as shown

in figures 10 (a, b, and c)

§§585§

0
[

=

Figure 10. Different magnification AFM images of TNI' prepared at anodizing potential of 50 V for 1 In; A-topography, B-deflection,
and C-lateral force

The deflection and lateral force images revealeterdetailed surface structure than the topograpiages.
CONCLUSION
Highly ordered titania nanotubes (TNTs) were prefdaria anodizing in ethylene glycol containings(®) NH,F

and (4%) de-ionized water at ‘@0and different anodizing potential for one hotne tturrent / voltage profiles
showed behaviors related to the microstructurdef produced template.
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The morphologic properties of the TNTs are stroraffected by anodizing potentials in the ranged Q0 v, the
diameters ranged between 40 and 70 nm, maximunthierigabout 10 microns achieved at 90 v. Latereddcand
deflection AFM images showed more detailed surfdngctures than AFM topographic images.
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