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(54) METHOD OF PREPARATION OF HEXAGONAL TIO2 NANOTUBES ON TITANIUM SUBSTRATE

(67)  The present invention relates to a method for
producing hexagonal TiO, nanotubes on a titanium sub-
strate using an anodic oxidation process in the presence
of a chelating agent and ultrasound, wherein the anodic
oxidation process is carried out: in a two-electrode sys-
tem, where the working electrode is a titanium foil, pref-
erably 99.7% pure and 0.25 mm thick, and the reference
electrode is a platinum foil, preferably 99.95% pure and

0.05 mm thick; in a single step at a constant anodising
voltage in the range 10 to 100 V, preferably 20 to 80 V;
in the presence of ultrasound with a frequency of 45 kHz
and a power of 200 W; in an electrolyte containing:
90-97.5% ethylene glycol, 2.5-10% deionised water,
0.1-0.5% by weight of ammonium fluoride, and 0.09% by
weight of disodium edetate Na,[H,EDTA]; between 10
and 180 minutes, preferably between 40 and 90 minutes.
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Description

[0001] The present invention relates to a method for
producing hexagonal TiO, nanotubes on a titanium sub-
strate.

State of the art

[0002] US patent application US2010269894A1 dis-
closes a method in which a titanium substrate is anodised
to form an array of titanium dioxide nanotubes on the
surface of the substrate. The nanotubes have a hexag-
onal pore structure, are inherently hexagonal along their
length and are tightly packed. The electrolyte solution
used in the anodising process contains the complexing
agent Nay[H,EDTA]. Titanium dioxide nanotubes are
formed at a rate of approximately 40 wm/hr. The titanium
dioxide nanotube array is detached from the substrate,
leaving the array at room temperature or applying heat
to the array. The resulting titanium dioxide membrane
has a barrier layer on the back side of the membrane that
encloses one end of the constituent nanotubes. The bar-
rier layer can be removed by chemical etching to form a
membrane containing nanotubes with open ends. The
document discloses conducting the process at a voltage
of atleast 80 V.

[0003] International patent application
W02021093785A1 discloses a method for producing
TiO, nanotubes, which have a circular shape and only
the form of their arrangement is hexagonal. Furthermore,
in this solution, anodisation is carried out in two stages.
[0004] Chinese patent application CN112156202A
discloses a method for producing TiO, nanotubes, which
have a circular shape, their alignment form is hexagonal
and the resulting layer is highly heterogeneous.

[0005] Chinese patent application CN102191529A
discloses a method for producing TiO, nanotubes, which
have a circular shape and the form of their arrangement
is hexagonal.

[0006] The aim ofthe presentinvention was to develop
a method of producing hexagonal TiO, nanotubes on a
titanium substrate that allows the diameter (circle circum-
scribed about a regular hexagon) of the hexagonal tita-
nium dioxide nanotubes, as well as the height of the re-
sulting nanotubes, to be effectively adjusted by simply
changing the process conditions.

[0007] This was achieved by a method of producing
hexagonal TiO, nanotubes on a titanium substrate ac-
cording to the present invention.

[0008] Thus, the subjectmatter of the presentinvention
is a method for producing hexagonal TiO, nanotubes on
a titanium substrate using an anodic oxidation process
in the presence of a chelating agent and ultrasound,
wherein the anodic oxidation process is carried out: in a
two-electrode system, where the working electrode is a
titanium foil, preferably 99.7% pure and 0.25 mm thick,
and the reference electrode is a platinum foil, preferably
99.95% pure and 0.05 mm thick; in a single step at a
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constant anodising voltage in the range 10to 100 V, pref-
erably 20 to 80 V; in the presence of ultrasound with a
frequency of 45 kHz and a power of 200 W; in an elec-
trolyte containing: 90-97.5% ethylene glycol, 2.5-10%
deionised water, 0.1-0.5% by weight of ammonium fluo-
ride, and 0.09% by weight of disodium edetate
Na,[H,EDTA]; between 10 and 180 minutes, preferably
between 40 and 90 minutes.

[0009] The beneficial effects of the present invention
are shown in the figures of the drawing, where:

Fig. 1 shows the relation of the diameter of hexagonal
titanium dioxide nanotubes on anodising voltage;

Fig. 2 shows the relation of the height of hexagonal
titanium dioxide nanotubes on anodising voltage;

Fig. 3 shows the relation of the diameter of hexagonal
titanium dioxide nanotubes on ethylene glycol con-
centration at anodising voltages of 20, 50 and 80 V;

Fig. 4 shows the relation of the height of hexagonal
titanium dioxide nanotubes on ethylene glycol con-
centration at anodising voltages of 20, 50 and 80 V;

Fig. 5 shows the relation of the diameter of hexagonal
titanium dioxide nanotubes on the fluoride ion con-
centration at anodising voltages of 20, 50 and 80 V;

Fig. 6 shows the height relation of hexagonal titanium
dioxide nanotubes on fluoride ion concentration at
anodising voltages of 20, 50 and 80 V;

Fig. 7 shows the relation of the diameter of hexagonal
titanium dioxide nanotubes on anodising time at an
anodising voltage of 50 V.

EXAMPLES

[0010] Sonochemical-assisted chelating agent-con-
trolled anodisation was performed to produce a layer of
hexagonal titanium dioxide nanotubes (hTNTs) on a ti-
tanium substrate. The anodisation was performed in a
two-electrode system, where the working electrode was
a titanium foil of 99.7% purity and 0.25 mm thickness,
and the reference electrode was a platinum foil of
25x25x0.05 mm and 99.95% purity - foils purchased from
Sigma-Aldrich. The titanium foil was cut into 20x5x0.25
mm samples and then subjected to cleaning in acetone
and distilled water for 10 minutes each, respectively, in
a 300 W ultrasonic cleaner. After cleaning, the titanium
substrates were dried in a stream of nitrogen. ASTAMOS
S-LS-100 laboratory power supply unit was used for an-
odising. The anodising processes were carried out in a
single step under potentiostatic conditions using ultra-
sound generated by a VWR. USC-T ultrasonic cleaner
with an ultrasound frequency of 45 kHz and a power of
200 W. The 100 ml electrolyte consisted of ethylene gly-
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col withammonium fluoride and disodium edetate. A field
emission scanning microscope (FESEM, JEOL JSM-
7600F) was used to study the morphology of the hTNTs
produced, whereby the diameter and height values were
determined and the production of hTNTs was confirmed
by anodising with the set parameters.

[0011] The anodising time and voltage, as well as the
ethylene glycol concentration, were determined as con-
trolling parameters for the diameter and height values of
the hTNTs produced by anodising. In addition, the effect
offluorine ion concentration from ammonium fluoride was
analysed.

1a. The anodising voltage was varied in the range
10-80 V, time 60 minutes, sonication at 45 kHz and
electrolyte composition: 95% ethylene glycol, 0.30%
by weight NH,F and 0.09% by weight Nay[H,EDTA].
Fig. 1 shows the relation of the diameter of the hex-
agonal titanium dioxide nanotubes on the anodising
voltage, while Fig. 2 shows the relation of the height
of the hexagonal titanium dioxide nanotubes on the
anodising voltage.

1b. The effect of ethylene glycol concentration on
the diameter and height values of the hTNTs pro-
duced was determined for voltages of 20, 50 and 80
V. The samples were anodised for 60 minutes in an
electrolyte containing 90.0-97.5% ethylene glycol,
0.30 wt% NH,4F and 0.09 wt% Nay[H,EDTA] with
ultrasound. Fig. 3 shows the relation of the diameter
of hexagonal titanium dioxide nanotubes on ethylene
glycol concentration at anodisation voltages of 20,
50 and 80 V, and Fig. 4 shows the relation of the
height of hexagonal titanium dioxide nanotubes on
ethylene glycol concentration at anodisation voltag-
es of 20, 50 and 80 V.

1c. The fluoride ion concentration range was chosen
as 0.1-0.5 wt% ammonium fluoride concentration in
the electrolyte used for anodising. The anodisation
was carried out for 60 minutes with an electrolyte
content of 95% ethylene glycol, 0.09% wit%
Na,[H,EDTA]and0.1-0.5% wt% NH,4 F, atanodising
voltages of 20, 50 and 80 V with ultrasonication. Fig.
5 shows the relation of the diameter of hexagonal
titanium dioxide nanotubes on fluoride ion concen-
tration at anodisation voltages of 20, 50 and 80 V,
and Fig. 6 shows the relation of the height of hexag-
onal titanium dioxide nanotubes on fluoride ion con-
centration atanodisation voltages of 20,50 and 80 V.

1d. Effect of anodising time on height and diameter
values of hTNTSs. For the determined formation pa-
rameters, which remain constant, a variation of time
in the range 10-90 min was made. The other param-
eters were held constant and were: anodising volt-
age 50 V, electrolyte composition 95% ethylene gly-
col, 0.30% wt% NH4F, 0.09% wt% Nay[H,EDTA],
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ultrasound contribution. Fig. 7 shows the relation of
the diameter of hexagonal titanium dioxide nano-
tubes on anodising time at 50 V anodising voltage,
and Fig. 8 shows the relation of the height of hexag-
onal titanium dioxide nanotubes on anodising time
at 50 V anodising voltage.

[0012] The present invention uses simple electro-
chemical equipmentand low-cost one-step electrochem-
ical anodic oxidation technology to synthesise an ordered
matrix of hexagonal titanium dioxide nanotubes with con-
trolled structural parameters such as the diameter of the
titanium dioxide nanotubes and the height of the titanium
dioxide layer produced. The proposed method is used to
produce a titanium dioxide-based nanomaterial with a
hexagonal shape, and the structural parameters can be
effectively controlled by varying the anodic oxidation volt-
age and time, as well as the concentrations of ethylene
glycol and ammonium fluoride, which are components of
the electrolyte used in the anodic oxidation process.
[0013] The implementation of ultrasound directly into
the anodic oxidation process has made it possible to pro-
duce a matrix of hexagonal titanium dioxide nanotubes
with controlled structural parameters in a single anodic
oxidation step, thus reducing the fabrication time of hT-
NTs. At the same time, a large layer height of hnTNTs in
the range 7471-20933 nm at 50 V is obtained in a short
time of 40-90 minutes.

[0014] The electrolyte used for anodic oxidation con-
tains the following components: 0.1-0.5% by weight of
ammonium fluoride, 2.5-10% deionised water, 90-97.5%
ethylene glycoland 0.09% by weight of disodium edetate.
[0015] The anodic oxidation process takes place in a
single step, during which the pure titanium substrate is
anodised at 10-80 V for 40-90 minutes with ultrasound.
[0016] Priorto anodising, the surface of the high-purity
titanium substrate was ultrasonically treated successive-
ly in acetone and distilled water for 10 minutes.

[0017] The anodising device uses a two-electrode sys-
tem, where the cathode is platinum sheet and the anode
is pure titanium. The area of pure titanium exposed to
the electrolyte is a 5x5 mm square area and the distance
between the electrodes is 21 mm.

Claims

1. A method for producing hexagonal TiO, nanotubes
on a titanium substrate using an anodic oxidation
process in the presence of a chelating agent and
ultrasound, wherein the anodic oxidation process is
carried out:

- in a two-electrode system, where the working
electrode is a titanium foil, preferably 99.7%
pure and 0.25 mm thick, and the reference elec-
trode is a platinum foil, preferably 99.95% pure
and 0.05 mm thick;
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-in a single step at a constant anodising voltage

in the range 10 to 100 V, preferably 20 to 80 V;

- in the presence of ultrasound with a frequency

of 45 kHz and a power of 200 W;

- in an electrolyte containing: 5

90-97.5% ethylene glycol,

2.5-10% deionised water,

0.1-0.5% by weight of ammonium fluoride,

and 10
0.09% by weight of disodium edetate
Na,[H,EDTA];

- between 10 and 180 minutes, preferably be-
tween 40 and 90 minutes. 15

The method according to claim 1, characterised in
that, prior to the anodising process, the titanium foil

is cleaned successively in acetone and distilled wa-

ter for 10 minutes in a 300 W ultrasonic cleaner, and 20
then the cleaned titanium foil is dried in a stream of
nitrogen.

The method according to claim 1 or 2, characterised

in that the ammonium fluoride content in the elec- 25
trolyte is from 0.20 to 0.40% by weight, preferably
from 0.25 to 0.35% by weight.

The method according to claim 1 or 2 or 3, charac-
terised in that the anodic oxidation process is car- 30
ried out at a time from 10 to 180 minutes, preferably
between 40 and 90 minutes.

The method according to any of the claims 1-4, char-
acterised in that the distance between the elec- 35
trodes is between 18 and 22 mm, preferably 21 mm.
The method according to any of the claims 1-5, char-

acterised in that the anodic oxidation process is
carried out at room temperature. 40
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