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Abstract

A nanocomposite coating including titanium oxide nanotube and CuO is synthesized on the commercially pure titanium
using electrochemical anodizing at 30V for 2 hours in an electrolyte containing Ethylene glycol, water and ammonium
fluoride in combination with a magnetron spattering process to produce a thin layer of copper. A thin layer of copper
deposited on the titanium prior to anodizing as well as after the anodizing process and then the samples were thermally
oxidized under pure oxygen atmosphere at 300°C for 1 hour. Microstructural evaluations revealed that titanium nanotubes
were formed over the metallic surface. In the case of the pre-coated sample, CuO particles were detected over and in the
nanotubes and for the post-coated sample, a contiguous layer of copper oxide was formed over the nanotubes. Wettability of
the produced samples improved in comparison with the sample without copper. Also, the antibacterial activity of the copper-
containing samples was better than the raw materials and the sample without copper.
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1. Introduction specially the applied voltage, procedure time and
temperature as well as the electrolyte composition
[9-11]. Also, application of a second phase to
produce composite coating with functional abilities
was reported in some applications such as gas
sensors [12].In this research, a nano composite

Titanium oxide nanotubes formed on titanium
substrate during chemical anodizing is promising
material for use in various applications specially
photo catalysts, anti fog and self-cleaning glass and

also in biomaterials applications[1-3]. In the case of coating containing titanium oxide nanotubes and
biomaterials applications, various studies revealed copper as an additive to the surface coating produces
the potentials for the use of TiO, nanotube as via magnetron spattering with two main different
antibacterial and osteo-generation material. It is routs including copper pre anodized coating and
mainly attributes to the nano pros and wetting copper post anodize coating was synthesized and
ability of this material as a coating on titanium then, wettability and antibacterial properties of the
substrate which can be improved by the addition of produced samples were compared.

antibacterial agents such as antibiotics as well as

minerals such as silver, zinc and copper ions [4- 2. Materials and Methods

8].There are two main risks in surgical procedures ) o )

for the replacement of an implant; first, the risk of A commercially pure titanium sheet with the
inflammation and second the osteo-generation on dimension of 20x20x0.7 mm was used as substrate.
the surface of implant. Recent researches reported Prior to the anodizing process, the surface of the
the ability of copper as an antibacterial agent and samples was polished mechanically using abrasive
also the use of copper oxide as osteo-generation paper and alumina suspension using emery paper.
material. Copper can be introduced in the chemical The samples were then ultrasonically cleaned in
composition in various ways and there are many acetone to ellr_m_nate the contaminations. An
reports that apply copper and copper oxide by the electrolyte containing Ethylene glyc_ol, water and
use of coating techniques. Magnetron spattering ammonium fluoride (95:5 vol. with 0.5 wt.%
may be used as a coating rout which is able to ammonium f_Iuorlde) was used for anodizing process
produce thin layer of a metallic coating with as reported in other researches [13-14] Anodizing
uniform distribution and flexibility. [7] process carried out using a potentiostat power
Different parameters concerning the anodizing source in an applied anodizing voltage of 30 volts
process of titanium were reported by the researchers for 2 hours with a graphite cathode to produce

titanium oxide nanotube (TNT). In this study three
different samples were prepared in three different

*Corresponding author routes; first, a sample were anodized without any
Email address: mohsen.ghanbari@kiau.ac.ir copper additive. Second, a titanium substrate was

27



Journal of Environmental Friendly Materials, Vol. 8, No. 2, 2024, 27-31.

first coated with a thin layer of copper via
magnetron spattering and then thane sample was
anodized, and the third sample was first anodized
and then after the anodizing procedure, a thin layer
of copper was deposited via magnetron spattering on
the anodized surface. All three samples then were
annealed at 300°C for 1 hour in a tube furnace under
pure  oxygen  atmosphere. Microstructural
investigations were carried out using field emission
scanning electron microscope (FESEM). The
wettability of the samples was measured using a
droplet technique with deionized water. Also,
antibacterial activity of the surface evaluated using a
standard procedure based on ISO 22196 standards
by the use of E. coli bacteria.

3. Results and Discussion

The microstructure of the sample anodized at
applied voltage of 30 V for 2 hours without any
copper coating is shown in Fig. 1. As shown here,
titanium oxide nanotubes are formed on the surface
of the titanium substrate and were grown normally
to the substrate surface. The formation of titanium
oxide nanotubes is due to surface oxidation and
dissolution of the oxide layer in the presence of
fluoride ions as previously reported by [9-11].
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Fig. 1. FESEM micrograph of titanium oxide
nanotubes on titanium substrate anodized at 30 V for 2
hours without copper.

A relatively uniform positioning of nanotubes on the
surface is seen. The mean diameter of nanotubes is
measured to be about 82 um as well as the thickness
of the oxide layer is 1.68 pm. previous studies
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reported that the pore size of 80 um is appropriate
for biomaterials application.

The Addition of copper to the coating structure and
oxidation of the copper layer due to thermal
oxidation in a pure oxygen atmosphere produces a
copper oxide/ TNT composite layer on the surface.
Fig. 2. reveals the surface structure of the titanium
sample coated with a very thin layer of copper and
then anodic oxidized to produce TNT. The sample
then was thermally oxidized at 300°C, so it is
expected that copper layer converted to copper
oxide. The particles mentioned with arrows in Fig. 2
are probably CuO particles. EDS microanalysis as
well as X-ray mapping from the surface of the
sample demonstrated that the particles containing
copper and a fine distribution of copper containing
particles is formed in TNT.
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Fig. 2. a) FESM image of the sample anodized after
copper deposition on the titanium surface and b) X-ray
map and EDS microanalysis from the surface of the
sample.

It is proposed that copper atoms positioned in the
nanotube wall and also move to the top surface of
the tubes as seen in Fig. 2. Although, the weight per
cent of copper on the surface is only 0.27 wt.%., it
was reported that the presence of about 0.3 wt.% of
copper in the chemical composition is sufficient for
antibacterial activity of the surface. [7,8]
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In the case of the sample coated with copper after
anodizing and then thermally oxidized, a layer of
copper oxide with a thickness of about 300 nm is
formed on the top surface of the sample as seen in
FESEM image in Fig. 3.
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Fig. 3. a) Cross section FESEM image of the anodized
sample and then coated with copper and then oxidized,
b) the surface of the sample.

As seen in Fig. 3., semi-globular copper oxide
nanoparticles are formed on the surface of the
sample with pores between particles. Formation of a
layer of copper oxide on the surface of the sample
and the porosities in the structure can promote the
formation of soft tissue in the case of implants.
Also, as mentioned before, copper plays an
important role in the antibacterial activity of the
surface.

While, it was impossible to characterize the oxide
with XRD because of the limitations of copper
oxide layer thickness, the sample were thermally
oxidized in the pure oxygen atmosphere, and
therefore, it is probably that the oxides are CuO.
EDS microanalysis and X-ray mapping from the
surface of the sample is shown in Fig. 4. Because all
of the copper coated on the TNT surface, weight
percent of copper in the chemical microanalysis is
about 27 wt.% which is comparable with the copper
content in the later sample.
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Fig. 4. EDS microanalysis and X-ray mapping from
the surface of the sample anodized and coated with
copper and then oxidized at 300°C for 1 h.

Existing of pores in the structure of the surface can
cause capillary effects and therefore, wettability of
the surface would be improved. Wettability of the
samples in this study is compared in Fig. 5. As
shown here, wetting angle of raw material without
any surface coating is about 29°. In the case of the
sample with surface coating, the wetting angle
decreased to 14° for anodized sample without
copper oxide and 4° and 3° for the samples pre-
coated and post-coated, respectively.
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Fig. 5. wetting angle for the samples in this study. a)
pure Ti, b) as anodized sample without copper, c) pre-
coated anodized sample and d) anodized and post-
coated sample.

Improvement of wettability of the sample anodized
is related to the capillary effect of nanotubes or
because of micro cracks in the surface coating. In
the case of copper coated samples, existence of
pores on the surface improves the wettability of the
surface considerably. Better wetting properties of
the surface improve the joining of the implants to
the tissue in human body and also favor the drug
doping in the structure of the surface. So, it would
be considered that existence of copper oxide on the
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surface of the sample has two main functions for
implants. First, copper oxide plays an important role
in antibacterial activity of the surface and, secondly,
it can improve osteogeneration and joining of tissue
to the implant material.

The results for antibacterial activity of the surface
are shown in Fig. 6. As shown in the fig. 6, in the
case of pure titanium greater than 30 colonies are
seen with unarmed eye. For the samples with TNT
coating and also composite CuO/TNT coating, the
number of colonies reduced considerably.

Fig. 6. the number of bacteria colonies cultured on the
samples in this study. a) pure Ti, b) as anodized sample
without copper, c) pre-coated anodized sample and d)
anodized and post-coated sample.

4. Conclusion

Based on the results of this research the followings
can be concluded:

1. Composite coating containing titanium oxide
nanotubes and copper oxide were successfully
synthesized using a combination of magnetron
spattering and electerochemical anodizing at the
applied voltage of 30 v and holding time of 2 h.
nanotubes of about 82 nm in diameter and 1.68 pum
was synthesized on the surface.

2. Application of copper using magnetron spattering
and oxidation of the coating in pure oxygen at
300°C produces a thin layer of CuO on the anodized
surface. In the case of pre-coated samples, CuO
particles were seen on the surface of the samples,
but, here the content of CuO was fewer.

3. Wettability of copper containing samples
improves considerably and the wetting angle
decreased up to 3° in the case of post-coated sample.
4. Antibacterial properties of the copper containing
surface in comparison with raw substrate and
anodized sample without copper was increased
considerably.

30

References

[1] Chouirfa H, Bouloussa H, Migonney VU,
Falentin-Daudré C, Review of titanium surface

modification  techniques and coatings for
antibacterial applications. ActaBiomater. 2019;
83:37-54.

[2] Chopra D, Gulati K, Ivanovski S, Understanding
and optimizing the antibacterial functions of
anodized nano-engineered titanium implants. Acta
Biomater. 2021; 127:80-101.

[3] Romeiro RD, Rosa JL, Siqueira LD, Giovanetti
M, Aquino DR, Wood PF, Schneider SG, Klein GG,
Wettability and adhesion of nanotubes applied to the
surface of titanium implants by anodic oxidation.
Brazilian Oral Res. 2024; 38:e091.

[4] Liu G, Du K, Wang K, Surface wettability of
TiO2 nanotube arrays prepared by electrochemical
anodization. Appl. Surf. Sci. 2016; 388:313-20.

[5] Balakumar S, Anandkumar B, George RP,
Formation of bioactive nano hybrid thin films on
anodized titanium via electrophoretic deposition
intended for biomedical applications. Mater. Today
Commun. 2020; 25:101666.

[6] Sivaprakash V, Narayanan R, Synthesis of TiO;
nanotubes via electrochemical anodization with
different water content. Mater Today: Proc. 2021;
37:142-146.

[7] Ballo MK, Rtimi S, Mancini S, Kiwi J, Pulgarin
C, Entenza JM, Bizzini A, Bactericidal activity and
mechanism of action of copper-sputtered flexible
surfaces against multidrug-resistant pathogens.
Appl. Microbiol. Biotechnol., 2016; 100:5945-53.
[8] Zhuang Y, Ren L, Zhang S, Wei X, Yang K, Dai
K, Antibacterial effect of a copper-containing
titanium alloy against implant-associated infection
induced by methicillin-resistant Staphylococcus
aureus. ActaBiomater 2021; 119:472-484.

[9] Yang F, Feng X, Ge F, Zhang T, Qi J, Li D, Zhu
X, Rapid growth of titanium oxide nanotubes under
the critical breakdown voltage: Evidence against the

dissolution reaction of fluoride ions.
Electrochem.Commun. 2019; 103:17-21.
[10] Bhadra CU, Davidson DJ, Raja DH,

Fabrication of titanium oxide nanotubes by varying
the anodization time. Mater. Today: Proc. 2020;
33:2711-2715.

[11] Alijani M, Sopha H, Ng S, Macak JM, High
aspect ratio TiO, nanotube layers obtained in a very
short anodization time. ElectrochimActa. 2021;
376:138080.

[12] Abe H, Kimura Y, Ma T, Tadaki D, Hirano-
Iwata A, Niwano M, Response characteristics of a
highly sensitive gas sensor using a titanium oxide
nanotube  film  decorated  with  platinum
nanoparticles. Sens. Actuators B: Chem. 2020;
321:128525.

[13] Sopha H, Norikawa Y, Motola M, Hromadko L,
Rodriguez-Pereira J, Cerny J, Nohira T, Yasuda K,



Journal of Environmental Friendly Materials, Vol. 8, No. 2, 2024, 27-31.

Macak JM, Anodization of electrodeposited titanium
films towards TiO; nanotube layers.
Electrochem.Commun. 2020; 118:106788.

[14] Visentin F, EI Habra N, Fabrizio M, Brianese
N, Gerbasi R, Nodari L, Zin V, Galenda A, TiO,-HA
bi-layer coatings for improving the bioactivity and
service-life of Ti dental implants. Surf. Coat.
Technol. 2019; 378:125049.

31



