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Titanium dioxide (TiO2) nanorods and calcium phosphate (CaP) composite coatings were prepared and char-
acterized. TiO2 nanorod films were grown on titanium substrates via a hydrothermal method. Then, calcium
phosphate was deposited into TiO2 nanorod films electrochemically in an aqueous electrolyte containing cal-
cium and phosphorus species. As a result, CaP/TiO2 nanorod coatings were obtained. The amount of calcium
phosphate deposited could be controlled through varying temperature, voltage and duration. It was found
that both the presence of calcium phosphate and UV treatment could affect the surface wettability of the
composite coatings. A bovine serum albumin adsorption test showed that the protein adsorption ability of
the composite coatings was also improved with the presence of calcium phosphate and UV treatment. More-
over, the presence of calcium phosphate could promote the deposition of bone-likeminerals. It is suggested that
such coatingsmay exhibit promising initial cellular responses and thus be a good alternate for bioactive coatings.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Titaniumand titaniumalloys have beenwidely used as implantmate-
rials because of good and reliable mechanical properties. However, they
exhibit poor bioactivity [1] compared with bioactive materials such as ti-
tanium dioxide (TiO2) or calcium phosphate (CaP). Therefore, titanium
and its alloys coatedwith bioactivematerials have attractedmuch atten-
tion in biomedical application [1,2] for many years.

As an important biomaterial, TiO2 has been noticed for its good ad-
hesion with titanium matrix, and good osseointegration with bone
tissues. Nanoscale surface topography and the roughness of biomate-
rials have been recognized as crucial factors for tissue acceptance and
cell survival [3]. Various nano-structured titania, such as nanodots,
nanotubes and nanorods respectively, have been constructed on a ti-
taniummatrix to facilitate the integration of implants and host tissue.
The nanorod structure was selected by many researchers due to its
controllable diameter and density [4,5]. Moreover, the gap between
the nanorods could be filled with a bioactive substance. Recently,
some studies indicated that photo-induced superhydrophilicity of
titania could even improve the proliferation and differentiation of

bone marrow-derived osteoblasts, and eventually lead to improved
osseointegration with bones [6–8].

Deposition of calcium phosphate on titanium implants has been
investigated for many years. Several researches have demonstrated
that thin calcium phosphate layers can effectively establish bonding
between the implants and host bone tissue [9]. Such properties of
calcium phosphate actually come from its osteoconductivity and sim-
ilarity to bone mineral [1]. In addition, calcium ion (Ca2+) sites on a
titanium surface encourage protein adsorption, and influence cell
proliferation, morphology and differentiation. This will facilitate the
cell adhesion on PO4

3− ion sites [2,10].
In view of all these considerations, surface coatings consisting of tita-

niumdioxide and calciumphosphatemay exhibit stronger performance.
In this work, CaP/TiO2-nanorod composite coatings were prepared
through hydrothermal growth of TiO2 nanorods andelectrochemical de-
position of calcium phosphate. The surface wettability, bovine serum al-
bumin (BSA) adsorption property and in vitro simulated body fluid
(SBF) mineralization property, as well as the effects of UV treatment
on these properties, were characterized and discussed.

2. Materials and methods

2.1. Preparation of TiO2 nanorod films on titanium substrates

TiO2 nanorod films on titanium substrates were obtained by a
hydrothermal synthesis process as described previously [5]. Briefly,
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0.29 g picric acid was dissolved in 9.6 ml ethanol, and then was
mixed with 36 ml deionized water, 24 ml concentrated hydrochloric
acid (36.5%–38% by weight) and 0.17 ml tetra-n-butyl titanate. The
mixture solution was served as a mother solution for the growth of
TiO2 nanorod films. Titanium foils (99.99% purity) with a thickness
of 0.1 mm and 1.0 × 2.0 cm in dimension were placed into an auto-
clave with the mother solution and heated for 3 h at 160 °C for TiO2

nanorod growth. After cooling down to ambient temperature, the Ti
substrates were taken out, rinsed with deionized water and ethanol
and allowed to dry in ambient air.

2.2. Preparation of CaP/TiO2 nanorod composite coatings

The deposition of calcium phosphate on TiO2 nanorod films was
performed electrochemically through two-electrode modes, with a
platinum foil serving as the counter electrode [11]. The electrolyte
contained 4 × 10−3 M Ca(NO3)2 and 4 × 10−3 M NH4H2PO4. A con-
stant voltage of 3 V was used to deposit calcium phosphate at 50 °C
for different time.

2.3. Surface characterization

The surface morphology and cross-section morphology of the
coating were observed by a field emission scanning electron micros-
copy (FESEM HITACHI, S-4800) with the field emission electron
source running at 3 kV. In order to observe the cross-section, the
samples were cut off with scissors so that the cross-section could be
exposed. The element composition was detected by energy dispersive
X-ray detector (EDX) with a working voltage of 20 kV and a working
current ranging from 3 mA to 10 mA. An X-ray diffractometer (XRD)
and Fourier transform infrared (FTIR, NICOLET 830) spectroscopy
were used to investigate the crystalline phase and chemical groups
of the coatings. XRD patterns were recorded in a diffractometer
(X'Pert PRO, PANalytical with Cu Kα radiation, λ = 1.5406 Å) from
10° to 80° at a scanning speed of 1° min−1. The X-ray tube voltage
and currentwere set at 40 kV and 40 mA, respectively. The FTIR patterns
were recorded from400 cm−1 to 4000 cm−1 at a step of 1 cm−1.Water

contactmeasurementswere carried out to estimate thewettability of the
surface.

2.4. BSA adsorption

As a model protein, BSA was selected to test the adsorption
behavior of the composite coatings. All experiments were conducted
at 37 °C in 1 mg/ml BSA solution for different duration. Phosphate
buffered saline (PBS, pH = 7.4) was used to prepare the BSA solution.
SEMwas used to observe the morphology of the coatings after the ad-
sorption of BSA. The coatings were put into 3 ml 1% sodium dodecyl
sulfate (SDS) solution in centrifuge tubes and shaken for 1 h to detach
BSA adsorbed. The samples were then taken out and the protein con-
centrations in the supernatant SDS solutions were determined
through detecting the optical density at 280 nm using a UV spectro-
photometer [12].

2.5. SBF mineralization

CaP/TiO2 nanorod composite coatings were soaked in simulated
body fluid to evaluate their in vitro bioactivity. The SBF was prepared
by dissolving NaCl, NaHCO3, KCl, K2HPO4·3H2O, MgCl2·6H2O, CaCl2
and Na2SO4 into distilled water, and buffered with tris-hydroxymethyl
aminomethane and HCl to pH 7.4 at 37 °C [13,14]. The samples were
soaked in SBF at 37 °C for one week and then removed from the fluid
and washed twice with deionized water.

3. Results and discussion

3.1. Intrinsic properties of CaP/TiO2 nanorod composite coatings

SEM images of TiO2 nanorod coatings before and after the deposi-
tion of calcium phosphates on titanium are presented in Fig. 1. It was
observed that the TiO2 nanorod films consisted of many individual
TiO2 nanorods (Fig. 1a). Calcium phosphate deposition was clearly
observed in the gaps among nanorods, and became increasingly
greater with increased deposition time, while the length of nanorods

Fig. 1. Effects of calcium phosphate deposition on coating morphology. (a) Without CaP deposition; (b) 30 s CaP deposition; (c) 90 s CaP deposition; (d) 120 s CaP deposition.
Circles indicate TiO2 nanorods and arrows indicate calcium phosphate.
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