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Hydroxyapatite(HA)/yttria-stabilized zirconia(YSZ) composite coatings were deposited on
titanium substrates using a hydrothermal electrochemical method in an electrolyte containing
calcium, phosphate ions and YSZ particles. HA/YSZ composite coatings were prepared in
different conditions with different electrolyte temperatures(100 ∼ 200◦C), current densities(0.1
∼ 10.0 mA/cm2), and particles content in bath(0 ∼ 100 g/L). The effect of YSZ additions on the
phase composition, microstructure, thermal stability, corrosion behavior and the bonding
strength of HA/YSZ composite coatings were studied. The results show that crystallinity of HA
in HA/YSZ composite coatings increase continuously with the electrolyte temperature and close
to stoichiometric HA. The n(Ca)/n(P) ratio at 200◦C is about 1.67 according with stoichiometric
HA. YSZ particles are imbedded uniformly between the HA crystals. The average HA crystal size
are reduced owing to the additions of YSZ particles. After annealing at 1200◦C, tetragonal phase
YSZ tend to react with the released CaO to form cubic phase YSZ and CaZrO3, which cause
destabilization of HA to decompose into more α-TCP phase. The bonding strength between
HA/YSZ composite coatings and titanium substrates increase with increasing volume content
of YSZ in the composite coatings (V %). HA/YSZ composite coatings exhibit a better
electrochemical behavior than pure HA coatings and uncoated Ti metals.
C© 2006 Springer Science + Business Media, Inc.

1. Introduction
Hydroxyapatite(Ca10(PO4)6(OH)2, HA) is considered
as the bioceramic material that has favorable osteo-
conductive and bioactive properties which promote rapid
bone formation and strong biological fixation to bony
tissue [1, 2]. However, its mechanical properties of low
strength and high brittleness restrict the application only
in nonload-bearing areas of the human body. One way to
solve these problems is to apply HA coatings onto bio-
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compatible metal substrates so as to achieve the necessary
mechanical strength and bioactive properties at the same
time [3]. Currently, the most widely applied coating pro-
cedure is the plasma spray technique. The major problems
for this technique are that it is a line of sight process that
produces non-uniform coating with heterogeneous struc-
ture, and the high temperatures causes the decomposition
and phase transformation of HA during the spray coating
process [4, 5].
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Electrochemical deposition of HA coating has re-
cently attracted considerable attention because of a va-
riety of advantages, such as a low process temper-
ature, the ability to deposit on porous or complex
shapes of substrates, the microstructure of coat-
ings can be regulated by controlling the composi-
tion of the electrolyte, the electrolyte temperature, the
current density, the current loading time and the compo-
sition of the substrate metal, the crystallinity of deposits
increased with the electrolyte temperature [6–9]. Based
on these results, Ban S [10, 11] employed hydrothermal-
electrochemical method for HA coatings above 100◦C
in an electrolyte. Needle-like HA were synthesized un-
der different deposition conditions. The size of needle-
like HA remarkably increased with the electrolyte tem-
perature and current loading time, and slightly changed
with current density. However, our previous studies re-
ported that the bonding strength between HA coatings
and titanium substrates produced by the hydrothermal-
electrochemical method are weak [12]. This major draw-
back limits the application potential of hydrothermal-
electrochemical method. The present work is aimed at
improving the bonding strength of HA coating by mod-
ifying the hydrothermal-electrochemical process. This is
done by adding yttria stabilized zirconia (YSZ) in the
electrolyte so that the HA and YSZ could be codeposited
on titanium substrates.

ZrO2, especially YSZ, having the attributes of high
strength and stress-induced phase transformation tough-
ening, has been used to strengthen the brittle materials
[13, 14]. Biocompatibility is another crucial merit of ZrO2

[15]. There are a variety of processing routes for prepar-
ing HA/ZrO2(or HA/YSZ) composite coatings, examples
of which can be seen in the sintering method [16] and the
electrochemical method [17]. Thermal spray techniques
(plasma spray and high velocity oxy-fuel) are employed
to produce composite coatings because of their high ther-
mal efficiency and relative economy [18–20]. However,
due to the high temperature of thermal spray techniques,
HA tends to decompose and lose some of its bioactive
properties.

This paper presents HA/YSZ coatings produced via
hydrothermal-electrochemical method. This method be-
longs to the so-called soft solution processing (SSP) [21,
22], offering the advantage of enhanced purity, lower re-
action temperature and higher film growth rate. It is ex-
pected that a synergistic effect of codeposition of HA and
YSZ might exhibit improved bonding strength, with bet-
ter bioactivity. The effect of operating conditions on the
volume percent of YSZ in the composite coatings are ex-
amined. The microstructure, phase composition, thermal
stability, corrosion behavior and the bonding strength of
composite coatings are investigated.

2. Materials and methods
2.1. Coating preparation
The experiments were carried out in a stainless steel
autoclave with a Teflon liner (inner volume: 200 mL).

The autoclave was equipped with outlets for con-
nection of three electrode [23]. Titanium metal sub-
strates of 99.9% purity and dimensions of 10 mm ×
100 mm × 0.5 mm were used as working cathodic elec-
trodes, and a platinum foil served as a counter electrode.
The reference electrode was an anodized Ag wire. The
wire was first anodized in a KCl solution, rinsed and
placed in a fritted glass tube filled with the electrolyte [24].
All potentials were referred to this reference electrode.
Before deposition the working electrode surface was pol-
ished with abrasive paper, etched in 4% HF solution for
4 min, ultrasonicated in acetone for 10 min, then washed
with deionized water and dried in air. The temperature in
the autoclave was regulated using an external heating sys-
tem, a chromel-alumel thermocouple and an automatic
controller. The electrolyte used for deposition of coat-
ings contained 0.0105 mol/L Ca(NO3)2, 0.0063 mol/L
NH4H2PO4, and with or without 0∼100 g/L commer-
cially 3 mol% yttria-stabilized zirconia (YSZ) particles
(typical size: 1.0–5.0 µm). NaNO3 ([NO3

−] = 0.1 mol/L)
was also added to improve the ionic strength of the elec-
trolytes. YSZ was supplied by China Medicine Shanghai
Chemical Reagent Corporation. YSZ were kept in sus-
pension in the electrolyte by a magnetically driven Teflon
coated stirring bar. The electrolyte were prepared with re-
gent grade chemicals and deionized water. The pH of the
electrolyte was adjusted to 4.60 at 25◦C by the addition of
dilute ammonia water. At any time, 150 ml of electrolyte
was sealed in the autoclave with 75% compactedness. The
hydrothermal-electrochemical deposition was carried out
in galvanostat mode, the current density of the cathode
was maintained at a predetermined value range from 0.1
to 10.0 mA/cm2. Temperature was carried out at a fixed
temperature between 100 and 200◦C for 120 min. After
deposition, the coatings were rinsed with deionized water
and dried in air.

2.2. Coating characterization
The weight of coatings were determined from the weight
change of the substrates before and after deposition. The
content of YSZ particles in composite coatings was mea-
sured gravimetrically by dissolving the coating in diluted
HCl solution, filtering through weighted membrane fil-
ter paper and then calculating volume percent of YSZ
in the coatings. Inductively coupled plasma emission
spectroscopy(ICP) was used to measure the concentra-
tion change of Ca2+ ions after adding YSZ in the elec-
trolyte for 2 h. The Philips XL30 Environmental Scan-
ning Electron Microscope (ESEM) equipped with Philips
Energy Dispersive X-ray Analyzer (EDX) was used to
study the microstructure characterization and elemental
analyses of HA/YSZ composite coatings. Phase analy-
sis was performed on the Philips X’Pert MPD X-ray
diffractometer system (XRD) using CuKa radiation at
40 kV and 30 mA. Nicolet Avatar 360 Fourier trans-
form infrared spectroscopy(FTIR) was used to deter-
mine the chemical composition of the coatings. The bond
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strength of HA/YSZ composite coatings (σ b) was evalu-
ated using standard tensile adhesion test (ASTM-C633)
for hydrothermal-electrochemical codeposited coatings.
Two identical cylindrical Ti substrates were used as a
set, one rod was first sand-blasted and hydrothermal-
electrochemical codeposited with a HA/YSZ compos-
ite coating. The coupling rod was also sand-blasted,
glued with thermoplastic and then joined under pres-
sure in a fixture to the rod with HA/YSZ coating. The
couples, cured at 190◦C for 2 h, were subjected to
tensile tests at an extension rate of 1 mm/min until fail-
ure. For each testing material, five specimens were used,
and the bonding strength data is reported as the average
values.

To observe the corrosion behavior of the HA/YSZ, a
potentiodynamic polarization test was conducted using a
potentiostat (model DJS-292, Shanghai Rex Instruments,
China) in physiological saline solution (0.9%NaCl) at
37◦C. Anodic polarization curves were obtained by scan-
ning the potential from –1.0 V below the corrosion poten-
tial up to 2.0 V at a scan rate of 5 mV/s.

3. Results and discussion
3.1. Phase composition
Fig. 1 shows the XRD patterns for the composite coatings
prepared at temperature 100, 140, 160 and 200◦C. Diffrac-
tion peaks due to titanium substrate, HA and YSZ are
observed in all the patterns. It is clear that the composite
coatings consist of HA and YSZ without other phases be-
ing detected. XRD analysis at high 2θ angle (68–78◦) con-
firm that the YSZ is a pure tetragonal phase ZrO2(t-ZrO2)
according to JCPDS card for t-ZrO2 (JCPDS 88–1007).
Broad diffraction peaks are observed for the HA prepared
at low temperature (100◦C). With the increase in elec-
trolyte temperature these diffraction peaks become sharp
and the intensity of the (002) plane become strong, indi-
cating the increase in crystallinity of HA in the coatings.
In order to estimate the crystallinity of HA in each coat-

Figure 1 XRD patterns of the HA/YSZ on the titanium substrate after
loading of a constant current at 0.3 mA/cm2 at different temperature: a.
100◦C b. 140◦C c. 160◦C d. 200◦C. Legend: (�)HA, (↓)t-ZrO2, (◦)Ti.

T AB L E I The inverse of FWHM of HA/YSZ prepared at different
temperature

Temperature/◦C (002) (300)

100 Immeasurable Immeasurable
140 4.87 4.23
160 5.45 5.12
200 7.30 7.31

ings, the inverse of full width at half maximum(FWHM)
breadths was calculated from (300) and (002) diffraction
peak as representations of the a- and c-axis. The eval-
uated crystallinity of HA are given in the Table I. The
results show that a strong dependence of the crystallinity
of HA on the electrolyte temperature. It seems that the
crystallinity of the HA formed using the hydrothermal–
electrochemical method at 200◦C is similar to that of the
fired HA at 900◦C under atmospheric pressure from the
amorphous phase [10].

Fig. 2 show FTIR spectra of the composite coatings
formed at 100, 140, 160 and 200◦C. The spectra show the
absorption bands characteristic for HA, largely reported
in the literature [25]. So, the stretching and librational
modes of the OH− groups appear at: νs(3570 cm−1) and
νL(632 cm−1), whereas the internal modes corresponding
to the PO4

3− groups occur at: ν3(1095 and 1031 cm−1),
ν1(960 cm−1), ν4(605 and 565 cm−1) and ν2(470 cm−1).
Molecular and adsorbed water bands are discerned at 1632
and 3440 cm−1. Also, one additional band of low intensity
centered around 865 cm−1 can be observed. CO3

2−(type
B) or PO4H2− groups could be responsible for this band.
However, CO3

2− type B presents typical bands in the re-
gion 1500–1400 cm−1, which are not observed in our
case. So, only the HPO4

2− groups appear to be respon-
sible for the band. According to the chemical formula
of HA (Ca10(PO4)6(OH)2), HA have no HPO4

2− groups.
The presence of the HPO4

2− groups indicate the forma-
tion of nonstoichiometric HA. The EDX analyses show
that the elements of the composite coatings are calcium,

Figure 2 FTIR spectra of the HA/YSZ after loading of a constant
current at 0.3 mA/cm2 at different temperature: a. 100◦C b. 140◦C c. 160◦C
d.200◦C.
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phosphorus, oxygen and zirconium without other ele-
ments detected. The n(Ca)/n(P) molar ratio of compos-
ite coatings are determined to be 1.55 ± 0.03, 1.60 ±
0.03, 1.63 ± 0.02 and l.67 ± 0.01, respectively. Since the
HA has a nominal n(Ca)/n(P) ratio of 1.67, it is manifest
that the HA prepared by hydrothermal-electrochemical
are calcium-deficient hydroxyapatite ([usually expressed
as Ca10−x(PO4)6−x(HPO4)x(OH)2−x, CDHA] [26]. The
n(Ca)/n(P) ratio increase with increasing electrolyte
temperature, the n(Ca)/n(P) ratio at 200◦C is about
1.67, according with stoichiometric HA. Furthermore,
with the increase in electrolyte temperature the in-
tensity of absorption bands of OH− groups become
strong, and the intensity of absorption bands of HPO4

2−
groups become weak and disappear at 200◦C, and the

absorption peaks due to PO4
3− show stronger intensi-

ties and split more clearly. These results suggest that the
crystallinity of composite coatings increase continuously
with the electrolyte temperature and close to stoichiomet-
ric HA.

3.2. Microstructure of coatings
The ESEM observations of HA/YSZ composite coatings
and pure HA coatings without YSZ particles deposited
at 100,140,160 and 200◦C are shown in Figs 3a–e and
f–i, respectively. Two distinctive features can be seen in
the Fig. 3a–e, the small particles are YSZ and the needle-
like crystals are HA which having a defined hexagonal
crystal habit. Fig. 3f–i show that the width and the length
of HA crystals increase with the electrolyte temperature,

Figure 3 ESEM micrographs of the coatings after loading of a constant current at 0.3 mA/cm2 at different temperature.
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but the numbers of needle-like HA crystals decrease with
the electrolyte temperature. Although the needle-like HA
crystals shown are in a random orientation, there is a
possibility that they firstly grow as needles of different
sizes, radially pointing out from a center of the cluster
which act as the nucleation site (Fig. 3 g). It can be seen
that the average size of HA crystals in the HA/YSZ com-
posite coatings are much smaller than that in the pure
HA coatings, indicating the function of YSZ particles
as an HA crystal growth inhibitor during hydrothermal-
electrochemical deposition. The reason may be that YSZ
particles are absorbed on the surface of HA crystals and
hinder the growth of crystals. Fig 3 (e) shows the SEM
image of a cross-section of HA/YSZ composite coating.
It revealed that the YSZ particles are embedded uniformly
between the HA crystals.

3.3. Codeposition process
A previous paper demonstrated that the electrochemical
deposition of HA on Ti substrates occursc through a nu-
cleation and growth mechanism [7]. In general, the for-
mation of HA on the cathode is initiated once the level of
supersaturation exceeds the critical level required for the
nucleation of HA. During the electrochemical deposition
process, the pH of the electrolyte in the close vicinity of
the cathode is increased as a result of the electrolysis.
This causes the supersaturation level to raise and thus HA
may precipitate on the cathode surface due to accumu-
lation of Ca2+, PO4

3− and OH−. These results suggest
that the diffusion process is a rate-determining step in the
electrochemical deposition of HA, therefore, increasing
electrolyte temperature is in favor of the crystal growth of
HA.

The concentration of Ca2+ in electrolyte decreases from
0.0105 mol/L to 0.0097 mol/L after adding 50 g/L YSZ
particles for 2 h, which revealed that YSZ particles would
adsorb Ca2+ ions and would be migrated and adsorbed
onto the cathode surface for codeposition by electric field
and stirring action. Fig. 4 shows the relationship between
concentration of YSZ particles in the electrolyte and the
volume content of YSZ in the composite coatings(V%).
It can be noted that YSZ in the coatings increases with
an increase of YSZ in the electrolyte, tending to attain
a steady value at YSZ concentration of about 80 g/L.
Moreover, the curve is quite similar to the well known
Langmuir adsorption isotherms, supporting a mechanism
based on an adsorption effect. The codeposition of YSZ
may be attributed to the adsorption of YSZ particles on
the cathode surface, as suggested by Guglielmi’s two-
step adsorption model [27]. Once the particle is adsorbed,
HA crystals begin building around the cathode slowly,
encapsulating and incorporating the particles. The plateau
observed at higher particles concentration in eletrolyte
may be a result of saturation in adsorption on cathode
surface.

The cathodic polarization behavior of hydrothermal-
electrochemical deposition with and without YSZ addi-

Figure 4 Relationship between YSZ concentration in electrolyte and the
content of YSZ in the composite coatings (V%). T = 200◦C, i = 0.3 mA/cm2.

Figure 5 Cathodic polarization curves for deposition of HA and HA/YSZ.
T = 200◦C, 50 g/L YSZ.

tional particles is shown in Fig. 5. It indicates that the
YSZ particles in the electrolyte cause an increase in the
cathodic polarization, but the slope is unchanged. This
means that the adsorption of YSZ particles on cathode
surface hinders the deposition of HA, but does not signif-
icantly affect the electrochemical reaction mechanism.

The relationship between current density and V% is
shown in Fig. 6. An increase in current density from
0.1 mA/cm2 led to an increase in V%. A further increase
in current density led to a decline in V%, as shown in Fig.
6. In the region below 2.0 mA/cm2, the increasing V% can
be attributed to the increasing tendency for absorbed YSZ
particles to arrive in the cathode surface, which is con-
sistent with Guglielmi’s model. In this case, the codepo-
sition behavior of particle-adsorption-controlled and the
particle deposition is dominant. When current density is
greater than 2.0 mA/cm2, the decreasing trend can be
explained by the fact that an increase in current density
results in a more rapid deposition of HA crystals due
to the more quickly reduction of H2O, and less YSZ
particles are embedded in the composite coatings due
to a detrimental effect of hydrogen evolution on code-
position of YSZ particles. Hence, in this case the HA
crystals deposition dominates the codeposition process.
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Figure 6 The effect on current density on the content of YSZ in the
composite coatings (V%).

Hydrogen molecule formed on the cathode would coa-
lesced into gaseous macroscopic bubbles. HA/YSZ can-
not deposite at sites occupied by hydrogen bubbles be-
cause there is no mechanism for mass transport through
this gas phase. When current density is greater than
5.0 mA/cm2, the composite coatings are loose and porous
and easily scaled off the substrates.

3.4. Thermal stability
The XRD patterns of the HA/YSZ composite coatings re-
moved mechanically after heat treatment at various tem-
peratures for 2 h are shown in Fig. 7. With the annealing
temperature varying from 500◦C to 1000◦C, the tetrago-
nal phase YSZ don’t change into other phases. The ab-
sence of transformation of YSZ is beneficial to the coating
since YSZ has high strength, high toughness and excel-

Figure 7 XRD patterns of HA/YSZ (ZrO2, 20.27 V%) compos-
ite coatings codeposited at 200◦C and 0.3 mA/cm2 after annealing
for 2 h at different temperature: a. 500◦C b. 700◦C c. 800◦C d.
1000◦C e.1200◦C f. residues of HA/YSZ composite coating after sin-
tering at 1200◦C for 2 h and immersed in hydrochloric acid. Leg-
end: (�)HA, (↓)t-ZrO2, (β) β -TCP, (�) c-ZrO2,(α) α -TCP,(•)CaZrO3,
(�)CaO.

lent resistance against impact. Especially for the implant
coating, high toughness is important since the implant
prosthesis must be reliable in the presence of body flu-
ids and complex local loading. On the other hand, HA
is stable up to 700◦C, above which beta tricalcium phos-
phate (β-TCP) phase and CaO is transformed from the HA
phase. After annealing at 1200◦C for 2 h, the diffraction
peak of HA and CaO phase have disappeared, and tetrag-
onal phase change into cubic phase zirconia according
the JCPDS card(JCPDS 49–1642), and the alpha calcium
phosphate (α-TCP) phase could be identified apparently
according the JCPDS card(JCPDS 70-0364). indicating
the decomposition completely of HA. To further eluci-
date the results, the composite coatings were immersed
in hydrochloric acid to dissolve the soluble α-TCP, and
then the residues were collected and analyzed by XRD. It
could be seen from Fig. 7 f that little CaZrO3 are found.
High-resolution examination of 2θ = 68–78◦ range in-
dicates that the crystal phase of particles is cubic phase
zirconia, at 2θ ≈ 72.8◦ and 74.33◦, doublets of respective
tetragonal (400) and (004) planes do not appear [28]. It
had been reported in the study of sintered bulk HA/ZrO2

composite [29] that HA tended to release CaO and trans-
form into β-TCP, and at higher annealing temperature,
into α-TCP. Moreover, zirconia, initially in the tetragonal
phase, tended to react with the released CaO to form cubic
zirconia or CaZrO3. Therefore, the decomposition of HA
and reaction between HA and zirconia after annealing at
1200◦C can be expressed as follows:

Ca10(PO4)6OH2 → 3α−Ca3(PO4)2+CaO + H2O

x[t−ZrO2+CaO] → x[c − ZrO2]

(1 − x)[CaO + t − ZrO2] → (1 − x)[CaZrO3]

HA decompose into α-TCP and CaO firstly, and then
some CaO will dissolve into zirconia and form a solid
solution, then produce a phase change from tetragonal to
cubic, others CaO will react with YSZ to from CaZrO3,
meanwhile these reaction cause destabilization of HA to
decompose into more α-TCP phase.

3.5. Bonding strength
Adding ZrO2 as second phase to HA aim at improving the
bonding strength between the coatings and the substrates.
The results of bonding strength of HA/YSZ composite
coatings after annealing at 500◦C for 2 h were shown in
Fig. 8. The following conclusions can be drawn from the
measurements: (1) the pure HA coating shows the lowest
bonding strength; (2) the bond strength of the composite
coatings have been improved by the additions of YSZ
and increase with an increase in YSZ content. The
strengthening mechanism of hydroxyapatite-
electrochemical codeposited HA/YSZ composite
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Figure 8 Relationship between the bonding strength of coatings and the
content of YSZ in the coatings.

coatings should not relate to transformation toughening
of YSZ particles, but to homogeneous distribution of
YSZ particles in the HA. Other factors of microstructure,
such as HA crystal size will certainly influence the
bonding strength of coatings. The less HA crystal size
due to the addition of YSZ will increase the bonding
strength of the coatings. Furthermore, it was reported
that the adhesion of HA coating on Ti substrate could
be improved by a reduction of the coefficient of thermal
expansion (CTE) of the coating with an incorporation
of 60% TiO2 [30]. It was reported that the CTE of HA
was 15 × 10−6 K−1 and that of ZrO2 and Ti were 10
× 10−6 K−1 and 8.6×10−6 K−1, respectively. It is also
likely that the CTE of HA/YSZ composite coating are
smaller than that of HA coatings.

3.6. Corrosion test
The potentiodynamic polarization curves of the pure HA
coating, HA/YSZ composite coating and Ti metal are plot-
ted in Fig. 9. Before corrosion test, Ti metal was sub-
jected to the same hydrothermal electrochemical process
with HA/YSZ composite coating in an elecrolyte with-
out reactive ions/particles but with controlled pH. The
results show that the pure HA coating indicates highest
corrosion potential and a passive region between 0.10 and

Figure 9 Potentiodynamic polarization curves of samples.

1.45 V with a current density of about 0.59 µA/cm2; The
HA/YSZ composite coating possesses wider passive re-
gion and the lowest corrosion current about 0.12 µA/cm2.
The results confirm that HA/YSZ composite coating ex-
hibits a better electrochemical behavior than pure HA
coating possibly due to less crystal size and the better co-
hesion degree of the coating. However, the Ti metal gives
the lowest corrosion potential and the highest corrosion
current. Therefore, all coatings on Ti metal do exhibit sig-
nificantly improve corrosion resistance compared to the
hydrothermally treated Ti metal.

4. Conclusion
HA/YSZ composite coatings were successfully prepared
by hydrothermal-electrochemical codeposited method.
The phase composition, microstructure, thermal stability,
bonding strength and corrosion behavior of the composite
coatings were studied and the results are summarized as
follows:

(1) The crystallinity of the HA in the coatings increased
continuously with increasing electrolyte temperature and
closed to stoichiometric HA. The average grain size of HA
in the HA/YSZ composite coatings was reduced compared
with that in the pure HA coating, indicating the function
of the YSZ particles as an HA grain growth inhibitor.

(2) The YSZ volume content in the coatings increase
with an increase of YSZ content in the electrolyte, and
increase with the increasing current density from 0.1–
2.0 mA/cm2 and decrease with the current density beyond
2.0 mA/cm2.

(3) Tetragonal YSZ phase remain stable when HA/YSZ
composite coating annealed below 1000◦C. HA decom-
pose into β-TCP and CaO as the temperature increased
from 800◦C to 1000◦C. After annealing at 1200◦C, tetrag-
onal phase tend to react with the released CaO to form
cubic phase zirconia and CaZrO3, meanwhile this reac-
tion causes destabilization of HA to decompose into more
α-TCP phase.

(4) The bonding strength between HA/YSZ composite
coatings and titanium substrates increase with increasing
volume content of YSZ in the composite coatings(V%).
The strengthen mechanism were associated with the YSZ
uniformly dispersion and less HA crystal size.

(5) HA/YSZ composite coatings exhibit a better elec-
trochemical behavior than pure HA coatings and the hy-
drothermally treated Ti metal.

Hydrothermal-electrochemical codeposition method
provides an opportunity to prepare high performance
HA/YSZ composite coatings for bone prosthesis. The
bioactivity and biocompatibility evaluation of the com-
posite coatings are being studied by soaking the coatings
in simulated body fluid and testing cell proliferation
experiment on the surface of the composite coatings in
vitro now.
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