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1 1. INTRODUCTION

In the past 20 years, titanium and its alloys have been
accomplished used as odontic and orthopedic biomate�
rials because of their good mechanical properties, cor�
rosion resistance and biocompatibility with alive tissue
after implantation into the bone. However, being bioin�
ert metallic materials, they cannot connection to living
bone directly after implantation into a host body.
Therefore, various surface modifications have been
tested to improve the bioactive bone�bonding ability of
biomaterials [1–4]. Hydroxyapatite (HAP) can bond to
living bony tissues and, it is being widely used in clinical
applications. One major application of HAP is to serve
as a cover material for titanium or other metals used in
biomaterials. In this case, the biocompatibility of biom�
aterials is assured by HAP, while the mechanical prop�
erties are provided by the metal substrate [5–10]. Typi�
cal coating methodologies like ion beam assisted depo�
sition [11–15], plasma spray deposition [16–20],
pulsed laser deposition [21–27], magnetron sputtering
[28–32], sol�gel derived coatings [33–40], biomimetik
[41–45], electrodeposition [6, 39, 46–65], electrocem�
ical cathodic deposition [66–68], pulse electrodeposi�
tion [69–70] are extensively studied. The process of
electrodeposition has been described to be influenced
by the electrolyte composition, process temperature,
hydrodynamic flow, deposition time and current den�
sity [47] HAP increases with increasing electrolyte tem�

1 The article is published in the original.
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perature [6]. Electrodeposition is an alternative tech�
nique but this also has disadvantages, mainly the crys�
tallinity of the deposited hydroxyapatite and its
adhesion to the substrate [66]. Electrodeposition HAP
method is generally produced brushite (dicalcium
phosphate dihydrate CaHPO4 ⋅ 2H2O). Coating thick�
ness and weight gain are increased and the morphology
changed with increasing deposition current density
[46]. Pulsed electrodeposition without H2O2 into elec�
trolyte followed by heat treatment favoured coatings
made of two phases which are stoichiometric hydroxya�
patite (HAP) and β�tricalcium phosphate (β�TCP)
[70]. The hybrid coating tantalum oxide/organophos�
phonic acids/molecular layer is shown to be promising
for orthopaedic biomaterials [71].

2. MATERIAL AND METHODS

2.1. The Preparing Substrates

Surface condition of the substrates a major role in
the development of electrochemical deposition HAP
coating and their corrosion resistance. The surface
roughness of the substrate is particularly important not
only because a rough surface can provide increased wet�
tability of the HAP precursor solution on the substrate,
but also because mechanical interlocking between the
HAP�coated layer and substrate may be enhanced to
avoid the failure of the coated HAP layer under shear
stress [72]. Before coating, the substrates were polished
and cleaned by using Bandelin ultrasonic bath for
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15 minutes in order acetone, alcohol, bidistilleted water
30°C. Then, they were dried at 40°C for one hour in
oven. So, they were made ready for pretreatment sur�
face operations (PTSO).

2.2. Pretreatment Surface Operations
of Substrates (PTSO)

The increase in surface roughness of the coating
provides the nucleation sites with lower interface energy
for bone�like apatite to anchor [5]. Three different pre�
treatment surface operations are applied to substrates.
These are summarized as follows:

a) Acid�base PTSO: The substrates are soaked in 5
moldm–3 NaOH solution for 12 hours on 60°C and
then on 25°C for 12 hours. Then, they are washed at the
ultrasonic bath for 15 minutes by bidistilleted water for
two times and dried in the oven on 40°C for one hour. It
can be seen that a porous network structure was formed
on the surface of substrates with the NaOH treatment
[6, 73, 74]. The precursors reported that pre�calcifica�
tion improved bioactivity as expressed by an increase in
precipitation of apatite, and alkali�treatment process
formed the bioactive Ti–OH film on titanium surface
[63]. This process resulted in a vertical growth of the
hydroxyapatite crystals and increased the bond strength
of the coating [52]. Subsequently, the substrates are
soaked in 60°C at 1 moldm–3 HCl for 12 hours and then
12 hours at room temperature. Following acid treat�
ment, the substrates rewashed with running bidistilled
water and dried at 40°C for one hour. The HCl pre�
treatment inhibits the negative effect of titanium pro�
cessing on titanate hydrogel layer formation and the
subsequent HAP precipitation is steady and reproduc�
ible. For a bioactive material, the ability of the surface to
induce apatite precipitation as well as the rate of apatite
formation is very important [74].

b) Anodic Polarization PTSO: Anodic polarization is
done 1 moldm–3 HCI solution. It is confirmed that
optimum time is treated 300 seconds in 1 moldm–3 HCl
solution and potential value is determined as 5 V.

c) HNO3 PTSO: Substrates are grounded from
rough emery paper to fine emery paper (120–1200 grit
paper) and are washed bidistilled water by ultrasonic
bath. Then substrates are soaked for 20 minutes with
technical HNO3 and following acid treatment, the sub�
strates are washed with running bidistilled water and
dried at 40°C for one hour. The substrates are cleaned in
Bandelin ultrasonic bath for 15 minutes in order ace�
tone, alcohol, bidistilleted water 30°C. Then, they are
dried at 40°C for one hour in oven. Surface of substrates
are made porous for HAP coating. Substrates are hid�
den in desiccator after put in locked plastic bags 
[75–76].

2.3. HAP Coating by Electrodeposition Method

Electrodeposition solution is prepared as
0.042 moldm–3 Ca(NO3)2 ⋅ 4H2O, 0.025 moldm–3

2

2

2

2

2 2

(NH4)H2PO4, 0.15 moldm–3 NaNO3, 10 cm3 dm–3

H2O2. NaNO3 was used to increase the ionic conductiv�
ity of the electrolyte [63, 77]. When high voltage is
applied to the system during electrochemical deposi�
tion H2 formation accelerates. Formed H2 increases the
porosity of the coating and prevents hydroxyapatite
from sticking to the surface. During electrodeposition,
in order to prevent hydrogen output from deteriorating
the coating H2O2 is added to the coating solution before
electrodeposition. On the other hand the addition of
H2O2 into electrolyte led to adherent and uniform coat�
ings mainly made of stoichiometric hydroxyapatite
(HAP) [56, 63, 70]. HAP coating is produced in 1 hour
under 3 V voltage by using a DC power source. Nitrogen
gas was passed through the system for 45 minutes before
coating. The reason for passing nitrogen gas through the
system is to decrease the amount of CO2, which is
present in the coating solution in dissolved form, and to
prevent CaCO3 deposition [66]. The pH value of elec�
trodeposition solution was set to 5.5 at 85°C by using tris
(hydroxymethyl) aminomethane (TRIS) and HCl. The
coating was formed at 85°C by using thermostat circu�
lating water bath. Pt plate electrode was used as anode.
Ti6Al4V, Ti and AISI 316L SS substrates, surface of
which would be coated with hydroxyapatite, were used
as cathode. The distance between anode and cathode
was set to 5 mm and the solution was constantly stirred
during coating. There are two effects of stirring the solu�
tion; first it draws away H2 gas bubbles due to centrifuge
effect. Second, it accelerates the mass transportation
rate of both reactants and products to the electrode sur�
face [66].

HAP coated samples were dried in oven at 60°C for
1 hour. Sintering process; the temperature was set to
400°C after the samples have been put into muffled fur�
nace. It was kept still for 10 minutes when the tempera�
ture reached 400°C. Then the furnace was turned off
after waiting for 10 minutes by each 100°C increase and
for 30 minutes at 850°C, and the substrates were taken
from the muffled furnace one day later. The thickness of
the HAP coatings were measured using EBAN 2000
MK2 (0–1000 μm) device.

2.4. Electrochemical Measurements
and Surface Morphology Studies

Chemical reagents are used Merck. All the electro�
chemical measurements were performed using Refer�
ence 600 potentiostate/galvanostate/ZRA system
(USA) supported by echem analyst soft programme. In
these measurements, AISI 316L SS, Ti6Al4V alloy and
Ti substrates were used as the working electrode while
platinum electrode was used as the counter electrode,
and saturated calomel electrode (SCE) as the reference
electrode. Electrochemical evaluations involving
potentiodynamic polarization studies were performed
in the Ringer’s solution (NaCl 8.6 gL–1, CaCl2 ⋅ 2H2O
0.66 gL–1 and KCl 0.6 gL–1) and % 0.9 NaCl solution.
All the potential values in the text are relative to the

2
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SCE. In order to test the reproducibility of the results,
the experiments were performed in triplicate.

After electrochemical measurements, surface
images are taken from by LEO 1430 VP SEM micro�
scope. EDS spectrums are also had over same samples.
XRD is used to determine structure of HAP on sub�
strates.

3. EXPERIMENTAL RESULTS AND 
DISCUSSIONS

3.1. Electrochemical Experimental Results
after Electrodeposition HAP Coating

Electrochemical curves obtained from Ringer and
0.9% NaCl solutions were given Fig. 1 for uncoated and
HAP coated Ti6Al4V alloy substrates. Corrosion char�
acteristics for Ti6Al4V alloy substrates in Ringer and
0.9% NaCl solutions were given in Table 1. Table 1 and
Fig. 1 present, the corrosion rate of HAP coated sub�
strates with by using electrodeposition method has
increased. Ecor values have shifted to more negative
potentials with in Ringer and 0.9% NaCl solutions. This
showed that, electrochemical deposition HAP coating
could not prevent the corrosion. When polarization
resistance (Table 1) values were examined, polarization

resistance of electrodeposition HAP coated samples
were decreased.

The lowest corrosion rate was calculated HNO3
PTSO Ti6Al4V substrate in Ringer solution as
0.87 μAcm–2. Electrochemical curves obtained from
Ringer and 0.9% NaCl solutions were given Fig. 2 for Ti
substrates. The corrosion characteristics of Ti substrates
are given in Table 2. icor values are lower when compared
to Ti6Al4V alloy. Ecor values have shifted to more posi�
tive potentials when compared to Ringer solution
(Table 2 and Fig. 2). It showed variety in 0.9% NaCl
solution.

In Table 2 and Fig. 2 the lowest corrosion rate can be
seen in HNO3 PTSO Ti substrate in Ringer solution. In
their studies, Ban and Hasegawa [78] reported that
hydrothermal electrochemical deposition consists of
two steps; nucleation and crystal growth. It is assumed
that the first step of electrochemical deposition starts
with heterogeneous nucleation. Deposition increases
proportionally with increased temperature. Electro�
chemical curves obtained for AISI 316L SS from Ringer
and 0.9% NaCl solutions were given Fig. 3. The corro�
sion characteristics of AISI 316L SS are given in
Table 3.

When Table 3 and Fig.3 are examined there is a
decrease in the corrosion rate of HNO3 PTSO AISI

0.4

0.2

0

–0.2

–0.4

1.0E–041.0E–071.0E–10
–0.6

E
, 

V

log i (mAcm–2)

HNO3 anodik BA blank

0.3

0

–0.3

1.0E–041.0E–071.0E–10
–0.6

E
, 

V

log i (mAcm–2)

HNO3 anodik BA blank

6000

3000

600030000
0

–
Z

im
ag

e 
(Ω

)

Zreal (Ω)

HNO3 anodik BA blank

9000

6000

4000

600030000
0

–
Z

im
ag

e 
(Ω

)

Zreal (Ω)

HNO3 anodik BA blank

12000

2000

9000 15000

(a)

(b)

(c)

(d)

Fig. 1. Electrochemical plots for Ti6Al4V alloy after electrodeposition HA coating
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316L SS substrate in Ringer solution. % inhibition value
is 53%. There is no inhibition in others. icor values have
increased. Corrosion has continued on HAP coated
surfaces in electrodeposition method.

The following reactions occur on cathode surface
during cathodic deposition:

2H2O + 2 → H2 + 2OH– (1)

O2 + H3O
+ + 4 → 3OH– (2)

N  + H2O + 2 → N  + 2OH– (3)O3
– O2

–

2H2P  + 2H2O + 2 → 2H2P  + 4OH– (4)

2H2P  + 2 → 2H2P  + H2 (5)

2HP  + 2 → 2P  + H2 (6)

1–4 reactions produce hydroxide which causes pH
increase in diffusion layer on cathode surface. Simulta�
neously there is an increase in the concentration of
phosphate ions (5 and 6 reactions). On titanium surface
hydroxyl groups makes a chemical bond with calcium

O4
– O3

–

O4
– O4

–

O4
2– O4

3–

Table 1. Corrosion characteristics of Ti6Al4V alloy after electrodeposition HA coating

Ti6Al4V alloy PTSO –Ecor (mV) βa × 103 

(V/decade)
βc × 103 

(V/decade)
icor 

(μA cm–2)
Corr.rate 

(mpy) Rp (kΩ)

Uncoated Ringer’ssolution – 276 364 600 0.097 0.033 299

%0.9 NaCl solution – 351 410 5.75 × 103 0.172 0.060 359

Coated Ringer’ssolution HNO3 220 297 166 0.87 0.10 117

anodic 211 307 271 4.41 1.53 12

BA 265 586 232 2.36 0.82 15.31

%0.9 NaCl solution HNO3 193 398 189 2.35 0.27 27.84

anodic 237 697 380 3.34 1.13 21.68

BA 320 1095 446 1.26 0.44 986
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Fig. 2. Electrochemical plots for Ti after electrodeposition HA coating
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and phosphate in order to produce HAP coating (reac�
tion 7).

10Ca2+ + 6P  + 2OH– → Ca10(PO4)6(OH)2 (7)

Deposition of HA occurs in two steps:

1) Occurrence of two dimension growth with nucle�
ation

2) Three dimensional occurrence of progressed
nucleation

O4
3–

According to Kumar et al. [79] as shown in equation
1, 5, 6, hydrogen formation reactions may lead hydro�
gen atoms that migrate from the surface to form H2

molecule. Combination of hydrogen molecules results
in macroscopic bubbles in gas form. There cannot be
any deposit in sites formed with HAP hydrogen bub�
bles, because there is not any mechanism for mass
transfer which would pass through this phase. Because
H2 is non�conducting. Ion migration and diffusion
must be between bubble�HAP interface. Enlargement

Table 2. Corrosion characteristics of Ti after electrodeposition HA coating

Ti PTSO –Ecor (mV) βa × 103 

(V/decade)
βc × 103 

(V/decade)
icor 

(μA cm–2)
Corr.rate 

(mpy)
Rp 

(kΩ)

Uncoated Ringer’ssolution – 231 80.4 29.73 15.5 × 10–3 5.276 257

%0.9 NaCl solution – 191 296 160 0.211 0.066 295.0

Coated Ringer’ssolution HNO3 76 505 189 0.184 0.06 189

anodic 80 485 250 0.767 0.26 59.21

BA 100 832 301 0.84 0.29 116.38

%0.9 NaCl solution HNO3 218 778 418 0.83 0.28 237.5

anodic 195 733 243 0.46 0.15 215

BA 128 634 234 0.33 0.11 156
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Fig. 3. Electrochemical plots for AISI 316 L SS after electrodeposition HA coating
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of HAP around the bubbles results in a capture. If this
gas bubble erupts global HAP crystals continue to form.

3.2. SEM Analyses after Electrodeposition HAP Coating

The surfaces of the HAP coated biomaterials were
investigated by SEM. SEM images of Ti, AISI 316L SS
and Ti6Al4V alloy substrates are given Figs. 4–6

Figure 4a and 4b images are structure of hydroxyap�
atite. Figure 4c is seen much more TiO2 on surface than
hydroxyapatite

SEM analysis showed that the petal rose like apatite
crystallites (Fig. 4a, 4b) are composed of hydroxyapatite
[80]. The gel layers can initiate apatite nucleation on
itself. Once apatite nucleation occurs, it spontaneously
grows by taking calcium and phosphate ions from the
surrounding environment. The sodium titanate hydro�
gel on the titanium alloy (Ti6Al4V) has become much
more popular than pure titanium in orthopedic and

dental applications owing to its superior mechanical
properties and higher corrosion resistance [6].

Four different Ca–P coatings are produced by elec�
trodeposition method. These are brushite or dicalcium
phosphate dihydrate (DCPD, CaHPO4 ⋅ 2H2O), mon�
etit or dicalcium phosphate anhydride (DCPA,
CaHPO4), octa calcium phosphate (OCP,
Ca8(HPO4)2(PO4)4 ⋅ 5H2O) and hydroxyapatite (HAP,
Ca10(OH)2(PO4)6). Forming two phase (DCPD or
DCPA) are transformed HAP by using chemical meth�
ods [81]. HAP is the largest inorganic compound of nat�
ural bone.

When there are pores in HAP coating a conductive
path occurs between the metallic conductor and the
electrolyte. HAP coating acts as a semi conductive bar�
rier in order to prevent interaction of substrate and the
solution. Corrosion occurs due to water and chloride
ion entering in the coating and ions passing through the
coating. Electrochemical reactions continue in the
interface of HAP and substrates. Hydroxyapatite struc�
ture in anodic PTSO AISI 316LSS' can be seen in
Fig. 5a. The hydroxyapatite coatings are better in the
anodic PTSO substrate.

 
Table 3. Corrosion characteristics of AISI 316L SS after electrodeposition HA coating

PTSO –Ecor (mV) βa × 103 

(V/decade)
βc × 103 

(V/decade)
icor 

(μA cm–2)
Corr.rate 

(mpy)
Rp 

(kΩ)

Uncoated Ringer’ssolution – 375 133 172 4.44 1.996 8.979

%0.9 NaCl solution – 322 188 116 1.27 0.57 29.75

Coated Ringer’ssolution HNO3 444 184 120 2.08 0.93 17.36

anodic 365 150 251 8.29 3.73 5.40

BA 429 104 202 6.87 3.09 4.94

%0.9 NaCl solution HNO3 406 93 238 14.96 6.73 3.39

anodic 372 118 138 4.79 2.16 5.97

BA 418 113 255 11.16 5.03 3.60

a) 2 μm b) 1 μm c) 1 μm

e) 1 μmd) 2 μm

f) 2 μm g) 1 μm h) 1 μm

a) anodic PTSO Ti

b) BA PTSO Ti

c) HNO3 PTSO Ti

Fig. 4. SEM images of Ti after electrodeposion HA coating

a) 2 μm b) 1 μm c) 1 μm

e) 2 μmd) 2 μm f) 1 μm

a) anodic PTSO AISI 316L SS

b) BA PTSO AISI 316L SS c) HNO3 PTSO AISI 316L SS

Fig. 5. SEM images of AISI 316L SS after electrodeposition
HAP coating
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In Fig. 6 hydroxyapatite structures have formed in all
surface pre�treatments. This formation appears more
significant in HNO3 surface pre�treated one. The nega�
tive aspects of producing electrochemical deposition
coating can be given in two items:

1) Concentration of OH– ions produced with sub�
strate cathode directly affects Ca–P deposition. It is
unknown that whether the coating formed on Ti sub�
strate is HAP or other Ca–P colloids.

2) Hydrogen is also produced with substrate. This
causes the formation of gas bubbles. These prevent HAP
from sticking to the surface. Formation of HAP should
be supported by post�treating the resulting Ca–P film
with NaOH.

Hydroxide standard reduction potential of hydrogen
peroxide is +0.68 V (hydrogen reference vs. electrode).
Therefore addition of H2O2 to electrolyte solution pro�
vides an alternative electrochemical source to hydrox�
ide ions on the cathode surface of the substrate. This
supports the formation of HAP.

H2O2 + 2 → 2OH– (8)

As a result HAP films stick better when H2O2 is present.
It is reported that adding H2O2 as an addition increases
the thickness and the roughness of titanium oxide film.
Sticking capability and the thickness of HAP films
increase with temperature. This depends on three fac�
tors.

1) Dissolubility of brushite and HAP decreases with
increased temperature. Thus the particle nucleation
rate will increase to form Ca–P.

2) Higher deposition temperature supports the for�
mation of more crystallized film.

3) As the temperature gets higher less hydrogen bub�
bles will form. This in turn, will damage less the growth
of Ca�P film that holds on to the surface of the substrate
[66, 78, 82, 83].

3.3. EDS Analyses after Electrodeposition HA Coating

EDS analyses of Ti, AISI 316L SS and Ti6Al4V alloy
substrates are given Figs. 7–9 EDS analysis of the coat�
ing of biomaterials shows the presence of Ca, P and O.
Major peaks due to Ca, P and O indicated that the coat�
ing composed of apatite phase [80]. It is well known that
the grain boundaries may act as fast atomic diffusion
channels, and various kinds of non�equilibrium struc�
tural defects can accelerate the chemical activity. These
cracks were caused by the different expansion between
the coating and the substrate during the heat treatment
process. Such a cracked surface is beneficial to the
adhesive strength between the TiO2 and HAP layers
because the subsequently coated HAP gel can fill in
the cracks and cover the surface of TiO2 layer com�
pletely [74].

a) 2 μm b) 1 μm c) 1 μm

e) 1 μmd) 2 μm f)1 μm

g) 2 μm h) 1 μm i) 1 μm

a) HNO3 PTSO Ti6AI4V

b) BA PTSO Ti6AI4V

c) anodic PTSO Ti6AI4V

Fig. 6. SEM images of Ti6Al4V after electrodeposition HAP
coating

Table 4. EDX quantitative analyses ( % atom) after electrodeposition HA coating

Substrate O P  Ca Ti Na CI Cr Fe Ca/P

Ti (anodic PTSO) 62.42 13.11 23.66 – 0.81 – – – 1.80

Ti (BA PTSO) 58.07 11.39 29.92 0.62 – – – – 2.63

Ti (HNO3 PTSO) 66.22 3.70 13.88 16.20 – – – – 3.75

316 LSS (anodic PTSO) 60.34 10.18 28.97 0.35 0.17 2.84

316 LSS (BA PTSO) 63.09 6.86 30.05 – – – – – 4.38

316LSS(HNO3 PTSO) 59.01 12.07 26.89 – – – 0.83 1.20 2.23

Ti6Al4V(anodic PTSO) 57.95 14.71 24.18 0.42 2.38 0.34 – – 1.64

Ti6Al4V (BA PTSO) 64.00 10.66 24.43 0.16 – 0.75 – – 2.29

Ti6Al4V (HNO3 PTSO) 61.38 12.95 24.79 0.75 – 0.12 – – 1.91

“–” not determined
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It is seen in Fig. 7a there are Ca, O and P on the sur�
face. This supports the formation of HAP. Presence of
Na on the surface results from the NaNO3 present in the
electrodeposition solution. In Fig. 7b there are Ti peaks
on the surface in addition to Ca, O and P. A Ti peak due
to substrate is present in Fig. 7b, which indicates that
the coating was not thick enough to prevent the pene�
tration of EDS beam up to the substrate surface [80].
This shows that the surface did not close properly. There

are Ca, O and P on the surface in Fig. 7c, Ti peak is
hardly present. In Fig. 8a there is Cr peak on the surface
of anodic surface pre�treated steel in addition to Ca, O
and P peaks. In Fig. 8c there are only Ca, O and P on
the surface, and hydroxyapatite has formed on the sur�
face. In Fig. 8b though very little there are Cr and Fe
peaks. In Fig. 9 there are Ca, O and P peaks on the sur�
face and in addition a small amount of Ti peak.
Hydroxyapatite has formed on the surface. The quanti�
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tative element analyses of EDS peaks between
Figures 7=�9 are given in Table 4.

In Table 4 is seen that in general there are Ca, P and
O on substrate surfaces. This points out that there are

calcium phosphate coatings on substrate surfaces. Ca/P
ratios vary. The Ca/P ratio in hydroxyapatite structure is
1.67. The closest value to this in EDX analyses is seen in
anodic PTSO Ti6Al4V alloy substrate.

However, post treatment of the electrosynthesized
HA coatings can lead to a variety of decomposition
products such as tricalcium phosphate (TCP), tetracal�
cium phosphate, oxyhydroxyapatite, brushite
(CaHPO4 ⋅ 2H2O) and others. Since HA tends to
decompose to TCP at temperatures around 800°C, it is
important to keep the particle sizes as small as possible
to enhance sinterability and uniformity. In addition, the
stoichiometry of the HA coatings has been shown to be
important in these decomposition reactions. When
considering the preparation of HAP coatings by elec�
trochemical synthesis, several factors have to be consid�
ered, including solution composition, pH and deposi�
tion temperature. These factors affect the purity, crys�
tallinity, stoichiometry, morphology and mechanical
strength of the resulting coatings [7].

3.4. XRD Analyses after Electrodeposition HA Coating

XRD analyses after electrodeposition HAP coating
are given Figs. 10–12.

It is analyzed that in Fig. 10 and Fig. 11 there are
HAP, TiO2 and CaO on substrate surfaces. In Fig. 12
there are only CaO and HAP. It is seen that HAP has
formed on the surface in all three figures.

As the sintering temperature increases the mechani�
cal property of the coating was found to be increased.
This increase in adhesive streng this a result of mechan�
ical inter locking and chemical bonding between the
coating and the underlying substrate [84]. Sintering
temperature increases, the amount of TCP in the coat�
ing increases and the HA content decreases sharply.
This decomposition during sintering seems to be cata�
lyzed by the underlying metal substrate that oxidizes in
air and catalyzes decomposition of HA to TCP and
other components. Metal substrates reacting with the
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HA coatings and inducing decomposition, especially in
oxygen rich atmospheres.

3.5. Coating Thickness Measurement Analyses

The thickness of the HAP coatings obtained on the
substrate surface as a result of electrodeposition studies
were measured using EBAN 2000 MK2 (0–1000 μm)
device. Measurements have been taken from three
points on the surface of each HAP coated electrode.
Given values are the arithmetic averages of such mea�
surements.

The thickness of HAP coatings produced with elec�
trodeposition method was also measured. When surface
pre�treatments of electrodes are considered among
themselves the thickest HAP coatings are seen in BA
PTSO samples. When Ti6Al4V is examined the coating
thicknesses follow HNO3 < anodic < BA order
(Table 1). When icor values are checked the lowest corro�
sion rate was measured for HNO3 PTSO Ti6Al4V sub�
strate in Ringer solution. Where as the highest corrosion
rate was measured for anodic PTSO Ti6Al4V substrates
in Ringer and 0.9% NaCl solutions. Electrodeposition
is an electrochemical method. Anodic PTSO was per�
formed on substrates by applying 5 V voltage and a thin
oxide layer was formed on surfaces there of. This oxide
layer may have acted as a barrier against sticking of Ca2+

and P on to the surface in electrodeposition coating.

When it is examined for Ti substrates (Table 2 and
Table 5) HAP coating thickness of HNO3 and anodic

PTSO substrates are very close to each other (it is 34 μm
for HNO3 PTSO Ti and 32 μm for anodic PTSO Ti). A
HAP coating thickness of 80 μm was measured for BA
PTSO substrate. The lowest corrosion rate in Ringer
solution was found in HNO3 PTSO Ti substrate. The
corrosion rate was the highest in BA PTSO Ti substrate.
Since HNO3 PTSO supports oxide formation the lowest
corrosion rate was determined in this surface pretreat�
ment. The lowest corrosion rate in 0.9% NaCl solution
was determined in BA PTSO Ti substrate.

The thickest HAP coatings in electrodeposition
method were formed on AISI 316L stainless steel
(Table 5). icor values of AISI 316 L stainless steel were
determined higher when compared to pure Ti and
Ti6Al4V substrates (Table 3). The lowest icor value was
seen in HNO3 PTSO AISI 316L SS substrate in Ringer
solution. The highest icor value was determined in
HNO3 PTSO substrate in 0.9% NaCl solution.

4. CONCLUSIONS

The corrosion rate of HAP coated substrates with by
using electrodeposition method has increased. Ecor val�
ues have shifted to more negative potentials within
Ringer and 0.9% NaCl solutions. This showed that,
electrochemical deposition HAP coating could not pre�
vent the corrosion. SEM analysis showed that the petal
rose like apatite crystallites are composed of hydroxya�
patite. EDS analysis of the coating of biomaterials
shows the presence of Ca, P and O. Major peaks due to
Ca, P and O indicated that the coating composed of
apatite phase. XRD analyses shows that HAP has
formed on the substrates surfaces. When surface pre�
treatments of electrodes are considered among them�
selves the thickest HAP coatings are seen in BA PTSO
samples.
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Table 5. Thickness of HAP coatings on formed substrates
(μm)

PTSO Ti6Al4V  Ti AISI 316L SS

HNO3 46 34 180

Anodic 56 32 185

BA 72 80 192
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