
The role of calcium gluconate in electrochemical activation
of titanium for biomimetic coating of calcium phosphate

S. M. A. Shibli, Suja Mathai
Department of Chemistry, University of Kerala, Kariavattom Campus, Thiruvananthapuram, Kerala 695 581, India

Received 31 May 2007; revised 11 September 2007; accepted 20 September 2007
Published online 6 February 2008 in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/jbm.a.31809

Abstract: Supersaturation of calcium and phosphate in
the bath solution and activation of the metal substrate is
essential for effective biomimetic growth of apatite on or-
thopedic implants. In this work, bioactivation of titanium
surface was achieved by electrodeposition of a thin layer
of calcium phosphate followed by an alkaline treatment to
obtain pure hydroxyapatite crystals. The influence of cal-
cium gluconate in the electrolyte solution was evaluated
and optimized. Adhesive strength, thickness, structural,
and surface characteristics were evaluated. A highly adhe-
sive and uniform layer of hydroxyapatite was formed on
titanium surface when the electrodeposition was carried

out with an electrolyte solution-containing calcium gluco-
nate. The electrodeposited hydroxyapatite coatings were
subjected for biomimetic growth in Kokubo’s simulated
body fluid (SBF) and Kokubo’s modified SBF containing
1.5 times higher concentration of Ca. Biomimetic growth
was also improved by the addition of calcium gluconate in
the SBF solution. � 2008 Wiley Periodicals, Inc. J Biomed
Mater Res 87A: 994–1002, 2008
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INTRODUCTION

Hydroxyapatite (HAp), or Ca10(PO4)6(OH)2, has
been widely used as an implant material for many
years due to its close similarity in chemical composi-
tion and high biocompatibility with natural bone tis-
sue.1–3 A shortcoming of HAp ceramic, however, lies
in its brittleness and insufficient strength. Despite
this, HAp ceramic with a well-designed microstruc-
ture can be effectively used as a coating on metallic
implants.4 Titanium (Ti) is considered as the most
ideal metal for in vivo applications because of its
excellent biocompatibility.5 HAp-coated Ti metal is
one of the most promising implant material for or-
thopedic applications.6 The underlying metal pos-
sesses good ductility, and the bioactive surface pro-
motes the potential of bone formation and enhances
the implant-bone adhesion.7,8 Many techniques such
as physical vapor deposition, chemical vapor deposi-
tion, plasma spray, and laser deposition have been
used to coat HAp onto metallic substrates.9 The high
temperature process leads to the formation of easily

dissolved phases, such as amorphous HAp,
Ca3(PO4)2, and Ca4P2O9.

10,11

The electrocrystallization process and biomimetic
deposition are alternative means for fabricating bio-
active calcium phosphate (CaP) coatings on porous
and nonporous substrates at low temperature.12–15

Two conditions, however, must be met to ensure
effective biomimetic deposition: (1) supersaturation
of calcium and phosphate in the solution16–20 and (2)
activation of Ti surface.21,22 Habibovic developed a
two-step biomimetic deposition process,23 in which
an amorphous CaP layer was seeded on metal sub-
strate before biomimetic coating. Although electro-
chemical deposition has been studied as the method
of CaP coatings on metal implants4,24,25 electrochemi-
cal processing might also be used as a pretreatment
of biomimetic coating. In this work, bioactivation of
Ti for biomimetic coating was achieved by electro-
deposition of CaP layer.

The electrolyte solution for electrodeposition and
the SBF solution for biomimetic coating of CaP was
modified by adding calcium gluconate (CaG) (M.F.:
C12H22O14Ca�H2O) a calcium salt of gluconic acid
that may be used to replenish calcium in the body.
Because of its high resorbility, it is a part of several
calcium supplements for the regulation of the blood
calcium level. It is not toxic and physiologically
excellent compatible. In a work of Hamalainen et al.,
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CaG was administered to the Ca-deficient rats for
2 weeks. It was found that this agent improved the
recalcification of bones.26 Even in this work, the
effect of CaG during electrodeposition and biomi-
metic growth were studied. The results are briefly
discussed in this article.

MATERIALS AND METHODS

Improvement of the process of
electrodeposition of CaP

Commercially pure Ti substrate with 1 cm2 area exposed
was used as the substrate. Its surface roughened with 20
grit SiC paper, washed with water, and subjected to chem-
ical etching according to ASTM-B481. The electrolytic bath
were prepared by mixing equal volumes of 0.042 M Ca(N-
O3)2�4H2O (Spectrum) and 0.025 M NH4H2PO4 (Rankem)
solutions. Different quantities of (0, 0.01, 0.1, and 1 wt %)
commercially prepared CaG (Burgoyne, assay (ex Ca) 99–
104%) were added into the electrolytic bath solution. The
pH of the solution was 4.2, and the solution temperature
maintained at 658C. The Ti substrate acted as cathode, and
the Pt mesh acted as anode. The precipitation was carried
out galvanostatically at a cathodic current of 1.5 mA cm22

for 20 min with the cathodic potential ranging from 21.5
to 22 V during that period.27 Following precipitation, the
substrate was rinsed with deionized water and air dried.
The CaP-coated Ti substrate was then subsequently
immersed in 1 M NaOH aqueous solution at 808C for 2 h
for the conversion of electrodeposited brushite coatings to
pure HAp crystals.7,28 The substrates were rinsed with
water and air dried.

The bond strengths of the electrodeposited HAp coat-
ings were tested using an adhesion tester according to
ASTM C-633. Rubbing the substrate with a standard brush
tested the wear resistance. The porosity of the HAp coat-
ings were compared by applying a ferroxyl reagent on the
surface of the coatings.29 The morphology of the coatings
before and after bioactivity study were observed micro-
scopically using a scanning electron microscope (SEM)
(JEOL-JSM-840A), coupled with energy dispersive X-ray
analysis (EDAX). The phases of the coatings were analyzed
using thin-film X-ray diffractometer (TF-XRD) (model: X-
Pert Pro). In the TF-XRD measurements, Cu Ka radiation
at 40 kV and 30 mA was used as the X-ray source, and the

samples were scanned from 108–708 2u at a scan rate of
1.28 per min. The structural analysis of the coatings was
carried out using Fourier transform infrared (FTIR) spec-
troscopy (Shimadzu FTIR spectrophotometer, Model:
IRPrestige-21).

The electrochemical behavior of the electrodeposited
HAp coatings in 0.9% NaCl solution, and Hank’s balanced
salt solution (HBSS) were studied. The composition of the
ions in millimoles per liter of the HBSS was Naþ: 142.0,
Kþ: 5.81, Mg2þ: 0.898, Ca2þ: 1.26, Cl2: 146.0, HCO3

2: 4.17,
HPO4

22: 0.779, and SO4
22: 0.406. The HBSS was prepared

by dissolving the required amount of reagent-grade chemi-
cals of NaCl, NaHCO3, KCl, KH2PO4, MgCl2�6H2O,
MgSO4�7H2O, CaCl2�H2O, Na2HPO4, and D-glucose in dis-
tilled water.30,31 Both the solutions were kept at 36.58C.

The open circuit potential (OCP), that is, the equilibrium
potential of the electrode surface without any external elec-
trical contact of the electrodeposited HAp coatings were
measured with reference to a saturated calomel electrode
using a digital multimeter (SYSTRONICS 437T). Potentio-
dynamic polarization measurements at OCP were recorded
after 60 min of immersion of the coated specimen in the
physiological solutions. During the measurement, the solu-
tion was deaerated by bubbling with high purity nitrogen
gas.

The electrochemical impedance measurements were car-
ried out using an instrument of Autolab PGSTAT 30 with
FRA2 electrochemical system. An Ag/AgCl and platinum
were used as reference and auxiliary electrodes. The HAp-
coated specimen was used as working electrode. The
measurements were made at OCP after 30 min of immer-
sion in physiological solutions at 258C. The measurements
were made in frequency range from 1 MHz to 0.1 Hz and
sampling with a frequency of 10 points per decade. Using
software of Autolab FRA2 performed the data acquisition
and analysis.

Improvement of the process of biomimetic
growth of HAp

Based on preliminary studies, the wt % of CaG to be
added into the electrolytic bath was optimized. The HAp
coatings obtained by electrodeposition from the electrolytic
bath containing 0 wt % CaG and an optimum wt % CaG
were chosen for biomimetic growth in Kokubo’s simulated
body fluid (SBF) and Kokubo’s modified SBF containing
1.5 times higher concentration of Ca (1.5 Ca-SBF) for 14
days at 36.58C. The composition of SBF was Naþ: 142.0,

TABLE I
Physical Characteristics of Electrodeposited HAp Coatings

Sl. No.
Wt % of CaG in

the Electrolytic Bath

Physical Characteristics

Adhesion Thickness (lm) Porosity Wear Resistance

1 0 Good 12 More Porous Fair
2 0.01 Good 12 Porous Fair
3 0.1 Better 13 Porous Good
4 1 Fair 10 More Porous Fair
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Kþ: 5.0, Mg2þ: 1.5, Ca2þ: 2.5, Cl2: 147.8, HCO3
2: 4.2,

HPO4
22: 1.0, SO4

22: 0.5 mmol/L at 36.58C, and pH: 7.40. A
1.5 Ca-SBF solution was prepared by dissolving the
required amount of reagent-grade chemicals of NaCl,
NaHCO3, KCl, K2HPO4�3H2O, MgCl2�6H2O, CaCl2�H2O,
Na2SO4, and C12H22O14Ca�H2O in distilled water and buf-
fered to pH: 7.40 using a solution of tris-hydroxymethyl-
aminomethane ((CH2OH)3CNH2) and 1 M HCl.32 The ratio
of specimen surface area to soaking solution volume, S/V,
was 0.05 cm21.33 The surface potential change during bio-
mimetic growth was carried out by OCP measurements.
EIS measurements were also carried out after biomimetic
growth.

RESULTS

Improvement of the process of
electrodeposition of CaP

The results of adhesive strength, wear resistance,
thickness, and porosity of the HAp coatings obtained
by electrodeposition from the electrolytic bath con-
taining various wt % of CaG are shown in Table I.
The adhesive strength of the electrodeposited coat-
ings to the substrate was weak, and substantial

Figure 1. OCP variation with time of electrodeposited
HAp coatings on Ti from the electrolytic bath containing
different wt % of CaG (*: 0, ~: 0.01, u: 0.1, l: 1) in (a)
0.9% NaCl and (b) HBSS at pH:7.4 and 36.58C.

Figure 2. Potentiodynamic polarization curves of electro-
deposited HAp coatings on Ti from the electrolytic bath
containing different wt % of CaG (*: 0, ~: 0.01, u: 0.1,
l: 1) in (a) 0.9% NaCl and (b) HBSS at pH:7.4 and 36.58C.

Figure 3. (a) Bode plots for electrodeposited HAp coat-
ings on Ti from the electrolytic bath containing different
wt % of CaG (l: 0, *: 0.1, u: (1) in HBSS at pH:7.4 and
258C. (b). Equivalent circuit fitting the impedance spectra
for the electrodeposited HAp coatings.
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improvement was found for the electrodeposited
HAp coatings from the electrolytic bath containing
0.1 wt % CaG. The wear resistance was compara-
tively higher for the electrodeposited HAp coatings
from the electrolytic bath containing 0.1 wt % CaG.
The coating thickness was in the range of 10–30 lm.
The blue spots developed during ferroxyl reagent
test revealed the porous nature of the coatings.

The trend of OCP variation of electrodeposited
HAp coatings from the electrolytic bath containing
different wt % of CaG in 0.9% NaCl and HBSS at
pH: 7.4, and temperature 36.58C were monitored
continuously for 14 days and are shown in Figure
1(a,b). All the HAp coatings showed an anodic shift
in both NaCl and HBSS. A sudden shift was
observed for the first few hours, and then a stable
potential was reached. The coatings obtained from
the electrolytic bath containing 0.1 wt % CaG
showed a much lower shift to anodic direction and
were in the active region.

The potentiodynamic polarization curves of elec-
trodeposited HAp coatings from the electrolytic bath
containing different wt % of CaG in 0.9% NaCl, and
HBSS at pH: 7.4 and temperature 36.58C are shown
in Figure 2(a,b). The HAp coatings obtained from
the electrolytic bath containing 0.1 wt % CaG exhib-
ited least polarization during anodic polarization
experiments in both 0.9% NaCl and HBSS even
under high current load of 10 mA cm22. All other
coatings showed a shift to anodic direction and
became passive readily.

The Bode plots obtained for electrodeposited HAp
coatings in HBSS are shown in Figure 3(a). The spec-
tra were interpreted in terms of an ‘‘equivalent
circuit’’ with the circuit elements representing elec-
trochemical parameters. Figure 3(b) shows the equiv-
alent circuit used for fitting the spectra obtained for
the coatings in HBSS. R1 is the resistance of the solu-
tion (HBSS), R2 and C2 are the resistance of the po-
rous layer with the electrolyte inside the pores and
the capacitance of the porous layer respectively. R3

and C3 are the resistance and capacitance of the
oxides, respectively. The quality of fitting to the
equivalent circuit was judged by the chi-square
value. The results of this fitting are presented in
Table II. The obtained values of chi-square indicate a
good fitting to the proposed circuit. In this study, a

constant phase element (CPE) instead of an ideal ca-
pacitor was used for data adjustment. The imped-
ance of the CPE is given by ZCPE 5 C{(jx)n}21,
where C is the capacitance associated to an ideal ca-
pacitor, x is the angular frequency and 21 < n < 1,
when n 5 1, CPE is an ideal capacitor. The n value
greater than one could reveal the deviation from the
ideal capacitive behavior.34

The FTIR spectrum of electrodeposited HAp coat-
ings from the electrolytic bath containing 0 and 0.1
wt % of CaG are shown in Figure 4(a,b). A spectral
region from 4000 to 500 cm21 was analyzed. Both
the coatings showed peaks at 563–565, 601–602, 962,

TABLE II
The Electrochemical Impedance Parameters in HBSS After Electrodeposition

Sl. No.
Wt % of CaG in

the Electrolytic Bath R1 (Ohm) C1 (nF) R2 (Ohm) C2 (lF) R3 (K Ohm) Chi-Square

1 0 2100 2.16 124.4 112.8 26.56 3.88
2 0.1 297.2 2.11 117.3 97.8 30.85 4.01
3 1 290.1 2.10 113.2 111.6 39.4 4.53

Figure 4. FTIR spectrum of electrodeposited HAp coat-
ings from the electrolytic bath containing (a) 0 wt % CaG
and (b) 0.1 wt % CaG.
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and 1100–1033 cm21 and can be attributed to PO4
32

ions. The peak at 875 cm21 was due to HPO4
22

groups.9,27

The SEM micrographs of electrodeposited HAp
coatings from the electrolytic bath containing 0 and
0.1 wt % of CaG are compared in Figure 5(a,b). It
was found that dense globular structures of apatite
with enough pores were obtained for HAp coatings
from the electrolytic bath containing 0 wt % CaG.
Also, the coating was nonuniform under the same
electrodeposition conditions. The HAp coatings from
electrolytic bath containing 0.1 wt % CaG exhibited a
much more crystalline morphology, and they were
more randomly oriented, covering the surface by a
uniform layer. The EDAX pattern of electrodeposited
HAp coatings obtained from the electrolytic bath
containing 0 and 0.1 wt % of CaG are shown in Fig-
ure 6(a,b). The value of Ca/P ratio was found to be
1.60 in the case of the electrodeposited HAp coatings
obtained from the electrolytic bath containing 0.1 wt
% CaG is close to the Ca/P value of natural bone
apatite. The intensity of Ca and P peaks increased in

the EDAX spectra due to the addition of CaG in the
electrolytic bath, showing that a relatively thick CaP
layer had been deposited on the substrate.

Improvement of the process of biomimetic
growth of HAp

The surface potential change occurred on electro-
deposited HAp-coating surface during biomimetic
growth in SBF, 1.5 Ca-SBF was monitored for 14
days, and the potential change are shown in Figure
7. The surface potential was highly negative at the
beginning for the HAp coatings in both the physio-
logical solutions. The potential tends to move in an-
odic direction and then showed a cathodic shift.
Both the HAp coatings attained a maximum anodic
potential value within a few days and then showed
a cathodic shift in 1.5 Ca-SBF. Among these HAp
coatings, the shift was more predominant for those
obtained from the electrolytic bath containing 0.1 wt
% CaG in 1.5 Ca-SBF.

Figure 5. SEM micrographs of electrodeposited HAp coatings on Ti from the electrolytic bath containing (a) 0 wt % CaG
and (b) 0.1 wt % CaG at two different magnifications.
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The electrochemical impedance parameters
obtained for electrodeposited HAp coatings from the
electrolytic bath containing 0 and 0.1 wt % of CaG
after biomimetic growth in 1.5 Ca-SBF are listed in
Table III. R3 values of HAp coatings were found to
be increased after biomimetic growth.

Figure 8(a,b) compares the TF-XRD patterns of
electrodeposited HAp coatings from the electrolytic
bath containing 0.1 wt % of CaG before and after
biomimetic growth in 1.5 Ca-SBF. The TF-XRD anal-
ysis of the coatings confirmed the presence of a cal-
cium phosphate hydroxide (Ca10(PO4)6 (OH)2). No
additional or extraneous peaks were obtained than
the pure HAp peaks due to the addition of CaG
during electrodeposition and biomimetic growth. 2u
5 268 and 2u 5 328. These bands are characteristics
of the large number of peaks associated with the ap-
atite phases, indicating the presence of phases with
low crystallinity, similar to biological apatite. The
peaks at 2u 5 27.58 and 2u 5 368 are due to the Ti
substrate.13 The intensity of the peaks of Ti got
decreased after biomimetic growth shows that the
surface get covered with more apatite.

Figure 9(a,b) shows the SEM micrographs of elec-
trodeposited HAp coatings from the electrolytic bath

containing 0 and 0.1 wt % of CaG after biomimetic
growth in 1.5 Ca-SBF at two different magnifications.
When compared with the SEM micrographs of the
HAp coatings in Figure 5(a,b), an increase in growth
of HAp was found for both coatings. After biomi-
metic growth, a uniform and fully covered coating
was obtained for the electrodeposited HAp coatings
obtained from the electrolytic bath containing 0.1 wt
% of CaG, and the Ca/P ratio became 2.14.

DISCUSSION

Improvement of the process of
electrodeposition of CaP

The following electrochemical reactions occurred
on the electrode surface during the electrodeposition
process of electrolyte solutions containing Ca
(NO3)2�4H2O and NH4H2PO4

2H2Oþ 2e� ¼¼ H2 þ 2OH� ð1Þ

OH� þH2PO4
�
�H2OþHPO4

2� ð2Þ

Ca2þ þHPO4
2� þ 2H2O�CaHPO4 � 2H2O ð3Þ

When CaG is added to the electrolyte solution, it
gets dissolved and changes to the hydroxide of Ca
and gluconic acid, the ionic product or concentration
of Ca increases, and the reaction (3) will get shifted
toward the precipitation of more amount of brushite
(CaHPO4�2H2O). Brushite is an intermediate to pre-
pare highly pure HAp. During the alkaline treat-
ment, a solid-to-solid transformation of brushite to
HAp can be made, because brushite is not stable
above pH: 6.9.35 As the concentration of OH2 ions

Figure 6. EDAX pattern of electrodeposited HAp coatings
from the electrolytic bath containing (a) 0 wt % CaG and
(b) 0.1 wt % CaG.

Figure 7. Surface potential change on the electrodepos-
ited HAp coatings during biomimetic growth (*: 0 wt %
CaG in 1 SBF, l: 0 wt % CaG in 1.5 Ca-SBF, ~: 0.1 wt %
CaG in 1 SBF, ~: 1 wt % CaG in 1.5 Ca-SBF).
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increases above 6.9, the transformation of CaP to
HaP happens as per the following equation:

10CaHPO4 � 2H2Oþ 12OH�

�Ca10ðPO4Þ6ðOHÞ2 þ 4PO4
3� þ 10H2O ð4Þ

Electrodeposited HAp coatings are generally
porous in nature due to H2 gas bubbling occurred
on the substrate surface during the process. Even
though porosity of biomaterials favors osteointegra-
tion, for a highly porous coating, the cohesive
strength is low, and the fracture occurs inside the
coating.7 The porosity of the coatings diminished
with the increase in wt % of CaG in the electrolyte
solution, and a uniform HAp coating, which are
closely packed were obtained for 0.1 wt % CaG.
They became dense for higher wt % of CaG, and a
thicker coating can also result in delamination of the
coating layer. Electrodeposition commonly does not
generate good coating adhesion because the adhe-
sion between the HAp coatings and Ti substrate is
very poor. A considerable improvement in coating
adhesion and wear resistance was obtained by add-
ing 0.1 wt % CaG in the present case. These electro-
deposited HAp coatings were found to have higher
strength than biomimetically deposited carbonated
apatite.36 These coatings acted as an interlayer favor-
ing further biomimetic growth and providing me-
chanical stability of the biomimetically grown layers.
The Ca/P ratio the HAp coatings obtained from elec-
trolytic bath containing 0.1 wt % CaG was found to be
1.60, which is close to that of natural bone apatite.

Based on the OCP values, the coatings obtained
from electrolytic bath containing 0.1 wt % CaG were
in the active region in both 0.9% NaCl and HBSS.
These active nature of the coatings favors further
biomimetic growth. The least anodic polarization
tendency of these coatings revealed good mechanical
stability in physiological solutions. Polarization stud-
ies are the standard acceleration testing methods for
assessing in vitro corrosion behavior of metallic
implants. The results of EIS studies revealed that the
electrodeposited HAp coatings from electrolytic bath
containing 0.1 wt % CaG offered high resistance and
showed that a uniform and thick coating were
obtained. The similar pattern of FTIR spectra
obtained for the HAp coatings from the electrolytic
bath containing 0 and 0.1 wt % CaG revealed that

there were no additional functional groups added
due to CaG in the electrolyte.

Improvement of the process of biomimetic
growth of HAp

During biomimetic growth in SBF, the initial
potential was highly negative because the coating of
HAp is known to reveal a negative charge in body
environment due to hydroxyl and phosphate groups
in its surface. These negatively charged surface selec-
tively attracted the positively charged Ca2þ ions
from the SBF, and the surface potential is positive
and then attracts negatively charged HPO4

22 ions to
form an amorphous CaP. This CaP spontaneously
transforms into crystalline apatite. Once formed, the
apatite grows spontaneously by uptaking the cal-

Figure 8. TF-XRD pattern of electrodeposited HAp coat-
ings on Ti from the electrolytic bath containing 0.1 wt %
CaG (a) before and (b) after biomimetic growth in 1.5
Ca-SBF solution.

TABLE III
The Electrochemical Impedance Parameters in HBSS After Biomimetic Growth in 1.5 Ca-SBF

Sl. No. Wt % of CaG in the Electrolytic Bath R1 (Ohm) C1 (lF) R2 (Ohm) C2 (lF) R3 (K Ohm) Chi-Square

1 0 299.3 9.20 243.7 62.0 32.2 5.33
2 0.1 299.3 43.9 648 69.1 44.6 3.63
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cium and phosphate ions in the fluid because the
SBF is highly supersaturated with respect to apatite
even under normal conditions.32,37

Electrochemical impedance spectroscopic analysis
can be used for investigating the growth of further
HAp crystals in SBF solution on bioactive Ti. The
increased resistance offered by the coating layer
indicated the growth of hydroxyapatite on bioacti-
vated Ti. These results coincided with those obtained
from SEM by comparing Figures 5 and 9. The broad
XRD pattern obtained for electrodeposited HAp
coatings were due to some porous nature of the
coating. After biomimetic growth, the counts of the
peaks got higher, which showed that further HAp
were grown on the surface of the electrodeposited
HAp coatings.

CONCLUSIONS

The presence of CaG at an optimum amount, that
is, 0.1 wt % in the electrolytic bath during electrode-

position substantially improves the physical proper-
ties such as adhesion and wear resistance of the
HAp coating. The surface morphology of the HAp
coatings became more uniform and thick due to the
presence of CaG in the electrolyte solution. The elec-
trodeposited HAp coatings from the electrolytic bath
containing 0.1 wt % CaG exhibited a steady OCP
decay trend when immersed in physiological solu-
tions. The electrodeposited HAp coatings from the
electrolytic bath containing 0.1 wt % CaG exhibited
least polarization during steady-state anodic polar-
ization experiments even under high current load as
high as 10 mA cm22. The results of EIS studies
revealed that the electrodeposited HAp coatings
from the electrolyte containing 0.1 wt % CaG yielded
high resistance, and a uniform and thick coating was
obtained.

The results of the surface morphological analysis
and surface potential measurements revealed that
the immersion of the electrodeposited HAp coating
obtained from the electrolytic bath containing 0.1 wt
% CaG in 1.5 Ca-SBF had increased apatite growth

Figure 9. SEM micrographs of electrodeposited HAp coatings on Ti from the electrolytic bath containing (a) 0 wt % CaG
and (b) 0.1 wt % CaG after biomimetic growth in 1.5 Ca-SBF at two different magnifications.
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on the coating surface within shorter time. The sur-
face resistance was further increased after biomi-
metic growth in 1.5 Ca-SBF, revealing an increased
apatite growth as evidenced during EIS analysis.
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