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Characterization of Hydroxyapatite Coating on 316L Stainless Steel 
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Abstract—Biomaterials are used for developing implants and producing a part or facilitating a function of a
human body in a safe, reliable, and economical manner. Sol–gel deposition is one of the best, simple and
economical methods of surface modification. In the current work, hydroxyapatite Ca10(PO4)6(OH)2, a bio-
active material, has been prepared and then deposited on 316L stainless steel by the sol-gel coating method.
The porosity percentage of hydroxyapatite coating was found to be 0.22. Electrochemical corrosion testing
was carried out for both uncoated and sol-gel coated specimens. The coated specimens were characterized by
the X-ray diffraction, scanning electron microscopy, energy dispersive X-ray spectroscopy, and cross-sec-
tional analysis. The results revealed that the Ca/P ratio of the sol-gel coated steel was closer to that of a real
human bone. It was found that hydroxyapatite-coated samples show better corrosion resistance and better
implant properties as compared to those of the uncoated 316L stainless steel.
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1. INTRODUCTION
Biomaterials are used to heal or repair defective

parts of a human body. Various materials including
metals alloys, ceramics and polymers are used as the
base material. Three classes of metals have been used
for biomaterials, these include stainless steel alloys,
Co–Cr alloys and Ti and its alloys. Among the metal-
lic materials, 316L stainless steel (316LSS), with an
extra-low carbon content, is most commonly used for
orthopedic properties due to its low cost, good corro-
sion resistance, and better mechanical properties [1].
Some inorganic materials formed at elevated tempera-
ture are termed ceramics. They may be metallic or
non-metallic in nature. Bio-ceramics are used to
repair hard tissues or the skeleton. They may be bio-
inert (alumina, zirconia), bio-resorable (tri-calcium
phosphate), or bioactive (hydroxyapatite (HAP))
coatings. The orthopedic implants are generally classi-
fied as temporary or permanent devices. Due to its rel-
atively low cost and higher biocompatibility, 316LSS is
commonly used for temporary devices [2].These
devices mostly include fixation to assist fracture heal-
ing. However, due to a high concentration of chloride
inside the body, there is a high risk of galvanic and
localized corrosion. Metal ions release may also be

associated with such problems as cytotoxicity, geno-
toxicity, and carcinogenicity [3].

The surface of a bio-implant is modified by a coat-
ing with HAP, whose composition closely resemble
the natural bone. It has good compatibility and is suit-
able for bone growth [2]. The main techniques used for
coating biomaterials include thermal spray, sol gel,
chemical vapour deposition, electrodeposition, bio-
mimetic electrophoretic deposition, pulsed laser
deposition, and ion beam sputtering [4–13]. Among
thermal spray techniques, plasma spraying is mostly
used for coatings. However, this technique has severe
limitations such as a high working temperature which
lowers the crystallinity of HAP and speed up the rate
of dissolution of tri calcium phosphate (TCP), tetra
calcium phosphate (TTCP), which leads to instability
of an implant inside a human body [14]. Then a thicker
coating also reduces corrosion resistance and exhib-
ited porosity, which weakens the interfacial strength
and leads to easy fractures [15]. A HAP coating on
metallic alloys enhances the bone bonding ability,
improves biocompatibility, and reduces the toxic
effect of bio-implants on a living organism. In addi-
tion, the implanted material is expected to withstand
applied physiological forces without substantial
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dimensional changes, catastrophic brittle fracture, or
fracture in the long term creep, fatigue, or stress corro-
sion. In addition, these coatings lead to biocompatibil-
ity, provide a local source of calcium and phosphate
ions required for bone cells to grow [16, 17]. In order
to increase bioactivity, HAP coatings have been used.
The combination of bioactive HAP coatings and
mechanically strong metals has become a promising
approach in fabrication of surgical implants for load-
bearing applications. To modify the surface of the
implant material, to generate new surface with differ-
ent properties, bio ceramic coatings are commonly
used. Sol–gel coating is the best method for prosthetic
devices. It controls the coating morphology, chemis-
try, and structure [18–21]. A reduction in temperature
is also possible according to the nature of addi-
tives/precursors chosen [22].

In medicine and dentistry, sol-gel coatings play an
important role as they modify the surface area, poros-
ity, composition, adsorption capacity, and dissolution
rate. Most of the sol-gel coated materials are biode-
gradable. They can be used as fillers and sensors in dif-
ferent fields of biomaterials. Films can be produced by
spin or dip deposition. Sol–gel coating method is used
for uniform coating onto the surface of complex geom-
etries of large dimension. This technique provides a
protective [23–25] and bioactive [26, 27] coatings. It is
a simple, low temperature coating technique through
which pure, homogeneous films with thickness up to
few micrometers [28] are formed. The substrates of
316LSS along with Ni–Ti and Ti alloys have been
coated using this technique in order to improve their
corrosion resistance [29–32]. Sol-gel coated HAP
lowers the secretion of Ti and V ions from Ti alloys.
This coating also improves ossoinduction.

In a sol-gel route, when sintering at high tempera-
ture, i.e. at 1500°C, HAP gets decomposed to oxyhy-
droxyapatite (OHAP) or oxyapatite (OAP), which fur-
ther dissociate to form TTCP, α TCP, dicalcium
phosphate (DCP) and calcium oxide (CaO) at
1300°C, which is undesirable as illustrated by the fol-
lowing reactions and discussed in [33]:

(1)

(2)

or

(3)

Therefore, to avoid formation of these unwanted
phases, in the present work, sol-gel coatings were
formed at a lower temperature of 500°C to deposit
HAP on 316LSS. Further, the as-coated specimens
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were characterized by the X-ray diffraction (XRD),
scanning electron microscopy (SEM), and energy dis-
persive spectroscopy (EDS). In vitro corrosion behav-
ior of the uncoated 316LSS and of HAP coated speci-
mens was investigated by the Elog extrapolation method
in a Ringer’s solution—a simulated body fluid.

2. EXPERIMENTAL
2.1. Sample Preparation

Specimens of 316LSS of 20 mm × 10 mm × 2 mm
were prepared, polished with silicon carbide papers
down to 180 grit. The specimens were blasted using
grit blasting equipment. Al2O3 grits of 20 mesh sizes at
a pressure of 5 bars for 2 minutes were used. The sub-
strates were successively air blasted to remove any
residual grit. The specimens were further washed with
a mild detergent followed by water. Then the speci-
mens were dipped into HNO3 (20%) for 30 minutes to
remove chemical impurity after grit blasting and to
passivate them [34], after that rinsed with water, dried
in air, and washed with acetone.

2.2. Sol-Gel Preparation
The sol-gel technique was selected with controlled

dipping and withdrawal rates in order to vary the coat-
ing thickness. It involves Ca(NO3)2 and P2O5 as pre-
cursors of Ca and P, respectively, both biocompatible
chemicals. The absolute alcohol was selected as the
solvent. A simple dip coating apparatus was designed
with adjustable rates of dipping. The method is simple,
low-cost, easy in controlling the sintering tempera-
ture, and provides a homo-geneous smooth coating.
The process is shown in Fig. 1. Via this process, com-
mon implants such as mandibular, pedicle, and hip
prosthesis can be coated smoothly.

The ceramic sol gel was prepared by using 2M
Ca(NO3)2 in 50 mL ethanol and 3.1M P2O5 in 50 ml
ethanol. An equal amount of Ca(NO3)2 and P2O5 were
mixed to obtain Ca/P molar ratio of 1.67. Both solu-
tions were mixed thoroughly with constant stirring,
followed by refluxing for 24 hours. The resulting solu-
tion was taken in a round bottom conical f lask; a con-
denser was connected in order to distill the solution
taken in f lask and water was circulated by connecting
one end of the condenser to the tap and the other one
to the sink. A temperature knob was adjusted accord-
ingly so that solution may not boil. P2O5 reacts with
alcohol to form oxyalkoxide with liberation of water.
The latter was used for partial hydrolysis of oxyalkox-
ide and phosphorus precursors, which leads to the for-
mation of gel.

2.3. Deposition of Coatings
The deposition was carried out by a simple belt-

and-pulley type apparatus in order to dip the speci-
LIED ELECTROCHEMISTRY  Vol. 55  No. 3  2019
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Fig. 1. Flow chart of sol-gel coating procedure.

Ca(NO3)2 · 4H2O 2 M in 50 mL ethanol P2O5 3.1 M in 50 mL ethanol

Dissolution (for half an hours)

Stir the solution for 30 minutes

Reflux the solution 
for 24 hours on water bath

Cooling

Gel formation

Dip coating (7 mm per s)

 Drying operation at 150°C 
for 15 minutes in oven

Heat treatment at 500°C 
in oven for 10 minutes
mens into the gel. The apparatus has a switch to ascend
and descend the substrate in and out of the gel for dip
coating. The specimens were coated with ceramic thin
films. The process was repeated at a constant dipping
rate of 7 mm/s. The coating thickness was controlled
by varying the dipping time. After dipping, the speci-
mens were dried in an oven at 120°C for 24 hours in a
silica crucible. This was followed by sintering in which
the as-coated specimens were placed in an oven at
150°C for 15 minutes and then in a muffle furnace at
500°C for 10 minutes. After that, the specimens were
placed in a desiccator having granular silica gel (to
adsorb moisture) in order to attain the room temperature
slowly. Next, the dipping was repeated followed by sinter-
ing at 150 and 500°C. The whole cycle was repeated
5 times in order to obtain the required thickness.
SURFACE ENGINEERING AND APPLIED ELECTROCH
2.4. Characterization of Coatings

An XRD machine (X’pert-PRO) using Cu as
anode, Kα radiation, operating at 45KV/40 mA, was
used to determine the as-coated samples over the 2θ
range of 20°–60°. To study the morphology of as-
coated specimens, both XRD and SEM were per-
formed; the compositions of various coatings were
determined by EDS analysis.

X-ray mapping was carried out using a cross-sec-
tional analysis. A low-speed precision saw was used for
sectioning of all as-coated specimens, then a hot
mounting press was used to mount the specimens. The
mounted specimens were polished with emery paper
of 200, 400, 600, 800, 1000, 1500, and 2000 grades,
and finally slurry of alumina was used for mirror pol-
ishing. The crossectional morphology was analyzed by
EMISTRY  Vol. 55  No. 3  2019
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Fig. 2. Potentiodynamic curves of sol-gel coated SS HAP
on 316LSS specimen in Ringer solution.
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SEM and the distribution of various elements in as-
coated samples was carried out by EDS analysis.

2.5. Porosity

Porosity of sol–gel coatings was estimated by an
Inverted Optical microscope, connected with a com-
puter fitted with an image-analyzing software (Zeiss
Axiovision, Release 4.1). The images of the coatings
were captured with an optical microscope and
depicted with help of an imaging software. A mini-
mum of 15 pictures were taken at different selected
areas. The percentage porosity was evaluated by the
difference in color of the pores and the bulk coating,
with the help of an imaging software.

2.6. Coating Thickness Measurement

The thickness of the coating was determined by the
cross-sectional analysis. An average of the coating
thickness was carried out using a SEM micrograph
and it was found to be 250 μm approximately.
SURFACE ENGINEERING AND APP

Table 1. Parameters of sol-gel coated and uncoated 316LSS
in Ringer solution at 37 ± 1°C temperature

Parameters Uncoated
316LSS

HAP coated
316 LSS

Ecorr, mV –365 –493.8

Icorre–6, A cm–2 1.696 1.61

CRe–3, mpy 764.9 640
2.7. Electrochemical Corrosion
A potentiostat/galvanostat (Series G-750), inter-

faced with a computer and loaded with Gamry elec-
trochemical software DC105 was used. Electrochemi-
cal behavior of the bare and that of the sol-gel coated
316LSS was carried out using potentiodynamic polar-
ization test with Ringer’s solution, a simulated body
fluid (SBF), at pH 7.2. The chemical composition
(g/L) of Ringer’s solution was: NaCl = 9 g, CaCl2 =
0.24 g, KCl = 0.43 g, NaHCO3 = 0.25 g.

Each specimen was dipped in the SBF solution for
24 hours at a temperature of 37 ± 1°C (as normal
human body temperature), using heating mantle, to
check the behavior of implants inside the body. For
each specimen, 1 cm2 area was exposed to the SBF
solution; the saturated calomel electrode was used as
reference electrode and the counter electrode was a
graphite rod. The specimen performed the function of
a working electrode. A fresh Ringer’s solution was used
for each specimen, the scan rate being 1 mv/s. The corro-
sion rate was determined using the Elog plots sweeping
potential from –250 to +250 mV relative to the open cir-
cuit potential. To check the variation in microstructure
and composition, SEM/EDS was carried out before and
after immersion.

3. RESULTS
3.1. In vitro Corrosion Behavior

3.1.1. Electrochemical corrosion testing. The elec-
trochemical corrosion behavior of the bare and of the
as-spayed coated specimens was studied using the pro-
cedure discussed in Section 2.7. The potentiodynamic
curves of both as-coated and bare 316LSS specimens
in Ringer’s solution at 37 ± 1°C were obtained and
shown in Figs. 2 and 3, respectively. The parameters of
both coated and uncoated samples in Ringer’s are
given in Table 1.

It illustrates a high corrosion current density (Icorr =
1.696e–6 A cm–2, Ecorr = –365 mV) and the corrosion
rate (CR = 764.9e–3 mpy) of uncoated 316LSS. The
sol-gel coated specimen showed a corrosion current
density (Icorr = 1.61e–6 A cm–2, Ecorr = –493 mV) and
corrosion rate (CR = 640e–3 mpy), which are lower
than those of a bare specimen. The higher the value of
the corrosion current density (Icorr) at a given poten-
tial, the higher is the corrosion rate. The sol-gel coated
specimens were successful in reducing corrosion.

3.2. X-Ray Diffraction
3.2.1. X-ray diffraction of as-coated samples. An

XRD analysis of sol-gel coated samples is illustrated in
Fig. 4. The ICDD card no. 01-073-1731 confirmed the
presence of HAP (Ca10(PO4)6(OH)2) and the card
no. 00-009-0077 proved the presence of calcium
phosphate hydroxide hydrate (CaPO3(OH)2H2O) (α)
LIED ELECTROCHEMISTRY  Vol. 55  No. 3  2019
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Fig. 3. Potentiodynamic curves of uncoated 316L speci-
men in Ringer solution.
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Fig. 4. X-ray diffraction pattern of sol-gel coated HAP on
316LSS, [HAP (h), Calcium phosphate hydroxide hydrate
(α) and calcium hydrogen phosphate hydrate (β)].
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Fig. 5. X-ray diffraction pattern of sol-gel coated HAP on
316LSS, after immersion in Ringer solution [HAP (h),
Calcium hydrogen phosphite hydrate (α) and calcium
hydrogen phosphate hydrate (β)].
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and calcium hydrogen phosphate hydrate
(Ca8(HPO4)2(PO4)4(H2O)5 (β). These additional
products were formed due to heating the as-coated
samples at 500°C repeatedly. Still, the working tem-
perature of deposition was lower than the melting
point of HAP (1050°C), so HAP did not decompose to
form TCP and TTCP, which are undesirable for lon-
gevity of bio implants.

3.2.2. XRD of as-coated samples after immersion in
SBF. XRD peaks of sol-gel coated HAP after electro-
chemical corrosion testing are shown in Fig. 5. The
sharpness of peaks improved after immersion in SBF
for 24 hours and the coatings appeared to be more
crystalline. Better crystallinity leads to a longer
implant life. The presence of sharp peaks depicts the
disso-lution of amorphous phase during immersion.
The broadening of peaks and low intensity of peaks
symbolizes the presence of an amorphous phase [35].
The ICDD card no. 01-073-1731 confirmed the pres-
ence of HAP (h) even after immersion and peaks
appeared to be sharper, and the card no. 01-079-0423
confirmed the presence of calcium hydrogen phosphate
hydrate (β). The presence of calcium hydrogen phosphite
hydrate (α) was proved by the card no. 00-046-0494.

The peaks of calcium phosphate hydroxide
hydrate, which were observed in as-coated specimens,
disappeared after corrosion; they might have dissolved
after immersion. An XRD analysis predicted that the
bare specimen was uniformly covered with a layer of
iron oxide (Fig. 6). The Fe2O3 phase with the ICDD
card no. 01-076-1470 has been depicted along with
minor peaks of iron oxide phosphate with the ICDD
card no. 00-050-1634.
SURFACE ENGINEERING AND APPLIED ELECTROCH
3.3. SEM/EDS Analysis

3.3.1. SEM/EDS surface analysis of as-coated
samples. The oxide layers formed on the surface of the
substrates of biomaterials are of prime importance, as
these layers come in a direct contact with the tissues of
living organisms [36]. The long term biological inter-
action and the corrosion behavior of an implant are
determined by the specific properties of the oxide film
such as defect density, stoichiometry, crystal struc-
ture, and surface topography [37]. The destruction of
the implant metal during its exposure to the human
EMISTRY  Vol. 55  No. 3  2019
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Fig. 6. X-ray diffraction pattern of uncoated 316LSS, after
immersion in Ringer solution.
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Fig. 7. SEM analysis of sol-gel coated HAP on 316LSS.
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body environment highly depends upon the stability of
the protective oxide layer. The specimens were further
examined by SEM/EDS for the microstructural anal-
ysis of their surfaces and to detect the compositional
changes, if any.

The SEM morphology of HAP coatings on 316LSS
by sol-gel route is shown in Fig. 7. A dense and thick
crystalline HAP coating has been obtained after heat
treatment at 150°C for 5 min and at 500°C for 15 min-
utes. The EDS analysis of a HAP coated sample
(Fig. 8) depicts the presence of main elements such as
calcium (Ca), phosphorous (P), and oxygen (O). The
Ca/P ratio comes out to be 1.44, as shown in Table 2,
which is close to that of a real actual bone, i.e. 1.67. A
slight deviation indicates the presence of other com-
pounds like calcium hydrogen phosphate hydrates and
calcium phosphate hydroxide hydrate. The coating
remains intact and crack free due to a low sintering
temperature.

3.3.2. SEM/EDS of as-coated samples after
immersion in SBF. The microstructure of the corroded
specimens after immersion in Ringer’s solution has
been analyzed by SEM/EDS. To the best of the
authors’ knowledge, there are only a few studies which
SURFACE ENGINEERING AND APP

Table 2. Ca/P ratio of sol-gel coated 316LSS before and
after corrosion testing

S. No. Type of coating
Before/After 

corrosion 
testing

Ca/P

1 Pure HAP coating Before 1.44
2 Pure HAP coating After 1.128
report the microstructure of sol-gel HAP coatings
after their corrosion testing in SBF solution.

A SEM micrograph (Fig. 9) shows the retained
morphology even after immersion, which is a positive
attribute. The SEM/EDS micrographs of as-coated
HAP after immersion in SBF solution for 24 hours are
depicted in Fig. 10. Calcium and phosphorous were
determined to be the main components in the coatings
(Fig. 10). The Ca/P ratio of as-coated specimens
before and after dipping has been determined by the
EDS analysis, as shown in Table 2. The variations in
the Ca/P ratio demonstrate the presence of different
calcium phosphate compounds in coatings. The as-
coated specimens after immersion showed reduction
in the Ca/P ratio, which is due to the presence of O
and to the corrosion of the base metal, to some extent,
in SBF. A higher percentage of O and C in HAP coat-
ings on both substrates indicates a probable formation
of oxides and carbides. As clear from Fig. 10, the coat-
ing seems to be porous and crack free. Some phases
may undergo dissolution in SBF, which lowers the
Ca/P ratio to 1.128, while before immersion it was 1.44
as shown in Table 2. Due to the presence of various
salts in SBF, the HAP undergoes oxidation and the
calcium phosphate hydroxide hydrate
(CaPO3(OH)2H2O) phase disappears in SBF solu-
tion, then calcium hydrogen phosphite hydrate is
formed, the latter also has been confirmed by XRD.

3.4. Cross-Sectional Analysis

3.4.1. Cross-sectional analysis of as-coated speci-
mens. The cross-sectional SEM/EDS analysis was
performed for the sol-gel coated sample. The coating
thickness measured from the micrograph was 250 μm
approximately. Figure 11 showed the X-ray mapping
analysis of HAP coated 316LSS specimen, with Fe, Cr
and Ni being detected in base metals. The mapping of
Ca and P elements clearly indicated that these ele-
ments co-exist and are uniformly distributed; O was
LIED ELECTROCHEMISTRY  Vol. 55  No. 3  2019
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Fig. 8. SEM/EDS point analysis showing the elemental composition of sol-gel coated HAP on 316LSS.
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Fig. 9. SEM analysis of sol-gel coated HAP on 316LSS
after immersion in Ringer solution.
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present throughout the coating. There was no diffu-
sion of elements between the coating and the base
metal.

3.4.2. Cross-sectional analysis of as-coated speci-
mens after immersion in SBF. A cross-sectional ele-
mental analysis of sol-gel coated specimens after
immersion in Ringer’s solution are shown in Fig. 12.
That Fig. 12 indicates that the coating successfully
retained its micro-structure even after electrochemical
corrosion testing. Cr, Ni, and Fe elements were
detected in the substrate in both bare and as-coated
specimens, before and after corrosion testing. Ca and
P were the main components detected whereas O was
present throughout. The elemental analysis depicts
that sol-gel coating was successful to prevent the diffu-
sion of various elements in the alloy. As shown in
Fig. 12, the Ca and P components dissolved to a small
extent in SBF and the content of oxygen increased.
This has been verified by the SEM/EDS analysis and
the reduction of the Ca/P ratio has also been observed.

3.5. Porosity

The values of porosity of the sol-gel coated speci-
men was found to be 0.22. The HAP coated specimen
shows lower porosity as a dense coating act as barrier
to dissolution of the material and also provides better
corrosion resistance. As the porosity affects the
mechanical properties of the implant, a lower percent-
age porosity helps bone growth and its fixation,
whereas a higher percentage porosity leads to fractures
and also affects certain mechanical properties [38].

4. DISCUSSION

Sol-gel route is a simple and economical technique
to deposit HAP in comparison to other thermal spray
methods. This technique results in a high quality thin
HAP layer deposition on steel, which imparts compact
biological affinity to the substrate for medical applica-
tions. HAP has been successfully deposited on 316LSS
by sol-gel method. The HAP powder formation
required 350°C, while a temperature of 375°C and
SURFACE ENGINEERING AND APPLIED ELECTROCH
400°C was required to deposit apatite phase for coat-
ings on the roughened 316LSS [39].

Potentiodynamic polarization study revealed that
sol-gel coated specimens reduced corrosion as deter-
mined after dipping in SBF for 24 hours at 37 ± 1°C,
and it confirmed that the dense corrosion resistance
coatings are in agreement with others in [40] and [41],
the latter depositing HAP coating on Ti–6Al–4V
using sol-gel technique. The authors in [42] also
applied the sol gel method as well as electrophoresis to
deposit HAP on Ti sheets and found that homoge-
neous coatings were obtained; and a sol-gel coating
showed superior crystallinity over an electrophoresis
coating. The coated samples showed high corrosion
resistance in agreement with [41].

XRD as well as SEM have shown that a homoge-
nous coating can be formed, which is in agreement
with [43]. The XRD analysis indicated that the peaks
corresponding to HAP become more prominent near
31°–32° θ after immersion in SBF; the ICDD card
no. 01-073-1731 confirmed the presence of HAP
(Ca10(PO4)6(OH)2). The peaks become more promi-
nent after immersion due to dissolution of the amor-
phous phases in SBF and in the coating, as well as
EMISTRY  Vol. 55  No. 3  2019



364 SARBJIT KAUR et al.

Fig. 10. SEM/EDS point analysis showing the elemental composition of sol-gel coated HAP on 316L SS after immersion in
Ringer solution.
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more crystalline phases. As reported elsewhere, sinter-
ing at 750°C can lead to the formation of cracks [44].
To overcome this problem, they added either P2O5 or
glycerol to the sol. Further repetition of dipping also
reduced the cracks. In order to avoid the formation of
cracks, in the present study, a simple method based on
refluxing of the calcium and phosphorous precursors
was adopted to accomplish pure HAP deposition at
500°C, since other methods involved very high tem-
perature as reported elsewhere [33].

The in vitro corrosion behavior of Ti, Ti–6Al–6Nb
and Ti–6Al–4V implant materials coated with sol-gel
SURFACE ENGINEERING AND APP
derived HAP has been investigated by others [45], who
found that crystalline HAP and β-TCP coatings on the
implants revealed beneficial corrosion protection
effect during prolonged exposure to the Hank’s bal-
anced salt solution.

SEM/EDS micrographs obtained turned to be
quite similar to those in [40], whose authors followed
the same route and deposited HAP on Ti–6Al–4V at
500°C. The Ca/P ratio also comes to closer to 1.6 that
of a real bone, for the as-coated specimens as well as
after immersion in SBF for 24 hours at a normal body
temperature.
LIED ELECTROCHEMISTRY  Vol. 55  No. 3  2019



CHARACTERIZATION OF HYDROXYAPATITE COATING 365

Fig. 12. Cross-sectional EDS elemental maps of sol-gel coated HAP on 316LSS after immersion in Ringer solution.
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The SEM micrograph indicates the presence of
micro pores in the coating; it is pertinent to mention
that these micro pores may enhance the spreading,
adhesion, and proliferation of osteoblasts [46]. A com-
parison of the EDS analysis of both HAP coated spec-
imens before and after corrosion testing shows that the
atomic percentage of Ca and P has decreased, whereas
that of O increased after their immersion in Ringer’s
solution. The supremacy of O and C in the elemental
composition indicates the formation of various oxides
and carbides in the coatings.

As clear from XRD and SEM/EDS, the HAP coat-
ing remained intact even after immersion in SBF. A
cross-sectional analysis also clearly indicated that
deposition remains successful even after immersion in
SBF for 24 hours and there was no diffusion of com-
ponents among the coating and the substrate.

CONCLUSIONS

In the present study, we have prepared sol-gel
derived HAP and its coating on 316LSS implants, in
vitro, for orthopedic applications.

The obtained results showed that the prepared
coatings were crystalline.

XRD confirmed the deposition of HAP, which was
further confirmed by the SEM/EDS analysis.
SURFACE ENGINEERING AND APPLIED ELECTROCH
Potentiodynamic polarization study revealed that
sol-gel coated specimens reduced the corrosion rate
after dipping in SBF (Ringer solution) for 24 hours.

No cracks were formed on the surface even after
immersion in SBF as depicted by the SEM analysis.
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