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The deposition of TiN on stainless steel substrates may improve the stability and compatibility of
this material with bone, which may be advantageously exploited for the elaboration of advanced
prosthetic devicen this work, TiN-coated 316LSS (by way of DC magnetsputtering) was used

as a starting material for investigating the electrochemical post-deposition of hydroxyapatite (HAp)
which has a composition close lo that of bone. Electrodeposition was carried out starting from an
aqueous medium containing solubilized CafNand NHH,PQ, in the presence of &, We

report the influence of experimental conditions on mhaphology of the obtained HAp coating

on TiN/316LSS. The effect of applied potential, temperatus®, ¢bncentration, pH and duration

of reaction were thoroughly discussed on the basis of X-ray diffraction (XRD), scanning electron
microscopy (SEM), Fourier Transform Infrared (FTIR) spectroscopy and Energy Dispersive X-ray

Spectroscopy (EDX) results. This method appears advantageous for producing HAp-coated implant
materials.

Keywords: Titanium Nitride (TiN), 316L Stainless Steel (316LSS), Hydroxyapatite (HAp),
Coating, Electrodeposition.

1. INTRODUCTION HAp has indeed a chernical composition close to that of
Titanium and Ti-based compounds have excellent proghe minerai component of natural bone and may accelerate
erties such as good corrosion resistance in extreome  bone growth onto the surface of implant during ¢aely
ditions, high strength-to-densityratio and low toxicity. stages after implantatiohHAp has thus been widely used
These properties together witn intrinsic biocompatibil- as a coatingmaterial for dental andorthopedic implants

ity areexploited ina variety of medical applicationssuch ~ for many years.®.10

as orthopedicand osteosynthesis devices, demtaplants, Nevertheless a variety of technologies for coat-
maillo-facial surgery and vascular stents.However, in ing HAp onto bio-medical metal surfaces have been
some implant cases, they do not forrn strong chemicaleweloped. They included pulsed laser deposition2
bonds with natural bones. A great deal of research plasma spraying13i5 jon  beam  sputteririg, sol-
projects are undergone worldwide with the view to fur-gell7 electrophoretic depositior$ and electrochemical
ther improve theosteointegration of suclmetal implant depositiore. # 1% 20 In recentyears the electrochemical

materials andfavor bone tissuegrowths.? Among envi-  deposition of HAp on metal oralloy surfaces has become
sioned strategieshe coating of implants by lydroxyap- technologicallyimportantfor various applications.
atite (HAp, Cao(PGMOH)2), is particularly prornising. In the present study, the influence ekperimental

conditions (such as R0z content, applied potential, tem-
*Author to whom correspondence shoulddelressed. perature, pH and reaction time) on the electrodeposition



of HAp on TiN/316LSS substrate was investigatdthe and 90 minutes as well as solution pH values rangin
morphology, structure and composition of the coatingrom 4.0 to 5.5 (the solution pH was measured with a
were thoroughly characterizeg K-ray diffraction (XRD), precise Radiometer analytical pH meter). Different reac-
Field-Emission Scanning Electron Microscopy (FE-SEM)tion temperatures were studied:, 29, 50, 60; 70 and
and Fourier transform infrared (FTIR) spectroscopy. 80 °C (the temperature was maintained stamt by a
thermostat model NNT-2400 Eyel). The electrochemi-
cal cell contained 80 ml electrolyte. A linear polarization
2. MATERI'A_‘LS AND_ METHODS method with potential ranging from equilibrium potential
2.1. Preparation of TiN/316LSS Substrates to -2.5V/SCE was used to deterrnine the reduction poten-
TiN-coated 316LSS substrates were obtained via D@gal of reactions occurring on the TiN/316LSS electrode.
magnetron sputtering. Typical samples had the followingfter depaition, the specimens were rinsed with distilled
dimensions: 100x 10x 2 mmorresponding to a working water to remove residual eleciytd, then incubated at
area of 1 cm(surrounded by epoxy resin). The TiN film 25 °C for 24 h for further analyse The mas of HAp
has thickness about im with single-phase crystal and formation on TiN/316LSS surface was deterrnineitigia
spherical shape with a diameter about 5¥0(Fig. 1)2 Precisa XR 205 SM-DR analysis balance.
The surfae morphology and composition ofetboating

2.2. Preparation and Characterization of were studied with Hitachi S-4800 FE-SEM equipped with

HAp Coating an Energy-Dispersive X-ray (EDX) analyzer. XRD-pat
HAp coating on the TiN/316LSS substrate was performeterns were recorded with a Siemens D5000 diffractometer
electrochemically in solution S containingx3102 M using CuK radiation(A = 1.54056A) with a step angle
Ca(NG)z (aq) and 1.& 102 M NHsH2PQ: (ag), lead- of 0.03% a scanning rate of@285°-¢ in the28range
ing to a Ca/P molar ratiin solution identical to that 10--70°.
of stoichiometric hydroxyapatite (1.67). The initial pH HAp has a hexagonal laticystem witha = b#c, a=
of electrolytes was 4.5 and was adjusted to irerem 3 =90°,y =120°C. XRD can determine the value of the
decrease by a solution of 1 M bHH or 1 M HNQ. distance between the crystal planes (d), changegalue
0.15 M NaNQ@ (aq) was added, mainly to increase theof d in Eq. (1) to deterrnine the a and ¢ parameters
ionic strength of the electrolyte and also to potentially 1 4/3(f+kh+k?) 12
use the electrochemical reduction of\l@ns contribut- d2= 22 o2 [
ing to generate a lakalkaline environment through the
gengation of oH ions® xo/o H202 (withx =0, 2, 4  Whereh,k, | are (hkl) indcesof the peaks of HAp
and 6%, w/w) were also added to the electrolyte so astoFTIR spectra were recaad with a Nicolet 670Gpec-
provide an alternative electrochemical source of hydroxidgometerusing the KBr pellet technigerein the range of
ions at the substrate (cathode) surface, thus favoring HA4000--400 cmi- with a resolution of 8 cm-Ail measure-
formation, without the need to generate hydrogen that canents were performed atroom temperature after incubated
damage the filngo at 25 °C for 24 hours.

The electrodeposition was carried out with an AUTO-

LAB potentiostat using different cathagiotentias-1.5, 3. RESULTS AND DISCUSSION

sition times were investigated, namely 30, 45, 60, 7§he concentration ole—]2 was previously shown to influ-

ence the formation of HAp on 316L8Sp it was judged
interesting in this study to investigate also this phe-
nomenon on TiN/316LSS. Moreover, to our knowledge,
there ha not been mch research on this subject in lit-
eratue. For exploring thiseffed, the prepagtion of HAp
was carried out by ethodic polarization. Tt method
alwaysoccurs in parallel with the reduction of water which
releases bHand consumes a large quantity of electric
energy, decreasing the formation yield Ribl- and OH-
ions, and decreasing in turn the amount of generated HAp
Furthermoe,the generated Hyaseous bubbles maklAp
coating moeporous and Jess agliveto the substratsur
face. In oder to overcome #w drawbacks, ). isoften
added into the synthesis solution due to its stroddin

ing power, instead of pure watétor the fabrication of
Figurel FE-SEMimage ofTiN coating. HAp, the presence of % is clearly advantageous as it




is reduceda1 the cathode to generate OH- icafer the  of the different curves is similar and two majaones

following equation (Eq. (2)33.%* can be distinguished. For the first one, the current den-
_ _ sity increased suddenly, corresponding to the double layer
H,0,+2¢” =20H (2)  accumulation of,P04 ions on the cathode, then the cur-

. o rent density decreased due to an effect of diffusion. For the
The cathodic polarization method was dus&®  second one, the current density stabilized, c

investigate the effect OfﬁRﬁ concentr,atlonh%g% Oé‘_ ‘{}Sri- to the HAp synthesis process. WhER0, concentration

formation of HAp on 316LSS in so
. . .
ous concentrations dflz0, (0%; 2%; 4%; 6%) in S were }2‘;’}%%35&“,5%‘2 ;"bglf{’ggﬁgeﬁ_aatﬁ‘fir%“_{fe”‘ density also

studied and the cathodic polarization curves were recorded ] : :
with predetermined poteFr)niaI scanning from the ildgu However, the highedtiz0, concentration (6%) induced

fium potential down t0-2.5V/SCE, at 25C, with a a significant increase of the amount of OH- ions around
. the cathode, therefore HAp was not only formed on the

scanning rate o mv/s. electrode surface but also in the solution in the cathode

Figure 2(a) shows that, in the potential range from 0 to

region: for this concentration, the white HAp powder was

-0.5V/SCE, the currentdensity was constantand approgpserved and precipitated in the electrochemical cell.

imately zero as no reduction reaction occurred. In the . . . .
’ Even at lower B0, concentrations in solution, this
potential range from0.7to -1.5V/SCE, the current . ; .
compound induced an increase of the concentration of

density slightly increased, corresponding to the redu% S
- ) . H- around the cathode surface that affected significantly
tion of H+ andO, dissolved in water. When the poten- the formation of HAp. A morphology analysis of HAp

i o reoeossttai0a  CORINg Symhesized at - 6SVISCE wpidoncenta-
picly, 9 tion range 00-6% was conducted. SEM images pointed

25
and watef, out a clear change of the shape (Hg. 3) and size of precipi-

The formation of HAp on the surface of the cathode wa . ; .
observed. This phenomenon may be explained as foIIows?ated crystals (Tabk.WithoutHz0,insolution, the coat-

. Ing exhibited a rod-like structure with sizes fro@0hm
when OH- ions were generated on the cathode surfaceTO 150 nm (Fg. 3(a)). Wheldz0, was presenin the
the pH athe vicinity of the cathode significantly increased solution, the crystal shape varied significantly Hz02

In range from 8 to 1.2’ leading to the formatlon of . concentration of 2-4%, the coating presented a porous
and - ions, these ions then reacted with Ca2+ ions t%tructure with a flake-like shape (Figs. 3(b) and (c)). It
form HAp coating according to ligs. (3}-6). P gs. '

was difficult to determine precisely the crystal dimensions
in these cases. A0, concentration of 6%, therys-
talshad a spherical shape with rather heterogeneous sizes
HPD;- +0H---.10:-+HZO (4)  varying from 60 to200 nm. These resultare summa-
10CE++6PO -+20W--.Cq0(P04|\/|OHh (5) rizedin Tablel. Itis noted that the crystal morphology
obtained with 49dHz0, concentration was similar to the
Figure 2(b) presents the variation of the current densitghape of HAp crystals formeith simulated body fluids
versus the duration of the HAp electrodeposition procesgSBF) solutior? This H0, concentration of 4% was thus
on TiN/316LSS at -1.65 V/SCE and 25 °C, wittz02  considered as "optimized" for obtaining such a coating in
concentration varying between 0 and 6%. The appearandde conditions of this work.

H2P04 +OH- --HPD;-+H20  (3)

@ o s 2
10 -10 _
T 0 -1 \
2 0 I
5 12>
= a0
-13
20 -5 -8 05 00 -14
-.25 -2.0 -1.5 -10 -05 0.0 0 300 600 900 1200 1500 1800
E(V/SCE) Time(s)

Figure 2. Cathodic polarization curvesf TiN/3161.SS electrodwith various concentratioof ~Oz; (b) Variation of the current density during the
HAp formation on TiN/3161.SS afl.65V/SCB, for various O, concenttations.



Figure3. SEM images of the HAp fonndd solution S; pH 4.5appliedpotential -1.65V/SCE; 25 °C; with variou$i,0, concentrationga) 0%;
(b) 2%; (c) 46 and (d) 6%.

3.2. Effect of the Synthesis Potential the different values of potential. The HAp surface mor-
The potential applied is bound to directly influence thePhology can be divided in two categories: typeorre-
formation of OH- ions, and thus of the HAp coating.Sponded to the potentighlues-1.5, -1.6, -1.6%//SCE,
Various values of potential (from -1.5 td..8V/SCE) for which the HAp crystals formed on TiN/316LS8r-
were thus checked here to study the effect of this paraf@ce had a flake shape withzesdifficult to assess.
eter, using solution S, 4%:8%, total duration: 30 min- Type Il corresponded to the applied potentiaila? and
utes, at 25°C. The variation of current density versus -1.8 V/ISCE, for which the HAp crystals had a spheri-
time at different values of potential is shown in Figure 4¢al shapewith sizes varying from 40 to 300 nm. When
The current density increases followed by stabilization thahe appliedcathodicpotential decreases, the Okrma-
relates to the growth of HAp on the surfacestsfctrode.  tion near the cathode increasesusing the increase of
When cathodic applied potential decreased fransto ~ the rate of HAp crystabrowth and the change of HAp
-1.8 V/SCE, theathodic currendensity increasefiom
5 to 18 mA-cm2 The formation of white HApcoat-
ing onthe TiN/316LSS electrode surfaces was observed. -5
Howeverwhenthe applied cathodic potential was more
negative than -1.65V/SCE, the adhesion strength of HAp 16V
on the substrate was poor and particles were released in" -10
thesolution. Q -165V
_The relatedHAp morphologies were also analyzed. -L7v
Figure 5 and Table Il presentthe change in morphology I

and size of the HAp formed on TiN/316LSS electrode at

| e -5V

-15

\_;_ -1sv

Table 1. Morphology andsizeof HAp crystals synthesized at various -20
H,0, concentratior from 0to 6%.

HzU2 o 300 600 900 1200 1500 1800
concentration %) 0 2 4 6 Thne (s)

HAp crystalshape  Rod  Flake Flake Spherical  Eigure 4.variation of the currentdensity of the HAp deposition pro-
Size range (nm)  100-150 Difficult t‘? Difficult to. 60-400 cess on TiKB16LSSin solution S; pH 4.525 'C; with various applied
determine determine potential value$rom -1.5to -1.8V/SCE.



Figure S. SEM images of HAp formeih solution S and% H,0, concentration, pH.8 25'Cwith various applied potentials: (e).5 (b) -1.6
(c) -1.65(d) -1.7 and (e) -1.8 V/SCE

morphology. The shape of HAp crystals obtained at th8.3. Effect of Temperature

lowest cathodic applied potentials (-1.7 addBV/SCE) The kinetics of chernical processes is generally
was sirnilar to that of HAp synthesized in the solutionaffected by the reaction temperature. Unsurprisinigly
containing 6% KDz concentration. When decreasing theelectrochemical reactions the formation of substances
cathodic potential, the reduction of the solvent is proon the electrode surface is also bound to be affected
moted, this the formation of hydrogen bubbles that mayby temperature. The variation of the current sitgn
induce a spherat shape for the HAp crystals formeth accordirmg to the HAp depsition time in solution S with
view of bone-related applications, the cathodic potentiad% H20z, pH 45, applied potential1.65 V/SCE 4 vari-
range was chosen greater or equal to -1.65 V/SCE whiabus temperatures is shown in Figure 6(a). The variation of
leads to a morphology sirnilar to the shape of HAp formedurrent densjt versus time presented the same shape and
in simulated body fluid. characteristics as previously in Figure 2(b). The current

Table Il. Morpholagy and size of HAp crystals synthesizadarious vales of potatial from -1.5V to -1.8/.

E (V/SCE) -1,5 -1,6 -1,65 -1,7 -1.8

HAp crystal shape Flake Flake Flake Spherical Spherical
Size range (nm) Difficult to determine Difficult todeterrnine Difficultto determine 40-30 50-200
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Figunl 6. (a) Variationof thecum:nt density according to the electrodeposition durati.on at wrémmseratures from 25°C to 80°C; (b) Variation
of the HAp's mass venusmperature.

density andthe temperature varied in the sa.me direction,0-P--0 bending mode was also noticeable (by way of
the current density corresponding to the synthesis processo maxima around 610 and 569 émAbsorption at
increased in a range of 10-55 mAJntherefore, the 3572 and 632 criusually assigned to th@-H stretching
electric charge passing through the cell increased, indugibrationin hydroxyapatite were not clearly distinguished
ing the rise ofthe mass of HAp formed on the substrate.on these spectra. This can probably be explained by the
However, in the synthesis process, it could be visuallyionstoichiometry of the apatite phase, with a deficiency
observed thathe amount of detached HAp particles drop-in calcium and hydroxide groups. Water bands were vis-
ping in the solution also increased with the temperaturgple by a large band in the range 3000-3600*¢ovH
Therefore, it could be pl’9diCt9d that the amount of HA%tretching from water m0|ecu|es) and by Hhe-Hbend-
formed on the substrate did not monotonously increasgg band at 1640 crh-The association of water molecules
with temperature. To confirm this point. we determinedyith apatite is not surprising, especially for nonstoichio-
the amount of HAp coating formed on TiN/316LSS bymetric apatites which exhibit a hydrated layer onghe

a mass analysis. Figure 6(b) shows the variation of thgce of their constitutive crystals, the extent of which is
quantity of HAp formed on TiN/316LSS electrode surfacejependent on synthesis conditidhsR spectra also indi-
versus temperature. Wh.en the temperature increases up ¢@te the presence of some degree of carbonation (arising
50°C,the amount of HAp coating increased and attained atmospheri€0, associated to the apatite phase, by
the maximum value around 3C. Incontrast. when the o yresence of contributions in the regions 840-900 and
temperature continued to increase to*80the amount 1350 1550 cni-respectively assignable to the vibration

of HAp diminished. This result was in agreement withmodes COv and m(COq. The eak detected
the flaking phenomenon observed. The movement of ions vo(C0y P(COa narrow p

varies with the temperature. An incredeeemperature  With varying intensities at 137@&rn-~ is due to nitrate

causes an increase in the rate of the movement of thgSidues not eliminated during the washing step. Such
ions that promotehe coating formation on the electrode VPrational characteristics are globally similar twse of
surface. However, when temperature becomes too higl¢ mineral phase of bone and in agreement WRD

(greater than 50C), the further increase in the amount studies. . .
of OH- and - allowed also the formation of HAp The HAp crystal shape was examined for the various

directly in the solution through the chemical reactiont®MPeratures tested, and Figure 8 shows the correspond-

given in Eq.(5). The temperature of 3@ thus appears INg SEM micrographs. HAp morphology was somewhat
as a limit for the increase in coating amount in ¢hes affected by temperature. At 28, HAp showed a fl.ake
working conditions. shape with a typical size difficult to determine. 4@ °C,

In order to investigate the effect of temperature on th@etal-like shape was observed with apparent dimensions
HAp features, IR spectra were recorded in wavenumbemaller than at 25C. At temperatures 50, 60, 70 °C,
range 4000-400 crh-Figure 7 shows in particular the the HAp morphology became needle-like with homoge-
IR spectra of HAp coatings obtained at 25, 40, 50, 60)eous size and crystal length in a range of 100-200 nm
70 and 80 *C.The spectra all indicated the usual vibra- and some fl.ower-like arrangements can be observed. At
tional signature of moderately-crystallizediciumphos- 80 °C, HAp petal-like morphology was similar to the one
phate apatites® In particular the asymmetric stretching observed at 25 °C and 40 °C but seemed to be more
vibration of P--0 bond was characterized by a band locatgsbrous. Consequently, the HAp morphology edfected
at 1040 cmt (p(PQ) mode). TheviPQ) asymmetric by the electrodeposition temperature and 25 or 40 °C



80°C with the pH increase, inhibitinghe reactions generating
OH- ions on the cathodic electrode such as the reduction
70°C of 1:1:z02, H,P04 and 1:1:zG: % The cathodic current density
decreased from 11 mA/énmto 85 mA/cn? in 1800 sec-
onds with the increase of pH from 45¢.
60°C Figure 10 shows SEM images of HAp coating obtained
in solution S with various pH valudageneral, the effect
of pH value on the HAp morphology was rather insignif-
icant Ail HAp coatings synthesized at various pH values
exhibited dlake-like shape.

XRD analyses were run directly on coatings as obthin

-4 from electrodeposition in solution S with the previous

§ 5 & §§ potential parameters and at various pH values. The results
' are reported in Figure 11.The XRD patterns showed peaks
1840 belongingto a hydroxyapatite-like phase as welltaghe
4000 3500 3000 2500 2000 1500 1000 500 TiIN/316LSS substrate. Two characteristic peaks of HAp
Wavemunber (cm- were in particular evidenced a6 r:26° and 32° corre-
sponding to (002) and (211) planes with differentakpe
intensity. Generally, the HAp peak intensity was found
C to decrease when pH increases. The values of distances
between lattice planes and lattice constants of HAp calcu-
lated from XRD patterns (Table Ill) were similar to theo-

°C retical values (NIST standaféh
°c Besides, some peaks attributable to dicalcium phosphate
dihydrate (CaHPp21:1:z0, DCPD or brushite) 26 r: 29°

> and 35° corresponding to (14-1) and (060) plénatso
appear in varying proportions, and DCPD was the major

S0°C

T it

40°C

5C

Transmittance

250 calcium phosphate phase of tliiens deposited at a pH of
— = 5.5.This may probably be related to an increased forma-
1373 % Yeo tion of - ions®When pH decreases, the peak inten-
sity of DCPD decreases too. In our experiments, DCPD
1 almost disappeared at pH of 4.5, but it appeared again at
1600 1400 1200 1000 800 500 pH of 4.0 with a quite strong intensity. Complex interfacial

behavior may be at the origin of these rather surprising

observations, unless DCPD was also present but could not

Figure7. FfIR specil'll of HAp coatings obtairu:dlit vmi.ous be detected at pH 45. The some peaks of TiN/316LSS

tempe.ratures. substrate also appear in XRD patter Wair: 37° and 45°
corresponding to (111) and (200) planes of TIN 28ak:

appear as favorable testing temperatures, leading to petgle corresponding to (200) planes of 3t this point,

like morphologies often encountered in bone apatite thjs |ast pH value for which no DCPD detection was made

vivo. The peculiar acicular morphology observed at 50, 6Quas however selected as 'suitable” for the deposition of

or 70 °C in good agreement with other studie® Addi- HAp on TIN/SS 316L substrate

tional work will be needed in the futute explore further

the change at 80 °C and unveil the possible presence of3as Effect of the Duration of the Polarization

secondary phase or of a novel morphological settings fofhe duration of the process was also investigatethim

‘Wavenumber (cm™)

hydroxyapatite. work. Figure 12 shows the variation of the mass of
coating formed on TiN/316LSS in the solution S, 4%
34. Effect of pH 1:1:zQ at 25 °C, pH 4.5, anavith an applied potential

Figure 9 shows the current density accorditgAp depo-  of -1.65V/SCE. The weight of coating increased from
sition time at the applied potential of -1.65 V/SCE in 10.5 to 12 mg/cfhwhen the duration varied from 30 to
solution S for various global pH values (remembering tha45 minutes. Wheiime continuedto increaseo 60, 75 and

this is not the local pH around the electrode,dtkalin- 90 minutes, the mass of coating formed decreased. The
ity of which allows the precipitation of apatite): 4, 4.5,formation was maximum with 45 minutes of process and
5,and 55. Itis noted that the cathodic current densityvisual observations showed that this duration also corre-
decreases upon pH increase. This result could tentativedponded to the most homogenous structure. For short syn-
be explained as follows: the OH- concentration increase#hesis time, the HAp crystals were formed on the electrode



Figure 8. SEM images of HAp formed on TiN18L SS insolution S, 46 H»0,. pH 4.5, appliedgential -1.65 V/SCE with various temperatare
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Figure 9. Variation of the current dengiaccording to limeénpH range

from 4 to 5.5.

by nucletion, and the growth of nucgon increased with
time. However, the generated reaction of HApthe chem-
ical reaction shown in Eq. (5), therefore, the crystallization
of HAp on the electrodeurface attained thesaturation
after a certain time. Beyond this stage, the coatingpjast

of its adhesiveness to the substrate (electrode) surface, and
partly dropgd into the solution ogenerated HAp ciyal-
lization directly in the solution. Thkiexplains the decese

of the amount of HAp nssured on the electrode. TFhi
result allowed us to evaluate an "optimal” duration for the
electrodeposition process of HAp 45 minutes

36. Analysis the Chemical Composition of

the Coatings
The composition of the coatinobtained with tle "fully-
optimized' electrodepstion conditions was angted by
EDX method (Fig 13 and Table 1V). The resulshowed
the presence of three main elements that enter in HAp
composition: 0, Ca, P with contents of 45.08%4.32%6



Figure 10. SEM images of HAp formed on TiN/316LSSsolutionS.appliedpotential -1.6%/SCE at varionpH values: (a}.0;(b) 4.5; (¢) 5

and (d) 5.5.
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Figure1ll XRD patterns oHAp coatings, obtained by electrodeposi-

tion onTiN/SS316L atdifferent pH values.

Table Ill. Thevalues of distancesl) between lattice planegth (002)
and (211) and lattice constants of HAp according to Ni&fidarcand
depositecatpH different.

Theory
(NIST) pH=4.0 pH=45

pH=5.0 pH=5.5

d(002) (A°) 3.4
d(2112 (A) 282
a=b (A% 941
c(A°) 6.88

3.43

281
9.41

6.86

3.44

282
9.41

6.88

3.44

2.81
9.41

6.88

3.44

281
940

688

and 24.92% respectivelyBesides,elements such ada,
Cl, Ti, Cr, Fe and K werelso presentedThe presenceof
Na, Cl and Kwas dueto the presencef NaNGs in the
synthesis solution andiffusion of KCI from calomel elec-
trode intothe solution. Theresence offi, Cr and Fe was
due to the substrate material. The EDX-derivealPratio
was foundto be 1.34. Thissalueis lower than thaof stoi-
chiometrichydroxyapatite (1.67), buascould be expected
for nonstoichiometriapatites (seETIR results). However,
this valuecould also be indicativeof a mixture ofapatite
with another calciunphosphat exhbiting a lower Ca/P
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Figure 12. Variation of the massof coating formed orTiN/316LSS
versus duratioof the polarization.



TablelY. Chemical composition of HAzoalingfonned on the TiN/316LSS substrate in the soluli.on containidg® M Ca(NO,),, 1.& 102 M
.HzP040.15M NaNO, andt% .Hz02al 25 C,pH 4.5,with anapplied potcntial -1.65V/SCE for 45 minutes.

Element (0] Na o] Cl

K Ca TI Fe

4508
64.75

5.4¢
5.48

NZRCKN
10.68

0.21
0.13

% weigbl
% atom

033
0.2C

24.9:
14.30

2.0€
0.85

7.07
3.3¢

060
0.27

1100] ca

f =

200

Tl

1 2 3 4 5

Energy(lceV)
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Figure 13. BOX spectrumof HAp coating formed on TiN/316LSS in
the sdution contain:in@x 102M Ca(NO,)z, 1.& 102 M Mi.11zroe
015M NaNO; and 4% .Hz@at 25¢C, pH 4.5,with an appli.cd potenlial
-1.65V/SCEfor 45minutes.

8

10.

ratio, such as DCPD, although this phase was not detected
by FfIR or XRD in our electrodeposition conditions.

12.

4. CONCLUSION

In conclusion, we successfully obtained the formation of
a HAp coating on TiN/316LSS. The effect of experi-
mental conditions was investigated. The pH value of thg,

solution, theH0, concentration, the potential applied

and the length of the experiments were found to have &5-

direct impact on the coating features, in particular in terms
of morphology (rod or needlefialoe, spherical). Optimal
conditions have been found: pH A4d&pplied potential
-1.65V/SCE, 4% H,0, and 45 minutes of electrodeposi-
tion processThe composition of the coatings obtained on
TIN/316LSS was also analyze&fIR and EDX indicate
that a nonstoichiometric apatite phase was obtained. XRDg
however indicat.es for some experimental conditions the
formation of both DCPD and apatit€he results suggest 20
that these conditions of electrodeposition on TiN-coated

stainless steel are promising in view of the coating of bonél-

implant with apatite.

22.
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