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ABSTRACT

Hydroxyapatite, a major component and an essemiedient of normal bone and teeth were synthddizewet
precipitation method. 316L Stainless steel (SS)weidely used for implantation in orthopedic surgerying to
corrosion resistance, mechanical property and l@mstcEven though 316L SS are continuously beingloe&d to
replace implant materials used in the past, clihis@dies show that these materials are also prtoneorrosion to
a certain extent. The localized corrosion attackd discharge of metallic ions from implants demangrovement
in the corrosion resistance of the currently usgobet316L SS by modifying the surface. HAP coatiag proposed
to decrease the corrosion rate and improve the dtivdly of 316L SS. The surface morphology and efgat
analysis of coated HAP powder on 316L SS substrate investigated using Field Emission Scanning tEdac
Microscope (FESEM) and Energy Dispersive X-ray 8pscopy (EDAX). From the results of X-Ray Diffiant
(XRD) study, the peaks correspond to crystallogmastructure of HAP in the coated surface. The preg of
functional group bands of HAP coating was studisthg Fourier Transform Infrared Spectroscopy (FTIRhe
surface roughness, film stress and coating thicknesre determined by stylus Profilometer Dektak Xfe
electrochemical potentiodynamic polarization tesisre performed in physiological solutions at 3T&lto
investigate the corrosion behavior of uncoated am@llP coated 316L SS. Thus, it was observed from
experimental data that the developed HAP coatin@I8lL SS substrate would be ideal for orthopedigliaptions.
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INTRODUCTION

Biocompatibility of metallic biomaterial is now airfdamental requirement of successful clinical badfrain

orthopedic applications. Metallic biomaterials havkong history of use as implants and the typmefals used in

biomedical applications depends on specific im@ganhe three commonly available materials usedhfiptants are
stainless steel (SS), cobalt chromium and titarélloys. Among these medical grade 316L SS is gdlparsed as
implant material in India for orthopedic applicat®odue to its excellent mechanical properties, eas$abrication

and low cost [1]. But it has been reported thatl3$& undergoes corrosion in vivo and causes tle@asel of metal

ions like Fe, Cr and Ni [2]. The wear and corrosiate of metals change the chemical environmenirardhe
implant inducing the acidic pH and damage the sumding tissues. These degradation products of simmaesult
in inflammatory response locally and systematicf8ly For instance, the previous investigationsorégd that 90%
of 316L SS implant devices failed due to localizmirosion such as pitting and crevice [4]. Thisei@ed the
importance of controlling the corrosion rate of #ily in the human body and it can be achieveddigg different
surface modifications methods such as alloyingedéht chemical treatments, bioactive coatings [&fc. Among

them, Hydroxyapatite (HAP) coating are well recagui because of their excellent biocompatibility drahctivity

properties.
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HAP is an important material for bone and dentadlants and it provides better osseo-integratiombeh bone and
implants and surface protection against body fl{dsThe potent of using HAP coating on metal iengk is due to
the similarity of chemical composition with hardsduies where metals provide the advantage of negessa
mechanical features while HAP supplies needful dgmal properties [1]. Various methods of HAP cogti
developed to improve the wear and corrosion resisteof metallic implants. These include plasma y8pta
sputtering, electrophoretic deposition [7] and gell- Among all the above methods electrophoretmod#ion plays

a vital role due to many advantages such as: (ggilpitity to deposit stoichiometric (b) ease ofaibing the desired
thickness and high layer adhesion to the subsfcteasy control on film thickness (d) excellentrugeneity (e)
ability to coat complex shape (f) equipments caraggembled at low cost (g) low temperature in @Esiog [8].
Hence, in the present study electrophoretic depositas attempted to develop HAP coating on 316L SS

The main objective of this paper is to obtain HA®wder by wet precipitation method and coating 06L38S by
electrophoretic deposition method. The structurad anorphological properties of HAP coated substratze
characterized by XRD, FESEM with EDAX. The chemibahding present in the coated substrate was iigatst
by FTIR spectrometer. The corrosion behavior waasueed in Ringer solution for coated and uncoapetisen
by potentiodynamic polarization technique. The atefroughness, coating thickness, film stress wesmined by
stylus Profilometer Dektak XT. Hence, the preseatknis to achieve the HAP coating on 316L SS fopriaving
the corrosion protection properties of the coatings

EXPERIMENTAL SECTION

Preparation method of hydroxyapatite

HAP powders were prepared using wet precipitati@theod. The starting materials used in the synthafsisAP
were analytical grade reagents, the calcium nittatea hydrate and diammonium hydrogen phosphabte T
stoichiometric HAP was prepared based on the fafigwnodified wet chemical method [9]. The electtelysed
for the deposition of HAP on 316L SS was prepargdtaking 1M solution of calcium nitrate tetra hytra
(Ca(NG),.4H,0) and 0.6M solution of diammonium hydrogen phosplieNH,),HPQOy) to attain Ca/P ratio of 1.67.
The pH of the above solutions was retained by annH,OH). After balancing the pH, solution of diammonium
hydrogen phosphate was added drop-wise into caloitnate tetra-hydrate on to a magnetic steeringtamed at
700 rpm and left undisturbed for 2 hrs. The paetiike of the formed hydroxyapatite was dependerhe stirring
time, if steering time is more, the particle sizmsgsmaller. Then, the synthesized HAP was filtevigl the help of
whatsman No: 1 filter paper. The precipitate olgdimas washed with ethanol to remove the suspeingadtities
and followed by drying in hot air oven for 1hr &°8. After dehydrating, the HAP was crushed intevger using
pestle motor. The crushed powder of HAP was sidtate800°C in muffle furnace for 1hr.

Electrophoretic deposition

Electrophoretic deposition is a two-step processhe first step, particles suspended in a liquatiimm are forced
to migrate towards an electrode under the influerfagectric field applied to the suspension. le fecond step, the
particles are collected at one of the electrodesfarmed a relatively dense and homogeneous confitraicf10].
Several organic solvents are used for electropicor@eposition, while in the current study depositiof
hydroxyapatite on 316L SS was carried out by stiyrigm hydroxyapatite powder in 50 ml of isoproaigohol for
30mins [11]. The sample 316L SS acts as cathode3aAd SS as anode. Both were immersed in suspension
containing beaker. Coatings were carried out atrestant voltage of 40V for 5-10 mins at room terapane. The
distance between the electrodes was 1-2 cm. Thingsawvere obtained on cathodized substrates andrsd in
vacuum furnace at 800°C for 2 hrs. Since, the satestsurface induces decomposition above 900°Calimee
temperature was maintained [12].

Characterization technique

The phase purity of the HAP coated substrate wesmeed by X-ray diffraction (XRD) analysis (Riggkwith Cu

Ka radiation with scan step 0.0@8nd scan speed/8nin from diffraction angle of 20 to 8@t 40 kV and 100mA.
The functional groups of HAP coated 316L SS substravere characterized by FTIR spectrometer (ReEiner
Spect Two with a wave length range from 400 — 4600 with precision of 4ci and resolution software). The
surface morphology was observed with Carl Zeiss BAHB5 Field emission scanning electron microscope
(FESEM). The elemental composition of the HAP cd&@&6L SS substrate was identified using Energp®isive
X-ray spectroscopy (EDAX). The surface roughnessting thickness and film stress was determinedthhus
Profilometer Dektak XT.
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RESULTS AND DISCUSSION

High bioactivity can be achieved by performing tbeating in conditions that is near to the humareriml
environment. Bioceramics plays a dual role botpreventing the release of metal ions and also ikimyathe metal
surface bioactive. Hydroxyapatite (bioceramic)his most stable calcium phosphate compound undesigibgical
conditions such as temperature, pH and compositicghe body fluids. Stoichiometric HAP is stableviacuum at
temperatures below 1000°C, sintering of HAP coatiimghigh temperature causes diffusion of phosphaorto the
substrate and as a result HAP partially decomptmsésrm tetra-tricalcium phosphate (TTCP) with gler Ca/P
ratio [13]. Hence in the current study, HAP coatingere obtained on cathodized substrates and eihiar a
vacuum furnace at 800°C for 2 hrs. The coated serf@as characterized by various characterizatiohnigues
such as FTIR, XRD and FESEM with EDAX.

Surface morphological and elemental analysis

Figure.1 Shows the FESEM (Field Emission Scanning Microstapgges for the pure HAP coated 316L SS
substrate sintered at 800°C for 2 hours. The miarosire coating of HAP was strongly influencedthg applied
voltage. Deposit obtained at 40V exhibited homoaesnmicrostructure with dense packing. Sintered HARting
were dense and well adherent to the substrate Th#.cross section examination of FESEM analysisals the
crystalline structure with no visible cracks; itlerefore assumed that micro cracks perceivedating surface are
limited in electrophoretic deposition method.

200 nm EHT =20.00 kv Signal A = InLens Date :29 Oct 2015 |
H WD = 76mm Mag = 5000 K X Time :14:67:07

Fig.1. FESEM images of HAP coated 316L SS substrate

Quantitative results

Weight%

Fig.2. FESEM Image and EDAX analysis of (a, b, ¢) AP coated 316L SS

342



Meenachi P. and Subashini R. J. Chem. Pharm. Res., 2016, 8(3):340-347

Figure 2 (a, b, c), shows the quantitative EDAXnEyy Dispersive X-Ray Spectroscopy) analysis ot fdAP

coated 316L SS substrate sintered at 800°C foru?shehich confirm the presence of Ca, P, O intreduduring
synthesis step. Calcium and phosphorous were @dtestthe predominant element in the deposits. thisaveight
percentage of various species is nearly equalgaviight percentages obtained in EDAX analysisolth@r peaks
are obtained that confirms the purity of the saspl&].

Structural analysis of coated HAP
Figure.3 Shows the XRD (X-Ray Diffraction) pattern of theretHAP coated 316L SS substrate sintered at 800°C

for 2 hours. The majority of the diffraction peakatches with the HAP phase. Thealues of 26, 30, 32, 33, 34,
40, 48, 50 obtained correspond to HAP (002), (212)1), (300), (202), (130), (222), (213) reflectiplane
respectively and it is in good accordance with Aicaar Society for Testing and Materials (ASTM) dai€PDS)
file (no. 9002214). The diffraction peaks particiyfain the planes (002), (211) and (300) are higid aarrow
implying that HAP crystallizes well. In additionygerential crystal orientation of HAP at the [0Gfltection is
indicated by a sharp peak at°2és previously reported by others for HAP coatifts No other characteristic
peaks (calcium hydroxide and calcium phosphatekevadrserved, implying that single phase of HAP oatet
316L SS substrate [15, 16].
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Fig.3. XRD pattern of HAP coated 316L SS substrate
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Fig.4. FTIR spectra of HAP coated 316L SS sintereat 800°C

Functional group analysis

Figure.4 Shows the FTIR (Fourier Transform Infrared Speciopy) of the pure HAP coated 316L SS substrate
sintered at 800°C for 2 hours. The infrared speatid AP coated sample showed absorption in twooregii) The
peaks for PG/ at 560, 600, 960 cthand from 1000 to 1100 ¢hcorresponds to v2 bending, v4 bending, v1
stretching and v3 asymmetric stretching vibrationdes respectively ii) the peak at 630 timdicate the bending
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vibration of hydroxyl group. These bands are simtitathose reported by lvana Skugor and Liga Bergimdina
[5, 17]. All these obtained peaks confirmed therfation of HAP.

Mechanical properties

Coating thickness

Thicknesg(Figure.§ of the HAP coated 316L SS samples were examined) &iiylus Profilometer Dektak XT. An
increase in coating thickness increases the probédsted to mechanical competence of the coatihg. dverage
value of the coating thickness is estimated to®&enkrometers which lies within the range of 2000 icrometers
for the electrophoretic deposition method [18, 19].

RS

Pogi.técm
Fig.5.Coating thickness of HAP coated 316L SS

Stress analysis

The film stresqFigure.§ of HAP coated 316L SS is measured by Stylus Profier Dektak XT. The estimated
value of the compressive stress of the film is RaGThe value reveals the uniform grains and ingulov
densification achieved through the electrophoréposition method followed by sintering. Moreovér the
ceramics were sintered to nearly full density, fnesence of HAP decreased the mechanical propeitiesto
excessive grain boundary phase [19].

B ="
Film stress | u\"“\‘

Positon

Fig.6.Film stress of HAP coated 316L SS

Roughness analysis

The Stylus Profilometer Dektak XT indicates theface profile of HAP coated 316L SS. Figure.7. latiks the
average value of the roughness (Pgin55980.90nm). This clearly shows the HAP coat26L3SS have higher
surface roughness[19].
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Fig.7.Surface profile of HAP coated 316L SS

In Vitro electrochemical analysis

Open circuit potential

Potentiodynamic polarization studies of the unadaed HAP coated samples were carried out in stedilaody
fluid (Ringer solution, 9 g T* NaCl, 0.42 g ' KCI, 0.2 g '* NaHCQ, 0.24 g L* CaC}) at acidic pH and a
temperature of 3T in order to establish a steady state betweereltirolyte and the specimen. The 316L SS
specimen forms the working electrode. All potestiakere measured with respect to saturated caldewttede as
the reference electrode. A graphite rod servedth@sdunter electrode. The change in potential vaipect to time
was monitored until the potential reaches a stesidie. The potential of the working electrode wiéspect to
reference electrode after stabilization periodeisned as open circuit potential OCP or corrosiotemqtial (Ecorr)
[20,21].

Figure.8 (a) shows the OCP curves for the uncoatdsbtrates. A continuous decrease in OCP towartilseac
potential with time was noticed for the uncoatethgke, before it attained the steady state poterfia¢ uncoated
sample initially showed an OCP of -0.23V and comgyashifted towards active direction and then teat a
potential of -0.35V after 35 minutes.

Figure.8 (b) shows the open circuit potential foe itoated substrate. The curve obtained for théngsawith
deposition potential of 40V, showed variations IBR This may due to the existence of large diffugiath within
HAP coatings, capable of causing large potentiapsr The shift was observed for the coated samplemn
compared to the uncoated samples which indicateeiter corrosion resistance.
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Fig.8. Polarization curves of a) bare and (b) HAP@ated 316L SS substrate
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Impedance analysis

Figure.9. shows the impedance spectra for HAP daziéL SS in simulated body fluid solution. The teaasample
indicates the passivity surface similar to capeeitiehavior. The capacitive loop lies in the higgquency range
touching the X-axis involving charge transfer r@atiand the inductive loop lies in the low frequgmange results
in reduction process. There is no depression ofciae in high frequency range it shows the honraaigy of the

coated substrate. The oxidation reaction is grahger the reduction process it leads to decreagalirctive loop

with increase in electrode impedance. Thereforetighasemicircle indicates the impedance respormetlie

formation of thin oxide film on the coated substr&d oppose the charge transfer. This may repréeenbhmic
resistance of corrosion product film and solutioclesed between working and reference electrode [22
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Fig.9.Impedance spectra of HAP coated 316L SS
CONCLUSION

Chemically precipitated hydroxyapatite powders wetectrophoretically deposited on 316L SS substrate
increase the bioactivity and biocompatibility. XR&nalysis confirmed the phase purity and stoichioimet
characteristics of HAP coatings and a uniform @istion of deposits was observed in FESEM. The ranidal
properties showed the increase in roughness angressive stress of the HAP coated 316L SS. Accgrttin
potentiodynamic polarization experiments, the HA#ating offered a better corrosion protection of 1318S
substrate, compared to bare substrate, becausevided better adhesion to the substrate and pggress not
connected to the substrate surface which blockedekbctrochemical process that may occur at thalmsatface.
The above result concludes that HAP coating presessay be used to modify the surface of the cuyrersted
316L SS orthopedic implant devices.
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