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Abstract: Austenetic stamless steel AISI 316L are frequently used as orthopedic mmplants because their
mechanical properties and formability. In this research, a film of Hydroxyapatite (HA) was prepared by a PL.D
technicque on 3161 SS. HA was pressed at pressure (150 MPa) with partical size (2.745 um) and used as a target
i the coating. Effects of the number pulses (3000, 4500 and 6000) on the coating layer properties have been
studied. Effects of the annealing temperature (450°C) for 1 h and under an empty atmosphere on the coating
layer properties have been studied, also. The microstructure and composition of the coating were analyses by
Scanning Electron Microscopy (SEM), Energy Dispersive Spectroscopy (EDS) and X-Ray Diffraction (XRD).
The mechamcal property of the coating was evaluated by Vickers micro hardness test. The electrochemical
corrosion behaviors and N1 i1ons release of uncoated and coated samples with different number of pulses in
synthetic saliva and hanks solution were also, investigated. The XRD analysis of coated sample indicate the
formation of the HA layer. SEM results shows evident improvement in microstructure and grow HA film with
increasing n pulses number. In bicactivity test the percentage of (Ca ) and (P) are increased sigmficantly after
14 days immersion in SBF which confirms that the samples are bicactive. A significant corrosion test results
show that the corrosion rate after HA coating decreased from (2.1370*10-3 mpy) for uncoated sample into
(0.05110*10-3 mpy) for coated sample in synthetic saliva. And from (9.26221*10-3 mpy ) for uncoated sample
mto (0.34206*10-3 mpy) for coated sample in Hanks solution. The Ni release test shows that the amount of
releasing Ni decreased from (0.56716 ppm) for uncoated samples into (0.11940 ppm) for coated sample in
synthetic saliva. And Ni ions decreased from (10.4179 ppm) for uncoated samples into (0.2686 ppm) for coated
sample in Hanks solution and another interesting increase in biocompatibility was achieved during the research
for the coated sample compare to the uncoated 316L stainless steel sample.
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INTRODUCTION

The 3161 Stainless Steel (SS) is used for restoration
of anatomical structure because of its high mechanical
strength, good biocompatibility and cost effective. It 1is
widely used in the orthopedic surgeries such as joint
replacement and fracture fixation (Hermawan ef af., 2011).
The corrosion rate of metallic implant in the human body
must be negligible. Over the past two decades, the ion
release and corrosion properties of metallic implant
materials under physiological conditions have been
extensively studied under physiological conditions
(Okazaki er al., 2004). The release of iron, nickel and
chromium from the implant leads to unwanted reaction
around the mmplanted area which may cause permanent
implant failure. Thus, the corrosion-resistant coating and
surface modification of the implant are required .Coating
of bicactive materials using Hydroxyapatite (HA) in the
metallic implant has many advantages including improved

corrosion resistance of implant surface and enhanced bio
interaction with the surrounding tissues (Smausz et al.,
2004). HA 1s one of the naturally available biocompatible
and bioactive materials that show the ability to mteract
with surrounding bone. A coatings on metallic substrates
have been produced by a wide range of deposition
technicques  including pulsed laser  deposition,
electrophoretic and electron beam deposition, plasma
spraying and ion implantation (Puleo and Huh, 1895).
Pulsed Laser Deposition (PLD) has attracted interest due
to its versatility and controllability as well as its ability to
synthesize and deposit umform films with an accurate
control of the stoichiometry and crystallinity (Balla et al.,
2013; Kwok et al., 2009, Ng et al., 2011). This study
investigates the use of an Nd:YAG laser operating in
pulsed mode for fabricating bicactive HA coatings on
316L stainless steel. The corrosion behavior, 10ons release
and apatite-forming ability of the HA coated 316L
stainless steel specimens will be studied.
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Table 1: Chemical analysis of St.St 3161,

Element C Si Mn P S Cr

Mo Ni Al Co Cu v Fe

Percentage 0.023 0.322 1.00 0.038 0.00 17.91

2.06 9.85 0.001 0.153 0.286 0.112 Bal

MATERIALS AND METHODS

Powder and target preparation: A 20 g of HA powder was
collected and processed beginming with manual grinding
using mortar to get the semi-fimshed powder. The powder
was sieved using sieve number of (200) meshes. The
resulted powder was crushed and milled to obtain a nano-
size powder by wing of a planetary ball milling,. The
milling was done for 24 h at 350 rpm. The particle size of
the powder obtained from milling process was measured
using particle size analyzer Bettersize 2000 laser
particle size analyzer. The powder was (0.668-12.99) um.
Then, the powder was mixed with (3 ml.) of Poly Vinyl
Alcohol (PVA) as a binding material. Then, the mixture
was mold n (@ 20 mm) and pressed at pressures (150
MPa), after that, the target was dried using the dry box at
150°C for 4 h for dehumidify and PV A releasing.

Preparation of St.5t.316L substrates: The 316 L St.St.
plate with diameter of 12 mm was cut into 3 mm thickness
samples. The chemical composition of the 316l, St.5t plate
was done in state company for Inspection and
Engineering Rehabilitation (STER)Ministry of Industry
and Minerals. Table 1 shows the chemical analysis of
316l St.5t. The samples were wet ground using 120, 220,
320, 600, 1000, 1200 and 2000, grit silicon carbide papers,
the samples were then cleaned for 10 min n each of
distilled water, acetone and ethanol, respectively using
ultra sound cleaning device.

Pulsed laser deposition PLD process: In this step, targets
were placed onto a rotating holder Fig. 1 and ablated
using excimer lasers with pulses of ArF (A =1064 nm) and
applied energy of (600) mJ. The ablated area was
approximately 20 mm? and the number of pulses was in the
(15300-6000) range. Thin layers were deposited onto
St.5t.316l1 substrate heated at t temperature 300°C. Target
substrate distance was set to 3 cm and the pressure in the
PLD chamber was 1.5x10-5 torr. The samples coding
shown in Table 2.

Annealing process: The deposited films were post-
armnealed at temperature 450°C for 1 h in vacuum fumace
at heating rate 5°C/min.

Categorization
X-Ray Difraction (XRD): X-ray diffraction of powders
and composite material were identified with XRD-system

Table 2: Samples coding
Sample code A Bl B2 B3
Number of pulses Uncoated 3000 4500 6000

Fig. la:  Deposition chamber and b) Base of the

deposition chamber

type (DX-2700, X-ray diffractometer, using Cu Ko
radiation (A = 1.5405 A) and a scanning speed of
50°min from (10-907) of 20 (Bragg angle).

SEM analysis: The microstructure and topography of the
films were examined using Scamung Electron Microscopy
(SEM) and combination EDS analysis

AFM analysis: The depth morphology, roughness of
surface thin film was investigated with a type AA3000
Angstrom advanced Inc Atomic Force Microscope
(AFM).

Thickness analysis: The film thickness measured by
thickness measuring device. Calibrated digital coating
thickness gauge model (TT260-A071809290) time group
Inc.

Energy Dispersive Spectroscopic (EDX): Energy
Dispersive X-Ray (EDX-7000) was used to analyze the
chemical composition of sample surface before and after
immersion in SBF for duration 3, 7 and 14 days,
respectively.

Bioactivity estimation (in vitro): The prepared samples
were immersed for (3, 7, 14) days in Simulated Body Fluid
(SBF) that has inorganic ions concentration similar to
those of human extracellular fluid. The 1ons concentration
of SBF 13 given i Table 3 nearly equal to those of human
blood plasma.

Preparation of Stimulated Body Fluid (SBF): SBF is a
metastable solution containing calcium and phosphate
ions already supersaturated with respect to the apatite.
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Table 3: Alchemical combination of stimulated body fluid solution .

Demand 1 2 3 4 5 6 7 8
Substance NaCl NaHCO; KCl Na,HPO,.2H,0 MgCl,. 6H,0 CaCl,.2H,0 Na,80, (CH,OH),CNH,
Quantity 6.547 2.268 0.373 0.178 0.305 0.368 0.071 6.057
Table 4: Results of EDX analysis for B3 sample
a rement iti
T rume ETL 7 Cm pheres Alr llimator 1 Frure
Analyte I kv A FI A 1. {KeVF Ana {kKeV Fime ({s2cC) T %)
Ma— Eh 1° —Aut - 2 00— 4.40 Live-— 1
Al-t BRh 50 —RutT - 40  0.00- 40 .00 Live— 1 2
1 titative F 1 t
Analyte Res=ul [ sigmal Proc. -Calc . Line Int. (cps/uh)

Therefore, SBF 1s prepared as follows: reagents
(Table 3) were sequentially added to 700 mL of H,O with
the restriction that a new precursor (Table 4) was
added only after the previous addition had completely
dissolved.

A total of 40 mL of 1M HCI solution was used for pH
adjustments during the preparation of 1 L. of SBF solution.
15 mL of this acid solution was added just before the
addition of 6th reagent (CaCl,.2H,O) m order to avoid
turbity. After addition of the 8th reagent ((CH,OH),
CNH,), the solution temperature was raised from ambient
to 37°C. Tt was then titrated with 1M HCl to a pH of 7.4 at
37°C. During titration process, it was required to dilute the
solution with consecutive additions of de-ionized water in
order to make the final volume to 1 L.

The prepared sample of SBF solutions 1s to be capable
of being stored at 5°C for a month without degradation.
The simulated body fluid, solution was changed every
4 days to provide constant chemical composition of
solution (Ohtsuki, 2011).

Hardness test: Vickers hardness (TH-717 digital micro
vickers hardness tester) was used to measure the
hardness of HA thin film, at load (1.96 ) and holding time
15 sec.

Electrochemical test

Solutions: Solutions used in this research were artificial
saliva and Hank’s solution (chemical composition is
shown in Table 3 and 4 with the pH of artificial saliva and
Hank’s solution at 37°C were 6.7 and 7.4, respectively.

Open Circuit Potential (OCP): The aim of the OCP-time
measurement is to understand the corrosion behavior of
the coated and uncoated specimens under equilibrated
conditions m artificial saliva and Hank’s solution. The
OCP-time measurement is considered as an important
parameter for evaluating the stability of the passive film of
the specimens. The tests were carried out with the
samples immersed in a Hank’s solution and artificial
saliva. The potential of the working electrode is measured
with respect to a Saturated Calomel Electrode (SCE). A
voltmeter 1s connected saturated between the working
electrode and the reference electrode. For each specimen
3 h open circuit potential measurement was performed.
The first record was taken immediately after immersion
then the voltage was momtored for the intired period of
test at an.

Potentiostatic polarization: Electrochemical expeniments
were performed in three electrode cell containing and
electrolytes similar to nature saliva and Hank’s solution.
The counter electrode was Pt electrode and the reference
electrode was SCE and working electrode (specimen)
according to the American Society for Testing and
Materials (ASTM). The potentiodynamic polarization
curves were plotted and both corrosion current density
(Tcorr) and corrosion potential were estimated by Tafel
plots by using anodic and cathodic branches. The test
was conducted by stepping the potential using a
scanning rate 0.4 mV/sec from initial potential of 250 mV
below the open circuit potential and the scan continued
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up to 250 mV above the open circuit potential. Corrosion

rate measurement 1s obtained by applying the following
equation (Shalabi et al., 2007):

Corrosion rate (mpy) = 0.13icorr(E.W. )Y Ap (D

Where:
EW = Equivalent Weight (g/eq)

A = Area (cm?)

p = Density (g/cm’)

0.13 = Metric and time conversion factor
icorr. = Current density (pA/cm?)

The wnprovement percentage 1s calculated for samples
with coating, using the following equation (Ng, 2011):

Improvement percentage = CR, CR/CR »*100 (2)

The release of Ni ions: This test was achieved by using
atomic absorption spectroscopy device. In order to
determine the amount of Ni ions leached from the coated
and uncoated 316! st.st samples into saliva and Hank’s
solution. The dissolution test was used to measure the
1ons m both solutions from the samples immersed for 2
weeks at 37°C. A sample of each type, uncoated and
coated HA coating (3000, 4500 and 6000) PLD samples are
immersed m 50 mL of saliva and Hanks solution 1 Poly
Propylene (PP) bottles. The (PP) bottles are closed tightly
and mcubated m the thermostatic chambers at 37°C
for 2 weeks. All bottles were shaken gently for a few
seconds every 3 days. After 2 weeks, the saliva and
Hank’s solution m the bottles are analyzed by atomic
absorption spectroscopy to determine the amount of Ni
10ms leached from each specimen.

RESULTS AND DISCUSSION

Where:
CR; = The corrosion rate of master sample (without  X-ray diffraction: Figure 2 and 3 show the hydroxyapatite
coated) and the XRD results of the HA thin films after
CR = The corrosion rate of coated sample (with HA annealing in the range of 10-50° diffracted angle. The
coated) pattern refers to the existence peaks of HA phase CalO
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Fig. 3: XRD analysis of HA film
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(PO,HB(OH),. The observed positions of the diffraction
lines (20 and corresponding d for the patterns shown
i Fig 2 and 3 are i full agreement with the corresponding
values reported for hexagonal hydroxyapatite (JCPDS, C
and No. 09-0432) shown in Fig. 4.

SEM results: Figure 5 shows SEM micrographs of
150 MPa HA samples deposited at different pulses and at
300°C substrate temprature and 550°C annealing temp. Tt
is clear the effect of pulses increasing the improvement of
the microstrucrture of the HA films. The HA particles
deposited are grown to form clusters and seems to form a
dense aggregated structure on the substrate, furthermore,
more pulses will be beneficial in improving the film
growing, density and microstructure.

AFM results: Figure 6 and 7 show results from AFM
of HA coating deposited at different pulses laser before
and after annealing ammealing. It can be noticed that

D

5 Hydroxyapatite

] (JCPDS 09-0432)

=

5

e | ! L1 l

10 40 50
lefractlon angle (2-q)

Fig. 4: XRD standard card for HA
@

(b)

(©

deposition rate of HA particles is affected by increasing
the pulses laser to (6000). It can be seen that the
roughness decreased with the pulses mcreasmg to
(6000) and the roughness decreased before annealing
to (5.26 nm) and then increased to (30.3 nm) with
increasing temperatures after ammealing and this result in
agreement with Samausz et al. (2004), Fig. ¢ and 7 show
the effect of mumber of pulses on surface roughness of
HA coating before and after annealing (Fig. 8 and 9).

Thickness results: The effect of laser pulses number on
HA film thickness is shown in Fig. 10. For Bl sample the
thickness is 47.8 pm. The thickness increased to 48.5 um
for B2 sample and then the thickness reach to it 13 high
value 49.7 pm for B3 sample. Anyhow, with increasing
number of laser pulses, the deposition rate increased and
the thickness increased also.

EDX results: The percentages of (Ca) and (P) in HA
films are increased with increase immersion time (3, 7 and
14 days), respectively as shown in Fig. 11 according to
the results n Table 4-7 for the B3 sample. It will be
interesting to know that the increasing of percentages is
very slightly after 3 days in comparison with those after
7-14 days. This 15 due to mtervals reduction resulted in
reduce drown 1ons from SBF solution. This 1s agreement
with the finding of reference (Ghaith et ai., 2015).

Fig. 5: SEM Micrographs of samples: a) B1; b) B2 and (¢) B3
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Fig. 7: AFM pattern of 150 MPa samples at: a) Bl; b) B2 and ¢) B3 after the annealing

Hardness resuls: The effect of laser pulses number
on the HA coating hardness are shown in Fig. 12,
the significant effect of pulses number on the
resulted hardness.
uncoated samples are improved after coating it with
HA, furthermore increasing of pulses from 3000-6000

can be observed. Hardness of

could mnprove the hardness from (310-420 HV), thus
results are agreement with Rajesh et al. such
improvement observed in SEM results as in Fig. 11.

Most likely the pulse increasing could implant
more HA particles on the substrate surfaces
again.
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Table 5: Results of EDX analysis for B3 sample an immersed for 3 days in SBF solution

Moasurement Condition
:l:n&.t:r_'ument EDX—T7O000 Atmosphere: Ajr Collimator:s10 (mm)
Analyte TG kv uA FI Acg. (kev)ianal . (kev) Tims (sec) L?z}
Al-U Eh SO g—aAauto —— 0 — 4 0O 0.00—-40,.00 Liwve— 100 31
Ha-sc Elh 15 Se-aAauto — 0 - 2 0 0.00— 4.40 Liwve-— 100 320
Suantitative Result
Analyte FEezullt [E—=igma] Proc.—Cale . Line Int. (cp=ysul)
Fe &5 [ C.104]lguan—-FP FeKa 4477 .5744
Cr 16 [ 0.047]guan—FP CrEa 14Z9.7657
Wi =] [ D.048]Quan—FF HNiKa 428.9210
=4 2. [ D.085]Quan—FFP P Ka 1.2986
Ca 1 [ 0D.015]Qouan—FP CaKa 10.7604
Mo 1. [ 0.00B]Quan—FP MoHa 252.9362
M 1. [ o.00&]Qguan—FF MnKa B8.2150
Si 0. [ ©.163])0uan—FF SiKa 0.1Z81
cu . [ 0.00&8]Cuan—FF Cuka Z0.5083
W o [ o.00&]Qguan—FP v Ha 3.7250
Bi o [ C.00&6]lQuan—-FF BiLa 2.2046&
Table 6: Results of EDX analysis for B3 sample an immersed for 7 days in SBF solution
Measurement Condition
Instrument: EDX¥-T7000 Atmosphere: Air Collimator:10 (mm)
Analyte TG kV uA FI  Acqg. (keV)Anal. (keV) Time (sec) e
AR1-17 Rh 50 g—auto —— 0 — 4 0 0.00-40.00 Live- 100 30
Na—-Sc Rh 15 5g-Auto — 0 -2 0O 0.00- 4.40 Live-— 100 31
ouantitative Result
Analyte Result [3—._.j.g'rna]§;i>g'_ Line Int. (cps/uf)
Fe 64.858E> [ 0.105]guan-FP FeKa 4307 .2926
Cr 17.011% [ 0.049%]Quan—-FP CrEa 1387 .58%9%9
Ni 8.886% [ C.047]guan-FFP NiKa 401.8321
P 3.579% [ 0.0%96]0uan—-FP P Ka 1.5700
Ca 1.861% [ 0.017]1Quan—FP CaKa 13.8824
Mo 1.175% [ 0.008]1Quan—-FP MoKa 240.2835
Mn 1.097% [ 0.007]Quan—-FP MnKa 89.8328
si 1.030% [ 0.169]Qguan-FF siKa 0.1459
Cu 0D.34&6% [ O0.00&6]Quan—-FFP CukKa 18.342¢
K 0.088% [ 0.01l1l]lQuan—FP K EKa 0.4000
v 0.063% [ 0D.008]lQuan—FP vV OKa 4.0326
Table 7: Results of EDX analysis for B3 sample an immersed for 21 days in SBF solution
Measurement Condition
I!Znstrument EDX-7000 Atmosphere: Air Collimator:10 (mm)
Analyte TG KWV UuA FI Acc. (kev) Anal . (kaev) Time (sec) IIE)
Al-U Rh 50 g8-auto —- 0 - 4 0 0.00-40.00 Live— 100 29
Na-sSc FRh 15 59-pauto —— 0 — 2 0 0.00— 4.40 Liwve— 100 30
guantitative Result
anal = e Proc.— 5 _
yte Result [B3-sigmal o 72 . Line Int (cps/ul)
Fe 63.480% [ 0.105]Quan-FP FeKa 4150.2036
[ s le.728% [ O.049]Qouan—FP CrEa 1315.16232
Ni B.914% [ 0.048]Quan—-FP NiKa 401.5076
P 4.547% [ 0.111]lQuan—FP P Ka 1.9728
Ca Z.4232% [ D.021]¢Qguan-FP CaKa 17.5359
Mo 1.162% [ 0.008]Quan—FP MoKa 235.5097
si 1.1321% [ 0.180]Quan—-FP SiKa 0.159%0
Mn 1.035% [ 0.007]Qguan—-FP MnEKa 82.4Z261
Cu 0.381% [ D.0D&]ouan—FF CukKa 20.1177
K 0.143% [ 0.0l4]Quan—FP K Ka 0.&6298
W 0.0S56% [ 0.006]Quan—FP v Ka 3.4339
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Fig. 8 : The Effect of number of pulses on HA coating
surface roughness before annealing
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Fig. 9. The effect of number of pulses on HA coating
surface roughness after annealing
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Fig. 11: The percentages of calcium and phosphate of
HA films with time after immersion in SBF after 3,
7 and 14 days

Corrosion tests
Open circuit potential (OCP) time measurements: The
OCP time was measured with respect to to SCE in

Ni concentration (ppm)

420
380
310
l260 '
A B1 B2 B3
Sample code

Fig. 12: The effect of laser pulses on
hardness

HA coating

synthetic saliva and Hanl’s solution at 37°C for uncoated
samples and coated samples (HA coating). The data of
OCP are shown in Table 8 and 9.

Potentiostatic polarization: This test was done by using
the potentiostatic polarization test in two different
solutions (synthetic saliva and Hank’s solution) for
uncoated and HA coated samples at 37°C. Corrosion
parameters (corrosion potential, corrosion current and
corrosion rate), extracted from these curves are shown m
Table 8. It could be observed that there 1s a significant
shift toward lower current densities of the polarization
curves for samples with different pulsed laser mumber.
Lcorr. For sample, (B1) are around 0.1051 pA/em’ while
Icorr. For the sample (B2) are around 0.0348 uA/cm’
but at (B3) which are much lower than Icorr around
0.016 pAfem®. For (A) sample Icorr which are around
0.6691 pA/em’. These results indicate stability behavior
of HA coating layer. Along with an improvement of
corrosion resistance, this HA coating is able to change
the properties of the surface on the materials without
affecting the properties of the bulk (Shalabi et al., 2007,
Ajay and Abhinandan, 2010). The corrosion current and
calculated corrosion rate are relatively measures of
corrosion and illustrate how much material is lost during
the corrosion process. Hence, the higher current density
and calculated corrosion rate cause more materials lost.
HA coating can reduce corrosion rate of the coating
implant in human body, hence, reduce the metallic ions
release. Properties of HA gave a useful application in
coating of porous metallic implants. After implantation of
prostheses, a close surface contact between the metallic
prosthesis and the surrounding bone tissue is needed for
subsequent bone ingrowths. The presence of HA in the
coating of the metallic inplant leads to a rapid bonding
between HA and surrounding bone tissue. Its application
in coating implants combines the strength and toughness
of the substrate with bioactive characteristics of HA
which can mduce the surrounding bone tissue in growths
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Table 8: Tllustrate the corrosion potential (Ecorr.), comrosion current (Icorr.), Corrosion Rate (CR) and improvement percentage of coated samples in synthetic
saliva at 37°C

Samples Sample code OCP (mV) Icom. (uA/em?) Ecorr. (mV) Corrosion rate (mpy)=1¢? Improvement percentage (%0)
A A -335 0.6691 -7.80 2.13700

B Bl =372 0.1051 -219.70 0.33567 84.29

C B2 -235 0.0348 -120.00 0.11114 94.76

D B3 -276 0.0160 -24.50 0.05110 97.60

Table 9: Tlstrate the corrosion potential (Ecorr.), corrosion current (icorr.), Corrosion Rate (CR) and improvement percentage of coated sarmples in Hank’s

solution at 37°C
Samples Sample code OCP (mV) Tcorr. (uA/cm?) Ecorr. (mV) Corrosion rate (mpy)= 102 Tmprovement percentage (%0)
A A -250 2.9000 -113.8 9.26221
B Bl =215 0.1500 -0.3 0.47908 94.82
c B2 -268 0.1225 4.4 0.39125 95.77
D B3 -210 0.1071 -27.7 0.34206 96.30
2.5 1
2.4 4 —¢— Uncoated sample
2.3 1 —#— Coated sample
1
2.0 1
1.9 1
~ 1.8 1
2 1.7 1
E 1.6 1
< 1.5 4
= 141
5 1.3
s 1.2 1
s 1.1 A
2 1.0 -
2 09 1
S 0.8 4
&) 0.7 4
0.6
0.5 4
0.4 4
0.3 4
0.2 4
0.1 4
0 T T T T 1
0 1000 2000 3000 4000 5000 6000 7000

Number of pulses laser

Fig.13: Corrosion rate (mpy) m synthetic saliva at 37°C for the uncoated sample and HA coated samples with various

number of puls 3D laser

and future formation of chemical bonding. Also, the
presence of HA in coatings can improve corrosion
resistance of the coated mmplant m biological solutions
which can reduce metallic release and also, promotes
fixation via chemical bonding (Shalabi et «l., 2007
Smausz et al., 2004). The data listed in Table 9 shows the
corrosion parameters of HA coated samples m Hank’s
solution at 37°C. The corrosion potential of all coated
samples shows a significant shift to a positive direction
and have more noble potential compared to uncoated
sample m Table 9. From Table &, it is clear that (B1-B3)
samples have current densities and corrosion rate much
lower than current densities and corrosion rate of (A)
sample. This belong to the role of HA coating in reducing
corrosion resistance for 316 L st.st samples inmersion in
synthetic saliva at 37°C . The same behavior can be seen
in Table 9 for samples immersed in Hank’s solution at
37°C. Figure 13 and 14 shows the relationship between
corrosion rate and pulsed laser number in synthetic saliva
and Hanl’s solution at 37°C, respectively for HA coated

samples. The coated mmplant material with HA coating ,
however, attracted more attention to achieve the
combination of biocactivity, biocompatibility properties
(Singh and Dahotre, 2007). Tt can be concluded that the
HA coating for surface of metallic implant proved to be
more corrosion resistance and more favorable surface for
getting bone marrow cell attachment than an uncoated
316L stainless steel because HA is known to be an
osteon-inductive materials. HA coating attributed to
reduce the surfaces area in contact with synthetic saliva
and Hank’s solution which leads to a decrease in the
measured corrosion rate and results are in agreement with
other researcher. The improvement percentage of HA
coating samples m saliva and Hank’s solution are
increased with increasing number of pulses laser in the
samples. The best improvement percentage for sample in
synthetic saliva is (97.60%) at (B3) sample and (96.30%)
also for mumber of pulses laser in Hank’s solution. From
the Table 9 it can be seen that there 1s a slightly
increasing in corrosion current and corrosion rate for all
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Fig. 14: Corrosion rate (mpy) in Hank’s solution at 37°C for the uncoated sample and HA coated samples with various

number of pulsed laser

samples with comparison to samples in artificial saliva,
these results agreement with fact that the corrosion
resistance of pure metal or an alloy strongly depends on
the environment where it is exposed, the chemical
composition, viscosity and so forth (Ghaith et al., 2015).
Tt’s clear also, that the samples showed relatively similar
behavior to that observed in saliva solution such as the
corrosion resistance of 316 L stst sample with HA
coating 18 higher than that for 316 L stst uncoated
sample. This result agree with Nawal (2014).

Ni release results: Though Ni is an essential element for
the human body, it 1s allergenic and toxic when present at
elevated levels. Nickel ion release was measured for
coated and uncoated samples by using atomic absorption
spectrometry in artificial saliva and hanks solution at 3°C
for 15 days. Nickel ion release concentration in artificial
saliva show in Fig. 15 of the (A) sample was (0.5671 ppm),
the lowest corresponding number of coated sample is
(0.1194). This means that an improvement of (78.94%) 1s
mtroduced by HA coated. However, 1t appears that a
further improvement was obtamed by the mcrease of
number of pulses higher number of pulses lower of Nickel
1onrelease munber. Therefore, the increase of pulses from
(3000-6000) causes a decrease of (0.1332-0.1194), 1e., an
improvement of (10.36%) was obtained Fig. 15. This
enhancement in reducing nickel release is more likely due
to HA layer provide an adherent and very protective layer
which suppresses the Ni ion releasing because it isolates
the surface completely from its surrounding. Table 10 the

0.5671
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Fig. 15: Nickel ion concentration values for the coated
sample and the uncoated samples with various
number of pulses in artificial saliva and at 37°C
for 15 days

Table 10: The amount of Ni concentration_in artificial saliva at 37°C
Samples code Ni concentration (ppm)

A 0.5671
Bl 0.1332
B2 0.1211
B3 0.1194

amount of Ni concentration after immersion n artificial
saliva for 15 days Nickel 1on release concentration in
hanks solution show in Fig. 16 of the uncoated sample
was (10.4179 ppm), the lowest corresponding number of
coated sample was (0.2686). This means that an
improvement of (97.42%) 1s mtroduced by HA coated. The
HA coating can effectively suppress leaching of metal
1ons to the biological solutions. Table 11 the amount of
Ni concentration after immersion in Hank’s solution
for 15 days.
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Table 11: The amount of Ni concentration in Hank’s solution
Samples code Ni concentration (ppm)

A 10.4179
Bl 0.4234
B2 0.3265
B3 0.2686
10.4179

5
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Fig. 16: Nickel ion concentration values for the coated
and uncoated samples with various number of
pulses in Hank’s solution and at 37°C for 15 days

CONCLUSION

Based on the obtained result, the following
conclusion are made: corrosion resistance of HA coated
samples was greatly improved. For instance an
mnprovement of (97.6%) in synthetic saliva. In Hanks
solution, however, the improvement in corrosion
resistance was (96.30%). A great reduction m Ni-release
was observed in the research an enhancement of
reduction of (78.94%) in synthetic saliva occurs. ITn hanks
solution the Ni-release enhancement was (97.42%).
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