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ABSTRACT  
Stainless steel (SS) is a biomaterial used widely in dental and medical fields. It is a bio-tolerant material and more 

susceptible to infection and corrosion. To overcome these problems SS can be coated with hydroxyapatite crystals 

combined with titanium. Infection resistance can be imparted by incorporating antimicrobial agent such as silver.  A 

composite coating HA-Ti with Ag at 13wt% was prepared for SS using pulse laser technique and compared with 

HA and HA-Ti coatings. The coatings were characterized by X-ray diffraction and scanning electron microscopy-

energy dispersive spectroscopy. The antibacterial action was investigated against Staphylococcus aureus and 

Escherichia coli in vitro. The corrosion behavior of the coatings was studied in Hank's balanced solution using 

computerized potentiated. The results revealed that the composite coating HA-Ti-Ag was uniform and thin (1.6 

µm). This coating reduced the growth of Staphylococcus aureus and improved the corrosion resistance of SS. SS 

coated with (HA-Ti-Ag) coating can be used in dental and orthopedic surgery. 
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INTRODUCTION 

Stainless steel (SS) is a biomaterial used widely in 

dental and medical fields. It is used in the fabrication of 

surgical plates, pins and screws and certain parts of 

dental implant. This biomaterial has appropriate mech-

anical properties, relative corrosion resistance and cost 

effective (Sutha et al, 2013; Padhi, 2014). However, SS 

is a bio-tolerant material when used as an implant, 

complications such as infection, corrosion and fibrous 

tissue encapsulation may occur due to interaction betw-

een this material and neighboring tissues (Padhi, 2014).  

Infection of dental or orthopedic implant is the main 

reason of implant failure due to attachment of micro-

organisms and subsequent biofilms formation on the 

implant surfaces (Sutha et al, 2013). The bacteria and 

their-by products present on the implant materials imp-

ede the body immune system and prevent bone healing 

at the surgical site (Kocourek et al, 2013). Corrosion, 

on the other hand, occurs as a result of interaction 

between metallic implant and biological fluid causes 

the release of ions such as iron, nickel and chromium 

which compromise the immune system and cellular 

functions (Lorenzetti et al, 2014). Consequently, 

initiation of inflammation and formation of foreign 

body giant cells occur resulting in bone destruction and 

eventually implant failure (Mohammed et al, 2014).  

In the field of biomaterials, the successful implant 

materials should be bioactive, biocompatible and 

exhibited antimicrobial action. Therefore, surfaces of 

stainless steel implant (SSI) necessitate modification to 

impart such properties and improve its quality and 

longevity. Coating SSI with bioactive materials such as 

hydroxyapatite crystals could improve bonding ability 

with osseous tissue (Arifin et al, 2014). However, 

delamination of HA coatings during implant insertion 

(Ayu et al, 2017) and weak mechanical properties 

rendering these coatings unreliable to prevent corrosion 

occurring. It is well known that titanium is biocom-

patible material and has excellent corrosion resistance 

in physiological condition (Kumar et al, 2015). Hence, 

developing Ti-HA composite coating could improve 

corrosion resistance and biocompatibility of SSI 

(Mansur et al, 2014). Further, it has been shown that 

bonding strength of HA-Ti composite coating to the 

underlying substrate is better than that of single phase 

HA coating (Chen et al, 2006).  

Nevertheless, reports showed that HA coatings are 

more vulnerable to bacterial colonization due to rough 

surfaces compared to non-coating metallic implant 

(Norowski et al, 2009; Lu et al, 2011). Thereby, the 

need of antimicrobial agent is of utmost to prevent bio-

film formation and subsequent implant infection. This 

could be enhanced by incorporating silver or silver ions 

into the composite coating. Silver has wide spectrum 

antibacterial action and non-toxic to mammalian cells 

at a physiological dose (Gosheger et al, 2004). More 

importantly is that there has no bacterial resistance 

developed against this active ion so far (Carmona et al, 

2014). 

In this work, the composite coating HA-Ti containing 

Ag at 13wt% was prepared for SSI. The Ag content at 

13 wt% was chosen to impart biocide activity without  

HA-Ti coatings in terms of antimicrobial and anticorr- 

osion behavior. All coatings were prepared using pulse 

laser technique. Laser coating has many advantages 

such as improving the properties of metallic surface 

without affecting its bulk, brief processing time, fast 

heating/cooling rate, the heating is under control and 

the procedure can be controlled accurately (Gaith et al, 

2015).     
 

 MATERIALS AND METHODS  

 Samples preparation: The chemical composition of 

SS 316 L used in present study is shown in Table 1. 

Rectangular samples (3x2x1) cm3 were ground and 

polished with silica carbide (sic) emery papers (140-

1100 mesh size) and diamond paste. The mirror polis- 

hed samples were washed with ethanol for 15 minutes 

to remove any debris and left in air to dry before 

coating procedure. 
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           Table 1: Chemical composition of 316L stainless steel in weight percent 

     *Bal: balance 
 

Coating process: Three discs of 12 mm in 

diameter and 2mm in thickness were prepared 

from commercially available powder form of HA 

(Seelze Hannover, Germany), HA and titanium 

(TC Titanium, Germany) and HA, Ti and silver 

(Chem, China). The disc of HA-Ti were mixed in 

a weight ratio of 75:25 and the third disc is a 

composite of HA-Ti-Ag in a weight ratio of 

62:25:13. The powder form of HA, HA-Ti and the 

composite of HA-Ti-Ag was pressed with 40 MPa 

mold to prepare the discs. These prepared discs 

were used as a target to coat SS substrate using 

CO2 laser technique with pulse energy at 1000 J. 

The substrate-target distance was maintained at 45 

cm. The laser pulse of 1000 P was applied on 

target for each coating. The substrate was main-

tained at a fixed temperature of 300 ᵒC with ramp-

ing rate of 10 ᵒC/min for the three depositions. 

Microstructure characterization: The prepared 

HA, HA-Ti and HA-Ti-Ag coatings for SS subs-

trate were characterized by X-ray diffraction (XR-

D) ADX-2700 (USA) and scanning electron mic-

roscopy-energy dispersive spectroscopy (SEM-

EDS) S50.fei (Netherland).  

Antimicrobial test: 

Microbial isolates: The diagnosis of clinical isol-

ates Staphylococcus aureus and Escherichia coli 

was carried out using conventional biochemical 

tests as described by (Forbes et al, 2007).  

Sensitivity assay: The sensitivity assay was per-

formed against S. aureus (Gram +ve) and E. coli 

(Gram -ve) in vitro. The isolates were obtained 

from dental clinic and inoculated in brain heart 

broth. The inoculated media was incubated at 

37ᵒC for 24 hours in an incubator. Then, the broth 

media were centrifuged at 2000 rpm for 15 minu-

tes. The supernatant was removed and the turbi-

dity was adjusted to 0.5 McFarland tube. A swab 

of each inoculum was taken and streaked in a pre-

pared Muller-Hinton agar plate. Sterilized coated 

and uncoated samples were placed in such a way 

that the coated surface in contact with the culture 

media. Then after, the petri-dishes incubated at 37 

ᵒC for 24 hours in an incubator. The zone of clea-

rance was measured using a transparent ruler and 

uncoated sample was used as a control. The expe-

riment was repeated thrice for each inoculum. 

Turbidity assay:  About 250 ml of brain heart 

broth (BHB) was prepared and autoclaved at 121 

ᵒC for 20 minutes. The prepared (BHB) was pou-

red in two sterilized flasks so that each one cont-

ains 125 ml. A swab was taken from stored broth 

media contaminated with S. aureus and E. coli 

and activated with fresh one and incubated at 37 

ᵒC overnight in an incubator. Then after, 1 ml of 

the inoculated broth media was added into each 

flask contains 125 ml (BHB). Sterilized coated 

and uncoated samples were placed in 100 ml 

sterilized plastic cups. About 30 ml of bacterial 

suspension were poured in the plastic cups to sub-

merge the coated and uncoated samples and 

incubated at 37 ᵒC for 24 hours. Bacterial optical 

density was measured at 590 nm by taking about 2 

ml of the culture media from each plastic cup 

containing sample using UV/Vis spectrophoto-

meter (Biotech.CO.UK). The measurement was 

carried out at zero time point (before incubation) 

and after 24 hours incubation. A sample of broth 

media was used as a blank and the reading of 

bacterial optical density was repeated three times 

for each sample.  

Corrosion test: The corrosion conduct of the 

uncoated and coated SS substrate with (HA, HA-

Ti and HA-Ti-Ag) coatings was evaluated by 

potentiodynamic polarization using computerized 

potentiostat (Wenking, China) with software ana-

lysis. The samples were connected as a working 

electrode, a saturated silver electrode was utilized 

as a reference and a platinum electrode was the 

auxiliary electrode. Hank's balanced salt solution 

(Hbss) was prepared using de-ionized water and 

the commercially available chemical ingredients 

shown in Table 2. The solution was kept at 37 ᵒC 

and a pH ranged between 7.4-7.8 to simulate the 

physiological condition of body fluid. The sam-

ples were wrapped with nitrocellulose substance 

which was used as an insulator during immersion 

in Hank's balanced salt solution. 

The coated and uncoated area of the SS substrate 

that subjected to electrochemical test had dimen-

sions of 2 x 2 cm2. The samples were immersed in 

Hank's balanced salt solution for 14 minutes dur-

ing the electrochemical investigation. The electro-

chemical test was run by measuring the open 

circuit potential. For each sample the experiment 

was repeated twice. The corrosion rate (CR) was 

calculated according to the following equation:  

CR=0.13 (icorr.).(Ew)/A.ƿ 

Where 0.13 is a constant, icorr. is the electrical 

current (µA), Ew is the equivalent weight of the 

elements of stainless steel substrate (g/mol), A is 

the sample surface area subjected to electroche- 

Fe Cr Ni Mo Cu Co Si Al Mn V P S C N 

Bal* 16.48 10.30 2.11 0.32 0.19 0.53 0.005 1.38 0.058 0.028 0.0006 0.021 0.023 
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mical test (cm2) and ƿ is the density of stainless 

steel substrate which is (7.8 g/cm3).  
 

Table 2: composition of Hank's solution 

Ingredient 
Concentration 

g/L 

NaCl 0.4 

KCl 0.4 

KH2PO4 0.06 

Na2HPO4 0.048 

NaHCO3 0.35 

MgSO4 0.098 

CaCl2 0.14 

Glucose 1.0 

pH 7.4-7.8 
 

RESULTS AND DISCUSSION 

Coating characterization: The Figure 1 showed 

XRD plots of the HA, HA-Ti and HA-Ti-Ag com-

posite coating, as can be seen that the diffraction 

peaks present in the plots are not associated with 

HA, Ti and Ag. However, the high intensity peaks 

at 2Ө at 44.3ᵒ and 50.8ᵒ present in these plots are 

mostly associated with SS substrate (Starbova et 

al, 2008). The inability to detect HA, Ti and Ag 

peaks could be attributed to the thickness of the 

coating which is about 1.6 µm as shown by cross-

sectional micrograph of SEM examination of the 

composite coating. Such thin films might be 

beyond the detection level of X-ray diffraction. It 

is worth mentioning that the concentration of Ag 

in the composite coating HA-Ti-Ag was 13wt% 

which is difficult to be detected by XRD.                       

                                       

                                                                                                                                               

               Figure 1:  XRD plots of (a) HA, (b) HA-Ti and (c) HA-Ti-Ag coatings 
 

The Figure 2 showed SEM micrograph of the 

composite coating HA-Ti-Ag, as can be seen that 

the coating was homogenous and uniform. How-

ever, fine cracks could be observed which might 

be associated with thermomechanical stresses 

created during cooling after laser treatment. This 

might be related to the difference in thermal exp-

ansion coefficient of HA and Ti (17.3x10-6 ᵒC and 

8.4x10-6 ᵒC, respectively) (Basu and Gosh, 2017). 

A fine agglomeration was noted in the SEM mic-

rograph of the composite coating HA-Ti-Ag at 

higher magnification which could be associated 

with Ag particles, as this metal tends to agglome-

rate during coating process (Lue et al, 2011). 

Table 3 depicted EDS analysis and the chemical 

composition of the composite coating HA-Ti-Ag. 

The Ca/P ratio observed in the EDS analysis was 

about 2 which are close to that found in bone 

(1.67). This proves that the SS surface was bio-

active and HA did not undergo decomposition 

during laser coating. 

SEM micrograph of the composite coating-metal 

interface revealed that the visible thickness of the 

composite coating about 1.6 µm. The coating-

metal interface cannot be seen as there was no 

space between the two phases and the coating 

seemed to be melting and fused with the SS 

substrate during laser treatment, as shown in 

Figure 3.  
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Figure 2: SEM micrograph of the HA-Ti-Ag coating surface and (below) EDS-spectrum of the coating surface. The 

arrow showing fine cracks and the circle demonstrating fine Ag agglomeration . 

                        

Table 3: EDS analysis of the coating surface HA-Ti-

Ag 

          

 

 

   

             

Figure 3: SEM micrograph of the HA-Ti-Ag coating- 

metal interface. Blue arrows showing coating thick-

ness. 
 

3.2Antimicrobial action: The results of sensitive- 

ity assay revealed that the composite coating (HA-

Ti-Ag) had no effect on the studied bacterial stra-

ins, likewise other coatings prepared in this study. 

Silver is an inert metal and can be reduced into an 

active form (Ag+) in the presence of biological 

fluid, water and inflammatory exudate (Lansd-

own, 2010). Therefore, the findings of the sensiti-

vity assay could be ascribed to the insufficient 

moisture present in the culture media that required 

changing silver metal into its biologically active 

form silver ions. The other possible reason is that 

silver could be ionized but the solid media restric-

ted its movement and hence there was no antimi-

crobial action.  (Results not shown for brevity).  

Turbidity assay was performed to assess the effect 

of Ag in the composite coating on the growth of 

the studied bacteria. Optical density was measured 

at zero time point and after 24 hours to assess the 

growth of viable bacteria. In this test the compo-

site coating should be in contact with liquid broth 

media which supposed to provide sufficient mois-

ture to convert silver into Ag+. Figure 4A showed 

that the composite coating containing Ag reduced 

the growth of S. aureus after 24 hours in compare-

son to other coatings and the control sample. 

However, this effect was little, if any, against E. 

coli, as depicted in Figure 4B. The results of tur-

bidity assay of this study disagreed with the elabo-

ration of Pradhaban et al who found that silver in 

silver-zirconia composite coating produced by 

laser technique exhibited similar biocide action 

against S. aureus and E. coli in vitro. 

                                                                                           

Figure 4: A growth of S. aureus in broth media 

containing different coatings and SS (stainless steel) 

defined by measuring optical density. 
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Figure 4B: Growth of E.coli in broth media containing 

different coatings and SS(stainless steel) defined by 

measuring optical density.                                                                                                                   
 

The results of turbidity assay could be ascribed to 

the differences in the structure of S. aureus (Gram 

+ve) and E. coli (Gram -ve). The cell wall of gram 

positive bacteria is composed of thick peptidogly-

can layer and thin plasma membrane; whereas, in 

gram negative bacteria the cell wall contains thin 

peptidoglycans layer and the plasma membrane 

covered by outer membrane (Nathanael et al, 

2011). The permeability of the outer membrane in 

gram negative bacteria may influence the passage 

of certain antimicrobial agent. Therefore, in cert-

ain situations gram negative bacteria can develop 

more resistance to chemical agent compared to 

gram positive bacteria (Tortora et al., 2001). Feng 

et al., 2000 suggested that silver ion can exert 

antimicrobial effect only when released from imp-

lanted materials, as released silver ions penetrate 

bacterial cell wall and bind with DNA phosphate 

group, resulting in DNA condensation and further 

reaction with protein causing bacterial damage. 

During incubation stage the composite coating 

containing Ag exposed to the inoculated broth 

media and some bacteria have a chance to adhere 

to the coating surface. The released silver ions 

from the composite coating exert biocide action 

against the attached and non-attached bacteria 

(Pradhapan et al, 2014) and hence reducing the 

bacterial mass in the culture media.  

Corrosion test: The results of the electrochemical 

test of the coated and uncoated SS substrate in 

Hank's balanced salt solution for 14 minutes are 

illustrated in Table 4. Hank's balanced salt solut-

ion was used in the present study as most in vitro 

corrosion research on biomedical implants was 

conducted in this solution due to its chemical 

composition which is similar to body fluid 

(Manivasagam et al, 2010).  

 

                   Table 4 Electrochemical analysis of coated and uncoated SS substrate 

Sample Ecorr(mV) icorr. (µA) CR (mpy) 

Uncoated SS -221.1 2.29 0.214 

SS coated with HA -21.5 2.11 0.197 

SS coated with HA-Ti -22.2 1.26 0.118 

SS coated with HA-Ti-Ag -21.3 1.30 0.121 

                               *SS: stainless steel. 
 

It can be seen that the SS substrate coated with 

HA-Ti coating had the lowest corrosion rate com-

pared with other coated samples. This could be 

assigned to titanium as this metal has excellent 

corrosion resistance in physiological environment 

(Kumar et al, 2015). In addition, this metal may 

improve the mechanical properties of HA particles 

(micro-hardness and bond strength) (Zaho et al, 

2012) and consequently reduce the released ions 

from the metallic substrate by the protective act-

ion of HA coating. It has been reported that the 

cohesion strength of HA coating increased by 

adding Ti powders, as this metal eliminates the 

crater like defect in the coating (Zheng et al, 

2000). Further, Anawati et al, (2013) stated that 

by combining Ti and HA powders the corrosion 

resistance increased and stabilized the surface as a 

result of passive layer formation.  

The results of this work revealed that the incorpo-

ration of Ag at 13wt% into HA-Ti coating had no 

effect on the corrosion behavior of SS substrate in 

Hank's solution, as the corrosion rate of the comp-

osite coating containing Ag was very close to that 

of HA-Ti coating. It is found that silver is more 

stable than stainless steel and has a reasonable 

corrosion resistance (Feng et al, 2011). The results 

of the composite coating (HA-Ti-Ag) could be 

assigned to the low concentration of Ag in the 

coating. In addition, silver particles agglomerated 

in the composite coating as observed in the SEM 

micrograph and had no role to influence the corro-

sion conduct of SS substrate. Lu et al., (2011) 

stated that the most challenge factor that compro-

mised the coating application is the agglomeration 

of Ag particles in the coating materials. Therefore, 

there was no difference in the corrosion rate of the 

composite coating and the HA-Ti coating.  
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The sample coated with HA exhibited very little 

difference from that of uncoated SS substrate. 

This reveals that HA coating may have little, if 

any, impact on the corrosion resistance of the 

metallic substrate. This result disagrees with find-

ings of other research where they found that HA 

coatings decrease the corrosion rate at short imm-

ersion time (Kayali et al, 2016). The weak corros-

ion resistance of SS sample coated with HA could 

be associated with porosity of HA coatings (Riahi 

et al., 2015). These porosities permit penetration 

of the corrosive solution into the substrate and 

lead to leak of metal ions from the bulk metal into 

the solution. The results of corrosion rate of 

different coatings are in agreement with icorr and 

Ecorr values.  

 Conclusion 

The composite coating (HA-Ti-Ag) for 316 L 

stainless steel produced by laser technique was 

thin film which was about 1.6 µm. The coating 

was homogenous and uniform and appeared to be 

fused to the underlying stainless-steel substrate. A 

slight agglomeration of Ag was noted in the com-

posite coating but had no effect on the coating 

structure. Incorporation of Ag at 13wt% into the 

HA-Ti coating reduced the growth of S. aureus 

but had no effect on E. coli in vitro. The compo-

site coating improved the corrosion resistance of 

stainless steel. However, Ag at 13wt% had no 

influence on the anticorrosion conduct of the 

coating.  

Since the HA-Ti-Ag composite coating enhanced 

the antimicrobial and anticorrosion conduct of 

stainless steel, stainless steel coated with HA-Ti-

Ag coating can be used in dental and orthopedic 

field as in case of dental implant and pins and 

screws for bone fixation.  
 

REFERENCES 

Anawati, H. Tanigawa, H. Asoh, T. Ohno, M. 

Kubota and S. Onoa, Electrochemical corro-

sion and bioactivity of titanium–hydroxyapa- 

tite composites prepared by spark plasma 

sintering. Corrosion Science 70: 212-220 

(2013). 

Arfini A., Sulong A., Muhamad N., Syarif J. and 

M. Ramli, Material processing of hydroxy-

apatite and titanium alloy (HA/Ti) composite 

as implant materials using powder metallurgy: 

A review. Materials and Design 55: 165–175 

(2014). 

Ayu H., Izman S., Daud R., et al., Surface Modi-

fication on CoCrMo Alloy to Improve the 

Adhesion Strength of Hydroxyapatite Coat-

ing. Procedia Engineering 184: 399–408 

(2017).  

Basu B., Ghosh S. Biomaterials for musculoske-

letal regeneration. Indian institute of metals. 

Springer nature Singapore Pte. Ltd. (2017). 

Carmona V., Perez C., Lima R., et al., Effect of 

Silver Nanoparticles in a Hydroxyapatite Coa-

ting applied by Atmospheric Plasma Spray. 

Int. J. Electrochem. Sci. 9: 7471–7494 (2014).  

Chen C., Haung T., Kao C. and S. Ding, Chara-

cterization of Functionally Graded Hydroxy-

apatite/Titanium Composite Coatings Plasma-

Sprayed on Ti Alloys. Mater Res Part B: Appl 

Biomater 78B: 146–152 (2006). 

Feng Q. L., Wu J., Chen G. Q. et al., A mecha-

nism study of the antibacterial effect of silver 

ions on Escherichia Coli and Staphylococcus 

aureus. J. Biomed. Mater. Res. 15(52): 662-8 

(2000). 

Forbes BA, Daniel FS, Alice SW. Baily and 

Scoh's, Diagnostic microbiology 12th
 ed., Mosby 

Elsevier company-USA Pp. 62-465 (2007). 

Gaith S., Hodgson S. and M. Sharo, Laser surface 

alloying of 316 L stainless steel coated with a 

bioactive hydroxyapatite-titanium oxide com-

posite. Materials Science 26(2): 83 (2015). 

Gosheger G, Hardes J, Ahrens H. et al., Silver-

coated megaendoprostheses in a rabbit model-

-an analysis of the infection rate and toxico-

logical side effects.  Biomaterials 25: 5547-56 

(2004). 

Riahi Z., Dabaghi S. and K. Raeissi, Evaluation of 

corrosion and tribocorrosion behavior of 316L 

stainless steel with physical vapor deposited 

pure Ti coatings. Int. Jour. Of Tech. Res. and 

Appl. 28: 58-61 (2015). 

Starbova K., Yordanova V.,  Nihtianova D., Hintz 

W., Tomas J. and N. Starbov, Excimer laser 

processing as a tool for photocatalytic design 

of sol–gel TiO2 thin films.  Appl. Surf. Sci. 

254: 4044 (2008). 

Kayali Y., Aslan O., Karabas M. and S. Talas, 

Corrosion behavior of single and double layer 

hydroxyapatite coatings on 316 L stainless 

steel by plasma spray. Protection of Metals 

and Physical Chemistry of Metals 52(6): 1109 

-1115 (2016). 

 Kocourek T., Jelinek M., Miksovisky J., et al., 

Silver-Doped Layers of Implants Prepared by 

Pulsed Laser Deposition. Journal of Computer 

and Communications 1: 59-61 (2013). 

Kumar A., Biswas K., Basu B. Hydroxyapatite-

titanium bulk composites for bone tissue 

engineering applications. J Biomed Mater Res 

Part A 103A: 791–806 (2015). 

Lansdown A.B.G, A Pharmacological and Toxi-

cological Profile of Silver as an Antimicro- 

https://www.ncbi.nlm.nih.gov/pubmed/11033548
http://www.sciencedirect.com/science/article/pii/S0169433207017357
http://www.sciencedirect.com/science/article/pii/S0169433207017357
http://www.sciencedirect.com/science/article/pii/S0169433207017357


Vol.  15 (2) 2018                                                                                                 A new composite coating for ……….. 411 

bial Agent in Medical Devices. Advances in 

Pharmacological Sciences (2010). 

Lorenzetti M., Pellicer E., Sort J., et al., Improve-

ment to the Corrosion Resistance of Ti-Based 

Implants Using Hydrothermally Synthesized 

Nanostructured Anatase Coatings.  Materials 

7: 180-194 (2014). 

Lu X., Zhang B., Wang W., et al., Nano-Ag-loa-

ded hydroxyapatite coatings on titanium surf-

aces by electrochemical deposition. J. R. Soc. 

Interface 8: 529–539 (2011). 

Manivasagam G., Dhinasekaran D., Rajamanic-

kam A. Biomedical Implants: Corrosion and 

its Prevention - A Review. Recent Patents on 

Corrosion Science 2: 40-54 (2010). 

Mansur M., Wang J. and C. Berndt, Hydroxyapa-

tite and Titanium Composite Coatings on 

Austenitic Stainless Steel Substrates Using 

Direct Material Deposition. Materials Science 

Forum 773-774:  602-615 (2014). 

Mohammed M., Khan Z. and A. Siddiquee, Surf-

ace Modifications of Titanium Materials for 

developing Corrosion Behavior in Human 

Body Environment: A Review. Procedia Mat-

erials Science 6: 1610 – 1618 (2014). 

Nathanael A.J., Mangalaraj D. and S.L. Hong, 

Biocompatibility and antimicrobial activity of 

hydroxyapatite/titania-biocomposite. 18th int-

ernational conference of composite materials 

(2011). 

Norowski P.A. and J.D. Bumgardner, Biomaterial 

and antibiotic strategies for peri-implantitis. J. 

Biomed. Mater. Res. 88B: 530–543 (2009). 

Padhi A., Surface modification of 316L Stainless 

steel by Sol-Gel method. A thesis in bio-

medical engineering. National institute of 

technology Rourkela (2014). 

Pradhaban G., Kaliaraj G.S. and V. Vishwakarma, 

Antibacterial effects of silver–zirconia comp-

osite coatings using pulsed laser deposition 

onto 316L SS for bio implants. Prog. Bio-

material. 3: 123–130 (2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Slone W., Linton S., Okel T., et al., The Effect of 

pH on the Antimicrobial Efficiency of Silver 

Alginate on Chronic Wound Isolates. Journal 

of the American College of Certified Wound 

Specialists 2: 86–90 (2010). 

Starbova K., Yordanova V.,  Nihtianova D., Hintz 

W., Tomas J. and N. Starbov, Excimer laser 

processing as a tool for photocatalytic design 

of sol–gel TiO2 thin films.  Appl. Surf. Sci. 

254: 4044 (2008). 

Surmeneva, M.A.; Surmenev, R.A.; Tyurin, A.I. 

et al., Comparative study of the radio-frequ-

ency magnetron sputter deposited CaP films 

fabricated onto acid-etched or pulsed electron 

beam-treated titanium. Thin Solid Films 571: 

218–224 (2014). 

Sutha S., Karunakaran G. and V. Rajendran, 

Enhancement of antimicrobial and long-term 

biostability of the zinc-incorporated hydroxy-

apatite coated 316L stainless steel implant for 

biomedical application. Ceramics Interna-

tional 39: 5205–5212 (2013). 

Tortora, R.B. Funke and L.C. Case, Microbio-

logy: An Introduction; Addison-Wesley Lon-

gman, Inc.: New York (2001). 

Zaho G., Xia L., Wen G., Song L., Wang X. and 

K. Wu, Microstructure and properties of plas-

ma-sprayed bio-coatings on a low-modulus 

titanium alloy from milled HA/Ti powders. 

Surface and Coatings Technology 206: 4711-

4719 (2012). 

Zheng X., Huang M. and C. Ding, Bond strength 

of plasma-sprayed hydroxyapatite/Ti compo-

site coatings. Biomaterials 21: 841-849 

(2000). 

https://www.scientific.net/author/
https://www.scientific.net/author/James_Wang
https://www.scientific.net/author/Christopher_C_Berndt
http://www.sciencedirect.com/science/article/pii/S0169433207017357
http://www.sciencedirect.com/science/article/pii/S0169433207017357
http://www.sciencedirect.com/science/article/pii/S0169433207017357

