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Abstract 

In this study, silver-strontium doped hydroxyapatite (AgSr-HA)/chitosan composite coatings were 

deposited on stainless steel (SS) substrate via electrophoretic deposition (EPD) technique. The EPD 

parameters such as the concentration of Ag Sr-HA particles in the suspension, applied voltage and 

deposition time were optimized on by the Taguchi Design of Experiment (DoE) approach.  DOE 

approach elucidated that the “best” coating was obtained at; the deposition voltage of 20V, 

deposition time of 7 minutes, and at 5 g/L of Ag Sr-HA particles in the suspension. The optimum 

coatings were characterized by using scanning electron microscopy (SEM) and energy dispersive X-

ray (EDX) spectroscopy. SEM images confirmed the deposition of chitosan/Ag Sr-HA on the SS 

substrate. The wettability studies indicated the hydrophilic nature of the chitosan/Ag Sr-HA 

coatings, which confirmed the suitability of the developed coatings for orthopedic applications. The 

average surface roughness of the chitosan/Ag Sr-HA coatings was in a suitable range for the 

attachment of bone marrow stromal cells. Chitosan/Ag Sr-HA coatings showed a potent antibacterial 

effect against the Gram-Positive and Gram-negative bacteria. 

 

Keywords: Electrophoretic deposition; design of experiment; hydroxyapatite; chitosan; 

antibacterial 
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1. Introduction 

According to a new report published by Allied Market Research, the orthopedic implants market 

size was valued at $45,901 million in 2017, and is estimated to reach $66,636 million by 2025, 

growing at annual growth rate of 4.7% from 2018 to 2025.The major factors that depends upon the 

growth of the global orthopedic implants market are rise in the spreading of orthopedic injuries and 

diseases and the rapid rise in older population 1. 

The first metallic materials successfully used during the twentieth century in orthopedic applications 

were stainless steel and cobalt–chrome-based alloys 2. The first really successful substitutive joint 

prosthesis was the total hip prosthesis developed by Charnley in the late 1950s3. This was a cemented 

prosthesis with a stem made of stainless steel. Stainless steel materials are resistant to a wide range 

of corrosive agents due to their high Cr content (more than 12 wt %), which allows the formation of 

a strongly adherent, self-healing and corrosion resistant coating oxide of Cr2O3 
45. Several types of 

stainless steel are available and the most widely used for implant manufacture is austenitic stainless 

steel. In order to be austenitic at room temperature, stainless steel needs to contain a certain amount 

of austenite stabilizing elements such as Ni or Mn 6. The stainless steel most widely used in 

orthopedic applications is AISI 316L that contains 0.03 wt% C, 17–20 wt% Cr, 12–14 wt% Ni, 2–

3 wt% Mo and minor amounts of nitrogen, manganese, phosphorus, silicon and Sulphur 7,8. 

Stainless steel is widely used in traumatological temporary devices such as fracture plates, screws 

and hip nails among others, owing to their relatively low cost, availability and easy processing. Their 

use in orthopedic joint prosthesis is restricted because other metallic alloys such as Ti-based and 

Co–Cr-based alloys exhibit superior mechanical and corrosion properties8,9 At present, new 

austenitic stainless steel with high Cr content (over 20%), where Ni has been partially substituted by 
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Mn and with a high Ni content (between 0.3 and 0.4%), is being used in joint prosthesis. Ni stabilizes 

the austenitic phase and induces an increase in both the corrosion resistance and the mechanical 

properties (yield stress) 10. This is a clear example of new materials with an improved performance 

that have been developed chronologically during the second generation, but that from a conceptual 

point of view belong to the first generation 11. 

Type 316L stainless steel (316L SS) is a widely used material for implant fabrication in orthopedic 

applications. It possesses good inherent mechanical properties, reasonable corrosion resistance, 

biocompatibility and suitable density for load bearing purposes 12. 

Chitosan is a polymer that has been used extensively both in nucleic acid delivery and tissue 

engineering applications, derived from the exoskeleton of marine animals such as crab, shrimp, 

lobster, and krill. Chitosan is biodegradable, biocompatible and non-toxic 12,13.  

On the other hand, Hydroxyapatite (HA) has generated great interest as an advanced orthopedic and 

dental implant candidate. HA can be chosen as biocompatibility symbol as its chemical composition 

is similar to the mineral part of bone and tooth tissue 14. HA has also been substituted with various 

metallic ions to have therapeutic effect. For example, the incorporation of strontium improves the 

bioactivity of HA 14,15. The incorporation of Zn, Ag and copper in the HA is known to provide 

antibacterial effect against broad spectrum of bacteria 16.  

Electrophoretic deposition  (EPD) is one of the colloidal processing techniques and has advantages 

of short formation time and needs simple apparatus and no or little restrictions on the substrate 

material and shape. Despite the simplicity of the process, many parameters influence the deposition 

rate and quality of the deposited layer in EPD. The characteristics and concentration of solid particles 

in the suspension, the electrophoretic mobility, the suspension conductivity, pH, electric field, and 
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deposition time control the EPD rate. Therefore, to obtain a controlled deposition rate leading to 

desirable coating microstructure, optimization of the processing parameters is necessary 17,18. In 

order to control the EPD process Taguchi design of experiment (DoE) approach has been used for 

achieving homogenous coatings2,7,13. 

Here, we develop antibacterial coatings on the surgical grade 316L SS substrate via EPD. EPD 

process was optimized via Taguchi DoE approach to achieve the coatings with the highest deposition 

yield with the lowest possible standard deviation. Coatings obtained from the optimum EPD 

parameters and suspension composition were fairly homogeneous with coating thickness of ~5µm. 

The coatings presented suitable wettability and roughness for the biomedical applications. 

Chitosan/Ag Sr-HA coatings showed antibacterial effect against Gram-positive and Gram-negative 

bacteria.  

2. Materials and Methods 

2.1. Suspension preparation 

For the preparation of the chitosan solution, 0.5 g/L chitosan (medium molecular weight, 75–85% 

deacetylation degree, Sigma-Aldrich) was dissolved in 20 Vol. % distilled water (ELGADV 25 

PURELAB option R7BP) and 1 Vol. % acetic acid (VWR International) by magnetic Stirring for 30 

minutes. Later, 79 Vol % ethanol (ethanol absolute ≥99.8%, VWR International) was added to the 

chitosan solution, to reduce the undesired hydrolysis of water during the EPD process, It is important 

to mention that the concertation of chitosan (0.5 g/L) in suspension was chosen based on suspension 

stability and the fact that higher concentration of chitosan led to the production of inhomogeneous 

coatings19.  

2.2. Preparation of Ag Sr-HA /chitosan solution: 
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Ag Sr-HA /chitosan suspension was prepared by adding Ag Sr-HA (HA doped with 8 mol.% Sr and 

1 mol.% Ag) in the prepared chitosan solution. The details on the synthesis of the HA powder have 

recently been published20. Ag Sr-HA was added into the prepared chitosan solution in for different 

concentrations i.e. 1wt%, 3wt%, 5wt% and 7wt% Ag Sr-HA. The suspension was magnetically 

stirred for 5 minutes and then ultra-sonicated for one hour to ensure the uniform dispersion of solid 

particles, following the previous studies 1,19. 

2.3. Electrodes preparation 

A 316L SS sheet is cut into dimensions of 3x2.5 cm using a sheet cutter. The electrodes were then 

immersed in the mixture of ethanol and acetone for 5-10 minutes. After that, the electrodes were 

dried with hot air.  

2.4. EPD setup 

316L SS substrates were coated with chitosan/ Ag Sr-HA composite via EPD. The EPD process was 

carried out in a two-electrode cell, where 316L SS was used as a cathode and the 316L SS plate was 

uses as an anode. The inter-electrode distance was kept at 1 cm. The electrodes were connected to a 

DC power supply (EX735 M Multi-Mode PSU 75 V/150 V 300 W, Thurlby Thandar Instruments 

Limited), and the current was monitored over time with a multimeter (1906 Bench Digital 

Multimeter Thurlby Thandar Instruments Limited). 

2.4.1. Taguchi Design of Experiment (DoE) Approach 

A Taguchi array of experiments was formed for the optimization of EPD parameters using 

Minitab17™ software. An orthogonal Taguchi array (L16 type) was constructed from 3 control 

factors (voltage, time and concentration of Ag Sr HA in the suspension); each had 4 levels, as 

illustrated in Table 1. 
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Table 1. Control factors and their different levels applied for depositing chitosan/Ag Sr-HA 

coatings on 316L SS substrates. 

Control factors Level 1 Level 2 Level 3 Level 4 

Concentration of Ag 

Sr-HA in the 

suspension(g/L) 

1 3 5 7 

Voltage(V) 10 20 30 40 

Time(min) 3 5 7 9 

 

The input factors (applied voltage, deposition time, and concentration of Ag Sr-HA in the 

suspension) are systematically changed and their influence on the output factor (mass of the 

composite coating) was examined. If the concentration of Ag Sr-HA was higher than 7g/L, it was 

impossible to obtain stable suspensions and sedimentation of Sr-Ag HA particles was observed. On 

the other hand, high voltages applied during EPD caused the generation of gas bubbles at the surface 

of the substrate. Based on DoE, 16 experimental runs were carried out, as shown in the Table 2. 

Table 2. Taguchi DOE array for EPD of chitosan/AgSr-HA on 316L SS substrates. 

Exp. 

No. 

Conc. Of Ag Sr-HA in the 

suspension (g/L) 

Voltage 

(V) 

Time 

(minutes) 

1 1 10 3 

2 1 20 5 

3 1 30 7 

4 1 40 9 

5 3 10 5 
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6 3 20 3 

7 3 30 9 

8 3 40 7 

9 5 10 7 

10 5 20 9 

11 5 30 3 

12 5 40 5 

13 7 10 9 

14 7 20 7 

15 7 30 5 

16 7 40 3 

 

Each experiment was repeated thrice. Thus, 48 experiments were performed and the substrate were 

weighed before and after the coating with the help of weighing balance (the accuracy was 0.1 mg). 

After repeating each experiment thrice, average value of deposition yield, signal to noise ratio (S/N) 

for deposition yield & standard deviation was calculated by using the Equation 1, Equation 2, and 

Equation 3, respectively 

𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑦𝑖𝑒𝑙𝑑 =  
∆ 𝑊𝑒𝑖𝑔ℎ𝑡

𝐴⁄   𝑖𝑛 (
𝑚𝑔

𝑐𝑚2
) Equation 1 

Where; Δ Weight= weight after coating – weight before coating, and A= Area of coating 

It was desired to achieve higher values of deposition yield and a low standard deviation. The signal 

to noise ratio (S/N) for the deposition yield was calculated using the Equation (2) 

𝑆

𝑁
𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑦𝑖𝑒𝑙𝑑 =  −10log [

1

𝑛
(∑ 1/𝑦2)] Equation 2 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 May 2020                   doi:10.20944/preprints202005.0252.v1

https://doi.org/10.20944/preprints202005.0252.v1


9 
 

Where; y=deposition yield and n=No. of observations. 

The S/N ratio for the standard deviation was calculated from the Equation (3): 

 

 

𝑆

𝑁
𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑦𝑖𝑒𝑙𝑑 =  −10log [

1

𝑛
(∑ 𝑦2)] Equation 3 

Where; y= standard deviation and n= no. of observations 

2.5. Characterization of chitosan/ Ag Sr-HA composite coatings 

The morphology and structure of the obtained coatings were examined by field emission scanning 

electron microscopy (FE-SEM) and compositional analysis was performed by energy-dispersive X-

ray spectroscopy (EDS) (Hitachi S-4700 with a Noran System 7). The zeta potential of the 

chitosan/Ag Sr HA was evaluated by the the zeta potentials of the chitosan solution and suspensions 

were measured (Malvern Instruments, UK). Contact angle measurements were carried out on a 

contact angle goniometer using a sessile drop technique (DSA30 Kruess GmbH, Germany). 

Deionized water droplets (volume of one drop = 5 μL) were used to determine the wettability of 

coatings. The measurements were repeated for three different samples. Surface roughness 

measurements were carried out by using a laser profilometer (UBM™, ISC-2). A measurement 

length of 5–7 mm was used with a scanning velocity of 400 points per second. The mean roughness 

(Ra) and maximum roughness (Rmax) values were calculated using LMT Surface View UBM™ 

software.  

The agar disk diffusion test was performed on chitosan (control sample) and on chitosan/ Ag Sr-HA 

coatings. Prior to this study, coatings were sterilized under UV light for 1 hour. Agar plates were 

filled with 20 mL of agar and then 20 µL of LB-media (Gram negative bacteria: Escherichia coli; 

Gram positive: Staphylococcus carnosus) with the optical density of 0.015 (OD600) was spread 
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homogeneously on agar plate. Samples were placed on the prepared agar plate, which were kept in 

the incubator at 37 °C for 24 hours. After 24 hours of incubation, the zones of inhibition were 

measured by using ‘ImageJ’ analysis (each test was performed in triplicate), following the previous 

studies 21,22. 

 

3. Results and Discussion 

3.1. DoE study of EPD of chitosan/SrAg-HA 

For optimization of the EPD parameters and suspension, the Taguchi DoE approach was used to end 

up with a high deposition rate and low standard deviation of chitosan/Ag Sr-HA coatings. Taguchi 

array of L16 was built for these control factors i.e., concentration, voltage and time. These 16 

experiments performed under the given Taguchi array and determined the corresponding deposition 

yield and standard deviation, as reported in Table 3. 

Table 3. Experimentally measured values of deposition yield and corresponding standard 

deviations for EPD of chitosan/SrAg-HA coatings. 

Run  Control factors Deposition 

yield in g/

cm2 

S/N ratio 

(dB) 

Standard 

deviation 

S/N ratio 

(dB) SrAg-HA Voltage 

(V) 

Time 

(minutes) 

1 1 10 3 0.027273 -31.2853 0.005143 45.7757 

2 1 20 5 0.028485 -30.9077 0.008176 41.7492 

3 1 30 7 0.075758 -22.4114 0.011999 38.4171 

4 1 40 9 0.074545 -22.5516 0.018953 34.4464 

5 3 10 5 0.014545 -36.7457 0.005353 45.4281 

6 3 20 3 0.032727 -29.7019 0.009271 40.6575 
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7 3 30 9 0.167879 -15.5001 0.009544 40.4054 

8 3 40 7 0.189697 -14.4388 0.01487 36.5538 

9 5 10 7 0.046061 -26.7333 0.01245 38.0966 

10 5 20 9 0.165455 -15.6264 0.031422 30.0553 

11 5 30 3 0.128485 -17.8230 0.033929 29.3886 

12 5 40 5 0.273939 -11.2469 0.045426 26.8539 

13 7 10 9 0.050909 -25.8641 0.008266 41.6541 

14 7 20 7 0.207273 -13.6691 0.024529 32.2064 

15 7 30 5 0.296364 -10.5635 0.067068 23.4697 

16 7 40 3 0.227879 -12.8459 0.048704 26.2487 

The effect of these control factors on the deposition yield is shown in Figure 1. Figure 1 demonstrates 

that the mean response of deposition yield was the highest for A4 (Ag Sr-HA concentration of 7g/l), 

B4 (applied voltage of 40 V) and C2 (deposition time of 5 minutes) conditions and S/N response of 

the deposition yield was maximum for A4, B4, and C3 (7 minutes) conditions. This means there is 

no major difference between the results of mean and S/N values of deposition yield. Moreover, it 

also shows that the deposition yield increases by increasing concentration and voltage which obeys 

the Hamaker’s law. The maximum-minimum mean and S/N response of deposition yield suggested 

that the voltage is the most effective parameter (rank 1) followed by the deposition time and SrAg-

HA concentration (Table 4 and Table 5). This observation also estimates that S/N and mean response 

of deposition yield is more sensitive to the changes in the voltage. 

Table 4. Mean of mean response for deposition yield of chitosan/SrAg-HA on 316L SS produced 

at various EPD conditions, as mentioned in Table 3. 
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Factors Level 1 Level 2 Level 3 Level 4 Maximum - 

minimum 

Concentration 

conc. 

0.05152 0.10121 0.15348 0.19561 0.14409 

Voltage(V) 0.03470 0.10849 

 

0.16712 0.19151 0.15682 

Time(min.) 0.10409 

 

0.15333 0.12970 0.11470 0.04924 

 

Table 5. S/N (dB) response for deposition yield of chitosan/HA coatings on 316L SS produced at 

various EPD conditions, as mentioned in Table 3 

Factors Level 1 Level 2 Level 3 Level 4 Maximum - 

minimum 

Concentration 

conc. 

-26.79 -24.10 -17.86 -15.7 11.05 

Voltage(V) -30.16 -22.48 -16.57 -15.27 14.89 

Time(min.) -22.91 -22.37 -19.31 -19.89 3.60 

 

For further investigation of these EPD parameters, the standard deviation effect for each control 

factor was observed, as shown in Figure 1. The analysis of these results elucidates that the highest 

deposition yield with the lowest standard deviation was obtained at A2 (3 g/L SrAg-HA), B2 (20 

V), and C3 (7 min.) conditions. Moreover, the maximum-minimum S/N response suggested that the 
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voltage is the most effective parameter (rank 1) with SrAg-HA concentration and deposition time 

(Table 7). So it is found that the voltage is most effective to the standard deviation. 

Table 6 Standard deviation of mean response for deposition yield of chitosan/SrAg-HA on 316L 

SS produced at various EPD conditions, as mentioned in Table 3. 

Factors Level 1 Level 2 Level 3 Level 4 Maximum - 

minimum 

Concentration 

conc. 

0.011068 0.009760 0.030807 0.037142 0.027382 

Voltage(V) 0.007803 0.018349 0.030635 0.031988  0.024185 

Time(min.) 0.024262 0.031506 0.015962 0.017046 0.015544 

 

Table 7. S/N (dB) response for standard deviation in deposition yield of chitosan/SrAg-HA 

coatings on 316L SS produced at various EPD conditions, as mentioned in Table 3. 

Factors Level 1 Level 2 Level 3 Level 4 Maximum - 

minimum 

Concentration 

conc. 

40.10 

 

40.76 

 

31.10 

 

30.89 

 

9.87   

 

Voltage(V) 42.74 

 

36.17 

 

32.92 

 

31.03 

 

11.71 

 

Time(min.) 35.52 

 

34.38 

 

36.32 

 

36.64 

 

2.27 
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Figure 1. Effect of control factors on the deposition yield of chitosan/SrAg-HA coatings produced 

by EPD: (A) mean of mean deposition yield, (B) mean S/N for deposition yield, (C) mean of 

standard deviation, and (D) mean S/N for standard deviation. 
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3.2. Morphological analysis 

 Although the Taguchi DoE suggests that the applied voltage of 40 v, the deposition time of 5 min. 

and SrAg-HA concentration 7 g/L are the optimum parameters to get highest deposition yield for 

chitosan/SrAg-HA coatings but when the standard deviation also considered it was observed that the 

applied voltage of 20 v, the deposition time of 7 min. and Ag Sr-HA concentration of 5 g/L is the 

best parameter for chitosan/SrAg-HA coatings. These samples were observed and compared 

concerning the process as well as by visual inspection. The morphology of the surface was observed 

by SEM, as shown in Figure 2. SEM images show that the applied voltage of 20V, the deposition 

time of 7 min. and the concentration of 5g/L improves the distribution of Ag Sr-HA particles and 

the more homogenous coating was observed. So these parameters are considered as the ‘best’ 

parameters with high deposition yield and low standard deviation, and suitable surface morphology.  

 

Figure 2. SEM images of chitosan/SrAg-HA coatings produced at 20 V of deposition voltage and 7 

min. of deposition time from the suspension containing 5 g/L of Ag Sr-HA at different 

magnifications; (A) image of the top surface at low magnification, (B) image of the top surface at 

high magnification, and (C) image at the cross-section. 

 

A C B A B C 
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SEM analysis of optimized parameters predicted by DoE showed that the coatings are fairly 

homogenous (Figure 2). Figure 2A and 2C show that the Sr Ag-HA particles are distributed 

homogeneously in the Chitosan matrix. It was observed that some Sr Ag-HA particles were 

deposited individually while only a few Sr Ag-HA particles were agglomerated. SEM images of the 

cross-section showed that the chitosan/ SrAg-HA coatings developed a fairly uniform coating 

thickness (a film-like structure) of  ~5 µm (Figure 2C). The similar results concerning the chitosan 

based composite coatings has been reported in the literature 22–24. 

The deposition mechanism of chitosan/HA coatings has already been explained by the Pawlick et 

al.19. It was suggested that the positively charged chitosan molecules encapsulate the HA particles 

and then HA encapsulated with HA becomes positively charged and move towards the cathode upon 

the application of the electric field. In the present study, chitosan/Ag Sr-HA suspension showed the 

zeta potential of +30 mV ± 5mV. The values of the zeta potential obtained in the preset study are in 

agreement with the literature 1,25. The positive value of the zeta potential confirms the hypothesis of 

Pawlick et al. .19. Moreover, highly uniform coatings were obtained from stable suspension of 

zein/Ag Sr-HA, as shown in Figure 2. 

3.3.  Compositional Analysis 

Chitosan contains amino acids with high density 1and The chemical formula for HA is 

Ca₅(PO₄)₃(OH) 26. The EDX results confirm the presence of SS, HA, and chitosan (EDX was carried 

out at the energy of 15KV and working distance was 6 mm, Figure 3). The chromium (Cr), nickel 

(Ni), molybdenum (Mn) and iron (Fe) peaks confirm the SS substrate14. The calcium and 

phosphorous indicate that it is HA and the presence of carbon indicates the presence of chitosan 19.  
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Figure 3. EDX analysis of EPD of Chitosan/AgSr-HA on 316L SS substrate by using Taguchi DoE 

on 316-L SS subsstrate 

3.4. Surface properties 

In order to determine the interaction of the chitosan/Ag Sr-HA coatings in the physiological 

environment it is important to evaluate the water contact angle. Because during the first nanoseconds 

water came in contact with the implant in human body. Therefore, the role of the surface wettability 

is important in determining the response of an implant in the human body 27,28.  

The contact angle measurements yielded a contact angle of 86° ± 2°, 78° ± 3°, and 50° ± 2° for the 

316L SS substrate, chitosan coatings on 316L SS, and chitosan/Ag Sr-HA, respectively. The 

wettability results inferred that there is strong decrease in the contact angle values of chitosan/Ag 

Sr-HA in comparison to the chitosan coatings. The reason for the decrease in the contact angle may 

be attributed to the hydrophilic nature of the HA. The similar value for the contact angle 

measurements were reported in literature1. Chitosan/Ag Sr-HA coatings presented the suitable 

wettability for the protein attachment in the physiological conditions 25,29. 

In order to determine the suitability of the implant for biomedical applications surface properties 

other than the wettability are also important for example, surface roughness and surface chemistry 

23,30,31. Therefore, to gain further information concerning the suitability of the chitosan/Ag Sr-HA 
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for biomedical applications, average surface roughness of the 316L SS and chitosan/Ag Sr-HA was 

measured.  The surface roughness measurements yielded the average surface roughness of 0.5 ± 0.1 

µm for 316L SS and 1.2 ± 0.2 µm for chitosan/Ag Sr-HA coatings. Recently, Urena et al. 32 showed 

that the average surface roughness in the range of 1.2 – 1.5 µm is favorable for the attachment and 

proliferation of bone marrow stromal (ST-2). Thus, the average surface roughness and wettability of 

the chitosan/Ag-sr HA coatings is expected to support the attachment of proteins and the cells for 

the bone regeneration applications. 

3.5. Antibacterial Studies 

The therapeutic effect associated with the release of silver ions was evaluated by tracking the 

antibacterial effect associated with the release of ions. Antibacterial effect of the chitosan/Ag Sr-HA 

coatings was studied by the agar disk diffusion test, as shown in Figure 4. Figure 4 showed the 

chitosan/Ag Sr-HA coatings developed the zone of inhibition around the sample against Gram-

positive (S. carnosus) and Gram-negative (E. coli) bacteria. In contrast, chitosan coatings (control 

sample) did not develop the zone of inhibition (Figure not shown here). The antibacterial effect of 

chitosan/Ag Sr-HA coatings was thus attribute to the release of silver. However, in this study the 

release of silver ions was not evaluated quantitatively. Thus, leaving an important task for the future.   

The antibacterial effect of the coatings is associated with the release of silver in an ionic form. The 

silver changes to ionic form upon exposure to the physiological medium. The ionic silver is highly 

reactive to the electron donor species. Thus, the ionic silver may rupture the walls of the bacteria 

and enter into the membrane hindering the DNA replication activity, which may lead to the death of 

the bacteria24,33.  
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Figure 4. Inhibition halo tests for the Chitosan/Ag Sr-HA with; (A) E. coli,  (B) S. carnosus. 

 

 

4. Conclusions 

1. Taguchi design of experiment approach was used to optimize chitosan/Ag Sr-HA deposited 

on 316L SS via EPD. The suspension composition (concentration of Ag Sr-HA in the 

chitosan solution) and EPD parameters were optimized in terms of highest deposition yield 

with lowest standard deviation.  

2. Chitosan/Ag Sr-HA composite coatings obtained from the optimum parameter showed the 

uniform distribution Ag Sr-HA particles in the chitosan matrix. SEM image at the cross-

section showed that the coating thickness is ~ 5 µm. 

3. EDX analysis confirmed the presence of Ag Sr-HA and chitosan in the coatings. 

4. Wettability and surface roughness studies confirmed the suitability of chitosan/Ag Sr-HA 

coatings for the biomedical applications.] 

5. The effect for the release of silver ions was traced by the antibacterial studies. Chitosan/Ag 

Sr-HA showed the potent antibacterial effect against E. coli and S. carnosus. 
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In the future it will be interesting to investigate the effect for the release of silver ions on the 

biocompatibility of the coatings. 
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