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The current work aims to enhance the biocompatibility and antibacterial properties of 

titanium implants using chitosan/Na alginate matrix composite as a coating layer 

reinforced with various ratios of hydroxyapatite (HAP) and ZnO by the Sol-Gel Dip 

method resulting in a product of exceptional purity, a limited dispersion of particle sizes, 

and the creation of a homogeneous nanostructure. The coating layer is characterized by 

FE-SEM for microstructure observation. From the results, it was concluded that the 

precipitation of a bio-composite coating layer by Sol-Gel Dip was suitable for creating a 

strong, adherent biocompatible layer of chitosan/alginate with a thickness of about 

(126.9µm). While the average diameter is approximately (21.5µm). The results showed 

that the dip-coating deposition method is very suitable for making CS-based composite 

coatings reinforced with ZnO and HAP. From the anti-bacterial test results, it was found 

that the addition of ceramic particles (HAP or ZnO) to the microstructure for the coating 

samples revealed a uniform distribution of all types of the natural polymer coating layer 

on the implants, indicating a suitable preparation and type of coating process (Sol-Gel 

Dip Composite Coating), which also enhanced the coating's roughness property and 

effective at inhibiting bacterial growth. This work revealed the assets of chitosan/Na 

alginate matrix composites in various percentages, which have not been tried up to now 

and could be very important for the development of the biomedical field. 
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1. INTRODUCTION

As compared to the attributes of metals, ceramics, and even 

composite materials, polymers' properties, particularly their 

mechanical aspects, must be improved in any manner possible 

[1]. As a result, polymer-based composites, which are 

heterogeneous systems, improve toughness and strength with 

high performance through the distribution of reinforcing 

particles [2-4]. The surface and mechanical properties are very 

important in choosing the material for any application, and the 

most important of these properties for medical applications, 

for example, is the nature of the material's surface, which is 

the first feature that interacts with the surroundings and thus 

determines the fate of the material's performance [5]. Without 

having an adverse effect, surface modification approaches can 

precisely enhance a surface's bio-performance characteristics 

and compatibility [6, 7]. Changing the surface of implanted 

biological substances can improve biocompatibility and 

reduce the incidence of associated illnesses [8]. Multiple 

technologies are now being used to improve the performance 

of medical implants, including the use of bioactive and 

osseointegrated active coatings for metallic titanium substrates 

[9]. One way to increase osseointegration is the use of coatings 

for medical implants, surgical materials, and tissue adhesives 

[10, 11]. Many biologically effective alternatives are used to 

replace part of the tissue (bone tissue, for example), using 

polymeric natural materials such as chitosan, which are 

characterized by their availability and good biological 

properties (excellent biodegradation and similarity to natural 

bone) [12-15]. 

The science of tissue engineering has shown a great deal of 

potential in the natural ionic alginate polymer. It is very 

adsorptive and can be utilized to produce polymer scaffolds 

since it is renewable, antimicrobial, and affordable. Because it 

is compatible with human tissues, produces biological matter, 

and creates and maintains moisture around wounds, sodium 

alginate finds utility in tissue engineering technologies [16, 

17]. 

It is anticipated that chitosan-alginate films with varying 

ratios of mass combined with zinc oxide and HAP ceramic 

nanoparticles, as reinforcements will offer several significant 

medical benefits, such as film development, biological 

compatibility, broad antimicrobial properties, biodegradable 

high hemostasis, and superior attachment to injured tissues and 

blood vessels [18]. 

Hyaluronic acid, collagen, and chitosan are examples of 
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natural polymers that have demonstrated some inherent 

bioactive effects in tissues like cartilage tissue [19]. Natural 

polymers provide the means to recognize the biological system 

as a result of their macromolecular composition resembling 

tissues. This further results in the aversion of problems with 

toxicity and activation of a chronic inflammatory response, as 

well as the absence of recognition by cells, which are 

commonly induced via numerous artificial polymers [20]. 

It has high biocompatibility and does not cause risks of 

disease transmission or immune rejection. It is mainly utilized 

in many biomedical uses, especially in the arrangement of 

bone fillers, coating materials for metal implantations, etc. 

[21]. Evaluation of the influence of a sodium alginate coating 

encumbered with ascorbic acid on the lifecycle of samples was 

first coated in a sodium lactate solution. The samples were 

analyzed in terms of sensory and microbiological 

characteristics. The sample covered with ascorbic acid showed 

the longest projection life, which was about 60% longer than 

the control group [22]. The growth of ZnO nanoparticles in 

chitosan coatings is caused by the use of chitosan-based 

overlay coatings for antimicrobial medical uses, such as the 

reinforcement of chitosan coatings with ZnO nanoparticles in 

various weight ratios [23]. 

Ahmed et al. [24] improved the bone impedance and 

corrosion resistance of 316 L stainless steel by using 

electrophoresis methods. Various HAP-Zein coatings are 

being deposited. With improvements in biological 

environment performance and high-capacity simulated body 

fluid (SBF) adherence. Hamad et al. [25] produced a thin poly 

(methyl methacrylate) resin coating film from several 

bioceramics as strengthening constituents by utilizing the 

electrostatic deposition method. The mechanical 

characteristics were enhanced, and the coating layers' surfaces 

were homogenous without cracking defects. The composite 

coating was compact with consistent dispersants and persistent 

with a homogenous mix inside the coating, according to the 

SEM&EDX findings. To enhance coating layer characteristics, 

Hamad et al. [26] employed various bioactive reinforcements 

(biotin and hydroxyapatite) in varied amounts (5% and 10%). 

The dip-coating procedure was utilized to apply coatings to 

pure Ti, SS 316L, and SS 304 substrates. Sample evaluation 

comprises contact angle measurement (wettability), MTT, and 

a microstructure statement using field emission scanning 

electron microscopy (FE-SEM). The results show that adding 

metallic elements and those with varying particle sizes 

enhanced the mixtures in the alginate matrix, improving the 

composite materials' overall qualities. This had an additive 

impact on the composite materials' attributes. To improve and 

develop the surface properties of this metal, Hamad et al. [27] 

created a CS-based composite coating augmented with 

nanosilver and biotin that was deposited on a pure Ti substrate 

using a dip-coating process. Field emission scanning electron 

microscopy, atomic force microscopy (AFM), Fourier 

transforms infrared (FTIR), and wettability experiments were 

used to examine the surface morphology of the unique CS 

composite coating. Findings indicate that using various 

particle sizes helps improve the mixtures in alginate, having a 

twofold impact on the film's characteristics. Hadi et al. [28] 

evaluated two nanocomposite structures made from bio-epoxy 

and readily accessible HAP and bio-epoxy and seashell (SS) 

nanoparticles, both of which could be utilized in bone 

substitution. Both fillers had nanoparticles that were 50nm in 

size, and the percentages of the strengthening phase were 1, 3, 

7, and 15 wt.%. Utilizing the Fourier transform infrared 

spectroscopy and differential scanning calorimetry techniques, 

correspondingly, the effects of SS and HAP on the chemical 

structure and thermal characteristics of the bio epoxy were also 

assessed. These composites are an intriguing prospect that 

could be employed in the orthopedic area, according to the 

results. Hamad et al. [29] created a novel coating made of 

chitosan and alginate that incorporates nano-titanium dioxide 

(TiO2) and nano-niobium (V) oxide as reinforcement materials 

to create a bio-composite layer using the dip coating technique. 

The findings demonstrated that coatings incorporating 

nanoparticles had an identical antibacterial impact as coatings 

made of chitosan and alginate. Additionally, lowering 

bacterial activity for all kinds of nanoparticles that target the 

bacteria, stopping cell proliferation, and strengthening the 

composite material's antimicrobial properties. 

One of the main things to be worried about with metallic 

devices in human beings is corrosion, which not only erodes 

the implant but also runs the danger of contaminating bodily 

fluids and tissues with ions of metal. Two avenues exist that 

allow this corrosion to happen. Wear (as in synthetic joints) 

and electrochemical deterioration cause physical erosion. 

Applying a bio composite layer that encourages bone cell 

attachment and proliferation to the implant's metallic surface 

is one way to improve osseointegration and assist shield it 

from ions that could cause corrosion. 

This paper provides a comprehensive, analytical evaluation 

of the use of dip-coating deposits to establish a composite 

coating consisting of sodium alginate and chitosan that is 

strengthened with zinc oxide and hydroxyapatite, to improve 

the exterior of a pure titanium alloy, and to develop 

dependable, portable, and useable systems, along with a 

review of their challenges, shortcomings, and potential. It is 

widely utilized for implantable items such as dental crowns, 

artificial hip and knee joints, and bone plates, that restore 

injured hard tissue. In closing, the author discusses possible 

future paths for the creation and improvement of innovative 

biomaterials with a wider range of improved biological uses. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Manufacture of testing samples 

 

As a substrate, pure Ti discs with square specimen 

dimensions (2cm*2cm*1mm) were used. This alloy's 

chemical composition was 0.08 C wt.%, 0.015 H wt.%, 0.05 

N wt.%, 0.51 Fe wt.%, and the rest Ti wt.%). The test was 

conducted at the State Company for Examination and 

Engineering Rehabilitation. Carbide silicon sheets of 200 and 

400 grit are used to polish surfaces to get a uniform surface 

condition before the coating process. 

The chitosan-sodium lignite bio-coating ratio that was 

selected was 70:30. In the chitosan coating specimen, 0.75g of 

chitosan nano-powder was immersed in 4ml of dilute acetic 

acid, creating a milky mixture. After that, the solution is put 

on a magnetic moving plate to guarantee homogeneity and get 

rid of any bubbling that may have formed. The NaOH solution 

was removed, raising the pH level to 6.0. Next, 10 milliliters 

of water were used to dissolve 0.25 grams of sodium alginate. 

After mixing the two solutions of polymers for ten minutes 

at 350rpm, the mixture was homogenized. Employing a 

magnetic stirrer, the previously prepared material was once 

more stirred for 60 minutes at the ambient temperature. A 

variety of ceramic powders were utilized to create coatings for 
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metal substrate samples. A sieve analyzer was utilized to sift 

every kind of powder within the 50-150μm range. A composite 

coating layer consisting of natural polymer-based materials 

strengthened with reinforcement has been deposited using the 

dip coating process. 

The precursor mixture is submerged in the substrate. 

Continue moving forward at a steady pace for thirty minutes, 

or until the specimen's whole surface is thoroughly moistened 

with the coating reagent. The substrate was pulled forward at 

a consistent speed to carry out the drainage and deposition 

processes. The film is deposited, or a tiny layer of the solution 

containing the precursor is retained. Liquid availability. It will 

emerge from the top. After that, the specimen is dried outside 

for the solvent to evaporate and leave behind a thin film of 

precipitate. 

The dip coating technique has been utilized to deposit a 

coating film of HA/ZnO-based natural polymer with 

reinforced materials, as presented in Table 1. 

A metal screening equipment with revolving plate 

technology produced a smooth surface. To provide the sample 

surface with a consistent form, silicon carbide films were used 

to polish the bare surfaces of the specimens. 400, 500, 600, 

and 800 grit SiC films were employed. to be polished. 100rpm 

rotational speed. The specimen must be rotated 90 degrees 

between phases to achieve adequate grinding, and the grinding 

angle must always be the same throughout the grinding 

process. The specimens were disinfected with liquid methanol 

to eliminate any surface contaminants to guarantee scratch-

free top polishing with rough diamonds. After that, the 

specimens were air-dried and cleaned in deionized water. 

Then, we repeat the same previous steps to prepare the 

coating solution by adding zinc oxide and apatite hydroxide at 

a ratio of 15%. Ti samples are immersed in the coating solution 

for 30min. Samples are left treated with a natural polymer-

based coating. The samples are then taken out of the solution 

and dried at room temperature in the open air. Figures 1 and 2 

show the steps of the biocomposite coating samples in this 

study. FESEM, EDS, and the biological activities of the 

prepared natural polymer matrix of the polymer biocomposite 

the coating was made with different ceramic particles. 

 

Table 1. Samples on pure Ti substrate 

 

- Composition of Coating wt.% 

1 (70% chitosan+30% Na alginate) matrix 

2 15% HA+85% matrix 

3 15% ZnO+85% matrix 

4 7.5% HA+7.5% ZnO+85% matrix 

 

 
 

Figure 1. The steps of preparation of the biocomposite 

coating 

 

 

3. METHODOLOGY 

 

Coating and composite fabrication procedures may be 

presented in the arrangement of a diagram as displayed in 

Figure 2. 

 

 
 

Figure 2. Composite and coating fabrication practice 

 

3.1 Field emission scanning electron microscopy (FESEM) 

 

Field emission scanning electron microscopy (FESEM) was 

utilized to assess the morphologic characteristics of all 

composite films according to (ASTM F1372) standards. In 

addition, the microstructural analysis of samples employing 

FESEM. To fit inside the apparatus, the testing material was 

divided into tiny pieces. Each sample is first blasted with gold 

from the surface to the edge to accomplish optimum electric 

conductivity. After that, secondary electron pictures are 

captured while maintaining a working voltage of 10Kv. 

 

3.2 Inhabitation of bacterial test 

 

To measure the inhibition of bacterial growth and resistance 

to antibiotics, the area of residence test in clinical settings is 

used according to (ASTM E2149-10) standards. The usual 

diffusion technique with agar wells was used to test the 

synthetic powders' antibacterial effectiveness against two 

types of bacteria: S. aureus and E. coli. Müller-Hinton agar 

was used for the diffusion test. The diffusion approach 

involves adding a dense inoculum of the microorganisms 

under investigation to Petri plates to produce 4 mm thick 

layers and semi-confluent growth. Coating layer specimens 

were soluble in pure water at a concentration of 250µg/ml to 

create the test solutions. Solution specimens were placed on 

agar and maintained at 37℃ for 24 hours. The larger the 

Inhibition Zone Size the larger the antibacterial activity of the 

tester, and the larger the diameter of the inhibition area usually 

indicates that the sample is more active [30]. 

 

3.3 Energy dispersive spectroscopy (EDS) 

 

The analysis portion of the EDS system functions as a 

function that integrates into SEM devices. EDS analysis was 

performed on specimens utilizing bulk analysis, which is 

supplied by "TESCAN Vega II XMU" and yields semi-

quantitative values of the parts. These powders underwent an 

EDX test following (ASTM E1508-12a) standards to 

determine the chemical composition of their constituent parts. 

Between 5nm and 2 microns is the beam width, and it performs 

at elevated voltages of 2 to 50kV. 

 

 

4. RESULT AND DISSOCIATION 

 

4.1 Morphological analysis 

 

Figure 3 indicates the FESEM/EDS images for the chitosan 
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with Na-alginate composite coating, which is reinforced with 

ZnO and HA by the Sol-Gel Dip method. A typical structure 

of a polymer matrix (a homogeneous porous film) was 

observed. The chitosan/alginate matrix of the polymer coating 

is shown in Figure 3 (a) without any additions. The exterior of 

the substrate was seen to be consistently smooth. After a 

uniform coating of Chi-Alg was put on, the textured surface of 

the Ti substrate showed no visible pores [31]. With no major 

defects and a small amount of porosity that helps to promote 

osseointegration, Figure 3 (b) showed a uniform dispersion of 

the ZnO ceramic nano-particles across the coating's 

Chito/ALg matrix. The incorporation of 15 vol. % ZnO into 

the matrix resulted in a heterogeneous surface appearance, 

which dramatically altered the surface's shape and increased 

its roughness [32]. As illustrated in Figure 3 (c), the uniform 

and smooth surface layer of the coated surface, the consistent 

quality, and the rather uneven dispersion of the HAP ceramic 

particles were noted. Surface adhesion increased because of 

the natural polymeric coating's surface texture forming with 

uniform dispersion and high bonding after 15% HAP was 

added to its structure [26]. The uneven form of the inorganic 

component and the rather irregular distribution of particles in 

the matrix completely changed the surface's morphology, as 

seen in Figure 3 (d) particularly after being strengthened with 

HA and ZnO particulates, a chitosan/alginate layer developed 

and coated the whole surface. The accumulated layer's 

morphology was substantially different from the pure coating. 

Particle size variations resulted in a rougher composite surface 

with preferred homogeneity because of the reinforcing 

particles' consistent distribution in the substrate and an 

excellent relationship of granular sizes among them. 

Therefore, combining various types of reinforcing materials 

results in a high-quality coating substance with favorable 

surface biological characteristics. It is simpler to improve the 

interactions between the elements in the matrix when varied 

particle scaling sizes are used. A preferred combination of 

particulate strengthening substances with an improved dual 

impact on enhancing the general characteristics of the 

composite film is produced as a consequence of the large 

surface area of ZnO particles increasing the attraction forces 

and facilitating biotin precipitate at the surface of the HA 

particle [33, 34]. 

 

 
 

(a) Chitosan+alginate matrix 

 
 

(b) ZnO/Chitosan+alginate matrix 
 

 
 

(c) HA/Chitosan+alginate matrix 
 

 
 

d) ZnO+HA/Chitosan+alginate matrix 
 

Figure 3. FESEM images of the (a) Chitosan+alginate matrix, 
(b) ZnO/Chitosan+alginate matrix, (c) HA/Chitosan+alginate 
matrix, and (d) ZnO+HA/Chitosan +alginate matrix biocomposite 

coating layer at different magnifications 
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Figure 4. FESEM images of (a) average diameter and (b) 

thickness coated of the ZnO+HA/chitosan-alginate composite 

coated layer cross-section 

 

 
 

 

 
 

Figure 5. FESEM/EDS of (A) HA/chitosan+algenate, (B) 

ZnO/chitosan+algenate and (C) ZnO+HA/chitosan+algenate 

Composite coated Ti substrate 

 

Furthermore, a high degree of adhesion with the surface is 

perceived from coated sample images, as presented in the 

Figure 3. The accumulation of ceramic particles in the matrix 

leads to the formation of cluster-like particles that form fine 

particles on the surface. It can be depicted that the 

reinforcement with ceramic particles (ZnO/HA) increased the 

surface roughness of the coating due to the formation of the 

microspheres on the material's surface during deposition. The 

composite coating thickness of ZnO+HA within the polymer 

matrix sample was measured from the SEM micrograph 

(Figure 4) and was about (126.9µm). While the average 

diameter is approximately 21.5µm. 

Figure 5 indicates the FESEM/EDS images for the 

composite coating of ZnO/HA within the polymer matrix. 

FESEM of HA showed only a few small particles of calcium 

and phosphor within the polymer coating due to the few 

additional percent, and the result analysis of the HA composite 

coating showed (11.27 wt.% Ca), (0.0.39 wt.% Phosphor) and 

the result analysis of the HA composite coating showed (11.27 

wt.% Ca), (0.0.39 wt.% Phosphor), with 4.51 wt.% C and 4.08 

wt.% O, as shown in Figure 5 (a). While for ZnO within the 

polymer matrix, the clusters of zinc oxide within composite 

coating film are formed with weight percents of Zn, C, and O 

in EDS analysis of 2.04 wt.%, 2.57 wt.%, and 5.32 wt.%, 

respectively, the C percent was (8.78 wt.%) in ZnO+HA 

composite coating as shown in Figure 5 (b). While revealing 

more particles of hydroxyapatite within the natural polymer 

matrix, reaching Ca weight percentage of 22.75, P 0.43%, and 

decreasing in Zn content to 1.48%, respectively, as shown in 

Figure 5 (c) [29]. The EDS leads to also clearly shows that the 

C % significantly decreased. This is likely due to the raised 

depletion of the ceramic powdered substances, which will 

allow for greater diffusion and coupling with the matrix. This 

will give the coating the required protection, but it may also 

occasionally lead to an upsurge in cracking because of 

compressive stresses being generated at the coating layer [35]. 

 

4.2 Inhibition of bacterial test 

 

Figures 6 and 7 show the size of the housing area of bacteria 

for the composite coating layer (ZnO+HA+chitosan-alginate). 

The findings in Figure 6 demonstrated that by reducing the 

level of activity of bacterial growth and proliferation cycle at 

the composite's surface, the addition of metallic nanoparticles 

as strengthening elements to the polymer matrix improved the 

antibacterial performance of the entire composite. The 

development of bacteria was limited to the composite coating, 

demonstrating its capacity to prevent bacterial growth with a 

rise in the hydroxyapatite or zinc percentage, but it was 
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significantly reduced for pure matrix films [33]. This outcome 

is brought about by the polymer composite layers' constant 

hydrophilic character, which outperforms pure coatings and 

promotes reduced bacterial adhesion. We further infer that for 

the composite layer (HA/ZnO inside chitosan+alginate), its 

antibacterial effect versus Escherichia coli was greater than 

that against S. aureus. Nonetheless, the bio-coating clusters on 

titanium substrates generally demonstrated strong suppression 

of the bacterial development zone, demonstrating acceptable 

biocompatibility to be utilized as an implant coating in medical 

devices [36]. 

Figure 7 illustrates the diameter of the inhibition zone (mm) 

for composite material samples. The increase in the diameter 

of the inhibition zone is due to the double effect of the ceramic 

particles on the cell walls of both bacteria [37]. In addition, 

due to the nature of the microstructure, the additive ceramic 

particles precipitated in the (chitosan+alginate) natural 

polymer matrix due to the large differences in particle size and 

surface charge, making the composite surface rougher with 

preferred homogeneity, which helped to promote and prevent 

cell growing and increase the antimicrobial performance of the 

composite materials [29]. 

 

 
 

Figure 6. Diameter of the inhabitation zone of different 

composite coating samples 

 

 
 

Figure 7. Size of the inhabitation zone in agar plate different 

samples 

 

 

5. CONCLUSIONS 

 

A composite coating made of chitosan/Na alginate matrix 

and strengthened with hydroxyapatite and ZnO was created 

using the dip-coating deposition process. The matrix 

reinforcement with varying particle sizes enhances the 

characteristics of the composite such as (morphological 

properties, and antibacterial activity): 

(1) The polymer coatings were enriched with active ceramic 

powders (HA and ZnO with a natural polymer matrix). It was 

characterized by continuity, and homogeneity, and consisted 

of a lamellar structure with flattened particles of different 

shapes and sizes. 

(2) The surface morphology determined by FESEM 

analysis of the bio-composite polymer base coating showed 

different sizes and shapes of particles embedded in the matrix 

with a uniform layer of chitosan/alginate with a thickness of 

about (126.9µm). While the average diameter is 

approximately (21.5µm). 

(3) The scanning electron microscope (SEM) images of the 

Chi-Alg formed composite coating boosted with ZnO and 

HAP nanoparticles demonstrated uniform adhesion among the 

coating and the substrate, demonstrating the suitability of the 

dip coating technique. 

(4) EDS mapping showed that there is a high concentration 

of Ca, phosphorus, and Zn near the surface within the polymer 

matrix, especially at (ZnO+HA), which gives sufficient 

surface area for diffusion and the creation of more coupling 

between the coating layers. 

(5) The size and diameter of the inhibition area of the 

different composite coating samples (HA and 

ZnO/chitosan+alginate) are larger than those of the pure 

matrix, indicating their possible ability to inhibit bacterial 

growth and effective biocompatibility. 

(6) Although access to information and time are restricted. 

The results of this study suggest that these various coatings can 

be used as a starting point for more investigation and 

development in the area of biomedical surface engineering. 
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