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ABSTRACT

This work aims to prepare chitosan (CS)-based coated layers, CS (10 wt% nanosilver/90 wt% CS, 10 wt% biotin/
90 wt% CS, and 5 wt% nanosilver–5 wt% biotin)/90 wt% CS coatings are prepared, onto pure Ti substrate. The
surface morphology of the novel CS composite coating was studied using field emission scanning electron micro-
scopy, atomic force microscopy (AFM), Fourier transforms infrared (FTIR) and wettability test. Results show that
the addition of (biotin, nanosilver) 5 Vol.% improves the properties of composite materials. Using different par-
ticles’ scale size aid in improving the combinations in the alginate, producing a dual effect on film properties.
Coating surface roughness decreased in the chitosan-based biocomposite with preferable homogeneity and
crack-free coating layers, as confirmed by AFM. An increase in surface roughness ensured substitution, which
enhanced the surface structures. The high wettability of the CS-based coating layers was due to the presence
of nanoparticles, and the composite coatings with CS, nanosilver, or biotin had excellent wettability because of
the good hydrophilic nature of the CS matrix combined with reinforced particles. The FTIR results showed that
peaks of the blending of CS plus nanoparticles, CS plus biotin, or CS plus nanosilver plus biotin were excellent
matching with no changes in the structure of the matrix.
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1 Introduction

Biocompatibility is one of the basic requirements that should be met by metal biomaterial materials for
medical applications, along with osseointegration, compatible mechanical properties, super corrosion, and
erosion resistance [1,2]. Moreover, biomaterials should be nontoxic and should not induce inflammatory
or hypersensitive reactions [3], given that they are extensively used in biotechnology, medicine, dentistry,
and biotechnology. Most biomaterials comprise various types of materials as composite coatings with
distinct atomic arrangements and varied structural, physical, chemical, and mechanical properties [4].
Metallic implants are susceptible to corrosion and the release of ions or wear of joints can cause serious
infections and diseases [5]. The resistance of surgical bioimplants to corrosion is an essential feature
because they are usually in direct contact with aggressive body fluids containing ions, such as chloride
ions [6]. A metallic material is oxidized at anode sites, and dissolved oxygen is reduced to hydroxide
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ions at cathode sites until a passive film forms on surfaces [7]. The modification of the metallic surface of the
implant with biocomposite coating that stimulates the fixed and growth of bone cells is one way to increase
the osseointegration and help stabilize the implant from any ions released or attacked by ion corrosion [2].
Furthermore, in recent years many studies to reduce the bacterial activity around the Ti implant focus on the
coating of transpose components with biocompatible and antimicrobial coating materials added to the high
dispersion stability [8]. In addition, surface modification (microstructures, nanostructures), differs from
different improvements in biologically active coatings. Implants with improved biocompatibility,
bioactivity, and antibacterial characteristics could be made by covering inorganic implants with
biocompatible organic coatings [9]. For these well-certified benefits, such as in physiologically active
coating, the use of bio coatings is one of the dominant approaches in biomedical fields to improve bone
planting of Ti and Ti alloys (dental implants, for example) [10]. Biopolymers have identified themselves
as a prospective group of substances with a wide variety of uses, the most notable of which being
medicine. These materials are ideal candidates for implantable materials because of their biocompatibility,
biodegradability, and lack of cytotoxicity [11]. Chitosan is a chitin-based biopolymer that is chemically
similar to cellulose. Since it is non-toxic, biodegradable, and biocompatible, it is gaining popularity as a
natural polymer. However, its surface area, particle size, and poor thermal and mechanical characteristics
limit its manufacturing utilization [12]. The natural polymer chitosan (CS) is used with nanoparticles as a
composite material to enhance antimicrobial biomaterial properties, such as biocompatibility and
antimicrobial efficiency, for medical applications, including biodegradable materials, homeostasis, and
drug delivery, skin transplantation, hemodialysis, and calcium absorption [13,14]. An in-house dip-
coating approach was utilized by Noppakun et al. [15] to investigate the performance of (chitosan-copper)
powder and composite coatings. The impacts of antimicrobial coatings on all composite coating layers
raised the fraction of these particles, according to the findings. Field emission scanning electron
microscopy (FESEM) and Fourier transform infrared (FTIR) spectroscopy were used to characterize and
analyze the phases of raw material microstructures and deposition coatings.

In 2013, Jorge et al. [16] showed that the interactions of organic molecule 2-mercaptobenzothiazole
(MBT) release corrosion inhibitors and polymer coating systems for the protection of (II) aluminum alloy
AA2024. They were able to prepare the composite and used it as an “intelligent” pigment in a good
barrier for high-performance applications. In 2017, Xu et al. studied the efficacy of the corrosion of the
mild steel biotinic drug in 15% HCl acid with weight loss and electrochemical methods. Immersion time,
temperature, activation energy, inhibitors, and concentration were studied. Polarization studies explored
the mixed inhibitors of biotin. A surface study showed steel hydrophobicity with inhibitors prevents the
formation of films on metallic surfaces with reduced corrosion rates [17]. In 2019, Tomasz et al. [18]
studied the effect of substrate (TI6A4V) on the final characteristics of the coating. In addition, the air
abrasion of air associated with corrosion is synergistic to produce a strong bond between peeking
polymers (polyetheretherketone) and dental adhesives. In 2021, Isaa et al. [19] used the electrostatic
deposition method to produce a thin poly (methyl methacrylate) compound coating layer from different
bioceramics as reinforcing materials. The surfaces of the coating layers were homogeneous without
cracking, and the mechanical properties improved.

The purpose of this study is to evaluate the wettability and other characteristics of chitosan (CS) based
composite coating incorporating biotin and nanosilver as reinforcing materials that deposition on
commercially pure Ti substrate through dip-coating method to form a biocomposite thin coating layer for
enhancing and developing the surface properties of this metal. That is commonly used for implant
devices replacing failed hard tissue, for example, artificial hip joints, artificial knee joints, bone plates,
dental implants, and dental products, such as crowns and bridges.
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2 Experimental Part

Commercially pure Titanium discs (Thommen Medical, Waldenburg, Switzerland; 2 mm × 1 mm × 1
mm) were used as substrates. The chemical composition of the Ti plate was as follows: Fe, 0.32%; O, 0.
25%; N, 0.032%; C, 0.0075%; H, 0.014%; and Ti balance%. The surface of the substrate was
mechanically molded to 80°, 100°, and 150° to increase the roughness of the surface through chemical
composition analysis. Subsequently, the substrate was washed with deionized water and acetone and then
dried before use. The dip-coating method was used in depositing a composite coating layer of CS-based
composite with different reinforced materials, as shown in Table 1.

The CS powder was dissolved in diluted acetic acid to give a milky solution for a pure CS coating
sample. The solution is then placed on magnetic stirring to ensure the homogeneity of the solution and to
eliminate existing bubbles presented, and the pH of the solution is measured. The pH value was increased
to 6.0 by dropping the NaOH solution. Ti samples are dipped in the CS solution for 30 min, and then the
samples are coated with a thin layer of composite coating (nanosilver and biotin) in solutions. The
samples are coated with CS-based composite coating (CS + nanosilver, CS + biotin, or CS + nanosilver +
biotin).

After deposition, the coated specimens dried again at room temperature, and samples were stored in
polyester cans. The characterization of the composite coating specimens was examined by using the field
emission scanning electron microscope (FESEM) and atomic force microscope. In addition, wettability
tests were used, and the chemical bonding of composite coating was also determined by the Fourier
transform infrared spectroscopy (FTIR).

3 Results and Discussion

3.1 Morphological Analysis (FESEM)
Fig. 1 displays the normal microstructure of CS composite coating samples became carried out with the

use of Field emission scanning electron microscopy (FE-SEM). Images show complete surface observation
of approximate samples, and illustrated the effect of particle addition (nanosilver and biotin) in CS matrix to
the surface texture and homogeneously distributed on pure Ti substrate. The CS aggregate can be seen more
clearly at high magnification (Fig. 1a). As shown in Figs. 1b and 1d, the CS-based composite coatings
completely covered the Ti substrate. The surface was homogenous, and the addition of 5 wt%. nanosilver
to CS resulted in a distinct morphology. The abnormal nature of the inorganic component and
comparatively nonuniform distribution of nanoparticles within the CS matrix were found.

The microstructure images of polymer matrix with (5 wt%) biotin additions were examined. The surface
coating texture was completely changed due to the biotin effect, surface roughness possibly decreased, and
the homogeneity of the coating surface increased. These effects resulted in the clustering of components,
such as nanosilver, within the coating structure and ultimately in the production of homogeneous coating
layers. The addition of nanosilver and biotin resulted in a uniform and homogeneous finishing surface,

Table 1: Surface roughness and average diameter by AFM measurement

Sample No. Composition of coating wt%

1 100% Pure chitosan

2 90% chitosan + 10% nanosilver

3 90% chitosan + 10% biotin

4 90% chitosan + 5% nanosilver + 5% biotin
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fine grain structure with excellent integration or embedded in the matrix and became part of it, so there is a
uniform dispersion through the natural polymer matrix of the coating [20–22]. That is, no major cracks and
porosity were observed within the CS matrix. In the top surface of samples of pure CS and CS with
nanosilver and biotin, the porous surface promoted the interfacial bonding of the implant’s surface with
the surrounding medium, promoting osseointegration and enhancing the mechanical stability of implants.

The composite coating thickness and average particle size were investigated through FESEM (Fig. 2).
The coating thickness was approximately (33 nm), also, the average diameter of CS + nanosilver is
approximately (332 nm) and (460 nm) of CS + biotin of the composite coated layer.

Figure 1: FESEM images of CS composite coated on pure Ti: (a) pure chitosan, (b) chitosan + Nanosiliver,
(c) chitosan + biotin, and (d) chitosan + Nanosiliver + biotin
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3.2 Surface Roughness
Fig. 3a shows the 2D and 3D topographic structures of pure CS-based coating specimens. Homogeneity

and high roughness value were observed (8.89 nm with an average particle diameter of 94.28 nm), and the
particle size distribution and surface topography of the CS coating were determined with an atomic force
microscope. For the neat composite coating, the AFM result is illustrated in Figs. 3b–3d display the
topographic structures with graphical distribution for (CS + nanosilver, CS + biotin, and CS + nanosilver
+ biotin) composite coating on a metal substrate. The composite-coated specimens showed coating layers
with fine particles and homogenous surfaces because of the nanoparticles with biotin, which enhanced
surface roughness and average diameter [23,24]. The coating layer was homogenous, and fine grains
formed (Fig. 3d). Roughness and average particle diameters values for CS/nanosilver or biotin composite

Figure 2: FESEM images of the (a) thickness of the coated layer, (b) average diameter of CS + nanosilver
and (c) average diameter of CS + biotin of the composite coated layer
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coating samples were 5.65, 83.94, 4.94, and 80.42 nm, respectively, for CS/nanosilver or biotin composite
coating, as shown in Table 2. The best value for improved coating was for the hybrid coating (CS/nanosilver/
biotin) sample, which is 2.91 and 65.11 nm, respectively. The addition of both (biotin particles and
nanosilver) presents very large changes in all surface coating properties making the coating surface
roughness is decreased for CS base composite coating with preferable homogeneity which aids to
enhance the surface structures (nano-roughness values) compared with pure CS coating (8.89 and 94.28 nm).

Figure 3: AFM image, 2D and 3D views for composite coating on 316L SS specimen (a) pure chitosan, (b)
CS + Nanosiliver, (c) CS + biotin, and (d) CS + Nanosiliver + biotin

Table 2: Surface roughness and average diameter by AFM measurement

Type of substrate Coating material (wt%) Surface roughness (nm) Ave. diameter (nm)

Pure Ti Chitosan (CS) 8.89 94.28

CS + nanosilver 5.65 83.94

CS + Biotin 4.94 80.42

CS + nanosilver + Biotin 2.91 65.11
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3.3 Contact Angle Measurements
The contact angle is used to measure surface hydrophilicity at the moment of water droplet contact with

the surface scaffold. It is more appropriate for part adhesion by evaluating how much a droplet of water could
spread on a surface, and is an important feature known to have a significant influence on the biological
responses to the implants. Nearly all of the studies have verified that surface hydrophilicity plays a
crucial role in promoting the early stages of cellular migrations, proliferation, differentiation, and bone
growth. Fig. 4 indicates the contact angle measurements of all the coated specimens compared with the
substrate without coating after 30 s of depositing a drop of water over the surface of the sample. Fig. 4
depicts images of the pure chitosan sample’s contact angle. The surface of this sample has a contact angle
of roughly 78.64°, suggesting its hydrophilicity. Fig. 4 showed that the surface had a small water contact
angle of approximately 63.32° for (chitosan + nanosilver + biotin) composite coating on Ti substrate
because its surface particles minimized the contact angle of the hole composite coating materials and
made the hydrophilic surface have a contact angle of 63.32°, as shown in Fig. 4. The addition of
nanosilver at 5 wt% to the CS matrix minimized the contact angle to 69.63°, as shown in Fig. 4. The
hydrophilicity of the surface decreased after the addition of biotin nanoparticles because of the increase in
contact angle to 65.52°. This behavior was due to the reinforcement effect, which promoted mechanical
interlocking between the polymer matrix and biotin. Particulate reinforcement reduced the roughness and
enhanced surface homogeneity. Concerning the effect of CS concentrations on the contact angle, the
contact angle decreased with adding the reinforcing materials into the CS matrix, indicating that the
addition became increasingly hydrophilic because of the presence of active groups in CS, these active
groups formed hydrogen bonds with water. The composites exhibit the same behavior with the addition
of different proportions of the genipin crosslinking factor, because of the presence of functional groups
and the genipin cross-linker is more hydrophilic than CS. In general, the contact angles for composite
coating were small, indicating the high hydrophilicity of the coating layers [25–27]. The high wettability
for CS-based composite coating layers was due to the presence of nanosilver particles and biotin as
shown in Figs. 5a–5d. The coatings with (CS/nanosilver/biotin) composite coatings have the best
wettability because of the excellent hydrophilic nature of the CS matrix combined with nanoparticles and
biotin particles.

3.4 Fourier-Transform Infrared Spectroscopy (FTIR)
FTIR spectroscopy was used to identify the general formula, separate compounds, and determine the

effective groups. The FTIR spectrophotometer of pure chitosan (CS) coating as illustrated in the plot
(Fig. 6a) and CS-base composite coating that reinforcing by (nanosilver and biotin) in the plot (Figs. 6b–
6d) appear with a broad peak around (600–3500 cm−1). In a polymer study, Fourier Transform Infrared
Resonance (FTIR) was used to classify polymers and visualize group ends as well as chain branching
[13]. Because of the FTIR spectra of chitosan in Fig. 6a, the expansive band at 3253.33 cm−1 confirmed
the gathers of amine and hydroxyl; 2358.98 cm−1 point was prompted by –CH strain; while the peak at
1743.62 cm−1, it involved the vibrations of carbonyl (C=O). 1483.65 cm−1 point was ascribed to the
stretching of N–H (ether and amide) and stretching of N–H (amide III bands). The structural tremor of
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Figure 4: Contact angle results for CS-based composite coatings (nanosilver and biotin)
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C–O was characterized by a 1013.59 cm−1 curve point while the [–CH2] and [–CH3] groups stretching
vibration were assigned to the 2964.44 and 2927.55 cm−1 peaks, respectively [16].

The same peak appeared in the FTIR spectra of the three coatings, composite coating (CS–nanosilver),
(CS-biotin), and (CS–nanosilver–biotin). No differences were found among the spectra, and the composite
coating showed no change in its structural polymer matrix, owing to coal interaction. But, these additions
lead to a small increase in the peak intensity due to NH (amide II) to the 3244.22, 3251.38 and 3241.15 cm−1

as shown in (Figs. 6b–6d). The absence of any chemical reaction between the composite components
indicated an improved miscibility state and the absence of byproducts that might cause toxic and allergic
effects inside the human body [19,28]. The reinforced CS with nanoparticles is in the vicinity of the peaks of
2359.75 and 2360.07 cm−1, indicating that the OH group decreased in the polymer mixture (Figs. 6b and 6d).
Given that the carboxylate group increased adhesion and ligation or interlocking between the coating layers,
the composite coating can improve the biological activity of a commercially pure Ti. The same peaks
appeared in the FTIR spectra of both coating groups and no change in the spectra of the polymer coating
(CS–nanosilver–biotin) was observed. Furthermore, the composite coating showed no structural changes in its
CS matrix [29,30].

Figure 5: (a) Contact angle of pure chitosan. (b) Contact angle of nanosilver in chitosan matrix. (c) Contact
angle of biotin in chitosan matrix. (d) Contact angle of biotin and nanosilver in chitosan matrix

8 JRM, 2023



Figure 6: (Continued)

JRM, 2023 9



Figure 6: FTIR spectrum illustrate (a) pure chitosan coating, (b) CS + nanosilver, (c) CS + biotin and (d) CS
+ nanosilver + biotin composite coating
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4 Conclusions

The dip-coating deposition technique may be used in synthesizing CS-based composite coating
reinforced with nanosilver and biotin. The SEM images indicated homogeneous adhesion between the
coating layer and the Ti substrate, confirming the suitability of the coating technique. Moreover,
nanosilver and biotin precipitated in the CS polymer matrix, promoting dispersion in the composite
coating surface, increasing density, resulting in inhomogeneity, and enhancing adhesion. The composite
coating thickness and average particle size obtained through FESEM were 30 nm, and the average
diameter was approximately 332.1 nm.

The addition of biotin and nanosilver particles changed the surface coating properties. These changes
include coating surface roughness decreased in the composite coating layers, which showed desirable
homogeneity in the distribution of biotin and nanosilver particles in the chitosan (CS) matrix, which have
roughness and average diameter values (2.91 and 65.11 nm), respectively, compared with pure CS coating
layers (8.89 and 94.28 nm), respectively. While FTIR results showed the same peak appears in the FTIR
spectra of the composites coating groups (CS–nanosilver–biotin) compared with pure CS coating. Also,
no obvious difference in the spectra and no change in the structure of polymer matrix composite coating
for composite coating was observed.
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