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 A study was conducted on the use of the Mactrontronic Sputtering (DC) plasma 

technique by sprinkling tantalum metal (Ta) and depositing it on shape-memory nickel-

titanium (NiTi) alloy and glass substrates in the presence of oxygen and argon gases. As a 

result, a coating of tantalum oxide (Ta2O5) deposited on the (NiTi) alloy was obtained. The 

change of the atomization plasma energy on the size of the precipitated oxide particles 

(Ta2O5) and its effect on the structural properties was discussed. For the membrane, the X-

ray diffraction (XRD) tests showed that the films prepared at energies of (10, 15, 25, 30, and 

35 watts) showed an amorphous structure, and the (AFM) results confirmed that the thinly 

deposited films consisted of spherical particles. Moreover, the results of the optical 

properties study showed the effect of annealing (heat treatment), whereby the annealing 

improved all the optical parameters of the deposited films. In addition, the contact angle 

measurements showed that the (Ta2O5) films exhibited hydrophilic characteristics and 

increased wettability for the (NiTi) alloy, which normally contributes to enhancing its 

resistance to bacteria and facilitating cell connection. Bacterial antimicrobial assays 

demonstrated that the deposited membrane exhibited antibacterial activity against both 

negative and positive bacteria. In particular, the test results revealed that the (NiTi) alloy 

samples coated with (Ta2O5) membrane had a higher bacteria-killing percentage for both 

negative and positive bacteria compared to the uncoated samples.  
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Introduction 

Biomaterials are available in nature and can be 

manufactured to be used as implants or prosthetic parts 

as an alternative to joints in the human body. They have 

been used in the medical field on a large scale in the 

human body, including artificial heart valves [1], 

vascular stents, and alternative implants [2], such as 

shoulders, knee joints, and hips [3]. They were also used 

in dental implants [4]. In this context, thin coatings made 

of titanium and its alloys, which are called bioceramics, 

such as the (NiTi) medical alloy, have become the focus 

of recent research in the field of materials science, where 

bioceramics show suitable biological activity [5]. In this 

regard, the (NiTi) alloy has been used in biomaterials 

applications because the tantalum (Ti) and its alloys have 

promising mechanical properties and high 

biocompatibility.  
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These materials are recognized as standard 

materials for medical applications [6,7] due to their high 

biocompatibility since body cells can recognize (Ti) 

alloys, including (NiTi) [8]. The particles produced from 

erosion cause inflammatory reactions that inevitably 

lead to bone loss. Moreover, corrosion leads to the 

release of (Ni) ions of a toxic nature in the medical 

(NiTi) alloy, which affects the strength of the material 

and its biocompatibility due to fluid interactions in the 

human body. For this reason, we resorted to using 

tantalum to make a protective coating for the medical 

alloy (NiTi) for the purpose of improving its mechanical 

properties. In this regard, researchers found that 

tantalum(Ta) has good coating potential with mechanical 

properties similar to bone hardness and elasticity [9]. 

Then, tantalum was sprayed in the presence of the 

oxygen gas at a rate of (10%) and in the presence of an 

inert gas, such as argon, at a rate of (90%) to obtain the 

tantalum oxide (Ta2O5), which was deposited on the 

male-shaped (NiTi) alloy. More specifically, the tantalum 
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(Ta) was chosen because it reacts faster with the oxide 

compared to titanium (Ti), which leads to the adhesion of 

the coating to the surface [9]. Particularly, oxygenation 

with (Ta) gives a hard surface with high corrosion 

resistance [6], which is the aim of this study. After 

coating the (NiTi) alloy with a layer of (Ta2O5), the 

improvement of the mechanical properties of the (NiTi) 

alloy and its biocompatibility in medical applications is 

to be studied by conducting structural, optical, and 

mechanical examinations for specimens coated and 

uncoated with the tantalum oxide. 

 

Materials and Methods 

    Utilizing the direct current (DC) plasma 

sputtering technology,  with a gas mixture of 90% argon 

(Ar) and 10% oxygen (O2) at a deposition pressure of 

(4×10
-2

) Torr and a temperature range of (35°C) to 

(40°C) for a duration of two hours, the tantalum (Ta) 

was used as a coating target to improve the surface 

properties of the (NiTi) alloy substrate with a purity of 

99.99%, a diameter of (5 cm), and a thickness of (4.5 

cm). In particular, the (NiTi) alloy substrate was used as 

a base for deposition, and the distance between the target 

(Ta) and the substrate was (5 cm), with different 

sputtering powers of 10, 15, 25, 30, and 35 watts. 

Deposition substrates made of the (NiTi) alloy (Ni 54% -

Ti 46%) with a purity of (99.99%) and glass slices were 

used. The (NiTi) alloy samples were cut into disks with a 

diameter of (2 cm) and a thickness of (2 mm), and then 

they were polished and smoothed. The disks were 

cleaned by washing them in distilled water and ethanol 

and then dried in an oven at (80°C) for at least half an 

hour. The samples were then introduced into a DC 

sputtering system with different sputtering powers. Next, 

the samples were analyzed using X-ray diffraction 

(XRD), atomic force microscopy (AFM), scanning 

electron microscopy (SEM), and energy-dispersive X-

ray spectroscopy (EDX). Furthermore, the optical 

properties were examined using UV-Visible 

spectroscopy.  

 

Results and discussion  

1. X-ray diffraction  

3-1- The X-ray Diffraction (XRD) Analysis 

The X-ray diffraction of the tantalum film (Ta) 

deposited on bases of nickel-titalum alloys (NiTi) and 

bases of glass was investigated using the (DC) plasma 

technique, with different atomizing capacities of (30, 35, 

25, 15, and 10 watts) and using the argon gas with a 

ratio of (10, 30, 25, and 35) (Ar 90%) and oxygen (O2 

10%). The results showed the growth of tantalum oxide 

films (Ta2O5) on the metallic (NiTi) and the glass bases, 

which is due to the presence of oxygen gas inside the 

sedimentation system. From Figure (1), we note that the 

tantalum oxide films deposited on the glass bases have 

an amorphous structure as the results of the (XRD) 

examination showed a wide amorphous peak 

(Amorphase), and this is due to the crystalline nature of 

the tantalum oxide. These results are consistent with 

what has been found in some previous studies [10]. It is 

worth noticing that temperatures in the range (650-800 

℃) are required for the amorphous state, and since the 

temperature of the precipitate was less than (800 ℃), the 

amorphous interfacial films appeared, which is 

consistent with the results of the researchers in [11]. 

 
Figure 1.  XRD patterns of (Ta2O5) films deposited on glass bases 

with atomized capacities of (10, 15, 25, 30, and 35 watts)  

 

We also notice in Figure (1) that with the increase 

in the atomization power, especially at the power of  (25 

W), the intensity of the diffraction pattern begins to 

increase to the highest value, which can be compared 

with the international standard card (1199-21) (ICCD), 
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which represents (Ta2O5), and this is the result of 

increasing the precipitated atoms and thus increasing the 

thickness and crystallization of the prepared film. The 

increase in crystallinity of the films with the increase in 

atomizing ability is due to the improvement of the 

crystalline size and the decrease in the crystalline 

boundaries, which is consistent with the results of the 

researchers in [12]. 

From Figure (2), we notice that the (Ta2O5) film 

deposited on the glass substrates has an atomizing 

capacity of (15W), where the properties of the deposited 

film were studied before annealing at temperatures in the 

range (35 - 40 ℃) and after annealing at a temperature of 

(450 ℃) in a vacuum thermal oven. We also observe an 

increase in the uniformity of the deposited film through 

an increase in the intensity of the clear diffraction 

pattern. 

 
Figure 2. The XRD patterns of (Ta2O5) films deposited on 

glass substrates with (15W) atomization capacity before and 

after annealing at a temperature of (450 ℃). 

 

Figure (3) shows the (Ta2O5) films deposited on 

the metal bases of the medical alloy (NiTi), where we can 

notice that it has a broad peak for the oxide (Ta2O5) in its 

amorphous form for the coated samples. 

It was also observed that the (NiTi) alloy has 

crystalline levels appearing at angles 2θ of (42, 8-78, 

and 15) with (110) (211) crystal plane, which 

corresponds to the International Standard Card (1199-

21) ICCD. 

Moreover, it is evident from the comparison of the 

examination results for all samples that by increasing the 

atomizing ability, the crystallization of the (Ta2O5) 

membrane increases due to the amorphous nature of the 

(Ta2O5) membrane at temperatures less than (650 ℃), 

which is consistent with the results of the researchers in 

[11]. 

 
Figure 3.  The XRD patterns of (Ta2O5) films deposited on 

metallic bases (NiTi alloy) with atomized capacities of (10, 15, 

25, 30, and 35 watts) . 

(3-2)Atomic Force Microscope (AFM) 

measurements: 

From the AFM image analysis, we can calculate 

the surface roughness and the grain size. This analysis 

also gives an illustration of the distribution rate of the 

crystalline grain size on the surface. In particular, the 

films were deposited on glass bases with atomizing 

capacities of (35, 30, 25, 15, and 10 watts) and 

temperatures within the range of (35-40 ℃), and the 

results are shown in Table (1). In this regard, there is a 

noticeable change in the surface shape and roughness of 

the oxide films depending on the increase in the 

atomization energy of the plasma, where it can be 

observed that the rate of particle size decreases and the 

values of each of the mean square roots of the membrane 

change, which leads to a change in the value of the 

roughness rate of the deposited film since the increase in 

the energy of plasma atomization at a gas pressure of 

(10
-2

) leads to an increase in the film thickness and a 
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decrease in the particle size, which causes a decrease in 

the size of the granules. Specifically, it can be noticed 

that the highest value of the particle size equals (86 nm) 

and the lowest thickness of the film equals (90.4 nm) at 

the atomizing power of (10 W), which is the lowest 

energy for the plasma. The lowest value of the particle 

size is (37.5 nm), the thickness of the film is (226 nm), 

and the atomization energy is (25 W), as shown in 

Figure (4) for the particle distribution, as there is an 

inverse proportion between the particle size and the 

increase in atomizing plasma energy in capacities of (25, 

15, and 10 watts). As for the atomizing power of (30 and 

35 watts) as illustrated in Figure (5), it is clear that the 

particle size started to increase due to the decrease in the 

thickness of the membrane caused by the phenomenon 

of re-sputtering that occurs with high atomizing energy, 

which is consistent with the results of the researchers in  

[13]. This result is due to the increase in the atomization 

energy, which leads to an increase in the sedimentation 

rate and, thus, a decrease in the time available for the 

sedimented particles to diffuse. Furthermore, the 

decreasing diffusion length of the sedimented particles 

hinders the growth of the particles inside the thin film, 

which reduces the particle size of the membrane and 

increases the energy of the atomizing plasma in 

capacities of (10, 15, and 25 watts), which is consistent 

with the results of the researchers in [14]. 

From the two-dimensional (2D) and the three-

dimensional (3D) AFM images of the (Ta2O5) films, it 

can be observed that they contain light and dark areas of 

the color surfaces used to determine the vertical profile 

of the thin film surface, where the light areas represent 

the highest points and the dark points are the 

depressions. This figure confirms that the films are 

homogeneous and that the substrate surface is well-

covered with almost uniformly distributed coatings. In 

addition, the 3D images reveal the presence of large 

sharp islands, which are formed by the deposited coating 

particles. The three-dimensional images also show that 

the surface of the deposited films showed a greater 

degree of roughness with an increase in the atomizing 

capacity, which indicates that the deposited surface 

increases its roughness with an increase in the atomizing 

energy. In other words, a surface with high 

biocompatibility can be obtained with an increase in the 

surface roughness and the atomizing energy, which is 

consistent with the results of the researchers in  [15]. In 

addition, the average grain size of the root mean square 

(RMS) roughness can be observed, as shown in Table 

(1). 

Table 1. The results of the atomic force microscopy 

measurement. 
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 Figure 4. The (2D) and (3D) AFM microscopy images  of the 

topography of the (Ta2O5) deposited films. 
 

Figure 5.  The granular distribution of the (Ta2O5) deposited 

films. 

(3-3) Optical Properties: 

The optical properties of the tantalum oxide films 

(Ta2O5) deposited on bases of glass were studied using 

the Macrontronian sputtering plasma technique and with 

atomizing capacities of (10-15-25-30-35 watts) through 

the transmittance and absorbance spectra within the 

positive length range of (300-1100 nm). The properties 

of the samples were measured before and after 

annealing. Then, the samples were heat-treated in a hot 

oven at (450 ℃) for one hour. 
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(3-3-1) Transmittance Spectra: 

The surface nature, the material type, and the 

crystal structure determine the spectral transmittance of 

the thin films by calculating the algebraic sum of the 

transmittance (T), reflectivity (R), and absorbance (A). 

For those films, the nature of the transmittance spectrum 

of the (Ta2O5) films was identified. Figure (6) refers to 

the optical transmittance spectrum of the (Ta2O5) films 

with a wavelength range of (300 – 1100 nm) prepared 

with different atomizing capacities of (10 and 35 watts), 

where we notice in general that the intensity of the 

transmittance spectrum for the films deposited on glass 

bases and for all atomizing capacities increases with the 

increase in the wavelength. On the other hand, the 

transmittance is minimal at short wavelengths close to 

the region of (300 – 500 nm) as a result of the high 

absorption and electronic transitions. We also note from 

Figure (6) that the intensity of the transmittance 

spectrum for wavelengths shorter than 400 nm increases 

with the increase in the atomization capacity, especially 

for (25-35 watts), which is related to the increase in the 

thickness of the prepared films. This is due to the 

increase in the degree of crystallinity as a result of the 

high energies and the high temperature of the deposition 

bases, which agrees with the results of the researchers in 

[16]. The reason for this outcome is due to the increase 

in the number of atoms, which leads to an increase in the 

number of collisions between the falling atoms and the 

atoms of the membrane, where the crystalline nature of 

the membrane and the lattice arrangement of the atoms 

control the increase in absorption and the decrease in 

permeability, which is consistent with the results of the 

researchers in [17]. 

 

Figure 6.  The transmittance spectrum as a function of the 

wavelength for the (Ta2O5) films prepared with different powers of 

(10-15-25-30-35 watts). 

From Figures (7), (8), and (11), the intensity of 

the permeability spectrum of the annealed films (heat 

treated) is lower compared to that of the unplasticized 

films. This decrease is due to the diffusion of oxygen 

atoms within the crystalline structure and the creation of 

positional levels within the energy gap, which is 

consistent with the results of the researchers in [18, 19]. 

On the other hand, Figures (9) and (10) indicate that the 

intensity of the transmittance spectrum of the annealed 

films (heat treated) increases compared to that of the 

unplasticized films, and this is due to the increase in the 

degree of crystallinity of the membrane structures due to 

the increase in the grain size, which is consistent with 

the results of the researchers in [20]. 

 
Figure 7.  The transmittance spectrum of the (Ta2O5) film 

deposited on a glass base with an atomizing power of (35 

watts) for the annealed and the un-annealed samples. 
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Figure 8.  The transmittance spectrum of the (Ta2O5) film 

deposited on a glass base with an atomizing power of 30 watts 

for the annealed and the un-annealed samples. 

 
Figure 9. The transmittance spectrum of the (Ta2O5) film 

deposited on a glass base with an atomizing power (25 watts) 

for the annealed and the un-annealed samples. 

 

Figure 10.  The tansmittance spectrum of the (Ta2O5) film 

deposited on a glass base with an atomizing power of (15 

watts) for the annealed and the un-annealed samples. 

 
Figure 11. The transmittance spectrum of the (Ta2O5) film 

deposited on a glass base with an atomizing power of (10 

watts) for the annealed and the un-annealed samples. 

(2-3-3) Absorption Spectra: 

Figure (12) depicts the absorbance curves as a 

function of the wavelength, which behave completely 

opposite to the transmittance curves, where it can be 

observed that the absorption curves increase with the 

decrease in the wavelength. The figure also shows that 

the absorbance increases with the increase in the 

atomizing power since the coated sample with the power 

of (35 watts) has a higher absorption rate than that of the 

coated sample with the power of (10 watts). The reason 

for the increase in the absorbance is due to the increase 

in the thickness of the coating, which is consistent with 

the results of the researchers in [21,22]. 



P- ISSN  1991-8941   E-ISSN 2706-6703              Journal of University of Anbar for Pure Science (JUAPS)          Open Access                                                     

2023,(17), ( 2 ):210– 224                                           

 

217 
 

 
Figure 12.  The absorbance spectrum as a function of the 

wavelength for the (Ta2O5) films prepared with different 

powers of (10-15-25-30-35 watts). 

 
The main role of the absorption of thin films at 

wavelengths of (300-1100 nm) is located at the 

absorption edge. Therefore, the increase in the 

atomization power and the related change in the 

intensity of the absorption spectrum, as shown in Figures 

(12), (13), and (14), generally lead to a decrease in the 

intensity of the spectrum, especially at wavelengths 

shorter than (500 nm), which is attributed to a decrease 

in crystalline defects and an increase in the grain size 

with an increase in the deposition temperature, which is 

consistent with the results of the researchers in [23]. 

Figures (13) and (15) show the effect of heat 

treatment (annealing) on the absorption spectrum, and 

here it can be attributed to the high absorption of the 

tantalum oxide layer (Ta2O5) formed as a result of 

oxygen atoms and impurities interacting with tantalum 

atoms (Ta), which are spread within the energy gap for 

the prepared membranes. Figures (16) and (17) show the 

change in the intensity of the absorbance spectrum with 

the change in the wavelength of the annealed (heat-

treated) and un-annealed samples. We note, as was 

previously explained, that the absorbance is the inverse 

of the permeability spectrum. Therefore, the heat 

treatment increases the crystallization of the thin films 

and thus decreases the crystalline defects and impurities 

within the energy gap. In other words, it decreases the 

intensity of the absorbance spectrum, which is consistent 

with the results of the researchers in [20]. 

 
Figure 13. The absorption spectrum of the (Ta2O5) film 

deposited on a glass base with the atomizing power of (35 

watts) for the annealed and the un-annealed samples. 

 
Figure 14.  The absorption spectrum of the (Ta2O5) film 

deposited on a glass base with the atomizing power of (10 

watts) for the annealed and the un-annealed samples. 
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Figure 15.  The absorption spectrum of the (Ta2O5) film 

deposited on a glass base with the atomizing power of (30 

watts) for the annealed and the un-annealed samples. 

 
Figure 16. The absorption spectrum of the (Ta2O5) film 

deposited on a glass base with the atomizing power of (25 

watts) for the annealed and the un-annealed samples. 

 
Figure 17.  The absorption spectrum of the (Ta2O5) film 

deposited on a glass base with the atomizing power of (15 

watts) for the annealed and the un-annealed samples. 

(3-3-3) Optical Energy Gap 

The energy gap is defined as the forbidden region 

for the presence of charge carriers within it, and the 

energy gap (eV) refers to the energy difference between 

the top of the valence band and the bottom of the 

conduction band in insulators and semiconductors, that 

is, it is the energy required to upgrade an electron from 

the valence band to the conduction band, which is 

consistent with the results of the researchers in [24]. The 

optical energy gap is considered one of the important 

constants since it gives a clear idea of the optical 

absorption. In particular, the energy gap (Eg) is affected 

by the type of prepared membrane and the precipitation 

method. In addition, the energy gap (Eg) is affected by 

the conditions of preparation and the structure nature of 

the prepared films, which is consistent with the results of 

the researchers in [25]. Specifically, the energy gap was 

determined from the visual image of the graphical 

relationship between photon energy (hv) on the x-axis 

and (αhv
2
) on the y-axis. The extension of the straight 

line from the resulting curve will cut the x-axis (hv) at a 

certain point that represents the optical energy gap (Eg) 

for these films. From Table (2), it can be seen that the 

energy gap decreases with the increase in the atomizing 

energy, i.e., it decreases with the increase in the 

thickness of the deposited film. It can be observed that at 

the power gap is (10 W), the thickness is (90.4 nm), the 

energy gap is (3.17 ev), the energy gap measured at the 

atomizing power is (30 W), and the thickness is (138.2 

nm). Moreover, for the power of (35W) and the 

thickness of (195.2nm), it was (2.50 eV). Therefore, the 

energy gap decreases with the increase in the density of 

the local states with the increase in thickness, which 

results in a decrease in the energy gap, which is 

consistent with the results of the researchers in [26], and 

the increase in the density of states is caused by defects 

due to the presence of oxygen in the deposited tantalum 

oxide films that works to create local levels within the 

energy structure, which is consistent with the results of 

the researchers in [19]. 

Figures (18), (19), (20), and (21) for the atomizing 

powers of (35, 30, 25, and 15), respectively, show a 

comparison of the energy gap of the samples before and 

after annealing at (450 ℃) for an hour. 

We notice that the energy gap has increased after 

annealing, as shown in Table (2), and the reason is 

attributed to the improvement in the crystalline structure 

of the thin films after annealing, which is consistent with 

the results of the researchers in [21,27]. 
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Figure 18.  The energy gap of the (Ta2O5) film deposited on a glass 

base with an atomizing power of (35W) for the annealed and the un-

annealed samples. 

 
Figure 19.  The energy gap of the (Ta2O5) film deposited on a 

glass base with an atomizing power o (30W) for the annealed 

and the un-annealed samples. 

 
Figure 20. The energy gap of the (Ta2O5) film deposited on a 

glass base with an atomizing power of (25 W) for the annealed 

and the un-annealed samples. 

 
Figure 21.  The energy gap of the (Ta2O5) film deposited on a 

glass base with an atomizing power of (15 W) for the annealed 

and the un-annealed samples. 

 
Figure 22.  The energy gap of the (Ta2O5) film deposited on a 

glass base with an atomizing power of (10W) for the annealed 

and the un-annealed samples. 

 

 (3-3-4) Absorption Coefficient: 

The optical absorption coefficient takes an 

important role in the optical calculations, as it varies 

with different materials and is a function of the 

wavelength of the incident light and affects the amount 

of light absorbed by the membrane. We note from Table 

(2) that the absorption coefficient increases with the 

increase in the thickness of the membrane, which is 

proportional to the increase in the blasting energy as 

well. Moreover, we note from the same table that the 

absorption coefficient also increases by an amount after 
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annealing, which is consistent with the results of the 

researchers in [28]. 

(3-3-5) Reflectance Spectra: 

The reflectivity (R) is the ratio between the 

intensity of the reflected radiation to the intensity of the 

incident radiation. The reflectivity can be calculated 

depending on the transmittance and absorption spectra, 

as shown below [29]: 

R + T + A = 1 …………(1) 

R = reflectivity, T = transmittance, A = absorbance 

From Table (2), we note that the reflectivity 

increases with the increase in the sputtering energy, that 

is, with the increase in the thickness of the dinner 

(Ta2O5). 

 

(3-3-6) Refractive Index: 

The refractive index (n) is the ratio between the 

speed of light in a vacuum to its speed inside a 

substance. The refractive index has been calculated for 

the (Ta2O5) films deposited on bases of glass with 

atomizing capacities of (10, 15, 25, 30, and 35 watts). It 

was found that the refractive index increases with the 

increase in the atomizing energy, that is, with the 

increase in the thickness of the film (Ta2O5). 

 

(3-3-7) Extinction Coefficient: 

The passivation coefficient (k) represents the 

attenuation of the electromagnetic wave that propagates 

through the material, where its value is estimated 

depending on the density of free electrons and the 

structural nature of the material. In this regard, we notice 

an increase in the damping coefficient with an increase 

in the atomization energy, i.e. with an increase in the 

thickness of the deposited film. 

 

(3-3-8) Optical Dielectric Constant: 

The interaction between the light and the charges 

of the medium is due to the absorption of energy in the 

material and then the process of polarization 

(polarization) of the charges of that medium, where the 

dielectric constant of its two types, real (ε
 
) and 

imaginary  ε  , for membranes of (Ta2O5) was 

calculated. From table (2), we notice an increase in the 

value of the real dielectric constant (ε
 
) and the 

imaginary dielectric constant  ε   with an increase in the 

atomization energy, that is, with an increase in the 

thickness of the deposited film, which is the 

transmittance of the prepared films, which is consistent 

with the results of the researchers in [28]. 

 

Table 2. The optical properties of the (Ta2O5) film before and 

after annealing and with atomizing powers of (10-15-25-30-35 

watts). 
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4-Measuring the Contact Angle (θ): 
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The contact angle examination was carried out for 

the (NiTi) alloy samples coated and uncoated with 

titanium oxide (Ta2O5) with different atomizing 

capacities, using a drop of distilled water at the room 

temperature of (25 ℃). The test results showed that the 

coating of (Ta2O5) has contributed to the increase in the 

wettability of the (NiTi) alloy, because the contact angle 

measurement for the uncoated (NiTi) samples was 

(88.13-88.20) and the contact angle measurement for the 

coated (NiTi) samples ranged between (79.94-80.88), as 

shown in Figure (23). 

 
A                                   B 

Figure 23.  The contact angle of the coated and the uncoated 

samples of the (NiTi) alloy, (a) the contact angle of the 

uncoated sample (b) the contact angle of the coated sample. 

 

This means that the contact angle has decreased 

by (8.19-7.32 degrees), as shown in Table (4-11), which 

means that the surface of the (NiTi) alloy coated with 

(Ta2O5) is a hydrophilic surface because the angle is less 

than (90 degrees), which is consistent with the results of 

the researchers in [30]. 

The hydrophilic materials with contact angle (θ < 

90) have the ability to resist bacteria and facilitate cell 

and tissue bonding with the medical alloy. These 

features make oxide-coated (NiTi) (Ta2O5) suitable for 

biomedical engineering applications including prosthetic 

implants and they work as surgical implants inside the 

human body, which is consistent with the results of the 

researchers in [31,32]. 

 

5- Antibacterial Activity Test: 

The antibacterial activity of the uncoated (NiTi) 

alloy and the tantalum oxide coated (NiTi) alloy (Ta2O5) 

was investigated using E.Coli grams negative and 

(S.tabhlococcus aureus-grams positive) [33].  

In particular, about (20 ml) of Mold-Hinton (M H) 

agar was poured into sterile dishes, and bacterial species 

were collected from cultures stored using a sterile wire 

loop which is consistent with the results of the 

researchers in [34]. After cultivating and activating the 

bacteria, holes with a diameter of (6 mm) were drilled on 

the agar plates using a sterile tip, and the coated and 

uncoated samples were placed in a plastic container and 

placed in an incubator for 24 hours at a temperature of 

(37 ℃), after which the average diameter of the 

inhibition zones was recorded [35,36]. As shown in 

Figure (24), the sample coated with the tantalum oxide 

that was placed in the agar with gram-positive bacteria 

had greater antibacterial activity than that of the 

uncoated sample, as the inhibition rate for the coated 

sample was (31) and for the uncoated sample was (27), 

as shown in Table (3).  

 
Figure 24.Antibacterial activity of (Ta2O5) and uncoated 

(Ta2O5) alloy against Staphylococcus aureus (Gram positive). 

 

From Figure (25), we also notice that the samples 

coated with the tantalum oxide have antibacterial 

activity against gram-negative bacteria. Therefore, the 

inhibition rate for the coated sample was (25.5) and that 

for the uncoated sample was (19.5), as shown in Table 

(3), which indicates that the coating is (Ta2O5) improving 

the resistance properties of the (NiTi) alloy against 

bacteria and preventing the growth of (E.Coli) 

(S.aureuse). This improvement increases the 
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biocompatibility of the alloy and makes it safe in the 

manufacture of implants, medical devices, and 

equipment, which is consistent with the results of the 

researchers in[35,36]. 

 
Figure 25. Antibacterial activity of (Ta2O5) and uncoated 

(Ta2O5) antibacterial activity against Escherichia coli (Gram-

negative). 

 

Table 3. The antibacterial activity of (Ta2O5) and uncoated 

(Ta2O5) alloy. 

Samples 
Zone of 

inhibition 

S.aureus 
NiTi 27 

Ta2O5 / NiTi 31 

E.coli 
NiTi 19.5 

 NiTi / Ta2O5 25.5 

 

Conclusion: 

The results of this research confirmed that the 

change in the amount of atomization plasma energy can 

control the thickness of the film and the particle size of 

nanoparticles deposited on the (NiTi) shape-memory 

alloy and the glass substrates. The X-ray diffraction 

(XRD) measurements revealed a broad, amorphous peak 

of the as-deposited (Ta2O5) films. The study of the 

optical properties showed that the (Ta2O5) films have 

energy gaps whose values change in the range (2.6 eV - 

3.17 eV) depending on the thickness of the deposited 

film. It was also found that all optical properties increase 

with the increase in the thickness of the deposited film 

except for the transmittance, and this was also found 

after the annealing procedure for the coated and the 

uncoated samples. Coated in a hot oven at (450 ℃) for 

an hour, it was found that the annealing improved all the 

optical properties of the deposited films. The results of 

the contact angle examination showed that the (Ta2O5) 

films have hydrophilic surfaces and have a high 

inhibition capacity for both gram-positive and gram-

negative bacteria by comparing the bacteria-killing 

percentage between the coated and the uncoated samples 

with the tantalum oxide. Thus, it is clear that the (Ta2O5) 

oxide coating has improved the properties of the (NiTi) 

shape memory alloy, making it suitable to be used in 

medical applications, such as surgical implants or as 

medical tools and equipment. 
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