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 The interconnected usefulness of titanium grade 5 is amplified by the improved mechanical ability and 
sustainable applications in various industries like the aerospace, medical industry and many more. 
Despite the profound properties of Ti6Al4V, it is worthy of intellectual study to investigate the 
possible performance improvement of the material for better operational application. This study 
adopted the use of RF magnetron sputtering to deposit the target on the substrate material under 
varying temperatures and deposition power. A total of four samples and control were analyzed for a 
surface morphological examination and post-sputtering chemical compositional analysis via SEM 
(scanning electron microscope) and EDX (energy dispersive x-ray analysis). Further investigation on 
the samples' crystallites was done using XRD (X-ray diffractometer). The SEM images showed low 
agglomeration and most of the samples were void of pores, cleft and crevices, which implied 
homogeneous distribution of the target (Inconel thin film) on the titanium substrate. The EDX of the 
Inconel coated titanium samples revealed elements such as Ti, Si and C, which are beneficial to the 
properties of the materials.  The XRD profiles of the Inconel coated titanium samples disclosed 
intensities of high peaks, which indicated stability, chemical and microstructural homogeneity of the 
thin film. 
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1. Introduction 

         
      A grade five titanium is represented with Ti6Al4V which is interpreted as titanium alloy having six percent of aluminium 
and four percent of vanadium (Babaremu et al., 2022a). It has very impressive mechanical properties like impeccable tensile 
strength that informs its performance in extreme temperatures. It is heat treatable and has very good weldability characteristics 
which makes it widely applicable in areas where titanium parts are required for fabrication (Babaremu et al., 2022b). Ti6Al4V 
is also suitable in saltwater in the event of crack corrosion because it offers very good resistance with further applications in 
oil and gas offshore extractions.  Sputtering is progressively adopted for material surface coatings and development by 
depositing various targets in the form of the thin film on a base material referred to as substrate (Yuan et al., 2020; Sigmund, 
2012). It is referred to as atomic ejection through the bombardment of liquid or solid target particles that are energetic which 
are mostly ions (Alfonso et al., 2012; Westwood, 1988).  Magnetron sputtering could be explained to be the process of the 
collision that occurs between targets and incident particles. Given that at a low-pressure high-speed sputtering is relatively 
performed, it is then very important to significantly increase the rate of ionization of the gas (Alexeeva & Fateev, 2016). In 
the targets, the incident particle undergoes a very complex process of scattering that collides with the atom of the target, and 
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eventually transmit the part of the momentum to the target atom, which in turn collides with other target atoms to form a 
cascade process (Kashkarov et al., 2020). It is important to note that certain target atoms close to the surface during this 
cascade gain sufficient momentum for outward motion (Belosludtsev et al., 2020). 
  
     Magnetron sputtering technique is used for vacuum coating with high rate operational performance in target depositing of 
alloys, metals and compounds on a substrate with a millimeter range of thickness. Amongst other utilized techniques for 
vacuum coating, magnetron sputtering has a better advantage of importance which made it gain increased commercial 
applications over the years as focus moved to simple decorative coatings from fabrication via microelectronics (Hassan, 2018). 
Some of the outstanding advantages that magnetron sputtering possesses are ease of automation, heat sensitive substrate 
coating ability, thin film high adhesion, high thin film purity, high rate of deposition, impressive surface uniformity and many 
more (Tudose, 2019). 
  
     After the description of the non exhaustive advantages and applications of titanium which has immense impact on the 
surface of interaction during use, there is a need to develop improved processes to upgrade the applicability of the titanium 
metal in various fields of human endeavor. Feng et al., (2021) emphasized the potentials of the Inconel 625 as a thin film 
target on any chosen substrates by using magnetron sputtering as the deposition mechanism for improvement of desired 
properties of the materials. The findings suggested the suitability of the adoption of Inconel for coatings through the sputtering 
process. Therefore, this study investigated the surface morphological characterization of rf-magnetron sputtering developed 
Inconel coated titanium. 
  
2. Experimental Procedure 
  
      Inconel thin films were prepared through the use of a magnetron sputtering technique on titanium substrate. At a base 
pressure of 1.13 × 10-5 mbar, the chamber for the sputtering was properly vacuumed. The samples were sputtered at a 
deposition time of 60 minutes to 90 minutes. Sputtering was relatively achieved at a power rating of 100W to 200W. After 
the completed process of target thin film layer on the titanium substrate, all the samples were kept in the chamber for sufficient 
cooling. The cooled samples were taken out of the vacuum and carefully machined into a 10 mm × 10 mm dimension for 
SEM, EDX and XRD characterization for the surface morphology.  
  
2.1 SEM images and EDX-analysis of samples 
  
     Fig. 1 indicates the SEM images and EDX of the titanium control sample. The SEM micrographs at the magnifications of 
8000×, 9000× and 1000× were presented. A smooth morphology was observed at 8000× and 9000× magnification. However, 
at the magnification of 1000× some diagonal clefts were observed on the surface, which could act as sites for the infiltration 
of contaminants if left unprotected, and this could in turn affects the corrosion and mechanical properties of the sample (Zhang 
et al., 2021 and Li et al., 2020). The EDX of the sample expectedly indicated that titanium (Ti) was the predominant element 
in the sample. The other elements in trace quantity are oxygen (O), silicon (Si) and carbon (C).  
 

 
Fig. 1. SEM images and EDX of the titanium control sample 
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     Moreover, Fig. 2 shows the SEM images and EDX of coated samples 1 and 2. Sample 1 was observed to exhibit two 
unique phases with a distinct surface morphology and redefined microstructure. This indicated that the Inconel inclusion on 
the surface of the titanium exhibited a grain refining ability, as also reported by Amanov et al., (2015) and Sun et al., (2023).   
The SEM of sample 2 revealed a more homogeneous phase and puffy morphology, indicating the likely presence of more 
Inconel film on the titanium surface of the sample. Some degrees of undulations and rifts were also observed on the surface 
of sample 2, which can act as crevices for the entrance of corrosive substances, hence, leading to material deterioration 
(Burkert et al., 2018 and Zhang et al., 2018). Moreover, the EDX of samples 1 and 2 exhibited a comparable percentage of 
titanium (Ti). Some other trace elements observed are carbon (C), oxygen (O) and silicon (Si).  While the presence of carbon 
(C) could enhance the hardness of the materials, the presence of silicon (Si) could be beneficial to the materials' corrosion 
resistance and mechanical properties (Li et al., 2016;  Liu et al., 2018). Silicon (Si) has been employed as an alloying element 
to enhance high strength and low weight, conductivity, reflectivity, visible light and heat, corrosion resistance and tensile 
strength (Hemath et al., 2020).   

 

 
Fig.  2. SEM images and EDX of thin film coated samples 1 and 2 

 
       

 
Fig. 3. SEM images and EDX of thin film coated samples 3 and 4   
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      Furthermore, Fig. 3 showed the SEM image and EDX of thin film-coated samples 3 and 4, indicating that the samples 
exhibited better morphology compared to the other samples. Litter pores were observed on the SEM image of sample 3. 
Although, the clefts were not as conspicuous as those seen on samples 1, 2 and control. This low level of clefts on the 
microstructure of sample 3 indicated that the sample could possess superior properties and applicability compared to samples 
1, 2 and the control sample (Sevvel et al., 2018). Compared to the entire samples, it is worth noting that sample 4 exhibited 
the best morphology and most outstandingly refined surface microstructures that are void of particle agglomerations, dimples, 
pores and clefts. The sample also exhibited smaller grain sizes relative to the other samples. The exceptional morphology of 
sample 4 revealed that the Inconel thin firm exhibited grain refinement ability as reported by (Sonar et al., 2020 and Jia & Gu, 
2014).  The EDX of samples 3 and 4 indicated the presence of elements such as carbon (C), Oxygen (O), titanium (Ti) and 
silicon (Si). A considerable percentage of nitrogen (Ni) was also observed to be present in sample 4.   
 
2.2 X-ray Diffraction (XRD) presentation of crystallites or phases in the samples  
 
       Fig. 4 indicated the phases in the control sample (titanium). The highest peak intensity of titanium as a single-phase 
element was observed at about 1750 a.u (2θ of 29o). This indicated the possibility of titanium being more stable and 
predominant at this intensity (Ragavendran et al., 2014 and Gong et al., 2017). The other high peak intensities observed are 
at 1500 a.u (2θ of 24o) and 1000 a.u (2θ of 25o).  Some low-intensity crystallites were observed between the 2 theta of 43o and 
2θ of 78o. The low intensities indicated crystallites formed from the combination of titanium and other trace elements present.  
Relative to the control sample, the Inconel coated titanium samples were observed to exhibit lower peak intensities as shown 
in Fig. 5. This indicated that the Inconel film combined with titanium homogeneously to reduce the dominance of the titanium 
single element as indicated in Fig. 4. Comparing the entire Inconel coated titanium samples; sample 3 exhibited the highest 
peak intensity of about 550 a.u at 2 theta of 10o. The other high peak intensities are at 290 a.u (2θ of 22o) and 300 a.u (2θ of 
49o). 
 

 
Fig. 4. XRD profile of the titanium control sample 

 
        Moreover, sample 4 also exhibited a comparable high peak intensity of about 520 a.u (2θ of 28o), while samples 1 and 2 
possessed high peak intensities of 460 a.u (2θ of 10o) and 450 a.u (2θ of 20o), respectively. The peak intensities on the Inconel 
coated titanium samples showed that the thin film of Inconel was well distributed on the titanium. It also indicated that the 
coating exhibited chemical and microstructural homogeneity. 

 

 
Fig. 5.  XRD profile of Inconel coated titanium samples 
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3. Conclusions 
 
      A receptive surface thin film alignment on the various samples was discovered from the analysis which means that they 
are not susceptible to easy wear impact during operationalization. Morphological behavior of the titanium control sample 
displayed a level of excellence. The SEM images showed low agglomeration and most of the samples were void of pores, 
cleft and crevices, which implied homogeneous distribution of the coating. The use of magnetron sputtering was efficient in 
this study because there are no oxide pores and undulating layers of the Ti structure except for sample 2 with little pores which 
would affect the adhesion and resistance to scratch failure. Increase in the O element of the titanium sample was as a result of 
the composition of the Inconel target used for coating the surface as revealed by the EDX analysis.  The EDX of the Inconel 
coated titanium samples revealed elements such as Ti, Si and C, which are beneficial to the properties of the materials.  The 
XRD profiles of the Inconel coated titanium samples disclosed intensities of high peaks, which indicated stability, chemical 
and microstructural homogeneity of the coating.   
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