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A B S T R A C T   
The A thin layer of titanium dioxide has been deposited using the DC-
Sputtering method at various time of deposition of 30 minutes, 60 minutes, 
90 minutes, 120 minutes and 150 minutes. This study aims to grow a layer of 
TiO2 on the surface of stainless steel 316L with a certain time variation to 
determine the characterization of the microstructure, hardness, and 
properties of the coating to the water contact angle. The XRD test results 
show that the titanium dioxide (TiO2) thin layer has a TiO2-
monoclinicstructure corresponding to the planes (133), (133), (220), (133) 
and (133), while the crystallite size can be determined using Debye-Scherrer 
Equation were ~14.34318 nm, ~17.09422 nm, ~18.94568 nm, ~14.04389 
nm, and ~7.90887 nm, respectively. The hardness value was obtained 
through the Vickers Hardness Test and it is known that the TiO2 layer can 
increase the hardness value by ~48.175% with a maximum hardness value 
of 170.105 VHN at a deposition time of 90 minutes. Observations from the 
contact angle test can be seen that the TiO2 layer is hydrophilic. 

 
 

 
 

1. Introduction 

Implant material is an important component of 
biomedical treatments such as fractures, 
reconstruction and joint replacement [1]. Materials 
used in the manufacture of implants are usually 
made of biomedical materials that have 
biocompatible properties, are not easy to corrode 
and are not toxic to the human body such as metallic 
materials or commonly called metal implants [2]. 

Metal implants material used in biomedical 
medicine depend on the function and quality of the 
material. The quality of the material can be seen 
from the value of high hardness, resistance to wear, 
resistance to corrosion, has a good compatibility 
value and so on. One of the metal materials that 
function as implants to replace the structure or 
function of human biological parts such as bones, 
kneecaps, wrists and the like is stainless steel type 
316L. The use of 316L stainless steel is based on its 
affordable price, abundant availability, and 
biocompatible requirements [2]. Although 316L 
stainless steel biomaterials have higher hardness 
and corrosion resistance than other materials such 
as pure iron, 316L stainless steel has poor wear 
resistance values when compared to other 
biomaterials such as titanium. When a material 
wears out, the wear process causes the release of 
metal ions which can cause toxicity to the body and 
implant failure [3]. This makes 316L stainless steel 
biomaterials less than optimal for use for long 

periods of time and there is fear of side effects or 
failure in biomedical applications [4].  

In overcoming the problem of wear resistance 
and increasing the hardness of the material, one way 
that is often done is to perform surface treatment on 
the surface of 316L stainless steel. Several materials 
have been used for the deposition process, namely 
Zn(PO3)4 [5], but this layer deposition process is 
constrained by the effectiveness of the layer as an 
orthopedic implant material, Zn-Al [6] has a 
hardness value that is not much different from the 
substrate. 

TiO2 is an important commercial material that is 
widely used in various fields of the industrial sector, 
biomedical treatment, medicine and others [7]. This 
material has outstanding mechanical properties, 
good hardness and wear resistance, and high 
corrosion resistance [8]. Another characteristic that 
proves that TiO2 is resistant to corrosion can be 
observed from its reaction to liquids. TiO2 when 
combined with urushiol compounds has excellent 
hydrophobic properties with a highwater contact 
angle, ranging from 146.1 ± 0.3° [9]. From several 
properties of TiO2 material, this material has the 
potential as a deposition material which aims to 
increase the hardness, strength and hydrophobic 
properties of a material.  

Several methods that have been used to deposit 
TiO2 are sol-gel [10], but the weakness of this 
method is the difficult process and the results are 
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not necessarily optimal, and the Hydrothermal 
method [11] but requires a relatively long layer 
growth time. One method that requires a relatively 
short time and produces a layer that has been 
proven to be optimal is the DC-Sputtering Technique 
[12]. This method is recommended because of the 
aspect of freedom in choosing and adjusting 
deposition conditions, it is important to optimize the 
TiO2 layer and its interface [13].  

In this study, surface treatment was carried out 
by depositing a thin layer of TiO2 using the DC-
Sputtering method with titanium targets and a 
mixture of argon and oxygen gases with the type of 
substrate used Stainless steel 316L. 
 
2. Methods 
The method used to deposit a thin layer of titanium 
dioxide was the DC-Sputtering method [12], but 
before going to this method the substrate must first 
go through a preparation process. In the preparation 
process, the substrate from 316L stainless steel, 
which was originally in the form of bars, was cut 
with a low speed diamond saw into a disc with a 
thickness of 2 mm and a diameter of 1.5 cm. The 
selection of the size adjusts to the place / holder that 
is on the DC-Sputteringmachine. Furthermore, the 
pieces of the test object were smoothed with emery 
paper from the size of 200 mesh to 2000 mesh and 
continued with polishing with auto sol paste and 
velvet cloth in order to obtain a completely smooth 
and even surface. To remove the emery paper 
powder and the remaining dirt on the surface of the 
substrate, the samples were washed with running 
water and detergent or alcohol and then dried using 
a hairdryer [12]. 

In the DC-Sputtering process, to obtain optimal 
conditions, various parameters have been carried 
out for the length of deposition time, namely 30 
minutes, 60 minutes, 90 minutes, 120 minutes, 150 
minutes. While other parameters are fixed, the ratio 
of Argon:Oxygen gas = 70:30, the distance between 
the electrodes is 4 cm, the electrode voltage is in the 
range of 4.4 kV ~ 4.6 kV, and the vacuum is in the 
range of 2.6 x 10-2~ 2.7 x 10-2 Torr [12]. 

The formed TiO2 thin layer was characterized 
using X-ray diffraction with a CuK radiation source 
(λ=1.54060Å) in the range of 2θ= 10 to 90°. The 
purpose of this characterization is to determine the 
crystal structure formed on the surface of the 
sample. These structures were identified using COD 
(Crystallography Open Database). 

The crystallite size is determined using the 
following Debye-Scherrer equation. 

𝐷 =  
𝐾 𝜆

𝛽 cos 𝜃
 

(1) 

The results of the modified Debye Scherrer equation 
are used to determine a crystal size value with D = 
crystallite size, K = crystal form factor (0.9-1), λ = X-
ray wavelength (1.54056Å), β= value of Full Width at 
Half Maximum (FWHM) (rad), θ= diffraction angle(o). 
Meanwhile, to determine the hardness of the coating, 

the Vickers Hardness test instrument was used and 
the interaction of the layer with the liquid was 
obtained using the water contact angle test. 
 
3. Results and Discussions 
3.1.Deposition of TiO2with DC-Sputtering method 
The sample resulting from DC-Sputtering deposition 
is shown in Fig. 1. Fig. 1. (a) is a 316L stainless steel 
substrate that has not been coated with TiO2, from 
the sample it can be seen that the color of the 
substrate is silver [12], like the color of stainless 
steel in general. Meanwhile, samples that have been 
deposited with a thin layer of TiO2 are sample 
images shown by (b), (c), (d), (e) and (f). From these 
samples, it can be seen that visually differences in 
color on the surface of the substrate and the surface 
of the deposited TiO2 thin layer can be seen with 
variations in the duration of 30 to 150 minutes. 
Visually, it can be interpreted that the TiO2 layer 
gradually changes from what was previously sky 
blue (b), medium blue (c), medium blue with a 
goldenrod color blend (d), until finally changing to 
purple or medium orchid (e) and (f). The cause of 
the color change is the thickness of the layer which is 
related to the time of deposition. The phenomenon 
of these colors was also observed in the study of Lee 
et al., (2012) [14]. The process of growing a thin 
layer of titanium dioxide carried out by 
Andriyanti(2016) formed a thin layer of titanium 
oxide with a thickness of ±5 μm and the percentage 
of oxygen content deposited on the surface of the 
titanium specimen was 14.17% of weight [15]. 

 

 

Fig. 1: Visual photos: (a) 316L stainless steel substrate, 
a thin layer of TiO2 deposited by the DC-sputtering 
method at various times (b) 30 minutes, (c) 60 
minutes, (d) 90 minutes, (e) 120 minutes, (f) ) 150 
minutes. 

 

3.2. X-Ray Diffraction 
XRD spectra of 316L stainless steel substrate and 
TiO2 thin film deposited in various variations of 
deposition time are shown in Fig. 2. Based on Fig. 2. 
information is obtained that in all material samples, 
a peak appears at 2-theta 44.16°. The peak is 
identical to the Fe phase based on the database (COD 
No. 96-901-3485), the peak of the spectrum is 
related to the plane (111). Meanwhile, at the 2-theta 
value of 50.86°, a peak that is identical to the Ni 
phase appears based on the database (COD No. 96-
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901-2969) related to the field (240). The appearance 
of the Fe and Ni phases was due to the substrate 
used in TiO2 deposition using 361L Stainless steel 
substrate. In accordance with research conducted by 
Hafizi et. al. in 2016 [16] stated that the chemical 
composition of 361L Stainless steel is composed of 
Fe less than 70%, Ni 10.1%, C 0.02%, Cr 17.2%, Mo 
2.1%, Ti 0.003%, Al 0.002%, Nb 0.019% and several 
other elements [17]. 
 

 

Fig. 2: XRD spectra of 316L stainless steel substrate 
and a thin layer of TiO2 deposited in various variations 
of deposition time. 

 

Fig. 2. also shows that TiO2 compounds appeared 
in all samples deposited by the DC-Sputtering 
method with variations in the deposition time of 30, 
60, 90, 120 and 150 minutes, respectively, producing 
XRD spectral peaks of 76.62°, 76.55°, 74.94°, 76.63°, 
and 76.63° which correspond to planes (133), (133), 
(220), (133) and (133), respectively. These peaks 
were analyzed referring to the monoclinic TiO2 
database (COD No. 96-110-0043) with cell 
parameters a= 5.8550, b= 9.3400, and c= 4.1420. 
From the five-time variations carried out, 90 
minutes was the maximum for depositing TiO2, apart 
from the identical angle to the database, another 
cause was the intensity and FWHM values which 
were the best when compared to the other four 
samples. Based on Fig. 2., it can be seen that the peak 
of TiO2 which is marked by a blue star has a high 
intensity value and a low FWHM. Intensity values, 
FWHM (deg), lattice distance (nm) and crystallite 
size (nm) of 316Lstainless steel substrate and TiO2 
layer with variations in deposition time are shown in 
Table 1. Meanwhile, the peak marked with a red star 
is the opposite. 

The difference in peak intensity and FWHM in 
each material sample shows certain characteristics 
of the material. The higher the intensity, the higher 
the crystallinity level [18]. As the material becomes 
more crystalline, the hardness level will also 
increase. This is in contrast to FWHM, the higher the 
intensity, the smaller the FWHM and the effect on 
the larger crystal particle size and tends to be more 
regular. 
 

Table 1. Intensity value, FWHM (deg), distance between 
lattice (nm) and crystallite size (nm) of 316L stainless 
steel substrate and TiO2 layer with variation of deposition 
time. 

Sample 2θ (°) 
Intensity 

(a.u) 
FWHM 
(deg) 

D (nm) 

SS 316L 
44.16

54 
1420 0.6065 11.93250 

30 
minutes 

76.62
38 

1492 0.5891 14.34318 

60 
minutes 

76.55
97 

1504 0.5000 17.09422 

90 
minutes 

74.94
58 

2658 0.4512 18.94568 

120 
minutes 

76.63
29 

1444 0.6086 14.04389 

150 
minutes 

76.63
17 

1334 1.0807 7.908867 

 
Based on the information on the crystallite size, 

intensity and FWHM (Table 1), when associated with 
the hardness value, it can be seen that as the 
crystallite size increases, the hardness of the 
material will also increase and have good 
crystallization regularity. To find out the hardness 
value, a hardness test is carried out. 
 
3. 3. Hardness 
The average hardness value of 316L stainless steel 
substrate is 122.83 VHN. While the test samples that 
have been carried out by the DC-Sputtering process 
with variations in time of 30 minutes, 60 minutes, 90 
minutes, 120 minutes and 150 minutes, the hardness 
values are 124.34VHN, 13.78VHN, 170.105VHN, 
148.44VHN, and 107.9 VHN. The maximum hardness 
value obtained is 170.105 VHN. If this hardness is 
compared with the hardness of the 316L stainless 
steel substrate of 12.83 VHN, there has been an 
increase in the hardness value of ~48.175%. The 
hardness values of 316L stainless steel substrate and 
TiO2 thin films at various deposition times are 
shown in Fig. 3. 
 

 

Fig. 3: Graph of hardness value of 316L stainless steel 
substrate and TiO2 thin film at various deposition 
times. 

 
Based on these Figure 3, it can be seen that the 

longer the DC-Sputtering deposition time, the higher 
the hardness value of the material, but only up to the 
point of maximum hardness at 90 minutes, then the 
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hardness value decreases at 120 and 150 minutes. 
The cause of this decrease in hardness is called the 
passing process. saturation or re-sputtering 
process.In theory, the longer the deposition process, 
the more the number of Ti + O atoms deposited so 
that the material will be denser, but because the 
ability of the substrate atoms to dissolve Ti + O 
atoms is limited, thus the phenomenon of passing 
saturated [19]. 

The decrease in the hardness value is probably 
due to an increase in high plasma power resulting in 
an increase in energy and the number of Ar+ ions, so 
that more oxygen atoms are released when the ions 
collide with TiO2 molecules. These collisions can 
occur on the target, the molecules towards the 
substrate, or on a thin layer that has been deposited. 
This has an impact on the destruction of the thin 
layer structure, so that the deposited TiO2 thin layer 
becomes an amorphous structure. High plasma 
power causes the thin layer that has been deposited 
to undergo a re-sputtering process so that the film 
thickness is reduced [20].  
 
3. 4.Water Contact Angle 
The value of the water contact angle increased with 
increasing deposition time and the maximum value 
was obtained at 90 minutes of deposition, before 
finally decreasing at 120 and 150 minutes. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 

Fig. 4: Test results of side view of water contact angle on 
(a) 316L stainless steel substrate and DC-Sputtering 
material with time variations (b) 30 minutes, (c) 60 
minutes, (d) 90 minutes, (e) 120 minutes, (f) 150 
minutes. 
 

At maximum condition, TiO2 coating can increase 
the water contact angle value by 22.1% from 316L 
stainless steel substrate. The photo of the water 
contact angle of the 316L stainless steel substrate 
and the TiO2 thin layer at various variations in 
deposition time is shown in Fig. 4. 
 

 

Fig. 5: Graph of the water contact angle value of 316L 
stainless steel substrate and TiO2 thin film on various 
variations of deposition time. 

 
Based on the water contact angle test data shown 

in Fig. 5, information is obtained that the structure of 
the TiO2 layer has hydrophilic properties [21] and 
has the potential to become hydrophobic if treated 
on materials that support these properties [22]. 

A material can be categorized as a hydrophilic 
material if it has a water contact angle in the range of 
5° ~ 90° [23] and will become hydrophobic if it has a 
water contact angle in the range of 91° ~ 150° [24]. 
A contact angle of less than 90° is observed when the 
liquid spreads on the surface, while a contact angle 
of more than 90° is observed when there are small 
droplets of liquid on the surface. The smaller the 
contact angle, the higher the affinity for the liquid 
[25]. 

The increase in the value of the water contact 
angle indicates that the wettability on the TiO2 
surface is increasingly unproductive when it reaches 
the optimum point at 90 minutes of deposition, 
because the fluid will minimize its contact with the 
surface and form dense liquid droplets and the liquid 
will clot more. This process exhibits an increasingly 
hydrophobic surface. If the material is more 
hydrophobic, it will reduce the corrosion rate 
because the tendency of the material to interact with 
the liquid or its environment is getting less and less 
[26]. 

Drops of pure liquid on a solid surface can show 
adhesion forces between the liquid and the solid 
surface which result in the spread of the liquid or 
known as wettability, while the intermolecular 
cohesion forces tend to negate the dispersion of the 
liquid [27]. 

Adhesion forces will cause two substances to 
stick together when mixed or brought together, 
while the occurrence of cohesion forces is influenced 
by the density and distance between particles in an 
increasingly dense substance. If a polar liquid is 
dropped on a polar plate, a contact angle will not be 
formed. The contact angle can occur because of the 
adhesion force between the solid and the liquid and 
the cohesion force between the liquid molecules. The 
smaller the contact angle obtained, the greater the 
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adhesion force. The greater the contact angle 
obtained, the greater the cohesion force [28]. 
 

4. Conclusion 
In this study, it can be concluded that the TiO2 layer 
on the 316L stainless steel substrate surface has 
been successfully deposited using the DC-Sputtering 
method with variations in time of 30 minutes, 60 
minutes, 90 minutes, 120 minutes and 150 minutes. 
The TiO2 layer has a monoclinic crystal structure in 
the plane (220) at a deposition time of 90 and in the 
plane (133) at a deposition time of 30, 60, 120 and 
150 minutes, and the crystallite size range is 
~7.90887 nm to ~18.94568. nm. The deposition of a 
thin layer of TiO2 succeeded in increasing the 
hardness value of the 316L stainless steel substrate, 
with the highest hardness value of 170,105 VHN at a 
deposition time of 90 minutes. The structure of the 
formed TiO2 layer has hydrophilic properties. 
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