
818 Vandan V. Vyas, Kamlesh V. Chauhan, Sushant K. Rawal

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

Wettability Studies of Titanium and its Oxide Based Coatings-
A Review

Vandan V. Vyas
CHAMOS Matrusanstha Department of Mechanical Engineering,

Chandubhai S. Patel Institute of Technology,

Kamlesh V. Chauhan
Charotar University of Science and Technology (CHARUSAT), Changa, India.

Sushant K. Rawal
McMaster Manufacturing Research Institute, Department of Mechanical Engineering, McMaster University,

1280 Main Street West, Hamilton, ON L8SL7, Canada.

ABSTRACT
Nanomaterials are being developed for a number of enhanced application such as in optical components, biologically
advance materials, mechanical instruments etc. Several areas of technical application includes e.g. wettabilitic
properties, UV protection, thermocouples, electrical resistivity, electrical conductivity, etc.  The application of
nanomaterials are immense and increasing, for example from industrial applications such as for turbine nozzles, parts of
automobile, parts of missiles and aircrafts to as simple applications as spectacles-glass and high grade clothes used for
specific purposes. To obtain these advanced materials, chemical properties of the material used for nano-coating,
deposition techniques, grain size, surface morphology etc plays a very crucial role. In this review paper, work of
different researchers related to optical properties, wettability properties and effect of annealing on the wettability and
grain structure of titanium oxide have been presented. Methods used for film depositions like DC/RF magnetron
sputtering, Pulse laser deposition methods, laser deposition methods, CVD, and sol-gel etc have been used for the
coating purposes. This review paper is aimed to review Wettability, Optical and thermal properties of Titanium Oxide
based coating.
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INTRODUCTION
With advancement in science and technology the requirement for better material with multifunction are
increasing day by day. One of the new method to develop such materials to obtain more than one functions is
known as thin film deposition process. A thin film is defined as a layer of material from few nanometers to
several micrometers in thickness, which is also known as coating. Thin film deposition process is being used
to change, modify and increase the functionality of a bulk material also known as substrate.One of the main
focusedapplication in thin film coating is controlling wettability of the surface to obtain required output. Many
different materials like ZnO[1], MnOx[2], TiOx[3]etc. are being researched to obtain superhydrophilic or
superhydrophobic surfaces in order to obtain self-cleaning surfaces. Out of these titanium oxide thin films are
promising because of its extensive use in wide range of applications such as antireflective coating, gas sensor,
and the photocatalysts due to remarkable optical and chemical properties[4], TiO2 also shows photocatalytic
properties and superhydrophilic properties. Due to its wide range of properties TiO2 is being considered for
obtaining a self-cleaning properties for substrate surfaces[5]. TiO2 film provides self-cleaning properties
which could be used in window glasses of constructions skyscrapers, solar-cells and solar glasses and bio-
surgical[6] instruments because of its anti-bacterial properties[7], [8].
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The increment in hydrophilicity of the substrate surface makes the cleaning process easier. Just with the flow
of water on the surface, containments like dirt and oil could be cleaned with the help of this method which
could be very useful in case of skyscrapers as well as automobiles[5].Due to photocatalyst properties of
titanium oxide, it could be used in solar cells used in solar farms which would make the process of cleaning
the cells much faster and much easier[9]. High wettability will also assist in producing anti-fogging properties
on the surface of glasses[10].
This paper is focused on reviewing the annealing and its effect on surface structure and wettabilitic properties
of the titanium oxide films on the substrate surface and the grain structure formation because of different
parameters and different deposition processes.

WETTABILITY STUDY OF TITANIUM OXIDE COATINGS
Wettability is study of adhesive and cohesive forces between water droplets on the surface. Wettability can be
classified into two group hydrophobic properties and hydrophilic properties. Wettability can be measured with
goniometer. Any surface having contact angle higher than 90o is known as hydrophobic surfaces where as any
surface having contact angle less than 90o is known as hydrophilic surfaces.

The effect of sputtering gas pressure on structure, photocatalytic properties and wettability studies were
performed for titanium oxide by B. Abdollahi Nejand et. al. (2010) [11]. Titanium with 99.997% purity was
used as a target material and soda-lime glass cleaned with the help of acetone, was used as a substrate. The
substrate was kept at a temperature of 100oC. The base pressure was 2*10-3Pa and the current was kept
constant at 100mA with sputtering power of 80W. With sputtering pressure of 1Pa, 2Pa and 4Pa. Results
showed that with increase in pressure the contact angle decreased from 50o to 40o. The change in contact angle
with respect to different deposition pressure is shown in the figure 1.

Figure 1 the effect of sputtering pressure and UV irradiation on the water contact angle.

M.C. Liao et. al.(2010) [12] studied the effect of sputtering pressure on the TiO2 film developed using the
reactive magnetron sputtering process. In this experiment, the radio frequency was kept at 13.56MHz,
titanium with 99.997% purity was used as a target material and the deposition was carried out onto a soda-
lime glass the sputtering pressure varied in a wide range of 0.12Pa to 2.24Pa and the film was annealed at
500oC after the deposition process was completed. Result showed that with increase in sputtering pressure the
contact angle was decreased from 75o to 5o with UV irradiation for 1 hour.

Xiujian Zhao et. al.(2008) [7] formed a method to improve the photocatalytic activity of TiO2 thin films
directly coated on soda-lime glass which was developed by treating the films in acidic solutions. The
deposition of film was performed with the help of sol-gel method. The doping of a small amount of silver into
the TiO2 porous films couldprovide exceptional properties like anti-bacterial effect without UV light
irradiation. The crystalline structure could provide the desired wettability could be obtained without UV
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irradiation. As presented in figure 2, the temperature of substrate was also varied by 0oC, 280oC and 420oC
and with increase in substrate temperature the contact angle was found to be decreasing from 35o to 18o

without UV irradiation.

Figure 2 effect of substrate temperature on waster contact angle.

The effect of film thickness on the contact angle was studied by Pung Keun Song et. al.(2003)[13]. In this
research RF magnetron sputtering process was used to provide an epitaxial growth of TiO2 film on the
substrate surface. 99.999% pure Ti was used as a target material and coating was done on nonalkali glass,
MgO, SrTiO3,and rutile Ti. The substrate temperature and rf power were maintained at 400oC and 200W,
respectively. Oxygen flow ratio [O2/(O2+Ar) ]and total gas pressure were kept constant at 40% and 1.0Pa,
respectively. The deposition time was adjusted to be 2.25 – 180 min resulting in the film thickness of 10nm –
800nm. As shown in graph with increase in thickness from 0 nm to 800 nm with increase in thickness contact
angle decreased by 10o - 15o for the given conditions of UV irradiation time.

Figure 3dependency of the water contact angle of TiO2 films with various thicknesses deposited on (a) SrTiO3

and (b) MgO

Xiu-Tian Zhao et. al.(2006) [14] studied the effect of O2on water contact angle. The deposition was done with
the help of 99.99% pure Titanium as a target material and stainless steel was used as a substrate material. The
base pressure was kept at 5*10-5Pa and the film depositions were carried for 5 hours at 200 W power rf
discharge in an Ar(1sccm) and O2(9sccm) gas mixture at the pressure of 1.3Pa. Concentration of O2 was
ranged from 0% to 80% and with increase in O2 concentration the contact angle decreased from 40o to 15o at 1
hour of UV irradiation which could be seen in figure 4.



821 Vandan V. Vyas, Kamlesh V. Chauhan, Sushant K. Rawal

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

Figure 4 effect of oxygen concentration on contact angle

Xiu-Tian Zhao et. al. (2005) [15]. studied the effect of power supplie on water contact angle. The deposition
was done with the help of 99.99% pure Titanium as a target material and stainless steel was used as a substrate
material.the base pressure was kept at 5*10-5Pa and the films were deposited for 5 hours at Ar with 1sccm and
O2 with 9sccm and at the pressure of 1.3Pa. The power supply was varied from 50W to 200W in the
experiment to see the effect of power on the wettability. Results showed that with increase in power contact
angle decreases by about 10o. Figure 5 shows the effect of deposition power on contact angle at different
deposition pressure.

Figure 5 effect of deposition power on contact angle

M.Horprathum et. al. (2012) [4]carried out a study of Titanium oxide film on the glass and silicon wafers,
deposited with the help of direct current magnetron sputtering process. In this experiment they calculated the
effect of change in oxygen partial pressure on the various properties of thin film. In this process they used
titanium with 99.999% purity as a target material and sputtering was performed with 99.999% pure argon with
flow rate of 5.5 sccm. Power used for the deposition process was kept at 100W and the substrates were pre-
cleaned with the help of ultrasonic washer using acetone as a cleaner. The deposition time was fixed at 90
min. change in base pressure was carried out ranging from 5.0*10-3 mbar to 1.8*10-4 mbar to obtain lowest
contact angle. Processes like XRD, AFM, and optical properties were studied in this experiment. The structure
obtained was found to be rutile. Wettability tests showed that with increase in pressure the contact angle
decreased from 85o to 60o without UV irradiation, as shown in the figure 6.
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Figure 6 effect of base pressure on contact angle

Table 1 summarizes the investigation done by various research groups to study the effect of different
parameters and different deposition methods on wettabiliticproperties for Titanium Oxide based

coatings.

Research Group/s
(Year)

Deposition Technique Variable Parameters Contact angle variation

M. Horprathum
et. al(2011)[4]

DC reactive magnetron
sputtering

Deposition Pressure
from4.8*10-4 mbar to
0.5*10-3 mbar

With increase in pressure
contact angle decreases
from 84o to 0o with UV
irradiation

M. Horprathum
et. al. (2011)[4]

dc magnetron

sputtering

Deposition Pressure

(5.0*10-3 to 4.8*10-4 Pa)

With increase in pressure
contact angle decreases
from 84o to 0o with UV
irradiation

Houman Yaghoubi et.
al. (2009)[16]

Sol-gel Immersion time

(0 min to 50 min)

With increase in
immersion time contact
angle decreases from 32o

to 18o

Zeng Lin et. al.
(2008)[17]

DC magnetron

sputtering

Current

(1.0 A to 0.5 A )

With decrease in current
the contact angle
decreases by ~10o

Zeng Lin et. al.
(2008)[17]

DC magnetron

sputtering

Concentration of O2in
(Ar + O2) (0.1 to 0.5)

With increase in O2

concentration the contact
angle decreases from 30o

to 12o
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EFFECT OF ANNEALING ON SURFACE STRUCTURE AND WETTABILITY OF TITANIUM
OXIDE COATINGS.
The titanium oxide has basically three crystalline structure rutile, anatase and brookite[18]. With the help of
annealing process the crystalline structure of the titanium oxide films could be changed. Different crystalline
structure shows different properties so to obtain required properties like wettability, electrical conductivity,
photocatalytic properties and optical properties could be changed and optimised with the help of thermal
treatment like annealing.

Swati S. et. al.(2010)[19]preformed a study to identify the influence of annealing temperature on the
structural, mechanical and wetting properties of titanium oxide films. They used RF magnetron sputtering
process to deposit the films. The deposition of films were performed on silicon substrate and 99.99% pure
titanium was used as a target material. The substrate was cleaned for 5 mins in an ultrasonic bath with acetone
and rinsed with de-ionized water, the base pressure was set at 1.1*10-3Pa and then argon was passed till the
pressure reached30mTorr the deposition process was carried out with 10sccm of Ar and 2sccm of O2, with
power supply of 300W. After the deposition process was completed the annealing was done for 1hour at
temperature of 400oC, 600oC, and 800oC.Results showed that without annealing the formation of structure was
amorphous but with increase in annealing temperature up to 800oC, anatase peaks in the spectra become more
instance. Wettability test showed that increment in annealing temperature the waster contact angle was
decreased from 86o to 50o as shown in figure 7.

Figure 7effect of annealing on water contact angle without UV irradiation

Hydrophilic properties of nano TiO2 thin films were studied by Q. Ye et. al.( 2007)[20]. The deposition
processes were performed with the help of RF reactive magnetron sputtering process. The chamber was
vacuumed below 10-4Pa before the deposition process. Ar flow of 6 sccm at a pressure 1.2 Pa. After the
deposition process was done the annealing processes were performed at 100oC, 200oC, 300oC, 400oC, 500oC,
550oC, 600oC, 650oC and 800oC. Results showed that at low temperature the anatase peaks were found while
at temperature of around 800oC rutile peaks were identified and the films exhibited hydrophilic properties here
with increase in annealing temperature from 0oC to 800oC the contact angle decreased from 66o to 10o as
shown in figure 8.
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(a) (b)

Figure 8(a) XRD graph of the titanium oxide films (b) effect of annealing temperature on contact angle.

Characterisation and wettability of TiO2 films deposited by mid frequency magnetron reactive sputtering were
studied by Ying Cui et. al. (2007) [21]. The frequency of the twin magnetron power sully was 40 kHz with
target material as titanium and base pressure of 3.3*10-3Pa, the oxygen partial pressure and total pressure were
3.3*10-2 Pa and 0.5Pa respectively. The deposited films were annealed at temperature range between 300oC
and 1000oC with an interval of 100oC for 1 hour after the deposition process. Results shows basically two
peaks of anatase and rutile were obtained in XRD patterns. Here with increment in annealing temperature the
contact angle decreases from 80o to 20o at annealing temperature of around 900oC as shown in figure 9.

Figure 9contact angle as a function of annealing temperature. The inset image were the shape of water droplet
on as deposited TiO2 films (a) and on films annealed at 900oC (b)
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Table2. Review ofannealing on surface structure and wettabilityproperties of titanium oxide based
coatings

Research Group/s
(Year)

Deposition Technique Annealing parameters Effect of annealing on
wettability and surface

structure

Jung-Jae Park
et. al. (2013)[6]

Supersonic aersol
deposition method

Annealing With increment in
annealing temperature
contact angle decreased
from 40o to 0o

Fanming Meng et. al.
(2012) [22]

DC magnetron

Sputtering

Annealing

(0 min to 120 min at
900oC)

With increment in time
contact angle
decreasedfrom 84o to 56o

Fanming Meng
et. al. (2009)[23]

RF magnetron

Sputtering

Annealing

(200oC – 1200oC)

With increment in
temperature the contact
angle decreased and
roughness of surface
increased (95o-55o)

Q. Ye. Et. al. (2007)[20] RF magnetron

Sputtering

Annealing

(0oC - 800oC).

With increment in
temperature contact angle
decreased (78o-10o)

CONCLUSION
Titanium oxide shows vast range of applications in the field of thermal, electrical, optical and wettability
properties that makes various prospectsconcerning with technical applications. Titanium oxide has excellent
properties of hydrophilicity and UV protection as well as anti-bacterial properties which makes this material
one of the important one for bio-implants and instruments used in surgeries. So by controlling the parameters
and with the help of proper deposition method a coating could be generated which would provide high
functionality in different sectors like from solar to bio-medical fields.
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