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Abstract--- Titanium nitride (TiN) coating is one in every of the foremost used thin films. TiN coating ready on
low carbon steel substrate by dc Magnetron sputtering. Its smart producing sturdiness and low value. The structure
and properties can characterization X-ray diffraction (XRD), scanning Electron microscopy (SEM), nano
indentation and tribological. The small structural feature and corrosion performance are going to be compared, the
layers of coating and enhance the corrosion performance of periodical vapor deposition PVD TiN coated steel. The
result can expect to point the entire were rate may well be scale back by half with relevance steel once this type of
coating is employed. The liquid corrosion behavior of the chemical compound coating (TiN) is powerfully

passionate about the micro defect density of the coating.

Keywords--- RF /DC Magnetron Sputtering, Corrosion, Titanium nitride (TiN ), X-ray Diffraction (XRD),

Scanning Electron Microscopy (SEM), Nano Indentation and Tribological.

l. INTRODUCTION

Currently an ample and diverse range of materials can be used for manufacturing a wide spread series of
applications in order to meet consumer needs. Titanium nitride is utilized in a wide range of applications for space,
biomedicine, and microelectronics industry and so on due to its excellent physical, chemical, electrical and
mechanical properties. The properties that make titanium nitride suitable for application on worm gear are its
hardness, good adhesive wear, and resistance to corrosion. Tin layer is deposited by R.f magnetron sputtering using

N2 atmosphere. Submission Cover Sheet, a Discussion Submission Cover Sheet, and an IEEE Copyright Form.

Il. RESEARCH METHODOLOGY
X-Ray Powder Diffraction: X-ray powder diffraction (XRD) is a rapid analytical technique primarily used for
phase identification of a crystalline material and can provide information on unit cell dimensions. The analyzed

material is finely ground, homogenized, and average bulk composition is determined.
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Max von Laue, in 1912, discovered that crystalline substances act as three-dimensional diffraction gratings for
X-ray wavelengths similar to the spacing of planes in a crystal lattice. X-ray diffraction is now a common technique
for the study of crystal structures and atomic spacing.X-ray diffraction is based on constructive interference of
monochromatic X-rays and a crystalline sample. These X-rays are generated by a cathode ray tube, filtered to
produce monochromatic radiation, collimated to concentrate, and directed toward the sample. The interaction of the
incident rays with the sample produces constructive interference (and a diffracted ray) when conditions
satisfy Bragg's Law (nA=2d sin 0). This law relates the wavelength of electromagnetic radiation to the diffraction
angle and the lattice spacing in a crystalline sample. These diffracted X-rays are then detected, processed and
counted. By scanning the sample through a range of 20angles, all possible diffraction directions of the lattice should
be attained due to the random orientation of the powdered material. Conversion of the diffraction peaks to d-
spacings allows identification of the mineral because each mineral has a set of unique d-spacings. Typically, this is

achieved by comparison of d-spacings with standard reference patterns.

Atomic Force Microscopy: The atomic force microscope (AFM) is one kind of scanning probe microscopes
(SPM). SPMs are designed to measure local properties, such as height, friction, magnetism, with a probe. To
acquire an image, the SPM raster-scans the probe over a small area of the sample, measuring the local property
simultaneously. AFMs operate by measuring force between a probe and the sample. Normally, the probe is a sharp
tip, which is a 3-6 um tall pyramid with 15-40nm end radius. Though the lateral resolution of AFM is low (~30nm)
due to the convolution, the vertical resolution can be up to 0.1nm.To acquire the image resolution, AFMs can
generally measure the vertical and lateral deflections of the cantilever by using the optical lever. The optical lever
operates by reflecting a laser beam off the cantilever. The reflected laser beam strikes a position-sensitive photo-
detector consisting of four-segment photo-detector. The differences between the segments of photo-detector of
signals indicate the position of the laser spot on the detector and thus the angular deflections of the cantilever.
Piezo-ceramics position the tip with high resolution. Piezoelectric ceramics are a class of materials that expand or
contract when in the presence of a voltage gradient. Piezo-ceramics make it possible to create three-dimensional
positioning devices of arbitrarily high precision. In contact mode, AFMs use feedback to regulate the force on the
sample. The AFM not only measures the force on the sample but also regulates it, allowing acquisition of images at
very low forces. The feedback loop consists of the tube scanner that controls the height of the tip; the cantilever and
optical lever, which measures the local height of the sample; and a feedback circuit that attempts to keep the
cantilever deflection constant by adjusting the voltage applied to the scanner. A well-constructed feedback loop is

essential to microscope performance

Salt Spray Test: This accelerated laboratory test was invented at the beginning of the 20th century. It provides a
controlled corrosive environment and has been used to produce relative corrosion-resistance information for
specimens of metals and coated metals exposed in a test chamber. The classical salt spray (fog) test ASTM B117
consists of atomizing a salt solution into uniform droplets on specimens supported or suspended between 15-
30°from the vertical. The salt solution is a solution of 5% (in weight) of NaCl, (more than sea water, which is only

1.8% to max 3%). The exposure zone of the salt spray chamber is maintained at 35°C.The pH of the salt solution is
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such that when atomized at 35°C, the collected solution will be in a pH range from 6.5 to 7.2.The test is continuous
for the duration of the entire test period. The period of exposure is mutually agreed upon between the purchaser and
the seller. It can reach more than 1000H.There exist other accelerated testing procedures — in ageing tests, quite
often used in automotive industry. These tests are briefly described below. The most important corrosive element is

moisture, which is applied in all ageing tests, supplemented by salt mist and/or changing temperature.

Scratch Test: Figure shows Ti interlayer thickness effect in the intrinsic stress and the adhesion (critical load L)
of the deposited system. The film without interlayer presented higher dispersion caused by an irregular substrate
deformation, generated by the film stress. As the interlayer thickness is increased, a decrease in the intrinsic stress
was observed because Ti film supports the Ti and N atoms or TiN molecule bombardment, presenting plastic
deformation and avoiding perturbations on the TiN lattice .Moreover, the role of the Ti interlayer is to dissolve any
oxide layer remaining on the surface of the substrate as well as to relieve shear stress in the interface. Results also
show a decrease in the stress up to a certain interlayer thickness value. Nevertheless, after this value, the stress tends
to be stable. This indicates that there is a critical Ti interlayer thickness for effectively relieving residual stress. The
scratch test was performed in order to study the film's adhesion. Figures show an increase on the critical load as the
Ti interlayer thickness increases. Due to the TiN film interdiffusion increment, intrinsic stress diminution and total
thickness increase, the load capability is enhanced. This behavior avoids film delamination; nevertheless, it has been
found that higher-thickness ceramic films can reduce adhesion due to a high dislocation density on the interface. For
thicker films, not only the delamination is avoided, but also the spalling degree becomes lower as the load is
increased. This demonstrates that the increase of film thickness from a certain critical value can improve film
adhesion. This type of failure is called bulking spallation, which is presented in the form of irregular arcs on the
track. These failures are generally presented in hard films deposited on ductile substrates .Hardness and elastic

moduli plots versus penetration depth were obtained by nano indentation.

I11.RESULT AND DISCUSSIONS
Structure and Element Distributions: The phase composition and the structure of the film were studied by X-Ray

diffraction analysis. The XRD patterns of TiN thin films are shown in the figure 6.1.The excellent peaks (111),
(200) and (311) were obtained in the power X-Ray diffraction studies. The peaks were compared with Origin 8 and
Match! Diffraction patterns from the observed peaks corresponding to the formation of tetragonal phase of TiN
were indexed according to tetragonal structure. Knowing the wavelength (), full width at half maximum (FWHM)

of the peaks (B) and diffraction angle (©), the particle size (D) was calculated using the Scherrer formula.
D=0.9x/BCosO
From the relation, the average sized TiN was determined to be 8.3nm.

AFM Characterization: Surface topographical characterization was done my Atomic Force Microscopy. The
AFM scan was carried on three samples coated with TiN at room temperature, 400C and 600C for 40nm, 60nm and
40nm respectively. Scan was carried with semi-contact mode on sputtered TiN for a scan area of 5um X 5um on the

surface. From the AFM images (refer Fig.6.6, Fig 6.8, and Fig 6.10) titanium surface have average roughness of
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55.6423 nm, 42.3304 nm and 23.1762 nm for room temperature, 400°C and 600°C temperature coatings

respectively. From the results found it can be determined that due to the low average roughness, there will be low

friction co-efficient decreasing the wear on the worm gear.

Salt Spray Test: The samples coated with TiN where under salts spray test for 12 hours. The concentration of

sodium chloride was 5.2% NaCl and the temperature in the chamber was 34.1°C to 35.6°C. The pH of the salt

solution was 6.9 and air pressure was 15 psi. After 12 hours of salt spray test it was observed that there was no

corrosion. From the data acquired, it can be inferred that the corrosion resistance of low carbon steel has been

increased.

Scratch Test: The scratch test was performed in order to study the film's adhesion. Results show an increase on

the critical load as the Ti interlayer thickness increases.
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Fig.6.1: XRD Comparision Graph
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Fig 6.7: 5sum x 5pum 3D Image of Sample Coated At 400°C Temperature

Fig 6.8: sum x 5um 3D Image of Coated Sample At 600°C Temperature

Fig 6.9: Salt Spray Test Results for Room Temperature Coated Sample
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Fig 6.10: Salt Spray Test Results for 400°C Temperature Coated Sample

Fig 6.11: Salt Spray Test Results for 600°C Temperature Coated Sample

IV. CONCLUSION
TiN thin films are prepared by PVD methods. Initial characterization of films by AFM and XRD was deposited.

TiN coatings were with successfully prepared RF magnetron sputtering on low steel substrate. TiN coatings might
achieve higher corrosion polarization resistance and comparatively stable corrosion potential within the SBF
surroundings than the uncoated low steel. Therefore, the coated samples would have a lower corrosion and therefore
the substrate coated at 400°C exhibited the most effective corrosion resistance for the coating investigated within
the studies. The damage resistance and therefore the corrosion resistance of low steel was multiplied by TiN

coating.

Received: 05 Apr 2019 | Revised: 03 May 2019 | Accepted: 04 June 2019 140



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019
ISSN: 1475-7192

REFERENCES

[1] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Virtual instrumentation based process of
agriculture by automation. Middle-East Journal of Scientific Research, 20(12): 2604-2612.

[2] Udayakumar, R., Kaliyamurthie, K.P., & Khanaa, T.K. (2014). Data mining a boon: Predictive system for
university topper women in academia. World Applied Sciences Journal, 29(14): 86-90.

[3] Anbuselvi, S., Rebecca, L.J., Kumar, M.S., & Senthilvelan, T. (2012). GC-MS study of phytochemicals in
black gram using two different organic manures. J Chem Pharm Res., 4, 1246-1250.

[4] Subramanian, A.P., Jaganathan, S.K., Manikandan, A., Pandiaraj, K.N., Gomathi, N., & Supriyanto, E. (2016).
Recent trends in nano-based drug delivery systems for efficient delivery of phytochemicals in
chemotherapy. RSC Advances, 6(54), 48294-48314.

[5] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Partial encryption and partial inference control
based disclosure in effective cost cloud. Middle-East Journal of Scientific Research, 20(12), 2456-2459.

[6] Lingeswaran, K., Prasad Karamcheti, S.S., Gopikrishnan, M., & Ramu, G. (2014). Preparation and
characterization of chemical bath deposited cds thin film for solar cell. Middle-East Journal of Scientific
Research, 20(7), 812-814.

[7] Maruthamani, D., Vadivel, S., Kumaravel, M., Saravanakumar, B., Paul, B., Dhar, S.S., Manikandan, A., &
Ramadoss, G. (2017). Fine cutting edge shaped Bi203rods/reduced graphene oxide (RGO) composite for
supercapacitor and visible-light photocatalytic applications. Journal of colloid and interface science, 498,
449-459,

[8] Gopalakrishnan, K., Sundeep Aanand, J.,, & Udayakumar, R. (2014). Electrical properties of doped
azopolyester. Middle-East Journal of Scientific Research, 20(11). 1402-1412.

[9] Subhashree, A.R., Parameaswari, P.J., Shanthi, B., Revathy, C., & Parijatham, B.O. (2012). The reference
intervals for the haematological parameters in healthy adult population of chennai, southern India. Journal
of Clinical and Diagnostic Research: JCDR, 6(10), 1675-1680.

[10] Niranjan, U., Subramanyam, R.B.V., & Khanaa, V. (2010, September). Developing a web recommendation
system based on closed sequential patterns. In International Conference on Advances in Information and
Communication Technologies, 101, 171-179. Springer, Berlin, Heidelberg.

[11] Slimani, Y., Baykal, A., & Manikandan, A. (2018). Effect of Cr3+ substitution on AC susceptibility of Ba
hexaferrite nanoparticles. Journal of Magnetism and Magnetic Materials, 458, 204-212.

[12] Premkumar, S., Ramu, G., Gunasekaran, S., & Baskar, D. (2014). Solar industrial process heating associated
with thermal energy storage for feed water heating. Middle East Journal of Scientific Research, 20(11),
1686-1688.

[13] Kumar, S.S., Karrunakaran, C.M., Rao, M.R.K., & Balasubramanian, M.P. (2011). Inhibitory effects of
Indigofera aspalathoides on 20-methylcholanthrene-induced chemical carcinogenesis in rats. Journal of
carcinogenesis, 10.

[14] Beula Devamalar, P.M., Thulasi Bai, V., & Srivatsa, S.K. (2009). Design and architecture of real time web-
centric tele health diabetes diagnosis expert system. International Journal of Medical Engineering and
Informatics, 1(3), 307-317.

[15] Ravichandran, A.T., Srinivas, J., Karthick, R., Manikandan, A., & Baykal, A. (2018). Facile combustion
synthesis, structural, morphological, optical and antibacterial studies of Bil— xAlxFeO3 (0.0< x< 0.15)
nanoparticles. Ceramics International, 44(11), 13247-13252.

[16] Thovhogi, N., Park, E., Manikandan, E., Maaza, M., & Gurib-Fakim, A. (2016). Physical properties of CdO
nanoparticles synthesized by green chemistry via Hibiscus Sabdariffa flower extract. Journal of Alloys and
Compounds, 655, 314-320.

[17] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Wide area wireless networks-IETF. Middle-East
Journal of Scientific Research, 20(12), 2042-2046.

[18] Sundar Raj, M., Saravanan, T., & Srinivasan, V. (2014). Design of silicon-carbide based cascaded multilevel
inverter. Middle-East Journal of Scientific Research, 20(12), 1785- 1791.

[19] Achudhan, M., Jayakumar M.P. (2014). Mathematical modeling and control of an electrically-heated catalyst.
International Journal of Applied Engineering Research, 9(23), 23013.

[20] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2013). Application of pattern recognition for farsi license
plate recognition. Middle-East Journal of Scientific Research, 18(12), 1768-1774.

[21] Jebaraj, S., Iniyan S. (2006). Renewable energy programmes in India. International Journal of Global Energy
Issues, 26(43528), 232-257.

Received: 05 Apr 2019 | Revised: 03 May 2019 | Accepted: 04 June 2019 141



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019
ISSN: 1475-7192

[22]

[23]

[24]
[25]
[26]
[27]
[28]

[29]

[30]

[31]
[32]
[33]
[34]

[35]

[36]
[37]
[38]

[39]

[40]

[41]

[42]

[43]

Sharmila, S., & Jeyanthi Rebecca, L. (2013). Md Saduzzaman., Biodegradation of domestic effluent using
different solvent extracts of Murraya koenigii. J Chem and Pharm Res, 5(2), 279-282.

Asiri, S., Sertkol, M., Guner, S., Gungunes, H., Batoo, K.M., Saleh, T.A., Manikandan A., & Baykal, A.
(2018).  Hydrothermal  synthesis of  CoyZnyMnl-2yFe204  nanoferrites:  magneto-optical
investigation. Ceramics International, 44(5), 5751-5759.

Rani, AJ., & Mythili, S.V. (2014). Study on total antioxidant status in relation to oxidative stress in type 2
diabetes mellitus. Journal of clinical and diagnostic research: JCDR, 8(3), 108-110.

Karthik, B. (2014). Arulselvi, Noise removal using mixtures of projected gaussian scale mixtures. Middle-East
Journal of Scientific Research, 20(12), 2335-2340.

Karthik, B., Arulselvi, & Selvaraj, A. (2014). Test data compression architecture for low power VLSI testing.
Middle - East Journal of Scientific Research, 20(12), 2331-2334.

Vijayaragavan, S.P., Karthik, B., & Kiran Kumar, T.V.U. (2014). Privacy conscious screening framework for
frequently moving objects. Middle-East Journal of Scientific Research, 20(8), 1000-1005.

Kaliyamurthie, K.P., Parameswari, D., & Udayakumar, R. (2013). QOS aware privacy preserving location
monitoring in wireless sensor network. Indian Journal of Science and Technology, 6(5), 4648-4652.

Silambarasu, A., Manikandan, A., & Balakrishnan, K. (2017). Room-temperature superparamagnetism and
enhanced photocatalytic activity of magnetically reusable spinel ZnFe 2 O 4 nanocatalysts. Journal of
Superconductivity and Novel Magnetism, 30(9), 2631-2640.

Jasmin, M., Vigneshwaran, T., & Beulah Hemalatha, S. (2015). Design of power aware on chip embedded
memory based FSM encoding in FPGA. International Journal of Applied Engineering Research, 10(2),
4487-4496.

Philomina, S., & Karthik, B. (2014). Wi-Fi energy meter implementation using embedded linux in ARM
9. Middle-East Journal of Scientific Research, 20, 2434-2438.

Vijayaragavan, S.P., Karthik, B., & Kiran Kumar, T.V.U. (2014). A DFIG based wind generation system with
unbalanced stator and grid condition. Middle-East Journal of Scientific Research, 20(8), 913-917.

Rajakumari, S.B., & Nalini, C. (2014). An efficient data mining dataset preparation using aggregation in
relational database. Indian Journal of Science and Technology, 7, 44-46.

Karthik, B., Kiran Kumar, T.V.U., Vijayaragavan, P., & Bharath Kumaran, E. (2013). Design of a digital PLL
using 0.35 T¥sm CMOS technology. Middle-East Journal of Scientific Research, 18(12), 1803-1806.

Sudhakara, P., Jagadeesh, D., Wang, Y., Prasad, C.V., Devi, A.K., Balakrishnan, G., Kim B.S., & Song, J.I.
(2013). Fabrication of Borassus fruit lignocellulose fiber/PP composites and comparison with jute, sisal and
coir fibers. Carbohydrate polymers, 98(1), 1002-1010.

Kanniga, E., & Sundararajan, M. (2011). Modelling and characterization of DCO using pass transistors.
In Future Intelligent Information Systems, 86(1), 451-457. Springer, Berlin, Heidelberg.

Sachithanandam, P., Meikandaan, T.P., & Srividya, T. Steel framed multi storey residential building analysis
and design. International Journal of Applied Engineering Research, 9(22), 5527-5529.

Kaliyamurthie, K.P., Udayakumar, R., Parameswari, D., & Mugunthan, S.N. (2013). Highly secured online
voting system over network. Indian Journal of Science and Technology, 6(S6), 4831-4836.

Sathyaseelan, B., Manikandan, E., Lakshmanan, V., Baskaran, I., Sivakumar, K., Ladchumananandasivam, R.,
Kennedy, J., & Maaza, M. (2016). Structural, optical and morphological properties of post-growth calcined
TiO2 nanopowder for opto-electronic device application: Ex-situ studies. Journal of Alloys and
Compounds, 671, 486-492.

Saravanan, T., Sundar Raj M., & Gopalakrishnan K. (2014). SMES technology, SMES and facts system,
applications, advantages and technical limitations. Middle - East Journal of Scientific Research, 20(11),
1353-1358.

Monisha, S., Monisha, M., Deepa, P., Sathya, R., & Gunasekaran, K. (2019). An android Application for
Exhibiting Statistical Chronicle information. International Journal of Communication and Computer
Technologies, 7(1), 7-9

Malathi, K., Dhivya, E., Monisha.M., & Pavithra.P, (2019). Preterm Birth Prognostic Prediction Using Cross
Domain Data Fusion. International Journal of Communication and Computer Technologies, 7(1), 10-13.

Alipourtarzanagh, E., & Boroushaki, M. (2016). Dynamic Modeling of Wind Speed and Temperature Using
Nonlinear Auto Regressive with eXogenous (NARX). International Academic Journal of Science and
Engineering, 3(6), 56-73.

Received: 05 Apr 2019 | Revised: 03 May 2019 | Accepted: 04 June 2019 142



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019
ISSN: 1475-7192

[44] Apornak, K. (2016). Analyzing the Effect of Using Facts Devices “STATCOM and SVC” in a Network
Including DG Resources in terms of Power Quality “Voltage Sag and Voltage Unbalance”. International
Academic Journal of Science and Engineering, 3(6), 95-110.

[45] Esmati, Z., & Rashidi, S. (2016). Feasibility and feasibility study on the development of zero-energy buildings
with the exploitation of renewable energy Abstract. International Academic Journal of Science and
Engineering, 3(6), 111-121.

[46] Kavitha, A.R., & Dr. Sujatha, P. (2015). A Product Recommendation System using Fuzzy Preference Tree for
E-Commerce. International Scientific Journal on Science Engineering & Technology, 18(6), 162-166.

[47] Mahitha, S., & Shanmugapriya, N. (2015). Improved Trust System for Clustered Wireless Sensor Network.
International Scientific Journal on Science Engineering & Technology, 18(5), 113-122.

[48] Saradha, S., & Magesh, G. (2015). A Decision Support Approach for Online Stock Forum Sentiment Analysis.
International Scientific Journal on Science Engineering & Technology, 18(6), 167-169.

[49] Latha, V., & Hemalatha, T. (2015). Relation Completion using a Perceptive Search Procedure. International
Scientific Journal on Science Engineering & Technology, 18(6), 181-183.

[50] RathnaKrupa, R. (2014). An Overview of Image Hiding Techniques in Image Processing. The SIJ
Transactions on Advances in Space Research & Earth Exploration, 2(2), 1-5.

Received: 05 Apr 2019 | Revised: 03 May 2019 | Accepted: 04 June 2019 143



