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Abstract--- The increasing importance of developments in mechanical industry requires a constant evolution of 

skills particularly in the area of functionalization and protection of metal surfaces. In this work, 500 micron thick 

Al2O3coating were deposited on substrate made of austenitic steel AISI 316 by thermal spray coating. For the 

protection against oxidation, Al2O3which has an excellent ability to hinder the inward diffusion of oxygen is 

desired. Especially above 1000o C Al2O3 become the most effective oxide against environmental attacks. In the 

experimental testing the Rockwell hardness of AISI 316 coated with Al2O3 is found out to be 27.83 HRC and in the 

salt spray test we noticed that the red rust formation is not found after 12 hours for the coated specimen and the red 

rust formation is found after 12 hours for the uncoated specimen. 

Keywords--- Thermal Spray Coating, Alumina, Austenitic Steel, Corrosion, Salt Spray Test, Rockwell Hardness 

Test. 

I. INTRODUCTION 
Aluminum oxides are being studied extensively in the applications of protective coating due to the excellent 

ability to hinder the inward diffusion of oxygen. Coatings have historically been developed to provide protection 

against corrosion and erosion that is to protect the material from chemical and physical interaction with its 

environment. . Both coating technology can also be divided into two distinct categories:”wet” and ”dry” coating 

methods, the crucial difference being the medium in which the deposited material is processed. The former group 

mainly involves electroplating, electroless plating and hot-dip galvanizing while the second includes, among others 

methods, vapor deposition, thermal spray techniques, brazing, or weld overlays. This journal deals with coatings 

deposited by thermal spraying It is defined by Hermanek (2001) as follows, “Thermal spraying comprises a group of 

coating processes in which finely divided metallic or no-metallic materials are deposited in a molten or semi-molten 

condition to form a coating”. The processes comprise: direct current  arcs or radio frequency discharges-generated 

plasmas, plasma transferred arcs (PTA), wire arcs, flames, high velocity oxy-fuel flames (HVOF), high velocity air-

fuel flames (HVAF), detonation guns (D-gun). Another spray technology has emerged recently; it is called cold gas-

dynamic spray technology, or Cold Spray (CS).We use thermal plasma spray coating in order to achieve 500 micron 

alumina coating on AISI316. Thermal spray processes are now widely used to spray coatings against, wear and 

corrosion but also against heat (thermal barrier coating) and for functional purposes. The choice of the deposition 

process depends strongly on the expected coating properties for the application and coating deposition cost. Coating 

properties are determined by the coating material, the form in which it is provided, and by the set of parameters used 

to operate the deposition process.  
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Thermal spray coatings are generally characterized by a lamellar structure and the real contact between the splats 

and the substrate or the previously deposited layers determine to a large extent the coating properties, such as 

thermal conductivity, Young’s modulus, etc. 

II. MATERIALS AND METHODS 
2.1 Materials 

AISI 316 austenitic steel bars of dimension 1) 20*20mm for sample coated specimens, 2) 20*5*5mm coated 

specimens for testing 

2.2 Pre Treatment Process 

Surface adhesion is purely mechanical and as such, a solid key is required, free of grease or other contaminants. 

Therefore the careful cleaning and pre-treatment of the surface to be coated is extremely important. Surface 

roughening usually takes place via grit blasting with dry corundum. In addition, other media, such as chilled iron, 

steel grit or SiC are used for some applications. All items are grit blasted with sharp abrasive grit to achieve a 

surface roughness of approximately 100-300µin. Besides the type of grit, other important factors include particle 

size, particle shape, blast angle, pressure and purity 

2.3 Coating Technique 

Thermal spray is a surface treatment process that the subtle and dispersed metal or non-metallic coating material 

like wire or powder in a melt or semi-molten state, deposits on the substrate surface to form a sort of deposited layer. 

Thermal spray material is heated to a plastic or molten state and then accelerated. While these particles hitting the 

substrate surface, they are deformated due to pressure, form layered sheet, and adhere to the substrate surface. 

Plasma Spraying service using Sulzer Metco equipment comprising of a number of Sulzer Metco units including a 

3MB unit feeding a MBN gun and a 7MB unit feeding a 9MB gun is used in this project for the purpose of coating. 

A wide range of coatings can be applied including ceramics, zirconium, yttrium, chrome carbides & tungsten 

carbide and used in a wide range of applications including seal diameters, machines spindles & print rollers. 

 
Fig 1: Plasma spray coating technique 
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III. EXPERIMENTAL TESTING 
3.1 Microstructure 

Microstructure is defined as the structure of a prepared surface or thin foil of material as revealed by a 

microscope above 25×magnification. The microstructure of a material (which can be broadly classified into metallic, 

polymeric, ceramic and composite) can strongly influence physical properties such as strength, toughness, ductility, 

hardness, corrosion resistance, high/low temperature behavior, wear resistance, and so on, which in turn govern the 

application of these materials in industrial practice. 

3.2 Salt Spray Test 

The salt spray test is a standardized test method used to check corrosion resistance of coated samples. Coatings 

provide corrosion resistance to metallic parts made of steel, zinc or brass. Since coatings can provide a high 

corrosion resistance through the intended life of the part in use, it is necessary to check corrosion resistance by other 

means. Salt spray test is an accelerated corrosion test that produces a corrosive attack to the coated samples in order 

to predict its suitability in use as a protective finish. The appearance of corrosion products (oxides) is evaluated after 

a period of time. Test duration depends on the corrosion resistance of the coating; the more corrosion resistant the 

coating is, the longer the period in testing without showing signs of corrosion. 

Salt spray testing is popular because it is cheap, quick, well standardized and reasonably repeatable. There is, 

however, only a weak correlation between the duration in salt spray test and the expected life of a coating 

(especially on hot dip galvanized steel where drying cycles are important for durability), since corrosion is a very 

complicated process and can be influenced by many external factors. Nevertheless, salt spray test is widely used in 

the industrial sector for the evaluation of corrosion resistance of finished surfaces or parts. 

The salt spray test is a standardized and popular corrosion testmethod, used to check corrosion resistance of 

materials and surface coatings. Usually, the materials to be tested are metallic and finished with a surface coating 

which is intended to provide a degree of corrosion protection to the underlying metal. 

 
Fig 2: Salt spray cabinet 

3.3 Rockwell Hardness Test 

In regular Rockwell testing the minor load is always 10 kgf (kilograms of force). The major load can be any of 

the following loads: 60 kgf, 100 kgf or 150 kgf. No Rockwell hardness value is specified by a number alone.  
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It must always be prefixed by a letter signifying the value of the major load and type of penetrator (e.g. HRC 

35). A letter has been assigned for every possible combination of load and penetrator, as given in Table 1. Each test 

yields a Rockwell hardness value on your tester. Testers with dial gauges have two sets of figures: red and black. 

When the Brale diamond penetrator is used, the readings are taken from the black divisions. When testing with any 

of the ball penetrators, the readings are taken from the red divisions. Testers with digital displays have a scale 

selection switch, allowing an automatic display of the Rockwell hardness number on its screen. 

3.3.1 Principle of Test 

The Rockwell test consists of measuring the additional depth to which a carbide ball or Brale diamond penetrator 

is forced by a heavy (major) load beyond the depth of a previously applied light (minor) load (SET point). The 

minor load is applied first and a SET position is established on the dial gauge or displacement sensor of the 

Rockwell tester. Then the major load is applied. Without moving the piece being tested, the major load is removed 

and, with the minor load still applied, the Rockwell hardness number is automatically indicated on the dial gauge or 

digital display. The Brale diamond penetrator is used for testing materials such as hardened steels and cemented 

carbides. The carbide ball penetrators, available with 1 /16 inch, 1 /8 inch, 1 /4 inch, and 1 /2 inch diameter, are used 

when testing materials such as steel-copper alloys, aluminum and plastics to name a few. 

 
Fig 3: Rockwell hardness test 

IV. RESULTS AND DISCUSSIONS 
4.1 Salt spray test 

4.1.1Test parameters 

Chamber temparature: 34.5-35.5o C 

pH value: 6.65-6.85 

Volume of the salt solution collected: 1.0-1.5 ml/hr 

Concentration of solution: 4.80-5.30% of nacl 

Air pressure: 14-18 psi 

Components loading in the chamber position: 30 degree 

angle 
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4.1.2 Observation 

For uncoated steel specimen: 

Red rust formation noticed at 12 hours 

For coated steel specimen : 

No red rust formation noticed up to 12 hours 

4.2 Rockwell hardness test 

4.2.1 Test parameters 

Scale: C  

Indenter used: 120° diamond spheroconical 

Load: 150 Kgf 

4.2.2 Observations 

Observed values in HRC for un coated specimen: 25.8, 25.7, 25.4 

Observed values in HRC for coated specimen: 27.4, 27.3, 28.8. 

 
Fig 4: Rockwell hardness number comparison graph  

4.3 Microstrucure 

 
Fig 5: Micrograph of a coated AISI 316 specimen. Mag:200x 
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The crosssection microstructures of alumina coating on austenitic AISI 316 shown in the fig.4.The improved 

roughness by grit blasting explicitly visible in the micrographs and the micrograph indicated that the physical 

bonding between the coating and interface was strong. 

V. CONCLUSION 
From the obtained experimental work results it was found that, the coating on steel material like steel specimens 

thermal spray coatings were investigated.  The surface morphologies of the major and the minor faces were 

considerably different from each other. Due the coating on steel materials will improve the mechanical and thermal 

characterization. This will further improve the hardness, structural grains and thermal properties. Also the Alumina 

coatings will provide the most dramatic improvements over other coating and uncoated, in steel materials where the 

applications where failure mechanisms that are driven by high temperatures and chemical diffusion are important for 

life. In lower temperature applications (lower speeds, discontinuous contact) the coating will still offer improved 

performance due to the effects of crystallite refinement, which provide a smoother surface and second phase crack 

arresting or deflection mechanisms that make the coating tougher. 

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 Bi2O3rods/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. 

Received: 19 Feb 2019 | Revised: 07 Mar 2019 | Accepted: 02 Apr 2019                                  199 



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 03, 2019 
ISSN: 1475-7192 
 
 

[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 Bi1− 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. 

[22] 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. 

[23] Asiri, S., Sertkol, M., Guner, S., Gungunes, H., Batoo, K.M., Saleh, T.A., Manikandan A., & Baykal, A. 
(2018). Hydrothermal synthesis of CoyZnyMn1-2yFe2O4 nanoferrites: magneto-optical 
investigation. Ceramics International, 44(5), 5751-5759. 

[24] Rani, A.J., & 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. 

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

[26] 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. 

[27] 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. 

[28] 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. 

[29] 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. 

[30] 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. 

[31] 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. 

[32] 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. 

[33] 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. 

[34] Karthik, B., Kiran Kumar, T.V.U., Vijayaragavan, P., & Bharath Kumaran, E. (2013). Design of a digital 
PLL using 0.35 Î¼m CMOS technology. Middle-East Journal of Scientific Research, 18(12), 1803-1806. 

[35] 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. 

[36] 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. 

Received: 19 Feb 2019 | Revised: 07 Mar 2019 | Accepted: 02 Apr 2019                                  200 



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 03, 2019 
ISSN: 1475-7192 
 
 

[37] 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. 

[38] 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. 

[39] 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. 

[40] 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. 

[41] Kavitha, M., & Thomas, J. (2018). BAT Optimization Algorithm (BOA) for Optimal Cluster Selection and 
Unsupervised Hybrid Network Kernel Learning Support Vectors Clustering (UHNKLSVC) Algorithm. 
Journal of Computational Information Systems, 14(5), 56 - 63. 

[42] Dr. Chaturvedi, A., Hussain, S.S. & Kumar, V. (2013).A Study of Mutable Check pointing Approach to 
Reduce the Overheads Associated with Coordinated Check pointing. The SIJ Transactions on Computer 
Networks & Communication Engineering (CNCE), 1(3), 6-10. 

[43] Sen, B., & Vedanarayanan, V. (2016). Efficient Classification of Breast Lesion based on Deep Learning 
Technique.Bonfring International Journal of Advances in Image Processing, 6(1), 01-06.  

[44] Srinivas, N., & Dr.Ramana Murthy, M.V. (2018). Web Based Audio-Video Information Summarization 
Algorithm (AVISA) for Videos and Audios.. Journal of Computational Information Systems, 14(3), 80 - 93. 

[45] Kumuthaveni, R., & Dr. Chandra, E. (2018). A Study on Automatic Speech Recognition. Journal of 
Computational Information Systems, 14(4), 89 - 99. 

[46] Tamailarasi, S., & Dr. Suguna, J. (2014).Detection of Moving Objects in a Video Sequence – A 
Comparative Study. International Journal of Advances in Engineering and Emerging Technology, 5(5), 
211-216. 

[47] Vidhya, A. (2014). Malware Clearance for Secure Commitment of OS-Level Virtual Machines. Excel 
International Journal of Technology, Engineering and Management, 1(2), 51-57. 

[48] M.P. Anitha and S.S. Lijina, (2016). Encryption Based Hybrid DWT-SVD Watermarking Technique for 
Data Hiding. Bonfring International Journal of Data Mining, 6(3), 30-33. 

[49] Mahmoudi, & Laylipour, C. (2015). A discrete binary version of the Forest Optimization Algorithm. 
International Academic Journal of Innovative Research, 2(12), 10-23. 

[50] Yuvarajan, A., & Priyadharshini, V.M. (2014). Fixed Width Booth Multiplier Using Adaptive Conditional 
Probability Estimator. International Journal of Communication and Computer Technologies, 2(1), 56-63. 

Received: 19 Feb 2019 | Revised: 07 Mar 2019 | Accepted: 02 Apr 2019                                  201 


	Introduction
	Materials and Methods
	2.1 Materials
	2.2 Pre Treatment Process
	2.3 Coating Technique

	Experimental Testing
	3.1 Microstructure
	3.2 Salt Spray Test
	3.3 Rockwell Hardness Test
	3.3.1 Principle of Test

	Results and Discussions
	4.1 Salt spray test
	4.1.1Test parameters
	4.1.2 Observation
	4.2 Rockwell hardness test
	4.2.1 Test parameters
	4.2.2 Observations
	4.3 Microstrucure

	Conclusion
	References

