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Abstract— an experimental investigation was carried out to find the characteristic of coated stainless steel 316L, coating was 

done by D-gun method. Surface properties corrosion is check out of both coated base metals and uncoated base metals. Two 

specimens of coating were prepared with coating thickness of 150 microns (single layer) and 300 microns (multilayer). Pitting 

corrosion test was performed to analysis the corrosion properties of base metal and coated metals, corrosion test was conducted 

for 96 hours and solution used was stagnant seawater composition and temperature of solution was at a temperature of 420C. 

Characterization of Inconel 718 and stainless steel 316L was done by using XRD. Result obtained from corrosion test showed 

that weight loss of base metal SS 316L was 0.0002 gram which 50% more than the weight loss in multilayer coated specimens 

that 0.0001 gram. 
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I. INTRODUCTION 

 

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 [6]. 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 [9]. 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. [3]. The real contact area ranges generally between 20 to 60 

% of the coating surface parallel to the substrate. It increases with impact velocities of particles provided that the latter are not either 

too much superheated or below their melting temperature. That is why roughly the density of coatings increases from flame, wire arc, 

plasma, HVOF or HVAF and finally D-gun spraying and self-fluxing alloys flame sprayed and then re-fused. Also thermal spray 

coatings contain some defects as pores, often globular, formed during their generation, un-molten or partially melted particles that 

create the worst defects, exploded particles, and cracks formed during residual stress relaxation [9]. The cracks appear as micro-cracks 

within splats and macro-cracks running through layered splats especially at their interfaces and tending to initiate inter-connected 

porosities [13]. Moreover, when the spraying process is operated in air, oxidation of hot or fully melted particles can occur in flight as 

well as that of splats and successive passes during coating formation [9]. Thus, depending on the spray conditions and materials 

sprayed, the coatings are more or less porous and for certain applications must be sealed by appropriate means 
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II. EXPERIMENTATION 

2.1 Corrosion test 

No standard corrosion test is used to check the corrosion resistance properties of specimens. Customized test condition is created 

according to the requirements, after preparation of the specimens for corrosion test polish the specimens with emery paper and after 

polishing the specimen’s initials weight of the specimens is taken than after that specimens were dipped in stagnant seawater solution 

for 96 hours and temperature of exposure zone is maintained at 420C plus minus 20C. After 96 hour specimens is taken out from the 

solution and final weight is measured. 

 

 
Fig1. Specimens before corrosion test 

Different in initial and final weight is calculated and with the help of formula corrosion rate is find out of each specimens. The 

test was performed at Spectro Analytical lab, Delhi. 

 
Table 1. Composition of stagnant seawater 

 

 

 
Fig. 2 Specimens after corrosion test. 

 

2.2 X Ray Diffraction (XRD)  

XRD is a technique designed to provide more in details information about crystalline compounds, identification and quantification of 

crystalline phase. It can also be used to find the proportion of different minerals or many other substances that are present in the mixture. 

By using this method, the atoms size, length and chemical nature can be determined for various materials. 
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Fig 3 show the XRD machine 

 
Fig.4 Classic reflection geometry.                   Fig. 5 Classic transmission geometry. 

`  

 

      Two principal method for X-ray generation: 

 First- Fire a beam of electron at metal surface. Ionization of inner shell electron result in formation of electron hole. Relaxation of 

electrons from upper shell, the energy difference delta E (1010m) escapes in form of X-ray of specific wave length. Commonly 

used metals are Cu and Mo. Very inefficient method most energy dissipated as heat thus require permanent cooling. 

 Second- Accelerate electron in a particle accelerator, Electron accelerated at relativistic velocities in circular orbits. As the velocity 

reach the speed of light they emits electromagnetic radiation in the X-ray region.  

 

 

Application of XRD 

Phase composition determination, characterization of doped cell structure of electro ceramics, measurements of hard coating structure 

and composition, characterization of hydroxyl-apatite coating on medical implant materials. 

Corrosion test 

The objective of performing corrosion test is to observe the corrosion resistance properties of samples in stagnant seawater.  

 

Time Temperature Composition of solution 

96 Hours 400C plus minus 20C Stagnant seawater 

Table 2. Parameters that are kept constant in corrosion test 

Test procedure: 

Samples are polished, after polishing take the initial weight of each specimens and dip the samples in stagnant seawater solution 

for 96 hours. Keep the temperature of solution above ambient temperature of seawater i.e. temperature maintained in this test is 

400 C plus minus 20 C. 

Sample Name Initial wt. after polishing Final wt. after 96 hours Weight loss (gm) 

Stainless steel, 

AISI 316L 

8.5229 8.5227 0.0002 

Table 3. Observation table recorded for corrosion test of stainless steel AISI 316L. 
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Sample Name Initial wt. after polishing Final wt. after 96 hours Weight loss (gm) 

AISI 316L, 

single layer 

coated 

8.4750 8.4748 0.0002 

Table 4. Observation table recorded for corrosion test of stainless steel AISI 316L single layer coated 

 

Sample Name Initial wt. after polishing Final wt. after 96 hours Weight loss (gm) 

AISI 316L, 

multilayer 

coated 

7.6215 7.6214 0.0001 

Table 5. Observation table recorded for corrosion test of stainless steel AISI 316L multilayer coated. 

 

Values obtained from the corrosion resistance test for all the three specimens i.e. stainless steel, single layer coated with Inconel, and 

multilayer coated with Inconel are lead to conclusion that weight loss is greater in stainless steel and single layer coated as compared to 

multilayer coated stainless steel. 

 
Fig. 6 Wt. loss in Specimens 

 

Above graph showed the weight loss of all three specimens in gram. It is shown in graph that the wear in multilayer coated surface 

is 50% less when compare to stainless steel and single layer coated stainless steel. This will lead to conclusion corrosion resistance 

properties of stainless steel AISI 316L increased 50% by using Inconel 718 as coating materials. Reasons for increased in corrosion 

resistance properties of coated stainless steel AISI 316L.Specific alloying composition of Inconel 718 give strong resistance to 

corrosion up to temperature of 10000C.  

Percent of nickel in Inconel 718 is 50% to 55% where as in stainless steel only 10% to 14% nickel found, this large amount of 

present of nickel help in combating chloride-ion stress-corrosion and protect the specimens from corrosion in many inorganic and 

organic oxidizing compound, in large range of alkalinity and acidity. 

Percent of Chromium is also more in Inconel 718 as compared to stainless steel AISI 316L which provide Inconel 718 an ability 

to withstand attack from sulphur compound and oxidizing medium. 

Present of Molybdenum help to improve resistance in pitting corrosion. 

X-Ray Diffraction 

In this paper X-ray diffraction of two sample was done, first uncoated SS AISI 316L and coated SS AISI 316L with nickel alloy 

Inconel 718, coating was done by detonation gun method. Figure7 showed the XRD image of stainless steel AISI 316L. 
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Figure 7 XRD image of AISI 316L 

 

In figure 7 the peak corresponding of graph is belonged to nickel and chromium because these two components are the major 

constituents of stainless steel AISI 316L. 

Figure 8 showed the XRD result of stainless steel AISI 316L coated with nickel alloy Inconel 718 by using detonation gun 

method. 

Inconel 718 contain Nickel (Ni) and Chromium (Cr) as major phase, figure 8 so the X-ray diffraction pattern of thermal sprayed 

coated Inconel 718 on stainless steel AISI 316L. As it is observed from the graph that peak corresponding to the present of nickel 

as major phase.  

 
Figure 8. XRD result of coated stainless steel with Inconel 718 

Graphs of uncoated stainless steel and coated stainless steel are somewhat similar because of chemical composition of stainless 

steel AISI 316L and coating powder used i.e. Inconel 718. Both Inconel 718 and stainless steel AISI 316L have higher percentage 

of nickel and chromium chemical in their respective chemical composition. Thus the face formed in coated and uncoated stainless 

steel are similar but not same because Inconel 718 have 50% to 55% nickel and chromium 17% to 21% whereas in stainless steel 

AISI 316L in only 10% to 14% nickel and 16% to 18% chromium. 

 

 

CONCLUSION 

 

 Corrosion resistance properties of stainless steel AISI 316L was increased by coating it with Inconel 718 using detonation gun 

method. By seeing the result of weight loss corrosion test which was conducted for 96 hours in stagnant seawater composition it 
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was observed that corrosion resistance properties of multilayer coated specimen of AISI 316L is actually doubled than single layer 

coated AISI 316L specimen and stainless steel AISI 316L. 

 Total weight loss after 96 hours for stainless steel AISI 316L was 0.0002 gram for single layer coating after 96 hours’ weight loss 

was 0.0002 gram in multilayer coated specimens after 96 hours was 0.0001 gram which half as compared to single layer coated 

AISI 316L and stainless steel 316L. 

 Thus it was concluded that corrosion resistance properties of stainless steel AISI 316L is actually double by applying coating of 

Inconel 718 using detonation gun coating method. 

 XRD test was also conducted to know the different phase generated in uncoated AISI 316L and coated AISI 316L. XRD results 

of uncoated AISI 316L and coated AISI 316L are similar because coating materials Inconel 718 and base materials AISI 316L 

have nickel and chromium is in maximum percentage in their chemical composition.  

 

FUTURE SCOPE 

 

In present research work coating was done by using Detonation gun method, base metal used was AISI    316L and coating 

material used was Inconel 718. For future work in steed of Detonation gun thermal spray process another thermal spray process 

will be select like HVOF thermal spray method. Base material can also be change from AISI 316L to AISI 304 and perform 

different test to check the effect of coating on properties of base metals. 

 

REFERENCES 

 

1. Subari, F., Faiz, H., & Zawawi, A. (2015). Corrosion Behavior of Eutectic Molten Salt solution on Stainless Steel 316L. Procedia 

- Social and Behavioral Sciences, 195, 2699–2708. doi:10.1016/j.sbspro.2015.06.465  

2. Gun, D., & Ni, S. (2011). Comparative High Temperature Analysis of HVOF- in Laboratory and Actual Boiler Environments, 

169–191. doi:10.1007/s11085-011-9245-7  

3. Murthy, J. K. N., Rao, D. S., & Venkataraman, B. (2001). Effect of grinding on the erosion behaviour of a WC – Co – Cr coating 

deposited by HVOF and detonation gun spray processes, 249, 592–600.  

4. Lv, J., & Liang, T. (2015). Improved corrosion resistance of 316L stainless steel by nanocrystalline and electrochemical 

nitridation in artificial saliva solution. Applied Surface Science, 359, 158–165. doi:10.1016/j.apsusc.2015.09.267  

5. AL-Mangour, B., VO, P., Mongrain, R., Irissou, E., & Yue, S. (2014). Effect of Heat Treatment on the Microstructure and 

Mechanical Properties of Stainless Steel 316L Coatings Produced by Cold Spray for Biomedical Applications. Journal of 

Thermal Spray Technology, 23(4), 641–652. doi:10.1007/s11666-013-0053-2  

6. Corujeira Gallo, S., & Dong, H. (2011). Corrosion behaviour of direct current and active screen plasma carburised AISI 316 

stainless steel in boiling sulphuric acid solutions. Corrosion Engineering, Science and Technology, 46(1), 8–16. 

doi:10.1179/147842208X356866  

7. FANG, X., ZHOU, H., & XUE, Y. (2015). Corrosion properties of stainless steel 316L/Ni–Cu–P coatings in warm acidic 

solution. Transactions of Nonferrous Metals Society of China, 25(8), 2594–2600. doi:10.1016/S1003-6326(15)63880-8  

8. Singh, L., Chawla, V., & Grewal, J. S. (2012). A Review on Detonation Gun Sprayed Coatings. Journal of Minerals & Materials 

Characterization & Engineering, 11(3), 243–265. Jin, Z. H., Ge, H. H., Lin, W. W., Zong, Y. W., Liu, S. J., & Shi, J. M. (2014). 

Corrosion behaviour of 316L stainless steel and anti-corrosion materials in a high acidified chloride solution. Applied Surface 

Science, 322, 47–56. doi:10.1016/j.apsusc.2014.09.205  

9. Ramkumar, K. D., Dev, S., Saxena, V., Choudhary, A., Arivazhagan, N., & Narayanan, S. (2015). Effect of fl ux addition on 

the microstructure and tensile strength of dissimilar weldments involving Inconel 718 and AISI 416. JMADE, 87, 663–674. 

doi:10.1016/j.matdes.2015.08.075  

10. Gill, A. S., Telang, A., & Vasudevan, V. K. (2015). Journal of Materials Processing Technology Characteristics of surface layers 

formed on inconel 718 by laser shock peening with and without a protective coating. Journal of Materials Processing Tech., 

225, 463–472. doi:10.1016/j.jmatprotec.2015.06.026  

11. Kawakita, J., Kuroda, S., Fukushima, T., & Kodama, T. (2005). Improvement of Corrosion Resistance of High-Velocity 

Oxyfuel-Sprayed Stainless Steel, 14(June), 224–230. doi:10.1361/10599630523782  

12. Kayali, Y., & Büyüksa, A. (2013). Corrosion and Wear Behaviors of Boronized AISI 316L Stainless Steel, 19(5), 1053–1061. 

doi:10.1007/s12540-013-5019-x  

13. Zeng, C. L., Lin, H. C., & Cao, C. N. (2001). Electrochemical corrosion behaviour of type 316 stainless steel in acid media 

containing fluoride ions, 36(3), 179–183.  

14. Mann, B. S., & Arya, V. (2003). HVOF coating and surface treatment for enhancing droplet erosion resistance of steam turbine 

blades, 254, 652–667.http://doi.org/10.1016/S0043-1648(03)00253-9  

15. Sheng, X., Pehkonen, S. O., & Ting, Y. (2012). Biocorrosion of stainless steel 316 in seawater: inhibition using an azole type 

derivative, 47(5), 388–394. http://doi.org/10.1179/1743278212Y.0000000014  



Prajapati Amit Kumar et al., International Journal of Advance Research , Ideas and Innovations in Technology. 

 
16. Sun, B., Fukanuma, H., & Ohno, N. (2014). Surface & Coatings Technology Study on stainless steel 316L coatings sprayed by 

a novel high pressure HVOF. Surface & Coatings Technology, 239, 58–64. http://doi.org/10.1016/j.surfcoat.2013.11.018 

17. Totemeier, T. C. (2005). Effect of High-Velocity Oxygen-Fuel Thermal Spraying on the Physical and Mechanical Properties of 

Type 316 Stainless Steel, 14(September), 369–372. http://doi.org/10.1361/105996305X59440 

18. Wv, H. (1958). Versatile Corrosion Resistance of INCONEL Alloy 625 in Various Aqueous and Chemical Processing 

Environments, 663–680.  

19. Yilbas, B. S., & Khalid, M. (2003). Corrosion Behavior of HVOF Coated Sheets, 12(December), 572–575.  

20. Envelhecimento, T. T. D. E. (2014). ANALYSIS OF PITTING CORROSION ON AN INCONEL 718 ALLOY SUBMITTED 

TO AGING HEAT TREATMENT *, 189–194.  

21.  N, L. B., Sciences, F., & Cedex, B. P. B. (n.d.). Behaviour of stainless steel in natural seawater  

 

 

1.  

 

http://doi.org/10.1016/j.surfcoat.2013.11.018
http://doi.org/10.1361/105996305X59440

