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ABSTRACT 
 

In this study the corrosion, hardness and wear behavior of 

316 stainless steel coated with Ni-20%Cr and Cr3C2-25%NiCr 

by detonation gun process were investigated. Two different 

thickness of coating is used for each type of coating. Different 

tests were conducted to access the behavior of the 

material.Potentiostat Tafel Plot test was performed to find the 

corrosion behavior of the metal. Sliding wear test is performed 

to find the wear behavior of coated 316 stainless steel. 

Microhardness test was performed to find the hardness of 316 

stainless steel. 

 
1. INTRODUCTION 
 

Material engineers and constantly involved in developing new 

materials which are more corrosion and wear resistant over a 

wide range of industrial environment. One way to achieve this 

is coating formulation technique and other is surface processing 

techniques. Coating is a thin layer of material which is used to 

cover the substrate [1] material. The coating materials should 

have more corrosion resistant and wear resistant as compared to 

the parent material.Masego L. Lepuleet al. [2] studied 

Corrosion and wear behaviour ofZrO2 modified NiTi coatings 

on AISI 316 stainless steel and found addition of ZrO2 

increases the surface hardness, wet wear rate also increases 

with increase in ZrO2 content. Thermal coatings, such as 

Al2O3-ZrO2coatings, are used most commonly in the fields of 

dieselengines,aviation and aerospace engines [3-6]. Sometimes 

coating is also applied on the tool to increase the tool life as 

well as surface finish of the machined part.Rohtashet al. 

[7]evaluated Corrosion rate of Stainless Steels in Peracetic 

AcidBleach Media with and Without Chloride and Chelant and 

found corrosivity of solutions increases on adding chloride 

while decreases on adding chelant.In the industrial applications 

the process properties include thickness, porosity, adhesion, 

deposition rate and surface finish. Coating may be performed 

by different process some of them are Thermal Spraying 

Process, [8]High Velocity Oxy-Fuel Spraying (HVOF)[9] and 

Detonation Gun Process.Thermal spraying comprises a group 

of coating processes in which fine metallic or non-metallic 

materials are deposited in a molten or semi-molten condition to 

form a coating [10]. Thermal spraying is a low-cost effective 

method for thick coating on material.More energetic thermal 

spray techniques, like Atmospheric PlasmaSpray (APS) and 

wire arc spraying are generally used with carbon 

steelsubstrates, but the coating usually contains porosity and 

oxides [11,12]. Inhigh velocity oxy-fuel spraying (HVOF) 

process efficiently high kinetic energy is used and controlled 

heat output to produce dense, very low porosity coatings that 

exhibit high bond strength. It uses internal combustion of an 

oxygen and fuel mixture to produce a high velocity jet stream 

[13].Detonation gun spray process is one of the thermal-spray 

coating process, which gives an extremely good adhesive 

strength, low porosity and coating surface with compressive 

residual stresses [14]. Almost Any material can be sprayed in 

this method. Varity of powders like ceramics, carbides, metal 

and alloy can be used as a coating powder [15].A schematic 

diagram to detonation gun process is shown in fig 1.the D-gun 

was originally developed and patented by Union Carbide in 

1955 and developed in 1969 at the Institute of Materials 

Science, Kiev, Ukraine. A detonation gun consists of a water-

cooled barrel several feet long and about one inch in diameter 

with some associated valves for gases and powder [15]. During 

the process, a mixture of oxygen and acetylene (fuel gas), along 

with a pulse of powder, is introduced into a barrel and 

detonated using a spark. The high temperature and high-

pressure detonation wave moving down the barrel heats the 

powder particles to their melting points or above and 

accelerates them to a velocity of about 750 meters per second. 

The high temperature and pressure (1 MPa) that is generated, 

blast the particles out of the end of the barrel toward the 

substrate. Very high bond strengths and densities as well as low 

oxide contents can be achieved using this process. Thickness of 

coating also plays major role in deciding corrosion and wear 

resistanceproperties [16]. It has been also observed that coating 

thickness is also an important parameter in adhesion [17].The 

coating process is selected on the basis of desired coating 

properties. In some of the cases coating is also applied to 

improve some other surface property like adhesion,wet ability, 

and appearance and scratch resistance. 
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Table 1. Process Parameters in Detonation Gun Spraying 

Powder particle size 35-45µm 

Spray spot diameter 25 mm 

Spraying distance 200mm 

Spraying atmosphere air 

Thickness per shot 5-6 µm 

Shots/second 4 

Maximum coating thickness 250µm 

 

2. MATERIALS AND METHODS 
 
In this method 316 Stainless steel is used as a base metal the 

chemical composition of the 316 stainless steel is shown in the 

table 2. 

 

Table 2.Chemical Composition Of 316 Steel 

Element C  Mn  P  S  Si  Cr  Ni  Mo N Fe 

% Value 

(max) 

0.08  2.00  0.045  0.030  0.75  16-18  10-14  2-3 0.10 Bal. 

 

Coating material is used in the powder form four combination 

of coating material is used with different thickness and 

percentage. The details of the coating material are presented in 

the Table 3. 

 

Table 3. Types of Coating 

Sample Coating 

S1 150µm of Ni-20%Cr 

S2 250µm of Ni-20%Cr 

S3 150µm of Cr3C2-25%NiCr 

S4 250µm of Cr3C2-25%NiCr 

 

Five sample is prepared andPotentiostat Tafel Plot test was 

conducted to measure the corrosion rate in the sample with and 

without coating. Five samples were prepared to measure wear 

rate by sliding wear test. Micro hardness of the uncoated 316 

steel and coated samples was checked on Vickers’s Micro 

hardness Tester. 

 

3. RESULT  
 

3.1 corrosion behaviour from Tafel test 

 
Tests are carried out using the conventional three-electrode cell 

of 300 ml capacity of electrolyte solution of 3.5% NaCl. This 

cell was fitted with the work electrode, a saturated calomel 

electrode as the reference electrode and a platinum sheet as the 

counter electrode. After 3600 seconds of immersion in NaCl 

solution, when a fairly stable potential could be achieved, the 

Potentiostat Tafel test was carried out at a scan rate of 0.5 

mV/s. The electrode potential or scanning potential was raised 

from -250mV to 250mV. After the completion of corrosion tests 

for samples, the corrosion current density (Icorr) and corrosion 

potentials (Ecorr) are estimated. 

Corrosion behaviour of different samples of uncoated 316 steel, 

NiCr coated 316 steel and Cr3C2-NiCr coated 316 steel were 

investigated with different parameters like forward and 

backward voltage and time etc. The results of different samples 

are shown in Fig 1, Fig 2 , Fig 3, Fig 4 and Fig 5: 

 

 

Fig.1 Tafel plot for base material (316 steel) 

 

 

Fig.2 Tafel plot for316 steel coated with Ni-20% Cr (150 μm) 
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Fig.3 Tafel plot for316 steel coated with Ni-20%Cr (250 μm) 

 

 

Fig.4 Tafel plot for 316 steel coated with Cr3C2-25% NiCr (150 

μm) 

 

 

Fig.5 Tafel plot for316 steel coated with Cr3C2-25%NiCr (250 

μm) 

Tafel Plots allow the direct measurement of the corrosion 

current (Icorr.) from which the corrosion rate can be quickly 

calculated from the given formula- 

Corrosion Rate (mpy) = 0.13 Icorr. (E.W.)/d   

 
Where E.W. = equivalent weight of the corroding species. 

    d = density of the corroding species, g/cm3 

Icorr = corrosion current density, μA 

mpy = mili inch per year 

The summarized results of all 5 five samples are presented in table 4. 

 

Table 4. Corrosion rate of coated and uncoated samples 

Sample Base 
material  

NiCr 
(150 μm)  

NiCr 
(250 μm) 

Cr3C2-NiCr 
(150 μm)  

Cr3C2-NiCr 
(250 μm) 

Time 1  h o u r 1  h o u r 1  h o u r 1  h o u r 1  h o u r 

Surface 
Area(cm2) 

0 . 7 8 5 0 . 7 8 5 0 . 7 8 5 0 . 7 8 5 0 . 7 8 5 

Potential 
Range(mV) 

-250 to +250 -250 to +250 -250 to +250 -250 to +250 -250 to +250 

Icorr (A) 5.27×10-7 3.13×10 - 8 8.71×10 - 8 2.81×10 - 7 2.34×10 - 7 

Ecorr (V) - 0 . 2 5 4 - 0 . 4 2 3 - 0 . 2 4 4 - 0 . 2 2 7 - 0 . 2 9 4 

Corrosion 
rate (mpy) 

0 . 5 9 5 3 2.5416×10-2  2.1743×10-2  1.3590×10-2  1.1351×10-2  

 

From the above table, it is clear that the corrosion rate is decreased 

from base material to the coatings. The corrosion rate is decreasing 

from NiCr coatings to Cr3C2-NiCr coatings. As the thickness of 

coating is increased from 150 μm to 250 μm, the corrosion rate is 

decreased. The minimum corrosion rate is found in Cr3C2-NiCr 

coatings with 250 μm thickness. So out of all mentioned coating 

Cr3C2-NiCr found best when thickness is more. 

 

3.2 Wear behavior for sliding wear test 

 
Sliding wear test was performed with constant load is of 2800 gram 

while the time duration is 60minutes, 120 minute and 180 minutes. 

Three different wears are calculated for the analysis. Result of sliding 

wear test is presented in the table given below. The wear rate of 

uncoated samples is presented in the table 6, the wear rate of NiCr 

coated samples are presented in table 7 and wear rate of Cr3C2-NiCr 

coated samples were presented in the table 8. 

 

Table 5.Different wears of uncoated 316L Stainless Steel 
S. No Sliding 

distan

ce 

(Km)  

Weight 

loss(gm

) 

Wear 

rate(gm/m) 

Vol. wear 

rate(m3/sec) 

Sp. wear 

rate(m3/N

m) 

1 5.7  0.061 1.0701×10-5 2.1109×10-12 0.476×10-13 

2 11.40  0.163 1.1754×10-5 2.3186×10-12 0.523×10-13 

3 17.10  0.316 1.8479×10-5 3.6451×10-12 0.822×10-13 
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Table 6.Different wears of NiCr coated 316LStainless Steel 

S. 
N
o 

Sliding 

distance 

(Km)  

Weight 

loss(gm) 

Wear 

rate(gm/m) 

Vol. wear rate 

(m3/sec) 

Sp. wear 

rate 

(m3/Nm) 

1. 5.7  0.014 0.24560×10-5 0.48448×10-12 0.109×10-13 

2 11.40  0.031 0.27192×10-5 0.53638×10-12 0.121×10-13 

3 17.10 0.048 0.28071×10-5 0.55369×10-12 0.125×10-13 

 

Table 7. Different wears of Cr3C2-NiCr coated 316L Stainless 

Steel 
S. 
No 

Sliding 

distanc

e 

(Km)  

Weight 

loss(gm) 

Wear 

rate(gm/m) 

Vol. wear rate 

(m3/sec) 

Sp. wear 

rate(m3/Nm

) 

1. 5.7  0.006 0.10526×10-5 0.20763×10-12 0.0468×10-13 

2 11.40  0.013 0.11403×10-5 0.22494×10-12 0.0507×10-13 

3 17.10 0.020 0.11696×10-5 0.23070×10-12 0.0520×10-13 

It is clear from the result that maximum wear rate is observed 

in the uncoated 316L steel samples and wear rate of Ni-Cr 

coated samples are found to be lower than sample without 

coating and sample with Cr3C2-NiCr coating is found to be 

lowest wear rate. So Cr3C2-NiCr coating is found best to obtain 

higher wear resistance. It can be easily concluded from the 

result that as the time increases the wear rate increases for the 

same load of 2800 gm and disc speed of 480 rpm. 

 

3.3 Microhardness 

 
Vickers’s Microharness test was performed to evaluate the 

hardness of uncoated and coated specimen. Values of Vickers’s 

hardness is presented in the table 8 

 
Table 8 Vickers harness values of coated and uncoated samples 

Samples Coating Hardness (Hv) 
S0 Uncoated 316L Steel 218 

S1 150µm of Ni-20%Cr 812 

S2 250µm of Ni-20%Cr 836 

S3 150µm of Cr3C2-25%NiCr 891 

S4 250µm of Cr3C2-25%NiCr 908 
 

It can be observed from the hardness value that the hardness of 

the coated specimen is higher than uncoated specimen. The 

maximum hardness is observed in the sample coated with 

Cr3C2-25% NiCr having coating thickness of 250 µm. 

 

CONCLUSION 
The following conclusion can be drawn from the experiment 

performed on uncoated 316 L Stainless steel and coated 316L 

Stainless steel of Ni-20% Cr coating and Cr3C2-25%NiCr 

coating. 

(1) Corrosion resistance of coated samples are higher than 

the uncoated 316L steel samples. 

(2) Corrosion resistant also varies with the thickness of 

coating higher the thickness of coating more will be 

the corrosion resistance. Maximum corrosion 

resistance is found in the sample coated with Cr3C2-

25%NiCr with thickness of coating 250 microns. 

(3) Wear resistance of coated material, evaluated by 

means of sliding wear test is much higher than that of 

uncoated substrate material. 

(4) Wear resistance of Cr3C2-NiCrcoatings is higher than 

NiCr coatings. 

(5) For the constant load of 2800 gm and disc speed of 

480 rpm with same sliding distance the wear rate 

increases with increase in the time. 
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