
International Journal of Research and Scientific Innovation (IJRSI) | Volume V, Issue IV, April 2018 | ISSN 2321–2705 

www.rsisinternational.org Page 102 
 

Microhardness and Corrosion Resistance of HVOF 

Sprayed NiCr Coating with SiC Addition 

Arun Raphel 
1*

,
 
Lovin Varghese

 2 

1, 2
 Department of Mechanical Engineering, Viswajyothi College of Engineering & Technology, Vazhakulam, Ernakulam- 

686670, Kerala, India 

Abstract: High Velocity Oxy-Fuel (HVOF) thermal spraying 

technique is widely used in many industries to protect the 

components against erosion, corrosion and wear [1]. It produces 

coatings with low porosity, low oxide content, better density, 

better coating cohesive strength and bond strength than many 

thermal spray processes. Ni based alloy coating is widely used 

for enhancing the wear and corrosion resistance at higher 

temperatures. Even though NiCr alloy  having excellent wear 

and corrosion resistant properties, it is not used as the primary 

material in the industry because of lower hardness in 

comparison to other materials (carbides and ceramics) [2]. But it 

was incessantly proved that Ni based alloy coating reinforced 

with additives giving good results in the field of erosion-

corrosion resistance. Various hard phases used as reinforcing 

additives along with NiCrSiB are WC, Al2O3, Cr3C2, Cr2O3, TiC, 

TiO2, SiC, TiN etc [3]. In that respect, the addition of has SiC 

gained attention due to its higher hardness, wear and oxidation 

resistance and low cost. 

In this work, the effect of addition of SiC particle on 

the micro hardness and corrosion resistance  of NiCrSiB coating 

on mild steel  substrate is discussed. The SiC added feed stock 

power was prepared by mechanical alloying and the coating was 

developed using HVOF technique. The microhardness and 

toughness of the coatings were measured using Vickers's 

microhardness tester. Corroion resistance was measured using 

Potentiodynamic polarization test with 3.5%Nacl. 
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I. INTRODUCTION 

he demands for engineering coatings are becoming more 

and more stringent. Environmental concerns are also 

being considered as an integral part of the design process. 

For future economic competitiveness and a lower 

environmental impact, we must therefore turn our attention to 

processes that use the minimum of resources. Thermal 

spraying is an attractive coating technique as it offers a wide 

choice of materials and processes that have a reduced impact 

on the environment when compared to conventional plating 

processes.  

Thermal spray coating techniques such as HVOF, flame wire 

spraying, flame powder spraying, arc wire spraying, plasma 

spraying and cold gas spraying, allow many problems of wear, 

corrosion and thermal degradation to be resolved by 

engineering the surface with tailor-made coatings. Among 

these, HVOF spraying technique has more particle velocity 

(upto 600m/s) and flame velocity (upto 2100 m/s) which gives 

an excellent coat on the base metal. Mainly, Fe based and Ni 

and Co based alloys are the coating powders used for HVOF 

processes, and among them, Ni based coatings provide better 

corrosion resistance towards environmental changes. But due 

to the lower hardness property exhibited by Ni based coating, 

it is not used much in industrial purposes. 

However, the use of Ni based coating blended with ceramics 

and carbides provides better hardness to the coating. Silicon 

carbide is one of the most widely used mixture for spray 

coating techniques. It has excellent thermal conductivity and 

low thermal expansion, so it displays good thermal shock 

resistance. In addition, the high hardness, corrosion resistance 

and stiffness lead to a wide range of applications where wear 

and corrosion resistance are primary performance 

requirements.   

 In this work pure NiCr, NiCr-20%SiC, NiCr-

40%SiC, NiCr-60%SiC based Thermal Spray coating is 

synthesized using HVOF spraying technique over normal mild 

steel. The effect of SiC over the microhardness corrosion 

resistance was found using Vickers micro hardness and 

Potentiodynamic polarization tests.    

II. EXPERIMENTAL PROCEDURE 

2.1 HVOF Thermal Spray Coating 

The mild steel samples of size 25*25mm square shape with 

thickness 5mm was selected as base metal. They are treated 

with acetic acid to remove rust from the surfaces. The samples 

are sand blasted to remove a layer of metal to produce a rough 

surface and then coated with NiCr powder (Ni-19.75Cr-0.2C-

0.25Si) (wt %) with various compositions of SiC ( (Table 1) 

for a thickness of 200 microns to get the optimum 

composition for maximum corrosion resistance.  

Table 1: Compositions of NiCr and SiC 

Sample Set No % of NiCr % of SiC 

Sample set 1 100 - 

Sample set 2 80 20 

Sample set 3 60 40 

Sample set 4 40 60 

 

T 
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The HVOF thermal spray process uses the high-pressure (8-

10bar) combustion of gases, such as propane, propylene, 

hydrogen, or a liquid fuel such as kerosene. The process 

creates a very high velocity >1200m/s. Propel the particles at 

near supersonic speeds ~800-1000m/s. High impact force 

results in Bond strength >12000PSI. The coated particles are 

then made into samples of size approximately 12.5*12.5mm 

by electric wire cutting method for easiness to conduct tests. 

Table 2 shows the process parameters used for the HVOF 

coating. The thickness of the coating was kept constant at 

250±30 μm for all the coating.   

Table 2: Process parameters for HVOF coatings 

Parameters Range 

Oxygen flow rate (lpm) 240 

Fuel flow rate (lpm) 60 

Powder feed rate (g/min) 32 

Standoff distance (mm) 200 

2.2 Micro hardness Measurements 

Micro-hardness tests were carried out on the coated samples 

using Vickers Microhardness Tester (MVT 402, Wilson 

Hardness Tester) with a load of 300 g and dwell time of 15 s. 

Mean value of 10 readings were noted 

2.3 Potentiodynamic polarization test 

To evaluate the corrosion resistance of the material, 

potentiodynamic polarization tests was performed for the 

samples using BioLab Corrosion testing equipment, which 

enabled the scan to be generated automatically under 

computer control. All polarization and EIS tests were carried 

out in 3.5 wt. % NaCl solution with a pH of 6.5. In this test, 

the sample was connected to working electrode (WE 1), 

platinum electrode was connected to auxiliary electrode (AE) 

and the calomel electrode was connected to reference 

electrode (RE) exposing 0.78 cm
2
 of area to the solution 

during electrochemical measurements with help of an orifice 

with opening of diameter 5 mm. After an initial delay of 10 

min, the polarization scan was conducted with a sweep rate of 

100mV/min. The corrosion current densities were calculated 

by using Tafel extrapolation technique. 

III. RESULTS & DISCUSSION 

3.1 Microhardness  

 

 

Fig.1. a Microhardness measurement of substrate    Fig.1.b Microhardness measurement of coating 

The substrate material exhibited an average microhardness 

value of 105 HV0.3. The hardness value for the NiCr coated 

sample was found to be 530 HV0.3. Table 3 shows the 

microhardness of , NiCr-20%SiC, NiCr-40%SiC, NiCr-

60%SiC samples. With the addition of SiC microhardness was 

found to increase significantly 

Table 3: Microhardness values for NiCr-SiC HVOF coated Mild steel 

samples 

Sample 

 
HV 

Mild steel Substrate 105 ±20 

NiCr Coated 530 ±20 

NiCr-20%SiC 585 ±20 

NiCr-40%SiC 640 ±20 

NiCr-60%SiC 710 ±20 
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3.2 Potentiodynamic Polarization test 

 

Fig.2. Polarization Curves for NiCr-SiC coated Mild steel samples in 

3.5%Nacl solution 

The electrochemical parameters of , NiCr-20%SiC, NiCr-

40%SiC, NiCr-60%SiC samples in 3.5% NaCl solution are 

also given in Table 4.5. The electrochemical parameters of 

mild steel from literature was also added for the sake of 

comparison. The corrosion potential for the alloy varies from -

615mV for base alloy to -502mV with addition of SiC. For 

mild steel corrosion potential and corrosion current density 

was found to be -920mV and 34 µA/cm
2
.Corrosion resistance 

of the NiCr alloy is very high due to the presence of high 

concentration of Cr and Ni which help in formation of 

protective oxide layer. With the addition of SiC the corrosion 

rate is found to decrease further with a maximum corrosion 

resristance for the sample with 60% SiC concentration 

Table4. Electrochemical parameters of Base and ODS in 3.5% NaCl solution 

Sample No Alloy E corr ( mV) I corr (µA/cm2) 

- Mild Steel -920 34 

S1 NiCr Coating -615 19.36 

S2 NiCr-.20%SiC -534 15.27 

S3 NiCr-.40%SiC -506 13.22 

S4 NiCr-.60%SiC -502 8.20 

 

IV. CONCLUSION 

NiCr coated, NiCr-20%SiC coated, NiCr-40%SiC coated, 

NiCr-60%SiC coated samples were successfully synthesized 

using HVOF Thermal spray coating technique. NiCr coated 

samples shows excellent hardness and corrosion resistance 

comparing to the substrate mild steel. The micro hardness and 

corrosion resistance of NiCr coated samples were found to 

increase significantly with the addition of SiC. 
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