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Abstract 

Automobile sectors are facing major challenges to materials 

automotive parts with high performances and durability due to 

international intrinsic norms. A new combinations of the 

materials with high hardness, good wear resistant, and 

environment friendly in order to meet the international 

intrinsic norms. The HVOF coating is considered to be an 

excellent replacement to chrome plating. The coating process 

is more environmentally friendly than the chrome plating 

process. Also, the coating has potentially lower or equivalent 

production cost when compared to chrome. 

Keywords: Thermal spray, Chromium alternatives, 

automotive applications, tribomechanical properties. 

 

1. Introduction: An automotive industry sector is possibly 

among the most technologically demanding of all industry 

segments. In order to face the challenges & meet market 

competitions, Scientist and researchers are constantly 

exploring new technologies and materials to enhance 

tribological behavior, life of the automotive parts, surface 

morphology, fuel efficiency, reduce weight, lower emissions, 

corrosive resistant and in the end best economy. In an internal 

combustion engine, the tribological performance of the piston-

ring has long been recognized as important in achieving 

desired engine efficiency and durability in terms of power 

loss, fuel consumption, oil consumption, blow by, and even 

harmful exhaust emissions. Back in the 1940’s piston rings 

were in the main Chromium plated for wear resistance. 

Although still used in the mid 1960’s, this was superseded by 

the thermal spray process to overcome Fretting wear in the 

chromium plated rings. The development of the Thermal 

Spray Process since its introduction has gone from Flame 

sprayed coatings to include Plasma sprayed coatings and High 

Velocity Oxygen Fuel Sprayed Coatings. 

In our current efforts to find alternatives of chrome plating, 

we have studied various coating methods such as Chrome 

plating, thermal sprayed coating (Plasma and flame spray) as 

well as unlimited no of coating materials. The results from 

various coating methods were collected. 

2. Materials &Methods: 

2.1. Types of deposition techniques: Steel and cast iron are 

widely used metals in construction, mechanical, tooling, 

aircraft and chemical industries [1 -2], as they have good 

mechanical properties and relatively cheaper. But its hardness, 

corrosion resistance and wear restrict their uses in demanding 

conditions and environments. Deposition techniques are very 

practical and effective for the improvement of hardness, 

corrosion resistance and wear properties of these materials [3-

4].The various deposition techniques are being used for 

surface coating purpose, some typical techniques are as 

follows.  

1) Thermal spraying technique 

2) Physical vapor Technique 

3) Chemical vapor technique 

4) Galvanize 

5) Baked polymer 

6) Hard Chrome plating 

 

2.1.1 Thermal Spraying 

Thermally sprayed hard metal coatings have a typical coating 

thickness within the range 100–500 μm [5]. Thus, thermal 

spray enables the functionality of hard metals to be realized 

on the surface of large parts, which cannot be obtained by 

powder metallurgy for economical and technical reasons.  

Thermal spray technology has several different deposition 

processes that all use heat sources to  

liquefy the coating materials and to project the liquefied 

particles on to the surface to be coated. Thermal spray 

processes can be based on thermal energies obtained from 

combustion of gases, such as hydrocarbons or hydrogen, or 

liquid fuels or can be obtained from electric discharges. 

Besides actual thermal spray processes, such as flame spray 

with powder or wire material, electric arc spraying, plasma arc 

spraying, and HVOF spraying, processes entirely based on 

deposition by kinetic energies are also classified under the 

simple term thermal spray processes. Some thermal spraying 

processes are as following. 

 

2.1.1. a.  High velocity Oxy Fuel (HVOF):  

In this method, the fuel generally propylene, propane, or 

hydrogen, is mixed with oxygen and burned in a chamber and 

the products of the combustion are allowed to expand with the 

help of nozzle where the gas velocities may become 

supersonic. Powder is introduced along the axis, in the nozzle 

and is heated and accelerated. The powder is usually fully or 

partially melted and achieves velocities of near about 540 m/s. 

Since the powder is exposed to the products of combustion, 

they may be melted in either a reducing or an oxidizing 

medium, and oxidation of metallic and carbide is 

possible.HVOF processes can produce coatings of any 

metallic or cermet materials. 
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2.1.1. b. Detonation Gun: 

In the detonation gun process, a mixture of oxygen and 

acetylene, along with a pulse of powder, is introduced into a 

barrel and detonated by creating spark. Virtually all metallic, 

ceramic, and cermet materials can be deposited using 

detonation gun deposition. Detonation gun coatings are used 

widely for wear and corrosion resistance as well as for many 

other types of applications. 

2.1.1.c. Plasma Spray Technique:  

A plasma spray consist of a gas, usually argon, but sometimes 

including nitrogen, hydrogen, or helium, is allowed to flow 

between a tungsten cathode and a water-cooled copper anode. 

An electric arc is created between the two electrodes using a 

high frequency discharge and then sustained using do power. 

The arc ionizes the gas, creating high-pressure gas plasma. 

Powder is generally introduced into the gas stream either just 

outside the torch or in the diverging exit region of the nozzle 

(anode). It is heated and accelerated by the high-temperature, 

high-velocity plasma gas stream. Plasma spray may be used to 

produce coatings of virtually any metallic, cermet, or ceramic 

material 

A major advantage of the thermal spray processes is the 

extremely wide variety of materials that can be used to make a 

coating. Virtually any material that melts without 

decomposing can be used. A second major advantage is the 

ability of most of the thermal spray processes to apply a 

coating to a substrate without significantly heating it. 

 

2.1.2. Physical Vapor Deposition (PVD) & Chemical 

Vapor Deposition (CVD): 

In Physical Vapor Deposition (PVD) and Chemical Vapor 

Deposition (CVD) process, the coating material is deposited 

onto the substrate in the form of ions. Only thin coatings ((µm 

range) can be deposited using these processes. This is the 

main limitation of CVD and PVD compared to thermal spray 

processes. However metals, alloys as well as refractory 

compounds can be deposited using CVD and PVD processes. 

 

2.1.3. Baked polymer: 

 

Baked polymer is used for corrosion resistance and aesthetics. 

The coating thickness varies from 1-10 μm.The galvanize 

method has coating thickness 1-5 μm and used for corrosion 

resistance purpose. [6-7] 

 

2.1.4. Hard chrome plating: 

 Hard chrome plating is an electrolytic process in 

which chromium is deposited onto a metal substrate giving it 

enhanced properties for durability, wear and hardness. 

 Hard Chrome plating is applied to ferrous and nonferrous 

materials to improve wear and abrasion resistance, reduce 

friction, prevent seizing and galling, and to restore the 

dimensions of undersized parts. Hard chrome plating has been 

a trusted industry solution for wear, erosion, corrosion 

resistance and dimensional reclamation for many years. It can 

be applied at a reasonable cost per unit of surface area, but has 

limitations on thickness build-up, part size, and in some 

instances performance in service. Functional hard chrome 

plating is a critical process associated with manufacturing and 

maintenance operations on aircraft, vehicles and ships, both in 

civilian and military sectors. 

2.2. Wear Test Methods:  

An apparatus for wear testing is termed as wear tester, 

tribotester or tribometer. From a surface engineering point 

of view, wear test is carried out to evaluate the potential of 

using a certain surface engineering technology to reduce 

wear for a specific application, and to investigate the effect 

of treatment conditions (processing parameters) on the wear 

performance, so that optimized surface treatment conditions 

can be realized. 

There are some important types of wear tester, discussed 

briefly as following. 

2.2.1 Pin-on-disc wear tester: 

In a pin-on-disc wear tester, a pin is loaded against a flat 

rotating disc specimen such that a circular wear path is 

described by the machine. The machine can be used to 

evaluate wear and friction properties of materials under pure 

sliding conditions. Either disc or pin can serve as specimen, 

while the other as counter face. Pin with various geometry 

can be used. A convenient way is to use ball of 

commercially available materials such as bearing steel, 

tungsten carbide or alumina (Al2O3) as counter face, so that 

the name of ball-on-disc is used. 

 

   

 

 

Fig.1 [8] 
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2.2.2 A rolling sliding wear tester: 

Rolling-sliding wear tester is used for investigating wear as 

well as frictional behavior of materials under rolling, 

sliding, or a combination of both.  

2.2.3 Abrasive wear tester: 

The abrasive wear tester is used for abrasive wear testing of 

materials in reciprocating sliding. This machine has several 

advantages such as high reproducibility, short test time, 

simple flat test geometry, easy evaluation, simple operation. 

This machine has some disadvantages. The friction cannot 

be measured by this machine, some parameters such as 

humidity and temperature cannot be controlled.  

2.2.4 High temperature tribometer:  

The High Temperature Tribometer is made to analyze 

tribological behavior at elevated thermal conditions. This 

instrument can accurately simulate in-service conditions at 

high temperature and features a unique dual heating setup 

which makes the instrument highly reliable and stable up to 

1000°C.  

2.2.5 Reciprocating:  

The linearly reciprocating tribometer is utilized to perform 

wear tests of two friction pairs under relatively oscillating 

movement. This is performed by means of moving the upper 

friction partner via linear drive in a cyclical translatory 

motion, while the lower friction partner is pressed under the 

defined normal force. An essential future of this tribometer is 

the big variance of applicable sample pairs and probe 

geometries. In addition to standard geometries (pin-disk; ball-

disk) by means of using specific sample holders, the 

tribological performance of real geometries can be tested with 

or without lubricants. 

2.3 Types of wear: Undesirable removal of material from 

operating solid surface is known as wear. Wear may be 

classified as: 

2.3.1 Abrasive wear:  

Abrasive wear, sometimes called cutting wear, occurs when 

hard particles slide and roll under pressure, across the tooth 

surface. Abrasive wear is caused by the passage of relatively 

hard particles/asperities over a surface. Hard particle sources 

are: dirt in the housing, sand or scale from castings, metal 

wear particles, and particles introduced into housing when 

filling with lube oil. 

2.3.2 Adhesive wear:  

Adhesive wear is very common in metals.  It is dependent on 

the mutual affinity between the materials. When brass pin 

under load pushed in indium bloack, and subsequently 

retracted, some particles of indium transferred on brass pin 

and loss of indium takes place. These loss occurs due to 

adhesive force between brass and indium.[9]. 

2.3.3. Corrosive wear:  

The fundamental cause of corrosive wear is a chemical 

reaction between the material and a corroding medium which 

can be a chemical reagent, reactive lubricant or even air. 

When sliding surfaces interact with the environment, reaction 

takes place and form reaction product like oxide, chloride etc 

that causes wear. [9] 

2.3.4. Erosive wear:  

Erosive wear caused by the impact of particles (solid/liquid) 

against a solid surface. For example dust particles impacting 

on gas turbine blades and slurry impacting on pump impeller. 

[9] 

2.3.5 Fretting wear:   

It refers to small amplitude (1 to 310 μm), with high 

frequency oscillatory movement mainly originated by 

vibration. This generally occurs in mechanical assemblies 

(press fit parts, rivet / bolt joints, strands of wire ropes, rolling 

element bearings), in which relative sliding on micron level is 

allowed. It is very difficult to eliminate such movements and 

the result is fretting. Fretting wear and fretting fatigue are 

present in almost all machinery and are the cause of total 

failure of some otherwise robust components.[9] 

 

3. Result & Discussions: 

The various deposition techniques are being used to improve 

wear resistant properties, surface morphology and 

microstructral properties. Various parameters were collected 

and compared in the following table 1.The various mechanical 

properties were compared. 

The Fine CrC–NiCr coatings demonstrate superior 

performance to hard chrome with regard to mechanical and 

tribological properties. For future successful applications of 

CrC–NiCr HVOF coatings as alternative to hard chromium, 

many factors like wear resistance, friction coefficient, costs 

and environmental issues have to be considered collectively. 

The HVOF system produces a near-theoretical dense WC–Co 

coating that exhibits a high elastic modulus which imparts 

high compressive residual stress in the substrate. The hard 

chrome plating process induces a tensile residual stress in the 

substrate that allows the crack initiation process to start at the 

periphery of the specimen; thus, the rate of the fatigue process 

increases and the fatigue strength decreases. 
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S.No. Deposition 

method 

Coating materials Substrate 

materials 

Mechanical properties References 

    Hardness  [10] 

1. PVD MoN Al+Si alloy 2000±400 HV   

2. PVD pure chromium deposits, Steels 425-840 HV  [11] 

3 PVD Cr-C, Cr-N Steels 3500HV fretting wear, fatigue and 

corrosion properties superior to 

those of electrolytic hard 

Chrome. 

[11] 

4. Electrolytic 

method 
Hard chrome 1010 mild steel 1000±200  [12] 

5. HVOF    High Compressive residual stress [13] 

6. Hard Chrome 

plating 

   High tensile residual stress [13] 

7. HVOF  Mechanical & Tribological 

properties superior than chrome 

[14] 

8. Hard Chrome 

plating 

 Mechanical & Tribological 

properties inferior than CrC-NiCr 

[14] 

9. Hard Chrome 

plating 

Hard chrome Mild steel 884±97  [15] 

10. HVOF WC-12%Co Mild steel 1293  [16] 

Table.1 

 

3.1. Micro structural analysis: 

The polished cross-section of the CrC75–NiCr25 Fine-5 μm 

and Fine-10 μm coatings, measured by HVOF thermal 

spraying process, are shown in Fig.2. The coating thickness 

was found to be approximately 150 μm. 

 

 

Fig. [14] ,BSE images showing microstructure detail of the 

CrC75–NiCr25 coating, consisted of a metallic binder Ni–Cr 

solid solution (bright areas) and dispersed carbide CrC phase 

(dark areas): 2(a) Fine-10 μm and2 (b) Fine-5 μm  coatings 

 

The coatings sprayed from the Fine-10 μm and Fine-5 μm 

powders show a dense and coherent microstructure, consisted 

of a metallic binder Ni–Cr solid solution (bright areas) and 

dispersed carbide CrC phase (dark areas) 

 

 

Fig.3 

[17] SEM micrographs of EHC coatings. 3A: thick plating on 

polished substrate, cross-section; 3B: thick plating on polished 

substrate, surface 

 

EHC coatings are completely non crystalline. The Cross-

sectional SEM micrographs (Fig. 3A) exhibit that EHC 

coatings possess a very homogeneous microstructure, where 

several typical small vertical cracks are the only detectable 

feature. No remarkable differences are observable between the 

various coatings. Excellent adhesion, with almost no 

interfacial defects, is detectable 
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Fig.4 [17] WC-17% Co coating. Fig.4A: SEM micrograph of starting WC-17% Co powders; Fig.4B: SEM micrograph of cross-

section; Fig.4C: SEM micrograph of surface 

 

HVOF-sprayed coatings surface is definitely different. The 

WC-17% Co coating, obtained from a good quality powder 

with uniform carbide distribution among various grains (Fig. 

4A), possesses a very dense microstructure. (Fig. 4B).The 

coating surface is quite irregular (Fig. 4C), with the metal 

matrix incorporating slightly protruding carbide grains. 

3.2. Effect of type of substrate and heat treatment in Mass 

loss: There is no effect of substrate type and preheating in 

mass loss. The heat treatment of coating influenced 

significantly the mass loss. The heat treated coating had 

approximately 3 times lower mass loss than as sprayed 

coating.[18-20] 

3.3. Effect of heat treatment on friction and abrasive wear 

behavior: Temperature ranges played very significant role .Its 

effect on friction and wear resistance were remarkable. The 

high temperature heat treatment of coatings was detrimental to 

friction and abrasive wear resistance. The low temperature 

heat treatment increased wear resistance of WC-12Co and 

Cr3C2–25NiCr coatings under benign abrasive wear 

conditions [21-24]. 

3.4 Effect of coating materials on health & environment: 
Hard chrome electroplating is commercially used to produce 

wear-resistant automobile parts, but the plating bath contains 

hexavalent chromium, which has adverse health and 

environmental effects. [17] 

3.5 Wear behavior of HVOF and hard chrome coated 

piston ring: A highly dense chrome carbide based High 

velocity oxy fuel coated were applied on piston ring. The ring 

wear behavior was determined to be six times lower than hard 

chrome coating. The production cast was also less as 

compared to the hard chrome coating. [25 

 

4. Conclusions: 

4.1 Hard chrome coating has adverse effect on health and 

environment issues. 

4.2 The HVOF coatings of Fine CrC–NiCr demonstrate 

superior performance to hard chrome with regard to 

mechanical and tribological properties. This may the 

alternative of hard chrome plating. For future successful 

applications of CrC–NiCr HVOF coatings as alternative to 

hard chromium, many factors like wear resistance, friction 

coefficient, costs and environmental issues have to be 

considered collectively. 

4.3. Wear behavior of HVOF coated piston ring is better than 

hard chrome coated piston ring. 

4.5 The heat treatment of coating influenced significantly the 

mass loss. The heat treated coating had approximately 3 times 

lower mass loss than as sprayed coating. 

4.6 The high temperature heat treatment of coatings was 

detrimental to friction and abrasive wear resistance. The low 

temperature heat treatment increased wear resistance of WC-

12Co and Cr3C2–25NiCr coatings under benign abrasive wear 

conditions. 

 

5. Future scope: 

There may be some more alternative compositions, e.g. such 

as nano materials doping can be used with Cr and also based 

on TiC or use of iron-based or iron-containing binders may be 

of importance. 

As on date, majority of the studies were based on WC-Co, 

WC-Ni or WC-Co-Cr or Cr3C2-NiCr but there was no or very 

rare study found with WC-NiCr or Cr3C2-CO combinations 

There may the scope to work with these combinations. 
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