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ABSTRACT 
 
A review of thermal spray process is presented. A substantial cross section, if not all, of the world 

industries have coating applications for a wide range of needs including restoration and repair, 

corrosion protection, wear protection of many types, such as abrasion, adhesive, fretting and erosion; 
thermal barriers or conductors; electrical circuits or insulators; near-net-shape manufacturing; 

seals; engineered emissivity, abradable coatings and decorative purposes. The article details the 

various methods of thermal spray such as Low velocity flame, High velocity oxy-fuel etc; materials 

used in thermal spray processes such as Single phase materials, Functional gradient materials etc; 

equipments used for spraying like plasmatrons, industrial applications of thermal spray, current 
researches in thermal spray in some countries, market potentials for the spray technology, its 

standardizations and the future of thermal spray technology. Thermal spray technology is easy to use, 

cost little to operate, and have attributes that are beneficial to applications in almost all industries. 

 

SIGNIFICANCE: The technology can be 

applied in reclamation, improving wear and 

corrosion resistance of machine parts. 

 

KEYWORDS:  Thermal spray, cold spray, 

coatings, spray materials, thermal spray 

equipments.  

 

1.  INTRODUCTION 
 

Thermal Spray is a coating process that 

provides a functional surface to protect or 

improve the performance of an affordable 

substrate or component. Almost any kind and 

form of material can be thermally sprayed - 

which is why thermal spray has been used 

world wide to provide corrosion protection, 

protect from wear and abrasion, restore and 

repair components etc.  Thermal spray was 

invented by M. U. Schoop (Zurich, 

Switzerland) in 1910 (Davis, 2004; Frank, 

2007). It was first called flame spraying or 

metallizing, when only flame spray guns were 

available. Later, other methods were invented 

that used electrical energy instead of flames to 

generate the required heat. Henceforth, the 

term „thermal spray‟ was adopted. Originally, 

the process was mainly used to repair worn 

parts. Thermal Spray became important during 

the World War II to repair tank and aircraft 

components, which were often in short supply. 

Today, the number of applications for thermal 

spray is in thousands. It is used in almost 

every industry, from aerospace to zinc 

galvanizing (Herman et al., 2000). The 

protection of machine components and metals 

from corrosion and wear improves the 

durability of the components. The problem of 

corrosion and wear is a serious problem in 

engineering worldwide. About 30% of melted 

metal is wasted by corrosion and wear every 

year (Borisov, 1998). And the lost in 

production time due to breakdown by 

corrosion and wear of equipments is about 

80% of the total breakdown time of 

equipments and the cost of servicing them is 

almost near or equal to the purchasing cost of 

the equipments (Borisov, 1998). In view of the 

above stated problems, it becomes necessary 

to find new materials and methods of 

protecting machine components from failure in 

service. The mechanical properties e.g. the 

strength of a component is assured by using 

single-phase material to avoid galvanic 

corrosion, while the resistance to surface 

damages such as corrosion, wear etc. is 

assured by modifying the surface of the 

material with layers of special functional 

properties. The durability of the machine 

component can be improved by new design, 

using new materials and manufacturing 

methods for the component as well as using 
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equipments (tools) with special abilities which 

can not be obtained by conventional methods. 

The surface properties of a machine 

component can be improved by two ways: by 

modification of the surface structure e.g. 

surface treatment such as casehardening and 

laying of coatings or covering e.g. spraying, 

painting, dipping etc. In the first method, the 

surface properties are improved by modifying 

the structure of the surface e.g. by creating 

metastable structure. While in the second 

method, a layer with a different property from 

the base material is formed on the surface. 

Among the different technologies or methods 

of coatings widely used today are the thermal 

spray processes which include plasma, gas 

flame, explosive, electric arc, cold spray 

methods etc. All these methods work on the 

basis of forming protective coatings which is 

different from the base material by heating and 

spraying the surface.  

 

2.  THERMAL SPRAY METHODS 
 

Thermal spraying is a coating process where 

the feedstock material, in the form of a wire or 

powder, is melted or softened by flame or 

electricity and propelled onto the workpiece 

(Frank, 2007). During coating application, the 

spray torch traverses the workpiece to produce 

a coating. According to the method of heat 

generation, thermal spray processes may be 

categorized into two basic groups; combustion 

and electrical. Table 1 shows the classification 

according to heat source for spraying. 

 

                                            Table 1: Types of Thermal Spray Processes  
 

Heat Source: Combustion Heat Source: Electrical 

 

Low Velocity Flame Spraying Plasma Spraying 

High Velocity Flame Spraying (HVOF) Wire Arc Spraying 

Detonation (D-Gun)  Induction Plasma Spraying  

 Cold Spray  

                                            Source: Thermal Spray Society (TSS), 2007 
 

2.1 Low velocity flame spray: The simplest 

thermal spray process can be used to deposit 

material supplied as wire, rod, or powder. A 

low velocity flame spray gun is operated by 

feeding a fine powder or wire into a 

combustion flame. This flame is typically 

acetylene-oxygen, because of the higher 

temperatures it permits; but other fuel gases 

such as propane, natural gas, hydrogen, or 

methyl-acetylene can be used as well. The 

combustion flame melts the powder or wire tip 

and propels the molten particles to the 

substrate to form the coating. The stream of 

burning gas carries the particles, molten and 

atomized, to the work piece or substrate. 

Flame spray guns are inexpensive, light, and 

compact. Compared to other coating methods, 

however, particle velocities and temperatures 

are low, producing more porous, lower density 

coatings of lower bond strength. In the 

simplest form of flame spraying, oxygen 

aspirates powder from a canister attached to 

the flame gun and injects it into the oxyfuel 

flame. In some flame spray guns, pressurized 

inert gas from remote powder feeders carries 

the powder into the flame. In this type, 

pressurized air or inert gas increases the 

particle velocity for higher bond strength and 

coating density while cooling the substrate. 

The inert gas also helps in another way; it 

reduces the oxidation of the particles and the 

substrate. When wire or rod is the feed 

material, motor-driven gears draw, push, or 

pull the material through the gun into the 

combustion flame for melting. Compressed 

gas (usually air) flows around the flame, 

atomizing the material as it melts at the tip of 

the wire or rod, propelling the molten or semi-

molten material onto the substrate or 

workpiece. Powder flame spray can be used to 

deposit any material that melts below the 

flame temperature (2205° to 2760° C) (TSS, 

2007). Wire flame spray can use any feed 

material, usually metals that can be drawn into 

Makoyo, M. 

 



JOURNAL OF ENGINEERING AND TECHNOLOGY (JET) VOL.5 N0.1, FEBRUARY 2010 

 

 69 

wire. Ceramic formed into rod can be sprayed 

with guns for wire spray, as can powder-filled 

plastic cord. Typically, flame spray is used to 

deposit coatings of low melting metals, low 

melting metal alloys, self-fluxing alloys, self 

fluxing/carbide blends and various plastics. 

2.2 High velocity oxy-fuel (HVOF): This is a 

state-of-the-art process uses extremely high 

kinetic energy and controlled thermal energy 

output to produce low porosity coatings with 

high bond strength, fine as-sprayed surface 

finishes and low residual stress. HVOF 

combustion spray guns combusts kerosene, 

propylene, propane, or hydrogen fuel and 

oxygen under pressure and accelerates the 

combusted gas streams down a confined, 

cooled tube. Powders are fed axially into the 

nozzle with carrier gases where the particles 

are entrained with the confined, high-pressure 

combustion gases. The gases undergo rapid 

expansion through a restricted nozzle when 

combusted with oxygen to accelerate the 

molten particles to supersonic velocities (up to 

1400 m/sec). The high gas acceleration has 

been shown to increase coating density, 

increase coating adhesion, and produce finer 

coating oxide inclusion distributions. The low 

residual stress allows for greater coating 

thickness, lower porosity, lower oxide content, 

and higher coating adhesion.  

2.3 Detonation flame (D-gun) spraying: In 

this method, the energy of explosions of 

oxygen-fuel gas mixtures, rather than a 

steadily burning flame, is used to melt and 

propel powdered materials onto the surface of 

the substrate. The resulting deposit is hard, 

dense, and tightly bonded. D-Gun coatings 

have been used with carbides and metal alloys 

in order to develop unique coating systems. 

 2.4 Plasma spraying processes: This process 

typically use microwave, electromagnetic or 

induction-coupled fields and AC or DC arcs as 

energy sources for thermal plasmas. Material 

in the form of powder is injected into a very 

high temperature plasma flame, where it is 

rapidly heated and accelerated to a high 

velocity. The hot material impacts on the 

substrate surface and rapidly cools forming a 

coating.  

2.5 DC-arc plasma spray: The process uses 

an inert, high-temperature jet created by 
heating inert gases in a confined electric arc. 

The hot gas jet created by the arc/plasma 

column expands, entrains the coating particles, 

heats the particles, and accelerates the molten 

or semi-molten particles to the substrate to 

form a coating. The high degree of melting 

and relatively high particle velocities provides 

good deposit densities and bond strengths. 

Controlled atmosphere plasma spraying using 

inert gas chambers or inert gas shrouds have 

reduced the oxide inclusions and improved 

coating density.  

2.6 Low-pressure (LPPS) or vacuum (VPS) 

plasma spraying:  These processes have 

produced clean coatings with no oxide 

inclusions, extremely high densities, and 

significantly improved bond strengths. The 

plasma spray process carried out correctly is 

called a "cold process" (relative to the 

substrate material being coated) as the 

substrate temperature can be kept low during 

processing avoiding damage, metallurgical 

changes and distortion to the substrate 

material. 

2.7 RF or induction-coupled plasma spray:  
It has been used to produce thermal plasma 

jets that provide dense coatings of most 

materials using coarser particles. The particles 

are entrained and heated by the plasma jet 

flow, which accelerates slowly toward the exit 

resulting in increased particle dwell times in a 

larger, more uniform heating volume. This 

allows an increased powder size to be melted. 

2.8 Wire arc spraying: The processes utilize 

a DC electric arc to directly melt insulated 

electrode wires. As the consumable wire 

electrodes are advanced to a point, a potential 

difference applied across the wire initiates an 

arc that melts the tips in an atomizing gas. 

Typically argon gas is used to atomize the 

molten material into fine particles and 

accelerate them to the substrate. Particles 

generated by most wire-arc spray processes 

tend to be larger and more irregular in size 

distribution than in powder fed thermal spray 

processes. Typically, low atomizing-air 

pressure results in rough coating profiles while 

high pressure produces smoother surface 

textures and finer splats. Oxides can be 

reduced by boosting feed rates and by using 

nitrogen, helium, or argon as an atomizing gas. 

Benefits of the wire arc spraying process 

compared to other thermal spray processes are: 
easy to use, simple to learn, portable, easy to 

maintain, high deposition rates, thicker 
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coatings, low operating cost, high spray rates, 

cool substrates, lower consumable costs. 

 2.9 Cold Spray: This is an emerging new 

spray technology that can rapidly deposit 

many metals, and even some composite 

materials, at or near room temperature in an 

ambient air environment without substantially 

heating the material. In this process, powder 

particles injected into a supersonic jet of 

compressed gas impact a substrate surface 

with sufficient energy to cause plastic 

deformation and consolidation with the 

underlying material by a process thought to be 

analogous to explosive welding, but on a 

micro-scale. With deposition rates similar to 

many traditional thermal spray processes, cold 

spray offers several potential advantages for 

some applications, including: little or no 

oxidation or phase changes during deposition, 

near theoretical bulk densities, unusually high 

thermal and electrical conductivities, and 

compressive residual stresses. Considerable 

efforts are spent in developing new thermal 

spray methods such as supersonic and 

ultrasonic spray in flame spray method, 

plasma spray methods, arc metallizing method 

which are highly productive and economical. 

All these efforts are aim at improving the 

thermal spray process‟s productivity, economy 

and quality of the coatings. Other new 

methods used are the spraying in vacuum 

chambers, spraying in inert atmosphere, 

combination of arc metallization method and 

flame spray methods, explosive or detonation 

methods etc. The methods of combining or 

integrating different methods are widely used 

for coating e.g. flame-explosive spray 

methods, plasma-laser methods and others. 

The supersonic plasma and laser spray 

methods are rapidly developing (Borisov, 

1998).  

 

3.  THERMAL SPRAY COATING MATERIALS 
 

The need for faster solidification of spray 

particles during thermal spray made it 

necessary to have coatings with amorphous, 

nanocrystallic and metastable structures. This 

made it necessary to develop new materials 

which can produce coatings with special 

characteristics that can withstand the different 

service conditions which they will be exposed. 

Materials are generally considered sprayable if 

they do not decompose, dissociate, or sublime 

under normal spraying conditions. Three basic 

types of materials can be thermal sprayed are 

Single-phase materials, such as metals, alloys, 

intermetallics, ceramics and polymers, 

Composite materials, such as cermets 

(WC/Co, Cr3C2/NiCr, NiCrAl/Al2O3, etc.), 

reinforced metals and reinforced polymers and 

Layered or graded materials, referred to as 

functionally gradient materials (FGMs) 

(Knight and Smith, 1999; Herman and 

Kulkani, 2000) 

 

3.1 Single-Phase Materials 
3.1.1 Metals. Most pure metals and metal 

alloys have been thermal sprayed,including 

tungsten, molybdenum, rhenium, niobium, 

superalloys, zinc, aluminum, bronze, mild and 

stainless steels, NiCr alloys, cobalt-base 

Stellites, cobalt/nickel-base Tribaloys, and 

NiCrBSi “selfluxing ” alloys. Sprayed alloys 

have advantages due to their similarity to 

many base metals requiring repair, their high 

strength and their corrosion, wear and/or 

oxidation resistance. Applications include 

automotive/diesel engine cylinder 

coatings;piston rings or valve stems; turbine 

engine blades, vanes and combustors, 

protection of bridges and other corrosion-

prone infrastructure; petrochemical pumps and 

valves and mining and agricultural equipment. 

3.1.2 Ceramics. Most forms of ceramics can 

be thermal sprayed, including metallic oxides 

such as Al2O3, stabilized ZrO2, TiO, Cr2O3 and 

MgO.  Carbides such as Cr3C2 ,TiC ,Mo2C and 

SiC (generally in a more ductile supporting 

metal matrix such as cobalt or NiCr); nitrides 

such as TiN and Si3N4 and spinels or 

perovskites such as mullite and 1-2-3-type 

superconducting oxides. Sprayed deposits of 

these materials are used to provide wear 

resistance (Al2O3, Cr2O3, TiO2, Cr3C2, TiC, 

Mo2C and TiN), thermal protection (Al2O3, 

ZrO2, and MgO), electrical insulation (Al2O3, 

TiO2, and MgO) and corrosion resistance. 

Ceramics are particularly suited to thermal 

spraying with plasma spraying being the most 

suitable process due to its high jet 

temperatures. 
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3.1.3 Intermetallics such as TiAl, Ti3Al, 

Ni3Al, NiAl and MoSi2 have all been thermal 

sprayed. Most intermetallics are very reactive 

at high temperatures and very sensitive to 

oxidation; hence, inert atmospheres must be 

used during plasma spraying. Research has 

also been conducted on thermal spray 

forming/consolidation of bulk Intermetallics 

deposits. 

3.1.4 Polymers also can be thermal sprayed 

successfully, provided they are available in 

particulate form. Thermal spraying of 

polymers has been practiced commercially 

since the 1980s,and a growing number of 

thermoplastic and thermosetting polymers and 

copolymers have now been sprayed, including 

urethanes, ethylene vinyl alcohols (EVAs), 

nylon 11, polytetra, uoroethylene (PTFE), 

ethylene tetra .uoroethylene (ETFE), 

polyetheretherketone (PEEK), 

polymethylmethacrylate (PMMA), polyimide, 

polycar-bonate and copolymers such as 

polyimide/polyamide, Surlyn (DuPont) and 

polyvinylidene-flouoride (PVDF). 

Conventional flame spray and HVOF are the 

most widely used thermal spray methods for 

applying polymers. 

 

3.2 Composite and Cermet Materials 

 Particulate-, fiber- and whisker-reinforced 

composites have all been produced and used in 

various applications. Particulate-reinforced 

wear-resistant cermet coatings such as 

WC/Co, Cr3C2/NiCr and TiC/NiCr are the 

most common applications and constitute one 

of the largest single thermal spray application 

areas. Thermal spray composite materials can 

have reinforcing-phase contents ranging from 

10 to 90%by volume, where the ductile metal 

matrix acts as a binder, supporting the brittle 

reinforcing phase. 

 

3.3 Functionally Gradient Materials 

(FGMs) 

Developed in the early 1970s, FGMs are a 

growing application area with significant 

promise for the future production of (a) 

improved materials and devices for use in 

applications subject to large thermal gradients, 

(b) lower-cost clad materials for combinations 

of corrosion and strength or wear resistance 

and (c) improved electronic material structures 

for batteries, fuel cells, and thermoelectric 

energy conversion devices. The most 

immediate application for FGMs is thermal 

barrier coatings (TBCs), where large thermal 

stresses are minimized. Component lifetimes 

are improved by tailoring the coefficients of 

thermal expansion, thermal conductivity and 

oxidation resistance. These FGMs are finding 

use in turbine components, rocket nozzles, 

chemical reactor tubes, incinerator burner 

nozzles and other critical furnace components. 

 

3.4 Coating consumables 
3.4.1 Wire consumables are principally used 

in arc spraying, which requires a continuous, 

electrically conducting consumable. Most 

wires are solid in form, and based on 

aluminium, zinc or steel compositions. In 

common with welding consumables, cored 

wires (containing ceramic or alloying material) 

are now available. Some flame spraying 

systems also use wire consumables, 

principally for spraying zinc or aluminium. 

3.4.2 Powder consumables are available for 

flame, plasma and HVOF spraying. Materials 

sprayed include plastics, metals, carbides and 

ceramics, and many compositions can be 

sprayed by all four processes. The optimum 

powder specification depends on the process, 

and includes consideration of particle size and 

distribution, morphology and manufacturing 

route. 

Different types of powders and wires are 

manufactured by  companies such as 

AMOTEK in Ukraine, Metallizing Equipment 

Company in India, A&A Co. Inc. in USA, 

DURMAT Inc. in USA, PLASMATEC Inc. in 

Canada etc.   

 

4. TYPES OF COATINGS 
 

4.1 Wear Resistant Coatings: Typically used 

to reduce abrasion, fretting, erosion, surface 

fatigue and cavitation. Materials used are 

Carbides, Ceramics, Metallics, Cermets, and 

Plastics. 

4.2  Corrosion Resistant Coatings Typically 

used to protect surfaces from atmospheric 
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corrosion, chemical attack, alkalis and acids. 

Thermal spray coatings for corrosion 

protection fall into three main groups: anodic 

coatings, cathodic coatings and neutral 

coatings. Materials used are Ceramics, 

Metallics, Plastics and Cermets  

4.3 Thermal Barrier Coating used to protect 

components from temperature, Oxidation and 

Wear.  Materials used typically comprised of 

Zirconia Oxide 

4.4 Dielectric Coatings and Ceramic 

Coatings used to electrically insulate 

substrates. Dielectric coatings are either pure 

aluminum oxide or a spinel.  

4.5 Electronic Coating Metals, used to make 

substrate electrically conductive. Materials 

used are typically copper, zinc and aluminum.  

The selection of the best coating for an 

application is not often straightforward. 

Several factors need to be considered when 

selecting a coating process, this factors 

include: cost, life expectancy, corrosion, 

counter surface, effect of process on substrate 

material, surface finish or profile, temperature, 

lubrication, abrasives, loads and speeds, 

impact, shock or fatigue, ability to work 

harden, severity and angle of attack, 

coefficient of friction, porosity. Additional, 

consideration of other specific coating 

properties may be required, depending on the 

application. Key questions include what is the 

part geometry and what gun can be used for a 

particular application. Other questions are 

Does the part need to be finished? If yes, what 

is the cost and how thick a coating is needed 

(TSS, 2007). A guide for the selection of a 

material for a given coating application is 

given in Table 2. 

 

Table 2:  Coating functions, applications and selection 

 

Source: A&A Company Inc. USA, 2007 (www. aacoinc.com) 

 

 

5. THERMAL SPRAY EQUIPMENTS 
 

Thermal-spray equipment can be classified 

according to the energy source needed to heat 

and accelerate the particles.  The newly 

developed spray methods require new 

designed equipments for their execution, such 

as microplasma spray equipments which can 

produce coatings with particle sizes of about 

1-5mm and are characterized with low noise 

level, equipments with small power 

requirement (about 1- 2 kW).  Equipments for 

spraying small size components and very thin 

sections, plasmatrons with power rating of 1.5 

to 40 KW, automated vacuum and air plasma 

spray systems, articulated robots and others 

(Ross, 1991). There are many manufacturers 

of thermal spray equipments worldwide, 

Coating Function Application Material Selection 

Adhesive Wear Bearings, Impeller, 

Shafts, Piston Rings 

Babbit Metal, Aluminum Bronze, Cast Iron-

Molybdenum, Molybdenum-based self-fluxing 

alloy, alumina-Titania. 

Abrasive Wear Couplings, Cutting 

Blades 

Tungsten Carbide, Chromium Carbide, Aluminum 

Oxide, Chromium Oxide, Self-fluxing Alloys. 

High-Temperature 

Oxidation 

Exhaust Mufflers Aluminum, Nickel Chromium, Aluminum Alloy. 

Atmospheric and Salt 

Water 

Exposed Steel Structures Alumina, Zinc. 

Restoration of 

Dimension 

Mismachined Parts and 

Castings 

Carbon Steel, Stainless Steels, Nickel Alloys, 

Aluminum. 

Clearance Control Compressor Housing Aluminum Graphite, Nickel Graphite, Aluminum 

Polyester. 

Thermal Barrier Blades, Vanes, Burner 

Cans 

Zirconia. 

Electrical Conductivity Grand Connectors Copper. 

Electrical Resistivity Heater Tube Insulation Aluminum Oxide. 
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among them are the Metallizing Equipment 

Company PVT Ltd India, DURMAT Inc. 

USA, PLASMATEC Inc. Canada, 

THERMACH Inc. USA and others. 

Significant effort is also being made in 

developing thermal spray process control 

systems.  

 

6. APPLICATION OF THERMAL SPRAY COATINGS 
 

Applications for thermal spray processes and 

materials have a broad range across all 

industrial sectors. The applications include 

coatings for wear prevention, dimensional 

restoration, thermal insulation and control, 

corrosion resistance, oxidation resistance, 

lubrication films, abrasive actions, seals, 

biomedical environments, electromagnetic 

properties, the manufacturing of free-standing 

components; spray formed parts and 

nanostructured materials. Thermal spray 

processes and deposited materials have 

resulted in attractive coating solutions in the 

aerospace, industrial gas turbine, 

petrochemical and gas, and automotive 

industries. A wide variety of industrial sectors 

rely on thermal processes and coatings as 

shown in Table 3. 

 

Table 3: Application of thermal spray processes in various industrial sectors 

  

Industry sector Oxyfuel Spray/fuse HVOF D-

Gun 

Air 

Plasma 

Vacuum 

plasma 

Shroud 

Plasma 

Agriculture X X   X   

Automotive engines X  X  X   

Chemical processing X 

 

 

X X X X   

Defense and 

Aerospace 
X  X X X   

Diesel engines X  X  X   

Electrical and 

electronics 
  X X X X  

Food processing X X X X X   

Iron and steel 

manufacture 
X X   X   

Oil and gas 

exploration 
X X X X X   

Textile X  X X X   

Medical   X X X X X 

Source: Davis, 2004. 

 
The inherent characteristics of it's 

microstructure can play an important role in 

enhancing performance. For instance, porosity 

helps reduce the thermal conductivity of 

thermal barrier coatings in jet aircraft engines. 

In the aerospace market, combustion-spray is 

used to apply clearance-control coatings. In 

the case of abradable systems, the porosity 

helps to weaken the cohesive strength of the 

coating and allows for micro-rupture of 

particles when in contact with the turbine 

blade. Coatings that are applied by combustion 

spray processes and then fused are typically 
suitable for highly wear-resistant applications. 

This is important for the agricultural and glass 

industries in products such as agricultural 

blades and glass mold plungers, which require 

toughness and wear resistance. Blending 

carbides into the self-fluxing alloys can 

increase coating wear resistance further. Wear 

resistant coatings are used in nearly every 

industry to extend the surface life of a 

component. Because thermal spray coatings 

offer superior properties, competitive costs, 

and environmentally friendly processing, they 

are increasingly being used in place of hard 

chrome plating. Today, HVOF materials are 

being applied to hydraulic rods, landing gears, 
and the internal diameter of large bore 

cylinders as hard chrome replacements. The 
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wire arc process is used in aerospace for 

dimensional restoration and repair of many 

different types of jet engine components. 

Other applications include the spraying of 

bridges and marine structures with zinc and 

aluminum. In the paper and pulp industry, wire 

arc sprayed coatings are used to protect boiler 

tubes against hot corrosion. Medical 

applications are being developed such as the 

spraying of titanium for inert environments 

and rapid prototyping. Engine components that 

require very thick deposits to comply with 

specific part restoration requirements such as 

flanges, lugs, faces, and shafts are being 

coated using wire arc spray. Applications also 

include automotive/marine diesel components, 

where low-carbon steel, molybdenum, and 

other types of corrosion/scuff-resistant alloys 

are being considered for valve lifter and piston 

ring applications. Applications for LPPS or 

VPS coatings, which typically have high bond 

strengths, very low levels of porosity, and less 

oxide content, include bond coats for thermal 

barrier coatings, oxidation and hot corrosion 

protection of blades, vanes, and buckets, 

biocompatible coatings for medical implants, 

and tungsten-rhenium x-ray targets. Carbide 

coatings have been applied in the aerospace, 

industrial gas turbine and a variety of 

industrial areas by the detonation gun process 

to components with excellent bond strength, 

hardness, and density. 

Thermal spray coatings have in recent years 

gained wide acceptance for a variety of 

industrial applications - the global market for 

thermal spray coatings as of 1999 is about 

$1.35 billion (Phillip and Seiji, 1999). This 

growth has been primarily technology driven 

and high value plasma coatings hold the lion‟s 

share of the market. The period between from 

1970 to 1990 saw the rapid development of 

thermal spray coating technology. In 1990 the 

volume of its market in North America was 

about $640 million of which $95 million was 

for the sale of spray equipments, $165 million 

for spray materials and $380 million for other 

service (Borisov, 1998 ). In Japan in 1990 the 

market was about $912 million of which $154 

million was for the sales of equipments and 

materials, while $758 million was for the 

implementation of the technology in over 160 

Japanese companies such as Hitachi, Toshiba, 

Mitsubishi etc. (Borisov, 1998). It was 

predicted that the market for this technology 

will continue to rise by about 8 to 10% in 

future. The global thermal spray market for 

some industries is as shown in Table 4 below: 

 

Table 4: The global thermal spray market 

 

Market Segment 
Market value (US 

dollars) 

 

Market value (US 

dollars) 

 

Original Equipment Manufacturer (OEM)/ end users 1,400,000,000 

Large coating service companies 800,000,000 

small coating service companies 600,000,000 

Powder/equipment sales 700,000,000 

Source: Davis, 2004 

 

Extensive use of thermal spray technology has 

been instrumental in Europe which has 

attained worldwide leadership in the paper and 

textile industry. Pioneering applications of 

thermally sprayed wear resistant coatings to 

blades, rolls and looms have allowed a 

significant increase in production rates. The 

aeronautic and space industries have also 

benefited considerably - many components in 

modern aircraft depend on hard, wear resistant 

coatings which can withstand temperatures of 

about 850°C. This type of application 

represents approximately 40% of the total 

market (Phillip and Seiji, 1999).  

 

7. CONCLUSION 
 
The need for the development of new methods 

and knowledge in thermal spray technology 

increases the intensity of R&D activities. 

About $30 to $40 million is being spent for 

researches annually. These researches have 

made it possible to obtain high strength 
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coatings of above 100 MPa and significant 

reduction in the porosity of the coatings by 

about 0.5 to 1.5% (Borisov, 1998). Most of the 

researches are directed towards improving the 

quality of coating made by spray technology. 

Some of the researches are: methods of 

increasing the spraying pressure using high-

speed particles, reducing the activation energy 

of bonding forces on the sprayed surface, 

increasing the degree of deformation of the 

sprayed particles using special spraying 

nozzles, using of powder with small size 

particles of about 10 to 15 microns, 

development of new spraying equipments, 

mathematical modeling of spraying processes, 

analysis of solidification process of the 

sprayed particles as they are laid on surfaces, 

thermal conditions, motions of the particles. 

Other research areas are radio frequency 

induction and precursor plasma spray 

technique, study of residual stress with nano-

indentation and x-ray methods etc. The 

researches in spray process have also yield 

good quality coatings and freeforms of many 

engineering materials. However, further R&D 

efforts are required for achieving acceptable 

coatings with desired characteristics. Many 

governments have initiated research programs 

in their respective countries. In many 

countries, multiple organizations are involved 

in different aspects of the technology (Read, 

2003). For example, a conference on cold 

spray technology, Cold spray 2002, held in 

Albuquerque in 2002 attracted around 75 

participants. In 2004, the same conference was 

attended by 151 participants from 14 

countries, showing the growth of cold spray 

interest around the globe (Mahaz, 2004).  

 

In the future the manufacturing and 

engineering industries will continue to change 

dramatically, and for numerous engineering or 

consumer durable products appropriate surface 

engineering as applied by thermal spraying 

techniques is becoming a decisive factor in 

sustaining a competitive edge.  Among the 

many surface engineering techniques 

available, thermal spray techniques are 

particularly well placed to meet the market 

demands. They allow the manufacture of a 

large variety of coatings, deposition of 

elaborate multimaterials (such as functionally 

gradient coatings) and offer a great potential 

for the development of new innovative 

coatings which can be processed with the 

minimal environmental disturbance. 

Thermal spray coatings may not be the answer 

to every problem involving surface 

degradation of a component, they are just one 

weapon in an arsenal. However, the technique 

does offer a great range of coating operations, 

and provides an appealing opportunity for 

innovation, while putting less pressure on 

environmental resources. Thermal spray 

coatings have low heat input, are versatile 

(almost any metal, ceramic or plastic can be 

sprayed), thickness ranges from 0.10 mm to 

2.5 mm, are characterized by high processing 

speed (spray rate of about 1.5-30 kg/hr 

depending on the material and the spray 

system). 
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