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Abstract: Chemical vapor deposition (CVD) is a process that a solid is formed on a substrate by
the chemical reaction in the vapor phase. Employing this technology, a wide range of materials,
including ceramic nanocomposite coatings, dielectrics, and single crystalline silicon materials, can
be coated on a variety of substrates. Among the factors influencing the design of a CVD system are
the dimensions or geometry of the substrate, substrate temperature, chemical composition of the
substrate, type of the deposition process, the temperature within the chamber, purity of the target
material, and the economics of the production. Three major phenomena of surface reaction (kinetic),
diffusion or mass transfer reaction, and desorption reaction are involved during the CVD process.
Thermodynamically, CVD technology requires high temperatures and low pressures in most systems.
Under such conditions, the Gibbs free energy of the chemical system quickly reaches its lowest value,
resulting in the production of solids. The kinetic control of the CVD technology should always be
used at low temperatures, and the diffusion control should be done at high temperatures. The coating
in the CVD technology is deposited in the temperature range of 900–1400 ◦C. Overall, it is shown
here that by controlling the temperature of the chamber and the purity of the precursors, together
with the control of the flow rate of the precursors into the chamber, it is possible to partially control
the deposition rate and the microstructure of the ceramic coatings during the CVD process.

Keywords: chemical vapor deposition (CVD); ceramic composite coatings; layer conditions; deposition
mechanism; reaction kinetics

1. Introduction

The chemical vapor deposition (CVD) technique was originally developed, as a new
manufacturing process, and to effectively fabricate a range of engineering products such
as nanocomposite ceramic coatings, critical components in numerous industrial sectors
including semiconductor, ceramic, mining, etc. [1,2]. Nowadays, the CVD technique has
gone far beyond its original scope, particularly in the semiconductor and microelectronics
industries, due to extensive research in various fields. The reasons for the uniqueness of
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the CVD technique include the ability to produce highly versatile layers, the possibility to
apply nanocomposite ceramic coatings on metals, the ease of semiconductors fabrication,
and the opportunity to fabricate layers with organic and inorganic compounds. The layers
created by the CVD technique are usually in the form of crystalline or amorphous with
versatile properties, which can be acquired by controlling the production parameters [2,3].
In fact, the CVD technique is part of ceramic coating deposition techniques that have been
advancing relatively fast in recent years. Generally, in the CVD process, a solid layer is
produced on the substrate by a chemical reaction in the vapor phase. Historically, soot
formation due to the incomplete oxidation and burning of firewood is perhaps the oldest
example with close proximity to the CVD technique [4,5].

Among the different layer deposition methods for ceramic nanocomposite coatings,
the CVD technique is the most important one in industrial production due to its relatively
low cost of fabrication and also due to its high production efficiency. The CVD technique is
a process that involves the decomposition or chemical reaction of gaseous reactants under
heat, light, and plasma. Such a decomposition is used to form a stable solid layer. The CVD
can produce highly purified stand-alone materials or coatings whose characteristics can be
controlled down to atomic or nanometer scale [6–8]. In addition to that, this process can
produce monolayer materials, multilayer materials, composite materials, nanostructure
pieces, and coatings with a specific grain size structure that contains excellent dimensional
stability [8,9].

The applications of CVD technology have significantly expanded over the past few
years. Relying on the deposition aspects of the process, CVD technology has found many
applications in materials science and engineering. Varying application of the CVD technol-
ogy from extraction to precipitation has made technology a very compelling and important
coating technique. For example, the CVD technology is extensively used to produce thin
film semiconductor and nanocomposite ceramic coatings with much improved surface
properties such as abrasion protection, corrosion/oxidation resistance, chemical reactions,
thermal stress, and neutron absorption. In historical terms, the early 1970s was the period
when CVD technology achieved a great triumph in manufacturing electronic semiconduc-
tors, and protective coatings for electronic circuits. These successes have resulted in the
rapid expansion of CVD technology to other areas such as manufacturing processes of
ceramic coatings. Of particular arena of the expansion of the technology was in advanced
ceramics for manufacturing of high temperatures tools such as high temperature ceramic
coatings, turbine blade coatings, fiber-reinforced composites, and solar cells, to name a
few [2,6]. Nowadays, CVD technology is highly useful and is getting greater importance,
in manufacturing strategic components in the fields of aerospace, military, aviation, nuclear,
and general materials engineering.

CVD technology is often used to produce coatings, powders, fibers, and unified
components. It is possible to produce most metals, some non-metals such as carbon and
silicon as well as many components including carbides, nitrides, oxides, and intermetallic
phases, etc. Technology is one of the essential factors in producing semiconductors and
other electronic components, tool coating, bearings, parts resistance to wear and corrosion,
and optical instruments [9,10]. Using this process, a variety of nanostructures such as
quantum dots, ceramic nanostructures, carbides, carbon nano-pipes, and even diamonds
are producible, which is one of the main advantages of the process. Due to the high speed
of the process, it is quite possible to prepare different industrial nanostructures using
the process in a way that even single-wall nanopipes are industrially produced by this
method. Diverse pre-materials can be used during the process which is because of high
the temperature of the reaction. Another advantage of this process is the absence of many
extra side materials. The extra materials are mostly gaseous and can be separated from the
main materials [8–12].

Varieties of coatings or heat treatment procedures are used to compensate for the
shortcomings in metals and alloys (i.e., low corrosion resistance, and poor wear perfor-
mance) [10–18]. Often, the manufacturing process is modified through the tweaking of the
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production process to achieve the desired properties [19–25]. The specifications of a large
number of articles related to ceramic coatings prepared by the CVD process are reported
in Table 1.

Table 1. Example publications demonstrating the range of ceramic coatings prepared by the
CVD technology.

No. Reference Specifications

1
High-Temperature Oxidation Behavior of CVD-SiC Ceramic Coating in Wet Oxygen and

Structural Evolution of Oxidation Product: Experiment and First-Principle
Calculations [26].

2 Effect of PyC-SiC Double-Layer Interface on Ablation Behaviour of Impacted
CVD-SiCnws/HfC Coating [27].

3 Influence of Crystallite Morphology on the Ablative Behaviors of CVD-TaC Coatings
Prepared on C/C Composites Beyond 2100 ◦C [28].

4 Effect of Microstructure on the Ablation Behavior and Mechanical Properties of CVD-HfC
Coating [29].

5 Complex Geometry Macroporous SiC Ceramics Obtained by 3D-printing, Polymer
Impregnation and Pyrolysis (PIP) and Chemical Vapor Deposition (CVD) [30].

6 Low-Temperature SiO2Film Coatings onto Cu Particles Using the Polygonal
Barrel-plasma Chemical Vapor Deposition Method [31].

7 Fabrication of Robust Ceramic Based Super hydrophobic Coating on Aluminum Substrate
via Plasma Electrolytic Oxidation and Chemical Vapor Deposition Methods [32].

8 Improvement of Ablation Resistance of CVD-HfC/SiC Coating on Hemisphere Shaped
C/C Composites by Introducing Diffusion Interface [33].

9 Hard Turning Performance Evaluation Using CVD and PVD Coated Carbide Tools: A
Comparative Study [34].

10 Growth Mechanism and Ablation Behavior of CVD-HfC Coating on the Surface of C/C
Composites and CVD-SiC Coating [35].

11 Preparation and Ablation Resistance of ZrC Nanowires-Reinforced CVD-ZrC Coating on
Sharp Leading Edge C/C Composites [36].

12 Fabrication of Porous SiC Nanostructured Coatings on C/C Composite by Laser Chemical
Vapor Deposition for Improving the Thermal Shock Resistance [37].

13 CVD Synthesis of Nanometer SiC Coating on Diamond Particles [38].

14 Microstructure Evolution and Growth Mechanism of Si-MoSi2Composite Coatings on
TZM (Mo-0.5Ti-0.1Zr-0.02 C) Alloy [39]

15 Optimisation of Spray-Mist-Assisted Laser Machining of Micro-Structures on CVD
Diamond Coating Surfaces [40].

Given the importance of CVD technology and its rapid expansion in many sectors, this
study was conducted to review the CVD deposition mechanism of ceramic nanocomposite
coatings on metal substrates.

2. Principles of the CVD Process

In most common devices, the CVD technique involves the flow of gases or precursor
gases into a chamber. There are one or more hot substrates in the chamber, where the
coating is going to be deposited. In this process, chemical reactions occur on or near the
hot substrate. The result is a deposition in the form of a crystalline or amorphous thin
film or a combination of both products on the substrate [41,42]. One of the disadvantages
of this process is the production of chemicals. Waste materials and byproducts come-
out of the chamber along with the unreacted precursor gases [40,43]. The deposition is
typically carried out in the temperature range of 900–1400 ◦C. Unlike the physical vapor
deposition (PVD) process, which involves processes such as evaporation, dispersion, and
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sublimation, the CVD process involves chemical reactions in the precursor (or between the
precursors) [41–45].

The CVD technique is a process in which a solid is produced by a chemical reaction
in the vapor phase. This reaction is performed on the substrate, which is either cold or
often preheated. The solid that is produced in this process can be a coating, a powder, or
a single crystal material. Materials with different properties can be produced by varying
the parameters of the CVD process such as substrate type, substrate temperature, the
chemical composition of the mixtures of the reactant gases, and the total pressure of the gas
that flows, etc. [46,47]. The materials produced are very pure. It is mainly in the form of
nanostructures and is widely used in the manufacturing of semiconductor pieces. A wide
range of products including ceramic nanocomposite coatings, dielectrics, single-crystalline
silicone, polymeric materials, and metals can be coated to the substrate by such a layering
process [46–50]. One of the oldest applications of the CVD process is the manufacturing of
different pigments in the industry. Usually, TiO2, SiO2, Al2O3, Si3N4, and even carbon black
powders can be made in nano or micron sizes by the CVD process. Due to the nature of the
CVD process, in some circumstances, this method is used to precipitate some pure metals
on the substrate. Similar to the PVD process, several parameters influence the quality
of layer(s) that is produced in the CVD process. Of the most important parameters are
substrate temperature, reactant concentration, gas pressure, and gas flow rate [49–51].

The most important part of the CVD process is the chemical reactions occurring in the
chamber and between the reactant gases as well. As a result of such reactions, the desired
solid is deposited in a crystalline or amorphous form on the substrate. Depending on the
amount of pressure, the chemical reactions during the CVD process may be in the CVD
atmospheric pressure, known as APCVD, or at a low pressure CVD known as LPCVD,
in the approximate range of 0.1 to 25 torr. Nonetheless, the process might be performed
in the high pressure CVD (HPCVD). Moreover, one or more gases are pressurized at low
pressures in the CVD method. They are then compressed and mixed at or near the substrate
surface under controlled conditions, where the reaction occurs between the gases [52,53].
However, due to the nature of the gases, and the possibility of the production of highly
toxic or degradable products during the deposition process, attention must be paid to the
selection of the reactive gases [54–57]. In general, the following are most of the common
reactions that occur, during the CVD process, for the deposition of nanostructured coatings
or thin films [57–60]:

(a) Decomposition of reactive gases.
(b) Gas combination.
(c) Gas hydrolysis.
(d) Gas oxidation.
(e) Reduction of some gases.

Usually, the formation of solid particles in the gaseous phase should be avoided. This
is due to the formation of nonuniform layer thickness in addition to the raw materials
wasting. Unwanted particles are also formed in the solid film. However, the formation
of solid particles in the gas phase can be used under certain laboratory conditions. For
example, gas-phase germination, and particle growth control are the most important aspects
of the growth processes for the manufacturing of nanocomposite coatings, nanoparticles,
or nano-powders. The particle size range is controlled by the number of nuclei formed
in the reactor as well as the rate of particle contraction. Figure 1 shows an example of a
typical CVD system in which reactive gases, commonly referred to as precursor gases, enter
the chamber at an appropriate temperature. As the gases pass through the reactor, they
come in contact with the hot substrate. They then react with the substrate and a solid layer
of ceramic coating characteristic (for example, Al2O3, Cr2O3, or SiC) is deposited on the
substrate. It should be noted that a neutral gas, such as argon, is commonly used in the
CVD process as a diluent [59,60]. As mentioned earlier, the deposition temperature and
pressure are usually the two limiting factors in this process.
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Figure 1. An example of a CVD system for the deposition of ceramic nanocomposite coatings.

3. Deposition Mechanism in the CVD Process

It is generally recognized that three major phenomena (surface reaction (kinetic),
diffusion or mass transfer reaction, and desorption reaction) are involved during the CVD
process [58–61]. Figure 2 shows a schematic of the main steps happening during the CVD
process. The first step is to transfer the reactants (precursor gases) to the area that is
supposed to be deposited. This is carried out by the convective current applied in the
process. The second and fifth steps are dependent on each other through the stoichiometric
relationships of the reactants due to the influence of the infiltration rate of the reactants. The
third and fourth steps are very complex. They may involve surface reactions, simultaneous
adsorption and desorption (chemical adsorption and physical desorption), and nucleation
processes on the substrate. Commonly, the slowest step determines the overall speed of the
chemical reactions. The rate of decomposition of the raw materials on the substrate increases
if the substrate temperature in the chamber is much higher than the reactant decomposition
temperature. Under such a circumstance, the growth rate of the deposited coatings/layers
is controlled by the rate of transfer of the mass of the reactants on the substrate [57–64].
However, if the substrate temperature in the chamber is much higher than the reaction
temperature of the gases, the rate of reactions that occur is limited by the temperature
dependent heterogeneous nucleation rate, and the effect of desorption/kinetics. Therefore,
the initial reaction rate in the chamber is controlled by the kinetics of the reaction [63–67]. In
this case, if the amount of the raw materials is appropriate, the growth rate is independent
of the temperature of the chamber and is only exponentially dependent on the temperature
of the raw materials. Therefore, it can be stated that in the CVD process, the temperature
is the rate controller at lower temperatures, and diffusion is the rate controller at higher
temperatures [66–69].

Generally, the CVD techniques are performed at very high temperatures and at low
pressures (to achieve high deposition rates). Therefore, the reaction rate is not somehow
temperature-dependent in this process. However, the reaction rate in the chamber is highly
dependent on the flow rate of the raw materials or the interface between the gases produced
and the substrate. At very high temperatures, where the amount of supersaturation is high
and the reactant gases are very hot, the nucleation rate is homogeneous in the CVD process,
thereby precipitating solid particles on the hot substrate. With the progression of the
deposition time and the consumption of some of the precursors, the raw material decreases,
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and subsequently the rates of the nucleation and growth on the substrate decrease as
such. Therefore, it can be stated that the amount of raw material injected into the chamber
controls the reaction rate. On the other hand, the rate of chemical reactions usually increases
with increasing the pressure of the system. Overall, nucleation in the gaseous stage is
homogeneous, whereas it is heterogeneous on the substrate surface [69–74].

Generally, the basic steps in the CVD process can be classified as follows [71–75]:

(a) Heat transfer and diffusion of the reactants from the gas reservoir to the reaction zone.
(b) Occurrence of chemical reactions in the gas phase to produce reactive samples

and byproducts.
(c) Transfer of primary reactants and their products onto the metallic or nonmetallic substrate.
(d) Chemical adsorption and the diffusion of these products on the metallic or nonmetal-

lic substrate.
(e) Inhomogeneous reactions by the surface resulting in the formation of ceramic nanocom-

posite coatings on the metallic or nonmetallic substrate.
(f) Heat transfer and outflow of the by-products outside the reaction chamber (deposition

layer zone).
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Figure 2. Schematic of the main steps of the CVD process.

The nucleation stage of the CVD process involves the formation of critical-sized
clusters (or nuclei with the critical size) that subsequently grow to become stable crystals.
Figure 3 shows the three main models that are considered, for the growth process. The
dimension or geometry of the substrate, substrate temperature, chemical composition of
the substrate, type of the deposition process, the temperature of the chamber, the purity
of the target material, and the economic factors of production influence the design of the
CVD system [75–77]. Therefore, it can be said with high certainty that any changes in
the manufacturing condition to produce critical engineering components can alter the
microstructural, mechanical, and corrosion properties of these components [78–86]. In fact,
the liquid or solid precursor is heated to achieve a gaseous phase in the CVD process. The
generated gas is then purged in the CVD reactor at a suitable speed. When the specific
thickness of the film or the nanocomposite coating or the combination of several layers
varies, the rate of gas evaporation should be controlled. Nowadays, a digital flow controller
or pressure-flow controller is usually used in advanced CVD systems to achieve gas
evaporation rate control. In a sense, liquid precursors are usually easier to use compared to
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solid precursors. This is due to the fact that the heat transfer and surface area available to
the solid precursors are lower than the liquid precursors [85–89].
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4. Kinetics of Reactions and Coating Production in the CVD Process

Thermodynamically, in most systems, the CVD process requires high temperatures and
low pressures. Under such conditions, the Gibbs free energy of the chemical system quickly
reaches its lowest value, resulting in the stability and production of solid products [90,91].
The first step in understanding this process is the application of the concepts of thermody-
namics together with the concepts of gas transport, reaction kinetics, nucleation, and growth
of the particles that were precipitated. This information can be very valuable in choosing
a suitable system for the reaction. The CVD process usually consists of the following five
steps [92–94]:

1—Entrance of the reactant gases into the reactor.
2—Diffusion of the gases through a boundary layer with the help of convective flow.
3—Connection of the gases with the substrate at the gas–substrate interface.
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4—Precipitation operations on the substrate.
5—The diffusion of the products that were produced through the boundary layer on

the substrate.
The concept of boundary layer resistance against infiltration was first proposed by

Noise and Whitney. It was developed by Nernst in subsequent years. The thickness of
the boundary layer does not change significantly with the deposition time. However, it
was shown in experimental systems that in high-pressure systems, the thickness of this
boundary layer is altered due to its suitable penetration speed. Generally, if the mass
transfer rate is much greater than the kinetic rate constant of the products, and the pressure
of the system at the boundary layer as well, the reaction is said to be controlled by the
kinetics. However, if the opposite is the case, the reaction is controlled by diffusion. If there
are no thermodynamic constraints, the kinetic control of the CVD process should always
be used at low temperatures, and at diffusion control at high temperatures. On the other
hand, the reaction rate constant is exponentially related to temperature [94–97]. Figure 4
shows the importance of the relationship between the kinetic factor (growth rate) and the
diffusion during the layering process of the CVD process.
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Typically, at relatively low temperatures in the CVD process, the rate of reaction
is limited by the strong dependence of the heterogeneous nucleation reaction rate on
temperature as well as the desorption and kinetics effects. Thus, the initiation and rate
of the initial reaction are controlled by kinetics. In this situation of the CVD process, the
growth rate is not sensitive to the raw material flow rate except for the low flow of the raw
material. However, the growth rate has an exponential relationship with temperature. At
higher temperatures where the reaction rate is high, the diffusion of the raw materials and
the gaseous products to the boundary layer is the determining factor of the reaction rate. As
a result, the initial speed of the reaction is controlled by diffusion. In fact, in such a scenario,
the reaction rate is not temperature-dependent. However, it is highly dependent on the
flow rate of the raw materials or the boundary layer. At very high temperatures where
the supersaturation is high and the reactant gases are very hot, the nucleation reaction is
homogeneous. Therefore, the solid particles precipitate on the substrate. Consequently,
due to the reduction of the raw materials (by precipitation of the solid particles on the
substrate), the growth rate decreases on the substrate in a way that the growth temperature
increases [97–100].

Moreover, similar changes occur in the mechanism of temperature-constant and
pressure-variable systems. Under abnormal conditions, proper mass transfer is inde-
pendent of the pressure of the system. However, the rate of chemical reaction usually



Coatings 2023, 13, 188 9 of 16

increases with increasing the pressure of the system. Therefore, the reaction phase can be
limited when the pressure of the system is low. While the diffusion stage can be controlled
at high pressures. At temperatures that are suitable for the thermal degradation of the
materials, the homogenous nucleation of solid particles in the gas phase is more convenient
at low pressures in hot wall reactors compared to high pressures. This is due to the short
free scanning length of the reaction radicals at high pressures. Generally, nucleation is
homogeneous in the gas phase. While nucleation is heterogeneous on the substrate. It
seems that the nucleation process involves the formation of critical-sized clusters where
stable crystals form in the latter stage [98–102]. In this process, three main models are
considered for the growth process, which is shown in Figure 3.

It is important to note that one can achieve layer-by-layer growth (Frank–van der
Merwe growth model) under some special conditions. If the correlation between the
lattice parameter of the structure and the film grid parameter is too high in a way that the
mismatch is too low, three-dimensional clusters are formed in the Volmer–Weber growth
model. As the mismatch between the lattice of the substrate and the film grid increases, the
3D clusters have a suitable energy level so long as the relative potential energy is greater
than zero. As a result, intermediate films named Stranski–Krastanov are formed. Initially, a
few single-layers are created and then clusters are then formed. When the energy between
the film–substrate interface decreases, the film is separated from the substrate and the
clusters are formed on the surface of the first precipitated single-layer [86–90]. As stated
previously, the dimensions, shape, composition of the substrate, the type of the precipitation
process, thermodynamics of the deposited materials, and economic factors are influential on
the CVD process. The liquid or solid precursor enters the gas through a boiling evaporator.
Then, the gas that is produced is sent into the reactor. The evaporation rate should be
controlled when a particular thickness of a film or layer or multiple compositions with a
specific molar ratio is desired. In advanced CVD systems, current controllers or pressure–
current controllers are commonly used. And liquid precursors are easier to use compared
with solid precursors since heat transfer and the available surface area of the liquid are
higher than that of the solids [103–106].

In contrast to thermodynamic consideration that talks about the possibility of a re-
action, kinetics talks about the chemical conversion over the unit of chemical reaction
time [107,108]. The overall reaction is subdivided into several reactions, where the speed
of the CVD process is determined by the rate of the slowest reaction. Therefore, the rate
of this slowest reaction affects the deposition rate as well. When empirically determining
the deposition rate, an ideal index diagram of the CVD process is obtained. Such an ideal
diagram is shown in Figure 4. It can be observed that this diagram has three index zones.
At low temperatures, the deposition process is determined by the reaction performed on
the surface and follows the Arrhenius equation. This reaction-controlled region (Zone 1)
is suitable for creating uniform coatings on complex geometries. At higher temperatures,
the reaction speed is so high that the deposition process is carried out by particle trans-
port (Zone 2). However, at even higher temperatures, powder formation usually occurs
(Zone 3). For economic reasons, most of the CVD reactors in operation are restricted to
Zone 2 [109–113]. When a uniform composite coating layer on a substrate with a complex
geometry is the first major consideration, CVD processes generally work in region 1 of the
diagram in Figure 4.

The mass transfer of gases to the substrate in zone 2 determines the layering velocity
in the CVD process. A CVD process is accomplished by a complex and dynamic fluid flow
pattern. For example, gas mixtures flow through pipes, valves, and chambers, while at the
same time they are exposed to high temperatures. This temperature is different than the
pre-mixing temperature. Then, the gas mixture (nanocomposite coating) reacts with the
metal substrate. This reaction is a heterogeneous one due to the phase transformation from
gaseous to solid state during the CVD process. Figure 5 shows the steps that take place for
the deposition of ceramic nanocomposite coatings during the CVD process. They can be
summarized as follows [109–111]:
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Pre-Interaction: Convection transfer of reactive materials to the metal or nonmetallic
substrate by the formation of diffusive flow.

Step 1: Penetration of the precursor and gaseous products (desired coating) through
the boundary layer to the metallic or nonmetallic substrate.

Step 2: Absorption of the reactants or gaseous products (coatings) on the metallic or
nonmetallic substrate.

Step 3: Homogeneous and equilibrium bottom-up reactions in the gas phase with the
main components of the gas phase.

Step 4: Surface diffusion and surface reactions at the interface of the substrate.
Step 5: Separation and removal of non-consumable byproducts from the substrate

interface (reaction site).
Step 6: Diffusive transport of gaseous products separated from the surface by the

boundary layer at the interface.
Step 7: Convective transfer of subproducts through the boundary layer by diffusive

flow force.
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The precondition for the synthesis of ceramic coatings by the CVD process is the
presence of volatile compounds that include the compounds needed to precipitate these
ceramic coatings. Although gas precursors can be used directly, the liquid and solid
precursors must evaporate first before entering the reactor. Usually, liquids are heated
in a cylinder, and solids are heated in a tubular evaporator and then evaporated at high
temperatures. They are then atomized or become an aerosol. Chlorides, fluorides, and
bromides are present in CVD technology, where they contain various metals in the liquid or
gas state. These materials are volatile, and they are suitable alternatives for the deposition
of different materials on various substrates [112–118].

Most of the classical processes are based on the law of chemical synthesis. However,
this depends on which halogenated, compounds in the form of reductioning or oxidizing
gas, move towards the substrate and precipitate on it. In particular, most of the halogenated
compounds are reactive at temperatures above 750–900 ◦C. This point should be taken
into account in the production of ceramic coating via CVD technology. Typically, chemical
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synthesis involves chemical reactions such as hydrogen reduction, reductioning, metal
reduction, oxidation, hydrolysis, carbidization (for ceramic coatings), and nitrogenization.
The most important advantage of using CVD technology in the coating industry is the
selective deposition of different coating layers. In fact, using the CVD technology, thin
films or coatings can be selectively deposited on various substrates. Layer selection is
based on differences in chemical reactions occurring between the surface of a material and
the reactants. This method can produce various nanostructures or nanoparticles such as
ceramic nanostructures, carbides, carbon nanotubes, and even diamonds [114–118]. This is
one of the strengths of CVD technology in the coatings industry. Due to the high synthesis
speed of the process, it can be manufactured using different nanostructures. Additionally,
due to the high reaction temperature of the CVD chamber, a variety of precursors can be
employed. Another advantage of this method is the absence of large amounts of byproducts.
Byproducts are generally gaseous and can easily be separated from the products in the
compartment. Therefore, if pure raw materials or precursors are used in the process, pure
products are also obtained. This is performed in such a way that the byproducts are
negligible and easily removed from the environment. As a result, the primary product
generated from the reaction of the precursor with the substrate is easily separated from the
byproducts and the raw materials. If the goal is to produce oxide materials, the reaction
can take place in the natural atmosphere, thus making the device simpler and cheaper.
In sum, the composition of the desired products can be controlled by changing the type
of substrate, the reaction, structure, shape, and [114–118]. Alteration of metallurgical
conditions (environment, properties, and production process), often by the application
of high-performance oxide coating layers, can solve problems such as corrosion, wear,
conductivity, friction, etc. of the manufactured pieces [119–122].

5. Summary

The CVD technology is a process in which volatile compounds of different materials
are used to deposit a nonvolatile solid on an appropriate substrate. This short review
explains the industrial usage, various steps of the process, and the important factors
influencing the products. Nowadays, CVD technology is widely used for the production
of thin films and ceramic coatings. The CVD processes are commonly performed at high
temperatures and low pressures. The three main steps of the technology are surface reaction
(kinetic), diffusion (mass transfer), and desorption. The CVD process is divided into several
steps according to the type of heat source, temperature, and pressure of the chamber. Each
of these methods has advantages and disadvantages based on cost, uniformity of the
coating, ability to create ceramic nanocomposite coatings, and characteristic control of the
thin film that is produced. Moreover, important factors in terms of the properties of the
coating deposited by CVD technology are the dimensions or geometry of the substrate,
the shape of the substrate, the substrate temperature, the chemical composition of the
substrate, the type of deposition process, the temperature inside the chamber, the purity
of the target material, and the economic factors of the production. Finally, based on the
review of this study, it is predicted that nanolayer ceramic and advanced ceramic coating
industries would be the new venues for the applications of CVD technology to produce
coatings usable at very high temperatures, particularly for hot corrosion purposes.
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