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Abstract— With the rapid development of modern
manufacturing, traditional tools can no longer meet the needs of
current processing. The appearance of coated tools has greatly
solved this problem. Compared with traditional tools, coated
tools have excellent thermal stability, good wear resistance, high
hardness and high bonding strength. This article mainly
introduces the development of the coating material of the tool,
the preparation technology of the coating and the prospect of the
application and development of the tool coating.
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I INTRODUCTION

With the continuous development of processing technology
in the machinery industry, the use of new materials with higher
processing difficulty has gradually increased, and the
conditions for high-speed cutting continue to increase.
Traditional tools can no longer meet new requirements[1].
Although through a series of measures, the hardness of the tool
material is increased and the wear resistance is increased, at the
same time, the impact toughness and the bending strength of
the tool material are also reduced, so the performance of the
tool is affected. Because the tool coating is an effective method
to improve the above problem, the tool substrate is coated with
one or more layers of high hardness, wear-resistant,
corrosion-resistant metal or non-metallic coating (eg: Cr-N,
AI-Ti-N, Al-Cr-N, Al203 Such as), which makes the friction
factor between the tool and the work-piece greatly reduced,
without increasing the hardness and toughness of the coating
under the premise of improving the wear resistance of the tool,
extending the service life of the tool and improving the
processing efficiency [2] .

Il DEVELOPMENT OF TOOL COATING
MATERIALS

In recent years, the progressive development of the tool
coating has made it possible to increase the coating selectivity.
For example, binary coatings, multi-component coatings,
nano-composite coatings, and alternately coated multi-element
coatings. The following is the development and application of
some tool coating materials and preparation processes. Which
kind of coating is used in different processing conditions and
different processing occasions is beneficial to the cutting
process to obtain the best effect. The characteristics of each
kind of coating material have a very important role.

A. Binary coating

The transition metal nitride hard coating prepared by
plasma-assisted physical vapor deposition (PVD) technology
can be widely used to improve the performance and life of
industrial cutting tools and mechanical parts. Among them, the
binary coating CrN is widely used in the machining industry as
a protective coating because of its high hardness, strong
film/base bond strength, and wear resistance. The high
oxidation temperature and excellent corrosion resistance under
harsh environmental conditions have further improved the
overall performance of CrN coatings and have been
cooperating with other metals to form multi-component
coatings[3]. TiC is a high hardness, wear resistant compound |1
coating with good anti-friction and abrasion resistance; TiN is
slightly lower in hardness but chemically stable and reduces
the friction between the tool and the work-piece being
machined. Coefficient, combined with high-speed steel coating
firmly. From the process point of view, both are ideal coated
tool materials, but the binary coating is difficult to meet the
current requirements of high-speed cutting and harsh
processing conditions on the coating performance of the tool
[4].
B. Three yuan coating

The addition of aluminum to the binary coating CrN
increases the hardness, wear resistance and high temperature
oxidation resistance significantly, and as the aluminum content
increases, the oxidation rate of the ternary CrAIN coating
decreases and the oxidation resistance increases. TiAIN
coating has higher anti-oxidation temperature than TiC and
TiN. Under high temperature conditions, TiAIN has higher
hardness than TiN coating, low thermal conductivity, and
strong heat insulation effect. It is suitable for dry machining
and other harsh processing conditions[5]. However, compared
with TiAIN coatings, CrAIN coatings have a greater potential
for improving oxidation and wear resistance based on coatings.
Therefore, many recent studies have focused on aluminum-rich
AICrN PVD coatings. Nano-composite CrSiN coating has both
anti-adhesion and wear resistance, CS coating nano-crystalline
particles, or a silicon-rich non-crystalline composite.
Therefore, it has good lubricity and hardness. It can be used to
solve the problem of sticking and detachment of built-up edge
and reduce the surface roughness of the work-piece and
increase the service life of the tool. These coatings are
particularly useful for tools and mechanical components. Other
tribological protection coating applications [6].
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With the application of new materials in the mechanical
processing industry, the development of coatings can further
solve the difficult problems of difficult-to-cut and
difficult-to-machine  materials. The emergence and
development of multi-layer coatings, nano-composite coatings,
functional gradient coatings, etc., due to the combination of the
excellent characteristics of various materials, occupies a large
position in the current tool coating.

C. Nano-composite coating

As a new generation of film materials, nanocomposite films
can effectively improve the toughness of thin films, the
nanocomposite structural film were formed by isolated
nanocrystals embedded in a very thin amorphous layer, the
nano-crystalline has higher hardness, the amorphous phase has
better plasticity, the interfacial energy of the two phases is
high, and the crystalline phase and the amorphous phase are
thermodynamically separated; In addition, Dislocations cannot
be formed in tiny nanocrystals, the thin amorphous layer that
between the grains can effectively prevent the grain boundary
from slipping, and a large number of two-phase interfaces
increase the micro crack propagation resistance. Therefore, this
film has a high hardness (>40 GPa) , high toughness and
excellent wear resistance, suitable for high speed cutting, dry
machining and other conditions[7,8].

D. Multi-layer composite coating

The multi-layer composite coating is obtained by changing
the structure and chemical composition. It is generally formed
by alternately stacking two different materials at a certain
period, and the thickness of each layer can be controlled to be
several nanometers or less. Make full use of the advantages of
each material, and more importantly, synergistic effects such
as super modulus effect, super hard effect, etc.[9]. The
multi-layer composite coating can further improve the
toughness, hardness and high temperature oxidation resistance
of the single coating based on the original properties of the
single coating to better meet the high-efficiency processing of
modern difficult-to-machine materials[10,11]. In production
applications, Oerlikon Balzas Coatings has applied
AICrO/AICrN multi-layer composite coatings to gear hob
surfaces and has accounted for the tool coating industry, There
is an absolute advantage.

I COATING PREPARATION TECHNIQUES

Vacuum vapor deposition of a tool coating is formed by
vacuuming a metal or metal oxide into a gaseous atom or
molecule by various methods and depositing it on a metal or
non-metal  surface. Compared with the traditional
electroplating method, vacuum coating has the advantages of
low energy consumption, non-toxicity, no waste liquid, low
pollution, low cost, good decorative effect and strong metal
feeling. It is a promising new technology. Vacuum is one of
the necessary conditions for vapor deposition of coating. Under
vacuum, the active reactant gas has low oxygen content, and
has the characteristics of less collision between gas molecules,
chemical inactivity, low thermal conductivity and low
pressure. The porosity and impurity content of the film are

low; the degree of vacuum also affects the kinetic energy of the
deposited ions, changes the growth mechanism of the coating,
and refines the grains, affecting the phase structure and
distribution of the coating, thereby obtaining a coating of high
hardness and high purity. Vapor deposition is a method of
forming a metal or compound coating with special properties
on the surface of an object by utilizing physical and chemical
reaction processes occurring in a vacuum gas phase. The basic
principles of vapor deposition techniques according to coating
formation include: chemical vapor deposition (CVD) [12];
physical vapor deposition (PVD) [13].

PVD: it is a process of condensing coating in vacuum
environment by means of physical vapor phase such as
sputtering or evaporation. At present, the main methods of
physical vapor deposition include sputtering coating, vacuum
evaporation coating, arc, hollow cathode, reactive plasma
coating. The deposition process is carried out in vacuum and
gas discharge (low pressure plasma), high current arc discharge
and low voltage. The reaction source material of the coating is
solid material. After "evaporation or sputtering”, the reacting
gas through ‘"ionization, recombination and reactant
deposition” has been formed on the surface of the parts to
produce a new solid substance and deposited on the surface of
the workpiece to form a uniform and uniform hard coating and
their composite coating. With the rapid development of high
and new technology, new bright spots have appeared in
physical vapor deposition, such as multi arc ion plating and
magnetron sputtering compatible technology, unbalanced
magnetron sputtering and twin target technology, which make
physical gas phase deposition continuously meet the
development of big industrial model.

CVD: the process technology of solid film or coating made
by chemical reaction under a certain temperature and gaseous
condition by plasma excitation and heating. Chemical vapor
deposition (CVD) is a very flexible and widely used chemical
vapor growth method for preparing coatings. It is a method of
forming a required solid film or coating on the surface of the
matrix by supplying a single or multiple compound containing
a thin film element to a reaction chamber which is provided
with a matrix. The activation energy can also be obtained by
plasma and laser radiation technology, so that it can be
deposited at lower temperature. Now chemical vapor
deposition (CVD) is not only widely used in the deposition of a
variety of single crystal, polycrystalline or glass inorganic
membrane materials, but has become a new field of inorganic
synthetic chemistry.

IV  PROSPECT OF RESEARCH ON HARD COATING
MATERIALS

As a coating material applied to a tool, whether it can extend
the service life of the tool is always the most urgent problem to
be solved in the machining industry. This requires the
continuous development of the coating material and its current
status through research and understanding. A well-prepared
and well-designed coating process is used to prepare a tool
coating with excellent overall performance. In summary, it can
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be seen that the higher hardness alone does not improve the
overall performance of the coating. Therefore, important
applications include whether it has a hard coating with a low
coefficient of friction and self-lubricating properties. This has
led to the development of coating materials in the direction of
diversification, gradients, and multilayers. The preparation
process and latest development status of the tool coating
materials can provide theoretical support and certain reference
value for the application and research of coating materials.

V  CONCLUSION

The application of the coated tool has effectively solved the
rigidity of the tool and solved the contradiction between the
inability to coexist between the rigidity and the toughness of
the tool, and greatly enhanced the tool life and impact
resistance to a certain extent. However, the problem of poor
toughness and impact resistance of the tool itself has not been
fundamentally solved.The cost of processing is high.
Therefore, in order to improve the overall performance of
coated tools, hard cutting, dry cutting and high speed cutting
should be vigorously developed.
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