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Abstract: Metal cutting is still one of the most commonly used machining method, but it comes with some
drawbacks such as the negative impact on the environment by producing hazardous emissions into air,
water and soil. The studied literature has shown that the researchers’ efforts were directed towards
finding solutions to obtain a sustainable metal cutting process and their results are considering reducing
energy consumption and waste, increasing the amount of reusable or recycling waste, limiting resource
consumption and choosing alternative options for lubricating and cooling the tool and part during the
machining process. Among these methods, dry and near-dry machining were found to be most
environmentally friendly solutions as there is no more or very little contamination with cutting fluids.
Nevertheless, these methods come with several disadvantages such as increased heat generation and
frictional forces, rapid tool wear and inefficient chips removal but the researchers in this domain were
investigating different methods and strategies to address these challenges, such as new materials for
cutting tools, coatings, surface texturing of cutting tools, hybrid processes that combine dry machining
with laser, ultrasonic, vibrations etc. The current review focuses on the following developments in cutting
tool processing methods as a strategy to improve dry and near-dry machining performance: cutting tools
cryogenic treatment; coated cutting tools; textured cutting tools and coated and textured cutting tools.
For these methods, based on the studied literature, some conclusions are formulated on how they
influence the cutting process in dry and near-dry machining.
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f
1. INTRODUCTION'?

All the charts with data on energy consumption,
global temperatures, levels of CO; in atmosphere and
other data on the polluting potential of industrialization,
to which one add population growth, indicate a
continuous increase in these values, meaning things are
heading towards a less sustainable future. At a global
level, this situation has imposed the emergence of
rigorous regulations and laws that lead to the reduction of
the impact that industrialization has on the environment
and human health and wellbeing. The literature in this
field, consisting of scientific articles, manuscripts, press
articles, conferences of companies and organizations in
the field of ecological manufacturing, articles of the
companies producing vehicles, machine tools, tools etc.,
abounds with solutions regarding the achievement of
sustainable manufacturing processes and their practical
usefulness will be seen over time.

As it was depicted from the studied literature,
sustainable manufacturing or production refers to a
manufacturing system or process that takes into account
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the three key factors, namely the impact on the
environment, economy and society. In a broader
definition, sustainable manufacturing includes
minimizing negative environmental impacts, conserving
energy and natural resources, safety for employees,
community and consumers and economic efficiency.
Thus, considering the green/ clean metalworking, it can
be said that ecological manufacturing is an important part
of sustainable production. The efforts of the researchers
were directed towards finding solutions to obtain a
sustainable metal cutting process and the results are
considering reducing energy consumption and using
renewable energy resources, reducing waste and
increasing the amount of reusable or recycling waste,
limiting resource consumption by identifying solutions to
extend cutting tools lifespan, or choosing alternative
options for lubricating and cooling the tool and part
during the machining process.

During the cutting process, 99.5% of the mechanical
work is converted into heat, the rest being stored in the
part as potential energy in the superficial layer of the
machined surface. The cutting heat is accumulated into
workpiece, tool, chips, and environment. The heat is
released within the cutting area from various sources
which are based on both plastic deformations of the
machined material and friction at the interfaces cutting
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tool — chips and cutting tool — workpiece. The most
effective method to remove heat from the elements that
store it is the use of coolant-lubricant which, properly
applied, can absorb and remove over 50% of the heat.

The use of cutting fluids within the cutting process
extends to three directions of action, namely: cooling and
lubricating the active surface or edge of the tool, as well
as the material of the workpiece, and transporting chips
from the cutting area. Depending on the surface quality
to be achieved, the cutting fluid used may require better
cooling, lubrication, or both characteristics [1, 2].

The efficiency of the cutting fluids depends on
several factors, including the type of cutting operation,
cutting conditions, and the method of coolant application.

During machining, the cooling-lubrication fluid
enters the cutting area due to the vacuum effect that
occurs at the intersection point between the cutting tool,
workpiece, and chip [3, 4]. Thus, the chip is removed
more efficiently due to the lubricating qualities of the
cutting fluid reaching the cutting area. An oil film occurs
at the contact between the cutting edge and the chip
when, due to the wetting capacity of the liquid, the
adhesion forces become greater than the cohesive forces.
The oil film obtained helps to reduce the friction between
the cutting edge and the chip, which leads to a decrease
in the shear plane length resulting in less plastic
deformation and therefore less heat created [5].

The lubricating effect of the cutting fluids used in the
cutting process leads to a decrease in the friction forces
on the cutting area and therefore to a decrease in the total
cutting force. This will contribute to reducing the power
consumption, decreasing process vibrations, and
therefore increasing the quality of the machined part.

It is also known that metals and alloys subjected to
machining tend to rust quickly when exposed to moisture
and oxidation due to the removal of the protective layer
from the machined surface. Cooling-lubricating fluids
form a thin, non-porous layer on the surface of the part,
preventing wear through corrosion [6].

Another important role of coolants is transporting the
chips from the cutting area, chips that can scratch the
machined surface when detached or could accumulate
between the cutting tool and the workpiece, leading to a
decrease in the quality of the workpiece surface or
damaging the cutting tool. This cutting fluid’s role is
more important when the cutting area is not open, as it is
the case with drilling, deep drilling, broaching, etc. If we
consider the durability of the cutting tool, coolants
contribute to increasing the lifespan of the cutting tools
used within the process by reducing and preventing
heating, friction, and overall wear.

However, it is well known that the petroleum-based
coolants have a major negative impact on the
environment and human health and wellbeing and
thereby, the majority of research in this field aimed at
finding alternative options for lubricating and cooling the
tool and part during the metalworking process.

An ecological solution is the use of water, but water
is highly corrosive, although it cools the cutting area very
well and is ecological; therefore, commercial fluids with
lubricating properties are used in order to ensure the
desired quality for the machined surface, simultaneously
with the decrease in the power consumption [7].

The studied literature has divided cooling-lubrication
methods into two categories, namely conventional and
alternative, where the former refers to the continuous
flow of oil-based fluid and additives into the cutting zone
to improve certain properties, and alternative methods
refer to different cooling and lubrication options during
the cutting process with the aim of obtaining a
sustainable and environmentally friendly process [8].

Efforts were made by the researchers in this area of
interest to achieve a cleaner cutting process and safer for
the human's health, and several alternative methods for
cooling and lubricating were investigated (Fig. 1) [9].

Although the essential role of cutting fluids during
metalworking is well known, in recent decades the
problem of their negative effects has become
increasingly pressing, such as environmental pollution
through chemical dissociation of the cutting fluids at
very high temperatures, water pollution and soil
contamination during their final disposal, biological
threat to the operator's health coming from vapors,
smoke, physical contact, bacteria and odors, the need for
additional space and additional systems for storage,
pumping, filtration, recycling etc. This has determined
the development of solutions that aim to partially or
totally eliminate these fluids from the process or to use
substitutes that aim to ensure completing the same role,
namely lubrication, cooling and transporting the chips
and heat from the cutting area.

Two alternative methods are accepted by researchers
as the most suitable from the point of view of a cleaner
machining — dry and near dry cutting. As the name
suggests, dry cutting means that no fluid is used in the
cutting process, which will lead to some deficiencies
such as: increased heat generation and frictional forces,
build-up edge, rapid tool wear and inefficient chip
removal from the working area. Thus, it becomes
necessary the use of a cutting material with high levels of
resistance to breakage, pressure and temperature, high
hardness, chemical stability and resistance to thermal
fatigue [10-14].

In addition, there are some benefits of this method,
namely:
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Fig. 1. Ecological solutions for a sustainable metalcutting
process.
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e no more contamination with coolant and therefore no
negative impact on the environment, water and
employee health;

e no more residual fluid on the chips and the finished
part, so cleaning procedures are eliminated:;

e the need for coolant treatment is eliminated and
therefore recycling costs are reduced.

Machining without cutting fluids is usually used
when it is found that the same quality and productivity
can be achieved as when using fluids. In fact, dry-cutting
is often used when there are no requirements for higher
precision and quality of the machined surface, using
lower cutting speeds. However, the use of dry cutting has
proven to be beneficial in machining magnesium and
aluminum parts, as well as titanium [12, 14, 15-19].

The minimum quantity of liquid method (MQL), also
known as near dry machining (NDM), micro-lubrication
(ML) or green manufacturing (GM) could eliminate
some of the dry cutting disadvantages. In this method the
cutting fluid is sprayed into the cutting area in the form
of aerosols, and it uses approximately 10.000 times less
amount of cutting fluids than conventional machining.

With the MQL method, the coolant-lubricant is
sprayed into the contact area between the cutting tool and
the workpiece with a pressure of approximately 5 — 6.5
bar, and the amount of liquid differs depending on the
type of operation, the workpiece material, the cutting
material, the quality and precision to be obtained and can
take values between 10 ml/hour and 300 ml/hour. The
coolant-lubricant can be applied from the outside or from
the inside of the cutting tool. Spraying coolant-lubricant
on the outside of the cutting tool is often used in turning,
milling, and drilling when the ratio I/d < 3 (I = hole
length, d = hole diameter). Application from the inside of
the tool is more suitable for drilling, threading, reaming
when the ratio 1 /d > 3.

The cooling-lubricating liquids combined with
compressed air are sprayed into the cutting area by two
methods, namely: through a nozzle provided with a
single channel to transport the mixture of liquid and air,
and from outside the nozzle, through two channels, one
for air and the other for liquid. Spraying from within the
nozzle has been shown to offer superior performance by
eliminating the adverse effects associated with vapor
emissions into the environment [20-22].

The fluids used in this method could be based on pure
oil, synthetic oils, or emulsions with different water
concentrations, but there are alternative methods where
the agent used can be cryogenic, biodegradable liquids,
nanofluids, etc. This ensures cutting efficiency by
reducing frictional forces and heat and increasing the
cutting tool lifespan, while obtaining the desired quality
for the machined surface. In addition, this method has a
minimal impact on the environment and the operator's
health and the small amount of liquid used in the cutting
process leads to lower costs with chips and used liquid
disposal, therefore a lower cost with recycling.

2. METHODS FOR ENHANCING CUTTING
TOOL PERFORMANCE

Sustainable machining can be achieved by completelyor
partially eliminating cutting fluids from the process,

which means, as previously shown, that several
challenges may occur such as reduced surface quality,
increased friction between the cutting edge and
chip/workpiece, thus increasing temperature with
consequences on the durability of cutting tools, increased
energy consumption and difficulties in chips evacuation.
The main advantage of these methods is that there is no
longer cutting fluid contamination that would require
processing and treatment, and chip recycling is easier and
less costly. Thus, it is necessary to maximize the
advantages of dry and near-dry machining and aim to
reduce or eliminate the drawbacks of these methods by
using suitable cutting tools.

To enhance the cutting tools performance in order to
overcome the problem of friction during machining, and
also to prolong their lifespan and improve the quality of
the machined surface, several methods of processing
cutting tools have been developed, namely: cryogenic
treatment of the cutting tools, coatings, surface
structuring/texturing (micro-texturing) of cutting tools
and combining coating and texturing the cutting tools
[23, 24].

This review aims to investigate these cutting tool
processing methods and identify the advantages and
disadvantages of using processed tools in dry and near-
dry cutting. Finally, a summary of the results regarding
the performance of processed cutting tools will be made,
depending on the machined surface quality, elimination
of friction in the cutting process, achieving cooling, ease
of chip evacuation, costs, and waste management.

2.1. Cryogenic Treatment of Cutting Tools

With the cryogenic treatment or cryo-processing of
the cutting tools, significant improvements in their
durability and performance can be achieved, and
machining conditions can be brought to a more optimum
level which will be reflected in lower production costs
and higher productivity. It is a heat treatment below 0°C
that affects cutting tools across their entire cross-section
and leads to changes in their microstructure. This
advanced process will lead to increased tool life,
dimensional stability, reduced wear, improved hardness
and microstructure of cutting tools [25-29].

There are two types of treatment, namely superficial
treatment which takes place between — 80 and — 145°C
and deep treatment which takes place at temperatures
lower than — 145°C. Also, the result of cryogenic
treatment depends on the cutting material, high-speed
steel and tungsten carbide tools often being studied [30,
31].

Cryogenic treatment of the new inserts helps to
significantly relieve the residual stresses. Cryo-
processing cycle typically involves several parameters:
cooling rate, soaking temperature, soaking time period,
heating rate, tempering temperature and tempering time
period [31, 32].

The researches in the field have led to some
conclusions, namely: the first three parameters have a
98% contribution to improving the mechanical properties
of the cutting tool [33], the mechanical properties of
cooling must be slow enough to avoid thermal shocks
and cracking [34], [35] suggested that in order to avoid
rupture of tool the rate of cooling should not exceed
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30°C/h and likewise for the soaking period and it
recommended that soaking period should not be greater
than 35h, soaking temperature has an important
influence on the wear resistance of the tool, in the case of
high-speed steel showing an increase in wear resistance
of 315%-382% [36], during turning of Impax supreme
alloy with both cryogenically treated and untreated tools
showed that the cutting tool wear, cutting tool tip
temperature, surface roughness, vibration and noise
values decreased after the deep cryogenic treatment
applied to the cutting tool and enhance cutting tool life
by up to 150% [37]. However, it was suggested that at
very high cutting speeds and temperatures, cryo-
processed cutting tools did not perform better than
conventional ones [30, 38, 39].

Cryogenic processing is a treatment for the cutting
tools, which is relatively less costly as compared to
several other techniques. This treatment has significantly
improved the efficacy of dry machining by increasing the
tool life. In some case, the increase in the wear
resistance, toughness and hardness of cutting tool has
improved the cutting tool life up to 343% [31, 40].

2.2. Coated Cutting Tools

Several properties are desirable in cutting tools, some
referring to the tool's active surfaces and some to the
tool's core. The tool surface has to be hard, smooth,
wear-resistant, and inert, while the tool core has to be
strong, heat-resistant, tough, and thermally conductive.
These properties are hard to achieve in a single material,
so coatings are used to enhance the tool surface. Coatings
consist of a few micrometers or nanometers thick layer
(single or multi-layers) of chemically inert, hard, anti-
friction, and thermally isolating material deposited on the
tool surface to improve its performance [10, 41-43].

A single layer of refractory or composite material is
superior to uncoated cutting material in terms of
hardness, fracture toughness and surface inertness, but
the low wear resistance and high friction usually cause
mechanical and chemical damage. Therefore, multi-layer
coating can improve the tribological properties as it
prevents crack propagation and hence improves the
fracture and wear resistances, extending tool life and
achieving machining accuracy and a high-quality
machined surface. In addition, the number of coating
layers acts as a thermal shield against conductive heat
transfer through the cutting tool, which increases its life.
However, the total thickness of layers must be controlled
and optimized to avoid any counterproductive effects on
wear resistance and tool life [44-47].

Latest researches in coated cutting tools have focused
on improving the coating preparation process, increasing
the bond strength between coating and substrate,
increasing the coating hardness and toughness,
improving oxidation resistance at very high temperatures,
increasing wear resistance and reducing friction, so that
the coated tools could be used in various situations,
including machining under very hard conditions [48-50].

There are two widely used methods for preparing
coatings for cutting tools, namely chemical vapor
deposition (CVD) and physical vapor deposition (PVD).
In Fig. 2, two types of CVD and PVD coated tools are
depicted.

C.V.D-coated
\ grade

P.V.D-coated
. grade

; il TiICN
Cross section of the
micro-structure

Special carbide
| substrate

Cross section of the
micro-structure

a b
Fig. 2. Types of coated inserts: a — PVD -coated insert [51];
b — CVD-coated insert [52].

In the chemical vapor deposition process, one or
more gaseous substances containing the desired coating
elements are used to chemically treat the surface of the
cutting tool in a reaction chamber, forming a coating
layer on the surface of the cutting tool substrate. The
chemical vapor deposition process is divided into three
important stages: diffusion of the reactive gas to the
substrate surface, adsorption of the reactive gas on the
substrate surface, chemical reaction on the substrate
surface to form solid deposits, and removal of gas-phase
byproducts from the substrate surface [53].

There are many chemical vapor deposition methods,
including atmospheric  pressure  chemical vapor
deposition, low-pressure chemical vapor deposition,
ultra-high vacuum chemical vapor deposition, laser
chemical vapor deposition, metal-organic chemical
vapor deposition, plasma-enhanced chemical vapor
deposition, etc. [48, 54-56].

In the physical vapor deposition process, physical
methods such as evaporation or sputtering are used to
vaporize the coating material and then deposit a film on
the surface of the substrate. PVD (physical vapor
deposition) coating technology is mainly divided into
three categories: vacuum evaporation coating, vacuum
sputter coating and vacuum ion coating. Each of them
has advantages and disadvantages as following: in
vacuum evaporation coating, deposition speed is fast and
it can be mass-produced, but the structure is not easy to
control and the bonding strength of is not high; in
vacuum sputter coating, target materials are in a wide
range, deformation of the coated workpiece is small, film
quality is high and thickness is relatively uniform, it is
easier to realize large area and rapid deposition of
material surface, but diffraction performance of
deposition technology is poor; in vacuum ion coating,
bonding strength is high, the diffraction property is good,
coating materials are relatively wide, the deposition rate
is fast. The main physical vapor deposition methods are:
multi-arc ion plating, vacuum cathodic ion plating,
magnetron sputtering, cathodic arc evaporation and so
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on, but there are other emerging PVD methods such as
plasma-assisted cathodic arc evaporation technology,
high-power pulsed magnetron sputtering (HiPIMS),
plasma spray physical vapor deposition (PS-PVD),
electron beam physical vapor deposition (EB-PVD), ion-
assisted evaporation technology (I'\VD), plasma-enhanced
magnetron sputtering, arc plasma accelerated PVD which
were developed in order to avoid the inherent defects of
conventional physical vapor deposition and improve the
coating quality [48, 57—61].

Composite coating preparation technologies have
been developed to overcome the shortcomings of
individual coating processes and to improve the
performance of coated cutting tools. Methods such as
PCVD, ion beam assisted deposition, cold spraying,
thermal spraying and sol-gel method have been proposed
[62-67].

There are two main categories of coating materials,
namely ,hard” and ,soft”, where each one depicts a
different impact on the cutting tool performance. The
“‘hard’> materials have higher hardness and wear
resistance, while the ‘‘soft’” materials depict a lower
friction coefficient. The ‘‘hard’’ coating materials can be
divided into the following categories: Ti-based coating
materials, Cr-based coating materials, ceramic materials,
superhard coatings, and solid lubricant coatings [48, 66].

Titanium-based coating materials are the most widely
used coating materials for cutting tools, with a highly
developed preparation technology. Initially, Ti-based
coating materials were TiC and TiN, and TiCN was later
developed to overcome the shortcomings of the first two.
Cr-based coating materials were originally composed of
CrN, with high hardness, thermal stability, anti-wear,
anti-sticking, and anti-corrosion properties. However,
CrN coating is resistant to oxidation at high temperatures
up to 800°C (temperatures higher than 800°C intensify
oxidation, and hardness is increased). To further optimize
their performance, coating materials such as AICrN,
CrSiN and AICrSiN have emerged, as the addition of Al
and Si elements improves the hardness and oxidation
resistance of the coating.

The most commonly used ceramic coating material is
AI203, which has strong heat and oxidation resistance. It
can isolate the heat generated by the active surface of the
cutting tool and the deformation caused by cutting.

The typical representative of superhard coating
materials is diamond coating. Diamond coating is often
applied to the substrates of cemented carbide cutting
tools, which will not only lead to high hardness, good
wear resistance, and thermal conductivity, but also has
good impact resistance and toughness.

Solid lubricants are represented by cubic boron
nitride (CBN), which comes second after diamond in
terms of hardness and thermal conductivity. It has
optimal thermal stability and does not oxidize easily;
therefore, it is widely used in the machining of steel parts
[66, 68-70].

Thus, there is currently a wide variety of hard coating
materials that are wear-resistant and can be used with
very good results in high-speed cutting without the need
for cutting fluids. Although they have many advantages,
at very high cutting temperatures, these materials are
subject to oxidation and changes in softening and friction

coefficient. This will cause a decrease of the hard
coating, as well as the performance of the coated cutting
tool.

This drawback can be overcome by using "soft"
coating materials based on solid lubricants with a low
friction coefficient such as soft metals (zinc, lead, tin,
indium, etc.), metal compounds (metal sulfides,
fluorides, selenides, borates, phosphates, etc.), organic
substances (various polymer materials, thermoplastic
materials and resin materials) and mineral substances
[71-73].

The pure soft coating has limited application scope
due to its low hardness, rapid performance degradation in
high temperature, humidity and other environments,
therefore, currently, attempts are being made to
organically combine hard coating with soft coating,
adding alloying elements that can form lubricating oxides
in the existing coating, which can improve the machining
performance of the cutting tool.

Of particular importance is the coating structure
which has evolved over time from single to multilayer
coatings, composite coatings, gradient coatings,
multilayer composite coatings, smart coatings, etc. [48,
74-76], Fig. 3.

A single layer is a form of solid coating made of a
compound consisting of metallic or non-metallic
particles combined with gas molecules in single or multi-
gas environment. A monolayer is easy to prepare and is
stable in long-term use.

Multiple layers of coatings have been developed to
improve the performance and protective effect of
coatings. The number of layers should not be excessive
as the bonding force between the coating and cutting tool
base becomes weak if the number of layers is too large
and the coating could easily fall off. Multi-component
coating refers to the composition of two or more
components in the form of grains, particles or fibers.

Gradual coating refers to the introduction of gradual
changes in the chemical composition and microstructure
of the coating on the basis of the multi-layer coating.

Nanostructured coatings include nanogranular films
as well as nanocomposite films.

Superlattice multi-layer coating refers to a multi-layer
coating with a single layer thickness in the range of 5-50
nm. This type of coating holds high hardness, high tear
strength, good bonding properties and strong wear
resistance.
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Fig. 3. The evolution of coating structures [48, 74-76].
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Fig. 4. The interface between tool rake face and chip in textured tools comparing to conventional ones [10].

Smart coatings are generally coatings that can change
their tribological properties according to changes in the
working environment. This type of coating usually
consists of a wear-resistant phase and a lubricating phase
and can achieve adaptive changes in different
environments by adjusting the surface morphology,
chemical composition and structure to reduce wear. The
complex structure and chemical properties of such
coatings can be reversibly transformed in the friction
contact area to generate a lubricating phase suitable for
the working environment. This is the main research
direction of cutting tool coatings in the future [48, 75,
76].

The studied literature has shown that researchers have
investigated the performance of various kinds of coatings
for machining different materials, such as conventional,
nanocomposites and self-lubricative coatings [77-82] and
they concluded that the performance depends on several
factors, such as layer ordering in multilayer coatings,
coating thickness, composition ratio and deposition
method.

Although the results have shown improved cutting
performance when using coated tools compared to
uncoated tools by increasing the tool lifespan, decreasing
of cutting temperature, diminishing friction coefficient at
the cutting zone which reduces the cutting force and
energy consumption as well [83, 84], improved wear
resistance and quality of machined surface [85, 86], it is
necessary for different workpiece materials to identify
the suitable coating cutting tools so as to improve the
machining quality but also their efficiency has been
proven under certain cutting conditions (at higher cutting
speeds, higher feeds, etc.).

2.3. Textured Cutting Tools

The textured active surfaces of cutting tools were
developed as a necessity to eliminate the inconveniences
that arise due to friction at the contact between the
cutting edge and workpiece, under dry cutting conditions
or with a minimum amount of coolant-lubricant. The
textured surface is a surface designed with a specific
pattern or texture to provide a certain machining
performance or to control the tribological, optical and
mechanical properties of the cutting tool surface [87-89].
Because of the advances in micro and nano technologies,
surface texturing can be achieved under conditions of
high control and precision. The mechanism of surface
texture on cutting tools mainly includes three stages (Fig.
4) [90]:

e reducing the contact length of the chip and so
reducing the friction as well as the cutting
temperature,

e storing lubricant to increase its retention,

e capturing debris and reduce the furrow and adhesion
between the cutting tool and workpiece.

Thus, the placement of the texture reduces the contact
length between chip and cutting edge which lead to
decreasing friction coefficient and cutting force,
improving temperature distribution, increasing chip
breaking capacity and prolonging the tool lifespan. In
addition, the overall quality of the finished workpiece
surface can be enhanced.

The researches in this field have focused on studying
the effects of different textures placed on the clearance/
rake surface [91-93], on the flank surface [94, 95] or on
both active surfaces of the cutting tool [96, 97] have on
the cutting performance (Fig. 5).

Different textures styles were designed for both
active surfaces of the cutting tool (rake and flank
surfaces) including grooves [98, 99], pits [89, 100],
waves [101], grids [102], ovals [103, 104], diamonds

Rake surface

Rake surface

Q0000
00000
00000
00000

(a) (b) (<)
Textured rake surface — (a) dimples, (b) waves, (c) channels

/ = ra
R ¢/ wowo o —_—

a ¥ = G
c3oos MAAAAAIES = ¥
0CcQo00 NAAAAS _
gz222 MAAA =

‘8 EER NAAAAA I8 =
Flank surface Flank surface| - Flank surface,
(a) (b) (c)
Textured rake and flank surfaces (a) dimples, (b) waves, (c)
channels

Rake surface

Rake surface

(a) (b)

Dual textured inserts — (a) dimple and channel, (b) wave and
channel (c) wave and dimple

Fig. 5. Examples of textures and their placing on the tool active
surfaces [10].
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[105], zigzags [106], and mixed textures [107, 108].
These patterns have their own characteristics and are
designed to meet different machining needs and
performance requirements [109].

Various techniques are used to produce micro-
textures, which can be achieved by different methods.
With the continuous deepening of research on micro-
textured cutting tools, micro-texture processing
technology has been continuously developed, so that in
addition to traditional processing methods, new
technologies have emerged, including laser, micro-
grinding, photolithography, electric discharge, electron
beam, focused ion beam, chemical etching processing,
ultrasonic, abrasive jet, electrochemical machining and
surface shot peening [110, 111].

Among these methods, laser machining and electrical
discharge machining are currently the most commonly
implemented approaches in texture processing, and the
size of the micro texture can reach micro or even
nanometric level. At this stage, research on micro-
texturing technology was mainly focused in two
directions: (1) preparing micro-textured cutting tools in
order to study their machining performance and (2)
optimizing the parameters of the micro-texturing process
in order to obtain a high-quality micro-texture.
Regarding the research on the performance of
microtextured cutting tools, two directions were pursued,
namely the analysis of micro-texture parameters on
cutting tool performance, cutting temperature and force,
cutting tool wear and machined surface quality, and the
optimization of micro-texture parameters to obtain the
best cutting conditions.

Various studies have shown that the performance of
textured cutting tools depends on the shape and
dimensions of the textures [112-115]. It is recommended
that the textures on the cutting tools have mixed sizes,
both micro and nano scale, which will lead to better
coolant retention. In order to maintain the integrity of the
cutting edge, it is necessary for the textures to be placed
at an optimal distance, although this distance also
depends on the thickness of the uncut chip.

Moreover, the way the textures are aligned with the
cutting edge is very important and, in this regard, it has
been shown that in the case of grooved textures on the
rake surface, it is necessary to be placed parallel and not
in the direction of chip flow, which will lead to reduced
edge wear and better orientation of the coolant-lubricant
in the contact area between tool and workpiece.

Also, grooves orthogonal to chip flow direction
prevent chips from penetrating into textures, which
results in enhancing effects of micro-pool, micro-pocket
and reducing contact area [116]. Therefore, the grooves
orthogonal to chip flow direction show better overall
cutting performance in terms of reduced cutting force
[89, 117-119], improved anti adhesion [120-122], and
lowered tool wear [114, 117, 123, 124].

Cutting force and temperature are among the most
important physical phenomena in the metal cutting
process, which directly influence the quality of the
machined part, the cutting tool lifespan and energy
consumption. Also, choosing the cutting regime and
optimal geometry of the cutting tool depends on the
magnitude of cutting forces.

In one of the first studies on this concept, textured
cemented carbide tools at the microscopic or nanoscale
using a laser beam were presented [89]. The textured
tools showed a decrease in cutting force and the direction
of the texture had a great influence. Also, placing
textures on both active surfaces of cutting tools can
significantly reduce friction, by ~13-26%, during
machining processes [125, 126].

2.4. Textured Coated Cutting Tools

Based on the available studies, it can be suggested
that the current research on the textured coated cutting
tools focuses on the analysis of the cutting performance
and some results are as follows: compared to the textured
cutting tools, the tribological properties of the textured
coated cutting tools were superior, the wear mechanism
was characterized by the brittle peeling of the coating
film and the anti-adhesion and anti-wear properties of the
cutting tool surface were improved [127]; the texture
could slow down the degree of wear of the coating by
capturing and storing the wear particles, enhanced the
bonding strength of the coating and substrate, maintained
the surface integrity of the coating and synergistically
improved the cutting and anti-wear properties of the
textured coated cutting tools [128, 129]; compared with
the pure coating cutting tool, applying texture enhanced
the cutting performance in terms of cutting force and
friction coefficient [130]; the cutting force were
significantly reduced and so the friction coefficient and
cutting tool wear, whereas the cutting tool life and
workpiece quality were improved [131, 132]; in the case
of highspeed cutting (250 m/min) in dry machining, the
cutting forces of the textured tool were reduced by 13—
22% compared with that of the conventional tool, and the
cutting forces of the both textured and WS, coated tool
were reduced by 25-44% compared with that of the
conventional one and also it showed the smallest cutting
temperature and friction coefficient at the tool-chip
interface among all the tools tested [133]; when the
cutting performance of the three kinds of coated nano-
textured tools was studied, it was found that the average
cutting forces were lower, as well as the friction
coefficient and the cutting temperatures at the tool-chip
interface compared with the conventional tool and the
coated tool without nano-textures [134]; the coating
enhanced the wear resistance of the tool and combined
with the texture, an optimal sliding-rolling compound
friction was formed on the rake face of the cutting tool
which effectively reduced the friction coefficient along
with diminishing the occurrence of adhesive wear on the
cutting tool surface [135, 136].

In [137] the cutting performance of TiN-WS2 coated
and textured tool in dry machining of Ti-6Al-4V was
investigated compared to a coated tool, a textured tool
and a conventional tool and, and the following results
were obtained: the cutting force generated during
machining was reduced by 14 % for coated-textured tool
the coefficient of friction was reduced by 47 %, the tool-
chip contact length was reduced by 13 % , the tool life
was improved by 43 % when compared to commercial
tools and overall the performance of the cutting tools in
terms of the assessed parameters could be rated as TiN-
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Table 1

Machining performance and sustainability of the processed cutting tools

Processing Tool wear Cutting Cutting Quality of the finished Sustainability
cost forces temperature part
Cryogenlc * *kk ** ** *kk *kkk
treatment of CT

Coated CT *k*k ** ** *kk ** **x
Textured CT *k*k *kk *kk ** ** **x
CoatEd and *khkk ** ** ** *khkk **x
textured CT

WS2 coated textured tool > TiN-WS2 coated tool >
Textured tool > Commercial tool.

Four strategies for improving machining performance

in dry and near-dry metal-cutting were reviewed and
some advantages and challenges were depicted. In terms
of the influence that these strategies have on the
machining process, it can be appreciated that the cutting
results are conditioned not only by the type of cutting
tool, but also by other cutting process parameters such as
cutting regime, type of operation and workpiece material
and by the specific parameters of the tool processing
method.
Table 1 depicts an overview of the influences that these
four cutting tool processing methods have on dry and
near-dry machining, and the following are considered:
processing costs, tool wear, finished surface quality and
accuracy, cutting performance (with regard to forces and
temperature, lubrication and cooling of the cutting area,
chips removal ease) and sustainability (where * = low,
Kkkk — high).

3. CONCLUSIONS

This paper presents a review of the most common
cutting tool processing methods used for enhancing
performance in dry or near-dry machining in order to
achieve sustainable and environmentally friendly
manufacturing. The results of the study have highlighted
the following:
¢ from an economic, social, and environmental point of

view, sustainable cutting processes are a necessity of
the moment to meet environmental regulations and
eliminate or reduce health hazards for operators,
maximize productivity, and make competitive
products;

e dry cutting is an environmentally friendly machining
method, but in the absence of cooling and lubrication
fluids, it will lead to rapid wear of cutting tools, lower
quality of machined surfaces, and higher tool costs;

e MQL or NDM is an intermediate solution between
dry and conventional cutting in terms of processing
cost and quality of machined surfaces; in this case,
both lubrication and cooling of the cutting area are
ensured, and the use of ecological liquids can
increase the sustainability of the technique; however,
there are disadvantages such as vapor formation and
the problem of chip evacuation in the case of some
operations; also, a continuous supply of compressed
air is required throughout the cutting process;

e in cryogenic treatment of cutting tools, machinability
increases, and due to good thermal conductivity, the

cutting temperature decreases; also it enhances
machining performance by improving the tool's wear
resistance; the liquid nitrogen used for treatment is
nontoxic, easily disposable and leaves no residue; the
cryo-processed  cutting  tools  provide  better
performance for low cutting speeds; this type of
processed tool is not suitable for interrupted cutting
because rapid wear can occur; this treatment is
equally effective for HSS and carbide tools;
additional supply of coolant and lubricant is needed
during the machining process;

coating the surface of the cutting tool base can
effectively improve the hardness, bonding force,
chemical stability of the cutting tool surface, along
with improving the cutting and wear resistance of the
tool; tool coating is a viable option for reducing the
cost of tools in dry machining and can provide the
desired functionality for the cutting tool without
compromising its core properties.

texturing of cutting tool surfaces is an
environmentally friendly technique that can be used
in dry cutting; it also improves machinability by
effectively controlling the chip flow direction,
reduces the build-up edge formation, also cutting
forces, friction coefficient and diffusion wear are
reduced; as disadvantages of the technique: special
machines are required to create the textures, which
involves higher costs; it might be necessary to use an
alternative cooling option for cutting in difficult
conditions and it is not a suitable method for small-
scale production;

the geometric attributes of the tool surface texture,
such as the shape, layout, and size, play crucial roles
in determining cutting efficiency. Compared with a
single texture, a composite texture with appropriate
shape, distribution, and size parameters can more
effectively enhance the cutting characteristics of the
tool (such as by reducing the cutting temperature,
increasing the wear resistance, optimizing the surface
quality, and extending the lifespan of the tool;
combining two different cutting tool processing
methods, such as texturing and coating, texturing and
self-lubricating coating, or texturing on advanced tool
material in dry machining, may offer advantages in
terms of obtaining friction reduction, improved wear
resistance and surface quality, while machining
various difficult-to-machine materials; the coated
micro-textured cutting tools represent a new
technology that combines the surface micro-texture
and coating technologies.



A.M. Nica and I. Cozminca | Proceedings in Manufacturing Systems, Vol. 21, Iss. 2, 2026 / 79-90 87

REFERENCES

(1]

[2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

R.W. Maruda, et. al., Metrological analysis of surface
quality aspects in minimum quantity cooling lubrication,
Measurement. 171 (2021), 108847,
https://doi.org/10.1016/j.measurement.2020.108847.

G.M. Krolczyk, R.W. Maruda, J.B. Krolczyk, P. Nieslony,
S.  Wojciechowski, S. Legutko, Parametric and
nonparametric description of the surface topography in
the dry and MQCL cutting conditions, Measurement, 121,
2018, 225-239.

T. Ozel, D. Biermann, T. Enomoto, P. Mativenga,
Structured and textured cutting tool surfaces for
machining applications, CIRP Ann. 70, https:/
doi.org/10.1016/j.cirp.2021.05.006., 2021, 495-518.

C.V. Yiddirim, S,. Sirin, T. Kivak, M. Sarikaya, A
comparative study on the tribological behavior of
mono&proportional hybrid nanofluids for sustainable
turning of AISI 420 hardened steel with cermet tools, J.
Manuf. Process. 73, 2022, 695-714,
https://doi.org/10.1016/j.jmapro.2021.11.044.

E. Abd Rahim, H. Sasahara, Performance of palm oil as a
biobased machining lubricant when drilling inconel 718,
MATEC  Web  Conf. 101 (2017) 03015,
https://doi.org/10.1051/matecconf/201710103015

J.  Rajaguru,N. Arunachalam, A comprehensive
investigation on the effect of flood and MQL coolant on
the machinability and stress corrosion cracking of super
duplex stainless steel, J. Mater. Process. Technol. 276
2020, 116417, https://doi.org/10.1016/j.
jmatprotec.2019.116417).

C.V.Yildirim, T. Kivak, M. Sarikaya, S. Sirin, Evaluation
of tool wear, surface roughness/topography and chip
morphology when machining of Ni-based alloy 625 under
MQL, cryogenic cooling and CryoMQL, J. Mater. Res.
Technol. 9, 2020, 2079-2092,
https://doi.org/10.1016/j.jmrt.2019.12.069.

A. M. Bocinet (Nica), C. Croitoru, I.Cozminca, Study
Regarding Metalworking Sustainability With Regards To
Cryogenic Cooling — Lubrication Methods — An Overview,
BPI, Vol. (67), No. 2, 2017, pp. 29-44.

A. M. Nica, I. Cozminca and A. Munteanu,
Considerations regarding the selection of an optimal
alternative cooling-lubrication method for a sustainable
metalworking process, Inventics International Conference,
2026, in press.

S. Pawanr, K. Gupta, Dry Machining Techniques for
Sustainability in Metal Cutting: A Review. Processes, 12,
417., 2024, https://doi.org/10.3390/pr12020417;

G.S. Goindi, P. Sarkar, Dry machining: a step towards
sustainable machining — challenges and future directions,
J. Clean. Prod. 165, 2017, 1557-1571, https://
doi.org/10.1016/j.jclepro.2017.07.235.

M.S. Dargusch, S. Sun, JW. Kim, T. Li, P. Trimby, J.
Cairney, Effect of tool wear evolution on chip formation
during dry machining of Ti-6Al-4V alloy, Int. J. Mach.
Tools Manuf. 126, 2018, 13-17, https://doi.org/10.1016/j.
ijmachtools.2017.12.003.

B. Haddag, S. Atlati, M. Nouari, A. Moufki, Dry
machining aeronautical aluminum alloy AA2024-T351:
analysis of cutting forces, chip segmentation and built-up
edge  formation,  Metals  (Basel). 6, 2016,
https://doi.org/10.3390/met6090197.

S.K. Pattnaik, N.K. Bhoi, S. Padhi, S.K. Sarangi, Dry
machining of aluminum for proper selection of cutting
tool: tool performance and tool wear, Int. J. Adv. Manuf.
Technol. 98, 2018, 55-65, https://doi.org/10.1007/s00170-
017-0307-0.

W.S. Yip, S. To, Tool life enhancement in dry diamond
turning of titanium alloys using an eddy current damping

[16]

[17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

and a magnetic field for sustainable manufacturing, J.
Clean. Prod. 168, 2017, 929-939, https://doi.org/10.1016/j.
jclepro.2017.09.100.

G.M. Uddin et. al., Comparative performance analysis of
cemented carbide, TiN, TiAIN, and PCD coated inserts in
dry machining of Al 2024 alloy, Int. J. Adv. Manuf.
Technol. 112, 2021, 1461-1481,
https://doi.org/10.1007/s00170-020-06315-5.

A.S. Siju, K.K. Gajrani, S.S. Joshi, Dual textured carbide
tools for dry machining of titanium alloys, Int. J. Refract.
Met. Hard Mater. 94, 2021, 105403, https://doi.
0rg/10.1016/j.ijrmhm.2020.105403.

G.C. Behera, J. Thrinadh, S. Datta, Influence of cutting
insert (uncoated and coated carbide) on cutting force,
tool-tip temperature, and chip morphology during dry
machining of Inconel 825, Mater. Today Proc. 38, 2021,
26642670, https://doi.org/10.1016/j.matpr.2020.08.332.
S.LLA. Qadri, G.A. Harmain, M.F. Wani, An experimental
study on investigation of machining of nickel based super
alloy 718, Mater. Today Proc. 19, 2019, 541-545,
https://doi.org/10.1016/j.matpr.2019.07.730.

K.A. Osman, H.O. Unver, U. Seker, Application of
minimum quantity lubrication techniques in machining
process of titanium alloy for sustainability: a review, Int.
J. Adv. Manuf. Technol. 100, 2019, 2311-2332,
https://doi.org/10.1007/ s00170-018-2813-0.

Y. Kamata, T. Obikawa, High speed MQL finish-turning
of Inconel 718 with different coated tools. J Mater Process
Tech 192:281-286, 2007.

B. Boswell, M.N. Islam, I.J. Davies, Y.R. Ginting, A.K.
Ong, A review identifying the effectiveness of minimum
quantity lubrication (MQL) during conventional
machining. Int J Adv Manuf Technol 92(1):321-340, 2017
S. Pervaiz, S. Kannan, |. Deiab, H. Kishawy, Role of
energy consumption, cutting tool and workpiece materials
towards environmentally conscious machining: A
comprehensive review, Proc IMechE Part B: J Engineering
Manufacture, 1-20, IMechE 2019, DOl:
10.1177/0954405419875344.

S. Yuan, L. Yan, W. Liu, Q. Liu, Effects of cooling air
temperature on cryogenic machining of Ti—6AI-4V alloy. J
Mater Process Technol 211(3):356-362, 2011.

K. Ishfag et. al., Progressing towards Sustainable
Machining of Steels: A Detailed Review. Materials 2021,
14, 5162. https://doi.org/10.3390/mal4185162.

B. Podgornik, V. Leskovsek, J. Vizintin, Influence of
Deep-Cryogenic Treatment on Tribological Properties of
P/M High-Speed Steel. Mater. Manuf. Process. 2009, 24,
734-738.

A.Y.L. Yong, K.H.W. Seah, M. Rahman, Performance of
cryogenically treated tungsten carbide tools in milling
operations. Int. J. Adv. Manuf. Technol. 2007, 32, 638—
643;

Y.-P. Chang, G. Wang, J.-H. Horng, L.-M. Chu, Y.-C.
Hwang, Effects of Deep Cryogenic Treatment onWear
Mechanisms and Microthermal Expansion for the Material
of Drive Elements. Adv. Mater. Sci. Eng. 2013, 2013, 1-7,
A.M. Bocdnet (Nica), C. Croitoru, Considerations
regarding the use of cryogenic cooling in metal cutting as
an alternative to conventional cooling — brief review,
MATEC Web of Conferences 178, 03014, 2018,
https://doi.org/10.1051/matecconf/201817803014.
S.Pervaiz, S. Kannan, I. Deiab, H. Kishawy, Cryogenic
treatment is a well-known method to enhance the
mechanical properties of the engineering, Proc IMechE
Part B: J Engineering Manufacture 1-20,_ IMechE 2019,
doi: 10.1177/0954405419875344;

Chetan, S.Ghosh, P. Venkateswara Rao, Application of
sustainable techniques in metal cutting for enhanced
machinability: a review, Journal of Cleaner Production


https://doi.org/10.1016/j.jmapro.2021.11.044
https://doi.org/10.1051/matecconf/201710103015
https://doi.org/10.1016/j.%20jmatprotec.2019.116417
https://doi.org/10.1016/j.%20jmatprotec.2019.116417
https://doi.org/10.1016/j.jmrt.2019.12.069
https://doi.org/10.3390/pr12020417
https://doi.org/10.3390/met6090197
https://doi.org/10.1007/s00170-017-0307-0
https://doi.org/10.1007/s00170-017-0307-0
https://doi.org/10.1007/s00170-020-06315-5
https://doi.org/10.1016/j.matpr.2020.08.332
https://doi.org/10.1016/j.matpr.2019.07.730
https://doi.org/10.3390/ma14185162
https://doi.org/10.1051/matecconf/201817803014

88 A.M. Nica and I. Cozminca | Proceedings in Manufacturing Systems, Vol. 21, Iss. 2, 2026 / 79-90

100, 2015,
http://dx.doi.org/10.1016/j.jclepro.2015.03.039.

[32] J.D. Darwin, D. Mohan Lal, G. Nagarajan, Optimization of
cryogenic treatment to maximize the wear resistance of
chrome silicon spring steel by Taguchi method. Int. J. Mat.
Sci. 2, 2007, 17-28,;

[33] S.S. Gill, J. Singh, R. Singh, H. Singh, Effect of Cryogenic
Treatment on AISI M2 High Speed Steel: Metallurgical
and Mechanical Characterization. J. Mater. Eng. Perform.
2012, 21, 1320-1326.

[34] P.F. Stratton, Optimising nano-carbide precipitation in
tool steels. Mater. Sci., 2007.

[35] A. Molinari, M. Pellizzari, S. Gialanella, G. Straffelini,
K.H. Stiasny, Effect of deep cryogenic treatment on the
mechanical properties of tool steels. J. Mater. Process.
Technol. 118, 2001, 350-355.

[36] P.S. Babu, P. Rajendran, K.N. Rao, Cryogenic treatment
of M1, EN19 and H13 tool steels to improve wear
resistance. J Inst Eng India Part MM: Metal Mater Sci Div
2005; 86: 64-66.

[37] F. Kara, N. Altan Ozbek, O. Ozbek, Effect of Cryogenic
Treatment on the Machinability of Impax Supreme Steel
and Optimization of Machining Parameters, ES Mater.
Manuf., 2025, 217, 1457,
https://dx.doi.org/10.30919/mm1457.

[38] S.S. Gill, J. Singh, H. Singh, R. Singh, Investigation on
wear behaviour of cryogenically treated TiAIN coated
tungsten carbide inserts in turning. Int. J. Mach. Tools
Manuf. 51, Yong, A.Y.L., Seah, K.H.W., 2011, 25-33.

[39] Yong, AY.L., Seah, KHW. Rahman, M. 2006.
Performance evaluation of cryogenically treated tungsten
carbide tools in turning. Int. J. Mach. Tools Manuf. 46,
2051e2056

[40] S. Kumar, N. K. Khedkar, B. Jagtap, T.P. Singh, The
Effects of Cryogenic Treatment on Cutting Tools, I0P
Conf. Series: Materials Science and Engineering 225,
2017, 012104 doi:10.1088/1757-899X/225/1/012104.

[41] Ali H. Abdelrazek, 1. A. Choudhury, Yusoff Nukman, S.
N. Kazi, Metal cutting lubricants and cutting tools: a
review on the performance improvement and sustainability
assessment, The International Journal of Advanced
Manufacturing Technology
https://doi.org/10.1007/s00170-019-04890-w, 2020;

[42] Chapter 1 — deposition technologies: an overview. In:
Martin PM (ed) Handbook of deposition technologies for
films and coatings (Third Edition). William Andrew
Publishing, Boston, p 1-31, 2010.

[43] A. Mohanty, S. Gangopadhyay, A. Thakur, On
Applicability of Multilayer Coated Tool in Dry Machining
of Aerospace GradeStainless Steel. Mater. Manuf. Process.
31, 2016, 869-879.

[44] D. Dinesh Kumar, N. Kumar, S. Kalaiselvam, S. Dash, R.
Jayavel, Wear resistant super-hard multilayer transition
metalnitride coatings. Surf Interfaces 7:74-82, 2017.

[45] M. Abdoos, K. Yamamoto, B. Bose, G. Fox-Rabinovich,
S. Veldhuis, Effect of coating thickness on the tool wear
performance of lowstress TiAIN PVDcoating during
turning of compacted graphite iron (CGI). Wear 422-423,
2019, 128-136.

[46] J. Zhao, Z. Liu, Effects of thermo-physical properties of
Ti0.41AI0.59N coating on transient and steady cutting
temperature distributions in coated cemented carbide
tools. Int Commun Heat Mass Transfer 96:80-89; 2018.

[47] A. Vereschaka, S. Grigoriev, N. Sitnikov, G. Oganyan, C.
Sotova, Influence of thickness of multilayer composite
nanostructured coating Ti-TiN-(Ti,Al,Cr) N on tool life of
metalcutting tool. Procedia CIRP 77:545-548, 2018.

[48] T. Xin, H. Pei, Y. Shucai, Coating and micro-texture
techniques for cutting tools, J Mater Sci 57:17052-17104,
doi.org/10.1007/s10853-022-07704-9, 2022.

17-34,

[49] X. Yingxing, W. Chengyong, Research on vibration of
coated tool high-speed milling of high-hardness hardened
steel, [J]. Mech Strength 43(03):561-569, 2021.

[50] J. Zhao et. al., Tool coating effects on cutting temperature
during metal cutting processes: comprehensive review and
future research directions [J]. Mech Syst Signal Process
150:107302, 2021.

[51] ***www.mmc-carbide.com/permanent/courses/91/pvd-
coating.html, accesed: 2026.03.23

[52] ***www.mmc-carbide.com/permanent/courses/91/cvd-
coating.html, accesed: 2026.03.23

[53] S. Wang, Preparation and ablation resistance of chemical
vapor deposition SC and ZrC coatings [D] Northwestern
Polytechnical University 33-35.

[54] M. Zhu et. al., Effects of deposition parameters on the
microstructure and mechanical properties of Ti (C, N)
produced by moderate temperature chemical vapor
deposition (MT-CVD) on cemented carbides [J]. Vacuum
195:110650, 2022.

[55] F. Lisa, L. Fan, W. Guolong, V.S. Kovalenko, Y. Jianhua,
Research progress of laser assisted chemical vapor
deposition [J]. Optoelectr Eng 49(02):7-35, 2022.

[56] Chengming L.et. al., Research history, current situation
and development trend of chemical vapor deposition
(CVD) diamond in China [J/OL]. J Intraocular Lens 1-25,
2022.

[57] Y. Bin, S. De’en, Y. Zhen, Research review of PVD
thermal conductive coating. Surf Technol 48(06):158-166,
2019.

[58] Z. Quan, D.X. Yuxiang, W. Qimin, L. Berong,
Development of arc/sputtering composite deposition
technology and its application in tool coating [J]. Tool
Surf Technol 50(05):20-35, 2021.

[59] L. Yuan et. al., Study on arc ion plating and high power
pulsed magnetron sputtering ATN coating and its cutting
properties. Surf Technol 51(02):57-65, 2022.

[60] K. Muthukumaran et. al., Analysis of thermal barrier
coating's behaviors on alloys — a review [J]. IOP Conf
Series Mater Sci Eng 954(1):012025-012027, 2020.

[61] A.l. Ustinov et. al., Effect of structure of high entropy
CrFeCoNiCu alloys produced by EB PVD on their
strength and dissipative properties [J]. J Alloys Compd
887:161408, 2021.

[62] N.F.S. Pereira et. al., Drilling of nodular cast iron with a
novel SiO2 coating deposited by sol-gel process in HSS
drill [J]. Int J Adv Manuf Technol 105(9):4837-4849,
2019.

[63] A. Meghwal et. al., Thermal spray high-entropy alloy
coatings: a review [J]. J Therm Spray Technol 29:1-37,
2020.

[64] H. Chunjie, Y. Shuo, L. Wenya, G. Xueping, Research
status and prospects of cold spraying technology and its
system. Surf Technol 50: 1-23, 2021.

[65] X. Xie et. al., Al matrix composites fabricated by solid-
state cold spray deposition: a critical review [J]. J Mater
Sci Technol 86(27):20-55, 2021.

[66] Kun Yu, Wenjun Qi, L., Jingfeng Review on
remanufactured coatings on titanium alloys [J]. Hot
Working Process 49(12):6-9, 2020.

[67] G. Dongsen et. al., Microstructure, oxidation behavior and
tribological properties of AICrN/Cu coatings deposited by
a hybrid PVD technique [J]. J Mater Sci Technol 100:150—
160, 2022.

[68] L. Jie, Z. Shuisheng, X. Xiaolan, D. Xin, Study on the
cutting performance of AICrSiN coated tools in dry
turning Ti-6Al-4V titanium alloy [J]. J Guangdong Univ
Technol 38(02):99-106, 2021.

[69] T. Lugiang et. al., Research status of preparation and
cutting performance of cubic boron nitride coated tools, J
knife. Mech Manuf Autom 49(01):16-19, 2020.


http://dx.doi.org/10.1016/j.jclepro.2015.03.039
https://dx.doi.org/10.30919/mm1457
https://doi.org/10.1007/s00170-019-04890-w
https://www.mmc-carbide.com/permanent/courses/91/pvd-coating.html
https://www.mmc-carbide.com/permanent/courses/91/pvd-coating.html
https://www.mmc-carbide.com/permanent/courses/91/cvd-coating.html
https://www.mmc-carbide.com/permanent/courses/91/cvd-coating.html

A.M. Nica and I. Cozminca | Proceedings in Manufacturing Systems, Vol. 21, Iss. 2, 2026 / 79-90 89

[70] W. Shuhong, L. Jing, F. Shuai, Research status of
diamond coated tools prepared by hot wire CVD [J].
Vacuum 59(01):40-47, 2022.

[71] Y. Xing et. al., Fabrication and dry cutting performance
of Si 3 N 4 /TiC ceramic tools reinforced with the PVD WS
2 [Zr soft-coatings, [J]. Ceram Int 41(8):10261-10271,
2015.

[72] L. Xiaokang, W. Hong, L. Bin, W. Huaipu, H. Yong,
Research status of graphene coated cutting tools [J]. Mach
Tool Hydraul 49(20):169-173, 2021.

[73] J.E. Nocua, G. Morell, Straightforward deposition of
uniform boron nitride coatings by chemical vapor
deposition [J]. MRS Adv 3(4):191-197, 2018.

[74] A.A. Nazeer, M. Madkour, Potential use of smart coatings
for corrosion protection of metals and alloys: a review [J].
J Mol Liq 253:11-22, 2018.

[75] W. Tiegang, Z. Jiaojiao, Y. Bing, Research progress and
latest preparation technology of tool coating [J]. J Vac Sci
Technol 37(07):727-738, 2017.

[76] Z. Li, Research status and development trend of tool
coating materials [J]. World Sci Res J 8(3):501-506,
2022.

[77] D. Cavaleiro et. al., Machining performance of TiSiN(Ag)
coated tools during dry turning of TiAl6V4 aerospace
alloy. Ceram. Int. 47, 11799-11806, 2021.

[78] J. Zhao et. al., Effects of Al content in TiAIN coatings on
tool wear and cutting temperature during dry machining
IN718. Tribol. Int., 171, 107540, 2022.

[79] S. Gangopadhyay, D. Bhaduri, A.K. Chattopadhyay, S.
Paul, Performance Evaluation of a Hard Composite Solid
Lubricant Coating when Dry Machining of High-carbon
Steel; Taylor & Francis Group: Abingdon, UK, 2018.

[80] R. Kumar, S.K. Pattnaik, J.K. Minz, S. Padhi, S.K Sarangi,
Influence of cutting parameters on cutting forces and
surface roughness in dry turning of Al using PCD and
different coated tools, Sadhana Acad. Proc. Eng. Sci. 44,
186, 2019.

[81] C.S. Kumar et. al., Investigating the self-lubricating
properties of novel TiSiVN coating during dry turning of
Ti6Al4V alloy. Wear 532, 205095, 2023.

[82] S.P. Sahoo, S. Datta, Dry machining of Ti—-6Al-4V using
PVD Si-doped TiAIXN super nitride (HSN2) coated WC—
Co tool. J. Braz. Soc. Mech. Sci. Eng., 44, 407, 2022.

[83] C.S. Kumar, S.K. Patel, Effect of duplex nanostructured
TiAISIN/TiSIN/TIiAIN-TiAIN and TiAIN-
TIAISIN/TiSIN/TiAIN  coatings on the hard turning
performance ofAl203-TiCN ceramic cutting tools. Wear
418-419:226-240, 2019.

[84] C.S. Kumar, S.K. Patel, Performance analysis and
comparative assessment of nano-composite
TIAISIN/TiSIN/TIAIN coating in hard turning of AISI
52100 steel. Surf Coat Technol 335:265-279, 2018.

[85] G.M. Uddin et al., Comparative performance analysis of
cemented carbide, TiN, TiAIN, and PCD coated inserts in
dry machining of Al 2024 alloy. Int. J. Adv. Manuf.
Technol., 112, 1461-1481., 2021.

[86] S.P. Sahoo, S. Datta, Dry Machining Performance of
AAT7075-T6 Alloy Using Uncoated Carbide and MT-CVD
TiCN-AI203-Coated Carbide Inserts. Arab. J. Sci. Eng.,
45, 9777-9791, 2020.

[87] Ali H. Abdelrazek, I. A. Choudhury, Y. Nukman, S. N.
Kazi, Metal cutting lubricants and cutting tools: a review
on the performance improvement and sustainability
assessment, The International Journal of Advanced
Manufacturing Technology
https://doi.org/10.1007/s00170-019-04890-w, 2020.

[88] C.J. Evans, J.B. Bryan, “Structured”, “textured” or
“engineered” surfaces. CIRPANN 48(2):541-556, 1999.

[89] N. Kawasegi, H. Sugimori, H. Morimoto, N. Morita, 1.
Hori, Development of cutting tools with microscale and

nanoscale textures to improve frictional behavior. Precis
Eng 33(3):248-254, 2009.

[90] S. Yang et. al., Micro-texture design criteria for cemented
carbide ball-end milling cutting tools [J]. J Mech Sci
Technol 34(4):127-136, 2020.

[91] K. Zhang et. al., Effect of Scale and Sequence of Surface
Textures on the Anti-adhesive Wear Performance of PVD
Coated Tool in Dry Machining SLM-Produced Stainless
Steel. Int. J. Precis. Eng. Manuf. Green Technol. 8, 1571—
1586.; 2021.

[92] H. Soni, P.M. Mashinini, An Analysis on Tool-Chip
Interaction During Dry Machining of SS316 Using
Textured Carbide Tools. Arab. J. Sci. Eng. 46, 7611-7621.
2021.

[93] A. Rajurkar, S. Chinchanikar, Experimental Investigation
on Laser-Processed Micro-Dimple and Micro-Channel
Textured Tools during Turning of Inconel 718 Alloy. J.
Mater. Eng. Perform. 31, 4068-4083, 2022.

[94] S.K. Rajbongshi, M.A. Singh, D.K. Sarma, A comparative
study in machining of AISI D2 steel using textured and
non-textured coated carbide tool at the flank face. J.
Manuf. Process. 36, 360—372, 2018.

[95] A. Anand, A. Kumar, , S. Yadav, A.D. Jayal, Influence of
Cutting Tool Flank Surface Texture in Dry Metal
Machining. Int. J. Surf. Eng. Mater. Technol. 3, 2249—
7250, 2013.

[96] A. Fatima, P.T. Mativenga, A comparative study on
cutting performance of rake-flank face structured cutting
tool in orthogonal cutting of AISI/SAE 4140. Int. J. Adv.
Manuf. Technol. 78, 2097-2106, 2015.

[97] P. Ranjan, S.S. Hiremath, An Experimental Investigation
on Bio-inspired Structure Position Variation on Tool
Surface during Turning of Difficult to Machine Materials.
J. Mater. Eng. Perform. 30, 1-20, 2023.

[98] K.K. Gajrani, S. Suresh, M.R. Sankar, Environmental -
friendly hard machining performance of uncoated and
MoS2 - coated mechanical micro-textured tungsten
carbide cutting tools. Tribol Int 125:141-155. https:// doi.
org/ 10. 1016/j. tribo int. 2018. 04. 031, 2018.

[99] G. Liu, C. Huang, R. Su, T. Ozel, Y. Liu, L. Xu, 3D FEM
simulation of the turning process of stainless steel 17-4PH
with differently texturized cutting tools. Int J Mech Sci
155:417-429, 2019, https:// doi. org/ 10. 1016/j. ijmec sci.
2019. 03. 016.

[100]T.S. Jesudass, K. Kalaichelvan, Comparative study of the
effect of surface texturing on cutting tool in dry cutting.
Mater Manuf Process 33(6):683-694, 2018,https:// doi.
org/ 10. 1080/ 10426 914. 2017. 13760 70.

[101]Y. Xing, J. Deng, X. Feng, S. Yu, Effect of laser surface
texturing on Si3N4/TiC ceramic sliding against steel under
dry friction. Mater Des 52:234-245, 2013, https:// doi. org/
10. 1016/j. matdes. 2013. 05. 077.

[102]S.J Koo, H.S. Kim, The homogeneity of multi-textured
mic.ro-pattern arrays in a laser shock surface patterning
process and its effect on the surface properties of
aluminum alloy. Surf Coat Technol 382. https:// doi. org/
10. 1016/j. surfc oat. 2019. 125149, 2020.

[103]S. Lei, S. Devarajan, Z. Chang, A comparative study on
the machining performance of textured cutting tools with
lubrication. Int J Mechatron Manuf Syst 2(4):401-413,
2009, https:// doi. org/ 10. 1504/ IIMMS. 2009. 027125.

[104]K. Orra, S.K. Choudhury, Tribological aspects of various
geometrically shaped micro-textures on cutting insert to
improve tool life in hard turning process. Journal of
Manufacturing Processes 31: 502-513, 2018, https:// doi.
org/ 10. 1016/j. jmapro. 2017. 12.005.

[105] K.K. Gajrani, R.P.K Reddy, M.R. Sankar, Experimental
comparative study of conventional, micro-textured, and
coated microtextured tools during machining of hardened
AISI 1040 alloy steel. Int J Machining Mach Mater 18(5-


https://doi.org/10.1007/s00170-019-04890-w

90 A.M. Nica and I. Cozminca | Proceedings in Manufacturing Systems, Vol. 21, Iss. 2, 2026 / 79-90

6):522-539, 2016, https:// doi. org/ 10. 1504/ IIMMM.
2016. 078982.

[106] J. Zhang, P. Upadhyay, Y. Hovanski, D.P. Field,
Highspeed friction stir welding of AA7075-T6 sheet:
microstructure, mechanical properties, micro-texture, and
thermal history. Metall Mater Trans A 49:210-222, 2018,
https:// doi. org/ 10. 1007/s11661- 017- 4411-4.

[107]V. Sharma, P.M. Pandey, Comparative study of turning of
4340 hardened steel with hybrid textured self-lubricating
cutting inserts. Mater Manuf Process 31(14):1904-1916,
2016, https:// doi. org/ 10. 1080/ 10426 914. 2015. 11279
51.

[108]S.K. Mishra, S. Ghosh, S. Aravindan, Performance of
laser processed carbide tools for machining of Ti6Al4V
alloys: a combined study on experimental and finite
element analysis. Precis Eng 56:370-385, 2019, https://
doi. org/ 10. 1016/j. preci sione ng. 2019. 01.006.

[109]D. Yang, L. Xu, Z. Zhang, M. Liu, B. Liu, Review of
microtextured tools: pattern types, machining methods,
and cutting performance, The International Journal of
Advanced Manufacturing Technology 141:2317-2349,
2025, https://doi.org/10.1007/s00170-025-16721-2.

[110]X. Meng et. al., Preparation of micro-textures on
cemented carbide substrate surface by plasma-assisted
laser machining to enhance the PVD tool coatings
adhesion [J]. J Mater Process Technol 288:116870, 2021.

[111]J. Lingling, L. Ninghui, K. Min, Morphology evolution of
laser-processed  micro-textures on  Ni-Co-Si_3N_4
composite coatings [J]. Adv Laser Optoelectr 58(09):264—
273, 2021.

[112]D. Arulkirubakaran, V. Senthilkumar, C.V. Lomesh, P.
Senthil, Performance of surface textured tools during
machining of Al-Cu/ TiB2 composite. Measurement
137:636-646, 2019.

[113]A. Fatima, P.T. Mativenga, Assessment of tool rake
surface structure geometry for enhanced contact
phenomena. Int J Adv Manuf Technol 69(1-4):771-776,
2013.

[114]T. Sugihara, T. Enomoto, Crater and flank wear resistance
of cutting tools having micro textured surfaces. Precis Eng
37(4): 883-896, 2013.

[115]Z. Yu, Q. Cai, Y. Li, ZWang, X Wang, H.Yu, Micro
texture cutting tool simulation and experimental study on
high speed micro-turnning, 2016 IEEE International
Conference on Mechatronics and Automation.

[116]T. Ozela, D. Biermann, T. Enomoto, P. Mativenga,
Structured and textured cutting tool surfaces for
machining applications, CIRP Annals - Manufacturing
Technology 70 495_518, 2021.

[117]W. Chang, J. Sun, X. Luo, J.M. Ritchie, C. Mack,
Investigation of Microstructured Milling Tool for
Deferring Tool Wear. Wear 271(9_10):2433-2437, 2011.

[118]N. Kawasegi, K. Ozaki, N. Morita, K. Nishimura, M.
Yamaguchi, Development and Machining Performance of
a Textured Diamond Cutting Tool Fabricated with a
Focused lon Beam and Heat Treatment. Precision
Engineering 47:311-320., 2017.

[119]T. Obikawa, A. Kamio, H. Takaoka, A. Osada, Micro-
texture at the coated tool face for high performance
cutting. International Journal of Machine Tools and
Manufacture 51:966-972, 2011.

[120]T. Sugihara, T. Enomoto, Development of a cutting tool
with a nano/microtextured surface - Improvement of anti-
adhesive effect by considering the texture patterns.
Precision Engineering 33(4):425-429., 20009.

[121]T. Sugihara, T. Enomoto, Improving anti-adhesion in
aluminum alloy cutting by micro stripe texture. Precision
Engineering 36:229-237., 2012.

[122]T. Sugihara, P. Singh, T. Enomoto, Development of novel
cutting tools with dimple textured surfaces for dry
machining of aluminum alloys. Procedia Manufacturing
14:111-117, 2017.

[123]G. Liu, T. Ozel, J. Li, D. Wang, S. Sun, Optimization and
fabrication of curvilinear micro-grooved cutting tools for
sustainable machining based on finite element modelling
of the cutting process. International Journal of Advanced
Manufacturing Technology 110:1327-1338., 2020.

[124]J. Xie, M.J. Luo, J.L. He, X.R. Liu, T.W. Tan, Micro-
grinding of micro-groove array on tool rake surface for
dry cutting of titanium alloy. International Journal of
Precision Engineering and Manufacturing 13:1845-1852,
2012.

[125]A.S.; Siju, K.K. Gajrani, S.S. Joshi, Dual textured carbide
tools for dry machining of titanium alloys. Int. J. Refract.
Met. Hard Mater., 94, 105403, 2021.

[126]Y. Xing, J.; Deng, J. Zhao, G. Zhang, K. Zhang, Cutting
performance and wear mechanism of nanoscale and
microscale textured AI203/TiC ceramic tools in dry
cutting of hardened steel. Int. J. Refract. Met. Hard Mater.,
43, 46-58, 2014.

[127]L. Chongyang, Preparation and friction and wear
characteristics of surface coatings on special-shaped
textured tools [D]. University of Jinan 55-58, 2019.

[128]J. Deng et. al., Performance of femtosecond lasertextured
cutting tools deposited with WS 2 solid lubricant coatings
[J]. Surf Coat Technol 222:135-143, 2013.

[129]1X. Guo et. al.,, Controllable preparation of micro-
textureson WC/Co substrate surface by an integrated
laser-dry etching process for improving PVD coatings
adhesion, [J]. Appl Surf Sci 534:147580, 2020.

[130]D.K. Sarma, S.K. Rajbongshi, A study in turning of AISI
D2 steel with textured and non-textured coated carbide
tool at the flank face [J]. Mater Today Proc 28:574-581,
2020.

[131]D. Arulkirubakaran, V. Senthilkumar, Performance of TiN
and TiAIN coated micro-grooved tools during machining
of Ti-6Al-4V alloy [J]. Int J Refract Metal Hard Mater
62:47-57, 2017.

[132]D. Neves, A.E. Diniz, M.S.F. Lima, Microstructural
analyses and wear behavior of the cemented carbide tools
after laser surface treatment and PVD coating, [J]. Appl
Surf Sci 282:680-688, 2013.

[133]D. Jianxin, L. Yunsong, W. Ze, X.Yougiang, Performance
of femtosecond laser-textured cutting tools deposited with
WSz solid lubricant coatings, Surface and Coatings
Technology, Vol. 222, pp. 135-143, 2013,
https://doi.org/10.1016/j.surfcoat.2013.02.015.

[134]Yougiang Xing et. al., Cutting performance and wear
characteristics of Al203/TiC ceramic cutting tools with
WS2/Zr soft-coatings and nano-textures in dry cutting,
Wear 318, pp. 12-26, 2014,
http://dx.doi.org/10.1016/j.wear.2014.06.001.

[135]G. Junming, Research on the preparation and cutting
performance of micro-textured coating tools [D]. Xiangtan
University 29-35, 2020.

[136]F. Yonghong, Z. Yang, Z. Xingtao, Y. Zetan, H. Menghu,
Experimental study on the effect of laser microtexture on
the performance of tool surface coating [J]. Appl Laser
40(06):1035-1039, 2020.

[137]1B. J. Ronadson, K. Vijayanc, S. Sanmugamc, G.P.
Badhirappana, Improving dry machining performance of
surface modified cutting tools through combined effect of
texture and TiN-WS2 coating, Journal of Manufacturing
Processes 85 101-108, 2023,
https://doi.org/10.1016/j.jmapro.2022.11.033.


https://doi.org/10.1007/s00170-025-16721-2
http://dx.doi.org/10.1016/j.wear.2014.06.001

