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Abstract. Recent studies have shown the effectiveness of coating diamond grains with thin layers of
titanium and nickel to provide a tight interface with the nickel matrix. Wetting of diamond and nickel is
improved by coating diamond particles with thin layers of titanium and nickel. Titanium carbide formed
between Ti-coating and diamond provides stronger interfacial adhesion force compared to diamond
micropowder with Ni-coating. To improve the thermal properties of diamond/metal composites, a metal
carbide layer is needed that combines both the crystal structure and the heat transfer of heterogeneous
interfaces. In modern research in coatings, in addition to TiC, attention is paid to other carbides: B.C,
V,C and VC, as well as chromium carbides. A separate direction is oxide coatings on diamonds. The
mechanism of diamond protection in this direction is the predominant oxide donor behavior of Mo—B-C
coatings for the formation of a stable oxide layer on the diamond surface. Diamond films with three
different grain sizes were grown on the surface of a titanium alloy by high-temperature chemical vapor
deposition (HFCVD). The corrosion resistance of nanocrystalline diamond (NCD) films is clearly higher
than that of microcrystalline diamond (MCD) films. But cutters with intact MCD coating demonstrate the
longest service life. Attention has been paid to coatings applied to hard alloys and steels, with researchers
mainly focusing on coatings containing titanium, namely TiAIN, TiN/CrN and Al,O3/TiO,.

Keywords: coated diamonds; nickel coating; titanium coating; titanium carbide; boron carbide;
vanadium carbide; oxide coating; nanocrystalline diamond films; microcrystalline diamond films.

1. Introduction

The development of tool production necessitates the efficient processing of
new, difficult-to-process materials. The search for ways to save energy dictates the
need to obtain composite coatings on diamond grinding powder grains with new
properties. Previous studies have established that the main factors that, for example,
determine their diamond retention are the boundary chemical interaction with
coating elements, for example, during high-temperature manufacturing of tools on
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metal bonds, as well as diffusion interaction at the coating-bond interface. In
diamond tools with polymer and metal-polymer bonds, chemical interaction occurs
at the metal coating—polymer interface. The rougher the coating, the greater the grain
surface area and the greater the efficiency of this interaction. In addition, research
into coating both diamond grains of abrasive tools and diamond grains as
components of diamond cutting composites and diamond-metal composites is
relevant.

2. The state of the art in the field of diamond coating research

Researchers pay increased attention to the interface between diamond and
matrix. Experimental results show [1] that a W-coating layer can effectively improve
the wettability of the diamond surface and reduce the wetting angle from 108.6° to
13.2°. The W layer can also significantly prevent the graphitization of the diamond
surface and improve the contact between diamond and copper matrix. Thus, the
thermal conductivity of the W-coated composite with a diamond content of 18.4
vol.% increases and reaches 575 W/(m<K), which is 43.3% higher than that of pure
Cu.

The introduction of an intermediate layer is an effective method to improve the
interfacial thermal conductivity (G) of the Cu/diamond interface. In the paper [2],
an amorphous carbon (a-C) layer was introduced at this interface by Ar ion
bombardment, enriched with oxygen by Ar/O, ion bombardment, and the C-O bond
was formed by acid treatment at the Cu/diamond interface. Compared to the pre-
cleaned Cu/diamond interface, a 35% increase in G is achieved by obtaining a 4.5
nm thick a-C interlayer between Cu and diamond.

The low interfacial strength between the iron-based matrix and diamonds leads
to premature detachment of diamond particles, which significantly affects the cutting
efficiency of diamond composites. The work [3] aims to optimize the interfacial
microstructure and mechanical properties of diamond/Fe-Ni-WC composites by
depositing a Mo2C layer on the diamond particles. Mo,C-coated diamonds were
prepared by the molten salt method. Diamond/Fe-Ni-WC composites were sintered
by hot pressing under vacuum. Energy dispersive scanning spectroscopy showed
that the MoC coating layer changed the interfacial composition between the Fe-C
alloy matrix and diamonds to Mo,C, improving the interface strength. This change
in interface composition results in an increase in interfacial strength, as evidenced
by an increased flexural strength of 996 MPa, which is 24% higher than that of the
uncoated diamond/Fe-Ni-WC composite. The increase in interfacial strength
improves the holding capacity of the matrix on the diamond, which increases the
height of the diamond protrusion, and the cutting efficiency of the Mo,C-coated
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diamond/Fe-Ni-WC composites increases. That is, the above indicates that the
application of the effect of subsequent mechanochemical influence, both on the
diamond-bond interface and on the contact of the diamond grain surface with the
processed material, when coating diamond abrasives, allows to increase the
efficiency of using a diamond abrasive tool.

3. Formulation of the purpose of the research

The coating of diamond grains is an important factor influencing the change in
their properties and increasing their retention in the binding working layer of the
grinding wheel. Considering that this area is actively developing, in this work we
focus on modern developments that are in scientific publications over the past 5
years. Let us point out that here we were most interested in developments in the
direction of applying coatings to diamond grains, which would be used in abrasive
composites and composites for cutting tools, diamond-metal composites with
increased thermal conductivity, as well as the features of applying and using
diamond coatings on tool materials.

4. Presenting main material

Let us first consider developments in coating diamond grains for abrasive
surface treatment of various difficult-to-machine materials.

Electroplated diamond wire saws are widely used in industry. The use of nickel
(Ni) coated diamonds is a common approach to improve the efficiency of the
electroplating process of composites in wire saw production. However, pure
diamond does not chemically react with nickel, and the interfacial bond strength
between the nickel coating and diamond is relatively weak. This often leads to
separation of diamonds from the nickel coating during the cutting process. To solve
this problem, titanium (Ti) coated diamonds have been used in the manufacture of
wire saws. Specifically, in [4], a vacuum slow evaporation technology was
developed to obtain diamond micropowder (8 wm) with uniform Ti coatings, firmly
bonded to the diamond through the interfacial product TiC. Linear scanning
voltammetry curves showed that the addition of Ti-coated diamond shifted the
overvoltage of the composite electroplating in the positive direction, therefore it
promoted the electrodeposition reaction more than diamond powder.
Electrochemical impedance spectroscopy showed that Ti-coated diamond reduced
the charge transfer resistance during composite electroplating. The Ti-coated
diamond micropowder was completely covered with a Ni electroplated layer, and
the TiC formed between the Ti-coating and diamond provided a stronger interfacial
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adhesion force compared to that of the Ni-coated diamond micropowder (Fig. 1).
The diamond ropes with titanium-coated diamond micropowder demonstrated
excellent resistance to diamond grain shedding.

Uncoated diamond wire saw
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Fig. 1. Mechanism of improved retention of diamond particles with the presence of a
titanium coating on them [4].

In the article [5], in order to effectively avoid thermal oxidation and thermal
destruction of diamonds when working in a high-temperature aerobic environment,
Mo-B-C coatings were developed and prepared to protect diamonds from oxidation.
These coatings were synthesized on the diamond surface using Mo,C-coated
diamonds, boron powder, and boric acid. A two-step synthesis method was used to
form coatings with different B contents on diamonds by controlling the reaction
temperature, and the oxidation kinetics and oxidation mechanism of coated
diamonds were investigated in the temperature range of 700-1200 °C. The
mechanism of diamond protection in this study was the predominant oxidative donor
behavior of Mo—B-C coatings to form a stable oxide layer on the diamond surface.
For low-B coatings, four stages of coating oxidation were observed sequentially with
increasing temperature, low-temperature MoOs evaporation, stable B,Os protection,
and rapid B,O3 evaporation. For high-B coatings, the predominant self-reducing
flow of B,O3 not only suppressed the evaporation of MoOs, but also provided a
reducing environment for MoOs to form MoO; and Mo,C with high melting point,
which led to the formation of a double synergistic protective oxide layer and
significantly improved the oxidation resistance of diamonds. Meanwhile, the oxide
layer protection maintained the compressive strength of diamonds in high-
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temperature oxidizing atmosphere, indicating its good applicability at high
temperatures. The compressive strength of individual diamond grains is an important
indicator of the quality of synthetic diamonds. The average compressive strength of
uncoated diamonds was 80 N. The compressive strength of coated diamonds was
significantly improved to 150 and 200 N. This means that the presence of the coating
compensates for the defects of synthetic diamonds by filling gaps, repairing or
encapsulating, which significantly seals cracks in diamonds and reduces the stress
concentration of diamond particles when they are subjected to force [5].

B.4C coatings were successfully synthesized on the surface of faceted diamond
crystals by the carbothermic reduction method using a system containing B-Os and
B [6]. The microstructure, chemical composition, and surface morphology of the
B4C coatings were studied. The growth mechanism of B«C was explained using a
new model [6], which accurately describes its formation on diamond surfaces and
agrees well with experimental data. Thus, B4C coatings are predominantly composed
of rod-shaped crystals, which show preferential deposition on the (110) diamond
surface compared to the (111) surface. Furthermore, the thickness of B4C coatings
increases with increasing temperature, reaching complete and uniform coverage of
both (100) and (111) diamond faces at 1200 °C. This face-dependent selectivity is
due to the different atomic arrangements and energetics of the diamond surface. The
(100) surface provides a more ordered structural matrix for B4«C nucleation, a process
that is additionally susceptible to the lower energy of boron (B) doping defect
formation (AE = 4.49 eV) compared to the (111) surface. This thermodynamic
susceptibility promotes the oriented attachment and lateral fusion of B4C nuclei on
the (100) surface, thereby accelerating the formation of the initial layer. Kinetic
analysis shows that the growth of B4«C on the diamond (100) surface obeys a
parabolic rate law with an activation energy of 124.7 kJ/mol in the temperature range
from 1000 to 1300 °C. The growth of the B4C coating is mainly determined by
temperature and is kinetically limited by the diffusion of boron atoms, which leads
to a gradual decrease in the deposition rate over a long processing time [6].

Diamond tools in the processing of ferrous metals have strong chemical wear,
which makes their practical application difficult. To improve the wear resistance of
diamond cutting tools in a strong covalent diamond-graphite structure obtained by
laser-induced solid-state diffusion, it is possible to obtain carbon nanosheets (CNS)
by electrochemically removing the graphite layer on the diamond matrix, which
offers a new way to improve the limitations in the application of diamond tools [7].
After 14,400 cycles of reciprocating sliding on a GCr15 ball under a normal load of
2-8 N, the friction was reduced by 45.9-65.6% with high durability. During this
process, the oxygen content is reduced by an order of magnitude, suggesting that
CNS can prevent oxidative behavior at the sliding interface. The relative wear rate
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of bare diamond was 4.1-15.4 times higher than that of CNS. This demonstrated
competitive inhibition of mechanochemical wear.

In the next stage, we will consider developments in coating diamond grains for
diamond composites for various purposes.

Thus, new composite materials using silicon nitride (Si3N4) as a substrate and
diamond particles as a reinforcing phase were developed to improve both thermal
conductivity and mechanical properties [8]. Such diamond composites provided a
maximum thermal conductivity of 201.96 Wem, had high hardness (32.84 GPa) and
low coefficient of thermal expansion (3.07x10-%/K). The titanium coating on the
surface of the diamond particles promoted the formation of a titanium carbonitride
(TiCiN1) interface between the two components during sintering, creating a strong
bond for high thermal conductivity at the diamond-SisN4 interface. The titanium
carbonitride formed at the interface creates a chemical bond and inhibits the
graphitization of diamond (about 100 nm). In addition, a multilayer material design
was developed in which layers of SisNs-coated diamond and SisN4/Ti were stacked
alternately to give the composites a directional thermal conductivity characteristic.
The multilayer designs gave the composites a directional heat transfer property, and
the anisotropy increased by 66.67% compared to the few-layer structure. The
thermal conductivity of the fabricated SisNs/diamond composites increased by
272.87% compared to the thermal conductivity of commercially available SisNsa,
making them excellent as thermal control materials [8].

Metal matrix composites (MMCs) have received increasing attention, and
recently there has been growing interest in the additive manufacturing of complex-
shaped MMCs. However, quality control of the composite powder for MMCs
remains a challenge. In this study, diamond particles are first coated with thin layers
of titanium and nickel to ensure a tight interface with the nickel matrix. Wetting of
diamond and nickel is improved by applying thin layers of titanium and nickel to
diamond particles. The effect of ball milling parameters on the preparation of
diamond/N6 composite powder particles with Ni-Ti coating was analyzed, as well
as the effect of processing parameters during laser powder bed melting (LPBF) on
the densification and defectivity of the fabricated samples. The results show that at
the ball mill stage, it is possible to obtain high-flowing composite powder particles
for LPBF at a ball mill time of 4 hours, a speed of 250 rpm and a ball to powder ratio
of 2:1. Using the optimized composite powder, a set of diamond MMCs with Ni-
Ti/N6 coating is additionally fabricated at laser power of 150, 160 and 170 W and a
scanning speed of 250 mm/s, the MMCs samples have a relative density of more
than 99%. This study demonstrates the possibility of producing dense diamond/N6
and other similar MMCs with appropriate coating, ball milling parameters and LPBF

[al.
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Effective control of the diamond-metal interface is crucial for achieving
optimal performance in metal-matrix/diamond composites. Here, Ti coatings
prepared at different pressures were deposited on diamond particles by DC
magnetron sputtering. Dia-1.0 was clean and homogeneous, without obvious
defects, demonstrating optimal deposition quality and bond strength [10]. The results
showed that the microstructure of Ti-coatings depends on the deposition pressure.
All surfaces of the coatings had a granular morphology, and increasing the spraying
pressure contributed to the grinding of the coating grains. The titanium coating
obtained under a pressure of 1.0 Pa was thin and uniform, without obvious defects,
demonstrating optimal deposition quality and adhesion density (Fig. 2). In addition,
it was determined that the annealing temperature plays a key role in the reaction
between Ti-coating and diamond. The TiC phase in Ti-coated diamond particles
showed a gradual increase with increasing temperature, and the Ti-coated diamond
underwent a complete transformation into TiC-coated diamond at 1000 °C. The
experimental results and molecular dynamics simulations showed that the Ti-coating
reacted more vigorously with the diamond (100) facet than with the diamond (111)
facet at high temperature.

Uncoated diamond Ti-coated diamond

100 S
pm ®

Fig. 2. Uncoated and coated diamonds with TiS [10].

In [11], the authors considered another carbide for coating, vanadium.
Diamonds coated with vanadium carbide were produced by the molten salt method.
The results showed that, compared to uncoated diamonds, the static compressive
strength and oxidation resistance of coated diamonds increased by 42.27% and
158.82 °C, respectively. The vanadium carbide coatings were mainly composed of
V,C and VC. The thickness of the coatings increased with increasing temperature.
With increasing relative vanadium content in the raw material, the crystal structure
of the vanadium carbide coatings changed from microcrystalline to mesh, and
vanadium carbide coatings with microcrystalline structure showed better
performance.
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To improve the thermal properties of diamond/metal composites, a metal
carbide layer is required, which combines both the crystal structure and the heat
transfer of heterogeneous interfaces. In [12], experiments were conducted with
diamond/Cu—Cr composites to determine the effect of two important variables for
thermal diffusion: temperature (800-1025 °C) and holding time (5-60 min), on the
growth of chromium carbide interfaces and the resulting thermal conductivity, on
the microstructural evolution (Fig. 3) and the corresponding thermal properties of
diamond/Cu-0.8Cr composites. In the first stage, Cr dispersed in the Cu matrix
diffused from Cu to the diamond surface. Fine flake Cr carbide was formed based
on the Cr—C reaction. With increasing holding time or increasing temperature, the
flake Cr carbide coalesced into an island structure under surface diffusion, which led
to a surface energy difference between the {100} and {111} crystal faces of
diamond. When the diffusion of Cr atoms gained further mobility, the “island”
structure was finally transformed into a “porous” structure. However, due to the
competition between Cr carbides (CrsC;, Cr7Cs, Cra3Cg), cracks may occur between
the Cr carbide layer and the diamond surface. When sintering at 900-950 °C for 60
s, Cr carbides are mainly prone to growth and transformed from a “convex” to a
compacted structure. The main conclusion of the work [12] is that the optimal
sintering condition for the studied diamond/Cu-0.8Cr composites is a temperature of
950 °C for 60 min, at which the sample can reach the maximum relative density
(98.11%) and thermal conductivity (577 W/(m*K)).

Prolong holding time

Thermal crack  Bulge structure  Densification

Short holding time

Flake structure  Island structure  Porous structure

Fig. 3. Schematic diagram of the evolution of the interlayer structure on the surface of a
diamond grain with a change in the carbide layer [12].

In the study [13], chemical deposition was used to deposit nickel on the
diamond surface. The composite powder was prepared by ball milling, and then the
diamond-copper composites were fabricated by rapid hot pressing. The results
showed that at a diamond content of 30 vol. %, the composite achieved a thermal
conductivity of 467 W/(m*K) with significantly improved interfacial bonding. The
successful application of nickel coating by chemical deposition method provided
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good thermal characteristics of diamond-copper composite. Copper powder with
average particle size of 7 pm and nickel-coated diamond particles with average
particle size of 120 um were used as starting materials. These powders were
homogenized by ball mill for 2 hours at 180 rpm, after which the uniformly mixed
powder was loaded into a graphite mold. The consolidation process included cold
pressing the powder compact at 50 MPa for 30 minutes, transferring the compact to
a spark plasma sintering (SPS) furnace and vacuuming the chambers to 1.3x107! Pa.
Subsequently, the pressure was applied at a rate of 10 MPa/min until 50 MPa was
reached, while simultaneously heating to 800 °C at a rate of 100 °C/min. The
temperature and pressure were maintained at 800 °C and 50 MPa for 10 minutes,
after which the heating was stopped and natural cooling was carried out to room
temperature. The corresponding surface condition of the nickel-coated diamond
grain is shown in Fig. 3. Fig. 3 (g) and (h) show diamond particles coated with nickel
by chemical deposition. The enlarged image of the nickel coating (h) confirms the
formation of a homogeneous, dense and non-porous nickel layer. Based on the
results obtained [13], it was found that an excessively long time of chemical nickel
plating leads to the formation of a very thick coating, while an insufficient coating
time can lead to excessive porosity at the interface between the coating and diamond.
Therefore, a coating time of 5 minutes was chosen as the optimal conditions for this
study.

_____

.;.%_ 2(;m X R R
Fig. 3. g: Diamond grain with nickel coating; h: Enlarged image of the surface in Fig. (g)
[13].

The above applies to the most common superhard material — diamond, but
developments are also underway for a second superhard material — cubic boron
nitride (cBN).

Thus, to improve the interfacial bonding between cBN and the SiAION matrix,
suppress the high-temperature phase transformation of c¢BN, and increase the
synthesis density of SIAION/cBN composites, the surface modification of cBN was
carried out by the sol-gel method in this study. Using tetraethyl orthosilicate (TEOS)
as a precursor and ammonia solution as a catalyst, a dense sintered SiO: coating was
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deposited on cBN particles. Experimental results show that the sol-gel method
successfully deposits a homogeneous, dense, and amorphous SiO: shell on ¢cBN
particles. The coating thickness shows precise controllability during the multi-cycle
coating process (=30 nm per cycle). For the SIAION/20 wt.% cBN (coated) ceramic
composite obtained using cBN particles after three coating cycles, the interfacial
bonding between the cBN particles and the SIAION matrix is significantly improved,
demonstrating appreciable chemical bonding. The fracture mode transforms from
intergranular to mixed transcrystalline-intergranular. Compared to the uncoated
counterpart, its mechanical properties are significantly improved: the bulk density
reaches 3.01 g/cms3, the Vickers hardness is 17.1 GPa, and the crack resistance
reaches 4.76 MPa-m'/2. This work demonstrates that the application of SiO- coating
by the sol-gel method is an effective strategy for optimizing the characteristics of
SiAION/cBN ceramic composites [14].

We have already seen above that various coatings are applied to diamonds to
protect them or improve their wettability, but diamond itself, in the form of films of
microcrystalline or nanocrystalline diamond, is applied to various materials to
improve their functional characteristics.

Thus, titanium alloys are widely used in the aerospace industry due to their
good comprehensive properties. However, as the scope of application expands,
higher requirements are placed on the corrosion resistance of titanium alloys. Due to
its natural chemical stability, diamond is a good corrosion-resistant material.
Diamond films with three different grain sizes were obtained on the surface of
titanium alloys by the method of chemical vapor deposition (HFCVD). The
efficiency of substrate protection by three types of films exceeds 90%. The corrosion
resistance of nanocrystalline diamond (NCD) films is clearly higher than that of
microcrystalline diamond (MCD) films. For NCD films, when the diamond grain
size decreases, a cluster structure of particle stacking is formed, which prevents the
ingress of aggressive substances to the substrate and additionally increases corrosion
resistance [15].

Diamond-coated carbide (WC-Co) milling cutters are widely used for
machining graphite or other difficult-to-machine materials. However, improvements
in substrate adhesion and cutter life are urgent. In [16], a new electrostatic self-
assembly method is demonstrated to solve this problem. The process involves
immersing a two-step chemical pre-treated cutter in a specially prepared solution
containing deionized water, nanodiamonds (NA) and trimethylammonium chloride.
Compared to conventional pre-treatment by scratching or etching, this approach
significantly increases the density and improves the uniformity of diamond grains
during the nucleation process. As a result of this new approach, it is possible to
achieve improvements in both the adhesion of the film to the substrate and the wear
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resistance of the coated tools. The electrostatic self-assembly process enhances
adhesion, which is reflected in the cooling phase. The electrostatic self-assembly
etching has the unique ability to prevent direct delamination of the diamond film
after growth at a substrate temperature of 920 °C. Cutters with intact MCD
(microcrystalline diamond) coating (deposited at 860 °C) pretreated with this new
pretreatment process show the longest service life [16].

Finally, let us pay attention to coatings that are applied to hard alloys and steels,
and researchers here mainly pay attention to coatings with the presence of titanium,
which, as we showed above, has shown its effectiveness in coatings on diamond.

In the study [17], a systematic analysis of the wear phenomenon of TiAIN-
coated tools during dry milling of Ti-6Al-4V alloy was carried out. Additionally, the
effect of tool wear on the morphology of the machined surface was studied. The
results showed that diffusion wear of the tool is defined as the diffusion of Co and
W elements outwards. Diffusion wear increases, with the diffusion of Co and W
elements being the main cause of diffusion wear of the tool. The diffusion of Ti
element is more sensitive to changes in temperature and pressure. During the tool
wear process, a synergistic effect between diffusion and adhesive wear was
observed. The combined effect of diffusion and oxidative wear weakened the
strength of the tool. The main types of defects on the machined surface were grooves,
pits, surface tears and sticking. In addition, as the tool wear increased, the chips
transformed from conical spiral to arc-shaped, and the degree of sawtoothness of the
chips increased [17].

Hard coatings are widely used in materials science as surface coatings to
protect mechanical parts subject to friction. For the coating to be functionally
successful, it must have high wear resistance. Experimental work was performed on
multilayer TiN/CrN coatings with different modulated periods, deposited on XC48
steel substrates with two different surface roughnesses, by the direct current
magnetron sputtering method. Their tribological characteristics were investigated
after dry sliding wear tests using a tribometer with a “ball on flat surface” contact
configuration. The wear mechanisms of TiN/CrN coatings are dominated by
oxidation of wear residues and counter-transfer of material. Both decreasing the
period thickness and increasing the substrate surface roughness significantly affect
the wear rate. Coatings on rougher substrates showed improved wear resistance.
However, changing the period thickness of the multilayer layer and increasing the
substrate roughness did not lead to a significant improvement in wear resistance [18].

In wind power and other industries, Al,O3/TiO, coatings are prepared and
ground on bearing rings to provide electrical erosion-resistant insulation for high-
voltage motors. The wet chemical mechanical grinding (WCMG) process of the
hard-brittle Al,Os/TiO, coating using a combination of a structured diamond
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abrasive pad and NaOH solution has significant advantages in suppressing crack
formation, reducing surface roughness, and improving surface integrity. It is
assumed that the mechanism of material removal can be converted from mechanical
brittle fracture to plastic removal caused by plastic deformation of the softened
surface of the workpiece as a result of the chemical reaction between the NaOH
solution and the Al,O3/TiO, composite. The surface roughness of the coating was
reduced from an initial Sa of 3.293 pm to a final Sa of 0.049 pm in the WCMG
process with a grain size of 3 um and pH of 12.01, which is mainly attributed to the
plastic removal of the chemically softened coating surface [19]. Fig. 4 illustrates the
principle of the WCMG process of the Al,O3/TiO, composite coating on the bearing
ring.
(@) Regulating Dresser Load force

W hee] ring '-ﬁ
H N i Y{E

NaOH Plate Grinding % !/ Workpiece Holder

solution pad ! ring
(d) (e) Mechanical Chemical-mechanical
Coating Al O, TiO, Crack Brittle chip Chemical product
e_06_9©0

______

Structured pad ;.0 ng grain Diamond grain Conversion ) 41 chip

Fig. 4. Schematic diagram of the WCMG process on an Al203/TiO2 coating of an insulated
bearing, showing (a) the setup, (b) the workpiece, (c) the abrasive pad, (d) the cross-section
of the grinding area, and (e) the chemical-mechanical removal of plastic material [19].

The end face of the workpiece is ground on a single-sided lapping and polishing
machine using a combination of a structured diamond abrasive disc and NaOH
solution. During the grinding process, as shown in Fig. 4(a), an abrasive pad is
mounted on the rotating bottom plate of the machine, one end face of the workpiece
is placed on the grinding pad, the geometric center of the circular workpiece is
limited by the combination of the holder ring, the dressing ring and the position
controller, and the workpiece rotates around its geometric center, while a loading
force is applied to the other end face of the workpiece, and the NaOH solution is
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pumped onto the surface of the grinding plate. In particular, there are two areas that
appear white and black on the surface of the workpiece coating, containing Al>O3;
and TiO, components, respectively, as shown in Fig. 1(b); in addition, an array
structure of triangular pyramidal grooves is fabricated on the surface of the grinding
plate, as shown in Fig. 4(c). During the grinding process, the NaOH solution is filled
into the grooves of the grinding pad that contacts the surface of the workpiece
coating, so that a chemical reaction can be initiated between the NaOH solution and
the Al,O3/TiO, composite, resulting in two advantages as follows. The original hard
brittle material on the surface of the workpiece can become softer and can be easily
removed, contributing to the increase in the material removal rate. Many surface
defects, especially cracks in the Al,O3 component area, can be significantly
suppressed, explaining that the traditional mechanical removal, which causes brittle
fracture caused by micro-cutting of abrasive grains, can be transformed into a term
of plastic removal with elastoplastic deformation of softer chemical products under
the synergistic effect of mechanical removal and chemical reaction.

Conclusions

Thus, it is possible to draw the following conclusions from the above.

1. In a number of studies, diamond particles are first coated with thin layers of
titanium and nickel to ensure a tight interface with the nickel matrix. The wetting of
diamond and nickel is improved by applying thin layers of titanium and nickel to the
diamond particles.

2. The Ti-coated diamond micropowder was completely covered with a Ni
electroplated layer, and the TiC formed between the Ti-coating and diamond
provided a stronger interfacial adhesion force compared to that of the Ni-coated
diamond micropowder. The titanium coating obtained under a pressure of 1.0 Pa was
thin and uniform, without obvious defects, demonstrating optimal deposition quality
and adhesion density. In addition, it was determined that the annealing temperature
plays a key role in the reaction between Ti-coating and diamond. The TiC phase in
Ti-coated diamond particles showed a gradual increase with increasing temperature,
and the Ti-coated diamond underwent complete transformation into TiC-coated
diamond at 1000 °C. That is, the production of titanium carbide is important.

3. In addition to titanium carbide, other carbides have been used by researchers.
For example, B4C coatings have been successfully synthesized on the surface of
faceted diamond crystals by the carbothermic reduction method using a precursor
system containing B20s and B. B4C coatings consist mainly of rod-shaped crystals,
which show preferential deposition on the (110) diamond surface compared to the
(111) surface. Furthermore, the thickness of the B4C coatings increases with

15



ISSN 2078-7405 Cutting & Tools in Technological System, 2026, Edition 104

increasing temperature, reaching complete and uniform coverage of both (100) and
(111) diamond faces at 1200 °C.

4. Vanadium carbide-coated diamonds were fabricated by the molten salt
method. The results showed that compared to uncoated diamonds, the static
compressive strength and oxidation resistance of coated diamonds were increased.
The vanadium carbide coatings were mainly composed of V,C and VC.

5. To improve the thermal properties of diamond/metal composites, a metal
carbide layer is needed that combines both the crystal structure and the heat transfer
of heterogeneous interfaces. Experiments have been conducted with diamond/Cu—
Cr composites and the effectiveness of chromium carbides has been proven.

6. In addition to carbides, the effective action of oxides in diamond coatings
has also been proven. The mechanism of diamond protection in this study was the
predominant oxide donor behavior of Mo—B-C coatings to form a stable oxide layer
on the diamond surface. For coatings with low B content, four stages of coating
oxidation were observed sequentially with increasing temperature, low-temperature
evaporation of MoOs, stable protection of B,Os, and rapid evaporation of B,Os. For
high-B coatings, the predominant self-reducing flux of B,O3 not only suppressed the
evaporation of MoOs, but also provided a reducing environment for MoO3 to form
MoO, and Mo,C with high melting points, which led to the formation of a double
synergistic protective oxide layer and significantly enhanced the oxidation resistance
of diamonds.

7. Diamond films with three different grain sizes were obtained on the surface
of a titanium alloy by the method of chemical vapor deposition (HFCVD). The
efficiency of substrate protection by three types of films exceeds 90%. The corrosion
resistance of nanocrystalline diamond (NCD) films is clearly higher than that of
microcrystalline diamond (MCD) films. For NCD films, when the diamond grain
size decreases, a cluster structure of particle stacking is formed, which prevents the
ingress of aggressive substances to the substrate and additionally increases corrosion
resistance. At the same time, cutters with an intact MCD coating (deposited at
860°C) demonstrate the longest service life.

8. Finally, let us pay attention to coatings applied to hard alloys and steels, and
researchers here mainly pay attention to coatings with the presence of titanium,
which, as we have shown above, has shown its effectiveness in coatings on diamond,
namely TiAIN, TiN/CrN and Al,Os/TiOx.
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Banepitii JlaBpinenko, Kuie, Ykpaina, Bonogumup Conox, Kam’siuceke, Ykpaina,
Ipenpar Jamuy, Benrpan, Cep6ist

AJIMA3HU 3 TIOKPUTTAMU TA AJIMA3HI HOKPUTTA (OI'JIA
CYYACHHUX PO3POBOK)

AHoTauis. [lokpumms 3epen aimasie € 8axciusuM Gakmopom enauey Ha sMmiHy ix eracmusocmei ma
NIOBUWEHHSA YIMPUMAHHA Y 38 A3VI0HOMY poOOY020 wapy wnighyeanvno2o Kpyey. Bpaxoeyouu, wo yeil
HANPAMOK AKMUBHO PO3BUBAEMbCA, 6 OAHIll poOOMI HaAMU 3YNUHEHA Y6azd came HA CYYACHUX
Hanpayloeantax, AKI € y HayKogux nyonikayiax 3a ocmamHi 5 pokie. Brasicemo, wo mym Hac Haulbinbue
YiKasuau po3pooKy y HANPAMKY HAHeCeHHs NOKpUMMIE Ha aiMAa3ni 3epHa, AKi Ou 3acmocosyeancs y
abpasueHUX KOMRO3UMAX MA KOMROZUMAX OIS Pi3ANbHO20 IHCIMPYMEHNTY, KOMNO3UMAX aIMaA3-Meman i3
niogueHol0 MenionpogioHicmIo, a MaKodic 0coONUSOCMI HAHECEHHA MA 3ACMOCYBANH AIMAZHUX
nokpummie Ha iHcmpymeHmanoHux mamepianax. CyuacHi 00CuioxdceHHs ceioyams npo egekmusHicms
3aCmMOoCy8anHts  NOKPUMMAX HA AIMASHUX 3ePHAX MOHKUX Wapie Mumaua i Hikeno, wobu sabesneuumu
winbHe noeOnanus inmepgeiicy 3 nikenegoio mampuyero. 3Mo4y8anHsa aimasa i Hikeo NONUYEMbC 3a
PAXYHOK HaMeceHHs MOHKUX wiapie mumaua i Hikemo Ha yacmunku ammasa. Kap6io mumany, wo
ymeopioemucs migwe Ti-nokpummsim i armazom, 3a6e3nevye Oinbl CUTbHY CULY MIdCPHAZHO20 34enNeHH s
¥V NOpieHAHHI 3 CUNOI0 aAIMA3HO20 Mikponopowky 3 Ni-nokpummsam. [na noninwenns mennosux
6IACMUBOCMEl KOMNO3UMIE aIMAa3/Meman NOmpiben wap MemaniuHo2o Kap6ioy, AKull NOEOHYE 5K
Kpucmaniumy Ccmpykmypy, maxk I Mmeniosuil nepemic eemepozcenHux inmepgeiicie. Y cyuacnux
oocnidocennsix ¢ nokpummsix okpim TiC, 36epmaemocs yeaza i na inwi kap6iou: B«C, Vo.C ma VC, a
maxkooic na kapoiou xpomy. OKpemum HanpsAMKOM € OKCUONI NOKpumms na armasax. Mexanizm saxucmy
anmasie 8 YboMy HAnPAMKY YAGNAE coD0I0 NepedadcHy OKUCHY OOHOPHY noGedinky nokpummie Mo—B—C
07151 popMyBanHs cmabibHO20 OKCUOHO2O WAPY HA NOBEPXHI AAMA3A. ATMA3HI NAIGKU 3 MPbOMA PISHUMU
posmipamu 3epen Oyu OMPUMAHi HA NOGEPXHI MUMAHOB020 CNIAGY MENOO0M XiMIUHO20 0CAOIHCEHHS 3
naposoi ¢pasu (HFCVD). Kopositina cmitikicmy niigox nanokpucmaniunozco aimasa (NCD) seno suuye,
amigxne y naigox mikpoxpucmaniynozo aimasa (MCD). Ane ¢ppesu 3 nenowrkodoicenum nokpummsm MCD
O0eMOHCMPYIOmb HAUOINbW 0062Ull MEPMIH CyHCOU. 36epHeHO y8azy Ha NOKPUMMS, AKI HAHOCAMbCA HA
meepoi cnaasu ma cmani, NPUYOMY NePeaxtcHo OOCTIOHUKU MYM HAOAIOMb Y8azy came NOKPUMMAM 3
nassnicmio mumany, a cave TiAIN, TiN/CrN ma Al2O3/TiOz.

KiT1040Bi cJ10Ba: anmasu 3 nOKpummsmu; NOKpUmms Hikeiem; NOKpUmMms mumanom; kapoio mumany;,
Kapbio b6opy; kap6io eanadito; OKCUOHe NOKPUMMS; NIIBKU 3 HAHOKPUCMANIYHO20 AIMA3y; NII6KU 3
MIKPOKPUCMATITYHO20 AAMA3).
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