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Abstract—Russian and non-Russian research on the surface hardening of hard tungsten-carbide alloys to
improve the wear resistance is reviewed. There is great scope for improving the wear resistance and durability
of hard-alloy components by surface strengthening on the basis of various coatings, including coatings with
100-nm structural components. On hard tungsten-carbide alloys, the most common coatings consist of tita-
nium carbide TiC and nitride TiN, characterized by high lattice binding energy and high melting point. If
such coatings are applied to hard-alloy tools, the frictional coefficient is reduced by a factor of 1.5–2.0 when
cutting steel. The use of a TiN + ZrN ion-plasma coating reduces the frictional coefficient by a factor of 5.9.
At present, multilayer coatings are widely employed. The most widespread are TiN + TiC and Al2O3 + TiC
coatings. Their wear is proportional to the coating thickness. These multilayer coatings still leave room for
improvement in the wear resistance of hard alloys. In Russia, the potential of hard alloys with a strength gra-
dient from a ductile and high-strength core to a wear-resistant surface is being explored. At the Research
Institute of Refractory Metals and Hard Alloys, a method has been developed for producing alloys with vari-
able cobalt content over the thickness of the cutting insert. That permits change in alloy composition from
VK20 to VK2 over the sample thickness. Correspondingly, the wear resistance of the insert’s working section
is equivalent to that of VK2 alloy, while the base is able to withstand considerable f lexural stress. Recently,
cutting tools with a diamond coating on hard alloys have been adopted in practice. To increase the durability
of hard-alloy VK inserts, strengthening based on concentrated energy f luxes may be employed. Examples
include treatment of hard-alloy surfaces by γ quanta, ion beams, and laser beams, electroexplosive alloying,
and electrospark strengthening.
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Many methods are currently in use to improve the
performance of cutting tools. An effective approach is
to develop new types of coatings on hard alloys. The
cost of coated hard-alloy inserts is 15–20% greater
than that of sintered inserts, while the tool life is
increased by a factor of 2–9. In Russia and elsewhere,
research is underway on the creation of such coatings.
At present, for example, about 35% of hard-alloy tools
in the United States are produced with coatings [1].

The creation of reliable protective coatings has two
aspects: (1) the development of coating compositions
that prove effective in practice; (2) the development of
coating-applications technologies that ensure the
maximum operational reliability. That entails analysis
of the coating and the base as a single composite mate-
rial, which must meet specific requirements.

Coatings may be applied to hard-alloy tools by
metals such as the following: gas-phase, thermodiffu-
sional, detonation, and electron-beam methods; con-
densation from a plasma flux in vacuum, with ion

bombardment; ion-plasma deposition; and ionic
nitriding.

The possibility of applying carbide, boride, and
intermetallic coatings to hard-alloy surfaces in the
presence of titanium, vanadium, chromium, and
boron was shown in [2]. The influence of the degree of
saturation on the phase composition, structure,
microhardness, transverse f lexural strength, and wear
resistance of hard-alloy inserts has been established.
On applying protective coatings to hard-alloy inserts,
the tool life in cutting 20, U8A, ShKh15, and
40Kh steel is increased by a factor of 1.2–12.7. The life
is greatest for hard alloys with coatings based on tita-
nium carbides and titanium–nickel intermetallides.
However, Cutanit (England) has pointed out a defi-
ciency of tungsten-carbide alloys: the unavoidable
appearance of a sublayer of η1 phase [1].

A mechanism for the application of a two-layer
B4C + Y2O3 coating on WC–20% Co hard alloy was
proposed in [3–5]. It was shown that large quantities
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of active boron atoms released from the agent B4C at
the surface of the workpiece diffuse into its cobalt
phase, with the formation of the compound
W2Co21B6, in addition to the formation of boron-bear-
ing compounds at the surface of the workpiece. In the
borided layer, in contrast to boriding without rare-
earth metals, the yttrium expands the temperature
range of boriding in vacuum sintering and also accel-
erates the breakdown of the carbide B4C and the diffu-
sion of active boron atoms into the WC–20% Co
workpiece.

The behavior of VK6 alloy samples with no coating
and with an applied layer of titanium nitride TiN
(thickness 15–20 μm) was investigated in [6–8]. The
results indicated that the titanium-nitride coating
increases the wear resistance. In addition, such coat-
ings have deficiencies such as the sharp decline in pro-
tective properties at high cutting speeds thanks to their
poor crack resistance. In this context, the introduction
of zirconium in the ion-plasma titanium-nitride coat-
ing was proposed in [9, 10]. A TiN + ZrN ion-plasma
coating was applied by means of separate titanium and
zirconium cathodes, with nitrogen as the reactive gas;
50% Ti + 50% Zr was ensured. In ionic deposition, the
energy of the ionic f lux was 100 eV, the voltage was
‒160 V, and the current in the focusing coil was 0.3–
0.4 A. Two titanium-alloy cathodes were placed in
opposing positions in the chamber, with the zirco-
nium-alloy cathode between them. It was found that
additional alloying of the ion-plasma titanium-nitride
coating with zirconium on VK10KS and VK8 alloys
increases the nanohardness by 23%. In addition, the
frictional coefficient is decreased by a factor of 5.9.

Coatings with controllable characteristics were
proposed as a means of improving the wear resistance
of hard-alloy parts and also increasing the productivity
in [11]. The coatings, which are based on compounds
of titanium with carbon and nitrogen, are produced by
heating of the hard alloy in powder mixture and subse-
quent exposure to reactive gas—specifically, nitrogen
or its mixture with ammonia. The powder mixture
contains titanium nitride and/or carbonitride (67–
75%), ammonium chloride (1–3%), and titanium
(22–30%). The alloy is heated in an argon f lux to
800–870°C, at a rate of 25–30°C/min. Then the
argon supply is switched off, and the reactive gas is
supplied at a rate of 1.0–1.5 l/min for 5–20 min.
Finally, heating stops and the part is cooled in a nitro-
gen flux. The resulting wear-resistant coatings with
controllable characteristics on hard-alloy inserts may be
used in manufacturing, mining, and wire production.

The wear resistance of VK8 hard alloy may be
increased by modifying the working surface with a
quasi-amorphous coating of silicon carbide SiC, by
the method in [12]. In this approach, a composite sub-
structure of increased density is formed to a depth of
tens of layers of WC grains; Hμ = 15–18 GPa. By this

means, the life of hard-alloy components in impact–
abrasive wear is increased by a factor of 1.5–2.5.

The microplastic and microbrittle properties of
adhesive compounds of WC–Co hard alloy with thin
films of titanium, boron compounds, and silicides of
cobalt and titanium were investigated in [13]. The
films are applied by isothermal diffusional annealing.
Among the buffer coatings investigated, the titanium–
silicon coating Ti3Si was found to have the best struc-
tural and mechanical properties. Accordingly, that
coating is promising as a substrate for adhesively
strong diamond films.

The performance of cutting tools is largely deter-
mined by the state of their working surfaces, according
to the view expressed in [14]. In the formation of a
modified Cr–Al–Ti layer at the surface of a hard alloy,
the contact layer of the tool is effectively blocked in
two directions from harmful diffusion. At the same
time, the mineral–ceramic is grown on the working
surfaces of the tool; heat is released from the cutting
edge; adhesion between the coating and base is
increased; and friction between the tool and work-
piece is reduced. The result is to improve tool perfor-
mance.

Multilayer coatings are widely used at present. The
best are TiN + TiC and Al2O3 + TiC coatings. Their
wear is directly proportional to the coating thickness
and depends significantly on the composition. TiN +
TiC coatings are used at low cutting speeds. The life of
and Al2O3 + TiC coatings is twice that of TiN + TiC
coatings [15]. Inserts based on sintered hard alloy
should have an interior coating consisting of a layer of
titanium carbide, nitride, or carbonitride adjacent to
the base and outer layers of aluminum oxide, accord-
ing to the recommendations in [15]. The layer adjacent
to the interior layer contains epitaxial ζ aluminum
oxide or θ aluminum oxide. By contrast, the surface
layer contains at least 90% α aluminum oxide with a
grain size less than 1 μm; the remainder is ζ or θ alu-
minum oxide.

A metal–ceramic (cermet) hard-alloy insert was
patented in [16]. This insert is especially useful for the
machining of cast iron. The insert has core of cermet
hard alloy, in the form of tungsten carbide WC, cubic
carbonitrides, and cobalt binder alloyed with tungsten.
The surface coating consists of an internal TiCxNyOz
layer with equiaxial grains, a TiCxNyOz layer with
columnar grains, and an Al2O3 layer.

Wear-resistant titanium-nitride and titanium-car-
bide layers are used in hybrid coatings. Metallwerk-
Plansee (Austria) employs coatings consisting of sev-
eral layers of titanium carbonitrides of different com-
position. The thickness of the multilayer coatings is 7–
10 μm; the thickness of the carbide and nitride coatings
is 3–6 μm. Cutanit (England) produces hard-alloy
inserts with a very thin titanium-carbide layer at the sur-
face, followed by a layer of the carbonitride and then by
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titanium nitride. When using hybrid coatings, the
η1(Co3W3C) phase is not present in the sublayer [1].

Tekhnologiya State Enterprise (Komsomolsk-on-
Amur) has proposed a production method for VK6
hard-alloy tools in which a titanium layer is applied by
condensation with ionic bombardment [17]. This tool
is designed for improved performance in challenging
conditions. To that end, a gradient of properties is
established in the surface layers of the tool. In partic-
ular, the variation in elastic modulus and microhard-
ness in the surface layers increases the crack resistance
and strength of the surface layers. In combination with
the high wear resistance and thermal stability of the
part, that ensures significant increase in tool life (by a
factor of two or more).

The use of multilayer coatings with elevated resis-
tance to wear, chipping, and fusion was proposed in
[18]. The coatings consist of internal, intermediate,
and surface layers. The internal layer contains some
combination of carbides, nitrides, borides, and oxides
of elements in groups IVa, Va, and VIa and their solid
solutions. The intermediate layer contains some com-
bination of aluminum and zirconium oxides and their
solid solutions. The external layer contains a columnar
structure consisting of titanium carbonitrides.

Hard-alloy parts with multilayer coatings were pro-
posed in [19]. The surface layer (thickness 2–100 μm)
contains 2–25% binder; more than 25% of the nitride
or carbonitride of one or more group-VIa metals; and
more than 10% of the carbides or carbonitrides of
vanadium, niobium, tantalum, and/or chromium.
The remainder is titanium carbide TiC. Below that,
the second layer (thickness 2–40 μm) has a higher
nitrogen content and consists mainly of the nitride or
carbonitrides of group-VIa metals. It also contains
>10% of the carbides, carbonitrides, or oxycarboni-
trides of tungsten, molybdenum, vanadium, niobium,
tantalum, and/or chromium; and/or >5% vanadium,
tantalum, and niobium dissolved in the hard alloy;
>2% of chromium, tungsten, and molybdenum; and
>15% binder. Under the second layer, there is a tran-
sition layer (thickness 2–100 μm), whose composition
changes gradually to match that of the core.

These hybrid multilayer coatings leave further
scope for improvement in the wear resistance of hard
alloys.

Some studies focus on the use of aluminum-oxide
coatings. For example, Sandvik Coromant (Sweden)
has begun to produce inserts with a two-layer alumi-
num-oxide coating on a titanium-carbide layer [1].

At the Institute of Superhard Materials, Ukrainian
Academy of Sciences, a method of producing alloys in
which the cobalt content varies over the thickness of
the insert has been developed for the manufacture
of mining tools; the method is based on the steeping of
sintered hard alloys [1]. By this means, it is possible to
produce samples in which the alloy composition varies
from VK20 to VK2 alloy over a thickness of 8 cm. As a

result, the working section of the cutting inserts has
wear resistance equivalent to that of VK2 alloy, while
the base is able to withstand considerable f lexural
stress.

Experimental bits (diameter >15 mm) have been
developed at Kiev Polytechnic Institute, with a core of
VK15 high-cobalt alloy and peripheral sections of low-
cobalt VK6 or VK8 alloy. This design permits 50–70%
increase in the productivity in drilling. In that case,
the stronger core withstands impacts, while the harder
cutting edge has high wear resistance [1].

Analogous research at the Research Institute of
Refractory Metals and Hard Alloys (Moscow) was
based on the theoretical concepts regarding the pro-
duction producing a strength gradient in hard alloy
from a ductile high-strength core to a wear resistance
surface [20]. It is possible to produce a hard alloy with
variable binder content, such that, on pressing the
blank, the composition changes from the surface to
the core of the insert: VK3–VK6–VK10–VK15. How-
ever, dosing of the charge by means of several feeders
in an automatic press is problematic when the plate
thickness is 4.75 mm. In practice, it is not possible to
produce a plate with an optimal combination of wear
resistance, hardness, and ductility by this means.
Hard-alloy inserts with gradient structure may be pro-
duced by electrospark alloying, as shown in [21, 22].
In this case, the two components are wear-resistant
VK6-OM alloy and a strong but poorly wear-resistant
VK10KS alloy base. In electrospark alloying, an elec-
trode of VK6-OM alloy is eroded in a spark discharge
and the erosion products are transferred to VK10KS
alloy. That increases the surface hardness to 22000 MPa
and reduces the frictional coefficient μ to 0.23, from a
value of 0.41 for uncoated VK10KS alloy.

Cutting tools with a diamond coating are gaining
favor in Russia and elsewhere [23. 24]. For example, a
cutting tool based on a diamond component sintered
under superhigh pressure at high temperatures has
been proposed in the United States [24]. A hard-alloy
WC + Co substrate is bound to the diamond compo-
nent by solid soldering at 700–800°C. For this purpose,
solder based on silver (30–70% Ag + Cu, Zn, Ni) is
employed. The thickness ratio of the substrate and the
sintered diamond layer varies in the range 0.8–3.0.
The thickness of the diamond layer is 0.05–0.50 mm
(preferably 0.12–0.36 mm), while the thickness of the
hard-alloy substrate is 0.1–0.9 mm. The grain size in
the diamond component must be 1–10 μm.

Recently, growing attention has focused on the
machining of abrasive hard materials (for the drilling
of circuit boards and the turning of titanium, magne-
sium, and aluminum alloys without cooling). For that
purpose, the tool must have excellent wear resistance,
strength, and thermal stability. Nanostructured hard
WC + Co alloys may be used here [25–34]. The few
examples of turning, drilling, and milling by nano-
structured alloys currently available demonstrate the
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prospects for the use in more challenging conditions.
In the drilling of circuit boards, the life of tools made
from ultrafine hard alloys exceeds that of standard
alloys by a factor of 2–3, as noted in [25].

In the creation of nanostructured tungsten-carbide
hard alloys and coatings, the size of the basic struc-
tural components is between 1–2 and 100 nm
[26‒34]. Nanostructured alloys and coatings are
characterized by high values of the hardness, strength,
and other physicochemical properties. Therefore, the
production of tungsten-carbide powder with mini-
mum particle size is the precondition for the creation
of superfine-grain alloys.

In addition to nanostructured tungsten-carbide
hard alloys, their use with nanocomposite coatings is
of interest [35].

The importance of traditional superhard materials
based on diamond and sodium boride is well under-
stood. They are widely used in tool production and in
mining. The influence of TiN/NbN, TiN/ZrN, and
TiN/CrN coatings on the microhardness, with a total

film thickness of 2 μm, was shown in [26] (Fig. 1). In
all cases, the microhardness increased considerably
with increase in the number of such layers and corre-
spondingly with increase in the number of interfaces,
which obstruct the motion of dislocations and cracks.

Table 1 presents some properties of traditional (1–3)
and nanostructured (4–8) coatings (thickness 2–
3 μm). Nanostructured coatings may be regarded as a
superhard and thermostable nanocomposite where
nitride nanoparticles such as TiN and (Ti, Al)N are
located in an amorphous silicon-nitride matrix
(Fig. 2).

In thin heterophase coatings, nanostructured com-
ponents significantly improve the strength of the coat-
ing as a whole. In particular, superhardness in nano-
composites is associated with high internal stress, as
assumed in [36, 37]. In such coatings, internal com-
pressive stress exceeding 10 GPa may be observed
[36, 38–41]. However, superhardness of the coatings
is retained on relaxation to ordinary values of the com-
pressive stress: σ = 0.5–1.0 GPa.

In TiN–Cu coatings, the microstructure of a thin
coating layer (thickness <150 nm) adjacent to the sub-
strate is nonuniform. A characteristic of this coating is
a nanocrystalline state with grains of almost equilib-
rium form (Fig. 3). The grain size d < 20–25 nm.

In Ti–Si–B–N coatings, a two-level structure is
observed. The titanium-nitride grains measure 0.1–

Fig. 1. Influence of the layer thickness in multilayer
TiN/NbN (1), TiN/ZrN (2), and TiN/CrN (3) coatings
on the microhardness.
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Table 1. Traditional and nanostructured coatings (thickness 2–3 μm) and their properties

Coating Composition НV , GPA Thermal stability, °C Ra, μm μ

1 TiN 25 ~550 0.08–0.12 0.55
2 (Ti, Al)N 33 >900 0.10–0.13 0.50
3 (Ti, Al)N–SiN 33 ~850 0.13–0.13 0.60
4 (Al, Ti)N–SiN 43 >1000 0.10–0.15 –
5 (Ti, Al)N–SiN 39 ~900 0.10–0.15 –
6 (Ti, Al)N–SiN 40 ~900 0.05–0.10 –
7 (Ti, Al)N–SiN 45 ~1200 – 0.45
8 (Al, Cr)N–SiN 42 ~1100 – 0.35

Fig. 2. Structure of (Al, Ti)N–Si3N4 nanocomposite film.
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0.2 μm and are fragmented in some regions to 15–
20 nm (Fig. 4).

In Fig. 5, we show examples of loading–unloading
curves with nanoindentation.

The development of nanotechnology depends on
the creation of superhard nanocomposite coatings and
analysis of the formation of their structural and phase

states and their distinctive mechanical properties. In
addition, it is of great interest to assign specific physi-
cal properties (thermal and electrical conductivity,
frictional coefficient, corrosion resistance, etc.) to
new materials, by adjusting their phase composition.
Modification of their structure (the formation of
nanocrystalline states of grain size no greater than
3 nm) gives rise to distinctive mechanical properties,

Fig. 3. Light-field image (a) and diffraction pattern (b) of the structure of a TiN–Cu nanocomposite coating at a distance of
2‒3 μm from the junction with the substrate.

250 nm
(а) (b)

Fig. 4. Dark-field image (a) and diffraction pattern (b) of the structure of a TiN–Si–B–N coating deposited at 450°C.

200 nm
(а) (b)

Fig. 5. Loading–unloading curves of a TiN–Si–B–N coating with nanoindentation, when the maximum load on the indenter is
20 (a) and 8 (b) mN.
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including high fracture strength and adhesive strength.
Accordingly, widespread use of superhard nanocom-
posite coatings may be expected.

Strengthening by means of high-energy perturba-
tions provides great scope for increase in the life of
hard-alloy components. Such methods are widely
used at present in tool manufacture, with severalfold
increase in the working life [42–64].

Laser treatment is an effective method of increas-
ing the life of hard-alloy tools. In that case, both the
carbide and cobalt phases of the alloys are modified.
The fine structure of the carbide phase plays the main
role in increasing the wear resistance, according to
research on the structural changes in low-cobalt VK6
and VK8 hard alloys in the laser-treatment zone
[43, 46]. In addition to low-cobalt hard alloys, the fine
crystalline structure of the carbide phase in VK20
alloy has been investigated after treatment in the fol-
lowing conditions: energy density J = 0.8–2.0 J/mm2;
pulse length τ = 8–11 ms; radiation wavelength λ =
1.06 μm [43, 44]. One-time (N = 1) and repeated
(N = 10) irradiation was considered.

In the given energy-density range, according to
X-ray structural analysis, the phases W2C and WCcub
are consistently observed in the treatment zone at J =
2.0 J/mm2 (N = 1) and J > 1.6 J/mm2 (N = 10) in VK6
alloy. In VK20 alloy, by contrast, change in phase
composition is only observed at J > 1.6 J/mm2 when
N = 10. Laser treatment leads to hardening of the
α-WC grains. In that case, the content of crystalline
defects in the carbide phase of the low-cobalt hard
alloys is greatest when J > 1.5 J/mm2, N = 1 or 10
[43‒45]. Hardening of the carbide grains in repeated
laser treatment is also indicated by the block size and
microdistortion in the lattice of the WC phase [46].
When VK20 alloy undergoes laser treatment, the fine
structure of the WC phase is qualitatively the same as
in VK6 alloy. The 10–20% decrease in dislocation
density observed in some cases indicates that
deformed α WC grains are present in the laser-treat-
ment zone. The distortion of the carbide lattice is con-
siderable and exceeds the initial value by 20–50%.
That is especially apparent in repeated laser treatment.

In VK20 alloy, the number of contacts between the
WC grains and the area of the grains are much less
than in VK6 alloy, while the contact forces in defor-
mation at the crystallite boundaries considerably
exceed those in alloys with a smaller cobalt content.
Therefore, plastic deformation occurs more rapidly in
the carbides of high-cobalt alloys. It is first apparent in
repeated laser treatment (N = 10) with lower energy
density [44]. Pulsed laser treatment of the surface of
VK8 hard alloy increases the wear resistance [47].

The influence of microwave radiation on the per-
formance of hard-alloy inserts based on tungsten car-
bide was studied in [48, 49]. Hard-alloy tools based on
tungsten carbide WC were subjected to 2.45-GHz
microwave radiation. The influence of the microwave

radiation on the structure, the state of the cobalt
binder, and the strength of the tool with WC inserts
was studied by X-ray diffraction, X-ray photoelectron
spectroscopy, and hardness measurements. It was
found that the performance of the hard-alloy inserts is
improved by activation of the grains, selective heating
of the WC grains, and the formation of the mixed
phase W2C–Co.

In investigating the influence of modification by
ion-plasma application of titanium-nitride TiN and
titanium-carbide TiC coatings and subsequent treat-
ment with a powerful ion beam, it was established that
the wear resistance of a WC–TiC–Co hard alloy is sig-
nificantly increased by such modification [50].

At Omsk State University, the structural and phase
changes in the surface layers of hard alloy under the
action of powerful ion beams has been investigated
[51]. Attention focused on the evolution of the struc-
tural and phase state in the surface layers initiated by
annealing after ion-beam treatment. Kinetic formulas
were presented for the wear of the modified hard alloys
in cutting. The wear resistance of modified tool mate-
rials in the cutting of structural steel at a wide range of
cutting speeds was investigated in [51]. A TiN coating
was applied to VK8 hard-alloy cutting inserts by con-
densation with ion bombardment. It was found that,
after complex modification, the wear rate at the tool’s
rear surface is less than after ion-plasma and ion-beam
treatment. Complex modification increases the wear
resistance of hard alloys in the high-speed cutting of
steel by a function of 1.5–2.0. The increase of wear
resistance by complex modification is greatest after ion-
beam treatment with a current density of 150 A/cm2.

The effect of a powerful ion beam on the structure
and properties of the surface layers of hard alloys was
studied in [52–54]. It was found that pulsed treatment
changes the phase composition of the material and the
fine crystalline structure of the surface layer; consid-
erably improves its physicomechanical properties;
produces a coating with high and controllable hard-
ness, strength, and plasticity on the hard alloy; and
improves the wear resistance of tools based on such
alloys. For example, change in the properties of VK8
hard alloy under the influence of a 40-keV beam of Ar+

ions with a f lux density of 1.5 × 1018 cm–2, at target
temperatures of 120–700°C, was observed in [53]. It
was found that such treatment increases the micro-
hardness by 30–40%. The greatest hardening is
observed in the range 400–600°C. The depth of the
hardened layer (with change in the microstructure) at
the irradiated surface is 30–35 μm. That indicates the
presence of a long-range effect. The basic parameter
determining the relief formed and the phase composi-
tion of the surface layers is the energy density of the
ion beam.

The influence of electron-beam treatment on the
structure and phase composition of hard alloys was
investigated in [55, 56]: decrease in microstress and in
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the size and volume of primary WC grains was
observed. It was assumed that radiation-induced
ordering and disordering of the tungsten carbides and
redistribution of the tungsten-carbide particles in the
cobalt (segregation) occur in the hard alloy. Those
processes had previously been disregarded. In investi-
gating the structural changes and some mechanical
characteristics of the hard alloy in electron-beam
treatment with different energy and density of the f lux,
the researchers noted change in the lattice parameters
of the carbides WC and (Ti, W)C and the cobalt
binder, the state of the phase boundaries, and the
mechanical characteristics, as well as relaxation of the
interphase microstress due to the difference in ther-
mal-expansion coefficients of the cobalt and the car-
bide skeleton and the microstress in the skeleton itself
consisting of the carbides WC and (Ti, W)C.

Researchers at Tomsk Polytechnic University have
proposed a new hardening technology for a hard-alloy
and diamond-coated rock-breaking tools, with subse-
quent irradiation by small doses of γ quanta [57]. In
this method, the tool was subjected to cryogenic treat-
ment: immersion in liquid nitrogen for 15–20 min.
Then it was treated with γ quanta from a Kobalt-60
source in an Issledovatel’ system, at a dose rate of
20 R/s. The total dose was around 106 R. The results
indicate that such treatment of the rock-breaking tool
increases its working life. Irradiation by γ quanta
increases the hardness of hard alloys and hence the
working life of the corresponding tools thanks to
increased wear resistance, as established in [58, 59].

Researchers at the Institute of Strength Physics and
Materials Science (Siberian Branch, Russian Acad-
emy of Sciences, Tomsk) proposed a method of
increasing the wear resistance of hard-alloy tools by
electron-beam technology [60]. In this method, sub-
stitutional solid solutions are created in the surface
layers. After nitriding of the surface for 5–7 min at a
pressure of (2–7) × 10–2 Pa (energy range 5–10 keV),
the alloys are exposed to a radiation dose of 5 × 1016–
1018 ion/cm2. The alloy is bombarded first with zirco-
nium ions, then with molybdenum ions, and finally
with zirconium ions again. The use of Zr+ and Mo+

ions permits the creation of substitutional solid solu-
tions. Another benefit of these ions is their consider-
able ability to form carbides and nitrides. Therefore,
besides the formation of solid solutions, the corre-
sponding compounds may be formed. The zirconium
ions introduced in the matrix are centers for solid-
solution formation, associated with disordering of the
structure in the surface layer. Subsequent implanta-
tion of Mo+ ions stabilizes the disordered state and
permits the introduction of zirconium atoms at the lat-
tice points.

The final bombardment with zirconium ions
knocks the molybdenum atoms to deeper layers. That
ensures mixing and exchange of the zirconium and
molybdenum atoms introduced. Their concentrations

are equalized. In this method, no transition layer is
formed in the cutting tool. By such treatment, the life of
a hard-alloy tool may be increased by a factor of five.

Pulsed plasma accelerators are used to intensify the
production of hardened surface layers and to increase
their purity and adhesion to the substrate. In pulsed
plasma coating application, denser plasma fluxes are
used than in ion-plasma spraying. The rate of particle
deposition may be increased by several orders of mag-
nitude and hence the productivity may be increased.

Electroexplosive alloying is a type of pulsed plasma
treatment. The plasma accelerator used in this method
is based on energy storage by a battery of pulsed capac-
itors and the release of a 10-kJ burst of energy within
100 μs through a wire, which undergoes explosive dis-
integration. In this method, the surface of a hard tung-
sten-carbide alloy is heated and saturated by the
explosion products, with subsequent transfer of heat to
the surroundings and into the depth of the material.
The source of both the heating and the alloying ele-
ments is a pulsed multiphase plasma jet formed from
the material in the exploding wire, which is attached to
coaxial electrodes of the plasma accelerator. The
explosion is confined by a conical discharge chamber,
which sends the explosion products through a cylin-
drical nozzle into a vacuum chamber (residual pres-
sure 100 Pa). In the formation of the jet, the con-
densed explosion products move away from the
plasma component, and the jet consists of a fast high-
energy plasma front that gradually transitions to a slow
heterogeneous tail.

In the electroexplosive alloying of VK10KS hard
alloy, the explosive components employed were car-
bon (graphite fibers), aluminum, and titanium (foil)
[61, 62]. The hardening of the surface of VK hard
alloys may be improved by the combined explosion of
powder wires containing refractory compounds (car-
bides, silicides, borides, etc.), which are transferred to
the alloy surface by the plasma jet [63, 64]. It was
found that surface hardening of VK10KS hard alloy to
28000 MPa is associated with reduction in size of the
structural components in the surface layers and the
formation of new hard phases consisting of elements
from both the alloy and the exploded wires.

CONCLUSIONS
The various technologies now available for apply-

ing coatings to hard alloys and modifying their surface
may be used to extend the life of alloy components in
many fields.
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