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Abstract: AlTiN nitride coatings on the surfaces of metal-working tools can greatly extend their
service life. The coatings are deposited from plasma flows generated by vacuum arc burning on the
cathode surface. The elemental and charge composition of the plasma flows, as well as the content
of metal drops, depend on the cathode’s structure. In this paper, the microstructure, elemental, and
phase compositions of the surface layer of Al-Ti cathodes subjected to vacuum arc heating were
studied. These cathodes had similar elemental compositions (Ti + 50 at.% Al) but differed from one
another in their phase composition and microstructure (grain size, porosity). The cathodes were
studied by X-ray diffraction analysis, scanning electron microscopy, and electron probe analysis.
It was found that during vacuum arc heating, surface fusion or thermal cracking of the cathode’s
surface layer occurs. The thickness, structure, and phase composition of the modified layer were
controlled by the thermal conductivity of the cathode material, which, in turn, depended on the
phase composition and porosity of the cathodes. The maximum thickness of the modified layer (up to
400 µm) was observed on the surface of the sintered cathode due to the lower thermal conductivity of
the porous structure of the cathode. The obtained results can be used for the development of coating
deposition technology based on vacuum arc sputtering of multicomponent cathodes.

Keywords: multicomponent cathodes; vacuum arc; titanium; aluminum; titanium aluminides;
modified layer; thermal conductivity; thermal cracking

1. Introduction

Vacuum arc evaporation of metal and metallic alloy cathodes in reactive gas media is
widely used for the deposition of wear-resistant coatings on the surfaces of metal-working
tools [1–3]. The surface of the cathodes, used for the coating’s deposition by vacuum arc
evaporation, is heated to high temperatures exceeding the melting point of the cathode
material. Surface melting leads to an increased content of drops in the products of the arc
erosion, and the lower the melting temperature of the cathode, the greater the number
of droplets [4,5]. Heating of the surface layer of the composite cathodes produced by
forging a mechanical mixture of elemental powders is accompanied by structural and
phase transformations [6,7]. The duration of the reactions between the powder components
in the mixture depends on the dispersity of the powders [7,8]. As a result, the mechanical
mixtures of elemental powders turn into refractory compounds [9,10]. The heating rate of
the cathode, along with the magnitude of the current, depends on the thermal conductivity
of the cathode material, which, in turn, is determined by the phase composition and
structure. The thickness of the modified layer of the cathode depends on two factors:
thermal conductivity and melting temperature. As a rule, the thermal conductivity of the
intermetallic compounds is less than that of metals. Thus, the surface temperature of an
intermetallic cathode of similar elemental composition is expected to be higher than that
of a composite cathode represented by a powder mixture. On the other hand, due to the
higher melting point of metal aluminides compared to the low melting point of aluminum
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in composite cathodes, the thickness of the melted surface layer on composite cathodes can
be thicker than that on aluminide cathodes. Due to the high hardness, poor plasticity, and
low thermal conductivity of the intermetallic compounds, thermal stress cracks emerge
on the surface layer of the intermetallic cathode [10]. The thermal cracking leads to the
spalling of the modified layer and an enhancement in the rate of the cathode erosion [10].

The physical properties of the cathode’s material influence the emission rate, charge,
and elemental composition of the ejected plasma flows. In [11–13], a correlation was found
between the cohesive energy of the cathode material, the combustion voltage, and plasma
parameters. The influence of the structure and composition of the cathode on the drop
ejection, charge, and energy of ions were studied and discussed in [14–19]. The structure
state of the cathode’s surface layer that was subjected to vacuum arc heating depends on
both the elemental composition and pressure of the gaseous media in the technological
chamber. A redeposition of the ejected drops on the cathode surface occurs under elevated
gas pressure [20]. Another effect related to the gaseous media is the poisoning of the
cathode surface as a result of interaction with the reactive gases [21,22].

TiAlN coatings deposited from vacuum arc plasma in a nitrogen environment remain
the most popular among wear-resistant coatings for metal-working tools due to their high
durability [23–25]. To enhance the properties of TiAlN coatings, cathodes of different de-
signs are used: mosaic [26], composite [6,26], or cast [6]. The study of the phase composition
of the surface layer of composite and Ti-50 at.% Al-cast cathodes were subjected to vacuum
arc treatment in [6] using the X-ray diffraction method. According to X-ray diffraction
patterns, the ratio of Ti3Al, TiAl, Ti2Al5, and TiAl3 aluminides in the surface layer of both
cathodes depends on the distance of the analyzed spot from the center of the round cathode.
Ti3Al and TiAl aluminides have melting points of 1475 ◦C and 1447 ◦C, respectively, which
are higher than the melting point of aluminum (660 ◦C), which is the basis of the powder
composite cathode. In the present work, comparative studies of the surface layer of Al-Ti
cathodes modified by a vacuum arc were fulfilled. The cathodes have the same elemental
composition but differ in phase composition. Contrary to [6], we studied the cross-section
of the modified layer. The research results can be useful in the development of advanced
industrial technologies for the production of metal-working tools with high durability.

2. Materials and Experimental Technique

Four cathodes of similar compositions (Ti + 50 at.% Al) obtained by different technolo-
gies (Table 1) were analyzed. Since the production technology of commercial cathodes is
not disclosed by producing companies, the cathode production technology was determined
based on the results of microstructural studies (Table 1). The sintered cathode was obtained
by mixing titanium powders (fraction less than 125 µm) and TiAl3 intermetallic compound
(fraction less than 50 µm), pressing under a pressure of 0.3 GPa, vacuum sintering at
1250 ◦C and isothermal holding for 4 h.

Table 1. Supplier and production technology of the Ti-Al cathodes.

Cathode Supplier Production Technology

No. 1, sintered ISPMS SB RAS, Tomsk, Russia Sintering

No. 2, “Polema” JSC “Polema”, Tula, Russia Hot pressing of
Al + Ti mixture

No. 3, “Umicore” “Umicore Materials AG”,
Hanau-Wolfgang, Germany

Hot pressing of
Al + Ti mixture

No. 4, cast - Casting

The starting phase composition of the cathodes was studied on its back surface layer,
which was not exposed to the vacuum arc. The working surfaces of cathodes with a diame-
ter of 70 mm were treated for 60 min with an arc current of 90 A in N2 gas under a pressure
of 0.065 Pa. Structural studies of the cathodes were carried out using X-ray diffraction (XRD)
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(Co Kα radiation, DRON-7, St. Petersburg, Russia) and scanning electron microscopy (LEO
EVO 50, Oberkochen, Germany). ASTM data files and PDWin 4.00 software were used for
phase identification and characterization. The elemental composition of the modified layer
was determined by X-ray spectroscopy (EDS). The microstructure and phase composition
of the cathodes were studied on cross-sections polished and etched with Keller’s reagent
(2.5 mL HNO3 + 1.5 mL HCl + 1 mL HF + 95 mL H2O). The microhardness of the sam-
ples was measured on etched sections using a PMT-3 microhardness tester under a load
of 0.98 N.

3. Results
3.1. Starting Structural State of Cathodes

The X-ray patterns of the back surface layer of the cathodes in the starting structural
state and from the working surface exposed to the vacuum arc are shown in Figure 1.
Table 2 presents the phase composition of the cathodes, estimated from the sum of the
intensities of X-ray reflections by the processing of X-ray diffraction patterns (Figure 1). Due
to the superposition of lines of different phases as well as due to the high background level,
this method does not allow us to determine the exact content of the constituents. However,
according to the data in Table 2, the sintered cathode in the starting state consists mainly of
the Ti3Al phase and a small amount of the γ-TiAl intermetallic compound. Hot-pressed
cathode No. 2 consists almost entirely of Ti and Al. In addition to Ti and Al, there are
intermetallic compounds TiAl and Ti3Al in the structure of hot-pressed cathode No. 3. The
cast cathode consists almost entirely of the Ti3Al intermetallic compound.
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Table 2. X-ray diffraction analysis of phase composition of cathodes.

Cathode Analyzed Site
Content of Phases, Vol.%

Major Constituents Other Phases

No. 1. Sintered
Arc exposed surface layer 95% Ti3Al 5% unidentified

Back surface layer 72%–82% γ-TiAl 21%–12% Ti3Al, traces of Al2O3,
7% unidentified

No. 2. “Polema”
Arc exposed surface layer 59%–78% Ti3Al 21%–41% TiAl

Back surface layer 41% Ti, 57% Al 2% Ti3Al, 2% unidentified

No. 3. “Umicore”
Arc exposed surface layer 89% Ti3Al 11% TiAl + traces of TiH0.71

Back surface layer 47%–74% Ti 23%–12% Ti3Al, 24%–12% TiAl,
7%–8% Al

No. 4. Cast
Arc exposed surface layer 81% Ti3Al 11% TiH0.71, 8% unidentified

Back surface layer 99% Ti3Al 1% unidentified

The results of the X-ray phase analysis are in accordance with the data of optical
metallography of the cathode material in the starting state (Figure 2). In the etched section
of the sintered cathode (Figure 2a), two constituents are presented. According to structural
studies [27], a ring structure is formed as a result of the sintering of powder mixtures of Ti
and TiAl3 intermetallic compounds, which have an integral elemental composition close to
TiAl. The ring structure consists of Ti3Al aluminide in the peripheral part and a compound
of TiAl3 inclusions. With the increasing duration of isothermal sintering, the width of the
rings increases. Accordingly, the volume fraction of Ti3Al also increases. This two-phase
ring structure is especially seen in backscattered electron images (Figure 3a). In the cathode
structure sintered at 1250 ◦C for 4 h, the Ti3Al phase occurs in the form of several inclusions
inside TiAl grains (Figure 2a). The TiAl3 phase after vacuum sintering and isothermal
holding is completely consumed in the reaction TiAl3 + Ti→ TiAl (Ti3Al). The relatively
low content of the Ti3Al phase in the sintered cathode is confirmed via calculations based
on the sum of the intensities of X-ray reflections (Figure 1a, Table 2).

The microstructure of the “Umicore” and “Polema” hot-pressed cathodes (Figure 2b,c)
indicates the presence of structurally isolated pure elements—Al (light phase) and Ti (dark
gray phase). However, hot-pressed cathodes from these two suppliers differ significantly
in microstructure and phase composition. The “Umicore” cathode (Figure 2c) has a coarser
structure. The size of the Ti particles (105 ± 46 µm) is nearly an order of magnitude larger
than in the “Polema” cathode (12.2 ± 6.0 µm). In addition, intermetallic interlayers are
clearly seen at the interphase boundaries of titanium and aluminum in the “Umicore”
cathode. According to the X-ray diffraction data (Table 2), this cathode contains 30%–40%
intermetallic phases. In the “Polema” cathode, the content of Ti3Al is only 2%, and there
are no intermetallic interlayers at the boundaries. The cast cathode has a lamellar structure
typical of a titanium alloy, with rare defects in the form of pores and non-metallic inclusions
(Figure 2d).

More detailed information about the starting structure of cathode materials was
obtained by studying backscattered electron images (Figure 3). In contrast to the optical
micrographs in Figure 2b,c, titanium grains appear as lighter areas against the background
of a dark aluminum matrix in the backscattered electron images. Accordingly, the grains
of intermetallic compounds of the Ti-Al system in the images get darker as the amount of
aluminum they contain increases.
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The elemental composition of the phases presented in the sintered cathode corresponds
to the results of X-ray diffraction analysis. Local analysis of the aluminum matrix of the
“Polema” cathode disclosed the titanium content up to 3.6 at.% compared to approximately
an order of magnitude lower equilibrium solubility of Ti in solid aluminum [28]. This dis-
crepancy most likely has methodological reasons. One of the possible reasons is associated
with the insufficiently small size of the electron probe for the dispersed structure of the
“Polema” cathode, as well as with the possible presence of titanium grains in the analyzed
subsurface layer. The validity of this explanation is confirmed by local analysis data. The
content of Ti in the aluminum matrix of the “Umicore” cathode with a coarse structure is
almost three times less than that in the “Polema” cathode (Table 3). The differences in the
microhardness of aluminum in the “Polema” and “Umicore” cathodes are also associated
with different dispersities of the mechanical mixture of Ti and Al (Table 3).

Electron-backscattered images of the cross-section of the “Umicore” cathode (Figure 3)
present large titanium particles within the black color aluminum matrix. Single Ti3Al
inclusions occur in Ti particles near the boundary with the aluminum matrix. In some areas
of the boundaries of intermetallic inclusions, the local elemental analysis reveals interlayers
of aluminum solid solution in titanium. In the areas selected for local analysis, the Ti3Al
compound present in the starting cathode according to X-ray diffraction analysis was not
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detected. This is an additional confirmation of the strong homogeneity of the cathode
structure, which is presented in Figure 2c.

Coatings 2023, 13, x FOR PEER REVIEW 6 of 13 
 

 

  
(a) (b) 

  
(c) (d) 

Figure 3. Starting microstructure of the cathodes in backscattered electrons: (a) sintered, No. 1; (b) 
“Polema”, No. 2; (c,d) “Umicore”, No. 3. Spots of local elemental analysis are indicated with the 
numbers (Table 3). 

The elemental composition of the phases presented in the sintered cathode corre-
sponds to the results of X-ray diffraction analysis. Local analysis of the aluminum matrix 
of the “Polema” cathode disclosed the titanium content up to 3.6 at.% compared to ap-
proximately an order of magnitude lower equilibrium solubility of Ti in solid aluminum 
[28]. This discrepancy most likely has methodological reasons. One of the possible reasons 
is associated with the insufficiently small size of the electron probe for the dispersed struc-
ture of the “Polema” cathode, as well as with the possible presence of titanium grains in 
the analyzed subsurface layer. The validity of this explanation is confirmed by local anal-
ysis data. The content of Ti in the aluminum matrix of the “Umicore” cathode with a 
coarse structure is almost three times less than that in the “Polema” cathode (Table 3). The 
differences in the microhardness of aluminum in the “Polema” and “Umicore” cathodes 
are also associated with different dispersities of the mechanical mixture of Ti and Al (Table 
3). 

  

Figure 3. Starting microstructure of the cathodes in backscattered electrons: (a) sintered, No. 1; (b)
“Polema”, No. 2; (c,d) “Umicore”, No. 3. Spots of local elemental analysis are indicated with the
numbers (Table 3).

Table 3. Starting elemental composition of the cathodes.

Cathode Analyzed Site
Composition, at.%

No. of Points in Figure 3 Phase Hµ, MPa
Ti Al

No. 1, sintered
Core 70.9 ± 5.8 29.1 ± 5.8 1, 5–12, 15, 16 (Figure 3a) Ti3Al 5188 ± 794

Periphery 52.1 ± 1.3 48.4 ± 0.8 2–4 (Figure 3a) TiAl 3333 ± 172

No. 2, “Polema”
Light grains 100.0 0.0 1–15 (Figure 3b) α-Ti 2385 ± 191

Gray matrix 1.8 ± 0.7 97.5 ± 1.1 16–30 (Figure 3b) Al(Ti) 555 ± 24

No. 3, “Umicore”

Inclusions in the
gray phase 77.65 ± 6.65 22.35 ± 6.65 4–6, 11–13 (Figure 3c),

18, 19,22, 24, 25, 32 (Figure 3d) Ti3Al 1287 ± 126

Gray phase 100.0 0.0 2, 7–9, 14, 17 (Figure 3c),
20, 26, 31, 33 (Figure 3d) α-Ti 2163 ± 319

Black phase 0.74 ± 0.67 99.25 ± 0.65 3 (Figure 3c),
27, 29, 34, 35, 36 (Figure 3d) Al(Ti) 440 ± 4

At the border of
gray phases and

inclusions
91.95 ± 5.45 8.5 ± 5.45 1, 10, 15, 16 (Figure 3c),

21, 23, 37 (Figure 3d) Ti(Al) -

No. 4, cast Zone 2 (Figure 4) - - - - 4640 ± 1
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3.2. Structural-Phase State of Arc Modified Surface Layer of the Cathodes

The results of X-ray diffraction analysis of a thin (up to 10 µm) layer adjacent to the
working surface of the cathodes (Figure 1) are shown in Table 2. The data on the elemental
composition of the modified layer and phase composition obtained based on EDS micro-
analysis are presented in Tables 3–5 along with the hardness of the structure constituents.

Table 4. Results of elemental analysis of the modified surface layer sintered cathode.

Zones
Description of Structural Components

(Figure 5)
Composition, at.% No. of Points in

Figure 5 Phases
Ti Al

1 Continuous grey layer 64.82 ± 1 35.18 ± 1 1–8 Ti3Al

2
Base 66.28 ± 1.5 33.44 ± 1.5 9, 11, 14–19 Ti3Al

Light grey spots 57.26 ± 1.4 42.5 ± 1.4 10, 12, 13, 18, 20 Ti3Al + TiAl

Table 5. Results of elemental analysis of the modified surface layer “Polema” cathode.

Zones
Description of Structural Components

(Figure 6)
Composition, at.% No. of Points in

Figure 6 Phases
Ti Al

1
Continuous grey layer 57.56 ± 1.77 42.44 ± 1.77 1–10 Ti3Al + TiAl

Light gray inclusions 27.0 ± 7.75 73.0 ± 7.75 7, 11, 13 TiAl3

2

Light grains 100.0 0.0 3, 8, 12, 15, 18,
24, 25, 27 α-Ti

Taupe matrix 8.31 ± 6.02 91.69 ± 6.02 14, 16, 17, 19–23,
26, 28–30 Al(Ti)

3.2.1. Cast Cathode No. 4

The cracks of a length up to 500 µm are found in zone 2, adjacent to the cathode’s
surface layer (zone 1), subjected to arc treatment (Figure 4). The crack density and crack tip
opening displacement decrease with distance from the cathode’s surface layer. The most
probable reason for the surface cracking is a temperature gradient resulting in the thermal
stress. A thin layer is seen adjacent to the working surface. The layer has a thickness of
20–50 µm and, according to X-ray diffraction data, mainly consists of Ti3Al. Along with
Ti3Al, there is a small amount of TiH0.71 hydride. The appearance of a hydride may be
associated with the presence of hydrocarbon and, possibly, water molecules in the vacuum
chamber. No other phases were found in the modified layer. Since the thin surface layer
is separated from the multitracked zone by a sharp boundary, it can be argued that it
was formed as a result of the crystallization of a thin melt film on the working surface of
the cathode.

3.2.2. Sintered Cathode No. 1

The modified layer on the sintered cathode (Figure 5, zone 1) has of the greatest thick-
ness (250–400 µm). The porosity of the layer is minimal, in contrast to the starting material,
which has high porosity in the form of dark areas in the carcass structure, corresponding
to the two-phase Ti3Al + TiAl region on the equilibrium diagram (Figure 5, zone 2). The
occasional cracks are directed mainly in parallel with the cathode surface. The average
elemental composition of the layer corresponds to the Ti3Al phase. The structure of the
modified layer is apparently formed during the crystallization of the melted layer on the
cathode surface. The main reason for the great thickness of the melted layer is the low
thermal conductivity with the high cathode porosity. Due to the thermal effects, the phase
composition and structure of the cathode material adjacent to the modified layer differ
from the original one (Figure 3a). The thickness of the melted layer on the surface of the
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porous sintered cathode is several times greater than that of the melted layer on the surface
of the non-porous cast cathode.
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Figure 5. The image of the sintered cathode modified layer in backscattered electrons. 1—arc exposed
layer; 2—adjacent zone. Spots of local elemental analysis are indicated with the numbers (Table 4).

3.2.3. Cathode No. 2, “Polema”

The thickness of the modified surface layer on the “Polema” cathode is 50–100 µm
(zone 1 in Figure 6). Approximately half of the thickness is occupied by a layer adjacent to
the arc-exposed surface layer with defects in the form of cracks and crumbled areas. The
elemental composition of the continuous layer (Table 5) corresponds to the two-phase region
Ti3Al + TiAl. This is consistent with the results of the X-ray phase analysis (Table 2). The



Coatings 2023, 13, 1906 9 of 12

origin of the layer is undoubtedly associated with the interaction of Ti and Al in the pressed
powder mixture during arc heating. In some areas of this layer, there are small aluminum-
enriched inclusions (points 7, 11, 13 in Figure 7). Between the continuous surface layer and
the underlying starting material, there is a transition region with cavernous defects. The
formation of the cavities in the transition region can be explained by the partial melting of
low-melting aluminum and the migration of liquid Al between Ti particles under the action
of a temperature gradient. It leads to a nonuniform distribution throughout the volume
and the formation of voids during crystallization.
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Table 6. Results of elemental analysis of the modified surface layer of the “Umicore” cathode.

Zones
Description of Structural

Components
Composition, at.% No. of Points in

Figure 7a,b Phases
Ti Al

1 Surface layer

71.09 ± 5.11 28.91 ± 5.11 5 (Figure 7a),
12, 15 (Figure 7b) Ti3Al

49.9 ± 0.5 50.1 ± 0.5 1, 3 (Figure 7a) TiAl

57.28 ± 3.25 42.72 ± 3.25 2, 4–6, 8, 9 (Figure 7a),
11, 13, 14 (Figure 7b) Ti3Al + TiAl

2
Light gray grains 100.0 0.0 10 (Figure 7b),

1–10 (Figure 7c) α-Ti

Black matrix 0.22 ± 0.25 99.78 ± 0.25 11–20 (Figure 7) Al(Ti)

Zone 2 in Figure 6 has the structure of a mechanical mixture of Ti grains in an alu-
minum matrix and is visually no different from the structure of the material on the back
side of the cathode (Figure 2b).
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3.2.4. Cathode No. 3, “Umicore”

The thickness of the modified layer on the “Umicore” cathode (zone 1) is significantly
less than that on the “Polema” cathode and varies widely. The formation of the intermetallic
compounds’ layer in the modified layer of the “Umicore” cathode originates from the same
mechanism as for the “Polema” cathode. It is associated with the interaction of Ti and Al at
the interphase boundaries of particles. However, due to the large size of Ti particles at the
“Umicore” cathode and the small specific surface area of the Ti-Al interphase boundaries,
the intermetallic layer has a small and irregular thickness, up to zero in some areas of the
modified layer (Figure 7). According to the results of local elemental analysis, the visually
unchanged structure of the cathode material adjacent to the surface intermetallic layer
consists of large Ti particles in an aluminum matrix (Figure 7, Table 6, zone 2).

4. The Discussion of the Results

The thermodynamic driving force of structural transformations in the surface layer of
cathodes is explained by the decrease in the free energy of the system during its transition
from the initial non-equilibrium state to the equilibrium one. The greater the degree of
non-equilibrium of the initial structural state, the greater the magnitude of the driving force.
The “Polema” cathode compacted from the mechanical mixture of fine Ti and Al powders,
has the most non-equilibrium structure of all the studied cathodes. The starting structure
of the “Umicore” cathode is located nearer to the equilibrium than that of the “Polema”
cathode since it is compacted from coarser powders and contains titanium aluminides.
The non-equilibrium structure of the sintered cathode is determined by the presence of
significant porosity and islands of the residual TiAl3 phase. The single-phase structure of
the cast cathode with the minimum porosity is closest to equilibrium.

The transition rate of the starting structure to the equilibrium state also depends on
the temperature. The temperature on the arc-treated surface of the cathode in a stationary
mode of arc treating and the thickness of the modified surface layer depend on the rate of
heat removal from the working surface of the cathode through its body towards the back
water-cooled surface. The heat transfer rate is defined by the thermal conductivity of the
cathode material, which, in turn, depends on its structure and phase composition.

The structural changes on the surface of the cast cathode consist of a slight surface
melting and cracking of the surface layer under vacuum arc heating. The main reason
for melting and cracking is probably the low thermal conductivity of titanium aluminides
(26.4 W/(m·K)) for TiAl, which differs little from the thermal conductivity of pure Ti
(22 W/(m·K)) [29]. The rate of heat removal from the working surface of the sintered
cathode is significantly lower due to its increased porosity, which led to a thickness of the
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melted layer on the cathode surface of 400 µm. The presence of a relatively thick film of
liquid metal on the cathode surface at high arc currents leads to the formation of drops and
a deterioration in the quality of the deposited coating.

The thermal conductivity of the hot-pressed “Polema” and “Umicore” cathodes, which
consist of a mechanical mixture of Ti and Al powders, is several times higher than the
thermal conductivity of cast and sintered cathodes. The reason is that hot-pressed cathodes
contain aluminum with a thermal conductivity of 237 W/(m·K) [29], which is an order
of magnitude higher than that of the titanium aluminides. Despite the high thermal
conductivity of the hot-pressed cathodes, the temperature in the modified layer exceeds
the Al melting point.

The higher surface temperature of the “Polema” cathode resulted in the thicker melted
layer can be associated with additional heat influx from exothermic reaction in the dispersed
mechanical mixture of Ti and Al particles with the formation of titanium aluminides. In
the modified layer of the “Umicore” cathode, compacted from coarse powders, titanium
aluminides are formed only in a thin surface layer of irregular thickness (Figure 4).

Let us compare the studied cathodes from the point of view of the best applicability in
the coating technology. Sintered and cast cathodes appear to be unsuitable for the following
reasons. The thick layer of the melt generated by the vacuum arc on the surface of the
sintered cathode is the source of metal drops. The drops deposit on the coating surface
resulting in bad roughness. Thermal cracks in the modified layer of the cast cathode can
result in destruction and rapid erosion of the cathode. The most suitable for practical use
seems to be cathode No. 2 (“Polema”) with a homogeneous structure, which consists of
fine Ti grains in an Al matrix.

5. Conclusions

The structural transformations occur in the modified surface layer of Ti-Al cathodes
when they are heated by a vacuum arc. The intensity and consequences of such structural
transformations depend on the initial structure and phase composition of the cathode
material. The most significant changes were revealed in the modified layer of the “Polema”
cathode, in which a dispersed mechanical mixture of Ti and Al particles transforms into a
continuous intermetallic layer up to 100 µm thick. The “Polema” cathode seems to be the
most suitable for use in vacuum arc coating technology due to the homogeneous structure
and moderate thickness of the modified surface layer.
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