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Abstract. Insulating cutting ceramics exhibit outstanding mechanical and
thermal properties but have electrical conductivity below the percolation
threshold. It does not allow sophisticated shapes to be obtained by diamond
grinding and polishing. The developed innovative technique is based on
choosing the wear-resistant coating based on the chemical composition of
the cutting ceramics and its behaviour at 1000-10 000°C, including
changing the electrical conductivity from insulating to conducting level,
dissociation/sublimation of its components and forming new conductive
compounds during cooling that improves the conductive conditions in the
interelectrode gap. Thus, the coating plays a wear-resistant role and serves
as a technological asset in shaping methods based on the electrical
destruction of the materials under discharges. TiZrN coating was deposited
on a Si3N4 cutting insert using the vacuum-plasma method, with a thickness
of 3.8-4.0 um. The ceramics was microtextured by powder-mixed wire
electrical discharge machining in TiOz-suspension, dw = 0.25 mm. The
coated samples were subjected to adhesion and wear-resistance tests. Failure
criterion in machining XH45SMBTJuBP alloy was chosen a chamfer of 400
um. The durability of the TiZrN-coated SizN4 ceramic insert was improved
by 1.33.

1 Introduction

The intensive wear of the tool edge during cutting heat-resistant alloys was under
consideration by many scientific groups [1-3]. There are many ways to decrease the intensity
of the mechanical and thermal stresses. However, one of the most effective ways to cut
without reducing cutting speed and feed is microtexturing [4]. Mostly microtexturing the
cutting edge has shown good results in enlarging the durability of the tool in turning mild
steel [5], nickel superalloy [6], titanium alloy [7], and aluminum alloy [8] by a cutting tool
made of hard alloy in the presence of a lubricant.

The microtexturing improves the tool's durability by decreasing forces and temperatures
in the cutting area, residual stresses, and contact pad as a result of reducing friction forces. It
also reduces the chemical interaction between the materials of the workpiece and tool and
reduces the adhesion [9,10]. Si3N4 and other oxide and nitride ceramics meanwhile play a
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more significant role in turning heat-resistant alloys due to their excellent ability to resist
mechanical loads at high temperatures when the temperature on the contact pads can exceed
700°C [11,12].

The microtexture can be formed on a rake face by a convenient production method: laser
processing [13], indentation [14], or electrical discharge technologies [15,16]. However,
electrical discharge machining does not allow us removing material of the workpiece made
of non-conductive ceramic such as oxides, some nitrides, and oxynitrides. The solution of
the problem is in two main approaches — adding a conductive phase at the stage of sintering
ceramics (A,O3+TiC, Al,O3+SiC, SisN4+TiN, SIAION+TiN, etc.) that charge as well the
mechanical and physical properties of those ceramics [17-19] or using special assets to
change the conductive properties of the ceramics surface and electrical conditions at the
interelectrode gap by forming conducting debris during processing.

The last approach is based on thermochemistry theory and Gibb’s law, taking into account
the behaviour of materials heated above 1000°C. Introducing conductive coating and
powder-mixed suspension allows the production of kerfs on the surface of the aluminum
oxide of 54.16 £ 0.05 um in depth using Ni-Cr coating. The approach allowed the production
of kerfs on the surface of SizN4 ceramics using TiN coating [20]. The assisting electrode
presents a conductive coating of the workpiece in the form of adhesive tape, PVD-coating,
or their combination and is used for re-addressing the electrical impulses to the conductive
components at the interelectrode gap, subjecting to thermal dissociation of the insulating
workpiece material under layers [21]. Electrical discharge machining in powder-mixed
suspension improves the discharge conditions between the tool and workpiece [22].

In the presented paper, the electrical discharge microtexturing was produced by a wire
electrode made of annealed brass. SizNy cutting inserts were coated by the PVD method with
the TiZrN coating, that were additionally coated by copper tape since TiZrN-coating exhibits
threshold electrical conductivity despite its excellent wear-resistant properties. Microtextures
were produced during immersion into the TiO, water-based suspension and that was
proposed for the first time. The microtextures were controlled optically and using scanning
electron microscopy. Adhesion and wear-resistance tests have completed the study.

2 Materials and methods

SisN4 cutting inserts were taken as a research. The ANSI code is SNGN150716T02520 6190
(Sandvik Coromant, Sweden). The microtextures were produced on a 2-axis ARTA 123 Pro
EDM machine (The Russian Federation). A ¢0.25-mm-wire tool was made of CuZn35 alloy.
The current was ~6—8 A. The discharge frequency and pulse duration were varied during
testing. A drawing of the cutting insert with microtextures and the cutting insert with an
additional copper tape (HomaFix 404 with a width of 10 mm, Russia) mounted on the
machine are shown in Figure 1.

The thickness of the copper tape was 0.035 = 0.0002 mm. The machining was produced
in the TiO-suspension. Five microtextures were produced for each factors’ set. The copper
tape was used as an additional asset to improve the surface conductive properties and the
electrical conditions in the gap. The textures were controlled optically on an Olympus
BXS51M instrument (Switzerland). The measurement error was calculated following [23].
Scanning electron microscopy (SEM) images in back-scattered (BSE) and secondary electron
(SE) modes and chemical analysis of the microgrooves were provided on a TESCAN Mira 3
instrument (The Czech Republic).
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Fig. 1. Drawing of the square SisNs-ceramic cutting insert with microtextures (a), the cutting insert
mounted at the electrical discharge machine workspace (b).

TiOx-271 powder (LLC "Titanium Investments", Russia), following GOST 9808-84, was
added to the deionized water (Russia) with the concentration of 100 g/L. An average powder
granule diameter was dsp = 9.29-13.94 pm. The powder was pre-sifted on an AS200 machine
(Germany) with an 810-um-sieve. The suspension was prepared using the weight method on
an EL104 balance (USA). The suspension was stirred on an IL100-6/1 ultrasonic machine
(The Russian Federation) at 22 kHz (30 kHz — 1| MHz is destructive to biological organisms
due to the formation of vapor-filled cavities in the liquid). The specimens were treated in a
base dissolved in water following the experiments.

A wear-resistant TiZrN film of 3.8—4.0 um were deposited on the cutting inserts using an
unique unit developed in MSUT Stankin (The Russian Federation) providing purifying,
coating deposition and chemical vapor deposition. The factors are provided in [24]. The
inserts were pre-purified in an ultrasonic machine. The thickness was measured by a
Calowear unit (USA). The adhesion strength was measured on a Nanovea M1 unit (USA)
using ASTM C1624-05 standard.

A workpiece was a cylinder of XH45MBTJuBP nickel alloy (GOST 5632-2014) of 8100
mm turned on a ZMM CUS00MRD machine (Bulgaria) with speed V of 300 m/min, feed s
of 0.5 mm/rev, and depth t of 0.3 mm. Each specimen was tested 10 times. The flank wear
pad was measured optically each 2 min on a Stereo Discovery V12 Zeiss optical instrument
(Germany). The criterion of failure was taken at 400 um.

3 Results and discussion

The coating was destructed under the load with the detected average value of L¢; of 2.46 N,
Le, of 10.87 N, and L¢3 was not determined. The microtextures were 58—62 £+ 3 pm in depth
and 220-280 + 3 pm and the coaxial distance of 280-320 + 3 pm in width at 45 + 1° to the
symmetry axis on the rake face at 0.150-0.175 + 0.003 mm of the edge.

The microphotograph of the obtained microgroove is shown in Figure 2, a. Microgrooves
have no presence of drop-like oxide structures. There were no traces of tarnishing — effects
of long-term thermal exposure along the edges of the formed microtexture — and as a result
of thermochemical dissociation of the TiZrN-coating. It may mean that no thermochemical
changes occurred in the structure of the surrounding coating during short-term thermal
exposure of electric current pulses, and the wear-resistant properties of the coating are close
to the initial ones — before microtexturing. SEM of the microtexture edge (Figure 2, b) shows
the partial decomposition of the coating and under-layered ceramics and the presence of the
secondary structure deposition. Chemical analyses of the secondary structures at the edge of
the microgroove (Figure 2, ¢) demonstrated the elements corresponding to the chemical
content of the ceramics, chosen coating, and powder suspension. It should be noted that the
Zr element is not presented. It can be explained by the dissociation of Zr in the form of
conductive particles at the discharge gap.
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Fig. 2. Analyses of the produced microgrooves: microphotograph of the microgroove (a); the
chemical analyses of the microtexture’s edge (b).

Figure 3 presents the relations of flank chamfer of S;Ny-inserts with TiZrN coating in
machining XH45MBTJuBP alloy for the inserts without microtextures and the inserts with
microgrooves. The experimental results demonstrate that the durability of the S;Ns-insert
with the coating was improved by 1.33. The average durability of the S;Ns-insert exceeded
8 min in machining the XH45MBTJuBP alloy.
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Fig. 3. Relation of the flank chamfer of S3N4 cutting inserts with TiZrN coating and the turning time
in machining XH45MBTJuBP alloy.

4 Conclusion

The developed innovative assistance electrode technique during electrical discharge
microtexturing included coating of the inserts with TiZrN wear-resistant coating and copper
tape to improve the surficial electrical conductivity of the samples and machining in TiO,-
mixed water-based suspension by brass wire tool electrode. The three microgrooves on each
side of the cutting insert were on the rake faces of the inserts at 0.150—0.175 mm of the tool’s
edge. They were ~250 pm wide and ~60 um depth, and the coaxial distance was ~300 pm.
The microgrooves of the cutting tool made of SisN4 ceramics allows for increasing the
durability of the tool in turning nickel-based alloy by a factor of 1.33. The durability of the
insert without microtextures was 7.5 min.

This work was funded by the state assignment of the Ministry of Science and Higher Education of the
Russian Federation, Project No. FSFS-2023-0003.
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