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Abstract. Modern machine-building production equipped with high-performance mechatronic systems and numerically-controlled and adaptive control
machines for blade cutting of heat-resistant chromium-nickel and titanium alloys requires increasing the operating properties of cutting tools working
at high temperature-force loads in the contact zone, respectively with a significant stress-strain state of the cutting wedge. It is possible to solve the
problem of increasing wear resistance and serviceability by developing and introducing new tooling material, as well as by applying wear-resistant
coatings. The paper presents the results on development of technology for obtaining high-entropy target cathodes by spark plasma sintering with
subsequent application of wear-resistant coatings on metal-cutting tools by both magnetron and ion-plasma methods. Samples of sintered high-
entropy target cathodes of different compositions (more than fourteen) and at different modes of their sintering (depending on temperature in five
modes) with their subsequent optimization and two standard sizes (20 and 80 mm) were obtained for further application of wear-resistant coatings
on the magnetron unit. The authors carried out structural and phase analysis and studied physicomechanical properties of the obtained high-entropy
target cathodes: density, hardness, electrical conductivity, emissivity. The possibility of obtaining high-entropy target cathodes by spark plasma
sintering was confirmed experimentally, and the effect of sintering temperature on structure and properties of the sintered samples of high-entropy
target cathodes was established. Dependence of physicomechanical and electrophysical parameters of target cathodes on technological modes of spark
plasma sintering is shown.
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composition

Acknowledgements: The study was supported by the Russian Science Foundation, grant No. 22-19-00670, https://rscf.ru/project/22-19-00670/.

For citation: Grigor’ev S.N., Migranov M.Sh., Volosova M.A., Gusev A.S. Sintered powder high-entropy target cathodes for wear-resistant coatings.
Izvestiya. Ferrous Metallurgy. 2023;66(4):410-414. https://doi.org/10.17073/0368-0797-2023-4-410-414

CNEYEHHbIE NOPOLUKOBbIE
BbICOKO3HTPONUMUHbBIE KATOAbI-MULLUEHU
ANA U3SHOCOCTOUKUX MOKPLITUN

C. H. Tpuropses, M. III. Murpanos ©, M. A. BoJiocoBa, A. C.'yceB
| MockoBckuii rocynaperBeHHblii Texnogaorndyeckuii yuusepeurer «KCTAHKWH» (Poccus, 127055, Mocksa, Bagkosckuit nep., 1)

&) migmars@mail.ru

AnHomayus. CoBpeMEeHHOE MallIMHOCTPOUTEIBHOE IPONU3BOJICTBO, OCHAIIIEHHOE BEICOKOIIPOU3BOANTEIbHBIMI MEXaTPOHHBIMU CUCTEMaMHU M CTAHKAMHU
C YHCIIOBBIM ITPOTPAMMHBIM H aJalITHBHBIM YIIPABJICHUEM ISl JIC3BUITHONH 00paOOTKU pe3aHHeM JKapOIPOYHbIX XPOMOHHUKEIEBBIX U THTAHOBBIX
CIUIaBOB, TPeOyeT MOBBILIEHHs AKCILTyaTallMOHHBIX CBOMCTB PEXYLIEr0 WHCTPYMEHTA, pabOTAOLIero NP BBICOKMX TEMIEPaTypHO-CHIIOBBIX
Harpy3kax B KOHTaKTHOW 30HE M, COOTBETCTBEHHO, ITPH CYIICCTBEHHOM HaIlpsHKEHHO-Ie(OPMUPOBAHHOM COCTOSIHUM PEXYILEero KinHa. Pemenune
BOIIPOCA MOBBILIEHHS W3HOCOCTOMKOCTH M PabdOTOCIOCOOHOCTH BO3MOXKHO KaK ITyTe€M pa3padOTKu M BHEIPEHUS HOBOTO MHCTPYMEHTAJIbHOIO
Marepuanga, Tak ¥ NPUMEHEHMs HM3HOCOCTOWKMX IOKpPHITHH. B paboTe mpencraBieHbI pe3yibTaTsl 10 pa3padOTKE TEXHOJIOTHH ITONYYCHUS
BBICOKOOHTPOIHUIHBIX KaTOJIOB-MHIIEHEH IyTeM HCKPOBOTO IIa3MEHHOI'O CHEKAHUS ¢ MOCIEAYIOIIMM HAaHECEHHEM M3HOCOCTOWKHUX MOKPBITHH
Ha METaJUIOPESKYIIMI MHCTPYMEHT MAarHETPOHHBIM M MOHHO-TUIa3MEHHBIMH MeToaMu. [lomydeHsl 0Opasiipl CIICUCHHBIX BBICOKOIHTPOIIMIHBIX
KaTO/I0B-MHUIIEHEH Pa3InYHbIX 10 COCTABY KOMIIO3UIMH (00Jiee YeThIPHAALATH) P Pa3HBIX PEXKUMAX CIIeKaHus (B 3aBUCHMOCTH OT TEMIIEPaTy bl
B IITH PEXNMAax) C MOCIEAYIOIIEH WX ONTHMHU3AIMel, a Takxke ABYX TumopasmepoB (20 m 80 MM) Juis JanbHEHIIEro MCIIOIB30BAHMS IS
HAHECEHHs M3HOCOCTOMKUX MOKPHITHI Ha MarHETPOHHOW yCTaHOBKe. [IpoBelieHbI CTPYKTYpHBIA U (ha30BbIH aHANN3bI, @ TAKXKE HUCCICIOBAHUE
(pn3MKO-MEXaHNYECKUX CBOMCTB IIOJYYEHHBIX BBICOKOPHTPONMUIHBIX KaTOJOB-MHUIICHEH: IUIOTHOCTH, TBEPIOCTH, 3JIEKTPOIPOBOIHOCTH,
9MHUCCHOHHOI CHOCOOHOCTH. DKCIEPUMEHTAIBHO MOATBEPIKICHA BO3MOKHOCTD TOJYUSHHUSI BEICOKOOHTPOIUIHBIX KaTOIOB-MHUILIEHEH METOI0M
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HCKPOBOI'O IUIA3MEHHOTO CIICKaHHWs, IIPU 5TOM II0OKa3aHO BJIMSHUE TEMIICPATYpPbl CIIEKAHHS Ha CTPYKTYpYy H CBOWMCTBA CIICUEHHBIX 06pa3u013
BLICOKOSHTPOHHﬁHLIX KaToJIOB-MHIIICHEH. YCTaHOBJICHBI 3aBHCHMOCTHU q)HBHKO—MeXaHI/I‘IeCKI/IX n BHGKTPOCI)I/ISI/I'-IeCKI/IX IapaMeTpoB KaTOAOB-
MHMIIIEHEH OT TEXHOJIOTHYECKUX PEKUMOB TIpo1ecca UCKPOBOI'O MIIa3MEHHOI'O CIICKaHUS.

Kawueesvle cao08a: crieueHHbIE TIOPOIIKOBBIC BbICOK03HTp0HI/1171HbIe KaTOAbI-MHUIICHU, UCKPOBOC INIA3MCHHOC CIICKaHUEC, KOMIIO3UILIMA, TBEPAOCTb,
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[ INTRODUCTION

Today, manufacturers are dedicated to enhancing
the durability and reliability of their products because it
directly impacts efficiency and market competitiveness.
One effective approach to achieve this is by improving
the metal-cutting process. Even in the case of advanced
high-performance NC machine tools, the cutting tool often
becomes the bottleneck. It constrains both the machine
tool's capability and the quality of the machined surface.
Conventional wear-resistant coatings for cutting tools,
deposited using one to four solid cathodes, no longer meet
current requirements. Such coatings are indispensable for
high-speed machining, tools operating under elevated tem-
peratures and loads in the contact zone, and the machining
of high-strength, heat-resistant Cr—Ni and Ti alloys.

Additionally, advanced power metallurgy processes
have garnered significant attention [1 — 3] because they
facilitate the manufacturing of highly intricate compo-
nents with improved performance [4; 5].

The objective of this study is to develop a powder
spark plasma sintering process and assess the properties
of multi-component wear-resistant coatings applied to
metal cutting tools, along with evaluating the service life
of the target cathode.

High-entropy alloys, known for their high-tem-
perature resistance, wear resistance, hardness, and
strength [6 — 9], are of considerable interest. The prop-
erties of such coatings are contingent on the elemental
composition and deposition process, which necessitate
optimization. Another crucial factor is the characteris-
tics of high-entropy target cathodes [10; 11] employed in
depositing wear-resistant coatings on cutting tools.

High-entropy alloys have been the subject of inten-
sive research [12 — 15]. They possess distinctive features,
including:

— elevated entropy of mixing (S, ) compared to con-

ventional multi-component materials [16];

— unique mechanical properties resulting from specific
thermal processes, atom diffusion under certain structural
and phase [17];

— significant influence on the crystal lattice due to the
content of iron, nickel, molybdenum, aluminum, among
other elements;

— binary or ternary phase diagrams are used to esti-
mate the phase composition [18];

— while alloying elements initiate solid solution harde-
ning and discrete phase separation [19];

— as a result, these alloys are classified as a special
category [20].

As mentioned in [5; 9; 15], certain high-entropy alloys
exhibit exceptional properties, including hardness, heat
resistance, thermal stability, corrosion resistance, and
wear resistance.

] MATERIALS AND METHODS

Casting and melting are the primary processes
employed in the production of high-entropy alloys [20].
However, powder sintering, particularly spark plasma sin-
tering (SPS), holds significant promise as well [6; 7; 12].
The testing process was divided into two phases, con-
ducted at the Spark Plasma Sintering Lab, Center for
New Materials and Technologies, National Engineering
Center, STANKIN University. In Phase 1, our focus was
on the production of high-entropy target cathodes, while
in Phase 2, we deposited the coatings and conducted tests
to assess their properties. The results of Phase 1, which
involved the manufacturing of powder high-entropy cath-
odes, are summarized below.

In order to determine the optimal powder composition
for spark plasma sintering of the target cathodes, we con-
ducted an analysis of a wear-resistant mixture compris-
ing more than 12 commercially available metal powders.
After establishing the quantitative and qualitative com-
position based on the Yum-Roseri rule, we followed these
steps:

— preparation of the powder mixture with a specified
particle size distribution;

— pre-compaction of the powder mixture in a mold
using a 3851 Manual BenchTOP 12 manual hydraulic lab
press (Carver, USA);
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— utilization of a A KCE-FCT-H-HP-D25-SD furnace
(FCT, Germany) for spark plasma sintering, with varia-
tions ranging from 500 to 1600 °C in 50 °C increments;

— application of compaction forces at 25, 50, 80, and
100 kN;

— adjustment of the heating rate to either 50 or
100 °C/min;

— implementation of holding times at 1, 2, 3, 4, and
5 min;

— usage of sample sizes measuring 20 and 80 mm.

Following this, we conducted an examination of the
properties exhibited by the resulting target cathodes,
employing the following methodologies:

—measurement of density using the hydrostatic tech-
nique;

— utilization of a Wilson Rockwell 574 hardness tester
(Germany) to measure hardness;

— estimation of electrical conductivity through the
phase-sensitive eddy current method using a portable
Fischer SIGMASCOPE instrument (Helmut Fischer
GmbH+Co.KG, Germany);

— application of scanning electron microscopy (SEM)
to determine the elemental, qualitative, and quantitative
compositions of the samples. For this purpose, we uti-
lized a Phenom ProX microscope (Netherlands) and a
Difray 401K desktop X-ray diffractometer (Russia).

[ RESULTS AND DISCUSSION

The manufactured samples of the high-entropy target
cathodes, with compositions including:

— Al =Tiy~Zr;;=V,s—Cr;;—Nb,;

- AlZO_HfIS_MOIS_COIS_TaIO_WIO_ZrIS;

— Al —Hf =V~ Cr ;= Ti|;~Ta, - W

- Alzo_Hflo_Nils_Tizs_Wlo_Zrzo;

—Mo,,—Nb,,—Ni,;—Ta),—W,;

- szo - Hfzo - Tizo o Zr20 B Tazo
and others, subjected to testing for their suitability in
depositing nano-coatings on cutting tools. The key prop-
erties of these target cathodes, aside from the particle size
distribution of the powder mixture, encompass density,
hardness, electrical conductivity, as well as elemental,
qualitative, and quantitative compositions (refer to the
table). The test results reveal that higher sintering tem-
peratures lead to increased relative density, hardness, and
electrical conductivity.

10°

B ConcLusion

Based on the test results, we successfully developed
a spark plasma sintering process for the production
of high-entropy target cathodes, essential for deposit-
ing wear-resistant coatings on cutting tools. Through
our research, we pinpointed the optimal compositions
and sintering conditions necessary to achieve the desired
coating structure, as well as the desired physical and

Results under sintering conditions: sintering temperature 1200 °C;
pressing pressure 25 kN; holding time 1 min; heating rate 100 °C/min;
sample diameter 20 mm

Pesynbrarhl HIICHITAHUI NIPH PeKUMAX CIIeKaHHsA: Temneparypa cnekanus 1200 °C;
naBjieHue npeccopanusi 25 kH; Bpemst Boiiep:kku 1 MuH; ckopocth Harpesa 100 °C/mun;
auameTtp odpasua 20 mm

Density, Hardness, | Electrical conductivity, SEM o
glem’ HB MSm/m? element |  atomic number SOty o
at. wt.
Alyy—Tiy~Zr;—V,s—Cr;s;—Nb,;
Ti 22 29.71 32.28
Al 13 43.64 26.73
8.60 104.6 0.67-0.74
Zr 40 10.71 22.18
Cr 24 15.93 18.80
Aly,—Hf ;—Mo,,—Co,;—Ta, - W, —Zr;
Mo 42 26.50 26.07
Co 27 26.12 15.78
Zr 40 14.36 13.43
9.99 110.2 0.64 - 1.20 Hf 72 10.38 19.00
A\ 74 9.53 17.96
Br 35 8.84 7.24
C 6 4.27 0.53
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mechanical properties. Our findings confirm the feasibi-
lity of employing spark plasma sintering for the creation
high-entropy target cathodes. Furthermore, we identified
the influence of sintering temperature on the structure
and properties of high-entropy target cathode samples, as
well as the interrelationships between the physical and
mechanical properties of these samples and the variables
of the SPS process. The introduction of target cathodes
crafted through this process promises to enhance high-
speed machining efficiency when utilizing cutting tools
with wear-resistant coatings. Such tools have the poten-
tial to form secondary and diamond-like structures within
the contact zone, leading to the adaptation and self-orga-
nization of friction and wear processes.
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