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STRUCTURAL-PHASE STATES AND PROPERTIES
OF HIGH-SPEED SURFACING AFTER TEMPERING
AND ELECTRON BEAM PROCESSING
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Abstract. In this work, the authors used the methods of modern physical materials science to investigate the structure, defective substructure, phase
composition, tribological and mechanical properties of the surfacing subjected to high-temperature tempering at 580 °C and subsequent electron beam
processing. The deposited layers up to 10 mm thick are formed by plasma surfacing with PP-18YU powder wire in a nitrogen medium. According
to the phase composition, the deposited layers consist of a-Fe and carbides of Me,C composition. After tempering, the polycrystalline structure
of the deposited layer contains grains of 7.0 — 22.5 pm in size with layers of the second phase along the boundaries and at the joints of grains with
composition V,C,, Cr,C;, Fe,C, Cr,,C,, WC, . Electron beam processing forms a thin surface layer (30 — 50 um) with grains of cellular (columnar)
structure of high-speed crystallization of submicron (100 — 250 nm) size. Particles of the second phase of the nanoscale range of globular and faceted
shapes were detected in the volume of grains and along the boundaries.
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AnHomayus. B pabore aBTOpPBI METOAaMH COBPEMEHHOTO (PM3MYECKOrO MaTepHaJOBEICHUS MUCCICIOBAIN CTPYKTYPY, Ae(EeKTHYIO CyOCTPYKTYpY,
(a3oBbIii cOCTaB, TPUOOIOTMYECKHE H MEXaHNUECKIE CBONCTBA HAILIABKH, IOBEPTHYTOH BEICOKOTEMIIEpAaTypHOMY OTIycKy mpu 580 °C u mocie-
JYIOIIEH 3JIeKTPOHHO-IIYYKOBOH 00paboTke. HarutaBnenusie ciou TommuHoi 10 10 MM (opmupyroTcs MIa3MEHHOH HArUIaBKOM MOPOIIKOBOM
nposonokoii [I1-1810 B cpene asora. Ilo pasoBoMy cocTaBy HaIIaBIEHHBIE CIOU COCTOAT U3 0-Fe u kap6unos cocrasa Me C. Ilocne ormycka
MOJIMKPUCTAJUTNYECKAs CTPYKTypa HAIUIABICHHOTO CIIOSI COACPIKHUT 3epHa pasMepoM 7,0 — 22,5 MKM ¢ mpocioiikaMu BTOpoi (as3bl Mo rpaHuIiaM
u B cThIKax 3epeH cocrasos V,C,, Cr,C;, Fe,C, Cry,C,, WC, . DieKTpoHHO-TIyuKoBas 00paboTka (OPMUPYET TOHKUIA TIOBEPXHOCTHBIN CIIOM
(30 — 50 MKM) ¢ 3epHaMU SYEHCTOM (3EPEHHON) CTPYKTYphI BBICOKOCKOPOCTHOW KpUcTauu3aiuu cyomukporHoro (100 — 250 M) pasmepa.
B o0beme 3epeH 1 1o TpaHHIaM BBISBICHBI YACTHIIBI BTOPO# (ha3bl HAHOpa3MEPHOTO JHara3oHa MoOyISIpHON U OrpaHeHHOH (GopM.

Kniouesunle ca08a: GuicTpopexyIas craib, CTPYKTypa, (ha3oBblii cOCTaB, HIEKTPOHHAS MUKPOCKOIIHS, MEXaHUUECKUe 1 TPUOOIOrnueckue cBoiicTBa

Baazodaphocmu: PaboTa BINOIHEHA NPH MOjIepskKe rpanTa Poccuiickoro HaydHoro ¢onma Ne 23-19-00186, https://rscf.ru/project/23-19-00186/).
Beipaxaem nmpusHatensHOCTh A.¢.-M.H. ipodeccopy W.1O. JIutoBueHKO 3a MOMOIIh B TPOBEACHUH IEKTPOHHO-MUKPOCKOIIUMYECKUX UCCICIOBAHUI
n 1.T.H. fouenty H.H. Manymmny 3a npemocraBieHHbIE 00pasIbl.
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[ INTRODUCTION

In the mining, metallurgical, and construction indust-
ries, surfacing is applied to protect products from various
types of wear, corrosion, and static and dynamic loads,
ensuring high functional properties [1; 2].

Recently, scientific research and practical develop-
ments in plasma surfacing with high hardness materi-
als (R18, R6MS5, R2M9, and others) using nitrogen as
an alloying element have been actively advancing [1].
When selecting a surfacing material that meets opera-
tional conditions, it is crucial to thoroughly investigate
the structure, phase composition, mechanical, and tribo-
logical properties, as well as their evolution during sub-
sequent heat treatment [3].

It is important to note that surface layers play a sig-
nificant role, and the formation of microdefects in these
layers can lead to macro-failure. In this regard, develo-
ping highly effective methods for forming surface layers
with high performance characteristics on working sur-
faces becomes relevant. This problem can be addressed
by traditional strengthening methods (chemical-thermal,
mechanical, physical, etc.) [3]; however, in some cases,
these methods do not ensure good adhesion to the sub-
strate. From this perspective, electron beam processing
(EBP) is an effective method, significantly enhancing
the mechanical properties of the entire material by opti-
mizing the structural-phase states of surface layers [4].
The application of EBP is considerably more effective
than traditional material processing methods.

The aim of this study is to investigate the structural-
phase states and properties of surfacing formed in a nitro-
gen-rich protective and alloying environment from high-
speed steel R18Yu during subsequent high-temperature
tempering and EBP.

[l MATERIALS AND METHOD

The material used for the study consisted of 30KhGSA
steel samples with a deposited layer of R18Yu steel.
The deposited layer was applied using plasma surfacing
in a nitrogen environment, with the use of non-current-
carrying powder wire PP-R18Yu. The chemical compo-
sition of R18Yu steel (wt. %): C 0.87; Cr 4.41; W 17.00;
Mo 0.10; V 1.50; Ti0.35; Al 1.15; N 0.06; the balan-
ce is iron. During plasma surfacing, the consumption
of the shielding gas (nitrogen) Q.. , was 20 — 22 I/min,
and the consumption of the plasma-forming gas (argon)
O jasma Was 6 -8 I/min. The methodology of plasma
surfacing and the justification for the chosen mode are
detailed in previous works [1;2]. The studies were
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conducted after surfacing, high-temperature tempering
at a heating temperature of 580 °C (holding time 1 h,
with four tempering cycles), and EBP. The irradiation
was carried out with an electron beam energy density
of 30 J/cm?. The pulse duration was 50 ps, the num-
ber of irradiation pulses was 5, and the pulse repetition
frequency was 0.3 s7!.

The investigation of the structure, defect substruc-
ture, phase, and elemental composition was performed
using scanning electron microscopy (KYKY-EM 6900)
and transmission electron microscopy (JEM-2100
JEOL) [5-7]. Microhardness was measured by the
Vickers method (HVS-1000 device) with a load of 1 N
on the indenter, and tribological properties were eva-
luated using a Pin on Disc and Oscillating Tribotester.

[ RESULTS AND DISCUSSION

Plasma surfacing forms a layer in which the main
phases are a-Fe and Me,C carbides, which create a car-
bide network and serve as the primary strengthening
phase. During the formation of the deposited layer,
nanosized particles of the carbide phase form within
the grains. The values of microhardness Hp, wear rate V,
and friction coefficient & are provided in the Table.

After high-temperature tempering, the grain size
ranges from 7.0 to 22.5 um. The results of the elemen-
tal composition study, conducted by mapping the frame
mesh of the deposited layer, indicate that the mesh grains
are enriched with tungsten, iron, and chromium atoms
(see the Figure). Analysis of micro-electron diffraction
patterns shows that the frame is composed of complex
carbides Fe,W.C (Fe,W,C). The carbide phase grain
sizes range from 80 to 350 nm. Mapping of the solid solu-
tion grains based on a-Fe shows the presence of tungsten,
chromium, vanadium, iron, and carbon atoms, suggesting
the presence of nanosized particles of complex carbide
phases. These particles are round or faceted in shape,
with sizes ranging from 10 to 18 nm.

Microhardness and tribological parameters
of the deposited layer

MuxkpoTBepaocTh 1 TPUOO0JIOrHYecKHEe MapaMeTphl
HAIJIABJIEHHOTO CJIOSI
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State gfl;; mrlllg’/l(l(zl "m) k
Deposition 4.7 8.9 0.70
Deposition + tempering 53 9.9 0.65
Deposition + tempering + EBP 53 33 0.58
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Electron microscopic image of a frame mesh section of the deposited layer:
a — light field; b — e — images of the foil section obtained in characteristic X-ray radiation of atoms W (b), Fe (¢), Cr (d), C (e)

DIEKTPOHHO-MUKPOCKOITINYECKOE H300paKEHNE YIaCcTKa KapKACHOM CeTKH HAIJIABICHHOTO CIIOSL:
a — cBetyoe noine; b — e — N300paKEeHUs JaHHOTO y4acTKa (ONBrH, MOMyYCHHBIE B XapaKTEPHUCTUYECKOM PEHTTCHOBCKOM H3ITyYCHHH
aromoB W (b), Fe (c), Cr (d), C (e)

Analysis of the corresponding micro-electron diffrac-
tion patterns shows that the globular particles, randomly
distributed within the a-Fe grains, are carbides of compo-
sitions V,C, or Cr,C,. The faceted particles are carbides
of compositions Cr,,C, (Me,,C,), Fe,C or WC, _

After tempering, the microhardness increases by 13 %,

reaching 5.3 GPa, the wear rate increases by 12.3 %, and
the friction coefficient decreases by 7 % (see Table).

X

Electron beam processing (EBP) of the tempered
deposited layer forms a thin (30 — 50 um) surface layer
with a cellular (grain) structure of high-speed crystalliza-
tion with submicron grain sizes (100 — 250 nm). Particles
of the second phase, with transverse sizes of 10 — 15 nm,
are located along the crystallization cell boundaries. In some
cases, particles of faceted or globular shape, up to 45 nm
in size, are detected at the boundaries and within the cells.
Second-phase particles are also observed within the cells,
with particle sizes ranging from 5 to 10 nm. Analysis
of the micro-electron diffraction patterns indicates that
these are complex carbides Me,.C, Me,.C,, Me,C, and
Me.,C, (where Me represents chromium, iron, and tung-
sten). EBP results in a multiple (threefold or more) increase
in the material’s wear resistance, a reduction in the friction
coefficient, while maintaining the same microhardness.

- CONCLUSIONS

Using modern physical materials science methods,
the structure, elemental and phase composition, defect
substructure, and mechanical and tribological proper-
ties of the deposited layer of R18Yu high-speed steel in
a nitrogen-based protective-alloying environment, sub-
jected to high-temperature tempering and additional irra-
diation by a pulsed electron beam in the mode of high-
speed melting of the thin surface layer, were studied.
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