I1ZVESTIYA. FERROUS METALLURGY. 2023;66(6):705-708.
Bashchenko L.P, Pochetukha V.V, Mikhailichenko TA. Influence of tempering on structure of deposited high-speed steel coatings

UDC 621.791.92:621.727:620.178

DO0I110.17073/0368-0797-2023-6-705-708

Short report
Kpamkoe coo6ujeHue

INFLUENCE OF TEMPERING ON STRUCTURE
OF DEPOSITED HIGH-SPEED STEEL COATINGS

L. P. Bashchenko ©, V. V. Pochetukha, T. A. Mikhailichenko

I Siberian State Industrial University (42 Kirova Str., Novokuznetsk, Kemerovo Region — Kuzbass 654007, Russian Federation)

&) luda.baschenko@gmail.com

Abstract. The technology of plasma surfacing in a protective-alloying nitrogen medium with an additive powder wire is characterized by high productivity
and the possibility of alloying the deposited metal. Durability of metal products depends on microstructure, chemical composition, production
technology, modes of thermal and surface treatments. The article presents the results of a study of structure and microhardness of the high speed alloy
R18Yu deposited in nitrogen medium on medium-carbon steel 30KhGSA. There were no differences in structure of the surfacing layer up to 4 mm
in depth, but after four times high-temperature tempering at 580 °C, structural and phase changes were revealed. The values of microhardness after
surfacing and tempering are consistent with the literature data.
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BAUAHUE OTNYCKA HA CTPYKTYPY HAMNJIABNEHHbIX MOKPbITUMA
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AnHomayus. TexHonorHs TIa3MEHHON HAIUTAaBKU B 3alIMTHO-JICTHPYIOIICH Cpesie a30Ta C MPUCaJ0YHON IIOPOLIKOBOM MPOBOJIOKOI XapaKTepu3yeTcs
BBICOKOW TPOM3BOAMUTENLHOCTBIO M BO3MOMKHOCTBIO JIETMPOBAHMs HAIUIaBIEHHOro Meraia. CTOMKOCTh METaUIMYECKUX H3IENUH 3aBHCUT
OT MHKPOCTPYKTYpPBI, XHMHYECKOTO COCTaBa, TEXHOJOTMH IOJYYCHHUS, PESKHMMOB TEPMHUYECKOH M IOBEPXHOCTHOH 00paborok. B crarbe
NPHUBE/ICHbl PE3YJIbTAThl UCCIEOBAHUS CTPYKTYPbl M MHKPOTBEPJIOCTH IIJIa3MEHHO-HAIUIABICHHOTO B CPEie a30Ta ObICTPOPEXYIIEro CruiaBa
P18IO na cpenneymiepomuctyto cranb 30XI'CA. Pa3znuumii B CTpOEHMH HAIIaBOYHOTO CJosi 10 4 MM 1O IIyOMHE HE BBISBICHO, HO IIOCIIE
YeTBIPEXKPATHOTO BBICOKOTEMIIeparypHoro otmycka npu 580 °C BbIsBICHBI CTPYKTypHO-(ha30BbIe H3MEHEHNUsI. 3HAUCHHSI MUKPOTBEPIOCTH OCTIC
HAIUIaBKH ¥ OTIIYCKa COIVIACYIOTCS C JINTEPATYPHBIMH JaHHBIMH.
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[ INnTRODUCTION exerts on the formation of enhanced performance charac-
teristics [1 — 3] and their practical implementation [4; 5].
In recent years, researchers in the field of fundamental Heat-resistant, high-hardness steels (R18, R6MS,

materials science have traditionally focused on studying R2M9, etc.) with excellent service properties are widely
the impact th at structural-phase state of high-speed alloys ~ employed as surfacing materials in mechanical engi-
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neering and metallurgy to protect parts from abrasive
wear [6 — 9]. The technology employed is plasma surfac-
ing in a protective-alloying nitrogen medium with an addi-
tive powder wire. This technology is highly productive and
enables alloying of the deposited metal [6 — 9]. Nitrogen,
in the case of wear-resistant coatings, provides increased
impact and corrosion resistance [6 —9]. The resistance
of metal products is determined by microstructure, chemi-
cal composition, formulation, heat, and surface treatment
modes. However, reliable data on enhancing the hard-
ness and wear resistance of high-speed metal obtained
by plasma surfacing and subsequent he at treatment is
lacking in the literature.

The objective of the present work is to investigate
the structure of high-speed steel coating formed by high-
temperature plasma in a nitrogen medium and high-tem-
perature tempering.

] MATERIALS AND METHODS

We investigated the deposited high-speed alloy
R18Yu, additionally alloyed with aluminum and nitrogen,
possessing the following chemical composition, wt. %:
C0.87; Cr4.41; W 17.00; Mo 0.10; V 1.50; Ti0.35;
Al 1.15; N 0.06. The base material is 30KhGSA steel
with the following chemical composition, wt. %: C 0.3;
Cr0.9; Mn 0.8; Si1 0.9.

As described in the works [8; 9], ingot deposition was
performed using the installation for plasma surfacing
of rotation bodies in the thermal cycle with low-tempera-
ture heating. The surfacing mode remains consistent with
the one outlined in [8].

Samples were cut from the upper layers of the deposi-
ted metal using a spark cutting machine and subjected
to heat treatment (heating temperature reaching 580 °C,
with a 1h holding time and four tempering cycles).
The metallographic study employed the OLYM-
PUS GX-51 optical microscope. For obtaining EDS map-
ping images and profiles, the KYKY-EM6900 scanning
electron microscope was utilized.

Microhardness was studied using the Vickers method
with an HVS-1000 measuring device, employing a 1 N
indenter load.

[ RESULTS AND DISCUSSION

According to classical ideas, the structure of the
deposited layer forms as outlined in [10]. The carbon-
depleted o-solid solution precipitates from the liquid.
Subsequently, the peritectic reaction ensues, leading
to the formation of y-mixed crystals. This reaction occurs
at the phase interface, and the resulting y-crystals act
to isolate the core of a-crystals from the more carbon-
rich liquid. The peritectic reaction can only proceed if
carbon and alloying elements diffuse from the liquid
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solution through the y-phase. However, this process is
rarely observed under real surfacing conditions, where
the surface-deposited layers cool down rapidly. Conse-
quently, the structure retains a certain amount of a-phase,
a quantity influenced by the cooling rate of the surface
layer [10].

Upon subsequent cooling, the eutectoid decomposi-
tion of the a-phase takes place, resulting in the formation
of an a-eutectoid. This eutectoid comprises a dispersed
mixture of austenite and carbides of the Me,C type, as
well as cementite-type carbides.

The inhomogeneity of the structure increases
with a higher cooling rate, a phenomenon attributed
to the gradually occurring peritectic transformation. Fol-
lowing final solidification, the structure features grains
composed of three concentric layers: / — a core with
a two-phase a-eutectoid structure; 2 — an intermediate
light layer (during solidification, y-crystals form here
due to the peritectic reaction, and upon rapid cooling,
they transform into martensite and residual austenite);
3 — an outer layer with two-phase eutectics of austenite
and carbides, which, after cooling, transforms into mar-
tensite and carbides [10].

Microstructure analysis through optical microscopy
reveals that the structure of the deposited layer exhibits
a typical cast structure, with dispersion that is practically
independent of the distance from the surface. This consis-
tency may be attributed to the relatively small thickness
of the deposited metal and, consequently, the uniform
cooling rates throughout the depth of the layer deposited
in a single pass.

A more detailed examination at significant magnifica-
tion using scanning electron microscopy, which allows
a focus on structural elements, also demonstrates no dis-
cernible differences in the structure of the deposited layer
at various depths from the surface (refer to the Figure).

The distinctive light-colored shell exhibits martensite
and residual austenite crystals, formed during accelera-
ted cooling from the y-phase involved in the peritectic
reaction. Inside the light-colored shell, primary carbides
of the Me,C with a skeleton-like shape are situated.
The presence of these carbides diminishes the tough-
ness of the steel, prompting exploration into methods for
mitigating their impact. Dark areas represent a two-phase
eutectic structure, which, after solidification, comprises
carbides, martensite, and residual austenite.

Given that the surfacing was conducted in a nitrogen
medium, it is expected that nitrogen-containing carbides
or carbonitrides must have formed. The works [6; 7] have
demonstrated the formation of complex carbides such as
Fe,(W-Mo-N-V),C. It is possible for Fe,N nitrides
to be formed.

Following four cycles of high-temperature temper-
ing at 580 °C with a 1 h holding time and subsequent air
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Electron microscopic images of the deposited layer at a distances
0f 2000 um (@) and 4000 pum (b)

DIIEeKTPOHHO-MHKPOCKOITHYECKUE H300paKeH s HATIIIABICHHOTO CII0s
Ha paccrosaun 2000 Mxm (a) n 4000 MxM (b)

cooling, structural changes were observed in the deposi-
ted layer. In the locations initially comprising martensite
and residual austenite, they transformed into tempered
martensite with enhanced etchability, releasing dispersed
carbides of MeC and MeC type.

Microhardness on the surface of samples after surfa-
cing and four cycles of high-temperature tempering was
automatically measured at 100 pum intervals. The micro-
hardness of the deposited layer was found to be slightly
lower than that of the same layer after four cycles of tem-
pering (see the Table).

After four cycles of tempering, as residual austenite
decomposed, tempered martensite formed, and dis-
persed carbides were released. The overall microhard-
ness slightly increased, and its distribution became more
homogeneous (see the Table), aligning with data from
literary sources [10].

- CONCLUSIONS

We employed optical and scanning electron micros-
copy, along with microhardness measurements, to eva-

Distribution of microhardness in the deposited layer
at different distances from the surface of the test material
after surfacing and after four-time tempering

Pacrlpez[e.ﬂelme MHUKPOTBEPAOCTH
B HAIVIABJICHHOM CJIO€ HA Pa3JIMYHOM PaCCTOSTHUHA
OT MOBEPXHOCTH HCCJICAYEMOI'0 MaTepuaJjia
I0CJI€ HAIVIABKU M MOCJIC YeTHIPEXKPATHOI'0 OTITYCKA

Microhardness of high-speed steel R18Yu, MPa,
at a distance from the sample surface

after surfacing . Rt ST .
and high-temperature tempering

1000 pm | 3000 pm 1000 pm 3000 pm
48.20 49.82 55.15 51.72
46.37 45.58 53.88 52.53
46.37 48.13 60.14 51.40
50.45 43.96 50.15 50.52
46.84 47.42 55.28 51.35
41.22 33.59 54.39 63.13
46.99 48.63 54.26 49.30
34.16 44.11 49.13 55.67
46.99 47.31 54.26 51.96
45.43 44.39 55.26 55.25

luate the effect of tempering on the structure of the R18Yu
high-speed steel coating formed by plasma surfacing in a
nitrogen medium with a powder wire.

It was observed th at cells with an austenite-marten-
sitic structure formed, and there was a marginal increase
in microhardness.
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