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Abstract. The work is devoted to the study of the possibility of obtaining carbide steel based on powdered high-speed steel 10R6MS5 with additives
of tungsten (WC) and titanium (TiC) carbides by induction surfacing. The selected compositions of the deposited charge and the proposed composition
of the flux based on fused borax with additives of boric acid and a number of oxides satisfy the technology. The developed technology includes a flux,
a method of briquetting charge using a piston device that minimizes the movement of ferromagnetic components of the charge under the influence
of inductor electromagnetic field during surfacing. Deposited layers of carbide steel based on high-speed steel reinforced with tungsten and titanium
carbides were produced and studied. The obtained layers were analyzed using optical and electron microscopy (using a microanalyzer), phase compo-
sition of the deposited layers was controlled by the X-ray phase method, and hardness of the layers was measured by the Rockwell method. Addition
of tungsten carbide to powdered high-speed steel leads to the formation of ledeburite structure during surfacing, which is characteristic of high-tung-
sten high-speed steels. An increase in the amount of tungsten carbide in the carbide steel leads only to its partial melting in liquid steel, which helps
to preserve the particles of introduced carbides in the microstructure. Titanium carbide added to the carbide steel composition significantly changes
the morphology of ledeburite precipitates. According to X-ray phase analysis data, a number of carbides of Me ,C, Me,C, Me,C and MeC types were
observed in the composition of carbide steels, which are characteristic of carbide steels obtained by various methods (plasma surfacing, sintering,
impregnation of a carbide frame, etc.). It is shown that hardness of the samples of carbide steels with additives of tungsten and titanium carbides varies
from 59 to 63 HRC, depending on the composition and technological modes of surfacing.
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AHHomayus. Pabota nocesiieHa NCCIeJOBAaHUIO BO3MOKHOCTH TOyYeHHUs] KapOHM/J0CTAI HAa OCHOBE IMOPOIIKOBO# ObicTpopeskyiei ctanu 10P6MS
¢ nodaskamu kapounoB Bonbppama (WC) u turana (TiC) MeTonoM MHAYKIHOHHOH HamaBku. [1oqo0OpaHHBIE COCTAaBbl HAIUIABISIEMOIl MIUXTHI
1 IIPEeUIOKESHHBIN cocTaB (uiroca Ha OCHOBE IUIABICHOM OypbI ¢ J0OaBKaMu OOPHOIT KHCIIOTHI U psijia OKCHIOB YIOBICTBOPSIOT TEXHONOIHHU. Pa3pa-
0OoTaHHAas TEXHOJIOTHs BKIIOYAeT B ceOst (urroc, crnocod OpMKETHPOBAHMS HIMXTHI C TOMOIIBIO ITOPIIHEBOTO YCTPOIMCTBA, MUHHUMHU3UPYIOIIETO
nepeMerieHre GpeppoMarHUTHBIX KOMIIOHEHTOB HIMXTHI MO BIMSIHUEM 3JIEKTPOMArHUTHOTO TOJISE MHIYKTOpa B Ipoliecce HarulaBku. [lomyyeHsr
Y MCCIIC/IOBaHbI HAIUIABICHHBIE CJIOM KapOMUIOCTAIN Ha OCHOBE OBICTPOPEXYIIEH CTalU C YIPOYHEeHHEeM KapOuaamu Bojib(pama u turaHa. Mccre-
JIOBaHKE TOIYYCHHBIX CIIOEB MTPOBOIUIOCH METOAAMH ONTHYECKOHN U JIEKTPOHHOW MHUKPOCKOITHH (C MPUMEHEHHEM MHUKpOAHAaJIM3aTopa), peHTre-
HO(DA30BBIM METOJIOM KOHTPOJIHMPOBAICS (Pa30BBIil COCTAB HAIUIABICHHBIX CJIOEB, TBEPJAOCTh CIOEB H3Mepsiiach MetonoM Poksera. Jlo6aBnenue
KapOua BoJib(hpama B MOPOLIKOBYIO OBICTPOPEIKYILYIO CTANIb IIPUBOAUT IIPH HAILIABKE K JOPMUPOBAHUIO JI€AOYPUTHOI CTPYKTYPBI, XapaKTepHO
JUISL BBICOKOBOJIB()PAMHCTBIX ObICTpOpeKyInx crajieil. [loBeiienne konuuecTa kapOuia Bojb(ppama B COCTaBe KapOUIOCTAIHN IPUBOIUT TOIBKO
K YaCTUYHOMY €r0 PacIUIaBICHHIO B )KUAKOW CTallH, YTO CHOCOOCTBYET COXPAHEHHIO B MHKPOCTPYKTYPE YacTHIl BHECEHHBIX KapounoB. Kapoux
TUTaHa, J00aBJICHHBIN B COCTaB KapOMOCTAIH, CYIIECTBEHHO MEHsIeT MOP(OJIOrUIo JieneOypUTHBIX BbiaeneHHd. [1o JaHHBIM peHTreHO(ha30BOro
aHasM3a B COCTaBe KapOupocTasel HabarmaaeTes psij KapOuIoB THIA Me,,C, MeGC, Me,C u MeC, CBOWCTBEHHBIX KapOHI0CTAIISIM, [TOTyYCHHBIM
Pa3IMYHBIMUA MeToziaMH (TUTa3MEHHON HAIUIaBKOM, CIIEKaHHWEeM, MPOMMTKONW KapOWIHOro kapkaca u ap.). IlokazaHo, 4To TBEpAOCTH 00OpasioB
KapOugocraneil ¢ qob6aBkamu kapOuI0B Boib(hpaMa U THTaHa Bapbupyercst ot 59 no 63 HRC, B 3aBUCHMOCTH OT COCTaBa M TEXHOJIOTHYECKHUX
PES)KUMOB HAILIABKH.
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[ INTRODUCTION

The development of new structural and tool mate-
rials with improved physicomechanical and operational
properties has become increasingly important. This
need arises from the limited potential to further enhance
the characteristics of well-known materials such as wear-
resistant [1 — 3] and tool steels (including high-speed
steels), as well as hard alloys [4 — 6].

Carbide steels, consisting of refractory carbides (most
often tungsten and titanium carbides) and steels, repre-
sent a new class of promising materials. They occupy
an intermediate position between hard alloys and steels,
combining the properties of both the carbide reinforcing
phase and the steel matrix [7 — 9].

Carbide steels are most commonly produced by pow-
der metallurgy methods, including sintering of compacted
powders, impregnation of a carbide frame with steel, hot
pressing, or hot extrusion [7]. However, these processes
involve numerous complex technological operations,
which limit their practical use. Alternative approaches
such as plasma [10—13] or laser [14; 15] have also
been investigated, but these methods are constrained
by the high cost of laser systems, loss of powder due
to plasma jet scattering, and consumption of expensive
gases. The key factor limiting the widespread application
of carbide steels remains the complexity of conventional
production technologies, which require sophisticated
equipment and long process cycles.

Induction surfacing of metallic layers [16 — 20], based
on high-frequency current heating, has recently become
a promising alternative. Under the multifactor influence
of the inductor electromagnetic field on the metal sub-
strate, flux, and initial charge, a a multilayer composite
is formed, in which a surface layer may be formed that
exhibits a set of improved properties, including wear
resistance, acid resistance, heat resistance, and so on.
This method is characterized by relatively low equipment
costs, simplicity of implementation, and short processing
times.

Moreover, the surfacing process can be partially com-
bined with heat treatment of the deposited layer if neces-
sary. The present study aimed to investigate the possib-
ility of producing carbide steel by induction surfacing.

The main objectives were to:

— select suitable compositions of the deposited charge
based on high-speed steel with tungsten and titanium car-
bide additives for induction surfacing;
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—develop a flux composition for induction surfacing
of carbide steel;

—produce deposited layers of carbide steel based on
high-speed steel reinforced with tungsten and titanium
carbides on steel substratex;

— analyze the microstructure and properties of the
obtained samples.

[l MATERIALS AND METHODS

Powdered high-speed steel 10R6MS5S was used as
the main component of the charge for producing the depo-
sited layers. To obtain carbide steel, the powdered steel
was mixed on an organic binder with tungsten carbide
(WC) and titanium carbide (TiC) powders in various
proportions (5 — 20 wt. % relative to steel). The upper
limit was deliberately set below the conventional range
(20 — 70 wt. %) [7], because induction surfacing is cha-
racterized by considerably shorter heating times com-
pared with traditional processes, and, consequently,
the available time for interaction between the matrix
and the reinforcing phase is also reduced. Consequently,
excessive amounts of reinforcing carbides were avoided
to ensure effective component interaction and a defect-
free structure.

Flux plays an essential role in induction surfa-
cing, protecting both the molten metal and the surface
of the steel substrate from oxidation by atmospheric oxy-
gen [9]. The flux mixture consisted of powdered fused
borax, boric acid, and oxide additives of silicon, magne-
sium, calcium, and sodium.

During flux selection, the influence of the magnetic
field generated in the surfacing zone on the charge was
taken into account. One of the challenges in produc-
ing carbide steel based on high-speed steel is the ferro-
magnetism of powdered steel, which interacts strongly
with the electromagnetic field at the initial heating stage
(before the transition to a paramagnetic state). To prevent
displacement of the powder charge under these condi-
tions, the mixture was compacted into briquettes. The flux
also acts as a kind of binder, holding the charge particles
together within the temperature range in which the flux
was already molten while the metallic part of the charge
had not yet fused.

A piston-type compaction system proved most effec-
tive for briquetting. The mixed charge components were
placed into a container pre-lubricated with a plasticizer
based on an organic compound, which reduced adhesion
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Fig. 1. Scheme of induction surfacing:
1 — ferrite core; 2 — coil inductor; 3 — asbestos gasket;
4 — deposited briquette; 5 — metal substrate in the form of a plate

Puc. 1. Cxema HHAYKLIMOHHOW HAIJIaBKU:
1 — eppUTHBIIA CEpACUHHK; 2 — BUTKOBBIH HHIYKTOP;
3 — acOecToBasi MPOKJIA/IKa; 4 — HAILIABIISIEMbIil OPHKET;
5 — MeTaJIIM4ecKas MOAJI0KKa B (hOpME TIIACTHHBI

of the components to the container walls and the piston.
Compaction was performed by applying pressure with
the piston, during which excess binder and plasticizer
could be released. The briquettes were then dried for
at least 2 h at 80 °C.

Plates of medium-carbon structural steel 45 were used
as substrates.

Surfacing of the plates (Fig. 1) was carried out using
a high-frequency induction unit of the UVG 2-25 type
equipped with a GNOM-25M1 generator, with a power
output of up to 20 kW and an operating frequency of 44
to 66 kHz. A coil inductor with a water-cooled ferrite
core was used. To fix the briquettes at the initial stage
of surfacing and protect the inductor, an asbestos gas-
ket was placed between the briquette and the substrate
(Fig. 1).

Microstructural studies were conducted using a Carl
Zeiss Axio Observer.D1 optical microscope and a Hita-
chi TM4000 scanning electron microscope with a micro-
analyzer. The phase composition was examined by X-ray
phase analysis using a Bruker diffractometer with copper
radiation. The hardness of the deposited layers was mea-
sured by the Rockwell method.

[ RESULTS AND DISCUSSION

Microstructural analysis of the deposited layers
revealed that the overall structure corresponds to the cha-
racteristic features of cast high-speed steel. All samples
contained ledeburite eutectic of varying morphology
depending on the composition and carbide content in
the charge. A solid solution based on austenite was also
present, its composition varying widely depending on
the alloy composition.

When powdered high-speed steel I0R6MS was sur-
faced without additives (Fig. 2, a), a typical cellular
structure was observed, with small inclusions of lede-
burite eutectic of feather-like morphology. The addition
of a small amount of tungsten carbide led to its almost
complete dissolution in the melt; the resulting solidified
structure resembled that of high-speed steel without addi-
tives (Fig. 2, b), but with a higher amount of feather-like
ledeburite eutectic.

A further increase in the amount of added carbides
leads to the formation of ledeburite eutectic with the so-
called skeletal morphology, characteristic of high-tung-
sten high-speed steel of the R18 type (Fig. 2, ¢). This
is explained by the dissolution of the added carbides
in the liquid steel during surfacing. However, because
of the short duration of the process, the solubility limit
is apparently governed not so much by the constraints
of the phase diagram as by the insufficient time for comp-
lete interaction. As a result, a structure may be identi-
fied in which, along with the skeletal eutectic, clusters
of undissolved tungsten carbide particles with a charac-
teristic angular shape are observed (Fig. 2, d).

According to X-ray phase analysis, the structure con-
tained austenite, martensite, cementite, and ledeburite
with carbides of the Fe, W .C and Fe,W.C types. In addi-
tion, X-ray phase analysis revealed carbide inclusions
of the W,C and WC types, the latter representing partially
partially undissolved particles of the introduced carbide
phase remaining in the solid solution in samples with
a relatively high content of added carbides.

Hardness tests showed that deposited 10R6MS5
layers without reinforcement exhibited 60 — 61 HRC,
while those with tungsten carbide additions reached
61 — 63 HRC.

Producing carbide steel based on high-speed steel
reinforced with titanium carbide (TiC) proved more dif-
ficult. This was due to the specific nature of the wetting
of titanium carbide by molten steel, as well as mutual dis-
solution between the matrix and the reinforcing phase,
among other factors [7]. Nevertheless, deposited layers
of carbide steel with TiC were successfully obtained.
Their microstructures (Fig. 3) varied depending on TiC
content.

At low TiC concentrations (Fig. 3, a), the structure
consisted of austenitic cells with a carbide network and
visible martensite. No skeletal ledeburite was observed.
As the TiC content increased, the deposition quality
decreased and the tendency to pore formation became
more pronounced; inclusions of ledeburite appeared
with an intricate “Arabic script” morphology (Fig. 3, b).
These features are apparently due to the ability of molten
steel to dissolve only a limited amount of the introduced
carbides and from the specific solidification behavior
of the melt.
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Fig. 2. Microstructure of deposited layers:
a — high-speed steel 10R6MS without additives; b — d — carbide steel with 5, 10, 20 wt. % WC

Puc. 2. MukpocTpyKTypa HaIlJIaBI€HHBIX CIIOEB:

a — owicTpopesxyas cranb 10P6MS 6e3 nobasok; b — d — kapounocrans ¢ 5, 10 u 20 mac. % WC

X-ray phase analysis of TiC-containing samples [ CONCLUSIONS
revealed austenite, martensite, cementite, and ledeburite
with carbides of Fe,W.C and Fe,W,C types. Alongside Compositions of the deposited charge suitable for
titanium carbide TiC, carbide inclusions of W,C were induction surfacing based on high-speed steel 10R6MS5

also identified.

with up to 20 wt. % tungsten carbide (WC) and tita-

The hardness of these samples ranged from 59 nium carbide (TIC) were selected. A flux composition

to 63 HRC.
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for induction surfacing of carbide steel was developed,

S . e

N

Fig. 3. Structure of carbide steel 10R6MS5 — TiC:

a—10 wt. % TiC (optical microscope); b — 20 wt. % TiC (electron microscope)

Puc. 3. Ctpykrypa kapounocranu: crans 10P6MS — TiC:

a — 10 mac. % TiC (ontudeckuii Mukpockor); b — 20 mac. % TiC (3neKTpOHHBIH MUKPOCKOIT)
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comprising borax and boric acid as the base components,
with oxide additives of silicon, magnesium, calcium, and
sodium. A complete induction surfacing technology was
designed and successfully applied to produce deposited
layers of carbide steel based on high-speed steel rein-
forced with tungsten and titanium carbides on steel 45
substrates. The microstructure of the obtained samples
contained austenite, martensite, cementite, and a number
of special carbides, including those of the Me,C, Me,C,
and MeC types. The hardness of the deposited carbide
steel layers varied from 59 to 63 HRC, depending on
the composition of the initial charge.

Thus, the feasibility of producing carbide steel based
on powdered high-speed steel 10R6MS with tungsten
and titanium carbide additives by induction surfacing has
been demonstrated.
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