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Аннотация. Работа посвящена исследованию возможности получения карбидостали на основе порошковой быстрорежущей стали 10Р6М5 

с добавками карбидов вольфрама (WC) и титана (TiC) методом индукционной наплавки. Подобранные составы наплавляемой шихты 
и предложенный состав флюса на основе плавленой буры с добавками борной кислоты и ряда оксидов удовлетворяют технологии. Разра-
ботанная технология включает в себя флюс, способ брикетирования шихты с помощью поршневого устройства, минимизирующего 
перемещение ферромагнитных компонентов шихты под влиянием электромагнитного поля индуктора в процессе наплавки. Получены 
и исследованы наплавленные слои карбидостали на основе быстрорежущей стали с упрочнением карбидами вольфрама и титана. Иссле-
дование полученных слоев проводилось методами оптической и электронной микроскопии (с применением микроанализатора), рентге-
нофазовым методом контролировался фазовый состав наплавленных слоев, твердость слоев измерялась методом Роквелла. Добавление 
карбида вольфрама в порошковую быстрорежущую сталь приводит при наплавке к формированию ледебуритной структуры, характерной 
для высоковольфрамистых быстрорежущих сталей. Повышение количества карбида вольфрама в составе карбидостали приводит только 
к частичному его расплавлению в жидкой стали, что способствует сохранению в микроструктуре частиц внесенных карбидов. Карбид 
титана, добавленный в состав карбидостали, существенно меняет морфологию ледебуритных выделений. По данным рентгенофазового 
анализа в составе карбидосталей наблюдается ряд карбидов типа Me12C, Мe6С, Мe2С и МeС, свойственных карбидосталям, полученным 
различными методами (плазменной наплавкой, спеканием, пропиткой карбидного каркаса и др.). Показано, что твердость образцов 
карбидосталей с добавками карбидов вольфрама и титана варьируется от 59 до 63 HRC, в зависимости от состава и технологических 
режимов наплавки. 
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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 10R6M5 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 Me12C, Me6C, Me2C 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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 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;

– 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 substrateх;

– analyze the  microstructure and properties of  the 
obtained samples.

 Materials and methods

Powdered high-speed steel 10R6M5 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 

Ключевые слова: карбидосталь, индукционная наплавка, структура, быстрорежущая сталь, карбид вольфрама, карбид титана

Для цитирования: Климов С.А., Носков Ф.М., Токмин А.М., Масанский О.А. Получение карбидосталей на основе быстрорежущей стали 
методом индукционной наплавки. Известия вузов. Черная металлургия. 2025;68(6):581–586.

	 https://doi.org/10.17073/0368-0797-2025-6-581-586

https://fermet.misis.ru/index.php/jour/search/?subject=карбидосталь
https://fermet.misis.ru/index.php/jour/search/?subject=индукционная наплавка
https://fermet.misis.ru/index.php/jour/search/?subject=структура
https://fermet.misis.ru/index.php/jour/search/?subject=быстрорежущая сталь
https://fermet.misis.ru/index.php/jour/search/?subject=карбид вольфрама
https://fermet.misis.ru/index.php/jour/search/?subject=карбид титана
https://doi.org/10.17073/0368-0797-2025-6-581-586


Izvestiya. Ferrous Metallurgy. 2025;68(6):581–586.
Klimov S.A., Noskov F.M., and etc. Production of carbide steels based on high-speed steel by induction surfacing

583

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 10R6M5 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, c). 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 Fe6W6C and Fe3W3C types. In addi-
tion, X-ray phase analysis revealed carbide inclusions 
of the W2C 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 10R6M5 
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.

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

Рис. 1. Схема индукционной наплавки: 
1 – ферритный сердечник; 2 – витковый индуктор; 

3 – асбестовая прокладка; 4 – наплавляемый брикет; 
5 – металлическая подложка в форме пластины
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X-ray phase analysis of  TiC-containing samples 
revealed austenite, martensite, cementite, and ledeburite 
with carbides of  Fe6W6C and Fe3W3C types. Alongside 
titanium carbide TiC, carbide inclusions of  W2C were 
also identified.

The hardness of  these samples ranged from 59 
to 63 HRC. 

 Conclusions

Compositions of  the  deposited charge suitable for 
induction surfacing based on high-speed steel 10R6M5 
with up to  20 wt. % tungsten carbide (WC) and tita-
nium carbide (TiC) were selected. A flux composition 
for induction surfacing of  carbide steel was developed, 

Fig. 3. Structure of carbide steel 10R6M5 – TiC: 
a – 10 wt. % TiC (optical microscope); b – 20 wt. % TiC (electron microscope) 

Рис. 3. Структура карбидостали: сталь 10Р6М5 – TiC: 
а – 10 мас. % TiC (оптический микроскоп); b – 20 мас. % TiC (электронный микроскоп)

Fig. 2. Microstructure of deposited layers: 
a – high-speed steel 10R6M5 without additives; b – d – carbide steel with 5, 10, 20 wt. % WC

Рис. 2. Микроструктура наплавленных слоев: 
а – быстрорежущая сталь 10Р6М5 без добавок; b – d – карбидосталь с 5, 10 и 20 мас. % WC
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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 Me6C, Me2C, 
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 10R6M5 with tungsten 
and titanium carbide additives by induction surfacing has 
been demonstrated.
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