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Abstract. In this paper, comparative studies of the microstructure, mechanical characteristics and service life of a cutting insert 
made of submicron cemented carbide WC–10Co, obtained as a result of recycling VK10 cemented carbide by Electro Discharge 
Erosion (EDE) in oil, were carried out. The specific energy consumption directly for the formation of pulses in the process of 
EDE is to a relatively small value (5.7 kW·h/kg). Excess carbon formed as a result of oil pyrolysis during EDE was removed by 
heat treatment. The granulometric composition of the obtained powder and the microstructure of the particles were studied. It is 
shown that the particles of the resulting powder consist of plate-like WC grains with an average diameter of 0.46 μm and interlayers 
of cobalt. The WC–10Co cutting insert, obtained by sintering this powder in vacuum, was used for a comparative analysis of 
service life during fine turning of aluminum alloy D16T. As objects for comparative analysis, cutters equipped with blades 
made of industrial alloys VK8 and VK6OM of a similar design were used. The microstructure and mechanical characteristics 
of the experimental alloy and the analogues presented have been studied. On the basis of studies of the microstructure and 
chemical composition of the back surface of the cutting inserts, the wear mechanism of the cutters was analyzed. It is shown 
that the hardness of the alloys has the main effect on their wear resistance when cutting an aluminum alloy with the presented 
cutters. The influence of the hardness of the cutters on the surface roughness of the resulting part was also studied. The obtained 
submicron cemented carbide WC–10Co exhibits the highest hardness (1590 HV) and wear resistance of the presented samples 
due to the smallest WC grain diameter (0.59 µm). 
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IntroductionIntroduction
Due to the combination of high indices of strength, 

hardness and wear resistance, tungsten-cobalt (WC–Co)  
cemented carbides are extensively used in indust ry [1–3]. 
Obtaining submicron and ultrafine grained cemented 
carbides of high hardness and wear resistance as well 
as reducing the costs of their production represent an 
urgent task nowadays [4; 5]. High cost of cemented 
carbides associated with the limited reserves of cobalt 
and tungsten. In the view of this, all cemented car-
bide wastes are recycled and used for the production 
of new articles. Owning to high hardness, strength and 
chemical stability, the cemented carbides are to be pro-
cessed by costly chemical methods using hazardous 
and environmentally destructive chemicals [6–9]. One 
of the promising alternative methods for obtaining 
powders directly from pieces of material without us-
ing of hazardous reagents is Electro Discharge Erosion 
(EDE) [10–16].

The EDE method is based on the erosion of elec-
trodes and the formation of particles during a spark dis-
charge passing in a dielectric liquid. Under the impact 
of a spark discharge, the surface of the electrodes is 
heated up to ~104 K [17; 18] that results in the melting 
and boiling of the initial material inside a vapor bubble 
formed upon the boiling of dielectric liquid. After the 
spark discharge passes, the vapor bubble collapses, the 
molten and boiling material is ejected into the interelec-
trode gap and cooled at a rate of 106–109 K/s. Cooling 
results in the formation of ultrafine-grained particles of 
predominantly spherical shape.

Researchers have already developed a technology for 
processing the alloy, including the production of powders 
by EDE method, thermochemical treatment and vacuum 
sintering [14; 15]. Due to a small grain size, the obtained 
samples of cemented carbides are not inferior to their ana-
logues, obtained by other methods, in terms of the com-
bination of hardness and fracture toughness. However, no 
works on the research of the service life of the cutting 
tools equipped with these carbides have been found in the 
available literature, which makes it difficult to identify the 
prospects for their application. This problem applies to all 
ultrafine-grained and submicron carbides whose produc-
tion has commenced in recent decades.

To answer the question about the prospects of using 
submicron cemented carbides produced by sintering 
the powders obtained by EDE and other methods, it 
is required to research their service life in comparison 
with their analogues during the mechanical processing 
of the material in the conditions corresponding to these 
carbides. The closest analogues of submicron cemented 
carbides are medium-grained and extra fine-grained 
cemented carbides produced by modern industry and 
applied for the treatment of non-ferrous alloys.

The paper was aimed at the research of wear resistance 
of submicron cemented carbide, produced by sintering of 
the powder, obtained by recycling by EDE method, and 
its analogues during the cutting of aluminum alloy.

MethodsMethods
The powder for the initial carbide was obtained by 

electro discharge erosion of VK10 (90 % WC + 10 % Co) 

  vlasova64@yandex.ru

Аннотация. Проведены сравнительные исследования микроструктуры, механических характеристик и эксплуатационной 
стойкости режущей пластины из субмикронного твердого сплава WC–10Co, полученного в результате переработки 
отходов твердого сплава ВК10 электроэрозионным диспергированием (ЭЭД) в масле. Удельные затраты энергии 
непосредственно на формирование импульсов в процессе ЭЭД составили относительно небольшую величину  
(5,7 кВт·ч/кг).  Избыток углерода, образованный в результате пиролиза масла при ЭЭД, был удален путем термообработки. 
Изучены гранулометрический состав полученного порошка и микроструктура его частиц. Показано, что частицы 
порошка состоят из вытянутых зерен WC (dср = 0,46 мкм) и прослоек кобальта. Пластина WC–10Co для резца, полученная 
спеканием этого порошка в вакууме, была использована для сравнительного анализа эксплуатационной стойкости при 
чистовом точении алюминиевого сплава Д16Т. В качестве объектов для сравнительного анализа применяли резцы, 
оснащенные пластинами из промышленных сплавов ВК8 и ВК6ОМ аналогичной конструкции. Изучены микроструктура 
и механические характеристики экспериментального сплава и представленных аналогов. На основе исследований 
микроструктуры и химического состава задней поверхности режущих пластин был проанализирован механизм износа 
резцов. Показано, что твердость сплавов оказывает основное влияние на их износостойкость при резании алюминиевого 
сплава сравниваемыми резцами. Также исследовано влияние твердости резцов на шероховатость поверхности 
обрабатываемой детали. Полученный субмикронный твердый сплав WC–10Co обладает наивысшей твердостью 
(1590 HV) и лучшей износостойкостью из изученных образцов за счет наименьшего диаметра зерен WC (0,59 мкм).  

Ключевые слова: твердый сплав, эксплуатационная стойкость, износ, переработка, электроэрозионное диспергирование

Для цитирования: Дворник М.И., Власова Н.М. Сравнительный анализ эксплуатационной стойкости субмикронного 
твердого сплава WC–10Co, спеченного из порошка, полученного электроэрозионным диспергированием в масле. 
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medium-grained carbide. The refined carbide inserts with 
the dimensions of 10–20 mm and a total initial weight 
of 50 g were subjected to electro discharge erosion for 
60 min on a specially designed plant [14; 15]. The pulse 
generator parameters are as follows: average pulse 
energy – 5 J, pulse frequency – 35 Hz, pulse voltage – 
250 V, used liquid – dielectric oil (GK-1), EDE dura-
tion – 1 h. The energy expended directly for the passage 
of power pulses was calculated based on the current-
voltage characteristics, which were measured by means 
of analogue-to-digital converter connected to the anode 
and cathode through a voltage divider.

After EDE, the powder was collected as a deposit. 
The obtained paste was placed in a ceramic crucible and 
subjected to vacuum drying at a temperature t = 500 °С 
in “Carbolite STF” vacuum furnace. Afterwards, 
the powder was ground for 5 min by means of “Retsch 
PM 400” grinder, weighed, analyzed for carbon con-
tent using “Emia 320V2” analyzer, and excess carbon 
was removed by heating the powder at t = 1000 °C 
for 20 min in CO2 environment. The granulometric 
analysis was performed by means of “Analysette 22 
Microtec” analyzer. The microstructure of the particles 
was stu died after they were mixed with epoxy resin and 
polished. A batch of the obtained powder was mixed 
with a binder (benzine-based adhesive), then dried (the 
concentration of the binder was 1 wt. %), granulated, 
and 3 blanks were pressed from it. The blanks were 
sintered at t = 1410 °С in a vacuum furnace for 1 h.

Standard straight-turning side cutters equipped with 
brazed inserts made of VK8 and VK6OM hard alloys 
were used as analogues for the analysis of wear resis-
tance. A cutting insert of experimental WC–10Co alloy 
with the same shape of cutting edge was made and fixed 
mechanically (Fig. 1, a). The main parameters of the 
used cutters were the same: primary back clearance 
angle – 10°, primary front clearance angle – 0°, primary 
entering angle – 80°, root radius – 0,5 mm (Fig. 1, b–d). 

The microstructure of the samples was studied after 
grinding and polishing of the surface. The average WC 

grain diameter was calculated according to the standard 
method (ASTM E112-13:2021), namely by intercept 
method. Vickers hardness of all alloys was measured by 
means of HVS-50 hardness meter (error 2 %) under load 
P = 294 Н (30 kgf). Fracture toughness (K1C ) calculated 
according to the total length of the cracks (  l ) under 
Palmqvist scheme (ISO 28079) using Shetty equation:

The service life of the cutters was studied by fine 
turning of aluminum alloy D16T, which is one of the 
most demanded structural materials for the manufac-
ture of parts in the aerospace and shipbuilding indus-
try. The tur ning of the blank (Fig. 2) was performed 
on 16K20 turner under the same conditions until the 
wear of back face of 100 µm was reached. The maxi-
mum possible cutting speed V = 300 ± 20 m/min, 
ensured by this turner, was chosen. The depth of cut 
was 0.5 mm, the feed was 0.07 mm/rev. Back surface 
wear was measured by means of “Altami” optical 

Fig. 1. Cutters studied for wear resistance (a) and the top view of cutting  
inserts made of VK8 (b), VK6OM (c), and WC–10Co (d) alloys 

Рис. 1. Исследованные на износостойкость резцы (а) и вид сверху режущих пластин 
из сплава ВК8 (b), ВК6ОМ (c) и WC–10Co (d)

Fig. 2. The machined blank and the cutter during turning 

Рис. 2. Обрабатываемая заготовка и резец 
в процессе точения
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microscope every 15 min (4.5 km) for VK8 alloy and 
every 45 min (13.5 km) for VK6OM and WC–10Co 
alloys. The microstructure of the back surface of the 
cutting inserts was studied using “Tescan Vega” scan-
ning microscope. The surface of the cutting inserts 
was previously cleaned with alkali to remove build-up 
and adhered chips. The content of oxygen and me tals 
in the back surface of the cutter was studied using 
“Oxford X-Max 80 SDD-EDXS” energy dispersive 
X-ray fluorescence detector.

Results and DiscussionResults and Discussion
As a result of recycling VK10 cemented carbide 

by Electro Discharge Erosion (EDE) in oil, spheri-
cal micro particles and agglomerates of nanodispersed 
particles mixed with free carbon, formed as a result of 
pyrolysis of hydrocarbons, were obtained. The process 
rate was 32 g/h, the specific energy consumption for 
the passage of current pulses through the unit made up 
5.7 kW·h per 1 kg of powder. If required, the process 
rate can be increased many times by increasing the 
power of the pulse generator [16].

The phase composition of the obtained powder after 
drying at a temperature of 600 °С does not differ from 
the original carbide (WC + Co). The total carbon con-
tent in the powder increased to 8.1 % due to the for-
mation of free carbon during the oil pyrolysis. Using 
the proven methodology [14], excess carbon (2.6 %) 
was totally removed by means of powder anneal-
ing at t = 1000 °С in vacuum furnace, filled with the 
equivalent CO2 content. The powder obtained after the 
removal of free carbon, consisted of WC–Co particles 
(Fig. 3, a), the average diameter of which was 11.2 µm 
(Fig. 3, b). The spherical particles were plate-like WC 
grains with an average diameter of 0.46 μm (Fig. 3, c), 
the space between which was filled with cobalt.

When sintering WC–10Co carbide, the average dia-
meter of WC grains increased up to 0.59 μm (Fig. 4, a). 
After sintering, WC–10Co cutting insert was produced, 
then it was mechanically fastened on the holder and 
turned. The reduced rigidity of the insert with mechani-
cal fastening does not cause deformations that impact 
the wear of the cutters, since cutting forces do not 
reach significant values with the selected cutting mode 
(fine turning). Due to the low hardness of the alloy 
being processed and the small depth of cut (finish-
ing), the resulting forces could not cause cracking of 
the brazed inserts and displacement of the insert with 
mechanical fastening. The characteristics of alloy 
materials, which primarily depend on their composi-
tion and microstructure, exert a major influence on the 
wear resistance of the cutter.

The hard alloys used are distinguished from each 
other by their cobalt content, the presence of TaC in 
VK6OM alloy, as well as grain shape and size. Since 
the selected alloys differ slightly in their chemical com-
position, the mechanical characteristics of the alloys, 
which depend on the grain diameter and cobalt content, 
have a major influence on the wear rate. The micro-
structure of the alloys (Fig. 4) clearly shows that VK8 
alloy exhibits the largest grain diameter and the experi-
mental WC–10Co alloy – the smallest.

Using data on the average grain diameter, mass frac-
tion of cobalt (see the Table) and the simple ratios for 
calculating the volume fraction of cobalt and adjacency, 
the theoretical hardness values for the presented hard 
alloys were calculated based on the Gerland and Lee 
model [19; 20]. The obtained results are in satisfactory 
agreements with the experimental values (Fig. 5, a). 
Medium-grained VK8 alloy exhibits the lowest hard-
ness. WC–10Co and VK6OM submicron alloys have 
approximately equal values HV. The high hardness 
of WC–10Co alloy is provided by a smaller average 

Fig. 3. Powder morphology (a), its granulometric composition (b) and particle microstructure (c)  
after drying and heat treatment 

Рис. 3. Морфология порошка (а), его гранулометрический состав (b) и микроструктура частицы (c) 
после высушивания и термообработки
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grain diameter, despite the higher cobalt content com-
pared to VK6OM alloy. VK8 alloy is characte rized 
by the highes t fracture toughness among the presented 
alloys, VK6OM alloy is characterized by the lowes t frac-
ture toughness due to the low cobalt content. The frac-
ture toughness of experimental WC–10Co alloy turned 
out to be slightly higher than that of VK6OM alloy 
(Fig. 5, b) due to the higher cobalt content and the pre-
sence of plate-like WC grains, which improve the ove-
rall characteristics of the alloy [14; 21]. The conducted 
tests were selected in accordance with the application of 
VK6OM and VK8 alloys used, among other things, for 
turning aluminum alloys.

Main characteristics of alloys 
Основные характеристики сплавов

Alloy Cobalt content, 
wt. %

Average grain 
diameter of WC, µm

Hardness, 
HV

Fracture toughness, 
MPa·m1/2

VK8 8 1.54 1360 19.0
VK6OM 6 1.09 1550 13.2

WC–10Co 10 0.59 1590 14.1

Fig. 4. The microstructures of hard alloys  
WC–10Co (a), VK8 (b), and VK6OM (c) 

Рис. 4. Микроструктуры твердых сплавов  
WC–10Co (а), ВК8 (b) и ВК6ОМ (c)

Fig. 5. The comparison of experimental values (symbols)  
and estimated values (straight line) of hardness (a)  

and dependence of fracture toughness of the studied alloys  
and their analogues [23] on hardness (b) 

Рис. 5. Сопоставление экспериментальных (значки) 
и расчетных (прямая) значений твердости (а) 

и зависимость вязкости разрушения исследуемых сплавов 
и их аналогов [23] от твердости (b)

Powder Metallurgy аnd Functional Coatings. 2023;17(1):75–84 
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The Mechanism of WearThe Mechanism of Wear
According to modern researches [22], when turning 

an aluminum alloy, the adhesive, diffusion and abra-
sive wear of carbide cutting inserts is observed. The 

temperature of the cutter tip under close turning con-
ditions (cutting speed of 360 m/min) is 315 °C [22]. 
Increased temperature and high contact pressure 
on the tip of the cutter on the side of the machined 
workpiece result in mechanical sticking or fusing 
of the machined aluminum alloy on the back surface 
of the cutter. The diffusion wear is insignificant in such 
conditions, since the solubility of cobalt in aluminum 
is low at this temperature [24]. An adhesive layer is 
formed under the build-up surface, it contains the 
compounds of cobalt, tungsten, aluminum and their 
oxides, which are removed during cutting. The formed 
build-up is involved in cutting and is periodically cut 
off. When it is cut, the wear of the edge and the back 
surface of the cutter occurs.

Upon cutting, the cobalt layers are removed first 
because of their lower hardness and greater chemical 
reactivity. The energy-dispersive analysis of the stu-
died sections confirmed that there was a decrease 
in the concentration of cobalt on the back surface of the 
cutter by a constant value of 25 % of its initial content 
(Fig. 6). Since the decrease in the fraction of cobalt 
indicates the depth of its location, it can be con-
cluded that it is removed to a certain depth, regardless 
of the size of WC grains. The removal of cobalt results 
in the formation of microroughnesses from protru-
ding carbide grains, which are clearly visible at high 
magnification (Fig. 7, b, d, f ). The results of energy-
dispersive analysis also indicate that the components 
of the aluminum alloy do not penetrate into the surface 
layers of the hard alloy (Fig. 6). The oxygen content 
in the surface layers of wear (1.5–2.0 %) exceeds its 
concentration in the surface of alloy (1.1 %), which may 
indicate oxygen diffusion and oxide layer formation.

The wear surface of VK8 alloy (Fig. 7, a, b) shows 
shallow, smooth grooves with slip bands in them, formed 
by shearing off the adhesive layer. In the VK6OM 
and WC–10Co alloys, no grooves are detected even 
at the highest magnification (Fig. 7, d, f ). Namely, 
the removal of components of harder alloys (VK6OM 
and WC–10Co) occurs only in a layer less than 1 µm 
thick. The wear of the edge of VK8 hard alloy can also 
be noticed (Fig. 7, a). The wear of the edge of VK6OM 
and WC–10Co alloys is insignificant, since their hard-
ness is higher. 

The kinetic dependence of increase of wear value 
along the back face on the covered distance consists 
of cutting-in and linear wear sections (Fig. 8, a). 
The wear of the studied alloys at the initial stage dif-
fers insignificantly (~0.03 mm). Deviations from 
a straight line in a linear section are also insignificant. 
An increase in hardness results in an increase in ser-
vice life of hard alloys (Fig. 8, b), what is typical for 
micro-abrasive wear. VK8 alloy has the least service 
life (the reciprocal of wear) (90 min). Due to the higher 

Alloy
Fraction, wt. %

W Co Ta
VK8 94.6 ± 0.2 6.4 ± 0.2 –

VK6OM 93.3 ± 0.5 4.6 ± 0.1 2.1 ± 0.5
WC–10Co 92.0 ± 0.1 8.0 ± 0.1 –

Fig. 6. The results of energy dispersive analysis  
of the back surface of VK8 (a), VK6OM (b) and WC–10Co (c) 

cutting inserts after wear resistance testing 

Рис. 6. Результаты энергодисперсионного анализа 
задней поверхности режущих пластин ВК8 (а), ВК6ОМ (b) 

и WC–10Co (c) после испытания на износостойкость

Известия вузов. Порошковая металлургия и функциональные покрытия. 2023;17(1):75–84 
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hardness, the service life of experimental WC–10Co 
alloy (360 min) exceeds that of VK6OM alloy 
(315 min) by 45 min. The service life of all stu died 
hard alloys is sufficiently high (>35 min) and meets 
the standard requirements (GOST 5688-61). However, 
a further increase in tool life is necessary to save cut-
ters and time. Due to the high hardness, the cutting dis-
tance (about 100 km) covered by cutters equipped with 

VK6OM and WC–10Co alloys turned out to be longer 
than the distance (20 km) covered in a similar study 
(ISO K10 Sandvik Coromant carbide) [25].

The average wear rate in the linear section (normal 
wear) decreases with increasing hardness according 
to the Archard law (Fig. 8, c). This is consistent with 
modern research showing an increase in wear resis-
tance along with an increase in hardness as a result 

Fig. 7. The photos of the worn back surface of VK8 (а, b),  
VK6OM (c, d) and WC–10Co (e, f) cutters after testing 

Рис. 7. Фотографии изношенной задней поверхности резцов ВК8 (а, b), 
ВК6ОМ (c, d) и WC–10Co (e, f) после испытаний
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of a reduction in the average grain diameter in the hard 
alloys [5; 22]. For the aforementioned reasons, the wear 
resistance of hard alloys is to decrease with an increase 
in fracture toughness both upon micro-abrasive and 
adhesive wear [23].

The roughness of a workpiece depends on cutting 
speed, depth of cut, feed, rigidity of the technologi-
cal system, hardness and strength of the cutting edge. 

After machining, the profiles of the workpiece differ in 
roughness height only. The back surface of VK8 alloy 
contains a number of grooves, being caused by defor-
mation due to the relatively low hardness of the alloy. 
In addition, the edge of the cutter is deformed that 
results in the increase of cutting force and the deforma-
tion of the cutter tip. As a result, the surface roughness 
of the workpiece during the machining with VK8 alloy 
increases up to Ra = 1.07 µm. Almost no grooves can 
be seen on the back surface of VK6OM and WC–10Co. 
There is no change in the edges of these cutters, which 
is to facilitate the reduction of the workpiece roughness 
as well. Upon machining using the cutters equipped 
with VK6OM and WC–10Co, the workpiece roughness 
makes up Ra = 0.85 and 0.82 correspondingly.

Conclusion Conclusion 
This paper presents a method for obtaining 

WC–10Co cemented carbide, which outperforms one 
of the hardest industrial hard alloys VK6OM in terms 
of the service life due to its higher hardness, from scrap. 
As a result of Electro Discharge Erosion (EDE) of the 
medium-grained VK10 alloy scrap, a powder with 
the required phase composition is formed. The spe-
cific energy consumption directly for the formation 
of pulses made up 5.7 kW·h/kg. Submicron WC–10Co 
alloy with an average grain diameter of 0.59 µm and 
increased hardness (1590 HV) was obtained by sinte-
ring the produced powder after its heat treatment. 

A comparative analysis of tool life upon turning 
of aluminum alloy with the experimental submicron 
alloy and its industrial analogues (VK8 and VK6OM) 
showed that the tool life increases in proportion 
to the increase in hardness of the hard alloys used. Due 
to high hardness, the tool life of experimental WC–10Co 
alloy (360 min) turned out to be higher than that of the 
extra fine-grained VK6OM alloy (315 min) and VK8 
alloy (90 min). The workpiece roughness after turning 
with harder alloys (VK6OM and WC–10Co) was lower 
(Ra = 0.85 and 0.82 correspondingly) than the work-
piece roughness exhibited by turning with VK8 alloy 
(Ra = 1.07) due to the higher hardness. 
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