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Abstract. Cutting inserts made from the WC–5TiC–10Co hard alloy were produced by sintering blanks that were pressed in a plastic 

mold made from polylactide on a 3D printer using a layer-by-layer deposition method. The effect of pressing pressure and plasti-
cizer (rubber) content in the powder mixture on the density of the blanks was studied. As the pressing pressure increased from 50 
to 200 MPa, the density of the blanks rose by only 2–6 %. When the plasticizer concentration in the powder mixture increased from 1 
to 6 %, the blank density increased by 28–32 %. It was found that the density values of the cutting insert blanks obtained in a plastic 
mold differed only slightly from those of standard blanks produced in a steel mold. After sintering in a vacuum furnace at 1450 °C, 
the density, carbon content, porosity, microstructure, surface roughness, hardness, and fracture toughness of all the sintered cutting 
inserts, standard samples, and the commercial equivalent were investigated. It was shown that the formation of free carbon as a result 
of rubber decomposition leads to a decrease in the density of the finished products, and therefore, their hardness. The relative density 
(98.7 %) of the cutting insert produced in the plastic mold at a pressing pressure of 50 MPa from powder containing 1 % rubber 
exceeded the density of the commercial cutting insert (98.5 %). The obtained cutting insert demonstrated high hardness (1400 HV) and 
fracture toughness (13.5 MPa·m1/2). The cutting insert made from the WC–5TiC–10Co alloy is not inferior to the commercial T5K10 
hard alloy insert in terms of flank wear rate during turning of a steel workpiece. 
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IntroductionIntroduction
Hard alloys based on WC and TiC are widely used 

in metalworking [1]. Industrial production of hard 
alloy products is based on sintering blanks obtained 
by cold pressing in steel or hard alloy molds. These 
molds ensure the necessary density and high preci-
sion, possess high productivity, and have a long ser-
vice life, but are limited in terms of product shape 
and require significant costs for their manufactur-
ing. In recent years, additive technologies have been 
employed to produce complex-shaped hard alloy 
products from structural materials [2–4]. However, 
these methods face certain challenges. For example, 
producing high-density hard alloy products using 
selective laser sintering is complicated by changes in 
chemical composition [4–15], while blanks for sinter-
ing obtained by binder jetting (BJ) [4; 16–23], fused 
filament fabrication (FFF) [24], and gel-based 3D 

printing (3DGP) [25; 26] have reduced density due 
to the lack of pressure.

An alternative method involves using plastic molds 
manufactured on a 3D printer for slip casting of hard 
alloy and ceramic blanks, which are later sintered 
using conventional methods [27; 28]. When using 
these methods, the volumetric fraction of the plasti-
cizer must be significantly increased (over 50 vol. %). 
Removing the plasticizer from the blanks creates pores, 
reducing the density of the products made using these 
methods. Studies have shown that WC–15Co hard 
alloy blanks can be produced by pressing at pres-
sures up to 120 MPa in plastic molds made by layer-
by-layer deposition [29]. The resulting alloy samples 
match the density and characteristics of those obtained 
by pressing in conventional steel molds. Expanding 
the applicability of this method requires broadening 
the range of materials used and increasing pressing 
conditions. 

  mea80@list.ru
Аннотация. Были изготовлены режущие пластины из твердого сплава WC–5TiC–10Co спеканием заготовок, спрессованных 

в пластиковой форме, полученной из полилактида на 3D-принтере методом послойной наплавки. Исследовано влияние 
давления прессования и содержания пластификатора (каучука) в порошковой смеси на плотность заготовок. С повышением 
давления прессования от 50 до 200 МПа плотность заготовок возрастает только на 2–6 %. При увеличении концентрации 
пластификатора в порошковой смеси с 1 до 6 % происходит повышение плотности заготовок на 28–32 %. Установлено, 
что значения плотности заготовок режущих пластин, получаемых в пластиковой пресс-форме, незначительно отличаются 
от плотности стандартных заготовок, получаемых в стальной пресс-форме. После спекания в вакуумной печи при темпера-
туре 1450 °С были исследованы плотность, содержание углерода, пористость, микроструктура, шероховатость поверхности, 
твердость и вязкость разрушения всех спеченных режущих пластин, стандартных образцов и коммерческого аналога. Пока-
зано, что формирование свободного углерода в результате разложения каучука приводит к снижению плотности готовых 
изделий, а следовательно, и их твердости. Относительная плотность (98,7 %) режущей пластины, полученной в пласти-
ковой пресс-форме при давлении прессования 50 МПа из порошка, содержащего 1 % каучука, превышает плотность 
коммерческой режущей пластины (98,5 %). Полученная режущая пластина имеет высокие твердость (1400 HV) и вязкость 
разрушения (13,5 МПа·м1/2). Изготовленная режущая пластина из сплава WC–5TiC–10Co не уступает по скорости износа по 
задней грани коммерческой пластине из твердого сплава Т5К10 при точении стальной заготовки.  

Ключевые слова: режущая пластина, прессование, твердый сплав, 3D-печать, пресс-форма, полилактид
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The goal of this study was to investigate the effect 
of plasticizer concentration and pressing pressure 
(up to 200 MPa) in plastic molds on the density, micro-
structure, hardness, and fracture toughness of cutting 
inserts made from the WC–5TiC–10Co hard alloy. 
The wear resistance of the obtained samples was also 
compared with a commercial equivalent.

Research methodologyResearch methodology
To assess the effect of plasticizer concentration and 

pressing pressure on the properties of the experimen-
tal samples, 200 g of WC–5TiC–10Co powder was 
prepared by mixing powders from the Kirovgrad Hard 
Alloy Plant: WC (73.3 %, WC3), (Ti,W)C (16.7 %, 
TWC3), and Co (10 %, PK1U)) in a PM-400 pla-
netary mill (Retsch, Germany) for 120 min at 350 rpm. 
The ball-to-powder mass ratio was 3:1. After mixing, 
the powder was divided into four equal parts, each 
of which was supplemented with 1, 2, 4, and 6 wt. % 
rubber as a solution. The resulting mixtures were 
pressed after drying and granulation. 

The plastic mold for pressing the SNUM-120408 
cutting insert blanks (Fig. 1, c) was made of polylac-
tide (PLA, produced by Bestfilament, Tomsk) using 
layer-by-layer deposition technology on a Flash 
Forge Dreamer 3D printer (China). The filling was 
100 %, with a first layer thickness of 0.27 mm and 
sub sequent layers of 0.1 mm. The printing tempera-
ture was 200 °C. The compressive strength, Young’s 
modulus, and Poisson’s ratio of the plastic, accord-
ing to test results, were 70 MPa, 1.54 GPa, and 0.38, 
respectively [29; 30]. A steel shell, steel rod, and steel 
pusher were used to ensure high pressing pressures 
(up to 200 MPa) in the plastic mold (Fig. 1, b, c). 

From each batch of powder, four samples weigh-
ing 8 g each were pressed in plastic molds at pressures 
of 50, 100, 150, and 200 MPa, and one rectangular 
blank measuring 24×8×8 mm was pressed in a steel 
mold at 200 MPa for comparison. A total of 20 diffe-
rent samples were obtained (Fig. 1, e). After press-
ing, the density of the obtained blanks was measured. 
The blanks were sintered after plasticizer removal 
(Fig. 1, d) at a maximum temperature of 1450 °C. After 

Fig. 1. 3D model of the cutter (a), mold diagram (b), mold (c), blanks after pressing (d),  
sintered samples and commercial T5K10 cutting insert (e) 

Рис. 1. 3D-модель резца (a), схема пресс-формы (b), пресс-форма (c), заготовки после прессования (d),  
спеченные образцы и коммерческая режущая пластина Т5К10 (e)
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sintering, the samples were ground and polished for 
microstructure analysis. Hardness, fracture toughness, 
and strength (only for rectangular samples) were mea-
sured, and wear resistance tests were conducted during 
the turning of steel 45 using the cutting insert produced 
at a pressing pressure of 50 MPa from a powder mix-
ture containing 1 % rubber, compared with the com-
mercial SNUM-120408 insert made from the T5K10 
alloy by KZTS.

Pressing and testing of the punches and sintered 
samples were conducted on an IP-250M test press 
(ZIPO LLC, Armavir) at a loading rate of 0.5 kN/s. 
The pressing force required to achieve pressures 
of 50, 100, 150, and 200 MPa was calculated based on 
the punch area (191 mm2) and the friction force against 
the walls of the matrix (11 % of the force). The den-
sity of the powder compacts and sintered samples was 
determined by hydrostatic weighing on Vibra scales 
(Shinko, Japan). The relative densities of the powder 
compacts and sintered samples were calculated based 
on the known densities of the WC–5TiC–10Co alloy 
(12.95 g/cm3) and rubber (0.9 g/cm3). Plasticizer re -
moval and sintering were performed in a Carbolite 
STF vacuum furnace (Carbolite Gero, UK). Strength 
testing of rectangular samples was carried out accor-
ding to standard methodology (ISO 3327:2009). 
Carbon content in the powders was measured on 
an EMIA 320V2 analyzer (Horiba Ltd., Japan) after 
the removal of the plasticizer by heating along with 
other samples. The microstructure of the sintered hard 
alloy products was examined using optical (Altami, 
St. Petersburg) and scanning electron microscopes 
(Tescan Orsay Holding, Czech Republic). The average 
grain diameter was calculated using standard metho-
dology (ASTM E112-13). The Vickers hardness of all 
samples was determined using an HVS-50 hardness 
tester (Time Group Inc., China) (with an accuracy 
of 2 %) at a load of P = 294 N. Fracture toughness 
(K1c ) was calculated based on the total crack length (Σl) 
from the hardness tester indenter using the Palmqvist 
method (ISO 28079) at a load of P = 294 N according 
to the Shetty equation:

    (1)

The performance characteristics of the obtained cut -
ting insert (1 % rubber, pressure of 50 MPa) and the com-
mercial insert were determined during rough turning 
(cutting speed of 100 ± 10 m/min, depth of 1.5 mm, feed 
of 0.2 mm/rev, duration of 3.5 min, length of 330 m) 
and finishing (cutting speed of 125 ± 15 m/min, depth 
of 0.2 mm, feed of 0.05 mm/rev, duration of 10.5 min, 
length of 1320 m) of a cylindrical workpiece with 
a diameter of 50 to 60 mm made of steel 45 on a 16K20 

lathe (Krasny Proletary Plant, Moscow). The profiles 
of the rear surfaces of the cutting inserts and steel 
workpieces were examined using a Tr-200 profilometer 
(Time Group Inc., China).

Results and discussionResults and discussion
The observed ability of polylactide punches to with-

stand a pressing pressure of 70 MPa, exceeding the yield 
strength of this material, is explained by the fact that, 
according to the von Mises criterion, under such a load, 
the resulting equivalent stress decreases due to the pre-
sence of the second and third principal stresses within 
the steel shell (Fig. 1, b, c). Additionally, friction 
between the punch, the matrix walls, and the pusher 
leads to a reduction (by 11 ± 5 %) in the pressure 
exerted on the blank. The dependence of the relative 
density of the blanks (ρ) on the pressure (P) (Fig. 2, a) 
is well described by the known relationship [31]:

         ρ = A + B lnP. (2)

The parameter B characterizes the rate of density 
increase with increasing pressure. Thus, as the press-
ing pressure increases from 50 to 200 MPa, the den-
sity of the blanks increases by 2–6 % for different 
plasticizer concentrations (Fig. 2, a), in full agreement 
with the relationship (2). The relatively small den-
sity increase with increasing pressure should prevent 
uneven density distribution during blank pressing. 
The coefficient A in equation (2) shows the density 
achieved at the initial stage of pressing at relatively 
low pressure, which depends on the plasticizer con-
tent and other parameters of the mixture. The relative 
density of the blanks pressed at 50 MPa increases from 
62 to 95 % as the plasticizer concentration increases 
from 1 to 6 % (Fig. 2, b). 

An increase in the plasticizer fraction from 1 to 6 % 
leads to a 28–32 % increase in blank density at vari-
ous pressing pressures (Fig. 2, b), which is significantly 
greater than the density increase caused by increasing 
the pressing pressure (Fig. 2, a). The density of all 
the obtained blanks exceeded the density of blanks 
manufactured using other 3D printing methods 
by 20–45 % [19; 21–23; 28; 32]. This is primarily due 
to the fact that in 3D printing, direct compaction occurs 
only under the influence of gravity and surface tension 
forces. Fig. 2, a and b show that the density of the blanks 
obtained in a steel mold at 200 MPa is no different from 
the density of the blanks obtained in a plastic mold 
at the same pressure and plasticizer content.

For the sintered samples, it was found that changes in 
pressing pressure have almost no effect on their density 
(Fig. 2, c). Increasing the rubber concentration from 1 
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to 6 % leads to a decrease in the density of the pro-
ducts from 99.3–99.8 to 86.0–88.6 % (Fig. 2, d), which 
is due to the increase in free carbon concentration 
formed during rubber decomposition. Analysis showed 
that the amount of free carbon in the sintered samples 
increases linearly from 0.15 to 0.64 % as the rubber con-
centration in the blanks rises from 1 to 6 % (Fig. 2, e), 
corresponding to the formation of approximately 0.1 % 
free carbon per 1 % rubber. The increase in the poro-
sity of the samples correlates well with the increase 
in free carbon content (Fig. 2,  f), meaning the pores 
detected in the microstructure are actually inclusions 
of free carbon. The porosity values obtained by ana-
lyzing their share in the microstructure surface area 
(Fig. 3, a–e) also fit this pattern (Fig. 2,  f). It should be 
noted that the relative density (99.8 %) of the sample 
pressed at 50 MPa from powder containing 1 % rubber 
is equal to the density of the commercial cutting insert 
(99.8 %).

The sintered samples also do not fall behind in 
relative density compared to the best WC–Co alloy 
samples with cobalt content up to 15 %, obtained by 
direct SLM and SLS methods (densities, %: 96 [5], 
96.1 [11], 97.3 [16], 92.4 [17], 98 [33], 97.4 [34]). 
There is a slight lag in relative density compared 
to the samples produced by sintering blanks obtained 
by BJ (100 % [23], 100 % [24]) and FFF methods 
(>99 % [35]). Considering that the density of the blanks 
obtained by BJ and FFF methods (20–45 %) is signifi-
cantly lower than the density of the blanks obtained in 
this study (65–95 %) (Fig. 2, a, b), it can be assumed 
that the slight lag in density of the obtained sin-
tered samples (1 %) is due to the lower sinterability 
of the WC–TiC–Co alloy compared to WC–Co alloys 
and the less advanced sintering method (LPS).

The projections of the obtained and commercial 
cutting inserts are similar to each other (Fig. 4, a, d). 

Fig. 2. Dependence of the density of compacts (а, b) and sintered samples (c, d) on pressure (а, c) and rubber concentration (b, d).
Dependence of free carbon concentration (e) and porosity (f) of sintered samples on the rubber concentration of in the blank

а, c: 1 – stell mold; 2–5 – PLA mold; 2 – 1 % rubber, 3 – 2 %, 4 – 4 %, 5 – 6 %
b, d: 1 – stell mold, 2–5 – PLA mold; Р, MPa – 50 (2), 100 (3), 150 (4), 200 (1, 5)

f: 1 – calculated value, 2 – microstructure analysis 

Рис. 2. Зависимость плотности прессовок (а, b) и спеченых образцов (c, d) от давления (а, c) и концентрации каучука (b, d).
Зависимость концентрации свободного углерода (e) и пористости (f) спеченных образцов  

от концентрации каучука в заготовке
а, c: 1 – стальная пресс-форма; 2–5 – PLA-форма; 2 – 1 % каучука, 3 – 2 %, 4 – 4 %, 5 – 6 %
b, d: 1 – стальная пресс-форма, 2–5 – PLA-форма; Р, МПа – 50 (2), 100 (3), 150 (4), 200 (1, 5)

f: 1 – расчетное значение, 2 – анализ микроструктуры
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The surface of the insert sintered after pressing in 
a plastic mold is distinguished by the characteristic 
traces of layers obtained during 3D printing. In addi-
tion, the microstructure of the obtained sample shows 
defects formed during the separation of the plastic 
punch from the blank. The side surface does not have 
such defects. There are no large defects on the poli-
shed section that would differentiate the obtained 
sample (Fig. 4, b) from the commercial counter-
part (Fig. 4, e). Microstructure analysis showed that 
the obtained sample (Fig. 4, c) has a larger carbide 
grain size (ave rage WC grain diameter davg = 1.26 µm) 
compared to the commercial counterpart (Fig. 4, f) 
(davg = 0.88 µm). It can be expected that the other 
samples also have a larger average grain diameter.

The hardness of the samples pressed in the plastic 
mold increases from 1010 to 1400 HV as their density 
rises from 85.0 to 98.7 % (Fig. 5, a). Measurements 
showed that the fracture toughness of these samples 
is largely independent of their density (Fig. 5, b). 
The presented dependencies (Fig. 5, a, b) show 
that the commercial cutting insert has higher hard-
ness (1450 ± 10 HV) and lower fracture toughness 
(12.1 ± 0.4 MPa·m1/2). According to the analysis of sin-

tered samples obtained by pressing in a steel mold, 
their strength increases with rising density (Fig. 5, c). 

Profile measurements of the cutting inserts (Fig. 6) 
showed that the roughness of the experimental tool was 
predictably higher than that of the commercial cutting 
insert (see Table), due to surface micro-irregularities 
formed during pressing. These irregularities resulted 
from the adhesion of plastic to the blank and the rep-
lication of imperfections in the plastic mold’s surface, 
which were introduced during 3D printing. 

Hardness and roughness are the primary factors 
influencing the performance of both the experimental 
(Fig. 7, a, b) and commercial (Fig. 7, c, d) cutting inserts, 
made from the same material, during rough (Fig. 7, a, c) 
and finishing (Fig. 7, b, d) turning. The increased rough-
ness and lower hardness of the experimental insert 
resulted in 5–7 % higher surface roughness on the work-
pieces after both rough and finishing turning compared 
to the commercial insert (see Table). 

Adhesive wear of the WC–5TiC–10Co alloy cutting 
inserts during carbon steel turning, where conti nuous 
chips are formed (Fig. 7, a, c), predominates over 
other types of wear. In this process, the composition 

Fig. 3. Microstructures of samples sintered after pressing at pressing at 50 MPa (а, c–e) and 200 MPa (b)  
with varying plasticizer content, and the microstructure of the commercial sample (f)

Rubber content, wt. % – 1 (а, b), 2 (c), 4 (d), 6 (e) 

Рис. 3. Микроструктуры образцов, спеченных после прессования при давлении 50 МПа (а, c–e) и 200 МПа (b)  
при различном содержании пластификатора и микроструктура коммерческого образца (f)

Доля каучука, мас. % – 1 (а, b), 2 (c), 4 (d), 6 (e)
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Fig. 4. Macrostructures (а, d) and microstructures (b, c, e, f) of the WC–5TiC–10Co hard alloy insert (а–c)  
sintered after pressing the powder in a plastic mold (P = 50 MPa, 1 % rubber),  

and the commercial cutting insert SNUM 120408 made from T5K10 alloy (d–f) 

Рис. 4. Макроструктуры (а, d) и микроструктуры (b, c, e, f) твердосплавной вставки WC–5TiC–10Co (а–c),  
спеченной после прессования порошка в пластиковой пресс-форме (Р = 50 МПа, 1 % каучука),  

и коммерческой режущей пластины SNUM 120408 из сплава Т5К10 (d–f)

Fig. 5. Dependence of hardness (a), fracture toughness (b), and strength (c) of the obtained samples on their density
а: 1 – commercial T5K10 insert; 2 – steel mold; 3–6 – PLA form 

Р, МРа: 200 (2), 50 (3), 100 (4), 150 (5), 200 (6) 
b: 1 – commercial T5K10 insert; 2 – experimental samples 

Рис. 5. Зависимость твердости (а), вязкости разрушения (b) и прочности (c) полученных образцов от их плотности
а: 1 – коммерческая пластина Т5К10; 2 – стальная пресс-форма; 3–6 – PLA-форма

Р, МПа: 200 (2), 50 (3), 100 (4), 150 (5), 200 (6) 
b: 1 – коммерческая пластина Т5К10; 2 – экспериментальные образцы
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of the cutting inserts plays the most significant role, 
and since the composition is the same in both cases, 
differences in hardness have less impact. The wear on 
the rear edge of the experimental cutting insert during 
both rough and finishing turning was 5–6 % higher 
than that of the commercial counterpart. In this case, 
the main cause was the difference in hardness.

ConclusionsConclusions
The experimental results confirmed that using 

a polylactide mold produced by additive manufactu-

Results of testing cutting inserts when turning steel 45 
Результаты испытания режущих пластин при точении стали 45

Sample
Roughness of the rear 
surface of the insert, 

Ra , µm

Roughness of the workpiece, Ra , µm Wear on the rear edge, µm
after rough 

turning
after finishing 

turning
after rough 

turning
after finishing 

turning
Experimental 0.64 ± 0.08 3.90 ± 0.43 2.34 ± 0.23 101 149
Commercial 0.55 ± 0.10 3.68 ± 0.18 2.19 ± 0.19 96 141

Fig. 6. Profile of the side surface of the experimental (b)  
and the commercial (а) cutting inserts 

Рис. 6. Профиль боковой поверхности  
экспериментальной (b) и коммерческой (а) режущих пластин

Fig. 7. Rough (а, c) and finishing (b, d) turning using the experimental (а, b) and a commercial (c, d) cutting insert 

Рис. 7. Черновое (а, c) и чистовое (b, d) точение экспериментальной (а, b) и коммерческой (c, d) режущих пластин
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ring, complemented by a steel shell and pusher, 
enables the pressing of hard alloy blanks at pressures 
up to 200 MPa. The density of the cutting insert blanks 
pressed in these molds from WC–5TiC–10Co is only 
slightly different from the density of blanks produced 
in steel molds at the same pressure. As pressing pres-
sure increases, the density of the blanks grows only 
by 2–6 %, while increasing the plasticizer concentra-
tion in the initial powder mixture by 1 to 6 % results in 
a more significant density increase of 28–32 %. 

The pressing pressure has little impact on the den-
sity of sintered cutting inserts. As the plasticizer con-
centration increases (from 1 to 6 %), the free carbon 
concentration rises (from 0.15 to 0.64 %), which leads 
to a decrease in the relative density, hardness, and 
strength of the samples. Cutting inserts made from 
WC–5TiC–10Co powder with 1 % plasticizer have si -
mi lar density and porosity to commercial T5K10 inserts. 
However, they exhibit lower hardness (1400 ± 10 HV) 
and higher fracture toughness (135 ± 0.4 MPa·m1/2) 
compared to commercial samples (1447 ± 15 HV and 
121 ± 0.4 MPa·m1/2) of the same alloy, primarily due 
to the larger average WC grain size. The wear rate 
of the experimental cutting insert is 5–7 % higher than 
that of the commercial tool, due to its lower hardness 
and higher surface roughness.
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