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printing for tooling fabrication with the use of a medium-entropy Fe—Ni—Co-bonded cemented carbide, enables the efficient
production of functional cemented carbide dies for small-scale production. The WC-5 Fe—5 Ni—5 Co cemented carbide,
exhibiting higher hardness and wear resistance, is a promising alternative to the standard WC—15 Co cemented carbide for
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Introduction

Tungsten carbide-cobalt cemented carbides are widely used as tool materials due to their exceptionally
high hardness, wear resistance, and fracture toughness compared to other hard materials [ 1-4]. In particular,
cemented carbides are used in the production of dies for industrial-scale manufacturing. Reducing the
manufacturing cost of cemented carbide die components and improving the characteristics of the powders
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used are relevant issues [5]. The cost and properties of WC-based cemented carbides depend significantly
on the properties of the binder metal.

Cobalt is often used as a binder for WC-based cemented carbide, but it has several disadvantages. These
include primarily its high market cost due to increased demand for cobalt for battery production [6] and
the toxicity of both cobalt itself (hazard class 2 according to GOST 9721-79) and its mixture with tungsten
carbide powder [7, 8].

Fe and Ni, as well as Co, belong to group VIII of the periodic table and can be ideal alternative
binder materials [9]. Moreover, a binder phase made of a medium-entropy Fe-Ni-Co alloy increases the
fracture toughness of the cemented carbide [10]. Replacing part of the cobalt with nickel and iron is aimed
primarily at improving the binder properties and reducing the cost of cobalt powder in cemented carbide
production. However, most studies focus on the production and investigation of the microstructure [11, 12]
and fundamental mechanical properties (hardness, strength, fracture toughness) of alloys with modified
binder compositions [13—19]. To solve the problem of replacing the binder component in the production
of cemented carbide dies, it is necessary to conduct a comparative analysis of the phase composition,
microstructure, density, hardness, fracture toughness, strength, and wear resistance of the tungsten-cobalt
alloy (WC-Co) and its analogue with a medium-entropy binder (WC-Fe-Ni-Co).

An additional factor increasing the cost of carbide tooling is the need for complex and expensive
electrical discharge machining. Electrical discharge machining requires expensive machines (costing from
600,000 rubles) and a CulV electrode, and the material loss during processing of the carbide workpiece
is significant. Modern studies demonstrate the possibility of obtaining products of complex configuration
using 3D printing methods. Their manufacture requires 3D printers costing from 50,000 rubles, and the
loss of starting material is less, as there is no need to make allowances for electrical discharge machining.

Products obtained by selective laser sintering or melting [12, 19-25] often have inferior properties
compared to those obtained by conventional technology due to residual porosity and undesirable phase
transformations caused by the need for heating above 2,000 °C, leading to tungsten carbide decomposition.
The use of binder jetting [26—28] and extrusion technologies [29] for 3D printing of blanks from powder-
polymer mixtures is hindered by the low flowability of the compositions and, consequently, insufficient
density of the semi-finished products.

A promising method is the use of polymer dies manufactured by 3D printing methods for forming
cemented carbide blanks followed by their sintering [30—34]. This method combines low cost (due to the
use of inexpensive 3D printing methods) with high product characteristics (due to the high density of the
blanks). The main problems with the application of this method remain the low rigidity and limited accuracy
of plastic die components obtained by photopolymer 3D printing, which compromises the accuracy of
cemented carbide blanks and products. It is necessary to verify the possibility of applying this method
to obtain cemented carbide die components used in powder metallurgy. In particular, it is necessary to
verify that an SNUM-120408 cutting insert manufactured using a die obtained by this method meets the
requirements of existing standards.

The aim of this work is to investigate the possibility of using additive technologies for forming die
blanks from WC-15Co and WC-5Fe-5Ni-5Co alloys and to conduct a comparative analysis of the phase
composition, microstructure, density, hardness, fracture toughness, strength, and wear resistance of these
materials.

To achieve this aim, the following tasks were addressed during the research:

— to determine the phase composition, microstructure, density, hardness, fracture toughness, strength,
and microabrasive wear resistance of WC-15Co and WC-5Fe-5Ni-5Co alloys and to conduct a comparative
analysis;

— to verify the compliance of the main dimensions of SNUM-120408 cutting inserts made of W(C-
6Co cemented carbide, manufactured using experimental cemented carbide dies, with the requirements
of GOST 19052-80 and GOST 19042-80, and to compare them with the dimensions of a commercial
cutting insert.

CM Vol 28 No. 22026



MATERIAL SCIENCE OBRABOTKA METALLOV %

For the first time, this work uses photopolymer dies to manufacture punch and die blanks for dies made
of cemented carbide with an alternative binder in the form of a Co—Fe-Ni solid solution. This approach
significantly simplifies the procedure for manufacturing dies for powder metallurgy.

Methods

For the creation of all samples, a medium-grain WC powder (grade WC3, KZTS, Russia) was used.
A photograph of the WC powder and its particle size distribution is shown in Fig. 1. Cobalt (grade PK-IF,
GOST 9721-79, Russia), nickel (PNK-UT3, GOST 9722-97), and iron (ZhKV, TU 6-05-0210316-007-88)
powders were used as a binder.
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Fig. 1. Photograph of powder particles and particle size distribution of WC powder

Preparation of two batches (240 g each) of WC-15Co and WC-5Fe-5Ni-5Co compositions was carried
out in a Retsch PM-400 ball mill. The process lasted 1 hour at a rotation speed of 250 rpm in tungsten
carbide jars with balls (ball-to-powder ratio 5:1). To improve formability, 1.5 wt.% rubber (as a 5 wt.%
solution in petrol) was added to the mixture. After drying, the mixture was granulated by rubbing through
a sieve.

From a portion of the obtained granules, bar-shaped samples (24 x 8 x 8 mm, weight 10 g) for standard
tests were compacted in a steel die at a pressure of 200 MPa. The remaining material was used for pressing
tooling components in photopolymer dies at a pressure of 50 MPa to avoid damaging the latter, since it was
previously determined that increasing the pressing pressure in photopolymer dies from 50 to 200 MPa has
little effect on the properties of the finished cemented carbide products [32].

The powder mixture for obtaining SNUM-120408 cutting inserts (WC-6Co cemented carbide) was pre-
pared similarly from WC and Co powders (total weight 30 g, mixing time 1 h).

A 3D model of the SNUM-120408 cutting insert was developed in accordance with the requirements
of GOST 19052-80 (Fig. 2, a). Next, a 3D model of the cutting insert blank was developed based on the
previously determined shrinkage of W(C-6Co alloy blanks during sintering. 3D models of the die and punch
blanks for the cemented carbide die (Figs. 2, b, ¢) were developed considering the shrinkage of the die com-
ponent blanks during sintering and an allowance of 0.1 mm for diamond grinding. The shrinkage of the die
components was calculated based on the ratio of the material density of the blanks after plasticizer removal
to the theoretical density of the WC-15Co and WC-5Fe-5Ni-5Co alloys.

The die components were manufactured using photopolymer 3D printing on a PhrozenSonicMini 8K 3D
printer. The layer height during 3D printing was 20 pm.

The process diagrams for forming using plastic tooling (made of Water-Wash Resin 2.0, Anycubic,
China) are shown in Figs. 2, d, e. Fig. 2, f shows the finished main parts of the photopolymer die.

Punch blanks weighing 15 g (Fig. 2, b) and die blanks weighing 210 g each (Fig. 2, ¢) were pressed
from granules obtained from WC-15Co and WC-5Fe-5Ni-5Co. Bar blanks were pressed in a steel die at
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Fig. 2. Three-dimensional models of:

a — cutting insert blank; b — cemented carbide punch; ¢ — carbide die; d — Diagram of pressing die blanks; e — diagram of pressing
punch blanks; f— Components of the photopolymer die for producing cemented carbide die blanks; g— WC-15Co alloy die blank
after pressing

a pressure of 200 MPa. The die component blanks were pressed from WC-15Co (Fig. 2, g) and WC-5Fe-
SNi-5Co alloys in plastic dies at a pressure of 50 MPa to avoid damaging the photopolymer die parts and
significant deformation of the blanks.

Cutting insert blanks weighing 8.5 g each were pressed in dies made of WC-15Co and WC-5Fe-5Ni-5Co
alloys at a pressure of 200 MPa. Four cutting inserts were manufactured, two in each die.

Then, all die blanks were placed in a Carbolite STF furnace, and the plasticizer was removed in an argon
atmosphere during heating from 20 °C to 700 °C at a rate of 1-4 °C/min. Final sintering was performed
under vacuum at a maximum temperature of 1,400 °C for one hour in the same furnace after cleaning.
Sintering of the W(C-6Co cemented carbide cutting inserts was carried out in the same furnace for one hour
at a temperature of 1,450 °C.

After sintering, the bars were ground and polished to meet the dimensions 20 x 6.5 X 5.25 mm accord-
ing to SO 3327:2009 and for further study of microstructure, hardness, and strength. The surfaces of the
die components were ground and polished to reduce roughness. Microstructure and hardness were studied
on the prepared samples.

The density of the obtained samples was determined by hydrostatic weighing using analytical scales
(Vibra Shinko Denshi) with a density determination kit. Each sample was measured three times after drying.
Strength assessment during testing of one bar for each composition was performed on an /P-250M testing
machine according to GOST 20019-74. The phase composition was studied using a DRON-7M X-ray dif-
fractometer. Hardness was determined using an HVS-50 hardness tester at a load of 30 kgf based on five
measurements for each sample.

The WC grain size was determined by the linear intercept method (4ASTM E112-24) on microstructural
photographs based on the analysis of more than 300 grains.

Wear resistance tests were carried out according to the “free ball-plane” scheme using a Calotest in-
strument (CSM Instruments, Switzerland) in accordance with the scheme presented in [35]. The samples
were placed at an angle of 40 © relative to the vertical plane. A carbide ball weighing 59.72 g and 20 mm
in diameter was used as a counterbody. A suspension of fine aluminum oxide abrasive particles (average
particle size 5 um) in mineral oil at a mass ratio of 1:10 was used as the abrasive medium. The flow rate of
the suspension into the contact zone between the ball and the sample was 0.005 mL/min (one drop every

% Vol. 28 No. 2 2026



MATERIAL SCIENCE OBRABOTKA METALLOV %

10 minutes). The duration of each microabrasive wear test was 30 minutes. Each measurement was per-
formed three times. The linear speed of the counterbody at the contact point was 0.51 m/s. The distance
traveled in 30 minutes was L =918 m.

The wear volume during tests was determined as the volume of the crater (V) in the shape of a spherical
segment with base diameter d, and height A:

d> n
- h? a2
V=n (8h+6] (1)

The crater diameter d, and height & were measured on the profile of the central section of the crater
obtained using a profilometer. The specific wear of all materials was calculated using formula (2):

v
W=or (2)
where P =0.415 N is the normal load.

After the wear resistance testing, the profiles of the formed craters were studied using a 7Time Group Inc
TR200 profilometer. The microstructure of the sample surfaces and the formed craters was studied using an
Altami MET 3 APO optical microscope and a Tescan Vega scanning electron microscope. The compositions
of the ground surfaces and craters were studied by EDS using an Oxford X-Max 80 detector.

Measurements of the dimensions of the manufactured cutting inserts were carried out using an optical
microscope and an MK-25 micrometer (error 4 um). Measurements on different samples and different faces
of the inserts were performed three times for each dimension. Confidence intervals for all measurements
were calculated with a confidence level of 0.95 using Student s t-distribution.

A cutting insert SNUM-120408 (GOST 19052-80) made of WC-8Co cemented carbide was used as a
reference sample for dimensional comparison.

Results and discussion

Density and shrinkage of bars and die components

Based on the results of measuring the density of the bar blanks, the shrinkage of the samples was calcu-
lated: 21.6% for WC-15Co and 21.7% for WC-5Fe-5Ni-5Co.

As a result of sintering, bar samples of WC-15Co and WC-5Fe-5Ni-5Co alloys were obtained, with
densities of 13.99 + 0.01 g/cm’ and 13.88 + 0.01 g/cm’, respectively. The theoretical density, usually cal-
culated using the rule of mlxtures (ASTM B311-17) for these alloys (p,. = 15.65 glem’, p re = 8:87 glem’,
Pc,™ 8.90 g/cm s Py; = 8.90 g/cm ), is estimated (w1thout considering the solubility of carbon and tungsten
in the metallic binder) to be approximately 14.05 g/cm

In this case, the relative density of the obtained alloys is 99.6% for WC-15Co and 98.8% for WC-5Fe-
SNi-5Co, which corresponds to the density of the WC-Fe-Ni-Co alloy (99%) reported in [36]. The density
of the WC-15Co alloy was higher because cobalt wets tungsten carbide better than iron and nickel. The
adhesion energies of Fe, Ni, Ni-Co, Ni-Fe, Fe-Ni-Co layers and WC, calculated by computer modeling
methods based on density functional theory [37—40] and presented in Table 1, are lower than the adhesion
energy of cobalt layers and tungsten carbide.

Based on the different relative densities, the porosity of the WC-15Co alloy bars was lower (0.4%) than
that of the WC-5Fe-5Ni-5Co alloy samples (1.2%). Determining porosity by relative density allows one
to approximately estimate the porosity of the samples. GOST 3882-74 permits density deviations of up to
2.5%. At the same time, an increase in porosity negatively affects the hardness and strength of cemented
carbides.

The shape and dimensions of the obtained experimental die components satisfy the requirements for a
carbide die (Fig. 3). The density of the WC-15Co die was 13.92 + 0.02 g/cm3, and that of the WC-5Fe-5Ni-
5Co die was 13.81 +0.02 g/em’.
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Table 1
Adhesion energies of metallic bonds to the W surface calculated using computer modeling methods
Metallic bond in the cement carbide Adhesion energy (J/mz) Reference

Fe 3.44 [37]
Ni 4.61 [38]

Co 6.85-8.78 [39] [40]
Ni-Fe 4.688-4.809 [38]
Ni-Co 4.72-4.786 [38]
Fe-Ni-Co 6.574 [40]

Fig. 3. Photograph of the obtained die components made
of WC-15Co and WC-5Fe-5Ni-5Co cemented carbides

WC-15Co WC-5Fe-5Ni-5Co

It was previously established that the pressing pressure has an insignificant effect on the density of
cemented carbide products obtained using plastic dies [32, 33]. Therefore, despite the lower pressing
pressure, the relative density of the die components made of WC-15Co (99.1%) and WC-5Fe-5Ni-5Co
(98.3%) alloys was slightly lower than the density of the bars. The deviations in relative density of the die
components (0.9% and 1.7%) are within the tolerance of GOST 3882-74.

The slight decrease in density is attributed to the greater height of the products and greater unevenness
in density distribution within the die component blanks, which results from increased friction between the
blank and the walls of the plastic die during pressing.

Phase composition, microstructure, and mechanical properties of WC-15Co and WC-5Fe-5Ni-5Co
cemented carbides

The phase composition of the obtained alloys differs only in the position of the cobalt phase peak in the
WC-15Co alloy and the Fe-Ni-Co solid solution peak in the WC-5Fe-5Ni-5Co alloy (Fig. 4). While in the
WC-15Co alloy the peak position strictly corresponds to the FCC phase of cobalt, in the WC-5Fe-5Ni-5Co
alloy a significant decrease in intensity and a slight shift are observed. This occurs due to the formation of
a multi-component disordered solid solution consisting of iron, nickel, and cobalt atoms. A slight change in
the relative intensities of the W crystal lattice peaks is observed, which can be explained by the different
shapes of the crystals formed during sintering as a result of recrystallization through the liquid phase.

Microstructural analysis confirmed (Fig. 5) that the obtained alloys consist only of binder and WC
grains. No individual phases were detected in the WC-5Fe-5Ni-5Co alloy. This confirms the formation of a
homogeneous solid solution consisting of iron, nickel, and cobalt atoms. Nevertheless, the WC grains in the
WC-5Fe-5Ni-5Co alloy deviate significantly more from the regular shape than those in the WC-15Co alloy.
This is because the grain growth rate by recrystallization through the liquid phase in the WC-5Fe-5Ni-5Co
alloy is lower, and accordingly, grain growth and the formation of regular facets in such an alloy are slower.

Compared to the cobalt binder, the multi-component binder suppresses WC grain growth due to the
retarded diffusion effect. It is known that the average WC grain size decreases with an increase in the
content of the multi-component binder [41]. This explains the redistribution of the heights of the WC phase
peaks in Fig. 4.
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Fig. 5. Microstructures of (a) WC-15Co and (b) WC-5Fe-5Ni-5Co cemented
carbides

According to literature data, the hardness of Co and Fe-Ni-Co (160-260 HV) is approximately
the same [42]. Due to the smaller grain size (1.18 pm), the hardness of the WC-5Fe-5Ni-5Co alloy
(1,070 £ 20 HV) was higher than that of the WC-15Co alloy (1,010 £ 30 HV), whose average WC grain
diameter was 1.40 um. This roughly corresponds to the difference in hardness of alloys with Co and
Fe-Ni-Co binders observed in other studies [43].

Preliminary tests of two samples yielded close strength values (2,180 MPa for WC-15Co and
1,970 MPa for WC-5Fe-5Ni-5Co), which supports the hypothesis that there are no sharp differences in
strength. However, additional studies are required for a statistically significant conclusion.

Wear tests showed that the average diameter and depth of craters in samples made of WC-5Fe-5Ni-5Co
alloy (Figs. 6, d-6, e, 7, b) are smaller than those in samples made of WC-15Co alloy (Figs. 6, a—6.,b, 7,a).
This is primarily due to the smaller grain size and higher hardness of the WC-5Fe-5Ni-5Co alloy.

In the microstructure of the crater of the WC-15Co alloy (Fig. 6, ¢), it can be seen that cobalt is almost
completely removed as a result of the abrasive action of the aluminum oxide particles. In the microstructure
of the crater surface of the WC-15Co hard alloy, many large WC grains are visible, partially affected by the
abrasive. That is, a significant part of the grains are torn out as a result of intergranular fracture under the
action of the abrasive.

At the same time, in the microstructure of the crater of the WC-5Fe-5Ni-5Co alloy (Fig. 6, f), there are
significantly more WC grains with traces of abrasive action, which indicates a predominantly transgranular
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Fig. 6. Photographs of wear craters after microabrasive wear in the WC-15Co (a—c) and WC-5Fe-5Ni-5Co (d—f)
cemented carbide specimens, obtained using optical (a, d) and scanning electron microscopes (b, ¢, e, f)
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Fig. 7. Wear crater profiles of (a) WC-15Co and (b) WC-5Fe-5Ni-5Co cemented carbide
specimens

fracture mechanism. Moreover, in this sample (Fig. 6, f), the size of the indentations between WC grains
formed as a result of binder removal is noticeably smaller than in the WC-15Co alloy (Fig. 6,c).

The concentrations of metals in the WC-15Co alloy (Fig. 8, a) and in the WC-5Fe-5Ni-5Co alloy (Fig.
8,c), taking into account the presence of carbon in the required concentration, are close to the declared
compositions. The carbon concentration was not determined, since energy-dispersive X-ray spectroscopy
(EDS) gives too low accuracy for this component.

In the crater surfaces formed as a result of microabrasive wear, the concentration of binder metals (Co,
Fe, Ni) decreases in both alloys, which corresponds to the observed microstructural changes (Figs. 6, c, f).
At the same time, the relative concentration of cobalt (excluding carbon) in the WC-15Co alloy decreases
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Fig. 8. Spectra of the initial (a, ¢) and worn (b, d) surfaces of WC-15Co (a, b) and WC-5Fe-5Ni-5Co (c, d)
cemented carbide samples

from 16.0 to 10.0%. The total relative concentration of binder metals (Fe, Ni, Co) in the WC-5Fe-5Ni-5Co
alloy decreases from 16.5 to 11.5%. Thus, the relative decrease in binder concentration in the WC-5Fe-5Ni-
5Co alloy (30.3%) is 7.2% lower than that in the WC-15Co alloy (37.5%). This confirms that in the WC-
SFe-5Ni-5Co alloy, the binder is removed to a shallower depth due to its higher hardness.

Increased hardness and decreased WC grain size contribute to the increase in wear resistance of cemented
carbides under microabrasive wear [1, 2]. Due to its higher hardness and smaller grain size, the wear rate
of the alloy with the multi-component binder (WC-5Fe-5Ni-5Co) was 10% lower than that of the WC-15Co
alloy (Fig. 9). However, this change in wear rate does not exceed the measurement error.

0.0092+0.0009 0.0082+£0.0018

Microabrasive wear rate (mm®/(N-km))

85 WC-15 Co 85 WC-5 Fe-5 Ni-5 Co

Fig. 9. Comparison of the microabrasive wear rate
of cemented carbide specimens

Testing of the obtained dies

Both experimental cemented carbide dies for manufacturing blanks of WC-6Co cemented carbide
SNUM-120408 inserts were successful (Fig. 10). The obtained inserts comply with the density (14.85 +
+0.01 g/cm3) and hardness (1,380 + 10 HV) requirements of GOST 3882-74.

It is practically impossible to externally distinguish the inserts manufactured using the die made of
WC-5Fe-5Ni-5Co alloy from those manufactured using the die made of WC-15Co alloy (Fig. 10). It can be
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Cutter

Commercial cutting insert
SNUM-120408

Cutting inserts made using experimental molds

Fig. 10. Cutting inserts manufactured using experimental
dies and a commercial counterpart

expected that, due to its higher wear resistance, the service life of the die made of W(C-5Fe-5Ni-5Co alloy
under low-intensity abrasive wear conditions will be higher than that of the die made of WC-15Co alloy.
The dimensions of the obtained inserts comply with GOST 19052-80. Fig. 11 shows an example of the
required corner radius (0.8 mm) of SNUM-120408 cutting inserts.
Fig. 11, a shows that the high precision of 3D printing ensured the required corner radius of the
photopolymer die, calculated by considering the shrinkage of the die and the product blank (21.6% for WC-
Co and 21.7% for WC-5Fe-5Ni-5Co, respectively) during sintering (1.19 = 0.8 x 1.22 x 1.22).

b F()m;‘rrt;'l_zcllde ngcemented i C |/ WC-5F6-5N1:5C(<1‘101d i
cabrbide WC-15Co Al atd, 5N e
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Commercial cutting insert
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Fig. 11. (a) Photograph of the rounded plastic die for pressing a die blank obtained by 3D printing; (») Photograph

of die for pressing cutting insert blanks from the WC-15Co cemented carbide; (c) Photograph of die for pressing cut-

ting insert blanks from the WC-5Fe-5Ni-5Co cemented carbide; (d, e) Corner rounding of the manufactured cutting
inserts; (f) Corner rounding of a commercial cutting insert
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Fig. 11, b shows that the sintered die made of W(C-15Co alloy has a corner radius close to the planned
value, considering further shrinkage of the cutting insert blank (0.98 = 0.8 x 1.22).

The corner radius of the die made of WC-5Fe-5Ni-5Co alloy (Fig. 11, ¢) was slightly larger (0.99 mm)
due to the lower shrinkage of the die.

The corner radii of the cutting inserts obtained after pressing the blanks in dies made of WC-15Co
(Fig. 11, d) and WC-5Fe-5Ni-5Co (Fig. 11,e) alloys were slightly larger than planned (0.82 and 0.83 mm
instead of 0.80 mm) due to the difficulty of predicting shrinkage during sintering of experimental samples.

Nevertheless, the obtained cutting inserts are close in corner radius and other main dimensions to the
required dimensions (GOST 19052-80, considering the tolerances of GOST 19042-80) and differ little in
their main dimensions (Table 2) from a similar commercial insert (Fig. 11, f). Tolerances for the hole
diameter and corner radius were not found.

Table 2
Dimensional characteristics of SNUM-120408 cutting inserts
Die material Cutting edge Thickness, Hole diameter, Corner radius,
length, / (mm) s (mm) d, (mm) r (mm)
WC-15Co 12.824+0.01 4.78+0.01 5.15+0.05 0.82
WC-5Fe-5Ni-5Co 12.80+0.01 4.78+0.01 5.15+0.05 0.83
Commercial WC — 8 Co insert 12.62+0.01 4.84+0.01 4.85+0.05 0.8
GOST 19052-80, GOST 19042-80 12.7+0.13 4.76+0.13 5.16 0.8
Conclusion

This work experimentally confirmed the effectiveness of a combined approach to manufacturing carbide
tooling that integrates inexpensive photopolymer 3D printing of dies with subsequent cold pressing and
vacuum sintering.

1. Despite the lower pressing pressure (50 MPa) in photopolymer dies compared to steel dies (200
MPa), the relative density of the obtained die components (weighing up to 210 g) made of WC-15Co and
WC-5Fe-5Ni-5Co alloys was 99.1% and 98.3%, respectively. These values are slightly lower than the den-
sity of reference samples but meet the requirements of GOST 3882-74.

It was found that replacing the traditional cobalt binder with a medium-entropy Fe-Ni-Co binder in
the WC-5Fe-5Ni-5Co alloy leads to changes in the mechanical properties. The lower adhesion energy and
retarded diffusion in the multi-component binder suppress WC grain growth (1.18 um vs. 1.40 um for
WC-15Co). This, together with the higher hardness of the binder itself, increases the hardness of the alloy
(1,070 HV vs. 1,010 HV). This, in turn, causes a decrease in the microabrasive wear rate by 10% (within the
measurement error) compared to the WC-15Co alloy. At the same time, the WC-15Co alloy demonstrates
higher density (99.6%) and flexural strength (2,180 MPa vs. 1,970 MPa).

It is shown that the microabrasive wear mechanism of the studied alloys differs. In the WC-15Co alloy,
intergranular fracture with grain pull-out and intensive binder removal (cobalt concentration decrease by
37.5%) predominates. In the WC-5Fe-5Ni-5Co alloy, wear is predominantly transgranular with a shallower
depth of binder removal (decrease in total Fe-Ni-Co concentration by 30.3%), which confirms its increased
resistance to abrasive action.

2. The practical significance of this work is confirmed by the successful use of the dies made from both
cemented carbides to produce SNUM-120408 cutting inserts from WC-6Co cemented carbide. The geo-
metric parameters of the inserts (cutting edge length 12.80—12.82 mm, thickness 4.78 mm, mounting hole
diameter 5.15 mm, corner radius 0.82—0.83 mm), their density (14.85 g/cm3), and hardness (HRA 89) are
within the tolerances established by GOST 19052-80, GOST 19042-80, and GOST 3882-74, and correspond
to the level of a similar commercial cutting insert. The die material did not have a significant impact on the
quality of the finished products, while offering lower material cost due to the use of less valuable compo-
nents.
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