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Abstract. According to the patent and scientific literature on the research topic, the grain size of
tungsten carbide determines the processing modes of the material and the presence of grain growth inhibitors
containing some rare metals. The structure of the hard alloy, in turn, affects the bending resistance and
hardness of the material. The best results were recorded for small-sized tungsten carbide grains. Due to the
relatively high cost of tungsten, a group of tungsten-free hard alloys called kermites has been developed.
These alloys contain titanium carbides (TiC) and titanium carbonitrides (TiCN) bonded to a nickel-molybdenum
base. Their production technology is similar to hard alloys containing tungsten. Compared with tungsten hard
alloys, these alloys have lower bending strength and impact strength, are sensitive to temperature changes
due to low thermal conductivity, but have the advantages of increased heat resistance (1000 °C) and low
adhesion to workpieces.
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Annotatsiya. Tadqiqot mavzusidagi patent va ilmiy adabiyotlarga ko ra, volfram karbidining don hajmi
materialni qayta ishlash rejimlarini va ba’zi noyob metallarni 0’z ichiga olgan don o'sishi ingibitorlari mavjudligini
aniglaydi. Qattiq gotishmaning tuzilishi, 0'z navbatida, materialning egilish gqarshiligi va gattigligiga ta’sir giladi.
Eng yaxshi natijalar kichik o lchamdagi volfram karbid donalari uchun gayd etildi. Volframning nisbatan yuqori
narxi tufayli tarkibida volfram bo’lmagan qattiq qotishmalar guruhi ishlab chigilgan hamda bu guruh kermitlar
deb nomlangan. Ushbu qotishmalarda nikel-molibden asosi bilan bog’langan titan karbidlari (TiC), titan
karbonitridlari (TiCN) mavjud. Ularni ishlab chigarish texnologiyasi volframni o’z ichiga olgan qattiq
qotishmalarga o’xshaydi. Volfram qattiq qotishmalari bilan solishtirganda, bu qotishmalar pastroq egilish
mustahkamligi va zarba bardoshliligi kuchiga ega, past issiqlik o'tkazuvchanligi tufayli harorat o’zgarishiga
sezgir, ammo issiqlikka chidamliligi oshishi (1000°C) va ishlov beriladigan materiallar bilan past gqirindi
yopishish afzalliklariga ega.

Kalit so‘zlar: volfram, kobalt, reniy, volfram karbidi, qattiq qotishmalar, keklar.

AnHomauusi. CoznacHo nameHmMHoU U Hay4yHoU numepamype o meme uccriedo8aHus, pasmep 3epHa
kapbuda sonbghpama orpederisiem pexxumbl 06pabomku Mamepuarna u Hanudue uHaubumopos pocma 3epHa,
codepxauux Hekomopable pedkue memasiisbl. Cmpykmypa meepdoeo crisiaga, 8 C80H 04epeldsb, 8usiem Ha
cornipomuerneHue usauby u meepdocme Mamepuana. Haunyqduwue pesynbmamei 6biu 3aghuKkcupo8aHsi Orisi
3epeH Kapbuda eornbhpama Hebosnbwoz2o pa3mepa. B ceda3u ¢ omHocumeribHO 8bICOKOU CMOUMOCMbIO
gonbghpama Obina paspabomaHa 2pyrnna meepdbiX Cryiagos, He codepxkawjux eosibghpama, rosydusuias
HaseaHue Kepmumos. 3mu crinassl codepxxam kapbudel mumana (TiC), kapboHumpudsbl mumana (TiCN),
cesi3aHHble C HUKerb-MonuboeHosol OCHOB80U. TexHonozus ux rnpou3sodcmea aHasioeudHa meepdbiM
crinasam, codepxxaujum eosibchpam. o cpasHeHUrO ¢ 80nbghpamosbiMu meepdbiMu crinagamu 3mu Criiasbl
obnadarom MeHbwel MPOYHOCMbIO Ha uU32ub U ydapHOU 85S3KOCMbIO, Yy8CMEUMErbHbI K U3MEHEHUSIM
memrepamypbl U3-3a@ HU3KOU mensionpo8oOHOCMU, HO obriadarom npeumMywiecmesamu oebILeHHOU
xapocmotikocmu (1000°C) u Huskol adze3uu K 3a20moskam.

Knroyeenle cnoesa: sosibghpam, kobanbm, peHuli, kKapbud eonbpama, meepdble Crifiasbl, KEKU.

Introduction

Classification of hard alloys according to their composition

Annealed solid alloys are divided into the following four main groups according to their
composition:

1. WC-Co alloys (some alloy brands of this group contain small amounts of vanadium,
niobium, tantalum and chromium carbides).
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2. WC-TiC-Co alloys.

3. WC-TiC-TaS (NbC) - Co.

4. Tungsten-free hard alloys TiC (TiN)-Ni-Mo.

The strength of WC-Co alloys is good, but the hardness and abrasion resistance are
not sufficient. Industrial brands of alloys of this group differ from each other in terms of cobalt
content from 3 to 25% (VK3-VK25).

The strength of WC-Co alloys is good, but the hardness and abrasion resistance are
not sufficient. Industrial brands of alloys of this group differ from each other in terms of cobalt
content from 3 to 25% (VK3-VK25.

Alloys of this group are divided into the following three types according to the content
of cobalt:

- low cobalt content (from 3 to 8% So)

- medium cobalt content (from 10 to 15% So)

- high cobalt content (from 20 to 25% So)

Alloys of the first group are somewhat hard, but not strong enough. It is mainly used
as a stone cutter for the tips of drills used in the mechanical processing of gray cast iron,
non-ferrous materials and some grades of steel, as well as for drilling soft mining layers.

Alloys of the second group are used in the first pass of punching and expansion of
high-hardness cast irons, in the mechanical processing of high-temperature alloys, and in
the oscillating cutting parts of oscillating tools used in crushing hard layered mining rocks.

Alloys of the third group are used as raw materials for parts that are sufficiently strong,
but not sufficiently hard, with a high content of cobalt, used in mechanical processing of
stamping tools and in a shock loading environment.

Hard alloys are hard and friction-resistant metallic materials that can maintain these
properties up to a temperature of 900-1150°C. They are mainly made of hard and refractory
materials with various compositions, based on tungsten, titanium, tantalum, chromium
carbides, connected with So or Ni metal compound.

In the production of cutting tools, hard alloys occupy an important place (75% of the
world market). They are in the following forms

uncoated alloys;

solid alloys;

super hard alloys.

Uncoated solid alloys are divided into: pure, fine-grained, alloyed types according to
their composition, and according to the method of obtaining the alloy: there are found and
cast types

The main feature of found hard alloys is that the products made from them are obtained
by powder metallurgy methods and they are improved and processed by grinding or physico-
chemical processing methods (laser, ultrasound, acid treatment, etc.) and electroerosion
method.

A special surface for alloying is provided on the tool on which the hard alloys are
installed, and the hard alloys are attached to this surface mechanically or by welding. Hard
alloys are installed when the tool is heat treated (forging, tempering, etc.) [1-2].

Materials and methods

Annealed solid alloys are divided into the following four main groups according to their
composition:

VK2, VK3, VK3M, VK4V, VK6M, VK6, VK6V, VK8, VK8V, VK10, VK15, VK20, VK25;
- tungsten-cobalt;

Ti-W: T30K4, T15K6, T14K8, T5K10, T5K12V; - tungsten-titanium-cobalt;

Ti-Ta-W: TT7K12, TT10K8B; - tungsten-titanium-tantalum-cobalt;

without tungsten: TNM20, TNM25, TNM30.
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Due to the relatively high cost of tungsten, a group of hard alloys that do not contain
tungsten has been developed and this group is called kermits. These alloys contain titanium
carbides (TiC), titanium carbonitrides (TiCN) bonded to a nickel-molybdenum base. Their
production technology is similar to hard alloys containing tungsten. Compared to tungsten
hard alloys, these alloys have lower bending strength and impact strength, are sensitive to
temperature changes due to low thermal conductivity, but have the advantages of increased
heat resistance (1000°C) and low adhesion to the workpiece.

The most common alloys of groups VK-6 and VK-8. Table 1 lists their areas of
application.

Table 1.
Fields of application in cutting, turning, milling, drilling and other processing methods of
VK-6 and VK-8 hard alloys

Brand Fields of application

black and semi-black direction;

in the initial passage of carving on a lathe cutter;

semi-clean milling of flat surfaces;

when drilling and expanding the hole;

in galvanizing gray cast iron, non-ferrous metals and their alloys, and non-
ferrous materials.

VK6C In the production of matrices used for the synthesis of artificial diamonds.

In clean and semi-clean processing of hard, alloyed and whitened cast irons,
tempered steels and some stainless, high-strength and refractory steels and
alloys, mainly alloys based on titanium, tungsten and molybdenum (forging,
broadening, grooving).

In black grooving of uneven internal surfaces, grooving, black milling, drilling,
preliminary pass of grooving, black galvanizing of gray cast iron, non-ferrous
VK8 metals and their alloys and non-ferrous materials;

in the processing of stainless, high-strength and refractory steels and alloys
that are difficult to machine, including titanium alloys.

VK6

VK6M

Therefore, they are not prone to the appearance of protrusions of processed material
on the tool during cutting, therefore, it is recommended to use them for clean and semi-clean
processing [5-6]. According to ISO classification, they belong to group R according to their
application.

WC-Co based hard alloys are upgraded according to the Co-binding content. Thus,
phase cemented carbides associated with Ni-Co-Cr-Al-W obtained from WC-Ni-Co-CrsCa-
TiAls powder mixtures are known. Their granulometric measurements showed that the
melting and solidification of these materials shifted to higher temperatures with increasing
Al content.

Annealing them in argon increases the strength at a low concentration of Al (0.63% by
weight), which is explained by its direct direct reaction with TiAls. As Al content increases,
residual porosity is required to be removed after vacuum annealing.

Al additions give rise to two types of additions. The first is the formation of small Al-rich
oxides in the metal binder, and the second is the formation of a y-type cubic internal structure
(similar to a Ni superalloy). The TEM-EDS method shows that the binder phase is an alloy
of Co, Ni, Cr, W and Al, and the TiAls part is an inhibitor of WC grain growth [7-8-9].

Results

Modulus of elasticity. The modulus of elasticity of WC-Co hard alloy is almost 2-3 times
larger than that of high-speed steel. The modulus of elasticity decreases with increasing
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cobalt content in WC-Co solid alloys. Fine-grained alloys [12] has a much larger modulus of
elasticity than large-grained alloys [13]. When the temperature increases (starting from
600°C), the modulus of elasticity decreases [14-15-16].

Hardness. Electrodeposited Co (99.5%) hardness (according to Vickers) - 171-216
kg/mm? (according to other data - 250 kg/mm?), powder metallurgical Co - 146-156 kg/mm?,
rolled Co and - 222-264 kg/mm?. The microhardness of Co in the WC-Co alloy changes
dramatically.

The microhardness of the carburizing stage in an alloy with 85-80% Co and 15-20%
WC by weight is 370-430 kg/mm?. With the reduction of Co in the composition, the
microhardness of the hard alloy increases due to the increase in stress in the Co layers.

In WC-Co alloys containing 6% Co, the hardness of the Co phase is 825 kg/mm?. It
can be expected that the microhardness of the Co phase in the middle part is different from
that of the boundary zones with the WC phase. So - phase grains form a continuous main
shape network. The grain diameter of the WC phase is 1-5 um in fine-grained alloys, 8-30
pm in large-grained alloys. So - phase grains are larger, up to 1 mm.

The temperature dependence of the hardness of such alloys was studied (Table 2).

Table 2.
Temperature dependence of WC-Co hard alloy hardness
Temperature, °C VK-8 | VK15 | VK20 | VK25 | VK30
HRB, kg/Mm?
20 1507 1260 1080 990 820
400 970 956 760 710 640
600 675 620 480 410 346
800 443 410 330 255 191
1000 290 230 170 110 70

Importance of carbon. WC-Co solid alloys consist of the following phases: cementing
Co-phase, which determines the strength of WC and QQ. If the amount of carbon in WC
increases and exceeds the critical value (6.12% by weight), then the third phase graphite n
- phase (W3CosC) can appear

This worsens the cutting properties of WC-Co alloys because carbon affects the
composition of the Co-bonding phase. Its excess leads to a decrease in wear resistance of
the alloy, and its deficiency leads to the formation of n-phase, which increases wear
resistance, but reduces strength

These mean that low-carbon alloys with the same Co content are more wear-resistant
than high-carbon ones, but have lower strength [10-11]. The XRD result showed that the
more carbon, the longer the grinding time to produce WC powder.

Grinding parameters affect phase formation. In stoichiometric compositions, WC is
synthesized faster than in compositions with a high carbon content. Here and in the carbon-
deficient composition, the W2C phase is observed.

Conclusion

Among the annealed hard alloys, a large group consists of alloys based on tungsten
and cobalt monocarbide.

These alloys are made by hot pressing rather than melting like other types of annealed
hard alloys. At the same time, relatively high temperatures and the presence of a liquid
phase during hot pressing allow to consider the state of the resulting alloys as equilibrium
or approaching equilibrium in the system of three components - tungsten, carbon, cobalt.
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