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ABSTRACT

In the mining industry, hard alloy tools with high wear resistance are essential for drilling
operations. This study introduces a combined magnetic-pulse treatment method, integrating
preliminary gamma irradiation and pulsed magnetic field exposure, to extend the service life of
VK8 hard alloy drilling tools. Gamma irradiation utilized %°Co sources with doses from 3.2x10* to
5.0x10%8 R, followed by magnetic-pulse treatment using a custom installation with
electromagnetic coils, achieving magnetic induction levels of 0.2-0.4 Tesla and pulse durations of
3 us. The VK8 alloy, comprising 8% cobalt and 92% tungsten carbide, was tested on DZL #118 mm
blade bits across ten batches. Results showed a 1.7-3.2-fold increase in wear resistance,
influenced by treatment parameters, alloy composition, and operating conditions. The hardening
effect persisted for 5-6 months after gamma irradiation and over a year after magnetic-pulse
treatment. This method offers significant potential to enhance tool performance and durability in
rock-destroying equipment.
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Introduction

rock formations, is largely determined by the
operational characteristics of these hard alloy tools.

In the mining industry, a variety of hard alloy
tools with high wear resistance are extensively used
for drilling operations. The efficiency of drilling
wells or boreholes, particularly in hard and abrasive

Their service life is significantly influenced by design
features, drilling parameters, physical and
mechanical properties of the rocks being drilled and
by the used type and composition of the hard alloy.
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Enhancing the wear resistance of hard alloy tools
can be achieved by creating new or modifying
existing composite materials. Various methods are
used to increase the wear resistance of hard alloy
tools, including nitriding, boriding, electro-spark
alloying, plasma spraying, rolling, shot peening,
isothermal qguenching, thermomechanical
treatment, and others.

Strengthening of hard alloys is achieved by
using the methods of surface and bulk
strengthening. However, numerous methods of
surface strengthening of metals and hard alloys
were not widely used for strengthening hard alloy
tools [[1], [2], [3]]. While the positive effect of
hardening the surface layer of the working
elements of hard alloy tools is undeniable, the
efficiency of surface hardening is low, making its
practical application impractical.

Some last studies [4] have shown that results in
the cryogenic treatment of VK8 hard alloy samples
(a mixture of tungsten carbide grains and cobalt,
acting as a binder) with a dislocation density
4.8x109 cm-2 results in the during a short-term (20
minutes) strengthening of these samples occurs
due to plastic deformation.

Recently researches [[5], [6]] were observed an
increase in wear resistance during the investigation
of strengthening of TSI (presumably a material or
alloy) through prolonged (24 to 36 hours) cryogenic
treatment in liquid nitrogen vapors. The hardening
effect during thermal shock (T=-196 °C) is explained
by changes in the fine crystalline structure of the
hard alloy. However, immersing the products in
liquid nitrogen significantly increases the brittleness
of the metal, since under the cold shock, tensile
residual thermal stresses arise in the body of the
hard alloy tools, leading in many cases to cracking
and tool breakage [[7], [8]].

The modification mechanism of the physical
and mechanical properties of drilling crowns during
cryogenic treatment is primarily based on
substructural hardening due to plastic deformation
of the cobalt binder, owing to the significant
difference in the thermal coefficient of linear
expansion between tungsten carbide and cobalt
and due to an increase in dislocation density in the
hard alloy [9]. High-temperature treatment of the
manufacturing cemented carbides can also
significantly alter the properties of hard alloys,
since it considerably increases the internal stress in
the carbide [10]. For instance, as the temperature
exceeds 500 °C, a decrease in the hardness of the
VK8 alloy accompanied by an increase in the alloy's

ductility and a change in its resistance to cyclic
micro-contact loads. Therefore, it is more prudent
to perform the strengthening of the finished tool,
rather than its individual working elements before
the product is manufactured.

The literature analysis has revealed that
radiation treatment using gamma rays, which
possess high penetrating ability and do not lead to
residual radioactivity, is a more promising method
[[11], [12]]. When hard alloys are irradiated, the
strengthening of the material's structure is
determined by the absorbed dose of ionizing
radiation. Research results on the effects of gamma
irradiation and electron irradiation, as reported in
[[12], [13]], showed that with increasing the doses
of irradiation, the bending strength limit and
deformation increase up to the irradiation dose
range from 8x104 - 5x105 R, after which a sharp
decrease is observed [13]. The increase in defect
density, especially dislocations, according to
general views on the nature of substructural
strengthening in metals and alloys, leads to changes
in their physico-mechanical characteristics. This
results in the increase of the wear resistance and
strength properties of the material, but at the same
time, an excessively high defect density leads to the
increasing brittleness, stiffness of products, and
consequently, to the decreasing their operational
indicators, primarily durability and reliability.

The method of magnetic-pulse treatment is the
most effective way for bulk strengthening of
cemented carbide tools. The feasibility of using
magnetic-pulse treatment for cemented carbide
tools is due to the presence of cobalt in the tool
composition — a ferromagnetic material with high
magnetic permeability. The improvement in the
properties of ferromagnetic materials that have
undergone magnetic-pulse treatment is achieved
through the directed orientation of the free
electrons of the hard alloy by an external field,
which consequently increases its thermal and
electrical conductivity. The interaction between the
pulsed magnetic field and the ferromagnetic
material is more intense with higher structural and
energetic heterogeneity. After processing
cemented carbide tools with this method, an
increase in their fatigue strength and overall
strength, and a reduction in residual thermal stress
occur [14]. Utilizing magnetic-pulse treatment
notably diminishes the surplus energy in the
material, which is linked to the accumulation of
internal and surface stresses. Consequently, it was
decided to combine two methods of enhancing the
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wear resistance of cemented carbide materials:
radiation and magnetic-pulse treatments.

The goal of this work is to develop a method
and optimal regime for the bulk strengthening of
cemented carbide tools through the combined
application of penetrating gamma radiation and
pulsed magnetic field.

Experimental part

For gamma radiation exposure of the samples,
a pool-type Gamma Facility of the institute Nuclear
Physics, Uzbek Academy of Science (INP UzAS) was
used (Figures 1). In so doing, we have used the %°Co
sources with average gamma quantum energy of
1.25 MeV and a dose rate of 130 R/s, with an
exposure dose ranging from 3.2x10* to 5.0x108 R.
The choice of gamma irradiation is determined by
its technological efficiency and high penetrating
ability.

Figure 1 - Pool-type Gamma Facility [14]

For the implementation of magnetic-pulse
treatment (MPT), a magnetic-pulse facility was
constructed (see Figures 2 and 3), featuring a
magnetic inductor 2, consisting of two pairs of
electromagnetic coils, and a magnetic core 1 on
which the electromagnetic coils are mounted.

B

Figure 2 - Block Diagram of the Magnetic-Pulse
Installation:
1 - Magnetic core; 2 - Solenoid inductors; 3 - Drill bit;
CU - Control unit; PCG - Pulse current generator;
CD - Charging device; S - Switching device; CO - Capacitor
bank; U0 - Mains voltage [14]

This design allows carrying out the treatment of
entire drill bits and chisels with a pulsed magnetic
field, which is a necessary condition for the method
of enhancing the wear resistance of finished
cemented carbide tools.

Figure 3 - Magnetic Field Inductors Mounted on a
Magnetic Core

The use of cylindrical inductors with a magnetic
core is associated with the fact that such a
configuration possesses high efficiency and a high-
power factor, with the efficiency of an inductor
with a magnetic core reaching at least 70-80 %.
During magnetic-pulse hardening, as the pulsed
electric current flows through the inductor, the
magnetic field lines through the magnetic core are
concentrated on the hardened sample (drilling
tool), which is positioned in the gap of the magnetic
core. This induces an eddy current on the surface of
the sample, proportional to the changing rate of
the magnetic flux through the cross-sectional area
of the work piece.

If we take the current strength |, = 10% A, with a
coil having N = 10 turns and a length of o= 0.136 m,
and coil wire thickness a = 0.01 m, we do the
calculation using formula

H1b :N|1/|, (1)

where N - the number of turns of the inductor
coil; 11 — the strength of the discharge current in the
inductor; | - length of the contour, for points
located within the inductor in immediate proximity
to the turns (length I=lp+2a=0,156 m) yields a value
for the modulus of the magnetic field strength
denoted as H1b, equal to 6.41x10* A/m. To study
the effect of the magnetic field on the hardening of
solid alloys, the treatment of samples of drill bits
was conducted using a magnetic-impulse approach
with a magnetic induction of 0.2-0.4 tesla and pulse
durations of 3 ms. The magnetic-pulse installation
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allows us to apply the fields with intensities ranging
from 10* to 10! A/m to the parts being processed,
with a pulse duration from 1 to 0.1 ms.

In experiments, the technology of volumetric
hardening of rock-destroying tools was applied,
using a combination of two types of physical
effects: gamma-ray irradiation and treatment in a
pulsed magnetic field.

Industrial samples of three-blade drill bits
DZL@118mm, used in the mining enterprises of the
Republic of Uzbekistan, were used as test objects.
For the rock-destroying assembly of drilling bits, the
hard alloy material VK8, which is characterized by
strength and wear resistance [15] with an average
hardness of 88 HRA (Rockwell), is primarily used.
The mentioned hard alloy VK8, used for DZL
@118mm drill bits, is a composite material
belonging to the tungsten-cobalt group with a
composition of 8 % cobalt and 92 % tungsten
carbide. The chemical composition of the tungsten-
cobalt mixture VK8 [16] (mass percentage, %) is:
cobalt - 7.5-8.1, oxygen, not more than — 0.5, total
carbon - 5.30-5.65, free carbon, not more than —
0.1, iron-0.3. By altering the chemical composition
ratio of the alloy, its physic-mechanical properties
are regulated. The increasing of the cobalt content
in the alloy leads to an enhancement in strength,
wear resistance, and a reduction in brittleness (the
more cobalt in the alloy, the softer and stronger it
becomes). The microstructure of the VK8 alloy is
two-phase, consisting of tungsten carbide and

cobalt crystals with an uneven distribution
throughout the volume of the hard alloy.

The samples were subjected to preliminary
treatment with gamma radiation of %°Co in a dose
range from 3-10* to 9-10° R and subsequent
exposure to magnetic induction of 0.4 Tesla. Ten
batches of nine DZL@118mm blade drill bits each
were processed for the purpose of testing nine
batches during drilling, and one batch is used to
determine the interval and rate of reduction in
strength limit during storage.

Discussion of the results

The measurement of hardness using the
Rockwell scale (HRA) showed us an increase in the
samples with an increase in the dose of gamma-ray
irradiation within the range of 2.5-10%to 5.5-10° R,
and a decrease with a further increase in the
irradiation dose.

It was found that processing samples in a
magnetic-pulse field increases wear resistance by
an average of two times compared to samples
without magnetic-pulse processing, which is in
good agreement with research data in recent
studies [[17], [18]].

The results of drilling with hard alloy bits with
VK8 plates on the surface chisels after combined
gamma magnetic treatment are presented in Table
1 and Figure 4.
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Figure 4 - Test results of drill bits hardened by gamma irradiation and magnetic-pulse treatment
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Table 1 - Main quality criteria for core samples

Gamma Magnetic Average Penetration per Increase in
Ser | Radiation Exposure Induction, T Penetration per Bit with Radiation- Penetration,
ial Dose, R Unhardened Bit, | Magnetic Hardening, % [ times
Ne. m m
1 3.2-.10% 0.26 120 245 104 /2
2 6.5-10% 0.29 120 297 148 /2,4
3 8.9-10% 0.31 120 302 152/2,5
4 2.4-10° 0.4 120 352 193/2,9
5 5.5-10° 0.4 120 386 222 /2,7
6 5.6-10° 0.4 120 384 284 /3,2
7 8.9-10° 0.4 120 285 185/2,4
8 2.2-10° 0.4 120 228 90/1,9
9 8.9-10° 0.4 120 207 725/1.7

The analysis of the data obtained suggests that
the use of combined processing of three-blade DZL
bits leads to an increase in their durability.
Treatment of hard alloy tools within a radiation-
magnetic-impulse environment yields a substantial
enhancement of the wear resistance, ranging from
1.7 to 3.2 times when contrasted with the
untreated counterparts. The increase in the
hardening degree of the samples from the
absorbed dose of ®°Co gamma radiation under the
combined effect of the magnetic field has a non-
monotonic character (Table 1). From the results of
the drilling tests using three-blade DZL drill bits, it is
evident that combined radiation and magnetic-
pulse treatment significantly enhances the resource
of hard alloy tools, and the hardening effect is
determined by the dose of gamma irradiation,
reaching its maximum value within the absorbed
dose range from 2.5x10"4 to 5.5x1075 R. To
monitor the reduction in the hardening magnitude
during storage, hardness measurements were
conducted after irradiation and after the combined
radiation and magnetic-pulse treatment of the
samples. [[19], [20]]. It was found that the
hardening effect persists after gamma irradiation
during 5-6 months and in the case of combined
treatment for this effect persists during about 1
year.

Conclusion

A new method of combined magnetic-pulse
treatment has been proposed, incorporating
preliminary gamma irradiation and the influence of
a pulsed magnetic field. This method allows to

enhance the service life of drilling tools made from
various types of hard alloys.

Using the gamma irradiation of ¢ Co on hard
alloys employed in DZL drilling bits results in the
enhancement of the strength of these alloys within
the absorbed dose interval ranging from 2.5x10* to
5.5 x10° R.

The degree of hardening of hard alloys for
drilling bits is determined by the dose of gamma
irradiation and reaches its maximum within the
absorbed dose range from 2.5x10* to 5.5x10° R.
Exceeding this dose range results in a decrease in
strength, wear resistance, and an increase in the
brittleness of hard alloy tools.

Gamma irradiation by using gamma quanta of
0Co within the absorbed dose range from 2.5x10*
to 5.5x10° R, followed by magnetic-pulse treatment
with a magnetic induction of 0.2-0.4 Tesla and
pulse durations of 3 ps, would increase wear
resistance by 1.7 to 3.2 times, depending on the
treatment regime, the composition of the hard
alloy, and operating conditions.

The hardening effect is retained during 5-6
months after gamma irradiation, and during about
1 year after magnetic-pulse treatment.

Conflict of interest. On behalf of all the
authors, the correspondent author declares that
there is no conflict of interest.

CRediT author statement: J. Toshov, M.
Rabatuly: Conceptualization, Methodology,
Software; Zh. Bogzhanova, A. Zheldikbayeva: Data
curation, Writing- Original draft preparation; J.
Malikov, B. Toshov: Visualization, Investigation; O.
Ergashev: Software, Validation.

Cite this article as: Toshov JB, Rabatuly M, Bogzhanova ZhK, Zheldikbayeva AT, Malikov ShR, Toshov BR, Ergashev OS. Influence
of Radiation and Magnetic Pulse Treatment on The Wear Resistance of Carbide Tools. Kompleksnoe Ispolzovanie Mineralnogo
Syra = Complex Use of Mineral Resources. 2026; 337(2):47-54. https://doi.org/10.31643/2026/6445.16



https://doi.org/10.31643/2026/6445.16

Complex Use of Mineral Resources. 2026; 337(2):47-54 ISSN-L 2616-6445, ISSN 2224-5243

KaTTbl KOpbITNanbl KypanaapablH TO3yfa Te3imainiriHe pagnauuanbliK KaHe

MarHUTTIK MMNYAbCTIK 8HAeYAiH acepi

! Towos XK.B., 2 Pabatynbl M., 2 BorxaHosa }.K., 2 }Kenaukb6aesa A.T.,

3 Manukos ¥.M., *Towos B.P., ! 3prawes O.C.

1 Ucnam Kapim ameiHOarsl TawKeHmM memaekemmik mexHUKanelK yHusepcumemi, TawkeHm, ©36ekcmat
23. CarbiHo8 amelHOaFsl KaparaHObl mexHUKasnelK yHusepcumemi, KaparaHoel, KazakcmaH
3 FblbIM aKa0eMUusACbIHbIH AOPOAbIK hu3uKa uHcmumymel, TawkeHm, ©636ekcmaH
4 Hasou memsekemmik may-KeH mexHos02uAAbIK yHusepcumemi, Hagou, ©636ekcmat

Makana kengi: 7 yxcenamokcaH 2024
CapantamagaH eTrti: 3 KaHmap 2025
Kabbinganapl: 17 aknaH 2025

TYRIHAEME

KeH eHaipy eHepKacibiHae Kofapbl TO3yFa TE3IMAI KaTTbl KOpbITNAanapAaH »acanfaH Kypangap
6ypfblnay onepaumanapbl ywWwiH MaHbi3abl 6onbin Tabblnaabl. Byn 3eptrey VK8 KaTTbl KOpbITRACh!
HerisiHae Oypfblnay  KypangapbiHbiH, KYMbIC Mep3iMiH  ynfaliTy  MakcaTbiHAA ramma-
CoyneneHaipy MeH UMMyAbCTIK MarHUTTIK epic acepiH BipiKTipeTiH MarHUTTI-MMNYAbCTIK eHaey
34iCiH ycbiHagpl. FTamma- cayneneHaipy °Co KesgepiH naitganaHa oTbipbin, meswepnepi 3,2x10%-
deH 5,0x10% R pgeiiH 6ongbl, ofaH KeiH MarHuTTI-MMMYAbCTIK ©HAeY apHaibl OpHaTblFaH
3/1EKTPOMArHUTTIK KaTyLWKaNapMEH Ky3ere acbipblibif, MarHUTTIK MHAYKUMA AeHreii 0,2-0,4
Tecna »KaHe MMNy/bC y3aKTbiFbl 3 MKC 6onapl. VK8 KopbiTnackl, KypambiHaa 8% KobanbT »KaHe
92% Bonbopam Kapbuai 6ap, DZL @118 mm ycTapanbl bypfbinapha OH NapTMAZa CbiHanAbl.
Hatuxkenep eHAaey napameTpsiepi, KOPbITNA Kypambl KaHE XKYMbIC XKaFAalinapbiHbIH, cepiHeH
TO3yFfa Te3imainikTiH, 1,7-3,2 ecere apTaTbiHbIH KepceTTi. KaTblpy acepi ramma- cayneneHaipyneH
KeliH 5-6 aiifa AeWiH KoHE MarHUTTI-UMNYNbCTIK OHAeYyAeH KeliH 6ip XKblngaH actam yakbIT
6ovibl cakTanabl. byn a4ic Tay-KeH KypanAapbiHblH, KYMbIC KepceTKiwTepi MeH y3aK
Mep3iMAiNiriH apTTbIpy YLWiH YIKEH aneyeTKe ne.
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AHHOTALMUA

B ropHOI NPOMBbILLNEHHOCTU MHCTPYMEHTbI U3 TBEPABIX CNAABOB C BbICOKOW M3HOCOCTOMKOCTbIO
Heobxogumbl  ana  bypoBbix onepaumii. B pgaHHOM  uccnepoBaHUM  MpepacTaBeH
KOMBWHWUPOBAHHBIN meTtoz, MarHUTHO-MMMY/IbCHOW 06paboTku, MHTErpupytoLmin
npeaBapuTeNbHOE, raMma-ob1ydeHne U BO3AENCTBME MMNY/IbCHOTO MarHUTHOTO NOAA, C Lenblo
Nocrynuna: 7 dexabps 2024 YBENNYEHUA CPOKa CAy:KObl BypoBbIX MHCTPYMEHTOB M3 TBepaoro cnnasa VK8. [Ana ramma-
PeveHanpoBaHue: 3 aHsapsa 2025 06/1y4eHMA MCNoNb30BaAnUCh UCTOUYHMKM ©Co ¢ aosamm oT 3,2x10* go 5,0x10% R, nocne 4ero
MpuHaATa B neyatb: 17 gpespana 2025 NpoBOAMNAcE MarHUTHO-UMNYAbCHAA o06paboTka € MCNoNb30BaHWEM CheuuannsnMpoBaHHOM
YCTAaHOBKM C 3/IEKTPOMArHUTHbIMM ~ KaTylukamu, obecneynBalowMMn YPOBHU MarHWUTHOMN
nHaykumm 0,2-0,4 Tecna u ANMTENbHOCTL MMNyabcoB 3 mKc. Cnnas VK8, cocTtoswmint us 8%
KobanbTa M 92% BonbdpamoBoro Kapbuaa, MCNbITbIBANACA Ha NE3BUIHbIX cBepnax DZL
AvameTtpom 118 mm B AecATM napTuAX. Pe3ynbTaTbl NOKasanu yBesnvyeHne U3HOCOCTOMKOCTM B
1,7-3,2 pasa, 4to 3aBuceno OT mnapameTpoB 06paboTKM, cocTaBa cniaea W yCNOBUI
aKcnayaTaunn. IPPeKT ynNpoUYHEeHMA COXpaHANCA B TeyeHWe 5-6 mecAueB nocne ramma-
0bnyyeHus n 6onee rona nocne MarHUTHO-UMNYAbCHOM 06PaboTKK. ITOT MeToA NpeacTaBaseT
cobOl 3HAUMTENbHbLIM MNOTEHUMAN [ANA NOBbIWEHUA 3SKCMAYaTaLMOHHBIX XapaKTePUCTUK WU
[ONrOBEYHOCTU MHCTPYMEHTa B ropHo06bIBatoLLem 06opya0BaHUN.

Kntovesbie cnoea: 6yposble MHCTPYMEHTbI, BypeHune, ramma-usny4eHne, MarHUTHO-UMMY/IbCHOE
ynpoyHeHue, Kapbua,
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