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Abstract. The efficient operation of the technological equipment of machinery manufacturing enterprises
and heavy industry without distortion depends in many respects on the strength of their details. This
requires the study of the process of operation of the details, which are mainly rubbed with each other.
These methods are widely used in obtaining high-quality steel castings. The simplest method of processing
steel outside the oven is modification. Modified carbon steel is much more economical in properties
approaches to leached steel, while modified steel leached by saving and investigation approaches
leached steel with valuable and rare additives (Ni, Mo, Ti and other). Modification with alkaline and
alkaline-earth metals greatly increases the quality of steel. The quality of steel is positively influenced
by nitride-forming modifiers.

© Siberian Federal University. All rights reserved
This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License (CC BY-NC 4.0).
*  Corresponding author E-mail address: obidovzr@gmail.com

— 175 —



Journal of Siberian Federal University. Engineering & Technologies 2024 17(2): 175-185

Keywords: modifier, structure, ferrotitan-65, alloy, hardness, melting, steel, detail, absorbency,
temperature.

Citation: Chorshanbiev Sh.M., Karimov K. A., Adilova Sh.R., Turakhodjaev N.J., Erkinjonov A.,
Mirmuhamedov M. M., Sharipov J. H., Obidov Z.R., Komolov Kh. Development of wear-resistant parts of high-
manganese modified 110G13L brand steel. J. Sib. Fed. Univ. Eng. & Technol., 2024, 17(2), 175-185. EDN: ITXLPA

Pa3paboTka n3HOCOCTOMKUX JeTaJiei
U3 BbICOKOMAPraHIeBOl

moauuumupoBanHoii craau 110I'13J1

L. M. Yopmanouen?, K. A. Kapumos?, I11. P. AnnioBa?,

H. 1. Typaxonmaenﬁ, A. Epknnaxonos®, M. M. Mupmyxamenos',
Jox. X. Hlapunos’, 3. P. Oouaos”, X. Komosos®
“TawkenmcKull 20Cy0apcmeenHbvlil meXHU4eCKull yHugepcumem
um. 1. Kapumosa

Pecnybnuxa Y3z6exucman, Tawkenm

0V36excko-Anonckuil unnosayuonnviii yenmp YORS
Pecnybnuxa Y3z6exucman, Tawkenm

S AHOUINCAHCKUTI MAWUHOCTPOUMETbHBIU UHCIUMYM
Pecnybnuka Y36exucman, Anousxican

°Xy0orcanockutl 20cyoapcmeenHulil yHugepcumem

um. axao. b. I'aghyposa

Pecnybnuxa Taoscuxucman, Xyoocano

‘Uncmumym xumuu um. B. U. Huxumuna HAH Tadacuxkucmana
Pecnybnuxa Taoocuxucman, [ywanbde

cTawkenmcxkas MeOUYUHCKAs akademust

Pecnybnuxa Y3z6exucman, Tawkenm

Annoranus. DpdekTrBHAs paboTa TEXHOIOTHYECKOr0 000PYAOBaHUS JIJIsl TPOU3BOJICTBA MAITUH
U TSDKEJIOW MPOMBIIIIICHHOCTH 0€3 UCKaKEHU I 3aBUCUT BO MHOT'UX OTHOIICHUSIX OT MPOYHOCTH UX
neraneit. DTo TpedyeT u3ydeHus mpoiecca paboThl IeTaneil, MeXKy KOTOPHIMHU MPOUCXOUT TPEHHE.
CyIIecTBYIOT METO/IbI, KOTOPBIC MIUPOKO MCIIOIB3YIOTCS MPH MOTYYSHUH BEICOKOKAYECTBEHHBIX
CTaJbHBIX OTIIUBOK. CaMblii IPOCTON METO 0OPAOOTKH CTAIH 32 PE/Ie/IaMU Iy XOBKH — MOJU(UKAILHSL.
MoauduiupoBaHHas yriepoaucTas CTajib 0 CBOMM CBONCTBAM 3HAYUTEIbHO YKOHOMUYHEE
BBIIIEIIOYEHHON CTAIH, TOrIa Kak MOAU(UIIMPOBAHHAS CTAJIb, BBIIIEIAYHBAEMAast METOJIOM KOHCEPBAIIUU
W MCCIICIOBAHU S, BBIIIICIAYMBACT CTAIb C IIEHHBIMH U peakumu nodaskamu (Ni, Mo, Ti u ap.).
Moaubukaiysi ¢ IEeI0YHBIMU U HIEIIOYHO3eMEIbHBIMU METaJIJIAMHU 3HAYUTEIIBHO YBEIUYMBACT KAYECTBO
cranu. Ha kauecTBO cTaIu MOJOKUTEIBHO BIUSIOT HUTPHUIHBIC MOJU(PHUKATOPBI.

KuroueBble ciioBa: MoaudukaTop, CTpyKTypa, GeppoTHTaH-65, CIIIaB, TBEPIOCTb, TIABJICHHE, CTAIb,
JIeTallb, BIIUTBIBAHUE, TEMIIEPATYPA.
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Introduction

Despite all the research [1-5], scientific research [6—9] and experimental work [10—13] carried out
by World Scientists, several disadvantages are observed in the wear resistance of steel brand 110G13L.

Mechanical engineering consists of a number of technological processes in manufacturing enterprises,
forming a kind of technological chain. This chain is closely related to the working unit of each unit and
the working quality of the machines before it. Taking this issue into account, it can be concluded that
the influence of technological chain equipment on the quality indicators of machinery manufacturing
enterprises and heavy industrial products is great.

Therefore, professor scientists of Tashkent State Technical University, together with the scientific
researchers and mature and experienced specialists of the Joint Stock Company “Almalyk mining and
metallurgical combine” and its affiliated Central repair mechanical plant, to improve the strength of
steel parts, to increase the operational properties of cast products based on the selection of modifiers
or the selection of other modifiers to form a quality structure, and to obtain quality castings from parts
with high strength a number of measures have been taken to increase.

In the period of liquefaction of steels using electric arc furnaces at the enterprises of our republic,
measures are being taken to obtain quality casting products. In this regard, it is becoming important to
increase the priority of research on the improvement of technologies that provide resource and energy
savings in the liquefaction of steels, which is widely used in the industry.

Today, machine-building is the main consumer of metals produced in our country. In the machine-
tool industry, the automobile and aviation industry, in electronics and radio engineering, a lot of machine
and accessory details are made from metals.

Metals used in technology are mainly divided into two groups — ferrous and non-ferrous metals.
Ferrous metals include iron and its compounds (cast iron, steel, ferroalloys). The remaining metals and
their alloys form the group of non-ferrous metals.

Until now, iron and its alloys, considered the main machine-building material, are of particular
importance among metals. [ron and its alloys make up 90 % of metals produced worldwide. This is
explained by the fact that ferrous metals have important physical and mechanical properties, as well
as the fact that iron ores are widely distributed in nature, and the production of cast iron and steel is
cheap and uncomplicated [14].

From the beginning of the 20th century, the world scientists who contributed to the further
development of the theory of selective operation of modifiers to increase the strength of steel parts
include the following; English and German scientists R. Gadfield, R. Mel, E. Bain, G. Hahnemann,
F. Wefer, G. Esser and others, Russian scientists P. A. Rebinder, A. A. Zhukov, Kryakovsky, Yu. V.,
Lipman M. S, A. A. Bochvar, N. A. Minkevich, S.S., Steinberg, N. Ya. Selyakov, N.T. The works of
Gudtsov, G. V. Kurdyumov, A.P. Gulyaev and others are among such works. CIS scientists A. A. Bochvar,
N. A. Minkevich, S.S., Steinberg, N. Ya. Selyakov, N. T. Gudtsov, G. V. Kurdyumov, A.P. Gulyaev,
A.M. Butlerov, S. V. Lebedev, P. A. Rebinder, S.P. Korolyov and A. T. Tumanov contributed a lot. They
have developed various technologies of heat treatment of machine parts obtained by cast method in
order to increase their operational properties. Among other things, they have developed grinding modes,
surface treatment technology of coated teeth, and methods of restoring bent teeth to increase the wear

resistance of gear wheels.
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Uzbek scientists have conducted a number of scientific researches on increasing the service
life of mechanical engineering parts, increasing their mechanical properties, processing alloys
inside and outside the furnace. Professors A.A. Mukhamedov, N.D. Turakhodjaev, S.A. Rasulov,
F.R. Norkhudzhaev, Sh. A. Karimov made great contributions in this regard. In particular, they created
thermocyclic and high-temperature processing methods for increasing the mechanical properties of

details based on thermal processing [15, 16].

Experimental part

Induction melting of 110G13L modified steel alloy in laboratory conditions of Tashkent State
Technical University, Faculty of Mechanics, “Foundry Technologies” department (INDUCTION
MELTING MACHINE, Model: BF-TB 2) was carried out in the furnace.

At the first stage of the study, 1400 gr. 110G13L grade steel slag was liquefied at a temperature
from 20 °C to 1250-1300 °C, and then ferrotitanium-65 in the amount of 0.5 % was loaded into the
furnace and the temperature in the induction furnace was raised to 1410 °C.

To determine the hardness of the obtained sample, the liquid alloy taken from the furnace was
poured into a sand-clay mold at 1390—1410 °C. The temperature of the liquid alloy was measured on a
Kelvin PLTs 3000 device.

In order to determine the hardness, chemical composition and structure, the samples were
prepared using the S 11MV universal lathe in the Mechanics shop of the Central Repair Mechanics
Plant belonging to “Almalig MMC” JSC [17, 18].

Results and discussion

As a result of the research carried out in an induction furnace with the addition of 0.5 %
ferrotitanium-65 as a modifier to 110G13L steel, the following indicators were obtained: the hardness
of the surface parts of the sample according to HRB was 96.8 and 97.1, the hardness of the central part
was 99.8, according to HRB the average was 97.9, HB-217.1 according to Brinell.

When studying the structure and chemical composition, the following results were obtained
(Fig. 1a, b, Table 1).

Cucumber graphite Ledeburit
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Fig. 1. 0.5 of ferrotitanium-65 to 110G13L steel as a modifier; 1; 1.5; 2;

Application in 3 and 4 % and obtained results: a) 1x100 size view; b) 2x400 size view
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Table 1. Chemical composition results obtained when 0.5 % ferrotitanium was added as a modifier to 110G13L steel

Material C Si Mr P S Cr Ni Ti Al
FeTi—-65 0.91 0.68 11.94 0.051 0.015 0.61 0.11 0.022 0.43

The microstructure was manifested in the form of primary small columnar crystals of high
ledeburite. Crystals are 4—5 microns wide and 50 microns long. The appearance of custard-like graphite
is significant, probably due to forced redistribution under the influence of high temperature [19].

The eighth stage of the study was carried out in an induction furnace with the addition of 1 %
ferrotitanium-65 as a modifier to 110G13L steel. The following indicators were obtained: the surface
hardness of the sample was 99.4 and 95.2, the hardness in the central part was 101.2, HRB on average
was 98.6, HB-229.2 on Brinell [20].

When studying the chemical composition and structure, the following results were obtained
(Fig. 2a, b, Table 2).

Small carbides of chromium and molybdenum are visible in the ledeburite layers. Molybdenum
reduced the grain sizes to 3—4 microns in width and 40—45 microns in length [24].

The ninth stage of the research was carried out in an induction furnace with the addition of 1.5 %
of ferrotitanium-65 as a modifier to 110GI13L steel, and the following indicators were obtained: the
surface hardness of the sample was 99.1 and 103.7, and the hardness in the central part was 105.3,
averaged 102.7 on HRB, HB-255 on Brinell.

Chromium and molybdenum carbides Ledeburit

Fig. 2. Chemical composition results obtained when adding 1 % ferrotitanium as a modifier to 110G13L steel:
a) 1x100 size view; b) 2x400 size view

Table 2. Chemical composition results obtained when adding 1 % ferrotitanium as a modifier to 110G13L steel
[21-23]

Material C Si Mr P S Cr Ni Ti Al
FeTi—1% 1.14 0.79 11.32 0.072 0.014 0.79 0.17 0.031 0.03
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Fig. 3. Chemical composition results obtained when 1.5 % ferrotitanium was added as a modifier to 110G13L
steel: a) 1x100 size view; b) 2x400 size view

Table 3. Chemical composition results obtained when 1.5 % ferrotitanium was added as a modifier to 110G13L
steel

Material C Si Mr P S Cr Ni Ti Al
FeTi— 1.5 % 1.19 0.86 11.98 0.059 0.011 0.81 0.19 0.046 0.29

When studying the chemical composition and structure, the following results were obtained [25]
(Fig. 3a, b, Table 3).

The conclusion of the obtained results is that the microstructure of the sample (eutectic austenitic
steel) was manifested in the form of small columnar crystals of high ledeburite. Crystals are 3—4
microns wide and 40 microns long [26].

The tenth stage of the study was carried out in an induction furnace with the addition of 2 %
ferrotitanium-65 as a modifier to 110G13L steel. As a result of the study, the following indicators were
obtained: the surface hardness of the sample was 104.6 and 105.1, the hardness in the center part was
107.2, HRB The average was 106.6, according to Brinell HB-277.

When studying the chemical composition and structure, the following results were obtained [27—
29] (Fig. 4a, b, Table 4).

The appearance of custard-like graphite is significant, probably due to forced redistribution under
the influence of high temperature. The effect of titanium in this composition is manifested in reducing
the size of cementite and ledeburite grains.

The eleventh stage of the study was carried out in an induction furnace with the addition of 3 %
ferrotitanium-65 as a modifier to 110G13L steel. The following indicators were obtained: the surface
hardness of the sample was 106.3 and 107.8, the hardness in the center part was 107.8, HRB averaged
107.3, Brinell HB-293.

When studying the chemical composition and structure, the following results were obtained [30]
(Table 5, Fig. 5a, b).

Small carbides of chromium and molybdenum are visible in the ledeburite layers. Molybdenum

reduced the grain sizes to 4—5 microns in width and 45—40 microns in length.
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Fig. 4. Chemical composition results obtained when adding 2 % ferrotitanium as a modifier to 110G13L steel
a) 1x100 size view; b) 2x400 size view

Table 4. Chemical composition results obtained when adding 2 % ferrotitanium as a modifier to 110G13L steel

Material C Si Mr P S Cr Ni Ti Al
FeTi-65 1.44 0.68 11.94 0.061

0.016 0.61 0.13 0.022 0.43

Chromium and molybdenum carbides Ledeburit

1 \'\;‘S’e’]l@' - Jﬁﬁé’: u‘i‘ikﬁ";&v‘(

) Ei' iv 66 e Gg’ ;;

s G I )
L o

Fig. 5. Chemical composition results obtained when 3 % ferrotitanium was added as a modifier to 110G13L steel
a) 1x100 size view; b) 2x400 size view

Table 5. Chemical composition results obtained when 3 % ferrotitanium was added as a modifier to 110G13L steel

Material C Si Mr P S Cr Ni Ti Al
FeTi —65 1.19 0.93 11.99 0.061

0.016 0.61 0.13 0.022 0.43

The twelfth stage of the study was carried out in an induction furnace with the addition of 4 %
ferrotitanium-65 as a modifier to 110G13L steel. The following indicators were obtained: the surface

hardness of the sample was 106.8 and 108.6, the hardness in the center part was 111.3, It averaged 108.9
on HRB and 296 on Brinell.
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Chromium and molybdenum carbides Ledeburit

Fig. 6. Chemical composition results obtained when 4 % ferrotitanium was added as a modifier to 110G13L steel:
a) 1x100 size view; b) 2x400 size view

Table 6. Chemical composition results obtained when 4 % ferrotitanium was added as a modifier to 110G13L
steel [31]

Material C Si Mr P S Cr Ni Ti Al

FeTi—65 1.23 0.91 11.94 0.058 0.018 0.62 0.14 0.021 0.42

When studying the chemical composition and structure, the following results were obtained
(Table 6, Fig. 6a, b).

Chromium and molybdenum appear in fine carbides in ledeburite layers (Fig. 7).
According to GOST, the hardness of 110GI3L steel is equal to HB-217-229. It was found that
110GI13L steel is equal to HB-277-293 when 2-3 % of ferrotitanium-65 is added as a modifier (Table 7).

300

260 : . /
T
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Qattiglik HB, kg, /mim

200

a5 7 15 2 3 4
Fe i migdor;, %

Fig. 7. 219 HB with the addition of 0.5 % ferrotitanium; 227 HB at 1 %; 255 HB at 1.5 %; 277 HB at 2 %; 293 HB
at 3 %; 296 HB at 4 %
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Table 7. A tabular view of hardness results

Modifier Hardness is a unit of measure .

Ferrotitanium,% HRB HB % difference
0.5 97.9 219 unchanged
1 98.6 227 unchanged

1.5 102.7 255 10.2

106.6 277 16.3

107.3 293 21.8

4 108.9 296 22.6

Conclusions

As a result of theoretical and practical research on the development of high-strength parts from
the modified 110GI3L steel alloy, the following recommendations were developed:

— load ori musta h deficiency to the composition have the details get optimal modifiers were
selected for at the MTM (TsRMZ) plant TDTU laboratory conditions tested;

— load ori musta h deficiency to the composition have the details get for It is recommended to add
2-3 % ferromtitanium-65 as a modifier to 110G13L steel;

— when 2-3 % of ferrotitanium-65 was added as a modifier to the 110G13L steel alloy, the hardness
of the samples gave the above results, 0.5; 1;

— when adding a modifier of 1.5 and 4 %, there was almost no change, and economic efficiency

was also taken into account.
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