CENTRAL ASIAN JOURNAL OF THEORETICAL
THE e AND APPLIED SCIENCES

SCIENCES
=7

Volume: 04 Issue: 09 | Sep 2023 ISSN: 2660-5317
https://cajotas.centralasianstudies.org

Influence of Low Temperature Nitrocarburizing Modes on the Structure
and Properties of X12¢1 Steel

Begatov Jahongir Mukhammadjonovich
PhD, Associate Professor Joint Belarusian-Uzbek Interdisciplinary Institute, Applied Technical
Qualifications, Tashkent, Uzbekistan
Platoshina Malika Mirkamal Kizi

Senior Lecturer at the Department of Energy and Applied Sciences, Tashkent Kimyo International
University, Tashkent, Uzbekistan

Received 28" Jul 2023, Accepted 29™ Aug 2023, Online 30" Sep 2023

Abstract: In the article, the influence of low-temperature nitrocarburizing on the structure and properties
of XI12®1 steel was considered. It was found that for X12®1 steel the highest values of micro-hardness
are achieved at a saturation temperature of 550 °C and amount to 12,000 MPa at a four-hour saturation.
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The essence of combined chemical-thermal treatment in our case is the possibility of combining the
processes of saturation of steel with carbon and nitrogen atoms and the process of steel tempering into a
single technological cycle. It was found that the most optimal heating temperature for hardening the steel
in question, from the point of view of wear resistance and heat resistance of the structure, is the hardening
temperature in the range of 1150-1200 °C. At these temperatures, increased doping of the solid solution
occurs and the defectiveness of the crystal structure increases. When tempering this steel at temperatures
of 550-600 °C, the process of secondary hardening of steels begins due to the release of heat-resistant fine
carbides.

It is known that the process of saturation with carbon and nitrogen atoms [1,2,3] with low-temperature
cyanidation begins at a temperature of 560 °C, and for intensive saturation of steel with carbon in a short
time, the process temperature should be as high as possible. However, with an increase in temperature
above 650 °C, processes of decomposition of the steel structure begin, which leads to softening of the
steel and a decrease in hardness. Therefore, in our case, to combine the processes of tempering and
cyanidation, temperature ranges of 550-620 °C were chosen. It was necessary to establish the optimal
time for saturation of steel with nitrogen and carbon atoms to obtain a saturated layer with a depth of 0.2
to 0.4 mm. For the saturation process, we chose a composition from a mixture of urea (urea) and soot; It is
known that urea decomposes according to the reaction

2(N H2)2C024N+4H2+C+C02
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Highlighting During this decomposition, carbon and nitrogen diffuse into the steel. The use of soot in
carburizers for carburization [4-7] makes it possible to intensify the process of carburization of steel. 2
compositions were chosen as a saturating medium:

1. 60% carbon black + 40% urea.
2. 80% carbon black + 20% urea.

This ratio was chosen based on the recommendations [8] for solid cyanidation in a mixture of charcoal
and yellow blood salt. In our case, charcoal was replaced by carbon black, and yellow blood salt was
replaced by carbamide (urea) as the most technological medium. In addition, urea is produced in the
Republic of Uzbekistan at the Navoiazot production association and is not a scarce raw material.

In order to identify the optimal composition, studies were first carried out on saturating a sample of
X12F1 steel with two compositions at a temperature of 550-600 °C. Steel containers were prepared into
which steel samples were placed with an appropriate filling of a mixture of soot and urea. The lid of the
container was covered with refractory clay, and the container was placed in an electric oven heated to a
given temperature. The depth of the carbonitride zone in steels was studied at quenching temperatures of
1150 °C, saturation temperatures of 550-600 °C and holding times from 1 to 4 hours (Fig. 1-2). The
holding time was chosen according to generally accepted recommendations.

The combined saturation of steels with nitrogen and carbon differs sharply from the process of
carburization, nitriding and boriding [9-10]. The activity of nitrogen and carbon during nitrocarburization
depends on the partial pressure of nitrogen and carbon, which in turn depends on the temperature of the
saturating medium. At lower temperatures, nitrogen is actively generated due to the dissociation of
carbamide (urea).
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Fig.1. Effect of holding time on the depth of the diffusion layer of X12F1 steel after quenching from
1150°C and the nitrocarburization process at temperatures of 550 °C (curve 1) and 600 °C (curve
2), composition 1.
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Fig.2. The influence of exposure time on the depth of diffusion layer of X12F1 steel after quenching
from 1150 °C and the nitrocarburization process at temperatures of 550 °C (curve 1) and 600 °C
(curve 2), composition 2.

As the temperature of the saturating medium increases, carbon begins to be released more actively, which,
in the process of diffusion, displaces nitrogen into the deeper layers of the steel. In our case, in the process
of combining steel tempering with the process of low-temperature nitrocarburization, the saturated layer is
a thin mixture of martensite and the resulting carbonitride phases (Figure 3-4) [11-12].

e

- A n" ‘T’i -l -_>e
Figure 3. Cyanidate I’ayer after saturation Figure 4 € — phase along grain boundaries in
for 4 hours x500 the cyanidated layer x500
A
HV. Mla
o +

0000 + 7
%
8000 +
7
6000 +

o5 41 0 02 Om

Fig.5. Change in the microhardness of the cyanidated layer according to the depth of saturation of
X12F1 steel. Tsaturation=550 °C

Saturation time 1 — 1 hour, 2 — 2 hours, 3 — 3 hours, 4 — 4 hours
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A thin, non-etching layer of light carbide crust is formed on the surface of the cyanidated layer. After the
crust layer there is a thick, darkly etched zone that does not have a sharp boundary with the main
structure. The hardness of the dark-etched zone is HV 10,000 MPa, the hardness of the light crust is HV
8600 MPa. The structure of the dark-etched zone is a mixture of martensite, carbides and carbonitrides of
the M3(C,N) type. The change in micro-hardness of the surface layer of the X12F1 steel sample subjected
to low-temperature nitrocarburization is shown in Fig. 6-7 [13-14].
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Fig.6. Change in the microhardness of the cyanidated layer according to the depth of saturation of
X12F1 steel. Tsaturation=600 °C

Saturation time 1 — 1 hour, 2 — 2 hours, 3 — 3 hours, 4 — 4 hours

For X12F1 steel, the highest microhardness values are achieved at a saturation temperature of 550 °C and
amount to 12,000 MPa at four-hour saturation [15].

Reference

1. Guryev, A.M. Thermocyclic and chemical-thermocyclic hardening of steels / Guryev A.M.,
Voroshnin L.G., Kharaev Yu.P. // Polzunovsky Bulletin, 2005. — No. 2. -P.36-43.

2. Zhelanova L. A., Shumakov A. I. Technology of vacuum nitrocarburization of tools // Progressive
mechanical engineering technologies and modernity: Collection of proceedings of the international
scientific and technical conference. September 9-12, 1997 Sevastopol-Donetsk. 1997. -97 p.

3. Tarasov A.N. Chemical-thermal treatment of spline and cut-off cutters made of high-speed steels //
Technology and organization of production, 1978, — No. 2 — P 41.

4. Kostin N.A., Kolmykov V.I., Trusova E.V., Ermakova N.V. Method of nitrocarburizing of structural
and tool steels: Patent No. 2600612 dated October 27. 2016.

5. Kolmykov, V.I. Cyanidation of tool steels in an environmentally friendly carburizer [Text] / V.I.
Kolmykov, R.A. Kovynev, V.M. Pereverzev, etc. // Environmental protection in the oil and gas
complex. — M.: JSC “VNIIOENG”. 2006. — No. 12. — P. 108-111.

6. Kolmykov, V.1. and others. Fatigue properties of chromium steels during nitrocarburization “Bulletin
of Voronezh State University”. Voronezh: VSTU 2007. — T.3 — No. 11. — S103-105.

7. Kolmykov, V.I. Sulfocyanation of carbon steels in a urea-based bath / Kolmykov V.I., Trusova E.V.
[and others] // Materials and strengthening technologies - 2010: collection. materials XVII Russian
Science and Technology. conf. with international participation. — Kursk, 2010. — P.141-145.

© 2023, CAJOTAS, Central Asian Studies, All Rights Reserved

Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/



CENTRAL ASIAN JOURNAL OF THEORETICAL AND APPLIED SCIENCES

Volume: 04 Issue: 09 | Sep 2023, ISSN: 2660-5317

8. Sheinerman, V.M. Rationing of carburizer consumption for cementation and carbonitration processes
/I MiTOM, 1973. No. 7. — P. 30-35.

9. Risbekov, S.S., Bektemirov, B.Sh. Zirconia toughened alumina (zta). Lityo i metallurgiya 2019:
sbornik nauchnih rabot IV Mejdunarodnoy nauchno-prakticheskoy internet konferenciy studentov i
magistrantov. Minsk: BNTU, 2019. Pp. 85-86.

10. Alimbabaeva, Z. L., Bektemirov, B. Sh., Kamilova, G. M., & Chulliyev, Z. F. Physical and
technological basis for formation of coatings by electric contact sintering. Lityo i metallurgiya 2022:
sbornik nauchnih rabot IV Mejdunarodnoy nauchno-prakticheskoy internet konferenciy studentov i
magistrantov. Minsk: BNTU, 2022. Pp. 175-176.

11. Mukhammadjonovich, B. J. (2023). Technological Features of the Processes of Simultaneous
Saturation of Steel with Nitrogen and Carbon. Nexus: Journal of Advances Studies of Engineering
Science, 2(5), 42-46.

12. Mukhammadjonovich, Begatov Jakhongir, Ergashev Meirzhan Sattarugli, and Platoshina Malika
Mirkamalkizi. "EFFECT OF QUENCHING AND TEMPERING TEMPERATURES ON THE
STRUCTURE FORMATION OF 4XMFC, 4X5MF1C STEELS DURING LOW-TEMPERATURE
NITRO-CEMENTATION." International Journal of Mechatronics and Applied Mechanics 13 (2023):
230-235.

13. Jakhongir Begatov, Sobirov Bekzodbek Ahmadjonovich, Makhmuda Yakubova, Dilnoza
Kuchkarova, Malika Djalilova. the properties of high-speed steel p6m5, depending on the combined
chemical heat treatment. International Journal of Mechatronics and Applied Mechanics, Issue 11, Pp:
119- 122, 2022.

© 2023, CAJOTAS, Central Asian Studies, All Rights Reserved

Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/



