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SUYUQLANTIRISH JARAYONIDA KIRITILGAN MODIFIKATORLAR
NATIJASIDA KULRANG CHO‘YAN STRUKTURAVIY O‘ZGARISHLARINING
TAHLILI.

ANALYSIS OF STRUCTURAL CHANGES AS A RESULT OF MODIFIERS
INTRODUCED IN THE PROCESS OF LIQUEFACTION OF GRAY CAST IRON.

AHAJIM3 CTPYKTYPHBIX U3BMEHEHUU B PE3YJbLTATE BBEJEHUS
MOJIU®UKATOPOB B CEPBII YYT'YH ITPH OKNKEHUW.

Annotatsiya: Magolada kulrang cho‘yan qotishmasiga elektr yoy pechida
suyuglantirish jarayonida modifikatorlar Kiritib olingan namunalarning mikrostrukturaviy
tahlili keltirilgan. Qum-gilli golipga quyilgan namunalar skanerlovchi elektron mikroskop
yordamida o‘rganildi va olingan mikrostrukturaviy tahlillar yordamida namunalarning
mexanik, fizik va texnologik xossalarining o‘zgarishini asoslashda muhim ahamiyat kasb etdi.

Kalit so‘zlar: cho‘yan, kulrang cho‘yan, SCH24, JSM — IT200, Axiovert 40 MAT,
suyuglantirish, quyish, perlit, ferrit, mis fosfi, ferrosilikon, gotishmalar.

Abstract: The article presents a microstructural analysis of gray cast iron alloy samples
with modifiers introduced during liquefaction in an electric arc furnace. The samples poured
into the sand-clay mold were studied using a scanning electron microscope, and with the help
of the obtained microstructural analysis, they became important in justifying the changes in
the mechanical, physical and technological properties of the samples..

Keywords: cast iron, gray cast iron, SCH24, JSM — IT200, Axiovert 40 MAT,
fluidization, casting, pearlite, ferrite, copper phospite, ferrosilicon, alloys.

AnHOTanusi: B crathe mpencTaBlieH MHKPOCTPYKTYPHBIM aHalu3 oOpas3loB CIlIaBa
CCporo 4yryHa ¢ MO,ZLI/I(l)I/IKaTOpaMI/I, BBCACHHBIMU IIpU OXKUKCHUU B 3J'IeKTp0,Z[y1‘0B0171 IICYH.
OOpa3upl, 3anuTble B IECYAHO-TJIMHSAHYIO (GopMy, OBUIM H3y4eHbl C TOMOIIbIO
CKaHHUPYIOUICTO SJICKTPOHHOI'O MHKPOCKOIIa u C IIOMOIIBIO IMMOJIY4YE€HHOTI'O
MHUKPOCTPYKTYPHOI'O aHaJIn3a CTAJIM Ba)KHBIMU IJI 000CHOBaHMSA U3MEHEHUN MCXaHHUYCCKUX,
(GUBUYECKUX M TEXHOJIOTHYECKUX CBOMCTB 00pa3IoB.

KaroueBbie cioBa: uyryH, cepbiii uyryn, SCH24, JSM - 1T200, Axiovert 40 MAT,
MICEBIO0XKIKEHUE, TUThE, EPIIUT, Pepput, hochua Meau, GeppoCHIUIIHA, CILUIaBbI.

Introduction

Gray cast irons are the most widely produced and used black alloys. It has high
flowability, workability, strength, hardness and permeability properties. Mechanical
properties mainly depend on the microstructure of gray cast iron, which usually consists of
fine graphite, pearlite and ferrite structures.

An alloy is a material obtained by mutual liquefaction of metal and metal, as well as
nonmetals. A metal alloy is an alloy of metals and metals. The category of metal alloys also
includes alloys with a large amount of metals and alloys with the properties of metals and

e
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metalloids. In technology and industry, not pure iron, but its alloys with other metals or
metalloids are widely used.

It is known that metals and non-metals consist of continuous movement of molecules
and atoms, and their properties are different depending on their location and interconnection
in space. When the internal structure of materials is studied by X — rays, the atoms of metals
and alloys are arranged in an orderly manner through mutual attraction and form a crystal
lattice [1 —4].

It should be noted that the following main tasks are important in the preparation of thin-
walled details from gray cast iron obtained today by the casting method:

— based on the analysis of the chemical composition, structure and properties of the used
gray cast iron alloy, development of the chemical composition of thin-walled cast iron
without reducing its mechanical properties;

— development of the technology of casting high-quality cast products of gray cast iron
alloy without mechanical processing;

—to check the amount of clay needed to improve the quality of sand-clay molds used for
casting thin-walled cast products and to develop a technology for obtaining high — quality
castlngs from them.

7 V0 pa

Pic 1. Microstructure of Gray Cast Irons, (a) un-etched and (b) etched conditions

for Fe-C-Si alloy system whereas (c) un-etched and (d) etched conditions for Fe — C — Al

alloy system

Picture 1 shows a front view of gray cast iron under an optical microscope. It can be

seen that the microstructure of the gray cast iron sample consists of pearlite, ferrite and

graphite. 80% of the pearlite and ferrite matrix consists of pearlite, and the proportion of
graphite is approximately 15% [5].

Main part

The DSP — 05 electric arc furnace was chosen for casting experimental samples in the

“Casting Mechanics” workshop of O‘zmetkombinat JSC. Gray cast iron of the SCH24

(GOST 1412 — 85) brand and ferrosilicon FSi75 (GOST 1415 — 93), ferromanganese FMn88,
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FMn90 (GOST 4755 — 91), copper phosphide CuP, — 9, CuP, — 10 ( GOST - 4515) were
used.

The following solid (SCH24), secondary cast iron alloys were used to liquefy the
samples of this experiment. Particular attention was paid to the fact that the content of
phosphorus and sulfur, which are harmful elements in the mixture, does not exceed 0.01 —
0.04%. The temperature of liquefaction during casting of the researched samples was from
1400 to 1470 °C. Before pouring the liquefied alloy into the furnace, slag cleaning was
performed. The temperature of pouring the liquefied alloy into a sand-clay mold was 1400 to
1460 °C.

The liquefied alloy was poured into a sand-clay mold and its cooling rate was 30-35
degrees/min. In order to check the mechanical properties, in the preparation of the mold for
the cast samples, the mold mixtures were pressed into a mold made of a special board and
these samples were cast. [6 — 8].

Picture 2. Samples cast in an electric arc furnace from a gray cast iron alloy in a sand-
clay mold for research.

Surface cleaning of cast samples was carried out for mechanical properties and
structural analysis. After the samples were prepared for research, the chemical composition of
alloys was determined using the “SPECTROLAB LAV M12” equipment, the microstructure
was determined using the “Axiovert JSM —IT200” and “Axiovert 40 MAT” microscopes, and
the hardness was determined using the “Hardness tester TB 2109” equipment.

The microstructural analysis of the obtained samples and their volume distribution
along the surface were determined using a scanning electron microscope (JSM — IT200 SEM).
In a vacuum, a scanning electron microscope exposes the sample to electrons captured by an
electric current and determines their quantity by recombining the contained electrons. The
lack of electrons was seen as the main reason for inaccuracies in determining the amount of
some elements in the sample using a scanning electron microscope. During the chemical
analysis of the prepared samples, inaccuracies were observed in determining the amount of
silicon in the composition of gray cast iron [9 — 11].

Samples with a diameter of 10 mm and a length of 25 mm are cut from the alloys, and
their surface is treated for a certain time with abrasive papers of 500, 800, 1000, 1500, 2000
microns. After that, the surface of the samples is smoothed using WC (tungsten carbide)
paste. After the polishing process, the reagents are exposed according to GOST 5639 — 82. As
reagents, picric (CgH2(NO,)30OH) and hydrochloric (HCI) acids are exposed for
approximately 5 minutes. Exposure of the reagents to the surface of the sample is the division
of the structures of the analyzed samples into phases, as well as its microscopic examination.
As a result, it became possible to obtain results by dividing the structures of gray cast iron
into clear boundaries (pic. 3)

e
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Picture 3. Samples prepared for examination in JSM — IT200 scanning electron
microscope.
Results
SCH24 gray cast iron samples are magnified by JSM-1T200 scanning electron
microscope from x100 to x5000 times at the Uzbekistan-Japan Youth Innovation Center of
Tashkent State Technical University named after Islam Karimov, in the central research

laboratory of O‘zmetkombinat JSC enterprise Axiovert 40 MAT x100 times The
microstructural and elemental content of the magnified up to x1000 was studied (pic. 4).

Picture 4. JSM - 1T200 Scanning Electron Microscope image at x350, x500,
x1000 magnification.

IMG1(1st) IMG1 Gk Si-K

1 5um [ 5um 1 5um 15um
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Picture 5. JSM - IT200 scanning electron microscope image at x5000
magnification.

Figure 5 above shows the JSM-1T200 scanning electron microscope image at x5000
magnification and the elemental content of the bulk samples. In this SEM microscope, the
size distribution of each element is shown in different colors. Based on these obtained results,
it is possible to justify the change of the properties of the cast samples from the point of view
of material science. Also, the modifiers added to gray cast iron serve to add additional
elements to it based on the structures created and to obtain high-quality cast products and
introduce them into production.

CONCLUSION

Based on the microstructural analysis of thin-walled cast iron samples, by determining
its mechanical properties, a cast product of high structural size and quality is cast in a sand-
clay mold using modern casting technologies. In this case, gray cast iron alloy is poured into a
cast product of exact size and quality using various modifiers in a furnace and a ladle. It is
known that the uniform volume distribution of elements over the surface is important in
casting from thin-walled gray cast iron.

References

1. Jose Antonio Pero-Sanz Elorz, Daniel Fernandez Gonzalez, Luis Felipe Verdeja
Book “Physical metallurgy of cast irons” University of Oviedo, Asturias, Spain

2. https://materials-today.com/cast-iron-types-microstructure/

3. L. Collini, G. Nicoletto and R. Konecnc, Microstructure and mechanical
properties of pearlitic gray cast iron, Mater. Sci. Eng.: A, Vol. 488, No. 1-2, (2008)

4. Carbide to Graphite Transition Control by Thermal Analysis in Grey Cast Irons
Elena Loredana Neacsu, lulian Riposan, Ana Maria Cojocaru, Stelian Stan and luliana Stan
23 July 2020

5. Effect of Temperature on Wear Characteristic of Cast Iron S. K. Shaha and
M.M.Haque Conference Paper May 2010 DOI:10.31399/asm.cp.itsc2010p0741.

38



MASHINASOZLIK ILMIY-TEXNIKA JURNALI Ne2, 2024 yil
SCIENTIFIC AND TECHNICAL JOURNAL MACHINE www.andmiedu.uz

6. Jos¢ Antonio Pero-Sanz Elorz Daniel Fernandez Gonzalez Luis Felipe Verdeja
Physical Metallurgy of Cast Irons Springer Nature Switzerland AG 2018.

7. Y. Xia, S. Sasaki, H. Mano, T. Murakami and M. Nakano, Tribological Properties of
Gray Cast Iron Lubricated with PAO and Amine Salt of Alkali Phosphate Additive, Tribo.
On lin., Vol. 2, No. 3 (2007)

8. Heidari, S. M. A. Boutorabi, and M. T. Honaramooz School of Metallurgy and
Materials Engineering, Iran University of Science and Technology, Tehran, Iran “Ablation
casting of thin-wall ductile iron”.

9. Saidmakhamadov N., Khasanov J., Rakhmanov R., Mirzajonov B. Cast iron
liquefaction technology// Actual priorities of modern science, education and practice
Proceedings of the XII International Scientific and Practical Conference Paris, France March
29 — April 01, 2022. — p. 812 — 817.

10. Khasanov  J.,  N.Turakhodjaev., F.Makhmudov.,  Sh.Turakhujaeva.,
O.Ermanov., A.Ibragimov “Improvements in Obtaining Thin-Walled Casting Details Through
Liquid Glass Mixtures” Central asian journal of theoretical and applied sciences Volume: 04
Issue: 04 | Apr 2023 ISSN: 2660-5317 https://cajotas.centralasianstudies.org. 51-54 p

11. Khasanov J.,, N.Turakhodjaev., Sh.Khudoyqulov., Sh.Turakhujaeva.,
Sh.Shukuraliev., X.Mavlyankulova ‘“Mathematical Model of Copper Phosphide Effect on
Wear Resistance Properties of Gray Cast Iron Alloys” Eurasian Journal of Engineering and
Technology www.geniusjournals.org Volume 17| April 2023 ISSN: 2795-7640/ 1-5 p

39



