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Abstract

Development of alloys and technology for the production of a micro-grain structure
based on the Al-Cu-Mg alloy, which makes it possible to achieve a recrystallized grain
size of less than 10 um. the determination of the superplasticity indices of these alloys.
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Introduction

The field of application of aluminum alloys is constantly growing, especially in the

aircraft industry, mechanical engineering and the structure of railway cars. The

industry strives to facilitate structures without loss of strength characteristics.
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Superplastic deformation (SPD) makes it possible to obtain thin-walled products of
complex shapes with high surface quality, reduce the number of welds or riveted joints
in the structure. Superplastic molding has a number of technological advantages, and
the economic benefit of using superplastic molding has been proven in the conditions
of mass production, but in conditions of increased molding speeds. The materials
existing today with a grain size of about 10 microns, allow the implementation of SPD
speeds no higher than 10 -4 s-1, as a result, the time spent on forming one part can
reach several hours, which constrains the use of this method in industry.
An increase in the deformation rate by one or two orders of magnitude, which can be
realized by reducing the grain size to 1-5 microns, would reduce the molding time of
one part to several minutes. In addition, the micrograin structure in the final product
makes it possible to obtain an increased level of mechanical properties at room
temperature. Thus, the study of alloys of various systems is relevant in order to
determine the optimal ratio of structural parameters and the development of
technological processing schemes.
Superplasticity is a state that materials exhibit under certain temperature-velocity
deformation conditions [1]. Micrograin superplasticity is found in metals and alloys
with very small equiaxed crystals (smaller than (10 — 15 microns) at high homologous
temperatures (more than 0.5 Tpl.) and at relatively low deformation rates - (10—-5 —
10—1) s—1.
An aluminum-based alloy containing eutectic-forming elements Fe, Mn, Ni, Si,
additionally alloyed with Zn, Mg and Cu, was studied in order to obtain a micrograin
structure by recrystallization controlled by particles of the second phase. The
composition of the alloy and the technology of obtaining a micrograin structure are
proposed. For the alloy with the smallest recrystallized grain sizes, superplasticity
parameters were determined and the mode of hardening heat treatment was selected.
A number of compositions based on Al-Fe — Mn — Ni systems were selected for
further research using the Thermo—Calc program. Cu, Mg and Zn were also added to
the alloys for the possibility of thermal hardening of the alloys. The alloy also includes
a Si — eutectic-forming element to increase the volume fraction of particles.
Melting was carried out in a laboratory electric resistance furnace in graphite-
chamotte crucibles. After melting aluminum at a temperature of 750 C, ligatures were
introduced in the following sequence: Al — Fe, Al — Mn, Al — Cu, Al — Ni, Al — Si, Mg
and Zn were wrapped in foil before being introduced into the melt. Magnesium was
injected with a bell to the bottom of the melt and kept until completely dissolved.
Manganese has a significant effect on the recrystallization process of aluminum alloys.
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Manganese is an anti-recrystallizer, which leads to an increase in the recrystallization
temperature.
Also, at the final stage of recrystallization, manganese grinds the size of the
recrystallized grain [1, 2].
In alloys made using technical aluminum, the recrystallization temperature changes
in the same way, but the maximum is shifted towards a lower manganese content.
This is consistent with a decrease in the solubility of manganese in solid solution in
the presence of iron and silicon impurities. Additives of iron and silicon sharply grind
the grain of alloys of the Al — Mn system. Iron and silicon greatly reduce the solubility
of manganese in solid solution, and consequently reduce intra-dendritic liquation [3].
In addition, these elements accelerate the decomposition of a supersaturated solid
solution of manganese at temperatures corresponding to the temperatures of hot
deformation - (400 — 500) ° C. The resulting dispersed particles of manganese phases
are the centers of recrystallization and contribute to the formation of a fine-grained
structure.
After complete dissolution of the ligatures and removal of slag from the surface, the
melt was poured into a water-cooled copper mold with dimensions (100x40x20) mm.
After casting into a water-cooled copper mold, the alloys were processed along the
following technological chain:
Homogenization annealing mode 460 oc — 8 hours;
Hot deformation at 460 oc by 47 %;
Annealing at a temperature of 520 oc — 12 hours;
Hot deformation at 450 oc by 47 %;
Hot deformation at 450 oc by 70% (total hot deformation 83%);
Heterogenization annealing at a temperature of 350 oc — cooling with a furnace;
Cold rolling by 67%. Then the alloys were subjected to recrystallization annealing at
0.95 Tpl for 30 minutes.
Recrystallization annealing is the final heat treatment of alloys, and the very high
plasticity of the alloy makes it possible to harden it by cold deformation. Based on
experimental data, the following conclusions can be drawn:
It is shown that coarse particles of the primarily crystallized ferromanganese phases
are crushed during hot deformation, and also fragmented and spheroidized during
annealing. Alloys and technologies for producing sheets from them with a
recrystallized grain size of about 5 microns are proposed. The alloy Al - 1% Fe - 0.6%
Mn - 1% Ni - 3.5% Cu - 1.3% Mg - 0.15% Zr has the best superplasticity indicators.

o Website:

www

v https://wos.academiascience.org




WEB OF SCIENTIST: INTERNATIONAL

SCIENTIFIC RESEARCH JOURNAL
ISSN: 2776-0979, Volume 3, Issue 5, May., 2022

Conclusion

The optimal mode of hardening heat treatment for the alloy Al - 1% Fe - 0.6% Mn - 1%
Ni - 3.5% Cu - 1.3% Mg - 0.15% Zr (aging at 210 °C for 3 hours), providing a yield
strength of 280 MPa, a tensile strength of 400 MPa and a relative elongation of 14%,
has been established.

References

1.

www

2/

Toirov, O. T., Tursunov, N. Q., & Nigmatova, D. 1. (2022, January). Reduction of
defects in large steel castings on the example of" side frame". In International
Conference on Multidimensional Research and Innovative Technological
Analyses (pp. 19-23).

Toirov, O. T., Tursunov, N. Q., Nigmatova, D. 1., & Qo’chqorov, L. A. (2022).
Using of exothermic inserts in the large steel castings production of a
particularly. Web of Scientist: International Scientific Research Journal, 3(1),
250-256.

Ibadullaev, A., Nigmatova, D., & Teshabaeva, E. (2021, July). Radiation
Resistance of Filled Elastomer Compositions. In IOP Conference Series: Earth
and Environmental Science (Vol. 808, No. 1, p. 012043). IOP Publishing.
Djanikulov, A. T., Mamayeyv, S. 1., & Kasimov, O. T. (2021, April). Modeling of
rotational oscillations in a diesel locomotive wheel-motor block. In Journal of
Physics: Conference Series (Vol. 1889, No. 2, p. 022017). IOP Publishing.
Kasimov, O. T., Djanikulov, A. T., & Mamayev, S. 1. (2021, November). Modeling
the bending of the tire surface by pads during braking. In AIP Conference
Proceedings (Vol. 2402, No. 1, p. 070030). AIP Publishing LLC.

Mukhamedova, Z. G., Ibadullaev, A., & Mamaev, S. I. (2022). Calculation of the
residual life and extension of the service life of special self-propelled rolling stock.
Universum: Technical Sciences, (2-3 (95)), 36-40.

Typcynos, H. K., ABneeBa, A. H., Mamaes, III. 1., & HurmaroBa, /1. 1. (2022).
MeTposIoTHsA U CTaHJapTU3aIUA: POJIb U MECTO JUCIUILUINHBI B IOJITOTOBKE
CIIEIIAAJIICTOB »KeJIE3HOOPOKHOTO TPaHCIIOPTAa pecIyoIuKu
y30ekucraH. Academic research in educational sciences, 3(TSTU Conference 1),
140-145.

Ibadullayev, A., Teshabayeva, E., Kakharov, B., & Nigmatova, D. (2021).
Composite elastomeric materials filled with modified mineral fillers. In E3S Web
of Conferences (Vol. 264). EDP Sciences.

Website:
https://wos.academiascience.org




10.

11.

12.

13.

14.

15.

16.

17.

18.

www

2/

SCIENTIFIC RESEARCH JOURNAL

E WEB OF SCIENTIST: INTERNATIONAL
ISSN: 2776-0979, Volume 3, Issue 5, May., 2022

HurmartoBa, /JI. M., & IOcymxonoB, b. 0. (2018). HcecirenoBanue
CBEPXIIACTUYHOCTH AaJIIOMUHHEBBIX CILJIABOB, COJIEPXKAIINX SBTEKTHYECKYIO
cocrapJsonyio. Teopus 1 MpakTHKa COBPEMEHHOU HayKH, (3), 276-279.
HurmartoBa, J[. U., & 3auwnurguuoB, O. M. (2018). HWccaemosanue wu
yCOBEPIIIEHCTBOBAaHHE METO/Ia IIOJIyUYEeHHs IIOJIMMEPHBIX KOMIIO3UIITMOHHBIX
MaTepuajyioB JJjis 3aMeHBbl JIEPEBIHHOIO HACTHJIA II0JIa IACCAKHUPCKUX
BaroHoB. Teopus 1 MpakTHKa COBPEMEHHOU HayKH, (9), 184-191.

AsnieeBa, A. H. (2020). HekoTophle acmeKThl MeTO/ia IIOCTAHOBKH BOIIPOCOB U
OTBETOB TIIPH HPOBEAEHUM AayJAUTOPHBIX B3aHATUH. BeCTHUK Haykum W
obpasoBanus, (20-2 (98)), 76-79.

ABnieeBa, A. H. (2020). HekoTopble acmeKkThl MeTO/ia MIOCTAaHOBKH BOIIPOCOB H
OTBETOB TIIPH IHIPOBEAEHUM AayJAUTOPHBIX B3aHATUH. BeCTHUK Haykum W
obpaszoBaHus, (20-2 (98)), 76-79.

daiizubaes, III. C., CoboneBa, M. 10., Huraii, P. II., Mamaes, III. U., &
AbnupaxmanoB, K. A. V. (2022). HccienoBaHue BIUSHUA IJIaCTHYECKUX
medbopMamuii Ha  IIOBEPXHOCTH  yOpouyHseMmoro Oanpaska. Universum:
TeXHUYecKue HaykH, (1-1 (94)), 106-110.

Toirov, O., & Tursunov, N. (2021). Development of production technology of
rolling stock cast parts. In E3S Web of Conferences (Vol. 264, p. 05013). EDP
Sciences.

Kyukopog, JI. A. Y., Typcynos, H. K., & Toupos, O. T. VY. (2021). MccnenoBanue
CTEPKHEBBIX CMeced Uil  TOBBINIEHHs  TrasonpoHuraemocrtu. Oriental
renaissance: Innovative, educational, natural and social sciences, 1(8), 831-836.
Toupos, O. T., Typcynos, H. K., Kyukopos, JI. A., & Paxumos, Y. T. (2021).
HccnenoBanne TPUUYNH O00pa30BaHUA TPENIMHBI B OJAHOU U3 TOJOBHUH
cTek10pOopMBbI  TOCJEe €€  OKOHYATEeJIbHOTO  H3rOoTOBJIeHHs. Scientific
progress, 2(2), 1485-1487.

Hypwmeros, X. U., Typcynos, H. K., Kenxkaes, C. H., & Paxumos, Y. T. (2021).
[lepcrieKTUBHBIE MaTepHuaIbl JUIA MEXaHU3MOB aBTOMOOMJIbHBIX
arperaroB. Scientific progress, 2(2), 1473-1479.

Paxuwmos, ¥. T., Typcynos, H. K., Kyukopos, JI. A., & Kenxkaes, C. H. (2021).
V3yueHre BIUSAHUA IMHKA ZN Ha pa3Mep 3epHA U KOPPO3UOHHYIO CTOHMKOCTH
crtaBoB cucteMbl Mg-Nd-Y-Zr. Scientific progress, 2(2), 1488-1490.

Website:
https://wos.academiascience.org




