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Xulasa. Bu mogalods Fe-Si-C torkibli amorf lentlorin mexaniki xassalorinin onlarin ananavi Kristallik
Fe-Si (elektrotexniki polad) analoglart ilo miiqayisasi aparilir. Fe-Si-C lentlarinin yiksok méhkamlik,
elastiklik vo korroziyaya davamliliq kimi xiisusiyyatlor gostordiyi askar edilmisdir. Eyni zamanda,
amorf strukturun materialin mexaniki dayaniqligina miisbat tosir gostordiyi va kristallasma prosesinin
baglangici ilo olagoali risklorin azaldilmasi tohlil edilir. Bu todgigat, Fe-Si-C lentlorin kristallik
analoglar1 Uzorinds Ustlinluklorini vurgulayaraq, bu materiallarin elektrotexniki totbig saholorinds
istifadasi perspektivlorini genislondirir.
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AMORPHOUS RIBBON SAMPLES WITH THEIR CRYSTALLINE COUNTERPARTS,
ELECTRICAL STEELS (FE-SI)

Isayeva Aida Ajdar - PhD, department of Physics and chemistry, AzZUAC, isayeva_aida86@mail.ru
Shamilov Tabriz Garaja - PhD, department of Physics and chemistry, AzUAC, invar59@mail.ru
Ahmadov Valik Ibrahim - PhD, ass. prof., Department of Physics and chemistry, AzZUAC;
valik.ahmadov@gmail.com

Abstract. This article compares the mechanical properties of Fe-Si-C amorphous ribbons with their
traditional crystalline counterparts, Fe-Si (electrical steel). It has been found that Fe-Si-C ribbons
exhibit characteristics such as high strength, elasticity, and corrosion resistance. Additionally, the
amorphous structure positively affects the material's mechanical stability and reduces risks associated
with the onset of crystallization. This study highlights the advantages of Fe-Si-C ribbons over their
crystalline counterparts, expanding the prospects for the use of these materials in electrical engineering
applications.
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Giris. Bir sira istiinliikloro baxmayarag, amorf lentlorin kdvrakliyi holo problem olaraq qalir.
Tadqiqatgilar [1-10] miisahido etmislor ki, dislokasiyalar va dona sorhadlori kimi kristallik qiisurlarin
olmamas1 méhkomlik haddini artirsa da, elastikliyin azalmasina sabab olur. Bu kdvraklik, elastiklik va
zorbays davamliligin talob olundugu totbiglords diggstli davranmagi vo nazars alinmani talab edir [11-
17]. Fe-Si-C amorf lentlor 100-150 GPa diapazonunda elastiklik moduluna malikdirlor ki, bu da
kristallik silisiumlu polada xas olan 200-210 GPa-dan asagidir. Belo asagi elastiklik modulu mexaniki
zorbolori deformasiya olmadan gabul eds bilon materiallar tolob edon totbiglords faydalidir.

Amorf lentlorin asinma miiqavimati basqa bir maraq sahasidir. Onlarin yiiksok sortliyi vo dons
sarhadlorinin olmamasi ola aginma xiisusiyyatlorinin formalagsmasina komok edir va onlarin asindirici
mihitlordo istifadosini miumkiin edir. Bununla bels, onlarin ¢at amalo galmoa mdhkamliyi bir ¢ox
totbiglor ti¢iin uygun olsa da, kristallik materiallardan daha asagidir vo muayyan istifadslor Ugiln
mohdudiyyatlor yaradir [18-21].

90


mailto:isayeva_aida86@mail.ru
mailto:invar59@mail.ru
mailto:valik.ahmadov@gmail.com
mailto:isayeva_aida86@mail.ru
mailto:invar59@mail.ru
mailto:valik.ahmadov@gmail.com

Elmi asarlor, Insaat Scientific works, Construction 2025, N1

Umumilikds, Fe-Si-C osasli amorf lentlordo mexaniki xassolorin unikal mocmusu hom
imkanlar, hom do gatinliklor yaradir. Yiiksok mohkomlik vo sortlik onlart ¢oxsayli totbiglor Ggtin
calbedici edir, lakin kdvraklik vo asagi ¢at amolo galma mdéhkamliyi dizayn vo material seciminds
diggatls nazors alinma talab edir.

Todgigatlar Fe-Si-C amorf lentlorinin mixtalif sonaye va texnoloji totbiglords istifadasini
genislondirmok Gglin bu xUsusiyyatlorin optimallasdirilmasina digqgat yetirmayi talab edir.

Fe-Si-C tarkibli amorf lentlarin mexaniki xassalorinin  Kristallik analoqlar1 Fe-Si
materiallarinin mexaniki xassalori ilo mugayisasi. Fe-Si-C torkibli amorf lentlorin mexaniki
xassolorinin amorf qurulusun dstiinliklorini vo mohdudiyystlorini aydinlasdirmaq {i¢iin onlarin
kristallik analoglart Fe-Si materiallarinin mexaniki xassalori ilo mugayiso edilmisdir. Noticalor
asagidaki codval soklinds verilmisdir:

Cadval 1.
Xarakteristika Feq2SisC2 lent FeosSieCy lent Kristallik Fe-Si
nimunasi nimunasi [4-9]
(ortalama) (ortalama)
UTS (MPa) 1200 1330 600
Sartliyi (HV) 710 690 200
Qirillma zamani 1,6 1,7 15
uzanma (%)
Elastik Modulu 90 130 210
(GPa)
Elastiklik hoddi 894 968 250 -500 (torkibino
(MPa) Vo emal sortloring
g0ra doyisir)

Feg2SisC2 Vo FegsSisCy torkibli amorf lentlorinin sartlik, elastiklik, méhkomlik haddi vo qirllma
mohkamliyi kimi bir nega asas amili nazars almagla, 6yronilmis mexaniki xassalorini onlarin kristallik
Fe-Si analoglar1 ilo muqayiss edorak asagidaki naticalora golo bilarik:

o FegySisCo Vo FegsSieCr torklibli amorf lentlor kristallik olmayan, nizamsiz atom qurulusuna
g0ro daha ylksak sortlik niimayis etdirirlar, bu da kristal materiallarda movcud olan dona sarhadlarinin
amorf materiallarda olmamasidir. Dislokasiyalarin vo dono Sorhodlorinin olmamast plastik
deformasiyanin bas vermasini ¢atinlosdirir. Kristallik Fe-Si materiallar1 imumiyyatlo amorf anologlari
ilo migayisods daha agagi sortliyo malikdirlor. Kristal qurulugda dons sarhodlorinin vo dislokasiyalarin
olmas1 daha asan plastik deformasiyaya imkan verir. Bu da, daha asag sartliys sobob olur.

o Feg2SieCa Vo FegsSisCy torklibli amorf lentlor tmumiyystlo daha az elastiklik niimayis etdirir.
Nizamsiz qurulus materialin qirilmadan ovval plastik deformasiya gabiliyystini mohdudlasdirir vo
onlart daha kovrok edir. Kristallik Fe-Si materiallar1 dislokasiyalarin kristal gofosdon kegma
gabiliyystino goro daha yiksok elastikliya malikdir vo bu qirilmadan ovval daha c¢ox plastik
deformasiyaya imkan verir.

o Feg2SisCa Vo FegsSieCa torklibli amorf lentlor kristal materiallarda gorginlik konsentratorlari
kimi ¢ix1s eda bilon dona sorhadlari va dislokasiyalar kimi struktur qilisurlarinin olmamasi sabobindan
daha yiiksok méhkomlik haddi niimayis etdira bilir. Kristallik Fe-Si arintilorin méhkamlik haddi
olverisli olsa da, imumiyyatlo amorf lentlorin mohkamlik haddindon kigikdir. Dana sarhadlorinin
moveudlugu va dislokasiya harokatinin mimkiinliyu, gorginlik altinda daha avval dagilmaya sobab
ola bilar.

o FegrSigCo Vo FegsSisCy torklibli amorf lentlor daha asagi qirllma méhkomliyine malikdirlor. Cat
omolo goldikdon sonra materialin kovrokliyi sobobindon daha asan yayila bilar. Kristallik Fe-Si
materiallar1 adaton daha ylksok qirilma méhkomliyine malikdirlor, ¢linki onlar qirilmadan svval daha

91



Elmi asarlor, Insaat Scientific works, Construction 2025, N1

cox plastik deformasiyaya moruz gala bilirlor. Dana sarhodlorinin olmasi ¢atlaglarin yayilmasinin

qarsisin1 almaga komok edarok, méhkamliyi artirir.

Belaliklo, aldigimiz eksperimental moalumatlar vo apardigimiz tohlillor asagidaki naticalors
galmays imkan verir.

Naticalar

1. Fe-Si-C torklibli amorf lentlori kristallik Fe-Si materiallari ilo mugayisads daha yiksak sartliys vo
mohkamlik haddino malikdirlor. Amorf lentlor daha kovrokdirlor, elastikliklori azdir vo daha az
qirilma méhkomliyine malikdirlor.

2. Kristallik Fe-Si materiallarin sartliyi daha az olub, daha az méhkamlik haddine malikdir, lakin
daha elastikdirlor. Bu da onlara daha boylk plastik deformasiyaya tab gotirmoys vo amorf
anologlarina nisbaton ¢atlarin yayilmasina daha yaxsi miigavimat gostarmays imkan verir. Amorf
materiallar méhkomlik vo sortlik baximindan Ustiindiir, kristallik materiallar iso elastiklik vo
mohkomlik baximindan daha yaxsidir.

Istinadlar

1. Isayeva, A. ©., Mommoadov, F. S., Musazado, 1. V., Musayeva, S. M., & ®hmadov, V. 1. (2024).
Fe-Si-C osasli maqnityumsaq amorf lentlorin ononovi kristallik Fe-Si (elektrotexniki polad)
materiallarini avoz etmo imkanlari. MexxayHapoaHblil HaygyHO-TipakTHaeckuid xypHai, Endless Light
in Science (Ne 2/2 extra), 15-21. https://doi.org/10.24412/2709-1201-2024-8-15-21

2. Abdullayev, A. P., Ahmadov, V. i., Mommodov, F. S., Rafiev, N. M., & Isayeva, A. ©. (2024).
Fe92Si6C2 vo Fe93Si6Cl1 torkibli amorf lent nimunalarinin alinmasi prosesinin optimallagdirilmasi.
3. MexnyHapoaHblii HaydHO-TIpakTH4ecKkuii xypHai, Endless Light in Science (Ne 2/2 extra), 3-11.
4. https://doi.org/24412/2709-1201-2024-8-3-11

5. Abdullayev, A. P., Ahmadov, V. 1., Samilov, T. G., Mommadov, F. S., Rafiev, N. M., Isayeva, A.
A., Askerova, G. Z., & Jabirli, R. D. (2024). IIpumenenue amophHbIX cruiaBoB. Hayunslii hopym:
Texunyeckue u (pu3MKO-MareMaTudyeckue Haykd, cO. cT. mo marepuasiaMm LXXVI wmexmayHap.
Hay4.npakT. KoHp., Ne 8(76), 22-29.

6. Abdullayev, A. P., Ahmadov, V. 1., Samilov, T. G., Mommodov, F. S., Musazade, i. V., Rafiev, N.
M., Isayeva, A. A., Musayeva, S. M., Askerova, G. Z., & Jabirli, R. D. (2024). Pa3paboTka TEXHOJIOTHH
nonydenuss amopdubix neHt Fe-Si-C. Universum: TexHuYeckne HayKu: Hay4dHbBIN KXypHai, 56-60.
https://dx.crossref.org/10.32743/UniTech.2024.125.8

7. Abdullayev, A. P., Ahmadov, V. 1., Samilov, T. G., Mommadov, F. S., Rafiev, N. M., Isayeva, A.
A., & Jabirli, R. D. (2024). UccnenoBanue 31eKTPUYECKUX CBONCTB aMOP(HBIX JIEHT C COCTAaBOM

8. Fe92Si6C2 u Fe93Si6C1 u ux cpaBHeHHE ¢ KprcTaundeckumu aHainoramu Fe-Si. In the World of
Science and Education, 46-52. https://doi.org/10.24412/3007-8946-2024-46-52

9. Panahov, T. M., Isayeva, A. A., & Rafiyev, N. M. (2018). MarautoonTHuecKnue CBOICTBA
amop(dHbIX JIeHT Ha ocHoBe COFe. bromnerens Hayku u npakTuke, 4(8), 136-143.

10.  Abdullayev, A. P., Ahmadov, V. I, & Isayeva, A. A. (2021). Magnetic penetration
investigation on the bands made of amorphous magnetically soft (CoFe)75Si10B15 alloys under the
thermal processing.

11. International Journal of Modern Physics B, 35(3).

12.  Abdullayev, A. P., Isayeva, A. ©., & Dsgorova, G. Z. (2024). Kobalt asasl1 arintinin mivoqgati
k6hnalmasi. Elmi osarlor, Azorbaycan Memarliq vo Ingaat Universiteti, 39-44(1).

13.  Panahov, T. M., Rafiev, N. M., & Huseynov, A. H. (2019). Magnetic Thermocouples Made of
CoFe and FeNi Permalloys. Technical Physics, 89(7), 987-990.

14, Rafiyev, N. M., Ahmadov, V. 1., & Isayeva, A. ®. (2023). Prospects to use amorphous Fe—Ni—
Si—B ribbons in contactor cores. Ukrainian Journal of Physics, 68(3).

15. Rafiyev, N. M. (2016). Peculiarities of Surface Crystallization of AMA Crystallization of
Amorphous Ribbon from the Contact Side. International Journal of Science Research, 5, 7.

16. Rafiyev, N. M. (2022). Effects of heat treatment on some magnetic properties of amorphous
alloys containing (Fe-Ni)1-x Mx (M=Si, B). Zeitschrift fiir Naturforschung A ZNA, 77(08).

92


https://dx.crossref.org/10.32743/UniTech.2024.125.8
https://dx.crossref.org/10.32743/UniTech.2024.125.8

Elmi asarlor, Insaat Scientific works, Construction 2025, N1

17.  Szewieczek, D., Tyrlik-Held, J., & Lesz, S. (2007). Structure and mechanical properties of
amorphous Fe84Nb7B9 alloy during crystallization. Journal of Microscopy, 24(2), 87-90.

18.  Saad, A., Cremaschi, V., Moya, J., Arcondo, B., & Sirkin, H. (2002). Crystallization Process
of Fe Based Amorphous Alloys: Mechanical and Magnetic Properties. Materials Science and
Engineering: A, 877-881.

19. Li, F. C., Liu, T., Zhang, J. Y., Shuang, S., Wang, Q., Wang, A. D., Wang, J. G., & Yang, Y.
(2019). Amorphous—nanocrystalline alloys: fabrication, properties, and applications. Materials Today
Nano, 4, 100027.

20.  Bresson, L., Harmelin, M., & Calvayrac, Y. (1988). Mechanical Properties of the Amorphous
Alloy Fe78B13Si9. Zeitschrift  fr Physikalische Chemie, 157(1), 189-202.
https://doi.org/10.1524/zpch.1988.157.Part_1.189

21.  LiWang, J., Jingang Wang, M., & Mengtao Sun. (2020). Mechanical properties of Fe-based
bulk amorphous Fe41Co7Cr15Mo14C15B6Y?2 alloy rods. Chemical Physics Letters, 750, 13751.

22.  Liefei, P., Xiangyun, Z., & Zizhou, Y. (2022). Application of Fe-Based Amorphous Alloy in
23. Industrial Wastewater Treatment.  Journal of Renewable  Materials.
https://doi.org/10.32604/jrm.2022.017617

24.  Yongchan, K., & Byoungchul, H. (2016). Effects of Metalloid Elements on the Mechanical
25.  Properties of Fe-Based Bulk Amorphous Alloys. Korean Journal of Materials Research,
26(12), 671675. https://doi.org/10.3740/MRSK.2016.26.12.671

26. Cymyku, K., Xymumopu, X., & Xacumoro, K. (1987). AMopdroe Metamisl. Meramryprus,
304-305.

27.  Xannpuk, K., & Kobe, C. (1981). Amopdubie maraetuku. Y ®H, 143(2), 305-331.

Bu is Azarbaycan EIm Fondunun maliyya dastayi ils yerina yetirilmisdir. Qrant Ne AEF-MQM-
QA-2-2023-3(45)-05/01/1-M-01

Mbsqalaya istinad: Isayeva, A. 9., Samilov, T. Q., & Ohmadov, V. I. (2025). Fe-Si-C tarkibli amorf lent
niimunalorinin mexaniki xassalorinin kristallik analoglart olan elektrotexniki poladlarla (Fe-Si)
miiqayisali tohlili. Elmi Osarlar/Scientific Works, AzMIU, 1. 90-93

For citation: Isayeva, A. A., Shamilov, T. G., & Ahmadov, V. I. (2025). Comparative analysis of the
mechanical properties of Fe-Si-C amorphous ribbon samples with their crystalline counterparts,
electrotechnical steels (FeSi). Elmi Osarlar/Scientific Works, AzUAC, 1, 90-93

Redaksiyaya daxil olma/Received 15.09.2024
Capa gobul olunma/Accepted for publication 15.12.2024

93


https://doi.org/10.1524/zpch.1988.157.Part_1.189
https://doi.org/10.1524/zpch.1988.157.Part_1.189

