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Abstract

This article extensively investigates the effect of carbon on the physical characteristics of
Fe-Si-C amorphous ribbons. A detailed analysis was conducted on the structure, morphology,
electrical, magnetic, and thermal properties of Fe-Si-C amorphous ribbon samples with varying
carbon content. The study explores how changes in carbon concentration influence magnetic
parameters such as saturation magnetization and coercive force, as well as the impact of carbon
on the electrical resistance and thermal stability of the amorphous structure. The results indicate
that the distribution of carbon within the structure and its interactions with other elements
significantly affect the overall morphology and physical properties of the ribbons. Specifically,
carbon content enhances structural stability and reduces the tendency of the amorphous phase to
crystallize, thereby improving stability under high-temperature conditions. The potential
application areas of the studied amorphous ribbons, including energy conversion and magnetic
sensors, are also discussed. This work provides deeper insights into the role of carbon in adapting
Fe-Si-C amorphous ribbons for various applications and serves as a foundation for future
research.
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Fe-Si-C torkibli amorf lentlorin fiziki xarakteristikalarinin

optimallasdiriimasina karbonun tasiri
V.1. Ohmadov, A.9. Isayeva, N.M. Roafiyev
Azarbaycan Memarhgq va Insaat Universiteti (Baki, Azarbaycan)

Xiilasa

Bu mogalads Fe-Si-C torkibli amorf lentlorin fiziki xarakteristikalarina karbonun tasiri genis sokilda
aragdirilib. Todgigatda miuxtalif karbon torkibli Fe-Si-C amorf lent niimunslorinin strukturu,
morfologiyasi, elektrik, magnit vo termik xisusiyyatlori {izorindo dorin tohlillor aparilib. Karbonun
miqdarmin doyismasi ilo lentlorin doyma magnitlonmasi vo koersitiv qiivvasi kimi magnit parametrlorinin
neco doyisdiyi, hamginin karbonun amorf strukturun elektrik miigavimatine vo temperatur stabilliyins
tosiri Oyranilib. Tadgiqatin naticalori gostorir ki, karbonun struktur daxilinds paylanmasi va onun digoar
elementlorlo qarsiliglt alagssi lentin imumi morfoloji vo fiziki xlisusiyyatlorine oshomiyyatli tosir gostorir.
Xiisusila, karbonun miqdari strukturda stabilliyi artiraraq amorf fazanin kristallasma meyilini zaiflodir.
Belaliklo, lentin yiiksok temperatur soraitindo stabilliyini tomin edir. Oyrenilon amorf lentlorin miimkiin
tatbiq sahalori, o ciimladan enerji ¢evrilmasi Vo magnit sensorlar1 kimi miihiim texnologiyalarda istifadasi
tictin shomiyyati miizakira edilib. Bu is karbonun Fe-Si-C torkibli amorf lentlorinin miixtalif tatbiglor tigtin
uygunlagmasinda oynadigi rolu daha yaxsi basa diismays imkan yaradir vo golocok todqiqatlar tigiin baza
rolunu oynayir.

Acar sozlar: Fe-Si-C amorf lentlar, karbonun tasiri, magnityumsaq xiisusiyyatlor, termal stabillik,
morfologiya va struktur.

Bausinue yruepoga Ha  oNTUMHM3AUMI0  (QU3MYECKMX XapPaKTePHCTUK

amop(dHbIX JeHT cocTaBa Fe-Si-C
AxmenoB B.U., UcaeBa A.A., Pajpue H.M.
A3zepbatiodcancKuli apxumexmypHo-cmpoumenbHulil yHugepcumem (baxy, Aszepbatioscar)

AHHOTanUA

B crarbe noapoOHO uccieayeTcs BIUsSHUE YIiiepo/ia Ha (U3NYECKHe XapaKTePUCTUKHA aMOP(HBIX
neHt cocraBa Fe-Si-C. TlpoBemen TyOOKHi aHATU3 CTPYKTYpbl, MOP(OJIOTHH, 3IIEKTPHUCCKUX,
MarHUTHBIX ¥ TEPMHYECKUX CBOMCTB 00pa3ioB amopdHbix yieHT Fe-Si-C ¢ pas3nuyHbIM colepikaHreM
yriepoaa. M3ydyeHo, kak u3MeHeHUe KOHIICHTPAIMH YTIIEpo/ia BIMSAET HA MarHUTHBIC MapaMeTpbl, TaKue
KaK HachILICHNEe HAMarHUYMBaHMS M KOIPLMUTUBHAS CHJIA, a TAKKE BIMSHHUE YIepoJa Ha JIEKTPHUYECKOe
COIIPOTHUBIICHHE W TEPMHUYECKYIO CTaOMJIBHOCTH aMOp(HOU CTPYKTYphl. Pe3ynpTaThl MOKa3bIBalOT, YTO
pacrpejielieHle yriepoaa B CTPYKType W €ro B3anMMOJCHCTBHE C JPYTHMH DIIEMEHTAMH OKAa3bIBAIOT
3HAUUTENIFHOE BJIMAHWME Ha oOmyl0 Mopdonoruio U (U3MUECKHe cBoiicTBa JeHT. B wactHOCTH,
coJiep>kKaHue yriiepoa MOBBIIIAET CTPYKTYPHYIO CTaOMIBHOCTD M CHIKAET CKIIOHHOCTH aMOp(HO# (a3bl K
KpUCTaJUTH3ayH, o0ecrednBasi CTaOMIBHOCTh IIPU BBICOKHX TeMIeparypax. OOCyKAaroTcsi BO3MOYKHBIE
o0JlacTH TIPUMEHEHHUs] U3YyYeHHBIX aMOpQHBIX JICHT, BKJIIOYasi NMpeoOpa3oBaHHe SHEPTUH M MarHUTHBIC
natyuky. OTa paboTa mpenocraBisieT Oonee IyOOKoe IMOHMMaHME POJM YIJIEpoJa B aJalTaluH
amop¢HbIx JeHT Fe-Si-C i pa3nuyHbIX NPUMEHEHUH U CIY)KUT OCHOBOM ISl Oy IyIIMX MCCIIETOBAaHHN.

KaroueBbie cioBa: amopoubie seHtbl Fe-Si-C, BnusHHME yriepona, MarHHTHO-MSTKHE CBOWCTBA,
TEpPMHUYECKasi CTAOMIBHOCTE, MOP(OJIOTHS U CTPYKTYpA.
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Introduction

Amorphous magnetic materials have
garnered significant interest in recent years in
engineering, electronics, and energy sectors.
Unlike crystalline structures, amorphous
magnetic materials exhibit unique advantages,
including high magnetic permeability, low
energy loss, and excellent corrosion resistance
[1-3]. Among these, Fe-Si-C-based amorphous
ribbons stand out due to their ability to
combine enhanced magnetic properties with
thermal stability, making them promising
candidates for applications in energy
conversion and magnetic shielding [4-6]. The
inclusion of carbon in Fe-Si-C amorphous

ribbons  significantly  influences  their
magnetic, electrical, and thermal conductivity
properties, rendering them particularly

attractive for high-performance applications
[7].

The addition of carbon to Fe-Si-C
amorphous ribbons aims to alter their structure
and morphology, thereby affecting their
physical properties. Incorporating carbon can
induce substantial changes in characteristics
such as electrical resistivity, magnetic
permeability, and thermal stability [8-10].
These  modifications are crucial  for
applications in areas like high-frequency
transformers, sensors, and other energy-related
fields. Carbon can induce specific changes in
the structure of Fe-Si-C amorphous ribbons,
potentially  regulating their degree of
crystallinity —and influencing  magnetic
properties [11].

A review of the literature reveals
extensive studies on improving the properties
of amorphous materials through various
elements, especially carbon. Research
demonstrates that changes in carbon content
significantly impact structural stability and
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magnetic properties in amorphous materials.
Previous studies [12] show that carbon
concentration in Fe-Si-C ribbons strongly
affects parameters such as magnetic
permeability, coercive force, and saturation
magnetization. Other research [5] indicate that
controlling carbon content enables tailoring
Fe-Si-C amorphous ribbons for specific
applications.

Aim of work

The research aims to investigate the
structure, morphology, and electrical and
magnetic properties of Fe-Si-C amorphous
ribbons and compare their application
potential with crystalline Fe-Si
(electrotechnical steel) materials. It seeks to
explore how compositional changes affect the
electrical and magnetic characteristics of Fe-
Si-C amorphous ribbons, including specific
electrical resistance, coercive force, residual
magnetization, and saturation magnetization.
Additionally, the study examines the
conditions under which thermal stability is
compromised and crystallization tendencies
occur. It also identifies the optimal carbon
content for industrial applications and
highlights the advantages of Fe-Si-C
amorphous ribbons over crystalline Fe-Si
materials.

Materials

Fe-Si-C amorphous ribbon samples were
synthesized using the rapid quenching method
with a cooling rate of 10°-10° K/s. This
process enables the alloy to retain an
amorphous structure. Samples  with
compositions Fe92Si6C2 and Fe93Si6C1 were
prepared. High-purity Fe, Si, and C
components were mixed in specific ratios,
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melted, and rapidly cooled under pressure to
form ribbons.

Methods
Structural and Morphological
Analysis: X-Ray Diffraction (XRD) and

Scanning Electron Microscopy (SEM) were
employed to analyze structural and
morphological properties. XRD determined
the crystalline and amorphous phases of the
ribbons, while SEM analyzed surface
structure, microstructure, homogeneity, and
elemental distribution.

Electrical Property Analysis: The
four-point probe method was used to measure
electrical resistivity, ensuring precise and
reliable results. Two probes created the
current, while the other two measured voltage
to assess surface conductivity homogeneity.

Magnetic Property Analysis: Magnetic
properties were evaluated using a Vibrating
Sample Magnetometer (VSM). Parameters
like  coercive force (Hc), residual
magnetization (M), and saturation
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magnetization (Ms) were measured to
determine magnetic behavior and losses.

Thermal Stability and Resistance
Analysis: Differential Scanning Calorimetry
(DSC) and Thermogravimetric Analysis
(TGA) were conducted to assess thermal
decomposition and crystallization
temperatures. DSC evaluated the temperature
range in  which amorphous structures
transition to crystalline phases, while TGA
determined thermal stability and resistance to
oxidation.

Discussion of Results

Structural and Morphological
Properties: XRD analyses confirmed that the
synthesized Fe92Si6C2 and Fe93Si6C1
ribbons possess an amorphous structure.
Broad peaks in the XRD patterns indicated the
presence of an amorphous phase (Figure 1).
This confirms that rapid quenching effectively

prevents the formation of crystalline
structures, retaining the material in an
amorphous state.
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Figure 1 — XRD analysis results of the samples after the initial production process
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SEM Analysis: SEM analysis revealed
that the surface of the ribbons exhibits a
homogeneous and fine-grained structure.
These characteristics indicate that amorphous
ribbons possess uniform magnetic and
electrical properties, enhancing their prospects
as high-performance materials.

Electrical Properties: Measurements
conducted using the four-point probe method
demonstrated that the electrical resistivity of
Fe-Si-C amorphous ribbons is significantly
higher compared to crystalline Fe-Si materials
(Table 1). This higher resistivity is attributed to

the amorphous structure, which negatively affects
electrical conductivity. The elevated resistivity of
amorphous materials enhances their suitability for
energy storage and electronics, particularly in
high-frequency applications. Furthermore, high
resistivity reduces eddy current losses, enabling
magnetic cores to operate more efficiently.
Magnetic Properties: The magnetic
properties of FegSieC, and FegsSisCi
amorphous ribbons were extensively studied
using a Vibrating Sample Magnetometer
(VSM). The results are summarized in Table2.

Table 1 — Specific Electrical Resistivity of Fe-Si-C Amorphous Ribbons

Parameter

Crystalline Fe-Si

Fe928i6C2

F693SieC1

(Electrical Steel)

Specific Resistivity

~130 - 150 pQ-cm

~135- 155 pQ-cm

~45 - 55 pQ-cm

Table 2 — Magnetic Properties of Feg;SisC, and FegsSicC1 Amorphous Ribbons

. . Crystalline Fe-Si
Parameter Fe92Si6C2 Fe93Si6C1l (Electrical Steel)
Coercivity (Hc) ~0,03-0,05 0e ~0,02 - 0,04 Oe ~0,1-0,2 Oe
Magnetic Permeability (p) ~60,000 - 120,000 ~70,000 - 110,000 ~4,000 - 30,000
Remanent Magnetization (Br) ~0.7-09T ~0.75-0.85T ~1.0-12T
Saturation Magnetization (Bs) ~15-16T ~155-165T ~18-20T

Coercivity (Hc): The coercivity of
FegoSisC2  and  FeosSisCi1  ribbons s
significantly lower compared to crystalline Fe-
Si materials, making them suitable as soft
magnetic materials. This low coercivity makes
them ideal for applications requiring high
magnetic permeability, such as transformers
and sensors.

Remanent and Saturation
Magnetization (Br, Bs): The saturation
magnetization of amorphous ribbons s

comparable to that of crystalline Fe-Si
materials. The favorable saturation
magnetization  enables  high  magnetic

permeability under strong magnetic fields,
making FegSisC> and FegsSisC1 ribbons
promising for high-performance magnetic core
applications.

Thermal Stability and Resistance:

The thermal stability and glass transition
temperature (Tg) of the ribbons were assessed
using Differential Scanning Calorimetry
(DSC). The analysis was conducted in a
nitrogen atmosphere with a heating rate of 10
K/min from room temperature to 600 K. The
DSC curve exhibited an endothermic peak
corresponding to Tg at approximately 480 K,
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with no exothermic peaks (indicative of
crystallization) observed up to 490-500 K,
confirming excellent thermal stability (Fig. 2).

Exothermal, (mW/mg)

700
T, (K)

7300 400 500 600

Figure 2 — DSC analysis results of both samples:
1—Fe928i6C2; 2-F6933i5C1

To determine thermal degradation
behavior, Thermogravimetric Analysis (TGA)
was performed in an air atmosphere with a
heating rate of 10 K/min up to 1100 K. The
TGA curve indicated minimal weight loss
below 670 K, affirming the thermal stability of
the ribbons. Significant weight loss occurred
above 870 K, marking the onset of thermal
degradation. The TGA results demonstrate
that Fe-Si-C amorphous ribbons possess high
oxidation resistance, ensuring stability under
atmospheric conditions. This characteristic
makes them suitable for energy storage,
electrical, and magnetic core applications, as
well as electronic components operating in
high-temperature environments.

The results of the research show that
Feq2SisC2 and FegsSieCi1 -based amorphous
ribbons possess significant characteristics that
allow them to compete with crystalline Fe-Si
materials, such as low coercivity, high
magnetic  permeability, high electrical
resistance, and excellent temperature stability.
Carbon plays a crucial role in stabilizing the
amorphous structure and influencing the
characteristics of the ribbons. The higher
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carbon content in Feg:SisC2 improves the
homogeneity of the amorphous structure,
resulting in lower resistance and enhanced
magnetic properties. In contrast, the reduced
carbon content in FeosSisC1 leads to slight
inhomogeneity, which manifests as an
increase in electrical resistance. Overall, the
research confirms that both FegSieC. and
Feq3SieC1 amorphous ribbons exhibit superior
electrical and magnetic properties compared to
traditional crystalline Fe-Si alloys. The results
show that small changes in composition can
have a significant impact on the properties of
the ribbons. Future research should focus on
further investigation and optimization of these

changes.
Thus, Fe-Si-C amorphous ribbons
possess a range of superior properties

compared to crystalline Fe-Si (electrical steel)
materials and could potentially deliver more
efficient results in various fields.

Conclusion

This study evaluated the structure,
electrical, magnetic, and thermal properties of
Feg2SieCo and Fegs3SieC1 amorphous ribbons,
comparing their performance to crystalline Fe-
Si materials. The following conclusions were
given:

Structure and Morphology: The rapid
quenching process resulted in the amorphous
structure of Fe-Si-C ribbons, creating a
homogeneous microstructure on the surface
and enhancing their stability.

Electrical Properties: The high electrical
resistivity of Fe-Si-C amorphous ribbons
reduces eddy current losses, improving
efficiency in high-frequency electronics and
magnetic cores. This makes them particularly
advantageous for energy storage and
electronic applications.
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Magnetic Properties: The low coercivity
and favorable saturation magnetization of
Feq2SisC2 and FegsSisCy ribbons render them
suitable as soft magnetic materials for
applications  requiring  high  magnetic
permeability, such as magnetic cores, sensors,
and transformers.

Thermal Stability and Resistance: The
high crystallization temperature and oxidation
resistance of Fe-Si-C amorphous ribbons
ensure stability even at elevated temperatures,
making them ideal for use in high-temperature
technologies.

The study highlights that carbon plays a
critical role in stabilizing the amorphous
structure and influencing ribbon properties.
Feg2SisCo, with a higher carbon content,

exhibits improved homogeneity and magnetic
properties. Conversely, the slightly reduced
homogeneity in FegsSisC1 due to lower carbon
content increases electrical resistivity.

Overall, both Feg»SisC> and FegsSisCy
amorphous ribbons demonstrate superior
electrical and magnetic properties compared to
traditional crystalline Fe-Si alloys. Optimizing
composition and understanding structure-
property relationships can further enhance
their potential for advanced technological
applications.
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