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In this study, the temperature dependences of the electrical resistivity (ρ) 
and the Hall coefficient (RH) of amorphous alloys of the Fe85−хCrхB15 (x = 8, 
10, 12, 15) system based on 3d elements are experimentally investigated. The 

alloys are obtained from the liquid state by the melt-spinning (ultrarapid 

quenching) technique. Measurements are carried out in the temperature 

range 300−773 K using the Van der Pauw method. As established, the ferro-
magnetic–paramagnetic phase-transition temperature of the samples is fully 

correlated with the temperature dependences of both the Hall coefficient and 

the electrical resistivity, whereas the amorphous–crystalline phase-
transition temperature varies depending on the iron content in the samples. 
The results of the mutual and temperature dependences of the electrical and 

galvanomagnetic properties of the samples are analysed. As a result of a 

comprehensive experimental study of the electrical and galvanomagnetic 

properties of amorphous Fe−Cr−B alloys, it becomes possible to estimate the 
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effective spin–orbit interaction parameter for these samples. 
Key words: amorphous alloy, Curie temperature, crystallization tempera-
ture, Hall coefficient, electrical resistivity, effective spin–orbit interaction 

parameter. 

У цьому дослідженні експериментально вивчено температурні залежності 
питомого електричного опору (ρ) та Голлового коефіцієнта (RH) аморфних 

стопів системи Fe85−хCrхB15 (x = 8, 10, 12, 15) на основі 3d-елементів. Стопи 

було одержано з рідкого стану методом спінінґування (надшвидкого гар-
тування) розтопу. Міряння проводилися в діяпазоні температур 300–
773 K методою Ван дер Пау. Було встановлено, що температура фазового 

переходу феромагнетик−парамагнетик зразків повністю корелює з темпе-
ратурними залежностями як Голлового коефіцієнта, так і питомого елек-
тричного опору, тоді як температура фазового переходу аморф−кристал 

змінюється залежно від вмісту Феруму у зразках. Було проаналізовано 

результати взаємних і температурних залежностей електричних і ґальва-
номагнетних властивостей зразків. В результаті комплексного експери-
ментального дослідження електричних і ґальваномагнетних властивос-
тей аморфних стопів Fe–Cr–B стало можливим оцінити ефективний па-
раметер спін-орбітальної взаємодії для цих зразків. 

Ключові слова: аморфний стоп, температура Кюрі, температура криста-
лізації, Голлів коефіцієнт, питомий електричний опір, ефективний пара-
метер спін-орбітальної взаємодії. 
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1. INTRODUCTION 

At present, the research on the physical properties and internal struc-
ture of amorphous ferromagnetic alloys based on 3d transition metals 

remains an important scientific problem. The influence of temperature 

on the physical properties of metals and their alloys provides valuable 

information about their structural and volumetric changes, as well as 

about the melting process. This, in turn, has significant practical im-
portance in mechanical engineering, in the heat treatment of metals, 
and in engineering calculations [1, 2]. 
 Alloys based on transition metals and their mixtures with metalloid 

additions are promising subjects of modern materials science in terms 

of their applications. This is because amorphous alloys exhibit low co-
ercive force, high magnetic absorption, and high electrical resistivity. 
In addition, when compared with crystalline materials, amorphous al-
loys demonstrate superior mechanical strength as well as improved re-
sistance to corrosion [3, 4]. It should be emphasized that the aforemen-
tioned properties of iron-group-based alloys are mainly realized when 

these materials are in the amorphous or nanocrystalline state. These 

materials are promising for electronic applications as soft magnetic 
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materials, including cores for miniaturized transformers, field sen-
sors, generators, and various energy conversion systems [5, 6]. 
 In addition, amorphous alloys are used in magnetic recording and in 

electronic engineering as data storage devices [7, 8]. They also play an 

important role in industrial production [9, 10], in the aerospace sector 

[11], in medicine [12, 13], and in the military field, particularly, in de-
fence equipment [14]. 
 The study of the Hall coefficient as a function of temperature in 

amorphous ferromagnets makes it possible to determine the sign and 

concentration of charge carriers, as well as to establish the relation-
ship between the anomalous Hall coefficient RS, the electrical resistivi-
ty ρ, and the saturation magnetization IS [15, 16]. This provides im-
portant information about the nature of galvanomagnetic phenomena 

in amorphous ferromagnetic alloys depending on their composition 

and structure, as well as allows the identification of regularities in the 

variation of key parameters related to electrical transport and the 

transition to the crystalline state [17]. 

2. EXPERIMENTAL DETAILS 

The aim of this study is the experimental investigation of the tempera-
ture dependences of the Hall coefficient RH and the electrical resistivi-
ty ρ in amorphous ferromagnetic alloys based on iron-group metals, 
the determination of the Curie temperature and the crystallization 

temperature, and the identification of the relationships between these 

parameters. Furthermore, based on the results of the temperature de-
pendences of ρ and RH, the study aims to estimate the effective spin–
orbit interaction parameter λSO in ferromagnetic amorphous alloys. 
 The electrical resistivity ρ and Hall coefficient RH of the samples 

were experimentally measured using the Van der Pauw method device 

(High Temp Hall effect Measurement System (HMS7000 + AHT55T5) 
–RT ≅ 773 K) [18]. Experiments using this device were conducted in 

the temperature range of 300−773 K. 
 The measurements were carried out on samples of amorphous rib-
bons 20 mm wide, 20 µm thick, and several meters long, obtained by 

quenching from the melt on a rapidly rotating disk [19, 20]. From 

these samples, specimens measuring 10×10 mm2
 were cut. 

 The Van der Pauw method is a common method for measuring the 

resistivity and Hall coefficient of a sample. It requires that the sample 

be isotropic, homogeneous, flat, of uniform thickness, and free of de-
fects. 
 The convenience of this method is that four point (or line) contacts 

A, B, C, D are taken on the side surface of a flat sample and, when 

measuring the Hall voltage, a current is passed through contacts A and 

C, and the Hall potential difference between contacts B and D is also 
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measured. When calculating the resistance, a current is passed 

through contacts A and D. The voltage between contacts B and C is 

measured and the resistances are calculated [21, 22]. 
 The specific electrical resistance is calculated knowing the re-
sistances RAB,CD and RBC,DA: 

 AB,CD BC,DA

ln2 2

R Rd
f

+π
ρ = . (1) 

Here, d—sample thickness, RAB,CD and RBC,DA are the resistance values 

of the sample measured by the Van der Pauw method, f is the geometric 

correction factor, the value of which is calculated using the ratio 

RAB,CD/RBC,DA. The experiment requires that L1 and L2 be equal to each 

other (L1 = L2). 
 The theory of the Van der Pauw method is based on the theory of 

conformal reflection [23, 24]. The average Hall coefficient of the sam-
ples is calculated using the expression below: 

 (AC,BD) (BD,AC)

2
H H

H

R R
R

+
= . (2) 

 By comprehensively studying the electrical, magnetic, and galva-
nomagnetic properties, it is possible to evaluate the effective spin–
orbit interaction parameter λSO [25, 26]. 
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In this expression, the normal Hall coefficient, which is one of the 

components of the Hall effect, is significantly smaller than the anoma-
lous Hall coefficient 
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(R0 << RS). Here, e = 1.6⋅10−19
 C is the electron charge, µB = 0.927⋅10−23

 

 

Fig. 1. General view of the sample. 
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J/T is the Bohr magneton, µ0 = 4π⋅10−7
 H/m is the magnetic constant, 

ℏ = 1.054⋅10−34
 J⋅s is the Planck constant, Lande coefficient g ≈ 2 for 

transition metals, ρ—electrical resistivity, λSO—effective parameter 

of the spin−orbit interaction. 
 Using formula (4), the value of λSO is found: 

 0
2 22

S B
SO

R g

e

µ µ
λ =

ρ


. (5) 

3. RESULTS AND DISCUSSION 

Recent scientific studies of amorphous alloys show that within the 

temperature range of 100−1000 K, the electrical resistivity ρ is higher 

in the amorphous state compared to the crystalline state, while the 

temperature coefficient of resistivity is lower in the amorphous state 

than in the crystalline form [27]. Similarly, in our studied samples, the 

absolute value of the electrical resistance in the amorphous state from 

room temperature to the phase transition temperature shows that in-
creasing content of chromium in samples leads to the increasing of 

value of resistivity of them. In all studied samples, the electrical resis-
tivity ρ decreases sharply during the transition from the amorphous to 

the crystalline state and increases with a subsequent increase in tem-
perature. In the crystalline state, ρ(T) decreases with decreasing tem-
perature. After the phase transition, the temperature coefficient of 

resistance in the crystalline state in all samples is greater than that in 

the amorphous state. When the temperature reaches the Curie temper-
ature TC, a significant sharp decrease in the value of the Hall coeffi-
cient RH(T) was observed, which is associated with the transition of the 

sample from the ferromagnetic state to the paramagnetic state [28]. 
 The temperature dependences of the Hall coefficient and the electri-
cal resistivity of the investigated alloys of the Fe85−хCrхB15 system 

(х = 8–15) are shown in Figs. 2 and 3. In this study, the measurements 

were performed within the temperature range of 300–770 K. 
 Figure 2 indicates that the Hall coefficient decreases from room 

temperature to 400 K in the Fe77Cr8B15 sample. For other samples, such 

a sharp decrease in the Hall coefficient is also observed at lower tem-
peratures compared to the first sample with an iron concentration of 

77%. It can be noted that with a decrease in the concentration of iron 

in the sample, the temperature of such a sharp decrease also decreases, 
and for the sample with the lowest concentration of iron, the decrease 

occurs below room temperature. This behaviour of the Hall coefficient 

can be associated with a phase transition of the ferromagnetism–
paramagnetism type, i.e., with the Curie temperature, and for the sam-
ples we studied, it is of 430, 380, 330, 295 K, respectively, as given in 

Table 1. 
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 For the studied alloys, a trend toward increasing RH is observed in 

the temperature range of 720 K for the Fe77Cr8B15 alloy and 750 K for 

the Fe70Cr15B15 alloy. This experimental finding confirms that increas-
ing Cr concentration and decreasing Fe concentration increase crystal-
lization temperatures. 
 Based on the analysis of the obtained results, it can be concluded, 

that the iron concentration in the samples decreases and the metalloid 

concentration increases, the magnitude of the Hall coefficient and Cu-
rie temperature decreases, while the crystallization temperature in-
creases. 
 The temperature dependence of the specific electrical resistance of 

amorphous alloys of the Fe−C−B system is shown in Fig. 3. It can be 

seen from this figure that for all samples the resistivity depends weak-
ly on temperature. In almost all amorphous metal alloys based on iron-
group elements, the specific electrical resistance ρ changes almost lin-
early from room temperature to the crystallization temperature, and 

the temperature coefficient of resistance TCR—∂ρ/∂T takes the fol-

 

Fig. 2. Temperature dependence of the Hall coefficient of amorphous alloys of 

the Fe−Cr−B system. 
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lowing values: for the amorphous alloy Fe70Cr15B15, ∂ρ/∂T = 2.62⋅10−2
 

(µOm⋅cm)/K; for the alloy Fe73Cr12B15, ∂ρ/∂T = 2.45⋅10−2
 (µOm⋅cm)/K; 

for the sample Fe75Cr10B15, ∂ρ/∂T = 2.23⋅10−2
 (µOm⋅cm)/K; and for the 

sample Fe77Cr8B15, ∂ρ/∂T = 1.89⋅10−2
 (µOm⋅cm)/K. The initial values of 

specific electrical resistance at room temperature for the samples 

Fe70Cr15B15, Fe73Cr12B15, Fe75Cr10B15 and Fe77Cr8B15 are as follow: 
118.5⋅10−8

 Om⋅m, 114.8⋅10−8
 Om⋅m, 107⋅10−8

 Om⋅m and 104⋅10−8
 Om⋅m, 

respectively, that is, the absolute value of specific electrical resistance 

increases with the increase of chromium concentration. 
 Analysing the graphs of temperature dependence of specific electri-
cal resistance ρ(T) for the studied samples, we can come to the follow-
ing conclusions. 
 The absolute value of resistivity increases with decreasing iron con-

 

Fig. 3. Temperature dependence of the specific electrical resistance of the 

amorphous alloy of the Fe−Cr−B system. 

TABLE 1. Hall coefficient and specific electrical resistance, Curie tempera-
ture and crystallization temperature for the studied amorphous alloys. 

Parameter value depending on composition 

Amorphous 

alloys 

Curie 

temperature 

ТС, K 

Crystallization 

temperature 

TK, K 

Values of specif-
ic electrical re-
sistance at room 

temperature  
ρ0⋅10−8

 [Om⋅m] 

Hall coefficient 

values at room 

temperature 

RH⋅10−8
 [m3/C] 

Fe70Cr15B15 295 750 118.5 0.16 
Fe73Cr12B15 330 740 114.8 1 
Fe75Cr10B15 380 730 107 3.4 
Fe77Cr8B15 430 720 104 4 
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tent and increasing metalloid concentrations in samples, while the 

temperature coefficient of resistivity decreases. 
 Increasing metalloid concentrations, firstly, reduces the effective 

number of charge carriers and, secondly, increases the scattering po-
tential, resulting in an increase in electrical resistivity ρ. At the same 

time, according to the Moodgi criterion, ∂ρ/∂T decreases with increas-
ing electrical resistivity ρ [29, 30]. 
 According to the literature [31, 32] that with increasing metalloid 

concentration, the electrical resistivity ρ increases, ∂ρ/∂T decreases, 
and there are cases in which the electrical resistivity does not vary 

with temperature, and such materials can serve as resistive compo-
nents. It can be explained by the increase in the concentration of metal-
loid in the composition of the samples and the increase in the crystalli-
zation temperature of the samples, the increase in the stability of the 

amorphous state and the strengthening of the covalent bond between 

the alloy elements. 
 Based on the temperature dependences of the Hall coefficient and 

electrical resistivity, the Curie and crystallization temperatures for 

the investigated alloys were determined, as presented in Table 1. 
 The tables show that, with increasing chromium concentration, the 

Curie temperature TC in the samples decreases and the crystallization 

onset temperature TK increases. The observed behaviour is attributed 

to the antiferromagnetic properties of Cr [33]. 
 Experimental findings demonstrate that lowering the iron concen-
tration and increasing the metalloid content in the samples result in 

decreased Hall coefficient and Curie temperature, accompanied by an 

increase in crystallization temperature. The main analytical results 

are summarized in graphical form. 
 Figure 4 illustrates the dependence of the crystallization tempera-

 

Fig. 4. Dependence of TC and TK for the amorphous alloys of Fe−Cr−B system 

on the concentration of Cr. 
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ture TK and the Curie temperature TC of amorphous Fe−Cr−B alloys on 

chromium concentration. 
 It has been calculated the effective spin–orbit interaction parameter 

λSO in ferromagnetic amorphous alloys of the Fe–Cr–B system using 

formula (5). The results of calculations are presented in Table 2. 
 As shown in Table 2, the effective spin–orbit interaction parameter 

in the ferromagnetic state depends only weakly on temperature and 

decreases with rising temperature. These results imply that, in the fer-
romagnetic state, the effective spin–orbit interaction parameter λSO is 

mainly associated with the reduction of spin scattering of charge car-
riers [34, 35]. 

4. CONCLUSION 

Based on the obtained results, the following conclusions may be drawn. 
 Analysis of the temperature dependences of ρ(T) and R(T) reveals 

that increasing the metalloid concentration in the investigated amor-
phous alloys leads to an increase in the Hall coefficient and the crystal-
lization temperature, while the Curie temperature decreases. 
 In the studied samples, increasing metalloid concentrations increas-
es the absolute value of their electrical resistivity and crystallization 

temperature. The temperature of crystallization decreases. 
 A comprehensive experimental investigation of the electrical and 

galvanomagnetic properties of amorphous Fe–Cr–B alloys enables the 

estimation of the effective spin−orbit interaction parameter for these 

samples. 
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