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In this study, the temperature dependences of the electrical resistivity (p)
and the Hall coefficient (Rx) of amorphous alloys of the Fess—xCrxBis (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.

Y oMy mociiiKeHHI eKCIIepUMeHTATFHO BUBUEHO TeMIIEPATyPHI 3aIeKHOCTI
IIITOMOTO eJIEKTPUYHOTO o1opy (p) Ta 'osnoBoro xoedimnienra (Ry) amopdHMX
cromiB cuctemu Fess »CriBis (x =8, 10, 12, 15) Ha ocuoBi 3d-enemenTiB. CTonu
0yJI0 OZleps;KaHo 3 PiAKOTO CTaHY METOIOM CHiHiHI'YBaHHS (HAAIIIBUAKOTO rap-
TyBaHH#A) poadromy. MipaeHA mpoBogunmcsa B ngisnasoHi temmepatyp 300-—
773 K meronoro Ban nep Ilay. Bysno BcTanossieHo, 110 Temueparypa ¢has3oBoro
nepexony epoMarHeTuK—IapaMarHeTuK 3pasKiB MIOBHICTIO KOPEJIIOE 3 TeMIIe-
paTtypHUMU 3ayeKHOCTAMU AK ['osismoBoro KoedirieHTa, TaK i MUTOMOTO €JIeK-
TPUYHOTO OIOPY, TOMi K TeMIepaTypa ()asoBOro Iepexony aMopd—KpucTas
3MiHIOETBCS 3aJIe’KHO Bim BMicTy Pepymy y 3paskax. ByJso mpoamasrizoBaHo
pesyJIbTaTu B3aEMHUX i TEMIIepaTyPHUX 3aJIEKHOCTEN eJIeKTPUYHUX i rajbBa-
HOMATHETHUX BJACTUBOCTeH 3paskiB. B pesynbraTi KOMIIJIEKCHOTO €KCIIepH-
MEHTAJBLHOTO OCTiMKeHHA eJeKTPUYHUX i raJbBaHOMATHETHUX BJIACTHUBOC-
Tet amopduux cromiB Fe—Cr—B cTamo MOKJIUBUM OIiHUTY ePeKTUBHUN IIa-
pamerep cIiH-opbiTaabHOI B3a€MOil AJA ITNX 3pasKis.

Karouosi ciioBa: amopdumii cron, remueparypa Kropi, Temneparypa xpucra-
aisartii, losnniB KoedillieHT, TUTOMUIT €IEKTPUYHUN OTIip, eheKTUBHUY mapa-
MeTep cuiH-opbiTanbHOI B3aeMomii.

(Received 26 January, 2026; in final version, 12 May, 2026 )

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 p, 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 Ry and the electrical resistivi-
ty p 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 p and Ru, the study aims to estimate the effective spin—
orbit interaction parameter Aso in ferromagnetic amorphous alloys.

The electrical resistivity p and Hall coefficient Ry 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 pm thick, and several meters long, obtained by
quenching from the melt on a rapidly rotating disk [19, 20]. From
these samples, specimens measuring 10x10 mm? 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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Fig. 1. General view of the sample.

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 Ras,cp and Rgc,pa:

p= nd Rscp + Reopa f
In2 2

Here, d—sample thickness, Rag,cp and Rgc,pa are the resistance values
of the sample measured by the Van der Pauw method, fis the geometric
correction factor, the value of which is calculated using the ratio
Rug.cp/Rec,pa. The experiment requires that L; and L be equal to each
other (L; = Ly).

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:

(1)

RH _ RH(AC,BD) ;RH(BD,AC) . (2)

By comprehensively studying the electrical, magnetic, and galva-
nomagnetic properties, it is possible to evaluate the effective spin—
orbit interaction parameter Aso [25, 26].

2 2
R,=Pu_p + =
B Holiphg

pZ)\‘SOX = R, + Ry . 3)

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

o 2e°
Mol ghg
(Ro << Rs). Here, e=1.6-10"'°C is the electron charge, uz=0.927-10"2

Ry pz}“so (4)
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J/T is the Bohr magneton, po=4n-10""H/m is the magnetic constant,
h=1.054-10%*J-s is the Planck constant, Lande coefficient g~2 for
transition metals, p—electrical resistivity, Aso—effective parameter
of the spin—orbit interaction.

Using formula (4), the value of Asois found.:

B pphg
Ao, = ST07B S 5
SO 2€2p2 ( )

3. RESULTS AND DISCUSSION

Recent scientific studies of amorphous alloys show that within the
temperature range of 100-1000 K, the electrical resistivity p 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 p 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, p(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 T¢, a significant sharp decrease in the value of the Hall coeffi-
cient Ry(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 Fes;_.Cr.Bis; system
(x=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 Fe;CrsBis 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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Fig. 2. Temperature dependence of the Hall coefficient of amorphous alloys of
the Fe—Cr-B system.

For the studied alloys, a trend toward increasing Ry is observed in
the temperature range of 720 K for the Fe;;CrsBi; alloy and 750 K for
the Fe;Cri5B15 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 p changes almost lin-
early from room temperature to the crystallization temperature, and
the temperature coefficient of resistance TCR—0p/0T takes the fol-
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Fig. 3. Temperature dependence of the specific electrical resistance of the
amorphous alloy of the Fe—Cr-B system.

lowing values: for the amorphous alloy FerCri5B15, 0p/0T =2.62-1072
(uOm-cm)/K; for the alloy FersCri2Bis, 0p/0T =2.45-1072 (uOm-cm)/K;
for the sample Fer;Cr10Bis, 0p/0T =2.23:1072 (1Om-cm)/K; and for the
sample Fer7CrsBis, 0p/0T =1.89-1072 (uOm-cm)/K. The initial values of
specific electrical resistance at room temperature for the samples
Fe7OCr15B15, Fe730r12B15, Fe75Cr10B15 and Fe77CrgB15 are as fOHOW:
118.5:1080Om-'m, 114.8: 10 Om'm, 107-10® Om-m and 104-:10® 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 p(T) for the studied samples, we can come to the follow-
ing conclusions.

The absolute value of resistivity increases with decreasing iron con-

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

Parameter value depending on composition

Values of specif- -
. .. . - Hall coefficient
Curie Crystallization| ic electrical re-
Amorphous . values at room
temperature| temperature [sistance at room
alloys temperature
Te, K Tk, K temperature Ri-10°[m?/C]
po-10¥ [Om-m] | ™
FeroCrisBis 295 750 118.5 0.16
FersCriz2Bis 330 740 114.8 1
FersCrioBis 380 730 107 3.4
Fer:CrsBis 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 p. At the same
time, according to the Moodgi criterion, dp/0T decreases with increas-
ing electrical resistivity p[29, 30].

According to the literature [31, 32] that with increasing metalloid
concentration, the electrical resistivity p increases, dp/0T 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 T¢ 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-

T, K T, K
200 L 750
375- =
350-

325 730
300- | 790

8 10 12 14 %Cr

Fig. 4. Dependence of T¢ and Tk for the amorphous alloys of Fe—Cr-B system
on the concentration of Cr.
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TABLE 2. As0 for the Fe—-Cr—B-system amorphous alloys.

| Fer:CrsBis | FersCri0Bis | Fer3Cri2Bis | FeroCri5B1s
T[K] Aso-10714[J] Aso-10714[J] Aso-10714[J] Aso-10714[J]
300 17.7 12.3 2.9 0.54
320 16.6 9 1.8 0.4
340 15.2 5.7 1.2 0.33
360 13 3.63 0.72 0.2
380 8.6 2 0.3
400 5.1 1.1
420 2.9 0.5
440 1.6

ture Tk and the Curie temperature T¢ of amorphous Fe-Cr—B alloys on
chromium concentration.

It has been calculated the effective spin—orbit interaction parameter
Aso 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 Aso 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 p(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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