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A comprehensive study of the magnetic properties (magnetostriction, magnetic susceptibility, Curie temperature) and
thermal expansion of amorphous alloys of the (Fe1-xNix)7sSioB13 system of five compositions was carried out.

The samples were cut from a strip 30 um thick and had a rectangular shape. Two variants of orientation of the long side of
the sample were used: along and across the tape (longitudinal and transverse samples). Measurements of magnetization and thermal
expansion were carried out in the temperature range 90 — 300 K in fields up to 6.5 kOe. To determine the change in the length of
the sample under the influence of a magnetic field or in connection with a change in temperature, we used the method of wire
constantan strain gauges connected according to the DC bridge circuit. The sensitivity of the setup to the relative change in the
length of the sample was 8-1077. The basis for determining the Curie temperature was the temperature dependence of the initial
magnetic susceptibility obtained by the induction method.

It is shown that the linear magnetostriction constant and the Curie temperature decrease with increasing nickel
concentration. The nonlinear character of the Tc(x) dependence indicates an active participation of Ni atoms in the exchange
interaction in alloys containing boron, in contrast to alloys with phosphorus. The volume (forced) magnetostriction was detected

and estimated from the linear portions of the curves &1/I ( H ) in fields above the saturation field. Bulk magnetostriction, like linear,
is positive and also decreases with increasing nickel content in the alloy.
Measurements of the dependence &1/1(H) at different temperatures showed that the character of the curves does not

qualitatively change, the saturation magnetostriction increases with decreasing temperature in the range 300 — 100 K. The
independence of the character of the curves (5I/I)S(T) on x indicates that the predominance of the single-ion mechanism of the

formation of magnetostriction in Ni-substituted iron-based alloys of the studied compositions is preserved.
Thermal expansion curves recorded in the range 90 — 300 K do not show anomalies, the linear expansion coefficient
monotonically increases with increasing nickel concentration, which correlates with a decrease in volume magnetostriction.
Keywords: amorphous alloy, magnetostriction, Curie temperature, thermal expansion.

MarHiTHi BJaCTHBOCTI Ta TEIUIOBE po3mupeHHs Oinapaux Fe-Ni

aMop(HUX CIIABIB
3.1. Cuzosa, B.M. I'op6au, K.O. Mo3zynb

Xapxiscoruil nayionanvhuil ynieepcumem imeni B.H. Kapasina, m. Ceéo6oou 4, 61022, Xapxis, Yrpaina

[IpoBeneHO KOMIUIEKCHE OCIHI/UKEHHS MAarHITHUX BIACTHBOCTEH (MAarHWTOCTPUKIMH, MAarHiTHOI CHPHHHATINBOCTI,
temreparypu Kiopi) i TerioBoro posumpenns amopduux cruiasiB cucremu (Fe1xNix)7sSioB1s m'situ cxmamis.

3pa3ku BUpI3aIKCs 3 CTPIYKH TOBIIMHOIO 30 MKM i Masti MpsIMOKYTHY (GopMmy. BukopucToByBasucst Ba BapiaHTH Opi€HTaLil
JIOBrOi CTOPOHM 3pa3Ka: y3J0BXK 1 MOMepek CTpiuku (MO3I0BXKHI 1 MOMepeyHi 3pa3ku). BuMiproBaHHS HaMarHiueHOCTi i TEMIOBOTO
PO3LIUPEHHS MPOBOIUIUCS B TemrepatypHomy inTepBati 90 — 300 K B mossix 10 6.5 kE. Jn1s BU3HAUCHHS 3MiHU JOBKUHH 3pa3Ka il
JIi€l0 MarHiTHOro mostst abo B 3B'SI3Ky 31 3MIHOIO TEMIIepaTypy BUKOPHCTOBYBABCSI METO/ APOTSAHMX KOHCTAHTAHOBHX TEH30/1aTUHKIB,
BKJIIOUEHMX 32 CXEMOK0 MOCTa MOCTIHHOTO cTpyMy. UyTIMBICTh yCTAHOBKH JI0 BiTHOCHOT 3MiHM JIOBKWHH 3pa3ka cTaHoBua 8-107.
OcCHOBOIO 111 BU3HAYEHHs Temreparypn Kiopi ciykmia TeMIiepaTypHa 3aleXXHICTh IT0YaTKOBOI MAarHiTHOI CIPHHHATIMBOCTI,
OTpUMaHa IHAYKIIHHUM METOIOM.

[TokazaHo, 110 KOHCTAaHTa JIHIKHOI MAarHITOCTPUKIIi i Temrepatypa Kroopi 3MEHIIyIOThCS 31 30UIBIICHHSIM KOHIIGHTpAIii
Hikemo. HeniniliHuii xapaktep 3anexHocTi Tc(X) cBiIUNTh MPO aKTUBHY y4yacTh aToMiB Ni B oOMiHHIN B3aemopii B craBax, 110

MicTaTh GOp, Ha BiaMiHy Bij cruiasis 3 Gocpopom. Bussiena i ouinena 3 JiHiiinux aiisHok kpuux S/ (H) B MOJISIX BUILE 0JIS

HacHYeHHA 00'eMHa (BUMYIIEHa) MarHiTOCTpuKLis. O0'eMHa MarHiTOCTPUKILS, SIK 1 JiHINHA, MO3UTUBHA 1 TaKOXX 3MEHIIYETHCS 31
30LTBIICHHSIM BMICTY HIKEJIO B CILIaBI.
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BumiproBauns 3anesxHocti O/ I(H) MpU PI3HUX TeMIepaTypax MOKas3ajo, L0 XapaKTep KPUBHX AKICHO HE 3MIHIOETHCH,

MAarHITOCTPUKIST HACHYEHHS 3pPOCTa€ 3 MOHIKEHHAM Temmeparypu B iHTepBami 300 — 100 K. HesanexHicTh XapakTtepy KpUBHX
(S1/1), (T) Bifl X BKa3ye Ha Te, 1[0 TIepeBaXKaHHsI OJJHOIOHHOTO MeXaHi3My (pOpMyBaHHSI MarHUTOCTPUKINH B Ni-3aMIIIEHNX CIIaBax
Ha OCHOBI 3aJTi3a JIOCIIDKEHHUX CKJIaJIiB 30epiraeThesl.
Kpusi TemmoBoro po3mupenHs, 3u:Ti B iHTepBani 90 - 300 K, He BUABISIIOTE aHOMANIH, KOS]illieHT JIIHIHHOTO pO3IINpPEHHS
MOHOTOHHO 301IBIIY€THCS 31 30UIBIIEHHAM KOHIIEHTPAL] HIKEIO, 110 KOPEITIOE 31 3MEHILIEHHAM 00'€MHOT MarHiTOCTPHUKIIIT.
Kirouosi ciioBa: amopdHuii crtas, MarHiTocTpukuis, Temneparypa Kiopi, Termnose po3mupeHHs.

MarHuTHBIC CBOMCTBA M TEIUIOBOE paciiupenue OnHapHbix Fe-Ni

aMOp(HBIX CILJIABOB
3.1. CuzoBa, B.H. I'op6au, K.A. Mo3yinb

Xapvrosckuil HayuoHaneHwill yHusepcumem umenu B.H. Kapasuna, m. Ce0600ul 4, 61022, Xapvkos, Ykpauna

IIpoBeneHO KOMILJIEKCHOE HCCIIEAOBaHNE MATHUTHBIX CBOMCTB (MAarHUTOCTPUKIWK, MAarHUTHOH BOCIPUHUMYHUBOCTH,
TeMneparypbl Kiopn) ¥ TEIUIOBOrO pacmupenust aMopHbix cruiaBoB cucteMbl (Fe1xNix)7eSioB1s msiti cocTaBos.

OO0pasipl BBIPE3ATNCh U3 JICHTH TOMIIUHOW 30 MKM M MMeNH NpsMOyroybHyto (opmy. Mcnons3oBamick 1Ba BapuaHTa
OpHEHTAllMU JUIMHHOM CTOpPOHBI oOpasma: BIONb M IIONEpeK JICHTHl (TPOXOJBbHBIE M IONEepedyHble 00pasipl). 3Mepenus
HAMarHMYCHHOCTH W TEIUIOBOTO PACIIUPEHHS MPOBOAMIUCH B TemmepaTypHoM umHTepBasie 90 — 300 K B momsax mo 6.5 k9. s
OIIpeIeNeHNs] U3MEHEHHS [UTMHBI 00pasiia o AeiicTBHEM MarHUTHOTO ITOJISI HJIH B CBSI3M C I3MEHEHHEM TeMIIepaTyphl HCIIOJIL30BaJICS
METOJ] MPOBOJIOYHBIX KOHCTAHTAHOBBIX TEH30JATYUKOB, BKIIOYEHHBIX MO CXEME MOCTa MOCTOSHHOTO TOKa. UyBCTBHTEIBHOCTH
YCTAHOBKM K OTHOCMTEILHOMY M3MEHEHMIO JJIMHBI 0Opasua coctabisna 8-107. OcHOBoM s ompeneneHus TeMIepaTypsl Kiopu
CIyXKHJIa TeMITepaTypHas 3aBUCUMOCTh HauyallbHOW MarHUTHOI BOCIIPHUMYHBOCTH, ITOJIy4EHHAs HHIYKIIMOHHBIM METOIOM.

IMoka3aHo, YTO KOHCTAHTa JIMHEHHOW MarHUTOCTPUKLIUH U Temreparypa Kiopu yOBIBAIOT ¢ yBelnHYeHHEM KOHIIEHTPAIMH
Hukesst. HenuHelHbli XapakTep 3aBUCUMOCTH T¢(X) CBUICTEIBCTBYET 00 aKTHBHOM y4acTHH atoMoB Ni B 0OMEHHOM B3aUMOCHCTBUN

B CIUIABAX, COAEPIKAIIMX GOP, B OTIHYKE OT CIIIaBoB ¢ pocdopom. OGHApYKEHa U OLIEHEHA U3 JIMHEHHBIX y4acTKOB KpuBbIX Sl/| (H )
B TOJISIX BBIIIE IOJIS HACHIIIEHHUs OObeMHas (BBIHYXKIEHHAs) MAarHUTOCTPUKIMA. OObeMHAss MarHUTOCTPHUKIIUS, KaK M JIMHEHHAs,
MOJIOXKUTEIBHA M TAKIKE YMEHBIIAETCS C YBEIUUEHHEM COJIEPIKAHUS HUKEIS B CILTaBe.

Wsmepenne 3asucumoctr Sl1/1(H) Tpu pasnndHEIX TeMIepaTypax IoKa3alo, 4To XapakTep KPUBBIX KaueCTBEHHO He

HU3MEHSIETCSA, MAarHUTOCTPUKLMSI HACBIIIEHUS! BO3PAcTaeT C IMOHIKEHUEM TeMmIieparypbl B uHTepBaie 300 — 100 K.
He3zaBucumocts xapakrepa KpuBbix (ol/ I)S(T) OT X YKa3bIBaeT Ha TO, 4YTO MpeobianaHue OJHOMOHHOTO MEXaHW3Ma
(hOpMHPOBaHUSI MATHUTOCTPUKIMU B Ni-3aMeIEHHBIX CIIABaX Ha OCHOBE XKeNe3a HCCIEN0BAHHBIX COCTABOB COXPAHSETCS.
Kpussle TemoBoro paciupenus, cHaTbie B mHTepBane 90 — 300 K, He oOHapy>kHBaloT aHOManuii, K03 uIMeHT JIMHeHHOTO
paclIMp€HUss MOHOTOHHO YBEJIMYUBACTCA C YBCIUYCHUEM KOHUCHTPALWW HHUKEIA, YTO KOPPEIUPYET C YMCHBUICHUEM 00BLEMHOM

MarHuTOCTPUKIHHA.
KiroueBrble ciioBa: aMOp(bHLIﬁ CIUIaB, MarHuTOCTPUKILIMS, TEMIIEPATYpPa KIOpI/I, TEMJIOBOC pacClIMPECHUCE.

Introduction

One of the most important amorphous materials for
techniques is transition metal-metalloid (T-M) type alloys.
As transition metals, commonly used are Fe, Ni, Co, and
combinations thereof. The magnetic properties of these
alloys also depend on the quantitative and qualitative
metalloid composition. In Ref. [1] results of studies
investigations of induction B, coercive force Hc, magnetic
permeability p in low fields, and Curie temperature Tc of
an amorphous alloy based on Fe-Ni composition

(Fe,Ni, ) .. Si,B where x=0.0+0.70,

y =0.04+0.11 are reported. It was shown that H. varies

higher than for alloys with P, B and Al. Such alloys also
have the highest values of T,. These factors are useful for
many practical applications.

The purpose of this work was to study several
properties and characteristics (linear and volume
magnetostriction,  magnetic  susceptibility,  Curie
temperature, thermal expansion) of amorphous alloys with

the composition (Fe,, Ni, )., SigB,;.

1. Samples
In the work, amorphous metal ribbons of the

composition (Fe,,Ni, ).  Si;B,; with a nickel content of
x =0.0;0.104;0.208;0.263;0.416 were investigated. The

0.78 0.22-y

from 0.02 to 0.04 Oe almost independently of the nickel

content. The saturation induction B, and, accordingly,
residual induction of B, decrease with increasing nickel

= has the

same tendency as B, . The crystallization temperatures T,
for alloys containing Si and B was found to be 40-70 ° C

. - B
content, the maximum permeability g, = m

ribbons had a thickness of 30 microns and a width of 16
mm. To measure magnetostriction, the samples were cut
from the ribbons in two directions: along and across its
length (Fig. 1). Sample sizes were: 10 mm in length and 5
mm in width.
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When measuring the magnetic susceptibility, a piece of
tape was wound on the end of a ceramic straw in which
there were wires of a thermocouple.

2. Experimental technique
2.1. Magnetostriction and thermal expansion

To measure magnetostriction and thermal expansion,
we used the method of wire strain gauges connected by a
bridge circuit. The working sensor R was glued to the
sample under investigation, the compensating Rx — to a
quartz plate. Constantan  sensors with equivalent
parameters — R = Rx = 100 + 0.3 Q were used. The relative
change in the length of the sample, equal to the relative
change in the length of the wire strain gauge, is calculated
by the formula:

1 AR
| C R’ @
where C is the strain gauge (strain gauge sensitivity to
deformation), R is the resistance of the working sensor, AR
— is the change in the resistance of the working sensor,
which is determined by the deviation of the zero pointer
from the relation:

107
a

AR

a )
stand

where « is the deviation when the resistance of the

stand
magazine connected in series with the working sensor
changes by 0.01 Q, a is the deviation when the resistance
of the working sensor changes by AR.

The sensitivity of the mount to relative deformation
was 8-107.

The temperature dependence of the linear deformation
was studied in the temperature range from 90 K to 300 K.
The sample temperature was measured with a copper-
constantan thermocouple.

The magnetic field was created by an electromagnet.
The maximum field in a gap of 108 mm was 6.5 kOe. The
sample was located in a plane parallel to the magnetic field.

2.2. Magnetic susceptibility. Curie temperature

Measurement of the susceptibility of the sample was
carried out in an alternating magnetic field created by a
solenoid. The solenoid serves as the primary winding of the
air transformer. The secondary winding consists of two
coils: a measuring coil, into which the sample under study
is placed, and a compensation coil.

Without the sample, the signal from the measuring coil
is compensated by the compensation coil, for which the
following relationship must be satisfied:

WS, = W,S,. @)

Here W1, W, are the number of turns of the measuring
and compensation coils, respectively, Si1, S, are their cross
sections.

The final balancing is carried out by selecting the
number of turns of the compensation coil and choosing its
position in the non-uniform magnetic field of the solenoid.

When a sample is placed in a measuring coil, a signal
appears that is proportional to the magnetic permeability
(susceptibility) of the sample. The signal is amplified,
detected and fed into the "y" input of the two-coordinate
self-recording potentiometer.  Thermo-e.m.f, of
thermocouple, which is in thermal contact with the sample,
is fed to the "x" input. The sample temperature is changed
by the furnace. The furnace is wound bifilar, its mode of
operation is chosen experimentally.

3.The discussion of the results
3.1 Magnetostriction
In  amorphous  magnetic  materials,  where
magnetocrystalline anisotropy is absent, magnetostriction
plays a very important role in magnetization processes.
Due to magnetostriction, in the presence of internal
mechanical stresses, magnetoelastic anisotropy occurs. As
a result, such parameters as the initial susceptibility y,, the

saturation field H_, the coercive force H_ become depend

on the magnetostriction.

In this work, measurements of magnetostriction were
performed for four variants of the geometry of the
experiment, which are shown in Table. 1. The x axis is
directed along length of ribbon, and the y axis is across.

Table. 1.
The geometry of the experiment

Orientation of The field The measuring
samples direction direction
N X X

Longitudinal
y X
X

Transverse y
y y

At room temperature, the longitudinal and transverse
isotherms of magnetostriction relative to the applied field
were measured. At other temperatures, only longitudinal
magnetostriction was measured. In both type of samples,
cut along the ribbon and across the ribbon, the longitudinal
magnetostriction was found to be positive, and the

transverse was found to be negative. In fig. 1 STI(H)

curves for longitudinal samples of compositions x = 0.0;
0.104 at room temperature are shown. The dependences
Sl - -
I—(H) are similar for transverse and longitudinal

samples.
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Fig. 1. Field dependences of longitudinal (1, 2) and transverse
(1°, 2°) magnetostriction; T = 290 K:

1,I’-x=0,0

2,2’ —-x=0.104

For samples cut along the ribbon, at T = 290 K,
saturation is observed in the fields of strength 770 + 330
Oe, depending on the composition. The saturation field
decreases with increasing nickel content (Fig. 2). For
samples cut across the ribbon, saturation occurs in fields of

strength 400 + 340 Oe.
800

700
600
" 500 -
400

300

0.0 0.1 0.2 0.3 0.4 0.5

X

Fig. 2. The dependence of saturation field from nickel content
(longitudinal samples, T = 290 K)

To calculate the magnetostriction constant As, we used
the formula valid for isotropic materials [2]:

o9 :g,ls (cosze—coszeo), 4.

where 6 and 6, are the angles between the direction of
deformation measurement and the direction of the

magnetization vectors TS in a multi-domain sample in the
final and initial magnetic states. At saturation, the angle 6

is the same for all TS (they are oriented along the field) and
the formula has the form

(71 =Eﬂs(cos 0—-cos°0,). (5)

For longitudinal saturation magnetostriction 6 = 0 and

st) 3 ,
(TJ =§/13 (1—cos 90). (6)

S

For transverse saturation magnetostriction 6 = /2 and

srY 3 )
(TJ =§/15(0—cos &). @)

S

From (6) and (7) follows:

AEEL e

Figure 3 presents the dependence of As on the
composition at room temperature. With an increase in the
nickel content, the magnetostriction decreases. The

dependence A (x) is non-linear.

404

304

A.*10°

204

104

0,0 0,1 0,2 0,3 0,4 0,5

Fig. 3. The dependence of magnetostriction constant from
nickel content

The review in Ref. [3] presents the dependence of
magnetostriction on the composition for the system

(Fe, Co, Ni),, Si,B,, at room temperature. The value of A

in this system (with a higher boron content) is somewhat
higher than in the system under study. This difference is
associated with a change in the ratio of the number of Si
and B atoms. Although for alloys with a high content of
cobalt, the type of metalloid atoms does not have a
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noticeable effect on the magnitude of magnetostriction, for
iron-based alloys, the situation is different. Therefore, as a
result of varying the ratio of the percentage of phosphorus

to the boron content from 4 to 2.3 As varies from 2.6-10°°
to 16-10°°. In the system under study (Fe,,Ni, ).. Si,B,,

the silicon-boron ratio is 0.69, which is 1.2 times less than
in Fe,Si,,B,, — this causes a lower value of As. The

percentage decrease in As (43%) in the same nickel
concentration range practically coincides with that
observed in this work.

Study of the temperature dependence of
magnetostriction allows one to obtain information about
the  microscopic nature of anisotropy, since
magnetostriction is determined by the derivative of the
magnetic anisotropy energy with respect to strain and,
therefore, is a reflection of the same microscopic
mechanisms that lead to magnetic anisotropy.

To study of the temperature dependence of

- | .
magnetostriction 5|—(H) curves were taken at various

temperatures. With a change in temperature, the shape of
the curves does not change qualitatively, as can be seen
from Fig. 4 for a transverse sample of composition

Fe,Si,B,,. Figure 5 presents 5%(T) for a series of

samples cut across the ribbon. With decreasing
temperature, an increase in magnetostriction is observed.

3 4
H, kOe

Fig. 4. Isotherms of the field dependence of the longitudinal
magnetostriction of a transverse sample of composition

Fe,SigB,;.

In  amorphous alloys, two mechanisms of
magnetostriction (and microscopic anisotropy) are
possible: single-ion and two-ion [4]. It has been established
that, for iron-based alloys, the single-ion mechanism
predominates, which is caused by magneto-ion being acted

upon non-uniform electric field in their local environment

[5].

324

304 v
28 2
26

24 -

A *10°

224

204

18+

16

50 100 150 200 250 300
T,K

Fig. 5. Dependence of linear magnetostriction constant of
Fe,,,Ni, SigB,, alloy from temperature, x: 1 —0.0; 2 —
0.104; 3 -0.208; 4 — 0.416.

The fact that the character of the temperature
dependence of magnetostriction observed in our samples
does not change noticeably with an increase in the nickel
content (Fig. 5) indicates the preservation of the single-ion
nature of microscopic magnetic anisotropy.

)
|
characteristic paraprocess region: after reaching saturation,
the magnetostriction will increase linearly with increasing
field. The growth of magnetostriction is caused by the so-
called forced magnetostriction, which is due to the fact that
a sufficiently strong external magnetic field orients the

spins in one direction, overcoming their thermal
misorientation [6]. Forced magnetostriction is volumetric

in nature — dew/dH =(1/V)(dV /dH) by definition, and

is isotropic, as can be seen in Fig.1.
The volume magnetostriction was determined from the

The observed dependencies have a

slope of the curves 5% (H) above saturation:

do,
HS =h, +2h , )

where h and h, are the tangents of the angle of inclination

of the linear sections for longitudinal and transverse
do,

magnetostriction. The obtained values of are of the

order of 107°+10°Oe™, which is consistent with the
literature data for other amorphous alloys [7-9].

3.2. Magnetic susceptibility. Curie temperature.
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The behavior of the initial magnetic susceptibility as a
function of temperature was investigated. With an increase
in temperature in the range of 180610 °C, the
susceptibility practically remains constant. With a further
increase it grows rapidly, and then drops sharply as the
sample reaches the Curie temperature. Upon subsequent
cooling, the course of the heating curve is reproduced until
the maximum is reached, below that point the curve x (T)
is significantly higher than during heating: susceptibility
increases about 2.5 times for all samples (Fig. 6). The
observed increase in susceptibility is due to a decrease in
internal stresses in the sample with nickel content in the
alloy. The nonlinear character of the dependence T (x) is
associated with the participation of nickel atoms in the
exchange interaction in alloys containing boron. The initial
magnetic  susceptibility increases after heating to
temperatures T> 350 °C due to a decrease in internal
stresses in the sample and the associated magnetoelastic
anisotropy.

124

¥ rel.units
-
N B [«2) © o
) | 1 ! I

o
1

150 200 250 300 350 400 450 500
T,C

Fig. 6. Temperature dependence of initial
susceptibility of Fe,;Ni Si B,

magnetic

The thermal expansion curves &¢/((T) show no

anomalies in heating to Tc, since the initial susceptibility
is inversely related to them:

|2
-c,— s
Fo = o1 CK 1 C,

(10)
where o is the stress, K is the anisotropy constant.

To determine the temperature above which internal
stresses are effectively removed, the sample with the
maximum nickel content (x = 0.416) was subjected to heat-
cooling thermal treatment with a constantly increasing
maximum cycle temperature. Tmax equaled 150, 200, 250,
300, 350, 370, 400°C. The non-reversibility of the curve

(t) was observed starting from Tmax 350 ° C becoming more
pronounced with further growth of Tax.

It should be noted that heating to T, carried out 3+4
times, led to an embrittlement of samples, which is an
indicator of possible partial crystallization processes. The
observed susceptibility behavior is consistent with the
results given in Ref. [10].

From the dependencies of i (T) T, was determined for
all compositions. The obtained values are presented in and
in Fig. 7.

L]
700 - ]
| |
L}

Y
—° 650 -

600 -

0,0 0,1 0,2 03 0,4 0,5

X

Fig. 7. Curie temperature dependence of composition

As reported in literature [3], the dependence of the
Curie temperature of amorphous alloys on the
concentration of (3d + 4s) electrons is similar to the
dependence of the magnetic moment, but it is more
sensitive to the composition of the transition metals
contained in them. Thus, the magnetic moment of the alloy

(Feo't.,Nio_t.,)goM20 is almost identical to the magnetic
moment of Cog,M,,, and T, for Cog,M,,, significantly
higher than for (Fe,sNi,s ),, M. Fe-Ni based alloys are

one of the most intensively studied systems. However, the
exchange interactions in this system are complex, as
indicated by the character of the dependence of T. on the
composition [11].

In this work, the introduction of nickel atoms instead of
iron atoms leads to a decrease in Tc from 706 K for x =0.0
to 683 K for x = 0, 416. The dependence of T (x) is non-
linear, which indicates that nickel atoms are actively
involved in the exchange interaction. Moreover, the
magnetic activity of nickel atoms depends on the metalloid
composition: in alloys containing boron, nickel atoms are
more magnetically active than in alloys containing
phosphorus. Cluster calculations show [5, 3] that boron
expands the d-zone of Ni much more than phosphorus
does, and in Ni,Fe,P in the place occupied by nickel, there
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is a small magnetic moment antiparallel to the moment of
iron, while in Ni,Fe,P magnetic moment of nickel is
almost zero.

It is assumed that in (Fe,Ni)80 B,, alloys, two types of
exchange interactions contribute to Tc: direct exchange Fe-
Fe, describing that part of T¢, which is similar to the value
T of the alloy (FeNi), P, and indirect Fe-Ni- Fe
exchange .

Another feature observed in this work should be noted:

with an increase in the nickel content, the susceptibility
decreases (Fig. 8).

0,0 0,1 0,2 0,3 04

Fig. 8. Dependence of initial magnetic susceptibility from
nickel content

3.3. Thermal expansion
It is known [12] that for crystalline Fe — Ni alloys, a
complex dependence of the temperature coefficient of
linear expansion (TCLE) on the nickel content is observed.
TCLE varies non-monotonously and for most of the
compositions of this system has the value of

(9+13)-10°K™. The sharp minimum (& ~1-10°K™)
corresponds to the technically important invar structure

containing 36% at% of Ni. The invar effect is caused by
the temperature dependence of the bulk magnetostriction,

which has a maximum (3—3~ 2.86-10°0e™) near 30

at% Ni in the field of H =1050 Oe .

In this work, the dependences of the relative elongation
on temperature were measured for samples cut along the
ribbon.

For all samples a monotonic change in the relative
elongation with temperature was observed in the range of

90-+300K . In fig. 9 5TI(T) is plotted for a sample with a

concentration of Ni x = 0.104. The values of the linear

expansion coefficient near T = 270 K are found in the range
(7+11.5)10°K ™", depending on the composition. With an

increase in nickel concentration, the linear expansion
coefficient increases (Fig. 10).
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81/1*10°

600 -

300

100 150 200 250 300
T,K

Fig. 9. Dependence of relative extension from temperature

14

12

Fig. 10. Dependence of linear extension coefficient from
nickel content, T =270 K

TCLE depends on volumetric magnetostriction as [12]:

“ _a_é(d_wj [d_HJ
o 3 dH ), LdT )’

where a, is TKLE at a constant field strength; «, is

(11)

TCLE which the material would have if its magnetization

describes variation of the field
|

were kept constant; (d—Hj
dT

required to maintain a constant value of the saturation

magnetization with temperature, it tends to decrease with
dH .

temperature; | — >0, asin
dT N

>0, therefore, if (d—wj
dH
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our case, «, <o,. The observed increase in o (x)

correlates with a decrease in j—lj)(x) —see fig.11.

N
o
1

dw/dH*10", O¢™
5

0,0 0,1 0,2 0,3 0,4

Fig. 11. Dependence of volume magnetostriction from nickel
content, T =270 K

Conclusion
Our studies of the magnetic properties and thermal

expansion of amorphous alloys of the (Fe,,Ni, ).. Si,B,,

system (0.0<x<0.416) revealed:

1. Linear magnetostriction is positive. At room
temperature, the constant linear magnetostriction 2As
decreases nonlinearly with increasing nickel content.

2. As the temperature decreases, the saturation
magnetostriction increases. The similar character of the

dependence (5%) (T) for samples with different nickel

contents indicates the predominance of the single-ion
magnetostriction mechanism in the entire investigated
range of compositions.

3. In fields of intensities H >(330+770 Oe), a

. .ol .
linear change in - is observed, due to the forced volume
magnetostriction. The volume magnetostriction is positive,

has the value of 3—ﬁ~10’9 Oe™ and decreases with

increasing X.

4.  The Curie temperature decreases with increasing
nickel content in the alloy. The nonlinear character of the
dependence T (x) is associated with the participation of
nickel atoms in the exchange interaction in alloys
containing boron.

5. The initial magnetic susceptibility increases after

heating to temperatures T >350°C due to a decrease in

internal stresses in the sample and the associated
magnetoelastic anisotropy.

6. The thermal expansion curves 5I—I(T) show no

anomalies. The linear expansion coefficient o has a value
7+115-10°K™ and varies depending on the
composition monotonically. The dependence o (x)

correlates with the dependence g—r_"}(x) .
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