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To develop new amorphous, amorphous-nanocrystalline and nanocrystalline materials, optimize their
unique properties and successfully operate their products, knowledge of changes in their structure under
the influence of external factors is required. For the practical use of amorphous metal alloys, it is im-
portant to have data on the stability or changes in their properties under the action of magnetic fields,
since products based on them are often operated under conditions of prolonged exposure to this factor. An
experimental study of the influence of a constant weak (B = 0.64 T) magnetic field on the micromechanical
properties and thermal stability of amorphous Coe7FesCrsSiisBiz and FesoNiswBsgo alloys was conducted. It is
established that the long-term action of a weak constant magnetic field leads to a magnetoplastic effect:
the microhardness of amorphous alloys decreases up to 18-21 % per 100 days. Results of dilatometric ex-
periments indicate that after treatment of amorphous Cos7FesCrsSiisBi2 and FesoNiwBzo alloys by a weak
magnetic field, the temperature of the intense crystallization onset increases by 40-80 K, that is, the inter-
val of thermal stability of the alloy expands. The established effects can be explained by the fact that the
magnetic field creates magnetoelastic dynamic stresses that destroy borides and silicides in the amorphous
alloy, which promotes the homogenization of its structure. This causes the destruction of frozen-in crystal-
lization centers and the formation of a new, more stable structural state with other short-range parame-

ters and the level of internal stresses caused by the processes of structural relaxation.
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1. INTRODUCTION

The level of requirements for the properties and re-
liability of products made of modern functional mate-
rials is increasing. To develop new amorphous, amor-
phous crystalline and nanocrystalline materials, opti-
mize their properties and successfully operate the end-
products, knowledge of changes in their structure un-
der the influence of external factors is required. A
magnetic field, similar to other destabilizing effects
(temperature, pressure, ultrasound, irradiation), can
affect the processes of phase formation, cause changes
in the topological and compositional short order and
influence the physical properties of amorphous alloys
[1]. For practical use of amorphous metal alloys, it is
important to have data on the stability of their proper-
ties under the action of magnetic fields, since products
based on them are often operated under conditions of
prolonged exposure to this factor.

Strong magnetic fields (greater than 1T) are
means of controlling the structure and properties of
materials, as they are an additional thermodynamic
factor that, along with temperature and pressure, af-
fects the kinetics and mechanism of structural-phase
transformations [2]. Under the influence of weak mag-
netic fields (for which condition usB < kT is satisfied,
where up is the Bohr magneton, B is the induction of a
magnetic field), magnetic energy does not contribute to
the thermodynamic state of the material, as is the case
with strong magnetic fields. When exposed to a weak
magnetic field, there is a magnetoplastic effect, which
is to increase the plasticity in the tensile test of mag-
netic metals. Not only the magnitude of the magneto-
plastic effect but also its sign can change over a wide
temperature range in the presence of or after its mag-
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netic field [3]. The combination of changes in mechani-
cal properties as a result of exposure to a weak mag-
netic field is called the magnetomechanical effect.

The influence of weak magnetic fields on the me-
chanical properties of materials is complex, both in the
process of direct impact of the field and after its shut-
down. The analysis of the literature shows that the
influence of weak magnetic fields on the processes of
phase formation depends on the composition of the
alloy, and the manifestations of the effect may vary.
For example, annealing of an amorphous NisoP20 alloy
in the presence of a weak constant magnetic field
slowed down the rate of crystalline phase formation,
and FessB12Sis alloy was found to accelerate the crys-
tallization process in a magnetic field [4]. In [5], it is
established the existence of a non-monotonic depend-
ence of microhardness on the residence time of amor-
phous metal alloys in a magnetic field.

Therefore, there are many unresolved questions
regarding the physical nature of the magnetic field
effect of the structure and properties of amorphous
metal alloys, which substantiates the relevance of the
conducted research.

2. STATEMENT OF THE PROBLEM AND
EXPERIMENTAL TECHNIQUE

Amorphous Coe7FesCrsSiisBi2 and FesoNisqBzo al-
loys in the form of a foil with a thickness of 25-
30 microns were investigated. The alloys were ob-
tained by spinning with a cooling rate of 108 K/s at
G.V. Kurdyumov Institute for Metal Physics of the
National Academy of Sciences of Ukraine.

The small ribbon thickness of amorphous metal al-
loys obtained by the melt spinning method makes it
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difficult to study the mechanical properties by tradi-
tional methods. Therefore, the main method for study-
ing the mechanical properties of amorphous alloys is
the method of microhardness measuring.

For treatment in the magnetic field, the sample
was placed between two plates of permanent magnets,
providing a uniform field strength (B=0.64T). After
exposure in a magnetic field, Vickers microhardness
was measured (in air at room temperature) for a given
time [6]. For the amorphous alloys in the initial amor-
phous state and after treatment, measurements of
Vickers microhardness on the PMT-3 device were per-
formed.

The value of hardness (by Vickers) accounts by the
formula

1854P ( kGf
H, = , 1
v d? (mmZJ ()
. . kGf .
where P is the pressure in | —— |, d is the length of
mm?2

diagonal of imprint in microns.

During the measurement, the possibility of micro-
hardness value variation as a result of the influence of
nearby structural constituents with other microhard-
ness was taken into account: measurements were con-
ducted 10 times under identical conditions, loading
was made by 30 g, the repeated measurements were
executed in a new place of structural constituent. The
measurement error was 5 %. Indentations were per-
formed on the shiny side of the amorphous ribbon,
which did not come into contact with the rotating
drum during its manufacturing.

The main characteristic of the thermal stability of
amorphous alloys is the temperature of the intensive
crystallization onset, which is determined using a
highly sensitive dilatometric technique [7], the essence
of which is as follows. The molar volume of most alloys
in the amorphous and crystalline states differs by 1-
3 %. The crystallization process of an amorphous alloy
can be studied by fixing a change in the sample length
during heating and recalculating it to the volumetric
changes. During heating of an amorphous alloy with a
constant rate, its volume increases monotonically,
when the temperature reaches a certain value (the
temperature of the intensive crystallization onset), the
transition of an amorphous alloy into the crystalline
state occurs. This process is accompanied by a sharp
decrease in volume. The temperature of the intensive
crystallization onset is determined from the tempera-
ture dependence of the relative volume change AVIV
when an amorphous alloy is heated.

3. EXPERIMENTAL RESULTS AND
DISCUSSION

Two types of studies of the influence of a weak con-
stant magnetic field on the properties of an amorphous
alloy were conducted: a study of microhardness and
thermal stability. Before exposure to the magnetic
field, the alloys were in the air for two years, which
provided a significant relaxation of the basic thermal
stresses existing in freshly quenched amorphous al-
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loys. The results of the microhardness measurements,
as well as the relative changes in the microhardness
between the initial alloys and alloys that have under-
gone the corresponding treatment in the magnetic field
are shown in Table 1.

Table 1 — The values of the microhardness of the initial sam-
ples and after the magnetic field treatment

Mode and time HV,GPa (HV_HO) %
processing H . >0
Initial alloys

Cos7Fe3CrsSiisBis 9.38 -
Treatment with constant magnetic field of 0.64 T
10 days 8.91 -5

20 days 7.88 —16

50 days 8.08 - 14

100 days 7.70 —18
Initial alloys

Fe4o0NiqoB2o 9.63 —
Treatment with constant magnetic field of 0.64 T
20 days 8.14 - 15

80 days 7.42 - 23

100 days 7.58 -21

Studies have shown that holding an amorphous
Cos7Fe3CrsSiisBiz alloy in a magnetic field for 10 days
does not lead to a change in microhardness (a change
within the error of the experiment). As the exposure
time in the magnetic field increases, the changes in-
crease and after 100 days of exposure, the microhard-
ness decreases by 18 %. Similar results were obtained
for the alloy FesoNis«oBgo: exposure in a magnetic field
for 80-100 days leads to a noticeable magnetoplastic
effect — the microhardness decreases (by 21-23 %).

Therefore, the analysis of the data in Table 1 shows
that under the influence of the magnetic field
B=0.64T the microhardness of the samples decreas-
es, i.e. there is a magnetoplastic effect.

Let us analyze the reasons for the change of micro-
hardness under the influence of a magnetic field. The
micromechanical properties of amorphous alloys, in-
cluding microhardness, depend on the amount of free
volume, the chemical composition of both the amor-
phous matrix, and the frozen crystallization centers
and internal mechanical stresses.

The influence of the magnetic field can be ex-
plained by the set of actions of such mechanisms: ac-
cumulation and annihilation of the free volume, redis-
tribution and relaxation of internal stresses, redistri-
bution of chemical elements. It is established that, in
the presence of internal mechanical stresses in the
amorphous alloys [8, 9], there is an intense migration
of elements, manifesting itself in the redistribution of
the components of the sample both in the surface re-
gion and in the volume of the amorphous sample. This
migration is due to the field of internal stresses whose
relaxation is facilitated by the diffusion of elements
along the thickness of the amorphous band. The hard-
ness of amorphous alloys significantly increases when
crystalline phases appear. In particular, this effect is
manifested by the presence of borides in the structure.
The stiffness of the nanostructured state with rare
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exceptions is higher than that of the corresponding
amorphous one. Crystallization of amorphous metal-
metalloid alloys results in borides, silicides and other
high-strength phases associated with the presence of
metal atoms in the amorphous matrix.

The magnetic field creates magnetoelastic and dy-
namic stresses that destroy borides and silicides [10].
That is, when exposed to a magnetic field, the decay of
borides, silicides results in a decrease in hardness.

The peculiarity of the structure of amorphous metal
alloys after rapid quenching of the melt is the presence
of frozen crystallization centers, which may respond
differently to external influences. The decrease in the
microhardness value indirectly indicates the possible
dissolution of the frozen-in crystallization centers.

Consider the effect of long-acting constant weak
magnetic fields on the thermal stability of an amor-
phous alloy. Fig. 1 shows the temperature dependenc-
es of the relative change in volume of the amorphous
Coe7FesCrsSiisBiz alloy in the initial state (curve 1)
and after treatment in the magnetic field of 0.64 T for
20 days (curve 2) and 90 days (curve 3).

When heated to 400 °C, the dependences (1) and
(2), (3) are identical. For the original alloy, the onset
temperature of intense crystallization is 500 °C, the
crystallization interval is 100 °C. For an amorphous
alloy that has been treated in a magnetic field of
0.64 T for 20 days, the onset temperature of intensive
crystallization is 540 °C, and after treatment for
90 days, the onset temperature of intensive crystalli-
zation is 580 °C.
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Fig. 1 — Temperature dependence of the relative change in
the volume of the amorphous CosrFesCrsSiisBiz alloy in the
initial state (curve 1) and after treatment in the magnetic
field of 0.64 T for 20 days (curve 2) and 100 days (curve 3)

At these intervals, there is a slight decrease in the
relative volume change, similar to the changes charac-
teristic for the structural relaxation process.

For amorphous alloys that have undergone treatment
in a magnetic field, the temperature dependence in the
range of 440 °C prior to the onset of intense crystalliza-
tion has differences compared to the original alloy.

The analogy between the processes of magnetic and
low-temperature structural relaxation of the amor-
phous state can be explained by the fact that the influ-
ence of the magnetic field leads to the transition of the
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initial metastable amorphous state to a new, more
stable level.

Table 2 shows the values of the thermal stability
parameters of the initial samples and after the magnet-
ic field treatment obtained by the dilatometric method.

Table 2 — The values of the thermal stability parameters of
the original samples and after the magnetic field treatment

Mode and time of
magnetic field

Temperature of
onset intensive

Crystallization
interval, °C

action crystallization, °C

Initial state

Coe7FesCrsSiisBie 500 100
Treatment with a constant magnetic field of 0.64 T
10 days 500 105

20 days 510 110

50 days 540 120

100 days 580 140
Initial state

Fe4oNiswoB2o 440 100
Treatment with a constant magnetic field of 0.64 T
10 days 445 100

20 days 455 100

50 days 465 110

100 days 480 120

Treatment with a magnetic field for 10 days does
not change the thermal stability parameters of the
amorphous alloys. By increasing the processing time in
the magnetic field up to 100 days, a noticeable effect of
increasing thermal stability is observed. The thermal
stability interval of the amorphous Cos7Fe3CrsSiisBi2
alloy increases by 80 °C and for amorphous Fe4oNi40B2o
alloy — by 40 °C.

The explanation of the revealed effect of increasing
thermal stability of amorphous metal alloys may be
the dissolution of frozen crystallization centers, the
formation of a new structural state with other short-
range parameters and the level of internal stresses.

4. CONCLUSIONS

It has been established that the continuous action
of a weak constant magnetic field (B =0.64 T) leads to a
magnetoplastic effect in amorphous Cos7Fe3CrsSiisBi2
and FesoNiqwB2o alloys: the microhardness value de-
creases by 18-21 % in 100 days.

At long exposure (100 days) in the magnetic field,
the thermal stability interval of the amorphous alloy
increases by 40-80 °C.

The established effects of increasing plasticity and
increasing thermal stability can be explained by the
fact that the magnetic field creates magnetic elastic
dynamic stresses that destroy borides and silicides in
the amorphous alloy, which promotes the homogeniza-
tion of its structure.

This causes the destruction of frozen-in crystalliza-
tion centers and the formation of a new, more stable
structural state with other short-range parameters
and the level of internal stresses caused by the pro-
cesses of structural relaxation.
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Bruiue mocTiiiHOro MarHiTHOrO IOJIS HA MEeXaHIYHi BJIACTHBOCTI TA TEPMOCTADGIIBHICTD
amopdguux criasis ua ocuosi Co, Fe ta Ni

T.JI. Haperpaaceka, A.M. Kypumok, I.B. Oscieuro, I'.B. Caerro, O.B. Typxos

Kuiscoruil nayionanvruti ynieepcumem imeni Tapaca Illesuerka, gyn. Borooumupcorka 64/13,
01601 Kuis, Yxpaina

Jl1s po3poOKu HOBUX aMOPPHUX, aMOP(HO-KPUCTATIYHAX T4 HAHOKPHUCTAJIYHUX MAaTepiasiB, ONTHMI-
3arii X yHIKaJIbHUX BJIACTUBOCTEN Ta YCITIIIHOI eKCILIyaTallii BUPOOiB 3 HUX HEOOX1THI 3HAHHSA IIPO 3MIHHU iX
CTPYKTYPH IIiJ JI€I0 30BHIIIHIX YNHHUKIB. J[JIA MpaKTUYHOr0 BUKOPHCTAHHSA aMOP(HUX METAJIeBUX CILIABIB
BasKJIMBO MATH JAaHI IPo cTAOLIbHICTE 00 3MIHM IX BJIACTHBOCTEM ITiJ Ji€I0 MATHITHUX IIOJIIB, OCKLIBKH BH-
pobu Ha iX OCHOBI YaCTO eKCILIYaTYIOTHCS B yMOBAaX TPUBAJIOIO BIUIMBY JAHOTO YHHHUKA. ByJio IIpoBeneHO
eKCIIeprMeHTaJIbHEe TOCIIIKEeHHS BIIMBY MOCTiiHOrO ciaabkoro (B = 0,64 T) Mar"iTHOro mojs Ha MiKpoMe-
XaHIYHI BJIACTHBOCTI Ta TepMiuHy crTablabHicTh amopduux crasiB CosrFesCrsSiisBiz Ta FesoNiwBzo. Bera-
HOBJIEHO, II[0 TPHUBAJIA i CJIa0KOr0 IMOCTIMHOr0 MArHITHOTO TIOJIS IIPU3BOIUTE JI0 MATHITOILIACTUYHOTO ede-
KTy: MIKPOTBepAiCcTh aMOP(HUX CILIaBIB 3MeHInyeTbest Ha 18-21 % 3a 100 mi6. Pesympratn gumatomerpuy-
HUX [OCJIPKeHb BKa3yIOThb Ha Te, IO IIicjs OOpOOKH C/Ia0KMM MATHITHUM II0JIeM aMOP(HUX CILIaBiB
Cos7FesCrsSiisBiz Ta FesoNiwBzo Temeparypa mouaTky IHTEHCHBHOI KpPUCTAJII3allil 3pocTae, TOOTO PO3IIH-
PIOETHCST IHTEPBAJI TEPMOCTAOLIHHOCTI CIIaBy. BcTaHOBIIEHI ePeKTH MOKHA TOSCHUTH THM, IO MAaTrHITHE
TI0JIE CTBOPIOE MATHITOLIPYSKHI JUHAMIYHI HAIIPYTH, SK1 PyHHYIOTH 00pUIN Ta CUJIIIAIN B aMOp(dHOMY cILIa-
Bl, II[0 CIIpHUsi€ TOMOTEHI3allii #oro cTpykTypu. [Ipu mmbomy BigOyBaeThess (pOPMYyBAHHS HOBOTO, OLIBII cTa0i-
JIBHOTO CTPYKTYPHOTO CTaHy 3 IHIIMMH IapaMeTpaMu OJIMKHBOTO MOPSIAKY TA PIBHEM BHYTPIIIHIX HAIpPY-
SKEeHb, BUKJIMKAHOTO IIPOIECAMHU CTPYKTYPHOI peJsiaKcartii.

Kmiouosi cnosa: Amopdunii crunas, Mikporsepaicts, MaraiTommactuaanii edpexr, TepmiuHa cTablIbHICTD.
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