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First experimental results are presented on amorphous FegyB,, alloy strip spontaneous
straining demonstrating itself as the strip twisting and simultaneous change in the sample
length under linear heating. The coherent phenomena are simulated mathematically, the
model applicability to description of relaxation processes in amorphous metal alloys has

been checked.

IIpuBomsATCA TepBbIe JKCIEPUMMEHTAJIbHBIE DPE3yJbTAaThl AJS JIEHTHI aMOpP(MHOTO CILJIaBa
F680820 Mo OOHAPY'KEeHWI0 CIIOHTAHHOM aedopMaruu, NPOSABIAIONIEHCS B BHUIe KPYyYeHUA
JIeHTBl W OJSHOBPEMEHHOTO W3MeHeHWs IJIWHBI o0paslla B IIpollecce JWHEHHOTO Harpesa.
BrimostHeHO MaTemMaTHUeCKOe MOJEJIWPOBaHWE KOTEDPEHTHBIX fABJIEHUI, Ompo0OBaHA UX IIPU-
MEHUMOCTD [IJIST OIIMCAHUSA PEJaKCAIIMOHHBLIX IIPOIIECCOB B aMOP(MHBIX METAJINUYECKUX CILJIABaX.

Thermodynamically nonequilibrium states
are known to be typical of freshly-prepared
amorphous metal alloys. The subsequent
heating of those alloys is accompanied by
result in cause embrittlement, changes in
density, hardness, and ductility while a
high-temperature one, in crystallization. To
explain those anomalies, the concepts of
free volume and substantial contributions
of relaxation processes (proceeding from
nonequilibrium states) into the free volume
change are often used [1]. Data on the free
volume changes under isothermal annealing
can be obtained, e.g., by studying time de-
pendences of relative lengthening (AL/L) of a
sample shaped as a strip of initial length L. So,
for FeyoNiggByg glass under isothermal annealing
in T, <T <T, temperature range (where T,
and T, are vitrifying and melting tempera-
tures, respectively), a surprising result was
obtained: on the background of usual loga-
rithmic time dependence of relative length -
ening (corresponding to compression proc-
ess), a series of AL/L oscillations was ob-
served (corresponding to short time
intervals when the glass is in dilatation)
[2]. The AL/L oscillation effect cannot be
explained in the frame of simple model of
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the excess free volume relaxation according
to logarithmic time dependence.

Experiments on thermal expansion of
amorphous glasses revealed also the anoma -
lous behavior of AL/L as a function of tem-
perature. So, for binary SiO,—TiO, glasses,
the relative lengthening may change the
sign as passing a certain critical tempera-
ture, the behavior being dependent on TiO,
content and thermal pre-history [3]. Local
torsion vibration modes are noticed to con-
tribute to the negative thermal expansion
(compression). This contribution, however,
did not confirmed by experimental data de-
scribed in other sources. In our opinion,
evolution of amorphous alloy from the non-
equilibrium state to another metastable one
is accompanied by a substantial contribu-
tion of spontaneous relaxation mechanisms
to the observed anomalous behavior of
physical parameters, similar to the case of
an ensemble of double-level particles with
inverse occupancy of states. These concepts
must follow obligatorily in existence of both
longitudinal (responsible for lengthening)
and transversal (responsible for twisting)
components of spontaneous straining aris-
ing under linear heating.
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To reveal simultaneously both compo-
nents of spontaneous straining and tem-
perature-dependent evolution thereof under
linear heating, the experiment was carried
out described in what follows. An equip-
ment for simultaneous measurements of
sample twist angle and length under ther-
mal testing in vacuum was used. The equip -
ment comprises a furnace and optical-me-
chanical sensors of twist angle and linear
displacements and provides the data record -
ing using a PC. In the furnace free of tem -
perature gradients, an amorphous alloy
strip of 8x1.5x0.031 mm3 was fixed be-
tween quartz holders. The upper holder was
fixed and immobile during the whole ex-
periment. To the free-hanging lower holder,
a pointer was fixed as well as a light cylin-
der suspended on a thin thread. The pointer
angular displacements provide data on the
strip twisting about its long axis while the
cylinder vertical displacements correspond
to the strip length variations. The sample
temperature was controlled by a thermocou -
ple mounted at the strip near its upper
holder.

Fig. 1 shows experimental temperature
dependences of the twist angle ¢ (a) and
relative lengthening AL/L (b) for a strip of
initial length 8 mm obtained under continu -
ous heating at the rate of 20 K/min. For
convenience sake, the upper temperature
axis and lower time one are used. The non-
monotonous character of twist angle sponta -
neous variation with pronounced singulari-
ties in various temperature intervals evi-
dences complex coherent processes in the
sample during the annealing. A slight (al-
most linear) strip elongation at the initial
annealing step is changed by its contraction
near 600 K followed by the AL sign change
near 650 K and appearance of singularities
of step type up to temperatures answering
to completion of crystallization.

In some works [4, 5] aimed at experimen -
tal studies of mechanical stress relaxation
in amorphous metal alloys, signals were ob -
served to arise spontaneously as response to
pulse twisting under isothermal and linear
anneals. The known theories do not explain
such phenomena in inert materials as well
as the amorphous state models do not take
those into account. Before, when describing
spontaneous relaxation of a double-level
particle ensemble from non-equilibrium
state [6], an expression I(t) = AM(¢) was ob-
tained for emission intensity (where A is a
certain constant; M(¢) is effective dipole
moment for the ensemble). Within that
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Fig. 1. Spontaneous variations of twist angle ¢
about the long axis under continuous heating at
constant rate of 20 K/min (a); relative length-
ening AL/L under continuous heating (b).

model, the particle interaction is taken into
account through the emission field, thus re-
sulting in a coherent contribution to the
spontaneous relaxation process. We suppose
that active structural centers in an amor-
phous alloy are also capable of interaction
during the relaxation through the stress
field; this may result in a coherent relaxa-
tion character, the main process regularities
remaining conserved. To check this supposi -
tion, we have described analytically the sig -

nals observed.
By analogy with [6], let the time depend -

ence of mechanical moment M(t) be de-
scribed explicitly as

M(t) = al + a2 Dth[(t - to)/T] + (1)

+ ag Csech?[(t — ty)/T].
Parameters aq, a9, ag, ty, T depend heav-
ily on the initial condition chosen. A maxi-
mum is observed in the experimental M(t)

curve at ¢t = k. Taking this fact into ac-
count, let Eq.(1) be transformed into
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Fig. 2. Experimental (solid line) and calcu-
lated (circles) curves for linear heating of
FegoByy (a) and FeyoNiygP44Bg (b) samples.
Inset: numerous values of parameters.
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where a, b, (m — a), ¢, k, d are new renor-
malized parameters.

To study in experiment the relaxation
process dynamics in amorphous metal al-
loys, a sample placed in a vacuum chamber
was either heated linearly at the constant
rate of 20 K/min or annealed isothermally
at a fixed temperature. In the course of
anneal, the sample was strained in the pulse
manner at a certain time moment. The
straining consisted of twisting at the angle
of 40°, exposure for a certain time and de-
twisting. After the straining pulse, the
torque was measured continuously.

Fig. 2 presents experimental and calcu-
lated curves for FegoBzo and Fe40Ni40P14BG
samples heated linearly. The parameters £k
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Fig. 3. Experimental (solid line) and calcu-
lated (circles) curves for isothermal anneal.

and ¢ characterize the time of process delay
and its development time (seconds), respec-
tively; a, b, (m—a) parameters are expressed
in conventional M(¢) units. Experimental
data and modeled response under isothermal
annealing are shown in Fig. 3. When simu -
lating, a transition to new logarithmic vari-
able 8 = In[(t—ty)/1] is carried out. The pa-
rameters ¢, k, ¢ in (2) are denoted as 9, 8,
0., respectively.

Thus, a spontaneous twist deformation
has been revealed to accompany the length
change of a FegyB,y amorphous alloy strip
under linear heating. The peculiarities of
signals observed evidence qualitative
changes in mechanisms of relaxation from
non-equilibrium metastable states. The ex-
istence of the spontaneous signals forces to
consider in a new fashion the nature of non-
equilibrium metastable states in amorphous
alloys. The satisfactory description of the
experimental data evidences that it is possi-
ble in principle to draw quantitative data
about physical parameters of the states
mentioned.

References

1. A.M.Glezer, B.V.Molotilov, Structure and Me-
chanical Properties of Amorphous Alloys,
Metallurgia, Moscow (1992) [in Russian].

2. A.Kursumovic, R.W.Cahn, M.G.Scott, Scripta
Metalleurgica, 14, 1245 (1980).

3. P.C.Schultz, H.T.Smyth, in: Amorphous Ma-
terials, ed. by R.W.Douglas, B.Ellis, Willey-
Interscience, London (1972).

4. V.S.Abramov, O.N.Beloshov, Kondensir. Sredy
s Mezhfazn.Granitsy, 3, 271 (2001).

5. V.S.Abramov, O.N.Beloshov, Kondensir. Sredy
s Mezhfazn.Granitsy, 3, 181 (2001).

6. R.H.Dicke, Phys. Rev., 93, 99 (1954).

7. V.S.Abramov, O.N.Beloshov, in: Abstr. of 1st
Interdisciplinary Seminar on Fractals and Ap-
plied Synergetics, Moscow (1999), p.110.

361



V.S.Abramov et al. / Some peculiarities of mechanical ...

lesaki 0co0IMBOCTI MeXaHIYHUX BJIACTHBOCTEH
aMoOp(pHUX cIJIaBiB MeTaJiB

B.C.A6pamos, O.H.Benowos, O.B.Ilpoxog’esa

ITopgano mepiri eKcIepUMeHTAIbHI Pe3yIbTATH IJIA CTPiukm amopdHOro cmiaasy FegyB,, 3
BUABJIEHHA CHOHTAHHOI nedopmariii, [0 BUABJIAETHCA AK KPYTiHHA CTPIiUKM Ta OJHOUYACHA
3MiHa JOBMKHMHU 3pasKa B Iporieci siniiiHOTO HarpiBanHA. BukoHaHO MaTeMaTHYHE MOJEJIO-
BaHHA KOTEPEHTHUX SBUIN, BUNPOOYBAHO iX MPUAATHICTH IJA OHUCY PeJAKCALIiMHUX IIPO-
eciB B aMOp(HUX MeTaJleBUX CILJIaBax.
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