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Abstract: According Lo a new bilurcation theory model (or the glass Lransilion proposed by the authors, Lhe experimental

nomr Debye relaxation law of the structural relaxation of metallic glasses below the glass transition temperature T, i e.

D1)~ exp[- (L/ T B] , 0< B< 1, is theoretically deduced, then, changes of internal [riclion of Feg3Bj; and Algg 5Y¢. 5

Nis amorphous alloys isothermally annealed al various temperatures below Lheir glass transilion lemperalures were mea

sured and the structural relaxation dynamics was experimentally studied. It is shown thal the structural relaxation dynam-

ics in Llerms of the internal friction accords with nomr Debye law and the experimental resull agrees well with the theoretical

analysis.
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1 INTRODUCTION

Structural relaxation dynamics of amorphous al-
loys can be generally summarized from experiments as
nomr Debye form, i.e. ¥t)~ exp/- (t/ T)B], 0< B
< 1. However this experimental law is hardly de-
duced from available theoretical models for the glass
transition, because these models have not yet exactly
described the physical nature of the glass transr
tion ™ .

According to a new theory model —bifurcation
theory model for the glass transition proposed by the
authors' ¥, the nomrDebye relaxation dynamics of the
amorphous alloys below the glass transition tempera
ture is theoretically predicted. Then, by measuring
internal friction decaying behavior of two typical
amorphous alloys Feg3Bi7 and Algg 5 Y6 sNis annealed
below their glass transition temperatures, the theo-
retical prediction is experimentally verified.

2 THEORETICAL ANALYSIS

According to the bifurcation theory model pro-
posed in Ref. [ 4], for a given alloy melt, temperature
change of the melt system during solidification can be
described as

dar, My K,-v

dt = acT.*A
exp/— B/(TwT,— Ty,To)] *
exp/— 16T’ /3T .(1- T,)°] -
BeT,+ BeTUT, (1)
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where T, is reduced temperature, T, is melting

temperature, AH , is latent heat, K, is dynamical
constant, v is nucleus volume, A4 and B and 7 as
well are constants, d.is special heat of the melt, ais
Turnbull ratio! ', Bis reduced latent heat, B s cool
ing ability of surrounding circumstance, and 7. is
temperature of the surrounding circumstance.

It is shown by analyzing equation (1) that be-
cause of non-linearity of the solidification dynamical
law and non-equilibrium of the cooling process ( rapid
cooling will result in the solidification system being
far from equilibrium), for a given alloy melt system,
an uncontinuous steady state temperature jump will
occur in the melt system when the cooling rate is over
some value and this uncontinuous jump can be under
stood as glass transition.

Generally, it is necessary to precisely solve equa
tion ( 1) for completely understanding the relaxation
dynamical law of the amorphous alloy. However it is
almost impossible to analytically solve equation (1),
thus we numerically solve equation ( 1) to understand
the relaxation law of the amorphous alloy. Taking
Feg3Bi7 for example, using a set of data as Ol T, =
1448K, AH ,= 15840)/mol, A= 3.3x 10 ’Pacs,
B= 4630K, T= 638K, and K,= 10* J/em®, v=
10" em®, a.= 25J/(mol*K), (16/3) Ta’B= 1. 2.
When 8= 2000s ' and 7.= 700 K (according to
Ref.[ 6], T, of FegsBi7; amorphous alloy is 760 K),
the numerical solution of equation ( 1) is shown in
Fig. 1.

The fitting function of this curve is
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Fig. 1 Relaxation behavior of
amorphous alloy below T,
(FegsBiz: B= 20008 ', T.= 700K)

T.=1- {0.52+ 0.034°
exp[ — ( t/0.00044)**]) (2)

Confidence is 95%, correlation coefficient is 0. 999,
and sq'r is 1. 025 107 7. It is shown that the fitting
is well. Equation (2) can be described as a general
form as below:

dt)~ exp/- (/T . 0< B< 1 (3)

It is shown that the relaxation dynamics of the
amorphous alloy below the glass transition tempera
ture T, accords with nomr Debye relaxation law.

3 EXPERIMENTAL

Master ingots of FegiBi7 and Algg. sYe sNis were
prepared in vacuum induction furnace. Amorphous
ribbons about Smm in width and 30~ 50Hm in thick-
ness are made by the meli-spinning technique under a
preserving nitrogen atmosphere. The amorphism of
the ribbons was examined by Simens D5000 X-ray
diffractometer with CuKq. The diffraction results
show that the ribbons of FegzB;7 and Algg sY 6 sNis are
entirely amorphous as shown in Fig. 2.

The internal frictions of Feg3Bj7; amorphous sam-
ples isothermally annealed at 373 K and 473 K and
Algs. sY6 sNis amorphous samples at 343 K and 393 K
respectively are in situ measured by a conventional
low frequency torsion pendulum with a XWC-100AB
auto balance recorder for registering the amplitude at-
tenuation curves, from which the internal friction
values were calculated to study the relaxation dynam-
ics.

4 ERSULTS AND DISCUSSION

Changes of internal friction values with anneal
ing time of Feg3Bi7 and Algs 5Y¢. sNis amorphous al-
loys isothermally annealed at various temperatures
were measured by a conventional low frequency tor
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Fig. 2 X-ray diffraction patterns of FegzBj7 and
Alsg. sY 6 5sNis amorphous alloy sample ribbons

sion pendulum with a frequency of 0. 1~ 1 Hz. The
results are shown in Fig. 3 and Fig. 4. It can be seen
from Figs. 3 and 4 that the internal friction values de-
crease with annealing time at the same annealing tem-
perature and increase with annealing temperature for
the same annealing time. This is because of longer
annealing time at the same annealing temperature re-
sulting in increasing the viscosity and reducing the
anelasticity, thus reducing the internal friction value,
and higher annealing temperature resulting in visco
plastic flow ( creep deformation), thus increasing the
internal friction value' " ®. Curves in Figs. 3 and 4 are
fitted to study the relaxation dynamics. The fitting
functions are listed in Table 1.
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Fig. 3 Changes of internal friction upon
annealing time of Feg3Bj7 amorphous alloy

isothermally annealed at various temperatures
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Table 1 Fitting of decaying curves of Feg3Bi7 and Algg 5Y 4. 5sNis amorphous alloys

isothermally annealed at various temperatures

Alloy Annealing temperalure/ K Filled relaxation function sq'r Confidence Correlation coelficient
— 1_ .
373 ¢ =0.031+0.028 " 5 355407 0.95 0.998
exp[ = (¢/1.25)777]
FewBi 0" '= 0.066+ 0.027
= . . * _ 8
473 exp[ _ ( L/O 62) 0. 45] 4.50x 10 0.95 0.995
— 1_ .
343 ¢ =0.025+ 0.018 © ¢ o550 0.95 0.999
. exp[ = (¢/1.99)" 7]
Alsss Yo sNs 0" '= 0.049+ 0.014
= . . * _7
393 exp[— ( L/133)()58] 3.70x 10 0.95 0.991
8 e Hi)~ exp/— (t/ T, 0< B< 1.
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It can be seen from Table 1 that the structural
relaxation dynamics represented by the change of the
internal friction can be summarily described as

d1)~ exp/— (/T . 0< B< 1 (4)

This result is consistent with the theoretical pre-

diction in Section 2 and Refs. [ 9~ 11].

5 CONCLUSIONS

It is shown through theoretical analysis and ex-
perimental study that the structural relaxation dynam-
ics of amorphous alloys below the glass transition tem-
perature is in accord with nomDebye relaxation law,
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