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In the last few decades, theoretical and experimental studies of glass-forming liquids have revealed presence of
universal regularities in the viscosity-temperature data. In the present work, we propose a viscosity model for
scaling description of experimental viscosity data. A feature of this model is presence of only two adjustable
parameters and high accuracy of experimental data approximation by this model for a wide temperature range.
The basis of the scaling description is an original temperature scale. Within this scaling description we obtain the
transformed Angell plot, in which the area separating “fragile” and “strong” glass-formers emerges. The proposed
scaling procedure make it possible to reconsider belonging some liquids to the type of “fragile” glass-formers. The
obtained results form basis for development of a generalized scaling description of crystallization kinetics in
supercooled liquids and glasses.

1. Introduction

Amorphous solids have unique physical and mechanical properties
that are crucially different from the properties of crystalline analogues
[1,2]. The amorphous structure provides high strength, superplasticity,
increased corrosion resistance and the improved biocompatibility in the
case of some metal alloys [3-5]. The main physical and mechanical
characteristics of amorphous solids are determined by their
glass-forming ability (GFA) that is ability to retain the disordered phase
without crystallization during rapid cooling of melt [see Fig. 1(a)]
[6-10]. For example, silicon dioxide (SiO3) and germanium dioxide
(GeO2) with excellent GFA form a stable homogeneous amorphous
structure under normal conditions [11]. For these materials, it is diffi-
cult to obtain crystalline phase rather than glassy one. Bulk metallic
glasses have poor GFA, since extremely high cooling rate and rapid heat
removal from material are required to suppress the crystallization
centers.

An important key to determine the GFA of glass-forming liquids is
correct prediction and understanding the temperature behaviour of
viscosity. The structural ordering in supercooled liquids at some tem-
perature T, where T < Tp, depends on the viscosity n(T) or on the
structural relaxation time. Typically, the viscosity of liquids increases

* Corresponding author at: Kazan Federal University, Kazan 420008, Russia.

with decreasing temperature. The loss of molecular mobility with
decreasing temperature correlates both with increasing liquid density p
and with decreasing entropy and thermal activation energy [12-14].
Alba-Simionesco and coworkers have shown that the viscosity of the
most glass-forming liquids can be described using the scaled variable
p" /T, where y is the parameter depending on the liquid type [15]. Kelton
and coworkers have found for different metallic melts that there is a
universal relationship between the viscosity ratio log[y/n.] (1, is the
extrapolation of viscosity to high temperature limit), and the reduced
temperature T, /T. The temperature T, corresponds to a state, where
cooperative motion of molecules is initiated, and this temperature is
strongly correlates with the glass transition temperature T, [16]. Zhang
et al. have shown possibility to evaluate the low-temperature charac-
teristics of liquids based on the high-temperature parameters associated
with the activation energy AE and the Arrhenius temperature T, [17].
On the basis of molecular dynamics simulation results, a quasi-universal
relationship for the scaling description of transport coefficients associ-
ated with excess entropy was proposed by Dyre and coworkers [18].
They have found that the viscosity of model liquid mixtures and binary
metal melts as a function of the reduced excess entropy S.x/kgN turns
into one universal curve (here kg is the Boltzmann constant, N is the
number of atoms or molecules). These findings indicate on presence of
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common patterns in the temperature dependences of the viscosity of
various liquids, and these results can be used to develop a unified vis-
cosity model with the possibility of a scaling description [16,19].
Obviously, such a model should have the minimum number of param-
eters determined experimentally or from molecular dynamics simula-
tions, and these parameters should be physically argued.

In the present work, we propose an original method for scaling
description of experimental viscosity data for the high-density liquids. It
is proposed a scaled viscosity model that correctly reproduces the
experimental data of completely different types of liquids, including
binary and ternary metal melts, silicate, borate, germanium and poly-
mer melts. An obvious advantage of the proposed model is high accuracy
of the experimental data approximation using only two adjustable pa-
rameters. This is confirmed by comparison of the proposed model with
the well-known three-parameter viscosity models. In the proposed
model, the reduced temperature scale introduced in Ref. [20] is applied.
This scale allows one to present uniformly the viscosity-temperature
data of liquids with different compositions regardless of the cooling
protocol.

2. Applied methods
2.1. Viscosity and kinetic fragility index

The viscosity n(T) of liquids strongly depends on the chemical
composition of material, on the heating/cooling protocol, and on the
thermodynamic conditions [21-24]. For example, the viscosity of
low-component silica SiO; and germanium dioxide GeO; increases with
decreasing temperature according to the law [25]

1 AE(T)

In10 kzT ~

logy(T) = logn, + @

Here, 1, is the viscosity at infinitely high temperature T—oo, kg is the
Boltzmann constant and AE is the activation energy for viscous flow. It
turns out that AE(T) ~ AE,, is the constant at temperatures T > Ty,

whereas AE(T)okgTa(1 — T/T4)®® performs for a large number glass-
forming liquids at T < T, [26]. Here, T, is the Arrhenius crossover
temperature, at which the transition from Arrhenius to super-Arrhenius
T-dependence of viscosity is observed. Obviously, for liquids with the
strongly pronounced Arrhenius dependence of the viscosity, the high
temperature activation energy should be close to the activation energy
at Ty, i.e. AE,, = AE(Tg) [17]. For comparison, the T-dependence of the
viscosity of molecular liquids (for example, salol, o-terphenyl and pro-
pylene carbonate) and minerals (such as diopside and anorthite) differs
significantly from the Arrhenius behavior: the viscosity changes weakly
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with temperature near the melting point T,, and the viscosity grows
rapidly only near the glass transition temperature T, and below. Such

behavior of the viscosity can be reproduced by the
Vogel-Fulcher-Tammann (VFT) empirical equation [27-29]:

logn(T) = logn,, + B (2)
g1 =08 T 07— 1

as well as the well-known Avramov-Milchev (AM) equation [30,31]:

1 [\
logn(T) = logn,, + m(7> ) 3
and Mauro-Yue-Ellison-Gupta-Allan (MYEGA) equation [32]:

1 K C
logn(T) = logn,, + nio (?> exp (?) . (€©))

Here, T is the ideal glass transition temperature in the VFT equation; B,
o/, a, K and C are the fitting parameters.

The slope of the temperature dependence of the viscosity #(T) near
the glass transition temperature T, is determined through calculation of
the kinetic fragility index m [33-36]

_ Ologn(T)

o(T/T)

Martinez and Angell show that the fragility index m is related with the
thermodynamic parameters such as the excess entropy and the specific
heat capacity [37]. Mauro and coworkers have found a relationship
between m and shape of the static structure factor of supercooled liquids
[35]. It is established that fragility m can characterize the rate of
structural ordering in supercooled liquids near T,. As a rule, the
parameter m can take a value from the range [17, 200] [38-41]. The
liquids with the fragility index m close to 17 are usually referred to
“strong” glass-formers. Such liquids are resistant to structural changes
and they have a relatively high viscosity near T, [37,38,42,43]. The
fragility index is m = 17 for an ideal “strong” glass-former, the viscosity
of which follows the law (1) for a wide temperature range: from tem-
peratures of an equilibrium melt to temperatures close to T,. Note that
glass-formers with m = 17 are not known till now. For example, the
fragility index for SiO2 and GeO; is m ~ 20 (see Ref. [44]) and we have
m ~ 24 for albite according to Ref. [29]. These systems classifies as
“strong”. The liquids with m much higher than 17 are usually referred to
“fragile”. Such liquids are characterized by extremely low viscosity near
T and spontaneous structural rearrangements near Tg. This is molecular
organic liquids, for example, o-terphenyl with m ~ 81 and triphenyl-
phosphate with m ~ 160 [44]. In the case of some polymers and ionic

(5)
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Fig. 1. (a) Schematic representation of GFA of glass-forming liquids. (b) Correspondence between reduced temperature T and absolute temperature T at slow 9; and

fast 9, cooling rates. The T(T)-curves are results of Eq. (7).
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liquids, the fragility index is m > 200 (for example, polyetherimide
m = 216) [44,45]. It should be noted that Eq. (2) is most often used to
calculate the fragility index m [28].

m(VFT) — BTK (6)

(Tg - TO)Z7

2.2. Unified temperature scale

Structural ordering in supercooled liquids and glasses occurs at
temperatures in the range 0 < T < Tj,. This range contains the three
critical temperatures: the zeroth temperature T = 0 K; the glass transi-
tion temperature T, and the melting temperature Ty,. In our study, the
“critical points” means such the points on a phase diagram that corre-
spond to phase transitions or to some special (or specific) phase states of
the considered system. These “critical points™ are necessary to modify
some range of the phase diagram to a universal form. There are various
temperature points, that belong to the considered temperature range 0 <
T < Tm, where Ty, is the melting temperature. We take three tempera-
ture points, where two of them - the melting temperature T, and the
glass transition temperature T, — are independent and usually used to
rescale the temperature scale, whilst the zeroth temperature T = 0 K
corresponds to the especial point — a ground state point — on a phase
diagram.

The temperatures T, and T, are not fixed. These temperatures
depend on the type of a liquid and on the liquid cooling protocol [46,
47]. It is impossible to take into account correctly the universal regu-
larities in the T-dependent kinetic characteristics of liquids without
fixing the temperatures T; and Ty, in a unified manner for liquids of
various types. We have recently proposed a method for scaling the ab-
solute temperature scale in the range from T = 0 K to T,,, where the
temperatures T and T, are fixed for various liquids [20]. This method
gives a reduced temperature scale denoted as T [46,47]. If the glass
transition temperature T, and the melting temperature Ty, are known for
the system, then conversion of the absolute temperature scale to the
reduced T-scale is performed according to the following rules (see Fig. 1
(b)): (i) the melting temperature in T-scale should take the value Tm =1,
while the glass transition temperature should take the value T, = 0.5
regardless of the melt cooling protocol; (ii) at the temperature T = 0 K
we have T = 0.

The transformation from absolute T-scale to the reduced T-scale is
carried out using the expression:

~ T T\?
T =K (T, T) (i) + K> (T, To) <i) )

with coefficients

1 T, (T, 1 T\
Ki(Te,To) =5 = Ka(To, T), Ko(Te, T) = 2 (T“E) (1 —T—g> :

(8)

For most liquids, the ratio Tg/T, varies from 0.5 to 0.78 [17,29].
Therefore, the coefficient K, (Tg, T;,) takes positive values from 0 to 1: as
it follows from Eq. (8), a larger value of T, /T, corresponds to a larger
value of Ky(Tg, Trn) [20].

3. Results

We have interpreted experimental data on the temperature depen-
dence of the viscosity for 30 various types of glass-forming liquids [2,29,
48]. The considered liquids differ in composition, type of chemical
bonds, and molar mass. Some parameters of these liquids are given in
Table 1.

Let us present experimental viscosity data on the reduced tempera-
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ture scale i}. / T [see Fig. 2(a)], where T is defined by Eq. (7). As seen in
Fig. 2(a), the experimental data in the reduced temperature scale differ
from the usual logy(T) vs. Ty /T plot. The logarithm of viscosity logn(f) as
a function of T,/T can be the concave and convex, as well as can be
linear with the positive slope. Obviously, to reproduce the experimental
data in the logy(T) vs. Tg/ T plot, a power function is needed, where the
exponent will regulate the curvature (convexity or concavity) of the
viscosity curves. We define such a function as follows:

P

]ogq(?) = logn,, + @ Z]f , €)]

where a and p are the adjustable parameters.

Figure 2 (a) shows that the scaled viscosity (SV) model [see Eq. (9]
correctly describes the temperature dependence of the viscosity for all
the considered systems. Eq. (9) yields correct asymptotics at T‘—»Tg and
T 0. Indeed, for T—oo from (9) it follows

logn (T—»oo) = logn,, 10)

while assuming logr, = logn(T = Tg) for T = Tg we get
a = logy, — logn,,. (1D

Here, a is the so-called lower fragility limit [33,34]; parameter 77, defines
the viscosity at the glass transition temperature T, and logy, = 12 ac-
cording to definition of T, [6,14]. Avramov shows that the parameter a
is related with the activation energy AE(T,) [31]:

1 AE(T,)

T Inl0 ksT,

12

Equation (12) is valid only for the systems whose temperature depen-
dence of the viscosity is close to the Arrhenius law. We find that for the
considered systems given in Table 1 the lower fragility limit takes values
in the range 11.1 < a < 17.0. For some “strong” inorganic liquids and
minerals a is ~ 17 that is associated with large activation energy for
viscous flow. For example, for SiO, we find from Eq. (12) the activation
energy AE(T,) ~ 471 kJ/mol at a = 17 and T, = 1450 K. This value is
comparable with AE(T,) ~ 574 kJ/mol given in Ref. [44]. In the case of
GeOgy, the lower fragility limit is ~ 14.0 due to the relatively low acti-
vation energy AE(T,) ~ 221 kJ/mol that agrees with the literature value
AE(T,) =~ 258 kJ/mol [44]. Thus, in the case of “strong” glass-formers,
the parameter a ceases to be adjustable and, according to Ref. [17],
this parameter can be determined from Eq. (12) at the known
high-temperature activation energy AE., ~ AE(Tg). In the case of the
“fragile” glass-formers, the parameter a is directly related to the
high-temperature activation energy at the Arrhenius transition tem-
perature Ty, axAE(T = Ta)/kgTa [26].

The proposed SV-model reproduces correctly the shape of the
viscosity-temperature curves over a wide temperature range: from
temperatures of the equilibrium liquid phase to temperatures near T,. In
Eq. (9), the exponent p sets the shape of the viscosity curve and this
parameter takes positive values only. So, for 0 < p < 1, the result of Eq.
(9) is a convex curve, which follows from the condition

# (7))
d(fg / T) <0.

Equation (9) produces a concave curve at p > 1, where the condition
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Fig. 2. (a) Experimental viscosity data logr(T) of various systems [2,29,48] as functions of the reduced temperature Tg JT. () (1 /a)log[n(T)/n.,] vs. Tg /T plot, where
regions of the “strong” and “fragile” glass-formers are shown. Dashed curves are the result of Eq. (9).

# (7))
d(i, / T) >0,

is satisfied. At p = 1, Eq. (9) produces a linear relationship between
viscosity and inverse reduced temperature. Let us present experimental

(14)

viscosity data as (1 /a)log[y(T)/n.,] vs. Tg /T plot, using the values of the
parameter a from Table 1. Figure 2(b) shows that in this representation
all experimental data are located inside a figure resembling a leaf of the
tea tree. The tilted line delimits the “fragile” and “strong” glass-formers
and this line is result of Eq. (9) at p = 1. For example, the viscosity-
temperature data for GeO, and As,Se; are located along this bound-
ary. SiO, and albite relating to the “strong” glass-formers are located
above this line. Liquids relating to the “fragile” glass-formers are placed
under this line [see Table 1]. Thus, the parameter p characterizes the
degree of deviation of the temperature dependence of the viscosity from
the Arrhenius law (red curve in Fig. 2(b)), which allow us to conclude
that the parameter p can be an analogue of the fragility index m.

Let us show that the proposed SV-model transforms to the Arrhenius
law (1). Taking into account (7), Eq. (9) can be written as

T T\*1"
logn(T) = logn,, + a[ZKl (T T) (7) + 2K, (T, T) (7) } . s
8 8

From Egs. (5) and (15), we find the following expression for the fragility
index:

m:ap(l +2K2(Tg,Tm)) (16)
Then Eq. (9) transforms to Eq. (1) at the condition

T ™\ 1" T,
[21{1 (T, T) (E) + 2K, (T, Th) (i) } =7 a7

The condition (17) is satisfied in two cases: (I) at p = 0.5 and T, /T, =

0.707 (or at K»(Ty, Tr,) = 0.5 from Eq. (8)); (ID atp = 1and Ty /T, = 0.5
(or at K»(T,, Tm) = 0). Taking into account the value a ~ 17 for an ideal
“strong” glass-former, from Eq. (16) it follows that the both casesp = 0.5
and p = 1 correspond to the correct fragility index m = 17. Hence, p =
0.5 is the limit minimum value. For example, for SiO; we have p = 0.54
and T, /T, = 0.725, whereas these parameters take the values p = 0.51
and Tg/T, = 0.779 for albite [see Table 1]. These values close to the
case (I). The parameters p and Tg/Ty, take the values p = 1.15 and T,/
T = 0.594 for GeO,, that is close to the case (II). Thus, both cases are
realizable.

4. Discussion

The fragility index m calculated through Eq. (16) was compared with
the experimentally measured fragility index mye,s available for some
glass formers. The values of the parameter mpq; are taken from Refs. [2,
49,50] and given in Table 1. Fig. 3(a) shows a good agreement between
the parameters m and my,qs in the case of oxide glasses. In the case of
molecular glasses such as TNB, salol and o-terphenyl, there is a diver-
gence between the values of these parameters. The main reason for this
divergence is the difference in the conditions for the experimental
determination of the viscosity and thermodynamic parameters of these
fragile systems, on the basis of which the fragility indices m and mypeqs
are calculated. Thus, Eq. (16) leads to the correct values of the fragility
index m, which in turn shows the correctness of the viscosity model
presented in the form of Eq. (15).

Based on the available experimental data from [2], we have found a
linear relationship between the parameter p and the thermodynamic
ratio ACy(T,)/ASnm, where AC,(Ty) is the heat capacity differences of
supercooled liquids and AS,, is the entropy of fusion. Fig. 3(b) shows
that values of the parameter p increase linearly with increasing
AC,(Tg)/ASy. The simplest estimate of this relationship can be per-
formed using the linear function with the slope 3/2:
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Fig. 3. (a) Correspondence between fragility index m calculated by Eq. (16) and experimentally measured fragility index my,qs from Refs. [2,49,50] [see Table 1]. (b)
p versus AG,(Ty)/ASy, plot, where values of these parameters are taken from Table 1.

Table 1

Properties of considered systems: the glass transition temperature Tg; the melting temperature T,; the ratio Ty/Tn,; the parameter a and exponent p of Eq. (9); the
fragility index m calculated by Eq. (16); the experimental values of the fragility index myeqs from Refs. [2,49,50]; the ratio AC,(Tg)/ASy, taken from Ref. [2], where
AC,(Ty) is the heat capacity differences of supercooled liquids relative to the glassy state at T,, AS,, is the entropy of fusion.

Num. System Ty, K Tm, K Ty/Tm a P m Mpeas ACy(Tg)/ASw
1 albite 1087 1393 0.779 17.0+0.3 0.51 +0.03 259+2.0 27 [50] -

2 anorthite 1113 1825 0.609 17.0+0.2 219+0.15 50.0+4.1 54 [50] -

3 As,Ses 453 633 0.716 121+03 1.54+0.11 389+46 40 [2] 1.18
4 B,03 560 723 0.775 111+0.1 1.70+0.13 54.6 +3.9 36 [2] 1.21
5 BaO-2B,03 810 1183 0.685 15.3+0.2 1.96 +£0.12 541+41 - -

6 Ba0-2Si0, 973 1699 0.573 122+0.2 3.50+0.22 51.1+41 - -

7 basalt 988 1473 0.671 13.7+0.2 1.60+0.11 37.2+3.0 - -

8 butylbenzene 129 185 0.697 142+0.1 3.60+0.21 97.4+6.4 - -

9 diopside 995 1664 0.598 13.6+0.1 3.15+0.19 55.3+338 59 [50] -

10 GeO, 810 1378 0.594 14.0+0.3 1.17 +£0.05 20.5+1.2 20 [2] 0.51
11 glucose 295 419 0.704 14.0+0.1 3.00+0.16 82.7+5.0 - -

12 glycerol 190 293 0.648 15.0+0.2 2.20+0.15 50.9+4.2 53 [2] 1.44
13 Li»0-2B,03 763 1190 0.641 135+0.1 3.86+0.17 784+4.1 - -

14 Nay0-2B,03 748 1015 0.737 131+0.1 2.90+0.12 88.4+4.4 - -

15 Nay0-2Si0y 728 1146 0.635 13.4+0.1 1.52+0.08 30.0+1.8 45 [49] -

16 Nay0-3B,03 746 1039 0.718 13.6+0.1 2.40+0.14 68.9+4.6 - -

17 Nay0-3Si0y 743 1084 0.685 123+0.1 1.60 +0.09 355+23 37 [49] -

18 Nay0-4B,03 727 1087 0.669 135+0.2 2.70+0.12 61.4+37 - -

19 o-terphenyl 246 329 0.745 151+0.2 3.10+0.18 113.8+7.7 81 [2] 213
20 PbO-SiO, 673 1037 0.649 12.8+0.1 276 +£0.13 54.8+3.0 - -

21 Pd4oNigoP20 583 965 0.604 153+0.3 290+0.13 585+338 - -

22 Pdy77.5CugSites 645 1058 0.609 16.0+0.3 2.70+0.12 57.9+37 - -

23 propanol 98 147 0.667 154+03 1.70+0.08 43.7+2.9 40 [2] 1.25
24 propylene carbonate 160 224 0.714 151+0.2 290+0.13 90.6 +5.3 99 [2] 212
25 salol 215 315 0.683 158+0.2 3.30+0.25 931+75 76 [2] 1.93
26 selenium 301 494 0.623 141+0.2 2.60+0.15 49.2+3.2 87 [2] 1.16
27 SiOy 1450 2000 0.725 17.0+0.3 0.54 +0.04 20.0+1.9 20 [49] -

28 Sr0-2B,03 911 1270 0.717 13.6+0.2 3.10+0.16 88.5+5.9 - -

29 TigoZr10CusePdyzo 687 1280 0.537 145+0.2 4.40 +0.27 69.3+5.2 - -

30 TNB 337 472 0.714 154+03 2.90+0.17 924+73 66 [49] -

3 AC, (Tg) between p vs. AC,(Tg)/ASy. Then, taking into account Eq. (18), the
r=3 TAS, a8) expression for the fragility index (16) takes the form
As seen in Fig. 3(b), some points fall outside the linear law on the p vs. me f% 19)

AC,(Ty)/ASn, plot. This may be due to measurement mistakes that arise AS,

when evaluating the values of these parameters. At this stage of our

- . - s . where
considerations, let us neglect an impact of these points in the correlation
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f:%a[HZKZ(Tg,Tm)}. (20)
It is noteworthy that the value of the parameter f averaged over all
considered systems is < f >~ 38.5. This value is close to the value < f >
= 40 from Ref. [2]. According to Ref. [2], the ratio AC,(Ty) /ASy, is the
so-called thermodynamic fragility index, which determines the slope in
AS(T)/ASy, vs. T/Ty, plot at T = T,, where AS is the glass-to-liquid en-
tropy difference. Then p is the parameter connecting the kinetic fragility
index m with the thermodynamic fragility index AC,(Ty)/ASn.

In Fig. 4, we compare the proposed scaled viscosity model (15) with
the VFT, AM and MYEGA viscosity models. The discrepancy between the
experimental data and the results of these viscosity models was calcu-
lated as the mean residual sum of squares (RSS):

- 1< (Exp) (Model) 2
RSS = " Z [77,- (T) —n; (T)} .

i=1

(21)

Here, n is the number of experimentally measured points in 5 vs. T plot.
The lower the RSS value, the more accurately the model reproduces the
experimental data. As an example, four different glass-formers (SiOo,
B,03, o-terphenyl and salol) are considered, which experimental data
are available for a wide temperature range. These experimental data
were reproduced by the viscosity models VFT [Eq. (2)], MYEGA [Eq.
(4)1, AM [Eq. (3)], and the proposed SV-model [Eqg. (15)]. As seen in
Fig. 4(a), all the viscosity models correctly reproduce the experimental
data for SiO,. Compared to other viscosity models, the SV-model gives
better agreement with experiment, as evidenced by the lowest RSS value
[see inset on Fig. 4(a)]. Figure 4(b) shows that the VFT and SV-models
give close RSS values for B,O3 and these values are larger than the
RSS of the MYEGA and AM viscosity models. The reason of large RSS is
the discrepancy between the experimental data and the viscosity models
near the glass transition temperature. In the case of o-terphenyl and
salol, the SV-model is more accurate than the VFT-model. From the
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insets to Fig. 4(c) and (d), it can be seen that the RSS value for the VFT-
model is the highest among the other viscosity models due to poor
approximation of experimental data. This indicates that the value of the
fragility index m calculated for molecular liquids based on the param-
eters of the VFT equation can vary greatly. The presence of three
adjustable parameters in the VFT equation defines a wide range of
possible values for m. Notable is the high accuracy of the two-parameter
SV-model, which allows one to significantly narrow the range of possible
values of the fragility index for a system. This explains the discrepancy
between m and mVFT) calculated using SV and VFT equations.

5. Conclusions

In the present work, a description of viscosity-temperature data for
the different glass-forming liquids is performed using the proposed
scaled viscosity model. It is shown that the equation of SV-model is able
to reproduce experimental viscosity data using only two fitting param-
eters. The comparison with other viscosity models including the VFT
equation shows the high accuracy of the proposed model, which is
confirmed by relatively low mean residual sum of squares. This accuracy
leads to values of the fragility index that differ from the values obtained
in the framework of the VFT-model. For example, significant changes in
the values of the fragility index are observed in the case of o-terphenyl,
butylbenzene and TisZr19CusoPdyg alloy: the estimated fragility index
is more than 1.3 times higher than the data on the VFT-model. More-
over, the scaling description using a reduced uniform temperature scale
made it possible to clearly distinguish between the “strong” and “fragile”
glass-formers. The obtained results make it possible to expand the idea
of a unified description of the temperature dependent physical charac-
teristics of the crystallization kinetics using unified scaled relations.
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