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1. Introduction

ABSTRACT

This paper establishes relations between the magnitudes of relative changes of the Hruby (Ky ), Weinberg
(Kw) and Lu-Liu (K, ) parameters and differences when moving from one glassy system to another. The
parameters Ky, Kw and Ki; are expressed using the reciprocal value of the reduced glass transition tem-
perature (Tm/Tg) as well as the ratio of the crystallization temperature and glass transition temperature
(T¢/Tg). The obtained expressions show that all three parameters are in correlation with the mentioned
ratios of temperatures. Hence, the number of independent variables by which Ky, Kw and Kj;. are expressed
is reduced from three to two. That way we can present their functional dependence in the form of three-
dimensional graphs. The goal of this paper is to ascertain which of the three parameters has the most
relative change when moving from one glassy system to another i.e. which one is the most sensitive.
The expressions were derived for the relative changes of these parameters, i.e. for dKy/Ky, dKw/Kw and
dKy1 /K. We found that the mutual relations between the magnitude of the change of the ratios of T¢/Tg
and Ty, [T, determine the order of the values of dKy /Ky, dKw/Kw and dKi. /Ky, If the relative change of the
ratio of the crystallization temperature and glass transition temperature is greater than the change of
the reciprocal value of the reduced glass transition temperature, the greatest relative change will be of
the parameters Ky and Ky, in this order. In the opposite case, greater relative change will be in Ky than
in Ky. In both cases, the relative change of the parameter K is smallest. This affects the value of the free
term in all relations of linear dependencies between the critical cooling rate i.e. In g and GS parameters.
Our tests on two series of oxide glasses and one series of chalcogenide glasses show full agreement with
all the results of this theoretical study.

© 2009 Elsevier B.V. All rights reserved.

Kw =(Tc — Tg)/Trm, and more recently, the parameter proposed by
Lu and Liu [6,7] Ky = Tx/(Tg + Tm). When switching from one glassy

Glass stability (GS) represents the resistance of the glass to
devitrification at heating. There are several parameters by which
this stability is estimated, and they are based on the characteristic
temperatures in the process of glass heating: Ty - glass transition
temperature, Tx — onset temperature, i.e. T. — maximum of the crys-
tallization peak temperature, and Ty, - melting temperature. These
temperatures are usually determined by DTA and DSC analyses.
Some of the GS parameters take into account only two of these
temperatures. One way to evaluate GS is based on the difference
between Tg and T, or on the ratio of these two temperatures [1].
Also, the ratio of Tx and T, [2], as well as the difference between Ty
and Tg [3] can be taken as a GS parameter. The most popular param-
eters are those that involve three characteristic temperatures [4].
Of these parameters the most widely used are the Hruby param-
eter [3] Ky =(Tx — Tg)/(Tm — Tx), parameter used by Weinberg [5]
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system to another one, the glass resistance in relation to devitrifi-
cation changes, and the GS parameters change, too. Larger values of
the Ky, Kw and K; parameters imply higher stability of the glass in
respect to devitrification [3,4]. Also, when comparing one glass to
another, it is essential to know how large is the relative change of
the given parameter and how it can be compared with the relative
change of some other GS parameter. In other words, it is necessary
to know which of the GS parameters shows the fastest change.

Let us take as an example the values of the Ky Kw and Ky param-
eters for oxide glasses from [8]. The results of these parameters,
according to the characteristic temperatures in [8] are shown in
form of histograms in Fig. 1. It is obvious that the three parame-
ters do not change in the same way for different oxide glasses. The
modification of the K; parameter is the smallest. The question is,
can this be generalized for all glassy systems?

The GS parameters are not important only as indicators of the
glass resistance to devitrification. Recently, several important stud-
ies have appeared, which demonstrate correlation between the GS
parameter and the critical cooling rate, maximum section thickness
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Fig. 1. Histograms of the Ky, Kw and Ki; parameters for oxide glasses from [8].

or diameter by which the glass-forming ability (GFA) is estimated
[4,6,8-13]. In our previous work [14], we presented a numerical
approach to determine the critical cooling rate. This quantity, as
a measure of GFA, is difficult to measure. Hence, it is very impor-
tant to establish the correlation between the GFA and GS since the
GS parameters, based on the characteristic temperatures, can be
easily determined. In papers [4,6,8,15], a very good correlation is
shown between GFA and GS parameters, which are based on the
three characteristic temperatures such as the Hruby, Weinberg,
and Lu-Liu parameters. This was an additional reason for us to
investigate the magnitude of the relative changes of these three
parameters, which are very often used in the GS estimation.

We want also to mention that the paper [12] stresses that GS
parameters, which are used to estimate GFA, should be enough sen-
sitive. Paper [12] introduces the new GS parameter, which is very
sensitive. This is explicitly proved with our results [16].

The goal of this work is to establish a relation between the rel-
ative changes of the Hruby, Weinberg, and Lu-Liu parameters and
differences when moving from one glassy system to another. In
other words, we want to find out which changes are faster, and
which conditions for the established relations hold.

According to[12], some of GS parameters belong inside a narrow
range and hence there are just minor differences between them. In
the case that they are applied for estimation of GFA, the correlation
factor between them and critical cooling rate or maximum section
thickness is significant. On the other hand, a low sensitivity can
be a hindrance for a practical application, especially because the
maximum section thickness is usually represented as an integer.

As has been shown in [8,17], it is possible to use either Tx or T¢,
because no significant changes arise in the results. For this reason
we will use these two temperatures as alternatives in our calcula-
tions. When we derive expressions, we use the temperature T. in
general, which will replace the temperature Ty in the case that Ty
existed originally.

2. Theoretical derivation

Our starting point was the fact that all three parameters, Ky, Kw
and Ki;, include all three characteristic temperatures. For this rea-
son, we can express them in a somewhat different way - using the
ratios of the temperatures. In doing so, we assume that in defining
both Ky and K it is possible to replace Tx with Tc. Let us introduce
the substitutions

metm. . _Tc (1)

Tg Tg
where m is the reciprocal value of the so-called reduced glass tran-
sition temperature Tyg =Tg/Tm, which is understood as a measure
of the easiness of glass formation [18,19]. A relation between the
reduced glass transition temperature and crystallization pattern
was established by Zanotto [20]. A correlation has also been found

between the maximum of nucleation rate Imax and Ty for silicate
glasses [21]. Further, it is known that Ty correlates with the max-
imum of crystal growth rate [22]. Lu and Liu [6] found that in the
case of bulk metallic glasses their parameter Ki; correlates much
better with GFA than Tyg. Zhang et al. [23] proved for bulk metal-
lic glass that Tz and Ky, as GFA indicators have a similar trend.
Avramov et al. [4] presented graphically the correlation between
Ky and reduced glass transition temperature. Hence, it was obvious
to suppose that all the three GS parameters can be expressed using
Ty that is, using its reciprocal value m, since this is mathematically
more convenient.

On the other hand, it is well known that the difference between
Tx (or T¢) and Ty is an indicator of GS [3,6,24]. In order to enable a
comparison between different glasses that have different Tg, Lu and
Liu [6] weighted this temperature interval by 1/Tg. That way they
obtained the factor (Tx/Tg — 1), where the ratio (Tx/Tg) is propor-
tional to the glass stability with respect to the process of reheating.
Hence, the second substitution that we introduced here, r=T¢/Tg, is
justified. Here, Tx was replaced with T..

After simple mathematical transformations, it follows that

r—1
Ki = — (2)
r—1
Kw = — (3)
r
K=o (4)

It is necessary to point out that the following relations always
hold:

m>1, r>1, m>r (5)

Thus, we obtain the relations linking the Ky, Kw and K;; param-
eters with the temperature ratios r and m, both of them being a
measure of GS. It is evident from these relations that Ky and Kj.
are directly proportional to r, i.e. to Tc/Tg. Also, it is clear that all
the GS parameters are inversely proportional to m. In other words,
all of them are directly proportional to the reduced glass transition
temperature.

By these transformations we reduce the number of independent
variables used to express the GS parameters from three to two. Also,
it can be easily shown that the GS parameters are interrelated, so
that

mKw
K= ®)
Ky = (m+ 1r)ri<]_]_ -1 7)

Since m>r (from Eq. (5)), it is evident from the expression (6) that
for a given glass, Ky > Ky will always hold.

When moving from one glassy system to another, the char-
acteristic temperatures change and so do the values for m and
r. Therefore, Egs. (6) and (7) do not offer a possibility of deriv-
ing a direct conclusion how the relation between the parameters
changes when moving from one glass system to another one. In
order to derive expressions for the relative changes of these param-
eters, and enable their comparison, we started from Eqgs. (2)-(4).
We take first their logarithms and then differentiate the obtained
In values:

dKH: dr B dm N dr (8)

Ky r—-1 m-r m-r
dKw dr dm
Kw r—-1 m )

dK]_]_ _ ﬂ _ dm
Kip Tor m+1
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If the relative change of the Hruby parameter has to be greater
than the relative change of the Weinberg parameter (according to
the Egs. (8) and (9)), the following condition must be satisfied:

dr dm  dm (11
m—-r_ m-r m
After some rearrangements, this expression gives
r m

Thus, inequation (12) represents exactly the condition that has
to be fulfilled in order to have that

dKy dKw

K ~ Kw (13
Knowing that m >r and if the following inequality holds

dr > dm (14)

the condition given by (12) will always be fulfilled, and the relation
of the relative change of GS parameters expressed by (13) will hold,
too.

If the relative change of the Weinberg parameter has to be
greater than the relative change of the Lu-Liu parameter (according
to the Egs. (9) and (10)), the following condition must be satisfied:

dr dm _ dr dm

r—1 m T m+1d (15)

After rearranging of the inequation above, we obtain the follow-
ing relation

dr dm

r(r—1) - m(m+1) (16)

The expression (16) represents the condition to be satisfied in
order to have

diw _ dKu

Kw ~ Ku a7)

Since m>rand m+1>r—1, itis evident that if the expressions (14)
or (12) hold, then the condition given by the inequation (16) will
also be satisfied.

This means that if dr > dm (expression (14)) is fulfilled, both con-
ditions given by the inequations (12) and (16) will be satisfied, and
the following relation of the changes of the parameters considered
will hold

dKH dKW dK]_]_

Kn ~ Kw _ Ky (18)

If expressed using the characteristic temperatures, the inequa-
tion (14) can be rewritten as

Tc Tm
a <T> - d (T> (19)

Hence we can say that if the change of the ratio of the crys-
tallization temperature and glass transition temperature is greater
than the change of the reciprocal value of the reduced glass tran-
sition temperature, then the change of the Hruby parameter will
be the greatest, followed by the change of the Weinberg parame-
ter, while the change of the Lu-Liu parameter will be the smallest.
However, the requirement given by the inequation (14) is unneces-
sarily stringent. It is the simplest way of expressing that condition.
The condition given by the expression (12) is less stringent and it
has to be satisfied in order that the relation between the magni-
tudes of the relative changes of GS parameters would be as shown
in the inequation (18). The expression (12) gives the correlation
between the relative changes of the temperature ratios T¢/Tg and
Tm/Tg. So, the question is: what happens if the conditions given by

the expressions (14) or (12) are not satisfied. In that case, in con-
trast to the expression (13), the relative change of the Weinberg
parameter will be greater than the relative change of the Hruby
parameter. However, it remains to be seen what will be the mutual
relation between relative changes of Ky and Kj;, and which change
will be greater. According to Eqs. (8) and (10) and in order to have
that dKy; /Ky > dKy /Ky, the following relation holds

dr dm dr dm dr

T Tmil =1 m—r m—r (20)
After some rearrangement it follows

r+1 rr—1)+(m-r)

m+]dm> 1) dr (21)

i.e.

r+1 m-—r ] dr

m+l>{]+r(r—1)}ﬂ (22)

Since we started from the assumption that the condition given by
the expression (14) is not fulfilled, then dr/dm <1, and the inequa-
tion (22) will be satisfied if

r+1 m-—r
m+1 rir—1)

Since r<m, the left-hand side of the expression (23) is always
smaller than one. On the other hand, the term (m —r)/(r(r—1)) is
always greater than zero, so that the right-hand side of the expres-
sion (23) is always greater than one. Thus the inequation (23) can
never be satisfied. This means that the relative change of the Kjp
parameter will never be greater than the relative change of the
Hruby parameter. Hence, in the case that the conditions given by
the inequations (14) or (12) are not satisfied, the relative changes
of the parameters will be as follows

diw _ dKy _ dKu
Kw ~ Ku ~ Ko

As can be seen from the relations (18) and (24), the relative
change of the Kj; parameter will always have the smallest value.

During the test phase, where the conditions and relations
derived in the theoretical part above apply to the concrete glassy
systems, all infinitesimal small quantities were replaced with the
finitely small ones. Hence, the symbol for the differential d is
replaced with A and, as such, is presented in the tables.

(23)

(24)

3. Testing theoretical results

Results of the above theoretical derivation were tested on
two series of oxide glasses and one of chalcogenide glasses. The
characteristic temperatures Tg, Tc and T, were taken from the
work of Cabral et al. [9] for the following seven oxide glasses:
Li;0-2Si0, (LS;); Na;0-2Ca0-3Si0; (NCS3); 2Nap0-Ca0-3Si0,
(N2C53); BaO-ZSiOZ (BSZ); LiOZ-ZSiOZ with 0.2 mol% OH (L520H);
2Ba0-Ti0,-2Si0; (B,TS;) and 0.44 Na,0-0.56Si0, (44NS). From
the work of Nascimento et al. [8] we took the characteristic
temperatures for the following oxide glasses (coarser pow-
der, with particle sizes 150-177 um): GeO, (G); Na0-2Si0,
(NS;); Ca0-Mg0-2Si0, (CMS,); PbO-SiO, (PS); 2Mg0-2Al,03-5Si0,
(MzAzSS), C302A120325102 (CASz), L12025102 (LSz), L120253203
(LB,). It is important to note that for all these glasses there is very
good correlation between the critical cooling rate and the three GS
parameters.

The data for chalcogenide glasses from the system (Ag,Te)x
(AsySes)y(CdTe), were taken from the work of Vassilev et al. [25].
The glasses presented in [25] have been synthesized for the first
time. The temperatures Tg, Tc and Ty, for the glasses of this system,
with the different molar ratios, denoted as p.3, p.4, p.5, p.6, p.9,
p.10, p.11, p.16 and p.17, were taken from this paper.
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Table 1
The values for r and m, GS parameters (Ky, Kw, and Ki;) and AKy, AKw, AKyy for the systems used in this paper.

Glasses m r KH KW K]_[_ AKH AKW AK]_[_

Oxide [9]
44NS 1.7406 1.3012 0.68548 0.173044 0.474787 0 0 0
LS, 1.7776 1.2783 0.55738 0.156559 0.460217 0.128099668 0.016484594 0.014569546
LS,-OH 1.7776 1.2715 0.536455 0.152734 0.457769 0.149024754 0.020309977 0.017017703
BS, 1.7292 1.1764 0.319103 0.102012 0.431042 0.36637725 0.071031509 0.043744936
NGC,S3 1.8232 1.1897 0.299448 0.104048 0.421401 0.386032486 0.068996172 0.053385753
N2CS3 1.8781 1.1695 0.239204 0.090251 0.406344 0.446275936 0.082793215 0.068442537
B, TS, 1.7378 1.0898 0.13858 0.051675 0.398057 0.546899753 0.121369469 0.076730166

Oxide [8]
G 1.6906 1.4458 1.821078 0.263693 0.537352 0 0 0
NS, 1.5908 1.2968 1.009524 0.186573 0.50054 0.81155419 0.077120206 0.036811626
CMS; 1.6825 1.2224 0.483373 0.132184 0.455694 1.33770482 0.13150875 0.081657685
PS 1.5341 1.3462 1.842469 0.22567 0.531234 —0.02139140 0.038023226 0.006118031
M;A;Ss 1.2558 1.1842 2.572626 0.146679 0.524958 —0.75154770 0.117013592 0.012394114
CAS, 1.6219 1.1771 0.398156 0.109193 0.448949 1.422921525 0.154500078 0.088402765
LS, 1.7601 1.2453 0.476496 0.139367 0.451179 1.344582274 0.124325919 0.086172695
LB, 1.5619 1.0706 0.1437 0.045201 0.417893 1.677377613 0.218491643 0.119459030

Chalcogenide [25]
p.16 1.455 1.1922 0.731355 0.132096 0.485621 0 0 0
p.3 1.4517 1.1401 0.449615 0.096508 0.465024 0.281740109 0.035588457 0.020596731
p4 1.3949 1.1122 0.396887 0.080436 0.464404 0.33446784 0.051660126 0.021217476
p.5 1.3721 1.1027 0.381218 0.074849 0.464862 0.35013748 0.057247228 0.020758642
p.6 1.3009 1.0498 0.198327 0.038281 0.456256 0.53302764 0.09381481 0.029364752
p.9 1.4426 1.1507 0.516273 0.104464 0.471096 0.215082304 0.027631838 0.014524627
p.10 1.4326 1.1418 0.48762 0.098981 0.469374 0.243734642 0.033115126 0.016246668
p.11 1.3445 1.1029 0.425911 0.076534 0.47042 0.305444404 0.055561972 0.015200868
p.17 1.4161 1.1749 0.725124 0.123508 0.48628 0.006230622 0.008587773 —0.00065854

One glass from each group was taken as a reference, with respect
to which we calculated the differences of the corresponding GS
parameters AK. From each group, the glass having the largest value
of r, that is the largest T¢/Tg ratio, was selected as a referenced one.
For the group of oxide glasses from [9], the reference was the glass
44NS, whereas for the series from [8], the reference was the glass
G. In the group of chalcogenide glasses, the glass denoted as p.16
was a referenced one.

The characteristic temperatures Tg, T¢ (Tx) and T, reported in
the papers mentioned above will not be given here, but only the
values of our calculations. Table 1 shows the values for r and m
together with the values of GS parameters Ky, Ky and Kj calculated
from Eqgs. (2), (3) and (4), respectively. The Table 1 also contains the
calculated differences of these parameters AKy, AKw and AKj; for
each glass with respect to the reference from the corresponding

group.

Table 2
The values of the relative changes of AKy /Ky, AKw/Kw, AKiL/KyL as well as the values for Ar, Am, and Ar/r and Am/m for the glasses used in this paper.

Glasses Ar Am Arr Am/m AKy /Ky AKw [Kw AKyp /Ky

Oxide [9]
44NS 0 0 0 0 0
LS, 0.0229 -0.037 0.229825 0.105293 0.031658
LS,-OH 0.0297 —0.037 0.277795 0.132976 0.037175
BS, 0.1248 0.0114 1.148148 0.696302 0.101486
NC,Ss 0.1115 —0.0826 1.289149 0.66312 0.126686
N,CS3 0.1317 —0.1375 1.86567 0.917368 0.168435
B,TS; 02114 0.0028 3.946448 2.348729 0.192762

Oxide [8]
G 0 0 0 0 0
NS, 0.149 0.0998 0.803898 0.413352 0.073544
CMS, 0.2234 0.0081 2.767437 0.99489 0.179194
PS 0.0996 0.1565 0.073986 0.102014 —-0.01161 0.168491 0.011517
M,A;Ss 0.2616 0.4348 0.220909 0.346233 -0.29213 0.797751 0.02361
CAS; 0.2687 0.0687 3.573775 1.414928 0.19691
LS, 0.2005 —0.0695 2.821814 0.892075 0.190994
LB, 0.3752 0.1287 11.67274 4.833741 0.28586

Chalcogenide [25]
p.16 0 0 0 0 0
p.3 0.0521 0.0033 0.626625 0.368763 0.044292
p4 0.08 0.0601 0.842728 0.642252 0.045688
p.5 0.0895 0.0829 0.918472 0.764839 0.044655
p.6 0.1424 0.1541 0.135645 0.118456 2.687615 2.450676 0.06436
p.9 0.0415 0.0124 0.416606 0.26451 0.030832
p.10 0.0504 0.0224 0.499845 0.334561 0.034613
p.11 0.0893 0.1105 0.080968 0.082187 0.717156 0.725977 0.032313
p.17 0.0173 0.0389 0.014725 0.02747 0.008592 0.069532 —-0.00135
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Fig. 2. The dependence of the GS parameters Ky (a), Kw (b) and Ki (c) as a function
of rand m.

The three parts of Fig. 2 show the interdependence between r
and m and the parameters Ky, Kw and Kii, given by the respective
equations (2), (3) and (4). The ranges for r and m used in the figure
encompass the values of r and m for the oxide glasses from [9].

Table 2 lists the values of the relative changes AKy/Ky, AKw/Kw
and AKpp /Ky, as well as the values for Ar and Am. The values for
the glasses, for which the analysis require further calculations of
the values Ar/rand Am/m, are presented in Table 2, too. Our tables,
however, do not give the corresponding errors. The reason for this
is that the papers from which we took the characteristic temper-
atures for our calculations did not always contain errors of their
measurements.

As can be seen from Tables 1 and 2, in some cases there exist
negative values of Am and of the changes of some of the GS param-
eters. This occurs with glasses whose values of the given quantities
were greater compared to the analogous values for the correspond-
ing reference glass. In comparing the quantities in the application of
our inequations, it is important to note that they are strictly mathe-

matical relations, and that negative quantities, irrespective of their
absolute value, are smaller than the positive ones.

Fig. 3 shows the three histograms of the relative changes of the
GS parameters for the glasses from the three groups considered.

4. Discussion

From a mathematical point of view, the introduction of the ratios
rand m enabled us to reduce the number of independent variables
by which the parameters Ky, Kw and K are defined: instead of the
three characteristic temperatures we use their two ratios (r and m)
as independent variables. For this reason, it is possible to present
the dependence of the GS parameters as a function of r and m in
the form of 3D graphs. The graph given in Fig. 2(a) shows the area
that encompasses those values of the Ky parameter that appear
with the oxide glasses from [8]. This is the region of positive values,
where the Ky value can be greater than 4. The figure also shows the
region of negative areas, that is the negative values of Ky. This has
no physical meaning. Itis aresult of the mathematical combinations
of the values for r and m from the given interval in which r>m, and
this relation of r and m in reality is never fulfilled. As can be seen
from Fig. 2(b), there is no negative areas for the quantity Kyy. This is
a consequence of the type of dependence expressed by Eq. (3) and
the condition that r>1, so that the appearance of negative area is
not possible. The same also holds for the areas in which the values
of Ky (Fig. 2(c)) lie. The values of the function given by Eq. (4) are
always positive (in view of the condition from Eq. (5)) and, as with
Kw, always smaller than one.

Fig. 2 shows that there are obvious differences between Ky and
other two criteria. In other words, there is a steeper change of Ky
for a particular combination of parameters r and m. In this paper
expressions for relative changes of Ky, Ky and K; were found, as
well as how the relation of changes of r and m influences them.
The particular influence of changes of r and m, in relation to the
GS criteria mentioned above, is very complex. The mathematical
analysis of this issue and the test using specific glassy systems is
the topic of our paper [16].

As can be seen from Table 2, for the group of oxide glasses from
[9], the condition given by the inequation (14) (Ar> Am) holds.
Therefore, the inequation (18) holds, too. In other words, the rela-
tive change of Ky should be greater than that of Ky and this greater
than the change of K. This is clear from the data of Table 2, cal-
culated for these relative changes according to experimental data
from [9], as well as from the histograms shown in Fig. 3(a).

Data presented in Table 2 for the group of oxide glasses from [8]
show that the condition given by the inequation (14) is fulfilled for
all the glasses except for PS and M3A,Ss. With these two glasses
neither this condition nor the one given by the inequation (12) are
satisfied.

This means that the relation of the relative changes of the GS
parameters for these two glasses will hold the relation (24). Hence,
with the PS and M,A,Ss5 glasses, the greatest relative change will
be for Ky, then for Ky, and for Ki;. With the other oxide glasses
from this group, the relation of the magnitudes of change of GS
parameters given by the inequation (18) will hold, since for them
the condition (14) is satisfied.

The obtained values for these changes, presented in Table 2, and
the histograms from Fig. 3(b), confirm our conclusion.

All the analyzed chalcogenide glasses do not fulfill the condition
given by the inequation (14). For the glasses denoted as p.11 and
p.17, the following inequation holds Am> Ar. In contrast to the
other glasses from this group, the values Ar/r and Am/m for these
two glasses do not satisfy the condition given by the inequation
(12). Hence, for the relation of the magnitude of relative changes
of GS parameters for glasses p.11 and p.17 the expression in (24) is
true. This is also confirmed by the data for AKy/Kw, AKy/Ky and
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Fig. 3. Histograms of the relative changes of the Ky, Kw and K, parameters for oxide glasses from [9] (a), oxide glasses from [8] (b) and chalcogenide glasses from [25] (c).

AKyy /Ky given in Table 2, as well as by the histograms shown in
Fig. 3(c), from which one can see that for these two chalcogenide
glasses the following holds AKy/Ky < AKw/[Kw.

It is also evident from Table 2 that the condition Ar> Am is not
fulfilled for the glass p.6. However, for it as well as for all other
analyzed chalcogenide glasses with the exception of p.11 and p.17,
the condition in (12) holds. Since this weaker condition is quite
sufficient, for all other chalcogenide glasses (with the exception of
p.11 and p.17) it follows that AKy/Ky > AKw/Kw > AKL /K.

One of the results of our theoretical discussion in Section 2 is that
the relative change of K, with respect to the changes of Ky and Ky
has always the smallest value. Data in Table 2 and the histogram in
Fig. 3 show that the change of the Lu-Liu parameter for the selected
series of glasses was the smallest. The values AKj; [K;; are always
smaller by almost one order of magnitude than the values of the
relative changes of the other two parameters.

The entire testing of the relation of the magnitudes of the rela-
tive changes of the GS parameters for the two series of oxide glasses
and one series of chalcogenide glasses shows full agreement with
our theoretical predictions. In the theoretical derivation we showed
that the relation between the magnitude of relative changes of T¢/Tg
and Try [Ty is reflected on the order of the relative changes of the GS
parameters. By the testing on concrete glassy systems, this was fully
confirmed.

The differences in relation to sensitivity of the GS parameters are
significant when they are used to estimate the glass stability upon
reheating. On the other hand, these results can be useful for linear
fitting during the search of correlation between the critical cooling
rate g and the GS parameters. As the results of the papers [8,15]
show, there is a logarithmic dependency between q on one side
and the GS parameters, on the other. Generally, this dependency
can be shown as
Ing=A+BK (25)
there A and B are two constants with different values for the dif-
ferent GS parameters and the different glassy systems. When the
logarithmic function is applied to the both sides of Eq. (25), it fol-
lows that

InK =In(lnqg—A)—InB (26)

After differentiation, the result is:

dK  d(Inq)
'K " Ing-A

(27)

As can be seen from the discussion above, the change of the Ki.
parameter is the smallest. For this reason, it is obvious that the con-
stant Ain Egs. (27) and (25) must have the greatest value for K=K, .
For the given glassy system, the constant A in these equations will
have smaller values, when K is equal to Ky or Ky. Our conclusion
is in accordance with the results of linear correlation between Ingq
and K, which are presented in the following papers [8,15]. So, the
free term in the logarithmic dependency of g with Kj; in [8] has the
value 15.6, while with Ky is —3.03 and with Kyy is —3.74 for coarse
glasses. The corresponding values in the paper [15] are 17.7 for Ky
and 4.44 for K.

5. Conclusion

The Ky, Kw and Ki; parameters can be expressed using the recip-
rocal value of the reduced glass transition temperature (m) and the
ratio of the crystallization temperature and glass transition temper-
ature (r). The obtained expressions show that all three parameters
are indirectly proportional to m. The Ky, and Kj; are directly pro-
portional to r, while the denominator as well as the enumerator of
Ky are linear dependent on r. Besides that, the number of variables
by which these parameters are expressed is reduced from three
to two. This enables the presentation of the GS parameters as a
function of m and r in the form of 3D graphs.

Depending on the type of the relation between the changes of
r and m with the different glassy systems, it is possible to predict
the relation of relative changes of the Hruby, Weinberg and Lu-Liu
parameters:

e If the condition dr>dm is fulfilled, that is if d(T¢/Tg)>
d(Tm/Tg) holds, then it will always hold that AKy/Ky > AKw/[Kw >
AKjy [Kiy. Such relation of the relative changes of the GS param-
eters will also hold when a less stringent condition is satisfied,
i.e. when Ar/r> Am/m. It suffices that this condition is fulfilled in
order to have such sequence of the magnitude of relative changes
of the parameters Ky, Ky and K.



60 A.F. Kozmidis-Petrovi¢ / Thermochimica Acta 499 (2010) 54-60

e [f the condition Ar/r>Am/m is not fulfilled, then the follow-
ing relation of the relative changes of the GS parameters will
hold AKw/Kw > AKy/Ky > AKy /K. In this case, the change of
the Weinberg parameter will be greater than of the Hruby one,
whereas the change of the Lu-Liu parameter will always be the
smallest. This means that the Lu-Liu parameter is always the least
sensitive one. This has the following consequence for value of the
free term in the relations of the linear dependency between the
logarithm of critical cooling rate-Inq and the GS parameters: If
the linear dependency is in relation to the Ki; parameter, the
corresponding free term will have the greatest value.

The testing carried out on two series of oxide glasses and one
series of chalcogenide glasses showed full agreement with the
results of our theoretical derivation.
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