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ABSTRACT

Iso-conversional study is the model free approach which is applied to the crystallization
kinetics, to estimate kinetic parameters of crystallization at a given conversion frac-
tion («). In this paper, we have applied two important Iso-conversional methods namely
Kissinger-Akahira-Sunose (KAS) method and Friedman to study the variation of activa-
tion energy E. and Avrami exponent, n, with the conversion fraction (). These methods
showed that the activation energy of crystallization is not constant but varies with the
degree of conversion which suggests that the examined glasses follow multi-step kinetics

during thermally activated crystallization.
© 2020 SECV. Published by Elsevier Espana, S.L.U. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Estudio calorimétrico de la cinética de cristalizacién en aleaciones
ternarias de gafas Se - Te - Sn utilizando enfoque isoconversional

RESUMEN

Elestudio deisoconversion es el enfoque sin modelo que se aplica a la cristalizacién. cinética,
para estimar los pardmetros cinéticos de cristalizacién en una fraccién de conversién dada
(o). En este articulo, hemos aplicado dos métodos importantes de conversién iso: Método
Kissinger — Akahira - Sunose (KAS) y Friedman para estudiar la variacién de la activacién
Energia Ec y exponente de Avrami, n, con la fraccién de conversién («). Estos métodos
demostré que la energia de activacién de la cristalizacién no es constante sino que varia con
el grado de conversién que sugiere que las gafas examinadas siguen una cinética de varios

pasos durante la cristalizacién activada térmicamente.
© 2020 SECV. Publicado por Elsevier Espaiia, S.L.U. Este es un articulo Open Access bajo la
licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Differential scanning calorimetry (DSC) is one of the most
frequently used techniques for study of kinetics of solid
state phase transition [1,2]. Two modes, isothermal and
non isothermal are generally employed for data collection.
The non isothermal method involves heating or cooling
of the sample at a constant rate to a temperature well beyond
the reaction temperature. This avoids the experimental prob-
lems associated with the isothermal method. In some cases
one non-isothermal measurement can give as much informa-
tion as a series of isothermal measurements and therefore
offers a much more efficient data collection. For this reason,
many methods for the analysis of non-isothermal data have
been proposed [3].

Countless rate measurements of numerous kinds have
shown to follow Arrhenius equation. To obtain the Arrhenius
parameters, the non-isothermal data is compulsorily fit to a
hypothetical reaction model. Unfortunately, in a non isother-
mal experiment, temperature T, and conversion fraction « vary
simultaneously, therefore the model fitting approach is gen-
erally not able to achieve separation between the temperature
dependence of rate constant, k(T), and the reaction model f(e).
Consequently almost any f(«) can satisfactorily fit data at the
cost of drastic variations in the Arrhenius parameters, which
compensate for the difference between the assumed form of
fle) and true but unknown reaction model. For this reason,
the model-fitting methods tend to produce highly uncertain
values of Arrhenius parameters [4,5,21].

If the decomposition involves several steps with differ-
ent activation energies, the contributions of these steps to
the overall decomposing rate measured in thermal analysis
experiment will vary with both temperature and the extent
of conversion. This means that the effective activation energy
determined from thermal analysis experiments will also vary
with these two variables. On the other hand, iso-conversional
methods [6-14,22] calculate E at progressive degrees of con-
version («) without any modelistic assumptions. Chalcogens
or Pseudo-Chalcogens glassy alloys has been used in opti-
cal phase change memory [15,16] technology recently, as the
refractive index of these materials is found to be quite dif-
ferent in amorphous and crystalline phases, therefore these
have different values of reflectivity in amorphous and crys-
talline phases. Hence information (0&1) can be detected by
this change in reflectivity. In phase change memory technol-
ogy a high power laser beam is used to melt the crystalline
mark (on the film of phase change material), on subsequent
cooling which results in amorphous spot (writing). Another
low power laser pulse is used to heat amorphous spot to con-
vertitin to crystalline spot (erasing). For reading a continuous
laser beam is made to scan the surface of the material film and
a reflectivity profile is recorded. Amorphous spot shows a drop
in reflectivity which is detected a signal modulation. Thus we
can determine whether the spot is bit 0 or 1 (amorphous or
crystalline). Certainly crystallization kinetics parameter study
is the major concern before using the material for such appli-
cations. Behavior of Sn as additive in Chalcogenide glasses
have not been well understood although attempted by several

workers [17,18]. Kristy and Anderson [19] have demonstrated
very important role of Sn in phase change memory devices.

Theoretical basis

The differential equation generally used to describe solid state
transformation reaction [11,20] is:

do
3 = f k() 1)

here k(T) is rate constant of the reaction, f(«) is the reaction
model and « is the extent of conversion or fraction trans-
formed that depends upon the measured value of extensive
variable x as follows:

o= TN 2)

(xi —xf)

Generally, in thermally activated process, an Arrhenius
type of temperature dependence of rate constant is assumed,
ie.

R(T) = Aexp (;—?) (3)

here A is the pre exponential factor, E is the activation energy,
T is absolute temperature and R is the gas constant.

Methods of kinetic analysis are divided into five categories:

(@) Integral methods. (b) Differential methods. (c)
Difference-Differential methods. (d) Methods spatially
applicable to initial rates and (e) Methods for Nonlinear
heating rates.

Mainly, methods (a) and (b) are used widely by a large sci-
entific community. For a constant heating rate experiment,
instantaneous temperature is given by:

T=To+pt

here T, is the initial temperature when heating starts and
B is the heating rate. Therefore:

da do dT do
@ -ara - lar )

Substituting (4) and (3) in (1) and separating the variables,
we have:

a T
9(a) = )% = %/e*E/RTdT = %I(E, T) ©)
0 To

Representing, I (E, T) ~ S(T) — S(T,)
Here:
T
S~ [ ex (;E) dr
~ | P&t
0
If the process rate is negligible between the limits 0 and T,

then, we can neglect S (T,). Consequently, we can choose lower
limit in integral shown by Eq. (5) as zero safely.
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Let E/RT = x, Eq. (5) on integration can be written as:

ot = 5 [ S ©
or
9() = 5P () ?)

The exponential integral p(x) has no analytical solution, but
may be approximated to many functions or can be evaluated
numerically.

The Ozawa, Flynn and Wall method is an iso-conversional
method that utilizes Doyle’s [14,23] linear approximation for

log p(x):
logp (x) = —2.315 — 0.4567x (8)

Thus with the aid of Eq. (8), Eq. (7) leads to:

AE E
*_ _2.315—0.457 —
9 (O‘) R RTa,i

log () = log ©)

A plot of log B; versus 1/T, ; at a particular « gives the value
of E,, from the slope, for that particular « without regard to
model. Vyazovkin and dollimore [5] have used Senam Yang
[24] approximation. Flynn [25] has discussed several approxi-
mation of p (x).

Kissinger-Akahira-Sunose (KAS) method

Kissinger-Akahira-Sunose method (KAS) [10,12,28,29] is
obtained using p(x) = e */x?, which is valid for 20 < x < 50:

In (f,;) — Cple) — % (10)

a,i ol
Fried man method

Differential technique to determine the kinetic parameters for
non isothermal experiments was developed by Friedman. In
his treatment, Fried man took the natural logarithm of Eq. (4)
for a particular « and obtained:

da E
In (E)i:mf(a)A_ﬁ (11)
Experimental

Alloys of Se-Te-Sn in glassy form were prepared by standard
melt-quench technique. Firstly, appropriate atomic percent-
ages of 5N pure elements (99.999%) were weighted using
an electronic balance and then were sealed in the evacu-
ated (~10~° Torr) quartz ampoules. The sealed ampoules were
placed inside the furnace and temperature was raised to 800 °C
in the step of 34K min~!. This constant temperature of fur-
nace was maintained up to 15h. Ampoules were frequently
rocked to homogenize the melt. After 15h ampoules were
taken out of the furnace and rapidly quenched in ice cold

water. Quenched ampoules were broken to get ingots. To
establish the samples, XRD scans were taken. No sharp peak
was present in scans rather hallows were present which con-
firms that prepared samples are amorphous in nature. DSC
(Simdazu, Japan) was used for study of crystallization kinet-
ics. 5-8 mg of each sample was taken to run the DSC scan at
the heating rates of 5, 10, 15 and 20 K/min. Distinct endother-
mic and exothermic peaks were obtained in DSC thermograms
confirming the homogeneous nature of prepared samples.

Results and discussion

In condensed matter physics glass to crystal phase transi-
tion study is of scientific and technological importance and
is characterized in terms of parameters of solid state reaction
like activation energy of crystallization E¢, Avrami exponent
n, pre-exponential factor A, etc. As indicated in recent papers,
solid state phase transformation process is generally a com-
plex one, theoretical methods so developed give a gross or
approximate value of these parameters and do not present
a step picture. In general these parameters vary with extent
of crystallization. DSC scans of the prepared samples were
taken at 4 different heating rates (5, 10, 15 and 20K/min).
Fig. 1 represents DSC scans of Se;sTeySny alloy at 4 differ-
ent heating rates (5, 10, 15 and 20 K/min). However, DSC scans
for all the prepared samples at heating 20K/min have been
published elsewhere [30]. For a given uniform heating rate,
all the samples show a single glass transition endothermic
peak at the temperature, Ty and a single exothermic crys-
tallization peak at T, which insures homogeneity of the as
prepared samples. In no-isothermal mode of measurement by
DSC, prepared samples are reheated at constant heating rate.
Obtained Scan of a glassy material consists of a peak above the
temperature (or time) axis. This peak consists of a differential
extent AT along the temperature axis, which is the difference
between onset temperature and final temperature of crystal-
lization. Therefore fraction of crystallized material (or extent
of conversion), «, at any temperature T is obtained by following
Kaur et al. [31]:

a A, T
A
4] Se,Te,Sn, [ 2K/min
2] 767 720504 10 K/min

—— 15 K/min

— 20 K/min

—

H(mW)

TC°C) —

Fig. 1 - DSC Thermograms for glassy SezsTez0Sn4 alloy at
different heating rates.
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Fig. 2 - The versus T curves for the sample Se;gTezoSn4 at
various heating rate.

here A is the total area of exothermic peak and Ar is the
partial area at any temperature (or at any extent of crystalliza-
tion ). The « versus T curves were plotted for each samples at
the heatingrates 5, 10, 15 and 20 K/min. One of the representa-
tives plots for the sample SeygTeyoSng consisting of « versus T
curves at various heating rates is shown in Fig. 2. The « versus
T data at fixed heating rate was differentiated using Origin 8.0
software to obtain du/dT at various T and hence at various «.
Consequently, one is able to plot (da/dT) versus « curves for
the prepared samples. One of such plot for glassy Se;sTez0Sna
alloy at the heating rate10 K/min is shown in Fig. 3. The values
of E. were obtained using KAS and Friedman iso-conversional
methods, for all the prepared samples. It is noticed that E.
varies with the extent of conversion. Table 2 indicates that two
methods are in good agreement except uncorrelated values of
E. in last and beginning of the transformation (crystallization)
which is due to instability and inaccuracy in the determination

0.0404 Se;Te,,Sn, .
0.035- / ™~
0.030-

d 0.0254 :
o —=—10 K/min

dT 0.020

0,015 /
0.010 /' \

0.005
-

~u
—"

=] o

0.000 T T T T
0.0 0.2 0.4 0.6 0.8
O

Fig. 3 - The plot of (da/dT) versus « curve for SeygTez0Sns
alloy at the heating rate 10 K/min.

of crystallized fraction, « in the initial and final part of the crys-
tallization and hence in the determination of do/dT. Evenin a
single step reaction, the rate of reaction (which depends upon
activation energy) depends on the viscosity of the medium
which in turn depends up on temperature. Therefore, activa-
tion energy depends up on the temperature and or/on extent
of conversion. In case of solid state reaction strongintermolec-
ular interaction exist in the media which affects even the
single step of a reaction greatly, therefore its kinetics depends
up on the properties of the medium and the energy barrier
varies (or activation energy) as these properties change with
temperature and/or extent of conversion. Beside this a single
reaction step may be made further complicated by additional
step for example by diffusion. In such a case now kinetics
of overall reaction is involve two energy barriers. Activation
energy of crystallization is the weighted sum of effective acti-
vation energies of two process namely, nucleation and growth.
As the reaction proceed nucleation saturates and hence over
all activation energy decreases. On the other hand decrease

Table 1 - Activation energy of crystallization evaluated at various extent of crystallization, by KAS and Friedman

methods for Segg_xTezpSny (0 < x < 10) alloys.

E. (kJ/mol)

x=0 x=2 x=4 x=6 x=8 x=10
KAS Friedman KAS Friedman KAS Friedman KAS Friedman KAS Friedman KAS Friedman
method method method method method method method method method method method method
0.1 83.6 52.9 78.2 90.5 101.9 112.6 133.2 145.3 141.7 108.2 146.9 111.4
0.15 78.6 54.8 80.9 83.2 103.2 112.6 135.2 136.8 125.7 105.0 134.3 100.9
0.20 74.4 55.2 83.1 91.9 105.0 110.8 132.1 135.7 121.1 95.2 125.5 91.6
0.25 71.3 58.0 84.4 92.4 105.9 110.6 133.7 130.5 114.1 86.4 121.1 83.1
0.30 69.6 58.3 86.0 88.0 103.6 108.4 133.7 128.6 110.5 88.6 115.6 76.0
0.35 68.9 58.8 85.2 82.3 104.2 108.3 133.1 124.9 107.2 88.4 108.4 69.2
0.40 67.3 58.0 85.3 77.9 106.0 110.6 133.5 128.8 103.4 87.6 102.0 63.8
0.45 66.2 57.7 83.9 71.6 105.1 109.3 132.7 120.5 103.8 90.3 98.0 67.3
0.50 66.4 58.5 81.6 65.9 104.7 109.3 130.3 112.1 99.9 91.3 92.3 69.8
0.55 64.8 58.2 78.8 60.6 103.6 107.5 129.8 112.5 101.2 99.1 89.9 68.4
0.60 64.1 58.4 77.6 61.2 101.5 103.3 127.8 107.5 101.5 99.5 86.8 73.1
0.65 63.5 58.9 75.3 60.1 100.4 99.4 126.8 102.1 100.4 101.5 83.2 71.8
0.70 63.7 58.7 74.6 64.2 98.7 94.3 124.6 99.0 101.4 103.0 83.4 73.5
0.75 62.7 59.4 73.7 70.8 96.7 90.1 119.3 94.2 102.1 105.3 81.4 73.5
0.80 62.5 59.2 74.8 76.7 95.0 88.1 117.9 94.4 102.1 105.6 79.8 70.0
0.85 61.9 59.9 75.1 78.4 90.1 83.5 114.4 95.6 101.8 101.7 77.7 64.7
0.90 62.7 56.0 75.2 78.2 87.2 75.7 111.4 95.8 102.7 100.8 75.8 59.8
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Table 2 - Variation of Avrami exponent with extent of
crystallization for Se;gTe,oSn, alloy.
o n

B=5K/min  pf=10K/min B=15K/min  A=20K/min
0.05 3.74 2.29 2.34 2.46
0.10 3.58 1.80 2.00 2.22
0.15 3.23 1.39 1.58 2.00
0.20 2.58 1.49 1.52 1.83
0.25 2.2 1.27 1.48 1.55
0.30 2.25 1.22 1.43 1.37
0.35 2.15 1.31 1.49 1.28
0.40 1.98 1.32 1.52 1.32
0.45 2.19 1.21 1.23 0.96
0.50 2.12 1.15 1.25 0.85
0.55 1.95 0.91 1.00 0.78
0.60 2.15 0.99 1.01 0.83
0.65 1.74 0.9 0.94 0.74
0.70 1.64 0.82 0.78 0.72
0.75 1.59 0.81 0.73 0.77
0.80 1.21 0.62 0.69 0.69
0.85 1.40 0.70 0.66 0.71
0.90 1.48 0.86 0.69 0.84
0.95 1.50 0.90 0.80 0.94

0 2 4 6 8 10

ato=09 | ‘ ' - '

KAS

-
Frie dm an

A

e | L L KAS L

-
2gﬂLr///l/f_\\\\‘\\\i
Frie dman

Ec (a.u.)

4.0
—m— 5K/min
a5 4 —0— 10K/m!n
A 15K/min
—v— 20K/min

0.0 0.2 0.4 0.6 0.8 1.0

Fig. 5 — Variation of Avrami exponent with extent of
crystallization for Se;gTe,oSn, alloy.

The values of n(¢) against « are plotted in Fig. 5 for the
sample Se;gTeyoSn, at 5, 10, 15, 20K/min. It is noticed from
this figure that n(«) decreases significantly with extent of con-
version. Similar results were obtained for other samples (not
shown here).

Asin the experimental part, no specific heat treatment was
given before the thermal analysis runs to nucleate the sam-
ple. Therefore, n will be equal to m+1, where m and n are
integer or half-integer numbers. Mahadevan et al. [27] have
shown that n may be 1, 2, 3 and 4 depending up on the growth
mechanism and dimensionality of crystal growth n =4, volume
nucleation, three dimensional growth; n=3: volume nucle-
ation, two dimensional growth, n=1: surface nucleation, one
dimensional growth from surface to inside.

\>¥

1P 1P P T P P I P I P 0P P A P D 8 P P I

at a=0.1

o Frie dman

- e

o e Kas

EP——— L 1 1 1

0 2 4 6 8 10
Snat.%

Fig. 4 - Variation of Activation energy of crystallization
(obtained by KAS and Friedman methods) with extent of
crystallization for Sego_xTe20Sny (0 < x < 10) alloys.

can also explain on the basis of shielding effect. From Table 1
it is clear that E. varies with the extent of concentration of Sn
as well, maximum value of activation energy is obtained for
x=6at% by both methods are in good agreement in the middle
part of crystallization process (Fig. 4).

The local value of Avrami exponent at each step of crys-
tallization was obtained using Lu method for non isothermal
experiments [26]. According to this method:

n(e) = dln[-1n (1 — )] /3 (1/T)

R
 Eeff

Conclusion

Crystallization kinetics of Segp_xTezoSnx (0 <x<10) alloys is
examined by two most significant iso-conversional methods,
namely KAS and Friedman methods. Activation energy is
found to vary significantly with heating rates and extent of
crystallization. Avrami exponent is also found to vary notice-
ably with the extent of conversion which shows that glass
to crystal transition is not a single step process but involves
several processes occurring simultaneously.

Conflict of Interest

Authors declare no conflict of interest

Acknowledgements

HK is thankful to his university for providing grant through
DST-Purse programme-(5050), UGC-CAS and UPE, R.A. is
thankful to CSIR for JRF.



272 BOLETIN DE LA SOCIEDAD ESPANOLA DE CERAMICA Y VIDRIO 59 (2020)267-272

REFERENCES

[1] G. Hohne, W. Hemminger, H.J. Flammersheim, Differential
Scanning Calorimetry, Springer-Verlag, Berlin 1996.
[2] R.L. Fyans, W.P. Brennan, C.M. Earnest, Thermochim. Acta 92
(1985) 385.
[3] B. Jankovic, B. Adnevic, J. Jovanovic, Thermochim. Acta 452
(2007) 106.
[4] S. Vyazovkin, C.A. Wight, Thermochim. Acta 340-341 (1999)
53.
[5] S. Vyazovkin, D. Dollimore, J. Chem. Inf. Sci. 36 (1996) 42.
[6] S. Vyazovkin, New J. Chem. 24 (2000) 913.
[7] T. Ozawa, Bull. Chem. Soc. Jpn. 38 (1965) 1881.
[8] J.H. Flynn, L.A. Wall, J. Res. Nat. But. Stand. 70A (1966) 487.
[9] H. Friedman, J. Polym. Sci. 50 (1965) 183.
[10] H. Kissinger, Anal. Chem. 29 (1702) (1957).
[11] T. Kujirai, T. Akhira, Sci. Pap. Inst. Phys. Chem. Res. 2 (1925)
223.
[12] T. Akahira, T. Sunose, Res. Rep. Chiba Inst. Technol. 6 (1971)
22.
[13] Tang, Y. Liu, H. Zhang, C. Wang, Thermochim. Acta 39 (2003)
408.
[14] M. Starink, Thermochim. Acta 97 (1996) 288.

[15] N. Yamada, E. Ohno, N. Akhira, K. Nishiuchi, K. Nagata, M.
Takao, Jpn. J. App. Phys. Suppl. 26 (4) (1947) 61.

[16] T. Ohta, J. Optoelectron. Adv. Mater. 3 (2001) 609.

[17] J.M. Mikurit, L.E. McNeil, J. Non-Crystal. Solids 109 (1989) 273.

[18] M. Szukwei, Y. Hanmei, Z. Xiaoweli, J. Non-Crystal. Solids 112
(1989) 204.

[19] K.A. Campbell, C.M. Anderson, Micro electron. J. 38 (2007) 52.

[20] M.E. Brown, D. Dollimore, A K. Galwey, Reactions in the Solid
State. Comprehensive Chemical Kinetics, vol. 22, Elsevier,
Amsterdam, 1980.

[21] A.W. Coats, J.P. Redfern, Nature 201 (1964) 68.

[22] A. Khawam, D.R. Flanagan, Thermochim. Acta 436 (2005) 101.

[23] C.D. Doyle, J. Appl. Polym. Sci. 5 (1961) 285.

[24] G.I. Senum, R.T. Yang. J. Therm. Anal. 11 (1977) 446.

[25] J.H. Flynn, Thermochim. Acta 300 (1997) 83.

[26] W. Lu, B. Yan, W. Huang, J. Non-Crystal. Solid 351 (2005) 3320.

[27] S. Mahadevan, A. Giridhar, A.K. Singh, J. Non-Crystal. Solids
88 (1986) 11.

[28] N. Sbirrazzuoli, Y. Girault, L. Elegent, Thermochim. Acta 293
(1997) 25-37.

[29] P. Simon, J. Therm. Anal. Calorim. Vol. 76 (2004) 123-132.

[30] H. Kumar, N. Mehta, K. Singh, Phys. Scr. 80 (065602) (2009) 6.

[31] G. Kaur, T. Komatsu, R. Thangaraj, J. Mat. Sci. 35 (2000)
903-906.


http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0165
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0170
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0175
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0180
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0185
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0190
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0195
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0200
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0205
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0205
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0205
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0205
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0205
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0205
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0205
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0205
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0205
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0210
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0215
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0220
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0225
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0225
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0225
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0225
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0225
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0225
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0225
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0225
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0230
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0235
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0240
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0245
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0250
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0255
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0260
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0265
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0270
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0280
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0280
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0280
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0280
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0280
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0280
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0280
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0280
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0280
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0280
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0285
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0290
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0295
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0300
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0305
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310
http://refhub.elsevier.com/S0366-3175(20)30002-9/sbref0310

	Calorimetric study of crystallization kinetics in ternary alloys of Se–Te–Sn glasses using iso-conversional approach
	Introduction
	Theoretical basis
	Kissinger–Akahira–Sunose (KAS) method
	Fried man method

	Experimental
	Results and discussion
	Conclusion
	Conflict of Interest
	Acknowledgements
	References


