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ABSTRACT 

Non-isothermal kinetic data relative to five silicate glasses are compared. A new 

parameter is proposed, whose usefulness in roughly estimating the ability of dif- 

ferent glass compositions to form nuclei and, 

is discussed. 

INTRODUCTION 

so,give fine grained glass ceramics, 

Differential thermal analysis (DTA) allows to evaluate glass devitrification kine- 

tic parameters very rapidly and by using very small amount of glass if compared to 

the traditional isothermal methods. In this work the data relative to fivesilicate 

glasses are compared. 

THEORETICAL CONSIDERATION 

In fig.1, a typical DTA curve of a glass is reported. After the slope change in the 

glass transformation range, an exdthermic peak appears due to crystallization. The 

non-isothermal devitrification of a glass is well described by the following equa- 

tion (1,Z): 

AN 
mE 

-In (1-U) = - exp (- i$ 1 

pm 

(1) 

where o(is the volume fraction crystallized at temperature T,pis 

rate, A is, for each glass, a constant whose value depends on the 

factor, U', of the crystal growth rate, U, equation: 

U = U, exp ( - z ) 

the DTA heating 

preexponential 

N is the nuclei number, E 
C 
is the crystal growth activation energy, m is the 

Avrami parameter, whose value depends on the devitrification mechanism and cry- 

stal growth morphology. For crystal-glass interface reaction controlled mecha- 

nism, m ranges from m=l for one-dimensional growth (or growth from surface nuclei) 

to m=3 for three-dimensional growth. For diffusion controlled growth, the corres- 
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Fig.1 Typical DTA curve. 

ponding m range is 0.5-1.5. Taking into account that (3) at the peak temperature, 

T 
P9 

the crystallization degree reaches the same value not dependent on the heating 

rate, a shift of the peak must be expected, with the heating rate, so that 

E 

lng= - i$ + const (3) 

P 

Moreover the deflection from the baseline&T is proportional to the instantaneous 

reaction rate (4) and, in the initial part of the DTA crystallization peak, the 

change in temperature has a mucn greater effect thandon the AT deflection 

so the following equation can be derived: 

mE 
In 4T= $ + const (4) 

(5); 

The peak becomes sharper, the lesser is the sample specific surface. This is 

because the "bulk" nuclei formed during the DTA run become progressively dominant 

with respect to the ones heterogeneously formed at the surface of powder grains. 

By this way, the Avrami parameter can increase by a factor of three. Therefore, 

when changing the sample powder size, that is the specific surface, a change in 

the slope of the DTA peak is expected and observed (61, as shown in fig.2. If a 

sample is preventively heat treated at a temperature of efficient nucleation 

rate, equation (1) predicts a DTA shift so that: 
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Fig.2 DTA curves recorded at 5"Cjmin heating rate of Ii20.2Si02 samples: (fl fine 

(- 240 + 350 mesh) powder sample; (c) coarse (-30 + 52 mesh) powder sample; (b: 

.bulk sample. 

N 
mg c ln-=--_ 

ND R 
+ -+, (5) 

P P 

where Ti and NV are, respectively, the peak temperature and nuclei number relative 

to the as quenched sample. If bulk samples are heat treated for the same time at 

different temperatures in the range of efficient nucleation rate, a nucleation 

rate like curve can be obtained by plotting (+ -G > vs the heat treatment 

P P 
temperature, as described in (7). In fig.3, as an example, is reported the plot 

relative to a Li20.2Si02 gl;ss (7). The temperature of maximum nucleation rate can 

be so determined. By means of equations (3-5) it is possible, by changing the spe- 

cific surface or the lenght and temperature of heat treatments,to get information 

about the devitrification mechanism. It is worth noting that equation (3) is deri- 

ved by supposing that the nuclei number present at the onset of the devitrification 

peak is not depending on the heating rate. Therefore the real value of Eccan be 

obtained either by using samples of very high specific surface, in which surface 

nuclei,which form in amount proportional to the specific surface,are dominant, 

or, better, by using samples heat treated for a long enough time at temperatures 

of efficient nucleation rate. 

RJEULTS AND DISCUSSION 

The above kind of analysis was performed on the five glasses compositions reported 
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,Fig.3 Nucleation rate .like curve relative to Li20.2SiO2 glass. 

in table (1).(6,8-11). All reported data are taken from the original papers. All 

glasses show a crystal-glass interface reaction controlled mechanism. When using 

samples of low specific surfacer the Avrami parameter assumes the value m=3, in- 

dicative of crystal morphology similarity. The reported EC values are those ob- 

tained by means of equation (3) by using samples of low specific surface heat 

treated, as indicated in the table footnotes, at temperatures of efficient nu- 

cleation rate for times long enough to make dominant the bulk nuclei so formed. 

The reported peak temperatures are those detected on the DTA curves recorded at 

heating rate of lO"C/min for the same kind of sample. In the last column is re- 

ported the nuclei number which, following references (12,131, should be present 

in each glass after tne specified heat treatment. In order to discuss the repor 

ted data, it is useful rearrange equation (1) as follows: 

E 
C 

1 In 
RT= m 

+ const (6) 

P 

a 

Therefore, submitting to DTA runs at the same heating rate different glasses 

samples whose devitrification can be characterized by the same value of the 

Avrami parameter, the value of the dimentionless ratio Ec/RT depends on the 

nuclei number and the factor A. As long as A can be considered constant, a plot 
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Fig.4:Plot of the parameter EcfRTp (defined in the text) vs the natural logaritm 

of the nuclei present, after the heat treatments reported in Table 1, in the follo- 

wing glasses: (0) Li20.2SiO2, (* 0.9Li2O.O.~~O.ZSiO2; (# BaO.ZSiO2, (# Na20. 

2CaO. 3Si0, a (0) ZNa,O.CaO. 3Si0,. 

of (RcfRT) vs. the logaritm of the nuclei nunber should give straight line. It is 

effectively obtained, as shown in fig 4, with the data reported in table 1. 

It is worth noting that the crystal growth activation energy is usually equal to 

the viscous flow activation energy, E ‘I. It’s known that in wide temperature ran- 

ge, the viscousity,7, variations are well described by the Vogel equation (14): 

B 
log’1 = A+‘- 

T-T0 

where A, B and Te are constants whose value depends on the glass composition. By 

comparing the Arrhenius type dependence with the Vogel one, the following rela- 

tion can be obtained: 

that is the viscous flow activation energy progressively decreases as the tempe- 

rature is increased. Therefore, taking into account eq.6, when a glass is heated 

in a DTA apparatus, the devitrification temperature range depends on the nuclei 

number formed, the viscosity-temperature curve shape and the factor A, that is 
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TABLE 1 

Non-isothermal kinetic data for the glasses studjed 
-13 

Glass composition E T N'O 
c D 

Kcal mol 
-1 

(OK) P (rnm3) 

Li 0.2SiO a O.gLi 0.021Ba0.2Si02 59 899 33 9 

Bao.2 8. 10 c 

b 70 933 38 

20 

Na20.2Ca 6 .3SiO d 

99 1119 44 800 

2Na20.Ca0.3Si0~ e 
89 982 45 300 
107 864 62 8000 

a 14 h at 475°C 
b 
750h at 48OY ' 2h at 700°C d 2h at 58O*C e 2h at 480°C 

on the preexponential factor of crystal growth rate equation. As long as A can be 

considered constant, the dimentionless ratio Ec/RT 
P 
, evaluated as described before, 

is a measure of the nuclei number present. The described parameter, therefore, al- 

lows to make a rough estimate of the ability of different glass compositions to 

form nuclei and, therefore, to give fine grained glass ceramics. 
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