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A quantitative relationship between kinetic parameters and DTA curves has 
been derived for devitrification reactions which are described by a Johnscn-Mehl- 
Avrami equation. 

Both activation ener_ey, E, and reaction order, n, can be derived from DTA 
curves and related to the probable reaction mechanism. 

Experimental results and isothermal literature: data are consistent. 

The usual method of obtaining kinetic data involves a series of experiments 

carried out under isothermal conditions at different temperatures. This process is 
laborious and considerable interest exists in the study of reaction kinetics by a dynamic 
method such as differential thermal analysis (DTA). 

Since the classic works of Murray and White on clay dehydration kinetics’ -3, 

DTA has been used by several workers4-” to characterize complex chemical 
reactions. These investigations meet with the following difficulties: 

(a) A previous knowledge of reaction order is required9. 

(b) The numerical inte_gration of DTA data carried out by a computer12, 
needs a laborious device. 

(c) The range of reaction temperatures is restricted by the use of a differential 
scanning calorimeter (DSC)“. 

The aim of this work is to show 2 simple method of evaluation of both kinetic 

parameters, activation enerm and ration order in devitrification process from DTA 
curves. 

To test *he proposed equations the crystallization kinetics of Liz0 - 2Si02 
@ass was chosen. 

Sampies of glass with Liz0 - 2Si02 composition were prepared by meiting pure 
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rcapznts zt 14.f.Kl”C in a Pt crucible in an electric oven and casting them in Fe molds at 
higl cooling rates 

Difkentd them-d analysis (DTA) at heating rates of I, 2,5,10,20 and 5OT 
min’ ’ in air of85 rns powdered glzss were carried out; the particks were - 170 f230 
mesh and the reference material was A1,03. A Xetzsch differential thermal analyzer, 
Model -u)lM* was wed_ 

THEORt3lCA.L COSSIDE3L4TIOSS ASD RESULTS 

The process of nucleation and cq%ai growth in a glass can be formally descrikd 
b_r- 2 Johnson-Mehi-Xvrami (JMA) equation’5-1’ 

-In(l - ,-) = (kt)= (1) 

w-here y is fhe volume hction of crystalked phase at time t, n the reaction order andk 

dqxnds on tempezzture according to an Arrheoius type equation 

k=Aexp(--&) 

where the temperature coefikient E represents the overall kinetic barrier to nucleation 

and crystallization. 
The most probable mechanisms of crystallization and related n values are 

reported in Table 1. 

TABLE 1 

The method proposed to calculate the activation ener,oy E and the reaction 
or&r n from DTA curws is based on two assumptions: 

(a) In a DTA cume the temperature difkrentizl ATat any given instant can be 
approximated as being proportional to the instan’ianeous reaction rat@-’ 

AT= CL% (3) 

(b) During a DTA run the time of heating I at each temperature can be taken 
to be proportiod to the reciprocal of the heating rate h, if the latter is linear’ 
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Fig. 1. Cqstdiition peak of Li&.2SiOr g&s detected by DTiL 

Setting the time derivative of eqn. (1) 

dY c/c dt= 3 (+)‘-’ (1 - y) = c, (+)‘-’ (1 - y) exp (- G) (5) 

into eqn. (3) and taking logarithms, the following equation can be obtained 

IndT= -S+ln c [ 5 (i)n--L (1 - Y)] 

As in the initial part of the crystaiIization peak in a DTA curve (Fig_ I), 

recorded at any usuaJ but constant heating rate (1W”C min- ‘j, the change in 
temperature has a much larger effect on the change in d Tcompared with the change in 

y “; the eqn. (6) can be approximated as 

logdT= - -- E’ l;C 
4.57 T, (7’) 

where E’ = nE and C is a constant which includes all the constants C,, C, . . . C, of 
previous equations. 

A plot of log AT against l/T gave a straight line as shown in Fig 2; from its 
slope a value of 114 Kcal mol’ l was calculated for E’. 

Equation (7) is unable to distinguish the reaction order n from the activation 
energy E but the latter can be evaluated if several DTA curves are recorded at diflkrent 

h&g rates. 
The peak temperature (T-) of a DTA curve (Fig. I), is obtained by simply 

setting 



d4T d ‘dx’ o 
dT =dT,dr, = ( 1 

znd solving for T__ This leads to the following reIationship between the exothermic 
peak temperature T, and the heating rate hg 

iogh = - -- E l+c 
4.57 T_ (9) 

where c’ is a constant 
The ac&uion energy E = 67 Kcal mol’ ’ was calculated from the slope of the 

straight line obtained by plotting iog h against l/Z’_ as shown in Fig_ 3. 
The kinetic parameters thus obtained are in good agreement wit& those reported 

in Ihe Wratun (E = 6CL120 Keal mol-I; n = l-2), vbtained under isothermal 
cOEditiOllS’*_ 

T&e wihe of I-7 for the exponential facbr n su_qm a crystal growth controlled 
by diffwion from a fixed number of nuclei, as reported in Table 1. 

This mechanism is consistent with the heating process in a DTA apparatus- 
In fact. as repotid by Hench et aLg, in a I&O - 2SiO= &ss reheati at 480”C, 

m-table me&s&ate (Liz0 - SiO,) particles precipitate because of its structural 
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Fig. 3. Pfot of log h ys l/T(tk values of Tm arc read on DTA curves recorded at diGrent heating 
rates I;)_ 

simplicity relative to the @ass structure At higher temperatures, reaction of meta- 

silicate with the SiO,-rich matrix, governed by Li+ ion difiusion, produces the 

structurally more complex and thermod_ynamically stable disilicate crystaIs. In a 

DTA run the Liz0 - 2Si02 glass passes through the temperature of high nucleation 
rate (precipitation of metastable metasilicate nuclei) and then crystallizes at a higher 
temperature where the formation of new nuclei is very unlikely_ 

Moreover the value of 67 Kcal mol- ’ corresponds to the activation energy of 

crystal growth in a nuckared Liz0 - 2Si02 @asszo. 

The good agreement between the experimental results and the isothermal data 
confirms the validity of the described procedure. 

The DTA method proposed has many advanta.ges over the isothermal one: 

(1). A temperature range can be continuously and quickly studied. 

(2). Only a smaI1 amount of sample is required. 

(3). Both acti-fation energy and reaction order can be easiIy calculated. 
(4)_ From these kinetic parameters a mechanism of reaction can be derived- 
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