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STUDY ON CRYSTALLIZATION KINETICS IN GLASS B\- 
DIFFERENTIAL THERMAL ANALYSIS 

Thermal analysis is a very useful tool for studying crystallization of glass. 

It has been used not only for qualitative analysis [ 1,2] but also for quantita- 

t.ive analysis [ 3-121. In a previous report 191. the authors prol~osecl a 

method for determining the activation energy for crystal growth by clifferen- 
tial t.hemlal analysis based on the nucleation and growth equations. It was 
indicated that the mechanism of crystallizat.ion, that is, whether crystalliza- 
tion proceeds from bulk nucleation or surface nucleat.ion, is important for 

t.he det.ermination of the activat.ion energy. In t.his study, a method for cleter- 

mining the mechanism of crystallizat.ion was derived by referring t.o nuclea- 
tion and sowth kinetics [ 13]_ 

Usually, t.lie rate of crystal nucleation in glass reaches the masimum at a 
ttmpclrature somewhat higher than the glass transition t.emperature and then 
decreases rapidly with increasing temperature [ 14-1’71, while the rate of 

cryst.al growth reaches t.he masimum at, a temperat.ure much higher than t.ht 
temperature at which the nucleation rate i.; highest. [ 15--2O]_ 1Yhen glxss is 

heat.ed at a constant rat.e, cwstal huclei formed at. lower temperatures gron 

in size at higher temperatures wit?lout any increase in number [18,19]. The 
number, hr, of nuclei per unit volume formed during heating from room 
temperature, T,, to a temperature, T, is expressed as 

(1) 

Here I(T) is the rat.e of nucleation and Q’ is t.he heating rate. N,, does not 
depend on t.emperat.ure if T is much higher than the temperature at which 
the nucleation rate is highest_ The rate of crystal growth. IS7 = dr/dt, is 

expressed by [ 91 



where E is the activat.ion energy for crystal growth. The radius, r, of crystal 
particle is espressed by [ 9] 

It should be noted here t.hat t.here are two types of crystallization: one hased 
on bulk nucleat.ion in which each crystal particle grows three-dimensionally 
in glass, and the other based ot! surface nucleation in which each crystal 
grows one-dimensionally from surface to inside of glass. In bulk nucleation, 
v,ariation of i.he volume fract.ion of crystal. s. is expressed by 191 

Fl-Oil1 C’Cllls. ( 1 -.I ) 

In surface nucieation, the nuclei are formed at the surface but. not- in the 
innckr part of t.he sample. If xve rtssume the glass splicxre of radius R,, in which 
the surface layer of the thickness r is crystallized, variat.ion of the volume 
fraction of crystal is espressed as f9] 

(6) 

In the previous report [9], it was shown that the following relation holds in 
DTA process 

where -17’ is the temperature difference hetween the sample and the refer- 
ence mat,erial, C, is the heat capacity of the sample and the sample holder, K 
is the heat transfer coefficient bet.ween the sample and its environment and 
_A is t.he area under the peak clue to crystallization in the DTA curve. Com- 
bining eclns. (5-'i), the following general expression can be derived 

log r di;lTj i?l E 
-. .._.. -. ~_~ 

1 
= - --- -- L c,, + + cons& clt KAT ; i -?I 1Og 0 2.3RT (3) 

where 11 = 177 = 3 in the case of bulk nucleation, and IZ = 0 and rrz = 1 in the 
case of surface nucleation_ It should be noticed t.hat the crystal volume frac- 
tion should be small in order for t.he terms log (1 - x) and log (1 - x)’ ’ to 
1~ regarded as cr>nstant, and accordingly, for eqn. (5) to be valid. The values 
of 17 and 172 are summarized in Table 1 for various crystallization mecha- 
nisms _ 
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Fig. 3. Log [ C,(dATldt) t KAT] as a function of heating rate for 33.3 Li,O . 66.7 SiOz - 
3 TiO,. 

SiO, glass, especially at low heatin, u rates, and each particle grows t.hree- 
dimensionally [ 9,14--181~ which agrees with the fact t.hat H and 171 are close 
to 3. The cont.ribut.ion of surface crystallization increases as the heat.ing rate 
increases [9], which agrees wit.h t.he gradual decrease in the values of rz and 
m (Figs. 1 and 2). In the glass containing TiO,, surface cryst.allizat,ion is 
dominant. and the crystal grows one-dimensionally, especially at high heating 
rates [9]) which agrees wit.h the fact that r2 is much less than unity and rn is 
close to unity. 

The general agreement of t.he analysis of DTA curves with the crystalliza- 
tion mechanism found by inspect.ion under microscope indicates that eqn. 
(8) is valid and useful for studying the crystallization mechanism and obtain- 
ing the activation energy for crystal growth. 
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