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Abstract 

The non-isothermal devitrification of diopside CaO.  MgO .2SiOz g lass  has been 
studied. The crystal growth activation energy has been evaluated as 
E¢± 1374-10kcalmol -i. The devitrification occurs in bulk samples through a surface 
nucleation mechanism. Surface nuclei behave as bulk nuclei in very finely powdered 
samples sintered before devitrifying. Optical and scanning electron microscopy support 
these conclusions. 

INTRODUCTION 

The non-isothermal devitrification of a glass of composition CaO-  
MgO-2SIO2 (the composition of the crystalline phase named diopside) 
has been studied. Diopside is one of the main crystalline phases that 
form in glass-ceramics based on the CaO-MgO-AI203-S iO2 system 
obtained from natural rocks, mostly basalt, tuff, granite with additions of 
dolomite,  l imestone and nucleating agents [1]. Further the non-isothermal 
devitrification of diopside glass appears to be interesting for the conse- 
quences (that are shown here) of the fact that it occurs in the temperature 
range of efficient powder sintering. 

EXPERIMENTAL 

A ••glass of composition C a O .  MgO • 2SIO2 was prepared by melting 
MgCO~,  CaCO3 and SiO2 (analytical grade) at 1400°C in a platinum 
crucible in an electric oven for 4 h. The melt was quenched by plungingthe 
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bottom of the crucible into cold water. Differential thermal analysis ( D T A )  
was carried out in air on pc, wdered samples of about  40mg at various 
hea t ing  rates (1-200C m i n - I ) . . A  Netzseh heat  flux DSC 404 differential 
thermal analyser with A1203 poWder a s  reference material  was used. 

Optical microscopy was performed by using• a Leitz Epilux metallo- 
graphic microscope. Scanning electron microscopy (SEM) was p¢~rformed 
by means of a Cambridge model S-240 scanning electron mic:'oscope. 
Polished sections were etched with 5% HF solution. 

R E S U L T S  A N D  D I S C U S S I O N  

In Fig. 1 two D T A  curves of the glass studied are reported,  recorded at 
10°Cmin -t heating rate on fine ( 6 3 - 9 0 ~ m )  and coarse (315-500p, m) 
powdered samples. As can be seen, the first s l o p e  change in the glass 
t ransformation range is followed by a second slope change at a tempera ture  
lower than the  onset of the devitrification exo-peak. As a mat ter  of fact, the 
initially powdered samples were recovered from the DSC sample holders as 
a porous sintered body. Therefore ,  the second slope change is to be linked 
to the change in the thermal exchange coefficients when the powders  soften 
and sinter. As can be seen, the effect is much more pronounced in the finer 
powders. 

The non-isothermal devitrification has been studied by using the two 
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equa t i ons  

EC 
In/3 = m + cons tan t  (z) 

in AT  mE= = . + cons tan t  (2) 
R T  

w h e r e / 3  is the  hea t ing  ra te ,  AT and T~ are  the  def lect ion f rom the base l ine  
and the  p e a k  t e m p e r a t u r e  t aken  as indica ted  in Fig. 1 respect ively,  and  T is 
the  t e m p e r a t u r e .  As  in inorganic  glasses, the  devi t r i f icat ion exo -peak  Occurs 
in a t e m p e r a t u r e  range  h igher  than  tha t  o f  efficient nuc lea t ion  [2]; E= is the  
crystal g rowth  ac t iva t ion  energy.  The  p a r a m e t e r  m d e p e n d s  on the  
m e c h a n i s m  and  m o r p h o l o g y  of  crystal  g rowth;  it ranges  f rom m = 1 f o r  
one -d imens iona l  g rowth  (or  g rowth  f rom surface nuclei)  to m = 3 for  
t h r ee -d imens iona l  growth .  

W h e n  the  n u m b e r  of  nuclei  is not  d e p e n d e n t  on the  hea t ing  rate  [2, 3] 

_ ( m_e_o  - i n ( 1  -- t~) = A N  exp (3) 
/3" R T /  

where  t~ is the  crystal l izat ion degree ,  N is the  nuclei  n u m b e r  and  A is a 
constant .  

E q u a t i o n s  (1) and  (2) can be  der ived  f rom eqn.  (3) by supposing:  ( i )  t~ at 
peak  t e m p e r a t u r e  is no t  d e p e n d e n t  on the hea t ing  ra te  [4]; (ii) A T  is 
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Fig. 2. P l o t  of In/3 vs. 1 / T  r, relative to powdered samples: ( 0 )  315-500/xm; (A) 63-90/~m. 
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Fig. 3. Plot of In AT vs. 1/7". ( 0 )  315-500p,  m; (1"7) 90-125/xm; (A) 63 -90p ,  m; (<>) 
45-63  p,m. 

proport ional  to the ins tantaneous  reaction rate [5, 6]; (iii) in the initial part 
o f  the D T A  crystall ization peak the change  in the temperature  has a much  
lower effect than a on  AT [7]. 

In Figs. 2 and 3 the plots o f  In/3 vs. 1/Tp and In ATvs .  I / T a r e  shown.  The  
values o f  Eo and mEc obta ined  from such plots  by means  o f  eqns.  (1) and 
(2) are s h o w n  in Table  1 .  

The  mEc values appear to increase as the specific surface area o f  the 
samples  is increased.  Th e  oppos i t e  result is usually obtained,  o w i n g  to the 

T A B L E  1 

Kinetic parameters 

Powderdiameter  E~ mEc ~ 
(p.m) (kcal mol - i )  (kcal moi" I) 

315-500 
90-125 
63-90 
45-63 

127 155 
274 

148 426 
392 

" Taken from D T A  recorded at 10°C min-' .  
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Fig. 4. Optical micrograph of bulk sample after 3 h at 1000°C (1 min etching, original 
magnification 200×). 

Fig. 5. Scanning electron micrograph 0fpowdered sample sintered and devitrified during a 
DTA run (3 min etching, original magnification 4 0 0 0 x ) .  
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fact that  increased specific surface a rea  m e a n s  g rea t e r  t endency  to devitr ify 
by g r o w t h  f rom surface nuclei  so t h a t  m is progress ively  r e d u c e d  to the 
value m = 1. In the  ease of  the  glass s t ud i ed  t h e  closeness o f  the  mE~ v a l u e  
(155 kcal m o l - ' )  for  the coarsely  p o w d e r e d  sample  to the  ave rage  of  the Ec 
values ( 1 3 7 ± 1 0 k c a l m o l - ' )  is indicat ive of  surface devitr i f icat ion and  
the re fore  very low h o m o g e n e o u s  nuc lea t ion  rates.  Never the less ,  t ak ing  into 
account  that  devi tr i f icat ion occurs  dur ing  s inter ing,  it can be  expec ted  tha t  
surface nuc le i  f o r m e d  at lower  t e m p e r a t u r e s ,  can behave  as bulk  nuclei  in 
well s in tered  samples .  S in ter ing  is f avoured  by a h igher  s ample  specific 
surface area,  so the obse rved  change  of m f rom 1 to 3 can thus  be expla ined .  

In Fig. 4 the  opt ical  mic rog raph  of  a bulk  sample  hea t  t r ea ted  for  3 h at 
1000°C is r epor t ed .  It shows only clear  signs of surface devitr if ication.  
Figure  5 shows the S E M  mic rog raph  of a p o w d e r e d  (170-230  m e s h ) s a m p l e  
after  a D T A  run at 10°Cmin  -t  hea t ing  rate ,  s t o p p e d  j u s t  af ter  the  
devitr if icat ion peak .  A qui te  well s in tered  sample  has b e e n  ob ta ined .  It has 
been  very finely devitr if ied.  T h e  crystal shape  appea r s  to be consis tent  with 
the m e a s u r e d  value of  the  A v r a m i  p a r a m e t e r  m = 3. 

CONCLUSIONS 

The  fol lowing conclusions  can be d rawn f rom the expe r imen t a l  results.  
(1) The  crystal g rowth  act ivat ion energy  Ec = 137 4- 10 kcal mol  - t .  
(2) T h e  h o m o g e n e o u s  nuc lea t ion  ra tes  are  very low. Never the less ,  

surface nuclei can b e h a v e  as bulk  nuclei  in p o w d e r e d  samples  tha t  
s inter  before  devitr ifying.  
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