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ABSTRACT 

The 'D,+3H, f luorescence i n  f luoroz i rcona te  g lasses  has been s tudied i n  non- 
heated and heated samples. From s p e c t r a  anti decays, several  informations were 
obtained. Two types of  c r y s t a l s  grow i n  t h i s  g lass .  By thermal treatment a t  T 

g a demixtion of t h e  cons t i tuan ts  appears. It was impossible t o  ob ta in  t ransparen t  
vitroceramicC. 

INTRODUCTION 

Several  d i f f e r e n t  f luorozirconate  g lasses  provided by t h e  Laboratoire de Chimie 

Minerale D ,  University of Rennes, have been s tudied.  We present  here t h e  r e s u l t s  

obtained with ZBA (58.5 %, ZrF,, 34.5 % BaF,, 7 % AlF,) doped with pr3+ ions 

(PrF, is s u b s t i t u t e d  f o r  AlF,). 

Several s t u d i e s  of pr3+ fluorescence i n  f luorozirconate  g lasses  have been publis- 

hed ' v 2 .  The study of 'D, + =H, f luorescence is described i n  t h i s  communication. 

EXPERIMENTAL RESULTS 

0 

The 'D, + f luorescence is detected a f t e r  e x c i t a t i o n  a t  5827 A i n  t h e  hi- 

ghest sublevels  of  t h e  s p l i t  'D, l e v e l  of  pr3+ ions. Due t o  t h e  l a rge  inhomogeneous 

broadening t h e  ID,  + ,H, is very wide. In  f i g u r e  1, t h e  'D, + emission i n  non 

heated g l a s s  and heated 24h a t  330°C a r e  compared. The heated sample was c r y s t a l l i z e d  

and t ranslucent .  From t h i s  c r y s t a l l i z e d  sample appeared four  l ines .  The charac te r i s -  

tics of t h e  two higher  l i n e s  (shape and decay) were i d e n t i c a l ,  and it is assumed t h a t  
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they come from pr3+ ions in same microcrystals and same sites. Some assumption is done 

for the two lower lines. It is concluded that two principal types grow in fluorozir- 

eonate glasses. The 'D, 4 =H, emission from non heated sample is the envelope of the 

Figure 1 - 'D, + =HA fluorescence after 
0 

excitation at 5827 A from ZBA. 

pr3+ 5 % at T = 4K. (a) non-heated glass; 

(b) heated 24h at 330°C under lo-= torr, 

crystallized sample. 

corresponding emission in crystallized samples. Consequently it is suggested 

that at the two types of microcrystals correspond two major types of sites for pr3+ 

ions in glass. This confirms the conclusion from EU=+ optical spectroscopy 

Decays obey perfectly the Inokuti-Hirayama or rather Klafter-Blumen model : 

Cross-relaxation between excited and non excited pr3+ ions in pairs is induced 

by dipole-dipole interaction (s=6). For non heated samples the dimensionality D is 

found equal to 3 and p is proportional to the pr3+ concentration, as expected. 

After heat-treatments at the temperature Tg of glass transition, D was found 

smaller (D 2. 2.75) (Fig. 2). The change of dimensionality is explained by a spinodal 

demixtion of the glass constituents. The structure of one constituent in the other 

would be fractal, this fractal structure would be reflected on the pr3+ ion distri- 

bution and on the 'D, 4 =H4 fluorescence decay. 

This demixtion without crystallization was confirmed by the elastic light scatte- 

ring. Furthermore it appeared that demixtion is prior to crystallization. Consequen- 
0 

tly nucleation and very small microcrystals (<500 A), were not observed. And it 

was impossible to obtain transparent vitroceramics. 



Figure 2 - Decays at room temperature Figure 3 - Decay at room temperature 

of the 'D,+='H, fluorescence from of the 'D,+~H, fluorescence from ZBA 

non-heated ZBA glasses fitted5y pr3+ 1% heated 24h at 310°C (Tg) under 

the Inokuti-Hirayama model. (a) ZBA torr, fitted by the Klafter-Blumen 

0.5%, D=3.00, ~ 2 . 1 4  ; (b) ZBA 1% model : D = 2.75 p = 4.30. 

D=3.00, ~4.14. 

CONCLUSION 

The initial aim of this work was to observe small microcrystals in fluorozir- 

conate glasses, and to obtain transparent vitroceramics for laser application. The 

demixtion prior to crystallization makes impossible to obtain such transparent 

laser vitroceramics from fluorozirconate glasses. 
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