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1. INTRODUCTION 

Optical properties of fluoride glasses make them attractive materials 

for optical transmission and low-loss optical fibers |1|. The theoretical at

tenuation lies between 10" 2 to 10" 3 dB/km at 3 urn |2, 3|, while the actual 

typical losses of industrial fibers are between 10 and 30 dB/km at 2.6 um |4| 

and decrease regularly. 

In order to develop optical fiber systems in nuclear media, 1t is es

sential to observe the behavior of these fluoride glasses under Irradiation. 

Only few data are available on this matter, and they are limited to bulk sam

ples |5, 6|. This paper deals with the evolution of the optical transmission 

(from U.V. to mid I.R.) of ZBLA glass under radiation exposure 

2. EXPERIMENTAL 

Glass samples 1n which the composition 1s derived from ZBLA | 1 | are 

manufactured by Le ^em Fluoré S.A. as bulk samples, preforms and optical 

fibers. Gamma irradiations are carried out at 40* C in a Co 60 irradiator at 

400 Krads.hour"1 (4 Kgrays.h"1). The optical transmission of bulk samples and 

preforms is meas-red using a Beckman 5740 spectrophotometer operating between 

200 nm and 900 nm. 

In these first experiments, the influence of y-1rrad1at1on on the op

tical transmission of fluoride glass fibers 1s carried out by means of an opti

cal set-up including a 250 watts quartz-halide source, a.monochromator, fluo-



ride glass lenses, a Pb-S detector and a look-in amplifier |i|. 
3. RESULTS 
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3.1.1. Induced cosses 

Tne optical attenuation of y-lrradiated fluoride glasses is substan
tially increased. The attenuation magnitude 1s larger at shorter wavelengths. 
The Induced optical density (Ob) in the reference spectral range varies as a 
logarithmic function of Irradiation time, as shown in Fig. 1 at 500 and 900 ntn. 
As for silica |7|, Irradiation gives rise to the decrease of the optical trans
mission range from the U.V. spectrum. Observed losses are around 1300 dB.nf1 

at 800 nm"1 and 80 dB.m"1 at 900 nm for a total dose of 400 kgrays. The infra
red range which 1s less sensitive to Irradiation was studied only on optical 
fibers. 

3.1.2. Rejuvenation 
The thermal treatment of Irradiated fluoride glasses leads to the fol

lowing observations : 
- the rejuvenation of the material allows an almost complete set back of the 
optical transmission to the original level, as shown in Fig. 2. 
- after rejuvenation, the kinetics of losses are unaffected for new irradia
tions. This Indicates that thermal agitation allows fluoride glass structure 
to be reordered and thus the material does not keep the '•memory" of previous 
irradiations ; 
- while thermal agitation results 1n the material rejuvenation, this rejuvena
tion obviously depends on temperature (Fig. 3). Indeed, at room temperature, 
this phenomenon 1s observed but with a slower kinetics. This self rejuvenation 
must be known accurately for the interpretation of discontinuous measurements. 
- The rejuvenation is also a logarithmic function of time. Fig. 4 shows the 
evolution of the ratio (00^/(00)^ versus time. (0D)„ is the Induced optical 
density after relaxation and (OD), is the Induced optical density just after 
irradiation. 
- The rejuvenation observed after heat treatment varies as a function of wave
length. As shown in F1g. 5, a particular colored center at 280 nm shows a reju
venation kinetics lower than that of the whole spectrum. 
- The instant rate of rejuvenation as a function of temperature T is plotted 



in Fig. 6 for different durations t of heat treatment» from 6 mn to 1 hour. 
The instant rate of rejuvenation V, R may be written as : 

a and b are constants. If T is expressed In Kelvins and t in minutes, then 
a = 0.222 and b = -57.3, for X = 500 nm. Of course, a and b vary with wawe-
length. 

3.2. Fibers 
A standard fluoride glass fiber (core 0 70 urn, cladding 0 140 urn, 

length 10 m, numerical aperture 0.2) was measured, then irradiated to 0.2 and 
0.4 kgrays at 4 kgrays.h"1. Spectral losses before and after Irradiation are 
shown in Fig. 7. A large increase in attenuation is observed : around 300 dB. 
km"1 for 0.2 kgray and 800 dB.km"1 for 0.4 kgray at 2.5 urn. By comparison with 
the original transmission curve, the OH peak is partially hidden in the back
ground. However, there is no convincing evidence for a change in OH concen
tration. By heat treatment of irradiated fiber, a rejuvenation similar to that 
of preforms is observed. 

In order to confirm the rejuvenation process, an Irradiated preform 
(integrated dose 32 kgrays) was drawn Into fiber. The corresponding spectral 
losses are compared in Fig. 8 to those of a standard fiber and the rejuvena
tion seems to be complete. 
4. DISCUSSION 

The absorption peak at 280 nm, which Is observed after heat treatment, 
may be associated to a particular colored center induced by irradiation. Colo
red centers correspond to structural defects which may be in turn removed by 
thermal agitation according to their proper kinetics. 

The relationship between instant rate of rejuvenation temperature and 
tine Is specific of the material. It suggests that the structural reordering 
implies ionic or molecular diffusion. Further studies are needed in order to 
determine the physical equations which apply. 

The reproducibility of the attenuation kinetics for the Irradiation 
and rejuvenation cycles make possible a correlation between optical losses and 
irradiation. A dosimeter using fluoride glasses 1s conceivable. 
5. CONCLUSION 

Gamma Ray exposure of ZBLA-type preforms and optical fibers results 1n 



an important Increase of the optical losses. The induced structural defects 
are almost completely reversible 1f convenient heat treatments are carried out. 
The kinetics of rejuvenation which Is a function of time and temperature is 
certainly a fundamental characteristic of the material. The corresponding kine-
tical parameters could be a signature of the material. 
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Fig. 3 : Regeneration of ZBLA g l a s s by heat treatment : 
. (0D)r • induced o p t i c a l densi ty a f t e r heat treatment 

(0D)i - induced opt i ca l dens i ty j u s t af ter irradiation 
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Fig. 2 t Induced optical density as a function of radiation 

and heat treatment at different temperature. 
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Fig. 4 : Post irradiation recovery of induced loss for 
ZBLA glass at room temperature. 
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Fig. 5 Spcccral earaceeriscics of ZBLA glass : 
1. afcer irradiation 
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3. after 13 hours of heae ereacnene ac 423K 300 

Ttmprfolwt (K) 
3 SO (00 (SO 

lo»» \tUii„) 

* I-, 

0 jrA»ift\oo reeii 
0 R0AOHTEOr«JCR I^Kjij 
(3) ISUA&AUO neea 0,4 Kg 

F i g . 6 : Instacaneous race of Vege-
neracioa as a function of 
temperature ac 500 tun (OD.h-1) 

[on(A/Vm) 

100 

59 

0 aTAKOAro riceiT 
0 rteat wot H W 

iPOAOiAftO PRtflMM 

OS 
Wjvflogfh («urn}. W4v«bng|l» ( « w e n ) 

Fig. 7 ; Speccral caractariscics of ZBLA 
fibers : 
1. before irradiation 
2. afcer irradiation (0,2Kgray) 
3. afcer irradlacion (0,4 Kgray) 

Fig. 8 : Speccral caracceriscics of ZBLA 
fibers : 
1. standard fiber 
2. fiber Bade from an irradiated 

prefora (32 Kgrsys) 


