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ABSTRACT 

The stability of E 0,-?bC glasses under in situ electron irradiation hav* 

been investigated owing to a carefull measurement of the local temperature rise 

of the sample under the beam. It is shown that, both inside and outside 

irascibility gap, droplets of pur lead feature Brownian "otion and coagulate at a 

rate depending or, the electron flux and the temperature. The evolution of the 

density of particle have been measured and by using the coagulation theory of 

Snol uchowsky, the viscosity of the practically pur 3 0 matrix has been obtained 

: it is drastically reduced by up to 10 orders of magnitude by irradiation. It is 

shown and discussed that this effect come from electronic excitation but is much 

more important when atomic displacement are present. 

1 - INTRODUCTION 

The effects of irradiation in glass materials can be studied at two levels 



the nature of the microscopic defects which have been the topic of a lot of works 

[1,2] and the macroscopic consequences of the presence and evolution of these 

defects [3-10]. 

The nature of radiation induced defects in glasses is always the object of 

controversies. To kind of defects are two be considered in oxyde gxï&ses : 

electronic defects such as electron-hole paires and displacement defects created 

only when the irradiating particles are able to transfert at a knock-on atom, an 

energy higher than a threshold usually called displacement energy. This parting 

is not so clear because electronic defects, in glass, are usually trapped at 

impurities or at displacement defects, "ore, electronic defects can induced 

displacement defects through a radiolytic mechanism [8]. 

The macroscopic consequences of the elementary defects have been less 

studied. However it is now clear that radiochemical reactions occuring in glass*-.» 

are able to mobilized the elements of the modifier [9,lCj for instance, oxygen 

and sodium in the Si0_-Na_0 systeir leading to a redistribution of sodiun [7] and 

to an agglomeration of cxyger. as bubbles in the bulk [A] or to a loss near the 

surfaces, when the temperature is high enough. Through these effects irradiation 

may destabilize glasses : "equilibrium" phase diagram are no more valid under 

irradiation. 

Mobilization can also be seen as a modification of the diffusion coefficient 

under irradiation. From this point a view, it is a pity that no information, 

about the effect of irradiation on the diffusion coefficient of the 

•l«ctropositif element of the glass formers (B, Si, Ge, etc...), are not until 

now available. 

Concerning the viscosity of glasses under irradiation very little has been 

done. In 1960, G. Mayer and K. Leconte pointed out that the viscosity of fused 

• 12 2 
silica irradiated at 60 C under a flux of 2.10 fast neutrons/cm is the sane as 



at 600*C without irradiation [11]. Maxim et al. found a similar behaviour in 

alominc—silicates glasses always under neutron irradiation [12]. V. Primak 

reports that the stress relaxation of vitreous silica under irradiation can be 

u»f>pstood by assuming-e^eduction of the viscosity ; he points out that this 

effect is observed also with low energy electrons which do not create atomic 

displacements [13,14]. We previously mentioned [15] that viscosity can be 

estimated by transmission electron microscopy in a B_0,-PbC glass exhibiting 

phase transformation. The aim of this paper is to relate a work on the stability 

of the 3?0_-PbC glass, a low melting point system extensively studied outside 

irradiation [16]. 

2 - EXPERIMENTAL PKOCED'JF.-

The lead-berate glass containing 7,2 wt % PbO is nelted in a platiniur 

crucible. These foils are obtained by blowing clear glass bubbles from the melt. 

The electron irradiation were perfortmed in situ by a transmission electron 

microscopy either at low energy (60 - 125 keV) with a conventional device or with 

a high voltage electron microscope at 1 MeV. The electron flux varies from 
17 1° - 2 -1 5,6.10 to 4,5.10 " e /cir. s , in th» temperature range 100 K - 78C K. 

We want to emphasize that such a work under irradiation is meaningful only if 

the temperature rise under the beam T is studied carefully. It was done by 

determining the reversible solid-liquid transition of small isolated Indium 

islands deposited at the surface of the sample. It is found that T varie from 10 

to 200 K depending on the electron flux and the energy. 

3 - RESULTS 

No contrast or a very faint contrast typical of the beginning of spinodal 

decompsition is observed in the> as prepared glass. After a time depending on flux 
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and teaperature, but always very short fro» one second to few Minutes spherical 

droplets appear. At high teaperature and flux enough, it leaps the eye that those 

dark droplets are like being alive in the matrix. 

The radius of the spherical particles increase with time (Fig. 1). As_ shown 

in Figure 2 it is clearly a coagulation mechanism which control the growth and 

the coalescence (and not a diffusional and an Oswald mechanism) 

a - Phase separation 

The composition of our glass is in the miscibility gap of the amorphous B ?9, 

-PbO system. We assumed in our previous paper that the particles appearing under 

irradiation have the equilibrium composition (B_0g, 43 wt % PbO) [161• 

Diffraction patterns at 600 K show clearly that they are in fact made of pur lead 

and that the matrix is almost pure B ?0_. Oxygen bubbles have been observed only 

under low energy electron irradiation below 290 K (Fig. 3). Some experiments 

performed at higher PbO concentration, outside the miscibility gap, show clearly 

lead particles too. 

Furthernore, irradiations performed in a 2% PbO sample previously phase 

separated outside irradiation show than equilibrium precipitates are unstable 

under irradiation and decompose giving finaly a microstructure identical to a non 

predecomposed glasse (Fig. 4), 

b - Viscosity 

What we observe looks like the Brownian motion of lead particles in a low 

viscosity matrix [15]. 

Assuming that their is no interaction between particles, the viscosity of 

B-0. can be calculated by using the Smoluchowski model of coagulation. It can be 

shown within, the hypothesis of the self preserving size distribution of 

particles, that the number of particles per cubic centimeters N is given by the 

relation : 

•m 



l/H « - .VcTt/3|a-

Nhere t is the *ime, T the temperature and IX the viscosity. A is related to the 

integral of the distribution of the particles. 

The «volition of the histogram of sixe shows that the self preserving 

hypothesis is valid (Fig. 5) and that A « 4, the value obtained for homogeneous 

hydrosol [12]. 

By scaling 1/N versus t the viscosity lA.can be calculated [10]. 1/N is not 

actually linear in time on the whole time scale : two slops can be seen, one at 

short time (small particle sizes) and another for longer time (large particle 

sizes). Ve believe that this behaviour is an effect of thin foils which appears 

when the particle size is no longer negligible compared to the thickness of the 

foil. The following results are relevant to the short time linear part of the 

curve, but the second part give qualitatively the sane behaviour. 

For the entire energy range (60 - 125 keV and 1 KeV)'and the electron flux 

range a drastic reduction of the viscosity under irradiation (Fig. 6) is 

observed. At low energy (12S keV) the viscosity can only be estimated above 

470 K, with an activation energy equal to that of the liquid. On the other hand, 

the viscosity under high energy electron irradiation exhibits an athermal 

behaviour between 320 and 570 X. In the medium temperature range the sane 

features as at low energy are observed. 

4 - DISCUSSION 

The stability on the S.O.-PbO glass under irradiation shows the same features 

ss silicate glasses. The PbO component is reduced under irradiation, as in many 

common glasses [3,4], free oxygen either agglomerates to give bubbles or leaves 

the thin foils depending on the temperature and Fb ions (or atoms) give colloids. 

The experiments on predecomposed samples shows clearly than the final state does 



not depend on the initial state. Those final stats bssing s biphassd system : 

pur* lead and alaost pur B-0, 

It is precisely those colloids or lead particles which render possible the 

•valuation of the viscosity of B,0_. It must be understood that the Measurement 

ofK, using the previously described techniques cannot be precise, but because of 

the tremondous effect it does not really natter. As shown in the Figure 6 

electron irradiation drastically reduces the viscosity of B.O.. 

Because such an effect is observed even at 60 keV, an electron energy which 

cannot induce atomic displacements, it is clear that the origin of this effect 

must be sought in electronic excitation. 

The lack of microscopic model of viscosity of glass even outside irradiation 

renders difficult any deep discussion of the effect of irradiation. However the 

decrease of the viscosity with increasing temperature can be intuitively 

understood as a consequence of the weakening of the bonds. The higher th? 

tenperature, the higher the number of brooken bonds. Under irradiation the 

electronic excitations, hole and electron pairs eventually trapped at impurities 

or point defects result in weakenning of bonds. The highest efficiency of 1 VeV 

electron irradiation could seem surprising because the higher the electron energy 

the lower the cross section for electronic excitation. However, assuming that 

free or trapped electronic defects are at the origin of viscosity, it can be 

proposed than the effect observed is due to the high atomic displacement rate 

under 1 MeV irradiation leading to a great amount of point defects (at 

saturation} able to trap electronic defect such as the well known E' centers in 

silica glass,{1,2]. On the other hand the low energy irradiation does not create 

such traps and cannot sustain a very high level of electronic defects, hence a 

smaller effect on viscosity, the behaviour of which at low temperature cannot be 

known by using our experimental method. 
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PIG. I : Kinetic .of coagulation at 670 K and 4.8 10 1 8 e~/a»2 s 

FIG. 2 : An example of a coagulation 
event shown in the dark framework. 
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Fig. 3 : Test of self-preservation. 



Fig. 4 : Oxygen bubbles in a B-O. - 7,2 wt Z PbO irradiated by 125 keV e" 
1 8 — 2 5.10 e /cm s, after 20 mn. 

253 K 

Fig. 5 : Decomposition under 125 keV e irradiation of "equilibrium" precipitates 
in a 22 wt 2 PbO sample at 313 K, 5,6.1017 e~/cm2 s. 
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FIG. 6 : The viscosity of B-0. under e irradiation. The right hand side curve 
viscosity outside irradiation measured by a macroscopic method (10). 
• 125 keV, 5.6 1 0 1 7 e"/cm2 s ; * 125 keV, 5.6 10 1 8 e"/cm2 a 
O 125 keV, l.t 1 0 1 9 e"/cm2 s 

O 1 HeV, 1.4 10 1 9 e"/ca2 s ; 1 MeV, 4.5 10 1 9 «'/cm2 s 


