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INTRODUCTION 

Great advance in understanding the na
ture of point defects in crystalline metals 
has been achieved by employing position an
nihilation technique. Positrons detect va
cancy-type .efects already at the concentra
tions of a few ppm and the lifetime value 
of trapped positrons gives information on 
the size of submicroscopic vacancy agglome
rates and microvoids (1). However, annihi
lation characteristics in various amorphous 
alloys have been observed to be rather in
sensitive to the physical state of the al
loys. Room temperature electron irradiations 
(2,3) and deformations (4,5) have Heen re
ported to cause almost no changes in the 
positron parameters. Even the crystalliza
tion seems to reduce only slightly the po
sitron lifetime values in the alloys (3,9). 
In,this paper we show that low-temperature 
electron irradiations can result in a consi
derable increase in the positron lifetimes 
in various amorphous alloys because of the 
formation of vacancy-like defects which, in 
addition of the pre-existing holes, are 
able to trap positrons. 

EXPERIMENTAL 

Studied amorphous alloys were Fe 8 0B,Q, 
Pdgg Si,Q and Cu 5 Q Tij Q prepared by melt-
spinning technique, and Fe^Ni^Pj _,B6 obtai
ned from Allied Chemical Company. Before 
experiments the amorphous structure of the 
specimens was verified bv ;<-rav measure

ments. Electron irradiations were performed 
with 3 MeV electrons at 20 K under liquid 

19 - 2 hydrogen to doses around 10 e /cm . For 
positron studies three identical pieces of 
the irradiated specimens with dimensions 
SO ym x ? mm x 10 mm were put on both side 
of a 10 uCi Na positron source. Isochro
nal annealings of 30 minutes between 77 K 
and 300 K were made under vacuum. After 
each heat treatment positron lifetime spec
tra were measured at 77 K by using an ordi
nary fast-slow coïncidence system with a 
time resolution of 280 psec (FWHM) in expe
rimental conditions. After source-back
ground substractions the spectra were ana
lyzed with one exponential decay component. 

RESULTS AND DISCUSSION 

Positron lifetime results in non-irra
diated specimens are seen in Table 1. In 
all cases the measured spectra were charac
terized by using only one exponential decay 
component and attempts to fit them with two 
lifetimes were unsuccessful. However, we 
want to point out that this does not stric
tly mean the existence of only one specific 
positron lifetime in an amorphous alloy. As 
well there might be several of them which 
are sc close (typically t 20 ps) to each 
other that they can not be separated in com
puter analysis. In this case, the measured 
positron lifetime values represent the ave
rage of the different components. Anyhow, 
Table 1 shows that in the as-recieved state 
of the alloys the obtained positron life-



Tabla I : Positron lifatimes in as-raciavad and 
alactron irradîatad Fa^ 82<), Pd,0 Si 2 Q, 
C u50 T l50 a B d F*40 S i40 P14 86 * l l o y , • 
For comparison, charactaristic lifetime 
valuas in mitailie cooponants of tha al
loys ara also shown. 

T(ptac) (psac) 

Amorphous as-raciavad »s-irr»di.-.t*d 
F ,80 B20 142 • 1 157 î I 

M 8 0 S i20 155 : i 162 t 1 

C u50 T i50 159 i 1 176 * 1 

P ,40 N i40 P14 B6 147 t 2 157 î 2 

Crytcal bulk vacancy 
Fa (réf. 10) 110 171 
Si (réf. P ) 110 180 
Pd (r«f. 12) 118 -
Cu (raf. 13) ' 122 180 
Ti (prêtant work) 152 222 

time values are clearly higher than the bulk 
values for the crystalline metallic consti
tuents of the alloys, but still lower than 
the lifetimes at monovacancies of these me
tals. In the case of Fe & 0 B 7 Q and Fe^Q N i 4 0 

P-4 B 6 it further turned out that heat 
treatments of the alloys below the crystal
lization temperature change the lifetime 
values less than 2 psec. When the specimens 
were crystallized (30 min at T c • 209C) we 
saw a small decrease of «.bout 5 psec, but 
even after the crystallization the lifetime 
level seemed to be still well above the va
lues measured in carefully annealed pure 
metals.These observations are in a good 
agreement with e.g. the earlier positron 
lifetime results on Fe 4 Q Ni 4 Q P-4 B, repor
ted by Howell and Hopper (5) and Mihara et 
al (9). In fact, the high positron lifetime 
level in the as-crystallized states of the 
alloys is not surprising since these states 
are strongly heterogeneous containing high 
concentration of defects like dislocations, 
grain boundaries, structural vacancies etc., 
which are known to be effective traps for 
positrons and cause an increase in the posi
tron lifetime. Altogether, the obtained re
sults suggest that in the aincrphous stats 

all positrons are trapped by some quenched 
in cavities the effective size of which is 
less than one atomic volume. This kind of 
ideas have been previously presented also 
by Kajcsos et al (14) and by Cartier et al 
(15). 

Clear changes in position lifetime 
spectra were found due to the low-tempera
ture electron irradiations in all studied 
amorphous alloys. However, the spectra were 
again well-characterized by using only one 
decay component, but again, as discussed 
earlier in the case of the as-recieved sta
te, one must keep in mind the limitations 
of the computer analysis to separate close 
lifetimes from each other. The obtained po
sitron lifetime values are shown in Table 1. 
A clear increase in T is seen. In fact, the 
positron lifetimes in '.he as-irradiated al
loys are rather close to the monovacancy 
values also shown in Table 1. The observed 
increase of the positron lifetime directly 
indicates that low temperature electron ir
radiations produce such defects in amorphous 
alloys which can trap positrons. Further, 
the average size of these vacancy-type de
fects seems to be near one atomic volume, 
i.e. they are bigger than the pre-existing 
holes. Anyhow, the total change in T is not 
as pronounced as observed in crystalline 
metals after identical electron irradiations. 
It has also been shown that, compared to 
crystalline metals, electron doses which 
are one order of magnitude higher 
are needed to saturate the position lifetime 
in amorphous metals (16). Two factors can 
be given. Firstly a considerable amount of 
positrons is a'ways trapped by the pre-exis
ting holes so that there exists a competi
tion between positron trapping into these 
holes and into the irradiation induced de
fects. This results in the fact that only 
a part of the defects are detected by posi
trons. The second factor is the lack of 
channeling and focussing phenomena in amor
phous materials. The atoms deplaced by elec
tron collisions can not move far from their 
original sites. Therefore it can be imagined 
that the damage structure i, very unstable 
and thus rhe number of defects still exis-



ting at 77 K is smaller than in crystalline 
metals. 

Fig. 1 represents the recovery beha
viour of the positron lifetime in the four 
electron irradiated alloys. It is seen that 
T decreases continuously between 77 K and 
500 K. No clear stages typical for crystal
line metals are observed. This means that 
the stability of the vacancy-like defects 
created by irradiation is widely dispersed 
in metallic glasses. Fig. 1 shows that va
lues very near those measured in the non-
irradiated specimens were detected after 
heat treatments at about 300 K. It indicates 
that practically all vacancy-type defects 
anneal out below room temperature and also 
explains why only faint changes in positron 
parameters have been detected in previous 
studies of electron irradiated amorphous 
metals (2,3). It is also interesting to 
notice that, on the contrary to pure iron 
where positron annihilation studies have 
revealed the clustering of vacancies at 
around 220 K (10), no sign of the formation 
of any big cavities could be seen during 
the recovery of the irradiation induced 
defects in any studied amorphous alloys. 

Additional information on the recovery 
behaviour of the radiation damage in iron 
based amorphous alloys has been recently 
obtained by magnetic after-effect measure
ments (16). It has been shown that the de
fects anneal out very quickly. Between 77 K 
and 300 K the mean number of reorientation 
jumps before defect annealing was never de
tected to higher than ten. This meansthat 
no long range migration of the irradiation 
induced defects can take place in amorphous 
alloys. 

A possible model which explains all 
observed irradiation effects in metallic 
glasses is the following. The colliding 
particle opens a new cavity, the si:e of 
which is distributed from zero to one ato
mic volume. For this cavity ("vacancy") we 
have to assume an antidefect (''intersti
tial") which is made of a compressed zone 
in the neighbourhood of the cavity. This 
induces a high local stress making the de
fect unstable and, when the température is 

1 , r 

100 200 300 
ANNEAUNG TEMPERATURE (K) 

Fig. 1. Positron lifetime as a function of isochro
nal annealing température in various amor
phous alloys electron «rradiaced at 20 K. 
Dotted lines in Che right margin of the f i 
gure represent positron lifetime values in 
the as-recicved scats of the corresponding 
alloys. 

high enough, after a few osci l lat ions the 
cavity collapses. The continuous decrease 
in the positron lifetime between 77-300 K 
can be understood e.g. so that the biggest 
cavities are most unstable and thus anneal 
out f i r s t . It will be interesting to see by 
further experiments, whether i t is possible 
to observe below 77 K s t i î l longer positron 
lifetimes indicating bigger irradiat ion-
induced cavities. Some hints to this direc
tion are given by the recovery behaviour 
observed in the present work : in a l l stu
died alloys the positron lifetime seems to 
decrease already after the f i rs t heat t reat
ments . 



CONCLUSIONS 13. 

We conclude that in the as-recieved 14. 
specimens all positrons are trapped by some 
quenched-in cavities, the average size of 
which if less than one atomic volume. Addi- 15. 
tional vacancy-like defects are created by 
low-temperature electron irradiations. 16. 
These defects being of one atomic size are 
bigger than the pre-existing holes. Th*y 
recover continuously between 77 K and 300 K 
so that above room temperature there exist 
practically no radiation induced vacancy
like defects. 
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