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The results of a comparative study of positron lifetime and a Doppler

broadening line-shape parameter for two metallic glasses are presented. The

change of lifetime T and the S-parameter for these two metallic glasses are

shown to haw a conmon feature, i.e. at the initial stage of structural

relaxation, t presents a peak-form as a function of annealing time or

temperature while the S-parameter decreases monotonically. A possible mechanism

is proposed for explaining the peak-form of f which has been observed in many

metallic glasses: the initial rise and the following decrease of t are attributed

to the honogenization of defects taking place during the structural relaxation.

The monotonic behaviour of the S-parameter seems to indicate that the annihilation

of positrons in free state with the high momentum core electrons is negligible.
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I. INTRODUCTION

In our previous paper (Wang et al., 1985) we have presented some results

of the study on l hr> effect of structural relaxation and crystallization of two

metallic gx^as.-ts c- positron lifetime. The striking fact was the non-monotonic

shape of the lifetime as a function of isothermal annealing time or isochronal

annealing temoerature. It seemed that this phenomenon is comoon to nany

amorphous ir.*L(-Hals. For example, Tanigawa, Shima and Waseda (1982) have

shown that tr̂ . ws^iron life curves for many metallic glasses in dependence of

the isochronal annealings are of M-shape. The first peak of T appearing

during the structural relaxation was attributed by these authors to Bernal holes

and the following rise of T" was ascribed to pre-crystallization boundary

formation. In this paper we present the results of a Doppler broadening study

on the metallic glasses and attempt to give an explanation for the comparative

behaviour of T and the line-shape parameter S .

structural relaxation, the rise in TEP corresponds to crystallization (Xu, 1985).

At the initial stage of the structural relaxation the lineshape parameter S

decreases, it increases only at the later stage of the structural relaxation.

The position lifetime f presents a peak at the beginning and at the later stage of

the structural relaxation it rises up. The conim feature of the initial change of T <nd

S for the metallic glasses studied is the peak form of x and the monotonic

decreasing behaviour of S for the initial stage of the structural relaxation

and the latter change of then depends on the specific metallic glass and the

crystallization products. It is to be noted that the two metallic glasses differ

fron each other in the crystallization temperature Tc, for the Fe-Ni-based

glass Tc the temperature is 428°C (Tang, 1984) while for the Co-based metallic

glass Tc is near to 530°C (Xu, 1985).

III. CHANGE OF POSITRON ANNIHILATION PARAMETERS AT THE INITIAL STAGE
OF STRUCTURAL RELAXATION

II.

of

EXPERIMENTAL RESULTS

Our study was carried out on two metallic glasses. As- received ribbons

6Ni Q 4)82SigR10 were annealled isothermally at 425°C for different

times from a few seconds to 2 hours. Na source with intensity 10 pC was

used and the total counts amounted to 10 . S-lineshape parameter was taken to

denote the ratio of annihilation events of low momentum electrons to that of high

momentum core electrons. The results are shown in Fig.l, where the thermo-

electric power values measured on the sane, samples relative to Cu at the room

temperature 4s and the positron lifetime values for these samples (Wang et al..

1985} are also given. As we have show in the paper by (Tang, Hu and Tian,1987),a change

in As can give us information of the structural change of the metallic glasses.

The two step form of As corresponds to the two step nature of the crystalliza-

tion process and the structural relaxation does not change As essentially.

It is evident from Fig.l that the Doppler broadening shape parameter S, in

contrast to the non-monotonic change of T, decreases nonotonically in the

period of initial structural relaxation. Only after the secondary crystallization

process the S parameter begins to increase.

As-received specimens of another metallic glass

(CoQ gjFeg Q8
Nio 06Nb0 0!'75Si10B15 w e r e subjected to isochronal annealings

for 40 minutes at different temperatures. The S-lineshape parameter as well

as the corresponding positron lifetime T and the thermo-electric power values

relative to Cu measured on the same specimens at room temperature are

presented in Fig.2. The TEP value remains essentially unchanged during the

Positron lifetime and Doppler broadening parameters reflect different

aspects of the structure of materials, the former gives us information about

distribution and nature of defects and the latter explores the momentum

distribution of electrons in solids, but the apparent differences of change of t

and S (Figs.l and 2) must stem from a common basic process taking place in structure

relaxation. According to the present knowledge of the structure of metallic

glasses, the as- received samples must contain in themselves a large quantity of

defects, which are identified as free volumes as suggested by Turnbull and

Cohen (1961, 1970) or as stress fluctuations as suggested by Egami (1980, 1981).

Neglecting the real atonic nature of defects, it is safe to say that the defects

act as trapping centres of positrons and the change of the quantity and distribution

of these centres must be reflected in the change of positron annihilation parameters

tn this section we attempt to give an explanation of the variation of T and S

at the initial stage of structural relaxation, i.e. the non-monotonic change of T

and monotonic decrease of S are caused by redistribution rid homogenization of

defects.

According to Tanigawa, Shima and Waseda (1982), the free annihilation

of positrons in metallic glasses is negligible in lifetime Measurement, then the

mean lifetime can be expressed as

x = tir)

where x(r) is the size-dependence of the characteristic lifetime of defects,

and



r — linear dimension of the defect,

M(r) — trapping rate,

C(r) — distribution function of trap sizes,

and the free annihilation rate.

Assuming C(r) to be Gaussian:

(2)

then

13)

and
K>

A
(T1 (4)

where

(5)

2fi

No matter what the functions u(r) and T ( T ) are, functlonals A and

fi are definite positive and the sign of D depends on the bracket. Then we

can see that,with the assumption above. Sign y- < 0 when o is very large and

> 0 when o is intermediate. * 'Sign r—
oor

oo

In as-quenched state the structure of the metallic glasses and the size

distribution of defects are seriously inhomogeneous, the standard variation of

distribution, which can be regarded to a first approximation as a quantity denoting

inhomogeneity, must be large. As a result of the structural relaxation the size

distribution will become more homogeneous, consequently o will decrease, leading to

the increase of the mean lifetime. As the structure becomes still more homogenous,

owing to short range readjustments of the atomic sites, the secondary term in (it)

would become dominant, thus a further homogenization will give rise to a subsequent

decrease in 7, which is exactly the phenomenon observed.

The explanation of the change of the lineshape parameter is more complicated

because the exact density of states of electrons is unknown for the multi-component

metallic glass. However, we can approximate the momentum distribution with a

simple model, According to the definition of the S-parameter and the work of

Tanigawa, Shima and Waseda (1982);

, , .

(8)

where f(P) is some unknown function of momentum distribution of electrons

annihilated with positrons in free state.

If C(r.) is Gaussian, then

_ XfFtP,.

and

where the functionals

JE.
(10)
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(13)

It is seen from Ed.. (7) that if F(P3, ?2) - 0, then || > 0 for Urge

o and Ĵ " * ° f°r intermediate a, I.e. if the probability for positrons in

free state to annihilate with high nometun core electrons is negligible, the

homogenization of defects contained in the as-quenched metallic glasses will

lead first to decreasing of S-parameter as we have observed in our samples.

At the latter stage of the structural relaxation, in addition to

homogenization of defects, the total amount of defects also diminishes and the

short range chemical ordering develops a simultaneous effect of all these results in

different behaviour of positron annihilation parameters which varies from glass

to glass as we have observed in our study.

IV. CONCLUSIONS

The results of a comparative study of positron lifetime and the Doppler

broadening lineshape S parameter for two metallic glasses are presented. The

peak-form of f at the initial stage df the structural relaxation can be inter-

preted as a result of homogenization of trap sizes, the change of the lineshape

parameter seems to indicate a small probability of annihilation of free positrons

with high momentum core electrons.
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FIGURE CAPTIONS

Flg.l

Fig.2

Change of the mean positron lifetin and S-parameter as a

function of annealing time for (FeQ 6Ni Q i'oiSigBiQ;

Annealing temperature: 425°C

Crystallization temperature: 428°C (Tang, 1985)

fls: TEP value (Wang et al., 1985).

Change of the mean positron lifetime T and S-parameter as a

function of annealing temperature for (Co_ o cFe n ntNi_ noNb_ _, )-,,-

Annealing time: 40 min.

Crystallization temperature: 530°C (Xu, 1985)

As: TEP value (Wang et al.. 1985).
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