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Abstract:

Positron annihilation mean lifetime x measurements have been

performed on 7 different spciemens of silver plastically deformed at

room temperature (up to to 56%).'The positron mean lifetime x

exhibits a saturation for deformations larger than 14% thickness

reduction. The Gttcd lifetime varies from (135.9±2 ps) for annealed

silver to (207±2 ps) for the dislocation saturated value. Trapping

cross-section and trapping efficiency are calculated. Dislocation

concentration at saturation has been estimated.
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L Introduction

It is generally known that, by plastic deformation of metals a

high density of dislocations and also a certain amount of point

defects such as vacancies and vacancy complexes are introduced. If

the deformation is performed at a temperature below the stage for

migration of vacancies the defects are retained in the metal sample.

The effect of plastic deformation on positron annihilation in

metals was first reported by Dekhtyar et al.,(l), Berko et al.,(2) and

Hautojarvi (3). All sets of authors have suggested that positron may

be trapped in the core of dislocations, vacancies, vacancy clusters,

and voids which are produced during deformation. The work which

most unambiguously separates the effects of trapping at dislocation

from that of vacancies is that of Cotterill et al.,(4) who measured

positron lifetime in Aluminum samples containing dislocation

loops resulting from annealing at 80°C of quenched vacancies.

Their conclusions were limited because the density of dislocations

was insufficient for saturated positron trapping. In recent years

there have been, various reports of positron trapping in plastically

deformed metals, (5'l0)

In this paper, estimation of the dislocation density at different

degrees of deformation for plastically deformed silver is attempted.
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2. Experiment:

Before , deformation the silver samples (4 N Purity) were

annealed in a vaccum of 10'4 Pa for 18 hours at a temperature of

850°C and then cleaned chemically, rinsed in distilled water and

dried. The Ag samples were then plastically deformed at room

temperature to different degrees of thickness reduction i.e. 5.5, 16,

20, 35, 45 and 56.5%. Edge and screw dislocations are produced in

FCC. lattices. After deformation, a22Na positron source placed

between two kapton foils was sandwiched between two identical

Ag samples. The source• and samples were then wrapped in thin

aluminum foil. The positron lifetime was measured in the

convential way by detennining the time interval between the

detection of 1.274 Mev y-rays emitted almost simultaneously with

the positrons and the detection of one of the two 0.511 Mev

annihilation photons. The positron lifetime was recorded using a

spectrometer with a fast concidence system incorporating a I in. X

1 in KL 236 plastic scintillator and 8550 RCA. photomultipliers.

The lifetime resolution of the system with a60Co source was

approximately 280 ps (Full Width at half maximum). Figure (1)

shows a schematic diagram of the experimental system used for the

lifetime measunnents.

3. Theory :

Positron trapping at dislocation may be detected by

measuring some conveniet characteristics of the positron decay
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process. In the presnt experiment, the mean lifetime T, and its

change with the thickness reduction was measured. The measured

lifetime T must have different values Tf and Td when positrons

annihilate from the free and trapped state respectively, and must

vary linearly with the fraction annihilating from traps.

Consequently, in this case, the change in the mean lifetime is a

measure of the fraction of positron annihilating from the trapped

state.

The trapping probability, P,, will be equal to the fraction
annihilating from traps and we can write :

a)
x<i ~ x f

It was also possible to interpret the data in view of the

trapping model(l l l2). In this model the total fraction of positrons

annihilating at dislocation is given by :

, = r r f Xd.Nd(t).dt , (2)

where No is the total number of incident positrons, A.d is the
disintegration rate of the trapped positrons, and Nd(t) is given by :

where (u..p') is the trapping rate (u, being the trapping efficiency

and p' the dislocation density) and Xf is the disintegration rate of

the free positrons.
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where Kt = \ip' is the trapping probability per second i.e.

trapping rate.

4, Results and Discussion :

Positron lifetimes were measured in 7 pairs of deformed Ag

samples. Most measurements were repeated four times. The

Kapton foils were found to contribute «10% of the positron

annihilation data, the corresponding positron lifetime was 382 ps.

Figure 2. shows positron lifetime spectra for Ag samples with 16,

20, 35, 45 and 56% deformation. In this figure, it can be seen that

the variation on the right side of the spectrum is thickness

reduction dependent. The data were analyzed using the program

Pat fit(13).
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Figure 3. shows that x increases as the thickness reduction

increases, and that above «14% thickness reduction, the value of

the mean lifetime is approximately constant.

The results were interpreted in the way of Baram and

Rosen(l4), as follows:

A dislocation is considered to be a chain of spherical

scattering centers of density p', given by :

where b is the Burger's vector, for silver b = 2.9A0 . The trapping

probability per second, K,, is proportional to the dislocation

concentration as:

where j-i is the trapping efficiency.

The trapping efficiency \i is expressed in terms of collision
cross section a of the free moving positron with a trapping center.

where,
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is the mean thermal velocity of the positron, and a - nro
2,ro being

the trapping radius.

The dislocation density p' was calculated from the

relationship between dislocation density and the shear strain. From

this relationship, an expression for Kt is derived.

Kt = 1 . 2 4 8 x l < T 3 [ l o g ( l - R ) | 2 . ^ , (6)

where R is the fractional thickness reduction AD/D.

The next step is to insert Eq. (6) into equation (5). The best fit
of equation (5) to the experimental data is shown in Fig. 3. by the
solid line.

The values for the trapping efficiency, \i, and trapping cross

section,a, were calculated as :

u = 4.06 x 10'7 sec"1 cm3 and a = 3.77 x 10-14
cm

Inserting u. = 4.06 x 10"6 sec"1 cm3 in Eq. 5, the dislocation

density p' can be calculated.

According to our measurement the dislocation density

varies from 5.8 x 108 cm/cm3 for 5% thickness reduction to

2.3 x 1010 cm/cm3 for 35% thickness reduction.
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Fig. 1. Schematic diagram of the positron lifetime measurement
system.



(A

c
O
o
<D
O
c

O
c
O
O

Proc Tfc/rd Radiation Phyic* Conf* Al-Minia, 13-17 Nov., 1996

10

1OC JL

o 16
20
35
45
56

20 40 60 80 100 120 140 160 180 200 220 240

Channal number

Fig 2. Positron liftime spectra for Ag samples at dlflerent degree of
deformation.
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Fig.3. Experimental results and Gtted curve for lifetime as a function
thickness reduction for Ag deformed at room temperature.


