
Positron Annihilation Measurements İn Deformed Iron
AMülkadir AKSOY •

SUMMARY

Positron annihilation lineshape measurements are performed on de
formed iron. The samples used are püre iron (MARZ grade from MRC) 
and commercial ARMCO iron. Samples from both lots were deformed to 
thickness reduccions of 60% and 5%. Isothermal annealing at room 
temperature shov/ed that in püre iron the lineshape parameter remained 
constant, while in the commercial ARMCO iron an annea'.ing effect vvas 
measured. This indicates that positron traps become inefficient when 
enough impurities are present.

ÖZET

Deforme demirde pozitron annihilasyon hat şekli ölçümleri yapıldı. 
(MRC den MARZ derecesi) saf demiri ve ticari ARMCO demiri numu
neleri kulanıldı. Her iki çeşitten parçalar % 60 ve % 5 nisbetinde kalın
lık azaltılmakla deforme edildi. Oda sıcaklığında izotermal tavlama sonu
cu, ticari ARMCO demirinde bir tavlama tesiri ölçülürken saf demirde 
hat şekli parametresi sabit kaldı. Bu gösteriyor ki yeterli impurite bu
lunması halinde pozitron tuzakları yetersiz hale gelir.

INTRODUCTION

When positrons from a radioactive source such as ^Na are injected 
into a material, they are very quickly slo.ved dcwn to thermal velocities. 
The thermalizcd positron diffuses through the lattice until it annihilates 
with an electron of the material, emitting b.vo 511 keV gamma rays. The 
thermalization time is of the order of a few picoseconds and is much 
sınailer than the lifetimc of the positron in a solid which is of the order 
of a few hundred picoseconds. There are three basic techniques for doing 
positron annihilation research, i.e. lifetime measurements, angular cor-
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relation measurements and Dopplerbroadening measurements. The life- 
time of the positron is determined by the electron density at the position 
of the positron. Angular correlation curves and lineshape measurements 
are determined by the distribution of linear momenta of the electron 
with which the positron annihilates. Since the positron itself is therma- 
lized, the linear momentum of the positron-electron pair at the instant of 
annihilation is determined by the momentum of the electron.

EXPERIMENTAL PROCEDURE

The principle for performing Doppler broadening measurements (1) 
is given in figüre 1. The component of the linear momentum in the diıec- 
tion source-detector causes a Doppler shift of the measured energy of 
the annihilation gamma’s. The energy of the two annihilation quanta is 
given by:

Eı,2=moC2±p,e/2

In order to characterize the lineshape, a lineshape parameter or so called

Figüre 1. The principle for performing Doppler broadening measurements of the 511 
keV annihilation line.
(PA: preamplifler, A: amplifler, BA: bias-ampllfier, MEM; memory, 
ADC: analog-to-digital convertor, Stab: stabllizator).
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S-parameter is defined. This is the ratio of the content of a Central in- 
tcgration windcw, to the total numbcr of counts (8 = m, N). When the 
annihilation üne becomes narrower, the S-parameter increases (3).

Positrons can be localized by defects vvith a suitable attractive po- 
tential. Defects vvith vvhich the positron can form a bound state are va-

Flgure 2. The positron annihilation lincshape for aluminlum.
(1) Lineshape for the annealed aluminlum.
(2) Lineshape for ine strongly deformed (%64) aluminlum.
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cancies, vacancy-agglomerates and dislocations. Since the eleetron den- 
sity and the momenttim distribution of the eleetrons seen by a localized 
positron, is different from the eleetron density and the momenttim distri
bution seen by a delocalized or free positron, effects of trapping on the 
lifetime, on the angular corrclation curve and on the lineshape of the 
511 kcV annihilation line can be seen.

VVhen a metal is deformed, mainly dislocations are introdııced. Be
side those defects, also vacancies and interstitials are formed.

The effect of deformation on the lineshape of the 511 keV line for 
aluminium is illustrated in figüre 2. The tvvo 511 keV lines are normalized 
to the same area. Lineshape 1 is for the annealed aluminium and lines
hape 2 is for the strongly deformed (D Z>0=64 %) aluminium. As can 
be seen for deformed metals, a narrower lineshape is measured This 
means that the lineshape parameter for deformed materials (\vith defects) 
is highcr than for annealed materials (5).

RESULTS AND DISCUSSION

Defect propcrties in iron (and in other body centred cubic refractory 
metals) are very much infhıenced by interstitial impurities such as car- 
bon, nitrogen, ... Results from the study of deformed iror. vzith the po
sitron annihilation techniques are very scarce. From a study of the li
neshape parameter as a funetion of the thickness reduetion of the speci- 
men by MacKenzie (4), it can be concluded that in <Ferrovac E» com- 
mercial iron with a purity of 99.97 % an isothermal annealing takes place. 
The data are represented in figüre 3. The dots are the data obtaincd im- 
mediately after deformation. The squares are the results cbtained after 
36 hours of recovery. It is noticed that after 36h the lineshape parameter 
beeomes smaller.

From a recovery study of deformed iron with positron annihilation 
measurements by Hautujarvi et al. (2), it can be concluded that the an
nealing behavior depends slightly on the purity of the sample. The data 
are represented in figüre 4. The results can he explained by partial bloc- 
king of the dislocations by carbon impurities, which makes those dislo
cations less mobile.

In order to have a elearer insight into the influence of the purity of 
the iron samples on positron annihilation results, iron specimens of dif
ferent purity were investigated. The iron used was on the one hand com- 
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mercial Armco iron with a purity of 99.86 % and on the other hand 
MARZ grade iron (this is iron characterized by Masspectrometcr Analy- 
sis, Residual resistivity ratio measurements = jR(298°K)/72(4.2'K), and 
Zone refined in high vacuuın) with a purity of 99.995 % from MRC

Figüre 3. The dependence of annihilatlon llneshape in «Ferrovac E» iron of 99.97 % 
purity on the degree of deformation and on the time elapsed after defor- 
matlon. The upper set of data applles to freshly deformed materlal and 
the lower set after 36 h of recorvery.

Figüre 4. The recovery of annihilatlon llneshape in two deformed irons as a func- 
tlon of isochronal (İh) anneallng temperature. The size of the polnts de- 
notes the statistical Standard.



Figüre 5. The influence of the purlty of the İron samples on po.jltron annihllatlon 
results. The commerclal ARMCO İron was of 99.86 % purity whl!e the 
MRC iron was of 99.995 % purlty.
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(Materials Research Corporation). Samples from both batches were de- 
formed to 60 % and 5 % thickness reductions. isothermal annealing at 
room temperature was follovved with the Doppler broadening technique. 
The results are represented in figüre 5. As can be seen from the data 
for the impure Armco iron an isothermal annealing is seen.

CONCLUSION

The results can be explained by the presence of carbon inıerstitial 
impuritics, wich are quite mobile bot-.veen 300°K and 460’K. and which 
are decorating dislocations, so that they become inefficient as positron 
trans.

From the results it can be ccncluded that -,vhen studying defects in 
iron \vith positron annihilation measurements, one has to be very ccrcfull 
to the presence of eventual isothermal annealing effects. These effects 
are connectcd with the presence of interstitial impurities. When isother
mal annealing effects are present, measurements need to be performed 
in an exactly known time program, othervvise different measurements 
can not be related one to the other.
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