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REOUCTION OF THE TRAPPING OF POSITRONS IN DISLOCATED
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The positron annihilation measurement was carried out with the pure
iron single crystals deformed in various ways before and after
hydrogen permeation. The positron trapping intensity was reduced
more in the screw dislocation than in the edge dislocation by
hydrogen charging. The trap occupancy by hydrogen was very dose to
the fraction of the reduction in positron trapping intensity.
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INTRODUCTION

It has been known that a positron is
trapped by dislocations in the
deformed metals.••« Recently it
Mas found that the number of edge
and screw dislocations can be
determined separately by measuring
the positron lifetime spectrum in
the deformed iron single
crystals.31

One of the applications of this non-
destructive microstructure charac-
terizing method is the study of
hydrogen trapping phenomena in
metals. This stu^v is important to
understand and control the hydrogen
embrittlement in metals.

Hydrogen permeation method is one of
the most frequently used techniques
in the study of hydrogen trapping.
The major diffuculty in this method
is that there is no conclusive
identification of trapping site.

Positron annihilation method is one
of the complementary techniques to
solve the above difficulty in the
hydrogen permeation method. Hydrogen
in metals is known as a screened
proton*. Since it has the same
charge as the positron, a hydrogen
Mhich is trapped in the defect Mill
repel* positron and Mill reduce the
probability of a positron trapping
in the same type of defects.

In the present research, low
concentration of hydrogen w u
charged in the pure iron single
crystals. The positron lifetime and
Doppler broadening was measured in
the hydrogen-charged specimens in

order to identify the trap sitw and
determine the trap density.

EXPERIMENT

Pure iron single-crystal specimens
Mere prepared and purified by
circulating ZrH» purification
system. They were deformed by
various ways such as bending, cold
rolling at room temperature f and
elongating at ZOO K.

Hydrogen permeation measurement Mas
carried out using the Devanathan and
Stachurski type electrochemical
cell." Experimental details are
decribed in elsewhere.*

Hydrogen - charged specimens Mere
quenched in the liquid nitrogen.
Positron annihilation lifetime and
Doppler broadening line—shape Mere
measured concomitantly with the
specimens before and after hydrogen
charging. In order tc keep the
hydrogen in the specimen, the
positron annihilation measurement
Mas carried out Mith the specimens
in the liquid nitrogen Dinar.

RESULTS AND DISCUSSION

Figure 1 shows the total positron
trapping intensity of trap site in
hydrogen-charged and uncharged iron
crystals which were deformed in
tension at 2OO K. The total positron
trapping intensity Mas decreased
about 20X by small amounts of
hydrogen (ca. O.3 atomic ppm).

It Mas found that the screw and edge
dislocations could be determined
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separately by the measurement of
positron lifetime.3 Uhen hydrogen
Has charged in low temperature
de-formed iron the positron trapping
rate decreased both in screw and
edge dislocations. Figure 2 shows
the positron trapping rate in screw
and edge dislocations before and
a-fter hydroaen charging*
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Figure 1.Total positron traDDing
intensity at trap site in hydrogen
charged and uncharged iron s m q l e
crystals which Here deformed in
tension at 200 K.

The hvdrogen effect was larger in a
screw dislocation than in a edge
dislocation. This is probably
because the binding of positrons is
weaker in a screw dislocation than
in an edge dislocation since the
dilatatonal field around a screw
dislocation is smaller than that
around an edge dislocation.7 Hence,
the modification of the local strain
field and the electron density
profile by the trapped hydrogen
could be more effective in reducing
the positron trapping in the screw
dislocation than in the edge
dislocation.

The hydrogen trap density was
determined from the hydrogen
permeation experiments using several
different analyzing models."-***
This results were compared with tha
dislocation density determined by
positron annihilation and by
transmission electron microscopy.

Figure 2-Positron traopinq rate at
screw and edqe dislocations in
hydrogen-charqed and uncharged iron
singl e crystal 5 whi ch were de-formed
in tension at 2OO K.
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Figure 3-Hydrogen trao density in
room * temperature cold-rolled iron
single crystals.

The dislocation density and hydrogen
trap densi ty was correlated by
assumi ng that there i s one trappi ng
site per unit eel1 length along the
di siacation 1&ne.m The agreement
between three i ndependent measure-
ment was good as shown in Figure 3.

The reduction of the posi tron
trapping intensity o-f the trap in
the hydrogen-charged i ron cauld be
anticipated because when a hydrogen
atom which has the same? charge as a
positron occupies the trapping site
it will repel a positron.



Table 1. Comparison o-f the -trap occupancy by hydrogen
determined by hydrogen permeation method and positron
anni hi1ati on techni que anaran single crystals deformed
in tension at 200 K.
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"1D: positron trapping intensity in deformed specimen (without hydrogen)

Iraii positron trapping intensity in deforned and hydroaen-chdrged specimen

In Table 1 the quantitative
comparison between the trap
occupancy by hydrogen atoms and the
reduction o-f the positron trapping
intensity was made. In this table
the trap occupancy by hydrogen was
defined by the ratio between the
average hvdrogen concentrate on
And hydroqen trap density whz ch were
determined -from hydroqen permeation
experiment. The equivalent parameter
in terms of positron traopinq
intensity can be defined by

where ID and low is the oositron
trapoing intensity in a specimen
deformed but not charqed and that i n
a specimen deformed and charged,
respecti vely. Thi s parameter depends
an the hydropen occupancy in the
defect and also on the intensity of
repulsian af posi tran by a trapped
hydrogen atom.

According to the theoretical
calculation by Jena et a/.11 the
electron charge pileup around the
proton is local 1ized. Therefore it
is anticipated that hydrogen trapped
i n the def ect will reduce the
posi tran trapping intensity by about
the same fraction as the hydrogen
occupancy.

As seen in Table 1, hydrogen
occupancy determined by hydrogen
permeation method i s actual1y very
close to the 6I as anticipated
above. Further, the nydrogen
occupancy along the dislocation
obtained in the present research is
also in good agreement with the
reported value of Gibala*3, namely
about 0.25. This value was obtained

from his
measurements.
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