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The positron annihilation ssasuresent was carried out with the pure
iron single crystals deforsed in various ways before ard after

hydrogen pesresation.
more in the

The positron trapping intensity was resducad
screaw dislocation than in the edge dislocation by

hydrogen charging. Tha trap accupancy by hydragen wmas very close to
the fraction of the reduction in positron trapping intensity.

INTRODUCTIDN

It has besn known that a positron is
trappad by dislocations in the
deforsed matals."-® Recently it
was found that the numbLer of edge
and screw dislocations can be
detarmined ssparataely by mesasuring
the positron lifetise spectrum in
the deforeasd iron single
crystals.®

One of the spplications of this non-

ditstructive microstructure
terizing method

charac—
is the study of
hydrogsn trapping phenomana in
metals. This stu’v is important to
understand and contirol the hydrogen
embrittlesent in sstals.

Hydrogen permmation 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
salve the above difficulty in the
hydrogen permeation wethod. Hydrogen
in metals is known an a scrassned
proton®. Since it has the sase
charge as the positron, a hydrogen
which is trapped in the defect will
repul 3 positron and will reduce the
probability of a positron trapping
in the sams type of defects.

In the present research, low
concentration of bydrogen wan
charged in the pure iron single

crystals. The positron lifetime and

Doppler broadening was msasured in
SpECimens in

the bydrogen-charged

order to identify the trap sit. and
detersine the trap density.

EXPERIMENT

Pure iron single-crystal
nere prepared

specimsans
and purified by
circulating ZrHs purification
systes. They ware deforssd by
various ways such as bending, cold
rolling at room t--p-ratur-, and
elongating at 200 K.

Hydrogen persmation mesasuramsnt was
carried out using the Devanathan and
Stachurski type electrochemical
call.™ Experimental details are
decribed in slsewhere.*~

Hydragen « charged specimans wers
quenched in the liguad nitrogen.
Positron annihilation lifetims and
Doppler broadening lins-shape were
asasured concomitantly with the
specisens before and after bhydrogen
charging. In order tc keep the
hydragen in the specimen, the
positron annihilation measuressnt
was carried out with the specissns
in the liquid nitrogen Dewar.

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 200 K. The total positron
trapping intensity was decreased
about 202 by smal) amountsS of
hydrogsn (ca. 0.3 atomic ppa).

It was found that the screw and adge
dislocations could be determ:ned
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sephrately by the merasurement of
pasitron lifetime.™ When hydrogen
was charged in 1low temperature
deformed 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
after hydroagen charging.
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Figure 1.Total positron trapping
intensity at trap site in hydrogen
charged and uncharoged iron single

crystals which
tension at 200 K.

were deformed an

The hydrogen effect was larger in a
screw dislocation than in a edge
dislocation. This is probably
because the binding of pasitron$ is

weaker in a screw dislocation than
in an edge dislocation since the
dilatatonal +field around a screw
dislocation is smaller than that

around @n edge dislocation.? Hence,

the modification of the local strain
field and the electron density
praofile 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 hydragen

permeation experiments using several
different analyzing models.®—*®

This results were compared with tha
dislocation density determined by
positron annihilation and by
transmissian electron microscopy.
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Figure 2.Positron trapping rate at
screw and edage dislocations in
hydrogen-charged and uncharoed iron
single crystals which were defarmed
in tension at 200 K.
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Figure 3.Hydrogen trao

rapom - temperature
single crystals.

density in
cold-.rolled iron

The dislocation density and hydrogen
trap density was correlated by
assuming that there is one trapping
site per uwnit cell length along the
dislocation 1line.®” The agreement

between three independent measure—
ment was good as shown in Figure 3.

The reduction of the positraon
trapping intensity of the trap in
the hydragenecharged iron could be
anticipated because when a hydrogen
atam which has the same charge as a
positron cccupies the trapping site
it will repel a positron.




Table 1.
determined

Eomparison of
by hydroaen

the trap occupancy by hydroagen
permeation method and positron

annihilation technique 1n iron single crystals deformed

in tensian at 200 K.

True strain “rap degsity Average Hydrogen Cay/Bp a1
(v) Ny, a? concentratiaon ‘(ln‘lnﬂ)/ln
Cays Uaroms’™
1 8.5 x 1022 1.44 x 1022 0-17 0.14
2.5 1.64 2 1023 2.4 x 1022 0.15 0.27
4.4 2.78 x 1023 2.66 x 222 0.10 0.14
6.9 4.14 x 1023 1.89 x 1022 0.05 0.11
*ly: positron trapping antensity in deformed specimen (without hydrogen)
Ipy: FPoditron trapping intensity in deformed and hydrogen-charged specimen
In Table 1  the Quantitative from his internal — friction
camparison between the trap measurements.
occunancy by hvdrogen atoms and the -
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from hydrogen permeation
e:xperiment. The equ:valent parameter
in terms of positron traoping
intensity can be defined by

al (Ip=Ipn) /1o

where Ip and Ipw is the nositron
trapping intensity in a specimen
defaormed but nat charged and that in
a specimen deformed and charged,
respectively. This parameter depends

on the GhLydrogen accupancy in the
defect and also on the intensity of
repulsion of positron by a trapped

hydrogen atom.
According to the theoretical
calculation by Jena et al.:2 the

electron charge pileup around the
proton is locallized. Therefore it
is anticipated that hydrogen trapped
in the defect will reduce the
positron trapping intensity by about

the same fraction as the hydrogen
occupancy.

As seen in Table 1, hydrogen
occupancy determined by hydrogen
permeation method is actually very
close ta the 41 as anticipated
above. Further, the nydrogen
Qccupancy along the dislocation
obtained in the present research is
also in good agreement with the

reported value of Gibala*=,
about 0.25.

namely
This value was obtained

76-CH Q0016.
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