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Abstract High-purity ASARCO-copper has been Irradiated with 3MeV-
electrons at 20 X. Then the temperature dependence of modulus and, 
decrement has been measured at 2 Hs and a strain amplitude of 10 ? 
The lis location pinning in stage I can be seen in modulus and de
crement. It Is followed by a depinning process in the modulus be
tween 130 and 190 K. This depinning corresponds to the temperature 
where the decrement begins to increase again after stage. I-pinning. 
The effects are discussed and compared to 78 K-irradiations using 
the same sample material and similar pre-treatment. 

Introduction 
In contrast to their behaviour in measurements at higher 

frequencies in the Hz-range point defects do not always act as 
firm pinning points at the dislocations, but sometimes give rise 
to other interaction processes. It is generally accepted that the 
Hasiguti peaks observed in cold-worked f.c.c. metals are caused 
in this way (1). However, the nature of the processes and the de
fects involved could not yet be clarified. Electron irradiations 
giving a much simpler point defect structure and distribution than 
cold-work should therefore help to achieve further understanding. 

Looking at copper as the most thoroughly investigated metal 
only few electron irradiations have been reported in the Hz-range 
till now, certainly due to experimental difficulties. According to 
Fig. 1 Keefer and VItt (2) observed an increase of decrement in 
measuring the temperature dependence of an annealed sample after 
irradiation at 78 K. The main part of this Increase is the 
Hasiguti peak P 3 at 230 K. Schnell et al (3) found with a 
sample first deformed at 78 X and then annealed at 350 K also an 
increase of decrement after 78 K-irradiation. But as can be seen 
in Fig. 2 it is pronounced between 120 and 180 K, the range of the 
Hasiguti peaks P. and P.. However, the modulus results obtained 
simultaneously in this measurement show dislocation pinning at 
78 K, the temperature of irradiation. But this recovers completely 
at about 150 K, just where the damping peak is observed. Both 
results give a general Increase oi decrement and the appearance 
of Kasiguti peaks after 78 K-electron irradiation,the differences 
in the peak structure will certainly be due to the differences in 
sample pre-treatment. 
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Fig. 1 
Decrement vs. temperature of 
copper before and after 
irradiation at 78 K and 
10 rain at 140 K (2). 

Fig. 2 
Decrement and modulus vs. 
temperature for 99.999% ASARCO-
copper after 7% deformation at 
78 K and anneal at 350 K resp. 
after irradiation at 78 K (3). 

Experimental Results 
The interstitial* produced were highly mobile during the 

above-mentioned irradiations at 78 K. In the present experiments 
the samples were irradiated at 20 X to see the changes in the 
irradiation effects if one irradiates below annealing stage I_. 
Further, for the reason of comparison the same 99.999% ASARCO cop
per material and a similar sample pre-treatment as in the 78 K-
irradiation in Aachen were used. The Grenoble torsion pendulum 
used for the present measurements corresponds in the essential *-
parameters to that used in Aachen and also doses of about 2 x 10 
electrons/cm at 3 MeV were applied. 

Fig. 3 gives the decrement and modulus results obtained with 
sample S.1. The dotted curves represent the pre-irradiation state 
and were measured after about 1% torsional deformation at 300 X. 
The main detail is the Bordoni peak at 65 K. After irradiation 
with 2.4 x 10 1 7e"/cm 2 at 20 X the full modulus curve show a 
pinning effect at 20 X and the pinning stage X between 50 and 
65 K. Therefore the Bordoni peak is suppressed in the full dec
rement curve. Above about 140 K a part of the pinning effect is 
recovering in the modulus curve, while the decrement begins to 
increase above the pre-irradiation curve. However/ there is no 
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definite peak in this curve. After an anneal at 300 K the broken 
curve was obtained in which a part of the Bordoni peak is re
stored and a small peak appears at .about 150 X. 

Pig. 3 
Decrement and modulus of 
sample S.I vs. temperature 
after 1% deformation at 300K, 
after irradiation at 20 X, 
and after anneal at 300 X. 

Fig. 4 
Decrement and modulus of 
sample S.2 vs. temperature 
after It deformation at 300K, 
after irradiation at 20 X, 
after anneal at 300 K, and 
after 1 hour at -313 X. 

The sample S.2 in Fig. 4 gives similar effects. After irra
diation the pinning stage I can be seen clearly in the modulus 
and decrement. Above about 140 X the modulus decreases while the 
decrement begins to Increase about linearly and crosses the pre-
irradiation curve at 233 X. The broken curve after a 300 X-anneal 
gives a small restored Bordoni peak and an additional peak at 
160 K. After annealing for 1 hour at 313 X the dash and dot decre
ment curve is lowered and has nearly lost all the peak structure 
due to the pinning in stage HI, that can be seen from the shift 
of the corresponding modulus curve. 

Discussion 
The effects of the present 20 K-irradiations can be summa

rized as follows: 
(1) At the irradiation temperature of 20 X a pinning effect is 
observed, which is due to dynamic defect-producing processes 
ending at the dislocations. 
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(il) The pinning stage I suppresses the Bordonl peak and at 78 X 
the decrement after Irradiation is below the unirradiated curve. 
(iil) Mainly between 130 and 190 K a modulus decrease AG/G 
« 6.3 x 10~3 is found. The dash and dot modulus curve of Fig. 4 
does not give the completely pinned state of the sample. It has 
to be shifted upwards by 6% to obtain the modulus defect values < 
reported after similar sample treatment (4). Then the modulus 
defects before and after irradiation give the pinning point number 
vs. temperature curve of Fig. 5. Between 40 and 80 K the pinning 
stage I can be seen. It is followed by a small decrease of this 
curve (2.5% of stage I-pinning) and a pronounced decrease between 
130 and 190 X (32% of stage I-pinning). 
(iv) Coinciding with the decrease of the pinning point number at 
130 K the decrement begins to increase above the level obtained 
after stage I-pinning and lies above the pre-irradiation values 
for higher temperatures. However, no definite peaks P. or P. 
are found. 
(V) After an anneal at 300 X following the irradiation small peaks 
are observed near 150 X. Because of this growing behaviour they 
should be of the P.,-type. 

Fig. 5 
Pinning point numbers per 
loop length after electron 
irradiation at 20 X, derived 
from the modulus measurements 
on sample S.2 after addition 
of 6% to the modulus defects. 

The comparison of the 20 X- and 78 K-irradiations using the 
same sample material gives the following differences: 
(a) The interstitials arriving at the dislocations during stage I 
pin them and also decrease the decrement at 78 X instead of the 
increase observed during 78 K-irradiation. 
(b) The modulus decrease above 150 X after 78 K-irradiation 
corresponds to the Hasiguti peak P, with a ratio of modulus defect 
A%to peak height b m a x/T^equal to 6.85. After 20 X-irradiation, at the same temperature a modulus decrease of oG/G - 6.3 x 10"3 

was observed. If this would be a relaxation process, a damping 
peak of the height 6 • 1.4 x 10*3 should be observed, using 
the above ratio after 78 K-irradiation. However, no definite peak 
is observed here at all and therefore the modulus decrease after 
20 K-irradiation should mainly correspond to a depinning process. 
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The increase of decrement after 78 K-lrradiatlon can be 
interpreted by a dragging mechanism, in which mobile pinning 
points follow the oscillating dislocation. Then it has to be 
concluded that this mobile pinning points are not formed after 
20 K-irradiation, but firm pinning points. This difference can 
be understood from the fact that at 78 K the interstitiels arrive . 
at the dislocations during 160 minutes of irradiation, while in 
the present experiments stage I is passed during 14 minutes. For ; 

the same dose the rate of arrival of defects at the dislocations ; 

is one order of magnitude larger for the 20 K- than for the 78 K- , 
irradiation. Since single interstitiels have to be considered as 
mobile in the dislocation core they are lost at the ends of the 
loops and only clusters can act as pinning points. But their for
mation depends on the probability that at least two interstitiels 
meet on a loop. Then the higher rate of arrival of defects for 
the 20 K-irradiation should prefer the formation of larger and 
immobile clusters. These pin the dislocations firmly and decrease 
the decrement. In the case of the 78 K-irradiation smaller 
clusters should be formed which increase the decrement by a 
dragging mechanism. 

The different behaviour of decrement during the modulus 
decrease between 130 and 190 K for both irradiation temperatures 
should be due to the different distributions in cluster size. The 
depinning observed here after 20 K-irradiation corresponds to 
similar observations in the kHz-range of Keefer et al (5) and 
Minier et al (6). In the framework of the model given 1ère, this 
process should correspond to the Ostwald repinning of the 
clusters, where larger clusters grow at the expense of the smaller 
ones, for the binding energy of the single defects is larger in 
them. The decay of the small clusters then reduceJT the number of 
pinning points and depinning is observed. 

The differences observed after 20 K- and 78 K-irradiation can 
be explained by the formation of different pinning points. A 
larger rate of arrival of defects during stage I should prefer 
the formation of large clusters of interstitiels which are firm 
pinning points. However, for a complete understanding more experi
ments are necessary and perhaps they can help to give an answer 
to the question, how point defects act as pinning points on a 
dislocation. 
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