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Abstract 

Single crystals of pure Ni and of the alloys Ni62Cu38 and Ni3Fe (as quenched 
(5=0) or ordered (5=0.7-0.9) ) were irradiated at 4.5 K with 3 MeV electrons. 
The irradiation induced defects were investigated by measurements of the 
Huang diffuse scattering of X-rays and the change of the lattice parameter 
and the electrical resistivity. 

At 6 K we observed statistically distributed Frenkel defects in all metals. 
The configuration of the single interstitial atoms (51A) in Ni agrees with 
the (lOO)-split configuration and there are no indications for different 
configurations of the 51A in the alloys. The relaxation volume of the 51A 
is 1.7(+0.3) atomic volumes in Ni and 1.5(+0.3) atomic volumes in Ni3Fe, 
independently of the degree of order. For the Frenkel defect resistivity 
PF we found PF = 6.1(+1.1)~ncm in Ni, PF = 7.2(+2.0)~ncm in Ni3Fe (no dif­
ference for quenched and ordered sampIes), and PF = 13.2(+4.0)~cm for 
Ni62Cu38· 

In order to investigate the defect reactions at higher "temperatures the 
measurements were repeated after several steps of an isochronal annealing 
program. The annealing behaviour of pure Ni is characterized by interstitial 
motion during stage I and growth of the a~glomerates during stage 11 that 
eventually form dislocation loops on {lllJ-planes. Vacancy agglomeration has 
been directly observed after stage 111; there isa simultaneous decrease of 
PF with the formation of the agglomerates. All of these reactions are very 
similar to Cu although the growth of the interstitial clusters is slower for 
Ni. The 51A is more mobile than the vacancy for the alloys investigated here 
as it is in the pure metals. Whereas the mobility of the agglomerates is 
only little suppressed for NiCu, even the di-interstitial seems to be immobilE 
up to stage 111 for Ni3Fe. As the vacancy mobility in the alloys is not sup­
pressed relative to Ni the range of annealing stage 11 is reduced in the 
alloys. In Ni62Cu38 a decomposition of the alloy has been observed not only 
during motion of the 51A but also during the agglomeration processes in stage 
11. In contrast to this, interstitial motion does not contribute to the 
ordering of Ni3Fe. Vacancy mobility during stage 111 causes a further decom­
position of NiCu and an increase of the order in preordered Ni3Fe but not 
for the quenched Ni3Fe. This difference can be tentatively explained by a 
lower efficacy for ordering of the vacancy jumps in a disordered alloy rela­
tive to a preordered one, where the sublattices are already weIl defined. 
In contrast to pure Ni no large vacancy agglomerates were observed in the 
alloys; this may be explained by the smaller interstitial agglomerates at 
the end of stage 11 and the consequently shorter distances of the vacancies 
to their sinks. Thus recombination dominates in the alloys and prevents the 
formation of agglomerates which are stable up to high temperatures. 
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dadurch 
auf Gitterplätze verteilt sind. In 

Mischkristallen gibt es jedoch wegen 

legierungspartner Abweichungen von 

unterschiedlichen 

Atom-

nach den Bindungsverhältnissen besteht entweder die Tendenz 

zur Nahentmischung (Clusterung), bei der sich gleichartige Atome zusammenla­

zur Ordnungsbildung, bei der sich A-Atome bevorzugt mit B-Atomen 

und die Gitterplätze bei vollständiger Ordnung systematisch mit A-

oder Atomen belegt werden. Die im thermodynamischen Gleichgewicht stabile 

diejenige mit der geringsten Gibbs'schen freien Energie. Die Ten-

zur Ordnungsbildung oder Entmischung kann darin durch eine Konfigura-

~ repräsentiert werden: ~ = ~AB - t(~AA + ~BB) /7/. Ist der Be-
Bindungsenergie ~AB (Bindungsenergien sind hier negativ ) 

ungleichen Nachbarn größer die mittlere 

und B-Atome untereinander, so ~ < 0 und Ordnungsbildung 

für 

, für ~ > 0, besteht die Tendenz zur Entmischung. 

Beschreibung Atomverteilung können Nahordnungs- oder Fernordnungspa-

werden. Die von Warren und Cowley /8,9/ eingeführten Nahord-

(lmn' 

pAB pBA 
= 1 mn 1 mn 

- X
B 

= - X'
A 

Umgebung Atoms am Ort ßm mit Hil 
Atome im Abstand Rn _ Rm : p~R 

ß~ zu finden, wenn 

( 2.1) 

von Besetzungswahr­

die bedingte Wahr­

A-Atom am Ort ßm vor-
Konzentrationen A bzw. B-Atome, wobei XA+XB=l. 

= (l0 = 1; 

Nachbarn 

Nahordnungsparameter (l01 

Abstände gilt dann (lOm+oo+O. Im 

hingegen (lQl • Bei Fernordnung 

an-

z.B. 

tremwerte an, er springt von zu 

und Werten, durch Ordnungsstruktur 



- 5 -
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