
-.-.uropcon c o n f e r v a ,.„ ,_.. , . . 

3-5 September 1975 ' S o l i d s - *>-»* ( I t a l y ) , 
FRl€oc>9^ CEA-CONF— 3320 

EVIDENCE Fi>K THE L'MHANCKMENT OF STRESS-INDUCED ORDERING 

IN A A{:--?7 a t % Zn ALLOY DUE TO ELECTRON IRRADIATION 

M. HAI.pWACh'ï; a:.d J . HIL1.AIRET 

Section de Physique du Solide 
Prpartement de Recherche Fondamentale 

Centre d'Etudes Nucléairer de Grenoble 
BP 85, Centre de Tri, 3Û0»«1 Grenoble Cedex (France) 

Since the pioneering work of Dienes and Damask (l), a aeries of sU... . 
have been devoted to the radiation-induced enhancement of diffusion in 
metals and of the rate of short range ordering in binary substitutional 
alloys (i'). The present paper reports internal friction measurements of the 
rate of streus-induced ordering in a silver-zinc alloy during bombardment 
by electruii„. This alloy exhibits a Zener relaxation, i.e. a change in the 
degree of order with a change in the applied stress, and the rate of relax»; 
tion can provide information concerning the enhancement of the rate of 
ordering. 

Tne Zener relaxation rate i is, at every instant, the product of the 
instantaneous; concentration c and the mobility v of the defect species 
involved in the ordering process, as indicated by the following rci».tiw. 

T" * A cv vv * ̂ Vi (1) 

The subscripts deiute the two types of defects, vacancies and self-
interstitial s, which are able to influence the ordering rate. A and B are 
constants of the order of unity. 

EXPERIMENTAL 

An invented torsional pendulum has been used, working in line with a 
Van de Graaff accelerator. The major difficulty for the in-situ work arises 
from the heating of the oppcimen by the impinging electrons. Thin aluminium 
windows were placed close to tin- specimen to dissipate heat, also helium /-
under normal pressure was employed as a cooling ogei.t. Nevertheless, the 
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température gradient ulong the specimen, as measured by means of thi.. 
I't/I't-10 at % Kh t,pot-utlded thermocouples, was as large as 3'°C for the 

1 ^ - 2 maximum electron flux used, which was about 10 e /cm .sec. Special 
attention was brought to this problem and its implications on the danT-: 

results. 

The specimen was a strip 10 mm long, 2 mm wide and 250 un thick. It was 
rolled from an ingot of the intended composition {27 at % Zn), prepared by 
melting in an evacuated silica caprule high purity silver and zinc, both 
with less than 10 ppm metallic impurities. Prior to use, the sample was giv 
a two day anneal at T00°C under vacuum, to produce a large grain oize and 1. 
dislocation density. 

Damping data were collected by measuring the logarithmic decrement of 
free decay oscillations with an optical l»-ver and an automatic data acquisi
tion system. The period of oscillations was about *» sec. The heating was 
started only 20 minutes after initiation of the flux, «delay which >•. 
expected to be long enough for the steady state defect concentration to be 
reached. 

RESULTS AND DISCUSSION 

A typical recorded internal friction versus temperature curve obtained 
under flux is shown in fig. 1. The two irradiation curves given in fig. 2 
refer to the same specimen, which was studied in two different metallurgical 
states. In the cold-worked condition, the curve under flux is analogous 
within experimental error to the thermal curve (not represented for the 
sake of clarity). The Zener peak is centered at 225°C, and the background 
damping at the lower températures; lies below 3.10 . The second curve was 
obtained under the sumo flux, but in the well "annealed condition. Apple*. . 
excess damping appeara for temperatures ranging between 80°C and about 210°C 

This modification in the damping originates presumably in the enhanced 
rate of the Zener relaxation ur 1er flux, as has been predicted on the basic 
of a theoretical evaluation (3). The effect of the cold-work is to produce 
tx large number of :;inkc, thud a correspondingly reduced point defect super-
saturation and by wuyi; of consequence the suppression of the damping incre
ment detected in the jn.nealed specimen. 



The relaxation times T at every temperature can be readily deduced 
from the measured danping, with use of the usual expression 6 * A. ~ -x (•• 

1+UTT 
where A is the relaxation strength and u the angular oscillation frequency. 
Fig. 3 is an Arrhenius plot of the relaxation times derived from the irra
diation curve characteristic of the annealed state. The detailed calculation 
has taken into account the thernal gradients which were measured in the 
specimen, as well as the existence of a lognormal distribution ol' relu-
times intrinsic to the alloy und<?r consideration (5). The pure thernal case, 
as studied by BfcHRY and OREHOTSKY in a Ag-Zn alloy of same composition by 
means of Zer.er creep measurements (5) is shown too. 

It can be seen that the irradiation curve deviates progressively from 
the thermal line as the temperature decreases. A similar behavior of the 
Zener relaxation rate has been reported recently, as observed by means of 
elastic after-effect measurements in a Ag-30 at % Zo alloy exposed to a 
fast neutron flux (6). The dashed lines in fig. 3 w e theoretical curves 
obtained by combining expression (1) and the general balance equations 
which describe the steady state defect supersaturâtion existing under flux 
(1). Although the general pattern of the calculated and experimental ;•. 
is the same, it may be noted that there is imperfect agreement between them. 
The discrepancy may be due to an oversimplified model for the calculated 
curves. For example, if there is a decrease with increasing temperature of 
the recombination volume and/or an increase with temperature of the propor
tion of created defectu which can escape correlated recombination, this 
would result in an increase with temperature of the number of "free" 
defects - those which are participating efficiently to the enhancement -
and induce variations in the slope of the Arrhenius plot similar to those 
observed. It is also possible that the differences in fig. 3 may be due to 
experimental caur.ee. For example, the thermal gradients which were present 
would be exported to modify the average relaxation rate. Elastic after 
effect expoiimenU; which may clarify this problem are in progress. 

To conclude, met.r.urem̂ nt of the rate of the Zener relaxation has been 
shown to be a promising tool for the evaluation of the enhancement of 
atomic mobility associated with electron irradiation. 
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CAPTIONS 

Fig. 1 - Damping curve recorded under irradiation by 2 MeV electrons. 

Fig. 2 - Influence of the metallurgical state of the specimen on the damping 
measured under flux. 

Fig. 3 - Arrhenius plot of the Zener relaxation times measured under an elec-
13 2 tron flux of 1.5 x 10 e/cm .s. The thermal curve has been taken 

from Berry and Qrohotaky (U). The dashed lines are theoritic..! 
curves. They have been traced for two different «inks concentrations 
c . They have been obtained for A * B • 1, a recombination volume 
7. •* 1i>, and the vacancy jump frequency given by v w » 10 (-.•"?A*'"') 
(5). The crocs-section for the 2 MeV electrons used in this study 

-22 2 was taken equal to 10 cm .The production rate of free de 
was adjusted to agree with the experimental rebults at 80°C. 
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