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ABSTRACT 

In «old worked copper the interne! frict ion i s decreased by electron 
Irradiation between 20-lM) K and increased betveen 1«O~280 I . In e copper 
specie»» containing a convenient dislocation network, i t i s possible t o . 
develop Basignti type peaks. 

2BTR0DÛCTI0H 

• Belov roo» temperature, the internal fr ict ion spectrum of cold worked 
eopper presents f ive peaks. Two of tben are "latt ice-dislocation interac
tion'' peaks (Bordoni B1 sud Bg) explained in t e n s of double kink centra

it*©» on dislocation loops of spécial or ientat ions 1 * 2 . Three of the» are 
•cold work point defect-dislocation interaction'' peaks (Basiguti P f ( P g 

and P 3 ) attributed t o tnernoaecoaoical depinning of d is locat ions 3 . 

' W «aiag successively cold work and irradiation on eopper samples, we 
««•pare the nature and the pinning effect of both cold work defects and 
irradiation defects. 

MATERIAL AID METHODS 

High purity copper (99,999 f) was annealed for 5 boors at 800°C under 
a V>'b Torr vacuus, tben defect» ware introduced by 300 X «old work f o l l o 
wed by 20-30 K electron irradiation. Two apparatus, in l i a * with a Van de 
Oreef accelerator vert used, both allowing "is s i tu" «old work, irradiation 
and internal frict ion seesttrestnts, -be f i r s t one for 0 , referred staples 
(1 % torsional cold work at 300 X j 20 K, 3 Met, irradiation o f 0 . 3 -
2* x 18 e l . c n " 2 | torsional osci l lation» of f « 2 I t creating a maximum 
sample strain of t - i0" ? ) (Fig , 1 , » , 5 , $)k, tmv sscond one for § 2 referred 
««spies («sai ler 300 X «old work i < 0 ,1 $ % sauller-irradiation doses i 
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26 K, 2 He*, * x 10*5 el .esT 2 ; higher frequency t 630 Hx 
eit ir i ty c - 10"7 in tending and») (f ig. 2 , 3 ) 5 . 

higher 

XOTOMBHSM* RESOUS 

fold work 

f ig . 1 «how» the interr*l friction of the 300 K cold worked saapla 
8. taring sueecssiwa voxadag-up» W* observa Bordoai B^, Heaiguti P 1 cat 
P, peeks 6. During swneaHag the Hesiguti peek Pj increases and then 

ike dotted carre oa Pig. 2 
mount of cold work, just 

P. peek. Pig. 3a, obtained in 
for giving a aiea kg peak hat a 
conditions shows tas saplitudo 

»r- • i - «W 

Pig. f i Internal friction during 
vanaing~up -Of tat t % col* worked 
coppsr seafle B% (s i sftsr 300 X 
eold work. b,c and d t after war* 
aaat-ep *ef*9K, 380Xa»**2OX 
respectively). Measureaent ft** 
fueney f • 2 Is. 

Pig. 2 r Internal friction of a 
lightly cold worked ssaple 8 2 

before ( . . . ) end after (—) 
electron irradiation (28 X, 2 MeV, 
% S f 0 f ' sl.ca" 2 and 300 K 
ling, f • HO X»). 

T*& 



«rV*P #/••«*• 

Fig. 3 t Aaplitude dependence 
of internal friction at dif-
«•wan* •eesnreaenv lê pere— 
twes before and after 26 K 
irradiation followed by 300 K 
annealing for the saaple 8^ 

e.af t»# (f - 6» fc). 

ft » 

dependence of the interne! friction. A rapid variation i s observed at low 
strains (c < 10~*) end low tenpereture which m attributed to themally 
activated action of preeristing geonetideal kinks'. 

>olâ writ foUowtd tar irradiation 

For Observing the interaction of irradiation defects vith preexisting 
dislocation», the sanples 8, (Fig. 1ft) and Sg (Fig. 2 dotted curve) are of 
particular interest t the sg peak is vail develepped indicating tbe pre
sence of a dislocation network «ede of long dislocation loops free fro» 
interacting defects2. Tbe absence of Basignti peak» shows tbe absence of 
en appreciable concentration of cold work point defects in a for» which 
•an interact with dislocations. 

After ft 2T I irradiation (2 Me*,' * * ID1* al.»»"8) followed by 300 X 
annealing the sanple 8g shows ft snail » 2 peak and a new Pj peak (Fig. 2 
full line curve). This peak Pj presents the sane characteristics as those 
of the P, Basiguti peak appearing after «old work. The anplitude dependence 
nentiooed above i s practically suppressed by tbe irradiation (Fig. 3b). 

Fig. » shows tbe results obtained with • salvia 8 f . Before irradia
tion, a snail Basiguti peak F, is present (curve 1). During tbe warming-
up, immediately after a heavy 20 X irradiation (3 NsV, 1.2 x 1 0 l 8 el.cn"2) 
tbe internal friction i s drastically reduced by a pinning stags occuring 
at 90 X * and observed on the modulus curve sinultaoeously obtained (cur-
f» kh On the contrary, between ISO and afS X, tko internal friction is 
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Fig. k t Internal friction 
spectra of a 8| swsple after 
1 <-cold work at 300 C 
(curve t|» an irradiation 
at 20 K with n dose of 1.2x 
W 1 * el.©»"8 (carve 2) and 
an «wealing at 300 X (ear" 
v» ))• Carve k shows the 
fireonency •eesvreaent cor"" 
responding to carve 2. 

increased vita broad naxina at 180 and 2*0 K (carre 2). After 300 K anaee-
liât, the peak ftg is pertly restored and n new peak PJ appears as in Fig.2. 
Ik» tenperatnre shift doe to the difference is neasurenent frequencies 
fives» for PÎ, an activation energy of 0.3 aV. 

Fig. 5 presents the irradiation dose effect on internal friction 
spectral of saaple 8 1 after 300 X aimejiUng. With increasing doses, the 
background decreases, ike Bordoni Sfe peak decreases in site and vidth. As 
shown sa Pig. ( the peak Pj increases first, then goes to a aaxiaue for 
1,2 x 1 0 1 8 el.on"2 and finally decreases. She slope of the decay of the 
*2 peak» and the dose giving the highest pj peak depend strongly on the 

of the initial cold work. In alusriniu» and gold, a «inilar behe-

Pig. 5 s Internal friction 
> of 0| saaples, after 1 % cold 
work and 20 K irradiation to 
different doses irradiation 
to different doses followed 
by 300 X annealing (f«2 Hs). 
Before irradiation (...)• 



fig. 6 -t Irradiation do** 
i f endoa cc of the Bordoni Bj> 
peek and Besigoti type pj peak. 

+ (ei.tm-Mo*) 

lk« significant redaction of the internal friction, «ad the disap-
of the énplitude dependence observed at lew tenperstures and 

lov atrains on li«. 3 mm that «van a low concentration of irradiation 
point defects (< 10~7) is sufficient to hinder the notion of the preexis
ting geonetrical kinks» 

. The 80 % decrease of the Bordooi peak Sj and its ejyaetrieal shape 
(Pis* k «arm Z) result fro» the length reduction of the dislocation loops 
By pinning attributed to the long range interstitial nigration . The in-
eonplete restoration of the Bg peak after roon tenperatttre annealing aeans 
tant the ianofcile pinning interstitial» are annihilated Vy conhinntion 
with Migrating mesne/ type defects, allowing the dislocation loops to 
retarn to their approximate original length». 

* • 

fne eenplete analogy hotveen the P{ irradiation peak and the Pj cold 
work peak shovs that tht sane neehaniss. involving the sane point defect, 
oeeors for feoth peak». The condition» for, the appearance of these peak» 
•aggest that the nost prohahle nechanisn i» the tnernoneehanical depinning 
of dislocations fro» vacancy typo defect»1 1. Beverthele»» vo cannot exclu
de an interpretation in vhich the point defect» are inpurity atone1*, tat 
dragged to dislocation» hy a Tenancy necbanis». Vac Variation of the pj 
peak amplitude with the deoo is correctly interpreted V BMJUr'» node! 13 

The snail maxims gpserved at 100 K Ml 2*0 X (fig» I «nrre 2) anneal 



oat sisdlarly t o the well known Bnsiguti peeks P 2 end Pj crested by cold 
work sad situated s t the sens temperature . Ib i s behaviour suggests ths t 

' the 150-275 K interns! fr ict ion I s s continuum o f Haaiguti peeks resulting 
• fro» the interaction between preexisting dislocations end nore end «ore 

complex irmdist ion defects. 
fflnjfiBffiHfTMf 

fk* interne! fr ict ion spectrun of cold worked copper i s strongly 

chnnged by introducing point defects t • 
- Ik» stage I . defect (free sdgrsting interstitiel) decreases the interne! 

friction is the rent» of Bordooi peek Bg through » pinning mechanism. 
* - Stage II defect (interstitial agglomerate») incresses the interne! fric

tion in t U range of P2 end P3 peak» through s Bssignti mechanism. 
- She stag* III defect (vacancy or divaeancy) annihilate» the previous 

• f l ee t» sad develop s Basiguti type peek P] observable when'the «ample 
contain» s convenient dislocation network. 
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