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In ¢old worked copper the internsl friction is decreased by electron
frredistion betveen 20-140 K wd increased betveen 140-260 K. In a copper
specimen ecntaining s convenient dislocation network, it is possible to
mphdmtitmnﬁl.

INTROD(CTION
. * Below room tempersture, the internal friction spectrum of cold worked
sopper presents five peaks. Two of them are "lattice-dislocation interac-
tion” peaks {Bordoni B, and B,) explained in terms of double kink genera-
4fon on &islocstion loopl of special orientations'*Z. Three of them are
Yeold work point defect-dislocation interaction”™ peaks (Hasiguti Py, Py
Py) sttriduted to thermomechanical depinning of dislocations®,

' using successively cold work and irrsadiation co copper seamples, ve
mthcnummdthephniucﬁnt ort.ohcoldvork defects and
irndl@im defects.

MATERTAL AND METHODS

.‘ﬁﬁ'puriti copper (99,999 5) vas annesled for 5 hours st 800°C under
& 077 Torr vacwm, then defects were introduced by 300 K eold work follo-
ved by 20-3 K electron irradistion. Two spparatus, in line vith a Van de
Orsaf acoelerator vers used, both allowing "in situ” cold work, irrsdistion
md internal friction measuressnts, the first one for 8, referred samaples
(4 5 sorsional cold work st 0 X § 20 K, 3 MoV, irrasiation of 0.3 ~
25 x 10'8 u.u";uummmar-aumnw.mm
mumaou-w”)m;. 1, b, 5,57 ‘mmmmogmoma

(m;nmx»umuo,zhmdmﬁmm '
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ze:.zuev.hxm‘-";;.e-'?;mmm: 630 Mz and higher sen-
sitivity € = 10”7 in bending mode) (Fig. 2, 3)°.
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Py pesk. Fig. 3a, obtained in comparabie conditions shows the smplitude
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m.ltanMctiwgwiu Pig. 2 : Internal friction of &
varniog-up of the 1 § cold vorked  1ightly cold worked sample B,
copper samrie B, (a 1 after 300 X - before (...) sad after ()
o014 vork, byc and & 5 after var-  electren irrsdistion (28 K, 2 eV,
Musbox,mxumx b x 10'% ‘a.en7® asd 300 X annen-
ling, £ = 60 Bs), |
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Fig. 3 : Amplitude dependence
of internal friction at dif-
ferest measurement tempers—
" tures before and safter 28 K
i{rredistion followedq by 300 K
annealing for the sample S,

(£ = 630 Bs).

muofmimnmym.ﬁrﬂdvﬂniu is observed st lov
strains (e < 10'6) and lov tespersture vhich was sttributed to thermally
activated wotion of preexisting geometrical ki:hts". '

For observing the intersction of irradistion defects with preexisting
- dislocstions, the samples 8, (Fig. 1s) wnd 8, (Pig. 2 dotted curve) are of
perticular interest : the By peak is well developped indicating the pre-
@a-u-mummuwumdméummmm
interacting defects®. The absence of Hasiguti peaks shovs the sbsence of
an sppreciable concentration of cold work point defects in a form which
ean interact vith aislocations. ]

After & 27 X irradiation (2 Mev, b x 10'> o1, en”®) follovea by 30 X
sonesling the sasple 8, shovs & small B, pesk and & nev P| pesk (Fig. 2
full 1ine curve). This pesk P." presents the same characteristics as those
of the P, Nasiguti peak sppearing after ¢old vork. The amplitude dependence
mentioned above is practically suppressed by the irradistion (Fig. ).

Pig. b shovs the results obtained vith & smple 8,. Before irradia-
tion, & small Resiguti pesk P, is present (curve 1), During tbe warming-
wp, imwedistely after a heavy 20 X irredistion (3 MeV, 1.2 x m" ol.u'z)
the internal friction is drsstically reduced by & pianing stege oceuring
5 X & ana observes on the motulns swrve simultassously obteined (cur-
ve }). On the contrary, between 150 apd 215 K, the isternal frietion is
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Fg. b : Internal friction
metrn‘ofaﬁ, sample after
1 $ -cold wvork at 300 K
(curve 1), s irradistion
at 20 K vith a dose of 1.2x

10'® e1.en? (eurve 2) and
an smnealing at 300 KX {eur—
ve 3). Curve b shows the

frequency messurement cor-
responding to curve 2.

.
.

imundvithbroﬂmhntl&)mzhox(mz). After 300 X snnes-
ling, mmlzi-mnnomm.mmr' sppears as in Pig.2
!htqerﬂmsﬂﬁ“htbﬁﬂmchwmein
dm. torl". uutimion energy of 0.3 oV.

rig. Sweuntltbirrﬂictiudouotfutmiuurnufrictiw
~ spectrus of sample S, after 300 K annesling. Hithincrcuincdouc.tho
background decreases. The Bordoni By peak decreases in size an@ width. As
shown o2 rig. thpukr'inmmlﬁm.thnputonuximm
.azxo'anu"uaﬁunlymuu The slope of the Secay of the
um.ndmmdﬁutuumrimwnmwmtu
smouwtt of the initial eo.‘ldvu.-k. In aluninium and gold, s similar deha-

»ig. 5 : Internal friction
-of 8y samples, after 1 § cold
work and 20 X irrsdiation to

@itferent doses irratistion
to &ifferent doses folloved
by 300 K ennealing (f#2 Hs).
Betore irradietion (...).




rig. 6+ lrrdiution dose
Gependence of the Bordoni B,
posk snd Basiguti type r; peak.

|
’ (etaem®a10”)
PISCUBSION
The significant reduction of the internal friction, and the &isap-
pesrince of the amplitude Gependence observed st lov temperstures and
3ov strains on Fig. Suutm-nulmmmiuofirrdiniu
'phthfoetl(‘w )hufﬁciuttomtbmiuofthmh-
ting geometrical kinks.

) mmsmwmmwn,ummmﬁm-m
(rig. b curve 2) thmwhrmimuwums.iuw
| 4 yiuuiu sttriduted to the long range interstitial migration
mxmnmmmormn,mumm‘wmmmnmm.
that the Smmobile pimning interstitials are snnihilated by combination
ﬂummmwms,mmmummmu
Mwnuwrmmm '

: mmwmmmr'mmmmr, eold
mmmmm-ﬂmim.mviummmufm,
ocsurs for doth peaks. mm«tmmmwamnm

mtmsummumhu- hermonschanical depinning
uammmmtmm mwmotmm-
auimmuumummmummmw”m" mt
mwmmmwumnm-u.ﬁ-mmamr,

,wmimuwmmu{igp rpretes by Biiler's mosed’>,

mmmmnmxuw;mxmm-ua
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out similarly to the vell knovn Hasiguti peaks P, and P, crested by cold
vork and situated at the same wm::»‘. This bebaviour suggests that
the 150-215 X internal friction is & continwum of Hasiguti pesks resulting
. from the interaction betveen preexisting dislogctiou snd more and more
complex imdinion defects.

CONRCLUSION
The internal friction spectrum of cold mked copper is -tvenm

changed by introducing point defects ¢ .

- Tha stage I; defect (free migrating interstitial) decresses the internal
friection hthmdhhipd&t&o@ummmin.

- = Stage II defect (interstitial agglomerates) increases the internal frie-
tim in the range of Pp md P3 pesks through a Hasiguti mechanism,

- The stage I1I defect (vacancy or divecancy) ennihiletes the  previous
.ma-uamzep.mimimcyeur' observable vhen the ssmple
omtains & convenient dislocation network.

.. : . KEFERENCES

A. Seeger, Ji d Phys. 32 C2, 193 (1971).
V. Benoit, 0. Fantoszi, Second Zuropean Conference on Internal Friction
md Vltrasonic Attenwation in Solids (Roms, 1975).
. Peres, P, Peguin, G. Pantossi, P. Gobin, Amm. Pnys. 5, 303 (1970).
l. Pichm, ¥. Vanopi, P. Bichon, G. &¢ Kutinr&rt, P. lbnr, Rev.
‘Pys. Appd. 5, K27 (1970).
J.C. Bowli€, J.P. Jodesu, Y. uphm. C. Minfer, Rad. Bff. 11, 221 -
- {19m9).
" 6. I, Leusier, M. Ory, C. hntoni, c. llinicr, P. )lonr. Phys. Stat. Sol.
%0 be published.
7. - % Ory, J. Lausier, C, lﬂnior. G. mm:i. P. Moser, Second mropcm
Conference on Int. Frict. and Ultras. Atten. in BSolids -(Rome, 1975).
8. D, Xeefer, J,C, Robinson, A, Bosin, Acts Met. 13, 1135. (1965).
9. O. Fantossi, J, Peres, U. Bmit, P. Moser, Z. Kabsch, Rad. Eff, 11,
. 2717 (1972).
10. 0. Mercier, V. Benoit, P, llpnr g. mmu. P. Peres, P, Oobin.
V. Isternal Conference on IFUA, Aschen (1973).

"o’v Bays, W. Beaoit, P.A. m,?o ‘de Prys, m. 153 (1971).
12, 0. Sokolowski, K. Licke, ¥, Iat. Conf. on IVUA, Jackes (1973).
13. 7. Schiller, Phys. Btat. Bol. 5, 397 (1984). |

L




