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INTERNAL FRICTION IN ZIRCONIUM

L.T. Mivada-Naborikawa , R. De Batist™ and L. Eersels

Abstract.- The effect of tvne (bending, tension or torsion) and
temnerature (10N K, 300 K) of deformation on the internal fric-
tion srectrum of well-annealed nolvecrystalline zirconium has
been investigated at freauencies of about 1 Hz and about 100 Hz.
The result of aceing at temneratures not higher than 300 K on
both the modulus and the internal friction is also described.
The observed peaks are discussed in terms of either dislocation
relaxaticn or dislocation noint defect interaction effects and
combined with literature data to obtain better defined wvalues
for the relaxation —marameters.

1. Introduction.- Since the work renorted by Hasiquti et al. [1] in
1961, who observed several low temnerature internal friction neaks in
cold worked metals, this subject has been extensively studied (see
e.q. [2]1), mainly in f.c.c. metals. In this -articular structure, the
interpretation of these neaks in terms of either intrinsic dislocation
relaxation mrocesses or dislocation-veoint defect interaction nrocesses
seems to be rather well established and accented.

In h.c.n. metals, however, the bhehaviour of those low temperature
deformation induced internal friction meaks is rather more comnlicated.
The relaxation spectrum anwears to denend strongly on the imnurity
concentration and on the thermomechanical historv of the specimens. As
a result, there are still wvarious controversial internretations con-
cerning the nechanisms resronsible for the neaks. This is true in nar-
ticular for zirconium. In this material, room temmerature deformation
results in a broad oeak at about 150 X for 1 Hz. This neak was named
Pd in the cited Hasiguti's naper (1], as dislocation movement was
suggested to be resvonsible for it, though the hypothesis of disleoca-
tion-point defect interacticn was not disregarded by those authors.
Following low temmerature deformation, another unstable peak was ob-
served by some authors at temmeratures much lower than Pd peak, and
was attributed either to dislocation relaxation [3] or to the nresence
of self interstitials (4], while Pd was then internreted as a disloca-
tion-ninning effect |3]. Some hiqgher temnerature neaks were also ob-

served after low temperature deformation [3] and the addition of H or
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(v was found to influence the peak height [5-7].

In an attemnt to trv and clarify the conditions for observaticn
of some of those neaks, in the nresent work experiments were carried
out at two different frequencies on nure zirconium subjected to diffe-

rent tvnes of deformation.

2. Experimental nrocedures.- The snecimens were of 99,99 % nure Zr,

cither wire or wlate shavned, obtained from Materials Research Corp..
The nlates were =~ 0.3 mm thick and cut into a dumbbell shane of 45 mm
total length. The wire smecimen was 0.5 mm diameter and 170 mm long.
The annealing treatment was nerformed in an electrical furnace
for the »late, and by joule heating for the wire, under initial vacuum

B

conditions better than 8 x 10 ° Pa in both cases. The specimen was

heated stenwise and very slowly so that the pressure inside the system
vould never exceed 8 x 10_6 Pa. In this way it could be insured that,
when the final temmerature 1300°C was reached, the vacuum was better
than 2 x 10_7 Pa. The specimen was kept for 30 min. at this tempera-
ture and then slowly coocled. For the wire, it was found necessary to
maintain a temnerature of 900°C for about 4 h, before heating further
to 1300°C.

Electron microscony observations of the nlates after annealing
showed the n»resence of a small density of nrecipitates which were
identified as hydrides, after commarison with data in literature [8] .
It might also be, however, that these precinitates were introduced
during electro-npolishing.

For damning measurements with the wire specimens a normal Ké-type
torsion mendulum was used. The measurements were nerformed at constant
strain amnlitude, the damning being measured as the innut energy re-
quired to keen the specimen vibrating at constant amnlitude. Measure-

ments were run at either a "low" strain amnlitude of 2.10_5 or a

"high" strain amnlitude of 3.10_4. The data were taken with a conti-
nuously increasing temnerature (at a rate of about 0.5 K/min) and at
a frequency of about 1 Hz. Deformation by torsion was carried out in
situ by means of a gear mechanism adanted to the »endulum.

n flexural resonance system was used for the nlates, vibrating
as a cantilever at a frequency of about 80 Hz. Using electrostatic
driving and F.™. detection, the snecimen was again vibrated at con-
stant strain ammlitude, using innut eneroy as a measure of the inter-

nal friction.

3. Exnerimental results.- A huge and well-defined neak {Tn = 140 K,

0.5 Hz) is observed in the as-received specimens (figure 1, curve 1).

This neak has been repeatedly described in the literature and will be
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Fig. 1 : Low frequency internal fric- {1)rannealed and lightly
tion in as-received Zr (1); effect of handled; (2):deformed by ben-
annealing (2); torsional deformation ding at R.T.; (3):after ageing;
at L.T. (3,4) and at =.T. (5). {4):measured at high strain

amplitude; (5):measured again

at low aroplitude.
called here Pd following the nomenclature introduced by Hasiguti and
co~workers [l] . The neak disanpears after the annealing treatment
(curve 2) and can be reintroduced, although with a much smaller =eak
height, after 1 % deformation by torsion at room temrerature (curve 5).
When the same amcunt and tyre of deformation was annlied at 80 K to
the sovecimen in the condition (2}, the -eak did not appear immediately
{curve 3). AMfter annealing at 210 K, however, the meak was defined
{curve 4) and the npresence of other higher temmerature neaks was
slirhtly suggested.

Besides its dewnendence on the temmerature of deformation, the
observation of these hiacher temnerature meaks seems to demend also on
the mode of deformation. Several neaks between 160 K and 240 K were
detected in one snecimen annealed and slightly deformed by handling
during meounting {(fiqure 2, curve 1). After a 2 % deformaticon by ben-
ding at room temnerature (curve 2), the neak Pd also anpeared (curve 3
corresnonds toe the same deformation, after one day at R.T.). When sub-
sequent reasurements were made at a larger strain amnlitude, the over-
all damping level as well as the neak heights were found to decrease
{curve 4). By measuring again at lower amnlitude after one day resting,
the peak heights increased again and in addition there was also a
larger and sharwer neak at 230 K (curve 5).

In order to verify this behaviour and to try and obtain activa-

tion —marameters for the observed neaks analogous experiments were
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uy——— S — e carried out at higher frequencies.
g - » The snccimens used had a dumbbell
~
ot \“\; - shane, and were deformed after the
- . g, 60 -

‘J ' : " annealing treatment, by bending in
; ~‘3. situ at = 100 K. This bending de-

- e
1 e formation was nerformed by using
LR LY \\,.__ m

the (mobile) electrodes, and the

L g

1 ) ‘ amount of deformation was roughly

S estimated from the shane of the

" . .
- [ snecimen after bending (= 1 %). In
-
s Ficure 3 (curve 1 to 4) one cocbser-
ead 10K
" w A o ves the nresence of at least twa
neaks in the curve obtained just
Ficc. 3 @ Hidher frequency inter-— )
=l L ; y int after deformation. Ageing at room
nal friction in one snecimen de-
formed 1 & by bending at 100 K temnerature results in an increase

(1}, After annealing at 260 K{(2);
effect of ageing 7 days at R.T
(3); after 12 days at 2.T. (4
after new deformation at 100

in neak height and in a shift to

| higher temperatures. The peaks were
K(5). found to decrease again when the

snocimen was once more deformed in

the same way (curve 5).

4. Discussicon.- The observation of
a well-defined Pd meak in zirconium
seems to require a rather high
amount of deformation, while the
neak temmerature shifts to lower
temmeratures for a heavily deformed
specimen like in an as-received
condition {see e.ag. vef. [17]}.
This fact, combined with other fac-
tors like wurity, nrevious thermo-
mechanical history ete., exmlains

the large scatter in an Arrhenius

granh for Pd data from different

f ) authors {(figure 4, curve 1). The
1T ar m"‘h‘] (L) o

Fig. 4 : Arrhenius graph for Zr activation parametors derived from
- J. - L0 L ] C [= Y a

including data from diFFerent these data are listed in table 1.

authors. l-neak Pd; 2-neak By 3

3-neak P,; d-neak Py, These values differ considerably
from those calculated by Hasiguti

et al. 111 who obtained ©.18 eV and 2 x 10? s_l for activation energy

and frequency factor, resnectively.

The neak does not anoear immediately after ligquid nitrogen



Peak | Tp (K} (f = 0.5 Hz)| E (eV) | fo (s°0)

Pd 140 0.30 | 5.3x10'0

P 188 0.41 3.1:1011 TABLE 1 : Activation parameters for deformation
1 14 Tnduced internal friction peaks In
Py 205 0.59 | 1.6x10 Zirconium

Py 219 0.63 | 5.3x10"3

deformation (fiqure 1, curve 3). This behaviour was alsc observed by
Savino and Biscgni [3] and those authors considered as necessary for
the neak to anmnear that woint defects migrated to the dislocations.
Hydrogen was suggested as the migrating noint defects and the interac-
tion of dislocations with these noint defects as causing the neak. Yet,
in zirconium charaed with hvdrogen [7], it was found that the vpeak
height was much larger in a swvecimen which did not contain hvdrogen.
hs one does not exnect the specimens used in the nresent investigation
toe contain much hydrogen (or oxygen) after the heat treatment, it ap-
pears reascnable to internret the Pd veak in terms of dislocation re-
laxation. The necessity of an ageinn treatment following deformation
at ligquid nitrogen temperature for the Pd meak to ampear can then be
exnlained as follows., Immediately after low temnerature deformation
there is a modulus decrease (curve 3 of figure 1) when commared to the
annealed condition {(curwve 2)}. This is caused by the creation of dislo-
cations containing a large concentration of geometrical kinks, thus
inhibiting the observation of a dislocation relaxation neak. During
the internal friction measurement, dislocation rearrangement brings
them into the walleys of the Peierls notential. In this condition then,
the dislocations cannot move at temmeratures below Pd, so that there
is a recoverv in the meodulus, but they can contribute to Pd which can
now be ohserved at 167 ¥ (curve 4.

The hicher temnerature neaks (figures 2 and 3) have also been
nlotted in an Arrhenius oraph together with data remorted in the lite-
rature {figure 4, curves 2,3,4). The estimates for neaks Py and Py oso
obtained {see table 1) are in good aoreement with those reported by

Hasiguti [1] for Pu {0.50+0.05 eV, ZXIOIJ‘IS_I) and PE {0.51+0.07eV,

9x1012‘2'4s_1) respectively. As first considered by those authors,
these neaks might be caused by an interaction between dislocations and
point defects: deformation of the specimen is reguired and the peak
appears at a temmerature redgion where both, dislocations and point de-
fects, are mobile. For some rcason that might be related to deforma-
tion mechanism and mode of deformation, these neaks are better defined

when the specimen is deformed by bending rather than by torsion or
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uniaxial tension. According to Fromont et al. [9] the amount of point
defects created in zirconium is rmuch higher after cold-rolling at room
temmnerature than after tensile deformation; deformation by torsicn at
4.2 K creates 10 times more defects than extension at room temperature,.

When a large strain amnlitude is used, the neak heights are
strongly supnressed (curve 4, figure 2). This can be explained by as-
suming that as a result of the high amplitude oscillation the point de-
fects have been disnersed and can no longer contribute to the disloca-
tion woint defect interaction »eaks. During ageing at room temmerature,
the mnoint defects are mobile and return to the dislocations, thus
restoring {and even enhancing), the relaxation strenaths. For speci-
mens deformed at low temnerature, the dislocation moint defect inter-
action neaks develon during heating to room temnerature. Ageing at
R.T. causes more noint defects to migrate to dislocations and thus
leads to the final mneak shane (figure 3).

The sharn neak at 235 K (figure 2) could be related with twin
boundary movements. It is, however, difficult to nrove this hypothesis
before a careful electron microscony study of the various material
conditions used for the intermnal friction exneriments has been been.

The authors want to thank Dr. P. Delavignette for his help in the

electron microscony observations and for his helrnful discussions.
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