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Dynamics of hydrogen, oxygen, and dislocations in yttrium by acoustic spectroscopy
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The nature of the numerous thermally activated processes occurring in yttrium has been investigated by
acoustic spectroscopy in polycrystalline samples. The measurements have been carried out between 1.1 and
600 K in the kHz range, varying the concentration of interstitial hydrogen and oxygen in annealed and
deformed samples. Four processes have been observed, besides the main dissipation peak around room tem-
perature due to the formation or dissolution of H pairs and that at liquid He temperature attributed to H
tunneling. The processes below 300 K have been interpreted in terms of the motion of interstitial hydrogen
trapped by oxygen or dragged by dislocations, while the large relaxation detected around 450 K has been
attributed to the hopping of oxygen in a solid solutip80163-182@7)00621-9

I. INTRODUCTION Moreover, the pairs form chains along theaxis with some
correlation between chains.
The hcp rare-earth metalR=Y, Sc, Ho, Er, Tm, L) are The dynamical properties of the atomic impurities in hcp

at present the object of considerable investigative effort fofare-earth metals have been attributed up to now nearly ex-
their intriguing properties when they combine with hydro- clusively to the motion of hydrogen, because most investiga-

gen. The interest is both of technological and fundament jons have been concerned with the .Yahd ScH alloys at

§
. . - igh H concentration. The mobility of H consists of long-
E;(tjur;ze';‘r?:ze urgti;i(li BC%nYabf\?vz?h g;grsnﬁg/iig %ﬁggggs a]r)]:';lmge and local motion mechanisms and has been observed
.g., = « ;

. . . L on at least three different time scales. Slow motion, charac-
tives for hydrogen storage; their hydrides exhibit metal-

. o : _ - terized by an activation energy of0.6 eV, has been asso-
insulator transitions accompanied by drastic changes in thgiatad with the long-range diffusion via-O-T jumps and

optical properties;the high mobility of hydrogen in the hcp has heen studied by the Gorsky efféguasielastic neutron
lattice allows the observation at low temperature of eﬁeCtsscattering (QONS),2°"2! and nuclear magnetic resonance

associated with the hoppifig and tunneling motion of the (NMR);%*?® about the same activation energy and hopping
H atom/*#~*°0n the other hand, a thorough characterizationyates have been derived from the anelastic relaxation process
of these metals at low impurity content is still lackifipe-  observed around room temperature and attributed to H pair
cause of their strong affinity with O and H; the samples argormation or dissolutior::>! Instead, fast motion of hydro-
easily contaminated during high-temperature treatments, byfen is involved in local tunneling between next-nearest-
it is difficult to determine the exact contents of O and H. Aneighbor T sites, as revealed at low temperature by
common method of determining the total amount of impuri-NMR,*?2acoustic spectroscopyand ultrasonic attenuation
ties in metals is the evaluation of the residual resistivity at QUA).2**° Finally, rates two orders of magnitude faster than
K, which is due to the electron scattering by foreign atomsthe latter ones have been observed over the same temperature
The values of the ratios between room temperature and thange by QNS®-2! The relation between the two types of
residual resistivity(RRR) reported in the literature for the local motion remains an aspect which has to be still clarified.
hcp rare-earth metals are well below 50; for comparison, Although the anelasticity of Y has been extensively stud-
carefully prepared Nb samples have RREO 000*’ ied in the last years, only the relaxation process observed
It has been establishktf that in the R(H/D), systems around room temperature has been unambigously inter-
hydrogen populates mainly the tetrahedrdl) (interstitial  preted. That process is attributed to a Zener-type mechanism
sites, with little octahedral@®) occupancy. As the tempera- of stress-induced ordering of the H pairs-High-sensitivity
ture is lowered, hydrogen tends to order in pairs, occupyin@coustic spectroscopy measurements in yttrium have re-
next-nearest-neighbdr sites along the axis with a bridg-  vealed an unexpectedly rich relaxation spectfuayen in
ing metal atom between the two H atoms; this ordering presamples which are generally considered pure in the literature.
vents hydride precipitation so that hydrogen remains in a&he nature of these processes has not been clarified yet, but
solid solution downa O K even forx as high as 0.2-0.3. their appearance denotes that in yttrium several types of im-
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103 — : : : : : ; ; ; — TABLE |. Parameters of the anelastic relaxation processes in
F Y2, RRR=27, 6.5 kHz P7 3 yttrium.
i 1000 °C 1; ]
i anneazing i 70 (9) E(eV) AE (eV) N

1074 = P3 3x10°*® 0.15 <0.01 1
B ] P4 5.8x10 13 0.25 0.05 0.9

. 1 P5 0.6 0.4:0.7

- 1 P6 1x10™ 1 0.55

o L 4 p7 10 2-10° 0.70 0 0.9

] after annealing at 1000 °C. The anelastic relaxation spectrum
l L displays six well-resolved peaks here labeledPgs P3,

0 %66 200 (?60 400 500 P4, P5, P6, andP7 with increasing temperature; one more
Tk process manifests itself with a tdilot shown hergappear-
FIG. 1. Anelastic relaxation spectrum of annealed polycrystal-ing below 2 K. This spectrum can be assumed as represen-
line yttrium. tative of the anelasticity of yttrium. All the peaks are ther-
mally activated processes and, excegt(see Ref. ¥, follow
perfections, other than hydrogen, play a role which cannot béhe Arrhenius law in the temperature range here explored.
ignored for a full understanding of the physical properties of The relaxation parameters of the proces3eble ) have
this element and its alloys. been determined by fitting the experimental curves with the
We report a study of the relaxation processes observed iexpression
pure polycrystalline yttrium in the temperature range 1.1—
600 K. Evidence is given that the detected processes are

correlated with the presence of interstitial hydrogen, oxygen, Q '=A(T) (07 (w7) @)
hydrogen-impurity complexes, and dislocations interacting
with gaseous impurities. where w is the angular vibration frequency,the relaxation
time following the Arrhenius law, andr is the Fuoss-
Il EXPERIMENT Kirkwood width parametef* a=1 for single Debye relax-
ation, while <1 produces broadened peaks. The relaxation
The samples were rectangular bars40x 4.4X 2 mnt), intensity A(T) is proportional to AN)?, where A\ is the

cut from different plates of polycrystalline yttrium purchased change of the local distortion due to the defect jump. In the
from the Ames Laboratory, and here labeled as YO, Y1, Y2case of hopping between two nonequivalent sites 1 and 2
and Y3. The gaseous impurities of the samples YO and Ylith energy separatioAE, the relaxation intensity, which is
were 880 at ppm H, 540 at ppm O, and 60 at ppm N in thealso proportional to the product of the respective popula-
“as-received” state, while sample Y2 contained 2700 attions, becomes
ppm O and 300 at ppm N. The impurity content of Y3 was
not determined, but was close to that of Y2 since it had a lcic, 1 AE
similar history. A(T)ex T ¢ *¢7 SeCH( ) ,
The possible variations of the interstitial impurities were
monitored between the experiments by the residual resistivwherec, andc, are the populations of sites 1 and 2. The site
ity ratio (RRR) measured using a standard dc four-probeenergy difference may be due to the nonequivalence of the
technique. The total impurity content deduced from the RRRsites or to long-range interactions among defects. Equation
may be underestimated in the case of impurity clustering 0(2) has a maximum akgT=0.65AE, displays the usual
precipitation, since the electron scattering by clustered atomg—1 dependence fokgT>AE, and tends to zero at low

is lower than that from the same isolated atoms. temperature. Moreover, assuming the Arrhenius law, the re-
In the thermal treatments for H outgassing and for reductgxation rate becomes

ing the dislocation density, the samples were wrapped in

2kgT @

zirconium foils, with a Mo wire preventing the contact with L L L AE

the foils, and annealed between 1000 and 1250 °C in vacuum T l= 1+ Ty =1 e kel cosr{ K T) , 3

i 8 . f B

in the 10 ° mbar range; finally, they were cooled to room

temperature in less than 10 min. whereE is the mean activation energy for hopping between

The elastic energy dissipatio®( ') measurements were the two nonequivalent sites.
carried out on both cooling and heating at a rate lower than 1
K/min by electrostatically exciting the samples on different A. Slow motion of hydrogen
flexural vibration modes in the frequency range 1-33 kHz. '

Figure 2 shows the anelastic relaxation spectra measured
on heating in sample YO in the "as-received state” as cut
from a plate (curve ) and in sample Y1 after the first
Figure 1 presents the acoustic spectroscopy measuremgd00 °C, curve 2and third (1250 °C, curve Bannealing.

carried out in sample Y2RRR=27) between 1.1 and 600 K Five peaks can be clearly resolved in the 1-300 K tempera-

Ill. RESULTS AND DISCUSSION
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1-Y0 cut as received, RRA=34, 1.8 KkHz 7 Y1, st annealing, RRR=27
2-Y1 1st annealing, RAR=27, 2 kHz x107 — theoretical
3-Y1 3rd annealing, RAR=26 @

30+
x1078
25

20

e i ! 1 1 L i L | 1 ! I |
0 50 100 150]’ (© 200 250 300 350 %0 100 120 140 160 180 200 220

FIG. 3. Best fit to the relaxation curves Bf3, P4, andP5 in

FIG. 2. Anelastic relaxation spectra on heating of sample Y0 inggmple Y1 measured on heating at two vibration frequencies. For
the as-received stateurve 1, RRR=34) and of sample Y1 after the details on the fit. see the text and Table I.

first annealing(1000 °C, curve 2, RRR27) and third annealing

(1250 °C, curve 3, RRR26). ) N
impurities?®2’which in the present case are the H interstitial

. : atoms. According to this picture, the observed decrease of

ture range. It is now accepted th&2 is due to H P5 aft i b lained by th .

tunnelind'** and P6 to the formation or dissolution of H S atier anneajing can be expaine y the concormtant re-
duction of the dislocation density and H concentration.

pairs®!!instead, the nature of the other peaks has not been PeaksP3 and P4 are both rather namow. the FuoSS-
Kirkwood parameter being~0.9—1(Table ). This fact in-

convincingly clarified yet. Our investigation confirms the re-
laxation parameters d?6 reported in the literature®*!and ; : . , :
P P dicates point-defect relaxation, without the involvement of
islocations. Since both O and H are present, the peaks

this process will not be discussed further.
A comparison among the relaxation spectra suggests th X
following considerations. In sample YO, where we expect the>hould be due to the local motion of H near the O atoms
lowest O contenfRRR=34) and an appreciable dislocation Which are immobile below 300 K; indeed, peaks and
density due to cutting, the H tunneling peBR, the H-pair P4 in Fig. 2 are more pronounced in sample Y1, which has
peakP6, and peale5 are predominartcurve 1; moreover, @ higher O content. We will not propose specific geometries
the height ofP6 denotes that the as-received sample containr H hopping, since even the occupaton of interstitial O in'Y
an amount of interstitial hydrogen which could be of theis not known(presumably it is octahedpainonetheless, it is
order of some at. %.In sample Y1, cut from the same bar, possible to extract some information from the peak intensi-
the first annealingRRR=27, curve 2 suppresses the pro- ties at different frequencies and impurity concentrations.
cesses?2 andP6, both ascribed to hydrogen with certainty,  Figure 3 shows a fit oP3 andP4 measured at 1.8 and 17
reducesP5, and enhanceB3 andP4. The RRR decreased kHz on heating using Eqg1) and (3); the fact that the in-
from 52 in the as-received state down to 27, indicating Otensity of P4 rises with temperature denotes relaxation be-
contamination. After the second and third annealfRiRR  tween nonequivalent sites with an energy differerice
=26, curve 3, alsoP3 andP4 decrease due the progression ~0.05 eV, as deduced by the fit.
of the H outgassing. Figures 4a) and 4b) present the influence of different H
Interstitial hydrogen was certainly always present in alland O charges on the anelastic relaxation spectrum of sample
the samples; indeed, due to the strong affinity of the raréfl; the curves are numbered in chronological sequence.
earths to hydrogen, unwanted quantities of this element caGurves 1 and 2 are obtained after the first and third anneal-
remain in the material even after UHV annealing. Also dis-ings, respectivelysee Fig. 2 Figure 4a) displays the effect
locations are present in the samples: they are produced nof 2.5 at. % H chargécurve 3, while Fig. 4b) shows the
only by cutting, but also during the temperature variations;evolution with the following charge treatments: Simulta-
as in other hcp polycrystals, the anisotropic thermal expanneous H outgassing and 0.5 at. % O charge at 60@t6/e
sion produces plasticity phenomefia. 4); 0.2 at. % H chargdgcurve 5; additional 0.2 at. % H
The following considerations suggest tiRf is caused by charge(curve 6.
a mechanism involving dislocations and interstitial hydro- The strong hydrogenation suppresd$e3, P4, and P5
gen: (i) The process is more developed in sample YO wherdcurve 3 and at the same time restofe® andP6, which are
the dislocation density and the H concentration are highedue to the fast and slow motion of hydrogen, respectively.
than in Y1;(ii) the relaxation curve, about twice broader thanThe suppression oP3 and P4 can be interpreted as a
a single Debye peakTable |), is not compatible with point- “blocking effect” caused by the saturation of the trap sites
defect relaxation(iii ) a relaxation, with similar features, has around O. Similarly, the suppression Bb can be due to a
been observed in plastically deformed polycrystalliné Y. reduction of the dislocation mobility in a dense atmosphere
The mechanism of peaR5 should be similar to those re- of H atoms. The effect of this intense H charge explains why
ported in transition metaléNb, Ta, V) and attributed to the the intermediate temperature processes are not detected in
relaxation of dislocations dragging interstitial solute the strongly hydrogenated alloys.
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. . . . for P3. Instead, the peak shapes and temperatures remain
8k Y1, 1.8 kHz i substantially unaffectetf. This fact seems to exclude that
x10%|  (a) 1- st annealing, RAR=27 P3 andP4 arise from different types of H jumps within a

16

3 - 2.5at% H charged

6

same O-H complex, because in this case the ratio of the
intensities should be constant. Rather, the two processes
could be associated to different typesnd-mH complexes,
like O-H and O-2H or O-H and 20-H. In the first case4
would be caused by the complex pair aR8 by the O-2H
complex. Curves 4—6 of Fig.(d) would be at H contents so
high that all the available O atoms have already trapped at
least one H atom; the addition of H converts the O-H pairs
into O-2H complexes, which start being blocked. In the hy-
potesis of O-H and 20-H complexes, both types of clusters
are progressively saturated and the complex giving rise to
P4 is a more effective trap than that giving riseR8.

A peculiarity (not shown here of the intermediate-
temperature spectrum is that the heightd?df andP5 (and
of P3 to a lesser extenaire systematically lower on cooling
than on heating; instead, thermal cyclings do not affect pro-
cessP2 at all. This fact denotes that relaxatioRgl and
P5 are measured in conditions of nonequilibrium; indeed,

both peaks occur in the temperature range where resistivity
measurementsndicated a transitiofi~180 K) between mo-
bile and immobile H in the time scale of the usual experi-
ments. The characteristic time for the attainment of the equi-
librium among O-H complexes, H pairs, and free H can be
identified with the relaxation time for H pair formation or
dissociation and long-range diffusion, which ig
=10 3 exp(0.6 eV/KT) s; at 180 Kris of the order of 1 h.

1 1 1 1 |
100 140 150 160 170

%80 90

| L 1
110 120 130 180
T (K

B. Fast motion of hydrogen
FIG. 4. Influence of H and O charges on the anelastic relaxation . . . . )
spectrum of Y1. The numbering indicates the chronological se- Be€Sides hopping with activation energies between 0.15

quence of the runga) Curve 1, measurement after the first anneal-and 0.6 eV, hydrogen is observed to perform much faster
ing; curve 3, after 2.5 at. % H chargé) Curve 2, measurement Motion, implying tunneling between neighboring sites. The
after the third annealing; curve 4, simultaneous H outgassing anghortest distance between sites in the hcp lattice is that be-
0.5 at. % O charge at 600 °C; curve 5, 0.2 at. % H charge; curve dween pairs of adjacent sites along thes direction. Such
additional 0.2 at. % H charge. All measurements were carried oupairs can be occupied by no more than one H atom, which
on cooling, except curve 1. The inset shows the ratio of the intensitglelocalizes itself over both sites. Although this is the only
of P3 to that of P4 for the various curves. probable geometry for H tunneling, the H fast motion is ob-
served to occur over two or possibly three different times
Figure 4b) also shows that, contrary to what expected,scales. The transition rates deduced from quasielastic neu-
also the increase of the O content decreases pe8kand tron spectroscopyQNS), experiments in ScHare of the
P4. This can be explained by noting that the O concentratiorder of 16°~10 s* between 10 and 200 K those de-
is in the range of the maximum solubility already in the duced from NMR in ScK (Ref. 13 and from UA experi-
as-received staté40 at ppm. The solubility limit of Oin Y ~ ments in YD,,** ScH, and Sc[) (Ref. 15 are in the range
has been evaluated at high temperaffirend the concentra- 10'—10° s™* between 10 and 100 K; finally, the rates giving
tion of O in a solid solution below room temperature can berise to P2, as observed in our experiments on Y Hare in
extrapolated from the solvus line down to the temperature ahe range 19-1¢ s * between 10 and 60 K.
which O is still mobile. As discussed later in Sec. Il C, this  Although the relaxation rates d?2 observed by low-
temperature should be around 400 K, where one obt@ins frequency acoustic measurements are considerably lower
=300 at ppm. Therefore, the addition of 0.5 at. % O betweerthan those found by ultrasonic, NMR, and QNS experiments,
runs 2 and 4 does not increase the amount of O in the soli®2 is also associated with H tunneling. In fact, if interpreted
solution, but only that of the precipitated phase. Apparentlyjn terms of a classical overbarrier hopping, it yields unphysi-
the O precipitates do not provide sites for H hopping, and theally low values for the activation energy and the attempt
intensities ofP3 and P4 do not increase. The further de- frequency.
crease of the peaks after adding H is due to saturation of the In order to explain how H tunneling between the same
sites around O, with a consequent blocking effect. type of pairs of adjaceri sites can give rise to so different
The inset of Fig. &) shows that the ratio of the intensity relaxation rates, different types of tunnel systems can be dis-
of P3 to that ofP4 changes with the status of the sample,tinguished: the isolated H atom, the H pair along thaxis,
indicating that the H blocking is more effective f&4 than and H near an O atonfpossiby a H pair close to @ A
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major difference among these types of close pair$ sftes , , : : :

is the asymmetra between the two site energies and possi- 140[ Y2, 6.5 kHz £ 1
bly also the tunneling matrix element This difference re- X101 1000 °C annealing [

flects itself in the transition rates, which in the standard two- reor

level system(TLS) model are proportional tot(E)?, E 100

=(t?>+a®) Y2 being the energy separation between the levels.

Therefore, the larger the asymmetry, the smaller the transi- ©,

tion rate, at least until tunneling is coherent. In the case of
incoherent tunneling, the situation is more complex, espe-
cially when the interaction of the tunneling particle with con- 4o
duction electrons is relevant. The QNS experiments can de-
tect tunnel systems whose asymmetry is smaller than
because otherwise the quasielastic intensity goes to zero. For 9
this reason, the TLS’s observed by QNS experiments have

been identified with single H atoms in nearly symmetric _ .
pairs of site® Instead, the acoustic experiments are sensi- FIG. 5. Elastic energy loss of sample Y2 on heating above room

tive to TLS’s with rates in the range of the vibration frequen_temperature: curve 1 represents t.he firsF measurement after the
cies, and the relaxation intensity is proportional wE)z- 1000 °C annealing followed by rapid cooling; curves 2, 3, and 4

The slow TLS'’s detected by NMR and acoustic techniquesfefer o the subsequent heating-cooling runs.

should be identified with the paired H atoms, which are nec-
essarily asymmetric; the H pairs are certainly abundant in th o ; :
above-mentioned NMR and UA experiments, since thet 000 °C, followed by cooling to room temperature in less

H/metal ratios are above 0.1. Both NMR and UA have beer}cvaerénlgorglr;(n%géosd Eu%ee legE ;gibi??: enrto C?/ecélgi?/e?e-re-
interpreted in terms of TLS’s with a broad distribution of ' P 9 Prog y

0,
asymmetries and with nearly the same set of coupling para duced(more than 50%down to nearly stable valudsurves

eters to the phonons and conduction electidria, ™ and 4. The highest magnitude can be restored by repeating

Due to the lack of data, our anelastic relaxation measuret-he annealing at 1000 °C followed by rapid cooling. The

ments on YH can be compared only with NMR and UA peak height can also be partially restored if, after heating up

results on Y, ™ ScH. . and Sc:™® nonetheless, it appears to 600 K (Fig. 6, curve }, the sample is cooled at 5 K/min

that we measure still lower relaxation rates and also a differgcurve 2).; aging for 1.5 h at the peak temperature reduces the
ak height down to a nearly stable value.

e . . . e
ent qualitative dependence of the relaxation on the vibratiof? A surprisingly good theoretical fit of the stabilized relax-

fggqﬁ]e?(%/. In_}cj'ur prg)\(”h?gﬁssgu?ny;?kggvseh;th?gvﬂi;?\?;r ggr"’:}k_ ation curves of samples Y2 and Y3 can be achieved in terms
perature \(/)\)iot(ﬁ in%?leeasing frequenéiyom 10 to 50 K when of a single-time Debye process, assuming the asymmetry pa-
f passes from 2.6 to 32 kbtzthis indicates that the condition ramsterAE=0 [Eq. (2), Table . This fact and the value of
w5=1 for the meiximum is rouahly satisfied and a rapidl the attempt frequency, which is typical of point defects, sug-
varving function of tem erafclljrg resumably due Flo )r/nul_gest that procesB7 is caused by stress-induced redistribu-
ying b P y tion of interstitial oxygen. The solubility limit of oxygen in

tiphonon transition$.0On the other hand, the UA peaks show __ .~ .

little* or na™® temperature shift, indicating the predominance?,:ltstr(';(rt?a'lS ;Zﬁ;ﬁ ?ré%i}]zp;;uzti;hggfe?;tzrr?g?srfl?Eﬁ)th)lbwer

of slowly varying relaxation rates, i.e., of interaction with the P T ghtly Ic
than the O content of our samples. Consequently, the insta-

electrons. o . ! )
The difference may be due to the fact that the pair3 of bility of P7 with thermal cycling around or aging at the

sites close to O give rise to still different TLS's, responsible
for P2; our samples contain much lower H concentrations,
and therefore the number of O-H complexes of H pairs 40 ¥3,2.6 kHz
near Q may be comparable if not predominant over the *'0 |
number of H pairs. Proced?2 in Figs. 1 and 2 is presum-

ably due to the superpositions of both the relaxations of H 30
pairs and H trapped by O, with the weight of the H pairs
increasing with the H content. In order to put clearly in evi- T,
dence the possible contribution to tunneling from O-H com-  2°
plexes and from H pairs, further measurements are nece:
sary.

60

20

e i 1 1 TR
350 400 450 500 550 600
T (K

ude only in the first heating run after the UHV annealing at

T T T T T

C. Motion of interstitial oxygen

The extension of the) ! measurements up to 550 K %00 0w 500 600
reveals a thermally activated procefs,, around 450 K in
samples YO, Y2, and Y3. The behavior B¥ has been sys- FIG. 6. Effect of the thermal cyclings and aging at the peak

tematically studied in samples Y2 and Y3 and can be detemperature on proces®7 in sample Y3. The measurement of
scribed as follows. The process reaches the highest magniurve 2 was carried out on cooling at 5 K/min.
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140 1 . . . type (O Snoek effegtcannot be invoked to explain process
51078 ; yz) . g E:z gug%"gsfmceéved“ P7. Therefore, two possible mechanisms are proposed: the
1200 5 v5 o0 T Giter 10009 annealing : stress-induced redistribution of O between the octahedral and
. bj?/ tetrahedral sites which are nonequivafmir the formation
100 EAAC

7 and dissolution of O-O pairs, similar to what proposed for
the H pairs giving rise t&6. Further investigation is needed

80 to clarify the mechanism.

gt

60
IV. CONCLUSIONS

a0 We have investigated the nature of the six thermally acti-

vated processes appearing in the relaxation spectrum of an-
nealed polycrystalline yttrium in the temperature range of
1-600 K by anelastic relaxation.

The four peaks below room temperature are associated
with the H motion. The process at liquid helium temperature

FIG. 7. Elastic energy loss of sample YO on heating and coolingS due to H tunneling between asymmetric nearest-neighbor
(curve ) and sample Y2 after the thermal cycles of Fig. 5 andT sites. The two processes between 80 and 180 K, fairly
subsequent 0.4% plastic deformati@urve 2. Curve 3, reported described by a single Debye curve, denote a classical over
for comparison, is curve 3 of Fig. 5. barrier motion of H between trap sites around interstitial O;
these peaks are generally not observed, since they disappear

precipitation. Support of this interpretation is given by theat high H content, due to blocking effects. The Fh|rd process
observation that in sample YO, having a lower O conten round 200 K, characterized by a broad relaxation curve, has

(RRR=34 instead of 27 for YR the relaxation curves PE€€N ascribed to dislocation relaxation dragging interstitial

00 0
3 -

- 1 L
800 350 400 450 500 550
T (K

maximum temperature could find its explanation in the O

aroundP7 could be retraced during the various cooling andnydrogen. _ _
heating measurement&ig. 7, curve 1, likely because O Above room temperature an intense relaxation peak ap-
precipitation did not occur. pears whose height depends on the thermal cycliageve

The attribution ofP7 to point-defect relaxation is also 400 K). The peak, describable by a single Debye process, has
corroborated by the observation that 0.4% plastic deformabeen interpreted as the hopping of interstitial oxygen in a
tion of sample Y2 does not affect the heightR¥ (Fig. 7). solid solution. In plastically deformed Y, the tail of an addi-
The background appearing after deformation above the pedional peak at higher temperature appears, which may be
temperature is the signature of a new, unresolved peaimilar to the Snoek-Koester relaxation of bcc metals.
(curves 1 and R possibly the Snoek-Koester relaxation re-
sulting from dislocations dragging interstitial oxygert.” ACKNOWLEDGMENT
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