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Formation of two kinds of nonspherical lithium colloids
in electron-irradiated Li ,0 single crystals
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The two kinds of lithium metal colloids created in single crystals of lithium oxide by electron irradiation
near 0 °C manifesting themselves as two electron paramagnetic resonance metalliseinés Beuneu and
P. Vajda, Phys. Rev. Let?6, 4544(1996] are investigated as a function of impinging electron fluence and
after an isochronal annealing treatment. The smdll fm) colloids, responsible for the narrow Lorentzian
line, anneal near 300 °C, while the large {um) colloids, giving rise to the Dysonian signal, recover above
400 °C. Dielectric-constant measurements in the microwave frequency range reveal a substantial increase of
both real and imaginary parts ef corroborating the metal colloid formation. An effective medium analysis of
the e variation after irradiation suggests nonspherical shapes for the metal colloids. The recovery of the
irradiation-inducede increase occurs in the same range as that of the colloid lines, with a peek’ afear
400 °C, probably indicating a colloid shape redistribution before decomposition. Finally, electron and optical
microscopy results are presented, confirming the existence of two sizes of nonspherical, anisotropically dis-
tributed lithium colloids[S0163-18207)06217-4

I. INTRODUCTION accompanied by the emergence of a new signal near
g=2.003, possibly due to their agglomeration into small
Among the various ionic crystals which can give rise toF* clusters. The latter disappear at 600—700 {i§. After
intrinsic metal colloid formatior, lithium compounds are T,x=200 K, the F™ spectra are superimposed by the
particularly attractive and were quite extensively studied irgzz_oog line and by a new, narrow signal g 2.0023,
the past. Lithium metal precipitation under irradiation with ~gysed by small metallic colloidgiii) At T,,=275 K, fi-
various projectiles occurs easily in these crystals, whereasyly only a narrowT-independent line AH~ 1072 mT) is
metal detection can be done by conduction electron Spipqered atg=2.0023%2), characteristic for metallic Li
resonance(CESR, becau;e “th'gm' th‘? lightest _metal colloids. The microwave dielectric constantmeasured on
known, has virtualy no spin-orbit interactioand so gives the same specimens, increased notably after the room-

very narrow and characteristic CESR signals. Moreover iradiati hasizing th i
lithium compounds are intensively studied as prospectivetemperature Ira |at|o'n,.emp asizing the presence of metallic
first-wall cladding material in fusion reactors, due to the tri-phart'dﬁs’_dv‘:h”e re;“i:”'”ng’”?haf‘gfd ;g; IOW‘E#;]' I__%otr;
tium breeding properties of the lithium nucleus, and as bat!"€ colloid line and the radiation-induceXie vanish simul-
taneously abové ,,~250 °C.

tery material because of the high ionic mobility of Li. Fi- - ] ] ) ]
nally, lithium oxide (L,O) is a choice system for first- It seemed important to irradiate single crystals in order to

principles studies, due to its simple electronino d  Check for possible anisotropy and also for any difference in
electrony and crystallographiqantifluorite structure, en- colloid growth behavior: preliminary results were given in
abling, for exampleab initio calculations of excited elec- two recent papers?including first NMR observations on the
tronic states. metallic character of the precipitates. There, we had signaled
We have therefore begun to study,@iunder irradiation the emergence of two electron paramagnetic resonance
with electrons in the MeV energy range. In our first paber, (EPR signals related both to metallic lithium: one narrow
we reviewed the literature on lithium colloid creation by ir- Lorentzian line due to small clusters similar to those found in
radiation of lithium compounds, and an extensive referenc@olycrystals? the other a superimposed Dysonian line corre-
list can be found there. As a brief summary we just mentiorsponding to much bigger colloids, typically in the microme-
here, for LiF, the work of the Orsay groupnd, for Li,O, the ter range. This was in contrast to earlier work on neutron-
work of Noda and his collaboratof<Our Ref. 4 was devoted irradiated LiF (Ref. 5, where the reported two- and three-
to irradiation of polycrystalline samples of @ with 1 MeV  dimensional clusters were all of much smaller size. In this
electrons at different temperaturég in the range 21 to 275 paper, we present new complementary investigations to these
K. The created defects manifested a strdRgdependence: results. After an experimental secti¢8ec. 1), we describe
(i) At low temperaturesT;,<200 K, mainlyF* centers(O  the temperature and the dose dependence of the observed
vacancies with a trapped electjoare formed; thermal an- EPR lines(Sec. ), including their behavior with annealing;
nealing leads to their recovery negy, =400 °C, which is in Sec. IV are discussed the microwave dielectric constant
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measurements; in Sec. V, we present the results of direct 0.7 , , , , , , 1.5
observations in both optical and electron microscopy.
% 06 ..". oo™
Il. EXPERIMENTAL DETAILS 5 osF o’ * =
| | | | g ol g
Single crystals of LiO were grown, using a floating zone = ™ o o l, =
method on sintered powder rods prepared from 99.5% pure ‘«Z: 0.3 :Q;' =
lithium oxide grains furnished by Cerac Inc. A spectrometric 2 < @ % g
analysis of one crystal gave as main impuritigsat. ppm s %2 e Xy 5
34.0 Mg, 29.0 Al, 18.4 Na, 3.3 Si,0.9Fe, 0.7Cu, 0.4K. The £ | %O%%
obtained cylindrical bars were 80-mm long and with an av- Dy
erage diameter of 5 mm. Two crystals had been grown in this 0 — 0.5

0 50 100 150 200 250 300 350

manner, which had served subsequently in different methods T (K)

of sample preparation. The first, called X-1, was sliced with-
out ClIJttlng fluid V\gth_ a g'al;nomlj blade saw, ar;(cji the _fmﬁll FIG. 1. @: temperature variation of the broad EPR line intensity
samples were obtaine y cleavage to yield typica Yobtained by double integration of the Dysonian fit, for a sample

=1-mm-thick transparent platelets oriented parallelitbl). . agiated with 8.% 101 e~ /cn?. O: temperature variation of the
The second, X-2, was cut by means of a tungsten wire saWyidih of the broad EPR line.

with SiC-powder suspension in glycerol as a medium, allow-

ing better geometry control and, thus, thinn@own 0 51y created color centers under the microscope beam. Op-
100 um) platelets. As far as possible, the slices were kepica| microscopy was performed using a binocular Olympus
under vacuum to prevent pollution by air moisture. SZH microscope provided with a Polaroid camera and a po-

The electron irradiations were performed with a 2.5 MeV |4iing Reichert Polyvar transmission microscope with digi-
Van de Graaff accelerator. The samples were wrapped with g, photography.

10-um-thick copper foil and suspended in hydrogen gas
used as cooling fluid. The beam was perpendicular(ttld)
plane. The electron energy was chosen to be 1 or 2.5 MeV ll. EPR RESULTS

ensuring uniform damage across the sample thickhmsdy Our study on polycrystafs established that room-

150 keV are lost by 1 MeV electrons in 0.5 mm,Qi (Ref.  temperature electron irradiation was required in order to get

10)], and the irradiation current controlled such as to mainyneta) colloid creation. Therefore, all the samples described
tain the sample temperature at 275 K: a typical value was  pereafter were irradiated at 275 K.

40 pAlcm?2,

EPR experiments were done with a Bruker ER 200D
X-band spectrometer operating at 9.5 GHz, in the 4-300 K
temperature range. AE; o, double cavity was used, with a  As described in Ref. 8, a typical EPR signal detected in an
CuSQ standard kept at room temperature, in order to correcelectron-irradiated sample clearly decomposes in two lines: a
for the possible cavityQ-factor variation with temperature. very narrow one(peak-to-peak width around 16 mT),

Microwave dielectric constant measurements were doné&orentzian in shape, whose saturation properties are compat-
on the same specimens usind B;q, cavity with eight use- ible with aT,~T, behavior and a broader line, not saturated
ful resonant modes, connected in a transmission regime to amith full microwave power(250 m\W). The latter exhibits
HP8510C network analyzer; the resonances are in the rangdosely the “metallic” shape described by Feher and Kip
7-15 GHz. The measurement of the shift in frequendy  after a model by Dysof. taking the classical value 2.55 for
and of theQ factor A(Q 1) permitted us to determine the the lobe height rati\/B. It follows from the numerical fit
real and imaginary parts of the dielectric constantthat the two lines are centered gt 2.0023. It is worth re-
e=€¢' —i€". These measurements are only performed atalling that in our work on polycrystafsye observed only
room temperature. one single symmetric and narrow line corresponding to the

A thermal annealing treatment was applied to some of thaarrower line; no broad line was detected.
irradiated specimens by heating them in a dynamic vacuum Figure 1 shows the variation with temperature of the in-
in steps of 50 degrees, for one hour each, up to the disapensity of the broad line, in a sample irradiated with a fluence
pearance of the introduced damage. of 8.7x10' e /cn? (13.9 Clcnt). This figure can be com-

For electron-microscopic observations, irradiated singlgpared with Fig. 2 of Ref. 8, for another sample. On both
crystals of L,O were cleaved under argon atmosphere and &igures, the variation of the broad line intensity with tem-
suitable edge region of a chip selected. Polycrystalline specperature is unusual: increasesa fact which we shall inter-
mens were crushed to powder and deposited between twaret below. The narrow line intensity follows a Pauli law,
copper grids in order to minimize charging of this highly i.e., is temperature independent from helium to room tem-
insulating material. The observations were performed on @erature.
300-kV Philips CM30. The electron energy was varied be- Figure 1 gives also the variation with temperature of the
tween 200 and 300 keV in the hope of determining a threshwidth of the broad line, in the same sample. The width given
old for defect formation. The sample holder was mounted orhere is extracted from the Dysonian fit and corresponds to
a cold finger which permits stable measurements down tthe 1AT, value. In the same temperature range, the narrow
100 K, thus limiting the mobility and agglomeration of even- line width decreases from 26T at 4 K to 13T at 300 K.

A. EPR line
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FIG. 2. @: dose variation of the broad EPR line intensity at 300  F|G. 4. Isochronal annealing behavior of the EPR line intensi-
K; O: dose variation of the narrow EPR line intensity. The data arees in a L,O crystal irradiated with 3.210'° e /cn?; the EPR

given in the same arbitrary units. spectra are taken at room temperature. The initial intensities corre-
o S spond to radiation-induced spin concentrations of .48 3, for
B. Variation with irradiation dose the broad line, and 1.0610~4, for the narrow one@®@—broad line;

We give in Fig. 2 the variation with irradiation dose of the O—narrow line. The data are given in the same arbitrary units.
intensities of the two lines, for crystals irradiated with 1 . . . .
MeV electrons. Even if the points are quite dispersed, therdcréases in intensity before disappearing only near 400 °C
is a clear tendency that intensity increases with dose; for th¥hen the crystal decomposes. In Fig. 5 the variation with
narrow line the law is not far from linear, whereas for the @nealing temperature of the two line widths is represented.
broad one, some kind of saturation seems to appear. Thikhe width of the broad line clearly increases under anneal-
saturation will be discussed below. ing, while that of the narrow shows only a slightly growing

In Fig. 3 for the same samples, the variation with dose oféndency. A low-temperature EPR experiment after the
the widths of the two lines is given. The broad line width 320 °C anneal revealed the same characteristics of the broad
decreases with dose, whereas there is no clear cut variatioff€ as before annealing.
of the narrow line width.

D. Discussion

C. Annealing behavior All the above presented EPR results enable us to confirm

We have annealed a few irradiated crystals till the disaptn@mbiguously that the two lines correspond to two kinds of
pearance of the EPR signals. During the annealing procedgetallic lithium colloids. o
the sample color, black after irradiation, becomes gray and (1) The narrow EPR line, with its free-electran value
then more or less white. When the highest temperatures af¥!d even more its Pauli-lik& dependence, stems from me-
reached, the samples seem to loose their cohesion and féﬂlllc_llthlum. Th_e Lorent2|ar_1 line shz?\pe proves that these _L|
into pieces: there is no complete recovery to the preirradiateg®!!0ids are quite small, with a radius lower than the skin
state. depthé$ at 9 GHz, which is around Am for a typical metal.

We give in Fig. 4 the variation of the two line intensities 1nese colloids correspond to those we observed in polycrys-
with isochronal annealing temperature. There is a striking@line Li:O samples irradiated near room temperafiiféis
difference between the behaviors of these two lines: the naft$ corroborated by the annealing behavior of the narrow line,
row one disappears below 300 °C while the broad one firstvhich is the same for single and polycrystals.
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FIG. 3. Dose variation of the EPR line widths at 300 K: FIG. 5. Isochronal annealing behavior of the EPR line widths:
@®—broad line;O—narrow line. @ —broad line;O—narrow line.
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FIG. 7. Real and imaginary parts of the dielectric constnt
(@) and €" (O), taken at 9 GHz and 300 K, versus irradiation

FIG. 6. Broad EPR line intensity plotted versus the square rootlose.
of the bulk metallic Li resistivity/p. The straight line shows the
good observance of the proportionality law. The upper scale givetual increase, for some unknown reason, of metallic resistiv-
the temperature. ity during annealing, giving rise to a corresponding increase

of skin depth, is another possible interpretation.

(i) The broader EPR line is of a Dysonian shipe Finally, we come back to the discussion of Figure 2:
through the whole measured temperature rangeg islue  while the line intensity due to small colloids follows the
and itsT dependence, very far from a Curie law, strongly natural(for small concentrationsproportionality law versus
suggest that it corresponds also to metallic lithium. Suchdose, the intensity corresponding to the large colloids is well
asymmetric shapes, caused by mixing absorption and dispestescribed, considering the data dispersion, bg?d law,
sion responses, imply that this second kind of colloids iswhered is the irradiation dose. Such a law is indeed ex-
much larger than &zm. pected if the volume of produced metal increases linearly

As to the unusual temperature dependence of the line inaith dose, as only the surface of each colloid is reached by
tensity for the broad line, it is related to the fact that the skinthe EPR experiment.
depth § decreases wheh decreases, so that only a surface
layer of each colloid is observed. In the classical treatment of IV. DIELECTRIC CONSTANT RESULTS
the Dysonian line shape, the signal intensity is proportional
to 8, thus to the square root of the metal resistivity. The Unirradiated lithium oxide possesses’~6 and
strongly varying intensity implies that the resistivity must € ~0.00(1) in our frequency range. This has to be com-
remain highlyT dependent, in a manner comparable to bulkPared with the values of the real and imaginary parts of the
lithium. Figure 6 checks that point: we p|otted Signa| inten_dielectric constant after irradiation with various electron
sity versus the square root of Li resistivity, as given by Piferdoses: these are given in Fig. 7, where one can see the very
and Magnd? The linear law is very satisfactorily obeyed, substantial effect of irradiation both on the real part as well
confirming the idea that the intensity variation is due to skin@s on the imaginary part ef This effect anneals as shown in
depth penetration. Under these conditions, it is very likelyFig. 8. One curious observation, reproducible for the two
that, as noted in Ref. 8, an integration of the EPR line unsamples studied, is the strong peak éfi centered at

derestimates the spin concentration corresponding to th#00 °C, just before the complete recoveryeofvhile there is
asymmetric line. no particular effect ore’. The €” increase is, in fact, much

In a preceding pap&we gave a discussion on the relevantlarger than the initial radiation inducefle};, and its begin-
relaxation times and characteristic lengths in our large colhing seems to coincide with the complete recovery of the
loids. Calling T the electronic diffusion time throug,  narrow line. We have also to mention that is roughly
T, the spin relaxation time, andl, the spin-free path, we got constant between 7 and 15 GHz, whééis proportional to
8~1.6 um and5,~10 um at room temperature: according the frequencyf.
to Ref. 12, this is not compatible with t&/B=2.55 Dyso- We attribute the increase of both components einder
nian regime, for whichs,< 6 and 5.<r. This implies much irradiation to the formation of metallic colloids. First, as dis-
smaller values of5,, yielding much greater values for the cussed in Ref. 4 for polycrystals, this increase appears only
colloidal metal resistivity compared to that of bulk lithium. for T;,=200 K, which is precisely the minimum temperature
This, in turn, could possibly mean that the structure of ourfor colloid creation. Samples irradiated at lower temperature
large Li colloids is not the same as that of bulk metallic Li. or by y rays, which contain only color centerf { center$

Another interesting result is the increase of the broad lineggive no e enhancement. Second, the recovery temperature
intensity during annealingFig. 4). One first possible inter- for e corresponds to the disappearing of colloids as seen by
pretation is an agglomeration of the small colloids leading toEPR. Last, this recovery temperature is higher for single
an increased large-colloid population. However, as the totatrystals, in which large colloids exist, than for polycrystals
volume of large colloids is typically 30 times larger than thatwhere only small colloids can be formed, recovering at lower
of the small ones, this possibility seems unlikely. The even-T 4.



II3V

100 200 300

T C)

ann

FORMATION OF TWO KINDS OF NONSPHERICAL ...

11 267

This expression reduces to E@) for the spheric case for
which n=1/3. We get forx<1

X
€ =€ 1+ -
n

: 6

2
€h X
=7

&’ n

6//

7

The €’ and €” values may become substantiahifbecomes
small, that is in a needle or disk geometry. We thus tenta-
tively attribute to such an anisotropy of our colloids the sig-
nificant variation ofe displayed in Fig. 7. We notice that Eq.
(7) gives a natural explanation for the proportionality be-
tweene” and the frequency, through the variationegf [Eq.

FIG. 8. Annealing behavior of the radiation-induced changes of(z)]_ However, things are not yet very clear: first we need, for

the dielectric constanke’ (@) andAe” (O) taken at 9 GHz and
300 K. Note the strong peaking dfe” after anneals near 400 °C
just before recovery.

Let us now invoke the classical models for describing th
dielectric constant of mixtures of two components. The ar-
chetype of such a mixing law is the so-called Maxwell Gar-
nett model:® based on the Clausius-Mossotti approximation,
which describes the specimen as an assembly of dielectr
spheres embedded in an insulating matrix; other models caf

be cited, such as that by Bruggem@anbut for very low
metallic concentrations like ouréin the range 10° to
102 typically), there is no significant difference. The Max-
well Garnett formula is
€ €ph _ €~ €p
6+26h_xei+26h’

D

where € is the relative dielectric constant of the sampdge,
that of inclusions, and,, that of the hostx is the volume

fraction of the inclusions. For the metallic case one can use,

in mks units,

- 2
for pi=10uQ cm and f=10GHz, this gives ¢
=1.8x10". For such values, and considering thag1, it
follows that

€' = €n(1+3x),

3

2
€h

6”2—/ Ox.
€

(4)

fitting our experimental resultsy~ X, which corresponds to
very thin needles or flat disks; second, the anisotropic Max-
well Garnett model described here is oversimplified, as in
ereality the orientations of the different ellipsoids are surely
more or less randomly distributed. This last fact could be one
source of the difference of thé' values between single and
polycrystals. It could also play a role in tle# peak revealed
on the recovery curve in Fig. 8. One might wonder if this
gffect is related to a redistribution or an additional produc-
&on of metallic lithium stemming from the sample decom-
position, which begins in this range, as signaled in Sec. IlIC.
In Fig. 7, after an initial increases’ seems to saturate
wherease” decreases. In the simple model given above, this
would be compatible witi increasing linearly withx, i.e.,
metallic disks of constant number and diameter, increasing in
thickness.

V. MICROSCOPY
A. Electron microscopy

We have investigated both polycrystalline,Qi crushed
to powder and crystal chips obtained by cleavage, after Li-
colloid introduction through bombardment with high-energy
electrons. Generally, the samples were in steady evolution
under a microscope voltage of 300 kV, clearly indicating
defect creation with such a beam energy. On the other hand,
they were quite stable and permitted reasonable observation
with a voltage of 200 kV; at 250 kV, long-term work was no
longer feasible and one had to change the observed area fre-
quently. Thus, we suggest a value E)j=(250f§3 keV as
threshold energy for defect formation by the impinging elec-
trons. Since it was shown in Ref. 4 that the primary defects
created in LjO by an electron irradiation weré* centers,
i.e., oxygen vacancies, it is reasonable to relate the above

The result of such a trial is unambiguous: it is not possiblethreshold energy to a threshold for displacing an oxygen

to account for our significant variations of bo# and €”

with such models. The only way to get rid of this paradox isatomic

atom from its regular site. The corresponding transmitted
displacement energyT4(eV)=(560.8A)(E4/

to consider nonisotropic models, generalizing for instancen,c?)(2+E4/m.c?), with A as the atomic mass and
the Maxwell Garnett model by using ellipsoids instead Ofmecz=511 keV, is thenTO=(43j§) eV. This is a rather

spheres. Calling the depolarizing factdf of the ellipsoid

satisfactory value when compared to the closely related sys-

(all the ellipsoids are supposed to have the same orienjationtem MgO, with a similar damage mechanism, where Bells

we get
€— €ph €~ €p
=X .
eyt Nn(e—e€p) eyt n(e—epn)

(5

had determined @7=53 eV.

Having established stable experimental conditions at 200
kV (at a temperature of 100)Kve have tried to observe any
additional structures within the regular,0 lattice which
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FIG. 9. Electron microscope bright field image of a chip edge of
an irradiatedby 1 MeV electrons Li,O crystal, taken at 200 kV
and atT= 100 K, exhibiting Li colloids. Inset: diffraction image of

a region overlapping a colloid platelet. Note the diffuse rings super- (b)
imposed upon the narrow JO pattern and attributed to Li nanoc-
rystals. FIG. 10. Optical microscope image of an irradiatbygl 2.5 MeV

electron$ Li,O crystal chip parallel t¢111), in reflection(a) and in
could be possibly attributed to metalic lithium colloids. A transmission (b) exhibiting metallic Li colloids (spheres and
typical example is presented in Fig. 9, which shows a chip‘mushrooms™ and possibly oxygen filled100 oriented cavities
edge of a freshly cleaved JO crystal containing oval plate- (“cigars”). The sickle shape ifb) is a surface scratch.
lets of 100-200 A size compatible with the analysis of the
dielectric constant in the preceding section. A diffraction pat-periments. It is heréFig. 10 that we have noted the surpris-
tern of this region(shown in the insgtexhibits, besides the ing structures briefly mentioned in our recent paper.
spots and the narrow rings due tg,Qj two rather irregular The reflection imagéFig. 10@)] exhibits brilliant, metal-
diffuse rings characteristic for diffracting nanocrystals oflically shining spherical objects of 2025 um in diameter,
various sizes® These rings cannot be attributed to possiblywhich sometimes agglomerate to yielchore or less com-
present LiOH or LjCO;; they can, however, be indexed as plex) mushroomlike configurations. In transmissigRig.
(110 and(211) respectively within a simple cubic or a bcc 10(b)], we see, first, that these “mushrooms” are apparently
lattice, with a parametea’=2.84 A. (For a reminder, the distributed randomly across the whole crystal thickness and,
lattice constant of bulk bcce lithium metalég=3.51 A) Itis ~ second, we note the presence of oval, cigarlike shapes not
tempting to assign these reflections to lithium nanocrystal¥isible in reflection. Contrarily to the “mushrooms,” the
formed out of the simple cubic Li unit occupying the tetra- “cigars” seem to be oriented preferentially, namely in three
hedral sites of the LO cell. In fact, the parameter of this  directions at an angle of about 60° to each other. Knowing
new, larger, unit cell seems to be related to the parametdhat the chip surface is @11) cleavage plane we can try to
al2 of the original Li sublattice #=4.61 A is the lattice assign them to the thrgd 00 projections upon it.
constant of LjO), such thata’ ~(3/2)"?a/2, which could As to the origin of these structures, it seems obvious to
mean that the face diagonal of the former coincides with thettribute the metalliclike spheres and mushrooms to the
space diagonal of the latter. Furthermore, a bce unit cell ofooked for earlier identified large lithium colloidsee Sec.
parameter’ yields roughly the same atomic volume per Li lll), while the cigarlike shades could be cavities aligned
atom as the simple cubic cell with parame#é®, certainly a  through internal stress alond00—either empty or filled

favorable condition for colloid growth. with oxygen gas. The latter suggestion is probably more ap-
pealing as it would be an indication for the final fate of the
B. Optical microscopy displaced oxygen atoms. Alternatively, the observed struc-

) ) ) “tures could be disclike configurations oriented along the four
After having found possible candidates for the small L'_planes of thg111} family: one parallel to the surface and the

colloids in the above described electron microscope investipther three inclined to it. Only the former would be capable
gations, we were looking for the larger-(Lum) structures  of reflecting incident light.

using optical microscopy. The specimens containing metallic
colloids were usually black and opaque, thus enabling, in
general, only surface investigations in reflection. A few rela-
tively thin chips bombarded with 2.5 MeV electrons were, We have shown that one can create a significant concen-
however, sufficiently transparent to permit transmission exiration of lithium metal colloids by electron-irradiating single

VI. CONCLUSION
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crystals of lithium oxide near room temperature. the framework of the Maxwell Garnett model suggests a
(i) The two EPR metallic lines observed correspond tostrong shape anisotropy, which is also observed by electron
two kinds of colloids: the very narrow Lorentzian line comes microscopy.
from small colloids(size <1um), whereas the broader one,  (iii) Optical microscopy permits us to detect large colloids
of Dysonian shape, is associated with much larger colloid®f typically 20-.um size, which appear oriented along pref-
(size >1um). An analysis of the EPR properties of these erential lattice directions.
large colloids seems to indicate that the spin-free path is
much lower than in bulk Li. In an annealing treatment, the
two types of colloids disappear at clearly distinct tempera-
tures, corroborating the qualitative difference between them. We wish to thank A. Revcolevschi for advice in crystal
(ii) Dielectric constant measurements in the microwavegrowth and A. Barbu and L. Reining for useful discussions.
frequency range after irradiation and anneal confirm the mefhis work was supported in part by the European Fusion
tallic character of the colloids. In addition, their analysis in Technology Program, Task No. UT-M-CML1.
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