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Thermally activated flux creep in K5;Cgqg Single crystals

_ V. Buntar, F. M. Sauerzopf, and H. W. Weber
Atominstitut der Gterreichischen Universitan, Schttelstrasse 115, A-1020 Wien, Austria

J. E. Fischer
Department of Materials Science and Engineering and Laboratory for Research on the Structure of Matter,
University of Pennsylvania, Philadelphia, Pennsylvania 19104

H. Kuzmany and M. Haluska
Institut fr Festkaperphysik, UniversitaWien, Strudlhofgasse 4, A-1090, Wien, Austria

C. L. Lin
Department of Physics and Materials Research Center, Temple University, Philadelphia, Pennsylvania 19122
(Received 12 June 1996

Long-term magnetic relaxation in the fullerene superconduct@skwas measured on crystalline samples
in a wide range of temperatures and magnetic fields. A logarittvi(it) dependence is observed on single
crystals with 100% shielding fraction. The relaxation rate at different magnetic fields increases progressively
with temperature. The flux-creep activation energy is found to be in the range from 10 to 80 meV with a peak
in its temperature dependence. From measurements on samples with nonperfect stoichiometry we show that
inhomogeneities strongly affect the relaxation process and may mask a logarithmic behavior.
[S0163-182806)07045-2

One of the most remarkable features of type-Il superconestimated to be of the order of 1DeV. However, it should
ductors regarding the dynamics of flux motion is the relax-be pointed out that all of the previous measurements had to
ation of the magnetizatioM (t) at fixed temperatur@ and  be performed on powder samples, where the magnetic relax-
magnetic fieldB. The relaxation process has been the subjecétion usually did not show a logarithmic time dependefice.
of intensive studies because it heavily affects the currenteven some peaks were observed Nh(t) curves during
carrying capability of high temperature superconductorsshort-term relaxatio® This behavior could be connected to
Commonly, the relaxation is described by the flux creep acan intergranular interaction between grains in powder
tivation energyUo. The Anderson-Kim modélassumes a samples as well as to weak links, which may exist in samples
uniform barrierU, for the depinning of vortex bundles, lead- 45 5 poor quality. These factors may strongly affect the re-
ing to a logarithmic time dependence of the magnetization: |5y ation process.

In this work we present results on magnetic relaxation

0 obtained in crystalline fullerene superconductors. The mea-

' surements were done on samples of different quality. Our
experiments show that instabilities of the vortex system com-

whereM, is the unrelaxed value dfl andt; is a time con- pletely mask the logarithmic process in the presence of im-
stant. Investigations of the relaxation in high-supercon- purities and weak links in the sample. Magnetic relaxation in
ductors performed by magnetic measurements demonstratedcrystalline sample of good quality shows clearly a logarith-
that this logarithmic dependence was observed in mosmic behavior of the relaxation and allows us to calculate the
case$ % and resulted in an activation enertly, which ini-  relaxation rateS and the flux creep activation energy in a
tially increases with increasing temperature and then dewide range of temperatures and fields. We obtajwvalues
creases after having reached a maximum at some temperaetween 10 and 80 meV. The temperature dependence of the
ture T,,,.>*810 A number of theoretical explanations for activation energy shows a smooth peak.
this phenomenon were propostd:t-3 The main task of this work was to investigate the long-

Fullerene superconductors show similar properties as thi&erm magnetic relaxation in a sample of a good quality, in
cuprates, e.g., relatively high values of the critical temperaorder to avoid influences of intergranular currents. For this
ture and of the Ginzburg-Landau paramefer reviews see purpose our measurements were performed on crystalline
Refs. 14-1H Also, significant relaxation can be found in K3Cg, samples with 100% shielding fraction. Additionally
fullerene superconductors. It is interesting to measure theve measured crystalline specimens with different values of
time dependence of this process and to compare it to the higlhe superconducting fractigfrom 25% to 100%in order to
T.'s. However, although several years have passed since tlievestigate the influence of nonsuperconducting inhomoge-
discovery of superconductivity in fullerenésonly a few neities.
results on flux pinning*°and magnetic relaxatiéf>were Three stoichiometric reactions of;&s, were performed
published. In Ref. 20, the flux creep activation energy wasn evacuated pyrex tubes, using potassium azide K8l a
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convenient source of potassium, which can be accurately 45

weighed in air in small quantities. The parameters of the HH=05T f
reactions were the following.

(1) A set of four G single crystals with a total mass of Ng . M
11.12 mg was reacted with 3.85 mg KBt 500 °C for 44 h. <
The final total mass after the reaction was 13.2 mg. dc su- © —
perconducting quantum interference devi@&QUID) mea- = o goae” /
surements on four crystalsample SigaveT.=19.4 K with 2 4od @ - T=5K i
100% shielding and 9% Meissner fraction. Two of these g
crystals were then sealed separately in quartz tubes. One wasg, .
analyzed by x-ray diffraction and exhibited the appropriate < L
relative intensities of111], [222], and[333] reflections for | "
single phase KCq, and no evidence for other phases such as — T T 7T

KCgo Or Cso. The mosaic spread was 3° full width at half
maximum(FWHM), much worse than that of a parent crys-
tal from the same batch. The second of these cry&&ils2.1
e e e 102 exmal gt e, -05 T o5 i syl o
nary ac measurements on sample S2 did not show any sign pen sy
of granularity for superconducting current flow.

(2) Two Cq, crystals with a total mass of 1.8 mg were to~80 s after field stabilization. Consecutive measurements
reacted with 0.7 mg Khand heated to 500 °C for 46 h. The were carried out every 60—63 s. The data obtained on S1 and
final total mass after the reaction was 1.8 g presume S2 are very similar. In this paper mainly results on sample
that some amount of & sublimated during reactionPre-  S1 are shown.
liminary dc SQUID characterization of both crystals together The magnetic relaxation measured on samples S3 and S4
gaveT.=19.2 K with 18% shielding and 6% Meissner frac- with nonperfect shielding is presented in Fig. 1. The relax-
tion. One of these crystals was then sealed in quartz foation did not show a logarithmic behavior and jumps of the
Raman measureme(gample SBwhich showed a spectrum magnetization appeared. In order to check for possible insta-
characteristic of amorphous carbon and a very weak’Ag bilities of our experimental system, the same measurements
mode at the undopedsgposition. Neutron diffraction on the - were performed in another noncommercial SQUID magneto-
same crystal revealed a poor mosaic struct&eFWHM) — meter. While most of the small jumps M(t) could not be
and an intensity ratio 220/3111.3, intermediate between the spserved in this magnetometer because of its worse sensitiv-
expected 1.8 and 0.64 forgand KsCeo, respectively. There i the big ones were clearly seen. Additionally, a single

is no doubt that this crystal contained someCl, and a  yqtaf of Bi-2212 was measured in the commercial magne-

potassium-deficient compﬁ_un(purel Qioh or dK1C%0)’ de tometer, which showed a very smooth logarithmic relaxation.

fsrchtJi:)?w measurement on this sample showed 25% Shleldln'ii}herefore, we conclude that the unusual magnetic relaxation
y shown in Fig. 1 is an intrinsic property of samples with non-

3) One | . i ; - : :
4 1(2) m gneKl\ga rg_;ah e@‘)ﬁﬁzsggléll }ngismagft;\;a; ée?egﬁg ozwt/t/]as ideal shielding fraction. We believe that the presence of such
: i imperfections in powdered samples has also led to the non-

13.5 mg. The crystal was then broken into six pieces an e X ' .
annealed at 360 °C for 44 h to improve the homogeneity. A ogarithmic re_laxatl_on reported in Refs. 21-23. The jumps
x-ray contour plot of one crystal in the region of thEL1) can be explgm_ed if we assume that these s_ample; have a
reflection showed a largeggpeak with a narrow mosaic and nonideal stoichiometry and that superconductmg regions are
weaker KCqo peaks with broad mosaic spread. One pigbe Surrounded or separated by nonsuperconducting ones in the
mg) was then sealed separatésample Stand dc SQUID  specimens. In this case, the diffusion of magnetic flux may
measurements showdd =19.5 K with 65% shielding and be more difficult because of a mismatch between neighbor-
7% Meissner fraction. ing regions or a disturbance of the structure at the surface of
Magnetic dc measurements on S1, S2, S3, and S4 wegrains or simply by impurity phases between the grain
performed in a commercial SQUID magnetometer. The temboundaries. All of these imperfections can strongly affect the
perature range of these measurements extended3r& to  relaxation process and the expected logarithmic behavior
T., the range of magnetic fields wagH .;<0.1 T<ugH<1  will be partly or completely masked.
T<uH;, . This range of external fields ensured complete The magnetic relaxation obtained on samples S1 and S2
flux penetration into the samples. The ramp rate of the magwith 100% shielding fraction is completely different in char-
netic field in our experiments was of the order of 28 mT/sacter. The time-dependent magnetization of sample S1 at an
and the same for all applied fields in our experimental win-external magnetic fieldyoHe,=0.1 T and for temperatures
dow. The magnetic relaxation was recorded up ¥168*s.  from 5 to 17 K is presented in Fig. 2. All the results obtained
The measurements were performed as follows. The specimem sample S2 are in a very good agreement with those shown
was cooled fromT=30 K>T, down toT<T_ in zero exter- for S1. The results follow the logarithmic expressi@nh The
nal field. After temperature stabilization, an external fieldtemperature dependence of the creep &t&t)/SInt at dif-
(Hey was applied. The magnetization was monitored afferent values of the magnetic field is shown in Fig. 3. The
fixed T andH,,. The first measurements were performed atcreep rate decreases linearly with increasing temperature and

In(t)

FIG. 1. Time dependent magnetic moment of sample S3 in an
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FIG. 4. Temperature dependence of the normalized relaxation
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- recorded magnetizatiol (ty) as My in Eq. (2). The tem-

perature dependences $fandU at different applied fields
U H=0.1T are shown in Figs. 4 and 5, respectively. The relaxation rate
0 increases smoothly with increasing temperature at all fields
and becomes larger with increasing external field. Thus our

4 & 8 7 & 9 10 results contradict an earlier repdftaccording to which the

In(t relaxation rate in KCs displays either a broad maximum or
a plateau. This could be due to the fact that a powdered
sample was measured in Ref. 22.

FIG. 2. Time_de_pendent magnetic moment of sample S1in an The flux creep activation energy, shown in Fig. 5, first
external magnetic fielgiHe,=0.1 T at 5, 7, 10, and 15 K. increases with temperature and then reaches a peak at some
temperaturel ,,. This temperaturd ,, decreases almost lin-
extrapolates to zero at some temperaflige-18.1 K<Tc,  eany with increasing external field. Thus the temperature

which is the same for all external fields within our experi- dependence dfl, is similar to that observed in high su-
mental window. rconductors. ° ‘

L _ e
The temperature-dependent activation energies are ot In conclusion, the relaxation rate and the activation en-

tained él;om the decay of the magnetization with thegrgyy  for flux creep in KCe crystals were studied experi-
relation T 1 oM mentally. It was shown that inhomogeneities in a supercon-
L; = ——, 2) ductor strongly affect the relaxation process and may mask a
S Mo & Int logarithmic dependence, while for good quality samples the
whereS is the normalized relaxation rate aMl, is the ini-  magnetic relaxation follows thél~Int behavior. We ob-
tial value of the magnetization after the external field wasS€rve that the flux-creep rate increases progressively with
applied. For estimating the relaxation ra®eand the flux ~t€mperature, at least up ©=17 K=0.88T.. The tempera-
creep activation energy,, we use the value of the first ture dependence of the flux-creep activation energy exhibits

UOZ
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FIG. 3. Temperature dependence of the creep &igt)/5Int, FIG. 5. Temperature dependence of the flux creep activation

at different magnetic fields. energy calculated from E@2).
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