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ABSTRACT

The magnetization and the flux creep in the fluorinc-doping Bi- Pb-Sr- Ca-Cu-O
bulk superconductor have been cxperimentally studied. The cxperimental results exhibit
soime new behaviours and suggest that S = dAaf/dint ¢ H'/Z for the ficlds 100 Oe< [/
<1000 Oc¢; Uy (H) < exp(— H/30) for the ficlds below 150 Oc and U (/) =< 1/~
with @ = 3/2 for the fields above 150 QOe.



INTRODUCTION

The potential for application of the high Te oxide superconductors has produced a
unprecedented amount of effort towards the understanding of their physical propertics.
Many of these applications will require high critical current density which will in turn
make detailed knowledge of phycical properties,including the behaviours of creep and
pinning of flux. According to the Anderson-Kim mode! of flux creep in conventional
type 0 superconductors,

Ug= (H?/82) « ¢ H

S =dM/dInt = (+J./3VGKT/U) (M
Here, Uy is the pinning potential of flux. fl.is a thermodynamicai critical ficld. Zis the
coherent length. ris a radius of cylinder sample. ¢ is light velocity. The coherent lenxth
in high T, oxide superconductors is much smaller than in conventional superconductor.
Therefore . there is only a small pinning potential of flux. On the other hand, kT/U is
about 10-? for conventional type I materials while about 1072 for high T, oxide super-
conductors. The high rate of flux creep, S == d3f/din (. makes the phenomena of flux
creep are observed easyly in high T. oxide superconductors.

Recent articles publishcd have explored the strong magnetic relaxation obescerved in
Y-Ba-Cu-0!'~*1, Ti-Ba-Ca-Cu-0-*~%) and Bi-(Pb)-Sr-Ca-Cu-0->~*! sintered bulks and
crystals. The melting phenomena of flux lattice have been obeserved in the temperature
range below T, (%3 These experimental results suggest that there is fairly weak pinning of
flux.

In this paper we report the creep and pinning of flux in the flourine- doping
Bi- (Pb)-Sr-Ca-Cu-O bulk superconductor by means of dc magnetization measure-
ments.

1  EXPERIMENTAL METHODS

The sample with the nominal composition Bi, ;Pb, 4Sr,Ca,Cus O,_,F, was synthe-
sized by the solid state reaction. The powder mixture of Bi;0;,5rC0O;,CaC0O;,Pb0.CuO
and CuF, was heated at 760°C fer 15 h in air,then,was pressed into pellets of 12 mm
in diameter and 2 mm in thickness under {9 MPa pressure. The pellcts were sintered at
780°C for 72~ 160 h,then, were cooled in air or in furnance to room temperature. The
sample was cut into a cylinder. The X-ray diffraction indicates that there are the multi-
ple phases and no fiuotide or other impure phase.but 110 K phase is dominant. The mea-
surement of Meissner cffect at 20 Oc shows that superconducting 7. in which the diamag-
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netism begin to appear is 113 K and 85 K ;hase does not yel appear untit 77. 3K as
shown in Fig. 1. The amount of fluorinc in the sample. r .is smaller than 1. 27

The magnetization and its relaxation were measurced by a ballistic galvanomenter
connected to two opposite series pick up coils. The magnetic fickd which was produced
by a liquid nitrogen cooling copper solencid paralleled to the axis of cylinder sample.
The homogeneity and stability of magnetic field are sufficient to ensure the right obser-
vation in experimentst''), The experimental procedure consists of zero- field- cooling
(ZFC) sample from well above the transition temperature to the desire one ,turning on
a magnetic field, H ,and then,observing the magnetization as the function of magnetic

ficld or the time.
2 EXPERIMENTAL RESULTS

2.1 Magnetization of sample

In Fig. 2,we plot the magnetization curve as the function of magnetic ficld, I/ .at
77. 3K. The sample underwent the magnetization process of 0 — /,,,—>0 ——(—
Houew )—>0 — H... . A peak magnetization field, K, .is about 130 Oe,as shown by
point Ain Fig. 2. The magnetization rapidly decrease with increasing ficld and is approxi-
mately reversible above 2200 Oe. A frozen magnetization of 0. 72 emu/g or 2. 72
emu/em?® at H = 0 is about 40% of the pcak magnetization. The repeating magnetiza-
tion make the peak magnetization remove towards lower field, and f/,’ is about 100 Oc
(see the point A’ in Fig. 2). In comparison ,the magnetization after peak valuc reduces
more slowly with increasing field,and a frozen magnetization is about 0. 27 cmu/g at
H = 0 for without fluorine Bi- (Pb)-Sr-Ca-Cu-O sample produced by similar sintering
techniques.

2.2 Flux creep in the fluorine-doping Bi- (Pb)-Sr-Ca-Cu-O

In Fig. 3,we plot the dependence of magnetization upon the times in the ficld of
120 Oe¢ at 77. 3 K. It is clear to follow the law M cc Int . However,dAf /dint has the dis-
tinguished values before and after 9 X 10? seconds and it can be related to the cxislence
of weak link superconductivity. The jumps of flux which appear during magnctic relax-
ation have been explained in Ref. [117].

In Fig. 4,we plot the rate of flux creep, § = dM/dinf ,in various fields. 1l can be
scen that there is @ maximum in the ficld range of 900~ 1500 Oc;that in the ficld low-
er than 200 Oe,the rate of flux creep changes with field to be stecper. In the ficld range
of H. < I <Z 200 Oe ,the ficld is-near the peak magnetization field (thus the distribu-
tion and the gradient of flux density present a severe change with magnetic ficld. This is
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perhaps the reason of the more rapid change of & = d¥M, din¢ with magnetic ficld.

For the Bi-Sr-Ca- Cu- O. the field dependence of the rite of flux creep, & =
dM/din t, follows the law S oc H*"" | In our experimenttl result of the fluorine-dop-
ing Bi- (Pb)-Sr-Ca-Cu-0,it follows the law S o< H' ? for ficids 100 Qe< I -~ 1000
Oc,as shown in Fig. 5. We have observed the similar resuit on other samples. This indi-
cates that the field dependence of the rate of flux creep exhibils some new heaviours for
the fluorine-doping Bi- (Pb)-Sr-Ca-Cu-0.

2.3 Flux pinning potential

In tie frame-work of flux creep model,the pinning potential of flux, 'y .is relat-
ed to magnetization and its relaxation rate in the following equation ;

Uy = (5/)ETAM/(dAM /din ) 3
where \M is the hysicresis in magnetization. [ value of our sample induced from Eg.
(3)is 0. 16 eV~8 X 10~ *¢V for the magnetic ficlds from 50 Oc to 2000 Oc. From the
practical point of view,flux creep at much higher field should be noted. However the
hysteresis in magnetization decreases rapidly with increasing magnetic field at 77. 3 K
as shown in Fig. 2,it is impossible to estimate [, at higher magnetic field at V. 3 K
from Eq(3).

In Fig. 6,we plot the ficld dependence of pinning potential in the range of the ficld
from 50 Oc to 2000 Oc. In Fig. 7, we replot these data as log I, vs /. From this plot.
the field dependence of pinning potential follows a exponential law fur the fields below
150 Oe,

UyCH) cC exp(~— H/30) 1)
In the inset of Fig. 7, we replot these data as log U, vs log [ for the fields above 1350
Oc. Thus we can represent these data by following function,
' (Hycc H ()
with a =3/2.

Flux creep measurements on conventional type [ superconductors have previous-
ly observed a field dependence of 7'y, the average pinning potential of flux is
monotonously decreasing towards zero at [f., -**1. This presumably reflects the field de-
pendence of the relevant activation volume. For high T, oxide superconductors .. the ficld
dependence of [, follows Eq. (5) Jhowever. « value is distinguished , for example. « -

2 for YBa,Cu,0, and T1,Ba,Ca.Cu., bulks * and« — 1/2 for H 7 Cand @ =- 0. |5 for
H | C in Bi,Sr;Can s Cu, O, crystal . This implies that the field dependence of 1. for

high T, oxide superconductor is consicerably stecper.



Up to now,the research of the behaviour of flux pinning in low field is not yet suf-

ficient. However ,it is of importance owing to the existence of weak link superconductiv-

ity in high T oxide bulk superconductors. Eq. (1) given firstly in this paper reflects the

decrease of the average pinning potential is much steeper. This represents presumably

the behaviour of flux pinning in weak link superconductors.

The effect of fluorine-doping on the behaviour of flux creep and pinning of fiux
in Bi-(Pb)-Sr-Ca-Cu-O wants yet to be further studicd.
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The magnetization decay as the function of Infat 120 Ov at 77. 3 K.
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