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掺氟 Bi-Pb-Sr-Ca-Cu-O大块

超导体的磁通蠕动

'锺文 ;鸟尚申

.(中国科学院等寓子体物理研吃轩，合把)

高孝恢伍小玲杨辉尹舟兰韦钦

〈中南工业犬学，长沙)

摘要

实验研究了掺氟的Bi-Pb-Sr-Ca-Cu-O块状超导体的爱1和磁 j[f!

蠕动，结果表明存在一些新的行为:当1000e< II < 10000e 时， ...s ==

dM/dlnt cc fill? ; 当 H < I500e 时. (10 (Ii) ∞ exp( - II /30) ;当 1/>

150仇时 • Uo(lI) ∞ H寸，且 α=3月。
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ABSTRACT

The magnetization and the flux creep in the f1 uorinc- doping lli- Pb- Sr- ('a- ('I卜。

bulk superconductor have been experimcntally studied. Thc experimental results ':xhibit

some new behaviours and suggest that S = dM/dlnt cc /I川 for the fields 100 (沁</I

<1000 Dc; (fo(/I) cc cxp(- 11/30) for thc fields below 150 Dc、 and F ,,( 1/)工 1/-'

with (7 = 3/2 for the fields above 150 仇

。
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INTRODUCTION

The potential for application of the high T. oxide supcrcomluctors has prol.!ucl'd‘E

unprecedented amount of effort towards the understanding of their physical properties.

Man~" of these applications will require high critical current density which will in turn

mak.e detailed k.nowledge of phycical properties , including the behuviours of creep and

pinning of flux. According to the Anderson-Kim model of flux creep in conventional

type I superconductors.

Fo = (H/18 :1) • t3

S"二 dJl /dln t = (rJc! 3c}(kT斤 'υ)

(})

(?)

Here. l'o is the pinning potential of fhJx. lJ. is a therrnodynamic~ll critical field. 与 is !tIC

coherent length. r is a radius of cylinder sample. c is light velocity. The coherent length

in high T. oxide superconductors is much srna l1er than in conventional superconduChJr.

Therefore. there is only a small pinning potcntial of flux. On the other hand. k1'Ie, is

about 1O-J for conventional type n materi;lls while about 10- 2for high T. oxide supcr

conductors. The high rate of flux creep , S = dM Idln t • makes the phenomena of flux

creep are ob就rved easy)y in high T. oxide superconductors.

Recent articles published have explored the strong magnetic rdaxation obc阳 ved in

Y-Ba-Cu-OC1 -刊，TI- &-Ca-Cu-O: ~-5J and Bi- (Pb)-5r-Ca-Cu-0万~向J sintercd bulks and

crystals. The melting phenomena of flux lattice have been obeserved in the temperature

range below T. (9] These experimental results suggest that there is fairly weak pinning of

flux.

)n this paper we report the creep and pinning of flux in the flourinc- dOlli J1 g

Di- (PbJ-Sr-Ca-Cu-O bulk superconductor by means of de magnetization measure

mente;.

EXPERIMENTAL METHODS

The sample with the nominal composition Di I;PbuSrzCa2Cu~O,_,F, was synthe

sized by the solid state reaction. The powdcr mixture of DizOJ.SreO川CaCO川 PbO.CuO

and CuF2 was heated at 760(' fer 15 h in air .then. was pressed into pellcts of 12 111111

in diameter and 2 mm in thicknes.o; under ·19 MPa pressur~.The pelleto; were sintered at

780C for 72-160 h , then , were c∞led in air or in fumance to room temperature. The

sample was Cllt into a cylinder. 丁'he X-ray diffraction indicates that there arc the Illulti·

pic phases and no fluoride or olher impure phase.blll 110 K phase is dominan t. The mea

sllrement of Mciωncr effect at 20 oc shows that 饥Ipercondl\cting 7二 in which the dialllag-
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netisrn begin to appear is 113 K and 85 K ~hasc dOt.'S not y..:t ap~川r until ~7. ~~K ;IS

shown in Fig. 1. The amount of fluorine in the 皿mple. I .is slIlalll'r than l.:! <c.

The magnetization and it'i relaxation were measured by :1 balli业ic galvanoIlH:ntc:r

connected to two op院副te series pick up coils. The magnetic field which \Vas prlXlucell

by a liquid nitrogen e∞，ling eopper solenoid paralleled to the axis of cylinder sample.

The homogeneity and stability of magnetic field are sufficient to ensure the right obsc:r

vation in experiments(II]. The experimental procedure consist.. of zero- field- cooling

(ZfC) 回mple from well above the transiti创1 temperature to the dc...sire one , turning on

a magnetic field , H ,and then ,observing the magnetization as lhe function of magn....lil'

field or the time.

2 EXPERIMENTAL RESU~τ3

2. I Ma&netization of sample

In Fig. 2 , we plot the magnetization curve as the function of magnetic field. II •at

77. 3K. The sample underwent the magnetization process of 0 一-II""".一→0-一叫一

11m... )-。一-11m斟 • A peak magnetization field , JJp • is about 130ω.as shown b)

point A in Fig. 2. The magnetization rapidly decrease with increasing field and is ilpproxi

mately reversible above 2200 Oe. A frozen magnetization of O. 72 emu/ g or 2. 72

emu/em' at II = 0 is about 40% of the peak magnetization. The repeating mil~n....liz'l

tion make the peak magnetization remove towards lower field , and IIp' is about l 00 ()(、

(see the point A' in Fig. 2). In comparison ,the magnetization after peak value reduces

more slowly with increasing field ,and a frozen magnetization is about O. 27 emu/gat

H = 0 for without fluorine Bi-(Pb)-Sr-Ca-Cu-o 回mple produced by similar sinlering

techniques.

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

In Fig. 3 , we plot the dependence of magnetization IjP<、 po ~he times in the field of

120 伽 at 77. 3 K. It is clear to follow the law M cc Int. However ,dill/dint has the di~

tinguished value.. before and after 9 X 10l seconds and it can be related to the ex istcncc

of weak link superconductivity. The jumps of flux which appear during magnetic relax

ation have been explained in Ref. [11].
In Fig. 4 ,we plot the tate of flux creep , S = dMjdlnt ,in various fields. 1t ran bc~

seen that there is a maximum in the field range of 900~ 1500 Oe; that in the field low

er than 200 伽，the rate of flux creep changes with field to be sl<~epcr. In the fkld range

of lid < II < 200 Oe .the field iS'near the peak magnetization field .thll且 the distribll

lion and the gradient of flux density pr臼ent a severe change with Illagnelic fiehl. This is
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perhaps the rc."ason of the more rapid change of S = 1.1.1/; dint 川th rn;tgnclic rid\!.

For the Bi-Sr-Ca- Cu- O. the field depc:ndence of the r;ll l: of flux cr\.~p. S ~

dM i din t. follows the law S cc I1t~ 12: • In our experimcn t;t1 r‘:sult of the f[ uorilll'-uop

ing 8i- (Pb)-Sr-Ca-Cu-O. it follows the law S oc III? for fi~'ills 100 Oe< II 飞: 1000

曲.as shown in Fig. 5. \Ve have observed the similar result on other sampl四. Th山 inlli

臼t白白at the field dependence of the rate of flux creep exhibit垣凶me new heaviours for

the fluorine-doping Bi-(Pb)-Sr-Ca-Cu-O.

2.3 日ux pinning potential

In foe frame-work of flux creep model.the pinning potcnti.l1 of flux. 几 .is rc1:lt

ed to magnetization and its relaxation rate in the following equation:

Vo = (5/dkLUl/(uM/dln t) <3l

where _飞 :11 is the hysteresis in magnetization , C，飞"11ue of our sample induced from E吨·

( 3) i... O. 16 eV...... 8 X 10- ~ eV for the magnetic fiellls from 50 oc to 2000 Oc, From the

practical point of view. flux creep at much higher field should be noted. Howen'r th ,'

hysteresis in magnetization d~creascs rapidly with inneasing l1lagnc:l i,' field at ;;. 3 K

as shown in Fig. 2. it is imp西sible to estimate ('0 at higher magnetic field 川;;. :1 K

from Eq(3).

In Fig. 6 .we plotthe field dependence of pinning potenti川 in the range of th,' field

from 50 oc to 2000 <>C. In Fig , 7. we replot these data as log "0 \'s JI , From this plot.

the field de防:ndence of pinning potential follows a exponential law fur the fields bdυ恼。

150 Oc.

FoUl) oc exp(- 11130> (, I)

In the inset of Fig. 7. we replot these data as log c" vs log IJ fur the fields abo\'e 150

仇. Thus we can r叩re臼nt these data by following function.

r，(//) ∞ 11 .J ( ;', )

with (I = 3/2.

Flux creep measurements on conventional type n superconductors have previous

ly observed a field dependence of "0 . the average pinning potential of flux is

monotonously decreasing towards 7l'ro at !I<~ : I~: ， This presumably reflects the fil'l lI Ill'

pcndencc of the relevant activation 川 1 1Ime. For high Tc oxide superconductors. t!w field

dependence of ':0 follows Eq , ( 5) •however. 叫 value is distinguished. for exampk. 川

2 for VB.llCU:可Oy and Tll B.l~('a~Cu~Ofbulkνand/I一 I 12 for /l J C and (l 一 O. 11; for

H J C in lli?Sr 7C'ar, lCU/Of cry飞lal f . This irnplk、 that the fi l'll! Ilcpclllknn' of , ., fur

high T, oxide superconductor is con.，j(;crahl)· 日tee~'r.
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Up to now. the: research of the: behaviour of flux pinning in I帆r field is nol yd "'lIt"

ficient. However. it is of imporlan臼 owin& to the existence of \\"\."ak link supc:rcondu，"ti 、

ity in hiatt T. oxide bulk superconductors. Eq.什) given firstly in th i... paper rt"fl .....'b th l.'

decr臼.se of the average pinning 院)(ential is much stttper.τ'his rcpr.:sents pr\."、U IIl:1bl)

the behaviour of flux pinning in w回k link 剧院(Conductors.

The effect of fluorine-doping on the behaviour of flux creep and pinnin& ur fi以

in 8i-悍的-$r-Ca-Cu-Owants yet to be further studied.
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