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Abstract  

Magnetization measurements on lead- or tin-doped YBaeCu307 have been performed at 
4.2 K in magnetic fields up to 29 T. The critical current densities are deduced from the 
irreversible magnetization and the pinning forces are evaluated. The effect of both lead 
and tin doping on the critical current density is quite appreciable. In particular, the 
critical current density of the sample doped with lead is more than twice that of the 
undoped sample. This effect is thought to be associated with the enhancement of the 
intergranular coupling of grains through the formation of BaPbOs phase at the interface 
of the 123 superconducting phase. The relationship between the critical current density 
and a micrograph of the tin-doped sample is also discussed. 

1. Introduct ion  

Despi te  the  e n o r m o u s  efforts  to unde r s t and  the  supe rconduc t iv i ty  in 
h i g h - t e m p e r a t u r e  s u p e r c o n d u c t o r s ,  the  m a x i m u m  ach ieved  crit ical cu r ren t  
dens i ty  in bu lk  polycrys ta l l ine  s a m p l e s  in high magne t i c  fields is still low. 
The  in te rgra in  weak- l ink  s t ruc tu re  is p rob ab ly  the  ma in  obs tac le  for  the 
po ten t i a l  u sage  of  such  mate r ia l s  [1, 2]. In o rde r  to improve  the  e lect r ic  
p r o p e r t i e s  of  such  mater ia l s ,  the  in te rg ranu la r  coupl ing  be tween  the  gra ins  
has  to be  s t r eng thened .  One seeming ly  effective way  is b y  dop ing  with  
a p p r o p r i a t e  e l e m e n t s  [3]. In  the  p r e s e n t  invest igat ion,  we r epo r t  the  effect  
o f  dop ing  bu lk  YBa2Cu807 s a m p l e s  with lead or  tin on  the mic ro s t ruc tu r e  
and  on  the  high-field magne t i za t ion  at  4.2 K in fields up to 29 T. 

2. E x p e r i m e n t a l  deta i l s  

Sample s  o f  nomina l  c o m p o s i t i o n  YSa2Cua_xM~O7 ( M - P b ,  Sn; x = 0, 0.05,  
0.1, 0 .15,  0.2)  w e r e  p r e p a r e d  b y  the  usual  so l id- react ion  method .  A p p r o p r i a t e  
m i x t u r e s  of  Y203, BaCO3, CuO and  PbO or  SnO2 of  99 .9% pur i ty  we re  
ca lc ined  at  930  °C fo r  24 h. The  ca lc ined p o w d e r s  were  sub jec ted  to  r e p e a t e d  
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pulverizing and sintering three times and hydrostatically pressed at a pressure 
of 2000 kg cm-1. After this, they were sintered at 900 °C for 24 h followed 
by an oxygen absorption treatment at 600 °C for 48 h. 

A.c. susceptibility measurements were conducted on all doped samples 
from liquid nitrogen temperature to room temperature in order to assess 
the superconducting transition temperature. X-ray diffraction by means of 
Cu Ka radiation was employed to characterize the phases present in the 
compound. The composition of the phases was determined by the electron 
probe microanalysis (EPMA) technique. 

High-field magnetization measurements at 4.2 K were performed in the 
40 T facility of the University of Amsterdam. Triangular field time profiles 
were employed with increasing and decreasing field rates of 42 T s - '  in 
measurements up to 11 T, 15 T and 29 T. The samples were heated to 
room temperature after each pulse in order to remove the trapped flux. 

3.  R e s u l t s  a n d  d i s c u s s i o n  

A.c. susceptibility measurements from room temperature down to liquid 
nitrogen temperature indicate that the superconducting transition temperature 
of about 91 K of sintered YB2Cu30~ is only little affected by doping with 
lead or tin. 

The phases present in the lead- or tin-doped YBa2Cu307 were identified 
by X-ray diffraction (Cu Ka radiation) and EPMA analysis. In the lead-doped 
samples, it was found that in addition to the principal 123 phase, a new 
phase BaPbO3 has emerged. In the tin-doped samples, no new phase was 
found, only some impurity phases like Y2BaCuO5 (211) and CuO were detected. 
The X-ray diffraction patterns and scanning electron microscopy (SEM) 
micrographs of YBa2Cu2.gM0107 (M----Pb and Sn) are shown in Figs. 1 and 
2 respectively. It can be seen, that in addition to the 123 phase, some 
diffraction peaks of BaPbO3 (lead-doped samples) or 211 phase (tin-doped 
samples) are evident (marked by open circles). The chemical compositions 
of the phases found in lead-doped YBa2Cu307 and tin-doped YBa2CusOv as 
assessed by EPMA are given in Tables 1 and 2 respectively. It was shown 
that tin dissolves largely in the 123 phase and 211 phase, but lead dissolves 
only slightly in the 123 phase and the rest forms a BaPbO3 phase. This new 
phase is spread along the grain boundaries of the 123 phase. 

The magnetization curves of sintered YBa2Cu2.95Mo.050~ (M=--Pb, Sn, Cu) 
at 4.2 K are shown in Fig. 3. The Bean model [4] was used to determine 
the critical current density according to the formula Jc = A M / V d  where AM 
is the difference between the magnetic moments of the field-up and field- 
down curves, V is the volume of each doped sample and d an effective 
thickness of the samples. 

It was found that among the doped samples the critical current density 
of the samples with composition YBa2Cu~..95Mo.o507 (M--Pb, Sn) is higher 
than that of the more heavily doped ones. When x is larger than 0.05 in 
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Fig. 1. X-ray diffraction patterns of YBazCu,~.gM0.jO 7 (M-----Pb (a), Sn (b)). Diffraction peaks 
resulting from BaPb03 and 211 phase are marked by open circles. 

YBa2Cu3_xMx07 (M--Pb, Sn), the critical current density decreases gradually 
with increase of the dopants, but is still higher than that of the undoped 
one. To compare the effect of the various dopants, the field dependence of 
the critical current density (J¢) for the three samples (YBa2Cu2.95Mo.o~07, 
M - P b ,  Sn, Cu) is shown in Fig. 4. It can be seen that, although the 
magnetizations of these samples decrease gradually with increasing applied 
magnetic field, the critical current densities of both lead- and tin-doped YBCO 
are still higher than those of the undoped sample in all magnetic fields 
applied. In particular, the critical current density of the sample doped with 
lead is approximately two times higher than that of the undoped sample. 
This is because the dopant lead forms a stable compound BaPbO~ along the 
interfaces of the superconducting 123 phases, which is a good electrical 
conductor [5]. Its presence may strengthen the intergranular coupling of 
grains and improve the intergrain weak-link structure in these sintered 
materials. For the tin-doped sample, it is very interesting that its critical 
current density decreases less strongly with the increasing magnetic field 
applied. This means that in higher magnetic fields, tin doping is more effective 
than lead doping for increasing the critical current density of YBCO. This 
probably is to be associated with the solution of tin in the 123 phase and 
pinning by finely dispersed 211 particles in the 123 phase. 

The volume density of the pinning force Fo can be deduced from the 
critical current density by means of the formula Fp =J¢ × B  where B is the 
external magnetic field. The field dependence of the pinning force of 
YBa2Cu2.95M0.o507 (M-Pb ,  Sn, Cu) is shown in Fig. 5. From this figure, it 
can be noticed that the pinning forces in the samples doped with lead or 
tin are superior to that in the undoped sample. It is also clear that the 
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Fig. 2. Scanning electron microscopy images of YBa2Cu2.gM0.jO 7 (M-=Pb (a), Sn(b)). 

TABLE 1 

Chemical compositions of the phases in lead-doped YBa2Cu307 

Composition (at.%) Identified 
phase 

0 Cu Ba Pb Y 

57.38 22.50 14.18 0.06 5.90 123 
60.00 0.90 20.37 14.07 4.66 BaPb03 

magnet ic  field at  which the pinning force reaches  a m a x i m u m  is h igher  for 
lead- or  t in-doped YBCO than for  undoped .  Especial ly for  the t in-doped 
sample,  it would  appea r  tha t  up  to 30 T no  max imum is reached,  indicating 
that  the upper  critical field Be2 is far  above  this field value. The critical 
current  densi ty  in the t in-doped sample  may  even b e c o m e  higher  than in 
the  l ead-doped  sample  if h igher  magnet ic  fields are  appl ied than  those  in 
the presen t  study. 



TABLE 2 

Chemical composit ions of  the phases in tin-doped YBa2Cu307 

335 

Composition (at.%) Identified 
phase 

O Cu Ba Sn Y 

55.62 22 .24  15.61 0 .47 6.06 123 
55.01 43 .86  0 .86 0.22 0.06 CuO 
57.05  12.68 11.60 0.02 ]8 .66  211 
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Fig. 3. Magnetization curves of  sintered YBa2Cu2.95M0050~ (M-~Pb, Sn, Cu) at 4.2 K. 

Fig. 4. Field dependence of  the critical current densities in sintered YBa2Cuz vsMo.o507 (M~Pb,  
Sn, Cu) at 4.2 K. 
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Fig. 5. Field dependence of  the pinning forces in sintered YB%Cu2.95Mo.o507 ( M ~ P b ,  Sn, Cu) 
at 4.2 K. 

A c k n o w l e d g m e n t s  

This work has been carried out within the scientific exchange between 
China and The Netherlands and with partial support from the Chinese National 
Center of Research and Development of Superconductivity. 



336 

R e f e r e n c e s  

1 J. Ekin, A. Braginski, A. Panson,  M. Janocko, D. Capone, N. Zaluzec, B. Flandermeyer, O. 
de Lima, M. Hong, J. Kwo and S. Liou, J. Appl. Phys., 62 (1987)  4821. 

2 J. Ekin, Adv. Ceram. Mater., 2 (1987)  586. 
3 D. Pavuna, H. Berger, J.-L. Tholence, M. Affronte, R. Sanjines, A. Dubas, Ph. Bugnon and 

F. Vasey, Physica, C 153-155 (1988)  1339. 
4 C. P. Bean, Rev. Mod. Phys., 36 (1964)  31. 
5 Truong D. Thanh, A. Koma and S. Tanaka, Appl. Phys., 22 (1980)  205. 


