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PREPARATION OF THE HIGH-TC PHASE IN THE 
Bi-Pb-Sr-Ca-Cu-0 SYSTEM 

HITOSHI KITAGUCHI, FUMINE SHITANI, TOSHIO EGI, KIICHI ODA, 
JUN TAKADA, AKIYOSHI OSAKA and YOSHINARI MIURA 
Department of Applied Chemistry, Faculty of Engineering, Okayama 
University, Okayama 700, JAPAN 

YASUNORI IKEDA and MIKIO TAKANO 
Institute for Chemical Research, Kyoto University, Uji 61 1, JAPAN 

Abstract  The high-Tc phase in the  Bi-Pb-Sr-Ca-Cu-0 system has 
been prepared by the  conventional ceramic method with the  usage of 
co -p rec ip i t a t ed  o x a l a t e s  wi th  t h e  nominal composi t ion  of 
Bio 726Pbo 374Sr1 C a l  C u l  as s t a r t i n g  ma te r i a l s .  T h e  
formation i rocess  67 the'%igh-'?c pfiase and the  optimized condition 
of the  hea t  t rea tment  have been studied. The e lec t r ic  resistivity of 
the  sample hea t  t rea ted  at 848OC f 120h dropped to zero a t  l l O K  
within the  experimental limit of 10 -v ohm. 

INTRODUCTION 

Since the  high-Tc superconductors in the  Bi-Sr-Ca-Cu-0 system was 
found by Maeda et al.', much ef for t  has been made to prepare the  single 
phase and thereby clarify various properties of the  high-Tc phase. It has 
been widely recognized tha t  a partial substitution of lead for bismuth 
drastically increases the  volume fraction of t he  high-Tc phase. In our 
ea r l i e s t  paper2 ,  w e  r e p o r t e d  t w o  op t imum s t a r t i n g  compos i t ions  of 

Bi:Pb:Sr:Ca:Cu=0.7:0.3: 1.0: 1.0: 1.8 and 0.96:0.24: 1.O:l.O: 1.6 which were  found 

a f t e r  many trials. Moreover, i t  has become c lear  t ha t  the  high-Tc phases 
with Pb/Bi=O and Pb/Bi=1/5 have different modulation modes as evidenced 
by means of transmission electron r n i c r o ~ c o p y ~ * ~ .  This paper reports our 

further study on the  lead-rich samples with a nominal composition of 
Bi:Pb: Sr: Ca: Cu=O. 726: 0.374: 1 .O: 1 .O: 1.65. 
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130 HlTOSHl KlTAGUCHl ET AL. 

EXPERIMENTAL 

Co-precipitated oxalates containing the relevant cations a t  the ratios 
of (a)Bi:Pb:Sr:Ca:Cu=O.96:0.24:1.0: 1.1:1.6 and (b)0.726:0.374:1.0:1.0:1.65 were 
used a s  t h e  s t a r t i n g  mater ia ls .  A f t e r  t h e  drying and t h e  thermal  
decomposition, t h e  samples  were ground and mixed adequately,  then 
calcined a t  8OO0C for 12h in air. The products again ground and mixed 

were pressed into disks (20mm in diameter and lmm in thickness) a t  
150MPa and the pellets were heat treated a t  848OC for various periods in 

air. The samples thus obtained were examined using XRD (Cu-Ka). The 
DTA experiments were also carried out at a heating rate  of 10°C/min. 

The electric resistivity was measured by means of the dc four probe 

met hod. 

RESULTS AND DISCUSSION 

Figure l(a) and (b) show the XRD patterns of the samples with the 
nominal compositions (a) and (b), respectively, calcined a t  8OO0C for 12h. 
Both samples consist of a t  least four crystal phases such as  the low-Tc 

phase (Bi2Sr2Ca1Cu2Ox), CapPbOq, Ca2Cu03, and CuO. I t  is notable that 

I '  I I I 1 I I I I 1 

I "0..sSm0.Z4~1.0cal.lcul.60~ . 

I I  I 1 I I 1 I I I 

5 10 20 30 40 50 
28 1cu-Ka) Ides1 

FIGURE 1 XRD patterns of the samples with the nominal 
compositions (a)Bi:Pb:Sr:Ca:Cu=O.96:0.24: 1.0: 1.1: 1.6 and 
(b)Bi:Pb:Sr:Ca:Cu=O.726:0.374: 1.0: 1.0: 1.65 calcined at  8OO0C for 
12h i n  air. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
28

 1
9 

Fe
br

ua
ry

 2
01

3 



PREPARATION OF THE HIGH-Tc PHASE ... 131 

the  larger amount of Ca2Pb04 forms in the  sample (b) than in the  sample 

Figure 2 indicates t he  DTA curves of t he  samples a s  shown in figure 

1. The one is observed a t  855OC 

and 850°C for samples with compositions of (a) and (b), respectively. 

These peaks a re  due t o  the  partial melting tha t  plays an  important role in 
the  formation of t he  high-Tc phase. The other observed at 875OC and 
870°C fo r  s amples  (a) and  (b) ,  r e spec t ive ly ,  is  a sc r ibed  t o  t h e  

decomposition of the  low-Tc phase. The decrease in temperature of each 
peak is assumed to be derived from the  increase in lead content in the  
samples. 

(a). 

Each curve has two endothermic peaks. 

700 

Temperature ['Cl 

FIGURE 2 DTA curves for t he  samples a s  shown in Figure 1 
with the  nominal compositions (a) and (b) calcined a t  8OO0C 
for 12h in air. 

Figure 3 shows the  XRD patterns of the  sample with the  lead-rich 

composition (b) heat t rea ted  for various periods a t  848OC. Figure 3(0), (11, 
(21, and (3) corresponds to the duration of Oh(as calcined at 800°C for 

12h), 32h, 56h, and 120h, respectively. A t  t he  duration of 32h, S r C 0 3  and 
CuO disappear, while t he  high-Tc phase and (Ca,Sr)14Cu240415 form. The 
amount of t he  high-Tc phase increases with the  extension of the  duration 
in contrast  t o  t h e  decrease of CapPb04 and the  low-Tc phase. A t  t he  
duration of 120h, t he  sample contains more than 50% in amount of t he  
high-Tc phase  whi le  t h e  e x t r a  phases  such  a s  t h e  low-Tc phase  and 
Ca2Pb04 still remain. 
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I I I I I I I I I 

:O) as calcined (800.C-I2h) 3oLpllaIe 
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rn cuo 
0 srcog 

(2) 848.C-56h A 

. o  

(3) 848*C-l2Oh I f - 
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5 10 20 30 40 50 
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FIGURE 3 XRD pat te rns  of  t h e  lead-rich sample with t h e  
c o m p o s i t i o n  ( b )  h e a t  t r e a t e d  a t  848OC f o r  (O)Oh(as 
calcined), (1)32h, (2)56h, and (3)120h. 

The  tempera ture  dependences of t h e  e l e c t r i c  resistivity normalized 

a t  300K f o r  t h e  l e a d - r i c h  s a m p l e s  w i t h  t h e  n o m i n a l  c o m p o s i t i o n  of 
(b)Bi0~726Pb0~374Srl~OCa1~~Cul~650x heat  t r e a t e d  a t  848OC for  (1)32h, 

(2)56h, and (3)120h are shown in Figure 4. The resis t ivi t ies  decrease  

a lmost  linearly with decreasing t e m p e r a t u r e  in  t h e  range  between 300K and 
125K. T h e  resistivity f o r  (1)  begins to devia te  from t h e  normal conducting 

behavior a t  120K, drops be tween 120K and IlOK, and below llOK decreases  

gradually to z e r o  at 87K within t h e  experimental  l imit  of 10- 6 ohm. For 
t h e  samples  (2) and (3), t h e  resistivity s teeply drop to  zero at 108K and 
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PREPARATION OF THE HIGH-TC PHASE ... 133 

llOK, respectively. It is  remarkable tha t  t he  sample (3) shows a sharp 

superconducting transition and have a high Tc(zero) despite the  existence of 

a fairly large amount of t h e  ex t ra  phases. In our studies on the  samples 

with t h e  lead-poor composition (a), such a sharp transition a s  described 
above can not be attained under the  existence of such a large amount of 

the  ex t r a  phases, 
a8 

c..l J (1) 3~/"..""-"" _..... b .. ,/"" /MI = 
* ./- / rc 

. f . .  (3) lml . :' ,./" , .  . . :- . .  . 
: . : 

100 120 140 

Toa~~aromm nCl 
Figure 4 The normalized resistivity for the  lead-rich sample 
(b) heat t rea ted  a t  848OC for (1)32h, (2)56h, and (3)120h. 

SUMMARY AND REMARK 

T h e  lead- r ich  sample  wi th  t h e  nominal  composi t ion  of 
Bi:Pb:Sr:Ca:Cu=O.726:0.374: 1.0: 1.0: 1.65 heat treated at 848OC for 120h 

showed a sharp superconducting transition and had a high Tc(zero) despite 
the  existence of a fairly large amount of t h e  ex t r a  phases. For the  lead- 
rich samples, more detailed studies on t h e  microstructure and the  behavior 

of the  electric resistivity a r e  in progress, and will be reported elsewhere. 
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