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SUPEXCONDUCTING CHARACTER1 STICS OF METAL-YE~~CU~O~-X CCMPOSITES 

NOBUHITO IMANAKA, F'UMIHIKO SAITO, and GIN-YA ADACHI 
Department of Applied Chemistry, Faculty of Engineering, 
Osaka University, 2-1 Yamadaoka, Suita, Osaka, 565 Japan 

Abstract Metal powder such as Au or Ag was mixed with a Y-Ba-Cu-0 
superconductor so as to improve its critical current density,Jc. The 
metals were uniformly dispersed into the superconductor without 
reaction. The Jc for yBa2Cu3q-x mixed with Au(5 wtW) or Ag(3 wtX) was 
magnified by a factor of four or two in comparison with that for the 
YBa2C1.1307-x superconductor without the metal mixing,respectively . The 
metal addition into YBa2Cu3q-x influenced little to Tczero. The 
decrease of Tczero under the magnetic flux application was 
considerably inhibited by the metals mixing. 

INTRODUCTION 

Since the first report of a high-Tc oxide superconductor, great efforts have 

been concentrated on to identify the superconductor, One of the great 

advantage of the oxide superconductor is that the critical transition 

temperature (Tc) goes up to over 77 K of the liquid nitrogen temperature. 
However, the low transport critical current density (Jc) limits its 

application. This is mainly attributed to the existence o f  

nonsuperconducting phases in grain boundaries1 and of pores between grains. 

The Jc value of YBa2Cu307-x mixed with Ag20(4 wt%) has been reported to be 5 
times as large as that of YBa2Cu307-x without Ag20 additi0n.I 

In this study, a metal such as Au or Ag was mixed with a yBa2Cu307-x 

superconductor powder for the purpose of suppressing the nonsuperconducting 

formation and filling the pores. The metal mixing effects on superconducting 

characteristics of the Y-Ba-Cu-0 system were investigated. 

EXPERlMENT 

An appropriate amount of Y2O3, BaCO3 and CuO(by molar ratio 0.5:2:3) was 

mixed thoroughly in an agate mortar. The mixture was calcined at 940OC for 5 
h in an oxygen flow. The calcined sample was pulverized and then mixed with 

a proper amount of Au (purity>99.9%, grain size<lSQ.m) or Ag (purity >99.9%, 
grain size<44pm) powder. The metal mixed superconduc.tor powder was pressed 
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into pellets and then sintered in the same oxygen flowing atmosphere for 8 h 
at 940OC for the Au mixed composites, and 900OC for the Ag added composites, 

respectively. The electrical resistivity was measured by the standard four 

probe method. The samples were cut into rectangular shape for the 

measurement and lead wires were fixed to the sample with a silver paste. 

Transport critical current density (Jc) measurements were conducted with the 

same probe at the temperature of liquid nitrogen (77 K). The critical 

current density was calculated from the current at 1vV generation between 

the voltage terminals and the cross sectional area of the sample. The 

magnetic susceptibility was measured by a rf-SQUID susceptometer (HSSM-1000) 
from Hoxan CQ. 

RESULTS AND DISCUSSION 

Observed peaks were only for the yBa2Cuqq-x (Ortho-I) superconductor and 

Ag metal from an X-ray diffraction analysis. Ag powder did not react with 

the YBa2Cu307-x superconductor and existed as the Ag metal in the 

composites. From a scanning electron microscope(S!3l) observation, a part of 

pores were found to be filled with the Ag metal. 

The Tczero deviation with the Au or Ag wt% is presented in Figure 1. 
Tczero for a YBa2Cu307-x superconductor without Au addition, which is 

hereafter denoted as an Au standard, was 89.5 K. 

FIGURE 1 The Tczero deviation with metal content for 
the YBa2Cu307-~-metal(M) composites. 
: 0 ;F=Au: ;M=Ag 
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By the Au addition, Tczero slightly decreased. However, the difference 

between Tczero for the Au standard and the Au(40 wt%)mixed composite was at 

most 2 K. The Au mixing up to 40 wt% influenced little to the Tczero 

characteristics. The results for the Au mixed composites were quite similar 

to that reported by Streitz et al.3 Tczero for the Ag standard sample was 

90.2 K and was almost equal to that f o r  Au standard, In the case of the Ag 

mixing, the Tczero increased and became 93 K at Ag 20 wt% mixing. 

Figure 2 shows the Jc variation for the YBa2Cu307-~-metal composites. 

Jc for the Au standard sample was 88 A/cm2. By the Au 3 wt% mixing, 3c 
increased to 166 A/cm2, and showed a maximum value of 307 A/cm2 at 5 wt% 
addition. However, Jc for 8 wt% mixing decreased down to 161 A/cm2. By the 

Au addition more than 8 wt%,  Jc gradually decreased. In the case of the 

YBa2Cu307-x-Ag composites, Jc for the Ag standard was 153 A/cm2. By 1 wt% Ag 
addition, Jc increased abruptly up to 352 A/cm2 and exhibited a maximum Jc 

(375 A/cm2) by the 3 wt% Ag mixing. Compared with the Au mixed composites, 
Jc for the Ag mixed composites kept higher value around 360 A/cm2 in a wide 

Ag content range from 1 to 10 wt%. By mixing 40 wt% Ag, the Jc decreased 

down to 200 A/cm2. Au or Ag mixing enhanced the Jc value about 4 times or 
twice higher than that for the standard. However, a maximum Jc for the Ag 3 
wt% was 375 A/cm2 and larger than that for the Au 5 wt% addition. 

FIGURE 2 ?he variation of Jc with metal content for 
the Y&12Cu307-~-metal(M) composites. 
: 0 ;M=Au:e ;M=Ag 
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The Tczero deviation with the magnetic flux density for the Ag 

standard and the Ag 3 wt% mixed composite is presented in Figure 3. The 

Tczero for  the Ag standard was greatly decreased by the application of 1500 
G and gradually approached to 77 K by the application of magnetic flux . The 
Tczero decrease by the flux application of 1500 G for the Ag 3 wt% mixed 
composite was smaller than that for the Ag standard. Tczero was still 

I 1 I I 1 I I 

- 

O1o----O - 

A-A 
yA\A - 
\ 80 - 

- - 

70 I I I I I I I 

higher than 

sinterability 

the weak-link 

Y 
\ 
0 

N 
u c 

b 

85 K even at 6700 G. The SEM observation showed that 

enhanced by the Ag addition and resulted in the reduction of 

between grains. 

FIGURE 3 The Tczero deviation with mapnetic flux density. 
A ; YBa2Cu307-x standard sample 

;YBa2Cu3Q-~-Ag(3 wtW) composite 

Figure 4 presents the temperature dependence of the magnetic 
susceptibility €or the Ag standard and the Ag 3 wt% mixed composite. The Ag 

mass is included in the total one of the composite. Therefore, the real mass 

susceptibility is obtained by subtracting the Ag mass from the total. Onset 

.Tc (Tcon) for the Ag 3 wt% mixed composite was almost the same as that for 

the Ag standard. The transition from a normal state to a superconducting one 
for  the Ag 3 wt% mixed composite was sharp in comparison with that for the 

Ag standard. The volume fraction of the superconductor for the Ag 3 wt% 
mixed composite was larger than that for the Ag standard. 
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FIGURE 4 Temperature dependence of magnetic susceptibility 
for standard and Ag mixed composite. 
_ _ _  YBa2Cu3q-x standard sample 

yBa2Cu3q-x-Ag( 3 wt%) composite 

These results indicate that the Ag addition promotes the formation of the 

YBa2Cu307-x superconductor where X is nearly equal to zero. The increase of 
the superconducting volume fraction enhanced the Jc value. 

CONCLUSION 

The metal addition such as Au or Ag into yBa2Cu-jO7-x, greatly enhanced the 

Jc value. A maximum Jc for Ag 3 wt% was 375 A/cm2 and was higher than that 

for the Au 5 w t %  addition. Mixing the metal powder influenced little to the 

superconducting properties of Tc. The Au or Ag addition into the Y-Ba-Cu-0 

superconductor redressed the weak-link problem between the superconducting 

grains. 
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