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The in
uen
e of di�erent silver amount (7.5, 10, 12, and 15 wt.%) added as Ag

2

O to the initial

Bi(Pb)SrCaCuO pre
ursor on the phase formation, mi
rostru
ture and super
ondu
ting properties

of the bulk samples was investigated. The degree of the intergranular di�usion of the silver and its

role on the (2223) phase formation, alignment and 
onne
tion of the (2223) grains were studied using

X-ray di�ra
tion, AC-sus
eptibility measurement and s
anning ele
tron mi
ros
opy, respe
tively.
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I. INTRODUCTION

For the pra
ti
al appli
ation of high temperature su-

per
ondu
tors, the main important property is their 
ur-

rent 
arrying 
apa
ity and its �eld and temperature de-

penden
e. At the 
urrent moment, the most promis-

ing 
ompound is the Bi(Pb)SrCaCuO system. Silver

sheathed super
ondu
ting tapes, produ
ed from this sys-

tem have been reported to obtain 
riti
al 
urrent den-

sity (J




) of more than 10

4

A/
m

2

at 77 K (0 T) [1,2℄,

and 10

5

A/
m

2

at 4.2 K (10 T) [3,4℄, respe
tively. Oxide-

Powder-In-Tube (OPIT) te
hnique is at the moment the

most promising te
hnology for the preparation of tapes

with a high 
riti
al 
urrent density. The �rst stage in

this pro
edure is the prepartion of the super
ondu
ting

Bi(Pb)SrCaCuO powder with good quality.

Now it is well known that silver has been su

ess-

fully used as a doping material to make the Bi{Pb{Sr{

Ca{Cu{O system more suitable for pra
ti
al appli
ation.

The silver added to the initial (Bi, Pb)

2

Sr

2

Ca

2

Cu

3

O

10

(Bi(Pb)SCCO) pre
ursor was found to a

elerate the for-

mation pro
ess of high super
ondu
ting (2223) phase [5℄,

improve the orientation of the 2223 grains and its 
on-

ne
tivity [6℄ and enhan
e the level of the tensile strain

and strain toleran
e of the samples [7℄. All these advan-

tages resulting in 
riti
al 
urrent density improvement

make the investigations 
onne
ted with the silver doping

e�e
t on the properties of the Bi{Pb{Sr{Ca{Cu{O sys-

tem very important. Moreover, up to now there has been

no e�e
tive physi
al model to understand the behaviour

of silver in this system.

In the present work we investigate the e�e
t of di�erent

silver amount additives (7.5, 10, 12 and 15 wt.%) on the

super
ondu
ting properties of the Bi(Pb)SCCO system.

This allows to elu
idate not only the qualitative e�e
t of

Ag additive but will help to optimize its quantity, also. In

this study the silver doping e�e
t on 
riti
al temperature

T




, 
riti
al 
urrent density J




and magneti
 sus
eptibility

� are reported. The observed 
hange of these properties

will be explained by the results of mi
rostru
tural anal-

yses and X-ray di�ra
tion measurements.

II. EXPERIMENT

The investigated samples were made by mixing of 
on-

stituent oxides and 
arbonates: Bi

2

O

3

, PbO

2

, SrCO

3

,

CaCO

3;

CuO in the atomi
 ratio Bi : Pb : Sr : Ca : Cu

= 1.7 : 0.3 : 2 : 2 : 3 and 7.5, 10, 12, and 15 wt.% added

as Ag

2

O to the initial Bi

1:7

Pb

0:3

Sr

2

Ca

2

Cu

3

O

10+x

pre-


ursor. The weighted powders were thoroughly mixed

by a ball mill in an agate 
ontainer for 2{3 h. After

pressed into 
ylindri
al pellets, the samples were sintered

at 800

Æ

C for 24 h in air atmosphere. The pellets were

then grounded in powder, repressed in pellets and an-

nealed at 838

Æ

C for 200 h in air. Finally, the samples

were 
ooled down to the room temperature. The heating

and 
ooling rate were 10

Æ

C/min and 1

Æ

C/min, respe
-

tively.

The phase 
omposition and degree of texture of the

samples were determined by X-ray di�ra
tion (XRD)

using a DRON-3 di�ra
tometer with Cu-K

�

radiation.

S
anning Ele
tron Mi
ros
opy (SEM) analyses were per-

formed in order to identify the se
ondary phases and to

obtain a better estimation of their size and distribution

with in
reasing amount of the silver additives. S
anning

ele
tron mi
rograph Philips with 7000 times magni�
a-

tion is used for the SEM analyses.

Two di�erent methods are used for determination of


riti
al temperature T




, 
riti
al 
urrent I




and broaden-

ing of the super
ondu
ting transition �T




. For ele
tri-


al measurements standard four probe te
hnique with

1 �V�
m

�1


riterion was used, whereas for magneti


measurements a method of mutual indu
tan
e of two

opposite-wound identi
al 
oils were applied. The 
riti-


al 
urrent density value J




was determined from the I




using the area of the 
ross se
tion of the samples. For this

purpose the �nal geometry of the samples were in form
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of the bar (S = 1mm

2

). The resistan
e is normalized to

the value measured at T= 150 K.

III. RESULTS AND DISCUSSION

Fig. 1 summarizes XRD patterns of the samples with-

out Ag (A) and with di�erent amounts of silver additives

(B | 7.5, C | 10, D | 12, and E | 15 wt.% Ag).

The major peaks in all the patterns 
an be indexed with

the high (2223) phase. It 
an be seen from this �gure

that, samples without silver and with 7.5 wt.% Ag show

additional peaks 
orresponding to the 2212 phase and

to (Ca, Sr)

2

CuO

3


ompound. Further in
reasing of the

amounts of silver additive leads to the disappearan
e of

(Ca, Sr)

2

CuO

3


ompound and partial 
onversion of the

2212 phase into 2223 one. It is obvious that 2223 peak

intensities in
rease and the 2223 phase be
omes progres-

sively dominant, indi
ating 
-axes alignment of the 2223

grains with in
reasing the silver amounts. This pro
ess

is in progress up to 12 wt.% Ag addition, after whi
h no

substantial di�eren
es are observed.

Fig. 1. XRD patterns of oxide samples with di�erent

amounts of Ag additives: � | 2223 BSCCO phase; � |

(Ca,Sr)

2

CuO

3

; 4 | 2212 BSCCO phase; Æ | silver; A {

sample without Ag additive; B | with 7.5% Ag; C | 10%

Ag; D | 12% Ag; E | 15% Ag.

On Fig. 2 by SEM measurements the favourable role

of the silver additives on the mi
rostru
ture, grain align-

ment and better 
onne
tivity between the grains is

demonstrated. Fig. 2,a shows undoped B(Pb)SCCO sam-

ple, whereas Figs. 2,b,
 and 2,d are the SEM images for

the samples doped with 7.5, 12 and 15 wt.% Ag, respe
-

tively. It 
an be seen in Fig. 2,a, that the undoped sample

is more porous with widely distributed se
ondary phases.

After doping with 7.5 wt.% Ag (Fig. 2,b) the density

and the amount of the 2223 phase be
ome substantial

but the size of se
ondary parti
les does not 
hange (dark

blo
ks in Fig. 2,b). A further enhan
ement of the amount

of the silver additive leads to the redu
tion in the se
-

ondary parti
le sizes but the small silver parti
les tend

to agglomerate into large ones, whi
h are not desired for

either grain orientation or 
ux pinning (Figs. 2,
,d).

Fig. 2. SEM mi
rographs showing the morphology of the

samples: (a) without Ag, (b) with 7.5wt.% Ag, (
) with

12wt.% Ag, and (d) with 15wt.% Ag.

Fig. 3. Temperature dependen
e of the normalized re-

sisten
e: Æ | 0 wt.% Ag; � | 7.5 wt.% Ag; � | for 12

wt.% Ag; � | 15 wt.% Ag.

In order to investigate the in
uen
e of silver doping

on the ele
tri
al and magneti
 properties of the BSCCO

samples the temperature dependen
e of the resistan
e

R(T ) and both real �

0

and imaginary �

00

parts of the

324



THE INFLUENCE OF Ag ADDITION ON THE SUPERCONDUCTING : : :

magneti
 sus
eptibility were measured. Figs. 3 and 4

show R(T ), �

0

(T ) and �

00

(T ) results for undoped and

for some doped samples (7.5, 12 and 15 wt.% Ag) whi
h

show the tenden
y of these measurements.

The analyzing of the 
urves R(T )=R

150

presented in

Fig. 3 aÆrm that in all the samples the zero resis-

tan
e temperature is above 100 K whi
h signi�es domi-

nant presen
e of high temperature super
ondu
ting 2223

phase. The results aÆrm that the addition of Ag

2

O in

Bi

1:7

Pb

0:3

Sr

2

Ca

2

Cu

3

O

10+x

(7.5 and 10 wt.%) have re-

sulted in in
reasing of T




and narrowing of �T whi
h is in

agreement with the results reported in [6,8,9℄. In the sam-

ples with large addition of Ag

2

O (12 and 15 wt.%) the

resistan
e transition broadening and the slow approa
h

to the zero resistan
e state are registrated. This signi-

�es the suppression of the order parameter in the grain

boundary region [10℄.

The temperature dependen
e of the AC sus
eptibil-

ity presented in Fig. 4 gives the results whi
h are in a

good agreement with R(T ) one. As 
an be seen the onset

of diamagnetism (
urves �

0

) and the energy loss peaks

(
urves �

00

) for all the samples start at almost the same

temperatures determined from R(T ) measurements. The

�

0


urves be
ame slightly broader with in
reasing of Ag

additives. For all the samples in the transition region a

small kink is registrated. A deeper insight 
an be ob-

tained by analyzing the behaviour of �

00

as a fun
tion of

the temperature and Ag amount. These 
urves exhibit

two peaks. From these fa
ts it 
an be inferred that Ag

additives do not eliminate di�eren
es between the inter-

and intragrain 
urrent even though they promote the in-

tragrain 
onta
ts and texturing of the samples.

Fig. 4. Temperature dependen
e of the madneti
 sus
epti-

bility: Æ | 0 wt.% Ag; � | 7.5 wt.% Ag; 4| 10 wt.% Ag;

� | for 12 wt.% Ag; � | 15 wt.% Ag.

All this explains very low values of J




whi
h are pre-

sented in Table 1. Here are summarized also the parame-

ters: 
riti
al temperature T




, zero resistan
e temperature

T

0

, onset temperature T

ons

and broadening of the resis-

tan
e transition.

Samples Chara
teristi
s

T




[K℄ T

0

[K℄ T

ons

[K℄ �T [K℄ J




.10

2

A/
m

2

Æ | BSCCO 105.5(105) 104 (103) 109 (110) 5 (7) 0.3

� | BSCCO+7.5 Ag 107 (107) 106 (105) 110 (112) 4 (7) 0.5

4 | BSCCO+10 Ag 106(105.5) 105 (102) 110.5(111) 5.5 (9) 1.2

� | BSCCO+12 Ag 106 (105) 104 (101) 109.5(110) 5.5 (9) 0.2

� | BSCCO+15 Ag 105 (104) 103 (100) 109 (109) 6 (9) 0.02

Table 1. Chara
teristi
s of the Ag doped and undoped samples, obtained by R(T ) and �(T ) (in bra
kets) mea-

surements.

IV. CONCLUSION

The e�e
ts of silver added as Ag

2

O to the initial a

BSCCO pre
ursor on the phase formation, mi
rostru
-

ture and super
ondu
ting properties of the bulk samples

are studied. The Ag additive is found to re�ne the se
-

ondary parti
les and a

elerate the formation pro
ess of

high super
ondu
ting 2223 phase. When the additives

are below 10 wt.% Ag an improvement of the 2223 grains

orientation was observed, whi
h brings to an additional

enhan
ement in T




and J




. With in
reasing of the amount

of silver additive (more than 10%) the grain misorienta-

tion be
omes more pronoun
ed resulting in J




degrada-

tion.

The main a
hievement of this investigation is the 
on-


lusion that no more than 10 wt.% Ag additive is ne
es-

sary to produ
e BSCCO pre
ursor as a starting material

with good initial parameters for the preparation of su-

per
ondu
ting Ag-sheathed tapes.
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VPLIV DODAVANN� Ag NA NADPROV�DN� VLASTIVOST�

Bi(Pb)SrCaCuO KERAM�K
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Dosl�d�eno vpliv r�znoÝ k�l~kosti sr�bla (7.5, 10, 12, and 15 wt.%), wo doda
t~s� �k Ag

2

O do poqat-

kovogo Bi(Pb)SrCaCuO, na formuvann� fazi, m�krostrukturu ta nadprov�dn� vlastivost� ob'
mnih zraz-

k�v. Bulo vivqeno stup�n~ m���ranul�rnoÝ difuz�Ý sr�bla ta �ogo vpliv na formuvann� fazi (2223), vi-

r�vn�vann� � zv'�zok �ranul (2223) za dopomogo� v�dpov�dnoÝ rent�en�vs~koÝ difrak
�Ý, vim�r�van~ AC-

spri�n�tlivosti ta dosl�d�enn� za dopomogo� elekronnogo m�kroskopa.
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