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The influence of different silver amount (7.5, 10, 12, and 15 wt.%) added as AgzO to the initial
Bi(Pb)SrCaCuO precursor on the phase formation, microstructure and superconducting properties
of the bulk samples was investigated. The degree of the intergranular diffusion of the silver and its
role on the (2223) phase formation, alignment and connection of the (2223) grains were studied using
X-ray diffraction, AC-susceptibility measurement and scanning electron microscopy, respectively.
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I. INTRODUCTION

For the practical application of high temperature su-
perconductors, the main important property is their cur-
rent carrying capacity and its field and temperature de-
pendence. At the current moment, the most promis-
ing compound is the Bi(Pb)SrCaCuO system. Silver
sheathed superconducting tapes, produced from this sys-
tem have been reported to obtain critical current den-
sity (Jo) of more than 10*A/cm? at 77 K (0 T) [1,2],
and 10°A/cm? at 4.2 K (10 T) [3,4], respectively. Oxide-
Powder-In-Tube (OPIT) technique is at the moment the
most promising technology for the preparation of tapes
with a high critical current density. The first stage in
this procedure is the prepartion of the superconducting
Bi(Pb)SrCaCuO powder with good quality.

Now 1t is well known that silver has been success-
fully used as a doping material to make the Bi—Pb—Sr—
Ca—Cu—0 system more suitable for practical application.
The silver added to the initial (Bi, Pb);SrsCasCuzOqg
(Bi(Pb)SCCO) precursor was found to accelerate the for-
mation process of high superconducting (2223) phase [5],
improve the orientation of the 2223 grains and its con-
nectivity [6] and enhance the level of the tensile strain
and strain tolerance of the samples [7]. All these advan-
tages resulting in critical current density improvement
malke the investigations connected with the silver doping
effect on the properties of the Bi-Pb-Sr-Ca—Cu-0O sys-
tem very important. Moreover, up to now there has been
no effective physical model to understand the behaviour
of silver in this system.

In the present work we investigate the effect of different
silver amount additives (7.5, 10, 12 and 15 wt.%) on the
superconducting properties of the Bi(Pb)SCCO system.
This allows to elucidate not only the qualitative effect of
Ag additive but will help to optimize its quantity, also. In
this study the silver doping effect on critical temperature
T, critical current density J. and magnetic susceptibility
x are reported. The observed change of these properties

will be explained by the results of microstructural anal-
yses and X-ray diffraction measurements.

II. EXPERIMENT

The investigated samples were made by mixing of con-
stituent oxides and carbonates: BisOz, PbOs, SrCOs3,
CaCO3,CuO in the atomic ratio Bi : Pb : 5t : Ca : Cu
=1.7:03:2:2:3and7.5,10, 12, and 15 wt.% added
as AgaO to the initial Bij 7Pbg 3Sr2CasCusOigyy pre-
cursor. The weighted powders were thoroughly mixed
by a ball mill in an agate container for 2-3 h. After
pressed into cylindrical pellets, the samples were sintered
at 800° C for 24 h in air atmosphere. The pellets were
then grounded in powder, repressed in pellets and an-
nealed at 838° C for 200 h in air. Finally, the samples
were cooled down to the room temperature. The heating
and cooling rate were 10° C/min and 1° C/min, respec-
tively.

The phase composition and degree of texture of the
samples were determined by X-ray diffraction (XRD)
using a DRON-3 diffractometer with Cu-K, radiation.
Scanning Electron Microscopy (SEM) analyses were per-
formed in order to identify the secondary phases and to
obtain a better estimation of their size and distribution
with increasing amount of the silver additives. Scanning
electron micrograph Philips with 7000 times magnifica-
tion is used for the SEM analyses.

Two different methods are used for determination of
critical temperature 1¢, critical current /. and broaden-
ing of the superconducting transition AT.. For electri-
cal measurements standard four probe technique with
1 pV-em™! criterion was used, whereas for magnetic
measurements a method of mutual inductance of two
opposite-wound identical coils were applied. The criti-
cal current density value J. was determined from the I
using the area of the cross section of the samples. For this
purpose the final geometry of the samples were in form
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of the bar (S = 1mm2). The resistance is normalized to
the value measured at 7= 150 K.

III. RESULTS AND DISCUSSION

Fig. 1 summarizes XRD patterns of the samples with-
out Ag (A) and with different amounts of silver additives
(B—75,C—10,D — 12, and E — 15 wt.% Ag).
The major peaks in all the patterns can be indexed with
the high (2223) phase. It can be seen from this figure
that, samples without silver and with 7.5 wt.% Ag show
additional peaks corresponding to the 2212 phase and
to (Ca, Sr)2CuOsz compound. Further increasing of the
amounts of silver additive leads to the disappearance of
(Ca, Sr)2CuO3 compound and partial conversion of the
2212 phase into 2223 one. It is obvious that 2223 peak
intensities increase and the 2223 phase becomes progres-
sively dominant, indicating c-axes alignment of the 2223
grains with increasing the silver amounts. This process
is in progress up to 12 wt.% Ag addition, after which no
substantial differences are observed.
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Fig. 1. XRD patterns of oxide samples with different
amounts of Ag additives: x — 2223 BSCCO phase; O —
(Ca,Sr)2CuOs; A — 2212 BSCCO phase; o — silver; A —
sample without Ag additive; B — with 7.5% Ag; C — 10%
Ag; D — 12% Ag; EE— 15% Ag.

On Fig. 2 by SEM measurements the favourable role
of the silver additives on the microstructure, grain align-
ment and better connectivity between the grains is
demonstrated. Fig. 2,a shows undoped B(Pb)SCCO sam-
ple, whereas Figs. 2,b,c and 2,d are the SEM images for
the samples doped with 7.5, 12 and 15 wt.% Ag, respec-
tively. It can be seen in Fig. 2,a, that the undoped sample
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1s more porous with widely distributed secondary phases.
After doping with 7.5 wt.% Ag (Fig. 2,b) the density
and the amount of the 2223 phase become substantial
but the size of secondary particles does not change (dark
blocks in Fig. 2,b). A further enhancement of the amount
of the silver additive leads to the reduction in the sec-
ondary particle sizes but the small silver particles tend
to agglomerate into large ones, which are not desired for
either grain orientation or flux pinning (Figs. 2,c,d).

Fig. 2. SEM micrographs showing the morphology of the
samples: (a) without Ag, (b) with 7.5wt.% Ag, (c¢) with
12wt.% Ag, and (d) with 15wt.% Ag.
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Fig. 3. Temperature dependence of the normalized re-
sistence: o — 0 wt.% Ag; B — 7.5 wt.% Ag; e — for 12
wt.% Ag; x — 15 wt.% Ag.

In order to investigate the influence of silver doping
on the electrical and magnetic properties of the BSCCO
samples the temperature dependence of the resistance
R(T) and both real x' and imaginary x” parts of the
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magnetic susceptibility were measured. Figs. 3 and 4
show R(T), x'(T) and x"(T) results for undoped and
for some doped samples (7.5, 12 and 15 wt.% Ag) which
show the tendency of these measurements.

The analyzing of the curves R(T)/Risy presented in
Fig. 3 affirm that in all the samples the zero resis-
tance temperature is above 100 K which signifies domi-
nant presence of high temperature superconducting 2223
phase. The results affirm that the addition of Ag,O in
Bi; 7Pbg 3Sr2CasCuzOig4, (7.5 and 10 wt.%) have re-
sulted in increasing of 7, and narrowing of AT which isin
agreement with the results reported in [6,8,9]. In the sam-
ples with large addition of AgsO (12 and 15 wt.%) the
resistance transition broadening and the slow approach
to the zero resistance state are registrated. This signi-
fies the suppression of the order parameter in the grain
boundary region [10].

The temperature dependence of the AC susceptibil-
ity presented in Fig. 4 gives the results which are in a
good agreement with R(7') one. As can be seen the onset
of diamagnetism (curves x’) and the energy loss peaks
(curves x”) for all the samples start at almost the same
temperatures determined from R(T') measurements. The
X’ curves became slightly broader with increasing of Ag
additives. For all the samples in the transition region a
small kink is registrated. A deeper insight can be ob-
tained by analyzing the behaviour of Y’ as a function of
the temperature and Ag amount. These curves exhibit

two peaks. From these facts it can be inferred that Ag
additives do not eliminate differences between the inter-
and intragrain current even though they promote the in-
tragrain contacts and texturing of the samples.
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Fig. 4. Temperature dependence of the madnetic suscepti-
bility: o — 0 wt.% Ag; B — 7.5 wt.% Ag; A — 10 wt.% Ag;
o — for 12 wt.% Ag; x — 15 wt.% Ag.

All this explains very low values of J. which are pre-
sented in Table 1. Here are summarized also the parame-
ters: critical temperature 1., zero resistance temperature
Ty, onset temperature T, and broadening of the resis-
tance transition.

Samples Characteristics
T.[K] To[K] Tons[K] ATIK] |J..10%A /em?
o — BSCCO 105.5(105)| 104 (103)]109 (110) |5 (7) | 0.3
B — BSCCO+7.5 Ag| 107 (107) | 106 (105)| 110 (112) |4 (7) | 0.5
A — BSCCO+10 Ag | 106(105.5)| 105 (102)| 110.5(111)| 5.5 (9)| 1.2
e — BSCCO+12 Ag | 106 (105) | 104 (101)] 109.5(110)| 5.5 (9)| 0.2
x — BSCCO+15 Ag | 105 (104) | 103 (100)| 109 (109) | 6 (9) | 0.02

Table 1. Characteristics of the Ag doped and undoped samples, obtained by R(T) and x(T) (in brackets) mea-

surements.

IV. CONCLUSION

The effects of silver added as Ag2O to the initial a
BSCCO precursor on the phase formation, microstruc-
ture and superconducting properties of the bulk samples
are studied. The Ag additive is found to refine the sec-
ondary particles and accelerate the formation process of
high superconducting 2223 phase. When the additives
are below 10 wt.% Ag an improvement of the 2223 grains
orientation was observed, which brings to an additional
enhancement in 7; and J.. With increasing of the amount
of silver additive (more than 10%) the grain misorienta-
tion becomes more pronounced resulting in J. degrada-

tion.

The main achievement of this investigation is the con-
clusion that no more than 10 wt.% Ag additive is neces-
sary to produce BSCCO precursor as a starting material
with good initial parameters for the preparation of su-
perconducting Ag-sheathed tapes.
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BIIJINB JOOJABAHHA Ag HA HAOITPOBIOHI BJIACTUBOCTI
Bi(Pb)SrCaCuO KEPAMIK

B. Minescki', B. Jlosuiros?, 3. Misocasiescki®, C. CroimeHos!
L Inemumym $izuxu, daxyavmem npupodHuMUT HAYK Ma MAMEMAUTUKY,
Heporcasnuti ynisepcumem Ce. Kupuaa 1 Medodia,
P. 0. Box, 162, 1000, Cxon’e, Maxedorisn
2 Incmumym dizuxu meepdozo cmany I'. Hod’axosa, Boazapcora axademia nays,
72, 6yas. lapvepadcxo woce, BG-1784, Codin, Boreapisn

Hocnimkeno Brms pisHol kimekoctu cpibma (7.5, 10, 12, and 15 wt.%), wo momaerbea sk AgoO mo mouar-
xosoro Bi(Pb)SrCaCuO, na dopmysanusa dasu, MIKPOCTPYKTYPY Ta HaAIPOBLAHI BJIacTHBOCTI 06’€MHHX 3pas-
kis. Bysio BuBueHo crymins Mixkrpanynspsol mudysii cpifiaa Ta foro Bunus Ha dhopmyBanua dasu (2223), Bu-
piBHIOBaHHA 1 3B’A30K I'paHy’ (2223) 3a IOHOMOrOr0 BimmOBiAHOI peHTreHiBepkol mudpaxnii, Bumiprosans AC-

CHpI/IﬁHHTIII/IBOCTI/I Ta ,HOCHi,H}KeHHH 3a JOIMOMOTOI0 €JICKPOHHOTO MiKpOCKOHa.

326



