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Effects of TiO, addition on the superconducting
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The effects of TiO, addition in Bi,Sr,CaCu,0s-Ti, (Bi-2212) with y = 0, 0.05,0.10 and 0.15
and (Bi1Pbg.4)Sr16CazCuz5040-Tiy, (Bi-2223) with y = 0, 0.10, 0.20 and 0.40 are studied and
compared. The samples have been investigated by powder X-ray diffraction (XRD), dc
electrical resistance, critical current density (J;) and scanning electron microscopy (SEM).
The XRD patterns of the Bi,Sr,CaCu;0g-Ti, materials showed the Bi-2212 as the dominant
phase. In the TiO, added samples (with y = 0.05 and 0.1), the c lattice parameter decreased
slightly from the non-added sample showing the possibility of Ti incorporating into the
crystal structure of the Bi-2212 phase. In the undoped (Bi; gPbg.4)Sri15CasCu, g0 material,
the XRD pattern showed the existence of mixed phases of Bi-2223 and Bi-2212. The TiO,
added Bi-2223 samples do not show any systematic variation in the c lattice parameter,
indicating that Ti may not be incorporated into the Bi-2223 crystal structure. The T, values
in both systems decreased with the addition of TiO,. The critical current densities, J. at

40 K in the Bi,Sr,CaCu,0g system and at 77 K in the (Bi1gPbg 4)SrqCas,Cuy 5019 system
also decreased with the addition of TiO,. SEM micrographs of both systems showed a
slight decrease in average grain size when TiO, was added. © 2000 Kluwer Academic
Publishers

1. Introduction creasing Mo concentration but depressesTihef this

The Bi-Sr-Ca-Cu-O system consists of a series ofystem slightly [16].

superconducting phases having structural formulae Among the copper-oxide family of high temperature
Bi,SrCa,_1Cu,Oy with n = 1 (Bi-2201 phas€e], ~  superconductors, the Bi-based one is the most promis-
20 K), 2 (Bi-2212 phase€l, ~ 85 K) and 3 (Bi-2223 ing material for tapes and wires fabrication. One of
phase]l; ~ 110 K) [1-3]. Since their discovery, the ef- the most common methods of making superconductor
fect of additions or substitutions in the Bi-Sr-Ca-Cu-Owires and tapes is the powder in tube method where
system with different elements having different ionic Ag tubes are normally employed. For better mechani-
radii and bonding character have been studied by vacal properties, Ag-Ti alloy tube has been suggested in
ious investigators [for example, 4—20]. The superconplace of Ag because it is expected have a microhard-
ducting properties are either enhanced or destroyediess twice as high as that of pure Ag when used as the
depending on the characteristics of the added or substsheath materials for tapes and wires [13].

tuted elements. For example, the addition of Li helps to The aim of this work is to study the effect of addition
induce an increase in the transition temperaflggfor ~ of TiO2 on the superconducting properties of polycrys-
the Bi-2201 and Bi-2223 phases. It also enhanced thtalline Bi-2212 and Bi-2223 in view of the possibility
superconducting volume in Bi-2212 phase and increasef using Ag-Ti alloy for tapes fabrication. We studied
the transport critical current density.j of the Bi-2212  both Bi-2212 and Bi-2223 in order to compare directly
and Bi-2223 phases [4, 6, 10]. On the other hand, F¢he effect of the addition on both systems especially on
and Co doped Bi-2212 showed a decreask inithin-  phase formation and critical current density. Starting
creasing doping concentration [5]. In Ti-doped Bi-2212compositions, heating temperatures and sintering time
single crystals, TEM studies have shown the evidencare as discussed in the next section. Only small con-
of defects which can enhance flux pinning [19, 20]. Thecentrations are considered since large concentrations
addition of a small amount of Ti is reported to enhanceare detrimental to their superconducting property [12].
the Bi-2223 formation [12]. But the volume fraction of For preparation of the Bi-2223 phase, we have cho-
Bi-2223 phase in In doped material, decreases with Irsen a nominal composition with lower concentration of
concentration [14]. In Mo substituted Bi-2223 samples,Sr because a deficient environment is necessary to sup-
the volume fraction of Bi-2223 phase increases with in-ply the appropriate holes concentration, thus enhancing
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the superconducting properties of the compounc
[21].

2. Experimental procedure

Polycrystalline samples of Bi-2212 and Bi-2223 su-
perconductors were prepared by solid state reactior
using high purity (99.999%) BDs3;, SrCG;, CaCQ,
CuO and PbO powders with nominal compositions of g
BizSI’gC&CL&Og and (B.h.epb)A)Sﬁ.ecagCUz.gOlo. The
powders were weighed and mixed thoroughly to ob-a
tained the required stoichiometric ratios. In preparing2 y=0.15
the BLSLCaCyOg series, the mixed powders were
heated at 800C for 48 hours with several intermit-

tent grindings. The resultant powders were then mixet
thoroughly with TiQ powder (purity 99.999%) with o
nominal composition of BSLCaCyOg-Tiy (y =

0,0.05,0.10 and 0.15) and pressed into pellets of
13 mm diameter and 2 mm thickness. The pellets wer | ' | | |
;intfered at 855C in air for 48 hours and then quenched 10 20 30 40 50 60
in air.

In preparing the (BigPly.4)SreCaClpgO10-Tiy
series, the mixed powders were heated at ‘€0 Figure 1 XRD patterns for BiSr,CaCyOg- Tiy with y=0 and 0.15.
for 40 hours with several intermittent grindings. The Peak due to SrTi@is indicated by (*).
powders were then mixed with TiOpowder (purity
99.999%) with nominal composition of (BiPky.4)

Sr 6Ca&Clp 8010 Tiy With y =0, 0.10, 0.20 and 0.40.
The resultant powders were pressed into pellets an
heated in air at 840C for 240 hours followed by fur-
nance cooling to room temperature.

X-ray diffraction (XRD) patterns were recorded on
a Siemens D5000 diffractometer using Cy Kadia-
tion. Electrical resistance measurements were carrie
out using the standard four point-probe dc method witH’

silver paste contacts. The experimental set-up consiste hich both situations occurreo!. Eor the Ti added sam-
of a closed cycle refrigerator from CTI Cryogenics ples, the XRD patterns show similar patterns as for the

(model 22), a temperature controller from LakeShoreur.“jOpefj se.lmpl'e except'for_a few unacgountable.peaks.
. ince Ti exists in the oxidation state*Tiand consid-

(model 330), and a constant current source (Keithle bring its ionic radius (0.6§\) is close to that of Car

220). The critical current densitydf) was measured g i ; , ,
on bar-type samples with cross sectional dimensionfD-72A). itis quite possible that Ti goes to the Cu site.
This explains the decrease in thkattice parameter for

of approximately 1.5 mm by 2.5 mni, is de-
fine(?%s the ter)r/1perature a%/which the electrical relhe Tiadded samples. Thus, there is a possibility for the

sistance dropped to zero. The onset of supercondud’ atoms to be incorporated into the crystal structure of
tivity, TeonsetWas taken as the temperature at whicht"€ Bi-2212 phase.

the tangent of the resistance versus temperature curveF19- 2 shows the XRD patterns for powdered
intersects with the tangent of the part where resis{Bi16P0.4)SreCaClp 010 Tiy with y = 0 and 0.10.

tance dropped precipitously. The critical current den-The patterns showed the coexistence of Bi-2212 and Bi-

sities were determined using the«//cm criterion at ~ 2223 phases. The volume fraction of the Bi-2223 phase
40 K for the BpSr,CaCuOg-Tiy series and at 77 K for (V2229) versus the Bi-2212 phas¥:») is determined
the (Bi6Phy.4)Sr.6CaClpgO10-Tiy series. The mi- USING the relation
crostructures of the samples were also analyzed by a 122540010
Philips XL 30 scanning electron microscope (SEM). Vooo3 = —

P g pe (SE) 2223= 140010 + 17214008)

wherel»2,40010 is the XRD peak intensity of (0030
3. Results and discussion in Bi-2223 andl»214008) is the peak intensity of the
Fig. 1 shows the XRD patterns of 88r,CaCyOg-Tiy  neighbouring peak (008) in Bi-2212 [14]. It is ob-
with y=0 and 0.15. The XRD patterns of the non- served thaV,,,3 decreased with increasing Ti concen-
doped and Ti@doped samples show peaks that can bdration.V,o23=47%, 38% and 33% foy =0, 0.10 and
indexed on the basis of a Bi-2212 structure. The (002D.20, respectively. Even though the samples are not
peak, which is characteristic of the Bi-2212 phase, capredominantly Bi-2223, the volume fraction is suffi-
be observed clearly in both the undoped and Ti dopedient to form a continuous network of Bi-2223 phase
samples. The lattice parameters decreased with in-grains. This is reflected by the above 100K, for

Units)

ty (Arb

26 (Deg.)

creasingc Ti content, i.ec=30.823 ,&, 30.731A and
ﬁO.?ZBA for y=0,0.05 and 0.1, respectively. No
systematic variation ira and b lattice parameters is
observed.

When metals are added into a superconductor com-
pound, they will either substitute themselves onto suit-
able atomic sites or segregate as impurity phases and
ot become part of the structure. There are also casesin
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Figure 2 XRD patterns for (Bj Phy.4)Sr.6CaClr gO10- Tiy With y = TI'SUbStItu_ted (Bi-6ptb~4)_sr_2c_a2CLb—XTlX010+y Com'_

0 and 0.10. Peaks belonging to the Bi-2223 phase are indicated by (HpOUNds withx > 0.3. This is in close agreement with
and those belonging to the Bi-2212 phase by (L). Peak due to $i3i0 our XRD pattern which revealed no Bi-2223 phase for
indicated by (). sample withy = 0.4.

The c lattice parameter of the Ti added (BPly4)
they = 0 and 0.10 samples. As reported by Grivel Sh.6CaCup 8010~ Tiy samples do not show any system-
et al. [13], as more Ti enters the structure, it gives atic variation with % Ti added and the structure remains
rise to a new structural phase with secondary phasetgtragonal. This indicates that the solubility of Ti in the
formed such as Bi-2201 phase,Cai0; and SrTiQ. structure of Bi-2223 phase is small (i.g<0.1), if
The slight decrease if; onsetmay be due to the pres- any.
ence of minute amounts of Ti in the structure of the Fig. 3 shows the temperature dependence of the
Bi-2223 phase [13]. The dramatic decreaseTine,, €lectrical resistance for Br,CaCyOg-Tiy with y =
in the Ti added samples a&-,3 is further decreased 0, 0.05,0.10 and 0.15. All samples showed a metallic
may be due to the presence of the secondary phas@§rmal state behaviour. The valueslgfnse@andTc zero
which reduces the effective percolative pathsetal. — are as shown in Fig. 4l; onsetfor the Ti added sample
[12] reported that there was no evidence of Bi-2223 inshow a slight decrease from 90 K to 88 K Higherofor
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Figure 3 The normalized electrical resistance versus temperature ofigure 5 The normalized electrical resistance versus temperature of
Bi;Sr,CaCyOg-Tiy with y = 0, 0.05, 0.10 and 0.15. (Bi1.6Pln.4)Sr.6CaClp gO10- Tiy with y = 0, 0.10, 0.20 and 0.40.
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130

5 the Tiadded samples decreased by 5-10 K from the un-

120 - EZZ:‘ doped sample. This is expected since the formation of
LIER impurities such as SrTi®will reduce the content of Sr
1o v 4 in the structure. Sr is one of the necessary elements to
100 4 A provide a lattice framework conducive to superconduc-
o0 |, tivity [11]. Fig. 3 also shows the appearance ¢hih at
. . < Tczeroin €ach sample and this phenomenon is linked to
fu 80 =  the presence of the Bi-2201 phase as an impurity phase
70 v Ty~ [22].
Fig. 4 shows the critical current density at 40 K
60 7 & of Bi,Sr,CaCyOg-Tiy. The J; values decreased in the
50 - L4 Ti added samples. The existence of secondary phases
and impurities such as Bi-2201 phase,CaGO;, CuO
407 i and SrTiQ may suppress the current carrying capacity
30 ‘ . I 0 of these samples since they exacerbate the weak-link
0.0 0.1 0.2 0.3 0.4 problems [23]. As reported by Konstantinewal.[24],
y (Ti content) one of the factors that influencds is the presence of

Figure 6 The critical temperatureTc zero and Teonsetand the critical Impuml.e.s that are not aCtmg as flux pinning centers.
current densityJ at 77 K for (Biy.6Phy.4)St 6CaClpeO1c- Tiy With Thus Ti in our samples does not seem to act as a flux

y = 0, 0.10, 0.20 and 0.40. pinning centers for the Bi-2212 phase.

Figure 7 SEM micrographs of BiSr,Ca Cu;Og- Tiy with (a) y = 0 and (b)y = 0.15.
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240 hours), can promote the formation of the Bi-2223References

phase. Impurity phases can lead ttag in the resis-
tance versus temperature curves as shown by the Bi-
2212 samples which were heated for only 48 hours in
the final heating stage. The= 0.4 sample showed a

Tezero Of < 50 K and this is attributed to the presence

of impurities and non-superconducting phases as dis-3.

cussed abovel; onsetand T zeroare as shown in Fig. 6.
TezerosOf 100 K or more are achieved in the undoped
sample as well as thg= 0.10 sample.

Fig. 6 shows thel, at 77 K for (BipgPhy4)Sris 5.

CaCu 010 Tiy. It indicates a distinct degradation in

Jc values in the Ti added samplek. for they =0.20 6.

and 0.40 sample decreased by three orders of magnitude
(1 x 10-3and 5x 103 Alcm?, respectively) compared
to the undoped sample indicating the severity of the ef-

fect of Ti overdoping in the system. This is probably 8.

due to the disruption of the connectivity among Bi-
2223 grains by Ti bearing compounds such as S§TiO
(detected from X-ray diffraction pattern) which may ;4
reside near the boundaries. The connectivity among

Bi-2223 grains is reflected by the volume fraction of 11.

Bi-2223 phase. The lowering of the volume fraction
of Bi-2223 phase with increasing Ti (determined semi-*
gquantitatively) resulted in lowed; values.

Fig. 7a and b show the SEM micrographs for

Bi>SnCaCuyOg-Tiy with y = 0 and 0.15, respectively. 14.

Fig. 7a shows grains with an average size of less that®-
.M. ZHIQIANG,W. HAIQIAN,D. YI,W. YU,H. ZHIYI,

5 um. Fig. 7b shows that the average size decreased
for y = 0.15. The same result is also obtained for the

Bi-2223 series. Hence, Tixontrols the grain size of 17.

the Bi-2212 and Bi-2223 systems.

18.

19.

4. Conclusion

Our results show that the addition of TiQo both
BizSI’zC&CL&Og and (Bh.sptt)A)Sfl.sCBQCUz,golo is 20
detrimental to superconducting properties. The addi-
tion of TiO, in Bi,SrCaCuyOg results in the Ti atoms
incorporating into the crystal structure of the Bi-2212
phase. In (BigPhy.4)Sr.6CaCu, gO10, the addition of

TiO, does not change the crystal structure of the Bi-22.

2223 phase. In both systems, a reductiofidrand J.
is observed with Ti@ addition. One possible applica-

tion related to this finding is the used of Ag-Ti alloys as 54

sheath materials for the fabrication of Bi-Sr-Ca-Cu-O
superconducting wires and tapes. This may be possible
only if a small quantity of Ti is added into the systems,
y < 0.15 in the BpSrLCaCuyOg-Tiy system andy <
0.1inthe (BiLePly.4)Sr.6CaClp gO10-Tiy System.
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