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Abstract Phase formation in the Bi-Sr—Ca—Cu-O System has been investigated. The 80K superconduc-
ting phase(2212) was successfully prepared with nominal composition 2 : 2 : 1 : 2(Bi-Sr-Ca—Cu) using
solid state synthesis. The x—ray powder diffraction pattern was fully indexed. An area of 2212 based
solid solution formation given by the formula Bi,Sr;-.Ca,..Cu:0y & where 0{x{0.3 and 0(y{(0.3, was ob-
tained as a single phase. The high—Tc superconducting phase(2223) was obtained almost phase pure
from the nominal composition of BiSrCaCu,O.. The conditions for the preparation of the high—Tc phase
were very critical, beacuse of the long range diffusion needed and especially its narrow temperature sta-
bility domain. From the resulfs of this work, the 105K superconducting phase was only produced from
Cu-rich compositions : however, a superconduction transition at 105K slways contains a long resistance
tail, pherphaps associated with the presence of small amounts of impurties at the grain boundaries.

1. Introduction

Since the discovery of superconductivity in
the Bi-Sr-Ca-Su-O system by Maeda et al”,
intensive studies of phase formation and super-
conducting properties have been carried out
for compositions close to the ideal Bi.Sr:CaCu,0.
(80K, 2212) and Bi.Sr.Ca.Cu;0.(110K, 2223)
phase compositions. It has proved difficult to

synthesize single phase samples of the 2212
and 2223 phases with the ideal starting compo-
sitions, in spite of much effort by many investi-
gators. Escudero et al”. Suggested that this
difficulty in preparing a single phase sample is
related to the inherent instability of the struc-
ture, partially due to the long C direction com-
pared to that of A and B. which is reflected in
the high degree of disorder between the differ-
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ent atomic layers of CuO, Sr-0, Bi-O and Ca—
O. Moreover, the solid —state reaction is ac-
complished at temperatures quite close to the
melting point of the compound, where high
ionic mobility is expected and therefore a high
degree of disorder occurs in the different lay-
ers.

Sevral groups succeeded in preparing the
80K superconducting phase *~, soon after the
original discovery of the 80K phase by Maeda
et al”. These iearly experiments indicated that
the approximate composition of the 80K phase
was Biy(Sr, Ca),Cu,0,, with a broad range of
mutual solubility between Sr and Ca. Others®”
have investigated the composition of the 2212
phase by energy dispersive x-ray analysis
(EDX) of single crystal samples, grown by
flux or melt—quenching techniques. The results
showed that the crystals grown by these meth-
ods have the Bi-excess compositions Bi, i-» 251,
CaCu,0,. Se-veral other reports** ' on the
identifications of 2212 phase indicated that Ca
and Sr form a solid solutionn Si,(Sr, Ca),Cu,0.
in this material,

Chippindale et al'®. identified two supercon-
ducting phases in samples with initial mole ra-
tios Bi:Sr:Ca:Cu=1:1:1:2 and 1:
1:1:1 and determined their stoichiometries
using energy dispersive x—ray analysis(EDX)
as Bi,(Sr, Ca), ;Cu0, and Bi:(Sr, Ca). Cu:0..
‘This result indicated that the true compositions
of the 80K superconducting phases in the Bi—
Sr-Ca—-Cu-O system are Sr deficient. Nagano
et al." investigated sr—deficiency in the 2212
phase showing that about 10% of the Sr** ions
are vacant for Bi,Sr,- ,CaCu,Q,. Recently, Kar-
barz et al'¥ investigated phase formation from
the nominal composition Bi.Sr;+.CaCu.Q, for
0(x{0.5. The results showed that a Sr deficient
stoichiometry exhibited the highest phase puri-
ty. A superconducting phase having composi-
tion Bi,(Sr, Ca)CuOis « was isolated by Tar-
ascon et al¥ and the crystal structure of the
2212 phase determined : however, in the bulk
material, a mixture of two phase was always

detected. Their results indicated that a solid so-
lution exists over the BiSris: ., 2Cac- »2Cu0y
composition range -0.5(x{+0.5.

The 110K phase, however, has not been suc-
cessfully isolated from the ideal composition Bi
Sr.Ca,Cus0,. Careful temperature control is
required to form the high—~Tc phase which is
generally found as an intergrowth between the
2201 and 2212 phase, as shown by transmis-
sion electron microscopy (TEM)®'™, Wada ef
all® obtained a 110K transition after transfor-
mation of the low—Tc phase, Bi,(Sr, Ca);-Cu,
O, through long time sintering, 60 hourrs, at
860-870°C in air. Recently, Luo et al.'"” report-
ed changes in the structure of Bi,SriCasCuO6-
.(4334) on annealing close its melting point,
leading to partial formation of the Bi,Sr.Ca.Cu
$010+(2223) phase, as identified by x-—ray dif-
fraction(XRD) and confirmed by electrical
resitivity measurements. This result is consis-
tent with the Tarascon et al.¥ who reported
that an heating single phase 4334, initially
having Tc 85K, near its melting point, produce
its sharp resitivity drop at 110K. Luo et al ob-
served regions transfomed to the 2223 phase,
bounded by an amorophous phase using TEM.
The resuit, however, showed that the compsite
microstructure contains 4334 and 2234 with a
majority 2223 phase. The mechanism and
phase relations in the Bi-SrCa-Cu-O system
are still not fully undestood.

The preparation condition of a 110K phase
have been studied in terms of the heat treat-
ments and various stating compositions by sev-
eral authors'™?’. Results showed a sharp
resistance drop near 110K. This long resitivity
trail was present in all the samples exhibiting
the 110K transition'**". Untill now, the 2223
phase has essentially only been obtained in a
nearly pure form with subsitiution of Pb***,
To determine the intrinsic properties of the
newly discovered high—Tc superconductors, Pb
—free single phase samples of the 110K phase
are necessary.

In this work, 2212 and 2223 phase forma-
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Table 1. Weight Change Stdies During Reaction

Sample j\ Treatments
Powder ' 600°C, 24H
700°C, 24H

! 800°C, 24H |

Pellet ' 800°C, 86H ‘

880°C, 168H ‘

) B

| Cumulative weight loss(% )

Standard Deviation

6.01
9.31

1258 \

12.77 0.03

12.77 0.03

¢

tion in the Bi-Sr—-Ca-Cu-O system ha been
systmeatically investigated. As it was suspect-
ed that the oxygen content varies by changing
the ratio of Sr and Ca in the solid solution, the
effect of also changing oxygen conteht on the
superconducting properties was investigated.
Different annealing conditions were used to
control the oxygen content of compositions in
the solid solution region. The dependence of
lattice parameters and critical temperatures
upon solid solution composition were investi-
gated.

In order to investigate 2223 phase forma-
tion, various nominal compositions were pre-
pared and phase formation examined using x—
ray powder diffraction(XRD), energy disper-
sive x—ray analysis(EDX) and electrical resit-
vity measurements.

2. Bi,Sr,CaCu,0.(2212) phase

2212 phas formation

Weight loss studies

Single phase, polycrystalline Bi.Sr.CaCu.O.
samples were prepared using solid synthesis
techniques. Completeness of reaction and
phase purity of the samples was checked by x—
ray powder diffraction. Weight changes stud-
ies were carried out to ensure that no loss of
reactants, apart from Co, occured during ei-
ther the reastion or subsequent annealing tre-
atments. Theoretical weight loss for 2SrCos+
CaCQO; + Bi,0;+ 2Cu0 — Bi,Sr.CaCu,0,=12.94
%. The difference between observed loss. 12.
77% and calculated, 12.94% may be attribut-
ed to the excess oxygen retained in the sample
since x=0.17 after heating at 820°C. For for-

mation of Bi.Sr.CaCu.O, .7, the expected wei-

ght loss ({0.1%) during reaction and in partic-
ular, congirmed that the Bi, Sr, Ca and Cu
content of the product was the same as that
of the starting mixture. Consequently, any de-
ficiency of bi, which is the most volatile compo-
nent, in the product must be loss than 0.2mol
% BL.Os.

Solid solution formation

Solid solution formation based on the 2212
phase has been investigated in the CaO-SrO-
“BiCu0, ;" system. Samples with the starting
compositions, Bi.Sr; .CaCu0O,(x=0.1-0.5), and
other compositions close to Bi,Sr.CaCu.0, (22
12 phase), as shown in figure 1(b), were pre-
pared by solid statate synthesis. First, the
ground powder was reacted at 700-800°C for
1-2 days. Second, the powder was pressed into
pellets and fired at temperatures in the range
800-880°C. Samples reacted at these tempera-
tures, as a powder, were always multiphase,
containing the low—T, 2201 phase and CuO.
Pelletisation greatly assisted in the production
of phase formation by pressing into pellets
may be due to densification and easy nuclea-
tion compared to that of powder.

Single phase samples were found for both Bi
2Sr:- LaCu:0.(Sr deficient) and Bi.Sr,-.Caix
Cu.0.(Ca for Sr substitution) solid solutions
for x=0.1, 0.2 and 0.4. The composition of the
samples, the minimum time of heat treatment
for single phase formtion (850-880°C) and
resultant are listed in table. 2.

The times required for single phase forma-
tion for the Sr deficient compositions were sig-
nificantly less than for pure 2212 or Ca for Sr
deficient substitution. The secondary phases
which appeared outwith the solid solution re-
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Table 2. Sample Preparation and Characteristics.

Minimum time(days)

Nominal siti
ominal composition | (850-880°C)

FEANESLSA] A6 A63 (1996)

Phase present after reaction

Bi:Sr.CaCu.O. —7 6-7
Bi.Sr, (CaCu,O. 5

Bi.Sr, {CaCu,0. 3
Bi.Sr, CaCu,O, | 3
Bi,Sr; «CaCu,O, =‘ 5
Bi.Sr, Ca, {Cu0; 5
Bi.Sr, Ca, :CuO, 5
Bi.Sr, Ca, «Lu0. 5
Bi.Sr, ¢Ca, Lu.0, 5

single 2212 phase

single Sr deficient

single composition

single

multi—phase

single Ca for Sr

single substitutional
composition

single
multi-phase J
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Fig. 1. (a) 2212 hased ksolid solution region in the SrO-CaO—BiCu0: ;" system. {b) Expanded view of triangle (A,
B, C) shown in (a). Solid circlles( ® } indicate the presence of single phase compositions. Open circles( © } indicate

two or more phases resultin from heat treatement.

gion(x)0.3) were mainly the Bi.Sr.CuO.(2201)
phase with some CuQ. Figure 1. showes the
area of solid solution formation in the CaO-
SrO—"BiCu0. ;" system. All of the single phase
solid solutions were found in a plane where the
Bi and Cu andtents were equal. No single
phase samples were found along the join Bi.Sr;
Cu.0.(2302) to Bi.Sr.CaCu,0.(2212).

Solid solution formation out of the CaO-SrO
—BiCu0. ;" plane was also investigated. Little
evidence for single phase solid solution forma-
tion was found. In order to complete the study
of solid solution phase formation in the Bi-Sr—
Ca~Cu~-0 system, compositions out of the CaO
-SrO—"BiCu0:; ;’plane require further investi-

gation

Characterization of 2212 phase based solid
solution

Lattice parameter measurements

The existence of a solid solution can be
shown unambigiously by measuring the lattice
parameters as a function of composition x.
The A and C lattice parameters for the solid
solutions Bi:Sr:. LaCu.0, and Bi:Sr.- Ca: Cu:
O, and plotted against composition x in figure
2 and 3. As shown, for both Sr deficient and
Ca for Si substitutional solid solutions, the lat-
tice parameter A was constant within error
but the lattie parameter along the C axis mon-
otomically decreases as the Ca content in



= 3k - o] A & : Superconducting phase formation and properties in the Bi-Sr-Ca—Cu-O system 547

(A}
30-82 +
30-78 +
£ i
[+3}
5 30 b
& FUN W S| I 1
3
£
o
- sS4 . é
)
= ¢ ¢ b
]
540
539
! i i 1 1 |
0-2 0-4 0-6

X in Srp-x Ca1Bi2Cu20g+y

Fig. 2. Lattic parameters of BiSrCaCuO as a function
of x. Solid circles( ®) indicate the presence of single
phase compositions. Open circles{ O ) indicate two or
more phases.

creases because of the larger Sr ionic radius
compared to that of Ca, as suggested by Grad-
er et al”, In the Sr—deficient solid solution the
C lattice parameters also decrease as the Sr
content decreases, probably because of the re-
moval of Sr(and O) stoms from the unit cell.
The decrease of the C lattice parameter with x
as shown in figures 2, and 3, is in accordance
with the behaviour predicted by Vegard's rule™.

Critical temperature measurment

The Variation of critical temperature, T,
whithin the solid solution region was investi-
gated. Samples were either annealed at 880°C
in air and quenched to room temperature or at
4007C in N; to control oxygen content and in-
vestigation T.~oxygen content correlations as
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Fig. 3. Lattice parameters of BiSrCaCuQ as a function
of x. Solik circles ( ®) indicate the presence of single
phase compositions. Open circles { ©) indicate two or
more phases.

a function of composition, x, for both solid so-
lution regions. Figure 4 and 5 show the
resistnace transition as a function of composi-
tion x in the Sr deficient and Ca for Sr substi-
tutional solid solution, respectively. Higher T.s
were obtained for each solid solution from the
samples which “were annealed at 400°C in N,
than those annealed at 880°C in air. For the
sample annealed at 830°C in both Bi.Sr.-,
CaCu:0, and BiSr:-.Ca,. Lu0,, the critical
temperatures were quite similiar to each other.
For the samples annealed at 400°C in N, T¢
decreased slightly on going from x=0 to 0.3 in
both systems.

Oxygen content measurement

The oxygen content of the Sr deficient sam-
ples(Bi,Sr, CaCuQ,) and Ca for Sr substitu-
tional( Bi.Sr.- «Ca . Cu:0y) solid solution which
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Fig. 4. Resistance versus temperature curves of Bi:Srs-
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had been annealed at 880°C in air, were deter-
mined by citriate iodometry method. The oxy-
gen content was calculated using the analysed
mean valence value of copper with the charge
neutralisation condition, in which formal va-
lence values were assumed, ie., Bi*, Ca*% Sr**
*. Figure 6 shows how the oxygen content and
the copper valence change with extent of
substiution for both solid solution mechanisms.
The total oxygen content, y, in the BiSr,-.Ca,
4+Cu0, solid solution was constant in the solid
solution region(x(0.3) : however, the total ox-
ygen content, y in the Bi,Sr,. .CaCu.O, compo-
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Fig. 5. Resistance versus temperature curves of Bi,Sr,.
LaCu0..

sition decreased linearly on going from x=0 to
0.3. The copper valence value in the Sr defi-
cient solid solutions. Bi,Sr,- ,CaCu:0y, showed a
small, but significant decrease, on going from
x=0to 0.3.

Discussion

The oxygen content and copper valence for
the Sr—deficient compositions were different
from the values predicted by Cheetham et al.*®
(figure 6). Cheetham et al proposed that the
oxidation of Cu*" in Bi.Sr,CaCu.0s is control-
led by depleting the Sr content according to
the general formula Bi,Sr. -.CaCu.0Os in which



@ 2 3t - o] A} § : Superconducting phase formation and properties in the Bi-Sr-Ca—-Cu-O system 549

7 )

/
2.40 ’
+ ,
’
L,/ <(2+5+x])

- /
= y
[ 2.30[‘ ,
[ /
g ’
- /
2 J 208
- 4

210}

™
~
—

el
-
R

=
&
[ =4
S 8.0
c
o«
2 1.9F
x
(=]
1.8¢
1 1 1 |
0 0.1 0.2 03

X in (Sry.Ca) Biy (0, Uy (¢ & (S1;.103,00Biy (00 1o

Fig. 6. Oxygen content in the solid solution region. Oxy-
gen content calculated from formal values, Bi, Ca, Sr,
Cu and additional oxygen as determined by citrate
idometry.

Sr deficiency is charge-compensated by the
creation of electron holes in the CuO: layer, i.e.
Cu** = Cu®'. This is contrast to the systems
(La,-Ba.)CuO, and YBa,Cu,O: in which the
copper oxidation state is determined by substi-
tutional defects and oxygen defect, respective-
ly. The difference between the ideal(Cheetham
et al.) and measured (this work) values are
shown in table. 3.

If Cheentham et al's suggestion was correct,
then the copper valence for the Sr deficient
solid solutions would increase almost linearly
with x, dashed line in figure 6 ; instead there
is a slight decrease in the average Cu valence.
It is evident that an oxgen is removed from
the unit cell for every Sr that is removed, table

Table 3. The Change in Copper Valence Per
Additional Sr in Bi;Sr;-.CaCu,Os. 6.

This work \

Cheetham et al.
Sr#* — VSr Sr#t — VSr
(1+y)O* - VO (1—-x)0* - VO
(y)2Cu*" — 2Cu* (x)2Cu* — 2Cu**
y({1 0(x(1

&V, and V, represent the vancies of Sr and O
atoms in the stoichiometric 2212 phase.

3 first column. Indeed, removal of Sr destabli-
shes the oxidation environment of the Cu and
so leads to a slight decrease in Cu oxidation
state.

Moto et al.*® reported that the T¢ of Bi,Sr;.
Cai- L1:0,(0(x(1.0) depends upon heat treat-
ment and composition. Critical temperature, T
«,» was measured for samples which were either
rapidly quenched into liquid nitrogen or slowly
cooled in the furnace to room temperature.
The results showed that T decreased on going
from x=0 to 1.0 for the rapid quenched sam-
ples, but T¢ was almost same for the furnace
cooled samples. They™® suggested that the de-
pendence of the critical temperatures upon
composition of the solid solutions could be at-
tributed to the changes in the oxygen content
caused by changing the Sr/Ca ratio as report-
ed by Niu et al.”, and the presence of an opti-
mum hole concentration for the superconduc-
tivity as in the pure 2212 phase. Moto et al
also suggested an alternative explanation, that
the change in structure caused by Sr/Ca sub-
stitution affects puckering of CuO. planes or
alters the distance between the CuQ. planes,
which is expected to directly influence the
band structure and the density of states of the
fermi energy.

In this report, the measured oxygen content
in the Ca for Sr substitutionalnsolid solution
region was constant within error, whereas the
oxygen content monotonically decreases in the
Sr deficient solid solution region. As T. was
observed to change with degree of substitution
for both solid solution regions, it appears that
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T is influenced by other factors as well as ox-
ygen content, for instance structural distor-
tions, induced disorder or band structure

changes as suggested by Moto et al.
3. Bi,5r,Ca,Cu,0.(2223) phase

High—T (110K )superconducting phase for-
mation

Heat treatment

Samples with nominal compositions of 1 :
1:1:2,2:2:2:3,3:5:4:3:3,4:4:
3:3 and 2:1:8:2:3(Bi:Sr:Ca:Cu
were mixed and reacted in air in the tempera-
ture range 800-850°C for 2448 hours with a
few intermediate grindings. The specimens of
the calcined black powder were examined by x
-ray powder diffraction. After this firing se-
quence, all the compositions showed a mixture
of two phases(2201 and 2212) with very small
amounts of 2223 phase in some samples. After
grinding and pellleting, they were reacted in
air under various heating regimes to investi-
gate phase formation of the high—T, phase.

Heat treatments were carried out in air in
the temperature ranges T(870°C, 875({T(885
°C, and T)890°C for between 3 days and 30
days. For some of the samples, i.e., 2224, treat-
ed at temperatures below 870°C, two supercon-
ducting phases with transitions at around 80K
and 105K were detected from resitivity meas-
urements. X-—ray powder diffraction showed
the coexistance of two superconducting phases
with small amounts of the same temperature
did not increase the volume fraction of the
high-T. phase. When the sintering tempera-

Table 4. Starting Compositions and Characteristics.

ture was in creased, i.e., to 880 £5°C, the high
Te phase was formed prefentially only for the
nominal composition of BiSrCaCu.O.. In this
temperature range, slight melting or softening
of the surface of the pellet was sometimes no-
ticed depending patterns showed only the high
—T¢ phase without evidence of any extra phas-
es. Energy dispersive x-—ray analysis(EDX)
was carried out to look for small amounts of
phase which did not appear in the x-ray pow-
der diffraction patterns. The results showed
that the high —T¢ compositions contained less
than 5% of unreacted CuO. Sintering at high
temperature, T)890°C, deteriorated the super-
conducting properties. In this temperature
range, the pellets melted and the Bi,(SrCa),
Cu).(2201) phase was formed.

In this experiments, The high—T¢ phase was
only produced in high purity from the CuO-
rich composition, BiSrCaCu,O.. Long reaction
time and precise temperature control within a
few degree of the solidus temperature seemed
to be essential to from high-Tc phase. The su-
perconducting properties deteriorated on par-
tial melting of softening of pellets.

Critical temperature measurement

Critical
carried out to monitor high-T. phase forma-

temperature measurements were

tion. For the nominal starting compositions,
which were sintered at 880 +£5°C for several
days,the temperature dependence of resitivity
was measured. The resullts are shown in table 4.
A single transition with onset at around
105K was observed in the CuO-rich nominal
composition 2:2:2:4(Bi:Sr:Ca:Cu). The

No T Starting composition Time | Te*
ratio(Si : Sr: Ca : Cu) (days) ‘ (zero resistance of tail0
1 #2:2:2:4 30 \ 105K
2 2:2:2:3 30 \ 30.80K
3 . 35:4:4:3 14 92(76K)
4 l4:4:3:3 14 89(76K)
5 l9:18:2:3 14 83(60K)

*Midpoint of transition
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Fig. 7. Temperature dependence of electrical resistance
for BiSrCaCu,O, samples sintered at 880 +5°C in air as
a function of various reaction times. The specimen (d)
shows midpoint Te 105K with narrow tail from 80 K.

ideal composition of 2 : 2 :2 :3 showed two
transition steps at 30 and 80K. The other
starting compositions showed a transition with
onsets at around 90K with long resistance tails
to low temperature, but with no evidence of
the 105K transition.

In order to investigate the effect of reaction
time upon the formation of the high-T phase
(T:)100K), a fresh specimen of BiSrCaCu.O.
composition was reacted for 30 days at 880 +5
C. Resistance measurements were carried out
evcery 1-2 days to monitor the formation of
the high-T. superconducting phase, figure 7.
The fraction of high-T. phase increased with
reaction time. After 30 days reaction, a sharp
superconducting transition with midpoint at
around 105K was observed but there was still
some small but measurable residual resistance
down to 80K.

The stabbility of the 110K phase was inves-
tigated by annealing at high temperatures. No
significant change in resitive benhaviour was
observed on annealing in the approximate tem-
perature range 700-800°C. The pellet was then
crushed, reground, pressed into a fresh pellet

Table 5. Excess Oxygen Content Measured by lodometry Method

and refired in order to reduce its porosity.
After firing at 800-850°C in air for 48 hours
the sharp transition at= 100K disappeared and
was replaced by a broad transition from &0 to
100K. X-ray powder diffraction confirmed the
loss of the high-T. phase. This result indicated
the high~T. phase is kinetically stable up to
800°C, but thermodynamically stable very
close to the formation temperature.

Oxygen content measurement

Oxygen stoichiometry is important in deter-
mining the critical temperature., Tc. The criti-
cal temperature of Bi.Sr,CaCu,0,(2212 phase)
was very sensitive to oxygen content and
could be varied by annealing the sample at dif-
ferent temperature and oxygen partial pres-
sures.

Tallon et al.®* reported that the high—T
(2223) phase requires oxygen stoichiometry
has been observed while oxygen loading to
masimize critical temperature. A large varia-
tion in T¢ depending on oxygen stoichiometry
has been obsered vonile owygen stoichiometry
hardly affects the critical temperature in the
Pb substituted 2223 phase®™. The oxygen con-
tent of the Pb—{ree 2223 phase has not been
measured because of difficulties in preparing
phase pure samples. The excess oxygen con-
tent of an almost single phase samples of com-
position BiSrCaCu,0y;,(1 :1:1:2) has been
determined by citrate iodometry, table 5.

This corresponds to an apparent average
copper valence of 2.22 which is similar to that
in Bi-Sr:CaCu:0s 14(2212), 2.19, but lower than
that in Biz ;Sr, -CuOs 1340 15(2201), 2.36%”

Discussion

It has been reported by several workers that
doping the Bi,Sr,Ca,Cu;O, composition with Pb
promotes the formation of the high-T: phase®®**
There is some doubt about the role of Pb is its

Nominal composition

BiSrCaCu:Oy.. « \

N S—

Formal Copper valence value Excess oxygen content(x)
2.22+0.03

0.33£0.04
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incorporation in the Bi-O layers, or simply it
being a flux during the high temperature sin-
tering process. Most, but not all, of the Pb
evaporates during the heat treatment™ *". It is
interesting to note that the introduction of Pb
as a substitutional impurity shortens the C
axis by about 0.4 A compared to that of Pb—
free high—T¢ phase. Partial Pb substiution into
the weak interlayer Bi-O bonding is believed
to be responsible for enhancing crystal growth
along the C axis. This modification stabilises
the high—T. phase and facilitates its formation
at lower temperature.

From x-ray powder diffraction data, togeth-
er with electrical resitivity measurements, Pek-
ker et al* proposed that 2201 and 2212 are
equilibrium phases at rocom temperature. The
2223 phase would be stable above around 880
C, and only metastable at room temperature.
High temperature x-—ray diffraction indicated
that the 2212 phase disapears above 870°C
whereas the 2223 phase seems to remain sta-
ble up to 890°C*. Narumi et al** also suggest-
ed that the Pb doped high-T. phase seems to
be in a metastable state from ovservation of
the reduction of T¢ after a few days.

The critical temperature of the Pb-doped
high—T: phase has been measured by several
authors'® """ Results showed that the addi-
tion of Pb elimnates the long tail resistance,
even though midpoint critical temperatures
change little. Recently Wu et al® investigated
the structural and electronic effects of Pbh—
suvstitution by scanning tunneling microscopy
{(STM) and scanning tunneling spectroscopy
(STS). Large area STM images of the Bi(Pb)
-0 layers showed that lead substitution dis-
torts and disorders the one-dimensional
superlattice ; however, STS data showed that
the electronic structure was insensitive to lead
substitution. The superconducting transition
temperatures were independent of x{x{0.7) in
Pb,Bi:Sr,CaCu.0,. This suggested that the lead
—induced electronic and structural changes in
the Bi(Pb)-O layer do not perturb the elec-

tronic states critical to forming the supercon-
ducting state in this system. The substituted
lead seems to accelerate the kinetics of phase
formation and extend the domain of high-T¢"
phase. The narrow long tail from Ph-free
phase is thought to be due to the existence of
weak links between the grains of high-T¢
phases in the ceramic® .

The details of the phase formation of the
high—T, crystals are not clear, but the long re-
action time just below melting point required
for phase formation seems to be important in
considering the formation mechanism. The dif-
ficulty in forming the high-Tc phase may arise
simply from the similiarity offf the structures
in the hismuth phases and hence a lock of ther-
modynamic driving force.

4. Conclusions

Phase formaton in the Bi-Sr-Ca-Cu-O
system has been investigated. Samples were
prepared by solid states reaction of the oxides,
using reaction times of several days and tem-
peratures in the range 600-900°C.

1) The 80K superconducitng phase(2212)
was successfuly prepared with nominal compo-
sition 2:2:1:2(Bi:Sr:Ca:Cu) using solid state
synthesis. The x—ray powder diffraction pat-
tern was fully indexed. There was no unex-
plained weight loss((0.1% ) during either the
reaction or subsequent annealing treatments.

2) An area of 2212 based solid solution for-
mation given by the formula Bi,Sr.-,Ca+,Cu.0
s-& where 0(x{0.3 and 0(y{0.3, was obtained
as a single phase. The dependences of oxygen
content and lattice parameter upon composi-
tion clearly showed the existence of a solid so-
lution.

3) The high—T.: superconducting phase was
obtained almost phase pure from the nominal
composition of BiSrCaCu,O.. The conditions
for the preparation of the high—T¢ phase were
very critical, because of the long range diffu-
sion needed and especially its narrow tempera-
ture stability domain. The high-Tc phase was
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produced only after a long time of reaction(30
days) at a temperature, 880 £5°C, close to but
just below melting. From the results of this
work, the 015K superconduction phase was
only produced from Cu-rich compositions ;

however, a superconducting transition at 105K
always contains a long resistance tail, pher-
phaps associated with the presence of small a-
mounts of impurities at the grain boundaries.
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