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interdiffusion of SrCaCuO and BiPbCuO double layers
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1 . Introduction

The discovery of the LaBaCuQO superconductor
by Bednorz and Miiller in 1986 has lead to the

appearance of YBaCuO. showing supercon-

ductivity above 77 K." Research in high critical

temperature  superconducting material having

higher critical been under—

2-4)

temperature has

taken. The subsequent achievement has
created enormous activity within the scientific
community. So far, one of the greatest

contributions has come from the BiSrCaCuO
superconductor which substitutes Ca for a part
of Sr in BiSrCuO without rare-earth element.
This BiSrCaCuQ superconductor is cheap and
water-resistant with  YBaCuO
the
is thermal

In comparison
Unfortunately,
in 77 K,

superconductor. considering

application the problem
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stability in this a critical
temperature of 80 K(low Tc phase). Thus, the
concern has been concentrated on the fabrication
of a high Tc superconductor above 110 K(high

5 6}

Tc¢ phase).

system having

In order to increase volume 9% of the high Tc
phase in BSCCO, Ca and Cu heat treatment in
an oxygen atmosphere, Pb doping, and sintering
of long time periods for the formation of the
phase studied. In a report by M.
Takano et le.,7) the Pb-doped specimen having
Tc of 108 K was stabilized, substituting a small
amount of Pb for Bi and sintering for a long

have heen

time. Sintering for 200 hours are needed for
stabilization of Pb-doped superconducting sam-
plcs.” 9 Until recently, the growth mechanism of
the high temperature superconducting phase was
not known certainly.

A superconductor using diffusion mechanism
of double-layer pellet containing Sr2CaCuxOx
and BizPbosCux0O, was fabricated in a method
different from the solid reaction method. Thus,
the main object of the current work was to



examine systematically the microstructural phase
generation process of the BiPbSrCaCuQO system
under a carefully controlled diffusion process. It
was our intention that optimum composition and
the basis for process and the sequential results.

2. Experimental procedure

The specimens were fabricated from the
diffusion reaction of the samples of A(SrCaCuQO)
and B(BiPbCuO) in these experiments. The A
specimen was calcined at 760 C for 6 h in an
air atmosphere, crushed into powder and
recalcined at 820 C for 12 h. The B specimen,
being used to the formation of spread volume or
peliet layer, was calcined at 400 C for 6 h in
an air atr’nosphere, crushed into powder and
recalcined at 630 C for 12 h. In succession, the
samples were grinded into very fine powder in
the mortar and sieved by mesh #170. These
were immediately pressed into disc pellets with
a diameter of 10 mm and a thickness of 2 mm.
Parts of B samples were grinded in form of
powder with a very small size in order to
spread on A samples.

[A sample : SrCaCuOI I B sample : BiPbCuO ]

[ Mixing and grinding I u\'lixing and grinding I

Heating process
first : 760 T/6h
second © 820 C/12h

first : 400 C/6h
second : 630 T/12h

Pressing ( 1500 psi )I [ Pressing ( 1500 psi )

[

Application ( B
onto A sample )

| Sintering process (820 C /0 210 h ) |

| Characteristic analysis I

I
] O

a7 1 A AR A

Fig. 1. Block diagram for sample preparation

[Experiment 1]
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In order to find out optimum condition,

"Samples were painted with spread volume ratio

of 1 : 02 1 : 04 1 ' 06 respectively
(composition A(Sr:CazCuz0x) b(BiigPbosCusOy)

)

[Experiment 2]

In order to find out optimum sintering time,
specimens having optimum spread volume 1
0.6 in experiment 1 were heated at 820 T for 24
h, 120 h, 210 h respectively ( composition @ A
{ SrCaCu0x ) b ( BiigPbosCusOy ) ). And then,
double-laver pellets pressed at 1500 psi were
made by amassing the B pellets onto the A
pellets. The samples prepared with the disc
pellets were sintered at 820 Cfor 0 - 210 hours
in a low oxygen pressure. After sintering, these
were cooled down in the furnace. Following also
were experiments for the examination of the
growth process due to diffusion and optimum
conditions for the Bi-based superconducting

growth.

[Experiment 3]

In order to find out optimum composition of A
and B samples, experiment having compositions
of the following table 1 was carried out based
on experiment 1, 2 ( spread volume 1 @ 06,
sintering temperature 820 T, sintering time 210
h)

3 1. A%t B A9} =491
Table 1. Composition of A and B samples.

Sr-Ca-Cu Bi-Pb-Cu critical temperature
2-21 1.9-05-3 0K
2 2-2 1.5-05-3 100 K
2 2-2 1.9-05-3 108 K ( optimum )
223 15-05-3 100 K
2-2-3 1.9-05-3 70 K

[Experiment 4]

In order to consider the effects dependent
upon the sintering of experiment 3 optimum
composition, we observed the characteristics of
the sintering time and each stage of the
sintering process as shown in table 2.
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Table 2. Sample taken at each stage of
sintering process.
sample | temperature(C) | sintering time(h) note
1 25 0 pellet
2 760 4 T ‘min. rising stage
3 820 sintering  process
4 1
5 20
6 210

3. Results and discussions

3-1. The measurement of the -electrical
resistance
Iig. 2 shows the results of  critical
temperature based on experiment 1 When  the
spread volume ratio was 1 @ 06 (Fig. 2¢), the
critical temperature of the specimen had the
highest value and it is 70 K. Fig. 3 shows the
results  of  critical  temperature  based  on
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spread (A'B) of
BiPhSrCaCuO superconducting  system
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experiment 2. Although the samples have little
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Fig. 3. Resistivity vs temperature plot  with
sintering time of BiPhSrCaCuQ super-
conducting system ( spread volume
ratio : 1:0.6, sintering time @ 820 T )

(a) 24 h. (h) 120 h. (¢) 210 h.

change with sintering time, that of 210 hours
(Fig. 3¢) represented the highest Te.
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Resistivity vs temperature plot of AB
composition with a ratio of A/B sample
(sintering temperature @ 820 C, spread
volume ratio ; 1:0.6, sintering time : 210
h.) (a) A SroCaCuw:0y, B Biis
PbosCuszO, (b) A SroCaCuxOy, B
Bi1gPbosCuzOy (¢} A ¢ SrCaxCusOy, B
Bi15PbosCuszOy (d) A © SreCaCusOy, B :
BiigPbosCusOy  (e)  (Bi,Pb)aSr2CazCusOx
prepared by solid state reaction

820°C, EXHl 1 : 06, 2724

Fig. 4.



Fig. 4. shows electrical resistance measured at
the condition of the various composition ( Fig.
: 0.6 and
sintering time 210 h. In Fig. 4-b, we see that

4-a ~ 4-e ) with spread volume 1

the results correspond with those of Fig. 4-e
having the critical temperature 108 K of the
solid state reaction method."" ™ Based on the
high
critical temperature was obtained due to the

X-ray diffraction pattern of Fig. 7-e,

increase of high Tc phases and decrease of low
Tc phases according to a long sintering process.
Also, the critical temperature of Fig. 4-c, 4-d
had the others. It

believed that the composition rate did not fit.

low value against was

3-2. X-ray diffraction patterns

Fig. 5 shows an X-ray diffraction patterns for
the specimen having different spread volume
ratio and sintered at 820 C for 210 h. The low
Tc phase (2212), CuO and Bi2CuO; phase were
observed at the samples of BisPbysCuO, in
upper layer, and the low Tc¢ phase (2212), CuO
and CaPbO; phase at Sr:CaiCu:0x in
layer. We found that the sample of spread
volume ratio of 1 : 0.6 (Fig. 5.¢) had the higher
intensity than that of spread volume ratio of 1 :
0.2 (Fig. 5.a). It was believed that the mixtures
of Bi and Pb melted
process at 820 C diffused through grains. Fig. 6

lower

throughout sintering
shows an X-ray diffraction patterns for the
specimen having different sintering time with
spread volume ratio 1 : 0.6 at 820 . In upper
layer sample of BisPbosCuzOy, the low Tc phase
decreased by increase of sintering time and CuO
is believed that Tc
phase in the beginning of sintering was grown

phase increased. It low
from upper layer to lower layer with a long
sintering time. Also, CuO phase was little grown
from upper layer to lower layer.

An X-ray diffraction pattern was used to

obtain superconducting property for the sintered

specimen in the proper condition ( sintering
temperature : 820 T, spread volume ratio 1
0.6, sintering time 210 h, composition A

Sr2CaxCu20x, B : BioPhosCusOy ) (Fig. 7). Before
sintering, many mixed phases were observed

(Fig.7a) As the temperature was increased, the
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Fig. 5. X-ray diffraction patterns of BiPbSrCa-
CuO superconducting system of varing
spread volume ratios (AIB), sintered at
820 C for 210 h.
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Fig. 6. X-ray diffraction patterns of BiPbSrCa-
CuO superconducting system of varing
sintering
1:0.6

times,
(a) 24 h.

spread volume
(b) 120 h.

ratio
(c) 210 h.
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mixed phase peak almost disappeared around 760
C (Fig. 7b), and the low phase peak ( 0010,
0012, 0016 ) appeared around 820 T ( Fig. 7c ).
After 50 hours, the
peaks appeared

low and some high Tc
(Fig.7d). When the
samples  sintered for 210 hours, their Tc
phases almost disappeared. The high Tc phase

phase

low

was the major part. Long sintering ( above 200
hours ) was needed to develop the whole high
superconducting phase in the inner particles.

+* high Tc phase (223) o
® low Tc phase (22200 !
& CaCuo,
. s

- Se,CuO,
o Cusro,

b A

intensity

b . a

30
28 (degree)

az 7. BiPhSrCaCuO# ]
o bt Xod sl (e 106«
A AL SrCaCuO., B B oPha-CuiO)
X ray
stage of sintering process at boundary
BiPhsrCaCuO

ducting svstem (

10 20 40 50

SR R AR

Fig. 7. diffraction  patterns  with  cach

surface  of supercon
ratio
SeoCaCuOy, I3

spread  volume
106G, composition A
Birol’bosCu:O. ) () before
(h) 760 (cy 820 ©

(820 ) (e} 210 h. (820 )

sintering
(d) 50 h.

3-3. SEM observations

The cffects of spread volume ratio, sintering
temperature and sintering time on phase
formation were observed throughout the SEM.
Fig. 8 shows the fracture section(It was cut in
perpendicular direction of the sample) depending

on spread volume of B sample ( Bi:PbosCuzOy ).
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A little
observed in a little spread volume (Fig. &a).

amount of plate-like grains was

Grain  size of plate-like structure became

gradually large with increasing spread volume
(Fig. 8b). Also, Fig. 8 having spread volume of
1 : 06
characteristic

shows that the plate-like
of Bi
grown through diffusion

grains  as

typical superconducting

system  were process
and initial penetration of BB samples by melting.
IFig. 9 shows the fracture section depending
on sintering time with the spread volume 1 1 0.6
at 820 C. When the sample was sintered for 24
h. (Ig . 9a), the reaction was Jlow. With increase

of sintering time (Fig. 9b), the grain hecame the

plate like shape Bttle by little. Tig. 9¢ having
sintering  time of 210 h. showed mostly  the
plate -like  structure. We o found  that  super
conducting  phase  growth  was  dependent on
sintering  time. . On the  other  hand,  SEM
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Fig. 9. SEM micrographs  of  BiPhSrCaCu0
supcrconducting  svstem of - spread
volume ratio  1:0.6, sintering  tem
perature 820 T, for varing times.  {a)
24 h. (b) 120 h. w210 h

ohservations of the specimen  having  sintering
time over 210h. showed the same patterns as
that of 210 h.

In the fixed conditions  sintering temp. 820
', good condition [table 1), the upper laver
(Fig. 10) and fracture scction (Fig. 11' of

by

smtcered samples of each step were observed
the SIEM. The unsintered fine powder of the
upper laver ( Fig. 10a ) was densely  formed
owing to compression of piress machine Bi, b
clements having & low meling  temperature  at
750 C as shown in Fig. 10b formed a plate
<hape. The specimen  Fig. 10c¢ b observed  at
820 ' contained  grain  particies  having  bulk
shape  through interdiffusion. the  liguid  phase
and particles were diffused with cach other as
well. Fig, 10d representing 1 hour alter sinteving
process,  showed  that  the  grains  grew  up
gradually and some grains penctrated  inmo the
inside. The samples had larger grain size and
the voids owing to vacancies of clement through
interaction with increasing sintering process of
50 hours ( Fig. 10e ) We thought that the grain
size somewhat decrcased, because the element
from the developed grain was separated and
diffused with increasing sintering time ( Fig.
10f).
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10. SEM images of upper surface with ecach stage of sintering process of
superconducting
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position rate : A SrCaxCwO., B! Bj 4PhysCusO.).
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Fig. 11. SEM images of fracture surface with each stage of sintering process of BiPbSrCaCuO
superconducting system (sintering temperature : 820 T, spread volume ratio 1:0.6, composition
rate A SroCaCuzOy, B: BiisPbesCusOy).

(a) before sintering (b) 760 T (¢) 820 € (d) 1 h. (e) 50 h. (f) 210 h.
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SroCasCu0x, B Bi1sPbosCusOy, sintering

Fig 11 showed that the liquid phase diffused
to the upper layer before- sintering ( Fig. 1la ),
and the voids generated in the upper layer at
760 - 820 C ( Fig. 11b,c ). While the second
phase diffused in the
element of low
( Fig. 1lb )
reaction in the

upper layer and the

layer reacted, a large voids

was generated owing to gas

rising sintering process. It

disappecarcd in the ensuing sintering process.

The number of voids increased but the size of
decreased  when  the time

voids sintering

incrcased 1 hour in the upper laver of the
fracture scction. The plate phase was observed
showing a small amount in the reacted boundary
Fig. 11d ). When the

increased to 50 hours ( Fig. Ile ), the high Tc

layer ( sintering time
phase was increased, and the plate-like phase
was observed in fracture section except for the
upper layer and a part of lower layer, also
unreacted elements were partially observed in
process of the diffusion ( Fig. lle ). We found
that the superconducting phases grew up all the
inner section of the specimens throughout the

long sintering time ¢ 210 hours, Fig. 11f ).

4. Conclusions

In this paper, we have presented the new

method by diffusion process of double-layer in

which we  fabricated high Te¢  superconductor,
and we have examined the effects of the
composition and  sintering time using the

diffusion of double layer samples. We obtained
the following conclusions through the illustration
of the
superconducting phase and the growth.

stability of high temperature

1. The Bi(Pb)srCaCuO
superconducting system were spread volume

good conditions of

ratio of 1 : 0.6, sintering time of 210 hours.

composition rate of  SrCaCuwO. ( A
sample ), BiioPhosCuzOv ( B sample ) and
critical temperature was 108 K in good
conditions.

2. The second phase and low Tec phase (2212)
were formed in the increasing temperature
with the

step composition A

633

820 C, but when the low Tc
phase decreased,

temperature :
the volume % of the
high Tc phase increased with the increasing
sintering time.

The superconducting phase formed a liquid
phase in the beginning of
Through the

process the plate-like superconducting phase

sintering

Process. ensuing  sintering
was formed by interdiffusion of under layer

particles.

The superconducting phase was generated
by interaction of the low Tc¢ phase and

the second phase, and these generation
reactions were active in the beginning. The
samples stable owing to plate-like

superconducting structure. It needs approxi-

were

mately 200 hours for improvement of the
critical temperature.

The liquid phase promoting generation and

growth of the high Tc phase arose by
partial melting in the rising temperature.
The SrCaCuO layer of the samples has

diffusion of the
liquid phase from the BiPbCuO layer even

many voids due to the

though some have a relatively fine structure.
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