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Fig.2 Schematic diagram of lattice vibration(=phonon)
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/ T
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(a) T = Tc¢ (b) T < Tc

Fig.3. Perfect diamagnetism in superconductors.
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Fig.4. Critical plane._of“superconductors showing Tc, Jc and Hc.
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Fig.5. A phase diagram of Type I and Type 1l superconductor.
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Fig.6. Show lattice-structure of perovoskite compound(ABO,), each black and
gray circle is smal meta(B) and large metal(A), blank circle is
oxygen.
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Fig.7 Idealized unit cells of Bi;Sr;Can1CunOonsasx With N=1,2 and 3
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(SrO+Ca0)/2

{Sr,Ca)eBiz09 + SrzCu0a + (Sr,Ca)0

{Sr,Ca)sBizOe + (Sr,Ca)0 +

3Biz0Os
(Sr.CaySh {Sr.Ca):Bi20s + (Ca,Sr)2Culsz + Cul

(Sr,Ca)3Biz0s + 2212 +

(Sr,Ca)O + liquid (Sr,Ca)3Biz0s + CazCuls +

\ (S8r,Ca)Cu0z

(Sr,Ca):Biz20s +

Ca2Cu0s3 + (Sr,Ca)Culz +
(Sr,Ca)14Cuz4041-x
(Sr,Ca)aBiz06 + 2212 +
Sr,Ca)14Cuza0a1x +

2212 + (Sr,Ca)0 + CazCuOz -
2212 + (Sr,Ca)O + liquid

2212 + 2223 + CazCuDz +
liquid

B+ v+ liquid
(Sr,Ca)14Cuz40a1x +
''''' 12+ 2223 +
: g CuDs
Bi20s ~ — il & Cu0

2223 + CuQ + liquid 2223 + Cub + (Sr,Ca)1aCuz4041x
Fig.8. Section (SfO "+ Ca0)/2-Bi,03-CuO through’ the system
Bi».0z-SrO-Ca0. at 850C in air
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Drying Decomposition Sintering

droplets Q —_— . —b.

Crystallization Particle

Fig.9. The mechanism of particle formation in spray pyrolysis
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Table 1. History of powder formation by ultrasonic spray pyrolysis

Source Particle .
System . Atomizer Author
Materials Morhpology
nitrate hollow spherical
? Sproson
acetate open crumbly
nitrate
Zn0 4 ? ? Seitz
acetate
acetate sperical fine ultrasoinc Liu
oxychloride . . . .
. solid spherical ultrasoinc Dubois
vs7 nitrate
h Zr n-butoxide . ) .
o spherical dense ultrasoinc Ishizawa
Y alkixide
) Sr isopropoxide . . .
SrTiO03 . . hollow spherical ultrasoinc Sakurai
Ti isopropoxide
Si02 ethoxide spherical fine ultrasoinc Nogami
. tetrachloride : ) film .
TiO2 K solid spherical Visca
ethoxide generator
Ti ethoxide .
Al buthoxid spherical nozzle Dogan
Ti0s-ALOs Lutll N
tetraethylate solid spherical Ingebrethsen
generator
acetate aggregated shell 2—fluid
MgO ; . Gardner
nitrate unaggregated shell |atomizer
) acetate smooth convoluted
NiO ) ) ? Sproson
nitrate hollow spherical
sulfate hollow spherical spray dryer DeLau
MgALOs Mg acetate . .
. hollow spherical nozzle Kanzaki
Al nitrate
chloride
hydroxychloride solid spherical 2—fluid
. . . Zhang
nitrate irregular shell atomizer
ZI”OQ
acetate
nitrate . ) . )
) solid spherical ultrasonic Odier
hydroxychloride
nitrate fine nebulizer Kodas
YBaCusO7 |nitrate hollow spherical |ultrasoinc Odier
nitrate porous irregular rotary Martin
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)
E‘r/\] Bismuth oxidesZ “5/‘3 0}04 s %"11% =717 o g T

SHAITE BiZlk &2 FEol A g m= v AMAS AES Fo
o] 4 o & AL (Bi, Sr, Ca, Cu)nitratesE H|sto] =2

SAs FH Y AFEHE FUe Bi(NOs); - 5HxO(JUNSEIL 98%)
Sr(NOs)2 - 4H>O(JUNSEL 97%), Ca(NO3)2 - 4H.O(JUNSEIL 98%),
Cu(NO3)2 - 3H2O(JUNSEIL 88%)o|™ o]A S F#H| 7} Bi : Sr : Ca
: 2:2 2237 =5 g AH(Fig.10, Table 2. #=x). o]
Z3dd BUS 5%HNO; 8 H(66%HNO; HAgdI} 33 SFHFE
3ol &73le] Stirring platedl A 3Al7F 5o &&3te] 2z 0.01M,
0.05M, 01M, 0.3M ¢ &S Z-7t FH[§ AL AHS 531 71
e JYAE VIR R §do L fHS Hr st mE 243y
A AES BZEs7] Ysto] citric acid powder(Sigma-aldrich, 95%)=
0.01M, 0.02M, 0.04M, 0.06M, 0.08M, 0.IM= =0 &35S o).
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.\\\\ & /,/
Fig.10. Schematic dia 0 erimental ure fc r Bi-2223 powders
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Table 2. Specification of starting solutions

Reagent Company Grade
Bi(NO,),-SH,0 JunselCg 98%
JAPAN
Sr(NO3),4H,0 Junsebln 97%
JAPAN
Ca(NO3),-4H,0 Jundi (2 98%
JAPAN
Junsei Co
Cu(NO3),-3H,0 o 98%
CGHSOT- Aldrich Chemical Co 959/,
USA
H,O Manufacture in laboratory 3
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BE GRs) #AES Fig.10e] YeERH AT
A4 AAE A 259 BF A dvbeR, 28 ¥y AAR
s ol sl

% F34 1.67TMHz(TDK NB-595-09S,
2 oj%ojA Utk Az WEAE

=
o _
‘?‘Eoké‘ =z %] &k

A9 29A G 747 A e 24% 5 =S s
BE s one) ool Huld wol WAATIY A g ol
L A9e BAA lomHg R Wl Do ¥ohm wFUO
W, A5 AFo AW £ A5S AAGs] AN ARBHE
e 2 T 2@ A4

Chamber®] <oFWFaFol Al carrier gasES +9Y Al#A Y. carrier gas

Air compressor(Keyang elec. KLD-2025)2 %34 e 3712 8
5]

3} EsES FA AASI=E FA(SKP  sald000, Japan)E gk
carrier gasE 5/ /minFTYdte] &5 EH HAS AHEo] & HE=Z 4
2 8 Eo7lIEE o3t & el A7|Ee HdHow 74

2} 2]

Ho] o, Aod#AE& 40mm(H 7 )x44mm (L] 74 ) x1700mm (& %
A, H 1w E(99.99% 0149 A A (F 3 4ESi02) = Al 2
o] 4709 7}9E( Z+zt Z 28cm )E AYHA AAE &

nﬂ o>4

o e Aeds SURL e AAY EE R FelA 86
0T, 400C, 200C-£2C o]Jll&E z& Aol HEZ st A FErkE
Ab gt syt 23S ADVANTEC Filter Papers(no. 5C TOYO,
Japan)Z X 3dto] 80C o 3AF &9t Hdxste] = HAAH

T ¥He Mdd Eo pylex tubeE AA i UlF A F Gl
paper filterE T2 o2 Yol dt$7]|E FaA AHE Es ¥F
A Th AlFe] Ay FEe x3HE EdEo osiA Z¥E FHo] 9
A NS 2E A 7jAEe] BHE T oA Koo 9Fsie @
o] ettt o] wiiEol theke ko] EHHA Fokrh 1A ZH
FZ 0 2 vacuum aspirator(EYELA A-1000S, Japan)E Al % &}o] ut
TEE AYUR VAL IR E e W v EHs rJT 4
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Pyrex tube

Paper Filter : Carrier
J><I N Flowgmeter Gas
L evvevenagiee s eases + TR AL (AIr)
aspirator | L WM | diiieeessteeisneeeasneennatie. AN A
L] L]
i I_L == iy
.F Solution |
Si0,tube =
g Furnace I —
Cooling C@g}l{ing
Water Ultrasonic er
nebulizer

Fig.11. Schematic diagram of Ultrasonic Spray Pyrolysis System

_31_



A
G

veel

Ho

N~

T
a+
iz
y
op
N

%

a5 AA

G

N

)

et

fvsel

Mo

A
X

el
;OO

T
OO

k-
il

op

N

el
\_._,mo

4r

4 carrier gas9

il

27|

o] uj -

% (ultrasonic power)”} ¢ A X (threshold) =¢34

1= S |

7}

=
o

145 Aed gep A&How

9]

2 A E7 = P

=

el

~

o
A
4r

0

o

At

4

J)

o}
N

=3
0o

ol

g
Nr

de A Utk

(3)

)

o

A

B

N

ol

iy

i

il

o
X

Nd
oy

carrier gas9

3

%33 carrier gasol 2

154 /min <=
4o =27

3 = o

3

s

W (turbulence) 7}

reactor tube W o] &

e

)

[——
To

A3

0]
=

Eole

R

_32_



—_—
file)

X

el

H
i

il
julg
ﬂ.ﬂ
)

o
Nl

=3
el

oo

-

X
Ho

np

4
olm
o)
=
ojn
N

o

—_
o

ol

carrier gas

-
R

A1} 7}

571 °f

Gy

reactor tube=

Z o
1=

ol

=
T

g

T

il Alof =,

K

Frazol o

%+ carrier gas?

i

7]

oA =

g el

Mo
N

Al

ki3

e el o

B

il
Th

w
ojn

N

|

Nd

B

o
Gl
Z.E
)
5

—_
o

e
o
=
£

oy

oo

o
il
B

—

H
o}
e

o
fvzel

)

_33_



4.4 22 24

olg] 7}A WEE 2o w o] A
A A8 A
Buko] AR A XRD(X'Pert-MPD PHILIPS, Netheland)E& A}-4-38}

At} scanning speedi 4°/min, scannign step< 0.02°% 5780°¢ 260
He ol A ZA 3t

d el el oo 24 e

=~

SEMHITACHI S-2400, Japan)= &3to]

=5 , 2ok 2 oml A
24 & BAs

PSA (Pparticle Size Analysis, Coulter Corporation LS230 & N4PLUS

, America)E o] §3to] FAT Fdo FF Y=E 4 4
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A Bi-2223@ 4 o] ol FolA=H o] F% T = Akl U &
o} Bi-2223K.t} Bi-22127F ¥ weol @Al = Atk A 25et =4
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860°C 400°C 200C «— 18et

Furnace - 1| ) .‘

| 1 v

RS A NSRS RS AN RN NEN NSRS SRR EREEREER R —

R

Si0,tube g0« gooc | 400 200 «— 2Set

Fig.12.. Show .schematic diagram of heat-zone. distribution
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liquid
920

2201+

liguid+

{5r,Ca)Cu0,
830

340

(T)

|
- 690

650

2201 2212 2223

Fig.13. Schematic presentation of phase diagram within
the range between Bi-2201 and Bi-2223 phase
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0.01M

86
Yy

Intensity (arbit. unit))

$ Bi-2223

¥ Bi-2212

¥ Bi-2201

® (51,Ca)Cu0,
O (8r,Ca)0

0°C-600°C'-400°C -200°C
Y

860°C-4007C -200°C

10
2'Theta(deqg.)

Fig.14. X-ray pattern obtained change of heat-zone distribution.
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z
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860°C
[ : I . | i I T | T 1
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Fig.15. X-ray diffraction pattern obtained change of heat-zone 1 temperature
at 0.01M
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Fig.16~Fig.19% Fig.129] 2Set® 749 R &S =23 g, 0.3M,
A

0.1M, 0.05M, 0.01IM &4S& FAHZ FAES A dL SEM AHx
Solth 0.3Mell A 0.0IME Z55 4#te] A7|7F 4 ZolA L &
S HoF ™ o] AL seed?] MA T seedd] A Fo BAR AW
g e, e 2o & Ho FajE o] e oo tF
AEE o] 9l seed«l A FAe Aol o] Fo] HEE & F A
2 g oglon, TRV o] A4 E seedd A F Tl wFo
o] L5 & 9l seed7} AR e e FEIS 2o HA HEato z
S YAE] we] FAHJT L F T 5 9l
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Fig.16. SEM micrographs particles obtained at 0.3M
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Fig.17. SEM micrographs particles obtained at 0.1M
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. Bk BEEY

Fig.18. SEM micrographs particles obtained at 0.05M
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18um

Fig.19. SEM micrographs particles obtained at 0.01M
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7 0.05M
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=
- 0.01M
1|0 I ZIO | 3I0 I 4|0 | 5I0 | BIO

2’Theta(deg.) I

Fig.20. X-ray diffraction pattern-obtained-at-0.3M, 0.1M, 0.05M, 0.01M.
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Fig.21. PSA micrographs obtained at 0.03M, 0.1M, 0.05M, 0.01M.
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(a) (b)

Electron Image 1

0.01M-0.02M 0.0IM-0.04M

Fig.22. SEM photographs of Bi-2223 liquid added citric acid
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(a) (f)

am Electron Image 1 4pm Electron Image 1

0.01M 0.01M-0.06 M
(g) (h)

4um Electron Image 1

0.01M-0.08M 0.01M-0.1M
Fig.23. SEM photographs.-of Bi-2223-liquid added citric acid

4um Electron Image 1
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Fig.24. X-ray diffraction pattern obtained heat-trestment for 24h at 0.01M
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