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Table 1. BSCCO superconductor rod bulk fabricated by MCP method.

. heat leak heat leak
Cross critical
) length ) . 77 - 4K 40 - 4K
section current
120 mm 120mm
[mm] [mm] [cm] [A] [mW] [mV]
5 up to 200 0,20 200 8,39 2,70
8 up to 300 0,50 400 21,49 6,91
10 up to 400 0,75 600 33,58 10,80
13 up to 200 1,33 1000 56,75 18,25
15 up to 200 1,77 1200 75,55 42,29
* 77 K, 14V /cm, self field
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Fig. 1. Centrifugal melting process (CMP).
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Fig. 2. Centrifugal melting equipment in Korea Electric Power Research Institute.

Fig. 3. Rotational mold system for centrifugal casting.
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Fig. 4. (a) injector and (b) RF heater.
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Fig. 5. (a) mold furnace and (b) temperature controller.
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Fig. 6 Process of BSCCO tube fabrication.
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Fig. 7. SEM image BSCCO powders;
(@) BSCCO 2212 powder (x1000) (b) BSCCO 2212 powder with SrSO, (x1000)
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Fig. 8. XRD patterns of BSCCO 2212 powders;
(@) BSCCO 2212 powder (b) BSCCO 2212 powder with SrSO,
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Fig. 9. 30 ®x150 h (mm) mold (2 body);
(a) before paste ZrO, (b) after paste ZrO, (c) attached Ag tapes
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Fig. 10. BSCCO powder melting and pouring;
(a) injector preheating (800C) (b) completely melted BSCCO (c) pouring
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Fig. 13. BSCCO 2212 tube fabricated by centrifugal melting process ;
30 ® x 150 h x 4.0 t (mm)
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Table 2. Experiment condition for the BSCCO tube fabrication

by centrifugal melting process.

2T 37|
4% 27 30 ©x150 h (mm)
T2k (g) 300
TAT 980
2L(C) | Bxd949 550
RF =2 1300
Ag Hl<d & Edel AR
o] g A ZrOy5 5= Yo =X

2520

30 ®x150 hx 4 - 6 t (mm)
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(b)

Fig. 14. SEM images of the cross section (a) outer (x1000) (b) inner (x1000).
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Fig. 15. XRD patterns of the tubes;

(a) before heat-treatment (b) after heat-treatment
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Fig. 16. SEM image before heat-treatment;
(@) outer surface (x1000) (b) fracture surface (*1000)
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Fig. 17. SEM image after heat-treatment;
(a) outer surface (x1000) (b) fracture surface (*1000)
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Fig. 18. Sample preparation and measurement in liquid N for critical current

density.

- 32 -



Electric Field [I/lc, 1 pV/cm]

Electric Field [l/Ic, 1 uV/cm]

N
a1

N
o
1

—1— E_Field_tot
—o—E_Field_12
—+—E Field_23
—v—E_Field_34

=
(&)
1

=
o
1

o

0

—_—
200 400

T 4 T N T N T N
600 800 1000 1200 1400

Current [A]

(@)

PMCF-39, I-V Curve, A=4.72 cm’, J =74.2 Alem’

—o—E_Field tot(350A)

8- —o—E_Field 12
E_Field 23

6 -

44

2 -

O {3 S S 3 S S S S S D5

0 100 200 300 400 500

Current [A]

(b)

Fig. 19. Measured critical current;
@) Jc = 148 A/em® @ 77 K
(b) Jc = 742 A/em” @ 77 K

_33_



A=354cm’,J=169.5 Alcm’

1 |———Ic_tot (600A)
4] |7 lc_12 (530A)
——Ic_23 (683A)
- |——Ic_34 (690A)

Electric Field [I/lc, 1uV/cm]

! ) . ) ' ) M L T T T T T T T
0 100 200 300 400 500 600 700 800
Current [A]

()
20 1800
1600 |-
151 1400 |
S < 1200
= g0t 2 1000
(5]
% = 800 |-
= >
S s5b O 600F
> 400 -
0 200
0
1 1 1 1 1 1 1 1
0 200 400 600 800 65 70 75 80
Current [A] Temperature [K]
(b)

Fig. 20. (a) critical current at 77 K and (b) temperature dependence on critical

current.

_34_



5. 2R gg 9dxg FAHL o] &3 BSCCO HFHo| d4d

ules

A A7 54

A

o
o
£

288 €AY

B HoAe CMP WHoZ BSCCO 2212 tubesS AX &
| BSCCO 2212 tubed] 3Hg® 7|4 EA W3t} vM 2] #A - o
=)

To @E
ste] B4stal o] 7%l th BSCCO 2AE FHE A|xstesd AHEdE 27]
2o AF3 vl o] BiSraCaiCuxOsss (BSCCO 2212)2 Nexans AFe] £Z& A}

z
&3tk BSCCO 2212 &2 S50, &S 7138l 34 (composite) = A 23}
= 735 BSCCO &®9 &8 2= A4S &5 §89 =4S 244 Ao
I A A @A ke ZIAE 540 NAAEA AT 54 FE
go] AAl &gl FEsithe AR wE, BSCCO 2212 #Io] SSOE
10wt.% S EFste] AHEellt. ErlE £22 Mgty ¥a H7|25 o] &3}

o] 1200CNA & Q oi\:}.

O
filo

i

= il 5
ot AARSE S HLP@} Ag tape ‘:‘FX} BN
129] 4 IS ffsh A& #9171 %ﬂﬂﬂ‘ﬁ% Askslch

22
(FolA AFH 23 A& By AT &de g RAoZ Besie 13 kA

Bo7) Gxgvt 3. 198 2 HojAEe 43 E BSCCO 212 FHO RE 8852
A3l &8l 77k 840~880C WS =71A] 7hEste] 583 FA &, 4 ¥
A =91 810TeA 120 A] B dAYstE i 88 AEE AdEdoen BE
&§ @A W ARNFEL & ARE Lot A ok (2™ 21 €A
2AE #FZx) BSCCO 2212 9] vA x4 32 98 840~880T 2] oA
&8 SAYE AshAaL 810CY v 2roAaY A dAgE e B

BSCCO 2212 ¢S 7] 98t 2k &917]04 AAstdn. @48 £ BSCCO
tubes YAAF1)} SADFEE(J)E 77 K AA] AxslolA =H39 54
TE FH 294 AF @AE FFsa Zo| WIS

Aol 7] Y& °F 32mm FEOFZ 47)9 A

_35_



el

o BSCCO tubed &% A EX3} njA %3Z

30 ©x150 h

T
L

WO g BSCCO 2212 FHE A|X3HoH =7]

<4 t (mm) o]tk Az FHE A7IZA 1200C 2]

¢}

3

Al
L=

45 4

o
o
el

il

s e

]

A

[¢]

Atk BSCCO 2212 FH A

A 2=z g8 FYo] fo|s

3

A

B

file)
NV

[——
o

o}

T

—

To-

0

BSCCO 2212 tubeE 4A =

KX
3T

840TC, 860T,

st

Az
54 28 229] HeERA 77 K

2
&

12] © FH 37

Ic.tot 1/542 A/ ]c.tot 492

==
T

He)E BH (1)

o
=

Hom 840T

veel

pzs

_g]

E Lot 1,344 A, Joror 430 A/cm’” 9

A/cm® 123 860C A FH (b)

BRu 2l

Ic.tot 1/250 A/ ]C.tot

L
T

(0)°lIA

880 ol A

Eigl

398 A/cm’Y QA=

lod 65 KollAl Ho 1,393 -

3|

°ol&

Mo
il

1,722 A/cm®Y] A

z|olt}. ¥ 840C 860C 880 T 5ol A

P
s

)
T

W
X
I
Hr

o
N

o)

0

™/

I 3 Jo #= YeERA AT

o]
K

Hj]
=
o
mjn

—

X
pellt

oo

i
pilg

240 A/em’=

840C <]

BSCCO 2212 4= A

o

1

2] 840T 9

ol

o
o}

o A%
Z|o] 880 ol

Ris

sk 860C

22

=

)

ox

YA AFEA

L
T

Al
=

AE

BN

B

—_
file)

o]
o

%
%

+
ol

o
o
il

840C &AM 7}

s
-

of| A
BSCCO 2212 tube?] UAIAF EAo] $9f o] ¥ E &§ &x

2

3

2 exo gt 4

]

olR 112} XRD2} SEMS ©]&

H
s

. XRD

3

o}
=

=
=

% ZAge VEnigen of

W

R

sk Al 279 BSCCO 2212 tubed 74§ BSCCO 2212

=R

-880C | A

_36_



e

o &

= 1= =
x5 4%

olel itk W 1 240l M9 o] 7 2@ Frel AT

1
T

A

1<t} 840C

olR 312} 3

o)
=

o e}

A=

€]

&

BSCCO 2212 AtEo] th

_‘5;_
9] BSCCO 2212 Eo] &

H AT} ol 2akd o] ub

Z

%

) —
= 5

SEER!

N

B

o]=3 itk 860T S} 80T A =

o] mAZHAME BSCCO 22129 HA4t]

—_

;0E

—

B

[e)
%’é‘

g

7FliX

nR 28 dxgl® BSCCO 2212 FH < A4

AN

of 2lsf

BSCCO 22129 AA Y A Aol

_37_



5 min

880°TC
860C

840C «
@ 810C
)}
)
©
Feb) 120 h
o
-
(¢b]
= 100C/h 100C/h

O, atmosphere

Time

Fig. 21. Heat-treatment schedule using partial melt process for BSCCO 2212 tube.

_38_



5
—=—Etot, I=9.6 cm 5
'g' —o—E12,1=3.2cm
5 41| —a—E23,1=3.2cm
S —v—E34,1=3.2cm
=
S5l
%)
k=]
)
[
Q
3
8 b
L
0
0 500 1000 1500 2000
Current [A]
()
5 . [e]
—=—E tot, I=9.6 cm ?’ 8
= —o—E 12,1=3.2cm -
S 4} |-2—E231=3.2cm HE
S —v—E 34,1=3.2cm =S
| O
= & S
n T Ha
S
Qo Y&
s | J
=
R B T
Q
L
0
0 500 1000 1500 2000
Current [A]
(b)
5 |
- i
E L ]
e ]
o 3 .
=} .
o) =
L 2t s
Q H
E H
3 i
L
0
0 500 1000 1500 2000
Current [A]

©)
Fig. 22. I-V curves (at 77 K) of the BSCCO 2212 tubes partially melted at
(@) 840C (b) 860C and (c) 880C.

_39_



400

a —~
o
e g
P
300
w —
Q o
L S
= S
D 200 +
c
[¢]
= -l -8
= 358
2| a =
o
S —~
100 S o) i
38 & o
— ) o & < —
8 — o n
3 g 1%
0 1 1 1 1
10 20 30 40 50 60

2 Theta (20)

Fig. 23. Representative XRD pattern of BSCCO tube (840C partial melt).

_40_



Fig. 24. SEM Images of BSCCO 2212 tubes partially melted at
(a) 840C (b) 860 and (c) 880C.
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