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Characterization of resistive- and supercodncuting-joint of Bi-2223
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Abstract

We evaluated the electric properties of Bi-2223 jointed tapes processed by both resistive- and supercondcuting-
joint methods. For resistive-joint, filler materials of wood metal. Pb/Sn. In and silver paste were used, whereas.
for superconductive-joint, lap joint method was used.

In the resistive joint tape, critical transport property(CCR)}, n-value, and contact resistance were observed to
be in the range of 10~-85%. 1-8.9, and 0.71x10°- 0.13x10% £, respectively. depending on their filler materials.
Specifically, it is believed that the electrical properties of resistive joint tape are significantly related to the resis-
tivity of filler materials. On the other hand, the CCR of superconducting joint tape was varied 55 to 85% with
uniaxial pressure. probably due to the irregular microstructure in the transition region.
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1. M B Bi-2223 3% AAY FiYoeze 4dx HE

(Resistive joint)® 2HE @@(Superconductmg joint)

Bi-2223 & AT MAe 2AETHE7, W], B o v 4 ok 4ME HEe AE(n), Pb/Sn,

gy E ), £AM 59 AEH7)7] Hold 245 wood metal, silver paste 5& MY & (filler materi-

old % b olg g Hoko 857 P 2AE A als) 2 Agstel & AAEE HIAZE Bol, 2R

Aol & BgHoln L3 HrH, ANAH, GHEA AR 23=4% P72l A A3 Hes

& 7t= AFuyo] Agxlojof Bl B AT M9 & A8 contact resistance)e] 107~10°0" Fxolt},

AEL YA FEs Ae5o)d ¢ ded FFFAA A Zt Hibye BAoze AT HPyel A8 dgAg

o) AEAE A AFY Fart gAEd 27F A4S ol B o AR FAol kst HE T EAYE 8

#2387 ogr] Yol B Ho] R HiYe] A& A ge Aol Ux, 2ALE HFL o9 w2 FAol B

Hojo} g}, et HE F gAelE ok sht HPAFo) e FHE

7 ok &Rg #d @ A& fAsekste MRI,

Y Apedda B2E4RRdR NMR 59| rlauEd] #4807 dajidi: 245 33y
(A71%= 44 BT HAF 300 Fax 0331- ol Ygd Moz AtEHT}

SIS SR P i AP 598 ] A W13 S5Y B0

2000 149 259 H4, 20009 2% 10¢€ AA R (CCR)°IY 71418 EA9l 2388 & (bending strain),
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Bi-2223 2M A 4HE- % 2HE-FFH BAEAon HEE A87, WYY AEY. 257, 7R, FRE

A7} = (tensile strength). € %73 £4 (thermal shock)
Sol Hrtslojot 3oy H{A e FF ol APH|AF(n
g7t Aatslojof gt} 3] HgAolAye T4 (unit-
less) 2 Aol Qle Auold 4AE Agze] AoF=g
Yetdle H4Z AMREY 1 gto] E48 2AT Ad A
BAL e ze Holy} go] dojutm, AEFE o7}
gabalA] dojdrl

A nezAxs MAe & o8 1§ drEn
o of&f g TRl HHH 1 gt 2ol Bi-2212
o] MA % bulk ring, YBCO2! thin film ¥ bulk ring™®
& o183l HEFAH Y7HF 4ol BuHAY Bi-
2223 2AE MAe HEzHa d7PARE N BT AT
€ pancake ¥Eiolr HaEYovhte Aust & Afo)st
3 AEAE e 7R WS BEE AR
AFE R ¥ Aol

a3Eg B dfdAe Bi-2223 AAE 43 HE ¥
Z2Ax FW o 47 Al zdle) 4 dAgeEs V-1 34
£ 7% % EdE n @ 2ddn AASRE 3YsA &
3 AA % FPdElME wood metal. Pb/Sn, In. silver
paste 52 thbt ARRIA R E A3l R YAEA
& w2 FPPydae a8 FFEA
w9 e g gl vz JAEAH S BAsGL
o, A0 99 (Field decay measurement) < o] &3t
HEYAGFE Hrlstgiot.

2. gy

2.1. Bi-2223 MY M= W FHEMIY =

2% urel 240 Bi Pb,,Sr,Ca,,0u;0,(2223)7
)% Bi,0, PbO, SrCO, CaCO, CuO RLEE B3
& E3ste] A3 (solid state reaction) &2 A z8}
Ao}, SHAER L ALY A 505-835TC A of A
B AA F 27 AR gaAel g #den, olF COt He
EH7H(CO,free air)ollA] 865C7HA $&AA % 100 Al
B drIA U E sl 2223 £%E Az

$A49E 2223 B2 &(Ag) FH(0.D. 6.35 mm, 1.D.
4.35 mm)ol 49lE A& AP 2 wET] S8 24
o4 (swaging), 9% (drawing). ¢¥ (rolling) % & ¥t
Bl galgct. % A A9 22 42 160-220
mo 3.2 mmZ 7FEEen 2FE 840¢C, trIEH 7
A 50 A7t dAeldtad 2AR HAE Az

HHe Ze 239 HAE 9F(In), Pb/Sn, wood
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E:3 1. deRige &f, 882% ¥ =4
Table 1. Filler materials and their melting point
and composition

Materials Melting point Composition
0, 3 9,
Wood metal 65-70 T S0%Bi.25%Pb.
12.5%5n,12.5%Cd
Pb/Sn 183 ¢ 37%Pb,63%8n
In 55T 99.9% (purity)
Silver paste Silver
Butyl accetate
- Nitto tape

Y

P

)

a8 1.
Fig. 1.

Bi-2223 £M&E MAje XXMx HY3H
Schematic of the superconducting joint
process of Bi-2223 tape

metal, silver paste® AYARE A&t HgsAd,
AlAge 259 8¢5 2 2A4E F 19 Jehiloh
a8 4o ALSE HPAELS M dolEE vad 4
UAEE AlHe Zolg} H2R A (10 mmXx3.2 mm)&
2A sden AdAdae F& FdsA AL 23



5 H¥L lap-joint HY L Haiglon, FPREUd ¥4
do2 AAF ¥ 2AEAT 2AZHL M2 HFAI2
HEH-EE 400-4,000 MPa B8N ©d % ¢
(uniaxial press)¥ 7}stdc}. 71ghEA ¥ 840%¢, Wri¥
7161 50 AlzF AAdste Azsgch(ad 1 32) &
& AARAYE ol fstd AT HPH A YA
< 2387 YA 3 AHe] do] 13 cm, HEHe] 1 em
2 glo] YYRE Yeho] AJHE AREACE

AAAF S 4 @2 (four-point probe) 22 ZA 39
on 1 W/emd 712& AL Agdelx£(n e
V-1 FNe2HE | W/em<E<5 #/cme AAY S A
Fataoh dgAge 4dx HAEE A Aol V-]
ZHog pigoy, 235 APdAde A
(Field decay measurement)& ol &3 &4 sgc} o)
Az e v Ao s BFF3AT

2.2 X1&AMe (Field decay measurement)

AAAgEE 1019 ol3te] AYPYL 4 @AYo s 5%
o] o}3 ¢ 22 hall sensorg ol&3d {3 AFE FH3t
o HIAYGE Fae PPl ” 29 2 2AE HEE
ol gatel d¥F=e Az MAle AP 2HPAE
el o} AR HYRE Re 9% FILA ARE o7
A & e 14 Zdo] len], 2Yd f71€ A &
A& hall sensor(Lake shore HGCA-3020)& °]&3}%]

Cryostat

Magnet

tédd

08 2. AEAY SYFRL AL
Fig. 2. Schematic of field decay measurement
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ov, 4% 2§ FA44EHE TE7) A4 HH (25 WE
2239t

2348 e 13 29 A¥etadEA Y72 2y
ZA7EE ¥ BlElE AN dEREE FAYUE e
ot oAl el g nx 12 7Y€ discharge Al71AA hall
sensorZ #5€ A4 & sk FPAA APAGE
23 sle ol AYANGE Atsle 4 gt gt

B(r) = B, exp(——%)

B()e A7td ©E 24 Walgt, B, v 27 A, ¢
T Altdgolk AMAIRSF re T=L/REZ REAEHZ,
L& 98%29 self inductance®l ™, R AH)A9]
A g grolr}.

3. 3% % &

Powder-in-tube #§ 22 23 Bi-2223 2A% @4
AAe] JARRUDY n @ FHE] il AL 25
oA V-] ZTME& 7t 27 3¢ Jehiid, 2 B
Fo] o] AAle] YAAHF gL 12.9 A% YT APA
o]zl (n g+ YR HAHS 1 w/em<E<5 W/cm
Al AAHE o 14622 ZAHUY, Y¥H o2 Bi-
2223 AAel ngtel 15~20 352 Bnsn e 4%
e 23t fAE € 4 A

ARIAEE ol g8l AAE AFE Mg vz Apz
£ 29 49 el 2¥dA 2ol MAAtoldl wood
meta}® Pb/Sn AlA 8 #Y3A BEs lu AHY
g7 AR &4 (wettability) £ +58E ¢ + 3l

i
® Unjointed tape
i= 129 A ot

VOLTAGE (1)
&
1

0. § 10 ) 1:! 20
CURRENT (A)
a8 3. Ay EZXT MRYe] V- EHIM
Fig. 3. V-l curve of unjointed superconductor tape



Bi-2223 A=A FAE- 4 2AE-WEE BAYYA}e 3%, A7) w92y e8d, 3%, guE

3% 4. (a) Wood metal 2 (b) Pb/Sn& Ol&3to]
YT YU MR afMzE AREI
Fig. 4. Optical micrographs showing longitudinal

cross section of resistive-joint used by
{(a) wood metal and (b) Pb/Sn

o} In® silver paste® AHE% 3ol o]} KALSHA Al
Ao $48 Aoz BAHAY

3= MAE wood metal, Pb/Sn, In, silver paste@
AUARE Deistd 4R HEG MAY V-] ML 19
5ol WEPpAATH Aol AHSE 2A% AAlE dARFo|
12.9~16.5 A%l ¥ E 7HAle AUE 9aiqict 2@z
28 wood metal, Pb/Sn, In, silver paste® g€ A
o dAAFEE 22 1.5 38, 6.5, 11.1 AZ &R
o} Aol AHGE B AY Ao ARG AP YA
Ao JAAFFHLZ FPF FAL(CCR, critical cur
rent ratio)**& T3Hth F4&L wood metald AHR-5}
AE o o 10%2M Ed5Ho A9E Rirsgon,
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® Wood metal |=15A o :
254] © Pbisn =384 | - oo . AL
A inn 1=6.5A 01
204| & Siverpaste 1=111 A4 | AL L A
< : :
= Los a4
] . .
g H i H
6 104 .. ﬁo‘. f PRy W, e
> s : L&) £ ; “
) Py
S e e ey ‘@ .. o ol b
f L 0“0‘ A A H
o MMM B
o s 10 15 20
CURREN T(A)
J8 5. ANE MEtE 2T MR9 v-| EMRM
Fig. 5. V-l curves of resistive jointed superconduct-

ing tapes

g 2. HETHE Mol YAMEF U EXME Y n gk
Table 2. Critical current, critical current ratio and
n-value of resistive jointed tapes

Critical Critical n-value
current current ratio | (1#¥/em<E
(1. &) (CCR., %) <5 W/cm)
Wood metal 1.5 10 1
Pb/Sn 3.8 20-30 1.6
In 6.5 40-50 1.8
Silver paste 11.1 70-85 8.9

Pb/Sn¢l 3% R8¢ 20-30% 2 2384 £8 In3t
silver paste® A3 S o FH & 22 40-50%
70-85% 2.2 silver paste 3% T4 50| 7t4 $4% A
< % 5 Ut

n && AAMY 1 W/em<E<5 /cmol A AL
wood metal, Pb/Sn, In, silver paste2 H{H M Ao)A]
72z} ~1, 1.6, 1.8, 8.924 A2 & #o]& YehUt,
AAE HES AN JAAFY S48 L n @S H 2
of 83ttt AlAEe] 7 det YARRY, S
W n @9 FEe FAR Ago date AL A4 4 glo
o Ao e g e 2= o) fv AAFI AYAE
€ BHanE 2As AHoN FAE Feizo] Aolsl ¢
et el Ao #aEn. Silver pasted] B$olle
e AdAEY 28 Gl ol AFFHe2 AR
Qob 2AUTAAY &4o] A APHEE FUsHA 2



E:d 3. HUZHE MMM XME(TTK) R BIXE(T7K)
X deixiz el 0| M (RT)

Resistance(77K) and resistivity(77K) of
resistive jointed tapes and resistivity(RT) of
filler materials

Table 3.

, Resistivity Resistivity
Resistance ..
o of jointed of filled
of jointed :

tapes materials

(2 tape7s7K] (¢ -cm, (Q-cm,

- at at 77K) at RT)
Wood metal | 0.71x10° 3.65%10° 55.6x10°
Pb/Sn 0.52x10°¢ 2.65x107 15.0%10°¢
In 0.33x10° 1.69x10° 7.2x10°
Silver paste | 0.13x10° 6.66x10™ 1.6x10°*

* resistivity of pure silver"”

3% 6. Lap-joint ol g HEts Mxie| 2st AR

Fig. 6. Optical micrograph showing longitudinal
cross section of jointed tape processed by
lap-joint method

A g o] BAET n o] EAel S8t vehte A
SR AlRET

AAx AEE MAY RAYE 19 529 Fatd 4
AAze WAgHH dA F 3o YEbHAT. Wood
metal, Pb/Sn, In 22 HEd Ao Hyxge 77
0.71x10°% 0.52x10° 0.33x10° @ o2& =5 en
silver paste® H¥E A-fole 0.13x10° Qo2 /M ¢
A EHHRT. AEAG FdHQA ol Ut o 4
JAES] MAY 2 AYAES FHAA Atele] AW
Agol Ak AYMES HAGE FeiA FHs o
wood metal, Pb/Sn, In &M Z2F 55.6x10°, 15.0
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100

80 |

60 |

CCR (%)

20 +

4] o

0 1000 2000 3000 4000
Pressing pressure(MPa)
ag 7. cheE ol wE AYAER gtef bl

Fig. 7. Dependence of the ratios of critical current
on uniaxial pressure

x10¢ 7.2x10° Q-cm& #AHAY S silver paste A%
de Agd B3 1.6x10° Q-cm &8 7P 8} 0

I BE 3§ vAgge] &S YA A
& Yol g o 4 9oy HaBAe FAAE ti thEd
ettt 26 AAs b2 NMR, MRI §9 17Y
g AFE 471 AT vhadlEY JFAFHA AN 107 @
Aol APAge] 8 7FHe A& gorahd o 10-10° A&
2T ReRE L F UL

ZAT HET A vz ARS8 60 JEMRL
o} 2o A BRo] Wd s e o8 2AEASL AF
HEAAdon R vy Avdege A4S R
ok o] AR AR Alele] HolAde W
St g wol st wasdon AEAg ¥}
WE-2 A5go] 24549 dhd#o] ZtAEe d4to] Wit
HAoh, 232E 235 FPMAY dAENE A
HolAHofA 2thd Hog FFEY, dYF ¢y I
o) we} o] FEoA njd 2o #UHH YAEN L Fg
€ 98 Fou

% 7€ 140-4,000 MPa ¥ oA tad vd & 4
o2 Az 2Ax AN FAES JehAT 23
H 5189 WY 55-85% 2 ©UZ ¢4 ot Haly
o1 wood metal, Pb/Sn, Ing& &3 AAx A
25 $4adg. 2 Mol ~400 MPa FE9
e oh HHdlMe Aol 55-70% FEE JEhge
o gtalol Z7hgte] wie} 1,600 MPasiM e ~85%2 %
A ettt 48o] Frigtel wal FH o] #Ee of
e AAEAY U9 a-b Wao gel 2o gatE
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10004 vo @ oo o ® Resistive joint
O  Superconducting joint
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F
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. %
o - B - LY s “e s
T T - T T
0 100 200 300 400
Decay time[sec]
a8 8. HEx M 2T HEdxie] XYM HS

8. The decay behaviours of induced field of
resistive and superconductive jointed tapes

Fig.

dn 2ATA7E #4443 HEEHY) HFoz ARE
¥ ol X ¢ Z YoM EHE] Zadte AYE Y
el 3 glet. o)l olfe ZHTAA AW B34
o] AslE)x @A ZHAs A FFo] w3 Wi
o2 gugg

AL A e HFAE, Ho|A Y, v HFA o
o} n @ arle 44 g Ao dA4EY ol n gl
ARHY 7], 474, A¥2A, ¢k ¥ A2 2
HE Aol gyl WRolti ¥ n e HelA oM B
A% v 2] 28 W& Ao Besy o2 s A4
ABe n $E #4E Rz Addn, 2y B A
239 3 9-189 WHEM W& FEE ey, Ad
T ARMAEge 24 Jdeigol SAEgs viay 9
FE4de] @as =] gske}.

1% 8¢ Pb/Sn AIAEE ol &% AAE HEI 2A
5 Aoz A YRz A g fEY
& g Jed ot o] g¥Ex] dHEA(L)E
0.075 uH 2 AXEA Y 2oy 4AE HEE o) &
g U¥RIe] HLE o 0.5 2 o 2% ol 3438
AP L & & sk oE @ olfre UYFZY AR AV}
of-$2tn HA el an2 AHAESE (T)7F AT 9
Folt}. o] AT FEA U A2 YL
i) W 2ol g v o AHANE 3T F e F
8% Holtl 9o A2 ¥e Pb/Sn A B¢ IR
Aol 0.52x10° Qo1 H¥HFEZLe AYH2E 0.075
uH 2 8 Z4APSsE 94 0,152 T BA e A
& ¢ & 9ley o A Ay ss} viksA vl
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ZAE PP L ol 4T YR FZY GFAFH 5P
120 2 F¢o F= A% go] JuiH ez dhaiA s
€ ¥83E Boly o ¥ % 4 gauss®] #2273 gtol RAH
€ Aoz #AHY A Hjtel vlstoqd HHee
FaA Yehd d7AF 54 2= A4 AEFHA
7l ez #eEn. au RAJE AT gho] 4EE
%31 £ hall probe®l 5% BA#T FrAtst] BUT A
FAYRE Wolel7t A ENT. 22 2g dAARY) 5
Al Aol o] AAE AHgsta, Zolg 2 m oo E Az
o PP g U volHE 4E F UAE AE B
o, $F 24T AAHTS S48 A AU HEA
kol Hrtsiojof girt.

4. 4 B

Bi-2223 @A HAE 2AE Hid AAE Hibbog
Agste] vz B4 HoRiu A4 FiA A
e AdAgel e FH & n ghol 47 10-85% 2, 1-
8.92 & ol Bgon HEALL 0.71x10° -
0.13x10° @ 9z Jehdn} &3 ¥4& n ¢, EA
3 B AQlAlgY AHruAge] o das we Ao
Uelnth, 28 % d¥ez Azd dadMe FH8o 4
HHo® o & #e 89} B9 wd S dFd o8 &
A& 55-85% 2 VEden], Holx oM BRYT v|A
Z3d) o3 A H EAdo] 4§ We HoZ FAHUY

#HALY at&

€ d7e ZEF(FeAFAD) Y FedTzAuld o
& d78 =8t
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