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Thermal conductivity and properties of sheath alloys for High—T;
superconductor tape

oy
oAy,

XN, AEH, A&7

AR, FAD, LIRS, KL, ol4F™

Hyung Sang Park’, Bong Ki Ji', Joong Seok Kim", Jun Hyung Lim", Seung Jin Oh’, Jinho Joo', Wansoo
Nah”, Jaimoo Yoo™, and Sang-Hyun Lee™

Abstact

Effect of alloying element additions to Ag on thermal conductivity, electrical conductivity and
mechanical properties of sheath materials for BSCCO tapes has been characterized. The thermal
conductivity at low temperature range (10~300 K) of Ag and Ag alloys were evaluated by both direct

and indirect measurement techniques and compared with each other.

It was observed that thermal conductivity decreased with increasing the content of alloying
elements such as Au, Pd and Mg. Thermal conductivity of pure Ag at 30 K was measured to be 994.0

W/m K, on the other hand,

the corresponding values of AgosssMgo.ows,

AgograAunozsMgooor,

AgognAunesMegooos, and AgoozPdocsMgoenz were 342.6, 62.1, 59.2, 289 W/m - K, respectively, indicating 3
to 30 times lower than that of puwe Ag. In addition, alloying element additions to Ag improved
mechanical strength, while reduced elongation probably due to the strengthening mechanisms by the

presence of additive atoms.

Keywords(Z2&80{) : alloy, current lead, mechanical strength, strengthening mechanism, superconductor

tape, thermal conductivity
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T 1. Agsl Ag &394 70, 77, 80, 0 K <=
AqX TFEAYPTH HHSAHHA g3
BAEEH

Table 1. Thermal conductivity of Ag and Ag-
alloys by indirect method (density,
specific heat, thermal diffusivity) and

direct method(thermal integral) at 70,
77, 80 and 90 K
e AgeeeMgsae g ocbasotomAuemMige] AgosPsot

indirect] dgiyect [indirect] girrect [indirect] girrect jmdirect| dirrect |[indirect| girrect

70K {292.7 [ 377.0 | 275.8 | 248.5| 101.8 | 110.1 | 91.3 {1059 | 43.6 | 76.3

77K|303.2 | 363.8 | 287.1 | 26651 1095 | 1181 | 99.7 11126 | 479 | 825

80K | 307.9]361.5|291.01249.9{113.2 | 120.0 [ 103.8 [ 1144 499 833

%K | 322.6 3080|2542 | 1247 | 1299 | 1163 | 1242 | 555 | 89.0
22 JrIATEE a3y
E 294 AVAEZ==2HE  Wiedemann-Franz

Law¥] F4& o|&5q dAEREE H Iy 7§J+t
hermal integral ¥ o2 =A% dAEE #F 2

A Aol7Zl E& & 4 Arvh ol Wiedemann-
Franz Law oA dHEEE A7|AEX |3
o A 235y A7AEEzdy dAsRE
2 A3 AFseds AFEA 39 2 2 A
24 vehah o

=% Agst Ag-alloys? BEsh 24 59 7]
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Mgopz FE7Z=7F 102.3, 1437, 1475, 326.8 MPa=
A= Agdl B8 43 FHAEE ¢ 7 A
93‘\:}- T3k ﬂtﬂ RS PARA X3 o]l:a— zﬂ-:—oﬂ}q 7_])7_}
206.6, 228.3, 234.6, 362.1 MPa= %7]—%}9}2!’-‘1, E.3]
Mge] F7t o] BE4E Zxghe] FAHAeE AR

et wiee] Ag-alloysd] d4l&E 47 307,
275, 271, 90%2 %% Agd AL Wl 2
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® 2. Agst Ag FFellA 30034 77K9 H7]A
E=xd AR SAHg 2 AdE

Table 2. Electrical conductivity and measured
and calculated thermal conductivity of
Ag and Ag-alloys at 300 and 77 K

Electrical Measured Calculated
conductivity thermal thermal
specimens _ conductivity conductivity
(nQ7em | (wmw) | (Wm-K)
300 K| 77K J300K{ 77K |300K| 77K
Ag 0.66 340 | 3925 | 3638 | 444.0 | 6074

AgosssMgomas | 047 | 185 | 3876 | 2665 | 3162 | 3305

AgosuAnemsMgoon| 028 | 043 [ 2921 | 1181 | 1884 | 7638

AgosnAuomsMgoo| 027 | 041 | 2567 | 1126 | 1817 | 732

AgosPdossMgos: | 025 | 035 | 1492 | 825 | 1682 | 625

. Agst Ag ¥F9 Ay ¥ FEFE,
A= 2 da&

Table 3. Variations of yield strength, ultimate

tensile strength and elongation of Ag

and Ag-alloved tapes after sintering

Specimens Yield strength w“s%{leﬁ':;:‘ sth Elongation

. (MPa) (MPa) (% in 30mm)
Ag 20.0 1350 420
AgosssMgooos 1023 206.6 307
Ago.mAummMgo.«m 1437 2283 215
AgognAuomsMgoon || 1475 2346 271
AgomPdossMgon 3268 362.1 9.0

= 2873 (solid solution hardening), E2+743H(dis-
persion hardening) 2 Y73l (grain size streng-
thening) F9 7377 d#de] Q& Aoz =
At 53] Mge #Ertasd td 38 A7 s
o3t9[16], /¢ (matrix)el z-EHo] e Mgt €
A2 AT MgO 422 4t} (internal oxidation)
He Aoz #EHJPY. B2 MgO A9 EA
2 98 AMAA T AAY A (grain growth)<
AAsS mAG AFE =4L fFrgdoe=zA 74
A B4l REHoE AIAHE Ao Az,

4.8 =
<53 Agdl Mg, Ay, Pd < #H7tsto x=d
AgogesMgopos, AgognsAuoosMgoon, AgogrAuoges—

Mgoon, AgogPdoosMgooz T=¢ 10~300 K7HA] <]

dHzze 7|AF BEAE 25 FHrlstar)
AZzE Ag 59 GAEEE Agdl o] g
ol el FH38) gashe Aoz umEyd 30 K
AN =5 Agdl FHEEFO] 9940 W/m - K9
gb ol AgossssMgoooos, AgograAuoesMgow, Agogrs—
AvoosMgoon, AgowPdocsMgoee TEAAE ZTF
3426, 621, 592, 289 W/m-K2# FGAZEEZ o]
1

24T BRAY PRoz GYRES 2% 2
Hste] vime A3 o397 10-20%= 2 1

Bt 5479 RS AR 5+ UG Agd) @
pd

Q28] A7 o
al

EE AAHA 54
e PP TNE 4S5 999
ANl 2
¥ dTE SRYR 49 quA e 3B
Aol G AT Azoln) o] Aol we zed3}
¢ FA 4TBRAD AATHY FaAl @e
974 2AE =duYg

[1] S. Yang, B. Chen, E. E. Hellstrom, E. Stiers,
and J. M. Pfotenhauer, IEEE Trans. super-
cond., 5, 2, 1471-1474, 1995

[2] S. Y. Seal, J. R. Hull and M.-C. Chyu, Appl.
Supercon. Conf., 16-21, 1994

[3] Y. Yamada, Bismuth-Based High-Tempera-
ture Superconductors, Marcel Dekker, Inc.,
14, 289-318, 1996

[4] A8, FAE, & FAE, o4, =
A7) AR A 233 A, 12, 8, 724-732, 1999

[5] W. Goldacker, J. Kebler, B. Ullmann, E.
Mossang and M. Rikel, IEEE Trans. Appl,
supercond., 5, 2, 1834-1837, 1995

[6] Y. Yamada, M. Sato, T. Masegi, S. Murase,
T. Koizumi and Y. Kamisada, Adv. Super—
cond., 6, 2, 609-613, 1993

[71 H. Fuyjishiro, M. Ikebe, K. Noto and M.
Matsukawa, IEEE Trans. Mag., 30, 4, 1645~

716



1650, 1994

[8] T. Sasacka, K. Nomura, J]. Sato and S.
Kuma, Appl. Phys. Lett., 64, 10, 1005, 1994

[9] R. E. Gladyshevskii, A, Perin, B. Hensel, R.
Flukinger, R. Abraham, K. Lebbou, M. Th.
Chhen-Adad and J. L. Jordan, Physica C,
255, 113-123, 1995 o ‘

[10]1]. H. Ahn, K. H. Ha, S. Y. Leg, J. W. Ko,
H. D. Kim and H. Chung, Physica C, 3405,
235-240, 1994

[111Y. Tanaka, T. Asano, T. Yanagyi, M.
Fukutorni, K. Komori and H. Maeda, Jon. J.
Appl. Phys., 31, 235-238, 1992

[121B. N. Hurbert, R. Zhou, T. G. Holesinger,
W. L. Hults, A. Lacerda and A. S. Murray,
J. Elec. Mater, 24, 12, 1869-1872, 1995

[13]Y. Yamada, M. Sato, S. Murase, T.
Kitamura and Y. Kamisada, Adv. Supercond.,
.5, 717-720, 1992

[14]H. W. Neumuller, M. Wihelm, K. Fischer,
A. Jenovelis, M. Schubert and Chr. Rodigs,
Adv. Cryo. Eng:, 40, 135, 1994

77

AN AAA RS =FR] Vol. 13, No. 8, August 2000.

[151]. A. Parrell, S. E. Dorris and D. C. Labaléétief,:“ "
Adv. Cryo. Eng., 40, 193-200, 1994

[16] Jaimoo Yoo, Hyungik Chung, Taewoong Ko
and Haidoo Kim, Physica C, 269, 109-114,
1996

[171 W. J. Parker, R. J. Jenkins, C. P. Butler
and G. L. Abbot, J. Appl. Phys, 32, 1979,
1961

[18]1W. J. Water, High temp.-High Press., 4, 43
9, 1972

[19]1 K. Maglic, Compendium of Thermophysical
Property Measurement Methods, 2, Plenum
Press, 1992

[201Y. S. Touloukian, R. W. Powell, C. Y. Ho
and P. G. Klemens, Thermophysical Pro-
perties of Matter, TPRC Data Series 1, IFI/
Plenum, 340, 1970

[211M. Matsukawa, K. Iwasaki, K. Noto, T.
Sasaki, N. Kobayashi, K. Youshida, K
Zikihara and M. Ishihara, Cryogenics, 37,
255- 262, 1997



