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The precursor Y,Ba,Cu30, (Y123) filaments were prepared by solution spinning through
aqueous poly(vinyl alcohol) solution containing mixed Y, Ba and Cu acetates. The as-drawn
filaments were heated to remove volatile components and to generate a superconducting
phase. The filamentary superconductors were passed through Ag paste and sintered. By
controlling the heating condition, the composite with excellent connection between the
filaments and metallic Ag matrix was obtained. The overall transport critical current density
(Je) of more than 2000 A/cm? at 77 K and 0 T was achieved for the composite with partially
melted Y123 filaments. Although the J, value decreased by applying a low magnetic field
less than 0.1 T, the superconductivity of the composite maintained at 10 T at 77 K. © 2000
Kluwer Academic Publishers

1. Introduction We have studied a preparation of filamentary su-
For a practical application of higk superconducting perconducting oxides of using a textile fiber spin-
magnets or cables, the superconducting wires are esseming technology [3]. The maximuni; value exceed-
tially used for a composite with a number of ceramicing 1® A/cm? at 77 K and 0 T waschieved for the
fiber cores encased in a metallic matrix. The supermelt-textured filamentary Y123 superconductor [4].
conducting is not arrayed in this way only to give the In this paper, we report a fabrication of multi-
composite a mechanical advantage. It is more based ditamentary Y123 superconductor was studied by using
processing considerations and wanted electrical behathe filamentary samples produced by solution spinning.
ior. For the stabilization of superconductivity on the op-
erating system, the electromotive force and heat, which
happens to be generated by flux jump and sudden field. Experimental procedure
change, must be removed from the superconductors imFhe preparation of a long filamentary Y123 supercon-
mediately through the metallic matrix. ductor has been reported elsewhere [5]. Y, Ba and Cu
One of the most important steps towards the developacetates were employed for the starting materials. An
ment of practical higi, superconductors was the fab- aqueous solution was prepared by dissolving poly(vinyl
rication of polycrystalline, silver sheathed, powder-in alcohol) with a degree of polymerization of 2450 and
tube tapes of Bi-Sr-Ca-Cu-O with high critical current saponification degree of 88.0 mol%, propionic acid and
density ;). Significant progress has been made for2-hydroxy isobutyric acid. A mixture of the acetates
the fabrication of long length of BBLCaCu,O and  with an atomic ratio of Y : Ba: Ce=1.2:2.1: 3.1 (fila-
Bi,Sr,CaCuOy conductors. The Ag/Bi based super- ment 1) and Y : Ba: Cu=1:2: 3(filament 2) was dis-
conductor is effectively a composite in which fiber of solved in the agueous solution. We concentrated the
high stiffness is surrounded by a metal matrix with con-resultant solution to obtain a stable viscose homoge-
siderably higher ductility [1]. The intrinsic properties of neous spinning dope. The dope was deaerated 4 80
Bi based compounds, i.e. the temperature dependender one day and then extruded as a filament into a hot
of the irreversibility field, appear to limit them to appli- air zone and coiled on a winding drum. We heated
cation at lower temperatures (less than 40 K) or in lowthe as-drawn filament to 450C at a heating rate of
fields at higher temperatures. Continuous fabricatior25 °C/h to remove any volatile components. Then fil-
of Y1BaCusOy (Y123) superconductor coated metal ament (1) was sintered at 900 for 15 min followed
fiber and multi-filamentary wire was studied. However by furnace cooling in flowing oxygen. Filament (2) was
the critical current densityX) of the composite is ex- partially melted to enhance tldgof the sample. The ob-
tremely low due to the sintered wires [2]. tained superconducting filaments were passed through
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a vessel Containing Ag paste (Tokuryoku Kagaku COTABLE Il The overall Je at 77 K and 0 T, tensile strength and elon-

Ltd. Silvest p_255) of fine Ag powder dispersed in agation for the composite heated at 88D for various times and rapid-

L i cooled to 850 C or 800°C and hold for 15 min and then cooled to room
nonaqueous liquid. A bundle of the Ag-coated fllamenttemperature at a cooling rate of 100/h in flowing oxygen

was passed through the vessel again. The composite

was heated in flowing oxygen to sinter the coated AgHeating Jeat77 K Tensile Elongation
powder. The critical current §) of the composite was condition and 0T (Alcrf)  strength (MPa) (%)
measqred by a standard four-probe resistive njethocégoocfommm’ 20 42 04

Ag paint was used to connect the composite with Ag" gso-c for 15 min

electrods 20Qum in diameter for supplying DC cur- 88o°Cfor5min, 210 41 26
rents and 10:m in diameter for voltage leads. Some  850°C for 15 min

composites were embedded in a substrate using phen%g—g;g fgrfl51”5"”v_ 240 44 26

. . . . . © or min

lic resin (PR-50702, supplied by Sumitomo Bake“te)880°cfor5min, 240 45 22

and set on a critical current measuring holder. Exter- gggec for 15 min
nal magnetic fields were applied in a direction normal
to the filament length using a helium-free 11 T super-
conducting magnet at the High Field Laboratory forand strength are observed for the composite heated at
Superconducting Materials, Tohoku University. Cur-850°C for 30 min. As compared with the mechanical
rent was passed along the direction of the fiber axis an@roperties of pure Ag metal, such as tensile strength
was normal to the applied magnetic field. A criterion of of 124 MPa and elongation of 48%, the mechanical
1 Viem was used fof. measurements. The overddl  properties of the composite are poor.
value was estimated the divided by the cross-section  High heat treatment of the composite was examined
of the composite. to improve the adhesion of the Ag powder and connec-
Adhesion of Ag powders and connectivity betweentivity between the filaments and Ag matrix. The com-
the filaments and Ag matrix were examined by tensileposite was heated at 88G for various times and rapid-
test of the composite. The tensile test of the compositeooled to 850°C or 800°C and hold for 15 min and
was measured with an Instron type machine at roomhen cooled to room temperature at a cooling rate of
temperature. A cross-head speed was 0.0333 mm/s an@0°C/h in flowing oxygen. The overall, at 77 K and
the gauge length was 5 mm. The apparent stress of th@T, tensile strength and elongation of the composite are
composite was estimated as the load divided by theresented in Table Il. The interface between the matrix
cross-section of the composite and the apparent straind filaments was considerably improved for the com-
was as the displacement divided by the gauge length.posite heated at 88@ for 5 min. However, some voids
between the filaments and matrix were still observed
for the composite. The Ag coating was pyrolyzed up to
3. Results and discussion 450°C at a slow heating rate of 2&/h in air to remove
3.1. Composite of sintered filaments volatile components of the Ag paste. Then the compos-
Filament (1) was sintered at 90Q for 15 min and ite was heated at 88 for various times and rapidly
cooledtoroomtemperature atacooling rate of M cooled to 850C and hold for 15 min followed by cool-
in flowing oxygen. A diameter of filament (1) was re- ing to room temperature at a cooling rate of 2@h in
duced to 10um, in spite of starting from the as-drawn flowing oxygen. Table 1l lists the overalk at 77 K and
filament of 300m in diameter. Thel. of flament 0 T, tensile strength and elongation for the composite.
(1) was ranged from 20 mA to 50 mA at 77 K and The high overalll, and tensile strength are attained for
0 T. Filament (1) was coated by Ag paste. Then five oithe composite heated for 5 min. The cross-section of the
ten Ag coated filaments were embedded in Ag pastecomposite is shown in Fig. 1. The filaments are embed-
The composite was heated at various temperatures arféd in metallic Ag matrix and the connection between
times and cooled to room temperatures at a cooling ratghe filaments and matrix is fairly good.
of 400°C/h in flowing oxygen to sinter the Ag powder.
The overallJe at 77 K and O T, tensile strength and ) ] ]
elongation for the composite heated at various heating-2- Composite of partially melted filaments

conditions are shown in Table I. The reasonahlealue partial melting of filament (2) was made to en-
hance the overall, of the composite. Filament (2)

TABLE | Theowrall Js at 77 K and 0 T, tensile strength and elonga- TABLE 11l The overall J. at 77 K and O T, tensile strength and
tion for the composite heated at various heating conditions and coole&longation for the composite. The coated Ag was pyrolyzed up t6@50

to room temperatures at a cooling rate of 4@dh in flowing oxygen at a slow heating rate of 28C/h in air to remove volatile components
of the Ag paste. Then the composite was heated at’88fdr various

Heating Jeat77 K Tensile strength  Elongation  times and rapidly cooled to 850C and hold for 15 min followed by

condition and 0T (Alcrf)  (MPa) (%) cooling to room temperature at a cooling rate of 2@h in flowing
oxygen

600°C for 15 min 93 — —

750°C for 15 min 200 12 2 Heating Jeat77 K Tensile Elongation

750°C for 30 min 110 27 1 condition andOT (A/crf)  strength (MPa) (%)

850°C for 15min 100 45 3.2

850°C for 30 min 350 39 1.6 880°C for 5 min 240 65 2.8

850°C for 60 min 240 43 5.0 880°C for 15min 160 46 2.0

900°C for 15 min 96 16 1.0 880°C for 30 min 140 45 3.0
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Figure 3 Apparent stress and strain curve for the composite with par-

Figure 1 The cross-section of the composite with sintered filamentary . :
tially melted filamentary superconductors.

superconductors.

x150 08003 2S5kv z2eev

Figure 2 The cross-section of the composite with partially melted fila- Figure 4 Fracture surface of the composite with partially melted fila-
mentary superconductors. mentary superconductors after tensile test.

was partially melted at 1040C for 30 min and was : g : :
cooled to 920°C at a cooling rate of 60C/h, sub- < 4}  —— fversesrassac — A -
jected to slow cooling to 86€C at a cooling rate of 30 g ? ? : 5

°C/h and then furnace-cooled in flowing oxygen [5]. vi
The I of the filament is ranged from 0.3 Ato 0.6 A. ~
The filaments were coated by Ag paste. A bundle ol ;

the Ag-coated filaments was passed again through th —=
vessel of Ag paste. The composite was pyrolyzed tc &
450°C at a heating rate of 28C/h to remove volatile

components of the Ag paste. Then the composite wa o
heated at 886C for 5 min and rapidly cooled to 85 0 z ‘ e 8 10
and hold for 15 min and cooled to room temperature a Field (T)

a CO.Oling ra_te of 100C/h. The overalll, of the com- Figure 5 % vs. applied field for two samples of the composite with
posite was |mp_roved to 2100 A/é_)rmt_ 77K anc_i 0 T partially melted filamentary superconductors.
The cross-section of the composite is shown in Fig. 2.
Although the examination of the strain dependence of
le for the composite is necessary [6], the tensile tesfield dependence of th& for two samples of the com-
of the composite was examined to check the sinteringosite. Although thel, values of both samples reduced
of Ag powder and connection between the filamentsby applying a low field, a drop of thé, in the mag-
and matrix. The typical apparent stress-strain curve ohetic field ranging from 0.5 T to 10 T is small. The
the composite is shown in Fig. 3. The apparent tensildield dependence af. for Y123 superconductor is sen-
strength of 82 MPa and elongation of 8.0% due to thesitive for the weak link at the grain boundary, which
mechanical property of Ag metal are detected. FracaffectsJ; in low fields, while a pinning effect appears
ture surface of the composite after tensile test is showim a high field region. The magnetic field dependence
in Fig. 4. A ductile deformation of the matrix metal is of transportJ. for the filamentary Y123 superconduc-
observed. tor produced by solution-spinning method and patrtial
The overall J; for the composite was examined in melting process was examined. The field dependence
magnetic fields up to 10 T at 77 K. Fig. 5 shows theof the J; for the filamentary sample with randomly
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aligned texture normal to the fiber axis was better tharilaments. Although thel value of the composite de-
that for the sample with aligned texture to the direc-creases with applying a low field, it is worth noting that
tion of the filament diameter. Thé; value of more the composite maintained superconductivityupto 10 T
than 16 A/cm? at 10 T was maintained for the fila- at 77 K.

mentary Y123 [7]. The degradation df in low field

for the present composite indicates weak-link behav-
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