Direct jointing of Ba—Sr—Ca—Cu—0O superconducting glass-ceramics
by welding
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Superconducting glass-ceramics in the Bi—Sr—Ca—CyBSCCQ system were found to be
successfully joined together by welding with an LNG-flame. Two edge portions of the glass-
ceramics to be joined were set in close contact to each other and melted by the high-temperature
flame. After the welding, the joined portion was annealed with a soft flame, so that no crack formed
in the product. The directly joined product was converted into a superconductor y®0 K by

a postheating at-830 °C. Its critical current density,., was almost the same as the of the original
glass-ceramic. This technique is very important for fabrication of large-sized superconducting
apparatus such as current leads or magnetic shieldéd995 American Institute of Physics.

Electrical current power leads are expected to be one of The resultant glass-ceramic was cut into two rod speci-
the most important applications of high-superconductors mens. The cut surface of each specimen was heated simulta-
(HTS).'~>We have been studying a superconducting bushingieously by using a LNG-Dflame. When the cut surfaces
apparatus which is composed of long and slender HTS rodgere partially melted, two specimens were joined by quickly

or pipes I%r the current leads and for the external magnetiq ing the molten faces against each other. Subsequently, the
shielding.> Abe et al. in our group developed a simple fab- welded portion in the unified specimen was annealed suffi-

ricating method of fine HTS ro&so_r pipes in the B".Sr‘ ciently (for ~5 min) with the soft flame of 900-950 °C, and
Ca—Cu—O(BSCCQ system by using a glass-ceramic pro- ; - .
then it was slowly cooled. The successfully joined specimen

cessing, which involves casting of the melt in low viscosity A ST
and reheating the forming product. was reheated at 830 °C for 50 h in air. After the heat treat-

For a practical use, large-sized HTS-bushing apparatus goent, the specimen was taken out of the furnace and was
required. To fabricate the large-sized leads or shields, joinin§@Pidly cooled to room temperature.
between one HTS and another HTS is one of the most im-  Figure 1 shows powder XRDCuKa; 40 kV, 20 mA
portant technologies. Mechanical joining of HTS is far from patterns for the original BSCCO glass-ceramic and for the
technical use for shielding the external flux. A welding pro-
cess using a flame is one of the most promising candidates
for the simple joining because it is expected to have high
forming ability into desired shapes. let al® reported the
difficulty of the direct joining of two Bi-based superconduct-
ing pillars by welding with an @flame. Their method has a
serious problem in the mechanical strength: some cracks

tend to appear around the welded regidfhe present work = .
is the first successful demonstration of direct welding of ® o oM2 0 (b)
BSCCO superconducting glass-ceramics by melting anneal- g
ing using a liquid natural gad NG)-O, flame. % R ;
Commercial powders of guaranteed reagents such as § . 1 & 1% 8% o ©
- O 0,0

Bi,O3, SrCG;, CaCQ, and CuO were mixed to obtain the oo
nominal composition of BSrL,CaCuw,0O,. The mixture of
the given powders was melted in a platinum crucible at
1150 °C for 15 min. By following the technique in a previous
papef® the melt was cast and quenched into a silica glass
tube of an inner diameter of 2 mm. After the outer glass o
tubes were removed, the resultant as-cast precursor rod
specimens were reheated at 830 °C for 50 h in air, and sub-

sequently the specimens were taken out from the furnace tﬂG. 1. Powder XRD(CuKa) patterns for the original BSCCO glass-

be rapidly cooled to room temperature, resulting in the for-ceramic and for the welded regions in the joined specim@hshe original

mation of rod-shaped BSCCO glass-ceramics. BSCCO glass ceramifh) the as-welded portion, which was allowed to cool
down to ambient temperature after joining) the welded portion in the
specimen annealed by using a soft flame after joining (@ndthe welded
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FIG. 2. Temperature dependence of resistivitiegapfthe original BSCCO
glass-ceramic before joiningb) the as-joined specimen, arid) the speci-
men postheated at 830 °C after joining. The inset shows the portions of the

electrodes attached to the joined specimémsand (c).
FIG. 3. A SEM photo of the fracture face around the joined boundary of the

postheated specimen.
welded regions, which may include their environs, of the
joined specimens. When the joined specimen was not an-

Figure 3 shows a SEM photo of the fracture face around
nealed over the flame, some cracks tended to appear arOL;an

joined boundary of the postheated specimen. It is difficult
. 8 : o find the joined boundary because two specimens were
one, as reported by Let al. The.as-welded portion was | ,iiaq completely by melting. No serious cracks or other
cqmprlsed of glassy phase with a small amouht Ofdefects are seen around the joined boundary. The irregular
Bi,Sr,CuQ;, (2207 crystals as shown in Fig.(t). In this face shows that a large amount of platelike crystals with

case, the cracks tend to form in the glassy phase during tr‘lgrge size=100 um) were precipitated in the welded re-

cooling. On the other hand, the specimen annealed suff-ion by the postheating. With this moroholoay it is not sur-
ciently with the soft flame after the welding consists of ab y P g P gy

ising that al. value of the joined specimen is as high as
large amount of the crystalline phases such as 2201 ar{%{ v € J p g

. at of the original one.
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