Figure 12. SEM micrograph of etched surfaces of

powder 2 PIT tapes treated for a total of 100 h with (a) fast
cooling and (b) slow cooling performed in all the sintering
steps.

characteristics. For powder with high excess of Cu, the
Bi-2223 formation rate is obscrved to increase initially.
As reaction proceeds, however, the difference in Bi-
2223 content amongst the three precursors is reduced and
the %Bi-2223 is virtually indistinguishable after 60 h
of processirig. In addition, an optimum heat treatment
schedule determined for the base powder in a previous study
is found to remain valid even for precursors containing
excess Cu. However, since any J, cnhanccment in fully
processed tapes made from excess Cu precursors is not
substantial, it is not advisable to add a high amount of
Cu which can result in secondary phases. In the present
study, powder 2 is the best compromise in having a
fast reaction rate while not affecting the secondary-phase
content significantly.

Beneficial effects of slow cooling have been confirmed
in PIT tapes made with powders 2 and 3. It is found
that in all the heat treatment sequences examined in this
study, the incorporation of one or more slow-cooling steps
is effective in improving the J, by a factor of two to four.
The optimum treatments determined using results from a
previous fast-cooling study can be utilized for the slow-
cooling processes. However, modifications have to be made
to compensate for the faster reaction kinetics of precursors
with cxcess Cu. While both the 25 25 50 and 12--12-26—
50 schedules performed equally well in samples containing
precursor with no Cu addition and subjected to fast cooling
only, the latter schedule appears to be better suited for the
faster kinetics of precursors with Cu additions. Because
of the increased reaction rate, highest J, was obtained after

Powder-in-tube Bi-2223

50 h of sintering time and slow cooling during the final step.
If slow cooling is performed in every sintering interval,
J. reaches a maximum value after 50 h of accumulated
sintering and starts to decrease due to insufficient amount
of liquid phase to heal the processing cracks.

Acknowiedgments

The authors would like to thank M Paranthaman, D E
Heatherly and H S Hsu at Oak Ridge National Laboratory
for providing Bi-2223 aerosol powders. They would also
like to thank the staff of the Superconducting Materials
Group at Oak Ridge National Laboratory and University
of Houston for their cooperation. This research was
sponsored in part by the US Department of Energy, Office
of Efficiency and Renewable Energy under contract DE-
AC05-960R22464 with Lockheed Martin Energy Research
Corp. and is gratefully acknowledged.

References

[1] Marken M R, Dai W and Larbalestier D C 1994 Physica C
231 137
[2] Dorris S E, Prorok B C, Lanagan M T, Sinha S and
Poeppel R B 1993 Physica C 212 66
|3] Paranthaman M, Goyal A, Heatherly D E and Kroeger D M
1995 IEEE Trans. Appl. Supercond. AS-5 1490
[4] Sastry P V P S S, Parrell J A, Feng Y, Larbalestier D C
and West A R 1996 Supercond. Sci. Technol. 9 1009
[5] Lee D F, Martin P M, Kroeger D M, Rupich M W, Li Q
and Riley G N Jr 1997 Supercond. Sci. Technol. 10 702
[6] Vo NV, Dou S X and Liu H K 1995 Physica C 250 139
[71 Satou M, Yamada Y, Murase S, Kitamura T and
Kamisada Y 1994 Appl. Phys. Lett. 64 640
[8] Osamura K, Oh S S and Ochiai S 1990 Supercond. Sci.
Technol. 3 143
[9] Ueyama M, Hakita T, Kato T and Sato K 1991 Japan. J.
Appl. Phys. 30 L1384
{10] Yamada Y, Obst G and Flukiger R 1991 Supercond. Sci.
Technol. 4 165
{11} Parrell J A, Larbalestier D C and Dorris S E 1995 IEEE
Trans. Appl. Supercond. AS-5 1275
[12] Kroeger D M, Hsu H S and Brynestad J US Patent 5395821
[13] Tirumala S P, Lee D F, Kroeger D M and Salama K 1997
Supercond. Sci. Technol. 10 686
[14] Majewski P, Hettich B, Jaeger H and Schulze K 1991 Adv.
Mater. 3 67
[15} Zhu W and Nicholson P S 1992 Appl. Phys. Lett. 61 717
[16] Oota A, Iwaya J, Songsak P, Saigou T and Funakura M
1993 Physica C 214 9
[171 Holesinger T G, Bingert J F, Willis J O, Maroni V A,
Fischer A K and Wu K T 1997 J. Mater. Res. 12 3046
[18] Chen F H, Koo H S and Tseng T Y 1991 Appl. Phys. Lett.
58 637
[19] Luo J S, Merchant N, Escorcia-Aparicio E J, Maroni V A,
Tani B §, Carter W L and Riley G N Ir 1994 J. Mater.
Res. 9 3059
[20] ‘Strobel P, Toledano J C, Morin D, Schneck J, Vacquier G,
Monnereau O, Primot J and Fournier T 1992 Physica C
201 27
[21] Umezawa A, Feng Y, Edelman H, Willis T C, Parrell J A,
Larbalestier D C, Riley G N Jr and Carter W L 1994
Physica C 219 378
[22] Parrell J A, Larbalestier D C, Riley G N Jr, Li Q,
Parrella R D and Teplitsky M 1996 Appl. Phys. Lett. 69
2915
[23] Xu M and Finnemore D K 1995 Appl. Phys. Lert. 66 3359

503



