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Influence of Rapid Heating Condition on
Superconducting Properties in Transformed
Jelly-Roll NIz Al Multifilamentary Wire

N. Harada, T. Nakano, M. Tsuda, T. Hamajima, F. Buta, E. Lee, M. D. Sumption, E. W. Collings, K. Tagawa,
H. Moriai, T. Takeuchi, H. Wada, and K. Watanabe

Abstract—Understanding the variation of the superconducting
properties as a function of the maximum heat treatment temper-
ature or heating time in jelly-roll Nb 3 Al wire is important for the
optimization of the rapid heating conditions. Jelly-roll Nbz Al wires
with a Nb matrix were ohmically-heated to maximum tempera-
tures ranging from 1900 to 2300°C in vacuum in order to optimize
the rapid heating conditions and to investigate the superconducting
properties for this transformation method. The diameter of the
wire was 0.94 mm. The sample was monitored using a honcontact
measurement technique employing a photodiode to measure high
temperatures (over 2000°C) during rapid heating. After the sur-
face temperature reached a maximum, the sample was quenched in
liquid gallium. The samples were annealed for 10 hours at 808C
after the rapid heating process to transform the bcc-phase to the
A15 phase. The superconducting properties including DC magne-
tization and critical current were explored for various maximum
heating temperatures and heating times. The magnetic field depen-
dence of the pinning force density was investigated for these various
conditions.

Fig. 1. Cross sectional micrograph of jelly-roll Bl multifilamentary wire
with Nb matrix.
Index Terms—Nbz Al, ohmic heating, pinning force density, su-

perconducting materials. Influences of rapid heating conditions on superconducting

properties have been investigated by using a nhoncontact mea-
|. INTRODUCTION surement technique employing a photodiode to measure high
temperature (over 2000C) during rapid heating [3]-[6]. Also

Z:r”]'gl Qarselzt?\;gr USF;ES{I (i:rrlit'lﬁzzlll-ﬁcijlgre(:ﬁ\t/edrezfa-[j)azgﬁ'\2Ni|t<the supersaturated bcc-solid-solution Nb(Al)ss after quenching
. . Y . 9 is considered to be due to the phase change at a temperature
increasing mechanical strain as compared to;$tb New

- . over the melting point of NHAI (1940°C) [5]. An optimization

m&”é‘l msltg!?smim\]agyxre_ﬁhla\f bfﬁ;ggg\/g% ped rfgrelrtilgéffthis rapid heating condition is important in order to improve
Y In Japan. sup jucting properties gf, properties of critical current density in high magnetic fields.

NbsAl are sensitive to compositional variation. To form the This paper describes the superconducting properties ob-

?r?rlr?htlr?er;ng'fgglgorrgpi(())?\ltlz;)tnhlin r:htee rﬁ\lg;gthuﬁz, ig Laepe'ge%uegi%%rved during an optimization study of rapid heating processing
. glor g P . ' jelly-roll NbzAl multifilamentary wires. Short samples with
lec.al current dens_|t|es_ at h'gh magnetlg fields have be%%rious maximum temperatures and times have been prepared.
obtained by the fabrication qf fine I\_jAI grains transformed Superconducting properties including DC magnetization and
from supersaturated bce-solid-solution Nb(Al)ss [1], [2]. Thgrit'cal current after rapid heating have been explored for

rapid ohmic-heating and quenching method has been develo &flous maximum heating temperatures and times. Moreover

to realize this technique for jelly-roll multifilamentary wire. o magnetic field dependence of pinning force density is

investigated in order to improve the properties at high magnetic
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Fig. 2. Temperature at the sample surface during rapid heating.
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7 Fig. 4. Magnetization curves for various segments of sample Y12000D.
2000 | '"ﬂ“ e
- e the High Field Laboratory for Superconducting Materials in To-
€ 1500 | { ! hoku University. The magnetic field was applied perpendicu-
g I - larly to the longitudinal direction of the copper plated sample.
g o0 bl T ¥12000J1(1.14s) The samples of about 30 mm long were measured by a four-
g ~ — —~ Y1200012(0.70s) probe method, with the voltage taps separated by 5 mm. The
s W === YI2000H1(0.44s) . o s ).
[ YI2030E1(0.38 critical current criterion was 18 10~° VV/cm. The critical cur-
soo ¢ Tttt . S) . . . ..
— — — —\12050E2(0.325) rent density was defined as the critical current divided by the
YI2050E1(0.265) area of jelly-roll region in the precursor wire. The pinning force
0 1 1 1 1 1 1

density,I'p, is calculated from the product between critical cur-
rent density and applied magnetic flux density. The magnetiza-
tion curves were measured at 4.2 K. DC susceptibility of each
sample was measured from 8.0 to 20 K in an applied magnetic
field of 1.0 mT, after the sample had been cooled to 8.0 K (below
the critical temperature, about 9 K, of Nb matrix) from room
perform rapid heating and quenching of the strand samplestémperature.

this method a current flows through a sample of 70 mm length
placed in the vertical direction. The top was held in a movable
electrode and the end part was soaked in a liquid gallium ba
AC current flows between the movable electrode and the liqui
gallium bath. As soon as the temperature of the sample reachehe heating temperature curves for the sample surface during
the maximum temperaturg,..., the sample is quenched intorapid heating are shown in Figs. 2 and 3. The temperature at
the liquid gallium. Two kinds of samples were prepared, one d6e center of a sample is not monitored after its temperature
with variousT},. and one set with various heating times. In thBas reached the maximum temperatures, because of sample mo-
set with variou€},..« the heating time was fixed at about 0.3 tdion. A four-digit-number in the sample name shows maximum
0.4 sec. In the set with various heating tiniés., was fixed to temperaturel,,.. (°C) during rapid heating for each sample.

be 2000°C to 2050°C. The heating time were determined byl he heating time from room temperature g, is within a

the voltage applied to the sample. The surface temperature intéege of 0.30 to 0.35 seconds as shown in Fig. 2. Supersat-
center part of the sample was measured by a photodiode. Tiated bcc-solid-solution Nb(Al)ss is obtained in the samples
temperature was calibrated using an optical pyrometer and We#h Zinax 0f 2000°C or greater [5]. The heating time variation
measured from the voltage generated by the photodiode. T{érom 0.26 to 1.14 seconds has been obtained by voltage con-
rapid heating samples were annealed for 10 hours at8(8] trol of the autotransformer in the equipment.

in an argon atmosphere to transform the;Nband to order the
Al5-phase.

0 0.2 04 0.6 0.8 1 1.2
time (s)

Fig. 3. Temperature at the sample surface during rapid heating.

IlIl. RESULTS AND DISCUSSION
" Heating Temperature During Rapid Heating

B. Magnetization Curves After Rapid Heating

A 7.5 mm length was cut from both ends of sample Y12000D
after rapid heating to 2000C and the middle part was cut

Critical currents in magnetic fields up to 23 T at 4.2 K inn 11 segments 5 mm length. These segments were consecu-
liquid helium were measured in the hybrid magnet, HM-2, dively numbered no. 1 to no. 13 from the lower end, and the

B. Measurements of Superconducting Properties
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Fig. 5. Sample magnetization curves for various maximum temperatures. With various heating times.
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Fig. 8. Magnetic field dependence of pinning force density in samples with
various maximum temperaturés,, , -

Fig. 6. Temperature dependences of normalized DC magnetizations in

samples with various maximum temperatures.

C. Temperature Dependence of DC Magnetization

magnetization curve of each part was measured at 4.2 K. Th&emperature dependencies of magnetization in these two se-
magnetization curves of typical segments are shown in Fig.ries of samples are shown in Figs. 6 and 7, respectively. In these
In this figure, a similar shape of magnetization curve is olfigures the samples have been annealed for 10 hours &®00
tained on a 35 mm region (segments from no. 4 to no. 10). Theter rapid heating, and the magnetization of vertical axis is
upper and lower parts of this region show magnetization sigermalized by the magnetization at 8.0 K. The remarkable in-
natures of an Al5-phase that has formed after rapid heatiogease in the normalized magnetization at 9 K shows the tran-
Moreover, both the upper part no. 1 (crimped electrode) and thidon of the Nb matrix. The samples that have an Al15-phase
end part no. 13 (soaked in liquid gallium) were barely heatdxy reaction between Nb and Al, during rapid heating, are char-
during the rapid heating and show the magnetization signat@&erized by both a sharp transition in temperature dependence
of Nb. In the sample heated to 200C, a length of 35 mm and a rising of 1 K in critical temperature. On the other hand,
multiflamentary region changes to bcc-solid-solution Nb(ARhe samples that have formed the supersaturated bcc-solid-solu-
in this rapid heating and quenching equipment. In the casetmn Nb(Al)ss, after rapid heating and quenching, show a critical
changing?y,.x, the magnetization curves in the samples aftéemperature of 17.3 K after annealing at 8@. The absolute
rapid heating and quenching are shown in Fig. 5. These profues of normalized magnetization at 10 to 15 K increase with
erties change at 2000C. The samples heated at 2000 or an increase ifl;,,,x as shown in Fig. 6. This result would be re-
greater have upper critical fields of about 0.4 T. lated to the increase of the reaction region between the jelly-roll
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Fig. 9. Magnetic field dependence of normalized pinning force density,

Fp/Fpmax, in samples with various heating times.

and the Nb matrix with increasirifj,,,.. The samples with var-

ious heating times are compared in Fig. 7. In these sarfiplgs

has been controlled between 2000 to 2080 In the samples
with heating times from 0.26 to 0.70 sec, these transition curvedd

are approximately same.

D. Magnetic Field Dependence of Pinning Force Density

IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 12, NO. 1, MARCH 2002

the sample with 0.70 sec heating time the curve indicates two
peaks. If the variation of these properties is explained, it may be
possible to improve pinning force density and critical current at
high magnetic fields.

IV. SUMMARY

Two series of samples of jelly-roll NI multifilamentary
wire were prepared by using the rapid heating quenching in con-
junction with a noncontact temperature measurement technique.
In short samples of 70 mm, homogeneity was evaluated by DC
magnetization measurement, and a region of 35 mm was found
to be approximately homogeneous. The absolute values of nor-
malized magnetization at 10 to 15 K increase with an increase
in maximum temperaturel,,..». This result would be related
to the increase of the reaction region between jelly-rolled and
the Nb matrix with increasin@;,,... The magnetic field depen-
dences ofF'p can be divided into two groups (against various
maximum temperatures or various heating time). The samples
with a short heating times from 0.26 to 0.44 sec have a peak at a
magnetic field of 12 to 15 T. On the other hand, in samples with
long heating timesf'p increases with an increase in magnetic
field.
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