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The Effect of Filament Diameter on �� in High
Filament Count Bi2212/Ag Round Wire
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Abstract—In this study, we investigated the effect of filament size
on�� for high filament count Bi2212 round wire conductors partial
melt processed with���� between 882 and 890 � in pure oxygen.
The filament size that produced maximum �� was between 12 and
15 � depending on conductor design and ����. When the fil-
ament size was below 12 � the filaments were unstable during
partial melt processing leading to a break-up in the structure of
the filament array and low �

�
. This effect is attributed the forma-

tion of interconnects between filaments which leads to coarsening
driven by a reduction in interfacial surface energy.

Index Terms—Bi2212/Ag round wire, high-temperature super-
conductors, superconducting filaments and wires.

I. INTRODUCTION

F ILAMENT size is a major design consideration in the
manufacture of high current capacity Bi2212 round mul-

tifilamentary wire. Several studies have reported on the effects
of filament size on critical current capacity including our pre-
vious work on single restack conductor designs [1]–[7]. The
general trend reported in these studies is for the critical current
to increase as the wire diameter and hence filament diameter de-
creases. However, there is no definitive filament size that maxi-
mizes conductor performance, and some of the results regarding
optimum filament size are contradictory. It appears that factors
such as heat treatment, filament count, Ag/SC ratio, and wire
diameter may affect the optimum filament diameter.

Motowidlo et al. [1]–[3] investigated filament size effects on
in 37 and 300 filament single restack designs. They also pro-

duced several double restack designs. One was a 37 7 configu-
ration consisting of 259 filaments using seven of the 37 filament
wires as subelements, while another was a 61 7 arrangement.
The wires were drawn to sizes ranging 0.37 mm to 1.02 mm.
All the wires had different ceramic fill factors: 35–40% for the
37 filament wire, 25% for the 300 filament wire, 25–35% for
the 259 filament wire, and 17% for the 427 filament wire. The
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37 filament wire was drawn to produce wire with filament di-
ameters of 30, 60 and 100 . The 259 filament wire was used
to produce wires with 11 and 16 filaments. At 0.81 mm the
300 filaments wire had an average filament diameter of 20 ,
while it was 15 in the 427 filament double restack wire. The
wire were given a modified partial melt solidification treatment
in pure oxygen atmosphere using a step cooling sequence from a
peak temperature of 885 . An inverse linear relationship was
found between filament diameter and over the entire range
of filament sizes investigated, and all the conductors showed
similar behavior. The highest was achieved with the 37 7
double restack with a filament diameter of 11 . These results
were attributed the effect of increased Ag/ceramic interface in
promoting greater c-axis alignment as filament size decreased
with wire diameter.

Hasegawa et al. [4], made double restack conductors of 61
7, 91 7, 127 7 163 7 and 37 19 configurations. The ce-
ramic fill for all the wires was nearly identical at approximately
25%. The wires were drawn to sizes ranging from 0.8 to 1.3
mm. These conductors had filaments sizes at a 1 mm wire di-
ameter of 20, 14, 12, 10 and 14 respectively. At the largest
wire size of 1.3 mm, the 163 7 wire had the highest . As
wire diameter was reduced down to 0.9 mm, the increased
for all the wires. However, below 0.9 mm, the of all the wires
decreased except for the two wires, 61 7 and 91 7, which
had the largest filaments. At 0.8 mm the 91 7 wire produced
the highest , and the largest drop in occurred with the 163

7 wire, which had the smallest filaments. These effects were
attributed to differences in the aspect ratio of the filaments be-
tween the various wires and the quality of the filaments. It is
also interesting to note that although both the 37 19 and 91

7 wires had similar size filaments, the of the 37 19 wire
decreased at 0.8 mm while that of the 91 7 wire increased.

Kim et al. [5], made two low filament count wires using a 55
7 design, and two high filament count wires with 85 7 and

a 121 7 configurations. The low filament count wires had ce-
ramic fills of 31% and 21%, while the high filament count wires
had ceramic fills of approximately 33%. The wires were drawn
to sizes between 0.82 mm and 1.35 mm diameter. For the low fill
factor, low filament count wire, increased only slightly with
decreasing wire diameter. The peak was produced at 0.82 mm
and filament size of 19 , while the two high count wires, ex-
hibited peak at 0.95 mm. The highest was recorded for the
121 7 wire at 0.95 mm diameter and corresponding filament
size of 18 .

Based on an optimized 85 7 design having 15 filaments
at 0.8 mm diameter, Miao et al. [6] produced a series of conduc-
tors having 85 filaments in the first restack and 19, 37 and 127
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TABLE I
CONDUCTOR DESIGN PARAMETERS

subelements in the second restack to make wires with 85 19,
85 37 and 85 127 filaments arrangements. At a wire di-
ameter of 1.5 mm the filament sizes were 17 , 11 , and
4 respectively. The wires were partial-melt processed at a
peak temperature between 885 and 895 in flowing oxygen.
They found that increased as filament size decreased for the
smaller diameter wires with smaller filaments. When tested in
fields of 10 to 16 T, the wire having 17 filaments produced
the highest . However, lower ’s were recorded for a 85 7
design with 19 filaments, while the wires with 11 and
4 filaments had even lower ’s. They concluded that lower

’s with the smaller filament wires were due to sausaging and
non-uniformity caused by having too many filaments.

Previously we reported on several single restack designs
having filament sizes ranging from 18 to 27 at a wire diam-
eter of 0.79 mm [7]. We found that the exhibited an inverse
relationship with filament size. The maximum at 4.2 K and
self-field was 716 . In related work, Liu and Schwartz
[8] showed that could be increased from 750 to
1450 at 4.2 K and self-field when the wire diameter
was reduced from 0.79 mm to 0.41 mm, which corresponds to
a reduction in filament size from 19 to 10 [8].

This work is part of our effort to develop Bi2212 wire for
MRI magnets, and has focused on high filament count single
restack designs as a way to more economically manufacture
conductor. Due to billet size limitations and other processing
factors, our single restack wire can be most economically man-
ufactured with a filament diameter between 18 and 20 for a
wire diameter of 0.79 mm. This filament size is larger than what
has been reported produces maximum . Although it may be
possible to enhance by a reduction in filament size, it is neces-
sary to determine the degree of performance increase possible
considering the additional processing costs and difficulties re-
quired to make the conductor.

II. METHODS AND MATERIALS

In this study we investigated the effect of filament size using
two single stack conductor designs and three double restack
conductors having a similar design but with different filament
sizes and filaments counts. Although our focus is on single
restack designs, a double restack with high filament counts is
a more convenient way to produce test conductors with small

Fig. 1. Transverse cross sections on unreacted wire showing filament arrange-
ment. (a) single restack wire 14B at 0.79 mm diameter with 889 filaments. (b)
double restack wire 15C1 at 1.0 mm diameter with 349� 7 filament configura-
tion.

filament diameters in our target wire diameters of 0.79 to 1.0
mm.

All the conductors were made by standard PIT processing.
Bi2212 granular precursor powder was obtained from Nexans
Superconductors. The composition expressed as a cation ratio
was 2.19 Bi, 1.95 Sr, 0.88 Ca, and 1.98 Cu. Monofilaments were
made by filling pure silver tubes with powder and cold drawing
to the restack size. The monofilaments were cut to length and
restacked in a second silver tube. The two single restack con-
ductors, 11B and 14B contained 931 and 889 filaments respec-
tively. For the double restack conductors, the first restack bil-
lets contained 349, 199 and 139 filaments. These billets were
drawn to a predetermined size of a hexagonal cross section and
seven subelements of each were restacked in separate Ag-Mg
alloy tubes, after which these billets were drawn to diameters
1.0 mm and 0.79 mm producing wires having average filament
diameters between 7.8 and 15 . The single restack 11B was
drawn to 0.79 mm, 0.65 mm and 0.47 mm, producing wires
having average filament diameters between 10 and 20 . The
14B conductor was drawn to 0.79 mm, 0.72 mm and 0.65 mm,
producing wires having average filament diameters between 14
and 17 . The sizes of the primary tubes and bundling tubes
were proportioned to achieve a desired ceramic fill factor and
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