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Influence of Ge addition on phase formation and electromagnetic properties
in internal tin processed NbaSn wires
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Abstract

In order to investigate the effect of Ge addition to the Cu matrix on the microstructure and the
critical current density, four kinds of internal tin processed NbsSn strands with pure Cu and Cu 0.2,
04, 06 wt % Ge alloys were drawn to 0.8 mm diameter. The microstructure and critical current of
internal tin processed NbsSn wires that were heat treated at temperatures ranging from 680C to 740T
for 240 h were investigated. The Ge addition to the matrix did not make workability worse. A Ge rich
layer in the Cu-Ge matrix suppressed the growth of the NbsSn layer and promoted grain coarsening.
The greater the Ge content in the matrix, the lower the net Jc result after NbsSn reaction heat
treatment. There was no significant variation in Jc observed with heat treatment temperature ranging

from 680C to 740TC.
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Table 1. Specifications of sub-element billet,
stabilizer billet and Nb3Sn strands
Parameter Specification
Billet diameter 80 mm
Sub-element .
Billet Hole diameter 7 mm
e Number of filament 31
. Cu ratio 50 %
e oo i
on-Cu area Sn ratio 20 %
n U an Ta ratio 6 %
- . Billet diameter 80 mm
Stabilizer Billet Thickness of Ta 2 mom
Outer diameter 16.7 mn

Strand Billet

Sub-element diameter  10.1 mm

Cu-Ge matrix

Fig. 1. Schemetic layout of assembled billet for
strand.
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Table 2. The heat treatment conditions of
specimens.

Addition type Pre-heat Reaction heat
to matrix treatment treatment
Pure Cu Rate : 6TC/h to 460C  680°C/240h

Cu-0.2wt%Ge Holding : 460C/100h  700°C/240h

Cu-04wt%Ge Rate : 6C/h to 570C  720°C/240h

Cu-0.6wt%Ge Holding : 570C/200n  740°C/240h
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Table 3. Diameters of Nb filaments, Vicker’'s
hardness of matrix and tensile strength of finally
drawn wires.

Diamet ¢ Vicker’s Tensile

Matrix meter o Hardness of  strength
Nb filament . .

matrix of wires

Pure Cu 481 m 119 547 MPa

02 Ge 46.8 m 123 581 MPa

04 Ge 46.1 ym 123 583 MPa

0.6 Ge 457 um 128 592 MPa
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Table 4. Fraction of reacted NbsSn layer of Cu and

Cu-~Ge matrix wires after heat treatment.

Heat treatment Fraction of

Temperature Type NbsSn area (%)
B &
.2 Ge 1.
680C 0.4 Ge 267
0.6 Ge 34.8
Pure 100
0.2 Ge 779
0T 0.4 Ge 743
0.6 Ge 713
Pure 100
B 0.2 Ge 78.2
20c 04 Ge 740
0.6 Ge 738
Pure 100
. 0.2 Ge 86.4
ot 04 Ge 749
06 Ge 76.1
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Fig. 2. The variation of net(NbsSn) Jc with the
magnetic field for the wires after heat treatment
at 700°C and 740C for 240h.
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Fig. 3. Scanning electron micro-photographs of NbsSn
layers of pure Cu matrix(a), 0.2 Ge matrix(b), 0.6 Ge
matrix(c) wires heat treated at 720C for 240 h.
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Fig. 4. Composition mapping by electron

microanalyser taken on a cross section of the
Cu-0.2wt% Ge specimen heat treated at 720C for
200 h.
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Fig. 5. Schematic diagram of reacted NbsSn layer
of Ge added wire.

YRERZ 748 Fo] EA3GH. olg e =27
< 7tAASHE olfE2A, NbSn & ZAAd &Hg
GeZtl Sne &4 FEgeozd Xz Ay Fob
NbsSn %9 4A 2 JA=lz 4HHCE NbSn ¢
Aol AT EXE Ao F2grh NbSn A
A AEF ARE FAAI)Y] YElde 24 9As
A3l AAek Fil, Gedl MR A ZuUE
L2388 HF U=y A4 E /IHLE 8ot #
e

4. HE

W G4 2 NbsSn 2AE A9 matrix
o GeE H7I3te] 680TCA 740CY HWHAA A
28 9& = NbsSn 2] Gesl &4tste] &6g A
£ 248 Ged 3L Sng FaAHS dAstd
NbsSn ¥ AFETE 929 43 &AA00e
AE & F#71 YU Net-Jer Gedl H7t3e] TS
FE A Jdehgo,

3 28
[1l. K. Tachikawa et. al, "Recent studies on
composite superconductors” 7th U.S. Japan

Workshop on High Field Superconductors,
Fukuoka, Japan, Ott. 1991.

[2]. T.Pyon and E.Gregory , Some effects of matrix
additions to internal tin processed
multifilamentary Nb3Sn superconductors, IEEE
Trans. Appl. Supercon. Vol. 5 No. 2, pp.
1760-1763, 1995.

{3l. K.Tachikawa, M. Terada, M.Endo
Miyamoto, Bronze-processed  Nb3Sn
addition of germanium to matrix,
vol. 33, No. 2, pp. 205-208, 1993.

and Y.
with
Cryogenics,

- 499 -



