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Abstract; Fabrication of a strong cube texture Ni substrate through thermomechanical pfocess is reported by
ORNL research group. Decreasing the substrate thickness, the engineering critical current density will be
improved, Rolled substrates are electropolished to the final thichness of 160, 80, 50, 40, and 20 pm, re-
spectively, Electropolished substrates are recrystallized at temperatures between 800—1000°C and in a mixed
atmosphere of 4% H, in 99. 99 purity Ar. Orientation mappings of recrystallizated tapes are conducted
through an EBSD system mounted on a LEO— 1450 SEM. The influence of the substrate thickness on tex-
ture of the tape is studied in this paper. Results show that with the decrease of substrate thickness, the tex-
ture of the tapes with the same recrystallization process is more and more closed to the exact position of cube

orientation,
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1 Introduction

Three different approaches are applied to increase the engineering current densuity of the coated con-
ductor. The first is to enhance the critical current density of the YBCO film =%, The second is to increase
the thichness of the YBCO film™ ™), The third is to reduce the thickness of the metallic tape®!. For the
RABITS technique the metallic tape has to provide the cube texture {or the epitaxial film and sufficient
strength. Therefore it is necessary to increase the tape strength in order to reduce its thickness without los-
ing mechanical performance. Alloy Ni tapes,such as Ni-W, Ni-Cr, Ni-V, Ni-Al and Ni-Cu etc, is chosen to
meet the aim described abovel*™, Elfect of the grain nurmber and width of substrate on critical current
density was researched by Goyal, etc’. For 1 cm width substrate, if the grain size is too large (100
pm), the critical current density is deteriorated. It is necessary to reduce the grain size of the matalic tape,
Ni alloy is chosen to accomplish the need. In this paper the main effort is focused on influence of substrates

thickness on microstructure and grain size of cube-texture Ni tape,
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2 Experime_ntal

Ni in‘got is prepared by melting the elements having & purity of about 99. 999% in an vaccum furnace,
Ni plate, gotten by hot farging and hot rolling treatment, is cold rolling with several passes down to the fi-
nal thickness of 120 ym, Electropolishing is chosen to improve the surface quality of the tape and reduce the
thickness of the tape in a mixed solution of H;PQ, , C,H,O; and a little additive, Electropclished substrates
with the final thickness of 100 ym, 80 pm. 50 pm, 40 #m,‘ and 20 um., respectively, are recrystallizated at
temperatures between 800—1000°C either in a mixed atmosphere of 4% H, in 99. 99% purity Ar. Recrys-
1allizated grain size of substrates are measvred using LEO— 1450 SEM((scanning electron meroscopy). Orni-
entation mappings of recrystallizated tapes are conducted through an EBSD system maunted an a LEO—
1450 SEM.

3 Results and analysis

3.1 Results
Relationship of average recrystallizated grain size and

substrate thickness is indicated in Fig. 1. The results show E)OO

that when the substrate thickness is 120 —60 pm, with re- _§90 |

ducing the substrate thickness, average recrystallizated grain %

size decreases. When the substrate thickness is less than 60 ?80 I

pm. with decreasing the substrate thickness, average recrys- E o

tallizated grain size increases, The minimum size of the aver- Té [

age recrystallizated grains is 70 ym corresponded 1o substrate 5 60 L

with 6¢ ym thickness, 2 . s m w0 0
Orientation mappings of substrates with different thick- Substrate thickness/# 1

ness are revealed in Fig. 2, Red grains show cube orientation ) .
g g Fig. 1 Curves of substrate thickness vs recrys-

grain, Color of grains is heavier, orientation of those grains tallization grain size
is closer to the exact position of the cube orientation. With
decreasing the substrate thickness, the cube texiure of the tapes with the same recrystallization process is

more and more close to the exact position of the cube orientation.

3.2 Analysis

In three dimension samples, drive force for grain growth mainly originate from grain boundary energy.
During grain growth, with average grain size increasing, total area of grain boundary decrease, in order to
reduce free energy, which provide drive force for the grain growth"',

When average grain size is close to the substrate thickness, almost grains are exposed on the metallic
tape surface, at this time, balanceing grain boundary energy and surface energy on the substrate surface.
Their balance would prevent grain growth, The grain boundary on the tape surface would tend to smooth,
50 grain curvature radius perpendicular to the substrate surface is infinite. The drive force for grain bounda-

ry move( P)is given by,

1 .
P=y( —+l) (1

oo e
where 7 is [ree energy of grain boundary per unit area, ; and p; are grain curvature radius. From equation

{1}, with increasing the grain curvature radius, decreasing the drive force for the grain boundary mobility.
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Fig.2 Orientation mappings of substrates with 120pm{a), 100um(b). 80pm(c), 50um
(d, 40pm(e), and 20pm{f)
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On the other hand, surface thermal groovings are formed on the tape surface in recrystallization, due to the
balance of the grains boundaries and the surface tension of the metallic tape, These thermal groovings pre-
vent the érain boundary mobility. Two reasons described above can prevent the grain growth with exposed

on the tape surface, The average grain sizeRj, can even solved analytically™™, giving:

Ri,= fg—’;jbd (2)
where d is substrate thickness, 7, and 7, are surface energy and grain boundary, respectively. For high pure
metal, ¥, is 2—3 times. larger than ,. From equation (2), Ry, is close to &, for pure metal, which is con-
sistent with experiment results that when the substrate thickness is over 60 pm, with reducing the sub-
strate thickness, average recrystallizated grain size decrease and approximate to the substrate thickness.
When the substrate thickness is less than 60 pm. as decreasing the substrate thickness, influence of
the surface on the recrystallizated grains growth is much higher than grain boundary, and the surface ener-
gy would became the main drive force for the grain growth. The surface energy of {111} planes and {100}
planes are minimum in F. C, C, metals, The sharp cube texture is formed during the recrystallizated(in Fig.
23, {100) planes are lain on the substrate surface, The planes exposed on the tape surface off (100) planes
are further (grains with lighter color in Fig. 2), the surface energy of grains are higher, during the grain
growth caused by the surface energy, the grains with planes close to (100) planes grow, and those with
planes off (100) planes vanish. This reason described above explain when the substrate thickness is less
than 60 pm, with descreasing the substrate thickness, the recrystallizated grains are closer to the exact po-
sition of the cube orientation(color of grains is heavier ) and the recrystallizated grain size is 3—4 times lar-

ger than the substrate thickness,

4 Conclusions

When the substrate thickness is 120—60 pm, the drive force for the grain growth is provided by the
reducing of the interface energy, as decreasing the substrate thickness, average recrystallizated grain size
reduce. When the substrate thickness is less than 60 ym, the drive force for the grain growth is supplied by
the reducing of the surface encrgy, with decreasing the substrate thickness, average recrystallizated grain
size increase, and the cube texture of the metallic tape is more and more close to the exact position of cube

orientation,
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