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Description

[0001] The United States of America may have certain
rights to this invention under Management and Operating
Contract No. DE-AC05-84ER 40150 from the Depart-
ment of Energy.

Field of the Invention

[0002] The presentinvention relates to the fabrication
of niobium cavities for use in particle accelerators and
the like apparatus and more particularly to a process of
fabricating such cavities from slices or tubing of pure nio-
bium ingot rather than niobium sheet material.

Background of the Invention

[0003] In the prior art, niobium cavities of the type well
known and used in the operation of particle accelerators
and the like apparatus have been fabricated by deep
drawing of niobium sheet produced by cold rolling and
annealing ingot produced material. While such material
has proven satisfactory for use in niobium cavities, the
material thus produced exhibits several shortcomings
principally related to grain size and grain size distribution.
Cold roll sheet material, for example, exhibits a relatively
fine grain structure and thus a plurality of grain bounda-
ries that can affect its performance in cavity operation.
Cold rolled sheet also exhibits significant variation in
grain size through and along the length of the sheet ma-
terial which also affects its performance in cavities. Cast
ingot niobium on the other hand exhibits large grain size
and relatively uniform grain size distribution through the
body of the material. The presence of large grains results
in a reduction in the number of grain boundaries and
hence enhanced performance in the final cavity structure.
Thus, if the relatively large and uniform grain size char-
acteristics of the "as cast" or ingot niobium could be pre-
served in the formed cavity, performance would undoubt-
edly be improved.

[0004] In addition to the above described grain size
related shortcomings of the prior art sheet material based
cavities, there are other significant shortcomings asso-
ciated with the use of cold rolled sheet material in the
fabrication of niobium cavities. Among these are: 1) the
costs associated with cold rolling and annealing of nio-
bium to produce sheet are relatively high; 2) because of
the relatively small grain sizes exhibited by cold rolled
sheet materials, their strength when heated can be un-
acceptably reduced; and 3) cold rolled sheet demon-
strates "memory" or "springback" characteristics that
may require extensive and expensive finishing of the
formed cavity after deep drawing to assure accurate di-
mensional characteristics. Such springback is due to the
presence of banding or a lack of homogeniety of grain
size in the cold rolled sheet. All of these shortcomings
can be positively affected through the use of "as cast"
ingot based niobium starting materials that possess large
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and relatively uniform grain size distributions.
Objects of the Invention

[0005] Itis therefore an object of the present invention
to provide a method for fabricating niobium cavities that
possess large grains and uniform grain distribution.
[0006] It is another object of the present invention to
provide a method for fabricating niobium cavities at sig-
nificantly reduced costas compared to fabrication of such
structures from cold rolled sheet.

Summary of the Invention

[0007] According to the present invention, niobium
cavities are fabricated by the deep drawing of as cast
ingot slices or tubing made from large grain ingots. This
method results in the production of niobium cavities hav-
ing a minimum of grain boundaries at a significantly re-
duced cost as compared to the production of such struc-
tures from cold rolled sheet.

Detailed Description

[0008] As described hereinabove, in the prior art, nio-
bium cavities have been fabricated by the deep drawing
of cold rolled niobium sheet. Such a fabrication approach,
while producing satisfactory cavities did not resultin cav-
ities that exhibited optimum operating characteristics,
due in large part to the relatively small grain size and the
relatively wide grain size distribution exhibited by such
cold rolled niobium materials.

[0009] In an effort to improve the performance of such
cavities a method was sought to find a fabrication tech-
nique that would provide a cavity that possessed rela-
tively large grain size (or even single grain) with a con-
comitantreduction in the number of grain boundaries and
also possessed a relatively uniform grain size distribu-
tion.

[0010] It has now been discovered that fabrication of
cavities in the conventional fashion but using a starting
material that comprises a sheet thickness slice or tubing_
of an ingot results in the fabrication of a cavities that ex-
hibit the desirable grain size and grain size distribution
characteristics properties. It quite surprisingly has been
found that cavities produced as described herein dem-
onstrate superior thermal conductivity for thermal stabil-
ity or RRR as referred to in the relevant prior art.
[0011] Thus, according to the method of the present
invention, pure niobium is cast or milled into an ingot,
generally a round ingot of up to about 17 inches in diam-
eter and up to or beyond 6 feet in length, and the ingot
cut transversely, as described below, into slices between
about 1/16 and V4 inch thick or about the thickness of the
cold rolled sheet previously used in the prior art to fabri-
cate such structures or into_tubing. The slices are pref-
erably about 1/8 inch in thickness. The slices thus ob-
tained are then used in the conventional deep drawing
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process to produce the desired half cells and the half
cells thus produced further fabricated by machining and
welding into cavities in the conventional fashion. Thus,
the niobium cavities of the present invention comprise
niobium having an essentially "as-cast" grain structure
except as such "as-cast" grain structure may have been
modified by cold work imparted thereto during the deep
drawing process used to form the cavity halves. An ob-
jective in the development of the process described here-
in is to minimize the number of grains of niobium present
in any single cavity half. Using the process described
herein, the production of cavity halves comprising as few
as one grain or crystal of niobium is possible, although
most of the cavity halves produced as described herein
will comprise upwards of two grains to perhaps as many
as several hundred grains, but certainly fewer grains than
the virtually unlimited number of grains of an about 50
micron size that are present in cavity halves fabricated
from rolled sheet as described in the prior art.

[0012] The casting of niobium ingot is well known in
the art and hence, no further description of this process
is presented herein. For purposes of the present inven-
tion, conventionally cast pure niobiumingot is used. After
casting, the ingot is sliced or cut transversely to yield a
thin and round piece of niobium of the general size and
shape of the cold rolled sheet commonly used for the
production of cavities in the prior artoritis cast into tubing.
The "as cast" structure of the material from which the
niobium cavities of the present invention are fabricated
includes no grain structure imparted by hot or cold work-
ing of the metal (e.g. by hot or cold rolling) other than that
which may be incidental to the cold work imparted to the
metal during the deep drawing process to form the cavity
halves. Thus, in the final cavity, the grain structure is
essentially that which was present in the "as cast" ingot
from which the ingot slice that is converted into the cavity
half by deep drawing was cut.

[0013] Transverse slicing or cutting of the niobium in-
got into sheet or tubing_may be performed in any of a
number of conventional fashions including e.g. EDM
(electric discharge machining) or even conventional saw-
ing with, for example, a band saw. Whatever method of
cutting is used however, care must be taken to assure
that the sliced or cut surfaces exhibit satisfactory smooth-
ness for the subsequent drawing and ironing operation.
In the case of EDM sliced material, the surfaces are rel-
atively smooth, but in the case of conventional sawing
the surfaces will be relatively rough and may require sub-
sequent treatment either, for example by chemical etch-
ing, electro-polishing or some other suitable method. As
is well known in the art, chemical etching can be accom-
plished through treatment of the surfaces with a mixture
of hydrofluoric, nitric and phosphoric acids.

[0014] Once a satisfactorily smooth "sheet" produced
by the slicing or cutting of the ingot and surface smoothing
as just described has been obtained, it is processed in
accordance with conventional and well known deep
drawing, machining and welding processes to produce
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a finished cavity that exhibits the previously described
enhanced properties.

[0015] There has thus been described a method for
the production of large grain cavities from pure niobium
ingot that involves the casting of pure niobium ingot,
transversely slicing the ingot into slices of the approxi-
mate thickness of cold rolled niobium sheet or tubing_
and then deep drawing, machining and welding in ac-
cordance with conventional processing techniques to
produce the enhanced niobium cavities of the present
invention.

[0016] As the invention has been described, it will be
apparent to those skilled in the art that the same may be
varied in many ways without departing from the intended
spirit and scope of the invention, and any and all such
modifications are intended to be included within the
scope of the appended claims.

Claims

1. A method for the production of niobium cavities com-
prising:

a) forming a pure cast niobium ingot;

b) slicing the cast niobium ingot to form slices
of cast niobium ingot or tubing;

c) deep drawing the slices or tubing of cast nio-
bium ingot into cell halves; and

d) welding the cell halves together to form a cav-

ity.

2. The method of claim 1 wherein the slices of cast
niobium ingot are produced by transversely cutting
the cast niobium ingot.

3. The method of claim 2 wherein the slices of cast
niobium ingot are between about 1/16 and % inch
thick.

4. The method of claim 1 wherein the slices of cast
niobium ingot have surfaces and the surfaces are
smoothed prior to deep drawing.

5. The method of claim 4 wherein the smoothing is ac-
complished by chemical etching or electro-polishing.

6. A niobium cavity produced by a method comprising:

a) casting pure niobium ingot to form cast nio-
bium ingot;

b) slicing the cast niobium ingot to form slices
of cast niobium ingot;

c) deep drawing the slices of cast niobium ingot
into cell halves; and

d) welding cell halves together to form a niobium
cavity.
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The niobium cavity of claim 6 wherein the slices of
cast niobium ingot are produced by transversely cut-
ting the cast niobium ingot.

A niobium cavity half comprising niobium having an
essentially as-cast grain structure.

The niobium cavity half of claim 8 wherein the es-
sentially as-cast grain structure is an as-cast grain
structure modified only by cold work imparted thereto
during deep-drawing to form a cavity half.

The niobium cavity half of claim 8 comprising from
about 1 to about several hundred grains of a size
greater than about 50 microns in diameter.
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