
0 9 JUL 2005  WO 02/088412 PCTIUS02/23640 TANTALUM AND NIOBIUM BILLETS AND
METHODS OF PRODUCING THE SAME  BACKGROUND OF THE INVENTION 5 The present
invention relates to tantalum and niobium metals and methods of forming
products from tantalum and/or niobium, such as tantalum billets or niobium
billets. The  present invention further relates to tantalum billets or
niobium billets that have a fine, uniform  microstructure including a
uniform grain size. .0 Metal billets, such as tantalum billets are
commercially available from a variety of  manufacturers. Typically, these
billets are defined by their minimum thickness and/or aspect  ratio. Typical
billets are cylindrical in shape and have a diameter of 2 '/, inches or more
and/or  have an aspect ratio of L/D of greater than 0.5. Thus, billets are
not metal plates or slabs and  are typically an intermediate product formed
from an ingot, such as a tantalum ingot. Tantalum .5 billets are then
typically further processed by means such as forging into other forms used
by a  variety of end users for such uses as sputtering targets and the like.
The tantalum billets  provided to these end users typically do not have a
fine and uniform grain size. Instead,  commercially produced tantalum
billets have a grain structure that varies between the center  and edge of
the billet. The center of the commercial tantalum billet typically has a '0
microstructure composed of broad bands of larger, elongated grains adjacent
to regions of  varying fine grain size or of unrecrystallized material.
Conversely, the outer portions of the  commercial tantalum billets have a
relatively fine and uniform grain structure compared to the  center of the
billet. Thus, products forged from billets having a coarse, non-uniform
grain O JUL 2005  WO 02/088412 PCT/t1S02/23640 2  



structure may also exhibit a coarse, non-uniform grain structure. For many
high performance  applications for tantalum such as sputtering targets and
chemical energy munition warheads, a  non-uniform grain structure has been
reported to detrimentally impact product performance  (S.I. Wright, G.T.
Gray, and A.D. Rollett, Textural and Microstructural Gradient Effects on 5
the Mechanical Behavior of a Tantalum Plate, Metallurgical and Materials
Transactions A  25A, pp.1025-1031, 1994; C.A. Michaluk, R.O. Burt, and D.P.
Lewis, Tantalum 101:  Economics and Technology of Ta Materials,
Semiconductor International Vol. 23, No.8,  pp.271-278, 2000; C.A. Michaluk,
Correlating Discrete Orientation and Grain Size to the  Sputter Deposition
Properties of Tantalum, lournal of Electronic Materials, Vol. 31, No. 1,  10
pp.2-9, 2002), all incorporated in their entirety by reference herein.
Accordingly, there is a need to provide tantalum and niobium billets having
a uniform  grain size and preferably made from high purity tantalum and/or
niobium. In addition, there is  a need to provide methods to make such a
tantalum billet or niobium billet. 15 SUMMARY OF THE PRESENT INVENTION A
feature of the present invention is to provide tantalum billets or niobium
billets  having a substantially uniform grain size. Another feature of the
present invention is to provide methods to make tantalum billets  or niobium
billets having a substantially uniform grain size. 20 Another feature of the
present invention is to provide intermediate billet products  which can be
used to form end use products such as sputtering targets wherein the end use
products as well as the intermediate billet products have a substantially
uniform grain size. Additional features and advantages of the present
invention will be set forth in part in  the description that follows, and in
pan will be apparent from the description, or may be 0 9 JUL 2005  WO
02/088412 PCT/US02/23640 3  



learned by practice of the present invention. The objectives and other
advantages of the present  invention will be realized and attained by means
of the elements and combinations particularly  pointed out in the
description and appended claims. To achieve these and other advantages, and
in accordance with the purposes of the  5 present invention, as embodied and
broadly described herein, the present invention relates to a  tantalum
billet having a substantially uniform grain size. Preferably, the tantalum
billet has an  average grain size of about 150 microns or less. In addition,
preferably the purity of the  tantalum in the billet is at least 99.95%. The
billet of the present invention alternatively can be  niobium with the same
characteristics. 10 The present invention further relates to sputtering
targets formed from the above- described tantalum billets or niobium billets
of the present invention. Also, the present invention relates to a method of
forming a tantalum billet having  substantially uniform grain size and
involves taking a tantalum ingot and cutting the ingot into  large billets.
The large billets are either placed into a can which is then evacuated and
sealed, 15 or the billets are coated with a protective coating, which
protects the large billets from  oxidation during subsequent thermal
processing and can also serve as a lubricant during  subsequent extrusion
operations. The large billets are next heated at a sufficient temperature
to ensure at least the partial recrystallization of the extruded tantalum
billet and preferably the  full recrystallization of the tantalum billet.
Afterwards, the can or protective coating can be 20 removed and the extruded
rod, if desired, can be cut into smaller billets or pieces and further
processed by conventional methods, such as forging and the like. Again, the
same steps can be  used to form niobium billets. 0 9 JUL 2005  WO 02/088412
PCT/US02/23640 4  It is to be understood that both the foregoing general
description and the following  



detailed description are exemplary and explanatory only and are intended to
provide a further  explanation of the present invention, as claimed. 5 BRIEF
DESCRTPTION OF THE DRAWINGS Figure 1 is a flowchart showing a typical
commercial process compared to a preferred  embodiment of the process of the
present invention. Figures 2(A) and 2(B) provide tables showing experimental
results relating to various  parameters for certain materials made or used
in the examples of the present application. 10 Figures 3(A-B)-9(A-B) are
photomicrographs showing the grain structure of various  samples used and/or
prepared in the examples of the present application. DETAILED DESCRIPTION OF
THE PRESENT INVENTION The present invention relates to tantalum billets
and/or niobium billets having a  15 substantially uniform grain size. For
purposes of this invention, billets are cylindrical in shape  or can be
shapes other than circular cylinders such as forms having an oval, square,
rectangular, or polygonal cross-section. The present invention further
relates to products  formed from the tantalum billets and/or niobium billets
such as sputtering targets and the like.  Also, the present invention
relates to methods of making the tantalum billets and niobium  20 billets of
the present invention. With respect to the tantalum billet or the niobium
billet, preferably, the billet has a  substantially uniform grain size. More
preferably, the billet has a uniform grain size  throughout the diameter and
length of the billet. For purposes of the present invention, a
substantially uniform grain size, measured in accordance to ASTM-E112,
determined about 0 9 JUL 2065  WO 02/088412 PCTIUS02123640 5  any
incremental area throughout the cross section of the extruded billet, does
not deviate by  more than about +1- 100 microns from the average ASTM grain
size determined across the  



entire cross section of the extruded billet. In addition, the size of the
grains about the cross  section of the extruded billet preferably vary
uniformly in accordance to a normal or Poissons 5 distribution, and
preferably does not exhibit a duplex microstructure as evident by a bimodal
grain size distribution. Furthermore, the aspect ratio of the longitudinal
grains preferably does  not exceed 20. Longitudinal grains are defined as
those contained within any plane within the  billet whose pole is
perpendicular to the extrusion direction. The extruded and annealed billet
preferably exhibits a partially recrystallized  10 microstructure. More
preferably, the billet is more than 80% recrystallized, and most  preferably
the extruded billet is more than 99% recrystrallized. The annealed billet,
in  addition, preferably has an average grain size of about 150 microns or
less, though other grain  sizes are within the bounds of the present
invention. More preferably, the average grain size of  the tantalum billet
or the niobium billet of the present invention is about 150 microns or less
15 and even more preferably about 100 microns or less, and most preferably
about 50 microns or  less. A preferred average grain size range is from
about 25 to about 150 microns and more  preferably an average grain size
range of from about 25 microns to about 100 microns. The  billets of the
present invention preferably have a fine, uniform microstructure.
Preferably, the extruded billets of the present invention also have
excellent texture  20 characteristics, which are especially suitable for
such uses as sputtering targets. The tantalum present in the tantalum billet
preferably has a purity of at least 99.5 %  though other purities lower or
higher than this can be used. More preferably, the tantalum  metal has a
purity of at least 99.95% and can range in purity from about 99.5% to about
99.999 or more. Other ranges include from about 99.99% to about 99.995% and
from about 99.995 09 JUL 2005  WO 02/088412 PCTIUS02/23640 6  to about
99.999 % and from about 99.999 % to about 99.9995 %. The tantalum that is  



present in the billet of the present invention can further include other
metals and thus be a  tantalum alloy billet which preferably comprises the
high purity tantalum metal as one of the  components of the alloy. Other
components which can form the tantalum alloy billet of the 5 present
invention include, but are not limited to, yttrium, niobium, tungsten,
molybdenum,  titanium, silicon, halfnium, iron, nickel, chromium, and the
like. The high purity tantalum that  can be used to form the tantalum billet
of the present invention can be obtained following the  procedures described
in International Published Application No. WO 00/31310 which is
incorporated herein in its entirety. Similar purity levels are preferred
with niobium. 10 As described above, for purposes of the present invention,
a tantalum or niobium billet  preferably has a cylindrical shape and has a
diameter that is 2 %2 inches or greater. Another  way to describe the billet
of the present invention is that the aspect ratio LID is greater than 0.5
and preferably is 1.0 and more preferably is 2.0. The billet of the present
invention in a  preferred embodiment preferably has a diameter of from about
3 inches to about 5 inches and 15 more preferably from about 3 %2 inches to
about 4 '/2 inches, and even more preferably about  3'/, inches with the
billet having any height such as, but not limited to, 5 to i inches. As
stated earlier, the billets of the present invention can then be
subsequently formed  into end use products such as sputtering targets by
cutting the billets into desired 'sizes and  then upset forging the billets
into disks which can then be used as planar sputtering targets. In 20
addition, the billets can be rolled to produce sheet or plate. The billets
of the present invention  can also be used for a variety of other uses such
as, but not limited to, hollow cathode  magnetron (HCM) sputtering targets,
chemical energy (CE) warhead liners, and feedstock for  deep-drawing
applications such as cups, crucibles, and drawn seamless tubes, and the
like. 0 9 JUL 2005  WO 021088412 PCTIUS02/23640 7  Essentially, the billets
of the present invention can be used in the same manner as  



conventional tantalum and niobium billets except the billets of the present
invention have the  improved properties with respect to uniform grain size
and preferably a small average grain  size, such as about 150 microns or
less which leads to a variety of desired properties such as, 5 but not
limited to, more homogeneous deformation and work hardening throughout the
workpiece during subsequent processing. This, in turn, allows for a
reduction in the  temperature of subsequent annealing operations and allows
for the attainment of a finer, more  homogeneous microstructure in the final
formed product than could otherwise be realized by  conventional processing.
10 The billets of the present invention are preferably made as follows.
Preferably, a  tantalum ingot or niobium ingot is obtained and cut into
large billet sizes such as from 6 to  about 14 inches and more preferably
from about S to I l inches in diameter and most  preferably about ten inches
in diameter with the length being any length. Examples of suitable  lengths
include, but are not limited to, from about 10 to about 40 inches and more
preferably 15 from about 15 to about 30 inches. This billet would be the
starting billet size prior to  converting this billet into the tantalum or
niobium billet of the present invention. Preferably, this starting billet is
then either placed in a metal can which can be  evacuated and sealed, or the
billet can be coated with a protective coating. The metal can or  protective
coating preferably prevents the oxidation of the surface of the billet and
acts as a 20 lubricant during the subsequent processing. Thus, any suitable
can or protective coating can be  used as long it will prevent or reduce
oxidation of the surface of the billet and will not  deteriorate during
subsequent processing steps. A suitable protective coating would be a
copper coating which can be applied by conventional techniques such as flame
spraying.  Depending upon the extrusion temperatures discussed below, other
protective coatings, such 09 JUL 2005  WO 02/088412 PCTIUSOZ/23640 8  



as glass-based coatings, may be employed. At substantially high extrusion
temperatures, a  high melting point metal can be used in combination with a
glass coating. For instance, a  metal can, such as molybdenum, can be used
to protect the tantalum or niobium from  contamination during soaking and
extruding operations, while the glass coating provides 5 lubrication.
Following extrusion, the glass particles are embedded in the inexpensive can
metal and not in the tantalum or niobium billet. The glass contaminants can
then be removed  by machining the can metal without having to machine the
underlying tantalum or niobium  billet, resulting in an increased yield of
the more expensive tantalum or niobium material. Once the can is in place or
the protective coating is preferably applied, the starting  10 billet can be
heated at a sufficient temperature and for a sufficient time to assure that
the  deformation and stored energy is uniformly distributed in the workpiece
during and after  extrusion, and preferably cause at least the partial
dynamic recrystallization and most  preferably the full recrystallization of
the billet during extrusion. As an example, a  conventional extruder can be
used for extruding metals having a liner size equal to or greater 15 than
the length and diameter of the pre-extruded billet plus the can or
protective coating. As an  example, an extrusion die fabricated from
hardened steel having a taper of about 45 and an  inside diameter of about 4
inches can be used. The extrusion die set, prior to introduction of  the
starting billet can be generally heated to a temperature near the billet
soak temperature to  prepare for extrusion. Suitable temperatures include,
but are not limited to, temperature ranges 20 of from about 1200F to about
2950F, and preferably about 1800F-1900F for tantalum.  Once the billet is
heated fora sufficient time so that the center of the billet is at or near
the  soak temperature, then the starting billet can then be introduced into
the extruder and extruded. D JUL 2005  WO 02/088412 PCT/US02123640 9
Typically, the extruder utilizes ram speeds of from about 0.1 to about 10  



inches/second, depending upon the capabilities of the extrusion machine. In
the preferred  embodiment, if the starting billet has a diameter of about 10
inches, the extrusion preferably  reduces the diameter of the billet to
about 3 to 4 inches. The combination of soaking the billet 5 at an elevated
temperature and the subsequent adiabatic heating incurred during extrusion
leads to the partial recrystallization and preferably to the full
recrystallization of the billet. The  resultant billet preferably contains a
substantially uniform grain size throughout the billet with  a preferred
average grain size of about 150 microns or less and more preferably an
average  grain size of about 100 microns or less. The billet can be produced
by a single pass through the 10 extruder, or by a progression of extrusion
operations, or by a combination of extrusion and  conventional deformation
processes. After exiting the extruder, the extruded billet is preferably
allowed to air-cool, or  optionally can be water-quenched to quickly reduce
the temperature of the extruded billet and  prevent grain growth. In the
preferred method, the can metal or protective coating can then be 15 removed
by dissolving in acid, or machine cleaning, or. any other type of technique
used to  remove coatings from metals. Once the protective coating or can is
removed, the extruded billet is preferably  annealed to attain a partially
recrystallized microstructure, and most preferably to achieve a  fully
recrystallized grain structure with a homogenous or uniform grain size and
preferably an 20 average grain size of 150 microns or less and more
preferably under 100 microns. The  annealing can occur at any temperature to
achieve desired levels of recrystallization, such as  from about 950'C or
less to about 1150'C or more, and preferably occurs in a vacuum, such as  at
least 1 x 10-4 Torr. The annealing time can be for 2 hours or other suitable
times, more than  or less than 2 hours. The annealing process preferably
includes conventional acid pickling or WO 02/088412 PCT/US02/23640  10 other
surface cleaning techniques prior to annealing to remove any surface
contaminants. The  



billet can then be cut into smaller pieces as described above and processed
into end use  products as with any type of conventional billets. For
instance, the billet of the present  invention can be forged to a disk and
used as a sputtering target. As stated earlier, with the 5 extruded billet
of the present invention having a substantially uniform grain size as well
as a  fine grain size, the end use products formed from the billets have the
same excellent properties  which are beneficial for the reasons stated
earlier. As an option or alternative embodiment, the extrusion of the
billets can occur in the  manner described above but the extruded billet
does not need to be at least partially  10 recrystallized by the extrusion
process. When recrystallization does not need to occur during the extrusion
process, the extrusion can occur at any temperature such as from about
ambient  or room temperature (e.g., 20'C - 25C) to temperatures below the
melting point of the  tantalum or niobium. Preferably, the extrusion
temperature is from about 1200F to about  54007 for tantalum. If extrusion
occurs with very little recrystallization occurring in the 15 extruded
billet or does not occur at all, the extruded billet can then be preferably
subjected to  one or more annealing steps in order to cause at least
partial, if not full recrystallization of the  extruded billet The annealing
temperature is a temperature sufficient to cause at least partial
recrystallization of the extruded billet and preferably full
recrystallization of the extruded  billet Preferred annealing temperatures
are from about 950C to about 1150(err)C with respect to 20 tantalum, for a
preferred annealing time of 2 hours. As indicated above, it is preferred to
subject the extruded billet to conventional cleaning steps such as
conventional acid pickling  prior to any annealing to remove any surface
contaminants. The ingot which is used to form the billets of the present
invention can be obtained by  conventional techniques used to form tantalum
or niobium ingots. For instance, the tantalum 0 9 JUL 2Dfl5  WO 02/088412
PCT/USO2/23640 Il  



can be obtained from ore and subsequently crushed and the tantalum separated
from the  crushed ore through the use of an acid solution and a density
separation of the acid solution  containing the tantalum from the acid
solution containing niobium and other impurities. The  acid solution
containing the tantalum can then be crystallized into a salt and this
tantalum 5 containing salt is then reacted with pure sodium in a vessel
having an agitator typically  constructed of nickel alloy material wherein
the salt is then dissolved in water to obtain  tantalum powder which can
then be melted by a variety of melting techniques such electron  beam
melting, vacuum arc remelting, or plasma melting. Preferably, the starting
ingot used to form the starting tantalum billet is a high purity  10
tantalum ingot. Generally, a process that can be used to make the high
purity tantalum metal of  the present invention involves a refining process,
a vacuum melting process, and a thermal  mechanical process. In this process
or operation, the refining process involves the steps of  extracting
tantalum metal preferably in the form a powder from ore containing tantalum
and  preferably the ore-containing tantalum selected has low amounts of
impurities, especially, low 15 amounts of niobium, molybdenum, and tungsten.
More preferably, the amount of niobium,  molybdenum, and tungsten is below
about 10 ppm, and most preferably is below about S ppm.  Such a selection
leads to a purer tantalum metal. After the refining process, the vacuum
melting process is used to purge low melting point impurities, such as
alkydes and transition  metals from the tantalum while consolidating the
tantalum material into a fully dense, 20 malleable ingot. Then, after this
process, the ingot can be mechanically worked, which helps to  break-up the
as-cast grain structure, to a size and form appropriate for extrusion. The
high purity tantalum metal preferably may be made by reacting a
salt-containing  tantalum with at least one agent (e.g., compound or
element) capable or reducing this salt to  the tantalum metal and further
results in the formation of a second salt in a reaction container. JUL 200.5
WO 02/088412 PCT/US02/23640 



12  The reaction container can be any container typically used for the
reaction of metals and  should withstand high temperatures an the order of
about 800C to about 1,200C. For  purposes of the present invention, the
reaction container or the liner in the reaction container,  which comes in
contact with the salt-containing tantalum and the agent capable of reducing
the 5 salt to tantalum, is made from a material having the same or higher
vapor pressure as tantalum  at the melting point of the tantalum. The
agitator in the reaction container can be made of the  same material or can
be lined as well. The liner can exist only in the portions of the reaction
container and agitator that come in contact with the salt and tantalum.
Examples of such metal  materials which can form the liner or reaction
container include, but are not limited to, metal 10 based materials made
from nickel, chromium, iron, manganese, titanium, zirconium, hafnium,
vanadium, ruthenium, cobalt, rhodium, palladium, platinum, or any
combination thereof or  alloy thereof as long as the alloy material has the
same or higher vapor pressure as the melting  point of tantalum metal.
Preferably, the metal is a nickel or a nickel-based alloy, a chromium  or a
chromium-based alloy, or an iron or an iron-based alloy. The liner, on the
reaction 15 container and/or agitator, if present, typically will have a
thickness of from about .5 cm to  about 3 cm. Other thicknesses can be used.
It is within the bounds of the present invention to  have multiple layers of
liners made of the same of different metal materials described above. The
salt-containing tantalum can be any salt capable of having tantalum
contained  therein such as a potassium-fluoride tantalum. With respect to
the agent capable of reducing  20 the salt to tantalum and a second salt in
the reaction container, the agent which is capable of doing this reduction
is any agent which has the ability to result in reducing the salt-containing
tantalum to just tantalum metal and other ingredients (e.g. salt(s)) which
can be separated from  the tantalum metal, for example, by dissolving the
salts with water or other aqueous sources.  Preferably, this agent is
sodium. Other examples include, but are not limited to, lithium, 09 JUL 205



WO 02/088412 PCT/US02/23640 13  magnesium, calcium, potassium, carbon,
carbon monoxide, ionic hydrogen, and the like.  Typically, the second salt
which also is formed during the reduction of the salt-containing  tantalum
is sodium fluoride. Details of the reduction process which can be applied to
the  present invention in view of the present application are set forth in
Kirk-Othmer, Encyclopedia 5 of Chemical Technology, 3rd Edition, Vol. 22,
pp. 541-564, U.S. Patent Nos. 2,950,185;  3,829,310; 4,149,876; and
3,767,456. Further details of the processing of tantalum can be  found in
U.S. Patent Nos. 5,234,491; 5,242,481; and 4,684,399. All of these patents
and  publications are incorporated in their entirety by reference herein.
The above-described process can be included in a multi-step process which
can begin  10 with low purity tantalum, such as ore-containing tantalum. One
of the impurities that can be  substantially present with the tantalum is
niobium. Other impurities at this stage are tungsten,  silicon, calcium,
iron, manganese, etc. In more detail, low purity tantalum can be purified by
mixing the low purity tantalum which has tantalum and impurities with an
acid solution. The  low purity tantalum, if present as an ore, should first
be crushed before being combined with 15 an acid solution. The acid solution
should be capable of dissolving substantially all of the  tantalum and
impurities, especially when the mixing is occurring at high temperatures.
Once the acid solution has had sufficient time to dissolve substantially
all, if not all, of  the solids containing the tantalum and impurities, a
liquid solid separation can occur which  will generally remove any of the
undissolved impurities. The solution is further purified by 20 liquid-liquid
extraction. Methyl isobutyl ketone (MIBK) can be used to contact the
tantalum  rich solution, and deionized water can be added to create a
tantalum fraction. At this point, the  amount of niobium present in the
liquid containing tantalum is generally below about 25 ppm. Then, with the
liquid containing at least tantalum, the liquid is permitted to crystallize
into a salt with the use of vats. Typically, this salt will be a potassium
tantalum fluoride salt. 



09 JUL 2005  WO 02/088412 PCT/US02/23640 14  More preferably, this salt is
K2TaF7. This salt is then reacted with an agent capable of reducing  the
salt into 1) tantalum and 2) a second salt as described above. This compound
will typically  be pure sodium and the reaction will occur in a reaction
container described above. As stated  above, the second salt byproducts can
be separated from the tantalum by dissolving the salt in 5 an aqueous source
and washing away the dissolved salt. At this stage, the purity of the
tantalum is typically 99.50 to 99.99% Ta. Once the tantalum powder is
extracted from this reaction, any impurities remaining,  including any
contamination from the reaction container, can be removed through melting of
the tantalum powder. 10 The tantalum powder can be melted a number of ways
such as a vacuum arc remelt or  an electron beam melting. Generally, the
vacuum during the melt will be sufficient to remove  substantially any
existing impurities from the recovered tantalum so as to obtain high purity
tantalum. Preferably, the melting occurs in a high vacuum such as 10-0 torr
or more.  Preferably, the pressure above the melted tantalum is lower than
the vapor pressures of the 15 metal impurities in order for these
impurities, such as nickel and iron to be vaporized. The  diameter of the
cast ingot should be as large as possible, preferably greater than 9 (err)
inches.  The large diameter assures a greater melt surface to vacuum
interface which enhances  purification rates. In addition, the large ingot
diameter allows for a greater amount of cold  work to be imparted to the
metal during processing, which improves the attributes of the final 20
products. Once the mass of melted tantalum consolidates, the ingot formed
will have a purity  of 99.995% or higher and preferably 99.999% or higher.
The electron beam processing  preferably occurs at a melt rate of from about
300 to about 800 lbs. per hour using 20,000 to  28,000 volts and 15 to 40
amps, and under a vacuum of from about I X I0'3 to about I X 10,  



Torr. More preferably, the melt rate is from about 400 to about 600 lbs. per
hour using from D 9 JUL 2005  WO 02/088412 PCT/US02/23640 15  24,000 to
26,000 volts and 17 to 36 amps, and under a vacuum of from about I X 104 to
I X  10-5 Ton. With respect to the VAR processing, the melt rate is
preferably of 500 to 2,000 lbs.  per hour using 25-45 volts and 12,000 to
22,000 amps under a vacuum of 2 X 10"2 to I X 10'  Ton, and more preferably
800 to 1200 lbs. per hour at from 30 to 60 volts and 16,000 to 5 18,000
amps, and under a vacuum of from 2 X 10"2 to I X 10-0 Ton. The resulting
high purity metal ingot preferably has 10 ppm or less metallic impurities
and preferably 50 ppm or less 02, 25 ppm or less N2, and 25 ppm or less
carbon. If a purity  level of about 99.995 is desired, than the resulting
high purity metal preferably has metallic  impurities of about 50 ppm or
less, and preferably 50 ppm or less 02, 25 ppm or less N2, and 10 25 ppm or
less carbon. This ingot can then be used in the manner described above to
form the  tantalum billets of the present invention. As stated earlier,
alternatively, niobium billets can be made following the above- described
extruding details. Accordingly, a niobium billet having a substantially
uniform  grain size is obtained. The preferred parameters for the grain size
and other characteristics are 15 the same as for the tantalum parameters
provided above, taking into account the different  melting temperature and
other working conditions of niobium (e.g., extruding at lower  temperatures,
such as from about 1000 C to about 1650 C) that are known to those skilled
in the art. The present invention will be further clarified by the following
examples, which are  20 intended to be exemplary of the present invention.
EXAMPLES  Two tantalum production ingots produced by triple Electron Beam
(3EB) melting were  



fabricated into 3.75" diameter billets by different processing methods. An
ingot identified D JUL 2005  WO 02/088412 PCT/US02/23640 16  "Commercial
Process" was a 12" diameter ingot weighing 3476 pounds. Chemistry results
from samples taken from the top, middle, and bottom of the ingot are
provided in Figures 2(A)  and 2(B). The ingot was manufactured into 3.75"
diameter rod using standard commercial  process shown in Figure 1. A sample
slice, approximately 1/2" thick by machined diameter was 5 cut from a billet
taken from a position representing the middle portion of the forged product
The sample slice was annealed in a vacuum of at least 5x10-' torn for 2
hours. Metallographic  specimens representing longitudinal cross-sections of
the center and edge of the sample slice  were polished in accordance to
standard metallographic procedures, and etched in a solution to  50HF-50HNO3
for 30-60 seconds. Results of the metallographic examination of the 20
commercially produced tantalum billet product are summarized in Figures 2(A)
and 2(B). An ingot of the present invention was a 10" diameter ingot
weighing 3734 pounds.  Chemistry results from samples taken from the top,
middle, and bottom sections of the ingot  are also included in Figures 2(A)
and 2(B), by reference to 0 and extrusion temperature. This  second ingot
was cut into 4 sections approximately 20" long and designated A, B, C, and
D. 15 Sections A-D were portioned from the bottom to the top of the ingot,
respectively, and hot  extruded as described below and shown in Figures 1
and 2(A-B): Process A: Ingot Section A, Machined to 8.9" diameter, Canned in
Copper, Soaked at  1800F for 6 hours, Extruded from a 9.5" liner through
4.0" diameter die.  Process B: Ingot Section B, Machined to 8.9" diameter,
Canned in Copper, Soaked at 20 1850F for 6 hours, Extruded from a 9.5" liner
through 4.0" diameter die.  Process C: Ingot Section C, Machined to 8.9"
diameter, Canned in Copper, Soaked at  1900F for 6 hours, Extruded from a
9.5" liner through 4.0" diameter die. 



Process D: Ingot Section D, Machined to 9.5" diameter, Canned in Copper,
Soaked at  1900F for 6 hours, Extruded from a 10.25" liner through 4.0"
diameter die. Q JUL 205  WO 02/088412 PCT/US02/23640 17  Sample slices, each
approximately''/r" thick by machined diameter were cut from the  center
portion of each extruded rod. Each sample slide was cut into wedges, and a
wedge  from each extruded rod was annealed in a vacuum of at least 5x 10'4
tort for 2 hours at  temperatures of 950, 1050, and 1150C. Metallographic
specimens representing longitudinal 5 cross-sections of the center and edge
of the sample slice were polished in accordance to  standard metallographic
procedures, then etched in a solution to 50HF-50HNO3 for 30-60  seconds.
Results of the metallographic examination of the extruded tantalum billet
products  are included in Figures 2(A) and 2(B). Photomicrographs showing
the grain structure along the longitudinal plane at the  10 center and edge
regions of the commercially produced billet are shown in Figures 3(A) and
3(B). Here, the billet axis is perpendicular to the micron scale on the
images. Figures 3(A)  and 3(B) show many of the issues associated with the
microstructure of commercially  produced tantalum billet. First, the center
of the billet contains a duplex grain structure  comprised of broad bands of
unrecrystallized material containing small islands of crystallites 15 ,
adjacent to regions containing large, elongated grains. The center of the
commercial billet  exhibited a grain size range from about 20 to about
245m., the largest range of grain size  observed in all materials examined.
Second, the grain structure character along the edge of the  commercial
billet was fully recrystallized and relatively uniform. This was
significantly  different than that in the center of the billet, and
reflected the microstructural inhomogeneity  20 seen in commercially
produced tantalum billets. Photomicrographs showing the center and edge
section of extruded rod A, annealed at  



950, 1050, and 1150C, are provided in Figures 4(A) and 4(B), 5(A) and 5(B),
and 6(A) and  6(B), respectively. Comparing the images in Figures 4-6
demonstrate the general effect of  annealing temperature on the
microstructure. The grain size character seen in Figures 4(A) JUL 2  WO
02/088412 PCT/US02/23640 18  and 4(B) were similar to that observed in the
commercial billet, but with noticeably lesser  amount of duplexing. In
general, increasing the annealing temperature from 950 to 1050C  did not
dramatically increase the average grain size of the extruded tantalum
billets, but did  enhance grain size uniformity and percent
recrystallization. An anneal temperature of t 150C 5 did promote some gain
growth without sacrificing uniformity in the extruded tantalum billets.  The
higher temperature anneal assured that the microstructure throughout the
extruded  tantalum billet was uniform and fully recrystallized.
Photomicrographs of the center and edge regions of extruded billets A, B, C,
and D,  each annealed at 1 150C for 2 hours, are given in Figures 6(A) and
(B), 7(A) and (B), 8(A)  10 and (B), and 9(A) and (B), respectively.
Together, Figures 6-9 reveal the influence of extrusion temperature and
billet size on the grain structure of the extruded tantalum billet. For  the
8.9" diameter ingot sections extruded from a 9.5" diameter liner and
annealed at 1150C  for 2 hours, increasing the extrusion temperature from
1800 to 1900F had a slight effect on  increasing the grain size and
enhancing grain size uniformity. This trend shows that increasing i5 the
extrusion temperature increases the uniformity of deformation and stored
energy in the  material imparted during extrusion. However, for a 1900F
extrusion temperature, increasing  the diameter of the ingot section from
8.9 to 9.5" and extrusion liner from 9.5 to 1025"  diameter produced a
billet product having an equal or finer average grain size and similar grain
size uniformity. This observation demonstrates that increasing the
pre-extruded ingot diameter  20 allows for a greater amount of stored energy
to be imparted to the extruded billet 



Together, the information developed in this example concludes that the
optimum  process involves extruding large 9.5" diameter tantalum ingot
sections at a temperature of  1900F to produce a 4" diameter as-extruded rod
that can machined into 3.75" diameter  billets. A fully recrystallized and
relatively uniform microstructure having an average grain 0 9 JUL 2005  WO
02/088412 PCT/USO2/23640 19  size below 100 pun across the entire cross
section of the billet is achieved after annealing the  extruded tantalum
billet at a temperature of 1050-1 150C. Other embodiments of the present
invention will be apparent to those skilled in the art  from consideration
of the present specification and practice of the present invention disclosed
s herein. It is intended that the present specification and examples be
considered as exemplary only with a true scope and spirit of the invention
being indicated by the following claims and  equivalents thereof. 1 9 JUL
2005  WO 02/088412 PCTIUS02/23640 20  WHAT IS CLAIMED IS: 1. An extruded
tantalum billet, wherein said extruded tantalum billet is ingot- derived and
has a purity of at least about 99.99% and wherein said extruded tantalum
billet  5 has a substantially uniform grain size after extrusion and before
any further  thermomechanical processing. 2. The extruded tantalum billet of
claim 1, wherein said extruded tantalum billet  has an average grain size of
about 150 microns or less. 3. The extruded tantalum billet of claim 1,
wherein said extruded tantalum billet  has an average grain size of about
100 microns or less. 



4. The extruded tantalum billet of claim 1, wherein said extruded tantalum
billet  has an average grain size of about 50 microns or less. 5. The
extruded tantalum billet of claim 1, wherein said extruded tantalum  billet
has an average grain size of from about 25 microns to about 100 microns. 6.
The extruded tantalum billet of claim 1, having a purity of at least about
99.995%. 15 7. The extruded tantalum billet of claim 1, wherein said
tantalum billet is fully  recrystallized. 8. The extruded tantalum billet of
claim 1, wherein said tantalum billet is at  least partially recrystallized.
9. The extruded tantalum billet of claim I, wherein said tantalum billet is
about  20 98% or more recrystallized. 10. The extruded tantalum billet of
claim 1, wherein said tantalum billet is about  80% or more recrystallized.
09 JUL 2905 WO 02/088412 PCT/US02/23640  21  it. The extruded tantalum
billet of claim 1, having a purity of from about  99.995% to about 99.999%
12. The extruded tantalum billet of claim 1, further comprising at least one
alloy  material. 5 13. A sputtering target comprising the extruded tantalum
billet of claim 1.  14. A capacitor can comprising the extruded tantalum
billet of claim 1. !5. A resistive film layer comprising the extruded
tantalum billet of claim 1. 16. An article comprising at least as a
component the extruded tantalum billet of  claim 1. 



10 17. A process for making the extruded tantalum billet of claim I
comprising  extruding a tantalum ingot at a sufficient temperature and for a
sufficient time to at least  partially recrystallize the tantalum billet
during extrusion. 18. The process of claim 17, wherein said sufficient
temperature is from about  1200 F to about 2950 F. 15 19. The process of
claim 17, wherein said temperature is uniform throughout the  extrusion
process. 20. The process of claim 17, further comprising the step of water
quenching the  extruded tantalum billet after extrusion. 21. The process of
claim 17, further comprising machine cleaning the extruded  20 tantalum
billet. 22. A process for making the extruded tantalum billet of claim 1,
comprising  extruding a starting tantalum billet at a sufficient temperature
and for a sufficient time to at  least partially recrystallize the tantalum
billet to form said extruded tantalum billet. 0 JUL 2005  WO 02/088412
PCT/USO2/23640 22  23. The process of claim 22, wherein said sufficient
temperature is from about  1200 OF to about 2950 OF. 24. The process of
claim 22, wherein said temperature is uniform throughout the  extrusion
process. 5 25. The process of claim 22, further comprising the step of water
quenching the  extruded tantalum billet after extrusion. 26. The process of
claim 22, further comprising machine cleaning the extruded  tantalum billet
27. A process for making the extruded tantalum billet of claim 1, comprising



1 0 cutting an ingot into at least one starting billet and either applying a
protective coating on  said starting billet or placing said starting billet
in a can; extruding the starting billet at a sufficient temperature and for
a sufficient  time to at least partially recrystallize the tantalum billet
and to form said extruded tantalum  billet. 15 28. The process of claim 27,
wherein said sufficient temperature is from about  1200 OF to about 2950 OF.
29. The process of claim 27, wherein said temperature is uniform throughout
the  extrusion process. 30. The process of claim 27, further comprising the
step of water quenching the  20 extruded tantalum billet after extrusion.
31. The process of claim 27, further comprising machine cleaning the
extruded  tantalum billet. 32. The process of claim 27, wherein said ingot
is obtained by the electron beam  melting of a high purity tantalum powder
feedstock. 0 9 JUL 20(  WO 02/088412 PCT/US02/23640 23  33. The process of
claim 27, wherein said protective coating or can is removed  after said
extruding. 34. The process of claim 33, wherein said protective coating is
removed by acid  washing or machine cleaning, or both. 5 35. An extruded
niobium billet, wherein said extruded niobium billet is ingot- derived and
has a purity of at least about 99.99% and wherein said extruded niobium
billet  has a substantially uniform grain size after extrusion and before
any further  thermomechanical processing. 



36. The extruded niobium billet of claim 35, wherein said extruded niobium
billet  has an average grain size of about 150 microns or less. 10 37. The
extruded niobium billet of claim 35, wherein said extruded niobium billet
has an average grain size of about 100 microns or less. 38. The extruded
niobium billet of claim 35, wherein said extruded niobium billet  has an
average grain size of about 50 microns or less. 39. The extruded niobium
billet of claim 35, wherein said extruded niobium billet  has an average
grain size of from about 25 microns to about 100 microns. 15 40- The
extruded niobium billet of claim 35, having a purity of at least about
99.995%. 41. The extruded niobium billet of claim 35, wherein said niobium
billet is fully  recrystallized. 42. The extruded niobium billet of claim
35, wherein said niobium billet is at  20 least partially recrystallized 43.
The extruded niobium billet of claim 35, wherein said niobium billet is
about  98% or more recrystallized. 44. The extruded niobium billet of claim
35, wherein said niobium bit let is about  80% or more recrystallized. 9 JUL
205  WO 02/088412 PCTIUS02/23640 24  45. The extruded niobium billet of
claim 35, having a purity of from about  99.995% to about 99.999% 46. The
extruded niobium billet of claim 35, further comprising at least one alloy
material. 5 47. A sputtering target comprising the extruded niobium billet
of claim 35.  



48. A capacitor can comprising the extruded niobium billet of claim 35. 49.
A resistive film layer comprising the extruded niobium billet of claim 35.
50. An article comprising at least as a component the extruded niobium
billet of  claim 35. 10 51. A process for making the extruded niobium billet
of claim 35 comprising  extruding a niobium ingot at a sufficient
temperature and for a sufficient time to at least  partially recrystallize
the niobium billet during extrusion. 52. The process of claim 51, wherein
said sufficient temperature is from about  1000 F to about 2650 F. 15 53.
The process of claim 51, wherein said temperature is uniform throughout the
extrusion process. 54. The process of claim 51, further comprising the step
of water quenching the  extruded niobium billet after extrusion. 55. The
process of claim 51, further comprising machine cleaning the extruded  20
niobium billet. 56. A process for making the extruded niobium billet of
claim 35, comprising  extruding a starting niobium billet at a sufficient
temperature and for a sufficient time to at  least partially recrystallize
the niobium billet to form said extruded niobium billet. 9 9 JUL 2QASl  WO
02/088412 PCT/US02/23640 25  57. The process of claim 56, wherein said
sufficient temperature is from about  1000 OF to about 2650 OF. 58. The
process of claim 56, wherein said temperature is uniform throughout the
extrusion process. 5 59. The process of claim 56, further comprising the
step of water quenching the  



extruded niobium billet after extrusion. 60. The process of claim 56,
further comprising machine cleaning the extruded  niobium billet. 61. A
process for making the extruded niobium billet of claim 35, comprising  10
cutting an ingot into at least one starting billet and either applying a
protective coating on  said starting billet or placing said starting billet
in a can; extruding the starting billet at a sufficient temperature and for
a sufficient  time to at least partially recrystallize the niobium billet
and to form said extruded niobium  billet. 15 62. The process of claim 61,
wherein said sufficient temperature is from about  1000 OF to about 2650 OF.
63. The process of claim 61, wherein said temperature is uniform throughout
the  extrusion process. 64. The process of claim 61, further comprising the
step of water quenching the  20 extruded niobium billet after extrusion. 65.
The process of claim 61, further comprising machine cleaning the extruded
niobium billet. 66. The process of claim 61, wherein said ingot is obtained
by the electron beam  melting of a high purity niobium powder feedstock.
NATO 02/088412 PCT/US02/23640  26 67. The process of claim 61, wherein said
protective coating or can is removed  after said extruding. 68. The process
of claim 67, wherein said protective coating is removed by acid  washing or
machine cleaning, or both. 5 69. The process of claim 17, further comprising
annealing said extruded tantalum  



billet. 70. The process of claim 69, wherein said annealing occurs at a
temperature and  for a time sufficient to at least partially recrystallize
the extruded tantalum billet during  annealing. 10 71. The process of claim
69, wherein said annealing occurs at a temperature of  from about 1742F to
about 2102F for about 2 hours. 72. The process of claim 22, further
comprising annealing said extruded tantalum  billet. 73. The process of
claim 72, wherein said annealing occurs at a temperature and  i5 for a time
sufficient to at least partially recrystallize the extruded tantalum billet
during  annealing. 74. The process of claim 72, wherein said annealing
occurs at a temperature of  from about 1742F to about 2102F for about 2
hours. 75. The process of claim 27, further comprising annealing said
extruded tantalum  20 billet. 76. The process of claim 75, wherein said
annealing occurs at a temperature and  for a time sufficient to at least
partially recrystallize the extruded tantalum billet during  annealing. 0 9
JUL 2005  WO 02/088412 PCT/US02/23640 27  77. The process of claim 75,
wherein said annealing occurs at a temperature of  from about 1742F to about
2102F for about 2 hours. 78. The process of claim 51, further comprising
annealing said extruded niobium  billet. 5 79. The process of claim. 78,
wherein said annealing occurs at a temperature and  



for a time sufficient to at least partially recrystallize the extruded
niobium billet during  annealing. 80. The process of claim 78, wherein said
annealing occurs at a temperature of  from about 1742F to about 2102F for
about 2 hours. 10 81. The process of claim 56, further comprising annealing
said extruded niobium  billet. 82. The process of claim 81, wherein said
annealing occurs at a temperature and  for a time sufficient to at least
partially recrystallize the extruded niobium billet during  annealing. i5
83. The process of claim 81, wherein said annealing occurs at a temperature
of  from about 1742F to about 2102F for about 2 hours. 84. The process of
claim 61, further comprising annealing said extruded niobium  billet. 85.
The process of claim 84, wherein said annealing occurs at a temperature and
20 for a time sufficient to at least partially recrystallize the extruded
niobium billet during  annealing. 86. The process of claim 84, wherein said
annealing occurs at a temperature of  from about 1742F to about 2102F for
about 2 hours. 0 9 JUL 2005  WO 02/088412 PCTIUS02123640 28  87. A process
for making the extruded tantalum billet of claim 1, comprising  extruding a
tantalum ingot to form an extruded tantalum billet and then annealing said
extruded tantalum billet at a sufficient temperature and for a sufficient
time to at least  partially recrystallize the extruded tantalum billet. 5
88. A process for making the extruded tantalum billet of claim 1, comprising



extruding a starting tantalum billet to form said extruded tantalum billet
and then annealing  said extruded tantalum billet fora sufficient time and
for a sufficient temperature to at least  partially recrystallize the
extruded tantalum billet. Sq. A process for making the extruded tantalum
billet of claim 1, comprising  10 cutting an ingot into at least one
starting billet and either applying a protective coating on  said starting
billet or placing said starting billet in a can; extruding the starting
billet to form said extruded tantalum billet and then  annealing said
extruded tantalum billet at a sufficient temperature and for a sufficient
time  to at least partially recrystallize the extruded tantalum billet. 15
90. A process for making the extruded niobium billet of claim 35, comprising
extruding a niobium ingot to form an extruded niobium billet and then
annealing said  extruded niobium billet at a sufficient temperature and for
a sufficient time to at least  partially recrystallize the extruded niobium
billet. 91. A process for making the extruded niobium billet of claim 35"
comprising  20 extruding a starting niobium billet to form said extruded
niobium billet and then annealing  said extruded niobium billet for a
sufficient time and for a sufficient temperature to at least  partially
recrystallize the extruded niobium billet. 09JUL2005  WTVO 02/088412
PCTf11S02/23640 29  92. A process for making the extruded niobium billet of
claim 35, comprising  cutting an ingot into at least one starting billet and
either applying a protective coating on  said starting billet or placing
said starting billet in a can; extruding the starting billet to form said
extruded niobium billet and then  5 annealing said extruded niobium billet
at a sufficient temperature and for a sufficient time to  at least partially
recrystallize the extruded niobium billet. 






