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TANTALUM AND PRODUCTS CONTAINING THE SAME LIKE SPUTTER TARGETS  BACKGROUND
OF THE INVENTION The present invention relates to metals. in particular
tantalum, and products made from tantalum as well as methods of making and
processing the tantalum. In industry. there has always been a desire to
form higher purity metals for a variety of reasons. With respect to
tantalum, higher purity metals are especially desirable due to tantalum's
use ,0 as a sputtering target and its use in electrical components such as
capacitors. Thus, impurities in the metal can have an undesirable effect on
the properties of the articles formed from the tantalum. When tantalum is
processed. the tantalum is obtained from ore and subsequently crushed and
l~  the tantalum separated from the crushed ore through the use of an acid
solution and density separation of the acid solution containing the
tantalum from the acid solution containing niobium and other impurities.
The acid solution containing the tantalum is then crystallized into a salt
and this tantalum containing salt is then reacted with pure sodium in a
vessel having an agitator typically constructed of nickel alloy material,
wherein tungsten or molybdenum is pan of the nickel alloy. The vessel will
typically be a double walled vessel with pure nickel in the interior
surface. The salt is then dissolved in water to obtain tantalum powder.
However. during such processing, the _ tantalum powder is contaminated by
the various surfaces that it comes in contact with such as the tunssten
and/or molybdenum containing surfaces. Many contaminants can be volatized
during subsequent melting, except highly soluble refractory~ metals (e.g..
Nb. Mo, and W). These impurities can be quite difficult or impossible to
remove. thus preventing a very high purity tantalum product. Accordingly,
there is a desire to obtain hiker purity tantalum products which
substantially L avoid the contaminations obtained during the processing
discussed above. Also. there is a desire to have a tantalum product having
higher purity, a fine grain size. and/or a uniform texture. Qualities such
as fine gram size can be an important property for sputtering targets made
from tantalum since fine grain size can lead to improved uniformity of
thickness of the sputtered deposited film. Further.     13 MAY 2003 WO
00/31310  PCTIUS99/27832 other products containing the tantalum having fine
grain size can lead to improved homoeeneiry o deformation and enhancement
of deep drawability and stretchability which are beneficial in making
capacitors cans, laboratory crucibles, and increasing the lethality of
explosively formed penetrator: (EFP's). Uniform texture in tantalum
containing products can increase sputtering efficiency (e.g. 5 greater
sputter rate) and can increase normal anisotropy (e.g., increased deep
drawabiliry), in perform products. SUMMARY OF THE PRESENT INVENTION A
feature of the present invention is to provide a high purity tantalum
product exhibiting a fine 1C grain structure and/or uniform texture.
Another feature of the present invention is to provide articles, products,
and/or component` containing the high purity tantalum. An additional
feature of the present invention is to provide processes to make the high
purity tantalum product as well as the articles, products, and/or
components containing the high purity 15 tantalum. Additional features and
advantages of the present invention will be set forth in part in the
description which follows, and in part will be apparent from the desertion
or may be 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 20
description and appended claims. To achieve these and other advantages, and
in accordance with the purpose of the present invention, as embodied and
broadly described herein, the present invention relates to tantalum metal
having a purity of at least 99.99S% and more preferably at least 99.999%.
The tantalum metal preferably has a fine grain structure and/or uniform
texture. 



2 5 The present invention further relates to an alloy or mixture comprising
tantalum, wherein the tantalum present in the alloy or mixture has a purity
of at least 99.995% and more preferably at least   13 MAY 2003 WO 00I31310
PCTNS99/27832 99.999%. The alloy or mixture (e.g., at least the tantalum
present in the alloy or mixture) also preferably has a fine grain structure
and/or uniform texture. The present invention also relates to a high purity
tantalum, e.g., suitable for use as a sputtering target, having a fully
recrystallized grain size with an average grain size of about 150 p.m or 5
less and/or having a primary ( 111 )-type texture substantially throughout
the thickness of the tantalum and preferably throughout the entire
thickness of the tantalum metal and/or having an absence of strong (100)
texture bands within the thickness of the tantalum. The present invention
further relates to manufacturing plate and sheet from the above mentioned
tantalum by flat-forging the tantalum. machining into rolling slabs,
annealing rolling slabs. 1:~ rolling into plate or sheet. then annealing
the plate or sheet. Final products such as sputtering tareets can be then
machined from the annealed plate or sheet. The present invention also
relates to a sputtering target comprising the above-described tantalum
and/or alloy. The sputtering target can also be formed by radial forging
and subsequent round processing to produce billets or slugs, which are then
forged and rolled to yield discs, which can 15 then be machined and
annealed. The present invention further relates to resistive films and
capacitors comprising the above described tantalum and/or alloy. The
present invention also relates to articles. components. or products which
comprise at least in part the above-described tantalum and/or alloy. 20
Also, the present invention relates to a process of making the
above-described tantalum which involves reacting a salt-containing tantalum
with pure sodium or other suitable salt in a reactive container or pot and
an agitator which both are made from or have a liner comprising a metal or
alloy thereof which has the same or higher vapor pressure as tantalum at
the melting point of tantalum. The present invention further relates to
processing tantalum powder by melting the tantalum 25 powder in a high
vacuum of 10''' torn or more. The pressure above the melt is lower than the
vapor pressures of the impurities existing in the tantalum. Preferably, the
melting of the tantalum powder is   13 MAY 2003 WO 00I31310 -4 accomplished
by electron beam melting. PCT/L'S99I27832 It is to be understood that both
the foregoing general description and the following detaile description are
exemplary and explanatory only and are intended to provide further
explanation of th present invention, as claimed. 5 BRIEF DESCRIPTION OF THE
DRAWINGS Figures 1(A-B)-I1(A-B) are graphs and corresponding data relating
to texture gradien (incremental thickness vs. random) and log ratio
(111):(100) gradients (incremental thickness vs. L ( 111/100)) of high
purity tantalum plates of the present invention. 



10 DETAILED DESCRIPTION OF THE PRESENT INVENTION The present invention
relates to a tantalum metal having a purity of at least 99.995%.
Preferably, the tantalum metal has a purity of at least 99.999% and can
range in purity from abou 99.995% to about 99.999% or more. Other ranges
include about 99.998% to about 99.999% and fron 15 about 99.999% to about
99.9992% and from about 99.999% to about 99.9995%. The presen invention
further relates to a metal alloy which comprises the high purity tantalum
metal, such as ; tantalum based alloy or other alloy which contains the
high purity tantalum as one of the component of the alloy. The impurities
that may be present in the high purity tantalum metal are less than or
equal tc 20 .005% and typically comprise other body-centered cubic (bcc)
refractory metals of infinite solubility it tantalum, such as niobium,
molybdenum, and tungsten. The tantalum metal and alloys thereof containing
the tantalum metal preferably have a texturf which is advantageous for
particular end uses, such as sputtering. In other words, when the tantalum
metal or alloy thereof is formed into a sputtering target having a surface
and then sputtered, the texture 2 5 of the tantalum metal in the present
invention leads to a sputtering target which is easily sputtered and very
few if any areas in the sputtering target resist sputtering. Further, with
the texture of the tantalum   13 MAY 2003 WO 00I31310 PCT/US99/27832  metal
of the present invention. the sputtering of the sputtering target leads to
a very uniform sputtering erosion thus leading to a sputtered film which is
therefore uniform as well. It is preferred that the tantalum having any
purity but preferably a purity of at least about 99.995%, has a lain size
of about 150 microns or less. Preferably, the tantalum metal is at least
partially recrystallized, and more 5 preferably at least about 80% of the
tantalum metal is recrystallized and even more preferably at least about
98% of the tantalum metal is recrystallized. Most preferably, the tantalum
metal is fully recrystallized. Also, it is preferred that the tantalum
metal have a fine texture. More preferably the texture is such that the (
100) peak intensity within any 5% incremental thickness of the tantalum is
less than about 15 random, and/or has a natural log (Ln) ratio of ( 1 I 1
):( 100) center peak intensities within the same increment greater than
about - 4.0 (i.e., meaning, -4.0, -3.0, -2.0, -1.5, -l .0 and so on) or has
both the ( 100) centroid intensity and the ratio. The center peak intensity
is preferably from about 0 random to about 10 random, and more preferably
is from about 0 random to about 5 random. Other ( 100) centroid intensity
ranges include. but are not limited to, from about 1 random to about 10
random and .5 from about 1 random to about 5 random. Further, the log ratio
of (111):(100) center peak intensities is from about - 4.0 to about 15 and
more preferably from about -1.5 to about 7.0. Other suitable ranges of los
ratios. include. but are not limited to, about -.1.0 to about 10. and from
about -3.0 to about 5.0. Most preferably, the tantalum metal has the
desired purity of at least about 99.995% and the preferred grain size and
preferred texture with regard to the ( 100) incremental intensity and the (
111 ):( 100) ratio 20 of incremental centroid intensities. The method and
equipment that can be used to characterize the texture are described in
Adams et al Materials Science Forum, Vol. 157-162 (1994), pp. 31-42; Adams
et al., Metallurgical Transactions A. Vol. 21A. April l993-No. 4, pp.
819-831: Wright et al., International Academic Publishers, 137 Chaonei
Dajie, Beijing, 1996 ("Textures of Material: Proceedings of the Eleventh
International Conference on Textures of Materials); Wright. Journal of 25
Computer-Assisted Microscopy, Vol. 5, No. 3 (1993), alt incorporated in
their entiret,` by reference herein.   13 MAY 2003 WO 00/31310 -b
PCT/US99/27832 The high purity tantalum metal of the present invention can
be used in a number of areas. Foi instance, the high purity tantalum metal
can be made into a sputtering target or into chemical enert~ (CE) munitions
warhead liner which comprises the high purity metal. The high purity metal
can alsc 



be used and formed into a capacitor anode or into a resistive film layer.
The tantalum metal of the 5 present invention can be used in any article or
component which conventional tantalum is used and the methods and means of
making the various articles or components containing the conventional
tantalum can be used equally here in incorporating the high purity tantalum
metal into the various articles or components. For instance, the subsequent
processing used in making sputtering targets. such as the backing plate,
described in U.S. Patent Nos. 5,753,090 a687,600, and 5,522,53 can be used
here and 1 o these patents are incorporated in their entirety by reference
herein. 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 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 8 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
alkyde and transition metals from the tantalum while consolidating the
tantalum material into a 2 o fully dense, malleable ingot. Then, after this
process, a thermal mechanical process can be used which can involve a
combination of cold working and annealing of a tantalum which further
ensures that the preferred grain size and/or preferred texture and
uniformity are achieved, if desired. 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 of reducing this salt to the
tantalum metal 2 ~ and further results in the formation of a second salt in
a reaction container. The reaction container can be any container typically
used for the reaction of metals and should withstand high temperatures on
13 MAY 2003 WO 00131310 _7 PCTIUS99127832 the order of about 800C to about
l,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 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 5
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-based materials made from nickel,
chromium, iron, manganese titanium. zirconium. hafnium, vanadium,
ruthenium, cobalt, rhodium, palladium, platinum, or any combination thereof
or 1 o alloy thereof as lone 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 chromiumbased
alloy, or an iron or an iron-based alloy. The liner, on the reaction
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 15 or 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 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 20 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, magnesium,
calcium, potassium, carbon, carbon monoxide, ionic hydrogen, and the like.
Typically, the second salt which also is forstied during the reduction of
the salt-containing tantalum is sodium fluoride. Details of the reduction
process which 25 can be applied to the present invention in view of the
present application are set forth tn Kirk-Othmer, Encyclopedia of Chemical
Technology, 3`d Edition. Vol. 22, pp. 541-564, U.S. Patent Nos. ?,950,185;
13 MAY 2003 WO 00/3l310 PCT/US99/2 i832 _g 3,829,310; 4,149,876; and
3,767,456. Further details of the processing of tantalum can be found U.S.
Patent Nos a234,491: a242,481; and 4.684,399. All of these patents and
publications a incorporated in their entirety by reference herein. 



The above-described process can be included in a multi-step process which
can begin wi 5 low purity tantalum, such as ore-containing tantalum. One of
the impurities that can be substantial present with the tantalum is
niobium. Other impurities at this stage are tungsten, silicon, calcium, iro
manganese, etc. In more detail, low purity tantalum can be purified by
mixing the low purity tantalu which has tantalum and impurities with an
acid solution. The low purity tantalum, if present as an or should first be
crushed before being combined with an acid solution. The acid solution
should t 0 capable of dissolving substantially all of the tantalum and
impurities, especially when the mixing occurring at high temperatures. Once
the acid solution has had sufficient time to dissolve substantially, if not
all, of the solic containing the tantalum and impurities, a liquid solid
separation can occur which will general remove any of the undissolved
impurities. The solution is further purified by liquid-liquid extractior 15
Methyl isobutyl ketone (MIBK) can be used to contact the tantalum rich
solution, and deionized wat~ can be added to create a tantaium fraction. At
this point, the amount of niobium present in the liqu containing tantalum
is generally below about 25 ppm. -  Then, with the liquid containing at
least tantalum. the liquid is permitted to crystallize into salt with the
use of vats. Typically, this salt will be a potassium tantalum fluoride
salt. Mop 20 preferably, this salt is KiTaFa. This salt is then reacted
with an agent capable of reducing the salt ini 1) tantalum and 2) a second
salt as described above. This compound will typically be pure sodium ar the
reaction will occur in a reaction container described above. As stated
above, the second sa byproducts can be separated from the tantalum by
dissolving the salt in an aqueous source an washing away the dissolved
salt. At this stage, the purity of the tantalum is typically 99.50 to 99.99
2 5 Ta.   13 MQY 2003 WO 00/31310 PCT/LS99/27832 -9 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. 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'' torr
or more. Preferably, the pressure above the melted tantalum is lower than
the vapor pressures of the 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 '/ inches. The
large diameter assures a reater 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 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 1 ~ to 40 amps, and under a
vacuum of from about 1 X 10'3 to about 1 X 10~ Torr. More preferably, the
melt rate is from about 400 to about 600 lbs. per hour using from 24,000 to
26,000 volts and I i to 36 amps, and under a vacuum of from about 1 X 10''
to 1 X 10-' Torr. With respect to the VAR processing, the melt rate is
preferably of 500 to 2.000 Ibs. per hour using 25-45 volts and 12,000 2 ~~
to 22.000 amps under a vacuum of 2 X 10'- to 1 X 10'i Torr, and more
preferably 800 to 1200 lbs. per hour at from 30 to 60 volts and l6,000 to
18,000 amps, and under a vacuum of from 2 X 10-'' to 1 X 10-` Torr. The
high purity tantalum ingot can then be thermomechanically processed to
produce the high purity tantalum containing product. The fine, and
preferably fully recrystallized, grain structure and/or 2 5 uniform texture
is imparted to the product through a combination of cold and/or warm
working and in process annealing. The high purity tantalum product
preferably exhibits a uniform texture of mixed or   13 MAY 2003 WO 00/31310
-10 



PCTIUS99/27832 primary ( I 11 ) throughout its thickness as measured by
orientation imaging microscopy (OIM) or othe acceptable means. With respect
to thermomechanical processing, the ingot can be subjected to rollins
and/or forging processes and a fine, uniform microstructure having high
purity can be obtained. Thf high purity tantalum has an excellent fine
grain size and/or a uniform distribution. The high purity 5 tantalum
preferably has an average recrystallized grain size of about 150 microns or
less, more preferably about 100 microns or less, and even more preferably
about 50 microns or less. Ranges o suitable average grain sizes include
from about 25 to about 150 microns; from about 30 to about 12_` microns,
and from about 30 to about 100 microns. The resulting high purity metal of
the present invention) preferably has 10 ppm or less metallic 1 C
impurities and preferably 50 ppm or less O~, 25 ppm or less N~, and 25 ppm
or less carbon. 1f 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 O~, 25 ppm or less Nz, and 25
ppm or less carbon. With respect to taking this ingot and forming a
sputtering target, the following process can be 15 used. In one embodiment,
the sputtering target made from the high purity tantalum metal can be made
by mechanically or chemically cleaning the surfaces of the tantalum metal,
wherein the tantalum metal has a sufficient starting cross-sectional area
to permit the subsequent -processing steps described below. Preferably the
tantalum metal has a cross-sectional area of at least 9 '/. inches or more.
The next step involves flat forging the tantalum metal into one or more
rolling slabs. The rolling slabs) 2C has a sufficient deformation to
achieve substantially uniform recrystallization after the annealing step
immediately following this step as described below. The roiling slabs) is
then annealed in vacuum and at a sufficient temperature to achieve at least
partial recystallization of the rolling slab(s). Preferred annealing
temperatures and times are set forth below and in the examples. The rolling
slabs) is then subjected to cold or warm rolling in both the perpendicular
and parallel directions to the axis of 2 5 the starring tantalum metal
(e.g., the tantalum ingot) to form at least one plate. The plate is then
subjected to flattening (e.g., level rolling). The plate is then annealed a
final time at a sufficient   13 MAY Z003 WO OOl3l310 PCTNS99/27832
temperature and for a sufficient time to have an average grain size of
equal to or less than about 1 ~0 microns and a texture substantially void
of ( 100) textural bands. Preferably, no ( 100) textural bands exist. The
plate can then be mechanically or chemically cleaned main and formed into
the sputter~nQ target having any desired dimension. Typically, the flat
forging will occur after the tantalum metal is placed in air for at least
about 4 hours at temperatures ranging from ambient to about 370C. Also,
preferably before cold rolling, the rolling slabs are annealed at a
temperature (e.g., from about 950C to about 1500C) and for a time (e.g.,
from about % hour to about 8 hours) to achieve at least partial
recrystallization of the tantalum metal. Preferably the cold rolling is
transverse rolling at ambient temperatures and the warm rolling is at
temperatures of less than about 370C. l0 With respect to annealing of the
tantalum plate, preferably this annealing is in a vacuum annealing at a
temperature and for a time sufficient to achieve complete recrystaliization
of the tantalum metal. The examples in this application set forth further
preferred details with respect to this processing. Another way to process
the tantalum metal into sputtering targets involves mechanically or 15
chemically clean surfaces of the tantalum metal (e.g., the tantalum ingot),
wherein the tantalum metal has a sufficient starting cross-sectional area
to permit the subsequent processing as described above. The next step
involves round forging the tantalum metal into at least-one rod: wherein
the rod has sufficient deformation to achieve substantially uniform
recrystallization either after the annealing step which occurs immediately
after this step or the annealing step prior to cold rolling. The tantalum
rod 2 0 is then cut into billets and the surfaces mechanically or
chemically cleaned. An optional annealing step can occur afterwards to
achieve at least partial recrystallization. The billets are then axially
forged into performs. Again. an optional annealing step can occur
afterwards to achieve at least partial recrystallization. However, at least
one of the optional annealing steps or both are done. The performs are then
subjected to cold rolling into at least one plate. Afterwards, the surfaces
of the plates) can be 25 optionally mechanically or chemically clean. Then,
the final annealing step occurs to result in an average grain size of about
1 SO microns or less and a texture substantially void of ( l 00) textural
bands,   ~ 3 r~AY zoa3 WO OQl313t0 PCT/US99/27832 -12 if not totally void
of ( I 00) textural bands. The round forging typically occurs after
subjecting the tantalum metal to temperatures of about 370C or lower.
Higher temperatures can be used which results in increased oxidation of the
surface, Preferably, prior to forging the billets, the billets are
annealed. Also, the performs, prior to cold rolling can be annealed.
Typically, these annealing 5 temperatures will be from about 900C to about
1200C. Also, any annealing is preferably vacuum annealing at a sufficient
temperature and for a sufficient time to achieve recrystallization of the
tantalum metal. 



Preferably, the sputtering targets made from the high purity tantalum have
the following dimensions: a thickness of from about 0.080 to about 1.50",
and a surface area from about 7.0 to about '. a 1225 square inches. The
high purity tantalum preferably has a primary or mixed (111) texture, and a
minimum (100) texture throughout the thickness of the sputtering target,
and is sufficiently void of (I00) textural bands. s_ The tantalum metal of
the present invention can be used in any application or product that 15
uses conventional tantalum metal as a component or as part of a component.
For instance, the tantalum metal can be a component or part of a component
in integrated circuits, such as semiconductors and the like. The designs
described in U.S. Patent-Nos.: 5;987,635; 5,987,560; 5,986,961; 5,986,960;
5,986,940; 5,986,496; 5,986,469; 5,986,410; 5,986.320; 5,986,299;
5,986.294; 5,985.697; and 5,982,218 can be used as well as other
conventional designs and each of these patents 2 o are incorporated herein
in their entireties by reference. The tantalum metal can be present in any
device which typically uses sputtering techniques to deposit metal to form
a component or part of a component on a device. The present invention will
be further clarified by the following examples. which are intended to be
purely exemplary of the present invention.   13 MAY 2003 WO 00/3t310 -13
EXrIMPLES Example 1 PCT/US99/27832 Numerous sublots of sodium-reduced
commercial-grade tantalum powder. each weighing about 200-800 Ibs., were
chemically analyzed for suitability as 99.999% Ta feedstock for electron 5
beam melting. Representative samples from each powder lot were analyzed by
Glow Discharge Mass Spectrometry (GDMS): powder sublots having combined
niobium (Nb), molybdenum (Mo), and tungsten {W) impurity content less than
8 ppm were selected for melting. The selected Ta powder sublots were then
blended in a V-cone blender to produce a homogeneous 4000 pound powder
master lot. which was again analyzed by GDMS to confitTn punn~. Next. the
powder was cold isostatically pressed (CIP'ed) into green logs
approximately 5.5" 6.~" in diameter, each weighing nominally 300 pounds.
The pressed logs were then degassed by heating at 1450C for 2 hours at a
vacuum level of about 10'3-10'5 ton. For this operation, the logs were
covered with tantalum sheets to prevent contamination from the furnace
elements. The degassed logs were then side fed into a 1200KW EB furnace and
drip melted at a rate '_ 5 of 400 Ibs./hr. into a 10" water-cooled copper
crucible under a vacuum less than 10'3 torn. Once cooled, the resulting
first-melt ingot was inverted, hung in the same furnace, and remelted using
the same EB melting parameters. The 2" melt ingot was again inverted and
remelted a third time, but into a 12" crucible at a melt rate of 800
lbs./hr. A sample was taken from the sidewall of the resulting ingot for
chemical analysis by Glow 2 o Discharge Mass Spectrometry (GDMS). Results
confirmed that the Ta ingot was 99.9992% pure. Example 2 A potassium
fluotantalate (K~TaF,) was obtained and upon spark source mass spec
analysis, the K~TaF~ exhibited 5 ppm or less niobium. Levels of Mo and W
were also analyzed by 25 spectrographic detection and levels were below 5
ppm for Mo and below 100 ppm for W. In particular, the KzTaF, had levels of
Nb of 2 ppm or less, of Mo of less than 1 ppm and of W of less   WO
0O131310 _I 



13 MAY 2003 PCT/US99/27832 than or equal to 2 ppm. In each sample, the
total recorded amount of Nb, Mo, and W was below ~ ppm. Four lots of 2?00
Ibs. each were analyzed. One of the lots was transferred to KDEL reactor
which used a pure nickel vessel and a Hastelloy X agitator The Hastelloy X
agitator contained 9% Mo and 0.6% W. The shaft and paddles 5 of the
agitator were then shielded with 1/16'' nickel sheet using welding to clad
all surfaces exposed to the reaction. A standard sodium reduction process
was used except as noted below. The lot was subjected to the agitator in
the presence of pure sodium to form tantalum powder. The tantaium powder
was then washed with water and subjected to acid treatine and then steam
drying and then screening to  10 100 mesh. A sample from each batch was
then submitted for glow discharge mass spec analysis. The two tables
(Tables 1 and 2) below show the starttng analysis for the K~TaF~ and the
final analysis of the tantalum recovered. Table 1 15 KzTaF~ Spark Source
Mass Spec (SSMS) Analysis (metal to salt basis) SampleNbMoW _ i_
TOTALNumber(ppm)(ppm)(ppm) ~(ppm)12<l<_2<521<1<2<432<1 ._<2<541<1<~<4 Table
2 20 Ta Powder Glow Discharge Mass Spec (GDMS) Analysis
SampleNbMoWTOTALNumber(ppm)(ppm)(ppm)(ppm)51.40.380.272.0561.20.300.502.007
1.00.250.291.5481.1O.150.2SI.53   13 MAY 2003 WO 00!3i310 PCTIUS99/27832
-15 As can be seen in the above tables, a high purity tantalum powder
suitable for electron beam melting into an ingot can be obtained and
purities on the order of 99.999% purity can be obtained by the processing
shown in Example 1. Example 3. 5 Two distinct process methodologies were
used. First, a 99.998% pure tantalum ingot was used which was subjected to
three electron beams melts to produce a 12 inch nominal diameter ingot. The
ingoi was machined clean to about I 1'/ inch diameter and then heated in
air to about 260C for 4-8 hours. The ingot was then flat forged, cut, and
machined into slabs (approximately 4 inch by 10 inch with a length of
approximately 28 inch to 32 inch) and then acid cleaned with 10 HF/HNO;
/water solution. The slabs were annealed at l050. 1 l50. and 1300C under
vacuum of 5 X 10~ Torr for 2 hours, then cold rolled into plate stock of
0.500 and 0.250" gauge. This cold rolling was accomplished by taking a 4
inch thick by 10 inch wide by 30 inch long slab and rolling it
perpendicular to the ingot axis at 0.200 inch per pass to 31 inches wide.
The plate was then rolled parallel to the ingot axis at 0.100 inch per pass
to 0.650 inch thick or 0.500 inch thick. Both rollings 15 were done on a
2-High breakdown rolling mill. Each of the plates were rolled by multiples
passes of 0.050 inch per pass and then 0.025 inch per pass with final
adjustments to meet a finish gauge of 0.500 inch plate or 0? 50 inch plate.
using a four high finishing rolling mill. The plates were then subjected to
a final annealing at temperatures of from 950 - 1150C. The alternative
process began with a 99.95 % pure Ta which was subjected to three 20
electron beam melts to produce an ingot as described above prior to being
forged. The ingot was then round forged using a GFM rotary forge to 4"
diameter after multiples passes of about 20% reduction in area per pass.
From this intermediate stock, 4 billets (3.75"QS x 7" long) were machined,
and 2 billets (labeled A and B) were annealed at 1050C while billets C and
D remained unannealed. Next, the billets were upset forged to performs of
height of 2.5", after which performs 2 5 A and C were annealed at 1050C.
The performs were then clock rolled to a thickness of about 0.400" to yield
discs of a diameter of approximately 14". This was accomplished by taking
multiple   13 MAY Z003 wU UU/31310 -16 PC1'~'US99/27832 passes of 0.200
inch per pass to about 0.5250 inch thick. The discs were then rolled to
about 0.5 inch thick by multiple passes of 0.100 inch per pass. Then, the
discs were clocked rolled on a four high finishing mill in three passes of
0.050 inch, 0.025 inch..and 0.015 inch reductions per pass to yield a disc
of about 0.400 inch thick by about 14 inch diameter. A quarter of the disc
was cut into 5 four wedges and final annealed at temperatures of 950-1100C.
Table 4 below summarizes this processing. Metallographic and texture
analysis was conducted on longitudinal sections of the plate material
(measurement face parallel to the final rolling direction) and on radial
sections of the forged and rolled discs (measurement face parallel to the
radius of the discs). 10 METALLURGICAL ANALYSIS Grain size and texture were
measured along the longitudinal or radial directions of samples taken from
rolled plate and forged and rolled discs, respectively. Grain size was
measured using ASTM procedure E-l 12. Results from the annealing studies on
products produced via the flat and 15 round processes are given in Tables 3
and 4, respectively. Intermediate annealing treatments had no noticeable
influence on the grain size of the finished product. Also, for plate, the
final grain sizes of 0.500 and 0.250" thick tantalum were comparable. The
only variable found to significantly effect the grain size of the materials
was the final anneal temperature: the higher the final anneal temperature,
the larger the resulting grain size. 2 o In plate, grain sizes of ASTM 6.5
- 7.0 were measured in samples from product annealed at 



1000 and 950C. However, each of these samples showed evidence of elongated
and/or unrecrystaliized regions at or near the surface, and
recrystallization values were reported to be 9899%. For plates annealed at
1050, I 100, and 1150C, ASTM grain sizes ranged from 5.3 to 3.7, with all
samples being 100% recrystallized. 25 For the round-processed discs, all
samples were reported to be 100% recrystallized, with the exception of Disc
C annealed at 950C which was 99% recrystallized. Grain sizes of ASTM 7.1
13 MbY 2003 WO 0013l310 _17_ PCTIUS99I27832 7.'_', 6.1-6.8, and 5.9-5.9
were measured in the disc samples annealed at 950, 1000, and 1050C
respectively. Annealing at 1100C produced grain sizes of ASTM 4.0-4.5. For
both processes. these findings demonstrate that a fully recrystallized
grain scze of 5! Eun or finer is achievable using either the plate rolling
or the billet forging process at a preferrec 5 final anneal temperature of
from about 950 to about 1050C. Should the unrecrystallized areas b. limited
to only the surface regions of the plate. then they can be removed by
machining. Texture Measurement Technique: A limited number of samples
(chosen based of metallurgical results) were used for texture analysis.
Mounted and polished samples, previousl: prepared for metallurgicai
analysis. were employed as texture samples after being given a heav. 0 acid
etch prior to texture measurement. Orientation Imaging Microscopy (OIM) was
chosen as the method of texture analysis because of its unique ability to
determine the orientation of individua grains within a polycrystalline
sample. Established techniques such as X-ray or neutron diffractiot would
have been unable to resolve anv localized texture variations within the
thickness of the tantalum materials. 15 For the analysis, each texture
sample was incrementally scanned by an electron beam (within an SEM) across
its entire thickness; the backscatter Kikuchi patters generated for eact
measurement point was then indexed using a computer to determine-the
crystal orientation. Fron each sample, a raw-data file containing the
orientations for each data point within the measuremen grid array was
created. These files served as the input data for subsequently producinj
grair 20 orientation maps and calculating pole fiwres and orientation
distribution functions (ODFs). By convention, texture orientations are
described in reference to the sample-norms coordinate system. That is, pole
figures are "standardized" such that the origin is normal to the plate
surface, and the reference direction is the rolling (or radial) direction:
likewise, ODFs arc always defined with respect to the sample-normal
coordinate system. Terminology such as '`a { 111 2 5 texture" means that
the ( 111 ) atomic planes are preferentially oriented to be parallel (and
the ( 11 I pole oriented to be normal) with the surface of the plate. In
the analyses, the crystal orientation:   13 MAY Z003 WO 00I31310
PCT/US99/27832 -18 were measured with respect to the sample longitudinal
direction. Therefore, it was necessary to transpose the orientation data
from the longitudinal to sample-normal coordinate system as pan of the
subsequent texture analysis. These tasks were conducted through use of
computer algorithms. Grain Orientation Maos: Derived from principles of
presenting texture information in the 5 form of inverse pole figures,
orientation maps are images of the microstructure within the sample where
each individual grain is "color-coded " based on its crystallographic
orientation relative to the normal direction of the plate of disc from
which it was taken. To produce these images, the crystal axes for each
grain (determined along the longitudinal direction of the texture sample by
OIM) were tilted 90 about the transverse direction so to align the crystal
axes to the normal 1 C direction of the sample. Orientation maps serve to
reveal the presence of texture bands or gradients through the thickness on
the product; in tantalum, orientation maps have shown that large) elongated
grains identified by optical microscopy can be composed of several small
grains with low-anele Qrain boundaries. Analysis of the Texture Results:
OIM scans were taken alone the thickness of each sample 15 provided; for
the 0.500" plate samples, separate measurements were made for the top and
the bottom portions of the plate and reported separately. The orientation
maps were visually examined to qualitatively characterize the texture
uniformity through the sample thickness. To attain a quantifiable
description of the texture gradients and texture bands in the example
materials, the measured EBSD data was partitioned into 20 20 subsets, with
each representme a 5% increment of depth through the thickness of the
sample. For each incremental data set, an ODF was first calculated, then (
100) and ( 111 ) centroid intensities determined numerically using
techniques reported elsewhere. The equipment and procedures described in S.
Matthies et aL. Materials Science Forum, Vol. 1 ~7-162 ( 1994), pp.
1647-1652 and S. Matthies et al., Materials Science Forum, Vol. 157-162 (
1994), pp. 1641-1646 were applied, and 25 these publications are
incorporated in their entirety herein by reference. The texture gradients
were then described graphically by plotting the ( 100) and ( 11 I )
intensities. as well as the loo ratio of the   13 MAY 2003 WO 00I31310 -19
PCT/US99127832 ( 100):( I 11 ). as a function depth of the sample. These
results are set forth in Figures 1 (A and B 



through Figures 11 (A and B). The heavy-gauge tantalum plate exhibited the
most uniform through-thickness texture; thf only sample containing texture
bands was that processed with a slab anneal of 1300C and a fina 5 anneal of
1000C. In addition. the 0.500" plate materials also had a relative weak
(most random texture base on pole figure and ODF analysis. Compared to the
heavy plate, the 0.250' sheet: contained a slight to moderate texture
gradient and some evidence of texture banding. Also, the thin-gauge plates
showed a more defined ( 111 ) texture in the ODFs and an increased
prominence of ( 100). 10 The greatest variability in terms of texture
uniformity and banding was found in the forget and rolled discs. Unlike the
metallurgical properties, the texture of forged and rolled discs wa:
effected by the use of intermediate annealing. For discs A, B, and C. each
of which were processec with one or two intermediate annealing steps. the
texture gradients ranged from negligible to strone_ (depending to
processing parameters) with slight - if any - banding. However, for disc D,
which 15 was worked from ingot to final discs without intermediate
annealing, the resultant product contained less desirable strong texture
gradients and sharp texture bands. Similarly, disc C, which was also forged
from unannealed billet but then annealed prior to cold rolling, also showed
a strone texture gradient and banding in the sample final annealed at 950C.
For disc C, increasing the final anneal temperature to I100C acted to
diminish the gradient, eliminated the bands, but 20 strengthening the
intensity of (100) texture component. These effects from increasing final
annealing temperatures were also evident, but to a lesser degree, in both
the other disc materials and the heavy gauge plate. From the
microstructural and textural observations, the following conclusions could
be made regarding the optimum processing for fabricating tantalum
sputtering targets:   13 MAY 2003 WO OOI313t0 PCTNS99127832 -20For flat
products, slab anneal temperatures preferably do not exceed l 150C ( 1050C
is more preferred) and the final anneal temperature is preferably kept at
950-1000C, more preferably 1000C. The resulting product is characterized as
having a recrystallized average grain size of less 50 pm. and a (100)
incremental intensity of less ., than 15 random and a log ratio of ( 111
):( 100) of Less than -4.0. For round processing, billets preferably are
annealed prior to forging and rolling into disc without use of an
intermediate anneal at perform level. Finaf anneal temperature is
preferably 950-1100C., and more preferably is 1050C. The resulting product
is characterized as having a recrystallized avera2e grain size below 50
p.cn, and a ( 100) i C incremental intensity of less than 1 ~ random and a
log ratio of ( 111 ): ( 100) of less than --4.0.   13 MAY Z003 WO 00/313I0
PCT/US99/27832 -21 Table 3 Metallurgical Characteristics Process Slab
Anneal Tem erature (C)i0501150Gauge of Plate Produced from
Slab.250".500".250".500"I~iPlate Anneal Temperature (C)AS TM Grain Size%
Recry.ASTM I Grain Size% RecryASTM Grain Size ~% 



Recry.ASTM Grain Size Recry.950I 7.0I 986.71 987.0i 986.7~ 98ii
I10006.5996.5~ 996.5~ 99I 6.598I10504.5' 1005.0! 1004.5i 1005.099I~I;
,10505.0~ l004.5l00I 5.0' 1004.5I 100IIII1100I 4.51005.0! 1004.5~ 100I
4.0l00III11504.0i 1004.0. 1004.01003.7~ 100Note: ~Llaterial Puritv fvas
99.998 % Ta   13 MAY 2003 WO 00I31310 PCT/US99127832 Table 3 (con't) Sl~ ab
Anneal Temperature (C)1300Gauge of Plate Produced from Slab.250".500"Plate
Anneal Temperature (C) 'ASTM Grain Size% lZecry.ASTM Grain Size
Recry)9507.098 ~6.7981000I 6.5 I996.5 I98I I1050I 4.5100 I5.310010505.0100
I4.5I l00I11004.51004.0I 100l150I 4.0I l00 I3.7I l00 I   WO 00l31310 13 MAY
2003 PCTIUS99I2?832 -23Table 4 BILLET A BILLET B BILLET C BILLET D
PC.WE1GHT Anneal Anneal Unannealed Unannealed 46.4 lbs 7" Long 1050 C 1050
C Upset Upset Forge Upset Forge Upset Forge Forge 2.5" Thick 2.5" Thick
2.5" Thick 2.5" Thick Anneal 1050C Anneal 1050C Machine Machine Machine
Machine Clean Ciean Clean Clean 421bs X-Roll to X-Roll to X-Roll to X-Roll
to Gauge Gauge Gauge Gauge 0.400" 0.400" 0.400" 0.400" Saw CutSaw CutSaw
CutSaw Cut 10.S lbs/qtr.QuartersQuartersQuartersQuartersAnnealAnnealAnneal
StudyAnriea!StudyStudyStudyANNEALASTMTEMP(C)GRAINSIZE(REX)9507.1 (100%)7.2
(100%)7.1 (99%)7.2 (100.'0)10006.1 (100%)6.~ (100%)5.9 (100%)b.8
(100%)1050~.8 (100%}~.9 (100.'0)5.9 (10U.%)~.9 (100.'0)11004.5 ( 1 OU%)=l.~
( I 00%)4.~ (100%)d.U ( I 00io)REX = % Recrystalli2ation 6.25" Diameter 6"
Diameter 15" Diameter   13 MAY 2003 WO 00I31310 0.500" PLATE 139Slab
Anneal.1050 Plate Anneal950Graln Slze~6 7Increment'
0.025"Increment(111y(100)Intratio)11 2571,908-0 4220 7031 456-0 7331
1271.110 0241.5541.5430 0150 2791.146-1 4161 1591.774-0 4371 4811.3350 1083
271 0861.1090 9961 D72-0.07102 3371.fi340.36114 811.0111 56123 3212
8850.14132.2942.73-017141.4771.3290.11150 6071.229-0.71161 020.2811
29171.5360.6340 B8181 7714.277-0 88191 0571.921-0
60200.0971.051-2.38_.0.500" PLATE 142Slab Anneal: 1050 Plate Anneal:
1000Grate Stze: 6.5Increment:0.025"Increment(1t1)(1D0)In( ratio)13 5023
,495_ 0 0020 8482.988-1 2630 4123.998-2.2740 3040 676-0.805D 520 717-0.3261
1671.401-0.1871 4931.691-0.1282 0711 4450.3692.0391.770.14102
191.6430.29111 5410.3271 55126.7220.0914 30134 2280.1313 47t
41.9041.4550.27151 5142 136-0.34161 3661.260 08171 388D 9040 43180
7091.504-0.75190 6150 395. 0 44201 0270 4990 72 PCTNS99l27832   13 MAY 2003
wo ooi313~o 



0.500" PLATE 140 Slab Anneal: 1150 Plate Anneal: 1000 Grain Size. 6 5
Increment. 0.025" Increment(1 i 1 )(100)In(raho)11 7861 2B60 3321 7450
4331.39319480.7820.9t43 2322.30 3452 8923 517-0 2061.0613 701-1.2573
5010.5221 9081 0261.944-0 6494 7830.60B2 D6102.4020 5351 50113
0972.5470.20120 8592 571-1 10132 5850 8971 O6140 8722.955-1.22151 4391 280
12161.6572.131-0 25171.3951 765-0.24182 5061. i 050 82191 5411 3810 11200
5931 696-1 05_, .0.500" PLATE 141Slab Anneal: 1300 Plate Anneal: 1000Grain
Size: 6.5increment:0.025"Increment(111)(100)In(raUo)11 5773 03'9-0 661 125I
0320 09310071 824-0.594z.ooio ssa1.o552.0912.748-o.2764 8921.9060
9470,B864.336-1.5986 0520.8821.9393.3920.3172.371D2,1771.3760 46113
4312.9730.14123.6281.5890 83133 4580 6371 69142.0951 3680 43151 8691.0Z30
60161 3712 226-0 48172 0321,1430.58181 9491 7540.11192.1753 521-0 48205
0922.B020 60 PCT/L'S99/27832   13 MAY 2003 WO 00I31310 -? 6 0.250" PLATE
125D Slab Anneal 1050 Plate Anneal 1000 Gram Slze~ 6 5 Increment 0 0125"
Increment(111)(t00)In(ratro)I2 2414 137-0 612I 4114.259-1 1030 8233 941-1
5740 827.79-2.2551.7344.658-0.9962.8127.527-0 9875 2454.2660 2186 1962 2831
0098 8921 2481 96108 531i.0822.06115 2611.8571 04121 4391 0970
27132.4452.493-0.02142 0575.962-1 O6151 1732.213-0 63161 7672.609-0 39170
554.066-2.00182 9214 855-0 51194 4313.6840 182D6 3131.8981 200.250" PLATE
125BSlab Anneal 1150 Plate Anneal 1000Grain Slze: 6
5Increment:0.0125"Increment(111)(100)In(ratro)14 1592.377- 0-482fi 060.273
1134.4070.9641 5242.3361.1750 6952 0232 155-0 0663.7332.0910 5874 1172.1310
668,4.7182.7210.5595 3672.6040 72102.8765 519-0 65114 9522 B860 54124 123
3620 20132 7521.7150 47140 9494.93-1.651511084.627-1471613 157-1
15172.3576.294-0 98180 84610 654-2.531916285.369-1 19200 8664 458-1.64
PCT/US99I27832   13 MAY 2003 WO 00I31310 PCT/US99/Z7832 0.250" PLATE 125C
Slab Anneal. 1300 Plate Anneal. 1000 Grain Size 6 5 Increment: 0 0125"
Incrementt111)(100)In(ratio)12 1541 5160.3521 t 741.282-0.0930 795.846-2
OD40 9H12.736-1 0351 9383.55-0 6162 3023 179-0.3275 2211 6611 1583
6362.60.3492 9821 OB31 01i06 16i0 3222 95117 6360 6232 51127 3360 462 77134
4156.945-0 45142 371 9530 19152 S163 636-0 37161 991 9760 01172.6960.7691
25183 t 555.257-0 51194 5580.8791.65201 7880 5951 ~ 0 0.400" F~RGiNG 950A
Billet Anneal. 1050 PreformAnneal. 1050 FinishAnneal 950 Grain Size: 7 1
Increment: D 020" Incremern(111 J(100)In(faiio)12 1276 911-1 1824 2894
447-D 0433 4214.B19-0.3443 0654.67-0 4253 8794 672-0 19&2 335 309-0.827B
2061.2391 8989 0860 572 7799 6150 4253 121010 5581.571 91i 112
830.8832.68t291682.0941 48138 3952.0021 4 31411 2193.9611
041525123.816-042165 0444 6130 09173 B986 144-0 46182.2976 159-0 99195 7966
809-0 16202 7996 72-0 88   13 MAY 2003 WO 00I31310 -., g_ 0,400" FORGING
9508 Blilet Anneal 1050 PreformAnneal. NIA F~nishAnneal 950 Grain Size:
Increment: 0.020" Increment(111)(100)In(rat~o)1B 3646
7650.21281936.83901836 576fi 901-0.0544 9476 953-0 3453
2468.B33-1.0065.8077.248-0.2277 8125 4910.3S89 745 3580 60911 633 7481
131011.5442.2581.631111 9653 0861 36129 5126 1060 44138 5589 762-0
131410.7275.840.611 S6 7598 025-0.17166 2129.528-0 43173 8688 796-0
B2186.3688.333-0.27196 3367 45-0 16204 4636 201-0,330.400" FORGING
950Cbillet Anneai~ NIA PreformAnneal: 1 D50Fm~shAnneal. 950 Grain
Slze.Increment.0.020"_ Increment(111)(100)1n(raio)13.5B99 598-0 9823.2146
069-0 6432.8696.976-0 8943.9918 405-0 7454.7373 0690 4367 1634 5670 4577
972.3481 22815 1840 5063 40918 8940 0585 79101641600845281112.5280 2i 54
071213 64a1 0742 54139.2291.1412.09144 2856 858-0 47152 06'r4 102-0 69163
9384 B81-0.21173 39110 311-1 11185 3026 265-0.17195.7556 608'-0 14204 7018
166-0 55 PCTlUS99127832   13 MAY 2003 WO 00I31310 PCTlUS99/Z783Z -39 0.400"
FORGING 950D Billet Anneal NIA PreformAnneal: NIA FmIShAnneal. 950 Graln
Size. Increment' 0.020" Increment(111)(100)In(ratio~11.8369.65-16624
8377.584-0 4535 7855.3540.0841 46B10 297-1 9550 78117 101-3.0968
0979.559-0.17718 9841 4862 55825 4710.1665.03931 5540 053fi 391029.9110
0755 991125 4760 0556 141221.4Q71 4942.66136 5052.7770 85140
0651.665-3.24150 0S24.2-4.39160 5289.288-2 87171 1228 954-2.0818Z.678.715-1
18195 1378.222-0 4 7201 45310 944-2.02   13 MAY 2003 



WO 00/313I0 PCT/US99/27832 -~ 0 Other embodiments of the present invention
will be apparent to those skilled in the an from consideration of the
present specification and practice of the present invention disclosed
herein. It is intended that the present specification and examples be
considered as e:cemplary only with a true scope and spirit of the invention
being indicated by the following claims.   13 MAY 2003 31 WHAT IS CLAIMED
IS: 1. Tantalum metal having a purity of at least about 99.995%, and an
average grain size of about 75 microns or less. 2. The tantalum metal of
claim 1, wherein said metal is fully recrystallized. 3. The tantalum metal
of claim 1, wherein said metal is at least partially recrystallyzed. 4. The
tantalum metal of claim 1, wherein about 98% or more of said metal is
recrystallyzed. 5. The tantalum metal of claim 1, wherein about 80% or more
of said metal is recrystallyzed. 6. The tantalum metal of claim 1, wherein
said metal has a) a texture in which a (100) pole figure has a center peak
intensity less than about 15 random or b) a log ratio of ( 111 ): ( 100)
center peak intensities of greater than about -4.0, or c) both. 7. The
tantalum metal of claim 6, wherein said center peak intensity is from about
0 random to about 15 random. 8. The tantalum metal of claim 6, wherein said
center peak intensity is from about 0 random to about 10 random. 9. The
tantalum metal of claim 6, wherein said log ratio is from about -4.0 to
about 15. 10. The tantalum metal of claim 6, wherein said log ratio is from
about -1 .5 to about 7.0. 11. The tantalum metal of claim 6, wherein said
center peak intensity is from about 0 random to about 15 random, and said
log ratio is from about -4.0 to about 15. 12. The tantalum metal of claim 1
having a purity of from 99.995% to about 99.999%. 13. A metal alloy
comprising the tantalum metal of claim 1. 14. A metal alloy comprising the
tantalum metal of claim 6. 15. A metal alloy comprising the tantalum metal
of claim 3. 16. A sputtering target comprising the tantalum metal of claim
1.   13 MAY Z003 32 17. A sputtering target comprising the tantalum metal
of claim 6. 18. A sputtering target comprising the tantalum metal of claim
3. 19. A capacitor can comprising the tantalum metal of claim 1. 20. A
capacitor can comprising the tantalum metal of claim 6. 21. A capacitor can
comprising the tantalum metal of claim 3. 22. A resistive film layer
comprising the tantalum metal of claim 1. 23. A resistive film layer
comprising the tantalum metal of claim 6. 24. A resistive film layer
comprising the tantalum metal of claim 3. 25. An article comprising at
least as a component the tantalum metal of claim 1. 26. An article
comprising at least as a component the tantalum metal of claim 6. 27. An
article comprising at least as a component the tantalum metal of claim 3.
28. A sputtering target comprising tantalum metal in the shape of a
sputtering target having a) an average grain size of about 50 microns or
less and b) a texture in which a log ratio of ( 111 ): ( 100) center peak
intensities of greater than about -2.0, in the substantial absence of (
100) textural bands. 29. The sputtering target of claim 28 having an
average grain size of from about 25 to about 50 microns. 30. The sputtering
target of claim 28 having a ratio of (111):(100) center peak intensities of
greater than about 0. 31. The sputtering target of claim 28, wherein said
metal has purity of at least 99.995% tantalum. 32. The sputtering target of
claim 28, wherein said metal has purity of 99.999% tantalum. 33. The
sputtering target of claim 28, wherein said metal is fully recrystallized.
34. The sputtering target of claim 31, wherein said metal is fully
recrystallized. 35. The sputtering target of claim 32, wherein said metal
is fully recrystallized.   13 MAY 2003 33 36. The sputtering target of
claim 28, wherein about 80% or more of said metal is fully recrystallized.
37. The sputtering target of claim 28, wherein said log ratio is from about
0 to about 15. 



38. A process for making the tantalum metal of claim l, comprising reacting
a salt containing tantalum with at least one agent capable of reducing the
salt to tantalum and a second salt in a reaction container having an
agitator, wherein the reaction container or a liner in the reaction
container and the agitator or a liner on the agitator are made from a metal
material having the same or higher vapor pressure of tantalum at the
melting point of the tantalum. 39. The process of claim 38, wherein the
salt containing tantalum comprises a potassium-fluoride tantalum and the
agent comprises sodium. 40. The process of claim 39, wherein the second
salt comprises sodium fluoride and/or sodium chloride. 41. The process of
claim 3 8, wherein prior to reacting said salt containing tantalum, said
process comprising forming an acid solution comprising tantalum and
impurities and conducting a density separation of the acid solution
containing tantalum from the acid solution containing the impurities: and
crystallizing the acid solution containing the tantalum to form the salt
containing tantalum. 42. The process of claim 41, wherein the tantalum and
impurities are crushed ore comprising tantalum and impurities. r 43. The
process of claim 41, wherein the acid solution comprising tantalum and
impurities are formed by combining acid solution with crushed ore
comprising tantalum. 44. The process of claim 3 8, wherein the reaction
occurs at about 800C to about 1100C while stirring. 45. The process of
claim 3 8, wherein the reaction container or liner and the agitator or
liner on the agitator are metal-based, wherein said metal is nickel,
chromium, iron, manganese,   13 MAY 2003 34 titanium, zirconium, hafnium,
vanadium, technetium, ruthenium, cobalt, rhodium, palladium, platinum, or
any combination thereof. 46. The process of claim 45, wherein the metal is
nickel or a nickel-based alloy. 47. The process of claim 45, wherein the
metal is chromium or a chromium-based alloy. 48. The process of claim 45,
wherein the metal is iron or an iron-based alloy. 49. The process of claim
38, further comprising recovering tantalum by dissolving the second salt in
an aqueous solution. 50. The process of claim 49, further comprising
melting said recovered tantalum in a sufficient vacuum to remove
substantially any existing impurities in said recovered tantalum and obtain
high purity tantalum. 51. The process of claim 50, wherein the vacuum is
10'i torr or more. 52. The process of claim 50, wherein the pressure above
the melted recovered tantalum is lower than the vapor pressures of
substantially a11 of the impurities. 53. The process of claim 50, wherein
the impurities are removed by vaporization of the impurities. 54. The
process of claim 50, wherein said melting is accomplished by electron beam
melting. 55. The process of claim 50, wherein said melting is accomplished
by vacuum arc remelt processing. 56. The process of claim 50, wherein the
high purity tantalum is allowed to form a solid and subjected to a rolling
process, a forging process, or both. 57. The tantalum metal of claim 1,
wherein the tantalum metal has a substantially fine and uniform
microstructure. 58. The tantalum metal of claim 1, wherein the tantalum
metal has an average grain size of from about 25 to about 75.   13 MAY 2003
35 59. A process of making a sputtering target from tantalum metal having a
purity of at least 99.995%, comprising: a) mechanically or chemically clean
surfaces of the tantalum metal, wherein the tantalum metal has a sufficient
starting cross-sectional area to permit steps b) through g); b) flat
forging the tantalum metal into at least one rolling slab, wherein the at
least one rolling slab has sufficient deformation to achieve substantially
uniform recrystallization after annealing in step d); c) mechanically or
chemically clean surfaces of the at least one rolling slab; d) annealing
the at least one rolling slab at a sufficient temperature and for a
sufficient time to achieve at least partial recrystallization of the at
least one rolling slab; e) cold or warm rolling the at least one rolling
slab in both the perpendicular and parallel directions to the axis of the
starting tantalum metal to form at least one plate; f) flattening the at
least one plate; and g) annealing the at least one plate to have an average
grain size equal to or less than about 150 microns and a texture
substantially void of ( 100) textural bands; 60. The process of claim 59,
wherein the tantalum metal has a purity of at least 99.999%. 61. The
process of claim 59, wherein the flat forging occurs after the tantalum
metal is placed in air for at least about 4 hours and from temperatures
ranging from ambient to about 1200C. 62. The process of claim 59, wherein
the cold rolling is transverse rolling at ambient temperatures and the warm
rolling is at temperatures of less than about 370C. 63. The process of
claim 59, wherein the annealing of the plate is vacuum annealing at a
temperature and for a time sufficient to achieve recrystallization of the
tantalum metal. 64. A process of making a sputtering target from tantalum
metal having a purity of at least 99.995%,   



13 MAY 2003 36 comprising: a) mechanically or chemically clean surfaces of
the tantalum metal, wherein the tantalum metal has a sufficient starting
cross-sectional area to permit steps b) through i); b) round forging the
tantalum metal into at least one rod, wherein the at least one rod has
sufficient deformation to achieve substantially uniform recrystallization
after annealing in step d) or step f); c) cutting the rod into billets and
mechanically or chemically clean the surfaces of the billets; d) optionally
annealing the billets to achieve at least partial recrystallization; e)
axially forging billets into performs; f) optionally annealing the performs
to achieve at least partial recrystallization; g) cold rolling the performs
into at least one plate; and h) optionally mechanically or chemically clean
the surfaces of the at least one plate; and i) annealing the at least one
plate to have an average grain size equal to or less than about 150 microns
and a texture substantially void of ( 100) textural bands, wherein
annealing occurs at least in step d) or fj or both. 65. The process of
claim 64, wherein the tantalum metal has a purity of at least 99.999%. 66.
The process of claim 64, wherein the round forging occurs after subjecting
the tantalum r metal to temperatures of about 370C or lower. 67. The
process of claim 64 wherein prior to forging the billets, the billets are
annealed. 68. The process of claim 64, wherein prior to cold rolling of the
performs, the performs are annealed. 69. The process of claim 64, wherein
the annealing of the performs is vacuum annealing at a sufficient
temperature and for a time to achieve recrystallization.   13 MaY 2003 37
70. The tantalum metal of claim 1, wherein said average grain size is about
50 microns or less. 71. Tantalum metal having a purity of at least about
99.995%, an average grain size of about 150 microns or less, and having a
uniform primary ( 111 ) texture through the thickness of the tantalum
metal. 72. The tantalum metal of claim 71, wherein said metal is fully
recrystallized. 73. The tantalum metal of claim 71, wherein said metal is
at least partially recrystallized. 74. The tantalum metal of claim 71,
wherein about 98% or more of said metal is recrystallized. 75. The tantalum
metal of claim 71, wherein about 80% or more of said metal is
recrystallized. 76. The tantalum metal of claim 71, having a purity of from
99.995% to about 99.999%. 77. A sputtering target comprising the tantalum
metal of claim 71. 78. A capacitor can comprising the tantalum metal of
claim 71. 79. A resistive film layer comprising the tantalum metal of claim
71. 80. An article comprising at least as a component the tantalum metal of
claim 71. 81. Tantalum metal having an average grain size of about 75
microns or less, and having SO ppm or less metallic impurities. 82. The
tantalum metal of claim 81, further having 50 ppm or less O2, 25 ppm or
less N2, or r 25 ppm or less carbon, or combinations thereof.  83. The
tantalum metal of claim 81, having 10 ppm or less metallic impurities. 84.
The tantalum metal of claim 83, further having 50 ppm or less O2, 25 ppm or
less N2, or 25 ppm or less carbon, or combinations thereof. 85. The
tantalum metal of claim 81, wherein said average grain size is about 50
microns or less.   13 MAY 2003 38 86. The tantalum metal of claim 81, where
said average grain size is from about 25 to about 75 microns. 87. The
tantalum metal of claim 81, wherein said metal is fully recrystallized. 88.
The tantalum metal of claim 81, wherein said metal is at least partially
recrystallized. 89. The tantalum metal of claim 81, wherein about 98% or
more of said metal is recrystallized. 90. The tantalum metal of claim 81,
wherein about 80% or more of said metal is recrystallized. 91. The tantalum
metal of claim 81, wherein said metal has a) a texture in which a (100)
pole figure has a center peak intensity less than about 15 random or b) a
log ratio of ( 111 ): ( 100) center peak intensities of greater than about
-4.0, or c) both. 92. The tantalum metal of claim 91, wherein said center
peak intensity is from about 0 random to less than about 15 random. 93. The
tantalum metal of claim 91, wherein said center peak intensity is from
about 0 to about 10 random. 94. The tantalum metal of claim 91, wherein
said log ratio is from greater than about 0 to about 15. 95. The tantalum
metal of claim 91, wherein said log ratio is from about 11.5 to about 7.0.
96. The tantalum metal of claim 91, wherein said center peak intensity is
from about 0 



r random to less than about 15 random, and said log ratio is from greater
than about -4.0 to about 15. 97. A sputtering target comprising the
tantalum metal of claim 81. 98. A capacitor can comprising the tantalum
metal of claim 81. 99. A resistive film layer comprising the tantalum metal
of claim 81. 100. An article comprising at least as a component the
tantalum metal of claim 81.   13 MAY Z003 39 101. A tantalum sputtering
component comprising an average grain size of about 150 microns or less and
a uniform texture of primary ( 111 ) throughout a thickness of the
component. 102. The tantalum sputtering component of claim 101, wherein
said tantalum sputtering component is a sputtering target. 103. The
tantalum sputtering component of claim 101, wherein said tantalum
sputtering component has 50 ppm or less metallic impurities. 104. The
tantalum sputtering component of claim 101, further having 50 ppm or less
Oz, 25 ppm or less Nz, or 25 ppm or less carbon, or combinations thereof.
105. The tantalum sputtering component of claim 101, having 10 ppm or less
metallic impurities. 106. The tantalum sputtering component of claim 101,
further having 50 ppm or less Oz, 25 ppm or less N2, or 25 ppm or less
carbon, or combinations thereof. 107. A sputtered deposited film of
tantalum produced by the sputtering component of claim 101. 108. The
tantalum sputtering component of claim 101, wherein said average grain size
is about 100 microns or less. 109. The tantalum sputtering component of
claim 108, wherein said tantalum sputtering component is a sputtering
target. 110. The tantalum sputtering component of claim 101, wherein said
tantalum sputtering component comprises tantalum having a purity of at
least~99.50% tantalum. 111. The tantalum sputtering component of claim 101,
wherein said tantalum sputtering comprises tantalum having a purity of at
least 99.99% tantalum. 112. The tantalum sputtering component of claim 101,
wherein said tantalum sputtering component comprises tantalum having a
purity of at least 99.995% tantalum.   13 MAY 2003 40 1 I 3. The tantalum
sputtering component of claim 101, wherein said tantalum sputtering
component comprises tantalum having a purity of at least 99.999% tantalum.
1l4. The tantalum sputtering component of claim 101, wherein said tantalum
sputtering component is fully recrystallized. 115. The tantalum sputtering
component of claim 101, wherein said tantalum sputtering component is at
least partially recrystallized. 116. The tantalum sputtering component of
claim 101, wherein about 98% or more of said tantalum sputtering component
is recrystallized. l17. The tantalum sputtering component of claim 101,
wherein about 80% or more of said tantalum sputtering component is
recrystallized. 118. The tantalum sputtering component of claim 101 having
a purity of from 99.995% to about 99.999%. 119. The tantalum sputtering
component of claim 101, wherein said average gain size is about SO microns
or less. 120. The tantalum sputtering component of claim 101, wherein said
average grain size is from about 25 to about 150 microns. 121. The tantalum
sputtering component of claim 108, wherein said tantalum sputtering
component comprises tantalum having a purity of at least 99.50% tantalum.
l22. The tantalum sputtering component of claim 108, wherein said tantalum
sputtering comprises tantalum having a purity of at least 99.99% tantalum.
123. The tantalum sputtering component of claim 108, wherein said tantalum
sputtering component comprises tantalum having a purity of at least 99.995%
tantalum. 124. The tantalum sputtering component of claim 108, wherein said
tantalum sputtering component comprises tantalum having a purity of at
least 99.999% tantalum.   13 MAY Z003 41 125. The tantalum sputtering
component of claim 101, wherein said average grain size is about 125
microns or less. 126. The tantalum sputtering component of claim 101,
wherein said tantalum sputtering component is fully recrystallized. 127.
The tantalum sputtering component of claim 101, wherein said tantalum
sputtering component is at least partially recrystallized. 128. The
tantalum sputtering component of claim 108, wherein about 98% or more of
said tantalum sputtering component is recrystallized. 129. The tantalum
sputtering component of claim 108, wherein about 80% or more of said
tantalum sputtering component is recrystallized. 130. The tantalum
sputtering component of claim 108 having a purity of from 99.99S% to about
99.999%. 



131. A tantalum sputtering component comprising a uniform texture of
primary ( 111 ) throughout a thickness of the component. 132. The tantalum
sputtering component of claim 13l, wherein said tantalum sputtering
component is a sputtering target. 133. A sputtered deposited film of
tantalum produced by a sputtering component of claim 131. 134. The tantalum
sputtering component of claim 131, wherein said tantalum sputtering
component comprises tantalum having a purity of at least 99.50% tantalum.
135. The tantalum sputtering component of claim 13l, wherein said tantalum
sputtering comprises tantalum having a purity of at least 99.99% tantalum.
136. The tantalum sputtering component of claim 13l, wherein said tantalum
sputtering component comprises tantalum having a purity of at least 99.995%
tantalum. 137. The tantalum sputtering component of claim 131, wherein said
tantalum sputtering component comprises tantalum having a purity of at
least 99.999% tantalum.   13 MAY 2003 42 13 8. The tantalum sputtering
component of claim 131, wherein said tantalum sputtering component is fully
recrystallized. 139. A tantalum sputtering component comprising an average
grain size of about 75 microns or less and a uniform texture of mixed ( 111
) throughout its thickness, which is substantially void of (100) textural
bands. 140. The tantalum sputtering component of claim 139, wherein said
tantalumsputteringcomponent is a sputtering target.141. The tantalum
sputtering component of claim 139, wherein said tantalumsputteringcomponent
comprises tantalum having a purity of at least 99.50% tantalum.142. The
tantalum sputtering component of claim 139, wherein said
tantalumsputteringcomprises tantalum having a purity of at least 99.99%
tantalum.143. The tantalum sputtering component of claim 139, wherein said
tantalumsputteringcomponent comprises tantalum having a purity of at least
99.995% tantalum.144. The tantalum sputtering component of claim 139,
wherein said tantalumsputteringcomponent comprises tantalum having a purity
of at least 99.999% tantalum.I45. The tantalum sputtering component of
claim 139, wherein said tantalumsputteringcomponent is fully
recrystallized.146. The tantalum sputtering component of claim 139, wherein
said tantalumsputteringcomponent is at least partially recrystallized.l47.
The tantalum sputtering component of claim 139; wherein about 98% or more
of saidtantalum sputtering component is recrystallized.148. The tantalum
sputtering component of claim 139, wherein about 80% or more of
saidtantalum sputtering component is recrystallized.149. The tantalum
sputtering component of claim 139, wherein said grain size isabout
100microns or less.   13 MaY 2003 43 150. The tantalum sputtering component
of claim 139, wherein said grain size is about 50 microns or less. 151. The
tantalum sputtering component of claim 139, wherein said average grain size
is from about 25 to about 150 microns. 152. A tantalum sputtering component
comprising a mixed ( 111 )-type texture throughout its thickness which is
substantially void of ( l00) textural bands. 153. The tantalum sputtering
component of claim 152, wherein said tantalum sputtering component has an
average grain size of about 1 SO microns or less. 154. The tantalum
sputtering component of claim 152, wherein said average grain size is about
100 microns or less. 155. The tantalum sputtering component of claim 152,
wherein said tantalumsputteringcomponent is a sputtering target.156. The
tantalum sputtering component of claim 152, wherein said
tantalumsputteringcomponent comprises tantalum having a purity of at least
99.50% tantalum.157. The tantalum sputtering component of claim 152,
wherein said tantalumsputteringcomprises tantalum having a purity of at
least 99.99% tantalum.158. The tantalum sputtering component of claim 152,
wherein said tantalumsputteringcomponent comprises tantalum having a purity
of at least 99.995% tantalum.159. The tantalum sputtering component of
claim l52, wherein said tantalumsputtering component comprises tantalum
having a purity of at least 99.999% tantalum. l60. The tantalum sputtering
component of claim 152, wherein said tantalum sputtering component is fully
recrystallized. 161. The tantalum sputtering component of claim 152,
wherein said tantalum sputtering component is at least partially
recrystallized.   13 MAY 2003 44 162. The tantalum sputtering component of
claim l52, wherein about 98% or more of said tantalum sputtering component
is recrystallized. 163. The tantalum sputtering component of claim 152,
wherein about 80% or more of said tantalum sputtering component is
recrystallized. 164. The tantalum sputtering component of claim 152,
wherein said average grain size is about 50 microns or less. 165. The
tantalum sputtering component of claim 101, further comprising a backing
plate. 166. The tantalum sputtering component of claim 108, further
comprising a backing plate. 167. The tantalum sputtering component of claim
131, further comprising a backing plate. 168. The tantalum sputtering
component of claim 139, further comprising a backing plate. 169. The
tantalum sputtering component of claim 152, further comprising a backing
plate. l 70. A process of making a sputtering component from tantalum
metal, comprising: a) mechanically or chemically clean surfaces of the
tantalum metal, wherein the tantalum metal has a sufficient starting
cross-sectional area to permit steps b) through g); b) flat forging the
tantalum metal into at least one rolling slab, wherein the at least one
rolling slab has sufficient deformation to achieve substantially uniform
recrystallization after annealing in step d); c) mechanically or chemically
clean surfaces of the at least one rolling slab; d) annealing the at least
one rolling slab at a sufficient temperature and for a sufficient time to
achieve at least partial recrystallization of the at least one rolling
slab; e) cold or warm rolling the at least one rolling slab in both the
perpendicular and parallel directions to the axis of the starting tantalum
metal to form at least one plate; f) flattening the at least one plate; and
g) annealing the at least one plate to have an average grain size equal to
or less than about 150 microns and a texture substantially void of (100)
textural bands;   13 MAY 2003 45 171. The process of claim 170, wherein
said tantalum sputtering component is a sputtering target. l72. The process
of claim 170, wherein the tantalum metal has a purity of at least 99.50%.
173. The process of claim 170, wherein the flat forging occurs after the
tantalum metal is placed in air for at least about 4 hours and from
temperatures ranging from ambient to about 1200C. 174. The process of claim
170, wherein the cold rolling is transverse rolling at ambient temperatures
and the warm rolling is at temperatures of less than about 370C. 175. The
process of claim 170, wherein the annealing of the plate is vacuum
annealing at a temperature and for a time sufficient to achieve
recrystallization of the tantalum metal. 



176. A process of making a sputtering component from tantalum metal,
comprising: a) mechanically or chemically clean surfaces of the tantalum
metal, wherein the tantalum metal has a sufficient starting cross-sectional
area to permit steps b) through i); b) round forging the tantalum metal
into at least one rod, wherein the at least one rod has sufficient
deformation to achieve substantially uniform recrystallization after
annealing in step d) or step fj; c) cutting the rod into billets and
mechanically or chemically clean the surfaces of the billets; d) optionally
annealing the billets to achieve at least partial ~recrystallization; e)
axially forging billets into preforms; f) optionally annealing the preforms
to achieve at least partial recrystallization; g) cold rolling the performs
into at least one plate; and h) optionally mechanically or chemically clean
the surfaces of the at least one plate; and   13 MAY 2003 46 i) annealing
the at least one plate to have an average grain size equal to or less than
about 150 microns and a texture substantially void of ( 100) textural
bands, wherein annealing occurs at least in step d) or f) or both. 177. The
process of claim 176, wherein said tantalum sputtering component is a
sputtering target. 178. The process of claim 176, wherein the tantalum has
a purity of at least 99.50%. 179. The process of claim 176, wherein the
round forging occurs after subjecting the tantalum metal to temperatures of
about 370C or lower. l80. The process of claim 176, wherein prior to
forging the billets, the billets are annealed. 181. The process of claim
176, wherein prior to cold rolling of the preforms, the preforms are
annealed. 182. The process of claim 176, wherein the annealing of the
preforms is vacuum annealing at a sufficient temperature and for a time to
achieve recrystallization. 183. A process of making a sputtering component
comprising round forging tantalum metal into at least one rod; annealing
said at least one rod; forging said at least one rod into at least one
preform; annealing said at least one preform; rolling said at least one
preform, and annealing afterwards. 184. The process of claim 183, Wherein
said tantalum sputtering component is a sputtering target. 185. The process
of claim l 83, wherein said forging is axially. 186. The process of claim
183, wherein said rolling is cold rolling. 187. A process of making a
sputtering component comprising;   13 MAY 2003 47 radial forging a tantalum
metal; forging said tantalum metal after radial forging; rolling said
tantalum metal; and annealing said tantalum metal. l88. The process of
claim 187, wherein said tantalum sputtering component is a sputtering
target. 189. The process of claim 187, wherein said sputtering component
has no textural (100) bands. 190. The process of claim 187, wherein said
sputtering component has a uniform texture of mixed or primary ( 111 )
throughout the thickness of the sputtering component. 191. A process of
making a sputtering component comprising flat forging a tantalum metal;
annealing said tantalum metal; rolling said tantalum metal into a plate or
sheet; annealing said plate or sheet to achieve a tantalum metal having no
textural ( 100) bands. 192. The process of claim 191, wherein said tantalum
sputtering component is a sputtering target. 193. The process of claim 191,
wherein said process further comprises flattening said tantalum metal after
the last anneal and then annealing again. 194. A process of making a
sputtering component comprising a combination of cold and/or warm working
of a tantalum metal and in-process annealing to obtain a uniform texture of
mixed or primary ( 111 ) throughout the thickness of the tantalum metal.
l95. The process of claim 194, wherein said tantalum sputtering component
is a sputtering target.  



13 MAY 2003 48 196. The process of claim 194, wherein said cold and/or warm
working comprises subjecting said tantalum metal to rolling and/or forging
processes. 197. The process of claim 194, wherein said tantalum metal has a
purity of at least 99.50%. 198. The process of claim 194, wherein said
tantalum metal has a purity of at least 99.99% tantalum. 199. The process
of claim I94, wherein said tantalum metal has a purity of at least 99.995%
tantalum. 200. The process of claim l94, wherein said tantalum metal has a
purity of at least 99.999% tantalum. 201. The process of claim 191, wherein
said flat forging imparts about 62% strain reduction, or an equivalent
reduction in area of about 3:1. 202. The process of claim 191, wherein the
rolling imparts a strain reduction of about 87%. 203. The process of claim
191, wherein the rolling imparts a strain reduction of about 94%. 204. The
process of claim l91, wherein the annealing of said plate or sheet is at a
temperature of about 950-l050C. 205. The process of claim 187, wherein said
radial forging imparts about 88% strain reduction, or an equivalent
reduction in area of about 8.5:1. 206. The process of claim 187, wherein
said forging after radial forging imparts about 64% strain reduction. 207.
The process of claim 187, wherein said rolling imparts about 84% strain
reduction. 208. The process of claim l87, wherein the annealing after said
rolling is at a temperature of 950-1050C. 209. The process of claim 170,
wherein said tantalum metal is an ingot. 210. The process of claim 170,
wherein said tantalum metal is a 12 inch nominal diameter ingot.   13 MAY
2003 49 211. The process of claim 176, wherein said tantalum metal is an
ingot. 2l2. The process of claim 176, wherein said tantalum metal is a 12
inch nominal diameter ingot. 213. The process of claim 183, wherein said
tantalum metal is an ingot. 214. The process of claim 183, wherein said
tantalum metal is a 12 inch nominal diameter ingot. 215. The process of
claim 187, wherein said tantalum metal is an ingot. 2l6. The process of
claim 187, wherein said tantalum metal is a 12 inch nominal diameter ingot.
217. The process of claim 191, wherein said tantalum metal is an ingot.
218. The process of claim l91, wherein said tantalum metal is a 12 inch
nominal diameter ingot. 219. The process of claim l94, wherein said
tantalum metal is an ingot. 220. The process of claim 194, wherein said
tantalum metal is a 12 inch nominal diameter ingot.
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