
FIBROUS TANTALUM AND CAPACITORS MADE THEREFROM Description TECHNICAL FIELD
The field of art to which the invention pertains is par- ticulate tantalum
and capacitors made therefrom. BACKGROUND ART Solid-electrolyte tantalum
capacitors have been a major contributor to the miniaturization of
electronic cir- cuitry. They also operate over a wide temperature range 



and have good shelf life, long service and are useful in extreme
environments. Such capacitors are typically manufactured by com- pressing
tantalum powder into a pellet and sintering the pellet to form a porous
body. The porous body is then anodized in a suitable electrolyte to form a
continuous dielectric oxide film on the sintered body. The pores are filled
with an electrolyte and a lead wire is attached to form the capacitor. 



In order to improve the specific capacitance (and volumetric efficiency)
the particle sizes of the tantalum powder used to form the capacitors have
been reduced to a smaller and smaller size. With the reduction in size, the
temperature required to sinter the particles has dropped dramatically.
However, it is also necessary to raise the temperature of the particles
high enough dur- ing sintering to purify the particles, which has in turn
lim- ited the smallest particle size capable of being used so 



as to not excessively fuse it during the high temperature purification.
Another problem associated with using very small particles is encountered
during the subsequent anodi- zation of the capacitor anode body. Because
the anodi- zation process consumes the anode metal in an amount
proportional to the anodization voltage, the require-   



- 2 - ments for specified voltage ratings implies severe limi- tations on
how small the particles in a capacitor can be. Particles smaller than a
critical size will be totally con- sumed by the anodization process.
Accordingly, there is a constant search in this art for particles with
increased surface area which would be able to withstand temperatures
necessary during sinter- 



ing for cleaning and purification without excessive fusing and loss of
surface area, and which will be stable during the anodization process. The
use of fibers of tantalum, columbium or alloys thereof having diameters up
to about 10 microns at lengths of up to about 100 microns are described in
US- A-4502884. As noted on page 4 herein, such fibers have a ribbon-shaped
cross-section. Tantalum fibers of the same type and having diam- 



eters in the range 1-20 microns are futher disclosed in DE-A-3227077, such
fibers being produced by tech- niques analogous to textile processes and
may be cut to staple fiber lengths. The present invention is directed to
metal fibers of tantalum, molybdenum or alloys thereof particularly adapted
for use in capacitors. The fibres are cylindrical and have a substantially
circular cross-section of up to 3 microns in diameter. 



Another aspect of the invention relates to a bonded body of the aforesaid
metal fibers, randomly oriented in a substantially non-aligned, porous
array. The invention provides a method of making cylin- drical metal fibers
of tantalum, columbium, or alloys thereof in which metal fibers are heated
for at least 20 minutes at a temperature of at least 1400[err]C to produce
fibers having a substantially circular cross-section. The invention further
provides a method of making 



the bonded body of metal fibers of lengths up to 400 microns wherein the
fibers are tumbled in a volatile car- rier, the carrier removed and the
resultant randomly ori- ented and substantially non-aligned porous array of
fib- ers is heated to a temperature of at least 1400[err]C to    cause them
to bond in said non-aligned porous array for 



at least 20 minutes whereby the fibers are cylindrical- ised and sintered
to provide the said bonded body. The volatile carrier may be water which is
removed by filtering or it may be methanol which is removed by evaporation.
The invention also relates to a felt capacitor material containing the
bonded metal film of the invention. Capacitors made from the above methods
and ar- ticles exhibit improved specific capacitance (and volu- 



metric efficiency), while also benefiting from a high de- gree of chemical
clean-up from high temperature ther- mal treatment. The circular
cross-section further provides for a [err] ble surface area during
anodization. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is an SEM (scanning
electron micrograph) of tantalum fibers prepared according to known metal-
lurgical drawing techniques. 



Figure 2 is an SEM of the tantalum fibers of Figure 1 after randomizing and
cylindricalizing. Figure 3 is an SEM of the fibers of Figure 1 without
randomizing but still cylindricalized. Figure 4 is an SEM of particles of
bonded fibers ac- cording to the present invention. Figure 5 is a typical
capacitor according to the present invention. DETAILED DESCRIPTION OF THE
INVENTION 



The starting material for the fibers of the present in- vention can, for
example, be tantalum powder produced by conventional methods e.g. by
hydriding an electron beam melting tantalum ingot. Note commonly assigned
U.S. Patent 4,502,884, the disclosure which is incorpo- rated by reference.
The tantalum hydride is crushed, screened, degassed and mixed with an
auxiliary metal such as copper powder. The powder mixture is placed  



-4- in a tube and the tube subject to working on a rolling mill. The
rolling action causes the tantalum powder in spherical form to elongate
into short rods. Because of the body center cubic (BCC) nature of the
tantalum crys- tal structure when it is extruded in this manner, the tan-
talum elongates by slipping along its planes. So al- 



though they are referred to as "rods" of material, they are more ribbon
shaped or shaped like blades of grass. The individual rods of tantalum are
obtained by remov- ing the copper with mineral acids. Either starting mate-
rial may also be from drawn tantalum rods. e.g. , via wire- type processing
as described in Example 1. Although many of the advantages of the present
in- vention can be accomplished with the ribbon-like form of this material
with the critical randomizing step recited 



below, even greater advantages can be realized when the randomizing step is
coupled with the cylindricalizing step also described below. The next step
in the process, which is critical to ob- taining the improved properties
described for both the bonded particle and the capacitor is the randomizing
step. By randomizing is meant causing the ribbon-like fibers to be randomly
oriented in a substantially non- aligned array. Such random non-alignment
is essential 



to preserve the surface area and attendant improved ca- pacitance of the
tantalum powder in subsequent heat treatment or sintering steps. If the
fibers are not forced into this substantially non-aligned array, the
sintering, purifying or cylindricalizing of the felt, particles or pellet
will cause adjoining tantalum fibers to fuse together along their length,
forming a body with significantly re- duced surface area and capacitance.
The randomizing step can be accomplished in many 



ways. The preferred method for randomizing the fibers is to tumble the
fibers in a glass container while misting with a volatile carrier such as
water or alcohol (prefera- bly methanol alone, although binders can be
added such as paraffins, e.g. stearic acid). The methanol (or other carrier
with or without a binder) causes the fibers    



to temporarily bond together  causing a substantially spherical agglomerate
of fibers. These agglomerates can be observed forming through the glass
container. From time to time the contents of the container is emp- tied and
screened, typically through a -40 mesh screen. The smaller particles fall
through the screen and are col- lected. The larger particles are broken up
and returned to the tumbler. The smaller particles are heated in a vac- uum
to evaporate the methanol binder and cause the 



fibers to bond in an immobile form such that they cannot realign.
Additional heating can also cause the fibers to be purified, and
cylindricalized (see below). The ag- glomerates (or particles) typically
have a diameter up to about 2,000 microns, preferably up to about 500 mi-
crons, and most preferably between about 25 and 250 microns. As mentioned
above, the body of the capacitor can be a felt material. The felt capacitor
material containing 



fibers of tantalum. columbium, or alloys thereof, can be made by dispersing
the fibers in a carrier, typically water. the fibers having a length of up
to about 400 microns, and removing the water or other carrier by filtering.
The fibers in the felt are also randomly oriented in a substan- tially
non-aligned porous array. If the proper temperatures are used for the
bonding step this causes the ribbon-like fibers to also become cylindrical
in form, thereby further increasing the thermal 



and electrochemical stability of the fibers. The rand- omized bonding which
takes place with the cylindrical fibers is less reducing to the available
surface area than similar bonding with the ribbon-like fibers. Although
higher temperatures can be used for lesser periods of time, in view of the
30 minute time frame typically used in commercial-type processes, based on
the size of the fibers, temperatures of at least 1400[err]C are typically
used (e.g. 1400[err]C to 2400[err]C) to cylindricalize the fibers, 



and preferably temperatures in excess of 1450[err]C (e.g., 1450[err]C to
1470[err]C; 1750[err]C) for periods of time of at least 20 minutes, and
typically at least 30 minutes.    -6- The temperatures used for the
bonding, purifying, and cylindricalizing can vary depending on the diameter



and length of the fibers. By purifying is meant burning off impurities and
reducing oxygen levels in the fibers. Purification typically takes place at
temperatures in ex- cess of 1200[err]C and can go as high as 2400[err]C.
These temperatures should be maintained for at least 10 min- utes and
preferably at least 30 minutes. The purification and cylindricalization
steps remove superfluous surface texture with its associated high ox- ygen
content thus allowing for a low oxygen product. Al- 



so removed are other impurities such as carbon and metals which could
disrupt the formation of the oxide dielectric layer which could adversely
affect the perform- ance of the capacitor, for example by causing leakage
current or complete failure by dielectric breakdown. The fibers are
typically up to about 1 micron in di- ameter, preferably up to about 0.33
micron in diameter, and most preferably about 0.2 to about 1 micron in di-
ameter. The length of the fibers is typically up to about 



400 microns in length, preferably up to 250 microns in length, and most
preferably 50 microns to 100 microns in length. These fibers typically have
an aspect ratio of at least 10 to 1, and generally up to about 20 to 1. For
fibers of this size, after being randomized, the bonding, purifying and
cylindricalizing, can be done se- rially as described above, or can all
take place at the one temperature, e.g. at about 1500[err]C. Once the
(preferably -40) mesh particles are 



formed, they are processed into pellets by the conven- tional processes
currently used to form such pellets from conventional tantalum powder. The
pellets formed by this process are next subject- ed to anodizing to form a
dielectric oxide layer on the surface of the fiber. The oxide layer is
typically Ta2O[err]. The anodization is performed in conventional manner by
making the tantalum the anode in the presence of the electrolyte. 



7 The electrolyte used in the capacitor is typically con- ventional
MnO[err] or sulfuric acid. It is introduced into the pressed pellets by
impregnation under pressure. or in the case of MnO2, by the thermal
decomposition of a manganous nitrate solution. 



The anode terminal is typically tantalum wire al- though other conductors
can be used. The length and diameter of the wire depends on the use which
the ca- pacitors will be put. The wire can be welded to the tan- talum
pellet or simply inserted and pressed along with the pellet. EXAMPLE 1 A
tantalum rod 1 centimeter in diameter was en- cased in copper and drawn to
small size through appro- 



priate dies. The resultant wire was cut into short lengths and bundled into
a second copper billet. This process of drawing, cutting, and rebundling
was repeated until the contained tantalum pieces had been reduced to 1
micrometer in diameter. At this stage the product was digested in nitric
acid to remove the copper and liberate the contained tantalum fibers. These
are shown in Fig- ure 1. In this form the material exhibits the rough sur-
face, irregular cross-section shape, and high degree of 



alignment characteristic of tantalum fibers described previously. In this
form the fibers cannot provide the high degree of sintering stability
featured by fiber processed according to the present invention. Further,
because of the ribbon-like cross-section shape of these fibers, they would
suffer a large loss of microfarad volts per gram (ufv/g) as the anodizing
voltage is increased, seriously limiting the useful voltage forcapacitors
made from such fibers. 



EXAMPLE 2 The extruded tantalum fiber described in Example 1 was
mechanically chopped to millimeter lengths and    dispersed in a liquid to
randomize the fibers.  This sus- pension was filtered to recover the random
network of fibers in the form of a felt disk. This felt was sintered at 



1750[err]C for 5600 seconds without the use of any sinter- inhibiting
substances such as phosphorus. The struc- ture of this material is shown in
Figure 2. This felt had 20,000 ufv/g capacitance when anodized to 80 volts
with only 15 ufv/g loss per volt. The combination of high ufv/ g and low
rate of ufv/g loss on anodizing is highly unu- sual for a tantalum
capacitor sintered at 1750[err]C, and is a direct consequence of this
unique anode micro-archi- tecture. 



EXAMPLE 3 Tantalum fibers prepared by the conventional extru- sion
techniques described in Example 1 were hydrided and comminuted to short
lengths (about 100 microme- ters long). These short individual fibers were
tumbled to randomize their relative orientations. This tumbling process was
controlled so as to provide the formation of -40 mesh sized, mechanically
bound, agglomerates of fibers. This reproduced a powder wherein each par- 



ticle agglomerate had a microstructure of randomly ori- ented fibers. When
this powder was heat treated at 1600[err]C for 1800 seconds, the individual
fibers were cy- lindricalized, and the random agglomerate structure sta-
bilized by fiber-to-fiber bonding (sintering). This powder product is shown
in Figure 4. This powder was pressed into anode pellets at 5.0 g/cc density
and sintered, as per the conventional practice of making capacitors from
tantalum powders, at 1462[err]C for 1800 seconds, 1554[err]C 



for 1800 seconds, and 1649[err]C for 1800 seconds. The pellets were then
anodized to 80 volts and their capac- itances measured. The ufv/g at the
three sinter condi- tions were respectively 21,008; 19,672; and 17,169.
These illustrate the low loss of ufv/g on sintering that is unique to the
current invention product.    



-9- EXAMPLE 4 Tantalum fiber prepared by the extrusion tech- niques
described in Example 1 was cylindricalized through exposure to heat
treatment at 1720[err]C for 1800 seconds without the benefit of the
randomizing process of the present invention. This example was intended to
demonstrate the detrimental effects of not randomizing the fibers prior to
cylindricalizing. The product of this ex- 



ample is shown in Figure 3. This shows the need for the randomizing step
because of the obvious formation in this case of many multi-fiber clusters
which coalesced during cylindricalizing into large, unstable, low surface
area shapes. By comparison the fibers in Figure 3 have clearly stabilized
at uniformly small diameter cylinders because of their random orientation.
The powder in this Example was pressed into capacitor anode pellets and
sintered at 1 480[err]C for 1800 seconds, 1 560C for 1800 



seconds, and 1650[err]C for 1800 seconds. When ano- dized to 100 volts,
these pellets showed the following levels of ufv/g at the respective
sinters: 11,773, 11,633, and 10,836. These data show the ufv/g was approxi-
mately half of that achieved when the randomizing step was used in Example
4 proving the large benefit gained from this aspect of the present
invention. All of the fibers, particles, felt, and pellets can be tantalum,
columbium, or alloys thereof although tanta- 



lum is preferred. The pellets typically have a diameter up to about 2,000
microns. The pellets typically have a length up to 4,000 microns. Larger
pellets can also be made. While the ribbon form of the fibers can be used
to make up the particles and the pellets, the cylindrical form is
preferred. The particles formed from the fibers are typically spherical in
shape. The comminuting, e.g. as disclosed in Example 3, 



can take place using any conventional method which can generate fibers of
the desired length. However, the    -10- problem with most conventional
methods, i.e. ball mill- ing. is the generation of ultra-fine particles
which can interfere with the desired fibrous shape, causing addi- 



tional problems during sintering. The preferred method would be to
comminute the hydrided tantalum fibers by placing them in a liquid medium
such as water in an ap- paratus which would cause an intense turbulence in
the medium, such as a conventional high speed blender (e. g. Waring) until
the desired fiber length is achieved (e. g. for starting lengths of about 6
inches, agitating for about a minute will reduce most of the fibers to
lengths less than 200 microns). 



The pellet can be formed into a conventional capac- itor, for example, see
Figure 5, where the tantalum pellet (1) containing the fibers (including an
oxide layer and an electrolyte) is covered with a layer (2 - typically car-
bon), a layer of metal (3 - typically silver or tantalum), and finally a
polymer (4 - typically polyethylene, polypro- pylene, or an acrylic
polymer). A tantalum lead wire (5) is also shown. The cylindrical metal
fibers also consist essentially 



of tantalum, columbium, or alloys thereof. The fibers are typically heated
at a temperature and for a period of time sufficient to produce a
substantially circular cross-sec- tion. Typically, the heating takes place
at a temperature of at least 1 4000C for a period of time of at least 30
min- utes. As stated above, the bonded particles of tantalum, columbium, or
alloys thereof, are made by tumbling the fibers so as to cause them to
randomly orient in a sub- 



stantially non-aligned, porous array. The fibers have a length of up to
about 400 microns. The tumbling typically takes place in methanol which
causes the particles to hold together in this array prior to the heat
treatment. The heating can take place at this stage in basically three
levels, at a temperature high enough to cause them to bond in said
non-aligned array, heating the fib- ers at a temperature high enough to
cause the individual fibers to form a substantially circular cross-section,
and 



finally heating the fibers at a temperature high enough to purify the
fibers. (It should be noted that the purifica- tion takes place continually
as the fibers are heated, e. g. different impurities or levels of
impurities are removed at different temperatures.) When making the
capacitor, the particles of ran- 



domly oriented, substantially non-aligned, porous array of fibers are
pressed in conventional manner and heated at a temperature sufficient to
bond the particles together. Optionally, the fibers can be heated at a
temperature high enough to purify the fibers. Additional heating can also
be performed to cause the individual fibers to form a substantially
circular cross-section. The capacitors of the present invention have
utility and advantages similar to those of conventional tanta- 



lum capacitors in that they can be used for miniature circuits at high
temperatures with great reliability. How- ever, since the fibers in the
capacitors have increased surface area. the capacitors according to the
present in- vention have improved specific capacitance (and volu- metric
efficiency). What this translates into is that more charge can be held for
capacitors the same size as con- ventional capacitors, or a smaller
capacitor can be used to hold the same charge as a conventional sized
capac- 



itor. In either case additional miniaturization can be used. Furthermore,
because of the cylindrical shape of the fibers, higher temperatures can be
used to clean (purify) the tantalum without significantly increased loss of
surface area. This means that cleaner fibers can be used resulting in
greater reliability, performance etc. of the capacitors attendant with a
cleaner starting material. As was shown, another benefit of the
substantially cir- cular cross-section shape in the preferred form of the 



invention is a low loss of ufv/g during the anodization process.    Claims
-12- 1. Metal fibres of tantalum, columbium or alloys there- of up to 3
microns in diameter characterised in that the fibers are cylindrical and
have a circular cross- 



section. 2. The fibers of claim 1 having a diameter up to 1 mi- cron. 3.
The fibers of claim 1 having a diameter up to 0.33 micron. 4. The fibers of
claim 1 having a diameter of 0.2 to 1.0 microns. 5. The fibers of claims 1,
2, 3 or 4 having an aspect ratio of at least 10 to 1. 



6. The fibers of claim 5 having an aspect ratio of up to 20 to 1. 7. The
fibers of any one of the preceding claims having a length up to 400
microns. 8. The fibers of claim 7 having a length up to 250 mi- crons. 9.
The fibers of claim 8 having a length of 50 microns to 100 microns. 10. A
body of the metal fibers of any one of the preced- 



ing claims bonded and randomly oriented in a sub- stantially non-aligned,
porous array. 11. The body of claim 10 in the form of a substantially
spherical particle.    - 13 - 12. The particle of claim 11 having a
diameter up to 



2.000 microns. 13. The particle of claim 11 having a diameter up to 500
microns. 14. The particle of claim 11 having a diameter of 25 to about 250
microns. 15. The body of claim 10 in the form of a pellet. 16. The pellet
of claim 15 also containing a lead wire. 17. The pellet of claim 16 wherein
the fibers are ano- dized. 



18. The pellet of claim 17 wherein the body is impreg- nated with
electrolyte. 19. The pellet of claim 18 covered with successive lay- ers of
a conductor, a metal, and a polymer. 20. The pellet of claim 19 wherein the
conductor is car- bon, the metal is silver, tantalum, or columbium, or
alloys thereof, and the plastic is polyethylene, poly- propylene, or
acrylic polymer. 21. The body of claim 10, in the form of a felt. 



22. A method of making the metal fibres of any one of claims 1 to 9
characterised in that metal fibers of tantalum, columbium or alloys thereof
are heated for at least 20 minutes at a temperature of at least 1400[err]C
whereby cylindrical fibers having a circular cross-section are obtained.
23. The process of claim 22 wherein the heating takes place at 1400[err]C
to 2400[err]C.  



- 14 - 24. The process of claim 23 wherein the heating takes place at
1450[err]C to 1470[err]C. 25. The process of claim 24 wherein the heating
takes place at 1750[err]C. 26. The process of any one of claims 22 to 25
wherein the heating takes place for at least 30 minutes. 



27. A method of making the bonded body according to claim 10 comprising
metal fibers of tantalum, co- lumbium or alloys thereof having a cross
section up to 3 microns in diameter and up to 400 microns in length,
characterised in that the fibers are tumbled a volatile carrier, the
carrier removed and the re- sultant randomly oriented and substantially
non- aligned porous array of fibers heated to a tempera- re of at least
1400[err]C for at least 20 minutes 



whereby the fibers are cylindricalised and sintered provide a body of
fibers having a circular cross- section bonded in a non-aligned porous
array. 28. A process according to claim 27 wherein the fibers are heated in
the range 1400[err]C to 2400[err]C. 29. A process according to claim 28
wherein the fibers are heated to a temperature of at least 1 450[err]C. 30.
A process according to any one of claims 27 to 29 wherein the fibers are
heated for at least 30 min- 



utes. 31. A process according to any one of claims 27 to 30 wherein the
carrier is water and is removed by fil- tering to provide a felt material.
32. A process according to any one of claims 27 to 32 wherein the carrier
is methanol and is removed by evaporation to provide a body of temporarily
bond- ed fibres.  



- 15- 33. A process according to any one of claims 27 to 32 wherein the
starting fibers are comminuted to the desired length by turbulent mixing in
a liquid medi- um. 34. Felt capacitor material made according to the proc-
ess of any one of claims 27 to 33. 






