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ABSTRACT OF THE DISCLOSURE 
An in situ produced elemental refractory metal pow 

der of coherent sponge form consisting essentially of in 
terconnected particles exhibiting necking properties where 
in a majority of the particles are larger than one micron 
in size and the major portion of the individual particles 
have smooth, vermicular con?gurations as opposed to 
sharp, angular plate-like shapes. 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is related to the application of the in 
ventors entitled “Method and Apparatus for Production 
of Metallic Powders” executed Mar. 9, 1971 and ?led con 
currently herewith and given Ser. No. 125,589 and a ?l 
ing date of Mar. 18, 1971 and the substance of which is 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

This invention pertains to a refractory metal powder 
such as tantalum, which is of unique con?guration formed 
as an in situ product in a plasma reactor wherein the 
recovered tantalum is of exceptionally high purity, and 
which is obtained in copious amounts. 
The use of refractory metals and in particular tanta~ 

lum, has become increasingly important as technology 
has developed requiring metals which can resist excep 
tionally high temperatures. Moreover, the metal powders, 
such as tantalum, have other uses in the electronics ?eld 
as for example, the fabrication of electrodes used in ca 
pacitors. 

However, in capacitor usage, it is necessary that the 
tantalum powder have certain surface characteristics and 
be of a relatively pure nature so as to perform in an ac 
ceptable manner. The di?iculty in obtaining capacitor 
grade tantalum is well known in the art, and various tech 
niques have been used to obtain tantalum powder of ac 
ceptable grade and quality. 

Prior art tantalum powders have been of the crystal 
line or cubic form differing substantially from the tan 
talum of this invention. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is an object of the invention to provide a tantalum 
powder of unique con?guration. 

It is another object of the invention to provide a tan 
talum powder having speci?c surface con?guration of par 
ticular micron size. 

It is still a further object of the invention to provide 
the tantalum powder recovered in a plasma reactor as a 
coherent sponge mass of interconnected particles. 

It is still a further and more important object of the 
invention to provide a tantalum powder of high purity 
and exhibiting surface characteristics for obtaining desir 
able results in capacitor usage. 

It is still a further and more speci?c object of the in 
vention to provide an in situ produced elemental refrac 
tory metal of coherent sponge form consisting essentially 
of interconnected particles of the metal exhibiting neck 
ing properties. 
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It is still another important and further object of the 
invention to provide a tantalum powder which is obtained 
in metallic sponge form in a plasma reactor process of 
the reduction of tantalum pentachloride. 

Other objects and advantages of the invention will be 
apparent from the following speci?cation and the accom 
panying drawings, which are for the purposes of illus 
tration only. 

Basically, in the exemplary form, the invention per 
tains to an in situ produced elemental refractory metal 
of coherent sponge form consisting essentially of inter 
connected particles of the metal exhibiting necking prop 
erties wherein a majority of the particles are larger than 
one micron in size and the majority of the individual par 
ticles have smooth, vermicular con?gurations as opposed 
to sharp, angular ones. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-4 inclusive are photomicrographs at various 
magni?cations illustrating the tantalum powder of this 
invention; and 

FIGS. 5—8 inclusive are comparative photomicrographs 
of prior art tantalum at corresponding powers of mag 
ni?cation for purposes of distinguishing the tantalum of 
the invention from the prior art. 

DESCRIPTION OF THE BEST EMBODIMENTS 
CONTEMPLATED 

Generally speaking, as disclosed in the atorecited co 
pending application of the inventors, an apparatus uti 
lizing a plasma reactor of conventional design is modi?ed 
to the extent that a collection zone is formed meeting the 
criteria as set forth in said application. 

Su?ice to say that a plurality of runs were made where 
in a feed material comprising tantalum pentachloride was 
injected into the reaction zone of the plasma reactor and 
reduced with hydrogen gas to thereby produce elemental 
tantalum which is recovered in the collection zone on a 
unique collection member as a metallic sponge cylinder 
approximately 15 centimeters in diameter, 2 centimeters 
thick and having various lengths depending on the collec 
tion apparatus and the length of individual production 
runs. 

The tantalum powders of this invention are prepared 
by chemically reducing tantalum compounds such as tan 
talum pentachloride under chemically reactive conditions 
with a reducing agent, as for example, hydrogen. The 
passage of the products of reaction into a collection zone 
permits recovery of tantalum powder in a particular form 
wherein individual particles have selected surface charac 
teristics and are of a particular size, the majority of which 
are over one micron. 
The resulting tantalum sponge may be processed and 

utilized in various applications wherein tantalum is de 
sired. For example, the recovered tantalum sponge may 
be mechanically broken up to provide tantalum powder 
of a speci?c form which may be fabricated into electrodes 
for use in capacitors. 

-As disclosed in said aforecited. pending application, a 
plasma generator capable of generating reaction tem 
peratures in the 2000° K. to 5000“ K. range, was fabri 
cated and a gas such as hydrogen used as the stabilizer 
gas to generate the plasma reaction zone. Into the plasma 
reaction zone is fed a feed material With or without a 
feeder gas comprising tantalum pentachloride. An excess 
of hydrogen is made available so as to permit substan 
tially complete reduction of the tantalum pentachloride. 
The products of reaction from the reaction zone are 

selectively passed into a collection zone wherein elemen 
tal tantalum is formed as the in situ product of the reduc 
tion process. The tantalum, as indicated earlier, forms as 
a coherent metallic sponge mass somewhat donut or cy 



3,748,106 
lindrical in shape depending upon the con?guration of the 
collection member utilized in the collection zone. The 
ultimate size of the coherent mass also is dependent upon 
the length of the production run. The tantalum is re 
covered at particularly high purity levels with overall 
yields in excess of 90%, wherein the surface con?gura 
tion of the formed tantalum differs substantially from 
that tantalum known in the prior art. 
A series of experimental runs was conducted utilizing 

the apparatus disclosed in the aforecited application, 
wherein tantalum pentachloride using argon as a carrier 
gas was introduced into the plasma reaction chamber of 
a plasma generator. The stabilizer gas was hydrogen and 
the temperature within the reaction chamber was calcu 
lated to be within the range of about l800-2850° K. 
From the collection zone there was recovered a metal 
sponge mass which upon experimental analysis, was found 
to be tantalum. 
The in situ formed elemental metal sponge was found 

to have individual particles exhibiting a necking property 
to produce interconnected particles forming a porous 
structure which upon grinding and sieving produced ele 
mental particles or powder of the 1 to 10 micron size de 
termined by gas permability using a Fischer Sub Sieve 
technique. The con?guration of the metallic sponge is as 
certainable by means of photomicrographs particularly 
FIGS. 1-4 inclusive. 

FIG. 1 (all of the photomicrographs were taken at a 
voltage level of 10 kv.) depicts the formed metallic 
sponge at a magni?cation factor of ,1000. The porous 
nature of the in situ formed tantalum is fairly apparent. 
FIG. 2, which is a photomicrograph at 5000 magni? 

cation begins to discernibly illustrate the vermicular shape 
of the formed tantalum. 

FIGS. 3 and 4, which are at magni?cation levels of 
10,000 and 20,000 respectively, clearly show that the 
formed tantalum consists essentially of interconnected 
particles of the metal wherein necking properties are ex 
hibited and the overall con?guration is such as to pro 
vide a smooth, vermicular character as opposed to that 
normally associated with prior art tantalum powder. 

Referring now to FIGS. 5-8 inclusive, an agglomerated 
tantalum commercially available from Fansteel, Inc. and 
designated as their grade “FD-30” type is shown. The dif 
ference between the prior art tantalum and the tantalum 
of this invention is abundantly clear. 
FIGS. 5-8 inclusive correspond to FIGS. 1-4 respec 

tively, and are photomicrographs at the same power level 
and at powers of magni?cation directly correlative to the 
photomicrographs of FIGS. 14. 

Thus, the sharp, angular, plate-like con?guration of 
the prior art tantalum is clearly seen and which con?gura 
tion is totally different from the tantalum of this 
invention. 
The tantalum was produced using the apparatus and 

method of the aforecited patent application, and tantalum 
recovered with a particle size as illustrated in the follow 
ing table: 

TABLE L-p-FISCHER SUB SIEVE (ANALYSIS) 

Runs J&K (—200 mesh) 
Porosity setting: Microns 

.80 ___ 1.95 

.75 1.50 

.70 1.83 

.65 2.04 

.62 1.90 

Run L (-200 mesh) 
.80 0.90 
.75 __ 1.10 

.70 1.30 

.65 1.48 
.62 (1.60) 1.45 
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Run M (-—200 mesh) 

Porosity setting: Microns 
.80 ______ __ 1.15 

.75 __ __ 1.25 

.70 1.55 

.65 1.51 

.62 _-_ 1.65 

Run M (+200—100 mesh) 
.75 _.._ 8.40 

.70 _ ____ 6.40 

.65 6.40 

Run N (+200-- 100 mesh) 
.80 7 
.75 8 
.70 6.8 
.65 _ 5.9 

.60 5.3 

Run M (+200-200 50/50) 
.80 __ 7.20 
.75 5.20 
.70 3.05 
.65 2.45 
.62 2.35 
.62 2.35 

Run N (—200 mesh) 
.80 __________________________________ __ 8.4 

.75 1.92 

.70 2.30 

.65 ____ 2.21 

.62 2.2 

Run N (+200-200 50/50) 
.80 4.95 
.75 4.2 
.725 3.95 
.70 .__ 3.05 

.675 ___ 2.80 

.650 2.80 

.625 2.80 

.60 2.80 

.575 2.85 

Tantalum powder produced according to one of these 
runs was subjected to analysis to determine the purity 
thereof. Results of the analysis is accurately depicted in 
Table II below in parts per million. 

TABLE IV 
Impurity: P.p.m. 

Nb ' _ ____ 30 

Mo 10 
Fe 16 
Cr 3 
Ni 3 
Mn 1 
Co 5 
V 3 
Ti 1 0 
Zr 10 
Cu 1 
Sn 3 
Bi 1 
Pb 3 
Ca 10 
Ms 1 
A1 1 
Si 10 
O2 __ 1400 
H2 1000 
C1 1600 
C 110 
N2 1400 
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Tests were conducted of the electrical properties of 
capacitor anodes made from the tantalum powder and 
produced from one of the foregoing runs. A commonly 
accepted criterion of the quality of capacitor anodes is 
the product of the capacitance and test voltage per unit 
weight of anode material. The tests indicate that the CV 
product per gram is comparable to powders in commercial 
usage. 
Anodes sintered at 1900° C. gave CV/g. values in the 

approximate range of 2900-8360 and with a 2000° C. 
sinter, a value of 2400-2600 CV/ g. At a sintering tem 
perature of about 18000 C., CV/g. values of approxi 
mately 4000-5100 were found. 
The DC leakage current was one-quarter to one-half 

microampere in anodes sintcred at 2000° C. 
Thus, not only does the tantalum of this invention 

possess unique physical attributes, but it is also useful 
for refractory metal powder use, such as in capacitors 
and is recovered in exceptionally pure forms without the 
necessity of employing prior art puri?cation procedures, 
which are costly. 

Obviously, other uses for the tantalum of this inven 
tion will present themselves to one of ordinary skill in 
the art and such variations and modi?cations are intended 
to be covered by the appended claims. 
We claim: 
1. An in situ produced elemental refractory metal of 

coherent sponge form consisting essentially of intercon 
nected particles of the metal exhibiting necking properties 
and a majority of said particles being larger than one 
micron in size with the major portion of said individual 
particles having smooth, convuloted or vermicular con 
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?gurations as depicted in FIG. 1 through FIG. 4, inclu~ 
sive, as opposed to sharp, angular con?gurations. 

2. The metal of claim 1 wherein said interconnected 
particles are vermicular in shape. 

3. The metal of claim 2 obtained by the reduction of 
a refractory metal chloride. 

4. The metal of claim 3 wherein said refractory metal 
chloride is tantalum pentachloride. 

5. The metal of claim 4 wherein said reduction is car 
ried out in a plasma-jet reactor. 

6. The metal of claim 5 wherein said sponge is annular 
like in shape. 

7. The metal of claim 6 wherein said metal sponge is 
relatively free of contaminants. 

8. The metal of claim 7 formed into an anode for 
capacitor usage. 

9. The product of claim 1 wherein the metal is tan 
talum. 
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