1,088,909,
- NoDrawing. -

. UNITED STATES PATENT OFFICE.

'HANS KUZEL, OF BADEN, NEAR VIENNA,

AUS’I‘BIJ&HUNGABY, AND EDGAR WEDEKIND,

_.OF STRASSBURG, GERMANY, ASSIGNORS TO GENERAL ELECTRIC COMPANY, -A COR-

 PORATION OF NEW YORK.

[

bﬂsfpe'clﬂcaltion of Letters Patent,
Application fled June 10,1910, Eerial No. 566,222:

. ‘MBTALLURGICAL METHOD.

Patented Mar. 3,1914.

. To'all whom'tt may congern :

Py

. “"Be it known that we, Haxs Kuvzet, a sub-

“at Baden, near Vienna

10

ject of the Emperor of Germany
Empire’ of Austria-
Hungary, and Epcar WEDEKIND, a subject
of the ﬁmpero’r of Germany, residing at
Strassburg, Germany, have invented certain
new and useful Improvements in Metallur-
gical Methods, of which the following is a
specification. - - "

" QOur invention relates to a method of ob-
taining metals from their compounds and
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_more particularly froth their oxids and-also
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comprises a metal now for the first time pro-
duced in a~condition of substantial purity.
‘We have fpund this nethod particularly

" applicable to the production of.pure zirco-
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~ the action of alkaline metals, principallry’ ’
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nium, thorium, titanium, cerium, vanadium,
uranium, chromium, ?n sten and molyb-
denum from the oxids dnd especially advan-
tageous for the production. of zirconium,
thorium, " titanium, vanadium and cerium.
It has heretofore not been. found. possible to
reduce the oxids of these metals to pure
metal directly (as by means of light metals;
such as magnesitm, or by carbon}, although
they occur in nature in a condition of eom-
parative purity and are in some cases rela-
tively inexpensive. The processes hereto-
fore used for the production of these metals
have for the greater part been based upoxn

sodium on halogen compounds or doub

halogen compounds of the metals to be pro-
duced.” The results of these processes have
beeri very unsatisfactory, and their product

has been of & low degree of purity. These

methods gre particularly disadvantageous
when employed on & large scale; the alka-
line metals readily distilling off at the high
reaction ‘températures necessary to the re-
action; or, if the reaction is carried out in
closed apparatus, giving rise to a danger-
ously high pressure. By the use of our in-

‘vention, these metals may be readily and

directly produced from their oxids in a con-
dition of purity. _ SN

Tor the purpose of effecting reduction of
these oxids, we employ metallic calcium.
We find that metallic calcium reacts with
the oxids of the refractory inetals refefred
to very energetically. The calcium practi-
cally does not distil at all at. the reaction

" temperatures; and at such relatively high-

temperatures (for example, 800° C. or more)
becomes more active and shows a greater

.affinity for chlorin, oxy‘gen,letc., and seizes

upon them even more eagerly. than sodium,
for example.. By our method, the refractory

‘metals referred to are obtained in an ex-

tremely finely divided and amorphous state,
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even when the reaction goes -on slowly. .

. This makes possible a very thorough cleans-

ing of the product and facilitates its trans-

formation into the colloidal state. - ¢

_ To enable’ those skilled in the art to prac-
tise our invention to the best advantage, we
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will describe in detail its application to the .

roduction of pure zirconium and we will
hen indicate what considerations must be
borne in mind when it is used for the pro-
duction of other metals. - '

In a suitable mixing or grinding device,
we make an intimate mixture of 50 grams
zirconium oxid and 72 grams of metallic cal-

‘ciuin, the calcium for this purpose being

preferably in the form of the finest possible
chips or in the still finer form of metallic
sponge or powder. This amount of calcium
is considerably in excess of that which en-
ters into reaction with the zirconium oxid;
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but the excess insures complete reduction of.

the oxid and is easily removed. The mix-
ture thus obtained is placed as quickly as
possible in a vessel suitable for the reaction,
the exygen and nitrogen of the air being
preferably excluded during the  transfer.
For this purpose may be employed a cylin-
drical erucible or bomb which may be closed
air tight by a cover furnished with a metal
cock or, if preferred, a spherical apparatus
may be used. The apparatus used should be
made of the most refractory metals that can
conveniently be emiployed, such metals as
platinum, steel; and the like, being suitable.
After it”has been charged and closed, the
apparatus is exhausted with a vacuum pump
to an absolute pressure of from 0.5 to 0.1
mm. of mercury. The cock is then closed

and the bottom of the apparatus heated by
‘means of a strong flame until the reaction
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between the zirconium oxid and calcium be- .

gins. The beginning of this reaction may
ustally be easily recognized by the glowing
of parts of the apparatus which are not in
contact with the flame. As soon as this
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gluwing‘ begins, the external heating is
stopped.  The finer the powder of the mix-
ture, the more lively is the reaction, and the
meore readily does it occur. Under some cir-
cumsianees, it may be caused by electric ig-
nition, as, for example, by the use of a plati-
num wire heated to incandescence by current
or by a high vollage spark. Spontancous
ignition has repeatedly been observed, even
when the mixture was in contact with the air,

The reaction appears, to take place ac-
cording to the equation

Zr0,-}+2Ca=2CaO-Zr.

The reaction being finished, the closed
apparatus is first cooled in the air, then
with water, and finally with ice-water. It
is then opened, preferably in an’ environ-
ment from which nitrogen and oxygen are
excluded, and the slightly coherent contents
are treated with water in an acid-proof ves-
sel until the excess of calcium is eliminated,
-and then with suitable dilute acids, for ex-
ample, acetic or muriatic acid, in order to
bring all the.calcinm into solution. The
insoluble portions of the reaction product
are then ground, collected in a suction filter,

. and waghed with water until a reaction in-
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dicating the presence of calcium can no
longer be obtained. The water is in turn
driven off by alecohol and ether, and the
powder -is thoroughly dried, preferably in
a vacuum. The drying may be rendered
complete by heating the product for several
hours in a high vacuum at about .1 mm. of
mereury pressure to a relatively high tem-
perature of, for example, 300 or 400 de-
grees C. If the product is also to be com-
pletely deprived of gases, it must be fur-
ther heated to about 1000° C. and main-
tained at this temperature until the vacuoum
gage shows a constant pressure. If the
beating is carried above this temperature,
the metal powder sinters or welds itself into
granules and small compact lumps. The
metallic zirconium thus obtained shows a
content of 96 per cent. free zirconium, the
remainder consisting of zirconium oxid,
about 3 per cent. of iron from the apparatus
in which. the reaction was carried on, and
traces of zirconium nitrid. * Using  the
method of this invention, it has even been
found possible to obtain a product contain-
ing as much as 97 to 98 per cent. zirconium.
If access of oxygen and nitrogen to‘the metal
is prevented throughout, a metal free from
oxid or nitrid is obtained. The metal has a
brilliant metallic appearance, has a specific
gravity of about 6.2, and a normal atomic
heat of about 6.4. It is a good conductor
of electricity and is very resistant to chem-
ical re-agents,—with the exception of hy-
drofluoric acid. All these properties differ
substantially from those hitherto ascribed to
zirconium. This is owing to the fact that
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the alleged zirconium hitherto produced con-
tained very high percentages of impurities,
as for example, oxid and carbid. -

If the treatment of the mass resulting
from the reaction in the bomb with acids is
often repeated, it is very easy to obtain the
metal in colloidal form, so that the process

" described is exceedingly well adapted for

the manufacture of articles of the refractory
metals named, such as filaments, by colloidal
methods. : :
The oxids of titanium and thorium can be
reduced with calcium according to this
process in the same manner as zirconium
oxid. It is to be noted that the reduction
of products are less stable against treatment
with water’ and acids. With the metals
which are less susceptible to the components

of the atmosphere, such as chromium,

tungsten, and molybdenum, the reaction
may be carried on in apparatus which has
not been evacuated, tightly closed crucibles
being quite satisfactory.

The new method offers considerable ad-
vantages over old methods in the case of
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these metals for various reasons, such as the -

ready reaction of calcium with water, the
easy solubility of calcium and of its oxid

and hydroxid in water and in dilute acids,
‘and, the facility with which salts may be
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washed out of the product by water as well

as alcohol.

What we claim as new and desire to se-

cure by Letters Patent of the United States,
isy— :
1. The method of producing refractory
metals which consists in reducing oxygen
compounds of such metals -with metallic
calcium in an inert environment.

2. The method of producing pure refrac-
tory metals which consists in reducing me-
tallic oxids of such metals with caleium in
a vacuum. _

3. The method of producing metal which
consists in heating an intimate mixture of
a compound of the metal to be reduced and
metallic calcium to cause reaction, and ex-
cluding oxygen and nitrogen from the reac-
tion zone during the process of the reaction.

4. The method of producing substantially
pure zirconium which consists in reducing
zirconium oxid with calcium in an inert
environment.

5. The method of producing pure zirco-
nium which consists in reducing zirconium
oxid with calcium and treating the reaction
product to eliminate all substances except
the metal, the reactions and treatment being
effected in the absence of nitrogen and oxy-
gen. ‘ ‘

6. The method which consists in forming -
a mixture of zirconium oxid and finely di-
vided calcium, inclosing this mixture in a
vessel adapted to exclude oxygen and ni-
trogen, applying heat to the vessel to cause
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. reaction, éooling the same, and treating the | unto set my hand this 17th day of May,

products of reaction to eliminate all except | 1910.
zirconium. ‘ Dr. HANS KUZEL.

7. The method of producing metal which Pror, Dr. E. WEDEKIND.
 consists in heating a metallic compound to Witnesses to Kuzel: ,
be reduced in contact with calcium in a sub- | ~ Axpreus Hieck,

stantial vacuum. - Avgeust Fuceer.
In witness whereof, I, Haxs Kuzer, have | Witnesses to Wedekind :
hereunto set my hand this 10th day of May, Frrrz WEDEKIND,
10.1910, and I, Epcar WepEKIND, have here- J. M. Bowcock.




