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To all whom it may concern: o | after the completion of the reduction the 55
~Be it known that I, WiLriam C. ArseM, a | carbon monoxid ceases to be formed and the
citizen of the United States, residing at | vacuum rapidly improves. The vacuum
Schenectady, county of Schenectady, State | pump 1s maintained in operation throughout

- & of New York, have mvented certain new and ] the run, and the pressure within the inclo-

- useful Improvements in Chemical Processes, | sure never exceeds g few millimeters of mer- 60
of which the follcwing is a specification. cury. By the above method of procedure I
My present invention relates to the treat- | may reduce the ox1ids, sulfids, or other com-

ment of metallic compounds, and my pres- | pounds, of such refractory metals as tung-

10 ent af)plicat-ion 1s a division of application;| sten, tantalum, vanadium, or molybdenum,

- Serial No, 324,408, filed by me J uly 2, 1906, | and obtain the metal in a pure state. 65

- My invention includes the reduction of { I am aware that it has been heretofore
‘metallic compounds in a vacuum or inert. proposed to reduce the oxids of some of these
- aj;rn()sg,}:)h(:_-,];'e:'I with the production of pure. metals with carbon_in.an arc furnace in the
1 metal. - open air, but the method I have above out-

In performing the reduction of the metal- | lined possesses man

)SSess y advantages and yields 70
lic compound I prefer to make use of the | @ superior product. In an arc furnace the _
vacuum furnace shown in U. S. Patent No. | temperature is variable and not easily con-

- 185,535, issued to me March 21, 1905. This | trolled and the metal becomes fused and,

20 patent discloses a furnace of the resistance | unless a large excess of oxid is used, takes
type in which the heating conductor is a 'HF carbon. In the vacuum furnace, the ease 75
nelix of carbon provided with a central aper- | of temperature control makes possible the
ture through which a crucible may be intro- | reduction of the oxid at a temperature lower

~ duced containing the charge to be treated. | than the melting point of the ‘metal. Con-

25 These parts are all inclosed in a vacuum | tamination with nghlt_e 1s thus avoided
tight metal case connected permanently with | and the unfused powder 1s much more pure gg
2 vacuum pump and provided with external than would be the case 1f fusion had ,0C-
cooling means and other auxiliaries. The | curred. The metal 1s ordinarily obtained in a
furnace is provided with a peep hole through | coherent blOCk_- In a vacuum, oxidation by
80 which the reactions ‘within may be observed, | air 1s not possible, and the work may be car-
- and the pump is provided with a manometer | ried on with accurately weighed quantities. gs
- for indicating the state of the vacuum within | By proper adjustment of the amounts of
the furnace. o | carbon and metallic oxid, an exceptionally
~_ In carrying out the first step of my process | pure metal may be produced. N
35 1 mix a reducible compound of the. refrac- In addition to the advantages above point-
tory imetal, such as the oxid, with a finely | ed out, 1t should be noted that reduction in gq
divided reducing agent such as aluminum or vacuo may take place at a temperature lower
- carbon and I introduce this mixture into the | than the same reduction would take place
- crucible of the vacuum furnace, and after | af atmospheric pressure. This is probably
40 ‘exhausting the air I heat up the charge until { due to the fact that ‘when the surrounding
the desired reduction is effected. TIf a pure | medium 1s of low density, as in the vacuum, g5
metal 1s desired I so proportion the charge [ the reducible substance vaporizes and comes
that the carbon will be entirely used up in-| into chemical contact with carbon at a lower
the reduction of the oxid without leaving a | temperature. R S
45 residue of unreduced oxid. In order to in- | From this description of my process it
- sure a good contact between the particles of | will be understood that the material to be 10
- carbon and of oxid I find it sometimes de- | reduced is heated by radiant heat given out
“sirable to compress the mixture into briquets .| by a resistance conductor within the furnace. -
- or lumps. This intimate contact between The reducible material is never traversed
- 80 the particles facilitates the reaction. | by current, and is, therefore never subjected
The process of reduction may be closely | to the sintering or fusing action which some- 10!
~ watched by means of the manometer, for I times takes place when current passes
when reduction begins; carbon monoxid -is through a powder; a fusing action probably
evolved and the gage reading Increases, and | due to minute arcs between adjacent and
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“purity of the product 18 of

‘have referred to

By the use of
radiant heat, the charge is evenl heated,
and furthermore, is protected Ifrom any
tendency toward electrolysls or electrolytic
action by the heating current. I have point-
ed out somewhat in detail the advantages
of using radiant heat, as I consider that
this method of heating contributes mate-
rially to the success of my process, especially
when dealing with such compounds as the
oxids of tungsten, tantalum, or molybde-
num, and the manufacture of filaments
therefrom. These metals are very easily
contaminated with carbon, and are very dif-
ficult to purify, and 1 consider that any-
which contributes- materially to the
importance.
rocess above outlined I
e use of carbon as a re-
ducing agent and I now desire to point out
certain advantages which arise from using
this carbon in an exceedingly fine state of
sub-division. In reducing metals from
their oxids by carbon the purity of the
roduct as regards freedom from carbon
gepends both on the vapor pressure of the

the reduction temperature and al;(%

In the general

on the size of the particles of carbon.

the ‘oxid is volatile and the metal does not

"~ each

fuse at the reduction temperature,
grain

orain of metal 1s a pseudomorph of a
of carbon,

the vapor of the oxid diffuses into the car-

bon particles. Hence, if the grains of car-

bon are too coarse, they leave centers or
cores of carbon which have not been reached
by the diffusing oxid. If the oxid 1s non-
volatile. the reduction takes place only at
the surface of contact between the grains of

carbon and oxid, and hence complete reac-

tion between the oxid and carbon to form

4 pure metal can only take place when the

particles are very small.
“To secure carbon in a very finely divided

condition I first obtain a deposit of “lamp
~ black” from volatile hydrocarbons and I |

then heat the lamp black to a very high
temperature in a vacuum to remove all
oases and volatile hydrocarbons, or 1 may
heat it to a temperature approximating per-
haps. 3000 or 4000 degrees centigrade to
graphitize the carbon.- The resultant prod-
uct is an absolutely pure carbon in a fine
state of division. £ much more -perfect

mixture of oxid and carbon can be obtained |

since the metal is produced when |

|

579,363

with this fired lamp black than with any

other kinds of carbon with which 1 have
worked, and furthermore, the reduction of

‘oxids takes place more rapidly than with
other forms of carbon.

~ As previously stated, the metal obtained
by the reduction of the oxid is in the form
of grains having the same size and shape
as. the original carbon particles; conse-
quently, by using lamp black, 1 can obtain
the refractory metal 1n a
much finer than any that has heretofore
been produced. -
What I claim as new and desire to secure

by Letters Patent of the United States, 18,—

o 1. The process which consists in reducing

a metal compound in a vacuum by heat
treatment  while in contact with graphitized
lamp black. ' ' -

- 2. The process which consists in mechani-

cally mixing a finely divided refractory me-

tallic oxid with carbon deposited from a
volatile compound and subsequently fired,

and heating said mixture to cause a reduc-

tion of said metal compound. -

3. The process which consists in produc-
ing a carbonaceous deposit from a volatile
carbon compound, heating said deposit to

produce pure graphite In a finely divided

condition, mixing said graphite with a re-
ducible compound, and heating said mixture
in a vacuum to effect reduction.

4. The

reducing agent and then heating said mix-
ture in a vacuum by radiant heat to cause
reduction of said oxad. :

5. The process which consists in forming
an intimate mixture of a powdered reduc-

ing agent and a refractory metal oxid, and
‘heating said mixture to a reducing temper-

ature in a vacuum by means of a resistance
conduetor insulated. from said mixture.
6. A product consisting of finely divided
refractory metal, the grains of which are
pseudomorphs of graphitized lamp black.
7 Powdered tungsten the grains of which
are pseudomorphs of lamp black particles.
In witness whereof, I have hereunto set

my hand this 13th day of September, 1907.
WILLIAM C. ARSEM.
Witnesses: _ |
BexsaMin B. HuoLr,
MARGARET E. WOOLLEY.
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