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Preferably a basic flux is used to conibine
- with the silica derived from the oxidation of |
- the Sﬂl(_‘OIl and a,ny silica preaent in the
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To all whom 4 may concern:

Be it known that I, FrREpERICK M. BECKET,
a subject of the Kmu of Great Britain, resid-
ing at Niagara Falls, in the county of Vmwala

and Sta,te of New York have mvcnted cer-
tain new and useful hnprm ements 1n Proc-
of Roduunﬂf Metallic Oxids, of which |

CSSes
the following is a %])ecmoatlon

This invention is a Process pa,rtlculalh
adapted for the production of metals and al-
foys of low silicon and carbon content, and is
more particularly -applicable to the ‘metals
chromium, tungsten, molvbdenum and va-
nadium an d to the alloyb of these metals Wlth

.11‘011 or nickel.

The nwentmn cum]sta 1m rb(luunn‘ 2 SUult-
dble 0x1d or oxygen contaming compmmd
ot mixture of oxids by the simultaneous ac-

tion of silicon and carbon, used preferably in

proportions and under conditions to insure
a commercial purity of the product..
conditions necessary for a substantially com-

plete reduction of the metallic oxid or oxids
' and the production of metals or alloys of low

silicon-and carbon content are obtainable 50 1
1| ically attained, probably for the reason that

far as. known only.in- an electric furnace.

charge.

Metallm mste; ha;ve long bcen tamllmr W1th |

~ the’ reducmg action of silicon on certain ine-
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ftalhc ouds such. as oxid of iron, and advan—-
' .tage 18 taken of  this. ohemlcaf 1'ea.ctmn in

many mdustnes,——for example in the manu-
f&cture of steel. In these cases the silicon

~ exists in the form of an alloy, its reducing

-_propertles are employed as a means of climi-
nating it from the iinished product rather
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“cess of that theoretlc,a,lly necessary.

than as a means of producing further quan-
tities of metal, and the proportion of reduci-
ble oxid used for its removal is largely in ex-
In the
form of silicids, silicon is employed to re-
duce metallic oxids dissolved 1n
metals. - -

I have found that silicon zmd carbon, pref-
erably combined as silicid of carbon, may be
advantageously employed in the electric fur-
nace as & reducing agent in the production of

chromiuin, molybdenum tungsten and va- |
- nadium, or of the iron or nickel-alloys of |
~ these metals

The

"When a suitable mixture con-'-"

T

more of the above metals, and a basic flux is
treated in an electric furnace, the advantages

05

of & continuous and very rapid process may

be obtained, and by suitably ‘proportioning
the 1110‘1‘8(11611135 of the charge the silicon and

‘carbon contents of the reduced metals may

he reduced to a fraction of a per cent.
Attempts have been made to produce low
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carbon metals or alloys of the character

above referred to by reductlon by carbon in
the electric furnace, using in the charge the
minimum proportion of ca,rbon necessary to:
cifect the reduction; but in this case the
yvields have been found to be low and more-
over the electrodes have been rapidly con-
sumed. I have discovered, however, that

may be obtained and the reaction proceeds
without undue consumption of the elec-
trodes.- 1 prefer to supply the silicon and
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‘when the reducing action of carbon is supple- .
mented by that of silicon -excellent yields:

79

carbon in chemical combination as silicid of
carbon, SiC. By the use of this compound"_f"}-_?;j-"-:f-'-'_;_-'_-'-__'--'--:"j-f--
the productlon of metals or alloys low m sili-

con and carbon is more easily and econom-
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“the portions of metal first reduced de mot

lllﬂlt(‘-"l‘l; |

' on the seale of the OFeratlon

from chrom,lte

duction of the chromium and iron.
‘advantageous to use the silicid of carbon in

come-into contact either with free silicon or .
‘with free carbon, a,nd theretore do not ab-

sorb the same to any injurious extent.

and practically all the iron as ferrous oxi

Fe(Q), the following reactions take place.

Cr,0, 4510 = 2Cr 4510, + CO.
SFeO + 510 =3Fe SlOz + CO.

A falr commercial grade of chromite con-
tains 52 per cent. Cr,(), and 16 per cent. FeO,
and 100 pounds of this ore will therefore re-

-qblre according to the above reactions,

As a specific example of thé process 1 w1ll-_"-85- _
“describe its application to the manufacture.
{ of low carbon and low silicon ferrochromium
‘As the chromium in chro-

‘mite exists as chromium sesquioxid, Cr20
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out 16.6 pounds of SiC for complete re-

It 1s

a fairly fine state of subdivision, depending
The use of &

basic flux, such as lime, is usually advan-
tageous as tendmg to economy of oper&tlon

_11t 18 not, however essential.

“Most commerclal chromites contam from

- sisting of s11101d of carbon, an oxid of one or ; 8 to 15 per cent. AJ ,0; and 8 to 15 per cent.
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MgO. These materials serve as basic flux
for the silica present in- the ore and for that

produced by oxidation of the silicon, but
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It is not essential that the
- precisely

‘the proportions are such that to maintain

this slag fluid for tapping a higher tempera-
ture is necessary than that required for com-
plete reduction of the chromium and iron
oxids.

By mixing chromite and silicid of carbon
in practically theoretical proportions, to-
gether with some basic flux such as lime,
and bringing the mixture to a state of fusion

in an electric furnace, a very high yield of

chromium and iron may be obtained from

the ore used and the alloy contains only
fractions of a per cent. of carbon and silicon.

those indicated by theory, because

in case a very low silicon content is required

in the alloy (less than 0.2 per cent.) the

chromite is used in slight excess of such pro-
portions; and in case a low silicon content 1S
not essential the silicid of carbon is used m
excess. In the latter case the wyield of

metal from the ore is slightly higher.

I do not limit myself to any particular
type of electric furnace, but I have found it
advantageous to carry on the reduction
continuously in an eléctric furnace in which
the current passes through a molten bath ot
a mixture of ore, silicid of carbon and ilux,

‘and from which part or all of the metal or

 slag may be withdrawn as desired, fresh
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portions of the mixture being added irom
time to time. To obtain a high yield of the
desired metal or alloy and to insure a low
silicon content therein I have found it ad-
vantageous to feed the mixture to a bath
which 1s maintained at a temperature higher
than that necessary to cause some reaction.

The electric furnace operation may be
carried out by fusing the ore and flux and
then adding thereto the silicid of carbon, or
by heating a mixture of ore and silicid of
carbon and adding flux to the bath from

time to time, should the use of a flux be ad-
- vantageous. o | |

As the reaction between silicid of carbon
and the above mentioned metallic oxids 1S
exothermic, a relatively small amount of

“electrical energy is required for the reduc-

5o

tion. The use of silicid of carbon 1s highly
advantageous in practice as compared with
the use of aluminum for several reasons,
among which may be mentioned the rela-

tively large weight of metal which is sepa-

rated per unit weight of the reducing
agent; the ease with which silicid of carbon
is obtained in a fine state of subdivision

60 whereby a more intimate mixture is secured
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with ifs attendant advantages; and also

‘because of the fact that by its use silicious

ores, which are relatively mmexpensive, may
be successfully employed. |
Aluminum reduces silicon from the silica

proportions be

*

906,854

invariably present in such ores as chromite,
wolframite, ‘etc., and I have found in prac-
tice that silicon so reduced, as well as por-
tions of the aluminum used for reduction,
alloy with the reduced metal, thereby ne-
cessitating either a costly refining process or
a costly selection of ores in case a product
low in silicon is required. Onthe other hand,

70

in the use of silicid of carbon as a reducing

agent there is no necessity for excluding
silicious ores. For this reason I have found
special advantages in the reduction of vana-
dium ores by silicid of carbon.

I claim:— |

1. The proceés of reducingjmetalfic- oxids

which consists in passing an electric current
through a molten bath containing a metallic
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oxid, and a reducing agent containing silicon

and carbon.

2. The process of reducing metallic oxids

which consists in passing an electric current
through a molten bath containing a metallic.

oxid and silicid of carbon. |

3. The process of reducing metallic oxids
which consists in passing an electric current
through a molten bath containing a metallic
oxid, silicid of carbon and a basic flux. _

4. The process of reducing metallic oxids
which consists in smelting a charge contain-
ing a metallic oxid, silicon and carbon, the
silicon and carbon being present in substan-
tially the proportion required to combine
with the oxygen of the reducible oxids where-
by a substantially complete oxidation of the
silicon. and carbon is secured and a product
low in silicon and carbon is obtained.

5. The process-of reducing metallic oxids

which consists in smelting a charge contain-

ing a metallic oxid and silicid of carbon, the

silicid of carbon being present in substan-
tially the

by a substantially complete oxidation of the
silicon and carbon is secured and a product
low in silicon and carbon is obtained.

6. The process of reducing metallic oxids

which consists in smelting a charge contain-
ing a metallic oxid, silicid of carbon and a
basic flux, the silicid of carbon being pres-
ent in substantially the proportion required
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proportion required to combine
with the oxygen of the reducible oxids where-
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to combine with the oxygen of the reducible

oxids whereby a substantially complete oxi-
dation of the silicon and carbon is secured
and a product low 1n
obtained. |

7. The process of reducing metallic oxids
which consists in passing an electric current
through a molten bath containing a metallic

silicon and carbon 1s

120

oxid and silicid of carbon, the silicid of car-

bon being present in substantially the pro-

portion required to combine with the oxygen

of the reduciblé oxids, whereby a product
low in silicon and carbon is obtained.
8. The process of reducing metallic oxids

125

| which consists in passing an electric current 130
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- by a product low
obtained.
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 mium which consists in reacting thereon with

20 ‘silicid of carbon. |
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- mium which consists in passing an electric

g
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through a molten bath containing & metalli¢ |

oxid, silicid of carbon and a basic ‘flux, the
silicid of carbon being present in substan-
tially the proportion required to combine
with the oxygen of the reducible oxids, where-

9. The continuous process of reducing me-

tallic oxids which consists in passing an elec-

tric current through a molten bath contain-
ing a metallic oxid, silicid of carbon’ and a
basic flux, adding fresh portions of the charge
and withdrawing the products as desired.

10. The process of reducing oxid of chro-

mium which consists in reacting thereon with
a reducing agent containing silicon and car-
bon. : | a '

11. The process of reducihg oxid of chro-

12. The process of reducing oxid of chro-

- mium which consists in reacting thereon with

silicid of carbon, the silicid of carbon being
present in substantially the proportion re-

quired to combine with the oxygen of the |

reducible  oxids, whereby a substantially
complete oxidation of the silicon and carbon
is secured and a product low in silicon and
carbon 1s ohtained. .

13. The process of reducing oxid. of chro-

current through molten bath containing oxid
of chromium, and a reducing agent contain-
g silicon and carbon.: -

14." The process of reducing oxid of chro-

‘mium which consists in passing an electric

1n silicon and carbon is

basic flux.

a

current through a molten ‘bath containing
oxld of chromium and: silicid of carbon.

~ 15. The process of reducing oxid of chro-

'mium which consists in passing an electric

current . through a molten bath containing
oxid of chromium, silicid of carbon and a

16. The process of producing ferrochro-

‘mium which consists in reacting on chromite

with silicid of carbon. -~ |

17. . The process of producing ferrochro-
mium which consists in reacting on chromite
with silicid of carbon in presence of a basic
flux. o | o

18. The

mium- whic

chromite and silicid of carbon, the silicid

of carbon being present in substantially the

proportion required to combine with the re-
ducible- oxids, whereby substantially com-
plete -oxidation of silicon and ‘carbon is se-
cured and a product low in silicon and car-
bon 1s obtained. - L
19. The continuous process of producing
ferrochromium which consists in passing an

taining chromite, silicide of carbon and a
basic flux, adding fresh portions of the charge

and withdrawing the product as desired.

~ In testimony whereof, I affix my signature
1n presence of two witnesses.: -
- FREDERICK M. BECKET.
Witnesses: _ S -
R. L. MacDoxnaLp,
CHAS. M. SAXE.

ETOGBSS of producing ferrochro-
consists 1n passing an electric
‘current through a molten bath containing
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“electric current through a molten bath con-
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