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To all whom it moy concern: _

Beit known that I, PAUL LOUIS TOUSSAINT
ITEROULT, a citizen of the Republic of France,
residing in La Praz, Savoie, France, have in-
vented certain new and useful Improvements
in Klectric Fuarnaces, of which the following
is a specification. | |

The improvements to which this invention
relates have been devised in order to obtain
by the electric furnace soft metals, such as
chromium, manganese, or iron, and generally
substances which tend to combine with car-
bon. In order to avoid as much as possible
all possible introd uction into the material op-
erated on of carbon from the electrodes in-
stead of the single arc¢ which usually heats
an electric furnace, two separate ares in se-
ries are,according to thisinvention, employed

to play through the insulating layer of slag:

between the metal or the fused conducting
material on the one hand and the two elec-
trodes on the other hand. Inorder to insure
the distinet formation of these two ares, two
accessory circuits are arranged, connecting

outside the furnace each of the two electrodes

to the fused material, and in each of these
circuits there is introduced in shunt a volt-
meter, the indications of which serve to con-
stantly verify and regulate the position of
both electrodes and to determine whether or
rot the furnace is operating properly. Thus
either by hand or by automatic mechanism
operated by the twoshunt-currents each elec-
trode can be raised or lowered to determine
theare, as desired. The outgoing conductor
consists of a rod passing through the eruci-

- ble-wall and projecting outside and inside of

the same, so that the portion of the rod which
1s melted isreplaced by molten material which
fills up the space and insures good conduc-
tivity. When alternating currents are em-

- ployed and the electrodes are arranged so as

to consume equally, the position of both ¢an

be regulated at the same time by employing

a single voltmeter between one of the elec-
trodes and the metal. |

Stch 1s the principle of the invention which
18 carried out as will be described referring
to the accompanying drawings.

IFigure 1 is an elevation, partly sectional,
arranged as deseribed in the first place for

q

use with currents either continuous or alter-
nating. Fig.2showsthesame furnaceadapt-
ed solely to alternating currents. -
The crucible a is made of suitable refrac-
tory material—such as fire-brick, magnesia,
dolomite, lime, silica, chromite, or the like—
and it is inclosed in an iron casing. _
crucible is usually provided with two tap-
holes at different levels, the one for running
out metal, the other for running out slag or
the like. In the crucibleis placed the mate-
rial to be treated, above which the two elec-
trodes 0 0 are carried in sockets ¢ ¢, having

current connections d d aund long screw-

threaded rods e e,which pass through nuts 17,
consisting of the bosses of bevel-wheels ¢ g,
gearing with pinions A A on spindles 7 7, that
can be turned by hand-wheels « x. Each of
the electrodes and the parts belonging to it
are carried by a cantaliver-frame %, which is

hinged at [, so that it can be turned aside.

from over the furnace. A voltmeter m isin-

troduced in shunt between each electrode and

the molten metal, and these show how the op-
eration proceeds, so that according to these

indications the attendant can raise or lower

elther electrode, so as toregulate each of the
ares: T | -
In Fig. 2 the two electrodes n 0 are shown

| to be carried by an insulated cross-head p,

each having its carrent connection.

A voltmeter r isintroduced in a shunt-cir-
cult between one of the electrodes and the
molfen metal. This indicates variations of
tension, so that the distance between the elec-
trodes and the bath of metal can be varied,
asrequired, by raising or lowering the screwed
rod s, which carries the electrode and is
worked in the same way as was described
with reference to Fig. 1. Obviously such an

‘arrangement could be employed with tri-

phase or polyphase currents by providing
more than two elecirodes with the means de-
scribed of regulating their positions.
. The arrangement of the voltmeter between
the electrodes and the molten material, while
the electrodes themselves are in series with
cach other, serves to indicate at once aud
without the necessity of direct inspection the
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occeurrence of a short eircuit between the elec-

trodes, an occurrence which would not only
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cut off the operation of the furnace, but would
damage the eiectrodes. - |
The arrangement described 1is applicable
not only to the reduction of ores, but also to
the decarburization of substancestreated with
oxidizing slags or with air-blast, and it may
be combined with any arrangement for using

oases evolved from the reducing action in

the erucible, so as to subject the substances
to be treated to preliminary heating or re-

. duction.

When the arrangement is applied to the
manufacture of steel or meited iron, there 1s
directly obtained in the crucible metal de-
carburized by the slag, and the reducing

‘gases in passing through the soft ore between

the electrodes so act that the ore is partly re-
duced before undergoing electrical fusion.
Cast-iron can also be decarbureted or de-
phosphorated by the use of reagents accord-
ing to the Thomas process.

The slag which forms the resisting medium
in which the heat is produced may be of va-
rious compositions. For example, when the
furnace is used for the production of metals
the slag is mostly imperfectly-reduced min-
eral matter, or if the furnace be used to ob-
tain stability of composition of mixtures of
fine steel with other elements—such as chro-
mium, nickel, tungsten, &e.—the slag 1s com-
nosed chiefly of reagents designed to act on
the bath of metal—such aslime, dolomite, or
oxid of iron liquefied by theaddition ot silica—
or it may be substantially neutral, such as a
fusible silicate which has no chemical action

on the bath. |
The volimeter-terminal which communi-

cates with the materialin the crucible is pret-

erably a rod of the same metal as that being
produced in the crucible and is built into
or passes through the refractory wall of the

crucible into the material within the same.

o S 721,703

' When the rod melts, the space or hole which

't leaves in the wall is filled with molten
conducting material, the extent of fusion of
which is limited by the proximity of the eold
oxterior wall. Asthe current carried by this
terminal is only a few milliamperes, this ar-
rangement works very well.

T am aware that there are already in use
olectric furnaces having two electrodes of the
Cowles kind; but in these farnaces, which are
cenerally inclosed in non-conducting mate-

tials, it is only by accident that the main arc

snbdivides into several partial ares. This
may also happen in furnaces in which the are
plays on the treated substance or is blown
upon it by a magnet. I am also aware that
there are furnaces with multiple electrodes
producing several arcs nlayingabove the ma-
terial treated and heating by radiation and
not by passing through it.

T claim— |

In an electrie furnace, the combination of
a crucible adapted to carry a bath of molten
material, two electrodes supported above it
and connected in series, a conduetor in posi-
tion to effect contact with material contained
in the erucible and a voltmeter in shunt be-
tween one of said electrodes and said eonduc-
tor, said conductor consisting of a rod pass-
ing through the refractory material of the

crucible and projecting outside and inside of
the same whereby the portion of the rod which

ismelted is replaced by molten material which

fills up the space and thus insuares aood.con-

duectivity. |
In witness whereof I have hereunto signed

my name in the presence of two subscribing

wltnesses. | |

PAUL LOUIS TOUSSAINT HEROULT.

Witnesses: |
JULES ARMENGAUD, Jeune,
EDpwARD PP. MACLEAN.
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