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_  ' Claims priority, application France, Apr, 28, 1961,

| ~ est to the earth furnace.

- of the furnace. - . N .
- Also, it frequently occurs that the volatilized compo-
- nent is not recovered by the charge with the resunlt that
- loss of all or part of the particular component or compo-

nents is experienced ‘thereby to reduce the vield. Inci-
dentally, these condensates are frequently found to be
too good an electrical conductor. This is most notice-

high pressure of metallic vapor.

Y

3180916
ELECTRIC ARC FURNACES AND METHOD
Charles Daniel Menegoz, Grenoble (fsere), Rene Perieres,

- La Tronche (Isere), and Jeam Mercier, Loupalcume-

Mourenx Ville Nouvelle, Basses Pyrenees, France, as-
signors to Peciiney, Compagnie de Produits Chimigues
- et Blectrometallurgiques, Paris, France |

~ Filed Apr. 25, 1962, Ser. Ne. 190,163

860,238
9 Claims. (CL 13—9)

This invention relats to electric arc furnaces and more

particularly to reduction furnaces, that is, furnaces for
- effecting the reduction of ores treated in the form of metal-
~ lic oxides. It also relates to a process for the use of fur-

naces in the carbothermic reduction of the said oxidized
ores, o S
Such furnaces are operated at the present time with an

| arc extending throughout the charge with the charge being

introduced between one or more electrodes and the inner
wall of the furnace. - S |

'United States Patent Office

L
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It is an object of this inveation to produce an arc fur-
nace of the type described which obviates many of the
defects heretofore described. |

1t 18 a further object of this invention to produce an
electric arc furnace which automatically and systemat-

- 1cally provides for the return or the recycling towards

16

20

This embodiment of the technique has been found to |

‘present several drawbacks which become more serious
- where the prevailing temperature in the earth furnace is
~much higher, |

If any of the raw m&térials,_the intei'mediate_ - pi'odiicts,
or finished products of the carbothermic reaction are

charge which covers the arc. Such condensation often

- 'volatilizable at the temperature conditions existing in the
furnaceé reaction, such material can escape from the re-
actional medium. Condensation of the component vola-

- tilized can occur in whole or in part in and through the

the earth furnace of the products volatilized from the

reactive mixture. Such recycling has a very favorable

repercussion on the yield of the reaction realized by the
use of the furnace. - - |
Uther objects are to provide a means for avoiding the

- diversions of the electrical current; means for permitting

a high concentration of calorific power in the earth fur-
nace, as well as a regular supply of raw materials and
thereby to establish the stability of the length and of the
voltage of the arc as well as its power.

By such means the reactional mass, at the time of fu-
sion, is made stable and, more particularly, the reduction -
of the oxidized ore is caused to take place regularly, sub-
staptially uniformly and practically completely.

- An electric furnace embodying the features of this in-
venticn has been found to be effective in resisting the de-
structive action of high temperatures even in those parts
of the furnace which are more directly exposed to the arc,
particularly even in the presence of condensations which
might otherwise be good electrical conductors, therebv to

provide a lasting watertightness and satisfactory electrical

insulation. |

Other objects and advantages of this invention will
hereinafter appear and, for purposes of illustration, but
not of limitation, embodiments of the invention are showa

- 1n the accompanying drawings, in which:

can cause the formation of a compact aggregate such as

~ to define a crust of portions of the charge which are near-
Under the weight of the charge,
the formed crust often collapses, causing jolts in the de-

scent of the charge as well as irregularitics in the passage
of the current, thereby materially to disturb the operation

able: when the furnaces operate on a bath presenting a

- Frequently, the machine parts of the apparatus, pro-

~ vided to assure the electrical insulation and vapor tight-
- ness around the electrodes, become covered by stich crusts.
or condensates. These may cause serious diversions of -
the electrical current from between the electrode and the
liquid bath or hearth. These parts become heated to
“high temperatures which often lead to rapid deterioration.
. Moreover, these diversions of current often cause
serious disturbances in the electrical system of the furnace.
‘The current more or less tends to pass directly by way

of the crusts instead of between the clectrode and the

- reaction mass in the fused state, with the result that the
voltage of the arc diminishes as well as the power of the
arc. The temperature of the reaction mass correspond-
- Ingly decreases and the reaction may slow down or even
~stop and some times the arc is entirely extinguished. An

attempt has been made to rectify some of the problems

inherent in this technique by increasing the intensity, but
this arrangement produces a density of current in the

electrode which exceeds industrially practical considera-

- tions. Moreover, even if the re-establishment of the ini-
- tial power becomes successful, sufficient temperature in
~the earth furnace cannot be maintained because the power

is not sufficiently concentrated.

¢
)
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FiG. 11s a schematic sectional elevational view through
a cross-section of an arc furnace represeatative of condi-
tions existing in previous practice; | :

FIG. 2 is a schematic sectional elevational view through
a cross-section of an arc furnace embodying the features

-of this invention: and =

FIGS. 3, 4 and 5 are vertical, sectional views in greater:

~detail of elements of the furnace shown in FiG. 2.

‘The electric arc furnace, embodying the features of
this invention, is equipped with a shaft and one or more
electrodes and is modified to include an insulating device
which comprises:. |

An upper, relatively cold and electrically insulating por-
tion which is arranged in contact with and enveloping,

'S0 as fo be practically gas-tight, the upper portion of the

one or the several electrodes adjacent the higher level of
the shaft; - |

A lower, relatively warm portion, fabricated of a refrac-
fory and heat conducting material, preferably graphite,

‘and cooled, as by circulation of a iluid, preferably water;

the Jower portion is joined in a substantiaily vapor-tight
manner with the upper portion but out of contact with
any of the electrodes and arranged to define an annular
space about the electrodes; |

And means to maintain the annular space substantially

free from electrically conductive crusts,

The elements described operate in a manner whereby
the material constituting the charge and introduced into
the furnace remain practically on the exterior of the device
without contacting any one of the one or more electrodes.
This permits the arc freely to pass between the elecirodes.
and the stripped-bath, -as represented by the portion of
the bath not covered by the charge. o

The lower portion of the device, which is exposed di-
recily to the radiations and vapors issuing from the fur-
nace, functions notably to protect, either in whole Or In
part, the upper portion of the device from these radia~
tions and vapors. o - - |

In the figures, the same numerals will be used to define
the same elements. The numeral 1 desienates ons or
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- several electrodes which may be formed of a material such -

as graphite. The numeral 16 designates the walls of the
furnace; 9 is the current conductive sole plate of the

 furnace; 6 represents the materials constit: uting the charge
mtroduced into the furnace, and the numeral & represente -
the reaction mass or fused bath. Refelrmg IOW more
- specifically to FIGS. 2-5, the numeral 3 represents the

device embodying an important feature of this invention
‘with the numeral 31 representing the upper, relatively
“cold portion of the device and 32 representing the lower,
relatively warm portion, and 4 represents the cooling

- 'system such as tubmg or a ]acket through which a coolant.
 fluid such as water is circulated. In FIGS. 1 and 2, the
numeral 7 represents the current cenductmg erusts that?
o - 15

invention further embodies a number of other desirable

- characteristics wh1c]:1 will hereinafter be described. -
(1) The device 3 is not integrally joined with the elec- -

- are formed.
In FIG. 2, the numeral M represents sehd eeqdensq e
of the vapors escaping from the reaction mass in the fused

13,180,016
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‘bath and which forms as a lining on the portion of the

device indicated. The numeral 2 represents insulating

elements separating the electrode 1 and the upper por-

tion 31 of the device and which functions to provide a

“substantially vapor-tight seal therebetween while still pro-

A
.
’ L

'This is an area otherwise -exposed to intense radiations.

due to the proximity of the arc. The condensate collects

. as a lining 11 on the dewee thereby to pretect the device
- against such radiations.

Vapor-tightness can also mere or less be enhanced by

- the condensate 11 since the lining formed by the con-
- densate can increase in thickness untii it closely approaches
“the wall of the electrode; however, it cannot come into
direct contact with the. electrode since such portions as
are near the electrode are consumed by the Small tecal*
'_arcs which pass therebetween. |

The device 3 also operates in the manner of a reflex

condenser for the volatilized products’ ethermse esr‘apmﬂ-

Irom the molten reactive mixture 8. -
The device 3 embodying important . features of this

) .tmdes so that the electrodes can be moved fleely w1th1n'_ |

20

viding relative sliding movement between tne etectmde o

and the device. -
‘In FIG. 3, the numeral 12 1epreeents a means for ap-

plying pressure onto an asbestos band to provide a vapor-.

“tight seal.. The device is formed of one part 14 of a re-

~fractory insulating material while the part 15 is of graph-

ite, - The numeral 16 represents an annular space
around the electrode adjacent the lower portion of the

25
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~device and 151 represents the inner wall of the part &5
which extends inwardly toward the elecirode to define the
annular space and to functicn as the bottom-wall of a

‘chamber 17 constituting a free space of larger dimension |

~avout the elecirode. 'The paris 14 and 15 are provided

with passages through which tubing 51 extends for the

introduction of a cleaning gas into the chamber,

 In FIG. 4, the numeral 52 represents a sheath of a re- -
fractory and insulating material fermed 1nte a eempact-
~ mass surrounding the electrode 1. o

In this modlﬁeatlen the annular: snaee ]16 deﬁned in

FIG. 3, 1s substantmlly completely occupied by a sheath ::

the device along or about the electrode access. | |
(2) Means are provided maintain the annular seaee

16 substantially free of conductive crusts ‘comprising a

system for projecting continuous or intermittent blast
into said space, of a cleaning gas through the inlets .31

which are generally plaeed in the Jower portion 32 of
the device 3, as shown in FIG. 3.

The cleaning gas is
prefel ably selected of a non- OXIdlZlI}g gas such as nitro-

gen, hydrogen, carbon monoxide and the like, which may

or may not also contain a small prepmtlen ef normally
e}udizmg gases and/or vapors, such as steam. |
The inclination of -the gas inletfs is selected in sueh a

- manner, preferably located above the level .of the annu-
lar space 16, that the in]ected gas operates substantially
to keep the vapors escaping frem the bath 8 of the furnace

from passing through said annular space. It operates

-_ thus to sweep away the main part of the condhetwe crists

which might have fermed deposr?ts on the walls deﬁnmwr |

- the annular space.

4{)
. the electrode.

52. In FIG. 5, the numeral 33 Tepresents a t1 ght ﬁttmg,' B

insulating and flowing mass.

- The fundamental advantages '1eh1eved by Lhe .uwen-"

t101'1 by comparison with the previous methods, can be
easily ascertained, especially by comparison of FIGS. 1
‘and 2. In FIG. 1, the charge 6 is shown as being in direct

- may employ an insulated lateral wall whic ch 1s -cooled

contact with the eleetrode 1 whereby a diversion of the

- ".'eurrent which often occurs to the detument of the arc

 and power, cah occur: between the electrode and the con-

ducting sole plate of the furnace through the pathway
of the electrically conductive crusts 7. The arc can pass -
* between the electrode 1 and the reaction mass of the fused

‘bath 8:but because of these diversions, the voltage is

the arc, as previously explained.

- On the other hand, in the construetlon of FIG. 2 it |

will be seen that the charge 6 is not in direct. contact
‘with the electrode 1 but is separated therefrom: by the

exterior wall of the device 3 whereby in its natural angle

50

- by a water joint enveloping each electrode.
joint comprises a circular drain, integral with the lower
part 32 of the device 3 and containing circulating water.

(3) The annular space 16 1S prowded in its upper por-
tion with a wider section or chamber 17 which envelops -
Animpervious and insulating contact be-
tween the lower portion and the upper portion of the de-
vice is provided by the walls of the chamber. To prevent
too much of the cleaning gases from penetrating into the.

furnace, an.exhaust channel for part of these gases may—-ﬂ '
'be pwwded in the walls of the chamber 17. |

~ (4) The device 3, and more particularly ehamber 17, .

Said . water

A cylindrical wall, mtegral with the upper part 31 of

- the device 3, is diving into said circular drain; thus a
~ vapor-tight joint is formed, said joint separating the atmos- -

s phere of the chamber fro
lowered beneath ‘the value permitting the formatlen ef .

1the external atmosphere.
water passing threugh the unit preferably directly com-

- municates with the atmosphere of the chamber so that

 the circulating water draws away the condensable prod-
- ucts provided by that portion  of the atmosphere SO that_.--

60

of repose, the feed material does not intersect the elec- |

trode thereby to prevent. conductive contact between the
conductmg crusts 7 and the eleetrode
crusts 7 are unable to function in a manner to divert the
- electrical current and practically the entire intensity is

‘then concentrated in the arc which is able to pass directly "

between the lower tip of the electrode and the sole plate
of the furnace 9 or the reactional mass in the’ fused bath
8. There is no 1mp0rtant decrease of the veltage by
- reason of the suppression of the diversions of the current.

70

Through the cooling effect produced by the circulation

“of fluid through the conduit 4, any condensate will collect
eventually to cover the lower pertlen 32 of the dewee 3,

the water - joint remains. practically - clean.

(5) The means to keep wall 151, deﬁnmg the anmllar '
space, practlcally free of conductive crusts: eomprlses as

-shown in FIG. 4, a refractory insulating sheath 52 in the

As a result, the  form of a cempact mass which may be formulated of an

65

aluminate cer

ent, for example, and which-is adapted to

‘envelop each -electrode like a sleeve, and which may or
 may not be formed integrally therewith.

erates to sweep away conductive crusts which might be

deposited on the wall 151 during axial movement of the '

sheath with the electrode. The sheath melts as it reaches
a level below that of the lower part of the dewce that s,

3near the warmest area of the furnace.:

~ (6) Means are also provided to keep the annular spac:ei o
16 substantially free of conductive crusts-as shown in

FIG. 5. Such means comprlses an Impervmus msulatmg |

The

The sheath op- - )



 (8) The device 3

and relatively flowing mass 53 preferably formulated of
- the same oxide as that which is included in the composi-
tion charged to the furnace. This impervious, insulating
and relatively flowing mass can include a binder, such as
water, and eventually, in addition, an insulating binder.

For example, the mass can be formed of the oxide of

aluminum bonded with water and eventually also bonded |

‘with sodium aluminate.

(7) The means for freeing the annular space com-

prises mechanical arrangements, such as a scraping tcol.
It should be pointed out that the foregeing means de-
scribed for freeing the annular space of crusts can ad-

- vantageously be operated without disassembly of the

chamber 17 of the furnace and which can be cleaned
~ without stopping the flow of electrical current in the
furnace. | DR :
is preierably shaped in the form of

10
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-a skirt, as illustrated in FIGS. 2 and 3. The position of

device 3 can be adjusted with reference to its depth in -

the shaft of the furnace. | | -

As used herein, the term “relatively cold portion” means
a portion of the device, the surface temperature of which
1s below or equal to about 680° C. in the area which con-
tacts the electrode. The term “relatively hot portion”
means a portion of the device, the surface temperature of
which is equal to or above about 600° C. in the area
which is closest to the electrode. | |

The present process also includes the operation of an

electric furnace of the type described above in which
the voltage of the electric current is kept high enough

for the current to pass substantially and exclusively

through the arc as distinguished from passage through

the arc and through the charge. In accordance with the

30

~process of this invention, the charge is gradually intro-

duced into the furnace and maintained at a level slightly
avove that of the lower level of the device so that the
charge will not practically contact the elecirode or the
elecirodes and so that the arc can
the electrode and the stripped bath.

The invention also embodies any application of the

electric arc furnace or the process as applied to the car-
bothermic reduction of oxidized ores adapted to be
- carried out at high temperatures and at which the vapor
~ tension of the metal or one of its oxides is high and also
to the reduction process of aluminum oxide by carbon
to obtain pure aluminum, as described in applicanis’
Patent No. 2,974,032, issued March 7, 1961.

It will be understood that changes may be made in the

pass freely between

S0
)
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details of construction, arrangement and opsraticn with-

- out departing from the spirit of the invention, especiaily
~ as defined in the following claims.

We claim: - | | |
1. An electric arc furnace having an elongate electrode
extending downwardly into the furnace and a feed inlet
spaced from the electrode for the introduction of solid
particulate feed material into the furnace, a stationary
housing located about the electrode such that, in the

~ natural angle of repose, the charge does not intersect the

electrode, said housing having an upper portion and a
- lower portion and in which said portions are spaced from
- the electrode to define an annular space therebetween,

50

29
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- means interconnecting the upper portion of the housing

3,180,916
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with the electrode for sliding engagement with the elec-

trode to enable relative lengthwise movement of the elec-

trode relative to the housing, said means electrically in-
sulating the housing from the electrode and providing a
sealing relationship therebetween, ceoling means for ex-
tracting heat from the housing, and injection ports in the
housing in communication with the annular space between
the electrode and the housing for the introduction of
blasts of gaseous material into said space for cleaning same.

2. An electric arc furnace as claimed in claim 1 in
which the blasts of gaseous material are intermittent.

3. An electric arc furnace as claimed in claim 1 in
wnich the blast of gaseous material is continuous.

4. An electric arc furnace as claimed in claim 1 in
which the lower portion of the housing has a portion
which is spaced a lesser distance from the electrode than
the upper portion to define an annular space about the
electrode of larger cross-section in the upper portion than

in the lower portion.

5. An electric arc furnace as claimed in claim 1 in
which the housing has a lower portion having a section
extending outwardly beyond the electrode by an amount
greater than the upper portion.

6. In the operation of an electric arc furnace having
an electrode which extends downwardly into the furnace
and means for feeding the furnace from an area spaced
from the electrode and including the steps of feeding
particulate feed material into the furnace and lowering

the ¢lectrode into the furnace during operation to main-

tain an arc, the improvement comprising protecting the
portion of the electrode extending downwardly into the
furnace thereby to prevent crust formation about the
electrode to short circuit the arc by enclosing portions of
the electrode within a housing positioned about the elec-
trode such that, in its natural angle of repose, the feed
material will not intersect the electrode but in which the
housing is in closely spaced relationship with the elec-
trode-to define an opening in between, cooling the hous-
ing, infroducing gaseous blasts through the housing into

the space therebetween to clean the space from accumu-

lated dusts and condensates, and sealing the upper end
portion of the housing with the electrode. |

7. The method of operation of an eleciric arc furnace
as clatmed 1n claim 6 which includes the step of allowing

-condensates to form on the lower portion of the housing

partially to seal the space between the lower portion of
the housing and the electrode.

8. The method of operation of an electric arc furnace

‘as claimed in claim 6 in which the gaseous blasis are
1ntroduced intermittently.

9. The method of operation of an electric arc furnace

as claimed in claim 6 in which the gaseous blasts are
introduced continuously. |

Eeferences Cited by the Examiner

UNITED STATES PATENTS

2,794,843  6/57 Semetal. —_____________ 13—33

- 2,857,444 '10/58 Sem et al, o __ 13—33

RICHARD M. WOOD, Primary Examiner.
JOSEPH V. TRUHE, Examiner. |



	Drawings
	Front Page
	Specification
	Claims

