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ALIEN PROPERTY CUSTODIAN

ELECTROTHERMIC GAS PRODUCER

Paul Louis Joseph Miguet and Marcel Paul Per-
ron, Saint-Julien-de-Maurienne, France; vest-
ed in the Allen Property Custodian

Application filed September 1, 1942

As is known, the use of electrical energy for
producing the necessary heat and so raising the
temperatures of reactions in industrial furnaces
while so meeting the endothermic requirements
as to generate plant gas was already contem-
plated. However, no practical application en-
sued owing to the absenhce of a suitable appliance
capable of fulfilllng the aforesaid requirements.

An object of the present Inventlon is to provide
& new or lmproved electric furnace adapted to
work as an electrothermic gas producer fulfilling
said requirements and ensuring steady and reli-
able operation while lending itself to an easy
adaptation to industrial conditlons by only re-
quiring to be energlzed at certain spaced periods
of time as for example during off-peak hours
when current 1s cheaper or easier to supply.

Another object of the invention is to provide
an electrothermic gas producer wherein the re-
sultant ashes may be discharged in the form of
slags or alloys of metals reductible by carbon
under usual service conditions.

A further object of the invention is to provide
an electrothermic gas producer utilisable for the
manufacture of alloys and metal carbides on a
large industrial scale while giving rise to a sub-
stantial evolution of carbon monoxide.

A still further object of the invention is to pro-
vide an electrothermic gas producer lending itself
to the easy recovery of carbon monoxide arising
from the manufacture of alloys and metal car-
bides and also to the collection of vapors of metals
such as Zihc and magnesium, and to all processcs
wherein gases or vapors are extracted or con-
verted,

Wilith these and such other objects in view as
will Incidentally appear hereafter, the Invention
comprises the novel construction and combina-
tlon of parts that will now be described with ref-
erence to the accompanying diagrammaeatic draw-
ings exemplifying the same and forming a part of
the present disclosure.

In the drawings:

Figure 1 1s a vertical sectional view of an im-
proved gas producer constructed according to the
inventlon, the section being taken along the line
I—I of Fig. 2.

Flgure 2 is a transverse sectional view taken
along the irregular line II—IT of Fig. 1.

Figure 3 is a fragmentary vertical sectional
view on the line III—ITT of Fig. 4 showing another
embodiment of the inventlon In the form of a
calcium carbide furnace provided with valve-
controlled flues having a more elaborate structure
than those shown in Flg. 1.

Figure 4 1s a sectlonal vlew along the line
IV—IV of Fig. 3.

Fgure 5 is a plan view of one of the improved
flue devices,

The improved gas producer is preferably of the
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so-called open type but this involves no limitation
so far as the invention is concerned.

The gas producer shown in the drawings com-
prises a shaft defined by an outer shell s having
a cylindrical shape in its lower region and g
frustum shape in its upper region, said shell being
provided throughout i1ts Inner surface with a re-
fractory laggging of substantial thickness. Such
lagging is of umiform thickness at @ along the
lower part of the shell s and of gradually decreas-
ing thickness at b in the upper part o of the shell
to a line forming the extension of an outer flar-
ing flange n defining a charging hopper on the
open top of the shell.

The region of the lagging whose thickness
gradually diminishes is hollowed at regular inter-
vals as shown at ¢ to provide outwardly and up-
wardly inclined flues having an outwardly de-
creasing cross sectional area. Such flues ¢ com-
municate at one end with the annular mass d of
materials undergoing reactlon in the furnace and
at the opposite end with upwardly projecting hol-
low cowls c! of uniform size whose open outer
ends are closed by removable stoppers such as 7.
Each cowl ¢! 1s connected to one end of a down-
take tube ¢ provided with a valve k. The opposite
end of each downtake tube ¢ is connected to a
ring-shaped coliector or header e which sur-
rounds the shell s at a certaln distance from it,
The collector e is connected to suction-creating
means (not shown) of conventlonal structure
such ags a drawing fan.

Inte the furnace space or shaft downwardly
projects a stout electrode g axiaily bored at f to
allow steammn, carbon dioxide or another suitable
vapor or gas to be injected into the subjacent
space { inside the annular mass d of materials to
be processed ih the furnace.

The electrode g is conveniently connected to a
suitable source of electric current. The voltage
should advantageously vary between 25 and 45
volts depending upon the raw materials subjected
1w the treatment in the furnace.

The hearth or floor 2 of the furnace is made
of a conductive substance, and the current which
arrives through the electrode g flows over to sald
hearth across the annular reactive mass ¢ which
15 either inherently conductive or rendered con-
ductive by being electrothermically heated.

The gas or vapor injected through the electrode
bore f reaches the space i whence it is distributed
W the surrounding mass of materials ¢ main-
talned at a suitable processing temperature by
electrothermic actlon. The gases or vapors
evolved by the reaction which then takes place
percolate up through the annular mass d and are
sucked through the flues ¢ and hesder e and
thence collected In suitable tanks (not shown).
Before reaching such tanks, the gases or vapors
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may be caused to flow through heat recuperators
of conventional structure.

The annular mass d of reactive materials
should be poked periodically by means of slice
bars or similar tools so as to be kept in such
proper state of porosity as will enable the gases
or vapors to be evolved and to flow up towards
the flues c. Such poking can he readily effected
after having removed the stopper 7 from the cowl
¢! and closed the valve k so as to locally cut off
the suction through the corresponding flue.

The raw materials m to be electrothermically
processed In the furnace are charged either by
hand tools or hy power operated means into the
flared upper mouth = of the top part o of the
shell ¢ so as to fill up the empty spaces which are
created in proportion as the materials of the an-
nular mass d are treated and crumble down. The
production of flames can be checked or controlled
by coordinating the injection cf gas or vapor
through the electrode bore f and the degree of
suction through the collector e. Such a coordi-
nation meay be achieved either by the operator’s
own control or by an automatic controller.

The molten material or slag which collects he-
low the bored electrode g can be discharged pe-
riodically and at more or less frequent time in-
tervals through a tap hole » and along a chute g
which may lead down to any container (not
shown),

A gas producer thus constructed may be used
for converting carbon dioxide Into carbon mon-
oxide or for recovering carbon monoxlde
from processes involving the production of
alloys or metallic carbides or else for extracting
vapors of such metals as zlnc or magnesium, also
moré generally for miscellaneous conversions or
extractions of gases and vapors.

When dealing with gases that are chemically
non-sensitive to heat influences and contain a
small quantity of dust as for example sulphur di-
oxlde from alkaline-earth sulphates, & simple flue
connected to & header as in the above described
construction is sufficlent. Where, however, the
gases are directly subjected to balancing reac-
tions and become dust-laden owlng to slde reac-
tions such as carbon monoxide resulting from the
manufecture of calcium carbide or such metal
vapors &8s are highly sensltive to oxidization and
are difficult to condense as for example magnesia
from magnesia-bearing carbonates, the simple
flues as above described are no longer suffclent.

In such a case, It 1s necessary to Incorporate
with such dust-laden gases subjected to balancing
reactions similar gases bhut In dust-freed and
cooled conditlon so as to instantaneously lower
thelr processing temperature to a value below the
lower limit of the unbalancing range. In e¢lrcu-
latory pipings, such incorporation of clean and
cool gases permits the speed to be so increased as
to prevent clogging due to premature dust set-
tling,

Where metal vapors are subjected to the influ-
ence of carhon monoxide which is always present
owing to the electrode operation, hydrogen should
also be Incorporated so as to dilute the vapors and
lessen sald Influence and at the same time to
cool them quickly enough to permit the condensed
metal to be readily collected and o preclude chok-
ing of the pipes béyond the condensers.

Moreover, In all cases, cate should be taken to
léssen the entralnment of dusts other than those
drising from certain reactions by broadening the
operative range of slieé Bars or liké poking tools
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materials being processed 1s thus kept sufficlently
pervious so that when gently evolving therefrom,
the metalllec gases or vapors gre practically devold
of impetus. 'This also greatly reduces air intakes
through the charging hopper.

In view of the foregoing, experimental tests
may lead to substituting for such simple flues as
are shown in Figs, 1 and 2 the more intricate flues
shown in Figs. 3 to 5 inclusive and associated with
mixing valves. Such flues comprise on both s'des
of the suction orifices a pair of poking ports or
holes formed in a relatively thin wall so as to
permit the slice bars or like tools to be inclined
to a greater degree while the poking opersation is
carried out.

In the construction shown in Figs. 3 to 5, 2{ is
the casing of a valve or cock made of cast lron
and having water circulationi or cooling ducts 2.
This casing 21 has a relatively thin flange 3 for
the aforesaid purpose. This flange 3 rests on the
upper part o of the furnace metal shell & to cover
the flue ¢. Moreover, the casing 21 is provided
with a palr of ports 4 (see Fig. 4) through which
poking tools may be inserted and also with a pair
of ducts §, 6. The duct 5 Is intended for the In-
flow of extraneous cold gases while the duct &
serves for the outflow of the mixture of gases or
vapors and extraheous gases, the mixing taking
place in the valve.

The valve casing 21 Is provided with a revoluble
key T urged by a spring 8 abutted agalnst the un-
der face of a cap 9 towards a conical seat 0
which delineates an annular chamber I for the
inflow of extraneous gases. A stub pipe 12 of
elbowed outline cast Integral with or otherwise
rigidly fastened to the key T projects into the
casing 21 and is adapted to simuitaneously draw
those cold extraneous gases which are sucked
through the annular space 13 surrounding said
plpe i2 and those hot gases or vapors that are
sucked through the flue ¢ and the inner end 14 of
the valve casing ZI. The annular chamber i1
which girdles the pipe 12 communlcates through
an aperture |15 (see Flg. 4) with the duct 5 while
the stub pipe 12 communicates through an aper-
ture 16 with the duct 6.

A V-shaped rotatable actuator IT (see Fig. 5)
makes 1t possible {o simultaneously close off both
ducts B, 6 and to release valve disks 8 fitted with
counterwelghts 18 so as to enable such disks to
unmask the poking ports 4. These disks are
locked between successive poking operations by
being held down by the angularly bent ends 28 of
the actuator arms 171, Each counterweight 19 s
supported by an arm 22 having a fulcrum pin 2%
and 8 pivotal pin 24 by whicly the plane disk 18
is carried by said arm.

It will be understood that owing to the pro-
vision of such flues equipped with mixing valves
or cocks, hot gases and vapors are Instantane-
ously cooled by cold gases and the extraction
of the gaseous mixture is interrupted while the
poking ports are opened so as to prevent any
undue air or gas intake during manipulatiorn
of the slice bars.

Therefore thls improved arrangement of the
flues and valves presents the following advan-
tages over the more simple grrangement of flues
¢ shown in Fig, 1. PFirstly, an instantaneous
cooling of the gases or vapurs extracted from
the reactive mass being treated is obtained. Sec-
ondly, greater gas masses are set imtg clreqla-
tion, whereby higher speds are achleved which
prevent any premature dust settlings. Thirdly;

ot both 51dss of thé sHEHEN Dipes. 'THE ingss 6T ¥ the stoppers or poking ports canmot be posstbly
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opened while the flues or valves are in normal
operation and vice versa.

Flues bullt In thls way are advantageously
grouped Into sets of four or five to match the
capacity of volumetric suckers used and that of
the gas producers involved in the plant, Ex-
tracted gases or vapors are sent to gasometers
through condensers where the latter are re-
quired and, in all cases, through hydro-centrifu-
gal or electrostatic dust removers.

The provision of dust removers is imporiant
becsuse extracted gases always contain impor-
tant propertions of dusts., Thus apart from lime
arising from the dislntegration of a portlon of
the calcium carbide st overheated points, carbon
monoxide arislng es by-product from calclum
carbide contains nearly all the magnesia due to
the action of carbon monoxide upon magnesium
issued from substantially thorough reduction of
maghesls present In raw materlals undergoing
treatment.

In the case of carbon monoxide resulting from
the manufacture of calclum carbide, care should
be taken to first eliminate raw materials having
too high a content of magnesia and to operate
from natural caleareous substance which, for the
same quantity of ealclum carbide, gives rise to
a gas which 1s three times less laden with dust
because its volume is three times as large.

In practical operation on a manufacturing
scale, the electrode ¢ may convenlently have a
diameter equsal to about four meters. In view
of this, precautionary steps should be taken to
protect the lower end of the electrode from the
risk of breakage owing to its Irregular nibhling
to a so-called mushroom shape. It will he found
hy those skilled in the art that such steps can
be easlly determined whether when Injecting
steam or carbon dicxide or when the molten
materials which collect upon the hearth % con-
tain siliea, manganeous oxide or metal carbides
capable of belng volatilised or disintegrated un-
der service conditions. It will be found that va-
porised water, carbon dloxide or vapors of silica,
manganese oxlde or metal carbides have the ef-
fect of whittling away the lower surface of the
mass by a process of oxldization or decarburiza-
tion. This, however, would cease to be the case
where ordinary ashes replaced by magnesia and
steam or carbon dioxide injectlons replaced by
hydrogen injections.

So far asg safety in the processing 1s concerned,
atmospheric air canneot gain access to the sole
gaseous pocket situated underneath the electrode
g without previously flowing through the annu-
lar mass of reactive materlal d in which the oxy-
gen contalned therein is necessarlly converted
into carbon monoxide,

Any eleciric power up to 10,000 kilowatis may
be used since an electrode having a diametrleal
slze reaching four meters normally admits
400,000 amperes.

As regards suppleness of operation, and by way
of analogy with frequent discontinuity as occurs
when producing metallle carhide, In order to
avoid any substantial loss of heat and undue
nibbling of the electrode during off periods, 1t
is only sufficlent to cover the raw materials In
the hopper with slack of a similar material as s
current in the making of metallic carblde,

Moreover, as regards easiness of discharge of
the ashes in the form of slags, clinkers or metal
alloys, no greater difficultles are encounfered
than those exceptionally met when producing al-
loys or metallle carbides. Such difficulties can
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be always overcome by de-clogging the mass by
striking an electric arc fed by current derived
from the electrode input terminal,

Finally, as regards the adaptation of the proc-
ess to all productions of alloys and metall'c car-
bides which are sccompanied by an evolution of
carbon monoxide, it 1s obviously sufficlent to sub-
stitute for carbonaceous material as used for the
production of usual plant gas beds of molten
material capable of giving rise to such alloys or
metallic carbides.

As an exemplification of the way in which a
furnace or gas producer according to the Inven-
tion may be used, the following examples will
now be glven:

Ezxzample I

Where dealing with water gas according to the
reaction
C+H2:0-CO+4-Hz
28,800 calories (or 34 KWH) consumptions for
10,000 cubic meters and an electrothermic effi-
clency of T0% are as follows:

KWH of reactlon—-—x 10, 000x19-9==11 040 KWH

Coke 807 of C=gx10,000)<%0=3,420 kilograms

H,0 steam=i——gx 10,000=4,100 kilograms

The relatively small quantity of FE—8i, 25%
as by-product, permits the expenses toc he cov-
ered as regards killowatt-hours, coke and iron
serap consumption, Vaporization of the water is
performed by recovering heat derived from a
gaseous extraction conducted at 100° C. hut due
allowance should be made for the kllowatt-hours
correspending to the spent heat, namely

366
864
which for consumptions of 10,000 cubic meters
of (CO-+Hz) glves totals equal to
kilowatt-hours 15,276
coke 3,420 kllograms

and per cubic meter

1,6 kllowatt-hour
.35 Klogram of coke.

Example IT

For carbon monoxide from residual carbon di-
oxide due for lnstance to decomposition of steam
by carbon, consumptions for 10,000 cubic meters
ohtained by the following reaction

COz4+C-2C0—38,800 calories (or 45 KWH)

% 10,000=4,236 kilowatt-hours

are as follows:

KWH of reaction:
45 100
34 %X10,000% 375 ==14,580 KWH

Coke 809, of C 4)<10 oooxm—s 420 kilograms

Residual CO, 700 X 10,000=

1,000 kilograms or 2,000 cub. met.

366
‘864

The totals for expensive consumptions of 10,000

KWH for CO at 1100° C.o==X10,000=4,236 KWH
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cubic meters of carhon manexide are thepefore
as follows:

EWH=—18,810- EW¥F

Coke=3,420 kilograms
and per cuble meter

1.6 EWH

36 kilogram of coke
"Example IIL

With regard to CO resulting from the manu-
facture of calelum carbide according: to the for-
mula

Cal+-3C=CaC+C0O

to the extent of 275 cublc meters per ton of 80%
carbide, the expensive super-consumption re-
mains lower than the quanfity of heat derived
by the gas extracted at 1100° C. namely to:

g%x 275=117 kilowatt-hours

or for ane cubic meter .43 kilowati-hour.
Ezxample IV

For the same carbide from calcareous material 2:

angd according to the formula
Cal-CO+4C=CaC+CCQO.

leading to 825 cubic meters of Co per ton of 80%
carblde, the super-consumption only relates tn
the kilowatt-hours since the fourth atom of car-
bon substantially corresponds to that quantity
of coke which would be used up for producing
quick lime.

However, to the super-consumption which is
three times as large for heat derived from an
extraction of carbon monoxide which s also three
times as large, namely 351 KEWH, there must
be added the one following the decomposition
of 1600 kilograms of calcareous substance, namely

42 500 % 1600

864 100

as well as the one followlng the conversion of
COs into 2CO namely:

45 100
EXEBEX 70 =803 KWH

=787 KWH

making a total for each ton of 80% carbide of
35147874803=1941 KXWH

b
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or reckongd: per cubic metar

%‘ifslmz.ae KWH

It will he understood. that the extraction meth-
od: using downdraft or, In ather words, Inverted
drait in the improved gas producer according to
the invention 1s the only one which permits a
complete reductlon of COz from calcareous sub-
stance to be achieved.

Example V

Agsuming now 45% ferro-silicon to be dealt
with according to the following formula

Si0g+ 2€=Si4+2CQ
which leads to

% X 450=T07 cubtc meters

of carbon monoxide per ton of alloy obtained,
the expensive super-consumption is reduced, as
for calclumn carbide, from quick lime, to the heat
derived by the carbon monoxide extracted at
1100° C. that is to say to

366
RBL X707=300 KWH

or per cubic meter

300 43 KWH

It will he understood that the foregoing exam-
ples. are not to be comstrued in too rigorous a
sense and, moreover, that they are not limita-
tive. The electrothermic gas producer according
to the invention is also suitable for the extrac-
tion of metallic vapors such ag zinc or magne-
slum vapors or other so-called industrial gases.
It thus becomes possible to Instantaneously deter-
mine the advantages which can be derived de-
pending upon clrcumstances ahd contemplated
productions. These advantages can be obtained
with none of the formerly devised electrothermic
appliances which were lacking in rellability, safe-
:ﬁ:pemtional- flexibility and easiness of adapta-

PAUL LOUIS JOSEPH MIGUET.
MARCEL PAUL PERRON.



