¢, HERING.
T ECTRIC FURNACE ELECTRODE.
APPLICATION FILED FEB, 17, 1911, -

- Patented Aug. 1, 1811

FIG Q. o  FUGZ2.
C. ' o 'Ed | {j’\ =i /d

INVENTOR
i

. 2
(Dl 7//
WITNESSES . p {

/. /i . ’

%W&Zﬁ // . | ) 8Y E)ﬂﬂ %%{f é/{f'/.




on

10

15

20

30

39

To all whom 1t may concern:

" UNITED STATES PATENT OFFICE.

CARL HERING, OF PHILADELPHIA, PENNSYLVANIA.

. - ELECTRIC-FURNACE ELECTRODE.

999,719.

Original application filed July 6, 1909, Serial No. 505,963. Divided aud this application

| Specification of i.étters_ratent; ~ Patented Aug. 1, 1911.
' ﬁled_ZE‘ebruary 17,

1911, Serial No. 609,123.

‘Be it known that I, Caru HeriNG, a citi-
zen of the United States, residing in the city
of Philadelphia, county. of Philadelphia,
and State of Pennsylvanja, have invented &
certain new and useful Electric- Furnace

Electrode, of which the following is a speci-

-

fication. = . - | SRR
"M~ invention relates to electrodes and

more particularly to electrodes for conduct-
ing current to another conductor, such, for

example, as a heated conductor or a con-
ductor within an electric furnsce.- |

My invention resides in an electrode whose
opposite- ends are at substantially different

temperatures while current 1s passed through

{he electrode, and is so constructed that the
current passing therethrough -will prevent
heat conduction from its hotter to its cooler
end of heat generated cxternally to the
olectrode at its hotter end. To this end I

‘so relate ‘the cross section of my electrode

to ils length that its resistance is such that

{he current passed therethrough will pre-
maintalning |

vent such heat conduction, by
the hotter end of the electrode al a tempera-

ture substantially equal to the temperature

maintained externally to the hotter end of
the clectrode. . -
By iy improved clectrode construction,
for a given set of conditions, my electrode is
far sihaller and cheaper as compared with
former practice; and by my improved con-
struction I sccure practically minimum elec-
trode losses. ~ S o |

My invention resides in the electrode here-
inaftey described and claimed.

For un understanding of my invention,

and for an illustration of some of the appli-
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cations of my invention, reference 1s to be

had te the accompanying drawing, in which :

Figures 1 and 2 are views illustrative of

“the principle underlying my improved elec-
-~ trodes. Fig. 3 is a vertical sectional view of

an clectric furnace in which the resistor 1s in
the form of a column or columns of molten
material contacting with my improved clec-

trodes.  Iig 4 is a vertical sectional view.

of an clectric are furnisce, involving also
registors in contact with my improved elec-
irodes. “Fig. 5 is a side elevational view of
a nmielallic or conducling starter. .
I-have found that the cnergy Joss in the

electrodes of an electric furnace may. be re-

i

duced greatly below what has heretofore

‘been common practice. 1 have. discovered

the law of the electrode losses and. from 1t
I have found. that for a minimum amouiit
of loss in the electrodes, such electrodes must
be so proportioned that the C*R loss (heat
generated by current in the resistance of the
electrodes) shall be equal substantially or
approximately to twice the heat conduction
loss of the electrodes. By heat conduction
loss I mean the loss of heat from the mterior

of the furnace through the electrodes by

heat conduction, when no current 1s flowing.

‘T have.found that for any other relation be-

tween these two losses the combined loss be-
comes greater. As a result of proportioning
the electrodes so that this relation shall hold,
the losses of energyinand through the elec-

trodes become very small.as compared with
prior practice. The total loss in the elec-

trodes will then be equal to the electrical re-
sistance loss only, (C°IRR loss)

nace, and the electrode will therefore be the
equivalent of a perfect heat insulator, allow-

ing no heat to pass through it from the fur-

| nace. although the clectrode remains a very

oood electrical conductor. No material 1
known which has these two qualities con-

bined, namely, hest insulation and electrical

conductivity ; but by proportioning the clec-
trodes according to the laws. which 1 have
discovered, the practical equivalent of these

| two properties can nevertheless be realized.

This may be betierunderstood by reference

to Fig. 1, in which &, b, is a conductor ot
| heatand electricity,say an iron rod, cibedded

in a block of perfect heat insulating matenal
i, except at the ends, which arce kept at a
low temperature, as by water cooling. et
so large a current be passed through «, b,

that it will be telted for a short distance, ¢
| to d, at the middle. Under these conditions
and when the stable state 1s reached, the only

loss will be thé C2R loss which will flow out
as heat at the two ends. - 1f this block « be
now supposed to be cut in two at the middle
plane ¢, f, and separated to form the two

‘walls of a furnace which contains that same
material in a melted state, as illustrated n
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| as there will

| then be no heat lost by conduction, because
‘the temperature of the hot end of the clec-
trode will then be equal to that of the fur-
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Fig. 2, the rods now forming the two elec- y as heretofore sed. I have stated above.tﬁat |
this minimum loss is independent. of the

trodes, there will evidently be no more heat
conducted by the electrodes from the melted
mass in the interior of the furnace to the

outside than there was before, because the

ends of the electrodes and the melted ma-
terial are at the same temperature. I find
that it follows from the-laws of heat and
electricity that the conduction loss when the

current stops, would then be equal to ap-

- proximately half the C*R loss, as heretofore

20

pointed out. Also that for any other than

these conditions, the electrode loss will be

increased and not be a minimum. While the

- equations and proportions herein given are
-for electrode materials with 1deal properties,

such as zero temperature co-efficients for
both electric and heat conductivities, these
co-cfficients of actual materials available

vary somewhat and, therefore, the results 1n |

practice are not exactly those indicated by

- the equations and proportions given, but are,
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for all practical purposes, substantially those
indicated by the equations and proportions
oiven. I have found that for each electrode

material, this minimum loss 1s° a constant

per ampere of current and per degree of fur-
nace temperature. Also that for a given ma-
terial this minimum electrode loss is depend-
ent upon the furnace temperature and.the
current, but not on the electrode dimensions,

except that the ratio of the length to the
~cross section of the electrode must be a cer-
tain -quantity, as hereinafter pointed out.

Ifor any given electrode material, tempera-

ture, and current, this minimum electrode

loss is fixed and cannot be further reduced

by any change in the dimensions of the elee-

trode. Ttor different materials I find that
this minimum loss is proportional to the
square root of the ratio of the thermal to the
clectrical conductivities of the electrodes.
From these laws T find that the minumum
loss is generally least for the metals, and

that it is very considerably less than for the

usual materials carbon and graphite.
It is a part of my invention, therefore,

~ that metal electrodes are employed, prefer-

80

reduee the eleetrode losses.

00

ably of the same metal as is melted m the
furnace, or of metal or material wlhich does
not contaminate the material or metal tused
in the furnace, and thereby I can greatly
To obtain-this
advantage of a lower minimum loss for

metal electrodes they must be proportioned |

“so that the heat conduction loss, with no

60

- ayraphite electrodes, giving minimum losses

current flowing, will be equal to half the. |

("R loss approximately or substantially.

But my improvement is not limited to metal
elecirodes, for, by observing the novel pro- .

portions herein described,, carbon and

for those materials, may be employed, and

“the loss will. be found to be uiuch smialler

60

than. for the carbon and graphite electrodes

actual dimensions of the electrodes, that is,

they may be large or small and yet have the

same minimum loss. To get this' minmimum

70

loss, however, I find that they must.have a'

certain proportion between their length and
their cross section. . In-order to obtain the
best economy- of electrode material, there-
fore, the electrode should be made as short
as possible, as the. economy ' Increases in-

versely as the square of- the length. The
cross section 1s then .made to Qorrespond..

with this length. in -accordance. with' the

laws: which I have discovered, 1 order to.

75
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obtain the minimum loss. Irom- the laws -
which. I have discovered it follows.that this -
economy of material will be greatest, that 1s, -

for any given length the eross section wiil -
be least, when the square root of the prod-.
uct .of the electrical and the thermal con-

ductivities is greatest. Hence, I find that ds

far as economy of material 1s. concerned,.
those materials are best in which this prod-
given. material;

uct 1s greatest. In any |
therefore, the desirable qualities are, to a

certain -extent, -opposed; with ‘respect to’
economy of power as compared with econ-

omy of material. ‘I have discovered that if-
K and % represent the electrical and thermal-
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conduttivities of the material, then the mini- -
muni power loss in them, in the form of
the heat which leaves them at the outside -

. L) se e - . .
terminals, 1s least when IX divided by & i1s

and I 13 greatest.

ereatest.” On the other hand, the economy 100
of material is best when the pr_adnct' of -

It is, thercfore, the

quotient and the product of the electrical
and thermal conductivities which.determine -

their suitability for electrode materials, and.
not either of these alone. In comparing dif- -

ferent materials quantitatively -with each

other, it is the square root of this quotient or
this product which must be compared and-

not the quotients and-products divectly.

IFrom the conductivities of difierent ma- -

tevials as far as tl;t?;- are known, I find, from
the law which I have discovered, that the

square root of'these quotients and products

are as a rule greatest for the meals as dis-
tineguished from the usual electrode mate- .
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rials, carbon and graphite. The dillerence
is great. Hence, I have found it much mere .

cconomical to use.metal electrodes when-
ever possible. - . S _

120

When nretal electrodes are used and pro- -
portioned in'accordance with the laws whieh

I have discovered, they will remain solid at

the-external ends although they will be at

the ‘temperature .of. fusion at the nside or
furnace ends. The reason is that when so
proportioned there will be no heut -con-
ducted by thé electrodes) from- the iterior

of the furnace, and all the heat. generated

‘in them by the current will be led off at the
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. cool or outSlde end Just as fast as it is gen- |

| emted in 1t; hence their temperature will
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not inerease and they will remain unfused
except at their extreme inside ends.
tinuously covered with fused metal at their
imside or hot ends they will not be con-
sumed - and 1f made of the same metal as

that fused m the furnace, or of one which 1s

nonmiscible with the fused material, they
wil]l not contaminate the latter.. Th1s state,
as I have found,
total loss in the elevtmdes |
From the laws above stated 1 have dt,—

‘duced the follou img formula:

A= 8940\/ krT

- Wthh I\ 1s the. total mmlmmn 10& 11}
watts 1 or through the electrodes, 2.804 15 a
constant inv olvlnn no physical properties, C
1 the current in amperes, & is the heat con-
duetivily in gram calories per second. cubic
mnch umts » the electrical resistivity in
ohins, cubic inch units, and T the tempera-
“ture diﬂ?uenm between the 1nside and out-
side ends of the electrode in centigracle de-
grees. And I have deduced the following
formula for
‘proper proportions of the electrodes for
‘minimum loss:

S 7

.111 Wthh 5 1S the Cross SECthIl of the elec-
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©stants in these fmmula., namely, 2
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trodes in square inches, L their length in
1nches, C the current in amperes, », / and T
being the same as above. The electrodes
must have this proportion in or der to obtain
the mmimum loss given in the first formula.

" When the themml condu(‘tlvlhf iz 1n the
above formulz i is expressed in watts in place

~of 1n calories per second, the numer ical con-
594 and

- 0.3456, disappear, and a factor 2 accompa-
nies the factor %, so that these formulwe take
the form, re&pectnely, as follows:

X = C\/‘ﬁch

=C \/ KT

This second f(:-llllll]il TIVes Lhe ratio of the
‘section to the length of the electrodes and
~therefore leaves a choice of elither, but not
of both. The length should be made as
short as possible; it s usually determined
by the general d@blﬂ"ﬂ and thickness of the
~ furnace walls or other considerations. The
~quantity of electrode material increases as
‘the square of the length. It follows, there-
fore, that in accor dance with my discover-
Jes and invention, I may greatly reduce the

size¢ of, and therefore oheapen the electrodes:

heretofore used in the art and .J,t the same
time secure a minimum loss of energy in the

14 electrodes, thuys lemflncr or ea,tuL meuntb of

If con-

is also the state of least

determmmﬂ the condition ot‘

vertical sectmn having a hearth A;

top.
| from one electrode through -

RS,

- energy for useful w ork within the furnace

and, In consequence, increasing the efficiency
of the furnace. -

It by the electrode efliciency is meant the
ratio of the energy set free in the interior of
the furnace, that is, between the hot ends of
the two electmdes dzvlded by the total en-
ergy between the two. cold ends, then for a
olven minimum loss in the ele{,trodes this
dﬁc:len(,y will evidently be hwhel the
greater the drop of voltage between the hot
ende as compared with t%e drop of voltage
in one of the electrodes.
the latter may be made very small, much
smaller than heretofore, hence for a given
current and voltage of a furnace there will
be more useful heat generated in the fur-
nace. But to increase this efliciency still
more the drop of voltage between the two

hot ends should be made as oreat as possi-

ble. To do this with a liquid resistor may
require this resistor to be made long and

By my invention-
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small in section, hence I may in those cases .

prefer to use the arc as this has a relatiy ely

high drop of potential in a small space. Or
5,t111 better I may use several arcs in serles.
My 1mproved electrodes may therefore be
used 1n any electric furnace irrespective of

~whether the resistor is a column of molten

material, an are, or what its folm or char--
acter may- be.

In Fig. 8 i1s shown an electric fulnace in
this
hearth may tale any suitable or deslled
form, as the heat producing resistor is
])ld{tlt ally mdependent of the proportions.
of this hearth or the amount of molten ma--
terial init. Upon the hearth A is a mass B, .
of molten iron or. other material under
treatment, the molten material extending
also downwa rdly into the columns C and D,
the molten material in these columnsg mak—
ing electrical end-on contact with the “fur+
nace electrodes E, K, proportioned and ‘¢on-
structed as hereinbefore described, which
extend through the bottom or
furnace, and may terminate outside in con-
ductimg enlargements Ir, I, which may be
cooled, 1f de%ned by a water jacket. The
furnace extends upwardly in the form of a
dome (3, preferably enlarging toward the
bottom, such dome being preferably filled
with the, charging material I, as 1ron ore
or other materul whlch miy. be introduced

through the opening I at the top, ’_ﬁhlth 13

thereby preheated. -
The furnace niay be started. by a charge
of molten material or by a casting of pmf-—

erably the same material as ﬂmt (o be-

treated, extending downwardly in the col-
wnns C and D into contact with the elec-
trodes E, E, such casting being continnous
and budgmg the columns C and D at the
When the current.is turned on, it flows
one of the
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4

columns and out through the other column-| nections to the transformer angd thus 1n-

and other electrode, the casting, when such
as employed for starting, becoming hotter
and hotter until finally melted. Then the
usual mixture of ore, carbon and flux 1s in-
troduced, it being in preferably suificient
quantity above the hearth to force masses
of it into the molten wmass, whereupon the
heat of the molten mass 13 1s rapidly con-
veved to it, therehby hastening the chemical

action, such as the combination of iron and

carbon on the one hand, and the combina-

tion of the carbid, thus formed, svith the

iron oxid on the other hand, as is well un-
derstood in the art. J vepresents the slag.
And a further opening L may be provided
for the introduction of air, as by a blast,
for burnine any possible unburned gases
which may be formed, like carbon monoxid,
{hus preieating the ore and increasing the
cconomy of heat of the furnace.

M s a tap hole communieating with the
columm C for drawing off the finished ma-
terial, and a similar tap hole N may be pro-
vided for connnunicating with the other
column D for the same purpose, 1f desired.
Or the tap hole may communicate with the

botiom of the hearth, if desired, or tap holes
~ may be
20 -

placed at both places.

In operation, a minimum amouni oi en-
erey is lost in the electrodes I, IS, and the
heat is produced by the current in the
columns C and D, the molten masses 1n
these columns constituting the resistor.
This heat is then supplied to the mass BB by
the columms C and D.

In Kig. 4, T have shown an arc furnace
having the clectrodes E, E, in accordance
with my invention, which may be metallic,
communicating with the separated baths 13
and B’ of molten material, a dividing wall
or member S being provided. ‘The arc may
be started by a bridge piece wm, such as
shown in Fig. 5, made of the same metal as
that in the baths B and 13/, by placing the
same over the dividing member S; the mem-
ber then melts and an arc o 1s formed be-
tween the two baths B and B’.  Or the ave
may be started by granular conducting ma-
terial extending over the member S into
contact with the two baths, or the baths
may be agitated to come momentarily 1nto
contact with each other above the mcmber
S, or any other means may be cmployed.
The dividing member S may be kept fron
fusing by a civeulation of water or other
cooling material through the opening or
tube 1. Or the magnetic blow-out prin-
ciple may be used to keep the ares favther
from the dividing member .

In both the forms of furnaces herein
shown, it will be noticed that the two termi-
nals or electrodes may be brought out close
together, because of their siall size, due to
my invention, thereby facilitating the con-

i

creasing the power factor, when alternating
current is used, since the area inclosed by
the conducting loop formed within the. fur-
nace 1s greatly reduced.

The electrodes are. not conswed and
therefore do not contaminate the fused

product and do not lave to be advanced

mto the furnace. In conscquence, the con-
struction of the furnace is greatly simpli-
fied and cheapened. Unless proportioned
as I have shown, the losses through metal
clectrodes may become very large, due to
their hioh heat conductivity.

By constructing a furnace clectrode as
hereinbefore described, the electrode section
is not so large that heat conduction can oc-
cur therethrough from the furnace; nor 1s
the section of the electrode so small that
the electrode is raised within the furnace
wall to a temperature higher than the fur-
nace telperature.

This application 1s a division from my ap-
plication Serial No. 505,963, filed July 6,
1909, upon which was issued Letters Patent
of the United States No. 988,930.

While I have herein shown and described
nry .mproved electrodes applied 1n several
relations in electric furnaces, I claim herein
iy improved electrode only, and m my co-
pending application Serial No. 624,616, filed
May 2, 1911, I claim my said improved elec-

(rode in those relations in clectric furnaces .

disclosed but not claimed herein.

What I claim 1s:

1. ITn an electric furnace, an clectrode hav-
ine a resistance such that the C°IRR heat de-
veloped therein by current transmitted there-

through to said furmace shall be substan-

tially equal to twice the heat conduction loss
when no current flows.

9. Tu an clectric furnace, an electrode hav-

ine such length and cross section that the
furnace current fowing through said elec-
trode raises sard electrode at its furnace end
hy its own resistance to a temperature sub-
stuntially equal to furnace temperature.

3. In an eleetrie farnace, an clectrode hav-
inge the ratio of its electrical to its thermal
conductivities and the product of its elec-
trical and thermal conductivitics great, and

such that the C2R Leat developed theremn
by fornace current s

substantially cqual to
(wice the heal conduction loss through said
slectrade when no current 1s {lowing. |

1. An oleetrie Turnace electrode having ax
clectrical resistance sullicient to cause the
oceneration, throughout its whole length be-
{ween its outer and inner terminals, by the
passage therethrough of furnace current ot
(he heat necessary to prevent logs by con-

duction toward its outer terminal, of the

heat generated in the furnace.
5. An electric furnace clectrode having a

| substantially uniform cross section and hav-
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ing an electrical resistance sufficient to cause
the ‘generation, by the passage therethrough
of furnace current, of the heat necessary to
prevent loss by conduction toward its outer
end, of the heat generated in the interior
of the furnace. | S
6. An electric furnace electrode having
such a thermal resistance that during nor-
mal furnace operation only that heat is
conclucted.to its outer terminal which is oen -
erated within said electrode by the passage
therethrough of furnace current.

7. An electric furnace electrode having
such a Iength and uniforni cross section that

substantially no heat will flow into or out

-of. the furnace through the hot end of said
electrode.

-

S. -In an-electric furnace, an electrode for
communicating current to the material in
the Turnace, the relation of the eross section
0f said electrode to its length determining
the resistance of said electrode such as to
wuse the generation of heat throuchout the
whole length of said electrode, by the pas-
sage therethrough of the furnace current,

preventing heat conduction from the ma-

terial 1n said furnace outwardly through
sald electrode. |

9. An electrode adapted to conduct cu-
rent to a heated conductor, said electrode
having such relation of its cross scetion to
its length, substantially as described, that

5

the current passing throuch said electrode

to said heated conductor raises said electrode

at 1ts end in communication with sald heated
conductor by the resistance of said electrode

to a temperature substantially equal to that _

of said heated conductor.

10. An electrode for carryine current
while its opposite ends are at different tem-
peratures having such resistance that the
C?R heat developed therein by the current

transmitted therethrouch shall be substan-

tially equal to twice the heat conduction loss
through said electrode when no current is
flowing through said electrode. -

11. An electrode for cairyine current
while its opposite ends are at different tem-
peratures, said electrode having such vela-
tion of 1ts cross section- to ifs length, sub-
stantially as described, that the current flow-
ing through said electrode raises said elec-

trode at its hotter end to a temperature pre-
venting conduction through said clectrode

of heat generated external to said electrode
at 1ts hotter end.

In testimony whercof 1 have hereunto
atiixed my signature in the presence of the

LN

two subscribing witnesses. |
JARL HERING.
Witnesses: |

ANNA 1. STRINBOCK,
Kuraxor T McCArLr.
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