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A STURVEY OF VARIOUS ELECTRIC SMELTING PROCESSES AND THEIR
APPLICATION TO INDIA—PART I

HERMAN CHRISTIANSEN
(Engineer, Elektrokemisk A/S, Oslo, Norway)

NATURE has endowed India with an unusual-
1y large share of the mineral resources of
the  ~world. Iron ore, bauxite and manganese
ore are awvailable in practically unlimited quan-
lities. Chrome, tungsten, vanadium, ilmenite
and. other ores are likewise plentiful, and there
are  abundant deposits of limestone.
So far, only a limited advantage has been
takery of this wealth, but the growing indus-

trinlisation of India will undoubtedly call
for @an increased utilization of its mineral re-

sources.

I this future development, the electric fur-
nace is bound to play an important part, as
the xmajority of ores and minerals are process-
ed e>xclusively by electro-thermic or electro-
chexnical means. The very favourable possi-
bilities for inexpensive generation of hydro-
clectric power give India an advantageous
pasition in the field.

Iromn and manganese ore may, of course, be
smelted in the common blast furnace, but the
introduction of the electric smelting process

electric furnace depands mainly on the relative
cost of coal and electric energy.
Trae ELECcTRIC FURNACE

The electric reduction process is usually
carried out in a low-shaft furnace of simple
design, the heat required to maintain the smelt-
ing temp:rature being mainly generated by the
resistance of the charge to thz electric current
which flows between the electrodes.

The principle of a typical electric smelting
furnace, as us:zd for the production of ferro-
silicon, for instance, is shown in Fig. 1. The
voltage of the incoming high tension current is
stepped down to operating wvoltage in one or
more furnace transformers (t), located in the
near vicinity of the furnace. From the trans-
former, the current is carried to the electrode
(e) through interleaved heavy copper bus bars,
copper tubes and cables. Contact with the
electrode is ensured by means of water-cooled
clamps.

The electrodes were previously of the pre-
baked type, which frequently had to be re-
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would preserv: the Indian coal and charcoal
resources. In view of the scarcity of domestic
coal supplies in many localities—at least
coking coal—this process would be of great
national importance. From an economical point
of ~iew, the question of blast furnace wversus

Section through smeltin'g plant.

newed at the expense of labour and breaks in
production, but in the early twentieth century
the Séderberg continuous self-baking electrode
came into general use. This electrode, which
is illustrated by Fig. 1, is prepared at site and
baked by waste furnace heat. In principle it
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consists of a steel sheet casing, filled with
electrode paste. As the elzctrode is consumed
in the smelting process the top end is extended
by welding on new sections of electrode casing
and re-filling paste. This electrode is now
widely used in the smelting industry, and has
been described in detail in various technical
_ literature.

The furnace body (f) consists of a steel shell,
lined internally with hzat-resisting brick and
rammed carbon/tar paste.

The molten product is tapped through one or
more tap-holes into tapping pans or ladles,
and is crushed after cooling.

Tha electric smelting furnace may be equip-
ped with up to three electrodes (in special cases
even six), but it is now almost unanimously
accepted that the three-phase furnace is to be
preferred for high loads, i.e., from about
4,000 kW and upwards. In smaller furnaces
it may be desired to use one electrode only,
for greater simplicity of design and operation.
Two such single-phase furnaces may be coupl-
ed in Scott to give a uniform load on a three-
phase power distribution line.

Owing to the rectangular shape of the pre-
bakzd electrodes used, these were originally
placed in line, but the more recent practice is
to arrange the electrodss in an equilateral
triangle in order ‘'to obtain electrical sym-
metry.

Most electric smelting furnaces are of the
open type, where the gases burn on the surface
of the charge, and are subsequently sucked off
through stacks, or in some cases put through
a dust removal plant. The open furnace is
simple in operation, but the CO gas evolved
is, of course, wasted.

FERROSILICON

Ferrosilicon is an electro-thermic product
which is usually smelted in an open furnace,
owing to the high temperaturs required for
ore reduction.

The lower grades of FeSi (containing less
than 20 per cent. Si) may be produced in blast
furnac:s from silica-rich iron ores, but all
other grades are smelted exclusively in electric
furnaces. The process is simple, and consists

Ferrosilicon Operating Data
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This is, of course, of primary importance when
producing silicon metal. There are no special
requirements as to the quality of the coke, and
even coke breez:» is employed to a very large
extent.

However, when producing alloys containing
90 per cent. or more silicon, the coke must
obviously have a low enough iron content to
ensure that the desired metal quality is oblain-
ed. In the production of silicon metal it is
necessary to use charcoal or petlrol coke, in
order to limit thz iron and alumina content of
the charge to a minimum.

Owing to the high melting point of the raw
materials used, and in the case of high grade
FeSi and also alloy, the primary object in the
ferrosilicon furnaces is to obtain the greatest
possible concentration of heat in the smelting
zore. This may be accomplished by operating
with a high current density in the eclectrodes.

Furnaces for the production of 45-50 per
cent. and 75-80 per cent. ferrosilicon are gene-
rally built in capacities up to 8-9,000 kVA,
whereas for silicon metal, 5,000 kKVA may be
consid:red a large unit.

The latest improvement in electric furnace
design, the rotating hearth furnace, has found
its first application in the production of ferro-
silicon. According to this design the furnace
body is placed on a turntable which rotates or

oscillates at a low speed. The clecirodes,
suspended vertically at three points of an
equilateral ftriangle, remain stationary. The

smelting zone will thus move sideways in rela-
tion to the electrodes.

The advantages claimed for this furnace type
are that the smelting conditions arc improved,
as the charge is kept porous by the motion,
and the gases may escape freely. “IBridge”
formations and explosive gas eruptions, which
may sometimes be experienced in a stalionary
furnace, are reduced. The power and raw
material consumption is also stated 1o be de-
creased, and wear on hearth and lining is
reduced. Furthermore, the furnace pol may
easily be cleaned out during shut-downs, or
when a change-over from one produci to an-
other is contemplated.!

Below are tabulated some operational [igures
(per ton tappad ferrosilicon)

FeSi grade ‘ 45% 5% 909, Siometal

Power consumption, kWh £000-8000 9000-11000 12 00-15000 18000-2200)
Electrodes, kgs 30-40 60-~70 100-120 150-180
Coke, kgs 550-650 1100-1200 1400-1600 ..
Charcoal. kgs . .. . 2000~2200
Quartz, kgs . 800-1100 180"~2000 2300-2600 3000-1000
Scrap iron, kgs . 500-600 200-250 10-30 ..
Man hours ({uinace operation 10-12 15~20 23~30 40~-50

and tapping only) '
Silicon yield % 90 85 80 ( 0-65

of thz reduction of quartz by coke, anthracite
or charcoal. Scrap-iron is used when neces-
sary, to obtain the desired Si-content.

The quartz should be as pure as possible
(96-99 per cent. SiO,) and free from impuri-
ties which may cause slag formation or appear
in too large quantities in the tapped product.

for various qualities of ferrosilicon.
figures refer to modern
S¢derberg el:zctrodes.

I. Ellefsen, T., “7The ELKEM Rotating Iearth
Furnace for Electrothermic Process,” The Electrochemis
cal Society, 1946.

i The better
installations with
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It should be noted that the figures are based
on norn_ml operating conditions, and that the
are subject to considerable variations accordiny
10 quality of raw materials, cfficiency of laboug
and operation, cte.

Fig. 2. 15,000 kW carbide_fumnace.

It 3.

10,000 kVA fervo alloy furnace.

Carcrum  CARBIDE

Calcium carbide is prepared exclusively in
the eleetrie furnace, lime being reduced by a
sarbonacceous material under high temperature
(2,000-2,200" ), according to the equation :

CaQ - 3 C == CaC., + CO.

Commeorcial grade carbide which according to
international specification should yield 280-300
litres of acelylene, conlains some 80-82 per
cent. Cadc,. '

The lime should pe of the best quality avail-
able  (96-98 per cent, Ca0), and particular
atterition must be paid to its physical charac-
teristics.  The most common reducing agents
employed are coke and anthracq:e. In connec-
tion with high grade lime, bituminous coal
may also be used in open furnaces. Charcoal
is normally too expensive, but is otherwise an
excellent reducing agont, which will produce
a pure carbide. Charcoal of the heavy tropi-
cal type is especially suitable, It is most
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essential that the raw materials are correctl
sized, and too high a moisture content in thz
reductlpn materials should be avoided, as
otherwise the lima will be slaked after the
charge has been mixed.

Carbide is produced in electric furnaces con-
structed cn th2 same principle as those employ-
ed for ferrosilicon, but much larger units have
been built in the endeavour to obtain increased
production and reduced production costs. The
transformer capacities may vary from about
3,000 XVA to as much as 40,000 kVA. The
greater numbsr of carbide furnaces in the
world are still of the open type. but, semi-
closed ar;d closed furnaces are also much used.
The semi-closed type has found particular ap-
plication in many of the modern carbide works
in Germany.

These furnaces are usually rectangular, with
three oblong electrodes connected in line. The
electrodes were previously made up of four to
six blocks of pre-baked carbon sections, but
even before the war they had been to a great
extent exchanged for oblong Se¢derberg elec-
trodes. “Bridges” of water-cooled pipes covered
with a heat-resisting material are arranged be-
tween the elecirodes, and also between the end
electredes and the furnace wall. The purpose of
the bridges is to improve working conditions
for the furnace operatcrs, and to collect some
of the furnace gases which may then be suck-
ed off through a stack, or passed through a
gas-cleaning plant.

The gas may contain as much as 55-65 per
cent. CO, and some 35-40 per cent of the
amount evolved may be collected.

Entirely closed carbide furnaces, equipped
with electrodes in triangle, have been in opera-
tion in the United States for a number of
years. The furnace cover is usually construc-
ted of water-cooled, alloy steel sections.
Around each electrode is a hopper, fed with
raw material mixture from overhead bins.
According to reports, this type of furnace ope-

F16. 4. 6,000 kW rotatiny haarth fa-aus

rates very satisfactorily, but it is dependent on
a mixture feed containing little or no fines, as
the small particles would prevent the passage
of gases, and thus cause “blowings”.
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Closed carbide furnaces as designed by Elek-
trokemisk A/S, Oslo, Norway, are now also
being introduced on the principle of the Tys-
land-Hole furnace (see next chapter). Ac-
cording to this design the charge is fed to the
furnace through water-cooled shafts, located at
a distance from the electrodes, the advantage
being that the evolved gases are permitted to
escape more freely, and operation is far less
dependent on the physical qualities of the raw
materials. )

Closed furnaces are generally more economi-
cal in operation than open furnaces, and the
working conditions for the furnace crew are
greatly improved. The furnace gas is, further-
more, a valuable by-product, and may be used
for heating, chemical synthesis or other pur-

0ses.

P Below is given a table of operating data for
carbide furnaces, the better figures relating to
large furnaces. Operating conditions and
quality of raw materials are assumed to be
normal.

t

Calcium Carbide Operating Data

. (Per ton 300 1tr. carlide)
Lime (96-98%, C10), kgs 900-1000
Coke (10-129% ash), ks 600-650
Power, kWh .. 2900-3600
Man hours (furnace ope- 2-7
ration and tapping only)
Electrodes, kgs . 10-30 *

Calcium carbide was previously used almost
exclusively for welding and lighting purposes,
but an ever-increasing amount is now being
absorbed by the chemical industries.

P1¢ Iron

The electric furnace is also widely used for
the production of pig iron. It finds its main
application in regions where good quality coke
is scarce, and hydro-electric power available at
comparatively low cost.

Electric smelting of iron ores was first
introduced in the beginning of the twentieth
century, with the Swedish “Elektrometall” fur-
nace.

This furnace, which was only designed for
the use of charcoal as a reducing agent, has
since been superseded by the Tysland-Hole
furnace, the first commercially successful elec-
tric pig iron furnacz also to be adapted to the
use of coke.

The Tysland-Hole furnace is a low-shaft,
closed electric furnace, which can operate with
almost any kind of reduction materials, and
which is generally much less dependent on the
high physical strength of the raw materials
than the blast furnace.

The furnace is equipped with three Séder-
berg electrodes, usually arranged in triangle.
The furnace arch is built of fire-brick, and
rests on water-cooled steel beams. The charg-
ing system, by which the raw materials are fed
to the furnace at a distance from the elec-
trodes, is of particular interest.

The main advantage of this system is, as
mentioned before, that furnace operation is far
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7,500 kVA Tystand-Hole furace,

less sensitive to fines in the charge, than with
othir closed furnaces.

Owing 1o the high slag femperature in the
electric fwmace, exceplionally pood  desulphur-
ization may be oblained.

The furnace gas s o valuable by-product,
which may be used for chemical  synthesis,
sintering of fine ores, heating  or other pur-
poses.  Some 650 Nm# of pas is produced per
ton pig iron, the caloritic value being about
2,500 kCal/Nm*. A Aypical gas analysis is as
follows :

Gas constituont Volume %4
CO, 15
(0 ]
Catly 3
i 8
N., 2

- R —

As the gas usually containg o certain amount
of dust, it is purificd in a pas-cleanmg plant
belore entering the distribution lne.

The Tysland-Hole furnace can be operated
on 50 per cent, of the normal load, without any
disturbances or unrcasomable inerease in the
consumption figures.

The furnace is usually built in two standard
sizes, viz,, 7,500 and 13,200 kVA capacity, cor-
responding to a daily output of approximately
50 and 90-100 metric tons of pig iron respec-
tively. A larger unit of 24,000 kVA, with an
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estimated daily capacity of 200 tons, has also
been designed, and three or four of these units
will be erected for the new iron and steel plant
whuih is being built by the Norwegian Govern-
ment,

Below are tabulated some operational fi
for Tysland-Hole furnaces, The ﬁguresgugl?g
based on a burden giving 50-55 per cent. pig
ron with a Si-content of 1-2 per cent., under
rormal operating conditions.

Tysland-Hole Furnace. Operating Datg

7,500
600C~6500

Transformer capacity kVA

13,200
Normal operating load,
kW

10000-11000

Annual
tons
Labour (entire staff inclu-
ded) man hours per ton
Yor one furnace

For two furnaces

production, M. | 1700020000 | 30000-33000

w o
<
to @

Fer metric ton of

pigiron
Slag produced, kgs 350-500
Gas produced, Nm? 650~700
Ore, kgs 15001700
Limestone, kgs 300 -100
Reducing agent, kgs (coke, 375-450

coke breeze, anthiacite

charcoal, ete., 10-159; ash)
XKlectric power, kWh
Illectrodes, kgs

£400-2600 (*)
8-15

* Under favourable conditions, the power consump-
tion may be as low as 2200 kWh. If foundry pig iron
containing 2-39% Si is produced, the kWh-consumption
will increase to ahout 2600~3000 kWh per metric ton.

FERROMANGANESE
The most important manganese alloy is
standard ferromanganese, containing 78-82 per
cent. Mn and 6-8 per cent. C. Other commer-

cial grades are “Spliegeleisen” (15-30 per cent..

Mn) and silico manganese, containing approxi-
mately 25 per cent. Si, 55-70 per cent. Mn and
less than -5 per cent., C. Low carbon ferro-
manganese -and mangancse metal is also pro-
duced for special purposes.

Standard ferromanganese may be produced
either in the blast furnace, or electrically.
Electric furnaces have found apphcatlon n
regions where the cost of power is low, and
where coal of a quality suitable for blast fur-
nace use is scarce. The process is simple, com-
prising the reduction of manganese ore by coke,
under high furnace temperature. Limestone
is added for slag formation. )

In ordsr to obtain satisfactory, economical
operation, rich manganese ore should be used
50% Mn), but low grade ores (35-45% Mn)
may also be employed, provided the silica con~-
tent is not excessive (below 10%). In con-
trast to the blast furnace, electric production
of ferromanganese may also be acc_omphshed
with inferior quality reduction materials. Coke
breeze is a common and inexpensive reducing
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agent, and charcoal or anthracite may also well

be used.

Owing to the fact that manganszse is easily

volatilized, it is essential to kee i
S ) p the operatin
turdnperature as low as possible, in o?:der tg
}E‘_c uce evaporation. For this reasen, compara-
sli‘tfﬁhsir iargedelectéodss with a low current den-
used, and closed £
to ’Igh certain extent. srmaces are employed
€ American type furnace, as previousl
described, is much used, but ferromarlljganese 1:;7
now also smelted successfully in the Tysland-
Hole furnace. Capacities may vary from
2,000 to 15,0(}0 kVA, the larger unifs being
more economical in operation.
The following table gives various operational
figures for ferromanganese furnaces. The

chi_gures are based on normal operating condi-~
ions.

Ferromanganese Operating Data

Analysis: 78-82% M, 6-89 ¢ | (fer ton tapped

product)

1\1’-/’[ower consumption, k Wh . 25003500

anganese ore, kgs (509 Mn, ... 1800-2

7% Si0.) el o0
Limestone, kgs 450-6(0
Coke (10-15% ash), kgs : 550-650
Electrodes, kgs . 15-25
Man hours (furnace operation 4-3

and tapping only)
Manganese yield % (approx.) 80-90

FERROCHROME

Ferrochromium containing more than 4 per
cent. C is produced in the electric furnace
without any serious difficulties, through the
direct reduction of chrome ore (48-50 per cent.
Cry,0;) by a carbonaceous agent. Working
with a surplus of ore, and using firebrick lining
for the furnace instead of carbon, the carbon
content may be reduced to approximately
1 per cent., although the chromium yield will
thereby decrease.

Low carbon ferrochrome (0-5-0-4% C)
used to be produced alumino-thermically. But
reduction in the electric furnace by means of a
two or three-step process is the accepted mod-
ern method. The French Moutiers process for
the production of ferro alloys low in -carbon,
is also used with success in the manufacture of
L.C. ferrochrome.

Ferrochrome Operating Data

(Analysis: 4-87; C and 68-72% Cr) | (Per ton FeCr)

Power consumption kWh 5000-6000
Ore (80% CryUs), kgs .. | approx. 2200
Quartz, kes . - 300
Coke (10-18% ash), kgs . . 600
Electrodes, kgs .- 50-60
Chromiom yield, % . 90-95

The clectric furnace is also employed in the
production of a number of other ferro alloys,
such as ferrotungsten, ferromolubdenum, ferro-



