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METHOD FOR THE PRODUCTICN OF PURE IRON,
AND IRON CARBON ALLOYS INCLUDING CAR-
BON AND ALLOY STEEL

Vincenzo Stefane Arata, New York, N. Y., assignor to
James E. Brassert, New York, N, Y.

Application Febraary 9, 1954, Serial No. 469,217
7 Claims, (CL 75—11)

My present invention relates to the commercial produc-
tion of pure iron and iron-carbon alloys, including car-
bon and alloy steel, directly from ore and carbonaceous
material. In using the terms “directly” or “direct process”
in the succeeding text, I mean that the process does not
involve the production and handling of intermediate ma-
terials such as coke and pig iron, and that the iron or
steel is produced directly in the molten state.

In the past, single charges of ore and carbonaceous
reducing agent have been converted into steel in the elec-
tric furnace, but the methods that have been used up to
now have had one of two principal disadvantages which
have prevented their coming into general use. The first
of these has been the high estimated capital and operat-
ing costs of full-scale plants of this type. These high
estimated costs have in turn been due to the operation of
the plant purely on a batch process. The salient factor
contributing to high estimated operating costs has been
the high power consumption of 25060 kwh./metric ton or
more and similarly the largest factor in capital cost has

been the high cost of power-generating facilities for a 3

given annual steel ingot capacity. These factors have
tended to discourage the installation of plants employing
the direct process in many localities.

My present invention embodies a method of treatment
whereby power consumption can be decreased one-third
to one-haif resulting in a decrease almost as great in
total cost, and a proportionate decrease in capital cost of
generating facilities. Furthermore, according to my pres-
ent invention, steels can be produced to the required
analyses on a regular basis with a minimum number of
off heats.

According to one method for the production of pure
iron, of my invention as disclosed in United States Patent
No. 2,747,985, the ore is finely crushed and intimately
mixed with the required flux and with a determined quan-
tity of finely divided carbonaceous reducing material.
This quantity is determined so that after allowing for car-
bon lost in the flue dust escaping with the top gases, suffi-
cient carbon is left in the charge to reduce between 60
and 90 percent of the iron content of the charge as cal-
culated stoichiometrically. I normally use the following
equations for this type of stoichiometric calculation:

Fe203-4-3C=2Fe-3CO
Fe3041-4C=3Fe+4CO

In the production of steel in contrast to the production
of pure iron, I determine the quantity of carbon charged
analogously, except that I provide sufficient carbon to
reduce approximately 85-100 percent of the iron content
of the charge. According to my previous method of
operation, all of the materials were charged, melted, and
refined batchwise in the electric furnace, and the manner
of accomplishing this together with a physical and chemi-,
cal description of the process is described for the case
of pure iron in the above-mentioned patent application.
The production of steel is analogous except for the differ-
ences in carbon content of the charge noted above,
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Numerous attempts have been made in the past to
make the direct process fully continuous, in order to re-
duce capital and operating costs. I have found in many
years of practice that fully continuous production is in-
consistent with regular analysis and reliable quality of
steel produced. Therefore the present process can be
considered to be a batch process with respect to the
refining period and to the cycle of a single electric furnace,
but it can be considered to be continuous with respect to
the charging of raw materials and the production of steel
in the plant as a whole, as well as with respect to the
utilization of gas from each individual furnace. The
elements of the plant are connected in such a way that
the operation of the preheating chambers is continuous,
and the effect of the preheating (and partial reduction)
step is to decrease power consumption from 2500 kwh./
metric ton to 2000 kwh./metric ton or less. My process
therefore involves a number of electric furnaces and a
number of preheating chambers. With respect to the flow
of solid materials, each electric furnace is connected in
parallel with at least one other electric furnace and in
series with at least one preheating chamber. With re-
spect to the flow of gas, the same is true, except that in
the majority of cases all of the electric furnaces will
be in parallel with each other and in series with all of
the preheating chambers, which in turn will be parallel
with each other,

Before describing the operation of my process by a
concrete example, it may be advisable to point out several
ways in which the carrying out of my process will deviate
from and represent an improvement upon past methods
of conducting the direct process,

First, in the making of steel from ore and carbonaceous
material by the direct process, the most critical period
is the refining period during which the heat is adjusted
with respect to its final carbon content, and the sulphur
and phosphorous contents are brought down to the correct
levels. Most coals contain appreciable sulphur and this
element is alway~ the most difficult to eliminate in the
direct process. This is due to the fact that the direct
process employs a slag high in FeO and the elimination
of sulphur requires a strongly basic slag low in FeO.
Therefore, frequently it is necessary to remove the first
slag and replace it by a strongly basic slag rather low in
FeO. This procedure cannot be efficiently or reliably
carried out while excess carbonaceous material (usually
coal or coke) remains on top of the slag, as has been at-
tempted in the past, since the removal of the first slag
would bring the carbon of the coal in contact with the
metal and carburize it so that the steel would not show
the correct tapping analysis in carbon. . Therefore it is not
feasible to charge excess carbon to the furnace and still
maintain a regular and controlled analysis of the steel
produced. Accordingly, in my process, after allowing for
carbon lost in the flue dust and for carbon going into the
steel, I only charge sufficient carbon to reduce 80-100 per-
cent of the iron content of the raw materials, and I
conduct the refining process batchwise so as to provide
the opportunity to charge a second slag for removal of
impurities, including sulphur and phosphorous.

Second, if it is attempted to produce steel continuous-
ly in the electric furnace by continuously charging fresh
materials, it will be impessible to -refine the molten
metal into steel in the same furnace; this is due to the
difficulty of separating the metal being refined from the
incoming material. The incoming, impure materials
tend to increase the oxygen and sulphur contents of the
metal bath, to introduce: dirt and other contaminants,
and to vary the analysis of the product. Such con-
tinuous operaticn has been tried in the past, and has re- -
sulted in irregular analysis of the steel produced.” There-
fore, in' the present invention the charging cycle of
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each furnace is discontinuous and represents only a por-
tion of the fotal heat time, and the refining is carried out
batchwise.

Third, those furnaces, which have operated contin-
uously to produce steel by the direct proces_s*have been
required to hold high temperatun slags and iron con-
tinuously and this has resulted in high refractory losses
and frequent breakouts, which have seriously inter-
rupted operations and in many actual cases rendered
the process impractical. According to my cycle of cper-
ation, a portion of every c-y.cle of each furnace after
each heat is allocated for repalrmg the walls and the
bottom of the furnace, as is normally done in a batch
process; this gives the operator time to -anticipate ‘and
prevent costly breakouts and. to maintain a satisfactory
furnace lining. Furthermore, in my cycle of operations,
which lasts normally five hours, the reduction operation
regquires approximately four hours, and during this period
only the locations adjacent to the arcs :are -at high tem-
perature. - Accordingly, reduction proceeds -throughout
the greater part of the charge at temperatures less, than
1200° C., and the walls and roof remain-cool. - Only
during the refining period, which requires about half dn
hour of the total cycle, is the temperature 'of the ma-
terials' adjacent to the walls raised above the-melting
temperature of steel. This factor has such an important
bearing on the life of the - lining as to ‘spell ‘the differ-
ence between feasibility and non-practicability of ‘the
direct steel process, and it is a basic feature of my. pres-
ent invention.

I will now give a description of a typ1cal plant in
wlnch the electric furnaces are operated in parallel and
according to a definite cycle, in order to give a clear
picture of its operation.

Such a plant will consist of a number of “units,” as
hereinafter more specifically defined, each unit including
as elements electric furnaces connected in series with one
or more preheatmg chambers. The purpose of the pre-
heating chambers is to preheat and in most cases also to
partially reduce the ore. In all cases, the electric furnaces
of “each unit will be connected in parallel with each
other ‘with respect to the flow of gas and ‘of solid ma-
terials, and the preheating chambers of each unit will be
similarly connected in parallel ‘with each other. - The
preheating (partlal reduction) chambers in each unit
may be of various types (for example, rotary kiln or
shaft furnace) and may function differently with Te-
spect to their physical and chemical treatment of the
raw materials. - For example, each unit may- include two
parallel ‘sets of kilns of which each’ set is made up of
two kilns in series so that preheating -and roasting of
the ore and a degree of coking of the carbonaceous
material (by which a large portion of the volatile ma-
terials is rapidly eliminated) take place in the first kilns
of the series, while partial reduction and additional pre-
heating take place -in ‘fhe second kilns of the' series.
However, partial reduction and -preheating in the second
kilns should never go so far as to result in sintering of
the iren-containing materials, i. e., in practice the tem-
perature of the material leaving the second kilns should
be 600~1000° C. In other plants operating with different
types of carbonaceous reducing agent, the individual
units may consist simply of one or two parallel kilns
into which are charged properly prepared iron ore -and
carbonaceous material’ and which discharge in parallel
into a battery consisting of at least two electric furnaces.

The preheating chambers should preferably be so de-
signed as to permit regulation of the- residence time of
the charge materials passing through them so that the
discharge cycle of materials from the preheating cham-
bers into the electric furnace is not rigidly determined
by the .charge cycle -of the same materials into the cham-
bers. - This feature enables the charging and discharging
of the several preheating chambers to be relatively inde-
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pendent of one another and more flexibly adaptable to
the electric furnace cycle.

For example, in case the preheating chambers consist
of rotary kilus, such regulation can be accomplished by
providing control of either the degree of tilt of the kilns
or of their rate of rotation, or both.

The number of units in a large plant is of course

adapted to the production requirements of the enfire

plant without- departing from the principles followed: in
a small plant or in an individual unit. It should also be
stated that although, with respect to the flow of materials,
only the furnaces and preheat chambers in a single unit
may be in parallel with each other, with respect to the
flow of gas, all of the furnaces in the entire plant are
preferably connected in parallel; and the same holds true
for all of the preheat units with respect to the flow of
gas.

Each individual unit may consist ‘of -at ‘least two and
possibly more electric arc furnaces with carbon or graphite
electrodes preferably of the Soderberg type. The furnaces
may be either of the conventional cylindrical type or rec-
tangular or of any convenient shape; they may be either
tilting or stationary. 'They need not be arc furnaces since
I may also perform my present invention -with other types
of electric furnace.

I shall now explain my invention in detail with respect
to one specific embodiment thereof selected by way of
example and with reference to the accompanying drawings
in which:

Fig. 1 is a schematic plan view, partly in section, of a

“unit” for carrying out my process;

Fig. 2 is a schematic end view, partly in section, of the
unit shown in Fig. 1;

Fig. 3 is a schematic side view, partly in section, of the
unit shown in Fig. 1; and

Fig, 4'isa graphlcal representatlon of timing relation-
ships between different phases of the operation of the
unit-shown in Fig. 1.

Figs. 1-3, inc., show a single pair of rotary kilns, 2 and
2’, operating in parallel with each other and in series
with a single pair of electric furnaces, 10 and 1¢'. This
combination represents one of the simplest methods of
carrying out my process. In Fig. 1, horizontal screw con-
veyors 1 and 1’ charge the material continuously into
chutes and from- these chutes through passageways into
kilns 2 and 2’. Such passageways should always be kept
full of charge material so as to maintain a seal preventing
the escape of the gases which pass through the kilns.
After partial reduction and preheating in the kilns 2 :and
2" are complete, the materials pass info a common hopper
4-which, as shown in Fig. 2 has two exits, 5 and 6, each
with it own valve. The chute passing out of exit 5 in

. turn diverges, as shown in Fig. 3 into two chutes, 7 and
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8, also provided with individual valves, and through these
chutes the materials fall “into furnace 10. The passage
of materials through exit 6 into furnace: 10" is entirely
analogous, through chutes 7° and 8'.

With respect -to the flow of -gas, uptakes 11, provided
with appropriate valves convey the gas evolving from
reduction ‘taking- place within furnace -10 into -collector
main 9. Uptakes 11’ similarly connect furnace 10’ to
collector main 9 which is common to both of the furnaces.
(In case there are more than two furnaces in the unit or
in the plant as a’ whole, collector main 9 should be -com-
mon to all of the fiirnaces. In dny case the furnaces are
operated ‘in -cycle so as to maintain-as nearly ‘as possible
a‘steady flow of gas for use elsewhere ‘in the plant.) Ac-

" cording to‘my process it must be possible to-shut off the

70

discharge of ‘gas from either furnace 10 or furnace 10’
by 'meanssuch ‘as valves “in uptakes 11 and 11’ as
well as to stop the flow of gas into either preheating

. chambers 2 and 2’ by means of valves in the passageways.3

76

and 3’ between collector main 9 and the chambers. This
arrangement of the equipment illustrates the functioning



2,805,142

5
of iy procéss, which permits operating a number of pre-
heating (and partial reduction) chambers in parallel with
each other and in series with a number of electric furnaces
also operating in parallel with each other. Any chamber
or furnace unit should be separable at will from all of
the other units comprising the whole, with respect to the
flow of both solids and gases. All of the units of the
plant should operate under a slight superpressure which
is maintained by valves in passages 11, 11, 3, 3’, or by
equivalent valves located, for example, in collector main 9.

In certain cases it might be desirable to maintain com-
bustion in the kilns by adding air. Such air injection is
carried out by means of injectors 15 and 15" which con-
duct air to act as a combustion medium for the gases in
passages 3, 3’; the flame can of course be regulated to be
more or less oxidizing. - The gases are exhausted from
the rotary kilns 2, 2’ through a common passageway 16,
and part of the gases may be recycled into collector main
9, Because of the high temperature of the gases leaving
the electric furnaces 10 and 10’, passageways 11 and 11’,
9, 3 and 3’ must be provided with suitable refractory
linings.

Fig. 4 is a diagram illustrating a particular method of
operating a plant according to my process. The diagram
refers to a plant unit having two electric arc furnaces in
parallel with each other which are fed by two kilns,
also in parallel with each other, and it illustrates the nor-
mal cycle of operation of each of the two kilns and each
of the two furnaces. Each furnace operates according to
the following approximate cycle:

Hours
(a) Total reduction period 4
{b) Total charge period (part of reduction period).___ 3
(c) Refining, tapping and preparing furnace for suc-

ceeding charge 1
{d) Total cycle 5

It is understood that the following description is ap-
plicable also to a plant having more chambers and fur-
naces than illustrated and in which the total period and
the relation of the various cycles may vary in accord-
ance with the characteristics of the charge and the num-
ber of chambers and furnaces comprising the plant. At
the beginning of a campaign furnaces are brought up to
temperature by melting in them several successive scrap
charges. Afterwards they are ready to receive the first
ore-containing charge. The charge proceeds as follows:
several shovelfuls of coal are first introduced, for ex-
ample, into furnace 190, through open door 14 (the valves
in passages 11, 7 and 8 being closed). The introduction
of coal serves the purpose of absorbing and eliminating
the oxygen of the air which is present in the interior of
the furnace prior to opening chutes 7 and 8, and thereby
avoiding the slight explosion which might otherwise occur
when the considerable amounts of carbon contained in
the entering charge are suddenly brought into contact with
the air within the furnace. The appearance of flames at
the door 14 of the furnace indicates that gas is present
within and, upon this observation, the charge controlling
valves in passages 7 and 8 are opened (valve 5 being
open and valve 6 closed). Passages 7 and 8 are kept open
until charge has been deposited beneath the electrodes to
a thickness of at least one foot, after which they are
again closed. Since the charge coming from above is
deposited somewhat unevenly, the surface of the charge
is then raked to form a smooth bed beneath the elec-
trodes. On top of this bed a layer of iron scrap several
inches thick is charged through the door. Subsequently
the electrodes are lowered and as soon as all three of the
electrodes touch the surface of the scrap, power af maxi-
mum voltage and minimum amperage is supplied to
start the arc. It is necessary to employ maximum volt-
age to increase the power absorption during the initial
period when the conductlvuy of the charge and there-
fore flow of current are low, The reason it is necessary
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to ‘maintain a high- initial power consumption: is. that
normally - the electrodes are regulated so that they are
raised and lowered by increases and decreases of both
amperage and total power and it is necessary to avoid
that the electrodes should sink into the charge due to
the small amount of current passing them and the low
power consumed. - It should be emphasized that it is
impossible to start the arc unless use is made of the
high conductivity of the scrap layer; this layer per-
mits the current to flow and a small bath of molten
material is rapidly formed. However, it should be noted
that in some cases the partial reduction operation may
have produced sufficient meiallic iron or may have suffi-
ciently raised the temperature of the charge so that, due
to the high conductivity of the charge entering the elec-
tric furnace the arc will start spontaneously; in this case
the charging of the scrap layer can be dispensed with.
Normally no difficulties present themselves in this phase,
but in case one of the electrodes should tend to sink
into the charge, a small amount of scrap or reduced
iron should be added through door 14 in such a way
as to make a good contact, After the proper steps have
been taken to insure that the current and power are bal-
anced between the three electrodes the ore begins to
be reduced in quantity and the gases appear at door 14.
At this point door 14 is closed and passages 7 and 8
and 11-are opened. From time to time the amperage is
increased in the normal manner and the voltage decreased
to the minimum point consistent with good operation
since it is advisable to transfer to the charge as much
heat as possible (this transfer being represented accord-
ing to Joule’s equation W=I2R).

From time to time either of passages 7 or 8 can be
closed for a while to equalize the level of the charge in
both ends of the furnace and to permit observing the
operation of the furnace through peepholes.

After completion of two hours of the charge cycle of
furnace 10, charging of furnace 10’ is commenced by
opening valve 6 and in this manner kilns 2 and 2’ will
be supplying the entire charge requirements of both fur-
naces 10 and 1¢’ for a period of one hour.” Three hours
after the beginning of the charge cycle of furnace 10,
valve § is closed so that the charge proceeds through
valve 6 only into furnace 10’ so as to complete the charge
cycle of furnace 10’. After stopping the charging of
furnace 10, reduction continues in this furnace for ap-
proximately one hour. Then gas uptake passage 11 ‘is
closed and door 14 may be opened slightly permitting the
gases to blow out. - The bath is then agitated with a stirrer.
When no further gas appears the reduction cycle is com-
plete.. Door 14 can now be fully opened, if necessary,
in order to determine whether pieces of the charge are
adhering to the walls, in which case they can be put back
into the bath. At this time a test sample is taken to
determine the carbon content of the melt. The taking
of this test sample is very important at the beginning of
the campaign when it is desired in succeeding heats to
obtain a steel of a definite carbon content without ad-
justing the bath by adding a second slag. By charging
the furnace in accordance -with .my patent application
U. S. Serial No. 286,213, or in accordance with those
modifications of this patent application which are de-
scribed above as applying to steel manufacture, it is pos-
sible to produce a bath containing a regularly constant
content of carbon. When operating with high-grade ores
of low P and S content, and with ores containing MnO
and of low P and S content, it is recommended that sev-
eral shovelfuls of 75% or 90% ferro-silicon be added on
top of the slag in order to reduce part of the FeO or MnO
content of the slag into the metal without increasing the
carbon content. This step is naturally taken only in case
the carbon content of the first test is at the correct level
or lower; if the melt carbon is higher than the required
final carbon content it is not possible to add ferro-silicon,
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sinee it is first -necessary to:reoxidize witha seco_r_xd slag
to -remove the carbon and-the effect of-a prior addition
of -a reducing materlal -such as ferro siticon -would - be
lost.

After the proper additions have “beenmade, slag notch
12 is--opened (or if the furnace -is a tilting -type, -it is
tilted) -and-the slag is tapped. The height of the slag
notch-is maintained-at‘such a levelin a stationary furnace
that the final level-of the steel reaches the bottom of the
slag -notch and -that-all -of -the slag is properly ‘tapped.
This is-an-easy matter to providein a plant of this type.
After -the first- slag has been tapped, a -second slag can
be -charged in the normal manner.  -Additions of ferro-
manganese; - ferro-silicon, - or -other -materials ‘are -then
made,-and-the temperature -of -the-steelis brought to the
required-level. Subsequently tapping hole 13 is opened
and -the-metal tapped-into- ladles. --Finally the ‘walls and
if -necessary the bottom are repaired -with magnesite or
dolemite -in -the regular -manner.- “Several -shovelfuls-of
limestone -are fed over the betton and the furnace is now
ready “to recommence its eycle. ‘The combined- refining,
tapping -and repairing cyele- will take approximately one
hour.. ‘However, the flexibility of ‘the ‘plant -permits -the
charging -of furnace 10 to be delayed or accelerated, or
it alse-permits ‘the -cyele-of furnace 10" to be _prolonged.

The cycle.of furnace 10’ is entirely analogous to that
of furnace 19 -except for a phase lag-of apprommately
two hours.

Since it is-advisable that, with -respect to the flow of
gas, all-of the preheating chambers -of each unit-and nor-
mally. of the entire plant be connected in- -parallel with
each other, a certain superpressure is necessary -to main-
tain:the flow of gas. through the-entire system. This pres-
sureis estimated at several millimeters of ‘water-column
for a. unit, ‘and .greater for several paral]el -units. - Such
superpressure dnust . be also -maintained in-the ‘furnaces
during the reduction past-of the cycle, -although not in
the refining:period when the furnace.is disconnected from
the remainder .of: the system. 'Therefore it is charac-
teristic -of .our process that the individual furnaces dur-
ing the reducing cycle, -and the-connected -gas system  as
a whole, he maintained under a slight superpressure. If

adequate superpressure cannot ‘be maintained under nor-
mal conditions, it is necessary to create -such superpres-
sure by, for instance, compressing a portion of. the waste
gases :and recycling it into:the furnaces during -the reduc-
tion .cycle.

In conclusion, the advantages to -be .obtained by prac-
tlcmg the-presently claimed 1mprovements in all types of
iron .and steel production arise from the .combination .of
continuous charging and preheating .and batch refining.
Whereas -previously 4t has not been feasible, practically
and economically, to produce steel .on a large scale by the
direct. process, my -claimed improvements will .overcome
this disability. The two sets of desirable conditions ob-
tained by the combmatmns of my claims are listed as
follows:

A. Advantages .of ‘continuous operatlon obtained by
this -pracess:

(1) Continuous charging into .and .out of the pre-
heating :chambers. of each unit; .and into -the plant as a
whole.

2) Regular ;production of metal from the. plant as a
whole -due “to.staggering the tapping -of ~the individual
furnaces:in accordance with the typical:cycle.

-(3) Power consumption per ten -of metal decreased
by preheating :and/or partial reduction-charges resulting in
the .case of steel production in a .considerable decrease
in:power .consumption -per -ton -as -compared -with 2500
kwh./metric-ton in-a batch process.

{(4) :Full and efficient use .of -the .gas- from the. electric
furnace plant.as a whole to preheat :and .partially -reduce
the :charge.

(5) Constant volume. of gas delivered for other uses in
the plant.

2,805,142

“B. -Advasntages.of batch refining cycles obtained by this
process: '

(1) ‘Regular production from ore.in each plant nnit of
all-grades of high, medium, low carbon and alloy steel
products- of uniform ‘analysis -and to -specification.

(2) A long Tefractory life due to the fact that tem-
perature of furnace walls is maintained low for a major
portion - of -each ¢ycle. The temperatures only exceed

_ the melting temperatures of the materials during the shert
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refining period.” 'Roof temperatures are likewise kept low.

(3) A period is allowed during each cycle for repairs
to the bottom, walls and roof, thereby permifting an
enormous-increase ‘in lining life: as.compared with a con-
tinuous. refining operatlon

-C. Advantage unique to this process:

A further advantage that ds not characteristic of: either
a purely continuous or ‘a purgly -batch. operation s that
within each unit, if sufficient elements are -provided, in
the event of a breakdown of a single preheat chamber or
of a single furnace, another sequence of chamber or
furnace -operation can ‘be substituted. Frequently such
substitution would not disturb in any degree the :con-
tinuous features of the operation. As an example, in an
individual unit..consisting .of two preheat chambers and
three .electric furnaces, the preheat chambers may be so
designed that .one can handle the full rated charge of the
unit, and that the .cycles. of two furnaces can be stag-
gered :so - as.to handle this charge in the event the -third
furnace is temporarily shut down. . -Such .substitutions
provide a degree of flexibility:that .cannot be obtained in
cither a batch or a continuous plant, and the greater
average availability reduces down time cost-and over-
head charges, thus improving the efficiency of operation.

In the following claims, the term “unit” refers fo a
number .of electric furnaces and preheating chambers, in-
cluding .that number .of electric furnaces (never less than
two and usually not more) which is connected, with re-
spect-to the flow .of solid raw matenals, in series with a
single preheat chamber .or in.series with several preheat
chambers connected in paralle] with each other, and in-
cluding the number of preheat chambers thus connected
in parallel. -The term “battery” refers to all of the
electric furnaces in the unit or to all of the preheating
chambers in the unit.

I claim:

1. The method of- opexatmg a plant for the production
of molten pure iron and iron carbon alloys from ores,
said plant being of the type including one or more plant
units, each unit.comprising two or more ¢lectric furnaces
connected with each other in parallel with respect to the
in-flow .of solid charge materials and the out-flow of
evolved .gas and one or more preheating chambers con-
nected in series with said furnaces with respect to said
flows, in which the cycle of each individual furnace in-
cludes a reduction period during which the flow of
evolved .gases from said furnace is connected so .as to
preheat solid charge materials continuously entering said
furnace “from one or more of the preheating chambers
by countercurrent flow in such chamber, a batch refin-
ing period during which said furnace is disconnected
from the rest of the unit-with respect to the flows of solid
charge materials and evolved gas, and a repair period dur-
ing which said furnace is conditioned for the succeeding
cycle.

2. The method of claim 1in which the solid charge
material includes iron ore and carbonaceous material in
a_proportion to said ore such that the avallable carbon,
after allowances for flue dust and alloying, does not ex-
ceed the amount theoretically sufficient to reduce 100%
of the iron content of said ore.

3. The method of claim 1 in which the temperature
of the furnace walls and roof is maintained below about
1300° C. during.at least two-thirds of the cycle.

4, The method of claim 1 in which a gas pressure
of ‘at'least several millimeters of water column gauge, is
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maintained in each furnace and in the gas system of the
unit connected thereto during its reduction period.

5. The method of claim 1 in which the preheating
of the solid charge materials in the chambers is conducted
at such a temperature or for such a period of time as to
produce, as the solid charge material fed into a furnace
at the beginning of a cycle, a material of a conductivity
sufficient to start an electric furnace arc.

6. The method of claim 1 in which the preheating of
solid charge materials in the chambers is conducted at
600° C.~1000° C.

7. The method of operating a plant for the production
of molten pure iron and iron carbon alloys from ores,
said plant being of the type including one or more plant
units, each unit comprising two or more electric furnaces
connected with each other in parallel with respect to the
in-flow of solid charge materials and with respect to the
out-flow of evolved gas and one or more preheating cham-
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bers connected in series with said furnacés with respect
to the flow of said charge materials and evolved gas,
comprising the steps of partially reducing said charge
materials in said chambers by preheating with said evolved
gas to a temperature of 600° C.—1000° C., further reduc-
ing said charge materials in a single furnace while at the
same time charging said single furnace with said charge
materials, disconnecting said single furnace from the unit
with respect to the flow of said charge materials and
evolved gas, completing the reduction and melting of the
charge materials in said single furnace.
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