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~ ABSTRACT

This invention relates to a method for converting solid
ferrous metal to steel which comprises:

a.

- b.

C.

d.

providing a molten pool of ferrous metal
containing less than about 1 percent carbon by
weight;

introducing a charge of solid ferrous metal
containing an average of less than about 1
percent carbon by weight into said molten pool;
introducing into said molten pool an amount of
oxygen-rich oxidant and a fuel in a ratio such that
an exothermic reaction which is substantially
neutral or only mildly reducing to iron oxide
occurs predominantly below the surface of the
molten pool releasing sufficient chemical
enthalpy of reaction to melt the feed ferrous
metal;

recarbonizing the molten ferrous metal with an
amount of carbon which is sufficient to impart a
carbon content to the melt to produce steel;

. withdrawing all or a portion of the molten steel.

24 Claims, 6 Drawing Figures.
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METHOD FOR CONVERTING SOLID FERROUS
METAL TO STEEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation in part of our ear-
lier filed application Ser. No. 739,826, filed June 25,
1968, now abandoned.

BACKGROUND OF THE INVENTION
Field of the Invention

The instant invention relates to the conversion of fer-
rous metal to steel and specifically, to a method for
converting solid ferrous metal to steel which comprises
adding to a molten pool of ferrous metal a solid charge
of ferrous metal containing an average of less than
about 1 percent carbon by weight, introducing into the
molten pool an oxygen rich oxidant and a fuel in a ratio
such that an exothermic reaction which is substantially
neutral or only mildly reducing to iron oxide occurs
predominantly below the surface of the molten pool re-
leasing sufficient chemical enthalpy of reaction to melt
the feed ferrous metal, recarbonizing the molten fer-
rous metal with an amount of carbon which is sufficient
to impart a carbon content to the metal to produce
steel and withdrawing all or a portion of the molten
steel.

Description of the Prior Art

Increasing quantities of ferrous scrap are becoming
available for conversion to steel and the quantities ac-
tually used are not keeping pace with the quantities
available. This is in large part due to the growth in oxy-
gen steelmaking via the Basic Oxygen Process (BOP)
and oxygen lancing in the open hearths. The basic rea-
son for this is that the use of oxygen in both the open
hearth and the basic oxygen furnace has significantly
reduced the time of producing heats of steel. Those
processes rely on the oxidation of dissolved impurities
such as carbon, silicon, manganese, etc., in the blast
furnace hot metal to generate the necessary heat. As a
result, they have placed additional emphasis on hot
metal and blast furnace production and have de-
emphasized the use of scrap which is generally rela-
tively low in these oxidizable impurities. This is particu-
larly true of the Basic Oxygen Process where the ratio
of molten pig iron to cold scrap typically ranges be-
tween 75 to 25 or 70 to 30. This has meant that such
steel plants consume their internally generated scrap
but consume little additional outside scrap.

Several processes using oxygen containing gases in
direct contact with the molten iron have been oper-
ated. The earliest were the Bessemer and Thomas con-
verters using air as the source of oxidant. However, due
to the nitrogen embrittlement of the resulting steel, the
Bessemer and Thomas converter processes have de-
clined in importance in modern steel-making practice.
Bottom or side blowing with pure oxygen in a Bessemer
or Thomas converter has not been practical because of
excessive temperatures around the points of oxygen en-
try. The development of the (BOP) or (LD Process)
provided a successful technique for-introducing pure
oxygen by lancing directly onto the surface of molten
pool of iron, thus eliminating excessive refractory wear
experienced with bottom blown converters with oxygen
or highly enriched air. (See, for example, U.S. Pat. No.
2,800,631. ) In a similar method pure oxygen is now
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comrmonly introduced into open hearths by lancing
onto the bath from above, and oxygen-enriched air is
used in the end burners as a means for obtaining higher
flame temperatures and increasing the heat transfer to
the steel bath. This also has resulted in a decrease in
heat time in the open hearth but does not provide for

“increased use of scrap over former open hearth prac-

tice, which typically was 50 percent scrap and 50 per-
cent metal charges.

It would, however, be desirable to be able to make
steel from scrap by an economically feasible method,
thus drawing on this large, only partially consumed sup-
ply of metallic iron. Several such methods have been
proposed. One of these methods is a modified con-
verter process called the Kaldo oxygen steel-making
process which has the advantage of being operated with
50 percent scrap and 50 percent hot metal. However,
this process has certain disadvantages, one of which is
a high consumption of refractories in the rotating vessel
in which the process is carried out. Another proposed
method for achieving higher scrap utilization in the
basic oxygen furnace involves the addition of relatively
expensive additive fuels such as calcium carbide, ferro
silicon, silicon carbide, etc. However because of the
high cost of these additives, this modification of the
(BOP) process is not widely used.

Another method for obtaining high ratios of scrap to
hot metal is the so-called ‘“‘dual hearth” process which
divides the hearth of the open hearth into two sections.
The sections are fired alternately; while a heat of steel
is being refined in one section, the hot off-gases pass
over the scrap in the other section, melting it down and
preparing it for hot metal addition and refining. The
purpose of this method is to increase the use of scrap
in the open hearth without having to employ the longer
heating periods typically involved in normal open
hearth practice using charges of 50 percent hot metal
and 50 percent scrap.

Attempts have also been made to develop a steel-
making process based upon the preheating and melting
of scrap in the shaft furnaces or cupolas. While steel
scrap can be preheated in shaft furnaces or similar de-
vices, oxidation can occur simultaneously with this pre-
heating and becomes very rapid near the melting point.
This requires the use of gases which are strongly reduc-
ing. Because of this problem of oxidation, along with .
bridging and blockage in the shaft, it is usually neces-
sary to add either coke or pig irons as part of the cupola
charge, resulting in a metal which is high in carbon and
which therefore must be subsequently refined in a
steel-making furnace converter.

None of the above-described methods for using scrap
is being widely used, for each has one or more major
disadvantages associated with it. The accepted process
for producing steel from scrap in wide use today is the
traditional electric arc furnace process. While the elec-
tric arc furnace process is ideal for producing alloy and
high quality steels, it can be relatively expensive for the
production of carbon steels. Furthermore, the cost of
power and of electrodes may be too high to justify the
adoption in small or intermediate sized steel-making
operations. Moreover, the nature of the power de-
mands of the electric arc process is such that it is not
always possible to install electric arc furnaces on power
distribution systems. An electric arc furnace is not a de-
sirable power consumer on a grid system unless the sys-
tem is very large because of the widely fluctuating char-
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acteristics of the furnace operation. Otherwise, it is
necessary to install power generating equipment specif-
ically for the electric arc furnace.

1t becomes apparent then that there exists a real need
for an improved method and apparatus for converting
ferrous scrap steel to steel or other usable forms. The
use of ferrous scrap steel either alone or with a minor
amount of pig iron offers a potentially valuable source
of iron values for steelmaking.

SUMMARY OF THE INVENTION

The process of this invention provides an improved
method for converting ferrous metal particularly in the
form of scrap iron or scrap steel containing an average
of less than about 1 percent carbon into a usable steel
of desired carbon content. The process of this inven-
tion possesses the considerable advantage over other
fuel-fired processes in being able to utilize a 100 per-
cent solid charge. The process is inexpensive, rapid,
and exhibits a flexibility of operation which permits
varying and accurate control of the resulting steel com-
position and hence the properties of the resulting steel.

The invention can advantageously be used in con-
junction with a pneumatic steel-making process in an
integrated steel plant which is not limited to the ratio
of scrap iron or steel to pig iron in the ferrous charge.

The steel-making process of this invention is also par-
ticularly well suited for use in small nonintegrated
plants for producing low and medium carbon steels
from scrap.

Broadly stated, this invention relates to a method for
converting solid ferrous metal to steel which comprises:

a. providing a molten pool of ferrous metal;

b. introducing a charge of solid ferrous metal con-
taining an average of less than about 1 percent car-
bon by weight into said molten pool;

¢. introducing into said molten pool an amount of
oxygen-rich oxidant and fuel in a ratio such that an
exothermic reaction which is substantially neutral
or only mildly reducing to iron oxide occurs pre-
dominantly below the surface of the moiten pool
releasing sufficient chemical enthalpy of reaction
to melt the feed ferrous metal;

d. recarbonizing the molten ferrous metal with an
amount of carbon which is sufficient to impart a
carbon content to the metal to produce steel; and

e. withdrawing all or a portion of the molten steel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal cross-section of a furnace
suitable for carrying out the method of this invention
in which oxygen is introduced into the metal from the
surface and fuel is introduced underneath the melt;

FIG. 2 is a diagrammatic representation of a com-
plete system including auxiliary components for con-
trolling the flow of the various fluids;

FIG. 3 is a longitudinal cross-section of another em-
bodiment of a furnace for carrying out the method of
this invention in which both oxygen and fuel are intro-
duced beneath the melt;

FIG. 4 is a cross-section of the bottom section of the
furnace of FIG. 3 taken along line 4—4 of FIG. 3;

FIG. 5 is a longitudinal cross-section of yet another
embodiment of a furnace for carrying out the method
of this invention in which both oxygen and fuel are in-
troduced at the surface of the melt; and
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FIG. 6 is a cross-section of the central portion of the
furnace of FIG. 5 taken along line 6—6 of FIG. 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 represents one embodiment of the apparatus
of this invention and this figure will be used subse-
quently to describe the method of this invention. In
FIG. 1 a furnace suitable for carrying out the process
of the invention is generally indicated by the numeral
10. It will be seen to have a vertical wall 11 which is
protected by a suitable refractory liner 12. The furnace
wall also has a bulged portion 13 lined with refractory
14. The bulge defines within the furnace housing a de-
pression 15 which has a volume such that when the fur-
nace is rotated through about 90° in the direction of the
arrow, the depression will be capable of containing the
amount of molten material present in the furnace at
start-up. The furnace has a cover member 18 with a re-
fractory lining 19 and a bottom member 20 lined with
refractories 21. In the bottom of the furnace are a num-
ber of tuyeres 23 which provide fluid communication
between the furnace and a removable fuel inlet system.
The tuyeres are of conventional construction such as
those commonly used in Bessemer converter opera-
tions and therefore need not be described further. This
fuel inlet system is made up of a housing 24 which de-
fines a plenum chamber 25 which in turn is in fluid
communication with a fuel source through an inlet con-
duit 26.

Within the furnace volume 29 is the molten metal 30
shown to have scrap 31 suspended therein and to have
a layer of molten slag 32 on the surface thereof. It is un-
derstood that this molten slag layer is probably mixed
with the bulk metal bath during the processing by the
turbulance in the bath caused by the high velocity input
of the oxidant, the velocity input of the fuel and the
exothermic reaction taking place therein, causing
splashing of the slag and some of the molten metal
within volumn 29. The intimate contact of the slag with
the molten metal provides an effective means for slag
refining of the scrap, for it makes it possible to remove
oxidized impurities (e.g. silica, manganese and refrac-
tory metals, etc.) from the melt into the slag. The fur-
nace may be constructed so as to make it possible to
pressurize volume 29 to reduce violent boiling or agita-
tion in the melt when this is desirable.

In the modification shown in FIG. 1 high purity oxy-
gen or other oxidant is introduced through the top of
the vessel where it immediately dissolves in the moiten
ferrous metal or reacts with dissolved impurities or iron
producing heat and oxides which in turn are suspended
or dissolved in the molten metal or slag. This can be ac-
complished by introducing the oxygen through oxygen
lances 34 and 33 in accordance with the well-known
procedure now used in the basic oxygen furnace. These
lances are normally water cooled; and inasmuch as they
are of a well-known design, the lances need not be de-
scribed further. The fuel is introduced into the melt by
way of the tuyeres underneath the melt. The fuel reacts
with the dissolved oxygen also producing heat release
for scrap melting. Iron oxide contained in the melt is
reduced by the fuel gases to molten iron. The overall
or net reaction occurring in the melt is the partial oxi-
dation of the fuel with oxygen. If more oxygen is intro-
duced than can react with the fuel, a net production of
iron oxide will result. This excess iron oxide can be
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chemically reduced to iron by decreasing the oxygen
flow rate or otherwise altering the oxygen-fuel ratio to
cause the iron oxide to be chemically reduced to iron.

A gas outlet 37 is provided for removing the off-gases
from the furnace. The furnace of FIG. 1 is adaptable
for batch or “continuous” operation. If it is to be used
for continuous operation, a scrap inlet such as chute 38
will be provided at the top and a valve-controlled tap-
ping conduit 39 near the bottom level of the melt, the
conduit 39 being adapted for withdrawing molten
metal. Finally, in keeping with normal Bessemer fur-
nace design, there is shown in FIG. 1 a trunion 40
which is adapted to rotate within suitable pinion and
supports in accordance with normal practice.

Before describing the method in detail, it will be
helpful to examine FIG. 2 which is a somewhat dia-
grammatic representation of a typical overall system
involving the furnace and using the method of this in-
vention. The furnace again is shown by the general
number 10 and in FIG. 2 like numbers refer to like ele-
ments in FIG. 1. It will be seen that the trunion 40 is
held in a suitable trunion support and bearing housing
41 having supports 42 and a foundation 43.

Inasmuch as the off-gases can advantageously be
used in various ways to preheat the scrap as well as the
oxygen and the fuel, it will be convenient to begin the
description of FIG. 2 with means for the disposition of
these off-gases. In FIG. 2 an off-gas line 51, controlled
by valve 52, is seen to communicate with a combustion
chamber or heat exchanger 53 which could be adapted
for burning the high temperature off-gases (which con-
tain a considerable amount of hydrogen and carbon
monoxide) with air which is introduced into combus-
tion chamber 53 through line 54 controlled by valve
§5. Alternatively the hot off-gases (containing much
senible heat) could directly contact and preheat scrap.
The burned off-gases may then be discharged directly
through discharge line 56 controlled by valve 57. Alter-
natively, the unburned off-gases may be transferred by
line 58, controlled by valve §9, into a suitable conduit
60 which communicates with a condenser-scrubber 62.

Combustion chamber-heat exchanger 53 is prefera-
bly constructed to consist of a series of stacked com-
bustion chambers, each receiving a limited amount of
air or other oxidant. The scrap is fed so that it passes
downwardly through the succeeding combustion cham-
bers while the off-gases are passed upwardly and
burned. This results in the achievement of favorable
gradients in both temperature and combustion gas
composition, for the hottest scrap is exposed to those
combustion gases which are the most reducing in na-
ture, that is, those coming from the furnace; while the
cold scrap entering the combustion chamber-heat ex-
changer is exposed to the oxidized off-gases. This type
of scrap preheating eliminates or minimizes the oxida-
tion of the scrap which is undesirable.

It will also be seen in FIG. 2 that the off-gases from
the furnace 10 may be transferred directly by means of
line 51 into line 60 (through valve 61) if it is desired
not to perform any combustion of these gases at this
point. The choice will depend on whether or not it is
desirable to directly preheat the scrap, as will be de-
scribed subsequently.

The off-gases after passing through the condenser--

scrubber 62 may be directly discharged through line
63, or by proper operation of valves 64 and 65, they
may be directed into one or two alternative paths. The

6

first of these paths is by way of conduit 66, controlled
by valve 67, which leads to the main fuel source line so
that the unburned off-gases may be recycled in the fur-
nace. The other alternative at this point is to close
valves 65 and 67, open valve 64 and permit the gases
to enter a combustion chamber 69 which is adapted for
burning the gases with air introduced through line 70

" controlled by valve 71. The combustion gases from
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combustion chamber 69 may then be introduced by
way of conduit 72 into an indirect heat exchanger 73
for subsequent discharge through line 74 and likewise
by way of a branch conduit 75, controlled by valve 76,
into an indirect heat exchanger 77 for discharge by line
78. The purpose of heat exchangers 73 and 77 is to fur-
nish heat for preheating the fuel and oxygen prior to
the introduction of these reactants components into the
furnace 10.

Oxygen is supplied from a suitable source 86 which
is shown in this figure to be high-pressure oxygen. It is
of course within the scope of this invention to use low
pressure gaseous oxygen, liquid oxygen and any suit-
able means for vaporizing it prior to its introduction
into the oxygen line 81. The oxygen line 81 passes
through the heat exchanger 7 and is connected to lance
34 which extends into the furnace.

The fuel source 90, which may be any source of a
suitable fuel, is connected by conduit 91, controlled by
valve 92, to the fuel inlet line 26. The conduit 91 passes
through the indirect heat exchanger 73 for preheating
the fuel. If combusted off-gases are to be recirculated
through the furnace, they are conveniently introduced
into fuel line 91. The fuel may also be introduced above
the surface of the melt wihin the furnace and this may
be done by way of fuel line 91 and 93, controlled by
valve 94, which passes through the indirect heat ex-
changer 73 prior to its communication with the upper
portion of the furnace 10. It is within the scope of this
invention to use a fuel which is mixed with some air or
oxygen and so there is furnished an auxiliary oxygen
source 82 which by line 83 and valve 84 is connected
to fuel line 91. This oxygen or oxygen-containing gas
may also of course be supplied by the source 80. It is
also within the scope of this invention that heat ex-
change 53 could be so designed as to permit preheating
of scrap directly as described above and preheating of
fuel ‘and oxygen indirectly through separate heat ex-
changers in contact with the off gases from the direct
scrap preheating. :

Finally, the arrangement of FIG. 2 is adapted for pre-
heating the scrap which is to be introduced into the fur-
nace. This is done by passing scrap through the pre-
heating chamber 53 before introducing it by suitable
means, represented diagrammatically in FIG. 2 as con-
duit 96, into the furnace. )

The arrangement of FIG. 2 is such that it is not neces-
sary to choose alternates in all cases, but it is possible
to use a combination of the preheating systems. For ex-
ample, a portion of the off-gases may be introduced
into combustion chamber 53 while the remaining por-
tion is introduced in the combustion chamber 69. This
in turn would provide means for preheating both the
scrap as well as the fuel and the oxygen. It is of course
within the scope of this invention to introduce the fuel
only beneath the surface of the melt or beneath the sur-
face as well as at the surface and to vary the fluid flow
in the system of FIG. 2 in any desired fashion.
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The operation of the furnace of FIGS. 1 and 2 may
now be described and the method of this invention de-
tailed with references to these figures.

The process is operated starting with a heel of molten
steel from the previous heat sufficient in volume to ac-
comodate the solid ferrous metal additions. While max-
imum scrap to heel ratios have not been experimentally
determined, it is felt that a ratio of 1:1 is appropriate
(i.e., about one-half ton ferrous metal charge to one-
half tone molten metal). The ferrous metal charge can
consist of scrap steel, scrap iron, pre-reduced pellets or
other suitable source. While the ferrous scrap is being
added, the furnace is tilted about 90° from the position
shown in FIG. 1 to provide sufficient volume for this
metal heel so that the molten metal is out of contact
with the tuyere openings. The initial solid scrap charge
(either preheated or cold) is preferably made to the
vessel in this tilted position, at which time gaseous fuel
is blown by way of fuel line 26, plenum chamber 25 and
tuyeres 23 into the furnace. The furnace is then tilted
to its upright position and the oxygen lance 34 (and 35
if used) lowered to commence the oxygen blow. Al-
though FIG. 1 shows two oxygen lances, only one may
be used as shown in FIG. 2. Gas must be continuously
introduced into the furnace throughout this start-up
period and all the time when the vessel is in its upright
position, or at any time that the tuyeres are covered or
partially covered with molten steel. The gas pressure
and flow rates must be such as to prevent any meit from
passing through or clogging the tuyeres.

The addition of scrap to the furnace may be made in
one initial batch or in several batches during the course
of the heat, depending on the gross bulk density of the
scrap. The higher the bulk density of the scrap used,
the fewer the charges may be. With light scrap more
than one charge may be required. If the ratio of molten
steel from the previous heat to new scrap charge is
high, then the scrap may be charged in one or two
batches. On the other hand, if the ratio of heel to new
scrap is low, a greater net production of new steel per
heat will result but more numerous scrap additions
must be made. It is advantageous for the scrap to be
largely submerged in the molten steel and that the con-
tinuous phase in the bath be molten steel or iron at all
times.

All of the reactions which occur within or below the
surface of the melt are not known. The types of reac-
tions which will occur will vary and depend upon nu-
merous factors including the type of oxidant used, the
particular fuel employed, the oxidant-fuel ratio used,
the impurity content of the ferrous metal being teated,
the type and amount of any materials which may be
added to the melt during processing, the processing
conditions, the properties of the end product desired,
and so forth. Some of the reactions which occur when
using relatively pure oxygen and methane as a fuel are
described below.

At the start of the gaseous fuel flow using natureal
gas, the overall effect is endothermic adjacent the re-
fractory lining at the area of hydrocarbon fuel addition,
i.e., if hydrocarbons, especially methane, are used, the
melt is chilled by the sensible heat needs and the endo-
thermic cracking reaction (1).

CH, — C + 2H,
(1}
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However, oxygen lancing should be started as soon as
possible in order to take advantage of the overall exo-
thermic reaction of oxygen with the fuel. Since the
melting point of steel scrap is in the vicinity of 2750°F .,
the operations of the vessel must be at relatively high
temperatures, e.g., in the range of 2900°-3000°F.

The heat generation is the result of the oxygen react-
ing with the iron, its oxidizable impurities, e.g., C, S,
Mn, etc., and the fuel gases such as hydrogen and car-
bon monoxide.

In order to obtain the required heat in the bath, it is
desirable to operate the molten pool at relatively high
oxygen levels which is consistent with low carbon lev-
els. This promotes the oxidation of hydrogen. On the
other hand, if the melt is operated at high carbon levels,
the environment is more reducing and the hydrogen
and the carbon monoxide rising through the melt are
oxidized to a lesser extent. Even if the carbon levels are
high in the molten steel, there will be substantial
amounts of iron oxide (Fe) in the refining slag layer.
This means that the hydrogen and carbon monoxide
passing up through the bath may be oxidized as a result
of the reaction with the Fe0 in the slag according to
equation (2}.

FeO +H, 2 Fe +H,0
(2)

At the temperatures involved (about 3000°F.) this
reaction is very slightly endothermic. The same is true
of reaction (3) between carbon monoxide and ferrous
oxide.

FeO +CO & Fe +CO,

(3}
However, the overall reaction involves the combination
of carbon with oxygen and the summation of the oxida-
tion of the iron and its contained impurities plus the de-
compositior and reduction reactions (1), (2}, and (3).
The overall reaction is exothermic.

Because the endothermic nature of reaction (1)
brings about a chilling effect at the bottom tuyeres and
hence presents the problem of potential tuyere plug-
ging, it may be advantageous to introduce a mixture of
oxygen (from an auxiliary source such as 82 of FIG. 2)
and hydrocarbon fuel, e.g., methane and oxygen
through fuel line 26 beneath the surface of melt 36.
Such a mixture should of course contain a quantity of
oxygen which is below the spontaneous combustion
limits of the mixture at the temperatures and pressures
involved. As previously mentioned, oxygen lancing
from above the melt surface should be started as soon
as possible in a manner similar to that employed in the
present Basic Oxygen Process. As in the case of the
Basic Oxygen Process, heat is generated; but the simi-
larly stops since in this process the hydrocarbon fuel,
e.g., natural gas is oxidized to CO, CO, and water vapor
in accordance with the following overall reaction (4).

CH, + 0.5 (1+x+y) O, — yH,O + (0.5n—y)H, +
(1—x)CO + xCO,

(4}

The y moles of water vapor and the x moles of carbon
dioxide formed when the off-gases are at the thermody-
namic equilibrium with the dissolved oxygen in the
steel melt may be determined in the usual way from the
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free energies of reaction at the temperatures of the
melt. For the oxides of carbon and hydrogen, these re-
lationships and equilibrium constants are:

CO+ 0 — COy K, = (PCO,)/(a,) (PCO) =
[x/71/l(a,) (1—x)/m]
(5a)

H.+ O — H.O; K.=(PH.0)/(a.)(PH.)=
[yi71/[{as) A —y) /7]

(5b)

wherein g, is the oxygen activity in the molten metal.
It will be seen that the pressure, =, has no influence on
the ratio of CO, to CO or of H,O to H,.

The heat generated by the overall exothermic reac-
tions serves to melt the scrap by liquid convection heat
transfer from the molten steel to the solid scrap.

In steel production at temperatures in the range of 2-
900°F. to 3100°F., the CO,/CO ratio must be low to sat-
isfy the equilibrium of reactions (5a) and §b). On the
other hand, the reverse is true at these temperatures
with respect to the ratio of H,O/H;, in that it is relatively
high, i.e., 0.75. This means that a substantial propor-
tion (40 to 45 percent) of the hydrogen from reaction
(1) is oxidized with a very significant heat release. This
consistent with the experience on the process of this in-
vention.

The process is continued with subsequent additions
of scrap. Each time scrap is added, the oxygen lance 34
(or lances 34 and 35) is lifted and the scrap charge
added with fuel being introduced at a reduced rate
through tuyeres 23. Refining of the melted scrap pro-
ceeds simultaneously with the oxidation of such impuri-
ties of alloying elements in the scrap of silicon, manga-
nese, vandaium, columbium, zinc, titanium, aluminum,
etc.

The process of this invention utilizes solid ferrous
metal charges containing on an average of less than
about 1.0 percent carbon by weight. The process will
not operate properly at steady state with charges con-
taining significantly greater quantities of carbon. Gen-
erally, the charge will consist of scrap steel or iron con-
taining about 0.1 percent carbon and usually not less
than 0.04 percent carbon by weight. The higher the ox-
ygen content of the steel (and thus the lower the car-
bon content), the greater is the utilization (oxidation)
of the hydrogen, and the heat release, and the lower is
the hydrogen content of the steel at the completion of
the heat. The carbon content of the heat can of course
be somewhat controlled by adjusting the ratio of oxy-
gen to fuel. As the fuel-oxygen ratio increases, the car-
bon content of the heat increases and vice-versa. Car-
bon content can also be increased by blowing fine solid
carbon or carbon containing solid in suspension in the
hydrocarbon fuel, or by using hydrocarbon fuels which
have relativley high C/H ratios. By proper adjustment
of fuel composition and oxygen feed, a portion of the
carbon may be furnished directly from fuel cracking
according to Equation (1).
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Each time the lance is removed for scrap addition,
the oxygen level tends to decrease and the carbon con-
tent to increase. However, it is generally preferred to
operate with low carbon levels in the melt, i.e., near ox-
ygen saturation, because this promotes more extensive
oxidation of the hydrogen. For simple equilibrium con-
siderations, general Equation (6) may be written using
methane as a fuel and assuming a melt saturated with
oxygen (in equilibrium with the reduction of FeO to
Fe).

CH,+0.9950, — 0.85CO+0.15C0O,+ 0.84H,0+ 1.1
H,

6)

Such conditions promote the most extensive oxidation
of the hydrogen in the steel bath. However, it is not
necessary that the bath be at complete oxygen satura-
tion since at or near the lance there are transient, none-
quilibrium conditions where the oxygen content is
much higher and where oxidation of hydrogen and car-
bon monoxide is carried to the extent indicated by re-
action (6) even though the average oxygen content of
the melt may not be at saturation. Thus it is preferred
to operate at low carbon levels (under 10 points), with
adjustment of carbon at the end of the heat to the de-
sired level. If higher carbon levels are required bby the
heat specifications, carbon content may be easily in-
creased by increasing the fuel/oxygen feed ratio by in-
troducing solid carbon or higher hydrocarbon fuels sus-
pended in the fuel gas or by subsequent ladle additions.
During the period at the end of the heat when carbon
build-up is required, it is possible to stop oxygen lanc-
ing while continuing the fuel blowing to promote car-
bon addition. This latter practice, however, tends to
chill the melt. One way to minimize this chilling effect
is to surface blow the vessel during fuel addition with
oxygen to oxidize the off-gases in the carbon monoxide
to carbon dioxide and the hydrogen to water vapor, re-
actions which will impart radiant heat to the bath. An-
other way to minimize the chilling effect is to inject
solid carbon suspended in the gaseous fuel injected be-
neath the melt. This reduces the chilling effect per part
of carbon addition because the endothermic nature of
the dissolution reaction for solid carbon is far less than
the endothermic cracking reaction for hydrocarbons,
especially for methane.

Recarbonization of the melt to form steel having a
carbon content of up to about 0.1 percent is conve-
niently accomplished by utilizing the carbon content in
hydrocarbon fuel. For steels requiring a higher carbon
content, it is more advantageous to add additional car-
bon directly to the melt.

Recarbonizing at the end of the heat with hydrocar-
bon fuel will impart dissolved hydrogen to the steel
which is undesirable particularly -in fully and semi-
killed steels. Hydrogen can be removed by vacuum de-
gassing, but this involves a second operation. Hydrogen
can also be removed rather easily by jet degassing
which usually involves bubbling an inert gas through
molten steel. In the process of this invention, however,
the preferred method for removing hydrogen is by in-
jecting carbon dioxide into the bottom tuyeres at the
very end of the heat just prior to pouring. Carbon diox-
ide will react with the hydrogen in accordance with the
following reaction:



3,772,000

11

Cco,+2[H ] — CO+ H,O
(7)

Hydrogen removal is rapid because the resulting car-
bon monozxide will tend to strip hydrogen as is the case
with jet degassing.

Finally, it will usually be desirable to excise some
control over the sulfur content of the resulting steel.
This is most readily accomplished by minimizing the
sulfur introduced with the fuel. It is a relatively easy
matter to desulfurize any gaseous hydrocarbon fuel
used. This is in direct contrast to the difficulties experi-
enced in desulfurizing coal, coke and liquid fuels.

When it is desirable or necessary to remove substan-
tially all or a portion of sulfur which may have been
contained in the ferrous metal charge, slag forming
components such as lime and silicia in a weight ratio of
3:1 can be added to the melt to form a complex with
the sulfur. In such a case, the oxygen to fuel ratio
should be reduced upon addition of the slag forming
substances to a level whereby the reaction of oxygen
and fuel will remain exothermic but the formation of
iron oxide which is soluble in slag will be substantially
decreased. This reduction in oxygen activity should be
maintained throughout the entire period of slag forma-
tion and upon decantation of the slag, the previous oxy-
gen to fuel ratio should be restored in order to compen-
sate for the cooling effect brought about by removal of
the slag from the melt. When using natural gas or meth-
ane as a fuel, it is desirable to maintain a molar ratio of
oxygen to fuel of about 0.5:1.

FIGS. 3 and 4 illustrate an embodiment of this inven-
tion in which both the fuel and the oxygen are intro-
duced underneath the melt 3¢ for the furnace. In this
figure like numbers refer to like elements in FIGS. 1
and 2. In order to introduce both of the reaction com-
ponents underneath the melt, it is desirable to modify
somewhat the bottom portion of the furnace. Thus the
bottom 10¢ in FIG. 3 defines a fuel plenum chamber
101 and a chamber 102 for oxygen-containing gases
which are divide by a suitable divider such as 163. A
fuel line 108 provides the required communication be-
tween a fuel source (not shown) and the fuel plenum
chamber 101; and an oxygen line 106 provides the re-
quired communication between an oxygen source {not
shown) and the oxygen plenum chamber 162, Because
intensive heat may be generated at the outlet of those
tuyeres from which oxygen is introduced into the melt,
it may be necessary to mix some diluent with the oxy-
gen. Thus there is provided line 107 which communi-
cates with oxygen line 106 and is adapted to carry a
suitable diluent. The diluent may be either an inert gas
or largely oxidized off-gases from line 66 (FIG. 2).
Control of temperature at the outlet of the tuyeres is
necessary to prevent excessive refractory wear in this
vicinity. The furnace of FIG. 3 has a gas-withdrawal
line 111.

In the operation of the furnace of FIG. 3, the chemis-
try is essentially that which has been described in detail
above for the operation of FIG. 2, the only difference
being that the fuel and oxygen are both introduced be-
neath the bottom of the melt 30.

The furnace embodiment shown in FIGS. 5 and 6 il-
lustrates a modification of the apparatus and the
method. In this modification both the oxygen-
containing gases and the fuel, whether liquid or gas-

20

25

40

60

65

12

eous, are introduced at the surface of the melt by
lances. These lances may be either above the melt or
submerged in the melt. Inasmuch as it is not necessary
to provide tuyeres in the bottom portion of the furnace
for introducing one or more of the gaseous compo-
nents, the furnace may assume a more or less conven-
tional cup shape as shown in FIG. 5. It will be seen to
be formed of a heavy outer structure 115 which is lined
with refractories 116. As is common, it is supported on
trunions 117 which in turn are rotated and supported
by supports 118 and 119 mounted on a suitable founda-
tion 120. The furnace has a cover member 122 lined
with refractories 123 and within the volume 125 there
are defined three distinct zones or sections 126, 127
and 128. It may be desirable to section off partially the
internal volume of the furnace largely above the melit
in order to isolate the components being introduced
into th melt. This may be conveniently done by a three-
armed divider 130 (FIG. 6) which is protected by a ce-
ramic cover 135. Oxygen is introduced through an oxy-
gen lance 137 which extends into section 127 and fuel
is introduced through lance 138 which extends into
section 126. Finally, the third section 128 is adapted to
receive the scrap either continuously or as batches.
This is conveniently done through the use of a scrap
hopper 140 which communicates with section 128 of
the furnace through a suitable inlet 141,

Although the process of this invention involves the
reaction of a fuel and an oxidant beneath the surface
of the melt, it is not necessary that all of the fuel and
oxidant react in the molten pool. A minor amount of
the heat may be generated by reaction above the sur-
face of the melt, the heat thus generated being trans-
ferred primarily through radiative processes to the
melt.

The most advantageous reductant fuels which can be
used in practicing this invention are natural gas and re-
formed natural gases. Natural gas which is predomi-
nantly methane is advantageous because of its refrac-
tory qualities, ease with which it can be desulfurized, its
relatively high hydrogen-to-carbon ratio and the ease
with which it can be handled. Reformed natural gas or
steam reformed natural gas typically containing about
74 percent hydrogen, 16% CO, 6% CO; and 4% CH,
has similar advantages to those referred to above for
natural gas. Other reductant fuels, such as hydrogen
and carbon monoxide and gaseous hydrocarbons, may
also be used provided they are capable of imparting the
necessary heat energy to the molten bath to accomplish
the objects of this invention.

The use of recycled top or off-gases produced by the
process of this invention may also be advantageous.
When using recycled off-gases, it will generally be ad-
visible to condense any water contained therein before
recycle and perhaps scrub out any CO, that might be
present if this is desirable under the process conditions
being employed.

A certain amount of solid fuels such as carbon, car-
bides ferrosilicon, and so forth, may also be added di-
rectly to the bath during the refining process if this is
found to be desirable or advantageous.

The oxidant used according to this invention is ad-
vantageously high purity oxygen supplied either as a
high-pressuire gas or a liquid which is then vaporized by
suitable well-known means. The oxidant need not,
however, be pure oxygen but can contain diluents so
long as the concentration of oxygen present is sufficient
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to accomplish the objects of this invention and the dilu-
ents do not adversely affect the operation of the pro-
cess according to this invention or the resulting steel.
For example, the oxidant source can include not only
pure oxygen but also relatively pure oxygen such as
oxygen-enriched air and carbon dioxide. The amount
of air employed should be held down to a concentra-
tion where the nitrogen content therein will not ad-
versely affect the nitrogen content of the resulting steel
desired.

The ratio of the oxidant to the fuel will vary depend-
ing upon the kind of oxidant and fuel employed, as well
as the solid fuel impurity content of the ferrous metal
being treated, the type and amount of any materials
which may be added to the melt during the processing,
and so forth. For example, if the ferrous metal being
treated contains approximately 1 percent carbon, it will
not be necessary to use as much fuel as-it would if the
ferrous metal being treated contained only 0.5 percent
carbon. The ratio of the fuel to the oxygen should ad-
vantageously produce a neutral or reducing environ-
ment within the melt. The term “mildly reducing” re-
fers to that degree of reducing just below the point at
which iron oxide is formed when no slag is present.

If the oxygen is in excess, iron oxide will be formed.
Although this may not be particularly undesirable, it
will require an increase in the fuel or a decrease in the
oxygen in order to chemically reduce the iron oxide.
An oxidizing environment over prolonged periods must
be avoided since substantial quantities of iron oxide
would result. The problems involved in using an excess
of fuel will vary depending upon the fuel used. An ex-
cess of methane, for example, which produces an endo-
thermic reaction, might cause a reduction of the melt
temperature or simply result in a waste of the fuel since
it will not be consumed during the reaction and will be
combined with the off-gases. will not be consumed dur-
ing the reaction and will be combined with the off-
gases.

When using natural gas or methane as a fuel, it is de-
sirable to maintain a molar ratio of hydrocarbons to ox-
ygen of about 1:1. The particular ratios of natural gas
or other fuels to the oxygen will vary depending on the
fuel employed and other factors discussed above and
can be determined by routine testing and calculatlons
by those skilled in the art.

If the ferrous metal contains a significant amount of
impurities which act as a fuel for generating heat by re-
action with an oxidant, these will be consumed during
the processing, and it may be necessary or desirable
during some later stage of processing of the ferrous
metal to increase the amount of fuel to maintain a neu-
tral or reducmg environment to prevent undue oxida-
tion of the iron.

Although the process of this invention has been de-
scribed above using essentially all scrap steel or scrap
ferrous metals where it is most advantageous, the fer-
rous metals or scrap steel which can be utilized accord-
ing to this invention are those ferrous metals or mix-
tures thereof containing insufficient fuel impurities
such as carbon, silicon, manganese, and so forth, to
generate the necessary heat for converting or refining
the ferrous metal into a usable steel product by use of
oxygen alone. For example, conventional hot metal pig
iron would be excluded from these terms since it con-
tains sufficient fuel impurities to react with the oxygen
in the Basic Oxygen Process, and thus the use of an ad-
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ditional fuel would not be necessary or required. The
terms “ferrous metal’’ and ‘“‘scrap steel’’ do, however,
include both iron and steel from known scrap sources
such as auto bodies, internally generated scrap as is
well known in the art, as well as mixtures of pig iron
and ferrous metal, such as scrap steel having a com-
bined solid fuel impurity content sufficiently low so
that the necessary heat cannot be generated solely by
oxygen lacing by the Basic Oxygen Process.

The invention also contemplates the addition of vari-
ous and known refining chemicals such as calcium ox-
ide, ferrosilicon, and the like, to the melt. This may be
done by adding such materials along with the scrap or
suspending them in either the oxygen or fuel streams.

It will be seen that this invention provides a process
and apparatus for converting solid ferrous metal scrap
to usable steel without encountering the disadvantages
associated with the prior art methods and apparatus de-
scribed. Since the reactants (oxygen and fuel) can be
provided in almost any geopgraphic location, the appli-
cation of the process is not limited to a few special
areas such as in the electric arc method. Finally, the
ability to control the chemical make-up of the reactants
makes it possible to control the composition of the
steel.

The oxidant or relatively pure oxygen when intro-
duced into the melt is dissolved or absorbed, basically
saturating the molten bath with oxygen, permitting the
exothermic reactions to occur below the surface of the
melt and causing the heat to be released from the reac-
tion below the surface of the melt. The reaction occur-
ing below the surface of the melt is believed to cause
a circulation or a fairly violent agitation within the melt
and is fairly evenly distributed throughout the melt,
eliminating any hot spots.

The molten baths 30 and the slag layers 32 shown in
the drawings are shown in the quiescent state. The slag
layer is probably intermixed with the molten ferrous
metal bath during processing due to the agitation.
Whether the éntire bath is in agitation during the pro-
cessing and the slag layer intermixed therewith is not
known.

The amount as well as the pressure of the oxygen
input can be varied quite widely according to this in-
vention and will depend upon a number of variables
such as the type of vessel being employed, the amount
and type of ferrous metal charge being treated, and so
forth. The amount of oxygen will of course have to be
correlated with the amount of reductant fuel being in-
troduced in the molten pool as previously discussed.
The rate or velocity of the oxygen input can also be var-
ied, but it should be sufficient to insure substantially
complete dissolving of the oxygen in the molten pool so
that the desired reaction between the oxygen and the
reductant fuel can take place within or beneath the sur-
face of the molten pool.

Oxygen pressures can range, for example, between
50 to 150 pounds, but the invention is not limited to
this particular pressure range. Typically th oxygen can-
not impart sufficient energy to the molten pool to stir
or agitate it by itself. The exothermic reaction occur-
ring within the pool may also cause agitation of the
molten pool by thermal currents. However, the main
agitation of the melt is undoubtedly caused by the gas
being blown up through the melt. The exothermic reac-
tion also has the advantage of being able to maintain
the melt temperature, allow further time for the addi-
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tion of various additives such as carbon to form the
steel desired, and no prevent oxidation of the iron even
when extremely low carbon or impurity content is con-
tained in the moiten pool.

The lances and tuyeres that can be used according to
this invention can be readily designed by those skilled
in the art, with respect to opening sizes, for example,
taking into account the type of the charges to be
treated, the velocity and volume of gases required or
desired for the particular charge, and so forth.

EXAMPLE 1

400 pounds of cold scrap steel containing approxi-
mately 0.2 percent carbon were charged into a 16-inch
internal diameter furance having maximum capacity of
1000 pounds. The furnace was equipped with induction
heating coils and the cold scrap steel meited by induc-
tion heating.

Natural gas as commercially available was then intro-
duced into the melt through four %-inch diameter tu-
yeres which communicated with the bottom wall of the
furnace as shown in FIG. 1. The gaseous oxygen was
simultaneously lanced onto the surface of the molten
steel through a single %-inch diameter lance of conven-
tional design.

The flow rates of the natural gas and the oxygen were
maintained essentially equal, starting out at about 10
standard cubic feet per minute and gradually increasing
the flow rates to about 35 standard cubic feet per min-
ute. The oxygen flow rates were increased by increas-
ing the back pressure from about 50 to 130 pounds.

As the flow rates of both the oxygen and natural gas
were increased, less heat was required from the induc-
tion coils. When the higher flow rates were reaches, the
reaction between the oxygen and natural gas was suffi-
cient to maintain the steel in the molten condition as
well as to overcome substantially all of the heat losses,
which we relatively high for the small vessel being used.
The oxygen and natural gas input was stopped, the ves-
sel tilted, and approximately 100 pounds of the molten
steel were poured into molds without the addition of
carbon or other additives. The resulting steel contained
approximately 0.01 percent carbon. The carbon con-
tent of the resulting steel could of course be modified
to the extent desired as described herein by blowing
carbon into the bath through a steel pipe or by adding
it to a holding ladle or by any other conventional
means.

The vessel was then tiited to the upright position, and
approximately 20 pounds of additional scrap steel con-
taining about 0.2 percent carbon were added thereto,
the top of the vessel was closed again, and the introduc-
tion of the natural gas and oxygen restarted and contin-
ued until the additional charge was melted.

The process of heating, pouring and adding addi-
tional scrap as described above can be continued.

Various changes in the method and apparatus can of
course be made by those skilled in the art to carry out
the above-described process without parting from the
scope of this invention. For example, as previously
pointed out, the tuyeres 23 in FIG. 1 could be closed
off or eliminated and either one of the lances 34 or 35
lowered into the bath to cause the exothermic reactions
to occur substantially completely below the surface of
the bath. It is thus intended that all matters contained
in the above descriptions and shown in the accompany-
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ing drawings shall be termed illustrative and not in a
limiting sense.

EXAMPLE 11

Operation I. Initial Oxidation

By assuming a 50 percent heel and 50 percent scrap
addition, 1040 lbs. of heel will contain about 0.10 per-
cent (1 1b.) of carbon. On combusion to CO it releases
heat to one ton of metal. Melt oxygen activity will be
0.95 at the end of this operation.

Operation 2. Meltdown

Subsequent to the oxidation of the heel and while
maintaining an oxygen activity of 0.95, scrap and 4.16
Ibs CaQ will be meited and the silicon in the scrap will
be oxidized. Some iron will be oxidized and appear
temporarily in the meltdown slag.

Operation 3. Superheat

After completion of meltdown, the melt is super-
heated to 3060° in order to prepare for deoxidation.
This operation is carried out with an oxygen activity of
0.95.

Operation 4. Deoxidation

At this point in time, one starts deoxidizing the melt
which is accompanied by FeO reduction from the slag.
To reduce FeQ from the slag will require about 32,000
to 43,000 Btu per mole of FeO reduced. This comes to
an average of about 37,800 Btu/mole.

After this initial bath deoxidation, the melt oxygen
activity is reduced to about 0.83, whereupon flux addi-
tions are made to make a final slag.

Operation 5. Final Slag and Desulfurization

While CaO and SiO, are added for disulfurization,
oxygen activity is reduced from 0.83 to 0.50. No signifi-
cant amount of FeQ is reduced or oxidized. Calcula-
tions indicate that about 166 Ibs. of slag will be re-
quired to reduce sulfur in the scrap from 0.04 to 0.025
percent. Since the heel contains 0.025 percent S, the
average sulfur content at this point is 0.0325 percent.
166 lbs of slag is considered an entirely adequate
amount for desulfurization and operating experience
might well indicate that good resuits can be obtained
with a smaller slag volume.

In this operation it might not be necessary to reduce
the oxygen activity to 0.5. It was assumed that the slag
additions would immediately melt and be in equilib-
rium with the melt. If it takes several minutes for FeO
to build up in the slag at oxygen activities higher than
0.5, than an oxygen activity of 0.85 during slag melt-
down may be employed.

By assuming the calculated 166 lbs. of slag are
needed for desulfurization, an additional 130 Ibs. of
Ca0 + Si0O, are needed. Slag meltdown is accgm-
plished by the superheat. Enough natural gas is blown
to keep the tuyeres open and result in good bath-slag
mixing.

During this slag meltdown, oxygen and natural gas
are blown at ratios of 0.83 (melt oxygen activity =0.5)
and will release 22,400 Btu/ib atom-contained carbon
in natural gas.
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Operation 6. Slag is Decanted

Depending upon the kinetic and enthalpy require-
ments of FeO reduction from the slag, it may be advan-
tageous to decant the slag after the final superheat.

Operation 7, 8 and 9. Superheat and Final Carbon
Adjustment

After the slag has been decanted, the oxygen activity
is increased to about 0.95 for efficient utilization of the
natural gas during superheating to 3000°F. At this
point, the bath is recarburized to 0.01 to 0.03%C. with
natural gas.

The metal in the vessel, without about 0.03 percent
carbon can be further increased in carbon content by
continuous blowing with natural gas. However, above
0.04 percent carbon, solid carbon or graphite injection
with a carrier gas is advantageous for recarburization
of the melt.

Operations 10 and 11. Tap Leaving Heel of Molten
Metal and Vessel Inspection
A summary of the cycle operation is shown below

Estimated
Time to
Accomplish
Operation,
Operation Minutes
1. 1040 Ibs of scrap added to 1040 Ibs. of heel
of previous cycle (might need one or two
back charges). Heel will contain 0.07 to
0.10% carbon 1to2
Minimum natural gas (N.G.) blown to keep
tuyeres open with maximum oxygen to lower
carbon content from approximately 0.1 to
0.01%. Slag meltdown begins 0.16
2. Meltdown of scrap and formation of Slag No.
1 takes place. Variation in melt-down time
due to preheat Sto11
3. Initial superheat in preparation for ’
deoxidation 2.18
4. Partial deoxidation of melt by reducing
oxygen to N.G. ratio to about 0.5 Melt
oxygen activity reduced to 0.83. See Table 5.
FeQ in slag is reduced from 151 Ib/ton metal -
to 24.8 Ib/ton of metal. 93
5. Addition of desulfurizing slag components. -
Ca0 and §i0, added. Oxygen activity in melt
decreased to 0.5. Oxygen to N.G. ratio is
0.83, 0.03% C in bath. 3.0
6. Slag is decanted lto2-
7. Final superheat to 3000° F (or any other
desired temperature). Oxygen activity is
increased to 0.95 during superheat - - 1.1
8. Initial recarburization to 0.04% carbon with
natural gas .23
9. Final carbon adjustment by injection of N,G.
and carbon into the bath to bring the melt
carbon up to desired level (say 0.08%) 22

10. Tap leaving heel of molten metal. Cover
ladle with vermiculite. A small amount of

slag can then be used to form a ladle cover 2 to 3
11. Vessel inspection 1to3
. Total cycle
time 18 to 29

We claim:

1. A method for melting and refining solid ferrous

scrap metal to steel which comprises:

a. providing a molten pool of ferrous scrap metal
containing less than about 1 percent carbon by
weight;

b. introducing a charge of solid ferrous metal con-
taining an average of less than about 1 percent car-
bon by weight into said molten pool;

¢. introducing into said molten pool at one point an
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from about 20 percent to 100 percent oxygen avail-
ble for reaction;

d. introducing into said molten pool at another point
a fuel in such a ratio to the oxidant that an exother-
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mic reaction occurs predominantly below the sur-
face of the molten pool which is substantially neu-
tral or only mildly reducing to iron oxide and which
releases sufficient heat of reaction to melt the feed
ferrous scrap metal;

e. recarbonizing the molten ferrous metal with an
amount of carbon which is sufficient to impart a
carbon content to the melt to produce steel and

f. withdrawing at least a portion of the molten steel.

2. The method of claim 1 wherein the charge con-
tains sulfur and substantially all or a part of said sulfur
is removed by adding slag forming substances to the
molten ferrous metal of step (c) and simultaneously
therewith, reducing the ratio of oxygen to fuel to a level
whereby the reaction of oxygen and fuel will remain
exothermic but the formation of iron oxide will be sub-
stantially avoided, maintaining the reduced oxygen ac-
tivity throughout the entire period of slag formation
and upon removal of the slag restoring the ratio of oxy-
gen to fuel to the previous level.

- 3. The method of claim 1 wherein the molten pool of
ferrous metal of step (a) is the heel of molten steel from
the previous heat sufficient in volume to accomodate
the feed ferrous metal.

4. The method of claim 1 wherein the ratio of oxidant
to fuel is adjusted from the initial condition in which
the reaction of oxidant and fuel yields neutral or only
mildly reducing gases to a condition in which the reac-
tion yields a sufficent quantity of reducing gas to re-
duce excess iron oxide to metallic iron.

5. The method of claim 1 wherein the combustible
off-gases generated by the system comprising in major
portion hydrogen and carbon monoxide are burned and
the heat of combustion therefrom utilized for preheat-
ing one or more of the components introduced into the
system.

6. The method of claim 5 wherein the feed ferrous
metal is preheated and the burning of the off-gases is
accomplished in a series of steps such that as the tem-
perature of the feed ferrous metal increased during
heating, the scrap ‘is exposed to combustion: gases.

7. The method of claim 5 wherein the fuel is-pre-
heated.

8. The method of clalm § wherein the ox1dant is pre-
heated.

9. The method of claim 1 wherein the feed source is
part or all scrap steel containing about 0.1 percent car-
bon by weight.

10. The method of claim 1 wherein the oxidant is
high purity oxygen.

11, The method of claim 10 wherein the oxygen is in-
troduced into the molten pool at a pressure of from
about 50 to about 150 p.s.i.a.

12, The method of claim 1 wherein the oxidant is
oxygen-enriched air in which the concentrations of ni-
trogen does not adversely effect the resulting steel. .

13. The method of claim 1 wherein the fuel is a hy-
drocarbon fuel.

14, The method of claim 13 wherein the fuel is natu-
ral gas or reformed natural gas.

15. The method of claim 1 wherein the oxidant is
high purity oxygen and the fuel is natural gas.

16. The method of claim 15 wherein the high purity
oxygen is lanced into the molten pool from above the
surface thereof and the natural gas is introduced into
the molten pool from the bottom thereof.
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17. The method of claim 18 wherein both the high
purity oxygen and the natural gas are lanced into the
molten pool from above the surface thereof.

18. The method of claim 15 wherein both the high
purity oxygen and the natural gas are introduced into
the molten pool from the bottom thereof.

19. The method of claim 15 wherein a portion of high
purity oxygen is mixed with the natural gas prior to the
introduction thereof into the molten pool, the quantity
of oxygen in the mixture being below that at which
spontaneous combustion of the mixture under the pre-
vailing conditions of the system can take place.

26. The method of claim 1 wherein a solid fuel is
added directly to the molten ferrous metal during the
refining process.

21. The method of claim 1 wherein at least a portion
of the off-gases generated by the system containing
substantial quantities of hydrogen and carbon monox-
ide are recycled into the molten pool via the fuel
stream.

22. The method of claim 1 wherein recarbonization

10

15

20

of the molten ferrous metal is accomplished by increas-
ing the amount of fuel relative to the oxidant; blowing
fine solid carbon or carbon-containing solid suspended
in the fuel stream into the molten pool; utilizing a hy-
drocarbon fuel having a high carbon to hydrogen ratio
or utilizing the carbon which is produced by the crack-
ing of a hydrocarbon fuel.

23. The method of claim 22 wherein recarbonization
is accomplished by utilizing the carbon produced from
the cracking of a hydrocarbon fuel and at the same
time recarbonization is in progress, blowing the oxidant
across the surface of the melt to cause combustion of
off-gas which imparts heat to the bath thus minimizing
the chilling effect of the endothermic hydrocarbon fue!
cracking reaction.

24. The method of claim 23 wherein the hydrogen
gas which is produced from the cracking of the hydro-
carbon fuel is removed from the molten steel by inject-
ing a sufficient quantity of carbon dioxide into the steel

20 just prior to the withdrawal of the steel.
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