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1

This application is a continuation-in-part of
my copending application Serial No. 109;475, filed
August 10, 1949, now abandoned.

This invention relates broadly to- a process
for the manufacture of steel and more particu-
larly to improvements in the refining stages of
such a process.

Although various steelmaking processes differ
with respect to equipment, raw materials, and
end products, the general objectives of the several
processes are quite similar. In general, steel-
making processes are intended (1) to obtain and
maintain the entire metallic charge in g molten
state and (2) to refine the liguid metal by the
removal of impurities therefrom and to make ad-
ditions thereto, if necessary, in order to meet a
desired chemical analysis.. The distinguishing
features of the various processes relate primarily
to the methods employed to ohtain and maintain
a completely molten charge and the extent to
which the primary refining reactions can he ac-
complished.

The source of heat for a steelmaking process
may vary dependent largely upen the nature of
the raw materials charged to the process. Wor
example, if the initial charge is largely composed
of molten iron, it is possible to utilize the internal
heat evolved during the refining reactions in
order to maintain the necessary temperature
level. 1If, however, a substantial part or all of
the initial metallic charge is cold, an external
source of heat must usually be employed to ob-
tain and maintain the desired molten condition,
In the latter case, the required heat input may be
obtained electrically or by combustion of a suit-
able fuel in or prior to reaching the refining zone.

Except for the production of premium grades

of steel and other special purposes, the use of
electric sources of heat in steelmaking processes
has not been warranted economically. The use
of various liguid and gaseous fuels as a source
of heat necessitates the provision of large and
expensive combustion equipment to conserve heat
and to attain the desired temperatures. Further-
more, such fuels usually contain detrimental
amounts of sulfur some of which may be intro-
duced into the steel during the refining oper-
ation.

The prior art steelmaking processes which have
relied on the exothermic heat of reaction of the
-refining reactions to supply the heat require-
ments-of the process usually involve passing or
blowing air through a bath of molien iron to
effect oxidation of the impurities, e. g. the Bes-
:semer process. - Generally, such processes have
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been severely limited by the fact that the remov-
al of phosphorus to low levels is difficult or im-
possible and low phosphorus content steels can-
not readily be produced. In addition,; the pas-
sage of air through the metal bath results in the
introduction of nitrogen into the steel product
in amounts which are excessive for most uses of
steel.

The refining of molten iron has as its objective
the removal, in the form of gases or slag-forming
compounds, of such impurities as carbon, phos-
phorus, sulfur, silicon, and manganese. The
critical elements are carbon, phosphorus, and sul-
fur, and the adaptability or attractiveness of a
steelmaking process is largely determined by the
degree to which the removal of these three
critical elements can be controlled. Carbon is
eliminated by combination with oxygen to form
oxides of carbon which are removed from the
refining zone as gases. Phosphorug elimination
is accomplished by combination with oxygen fol~
lowed by reaction of the resultant oxide with
lime or similar basic oxide, such as magnesia or
manganese oxide, in the slag. Sulfur is elimi-
nated largely by reaction with lime or g similar
basic oxide in the slag. Manganese and silicon
are also eliminated by oxidation and subsequent
incorporation of the resultant compounds in the
slag. Thus, it will be seen that the primary re-
fining actions involve oxidation and slag-forma-
tion, and under proper conditions sufficient heat
may be evolved as a result of such reactions to
supply the heat requirements of the refining
process.

In addition to the aforementioned impurities,
mention must also be made of nitrogen and hy-
drogen since under certain conditions that may
exist during the manufacture of steel, these ele-
ments may be introduced into the steel in exces-
sive or detrimental amounts. It is now recog-
nized that the control of nitrogen and hydrogen
in the finished steel product is an important
factor determining the selection of a steelmakingz
process and the permissible uses of the finished
steel.

The elimination of phosphorus can be accom-
plished only under basic oxidizing conditions.
Thus, the major steelmaking processes in use
today that are capable of removing phosphorus
are the basic electric, the basic Bessemer, and
the basic open hearth. However, each of these
processes is characterized by certain limitations.

The basic electric furnace is expensive to op-
erate, has a relatively low production rate, and
usually results in a product containing relatively
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large amounts of nitrogen bhecause of the action
of the electric arc.

In the conventional basic Bessemer process
the iron charge must contain more than aboub
1.59% phosphorus in order to provide sufficient
heat for the process. Furthermore, in the basic
Bessemer process bhosphorus cannot be effec-
tively removed until substantially all of the:car-
bon has'been eliminated. Accordingly, the pro-
duction of low phosphorus-high carbon steels by
the conventional basic Bessemer process is not
practical. Moreover, consistent elimination .of
sulfur to low levels cannot generally be accom-
plished in the conventional: basic' Bessemer proc-
ess, and the air-blowing technique resultsin un-~

[+
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desirably high nitrogen content of the final prod—

uct, as hereinbefore mentioned.

Although the basiec open hearth process ac-
counts for the major tonnage of steel procduced
in the United States, this process too has serious
limitations. In this process, the controlling-re-
-action rates-are determined in part hy diffusion
mechanisms in a heterogenesous system and con-
sequently the rate of refining and the production
rate are relatively slow. The conventional bhasic
open hearth process requires:.an elaborate ex-
ternal heating and regenerating system in order
to melt the charge, carry out the necessary re-
fining reactions, and attain a satisfactory tapping
temperature.
-is under control in the basic open hearth process,
in most instances the iron charged must have a
phosphorus  content not greater than about:6.4%
‘in order to make all types of steel. .In addition,
only moderate amounts of sulfur can usually be
eliminated in the basic open hearth process, and
sulfur removal:is‘further complicated by the fact
mentioned above that many of the fuels employed
in the external heating system. contain consider-
able suifur which seriously -diminishes the net
extent of sulfur removal from the metal.

. Accordingly, .a primary object of my invention
is to provide g novel steelmaking: process-which
overcomes the-aforementioned: difficulties of the
known. processes  and which is adapted for use
in the production of steel.of both high and low
carbon content from molten iron of wide analysis
range.

A further object of the -invention is to pro-
-vide a - novel steelmaking process.capable of pro-
.ducing a steel having generally the character of

an open hearth :steel but. at a lower cost .of
production.

Another object of my invention is to-provide
2 steelmaking process capable of refining-a rela-
tively high phosphorus:content iron to produce-a
steel of low phosphorus content while at the same
time avoiding the introduction of excessive
-nitrogen into the steel.

Another object of the:invention is fo provide
a -steelmaking proesss -capable - of producing a
low phosphorus-high -carbon steel from molten
iron .of high or-low phosphorus eontent.

A further object of the invention is to provide

a novel steelmaking process in which substan-

tially the total heat requirements of -the process
.are supplied by the exothermic heat of reaction
during the refining steps while-at the same time
avoiding introduetion of nitrogen into: the steel.

A still further object of the invention is to pro-
vide a novel steelmaking process characterized
by ‘the rapid development of.a basic highly oxi-
dized slag.at a relatively early stage of the re-
fining period.

An-additional object of the mvenmon is to pro- :

Although phosphorus "elimination-
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vide a steelmaking process in which sulfur is
removed more effectively and to a lower level
than in the known basic oxidizing processes.
Still another object of the invention is to pro-
vide a steelmaking process in which no external
source of heat is required to effect refining of
the metal, the requisite heat being supplied by

‘the-exothermic:refining reactions, and in which

one or more slags may be removed.

Other objects and advantages of the invention
will become evident from the subsequent detailed
deseription of the invention and the accompany-
ing drawings in which:

“Fig. '1is a diagrammatic sectional view taken
glong ‘the-lines 1—I of Fig. 2 and showing the
general ‘characteristics of one type of apparatus
suitable for.use in practicing my invention;

Fig. 2 is a plan view of the apparatus shown

“in-Pig. 1; and

Fig. 3 is a graphical p1 esentation of certain ex-
perimental -data illustrating the rate-and: extent
of removal of impurtiies in my process.

Referring now to the drawinazs, the-process:of
my invention may ke conducted in a reaction or
refining zone defined by a generally elliptical ves-
sel 18 having a roof opening 11-at the upper-por-
tion thereof and mounted for. tilting or:rocking
movement on g pair of curved:supports: or reck-

ers- 12 adapted to coact with rollers or the like.

The vessel 18, which may be of steel construction,
is provided at its bottom with & menolithic basic
refractory lining {3 such as burnt dolomite, mag~
nesia, or the.like. ‘The upper portions of the ves-
sel i'@ are lined with refractory brick, indicated
at 13, which may be -either basic or acidic-in
character. ‘A suitable tap hole or port 14 is pro-
vided at one side of the vessel 10 for the with-
drawal of slag during the course of the steel-
making process, and a charging door:{5 is dis-
posed at the opposite side of the vessel. Although
only one slag-removal. opening :is shown in the
drawings, it will be understood that a plurality of
such outlets may be provided, if desired. -A.sup-
plementary: external heat source, such as a pair
of burners 18, may be provided for maintaining
the refractory temperature between successive
heats -and for making refractory repairs.

In Fig. 1 the refining vessel 1§is illustrated as
containing ‘a charge or bath of molten metal 11
and a supernatant layer of:slag 18, the interface
between the molten metal and the slag being in-
dicated diagrammatically by -a broken line, as-at
8. Tt will:be apparent from the subsequent ds-

tailed discussion of the operation of my process
-that under actual operating conditions the metal

bath may be in a turbulent or agitated state such

that there is no distinet separation of the metal

and slag phases into layers. For purposes here-
inafter described, the upper portion of :the re-
fining vessel {0 is provided with a plurality of
adjustable injection conduits or lances 20 ex-
tending through the walls of the vessel into the
refining zone. The outer end of each of the
lances 29 is connected by a suitable coupling or
other -connecting device to a flexible hose 21
which communicates with a source of -oxygen
under pressure. Each of thelances is arranged
to permit adjustment of its position and the ex~

“tent to which it projects into the vessel 18 de-

pendent upon the liguid level therein.

It will be understood that Figs. 1-and 2 of the
drawings comprise ‘merely a diagrammatic or
schematic illustration showing the general char-

-geteristics of the equipment suitable for carrying

76 -out the:steelmaking proeess of my invention: “In
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other words, the drawing is intended merely to
facilitate a better understanding of the process
steps and principles involved and it is not in-
tended to imply that the specific vessel structure
and arrangement shown would constitute the
only appropriate engineering design. As will be
seen from the subsequent detailed description of
the process, a suitable apparatus for carrying out
my process would necessarily include the general
features shown in the drawings or their equiva-
lent. For example, the reaction or refining vessel
for practicing my process must have a basic re-
fractory lining, an opening for the removal of
fumes and gases, means for introducing oxygen
into the liquid bath, suitable outlet means for
the discharge of slag and finished metal, and,
preferably, means for tilting the vessel to facili-
tate such discharge.

In carrying out my process, molten pig iron may
be introduced into the vessel 10 through the door
i5 along with a basic slag-forming material,
such as limestone, and an iron oxide-bearing ma-
terial such as iron ore, sinter, or mill scale. The
limestone and iron oxide-bearing material may
be charged simultaneously with or immediately
following the liquid metal, but I prefer to intro-
duce the solid limestone and iron oxide-bearing
material to the refining zone first and then pour
the molten iron over the solid raw materials
in order to facilitate mixing and distribution of
the reactants whereby to hasten the refining re-
actions. Although limestone is the preferred basic
slag-forming material, other basic oxides or sub-
stances capable of yielding basic oxides may also
be used, e. g. magnesia, manganese oxide, or pre-
pared slag mixtures. In order to avoid excessive
cooling of the molten iron charged, it is desirable
that the reiractory lining {3 be preheated to an
elevated temperature by means of the burners i6
or that the vessel be charged while still hot
from a previous heat.

Immediately following the charging of the
molten metal to the vessel 10, an oxidizing gas
containing a relatively high concentration of free
oxygen is introduced through the lances 20. The
positions of the lances 20 are adjusted, within any
possible limitations of operation and design fac-
tors, to inject the oxidizing gas substantially at
the metal surface whereby to effect direct contact
of free oxygen with the molten metal and thereby
obtain rapid transfer of oxygen to the metal. In
most instances I prefer that the outlet ends of
the lances extend below the surface of the slag
in the refining zone in order to inject free oxygen
substantially at or adjacent to the surface of the
metal layer. However, it is also contemplated
that the outlet ends of the lances 23 can be posi-
tioned slightly above the slag surface in the re-
fining zone, the distance of the lances above the
surface being such that the flow of oxidizing gas
through the lances will blow aside or displace the
supernatant slag layer so that free oxygen is
directly contacted with the molten metal.

Although I prefer to employ commercial grade
undiluted free oxygen, it is also within the scope
of the invention to utilize oxygen diluted with
other gases such as air or inert gases. In such
cases, it is preferred that the oxidizing gas stream
contain a relatively high concentration of free
oxygen, and by the term “high oxygen content
gas” as used hereinafter I mean a gas having an
oxygen content in excess of the normal oxygen
content of air, i. e. greater than about 21% by
volume. ‘

“ An important feature of my invention is the
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fact that the heat requirements of the process are
supplied substantially entirely by the exothermic
heat of reaction evolved during the refining of the
molten iron. Inasmuch as the process does not
contemplate or require an external source of heat
during the refining steps, it is important that the
introduction of oxygen to the refining zone be
started as soon as possible after the vessel has
been charged in order to maintain the necessary
temperature level.

As the molten iron is thus contacted with free
oxygen, or with oxygen in the iron oxide charged
initially as a raw material, a large part of the
silicon, manganese, and phosphorus in the iron
is -rapidly oxidized to form the corresponding
oxides together with simultaneous oxidation of a
small but definite portion of the carbon. The
oxides of silicon, manganese, phosphorus, and
iron together with lime obtained from the charged
limestone are then incorporated in an oxidized
slag containing most of the phosphorus and sub-

stantially all of the silicon and manganese. If

desired, most of the slag may be withdrawn at
this point, preferably by tilting the vessel {0 to
discharge the slag through the tap hole (4.

One of the important novel aspects of my
process resides in the formation of the slag. In
the conventional basic open hearth process, the
initial slag formed during the melting-down
period has a high iron oxide content and conse-
quently may be quite corrosive to the burnt
dolomite or magnesia in the banks and bottom
of the furnace with the result that caleium oxide
and magnesium oxide may be dissolved from the
furnace refractories. In the usual open hearth
heat using conventional scrap and hot metal
practice, no significant amount of limestone rises
into the slag layer until most of the charged
solid scrap is melted and the lime boil period is
well under way. Obviously, therefore, the solu-
tion of lime in the slag formed after the hot
metal addition is seriously delayed by the period
of time required to effect complete melting-down.
of the scrap charge. In addition, it has been
found that in the conventional basic open hearth
process individual lumps of partly caleined lime-
stone that rise into the early slag tend to become
coated with a hard protective shell composed
predominantly of dicalcium silicate. This re-
fractory shell or coating acts to retard solution
of the limestone in the slag and also prevents
rapid penetration of fluxing slag constifuents in-
to the limestone Iumps. As a result, the rate at
which lime dissolves in and becomes an active
constituent of early open hearth slags is rela-
tively slow. In general, substantial solution of
lime is not accomplished until furnace additions
of fluorspar and ore have bheen made. Such ad-
ditions appear to have a general softening or
dissolving effect on the limestone lumps whereby
the lumps finally lose their identity in a heavy
mushy moderately basic slag.

In the process of the present invention a large
proportion of the charged limestone rises almost
immediately to the surface of the molten metal.
At first, the limestone is largely uncalcined and
unpenetrated by slag constituents, and the oxides
of silicon, manganese, and phosphorus formed
as described above, together with iron oxide and
lime form the early slag. However, turbulent
intermixing of the slag, iron oxide, and metal
phases is obtained promptly and localized high
temperatures and a highly oxidizing atmosphere
are developed upon the introduction of. gaseous
oxygen to the bath with the result that rapid
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calcination of the limestone -and rapid sclution
of the resultant lime in the slag are realized. The
amount of lime that is dissolved in the early stage
of the process may be regulated merely by charg-
ing controlled amounts of limestone. -In this way
the fluidity of the early slag as well as its phos-
phorus content can also be regulated.

In the steelmaking art the customary method
of expressing the basicity of the fluid body of slag
is by some form of the ratio (often referred to as
V-ratio or V-value) of lime to silica. When this
ratio is above a certain more or less critical level,
usually around 2, elimination of sulfur occurs,
phosphorus removal becomes more complete, and
the possibility of phosphorus reversion from the
slag to the metal is reduced. Accordingly, an
important characteristic of the present process
is ‘the faet that the process permits the early
development of a slag having a ratio of weight
per cent lime to weight per cent silica of at least
about 1.5,-and preferably at least about 2.0. In
the conventional hasic open hearth process the
development of a slag of this degree of basicity
is: not crdinarily possible before a substantial
degree of carbon elimination has taken place, for
example, not before the carbon content of the
metal has been reduced below about 1.256%. In
the present process, on the other hand, I am able
to effect rapid and substantial entry of phos-
phorus into the slag and at the same time I am
able to obtain a slag having a sufiicient degree of
basicity before the carbon content of the metal
is reduced to a low level, e. g. at least before car-
bon falls below-about 1%, and in most instances
before carbon. falls below abkout 2%, to retain
practically all of the eliminated phosphorus
throughout the bhalance of the refining period.
In this manner reversion of phosphorus from the
slag to the metal is minimized. In general; by
means of the process of the present invention, a
slag may be readily obtained having a weight per
cent lime to silica ratio of at least about 1.5 while
the carbon content of the metal bath is substan-~
tially above about 1.0%, and preferably I obtain
a weight per cent lime to silica ratio of at least
about 2.0 while the carbon content of the metal
is substantially above about 2.0%.

It will be understood that in order to obtain
rapid formation of & highly basic slag as specified

above it is necessary to charge limestone or other

slag-forming reactant to the process in a pre-
determined amount sufficient fo yield the specified
high V-ratio when the lime content thereof has
heen dissolved in the slag phase. Obviously, the
particular quantity .of slag-forming reactant to
be charged in any given instance will depend on:
a number of factors such as the lime content of
the slag~-forming reactant, the silicon content of
the iron, the slag removal practice to be followed,
and the nature of the furnace lining. However,
one skilled in the steelmaking art, having knowl-
edge of the sequence of operations to be em-
ployed, the composition of the raw materials, and
the type of furnace, will have no difficulty in de-
termining how much slag-forming reactant must
be charged in any given heat in order to obtain
the desired V-ratio in the slag.

Thus, it will be seen that my process is char-
acterized by the rapid development of a highly
basie highly oxidized slag at a very early stage in
the refining period while carbon is still at a rela-
tively high level. The rapid formation of such a
slag is-attributable (1) to the greater availability
of the limestone to the slag phase as a result of the
physical mixing effect and turbulence created in
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the bath, and (2) to the more rapid rate.of solu-
tion. of lime in the slag phase as a result of the
localized high temperatures and highly oxidizing

atmosphere which are developed upon direet

contacting of free oxygen with the metal in the
manner described.  In addition, the combined
effects of turbulence in the bath and the local
high temperature conditions tend to minimize the
formation of and to otherwise overcome  the
detrimental effects of the aforementioned di-
calcium. silicate shell formation around the in-
dividual Tumps of limestone, thereby further
facilitating the rapid solution of lime in the slag
phase.

The desireq turbulent intermixing of the slag,
iron oxide, and meta] phases in my process-is ab-
tained as the result of two interrelated eflects.
First of all, the injection of oxygen-containing gas
downwardly below the surface of the bath causes
a certain degree of local agitation due to the
mechanical effect of the gas injection. However,
the injection of oxygen in this manner also in-
duces prompt carbon-oxygen reactions in .the
bath with the resultant evolution of - gaseous
oxidation products in abundant amounts. It is
characteristic of the carbon-oxygen reaction that
carbon oxide gas forms at the sides and at the
bottom of the bath and the gases escape upwardly
throughout the kath so that there is widespread
turbulence and intermixing thereby greatly en-
hancing the immediate mechanical turbulence
and agitation which is a direct result of the mode
of oxygen injection. In other words, the highly
turbulent condition of the bath which is char-
acteristic of my process is due (1) to the direct,
and primarily local, effect of oxygen injection
per se, and (2) to the evolution of gaseous oxides
of carbon which produces widespread. turbulence
throughout the entire bath. As a result of the
high degree of turbulence, the lime charged to
the process becomes rapidly available for solu-
tion in the slag phase and the desired rapid solu-
tion is further promoted by the localized high
reaction temperatures and by the highly oxidiz-
ing atmosphere which prevail in the regions of
oxygen injection.

The high degree-of bath turbulence which is
essential to my process requires early elimination
of a certain proportion of carbon from the metal
simultaneously with the rapid removal of phos-
phorus to the maximum amount usually given in
common steel specifications so as to realize the
combined benefits of mechanical agitation due to
the mode. of oxygen injection and the violent
mixing effect produced by the evolution of gaseous
oxides of carbon. For example, my process ac-
complishes early elimination of phosphorus from
the metal to not more than about .04% and si-
multaneous elimination of at least about 4%
carbon but leaving at least about 1% carbon in
the metal which is above the usually desired
fina] carbon content. The resultant high degree
of bath turbulence facilitates the desired rapid
solution of lime in the slag, as hereinbefore de-
scribed, so that my process does not depend on
relatively slow diffusion mechanisms. On the
contrary, the refining reaction rates in my proc-
ess are fast and the refining period is relatively
short, e. g. from about % to about 3 hours-as
compared with the much longer period of time
required to produce a comparable product hy
the eonventional open hearth process. Moreover,
as & result of the injection of oxygen and the
highly turbulent condition of the bath in my
process, an operating temperature of not .less

T
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than about 2500° F. is quickly developed so that
the process takes advantage of the benefits of
high temperature in promoting rapid solution of
lime in the slag and in insuring rapid phosphorus
removal. As hereinbefore described, the rapidity
of phosphorus removal and basic slag formation
in my process may be defined more specifically by
the fact that obtainment of a weight per cent
ratio of lime to silica in the slag of at least aboui
1.5 and elimination of phosphorus to substantially
the extent required in the final product are both
accomplished while the carbon content of the
metal is not less than about 1%. In the preferred
operation, a lime:silica ratio of at least about
2.0 and the required degree of phosphorus elimi-
nation are both accomplished while the carbon
content of the metal is not less than about 2%.

Several very important results foliow as a con-
sequence of the very rapid formation of & highly
basic highly oxidized slag. In the first place, the
rapid development of a highly oxidized basic
slag is responsible for the elimination and re-
tention of substantially all the phosphorus while
the carbon content of the metal is still at a rela-
For example, as will be seen
hereinafter in connection with the specific ex-
ample, effective phosphorus removal to a very low
level may be accomplished while the carbon con-
tent of the metal is substantially greater than

2%. In the conventional basic open hearth 3

process -the development of a slag of sufficient
basicity. to retain the eliminated phosphorus re-
quires a substantially greater pericd of time be~
cause of the much slower rate of solution of lime

;in the slag. As a result it is tedious and some-

times difficult to produce a high carbon-low phos-
phorus steel by basic open hearth techniques.
Another important result of the rapid develop-
ment of a basic slag in my process resides in the
unusually effective degree of sulfur elimination
as compared with the conventional basic open
hearth process. A further advantage obtained
as a result of the rapid development of a basic
slag in the present process is found in the greatly
reduced corrosive action on the refractory lining
of the refining vessel. Following the addition
of molten iron in the conventional basic open
hearth process an early slag is formed which is
high in silica content and is therefore corrosive
to the basic lining. Consequently, there is a sub-
stantial period of time in the conventional basic
open hearth process during which an early acid
slag is in contact with the refractory lining of the
vessel. In my process the rapid development of
the basic slag substantially eliminates this source
of corrosive action on the refractory lining.
The elimination of most of the phosphorus,
substantially all of the silicon and manganese,
and a part of the carbon having been completed
during the development of the aforementioned
basic slag, the introduction of oxygen through
the lances is then continued until the carbon con-
tent of the metal is reduced to the desired final
extent. The gaseous oxides which are formed

.during carbon oxidation are discharged through

the roof opening {1. Additional limestone may be
charged to the vessel at an intermediate stage

-of the process, if desired, in order to facilitate

the removal of sulfur and some residual phos-
phorus. Because of the rapid solution of lime
in the presence of oxygen, as described above,
a relatively rapid reaction of sulfur with lime
occurs. Elimination of sulfur in this manner is
also favored by the absence of sulfur in the re-

fining zone atmosphere.
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When a desired final carbon content has been
reached, the refining reactions involving the re-
moval of silicon, phosphorus, sulfur, and earbon
have been completed to the desired extent and
a suitable tapping temperature obtained. The
molten steel may then be removed by tapping
through a discharge outlet, such as the tap hole
i4. Before such removal the metal composition
may be adjusted, if desired, by additions ac-
cording to technigues well known in the art.

In most instances, a single phosphorus-con~
taining slag will be withdrawn at an intermediate
stage of the refining process. Of course, at the
conclusion of the refining operation a tapping
slag will usually be removed at the time the
finished steel is discharged from the vessel.
However, it is a further important feature of my
invention that in the event that the phosphorus
content of the raw materials is higher than usual,
one or more additional phosphorus-containing
slags may be removed in order to insure the
elimination of phosphorus to a low level, In
this connection, it will often be desirable to
charge additional limestone to the vessel when
it is desired to remove more than one slag during
the course of the process.

Under certain conditions some scrap steel
may be charged before the molten iron. Once
the refining operation is under way, further scrap
steel additions may be made in controlled
amounts dependent upon the temperature of the
liquid metal. In other words, scrap steel may
be added whenever the temperature of the bath
is sufficiently high to accommodate the chilling
effect of the scrap addition. Further control over
the permissible scrap addition may be exercised
by regulating the proportion of oxygen in the
oxygen-containing gas introduced into the re-
fining zone. An additional advantage of my
process with respect to the raw materials which
may be employed is the fact that widely varying
proportions of iron ore or other iron oxide-bear-
ing material can be utilized thereby permitting
direct reduction of the ore and direct recovery of
metallic iron as a usable steel product.

Other important advantages of my process, as
described above, reside in the ability of the proc-
ess to eliminate effectively large amounts of
phosphorus and sulfur. As previously mentioned,
the conventional basic open hearth process is
limited in the amount of phosphorus that can be
removed under optimum operating conditions
with the result that in order to make all types
of steel in the open hearth process the phosphorus
content of the pig iron must be below about 0.4%.
The basic Bessemer process, while capable of
eliminating considerable phosphorus, requires a
high phosphorus charge and does not usually re-
sult- in the removal of phosphorus to low levels
(e. g. under .020% ) because under basic Bessemer
operating conditions appreciable phosphorus
removal does not take place while the carbon
content of the metal bath is high, e. g. over .159%.
Under the conditions necessary for acceptable
phosphorus elimination, considerable nitrogen is
also picked up during blowing of the metal. By
means of the present invention, pig iron of wide-
Iy varying phosphorus content can be refined to
obtain a product having much lower phosphorus
and nitrogen content than is usually obtained by
the basic Bessemer process and which is usually
superior to the type of product obtained in the
conventional basic open hearth process.

A further advantage of my process lies in the
fact that the oxidizing gas introduced. into the
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refining zone can be essentially free of moisture
“or any - other -substances -which ‘may contribute
hydrogen to-the-molten metal. Thus, the value
of my process may be-further -enhanced-by a
relatively ‘low hydrogen-content in- the product.

A completely unexpected advantage -of ‘my in-
vention -is' the-ability of the proeess ‘to- remove
‘sulfur to- a much lower level -than has been
possible heretofore in conventional basic oxi-
dizing processes. ‘For example,-sulfur is-elimi-
nated to some extent in the basie open-hearth
-and: basic-Bessemer processes, but the-sulfur con-
tent of the final product -is rarely -lower -than
.0259. ‘In the process of the present invention,
however, T-am able to-obtain steel of consistent-
1y low sulfur content, e. g. of the order of .02%
and less.

T attribute ‘this ‘superior degree -of ‘sulfur re-
moval-to several factors. In‘the first place, the
absence -of -an-external heating system for -sup-
plying the heat requirements  of the refining
process by the combustion-of ‘a:sulfur-containing
fuel avoids the -introduction of -sulfur into the
steel from this source. -Furthermore; by effecting
direct contact of the metal bath-with high oxygen
concentration gases I -greatly‘increase the-op-
portunity-for-direct oxidation of sulfur centained
in the metal to form gaseous oxides of sulfur
which may ‘be removed through the roof opening
of ‘the refining -vessel. ' Since the partial pressure
of sulfur or sulfur-bearing gases in the-atmos-
phere over the réfining zone is -very low .or
negligible, the tendency toward direct oxidation
of sulfur is further facilitated. -Perhaps the most
significant factorresponsible for the 'excellent de-
gree of sulfur removal in my process is the fact,
hereinbefore discussed, that there is-a rapid de-
velopment of o basic-slag in the refining zone:

Arncther -significant feature of my proeess is
the provision for the removal-of more than one
slag, ‘where «desired, during the refining stage.
As illustrated inthe drawing, the refining ves-
sel for my process is preferably -mounted for
tilting movement in order to facilitate removal
of slag. “Because of the ease with which slag
may be removed, it is-not necessary to-rely on
+the vigorous-apparent “heiling” -action in the
“path to flush-out the initial slag from the re-
fining zone. ~When ‘the phosphorus -content -of
the initial iron-charge is-low, it-will be possible-to
obtain - a satisfactory:product -without removing
-any intermediate slag. With -moderate phos-
-phorus content in the initial-iron, the removal of
o single slag at an intermediate stage-in the re-

“fining. operation will’ usually suffice  to obtain a :

low phosphorus product. However, high phos-
phorus iron charges .may - also-be readily proc-
essed and two or more phosphorus-containing
slags may be withdrawn in such cases to insure
the desired degree of phosphorus removal. In
addition, the formation and removal of: more
than one basic slag: will enhance the elimination
-.of sulfur from the liquid metal.

The temperature-in my progcess is controlled
primarily by reguilating the rate of oxygen ad-
dition -and also by -adjusting the oxygen-content
of the gases intrcduced through the lances or
other injection deviess. The ‘oxygen. thus: sup-
plied must be sufficient ‘to oxidize -the various
impurities in order to obtain the desired: exbent
of impurity elimination and.must. also- be sufii-
cient to supply the heat requirements-during the
refining stage. An.auxiliary means-of tempera-
{ture contrel:is by the addition ofiscrap, as:here-

inbefore deseribed; and also.byaddition/ of iron
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- crucible having.the following chemicalss
MgO 88.1%, SiCz 5.0%, R0z 3i8%,:Ca0: 5:1%.
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“ore. 'The -addition of ‘limestone from “firae o

time will, of course, have -some effect on: tem-
perature but.stich additions: are made “for -pur-

poses. other :than -temperature ‘contrel.

Because the oxidizing gas is intredueced - -at-or
near the surface of the metal bath, the possibili-
ty.of introdueing -excessive--amounts of -nitrogen
into the steel is minimized, even ‘when-oxygen
diluted with air is used, becausée of the ‘decreased

.opportunity for-absorption of the-nitrogen:by:the

steel. My -process -thereby ‘provides & -distinet
advantage over -the :conventional -Bessemer
techniques. In addition the turbulence produced
throughout the metal ‘bath promotes rapid reéac-
tion rates thereby sgreatly -increasing the: pro-
duction rate for the process -as- contrasted with

the conventional open hearth -process -wheréin

both the reaction: rate-and-the production:rate
are relatively-slow because of ‘the ‘time-required
for the transfer of heat -and-reacting substances
in the heterogensous slag-metal-gas: system:iex-
isting in the refining zone.

If desired, it. is-also- within ‘the scope-of my
invention to introdiuce powdered: iron: ore’-and/or
limestone-as a suspension:in the oxygen gas sup-
plied to-the-lances. This-manner of ‘introdueing
iron -ore or limestone -permits. rapid and:inti-
mate mixing of the -added ‘materidls ‘to- the
molten metal thersby: further increasing-the re-
fining reaction rates. ‘In‘the-conventional open
‘hearth process, it “has-sométimes Feen “found
necessary-to: subject-iron: ore-or'iron oreconcen-
trates which are -oftén :available -in “finely -di-
vided form to an agglomeration-step, usudlly by
sintering, before ¢harging-the ore to ‘fthe-6pen
hearth furnace. “However; by Supplying iron-ore
in powdered -or -comminuted form in’susperision
in the oxygen -gas, I:am-able”to-eliminate ‘the
agglomeration:-or sintering steps:thereby realiz-
ing ‘a substantial -economic -advantage. - Thus,
this feature of my -process permits: directcori-
version of the iron in-a finély divided: iton-ore
or other iron-bearing- material-to-a usable-steel
product. - By introducing Hmestone: to the bath
in' suspension in-the -oxygen gas:supplied - there-
to, the rate of solution of lime in the slag phase
is further accelerated-thereby further contribut~
ing to the rapid ‘development of a basic Highly
oxidized slag at an early -stage ofthe ‘process.
In-addition, the introduction of ‘powdered iron
cre or limestone-in the aforementioned - manner
provides a -convenient and -effective - additional

“method for -controlling -the -temperature -of the
“bath

As an illustration of the-tesults-obtaingbleby
the proeess-hereinbefore described, the “follow-
ing experimental data -are presented, *it bemg

-understood, -however, ‘' that “‘such: dita ‘are - in-

¢luded mevely for ‘purpéses-of -illustration - and
neot by way-of limitation:

£7109 1b. miggnesia-crueible 'was employed,ithe
nalysis:

After preheatmg, the ecrucible »was charged
with 2 1s. of one-inch’pieces 0l limiestone-pre-
heated to 990°.F. 'The limestonewas-eovered

“with ‘8 "Ibs. - 6f sintered’ iren ore -préhested “to
+1700° . F. and-the ore.layer:-was -covered ‘with.:3
‘Ibs. of plate scrap-preheatedito 1700°F; : Fifty
10
“furnace.at.a. temperature: of “about:2600°F.

lbs. of molten-pig iron was then poured into-the

Immediatelyipon addition of the molten:iron,

:introduction. ‘of - undiluted -oxyger beneath the
-surface:of ‘the metdl ‘bath: was started using ‘a

lance comprising a % inchipipe:ainid oxygen: ad-




2,668,759

13

“dition was continued substantially eontinuously
throughout the heat except for brief interrup-
tions during sampling, slag removal, and for re-
place of the oxygen lance. The oxygen pres-
sure at the source was 20 lbs. per square inch
gauge and the flow rate was approximately 5 cu-
bic feet per minute. The total time of the heat
was approximately thirty-one minutes and the
total oxygen supplied was about 100 cubic feet.
At two different times during the first half of
the heat a flush slag was removed and 2 lbs. of
limestone added shortly thereafter on each oc-
casion. TIn addition, samples of the metal bath
were removed for analysis at the start of the
heat and also at approximately equal intervals
of time throughout the heat.

Reference is now made to Fig. 3 of the draw-
ings wherein the chemical changes which took
place in the metal are illustrated graphically.
It will be seen from these curves that phosphorus
was removed rapidly from the molten metal, the
phosphorus content of the bath being reduced to
015% while the carbon content was still well
over 2.0%. Likewise the manganese and silicon
were eliminated to very low values early in the
heat. The elimination of carbon to an excep-
tionally low level was also accomplished within
the relatively short duration of the heat.

A highly unexpected and extremely impor-
tant result is found in the unusually large per-
centage of sulfur which was eliminated during
the heat. From an initial content of .034% in
the original metal the sulfur was reduced to
0149 in the final bath.

In addition, the final steel product had g
nitrogen content of about .002% which is an
exceptionally low value even for a conventional
open hearth steel.

The curves of Fig. 3 clearly demonstrate that
by means of the process of my invention phos-
phorus can be reduced to a low value while the
carbon content of the metal is still very high.
These curves also illustrate the outstanding
superiority of the process, as compared with the
conventional open hearth process, in the rapid
elimination of sulfur. As hereinbefore explained,
such rapid and effective sulfur elimination is be-
lieved to be attributable to the extremely rapid
solution of lime in the slag phase, to the main-
tenance of a substantially sulfur-free atmos-
phere, and also to the maintenance of conditions
conducive to direct oxidation of sulfur by free
oxygen.

A careful analysis of the heat relationships
during the run showed that beyond question the
use of oxygen provided a definite excess over
the heat requirements of the process. The
metal temperature was raised from 2600° F. to a
tapping temperature of about 2950° F. for the
final steel. As a consequence, the process is
readily adapted for the utilization of substan-
tial amounts of scrap or iron ore. In addition,
further temperature control can be realized by
dilution and control of the oxygen gas stream.

Examination of the crucible at the completion
of the heat showed it to be substantially unat-
tacked.

I claim:

1. A process for making low phosphorus low
nitrogen steel from pig irons of widely varying
phosphorus content, said process comprising in-
troducing into a basic lined refining zone the
iron in molten state, an iron-oxide bearing ma-
terial, and a lime-containing basic slag-forming
reactant in a predetermined amount sufficient
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to obtain a basic slag having a weight per cent
ratio of lime to silica of at least about 1.5, in-
jecting an oxidizing gas having an oxygen con-
tent in excess of about 21% by volume substan-
tially at the metal surface and thereby turbu-
lently intermixing the slag, iron oxide, and metal
phases with consequent early elimination from
the metal of phosphorus to not more than about
049 and simultaneous elimination of at least
about 4% carbon but leaving at least about 1%
carbon in the metal, said turbulent intermixing
heing substantiaily enhanced by the gases
evolved during gaid simultaneous elimination of
carbon and an operating temperature of not
less about 2500° F. being developed whereby
obtainment of said ratio of lime to silica in the
slag and elimination of phosphorus to substan-
tially the extent required in the final product
are hoth accomplished while ths carbon content
of the metal is not less than about 1%, and
continuing the injection of said gas into the
molten metal until the carbon content is reduced
to the desired final extent by oxidation thereoi,
the heat evolved during the exothermic refining
and slag-forming reactions being the sole source
of heat during the process.

2. A process for making low phosphorus low
nitrogen steel from pig irons of widely varying
phosphorus content, said process comprising in-
troducing into a basic lined refining zone the
iron in molten state, an iron-oxide bearing ma-
terial, and a lime-containing basic slag-forming
reactant in a predetermined amount sufficient
to obtain a basic slag having a weight per cent
ratio of lime to silica of at least about 2.0, in-
jecting an oxidizing gas having an oxygen con-
tent in excess of about 21% by volume substan-
tially at the metal surface and thereby turbu-
lently intermixing the slag, iron oxide, and metal
phases with consequent early elimination from
the metal of phosphorus to not more than about
049 and simultaneous elimination of at least
about .4% carbon but leaving at least about 1%
carbon in the metal, said turbulent intermixing
being substantially enhanced by the gases
evolved during said simultaneous elimination of
carbon and an operating temperature of not less
than about 2500° F. being developed whereby
obtainment of said ratio of lime to silica in the
slag and elimination of phosphorus to substan-
tially the extent required in the final product
are both accomplished while the carbon content
of the metal is not less than about 2%, and con-
tinuing the injection of said gas into the molten
metal until the carbon content is reduced to the
desired final extent by oxidation thereof, the
heat evolved during the exothermic refining and
slag-forming reactions being the sole source of
heat during the process.

3. A process for making low phosphorus low
nitrogen steel from pig irons of widely varying
phosphorus content, said process comprising in-
troducing the iron in molten state, an iron oxide-
bearing material, and a lime-containing basic
slag-forming reactant into a basic lined refining
zone, injecting an oxidizing gas having an oxygen
content in excess of about 21% by volume sub-
stantially at the metal surface and thereby turbi-
lently intermixing the slag, iron oxide, and metal
phases with consequent early elimination from the
metal of silicon and manganese, early elimination
of phosphorus to not more than about .04%, and
simultaneous elimination of at least about .4%
carbon but leaving at least about 1% carbon in
the metal, withdrawing a flush slag from said
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‘one at:an.ititermediate stage of the process,:pro-

viding: safd slag-forming reactant in a sufficient

ameunt :so “that :a-basic: finishing slag ‘having ‘a
weight: per cent ratio.of lime:to: silica of at least
dbout 1.57is ‘formed  thereafter :whereby to.re-
tain--substantially-all fhe eliminated phosphorus
‘throughout ‘the -remainder -of ‘the process, :said
‘furbuledt - intermixing being :substantially -en-
‘hanced by the-gases-evolved: during said: simul-
taneous-elimination: of: carbon .and:an operating
- temperature 6f not less than about 2500° F. being
developed whereby -obtainment. of ‘said ratio .of
lime to silica-in: the finishing slag and elimination
-of phosphorus:to-substantially the extent required
‘in‘the final' produét are both accomplished while
‘the earbon:-content of the metal isinot.-less than
about -¥%, and-centinuing the injection.of -said
‘gas into the - moiten: metal until the. carbon con-
“tent ‘is reduced to the desired final.extent by
:oxidation ‘thereof, -the heat evolved during the
‘exothermie ‘refining and slag-forming ‘reactions
‘being-the sole -source of heat during the process.

“4, “The:process-of elaim 1-further characterized
in-that said-oxidizing gas-consists:essentially of
“free-oxygen,

5. The process of claim:2: furfher.characterized
‘in:that-said-oxidizing -gas:consists essentially of
free-oxygen. : :

6. .The process of .claim: 3 further:characterized
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“fn-that said oxidizing igas .consists essentially: of
-free-oxygen.
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