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My present invention relates broadly to processes for 
making steel and more particularly to continuous proc 
esses for making steel directly from any ?nely divided 
iron-containing material such as iron ore ?nes, iron ore 
concentrates, ?ue dust, mill scale, machine shop turnings 
and the like with virtually no limitation as to minimum 
percentages of iron, or combination or proportion of ma~ 
terials except as dictated by the changing economic pic 
ture. My process is especially suitable for making steel 
from iron, ore concentrates which are obtained from low 
grade iron ore by grinding the ore and separating or con 
centrating the iron rich fractions, and for "the recovery 
of iron from such waste or by product materials as ore 
?nes, ?ue dust, mill scale, machine shop turnings, etc. 
The invention also relatesto processes for making vari 
ous-alloy steels directly from the corresponding ores. 

This application is a continuation-in-part of my co 
pending application entitled Steelmaking Process, Ser. No. 
252,295, ?led Jan. 18, 1963, and now abandoned. ' 
My process constitutes a radically new approach to 

making either ordinary or alloy ‘steels by combining re 
duction melting and re?ning into one continuous opera 
tion. My process therefore, replaces both the reduction 
steps, now conventionally accomplished in the blast fur 
nace, and the re?nement steps, presently provided in the 
open hearth or oxygen furnaces. The thermal and chem= 
ical energy ‘required for my process is obtained for ex 
ample from hydrocarbon gases,‘ silicon and manganese. 

_ The-simplicity, economy, and other related advantages 
of my process is best illustrated by comparison'with pres; 
ent steelmaking methods. Brie?y, such conventional 
methods include charging sintered or pelletized forms of 
iron 'ore, ?uevv dust, mill scale, and the‘ like, together with 
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‘ molten metal. The blast furnace, therefore is unable to 
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reach the conditions required for metal re?nement. More 
over, process control is difficult due to time lag between 
feeding and melting. Re?nement of the molten metal pro 
duced in the blast furnace must be done in another vessel 
since the elements carbon, sulfur, phosphorus, silicon, 
manganese and others remain in the pig iron produced 
by the blast furnace. 

_ One type of vessel used to remove these elements from 
the metal, that is, re?ne it, is the oxygen furnace. In this 

‘ ‘operation, oxygen must be added to remove carbon, sili 
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'fs'crap, coke and limestone into a blast furnace. In the 
blaste‘furnace operation, feed stock must be'abrasion re 
sistant to withstand passage down the furnace shaft. The 
stock must be no less than 1A" in diameter to resist en 
trainment in the high velocity hot gases ?owing upwardly 
through the stock. The amount of gangue or slag-form 
ing material present in the stock must be at aminimum 
because slag restricts-heat distribution in the-bottom of 
the furnace. ' 

Under ideal operating conditions, iron is lost both by 
entrainment in the exhaust gas and in the slag while 
the reductant, coke is lost in the form of both soot and 
carbonmonoxide gas in the exhaust. The solid reductant, 
coke, is the source of the excess carbon and the sulfur 
and phosphorus which become-dissolved in the molten 
metal produced and which are not removed in the blast - 
furnace. . y 

The physical arrangement within the furnace is such 
that the pool of molten metal and slag is located below 
the combustion zone at the tuyeres. Therefore, the for 
mation of a slag blanket on top of the molten metal re 
stricts the downward ?ow of heat; This ?ow is further 
restricted as the depth of the molten metal pool and the 
depth of the slag blanket increases throughout the blast 
furnace process, so that care must be taken to prevent 
cooling to the point of solidi?cation at the bottom of the 
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con and manganese by oxidation, while sulfur and pros~ 
ph-orous are reduced with calcium or magnesium ?uxes. 

In the older, open hearth furnace the pig iron is simi 
larly re?ned by oxygen released from rusty scrap, mill 
scale and ore melting in the furnace, and in some in 
stances, gaseous oxygen blown into the furnace. 
Under ideal operating conditions, metal is lost in these 

conventional processes by both entrainment in the ex 
haust gas as iron oxide, and in the slag as iron oxide. 
Some of the oxygen gas is trapped within the molten 
metal during this process which must be removed by 
some other process, for example vacuum degassing. 
The time required for operation of the blast furnace 

is about 6 to 8 hours in addition to the time consumed 
in the sintering or pelletizing operation. The very impure 
pig iron extracted from the blast furnace is then sent to 
a holding furnace from which smaller charges are with 
drawn from time to time to an, oxygen furnace to fur 
ther re?ne the pig iron into the desired steel. The oxygen 
‘furnace. requires about 11/2 hours per charge, and inythe 
‘conventional steelmaking process of more recent develop 
ment, has supplanted the open hearth furnace for re?ning 
pig iron into steel. ‘The open hearth ‘requires approxi 
'mately 8 'to 9 hours per charge and is still in use at the 
present, time. In present-day processes, iron ore ?nes, ?ue 
dust, and the like, cannot be charged into the blast fur 
nace until they have been sintered or otherwise agglom 
erated into 1%: inch size particles or larger, which is nec 
essary to prevent the ?nes from being blown out of the 
blast‘furnace, i.e. entrained in the exhaust gases. 
j My process and apparatus eliminate the traditional blast 
furnace in that very pure iron or soft steel is produced 
directly from the ore in a converter or furnace in one 
reduction‘step, after which the desiredsteel additive's'can 
be vinjected either into the converter or the ladle. Thus, 
the .usual contamination picked up by the pig ‘iron from 
the blast, furnace, particularly a carbon content as high 
as 41/: percent, is avoided, in addition to effecting tre 
mendous savings in time, equipment, space, materials, and 
fuel consumed for blast furnaceand holding furnace op? 
erations. The steel made in accordance with the present 
invention can be essentially carbon-free, if desired, and 
the deleteriously high percentage of carbon added by the 
coke in the blast furnace, is obviated. As is well-known, 
the carbon content of blast furnace pig iron is lowered 
only with difficulty even in the case of high carbon steels 
employing at most 2 percent carbon. ‘_ . 
‘ Pig iron also contains deleterious amounts of silicon 
and manganese, which‘ have been unavoidably ‘reduced 
from gangue or slagging materials of the ore by the car 
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bon in the coke used in‘ blast furnace operations. The pig 
iron then has to be subjected to a further, controlled oxi 
dizing step to remove the unwanted portions of C, Si, and 
Mn in either the obsolescent open hearth or the newer 

' oxygen furnace. The oxidizing step is eliminated by the 
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invention, along with the necessity of employing the open 
hearth or the holding and oxygen furnaces, since coke is 
not employed in the novel process presented herein. More 
over, the higher operating temperature of my disclosed 
process (3000° F. as opposed to 2450” F. in the blast 
furnace) causes FeO to oxidize any free Si and Mn which 
may be present. 
The conventional blast furnace, cannot be conveniently 

or economically used in the processing of ores having less 
than 50% Fe content, inasmuch as the greater quantity 
of slagging materials from such ores produces a corre 
spondingly thicker layer of slag or gangue material ?oat 
ing on top of the molten Fe pool at the bottom of the 
blast furnace. When the thickness of the molten slag layer 
approaches that resulting from the use of 50% ores, the 
thermal barrier formed thereby reduces heat transfer from 
the hot blast immediately above the slag pool to the extent 
that the molten pool of pig iron on which the slag pool 
is ?oating, may freeze before it can be poured. In my 
process, however, ores of any economically feasible Fe 
content can be employed since means are provided for 
heating the molten Fe pool. In most cases the temperature 
of the molten pool in the blast furnace is even less than 
the melting point of pure iron, so that the pig iron pool 
is maintained in a molten condition by virtue of the Fe-C 
eutectic. In my process, however, the temperature of the 
pure Fe pool is always maintained above the melting 
point of pure iron, and no signi?cant quantities of carbon 
are added. 

With my novel ore treatment, and apparatus for han 
dling the same, it is practical to utilize ore ?nes, ore con 
centrate, ?ue dust, mill scale, and the like, of any degree 
of ?neness, as long as at least 10% of the iron-containing 
material is below 1A1” in particle size. As will be pointed 
out below, maximum efficiency of the novel processes is 
attained with the smallest practical particle size. 

In my process, ?nely divided iron-containing material, 
usually iron ore concentrates and proportions of such 
others listed previously as are economically advantageous, 
all of known chemical composition, are weighed and trans 
ferred to a preheat chamber of special design Where the 
?ne materials are heated and partially reduced by exhaust 
gas from the furnace. This material then passes through a 
jet aspirator of special design to withstand high tempera 
tures, for treatment with molten slag. The molten slag 
binds the iron-containing material into a cohesive, semi 
plastic solid which is charged into a special furnace which 
is both rotatable and tiltable. The furnace charge can in 
clude as much as 50% scrap. Oxygen is removed from the 
iron oxides in the preheat chamber by hydrocarbon gases, 
and in the furnace by hydrocarbon gases alone or in con 
junction with silicon and manganese. Where hydrocarbon 
gases are used the by-products are CO2 and H20 gas, and 
where silicon and manganese are used, the by-products 
are molten SiO2 and molten MnO2, in which case the 
molten SiOz and MnO2 are subjected to hydrocarbon gases 
for the removal of oxygen, after which the free silicon 
and manganese are ready for reuse. The furnace exhaust 
gas, containing significant amounts of hydrocarbon gases 
and sensible heat, is piped to the preheat chamber where 
both are recovered, and, at the end of each cycle, the 
molten slag, containing silicon and manganese where de 
sired, is circulated through a mixer such as a jet aspirator 
as an ore treatment, to remove oxygen by exothermic re 
action, and to recover sensible heat. In this manner, me 
tallit: oxides are converted to pure molten metal as the 
oxygen is converted to CO2 and H20 gas and exhausted 
from the furnace, with a minimum of thermal and chemi 
cal energy, material and equipment. 

Slag exists in the reduction process as a result of im 
purities present in the ores from which metals are ex 
tracted. Silica sands comprise the most abundant impurity, 
followed by clays and other minerals. Slags in which silica 
is the principal mineral will absorb oxygen and thus are 
considered acidic or reducing. Slags of this type are most 
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suitable for my process. The molten slag must be ?uid at 
the jet aspirator and must maintain plasticity in the ore 
and molten slag mixture. These characteristics are sta 
bilized in the acid slag used in my process by the addition 
of manganese and dolomite. One example of an acid slag 
is as follows: 

Percent 
Si02 _____________________________________ _ _ 48 

A1203 ____________________________________ _ _ 2 

FeO _____________________________________ _ _ 15 

MnO ___________________________________ __ 18 

CaO+MgO _______________________________ __ 17 

100 

In this example, the SiOz and A1203 are the sand and clay 
from the ore, the FeO represents the oxide in equilibrium 
with pure metal and the MnO, CaO and MgO are the 
?uxes added to stabilize the slag. 

If an acidic slag having approximately the aforemen 
tioned composition is not available, as when starting up 
a new furnace or converter, an arti?cial slag can be formu 
lated. 

Alternatively, an acidic slag can be obtained by melting 
a corresponding quantity of low-grade iron ore and using 
the mixture thus obtained as the molten slag component 
of the charge. A larger percentage of FeO and an Fe2O3 
component would result but these would not affect the 
desired slag characteristics. Another alternative would be 
to obtain slag from another furnace of the type used 
herein, or from an open hearth or an oxygen furnace, if 
any one of these is within shipping distance. 
As stated above, sulfur and phosphorus can enter the 

process, for example when ?ue dust from some other 
source is being recovered, and in some instances when 
pyrites and other sulfur or phosphorus bearing ores are 
used. Sulfur and phosphorus can be prevented from enter 
ing the metal by maintaining an oxidizing slag. The slag is 
rendered oxidizing or basic by the addition of calcium 
minerals in the ratio of 1.25 to 1.5 parts calcium minerals 
to 1 part silica. 
One example of a basic slag is as follows: Percent 

SiOz _____________________________________ _ _ 18 

FeO _____________________________________ __ 12 

MnO ____________________________________ __ 8 

A1203 ____________________________________ _ _ 3 

CaO _____________________________________ __ 43 

MgO ____________________________________ _._ 8 

P205 _____________________________________ _ .. 8 

S-Trace __________________________________ __ 100 

In this example, the SiOz and A1203 are the sand and clay 
from the ore, the FeO represents the oxide in equilibrium 
with pure metal. The S and P205 are the sulfur and phos 
phorus, and the MnO, CaO and MgO are the ?uxes added 
to render the slag basic and to stabilize it. 
For succeeding charges, the molten slag will be re 

cycled and its ?uidity and desired melting temperature 
maintained by a bleed and feed system whereby excess 
molten slag is discarded from the process after each 
charge and additional ?uxing agent added to balance the 
materials picked up from each charge of iron ore. 

In contrast to the limitations to heat transfer known to 
exist in a blast furnace, my process, through the use of a 
revolving furnace, is able to achieve direct reducing gas 
to charge contact throughout the entire melting period 
and to control the temperature of the molten steel formed 
without regard to the thickness of a slag layer present in 
the furnace. ‘ 

As the mixture of ?nely divided iron bearing material 
and molten slag enters the furnace it will form a level 
surface due to its semi-plastic, or ?uid, nature. Sufficient 
friction exists between the mass and the refractory lining 
so that when the furnace is caused to revolve the level sur 
face of the mass will incline in the direction of rotation, 
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with the angle of inclination increasing until the gravita 
tional forces acting on the mass equal the frictional resist 
ance between the mass and the furnace lining. 
A gas lance is inserted into the space above the level 

of the mass to supply heat for the reaction and to prevent 
air from entering the furnace. Natural gas or methane is 
used for this purpose and the amount of air or oxygen 
supplied to the gas is insu?'icient to support complete com 
bustion, so that a reducing atmosphere is maintained. The 
gas temperature will approach 3600° F. Reducing gases, 
such as carbon monoxide, or hydrogen are directed at the 
surface of the mass by a second lance inserted near the 
?rst. In this arrangement of my process iron bearing parti 
cles composing the surface of the mass are brought up to 
melting temperature while receiving maximum contact 
with reducing gases. Molten iron and slag will ?ow off the 
inclined surface and collect at the low point of the con 
verter where they form a strati?ed pool similar to that in 
a stationary furnace. This exposes the next layer to the 
gas and this sequence is continued until all of the mass 
has been melted. The exposed area of the furnace lining 
absorbs heat from the burning gases during each revolu 
tion. This stored heat is returned by direct contact to the 
lowest or coolest level of the molten steel pool in a con 
tinuous ?ow. The operation of the process is based on 
chemical analysis of the iron bearing materials and the 
molten slag. This analysis provides the temperature and 
gas requirements for the desired rate of reduction. Rate of 
gas ?ow and furnace rotational speed are thus established. 
The progress of reduction is checked by monitoring gas 
?ow, furnace temperature, exhaust gas temperature, ex 
haust gas analysis and furnace rotational speed and cor 
relating this data with that known to yield the desired 
product. The gases and rotational speed are varied as 
required to maintain the desired correlation. Metal and 
slag analysis are veri?ed at the end of re?ning by analysis 
of actual samples taken from the furnace. 

In another arrangement of my process, acidic or silica 
slag, is vfurther activated in accordance with one feature 
of theinvention. In this arrangement the silica content of 
the slag markedly predominates and is partially reduced, 
together with any MnOZ present, to obtain a quantity of 
free silicon (and manganese) after each charge, after 
which the molten silicon-containing slag is recycled to 
succeeding charges. Reduction of the silica content is con 
tinued to the extent that su?icient free silicon, and man 
ganese' if present, is supplied as required for exothermic 
reduction of the iron oxides of the next succeeding 
charge. Excess heat from this reaction being su?’icient to 
melt scrap steel amounting to 50% of the furnace charge. 
In this form of my process molten slag is retained for 
further reduction in the furnace, after the steel is poured 
off. . 

The furnace is returned to its operating position and 
gas lances are reinserted. The reductant gas for this reac 
tion is natural gas (principally CH4). The surface vtem 
perature of the slag reaches approximately 3400 ° F. dur 
ing this reaction. The percentage of silicon (and manga 
nese) reduced from silica (and MnO2) in forming the thus 
activated slag canbe varied to suit the quantity of steel to 
be produced in the succeeding batch. 

In an exemplary arrangement of my novel appara 
tus, the gases exhausted from the furnace or converter 
which contain considerable amounts of uncombusted 
gases are ?owed through a preheater for the iron-contain 
ing material whereby a portion of the latter is partially 
reduced in addition to advantageously preheating the 
material for subsequent complete reduction steps. The 
preheater capacity and the volume of exhaust gases 
?owed thereto are controlled such that the ore particles 
will be suspended or ?uidized in accordance with known 
fluidization techniques. Such fluidization facilitates re 
duction of the iron-containing material through greatly in 
creased gas-solids contact. Where ordinary steels are to 
be produced, the “furnace reduction requirement is re 
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6 
duced by the amount of reduction achieved in the afore 
mentioned preheat chamber. Where chromium or other 
alloy component is to be reduced for alloying with steel, 
I prefer to employ the free silicon or activated slag as the 
molten slag binder for my process. The slag must be su?i— 
ciently activated to reduce the chromium since reduction 
of chromium ores require higher temperatures than nor 
mally obtained with gaseous reductants. The chromium 
and activated slag must be mixed and their exothermic 
reaction allowed to take place in the furnace ?rst, because 
of the higher temperatures required. The remaining acti 
vated slag is then mixed with iron ore and other alloy 
component ores, if used, and put in the furnace with the 
previously reduced chromium and slag. 

It will be understood that when the charge is added 
to the converter, certain steel additives can be charged 
therewith or alternately the additives can be placed in 
the converter before pouring off the steel, or into the ladle 
thereof. . 

Through the ability to reduce and to re?ne iron-con 
taining particles of ?ne particle size and relatively low 
Fe ‘content, my process can be used to recover Fe as pure 
iron or soft steel from the waste products of other steel 
making or fabricating processes; such as ore ?nes and 
screenings from iron mines, ore ?nes and screenings from 
blast furnace stock piles, ?ue dust from blast furnaces 
or open hearths or oxygen furnaces, mill scale from roll 
ing mills, oxide from pickle liquor disposal, and ?lings or 
punchings or trimmings from metal ‘fabrication. 

These and other objects, features, and advantages of 
the invention together with method steps and structural 
details thereof will be elaborated upon during the forth-' 
coming ‘description of illustrative forms of the invention, 
with the description being taken in conjunction with the 
accompanying . drawings ‘wherein : 
FIGURE 1 is a schematic representation of the con 

verter or furnace used in the practice of the process to 
gether with ore, slag, and gas handling equipment asso 
ciated therewith; . > .. . . . . 

FIGURE 2 is a schematic representation ofv the com-.V 
postion and the progressive partial reduction of typical 
iron ore particles in- the presenceof hydrogen‘gas; and 
FIGURE 3 is a schematic representation of the com‘ 

position and the progressive partial. reduction of typical 
iron ore particles in the presence of carbon monoxide 
gas. - - . . . 

In the following description and examples, the mate 
rial comprising the charge is iron ore concentrate, the rea 
son being that this is the most-abundant of the above-. 
mentioned materials and is, therefore, to be the primary 
material used. However, the other named materials may 
likewise be used separately or together with theprimary 
material and should not be considered as less‘ desirable. 
Iron ore of a particle size less than 1%: inch is generally 
considered'to be and is commonly referred to as iron ore 
?nes and will be the primary material being. considered 
here. Steel ‘scrap in the amount of up‘ to.'50% of ‘the total 
charge can, if desired, be added to- the converter after 
addition of the molten slag charge. Because of the use. 
of the preheater 14 which is described in detail below 
and in which the ore ?nes are partially reduced, ore ?nes 
of the smallest available particle size are desirable to fa 
ciliate the reduction reaction, and thus the conventional 
sintering or other agglomerating processes are eliminated. 
However, as further elaborated. upon, the use of the 
molten slag binder prevents the ?nes from being blownv 
out of the furnace. 

Referring now more particularly to the drawings, the 
iron ore ?nes and the like are contained in a storage bin 
arrangement denoted generally by reference character 10, 
with the individual bins 12 thereof containing different 
varieties of ore or of other iron-containing ?nes which 
may be economically available at any given time. The 
iron ore ?nes and ?uxes are extracted and weighed in 
a known. manner from their respective bins and then 
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conveyed to a preheating chamber 14 by means of the 
continuous conveyor belt 16. In the lower portion of the 
chamber a frustoconical ba?le arrangement 18 is mounted 
through the spaces of which exhaust converter gases are 
conducted from a ?ue stack 20. The exhaust gases are 
composed of gaseous reaction products, the excess gas 
supplied to maintain reaction rate, and the products of 
heating gas combustion, all of which are noted in greater 
detail below. 
The baf?es 18 also serve to direct the powdered ore 

and the like contained in the preheater downwardly 
through a centrally disposed outlet conduit 22 to a suit 
able rmixer such as a jet aspirator 24. The velocity of the 
exhaust gases through the preheater varies from 40 to 80 
feet per second, which is suf?cient to ?uidize most of the 
particles, and thus to provide intimate contact between 
the ore particles and exhaust gases for reduction pur 
poses. A variable speed feeder 15 transfers the charge 
from the preheat chamber 14 to the jet aspirator 24. 
Here, the iron-containing ?nes are treated with molten 
slag which is dumped into the runner 26 from the ladle 
28 as denoted by dashed line 31. 
The hot exhaust gases passing, as aforesaid, through 

the preheater 14 reduce at least a portion of the Fe2O3 
to FeO thereby minimizing the quantity of gases required 
for reduction in the converter 30. 
The reduction reactions in the preheater are as fol 

lows: 

The foregoing equations show that the combustibles in 
the exhaust gas conducted from the preheater 14 are com 
pletely oxidized. 
The reduction reactions in the preheater 14 are solid 

state reactions where the crystalline structure of the iron 
oxides is modi?ed without melting. If the sintering tem 
perature of any one of the iron-containing minerals com 
posing the ore ?nes is reached, the individual particles 
can stick together and impede the flow of ?nes from the 
preheater 14 to the jet aspirator 24. The lowest liquidus 
temperature anticipated therefor establishes the maximum 
allowable temperature within the preheat chamber. A safe 
maximum temperature for material in the preheater 14 
is therefore 1700 F., and the temperature is maintained 
at or slightly below this temperature by by-passing a por 
tion of exhaust gases directly to the dust collector 50 
through conduit 51 or by admitting tempering air into the 
exhaust stack 20 through inlet conduit 53. 
As shown in FIGURES 2 and 3 of the drawings the 

reducing gases in the preheater 14, which gases include 
primarily H2 and CO, remove oxygen from the ore par 
ticles A, which migrates outward therefrom in the form 
of water vapor and CO2 respectively. At the same time 
non-liquid Fe iron migrate inwardly through gaps in the 
crystallizing lattices left by displacement of oxygen to 
form increasingly thicker shells E about the particles, 
until in the case of H2 reduction, (FIGURE 2) the pres 
sure drop across the iron shell increases to about 9 p.s.i. 
to form a barrier to further escape of water vapor. On 
the other hand, H2 is the most efficient reducing gas until 
the aforementioned, pressure barrier is reached. H2, 
therefore, exhibits higher overall reducing ef?ciency with 
smaller sized ore particles where the shell thickness repre 
sents a larger percentage of total size. In the CO reduc 
tion, however, the pressure of internal CO2 builds up and 
cracks the iron shell (FIGURE 3) and reduction of the 
particles continues so long as available CO is present. As 
reduction continues the particle divides into zones B, C, 
and D consisting essentially of iron oxides having corre 
spondingly less oxygen toward the outer periphery of the 
particles. The zones B, C, and D typically are comprised 
of wiistite (FeO less than theoretical oxygen), magnetite 
(FeOFezOa) and hematite (FezOa), respectively. 
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The ore particles discharged from the preheat chamber 

14 will be in various stages of solid state ‘reduction. Each 
particle will consist of spherical layers of shells. The 
outer shell will be soid pure iron while each succeeding 
inner shell will be less reduced. The number of layers will 
depend on original ore and the state of reduction, for in 
stance a particle of hematite would have a center of hema 
tite followed by shells of magnetite, wiistite and iron. 
Shell thickness is a function of time, with iron increasing 
until the entire particle is reduced with the ?nal stages of 
reduction Occurring for the most part in the converter 30. 

In the furnace 30 heat is added from the hot furnace 
linings in addition to that added by burning a portion of 
the natural gas atmosphere. This is accomplished by blow 
ing a limited quantity of air through the natural gas lance 
42 described below. The added air is not suf?cient for 
complete combustion of the natural gas so that the re 
ducing atmosphere is maintained. The added heat melts 
the aforementioned iron shells surrounding the ore par 
ticles allowing diffusion inward and outward to proceed 
very rapidly. Due to the physical structure of the mix 
this takes place on the surface layer of particles only and 
proceeds layer by layer through the entire mix. Molten 
metal and slag ?ows off the tilted surface of the mix, 
which is inclined by the action of furnace rotation, to 
form layers of molten metal and slag. The molten metal 
is brought up to the re?ning temperature by heat from 
the furnace. A gas ?ow rate is established which is in ex 
cess of that required to maintain a steady reaction rate. 
The gas must have sufficient velocity to impinge on the 
oxide surface and entrain gaseous reaction products as 
they diffuse through the surface of the particles. This 
excess gas carries the reaction products away from the 
surface of the particles and into the exhaust stream to 
prevent vapor blanketing of the particles, while main 
taining the gas volume to supply reaction requirements. 
When the ore and other ?nes are treated with the 

molten slag, the rate of heat transfer from the molten 
slag to the partially reduced ?nes, the liquidus tempera 
ture of the slag, and the temperature to which the ?nes 
are preheated determine how long the mixture -will remain 
plastic after the ?nes and molten slag come into contact 
in the mixer 24. Heat, of course, must ?ow from the 
molten slag ‘across the stagnant layer at the liquid-solid 
interface and into the cooler solid particle. The initial 
slag temperature is desirably in the range of 3200—3400° 
F. and the initial or preheated temperature of the ?nes 
is between 1600 and 1700° F. The equilibrium tempera 
ture of the resulting mixture therefore, will be above the 
liquidus temperature of at least some of the slag and iron 
ore minerals present so that the charge will not solidify 
before it can be dumped into the converter 30. Here the 
?uidity of the charge is increased through melting of the 
remainder of the slag and ore minerals by heat from the 
furnace linings, and by additional heat from the gas lance 
42 or 44, described below. 
From the preheater 14, where the hot exhaust gases 

partially reduce the ore and other ?nes contained therein, 
the gases pass upwardly through a frustoconical section 
46 of the preheater and then through exhaust conduit 48 
to a dust collector 50 which can take the form of a cy 
clone separator of known design, or the like. The sepa 
rated ?nes are conducted back to the preheater 14 through 
downcomer 52, while the exhaust gases exit from the dust 
collector 50 through conduit 54 the other end of which 
outlets into scrubber tank 56. Any additional ?nes sepa 
rated in the tank 56 are conveyed to a sludge ?lter as 
denoted by flow arrow 58. From the scrubber 56 the ex 
haust gases are conducted through conduit 60 to an ex 
haust fan or blower 62 which discharges to the exhaust 
stack 64. Because the hot exhaust gases have been con 
ducted through the preheater 14 and thoroughly reacted 
with iron-containing material therein, little or no com 
bustible gas is exhausted to the atmosphere from the ex 
haust stack 64. Thus, there is virtually no waste of the 



3,326,670 
9 

various gases blown intothe converter 30 through lances 
42 and 44 inasmuch as any uncornbusted or unoxidized 
portions of the natural gas, CO, and H2 gases, together 
with certain products of partial combustion thereof serve‘ 
"as reducing agents which are utilized subsequently and 
completely for partial reduction of iron ore in the pre 
heater 14. Moreover, a considerable portion of waste heat 
is recovered from the exhaust gases. 
As shown previously ‘as particle size decreases the 

amount of surface area per unit weight increases, and as 
more surface area is exposed to contact with reducing 
gases the rate of reduction increases and therefore the 
process becomes more e?icient. This has a greater effect 
on reduction by hydrogen as shown in FIGURE 2 than 
on reduction by carbon monoxide as shown in FIGURE 
3. As ores of this type reach the jet aspirator or other 
mixing means 24 their .total volume will consist of from 
65 to 50% solid with the remaining 35 to 50% void or 
?lled with air. The function of the jet aspirator 24 is to 
inject molten slag into these void spaces to eliminate and 
exclude air and thus bind the ore particles into a cohesive, 
plastic, solid of the same total volume as the original ore. 
The molten slag densi?es the particle mixture and pre 

vents the incoming fuel and reducing gases from blow 
ing portions of the ore ?nes and other iron-containing 
dusts out of the converter 30. The molten slag also serves 
to increase substantially the heat transfer characteristics 
of the ore ?nes, in addition to applying the heat of the 
molten slag (from the preceding charge) directly to the 
charge, which heat is now wasted in ‘conventional proc 
es_ses._ As a result of recirculating the slag, as it were, 
through the jet aspirator 24, converter 30 and the ladle 
28 during successive charges, the heat imparted to the 
slag from preceding charges is conserved. The use of 
the molten slag and ore mixtures also eliminates the rela 
tively large volume of air present in the ore ?nes (and 
present also in the sintered or pelletized iron-containing 
materials of conventional processes) which slows or 
otherwise interferes with the reduction of iron ore to 
metallic iron or steel. Further, the heat of the molten 
slag reduces a further portion of the iron oxides to the 
native metal, and also serves as a self-?uxing agent for 
the charge. 
A primary advantage to the use of a molten slag binder 

is that iron ore ?nes of very small particle size can be 
used. In other words, the ore ?nes can be used directly as 
received at the mill without such further treatment as the 
agglomeration step of conventional steelmaking proc 
esses. The use of very small particles not only aids the 
partial reduction thereof in the preheater 14 as discussed 
above in connection with FIGURE 2, but also facili 
tates the complete reduction thereof in the converter 30. 
The mix entering the furnace 30 consists of a solid vol 
ume of ore particles with the voids between and around 
the individual particles ?lled with molten slag. The ex-‘ 
posed faces of the mix will contain the same surface area 
of ore as the face would have if no molten slag were pres 
out. The important difference is that without the molten 
slag the‘ voids normally existing between the individual 
particles of the ore volume would be ?lled with air or 
gas, and, when a reducing gas would impinge on the ore 
surface, a differential pressure would be established be 
tween the gas con?ned in the ore mass and the gas at the 
surface. This would cause the ore particles to become 
entrained in the reducing gas and carried out of the fur 
nace, and would establish a minimum particle size for 
that pressure differential established by the minimum 
gas ?o'w for reduction. This is not so when molten slag is 
used, and therefore, there is no lower limit for ore par 
ticle sizes that can be used. 

Thus, considering as an example, one cubic foot of iron 
ore ?nes which is 60% solid and 40% air voids, it would 
be necessary to add 0.4 cubic feet of molten slag to ?ll the 
void and about 0.1 cubic feet of excess molten slag to 
produce the desired volume characteristics, making a 
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10 
total of 0.5 cubic feet of molten slag which with the 
0.6 cubic foot of iron ore ?nes (solid) would yield 1.1 
cubic feet of molten mixture. Accordingly, with the aver 
age solid and void relation of iron ore ?nes stated above, 
it can be determined that the ?nal mixture of iron ore 
and other ?nes with molten slag will be from about 45 
to 60% by volume of iron ore ?nes and 40 to 55% by 
volume of molten slag to produce a mixture which is es 
sentially void-free and air free. Any free moisture and 
Water of hydration in the ?nes are, of course, driven off 
in the preheat chamber 14. 
The jet aspirator 24, in one arrangement of the inven 

tion, can take the form of a venturi tube through which 
the molten slag is ?owed under pressure. The outlet con 
duit 22 of the preheater 14 desirably feeds the ore ver~ 
tically and downwardly into the most constricted portion 
of the venturi tube and preferably on the upper side there 
of. Mixing is done after the re?ned metal and the slag 
from the preceding charge are poured out of the con 
verter 30, which is then repositioned to reecive the dis 
charge from the mixer 24. The slag ladle 28 is then po~ 
sitioned to discharge to the mixer runner 26. Slag flow is 
started ?rst followed by flow of the ore from the pre 
heat chamber 14. A variable vane-type feeder 15 or the 
like is provided at the chamber outlet 22 to control ore 
?ow, while a gate 27 for controlling slag ?ow is mounted 
in the mixer runner 26. By proper control of ore and 
slag discharge rates, a mixer discharge of 100% absolute 
volume can be achieved. The furnace 30 pivots, as de 
noted by reference character 32, upon a suitable support 
34 and is rotatable by means of its circumferential gear 
36 in a known manner. 
For charging the ?nes and molten slag into the con 

verter 30, the jet aspirator 24 is desirably positioned with 
respect to the converter so that it can discharge down 
wardly and directly into the converter, when the latter 
is pivoted such that its upper or open end 38 is moved 
upwardly from the position shown in FIGURE 1 of the 
drawings. In furtherance of this purpose, a rotating ex 
haust hood 4!) or known construction is employed, which 
normally connects the open end 38 of the converter with 
the lower end of the flue stack 20. After the jet aspirator 
24 discharges completely into the converter 30, the latter 
is returned to its reduction position, and the exhaust hood 
40 is revolved into position over the mouth of the con 
verter. At this time the preheat chamber-14 is being re 
?lled for the succeeding charge, and the slag ladle is re 
turned to its location at the dump position of the con- , 
verter. As shown above the chemical and thermal energy 
used by my process to convert metal oxides to steel can 
be provided by hydrocarbon and similar or derivative 
gases. Examples of such gases are hydrogen and carbon 
monoxide which can be obtained from natural gas as well 
as other sources, and methane which is the principal con 
stituent of natural gas. In my process natural gas is as 
sumed to be the most economical source of hydrogen and 
carbon monoxide and which are produced from methane 
and steam by catalytic reforming (not shown). Hydrogen 
and carbon monoxide produced in this manner have 
about equal total reduction potential and can be used 
in the process in the same proportion as formed for maxi 
mum et?ciency. As shown in FIGURES 2 and 3 hydro 
gen is more sensitive to particle size than carbon monoxide 
and therefore is used more ei?ciently in the early stages 
of reduction. 
With the iron ore mixture, now disposed in the ‘cons 

verter 30 natural gas and hydrogen gas lances 42 and 44' 
are extended through the exhaust hood 40 and converter , 
mouth 38, and the natural gas and hydrogen blows are 
commenced as rotation of the converter is initiated. 
The total heat in the mixture, obtained from the ex 

haust gases in the preheat chamber 14 and molten slag in 
the jet aspirator 24 as aforementioned, is su?icient that 
‘the following reactions commence immediately: 
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and to a limited extent: 

These reactions continue during the natural gas and 
hydrogen blow until the proportionate part of the total 
reduction to be accomplished with hydrogen has been 
reached as indicated by gas flow measurements, gas tem 
perature and gas analysis, temperature within the preheat 
chamber and temperature within the furnace, as meas 
ured by suitably placed instrumentation (not shown). 
The lance 44 is then switched to carbon monoxide, or 
alternatively is removed and replaced with a carbon mon 
oxide lance after which the carbon monoxide blow is 
commenced. The natural gas blow is continued at this 
time but can be at a reduced rate, sufficient to maintain a 
reducing atmosphere. 

During the second blow period with carbon monoxide 
and natural gas, the following reactions take place: 

and to a limited extent: 

During both blows pure molten iron and molten slag 
continue to collect at the bottom of the sloping surface‘ 
of the metallic oxide. When all of the oxide has melted 
the furnace will contain pure molten iron or soft steel and 
slag. This will be indicated by its effect on furnace and 
gas temperatures, exhaust gas volume and chemical anal 
ysis as indicated by the instrumentation mentioned earlier. 
The function of the natural gas lance 42 is to maintain 
a reducing atmosphere within the furnace and to supply 
any thermal energy that may be required to maintain a' 
desired rate of reduction. Both the flow rate through the 
lance and the ratio of oxygen to natural gas are controlled 
to maintain desired furnace conditions. The temperature 
of the molten pure iron pool being formedduring these 
blows is maintained above 2795° F. by heat transferred 
from the furnace refractory lining as the furnace revolves. 
This is a function of furnace gas temperature, refractory 
temperature and speed of furnace rotation, all of which 
are monitored and controlled through the entire melting 
c cle. 
yAfter all of the metallic oxides have been melted, 
samples of metal and slag are taken and analyzed. The 
quantity of alloys to be added if desired are based on 
this analysis. Alloys can be added either in the furnace 
30, or the ladle 28. The lances 42 and 44 are withdrawn, 
the hood 40 is moved and the furnace 30 is tilted to dis 
charge steel and slag into separate ladles 28. 
A more specific example of this form of the invention 

follows where a basic slag is utilized and in connection 
therewith the following typical iron ore analysis by weight 
is given: 

Percent 

SiO2 _____________________________________ __ 10.3 

CaO _____________________________________ __ .6 

MgO ____________________________________ __ .1 
A1203 ____________________________________ __ 3 .9 

Mn ______________________________________ __ .1 

S ________________________________________ __ .2 

F€203 ____________________________________ __ FeO _____________________________________ __ 1.7 

Ignition loss _______________________________ __ 1.0 

Total _____________________________ __ 100.0 
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The aforementioined ignition losses represent the propor 
tion of ore which is lost during handling and reduction 
thereof. Generally, there will be free moisture and water 
of crystallization on the order of 3.3% in addition to the 
foregoing total as indicated above will be eliminated dur 
ing preheating. Ore of the above analysis, therefore, con 
tains 58.7% by weight of Fe and accordingly 3,405 lbs. 
of such ore would contain one ton of Fe. 
Assuming the ore weighs 210 lbs. per cubic foot and 

is 60% solid and 40% void (including moisture) it can 
then be calculated that 16.2 cubic feet of dry ore would 
be required per ton of Fe, which upon further calculation 
is 9.7 cubic feet of ore solids, if the voids could be elimi 
nated. The molten slag requirement therefor would be 
40% of 16.2 cubic feet or 6.5 cubic feet plus 1.6 cubic 
feet (10% excess) or 8.1 cubic feet total per ton of Fe. 
The total mixture therefor would be 17.8 cubic feet of 
ore and molten slag mixture per ton of Fe. 
The amount of limestone per ton of Fe needed to re 

act With the SiOZ of the analysis would be 125 pounds or 
about one cubic foot or 0.7 cubic foot solid. The dry 
materials from bins 10, including dry ore and limestone 
are weighed onto belt conveyor 16 which transfers them 
to the preheat chamber 14 where exhaust gases from the 
converter 30 enter the chamber 14 by way of ba?les 18 
from ?ue stack 20. These gases preheat and partially re: 
duce this ore. At the end of the preceeding cycle ore 
passes through chute 22 and feeder 15 into jet aspirator 
24 where it meets and absorbs slag from ladle 28 entering 
through runner 26 and gate 27, to initiate the next ore 
slag cycle. 
Assuming a furnace charge of 100 tons Fe is desired, 

then according to the example a total of 1850 cubic feet 
of molten slag, ore, and limestone mixture would be 
charged into the converter 30, which has been positioned 
to receive the charge. The furnace is then revolved into 
operating position, the hood 40 is moved into place and 
the gas lances 42 and 44 are inserted into the converter 
30, the converter is started to rotating, and the blow of 
hydrogen and natural gas is begun. 
The converter 30 in this example is constructed such 

that its speed of rotation can be varied from 0-30‘ r.p.m. 
The natural gas lance 42 is used to supply the heat energy 
necessary to sustain the endothermic reduction reaction 
and to maintain a reducing atmosphere in the furnace. 
These objectives are accomplished by burning the natural 
gas with a de?cient oxygen supply. Either oxygen or 
oxygen-enriched air is supplied through the natural gas 
lance 42 for this purpose. The lance 42 is positioned to 
supply heat to this converter lining and to the area. above 
the surface of the charge. The converter 30 is rotated at 
a speed between less than one and four revolutions per 
minute while the mix is beginning to melt. After about 
half of the charge has melted, the carbon monoxide lance 
44 is used to supply the reductant, while the natural gas 
oxygen blow from lance 42 is continued until the cone 
verter charge is completely melted. The converter 30 is 
rotated during this time at a speed such that the lining 
temperature is above the minimum temperature to trans 
fer sufficient heat to the molten Fe pool to keep the 
latter from freezing, and below the maximum permissible 
operating temperature of the lining. These maximum and 
minimum temperatures will vary with the thickness and 
type of furnace linings used, as known to those skilled in 
the art. The CO or H2 lance 44 is positioned so that CO 
gas will sweep the surface of the charge as the converter 
is rotated, while being heated by the natural gas from the 
lance 42. 

After melting is complete and samples of metal and 
slag have been taken and analyzed, the lances 42 and 44 
are withdrawn, the hood 40 is revolved and the furnace 
30 is tilted to discharge metal and slag into separate 
ladles 28. 
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Gas requirements as outlined in this example :‘ 
I - ‘ s.c.f§ 

2500 s.c.f. natural gas><100 tons ___'_ ____ __ 250,000 
5000 s.c.f. carbon monoxide>< 100 tons ____ __ 500,000 
10,000 s.c.f. hydrogenx 10 tons _____ _____'___ 1,000, 000 

The maximum blowing rates for all gases in this example 
are 25,000 s.c.f. per minute at 40 pounds per square inch.. 
Therefore, the tap to tap time required to convert metallic 
oxides to 100 tons of steel will be as follows: 

, Minutes 

Charging _________________________________ ._ 20 

Hydrogen lancing 1,000,000/25,000 ___________ __ g 40 

Change lances _____________________________ __ 10 

Carbon monoxide lancing 500,000/ 25,000 ______ ._ ' 20 

Total ______________________________ __ 1 120 

1 Or 2 hours. v 

This time compares favorably with conventional processes 
where the blast furnace-open hearth combination could 
require as much as 16 hours, and the blast furnace-oxygen 
furnace as much as 9 hours, for the same production. 

Moreover, heat requirements in this example are less 
than 7,000,000 B.t.u. per ton of steel as compared to over 
12,000,000 B.t.u. per ton of steel by the conventional 
blast furnaceopen hearth combination, therefore; fuel 
requirements are less than that of any process known at 
this time. ' W 

Since the major proportion of the molten slag issuing 
from the converter 30 is recycled and its sensible heat 
retained in the process, and since most of the exhaust 
gas heat is recovered in the preheater 14, it will be evident 
then, that most of the heat carried out of the process is‘ 
in the molten iron. Therefore, the advantages and bene?ts 
resulting from the aforedescribed process will-be immedi 
ately apparent to. those skilled in the steelmaking art. 

In another form of steelmaking process, in‘ accordance 
with the invention, free‘ orv metallic silicon (together with 
metallic manganese if the oxide'thereof ‘is present in the 
molten slag) is generated in the molten slag carrier after 
the molten iron is poured from the converter‘ 30. In this, 
arrangement of the-invention,- an acidic slag is employed. 
having a composition of about 50% SiO2-. 
A combination of carbon monoxide and hydrogen gases,‘ 

which may be reformed from natural gas,:is blown against 
the remaining slag through .the ‘lance 44. At {the same 
time, a reducing atmosphere is maintainedwithin the con 
verter 30 by blowing natural gas, through the. otherlancev 
42. The CO and H2 togetherviwith a, quantity of air of 
combustion supply the necessary. heat required to raise the 
temperature of the slag to abouti3300° FL, while the 
natural gas serves as. reducing agent to reduce the silicon 
dioxide to metallic silicon. ' 4 ’ 

During the silicon regenerating cycle,- the following- re 
.‘ . . ' '- ' 55'. 

Similarly, where a MnOslagging component is ‘present; '_ 

The free silicon and manganesepcontent ofl-the slag-‘can. 
be increased so that ?nal reduction and re?nement of the 
ore to pure iron is achieved by. exothermic reactionuwith 
the slag instead of with gase‘sLThis excess heat'of‘this‘r'eav 

can be used to melt scrap added with the action‘ thus 
charge. 

- ' Completion of the foregoing reaction'isniindicatied. when 
the proportions of natural gas in the exhaust; gases from_ 
the converter 30 increases substantially. vAt this ‘time, the 
activated ‘slag containing free silicon and'manganese are 
sampled and analyzed after which it'is ready to be used 
in the succeeding cycle 

It is known that at temperatures below'about 2822'0 F.’ 
oxygen possesses a greater a?’inity for metallic silicon 
than for carbon. However, at temperatures above this 
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point, oxygen exhibits a greater af?nity for carbon. This is 
proved in steelmaking practice by the obsolescent Besse 
mer process. In the latter process, the hot metal usually 
contains more carbon than silicon, but when the blowing 
starts, since the Bessemer process is at temperatures be 
low 2822° F., silicon is completely oxidized before the 
oxidation of carbon commences. 

In this form of the invention, the aforementioned 
change in oxygen a?inities as temperature rises is em— 
ployed to establish a silicon reduction cycle where the 
greater activity of silicon is employed to reduce iron ore 
in accordance with the following equations: 

The silicon metal, manganese metal, residual free iron, 
andpslagging material, all of which may be termed “active 
silicon slag,” are then injected into the succeeding charge 
of ore'?nes and the like in the jet aspirator 24. The ladle 
containing the active silicon slag is dumped into runner 
26 of the mixer while the temperature of the active sili 
con slag is still above 3000" F. This temperature is high 
enough, of course, to commence an immediate reaction 
with the ore ?nes delivered to the jet aspirator 24 from 
the preheater 14. Preheating and partial reduction of the 
ore ?nes, of course, further stimulates the last-mentioned 
reaction. This mixture of active silicon slag and ore ?nes 
falls into the converter 30 when the latter is tilted up 
wardly and the aforesaid reaction between the ore ?nes 
and‘the active silicon slag is completed in the converter. 

In‘the latter-described process, it will be ‘apparent that 
‘ the regenerated silicon metal is the intermediate in the 
process of taking oxygen from the ore and giving it up 
to the carbon and hydrogen in natural gas. The ore and 
related'?nes and natural gas, therefore, are the only raw 
materials‘ required in the reaction between the ore ?nes 
and silicon metal. For 100 tons of iron ore having the 
aforestated typical analysis 13- tons of free silicon will be 
required. " '1 

Where the iron-containing ?nes initially contain more 
sulfur or phosphorus than the steel speci?cations allow, 
these. impurities can be reduced to acceptable values in 
the steel ladle 28 by the addition of soda ash, burnt lime, 
calcium cyanamide or calcium carbide, which react with 
these impurities. The aforementioned S and P can be in- 
troduced' with certain varieties of iron ore, or with ?ue 
dust from the blast furnace or open hearth if used. 
The active silicon slag when added to the ore and the‘ 

like in‘ the'jet aspirator 24 is absorbed into the voids in 
the ‘ore as described hereinbefore. 
In still another arrangement of my process, a chrome 

steel or chrome-nickel stainless steel can be produced di 
rectly from the corresponding ores with a modi?ed form 
of the active silicon slag cycle described above‘. The raw 
materials for this process are-chrome~ore, iron ore, nickel’ 
oxide (for Cr-Ni stainless steel) and natural'gas. Dual 
preheaters and mixers, corresponding to the preheater 14 
and the mixer 24, are required because the chrome orev 
must be reduced at a higher temperature and thus'main— 
tained separately of the iron and nickel ores during initial 
stages of the-process.v In ‘the ?rst step of this process, part 
of a quantity active silicon slag is mixed with a charge 
of chrome‘ ore and put into the converter 30, whichiis 
rotated. The reaction of chrome ore-with the free silicon‘ 
is similar‘ to that mentioned previously in connection with 
the'iron-sllicon reaction ‘and is as follows:' ' ' 

The reaction ‘set forth'above commences immediately as 
the molten slag is initially above 3000° F. The charge is 
permitted to rise to 3300° F., usually from exothermic 
heat, to drive the reaction substantially to completion. 
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Additional heat, if required is supplied by burning a por 
tion of natural gas at the lance 42. 

After the above reaction is substantially completed, the 
remainder of the active silicon slag is mixed with iron 
ore (if a chrome-steel alloy is desired) or with combined 
iron ore and nickel oxide ?nes (for a chrome-nickel-steel 
alloy) in the other mixer and dumped into the converter 
30 which is rotated to mix the latter charge thoroughly 
with the partially reduced chrome ore-molten slag charge 
therein. The following exothermic reactions commence 
immediately upon mixing due to the molten condition of 
the active silicon slag and preheating of the ore ?nes: 

After completion of the aforementioned reactions, the 
chrome-nickel stainless steel is poured off into a ladle 28 
therefor. Regeneration of the silicon slag is accomplished 
‘as in the aforedescribed active silicon slag cycle until an 
amount of free silicon slightly in excess of that required 
for the reduction of all three ores is recovered from the 
:silica component of the slag. 
The exhaust gases from the converter 30 in this process 

:are divided by suitable ductwork (not shown) and con 
ducted to the aforementioned preheaters where the 
chrome ore is preheated separately from the iron and 
nickel ores. To produce the aforementioned chrome-steel 
alloy, the last-described process is followed, save that the 
NiO is omitted. 
From the foregoing, it will be apparent that novel and 

efficient steelmaking processes have been disclosed herein. 
‘The iron content of ore ?nes and the like is directly 
reduced into pure iron or steel to which the desired 
additive can be added, or alternatively, alloy steel can 
be directly reduced with silicon from the corresponding 
ores. The illustrative and descriptive material employed 
herein is presented for purposes of exemplifying the 
invention and not in limitation thereof. Therefore, nu 
:merous modi?cations of the invention will occur to those 
skilled in the art without departing from the spirit and 
scope of the invention. Moreover, it is to be understood. 
that certain features of the invention can be employed 
without a corresponding usage of other features thereof. 

I claim: 
1. A process for making steel from ?nely divided iron 

:containing material, said process comprising the steps of 
‘completely mixing a quantity of said material into a sus 
pension thereof in molten slag, charging said material and 
said molten slag suspension into a furnace, blowing com» 
bustible and reducing gases into said furnace, blowing‘ a 
limited amount of oxygen into said furnace for partial 
‘combustion of the combustible gas to melt completely 
:said material and to maintain a reducing atmosphere, and 
‘discharging molten slag and metal separately from the 
‘furnace. 

2. The process of claim 1 wherein said ?nely divided 
iron-containing material is at least one of the group con 
sisting of iron ore ?nes, ore screenings, pickle oxide, iron 
ore concentrates, ?ue dust, mill scale, shavings, ?lings, 
punchings, and turnings. 

‘ 3. The process of claim 1 wherein the iron-containing 
material and slag mixture comprises about 45 to 60% 
by volume of iron ore ?nes and 40% to 55% by volume 
of molten slag. 

4. A process for making steel from ?nely divided iron 
containing material, said process comprising the steps of 
mixing a quantity of said material into a suspension there 
of in molten slag, charging the material and molten slag 
mixture into a tiltable rotatable converter, blowing nat 
ural gas with insu?‘icient oxygen for combustion thereof 
and hydrogen and carbon monoxide gases into the con 
verter to melt and to reduce completely said material, 
and discharging the molten slag and metal separately 
from the converter. 
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5. The process of claim 4 wherein the natural gas with 

insuf?cient oxygen and hydrogen gas are blown together 
into the converter until the exhaust gases from the con 
verter indicate a signi?cant increase in hydrogen gas con 
tent and thereafter carbon monoxide gas is blown into the 
converter. 

6. The process of claim 5 wherein said carbon monox 
ide [gas is blown into the converter until the exhaust 
gases from the converter indicate a signi?cant increase 
in carbon monoxide gas content. 

7. The process of claim 5 wherein natural gas is blown 
into said vconverter with said carbon monoxide to main 
tain a reducing atmosphere therein. 

8. The process of claim 4 wherein the gases are blown 
each through a lance into the converter at the rate of 
about 25,000 cubic feet per minute at a pressure of about 
40 p.s.i. 

9. A process for making steel from ?nely divided iron 
containing material, said process comprising the steps of 
completely mixing a quantity of said material into a sus 
pension thereof in molten slag, charging said material and 
molten slag mixture into a furnace, blowing combustible 
and reducing gases into said furnace, blowing a limited 
amount of oxygen into said furnace for partial combus 
tion of the combustible gas to melt said material and 
to maintain a reducing atmosphere, conducting hot ex 
haust gases from said furnace to a succeeding quantity of 
said iron-containing material to preheat and reduce par 
tially said last-mentioned iron-containing material, and 
discharging molten slag and metal separately from the 
converter. 

10. A process for making steel from ?nely divided 
iron-containing material, said process comprising the steps 
of completely mixing a quantity of said material into a 
suspension thereof in molten slag, charging said material 
and slag into a furnace, blowing combustible and reduc 
ing gases into said furnace, blowing a limited amount of 
oxygen into said furnace for partial combustion of the 
combustible gas to melt said material and to maintain a 
reducing‘ atmosphere, ?owing exhaust gases from said 
furnace through a succeeding quantity of said material 
contained in a preheat chamber at a velocity su?icient 
to ?uidize said last-mentioned material for the preheating 
and partial reduction thereof, and discharging molten 
slag andmetal separately from the converter. 

11. A process for making steel from ?nely divided 
iron-containing material, said process comprising the steps 
of completely mixing a quantity of said material into a 
suspension thereof in molten slag, charging the mixture 
into a tiltable rotatable converter, blowing natural gas 
with insufficient oxygen for combustion thereof and hy 
drogen and carbon monoxide gases into the converter to 
melt and to reduce completely said material, said natural 
gas and oxygen being directed against the converter lining, 
and said hydrogen and carbon monoxide gases being 
directed onto the surface of said mixture while rotating 
the converter, and discharging the molten metal and slag 
separately from the converter. 

12. A process for making steel directly from ?nely 
divided iron-containing material, said process comprising 
the steps of initially mixing a quantity of said material 
with molten slag to drive off the moisture from said mate 
rial, said sla-g being suf?cient in quantity at least to ?ll 
entirely the voids among the particles in said iron-con 
taining material and being not greater in quantity than 
110% of the void volume of said material, placing the 
mixture into a furnace, blowing into said furnace com 
bustible and reducing gases to melt and reduce com 
pletely said material, and discharging the molten metal 
and slag separately from said furnace. 

13. A process for making steel from ?nely divided 
iron-containing material, said process comprising the steps 
of completely mixing a quantity of said material into a 

. suspension thereof in molten slag, charging said material 
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and slag into a furnace, blowing combustible and reduc 
ing gases into said furnace, blowing a limited amount of 
oxygen into said furnace for partial combustion of the 
combustible gas to melt said material and to maintain a 
reducing atmosphere, discharging molten slag and metal 
separately from the converter, and recirculating at least 
a portion of said discharged slag while molten directly 
to a succeeding quantity of said iron-containing material. 

14. A process for making steel from ?nely divided 
iron-containing material, said process comprising the steps 
of completely mixing a quantity of said material into a 
suspension thereof in molten slag, charging said material 
and slag into a furnace, blowing combustible and reducing 
gases into said furnace, blowing a limited amount of oxy 
gen into said furnace for partial combustion of the com‘ 
bustible gas to melt said material and to maintain a reduc 
ing atmosphere, conducting exhaust gases from said fur 
nace to a succeeding quantity of said iron-containing 
material to preheat and reduce partially said last-men 
tioned material, discharging molten slag and metal sepa 
rately from the converter, and recirculating at least a 
portion of said discharging slag while molten directly to 
said succeeding quantity of the iron-containing material. 

15. A process for making steel directly from ?nely 
divided iron-containing ‘material, said process comprising 
the steps of completely mixing a quantity of said material 
with a quantity of molten free-silicon-containing slag 
suf?cient at least to ?ll completely the voids in said 
material, charging said mixture into a furnace, heating 
said mixture sui?ciently to react said free silicon with said 
material to reduce the same, discharging molten iron from 
said furnace, blowing the mixture remaining in said fur 
nace with natural gas to regenerate the reacted silicon, 
discharging molten slag containing free silicon from said 
furnace, and re-circulating said silicon and at least a por 
tion of said slag to a succeeding charge of said material. 

16. A process for making steel directly from ?nely 
divided iron-containing material comprising the steps of 
completely mixing said material with a quantity of molten 
free-silicon-containing slag su?icient at least to ?ll com 
pletely the voids in said material, charging said mixture 
into a furnace, heating said mixture su?iciently to react 
said silicon with said material, discharging molten iron 
from said furnace, blowing the mixture in said furnace 
with natural gas to regenerate the reacted silicon, convey 
ing the hot exhaust gases from said furnace to a succeed 
ing charge of said material to preheat and to reduce par 
tially said material, discharging molten slag containing 
free silicon from said furnace, and re-circulating said 
silicon and at least a portion of said slag to a succeed 
ing charge of said material. 

17. A process for making steel directly from ?nely di 
vided iron-containing material, said process comprising 
the steps of initially mixing said iron-containing material 
with a quantity of molten slag sufficient at least to ?ll 
entirely the voids in said iron-containing materials, plac 
ing the iron-containing material and molten slag mixture 
into a furnace, blowing the mixture in said furnace with 
combustible and reducing gases to melt completely said 
material and to reduce the same, the combustible gas 
being blown with insu?icient oxygen to support complete 
combustion thereof whereby a reducing atmosphere is 
maintained in said furnace, conveying the hot exhaust 
gases from said furnace to a succeeding charge of said 
iron~containing material to preheat and to reduce partial 
ly said last-mentioned material, conducting said exhaust 
gases thence to a dust collector, discharging molten iron 
and slag separately from said furnace, and combining the 
dust output of said collector with said succeeding charge 
of material to preheat said dust output. 

18. In a process for making alloy steel directly from 
?nely divided materials containing respectively the alloy 
components of said steel, said process including the steps 
of mixing a quantity of ?nely divided material contain 
ing at least one of said components with a quantity of 
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18 
molten free-siIicon-containing slag su?icient at least to 
?ll the voids of said material, placing said mixture into 
a furnace, blowing the mixture in said furnace with natu 
ral gas to increase the temperature of said mixture and to 
react the alloy component containing material thereof 
with said silicon to reduce the ?rst-mentioned quantity of 
material, mixing a quantity of the remainder of said alloy 
component containing material with a'quantity of free 
silicon-containing molten slag suf?cient at least to ?ll the 
voids of said last-mentioned quantity of material, placing 
said last-mentioned mixture in said furnace for reduction 
thereof, discharging molten alloy steel from said furnace, 
blowing the slag remaining in said furnace with natural 
gas to regenerate the reacted silicon, discharging the 
molten slag containing free silicon separately from said 
furnace, and re-circulating said metallic silicon and at 
least a portion of said molten slag to succeeding quantities 
of said materials. 

19. A process for making steel directly from ?nely di 
vided iron-containing material, said process comprising 
the steps of completely mixing a quantity of said mate 
rial With a quantity of molten free-silicon and manga 
nese-containing slag suf?cient at least to ?ll completely 
the voids in said material, charging said mixture into a 
furnace, heating said mixture sufficiently to react said sili 
con and said manganese with said material, discharging 
molten iron from said furnace, blowing the mixture re 
maining in said furnace with natural gas to regenerate the 
reacted silicon and manganese, discharging molten slag 
containing free silicon and free manganese from said 
furnace, and re-circulating said silicon and manganese 
and at least a portion of said slag to a succeeding quantity 
of said material. 

20. In a process for making chrome-steel alloy di 
rectly from the corresponding ores thereof, said process 
including the steps of mixing a quantity of chrome ore 
with a quantity of molten free-silicon-containing slag suf 
?cient at least to ?ll completely the voids in said chrome 
ore, placing said chrome ore and slag mixture in a fur 
nace, blowing said mixture with su?icient natural gas 
and oxygen to raise said mixture to a temperature at 
which said chrome ore and said silicon will react, mixing 
a quantity of iron ore and with an additional quantity of 
said free-silicon'containing slag sufficient at least to ?ll 
completely the voids in said iron ore, adding said iron ore 
and slag mixture to the chrome ore and slag mixture in 
said furnace after said chrome ore and silicon reaction 
has been substantially completed, mixing together said 
?rst- and said second-mentioned mixtures to react said 
iron ore and silicon and to mix thoroughly the resultant 
molten chromium and iron metals, discharging said 
chrome-steel alloy from said furnace, and blowing the re 
maining slag in said furnace with natural gas and oxygen 
to reduce residual amounts of chrome and iron material 
in said remaining slag and to regenerate said silicon. 

21. The process of claim 20 characterized in that a 
nickel-chrome-steel alloy is produced by adding a quantity 
of nickel ore with said quantity of iron ore. 

22. The process of claim 20 characterized in that por 
tions of the exhaust gases from said furnace are con 
ducted to succeeding quantities of said chrome ore and 
said iron ore respectively to preheat and to reduce partial 
ly the same. 
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