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To all whom it may concern. 
Be it known that I, ALBERT E. GREENE, a 

citizen of the United States, residing at 
Chicago, in the county of Cook and State 
of Illinois, have invented a certain new and 
useful Improvement in Processes of Refin 
ing Metals and Alloys, of which the follow 
ing is a full, clear, concise, and exact de scription. 
My invention relates to a process of re 

fining or otherwise treating metals or al 
loys of metals. In its more specific appli 
cation it relates to a process by which one 
or more elements may be eliminated or sepa 
rated from a mixture of elements, thereby 
leaving the remaining constituent or con 
stituents of the mixture in a refined condi 
tion. 

In metal refining processes based upon the 
oxidation of the impurity to be eliminated, 
the refining of the metal is usually accom 
panied by a greater or less oxidation of the 
metal itself. Such undesired oxidation of 
the metal results in a partial loss of the 
metal and is also an actual hindrance to the 
practice of the process, since the presence 
of the metallic oxid in the slag interferes 
with the removal of certain impurities, such 
as sulfur, which would otherwise be taken 
up by the slag. In the Heroult steel process 
designed to overcome those objections the 
removal of phosphorus from the bath is 
likewise accompanied by the presence of 
iron oxid in the slag, but such iron oxid 
may be deoxidized by means of calcium car 
bid formed from the lime slag employed. 
After the elimination of phosphorus and the 
deoxidation of the iron oxid the sulfur in 
the bath may be removed by a separate 
Washing process with a lime slag. 
My invention contemplates the formation 

of a compound of the elements to be elimi 
nated from the material under treatment, 
without any attendant formation of unde 
sired compounds of the elements to be re tained. 
My invention contemplates, in the more specific application of E. process, the oxi 

dation and the resultant removal of an im 
purity from a metallic mixture without the 
usual detrimental oxidation of the desired 
metal itself or other elements which it is 
desired to retain. 

In certain cases my invention contem plates dispensing with the usual slag-form 
ing flux, as, for example, where the oxidized 
impurity passes off in the form of gas, or 
where the temperature of the bath is such 
that the oxidized impurity is not susceptible 
to subsequent reduction by the metal of 
the bath. - 

In certain other cases my invention con 
templates the use of a slag-forming flux for 
removing the oxidized impurity and also 
for simultaneously or subsequently remov 
ing other impurities, as for example sulfur, 
from the bath. 
My invention consists broadly in the use 

of gaseous treating agents of such composi 
tion that, at the temperature maintained in 
the furnace, the equilibrium conditions of 
the gas and between the gas and the charge 
are so controlled as to prevent the oxidation 
of the desired metal (or even to reduce its compounds) and simultaneously eliminate 
the undesired element. 

In one specific application of the process, 
my invention consists in the use of a gaseous reagent containing an oxidizing component 
and a reducing component and in so con 
trolling the relative proportions of these 
components and the temperature of the ma 
terial treated that the gaseous reagent is in 
equilibrium with the reduced metal, and 
therefore, prevents its oxidation, while at 
the same time the equilibrium of said gas 
eous reagent is displaced with respect to 
the undesired element and thereby oxidizes the undesired element. 
Another feature of my invention consists 

in the control of the temperature of the ma 
terial to be refined by means other than 
combustion in the furnace chamber and 
meanwhile treating the material with a gas 
of such composition as to reduce the metal 
desired and oxidize the impurity. 
Another feature of my invention consists 

in the further regulation of the temperature 
of the material under treatment so that the 
element which it is desired to eliminate has 
a greater affinity for oxygen than the metal 
to be retained. 

Still another feature of my invention ap 
plicable to the particular conditions con 
sists in the regulation of the total gaseous 
pressure within the furnace chamber, there 
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by giving a further control of equilibrium 
condition in the gas and between said gas 
and the material. These and other features will hereinafter 
be more fully set forth. The affinity of oxygen for a given oxi 
dizable element at different temperatures 
may be measured by the inverse of the oxy 
gen-pressure of the Oxid of the element, that 
is, by the tendency of the oxid to dissociate. 
Through the range of smelting furnace tem 
peratures some elements always have less 
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affinity for oxygen than others at any given 
temperature, but in other cases the affinities 
of different elements for oxygen vary rela 
tively to each other at different tempera 
tures to such an extent that they may even 
be reversed. 
The dissociation pressure of oxids, or in 

other words their oxygen pressures, nor 
mally increase with the temperature. In 
Some cases the curves representing the dis 
sociation pressures at different temperatures 
for two compounds, always lie one below the 
other through the whole range of furnace 
temperature, but in other cases, these curves 
cross each other. The fact that the oxygen pressures of the 
oxids of two elements are different for a 
given elevated temperature is taken advan 
tage of in the process of my invention by 
the use of a gaseous mixture which can oxi 
dize the more easily oxidizable element, but 
Inot the other. This is accomplished by using 
a reducing gas or component in the gas mix 
ture together with an oxidizing component. 
The reducing gas acts in the nature of a 
protecting blanket to the metal, that is, the 
reducing gas has a greater affinity for any 
Oxygen there is present than has the metal, 
but not so great an affinity for it as the other 
impurity has. For every temperature there 
is a limiting relation between the oxidizing 
and reducing components of the gas beyond 

45 a which an increase of the oxidizing compo 
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nent would cause oxidation of the metal. 
This composition of gas is such as would 
produce the gaseous equilibrium which 
would result if the metal oxid were reduced 
by the reducing component at the given tem 
perature. 

In molten pig iron the carbon has a 
greater affinity for oxygen than has the iron. 
A reducing gas such as carbon monoxid (CO) 
will prevent iron from oxidizing or will 
reduce iron oxid. If carbon dioxid (CO) 
were mixed with carbon monoxid, the re 
Sultant gas would still reduce iron oxid 
provided the amount of CO, were less than 
a certain definite amount, depending on the, 
temperature and pressure. This gaseous 
mixture, which contains the reducing gas 
CO and the oxidizing gas CO, in suitable 
proportions, can and will oxidize carbon at 
the temperatures of molten iron without 

1,084,78? 

oxidizing iron. In other words, at the tem perature of molten iron, a gas containing 
CO and CO, may be in equilibrium with 
molten iron and yet oxidize carbon. The 
CO, would react with C as follows: 

The proportions of reducing and oxidiz 
ing parts necessary to oxidize one element 
and not oxidize the metal, depend on the 
temperature at which the material is treated 
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and on the elements to be retained and to be 
eliminated, respectively. This and the 
method of ascertaining the right composi 
tion of gas to use will be more fully ex 
plained hereinafter. This process must not be confounded with 
the open-hearth process in which CO gas or 
Some other reducing gas is burned in the 
furnace chamber with oxygen of the air. 
In Such processes, in order to get the neces 
Sary temperature, the reducing gas must be 
completely burned, preferably with a slight 
excess of air. The oxidizing power of the 
burned gas is sufficient to oxidize the valu 
able metals, like iron and manganese, in the 
bath, and the reducing gas is not present in 
sufficient amount to prevent this oxidation. 
I am aware of the fact that the reducing gas 
is brought into an open hearth steel furnace 
underneath the air so that the oxidation of 
the metal may be minimized, but it is not 
possible under open hearth conditions to 
eliminate the impurities and still keep the 
metal from oxidation as my process does. 
An important feature of my invention is, 

broadly, therefore, the control of the tem 
perature of the material being refined by 
means other than combustion in the furnace 
chamber. The specific means described in 
this application is the electric furnace. Also 
any heat due to combustion in the furnace 
chamber, so long as the reducing component 
remains in excess, will increase the efficiency 
of the process without hindering its opera 
tion. 
Another feature of the process relates to 

specific temperature control so that, for 
those elements whose oxygen pressure curves 
cross, the proper element may be selected. 
For example, for the two elements silicon 
and carbon there is a critical temperature 
above which carbon is oxidized in prefer 
ence to silicon and below which the opposite 
is true. In such cases it is necessary to 
regulate the temperature so that the element 
to be eliminated has the greater affinity for 
oxygen. With the temperature so regulated, 
the process is similar to that described above 
for separation of carbon from iron. That is, 
the composition of the gas is controlled so 
that it keeps the metal desired reduced while 
the other element is oxidized. 
The series of points representing the pres 

sures of dissociation expressed in terms of 
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the pressure of oxygen of a given oxid or 
oxygen-compound at different temperatures 
form a curve which may be considered as the 
characteristic curve of the element which is 
united with oxygen to form the compound. 
These curves differ for different elements, 
and, within the working range of furnace 
temperature, the curves for two different ele-. 
ments may even cross each other. At the 
oint of intersection of the two curves the 

relative affinities of the two elements for 
oxygen are réversed. The temperature at 
which two curves, each representing the 
pressure of dissociation of the oxid of a 
given element, intersect I designate as the 
critical temperature of one of said elements 
with respect to the other. At said point 
each of said elements has an equal a SS 
for oxygen, and their oxygen compounds 
have equal pressures of dissociation; on op 
posite sides of said points each of said ele 
ments has a different affinity for oxygen, 
and the oxid of the element having the 
greater oxygen-affinity has the lower pres 
sure of dissociation, and, hence, a lower 
Oxygen pressure. 
I have discovered that, if at a given tem 

perature a molten mixture containing two 
oxidizable elements be subjected to an oxy 
gen-compound having itself a pressure of 
dissociation of oxygen intermediate the val 
ues corresponding to the pressures of disso 
ciation of oxygen compounds of said oxidiz 
able elements, such agent will act as a car 
rier of oxygen to the element whose oxygen 
compound has the lower pressure of dissoci 
ation, and it will not oxidize the element 
whose oxygen - compound has the higher 
pressure of dissociation, but on the contrary 
may even tend to act as a reducing agent 
with respect to the oxids of such element. 
Hence by suitably regulating the temper 
ature of a charge of material containing two 
elements having the above-described charac 
teristics, and by subjecting the material to 
the action of a gaseous oxidizing agent hav 
ing a suitable oxygen pressure, I can 
thereby selectively oxidize either element of 
the material under treatment without danger 
of “overblowing the mixture, that is with 
out risk of oxidation of the other element by 
a too long continuance of the treatment. 
As it is rather impractical to select suit 

able gaseous mixtures by calculation of the 
have, and as the actual values of the disso 
ciation pressures of the various oxids, etc., 
may not be familiar to those operating this 
process, a simple method of determining the 
composition of gas required will be de 
scribed. The method is to try a gaseous 
mixture containing, say, about equal propor 
tions of CO and CO, for instance, and blow 
this into the metal maintained at a given 
temperature. If it is found that oxidation 
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of both metal and impurity result, the pro 
portions of CO should be increased. On the 
other hand, if the gas is found not to oxidize 
the metal, then the CO, may be increased as 
long as the metal is not oxidized appreci 
ably. Other reducing gases and other oxid 
izing gases may be used provided the reduc 
ing component prevents oxidation of the de 
sired metal. 
In the elimination of carbon from pig 

iron, the temperature may be maintained 
high enough to keep the metal suitably 
molten, Say, not over 1500° C. and at this 
temperature a gas containing only 2 or 3% 
of CO and as much as 15% of CO, by vol 
ume will eliminate the carbon with almost 
no oxidation of the iron or manganese. 

Blast furnace gas which might contain 
22% CO, 12% CO, and 1% O may be mixed 
with air so that some of the CO is burned to 
CO, and then blown into the metal, or it 
may be mixed with ordinary stack gas con 
sisting largely of CO, and nitrogen and 
blown into the furnace. The relative vol 
umes of the different gases of the above 
mentioned gaseous mixtures are for gases at 
ordinary temperatures. Of course, when 
heated, the gas would come to equilibrium 
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and there would be slightly less carbon di 
oxid and a little more free oxygen. 
The higher the temperature of the metal 

the less carbon monoxid in the gas mixture 
will be required to prevent oxidation of the 
metal. Where it is desired to oxidize the 
carbon without oxidizing the silicon the 
temperature is preferably kept above 1400° 
C. and the gas preferably contains 4% to 
5% CO and 15% CO. 
In mixing gases to produce a gas having 

suitable oxygen pressure, the mixing is pref 
erably done by blowing each gas of known 
composition from a separate engine or com 
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pressor, into a common receiver or pipe and 
regulating the speed of each unit to furnish 
the desired amount of each gaseous constitu 
ent of the mixture. 

In practising the process of this inven 
tion, it is preferable to employ an electric 
furnace in order that the temperature can be 
satisfactorily controlled. Any of the well 
known types of such furnaces may be em 
ployed. In the accompanying drawings two 
types of such furnaces are shown equipped 
for practising the process. 

Referring to said drawings: Figure 1 is a 
plan view of a furnace somewhat similar to 
the Heroult tilting furnace: Fig. 2 is a sec 
tion on the line 2-2 of Fig. 1: Fig. 3 is a 
vertical section of an induction furnace; 
Fig. 4 is a plan view of the furnace shown 
in Fig. 3; and Figs. 5, 6 and 7 are diagrams 
illustrating by curves the oxygen pressures 
for different substances at different temper 
atures. 

Referring to Figs, 1 and 2, the apparatus 
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for regulating the gaseous mixture is shown 51,61 and 71 indicate gaseous compositions 
as consisting of blowers 1, 2 communicating 
with a common receiver 3. The furnace con 
sists of a crucible 4 closed by a roof 5 pro 
vided with a chimney 6. The electrodes 7 
may consist of the usual carbon electrodes. 
A spout 8 serves for running off the metal 
on tilting the furnace. The furnace is pro 
vided above the base of the crucible with 
openings for receiving twyers 10, which 
communicate in the usual way with the pipe 
3. The twyers preferably dip down through 
the slag 12 into the molten bath 11. 
Any suitable source of electric current 

may be employed, the connections of the 
electrodes in the circuit being made in a 
manner well understood by those skilled 
in the art. 
In order to control the total pressure of 

the gas within the furnace chamber, in 
cases where such control is advantageous, a 
suction fan 9 may be employed for remov 
ing the exhaust gases through the chimney 
or escape vent 6 at such rate as may be de 
sired, thus controlling the pressure of the 
gas on the surface of the bath within the 
furnace chamber. 

Figs. 3 and 4 show a well known type of 
The steel casing 14 

thereof may be supported in any suitable 
manner. The walls 15 inclosed in said cas 
ing are annular in shape and Surround one 
leg of the transformer core 16. Said core 
is wound with one or more coils 17, which 
serve as the primary of the transformer, the 
secondary thereof consisting of the metallic bathis contained in the furnace chamber 
19. The chamber 19 is provided with a 
cover, which is preferably made in a plu 
rality of sections 20. Gas is admitted from 
the gas main 21 and the flow thereof is con 
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50 

trolled by the valve 22. The twyers 23 
which are connected by means of pipe 24 
with the gas main extend through the cover 
20. The exhaust gas passes out through ex 
haust gas pipe 25. 

Figs. 5, 6 and 7 are curves showing the 
approximate critical temperatures and also 

gaseous, agents which can be 
used for selective oxidation of carbon with 
respect to silicon, phosphorus and manga 
nese, respectively, from iron containing 
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these elements. The only practical way of 
drawing these curves to scale of pressure 
is by use of logarithmic curves. As the in 
terpretation of such curves requires mathe 
matical calculations, it is more appropriate 
to show the relative position of certain oxy 
gen-pressure curves for various gaseous 
mixtures, thereby indicating directly what 
the furnace operator must know, namely, 
what proper gas composition to use. The 
curves showii in these figures are for modi 
fied producer or blast furnace gas mixtures. 
Referring to these figures, the areas marked 

and temperatures suitable for selective oxi 
dation of the carbon. It should be remem 
bered in considering these curves that the 
element represented by the lower curve for 
a given temperature is the easier to oxidize. 
Referring more particularly to Fig. 6, the 
area 62 indicates conditions for selective oxi 
dation of phosphorus in the presence of 
lime, but the curves shown here lie very 
close to each other over a considerable range 
of temperatures, so that the critical tempera 
ture is not closely defined and it may hap 
pen that both phosphorus and carbon oxi 
dize simultaneously over a considerable part 
of this range of temperature. 

Referring to Fig. 7, the area marked 72 
indicates conditions for the selective oxida 
tion of carbon from iron high in manganese. 
It is desirable, in this case, to work at low 
temperatures near 1450° C. in order to mini 
mize volatilization of manganese. It may 
be noted here that the temperature for se 
lective oxidation of carbon from ferro-man 
ganese may be lower than for high manga 
nese pig iron. 

It is understood that the curves shown 
herein are relative; furthermore, that the 
oxygen pressure of a given oxid of a metal 
is in general different from the oxygen pres 
sure of another oxid of the same metal, and 
the conditions for removal of a given ele 
ment may be materially modified by using 
a fluxing agent which has a strong affinity 
for the oxid of said element, thereby tend 
ing to lessen its oxygen pressure. This 
method of further controlling oxygen pres 
sure by use of fluxing agents, for example in 
oxidizing such elements as phosphorus and 
silicon, forms the subject matter of my co 
pending application Serial No. 444,740, filed 
July 22nd, 1908. 
While the process of my invention is ap 

plicable to the refining metals or alloys in 
general, said invention and the principles 
underlying the same may be more fully un 
derstood by reference to particular applica 
tions thereof. 
In applying the process to the production 

of steel, a charge of the molten material, 
which may be either crude pig iron or metal 
previously partially refined, is introduced 
into an electric furnace and the temperature 
of the molten bath is regulated to a point at 
which the elements to be retained have a 
relatively low affinity for oxygen, While 
is blown with a gas, such as hereinbefore de 
scribed, having a pressure of dissociation 
suitable for selectively oxidizing the par 
ticular element or elements of the bath 
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the temperature is thus regulated, the bath 
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which it is desired to eliminate by oxidation. 
In this manner carbon, for example, may be 
oxidized and removed without elimination 
of silicon, or silicon may be wholly or partly 30 
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removed while the carbon is retained, or 
both elements may be removed successively 
or at one operation, as may be deemed de 
sirable. In the same way other elements, 
as for example phosphorus, may be selec 
tively oxidized. 

In case it is desired to remove two, or more 
oxidizable elements successively, the mix 
ture under treatment is heated to progres 
sively varying temperatures by varying the 
supply of electric energy thereto, each dif 
ferent temperature coll'esponding to that at 
which, the eleinent to be eliminated has a 
higher affinity for oxygen than has the ele 
lments to be retained, and said heated mate 
rial is then subjected to the action of a gas 
having a pressure of dissociation, suitable for 
oxidizing said former elements but unsuit 
able for oxidizing said latter elements. 

In practice I have found that a gaseous 
mixture consisting of fifteen per cent. of 
carbon dioxid (CO), twenty per cent. of 
carbon monoxid (CO) and one per cent. of 
oxygen, by volume, and the remainder of the 
mixture of some inert gas, with the gas at 
an actual pressure of five pounds above at 
mosphere pressure will, when the bath is 
maintained at a temperature of approxi 
mately 1812° C. eliminate carbon to a trace 
without, danger of overblowing iron. The 
oxidizing action, is continued until a test, 
sample of the material under treatment 
shows that the metal has been sufficiently re-- 
fined. 
The process. is also applicable to the pro 

duction of alloy-steels in which the alloying 
metal or metals consists of any one or more 
of the following, namely, manganese, tita 
nium, silicon, nickel, cobalt, list tungsten, chromium, and the like. Such spe 
cific application of the process is disclosed 
in and forms the subject matter claimed in 

Serial No. my co-pending application, 
470,921, filed January 6, 1909. In case of the 
more easily reducible of the above men 
tioned alloying metals, low-carbon alloy 
steel can, by this process, be readily pro 
duced directly from the ore or from the 
product of the blast furnace. For example, 
low-carbon manganese-steel can be thus pro 
duced, and, so far as I know, such direct 
production thereof has not herebefore been 
attained. In such direct production of 
alloy-steel, I preferably start with the blast 
furnace output containing the metals, which 
enter into the alloy, which material ordi 
narily contains such impurities as carbon, 
silicon, sulfur and phosphorus, and remove 
any or all of the impurities to the desired 
degree, while retaining in the bath the metal 
which is desired to alloy with the iron to produce the alloy-steel. 

In case the alloying metal is volatile at p 
high temperatures I work at a temperature 
as loy as it is, practicable to maintain the 
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required relation between the elements to 
be retained and the elements to be elimi 
nated. 
ties, which it is sought to eliminate, the 
molten bath is then blown with the gas hav 
ing at said temperature a pressure of dis 
agent with respect to the impurity or in 
purities which it is desired to eliminate by 
oxidation but which gas is a non-oxidizing 
or even a reducing agent with respect to the 
elements which it is desired to retain in the 
bath. At these comparatively low ten 
peratures a gas containing 14% of CO, and 
1S% of CO by volume will eliminate the 
carbon to. .05% without oxidation of the 
metals of the bath. For further diminution 
of carbon, I may in some cases operate the 
exhaust pump hereinbefore described in or 
der to reduce the pressure in the furnace 
chamber, thus aiding in the removal of car 
bon as a compound, of oxygen. This method 
of expediting the action by reducing the 
pressure on the bath of the gases escaping 
therefrom is more particularly applicable 
to cases in which the metal or metals to be 
reduced are volatile only at a high tempera 
ture as is the case, for example, with tita 
nium. In working with very volatile metals 
Such, as manganese, on the contrary, I pref 
erably increase the actual pressure of the 
gas and vary the constituents of the mixture 
so, as to produce a suitable pressure of dis 
sociation. 

In some cases it is desirable to employ a 
flux to form, a slag with the oxidized im 
purity, as for example, to remove phosphoric 
oxid (P.O.) formed by the oxidation of the 
bath and it is desired to remove the same 
simultaneously with the oxidized impurity 
or subsequently thereto, a flux is also de 
sirable. For these purposes a lime or other 
alkaline earth flux, such as one containing 
lime or fluorspar or a mixture thereof is 
melted on the top of the bath. Since the 
gas causes no oxidation of the iron, the ab 
sence of iron oxid in the slag permits of the 
slag serving to eliminate the sulfur. 
The process of this invention may be em 
loyed for further treating the product of 
E. Bessemer converter. In a Bessemer con 
verter it...is customary where the metal is 
blown to a high temperature to add scrap 
iron to bring the bath down to a pouring 
temperature. In my process, as practiced on 
the product of the Bessemer converter, the 
excessive heat from such high temperature 
is used in heating a flux which is added on 
the top of the bath. The bath is then trans 
ferred to the electric furnace, and, while 
electrically maintained at the proper tem 
E. is blown with a gas suitable for 

producing the desired reactions. 
With a charge consisting of Bessemer 

sociation which renders it an oxidizing 

phosphorus. In case sulfur is present in the 

To remove the oxidizable impuri 
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steel and a lime flux, maintained at a tem- tained within the temperature limits above 
perature of approximately 1700° C., a gas 
composed of 14% of CO, and 21% of CO 
and the remainder of some inert gas will satisfactorily eliminate the phosphorus and 
sulfur without danger of overblowing the 
iron. Under these conditions I have simul 
taneously reduced phosphorus in Bessemer 
steel from .096% to .019% and sulfur from 
.041% to .013% without oxidizing the iron. 
In the production of low - carbon steel 

from pig iron, the basic pig iron is poured 
into the electric furnace, lime is added to the 
bath to form a flux and the bath is then 
blown with the gas having a pressure of dis 
sociation suitable for eliminating the carbon 
without oxidizing the iron. The oxygen 
yielding constituent of the gas may consist 
of from 12 to 15 per cent, by volume of CO, 
and the amount of CO may vary from 10 to 
25%, if the gas be obtained from the blast 
furnace. The temperature of the bath is 
preferably maintained high, in order to 
hasten the elimination of the carbon. At 
1800° C. such elimination is very rapid. 
When the temperature is lowered the con 
tent of CO must be increased relatively to 
the CO, thereby lowering the percentage of 
available oxygen at low temperatures. At 
the same time a lime flux is being melted on 
top of the bath and any oxids of the metal 
under treatment are being acted on by the 
-CO formed by the reaction of the CO, with 
carbon, and also by any other reducing gas 
which may be present in the gaseous mix 
ture. The action of the reducing gas is con 
tinued until the lime itself is more or less 
reduced thereby, thus causing the free cal 
cium to unite with sulfur and phosphorus to 
form a slag. 
To still further illustrate my invention I 

will now describe its specific application to 
the production of low carbon manganese 
Steel. A charge consisting of molten Spiegeleisen 
or other form of manganese-containing 
metal, containing such proportion of man 
ganese as will give the desired percentage of 
that metal in the resulting steel is intro 
duced into the crucible of an electric fur 
nace, preferably an induction furnace such 
as is shown in Figs. 3 and 4 of the drawings. 
Close temperature regulation is desirable in 
Order to avoid volatilization of the manga 
nese by excessive heat. I have found that a 
temperature of approximately 1400 to 1600° 
C. may be maintained without excessive vol 
atilization of manganese; and that by select 
ing Suitable gaseous mixtures the several re 
actions necessary to refine the material may 
be brought about at said temperatures. A 
flux consisting of burnt lime, calcium fluo 
rid, or other alkaline earth composition, is 
added in sufficient quantities to slag off the 
Sulfur and phosphorus, The bath main 

stated is blown with a gas having a pressure 
of dissociation suitable for oxidizing the 
carbon without oxidizing the iron or the 
manganese. For example, blast furnace gas 
containing approximately 15% of carbon 
dioxid, 12% of carbon monoxid, and the re 
mainder of nitrogen and hydrogen, will give 
a satisfactory removal of carbon, silicon, 
sulfur and phosphorus at a temperature of 
1500° C. Without appreciably lessening the 
content of iron and manganese. 

In case acid elements are desired in the 
steel they may be retained in the molten 
metal by increasing the reducing conditions 
and making the slag more acid. 

In producing refined silicon-steel from 
high carbon iron containing silicon, a molten 
bath of the material is maintained at a tem 
perature at which the oxygen-affinity of car 
bon is greater than that of silicon, and the 
bath is meanwhile blown with a gaseous 
mixture, such as that hereinbefore described, 
suitable for eliminating the carbon without 
oxidizing the silicon. 

In accordance with this invention the two 
requirements for decarbonizing a metal or 
alloy are, first, a temperature at which car 
bon has the greater oxygen affinity; and sec 
ond, a gas having sufficient reducing action 
to keep the desired metal reduced while 
oxidizing the carbon. In general, in the 
treatment of the ferro-alloys, such as iron 
chromium, iron-manganese, iron-tungsten 
allows (where the tungsten is present in rela 
tively small amounts) a temperature of over 
1600° C. will permit preferential oxidation 
of carbon. Usually, however, the temperature 
may be as low as 1450° C., as in the case of 
a spiegel iron. If the alloy has a high melt 
ing point, as for example an alloy contain 
ing much tungsten, a higher temperature is 
required in order to keep the metal molten. 

For practically all the iron alloys con 
taining low percentages of the alloy, that is 
below 20%, such as spiegel, armor plate 
metal, tool steel and the like, a temperature 
of 1600° C. will insure the selective oxida 
tion of carbon, but the temperature should 
be kept as much lower than this as will per 
mit of the selective action. Thus the tem 
perature for a 12% manganese iron alloy 
may be as low as 1450° C. The determina 
tion of this lower temperature may be made 
after a few runs by trying lower tempera 
tures until one is found at which best me 
chanical operation and lowest vaporization 
loss can be had. 
The second requirement, namely gas com 

position, may be determined for any par 
ticular allov by trial. In general, a gas 
having, for example, an equilibrium corre 
sponding to that of a mixture containing 
12% CO and 12% CO, and the remainder 
nitrogen will prevent the oxidation of the 
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metal. From such data, the most efficient 
gas may be determined by trial, and one 
skilled in the art will have no difficulty in 
selecting a suitable gaseous mixture. It is 

is of course preferable, in order to shorten the 
duration of the treatment, to make the gas 
carry as much oxidizing agent as possible 
and still maintain the gaseous mixture re 
ducing with respect to the elements it is 

to desired to retain unoxidized. 
It is to be understood that I do not limit 

my invention merely to the selective oxida 
tion of carbon, but such selective oxidation 
is given as illustrating one of the appli 
cations of the process. 

In the case of separating an undesired 
element from a given metal, such as the 
separation of silicon from manganese-steel 

5 

alloy, it is preferable, and in fact usually 
necessary, to assist the selective oxidizing 
action of the gas by a fluxing agent. Thus 
by using a basic flux like lime, it is possible 
to separate the acid element silicon very 
readily from the basic metal manganese. 

20 

25 
regulation of the composition of the gaseous 
oxidizing agent and the temperature of the 
material under treatment, the metal will not 
be oxidized even if the blow be continued 
after the oxidizable impurities have been 
eliminated. 
With reference to the practice of my proc 

30 

ess in general it is to be understood that it 
is not limited to any particular method of 
regulating the temperature of the substance 
under treatment, or of subjecting the same 
to a suitable treating agent. Nor is it lim 
ited to any particular method of producing 
the desired composition of the gaseous mix 
ture employed. While regulation of tem 
perature is essential, no particular tempera 
ture is requisite other than that it be at a 
point at which undesirable oxidizable ele 
ments have a greater oxygen-affinity than 
the desired elements. The regulation form 
ing a feature of my invention consists of a 
combined control of temperature of the ma 
terial under treatment and of the equilib 
rium conditions of the treating gas, as here 
inbefore set forth. 
By practising the process as thus de 

scribed, the metal can not be “overblown” 
if the proper conditions are maintained. 
In some cases, however, it may be desirable 
from a commercial standpoint to lessen the 
tile tenuired for practising the process at 
une expense of a slight loss of the metal or 
metals being refined. In such case it may 
even be desirable, after regulating the tem 
perature in the manner hereinbefore de 
scribed, first to subject the heated material 
to the action of a gas having relatively high 
oxidizing properties in order to quickly re 
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In actual practice, I have found that by 
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before there is injurious oxidation of the 
elements which it is desired to retain, and 
then to continue the refining process by 
blowing the mixture with a gas, such as 
hereinbefore described, having a pressure of 
dissociation suitable for oxidizing only the 
element or elements which it is desired to 
eliminate. It suffices if the conditions are 
such that no detrimental oxidation takes 
place. If the oxidation of the metal or 
metals being refined is so small as not to 
impair the product or to seriously interfere 
with the removal of the impurities, such 
practice of the process is within the scope 
of this invention. 

It will be noted that by regulating the 
pressure of dissociation of the gaseous oxid 
forming the source of oxygen of the gaseous 
mixture, the oxygen available for oxidizing 
purposes is used up in oxidizing the element 
eliminated from the bath. Hence the result 
ant gas coming from the reaction constitutes 
a non-oxidizing or even a reducing atmos 
phere in the refining chamber, the CO, gas 
being reduced by the reaction to CO gas. 
This non-oxidizing or reducing atmosphere 
in the furnace chamber is effective in pro 
tecting the molten metal from oxidation, 
and, in case carbon electrodes are employed 
for conducting the electric current to the 
bath, such atmosphere protects said elec 
trodes from otherwise rapid oxidation. 
The terms “high-carbon' and “low-car 

bon' as used herein are relative terms and 
are not intended to specify any particular 
percentage of carbon. 
While I have disclosed herein the appli 

cation of the process of my invention to 
the elimination of sulfur and phosphorus 
from metallic mixtures and have also set 
forth the application of the process to the 
production of alloy-steels, such, for ex 
ample, as manganese-steel, since such modi 
fications are broadly within the scope of . 
the present invention, these modifications 
form the subject-matter, respectively, of my 
co-pending applications, Serial Number 
444,740, filed July 22, 1908 and Serial Num 
ber 470,921 filed January 6, 1909. 
What I claim herein, is: 
1. The process of refining metals which 

consists in controlling the temperature of 
the material under treatment by means 
other than combustion in the furnace cham 
ber and in the meanwhile treating the ma 
terial with a gaseous reagent suitable, at 
the temperature maintained, for reducing 
compounds of the metal and for simultane 
ously combining with the impurity of the 
metal, and thereby eliminating such im 
purity. 

2. The process of refining metallic sub 
stances which consists in controlling the moye a portion of the undesired impurity temperature independently of combustion 

65 or impurities, discontinuing such treatment in the furnace chamber and maintaining the i30 
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material at a predetermined elevated tem 
perature, and forcing into contact with the 
heated metal a gaseous mixture containing 
an oxidizing gas and a reducing gas which, 
at the predetermined elevated temperature, 
so displaces its equilibrium as to reduce the 
compounds of the metal and simultaneously 
oxidize the impurity. 

3. The process of refining metals and 
eliminating impurities therefrom which con 
sists in maintaining the material to be re 
fined at an elevated temperature, blowing 
the heated material with a gaseous reagent 
containing an oxidizing component and a 
reducing component in Such proportions 
that, at the temperature maintained, the gas 
will oxidize the impurity and prevent oxida 
tion of the metal. 

4. The process of refining metals con 
taining undesired elements associated there 
with, which consists in treating the impure 
material, at an elevated temperature in a 
suitable furnace, with a gas containing an 
oxidizing agent mixed with carbon monoxid 
(CO), the latter being in such proportions 
that, at the temperature maintained, the 
equilibrium conditions in the gas are such 
as to prevent the oxidation of the metal de 
sired, but also in such proportions that the 
equilibrium is so displaced with respect to 
the undesired associated element as to oxi 
dize the latter. 

5. The process of refining metals which 
consists in treating the same at an elevated 
temperature with a gaseous mixture of car 
bon monoxid (CO) and carbon dioxid 
(CO), the carbon monoxid being in such 
proportion as to prevent, at the tempera 
ture maintained, the oxidation of the 
metal from which the impurity is to be the temperature 
by means other than combustion in the fur 
nace chamber. 

6. The process of refining metals and 
alloys which consists in subjecting the ma 
terial under treatment to a mixture of an 
oxidizing gas and carbon monoxid in such 
proportions that carbon monoxid will con 
stantly be present in the gaseous mixture 
to which the material is subjected, and in 
the meanwhile maintaining the material 
under treatment at a temperature at which 
the oxygen affinity of carbon monoxid is 
less than the oxygen affinity of the element 
which it is desired to eliminate and greater 
than the Oxygen affinity of the element 
which it is desired to retain. 

7. The process of refining metals and 
alloys which consists in subjecting the ma 
terial under treatment to a mixture of car 
bon dioxid and carbon monoxid, and in the 
meanwhile maintaining the material under 
treatment at a temperature at which the 
oxygen affinity of carbon monoxid is less 
than the oxygen affinity of the element 
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which it is desired to eliminate and greater 
than the oxygen affinity of the element 
which it is desired to retain. 

8. The process of removing one element 
from a mixture of elements by the action of 
a suitable gaseous treating agent, which con 
sists in introducing into a suitable furnace 
a mixture containing the desired metal and 
the undesired impurity, maintaining said 
mixture as a molten bath at a temperature 
at which the pressure of dissociation of any 
compound capable of being produced by 
the action of the treating gas on the desired 
element is greater at that temperature than 
the pressure of dissociation of any com 
pound capable of being produced by the 
action of said treating gas on the element 
to be eliminated, and in the meantime sub 
jecting said molten bath to the gaseous treat 
ing agent having itself a pressure of dis 
sociation at the working temperature ex 
ceeding the latter but not exceeding the 
former pressure of dissociation. 

9. The process of removing one element 
from a mixture of oxidizable elements, 
which consists in maintaining the mixture, 
in a suitable furnace, at a temperature at 
which the oxygen pressure of the oxid of 
such element as it is desired to eliminate 
from the mixture is lower than the oxygen 
pressure of the oxid of the element or ele 
ments to be retained, and in subjecting the 
heated mixture to an oxidizing agent having 
an oxygen pressure intermediate the oxygen 
pressure of the oxid of the element to be 
eliminated and that of the element or ele 
ments to be retained. 

10. The process of refining metals and 
alloys which consists in maintaining a 
molten bath of different oxidizable elements 
at an elevated temperature in a refining 
chamber, and subjecting said bath to the ac 
tion of oxygen having an oxygen pressure 
suitable for the oxidation of an element 
which it is desired to eliminate from the 
bath, but unsuitable for the oxidation of the 
element or elements which it is desired to 
retain. 

11. The process of refining metals and al 
loys which consists in maintaining a molten 
bath of different oxidizable elements at an 
elevated temperature in a refining chamber, 
and subjecting said bath to the action of 
an oxid having an oxygen pressure suitable 
for the oxidation of an element which it 
is desired to eliminate from the bath, but 
unsuitable for the oxidation of the element 

o or elements which it is desired to retain. 
12. The process of refining metals and al 

loys which consists in maintaining a molten 
bath of different elements at an elevated 
temperature in a refining chamber, mixing 
two or more gases in proportions to produce 
a gaseous reagent having a pressure of dis 
Sociation Suitable, at the temperature at 
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which the bath is maintained, for the action 
of the gaseous reagent on the element of 
the bath which it is desired to eliminate, 
but unsuitable for the oxidation of the ele 
ment or elements which it is desired to re 
tain, and subjecting said bath to said gase 
ous reagent. 

13. The process of eliminating an unde 
sired element from a compound from which 
such element is susceptible to dissociation 
into a volatile form, which consists in heat 
ing the material under treatment in a 
closed furnace, and in regulating the dis 
sociation pressure of the element to be elimi 
nated by the combined regulation of the 
temperature of the furnace and of the 
pressure of the vapors liberated within the 
furnace chamber. 

14. The process of separating two or more 
elements one of which is adapted to be 
formed into a compound susceptible to vola 
tilization at elevated temperatures, which 
consists in heating the material under treat 
ment in a closed furnace, and in regulating 
the dissociation pressure of the compound 
to be formed by the combined regulation of 
the temperature of the furnace and of the 
gaseous pressure of the gases liberated with 
in the furnace chamber, and subjecting the 
heated material to an agent suitable for 
the formation of the volatilizable compound 
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and having a pressure of dissociation suit 
able for selective action upon the element 
which it is desired to eliminate. 

15. The process of refining metals and al 
loys which consists in heating in an electric 
furnace the material under treatment, Sub 
jecting said heated material to the action of 
an oxidizing gas having an oxygen pressure 
suitable, at a selected working temperature, 
for the oxidation of an element which it is 
desired to eliminate, but unsuitable for the 
oxidation of the element or elements which 
it is desired to retain, and maintaining said 
material at the required temperature during 
such selective oxidizing action by regulating 
the electric heating current. 

16. The process of refining iron and al 
loys of iron containing undesired elements 
which consists in maintaining the metal 
molten in a suitable furnace and blowing the 
molten bath with a gaseous mixture contain 
ing an oxidizing gas and carbon monoxid 
(CO), the carbon monoxid being in such 
proportion as to prevent oxidation of the 
metal, but not sufficient to prevent the oxi 
dation of the undesired element by the oxi dizing gas. 

17. The process of decarbonizing metals 
and alloys which consists in maintaining the 
metal molten by means other than combus 
tion, and treating the molten metal with a 
gaseous agent containing an oxidizing com 
ponent and a reducing component in such 

65 relative proportions that, at the temperature 
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of the molten metal, the carbon is oxidized 
approximately without oxidation of the 
metal. 

18. The process of decarburizing metals 
or alloys which consists in treating the ma 
terial with a gas containing a reducing and 
an Oxidizing component in such proportion 
that between certain temperature limits the 
gas Will oxidize the carbon with practically 
no oxidation of metal, maintaining the 
temperature between said limits, and dis 
continuing the treatment when sufficient de 
carburization has taken place. 

19. The process of oxidizing impurities 
from metals, which consists in maintaining 
the metal at a temperature, suitable for re 
fining, at which the affinity of the impurity 
for oxygen is greater than the affinity of the 
metal for oxygen, and meanwhile blowing 
the metal with an oxygen-containing gas 
which is in equilibrium with said metal but 
which is oxidizing with respect to said im purities. 

20. The process of producing steel from a 
mixture containing iron, which consists in 
maintaining such mixture in a molten con 
dition and in subjecting the molten bath to 
a gaseous oxidizing agent having an oxygen 
pressure, at the temperature at which the 
bath is maintained, which renders said gas 
eous agent a reducing agent with respect to 
oxid of iron and at the same time an oxidiz 
ing agent with respect to an element or ele 
ments which it is desired to eliminate from 
the bath. 

21. The process of producing steel which 
consists in maintaining a mixture of iron 
and associated impurities in the form of a 
molten bath having a predetermined tem 
perature, regulating the gaseous mixture 
emanating from the stack of a blast furnace 
to produce an oxygen pressure therein 
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which is adapted at said predetermined 
temperature to act as a reducing agent with 
respect to iron oxid, and at the same time as 110 
an oxidizing agent with respect to the im 
purity or impurities which it is desired to 
eliminate from the bath, and in subjecting 
the bath to the action of said regulated mix 
ture. 

22. The process of producing refined met 
als and alloys, which consists in maintain 
ing a molten bath of the metal or metals to 
be refined and the associated impurities at 
a predetermined temperature, and in sub- 120 
jecting the molten bath to a gaseous agent, 
containing oxygen having an oxygen pres 
sure, at the temperature at which the bath 
is maintained, which renders said gaseous 
agent a reducing agent with respect to the 125 
oxid or oxids of such metal or metals as it 
is desired to retain in the bath, and at the 
same time an oxidizing agent with respect 
to the impurity or impurities which it is de 
sired to eliminate. 
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23. The process of refining metals and al 
Joys containing an undesirable oxidizable 
element or elements, which consists in heat 
ing the material under treatment to a tem perature at which the oxygen-affinity of the 
element or elements which it is desired to 
eliminate is greater than that of the ele 
ment or elements to be retained, and in Sub 
jecting the heated material to the action of a gas containing an oxygen-compound mixed 
with one or more of the products of disso 
ciation of said oxygen-compound in propor 
tions to produce a gaseous mixture having 
a pressure of dissociation suitable, at a tem 
perature of the heated material, for oxidiz 
ing the element or elements which it is de 
sired to eliminate but unsuitable for like ac 
tion upon the element or elements which it 
is desired to retain unoxidized. 

24. The process of producing refined met 
als and alloys from material containing Such 
metal or alloys associated with an undesir 
able oxidizable element or elements, which 
consists in heating the material under treat 
ment to a temperature at which the oxygen 
affinity of the element or elements which it 
is desired to eliminate is greater than that 
of the element or elements to be retained, 
and in subjecting the heated material to the 
action of a gas containing an oxygen con 
taining component mixed with a reducing 
component, said component gases being 
mixed in proportions suitable, at the tem 
perature of the heated material, for oxidiz 
ing the element or elements which it is de 
sired to eliminate but unsuitable for like ac 
tion upon the element or elements which is 
desired reduced. - 25. The process of refining metals and al 
loys containing an undesirable oxidizable 
element or elements, which consists in heat 
ing the material under treatment, to a tem perature at which the oxygen-affinity of the 
element or elements which it is desired to 
eliminate is greater than that of the element 
or elements to be retained, and in subject 
ing the heated material to the action of a 
gas containing carbon dioxid mixed with 
carbon monoxid in proportions suitable for 
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oxidizing the element or elements which it 
is desired to eliminate but unsuitable for a 
like action upon the element or elements 
which it is desired to retain unoxidized. 

26. The process of refining metals and al 
loys containing an undesirable element or 
elements, which consists in heating the ma 
terial under treatment to a temperature at 
which the oxygen-affinity of the element or 
elements which it is desired to eliminate is 
greater than that of the element or elements 
to be retained, and in subjecting the heated 
material to the action of a gaseous oxygen 
compound the oxygen-affinity of which, at 
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the temperature of the bath, is greater than 
that of the element or elements to be re 
tained but less than that of the element or 
elements to be eliminated. 

27. The process of producing refined sili 
con steel from high carbon iron containing 
silicon, consisting in providing a molten 
bath of said iron, electrically heating said 
bath to a temperature at which selective oxi 
dation of carbon in preference to silicon 
takes place, and passing therethrough a gas 
containing carbon dioxid in quantities suit 
able for the selective oxidizing action on 
carbon at the temperature at which the bath 
is maintained, but unsuitable for a like ac 
tion upon silicon. 28. The process of producing low-carbon 
steel, which consists in subjecting high-car 
bon iron, maintained in a molten condition 
at a temperature such that the affinity of 
oxygen for the contained carbon is greater 
than its affinity for the elements to be re 
tained, to the action of a gaseous mixture 
containing carbon dioxid and carbon mon 
oxid in regulated proportions suitable for 
selective oxidation of carbon at said tem 
perature, but unsuitable for a like action 
upon the element or elements which it is de 
sired to retain unoxidized. 

In witness whereof, I, hereunto subscribe 
my name this 5th day of April A. D., 1909. 

ALBERT E. GREENE. 
Witnesses: 

ALFRED. H. MooRE, 
GEORGE E. Folk. 
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