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United States Patent Office 
3,194,650 

METALLURGECAL MELNG AND REFENNG 
PRGCESS 

Edward F. EEEziasizi, Alentown, Fa, assigor, by aesae 
assig Renés, to Air Prod: cts aid (Caericas, ac., 
rexertowa, Pa., a corporatica of Delaware 

Fäed Apr. 5, 1964, Ser. No. 10,922 
19 Cais. (C. 75-43) 

This application is a continuation-in-part of appli 
cant's copending application S.N. 7,457, filed February 
8, 1960 (and now abandoned), for "Metallurgical Proc 
ess and Apparatus,' which application is a continuation 
in-part of application S.N. 804,809, filed April 7, 1959, 
for "Steel Making Process,' now abandoned. 
The present invention relates to improvements in 

metallurgical process and apparatus and more particu 
larly to novel methods and apparatus for producing 
metals in furnaces of the type in which material is 
placed in a furnace and heat is applied to the material 
by a flame which impinges on the material. 
The production of metals in furnaces of this type re 

quires, among other things, controlled application of 
heat to the furnace including rapid application of the 
greatest permissible quantity of heat to the material 
while maintaining a proper atmosphere within the fur 
nace during various stages of a heat, such as the melt 
down period, the period of hot metal addition and the 
working or refining period. 
The present invention is applicable to a variety of 

furnaces for the production of a variety of non-ferru 
ginous metals. Problems overcome by the present in 
vention, however, can for the most part be illustrated by 
reference to the production of steel in an open hearth 
furnace, it being expressly understood that this is only 
one of the many examples that could be cited. In a 
conventional open hearth furnace, heat is supplied by 
combustion of fuel in burners fixed in the end walls of 
the furnace. The quantity of heat that may be intro 
duced into a furnace in this manner is limited by the 
roof refractories and by the furnace geometry, the roof 
refractories being damaged by high temperature and 
the furnace geometry limiting the amount of air that 
can be supplied, and thus correspondingly limiting the 
quantity of fuel that can be burned and the size and 
shape of the flame. Moreover, a substantial proportion 
of the heat transfer from the burner fame is by radia 
tion to the material in the hearth. Naturally, the heat 
from the flame is radiated in all directions from the 
flame, and only that portion of the environment of the 
flame which is occupied by the charge is thus heated by 
the flame; and if the charge is covered with slag, it is 
the slag and not the charge that receives the heat directly 
from the flame. 

Attempts have been made in the past to increase the 
transfer rate of heat units to the material in the hearth 
such as by the use of multiple burners fixed in the end 
walls or in the roof or by the use of high density fuels. 
In all such cases, however, an inefficient performance 
resulted since the fuel input was materially limited by 
the maximum permissible roof temperature, since there 
was inefficient heat interchange between the burner 
flames and the material in the hearth, and since the heat 
insulation characteristics of the slag interfered with heat 
transfer to the charge. 
Comparable difficulties have been encountered in 

other types of pyrometallurgical apparatus and proc 
esses of the general types recited above. 

Accordingly, it is an object of the present invention 
to provide novel methods of and apparatus for improv 
ing the efficiency of heat transfer to material comprising 
the charge of a metallurgical furnace. 
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Another object of the present invention is the pro 

vision of a novel method of and apparatus for trans 
ferring heat to material in a metallurgical furnace in 
Such a manner as to permit an increase in the fuel input 
to the furnace without damage to the furnace. 

Still another object is to provide a novel method of 
and apparatus for operating open hearth furnaces which 
results in a drastic reduction in the time for a heat as 
compared to the heat time required when practicing 
conventional methods. 
During stages of a pyrometallurgical process in which 

the charge is exposed to flames, it may be necessary, 
due to normal or abnormal conditions, periodically to 
vary the heat units supplied to the material under treat 
ment. For example, during hot metal addition, a 
foaming slag may form which further decreases the 
heat conductivity between the flame and the bath and as 
a result the bath becomes cold and sluggish. This con 
dition presents a serious problem in conventional fur 
nace operation and it is necessary to decrease the fuel 
input to the furnace in order to maintain the temperature 
of the lining within safe limits, thereby slowing down 
the process until a normal slag is obtained. Also, con 
trol of heat to the bath is required during the working 
or refining stage if metallic ores are added to the bath 
to supply oxygen to the reaction, since the addition of 
ores reduces the bath temperature at a time when the 
bath must be at a temperature sufficient to prevent 
freezing upon addition of the oxidizing agents and also 
to promote the endothermic oxidizing reactions involv 
ing the metallic ores. Also, difficulties resulting in 
time-consuming operations are also experienced in con 
ventional practice when attempting to obtain and main 
tain proper bath temperature and furnace atmosphere 
so as to assure the desired composition of the bath at 
the time of tapping. 

It is therefore a further object of the present invention 
to provide a novel method of and apparatus for ac 
curately controlling and varying the temperature of a 
furnace of the type described. 
A still further object of the present invention is the 

provision of novel methods of and apparatus for con 
trolling the atmosphere of a furnace of the type de 
scribed during various stages of the process. 

Further objects and features of the present invention 
will become apparent from a consideration of the foll 
lowing description, taken in connection with the accom 
panying drawings, which illustrate several embodiments 
of the present invention. It is to be understood, how 
ever, that the several embodiments of the present inven 
tion shown in the accompanying drawings are by no 
means all the embodiments of which the invention is 
susceptible. 

In the drawings, in which similar reference characters 
denote similar elements throughout the several views: 
FIGURE 1 is a diagrammatic view, partially in longi 

tudinal section, of one end of an open hearth furnace 
constructed in accordance with one embodiment of the 
present invention; 
FIGURE 2 is a plan view, partly in section, of the 

structure shown in FIGURE 1; 
FIGURE 3 is a detailed view of a portion of the appa 

ratus shown in FIGURE 1; 
FIGURE 4 is a diagrammatic view, partly in longitu 

dinal section, of an open hearth type of furnace modified 
in accordance with another embodiment of the present 
invention; 
FIGURE 5 is a view in horizontal section taken on the 

line 5-5 of FIGURE 4; 
FIGURE 6 is an enlarged view in cross section of the 

discharge end of a jet device according to the present 
invention; 
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FIGURE 7 is a view in cross section of a modified 
open hearth furnace according to the present invention; 
FIGURE 8 is a diagrammatic view, partly in section, 

of a furnace constructed in accordance with still another 
embodiment of the present invention; 
FIGURE 9 is a diagrammatic view, partly in section, 

of furnace apparatus constructed in accordance with fur 
ther embodiments of the present invention; 
FIGURE 10 is a diagrammatic view, in section, of a 

furnace constructed in accordance with a still further 
embodiment of the present invention; and 
FIGURE 11 is a plan view, partly in section, of the 

apparatus of FIGURE 10. 
In general, the present invention comprises conducting 

fuel and oxygen within a furnace along at least one con 
fined path to a point in the furnace spaced from the walls 
of the furnace, and in close proximity to material in the 
furnace and there forming a high temperature high ve 
locity flame which is impinged directly on adjacent ma 
terial from above and from only a short distance away. 
During the melting down period, the flame is played on 
the material within the furnace. When the invention is 
practiced in connection with a liquid charge, as for ex 
ample during the refining period following a melting 
down period, the flame is directed against the charge 
from a short distance away and the axis of the flame is 
maintained at an angle greater than 25 with the charge 
and the flame is given such a velocity as to part any slag 
that may be on the surface of the liquid charge so that 
the flames directly contact the molten metal. In any 
event, this method differs fundamentally from the earlier 
methods in that heat is transferred from the flame to the 
charge, whether solid or molten, substantially by convec 
tion rather than by radiation. In particular, it has been 
found that the temperature gradient across the flame of 
the present invention is less than for conventional prac 
tice using air, or for that matter less than conventional 
burner practice employing oxygen with air, so that in 
effect the proportion of the flame contacting the charge 
which is at or near the maximum flame temperature will 
be considerably greater than in conventional practice; 
while at the same time, the surface area of the flame from 
which radiation can take place is greatly reduced as com 
pared to conventional practice. As a result, the rate of 
fuel feed and hence the rate of heat input can be in 
creased, and the total time of the heat can be reduced, 
compared to conventional practice. 

Referring now to the drawings in greater detail, one 
of the many embodiments of the present invention is 
shown in FIGURES 1, 2 and 3 in the environment of a 
generally conventional open hearth furnace which has 
been modified relatively little to adapt it to the practice of 
the present invention. As is there shown, an open hearth 
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furnace is provided, including a bottom 10, a back wall 
1, a front wall 12, an end wall 13, a roof 14 and a roof 

port 15, illustration of only one end portion of the fur 
nace being necessary for an understanding of the prin 
ciples of the invention. The bottom 19 provides a hearth 
6 in communication with a port 7 which leads through 

gas passageway 8 to conventional checkers (not shown). 
A conventional end wall burner 19 mounted in end wall 
13 and fed with fuel and steam such as liquid fuel atom 
ized by steam. When burned with air heated in the 
checkers, the fuel produces a flame. 20 which is directed 
longitudinally of the furnace onto material in the hearth 
such as a solid charge, or a bath of molten material. 21. 
Burner 19 has the usual means (not shown) for feeding 
and ejecting combustible fuel mixtures. There is an iden 
tical burner at the other end of the furnace (not shown), 
and the burners are operated in alternation, as is usual. 
The structure thus far described is conventional. 

In order to change the mode of heat transfer and to 
achieve the objects of the invention, the present invention 
provides, in connection with this first embodiment, a 
novel method of and apparatus for introducing fuel and 
oxygen into the furnace through at least one confined 
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4 
path to a point in the furnace spaced from the roof and 
walls of the furnace and above the charge, and there form 
ing the fuel and oxygen into a high velocity high tem 
perature flame which is relatively small compared to a 
conventional burner flame and which is impinged directly 
onto material in the hearth in close proximity therewith, so 
that heat is transferred to the charge substantially by con 
vection rather than by radiation. For this purpose, there 
is provided an elongated jet device 25 positioned in the end 
wall 3 of the furnace by mounting means 26 which per 
mits universal movement of the jet device including rota 
tion about its longitudinal axis. Jet device 25 is slidable 
through mounting means 26 and is thus movable along its 
own axis relative to the furnace. The elongated jet device 
includes a discharge end 27 located within the furnace and 
which may be angularly disposed with respect to the lon 
gutudinal axis of the jet device, and an input end 28 located 
outside the furnace. Jet device 25 is disposed below 
burner 19 and extends into the furnace substantially 
beyond burner 19 so that the flame from burner 19 masks 
the flame from jet device 25 from the roof. A similar 
jet device is located in the opposite end wall of the 
furnace, beneath the end wall burner in that end wall. 
The jet devices, like the end wall burners, may be alter 
nately operated in synchronism with the direction of flow 
of air to and exhaust gases from the furnace. 

Apparatus for universally moving jet device 25 includes 
a sleeve 30 universally joined as by a ball and socket 
arrangement 3E to the upper end of a vertically dis 
posed pedestal 32 screw threadedly mounted in a Sup 
porting base 33 provided with a movable member 34 
operable to establish the height of pedestal 32, the mem 
ber 34 being shown in the form of a hand wheel for 
manual adjustment. Supporting base 33 is mounted on 
transverse track 35 and the transverse track is in turn 
slidably mounted on a pair of longitudinal tracks 36 
supported on floor 37. Base 33 may be moved relative 
to track 35 and track 35 may be moved relative to tracks 
36 by suitable power means (not shown) and these 
members may be locked in any desired position relative 
to each other by means of pins 38. With this arrange 
ment, movement of the transverse track relative to the 
longitudinal tracks will effect inward and outward move 
ment of the discharge end of the jet device relative to 
the end wall, and movement of base 33 relative to the 
transverse track will cause the jet device to swing toward 
the front wall or the back wall of the furnace depending 
upon the direction of movement of the supporting base. 
Vertical adjustment of pedestal 32 will effect vertical 
movement of the discharge end of the jet device relative 
to the hearth. The device may be rotated about its lon 
gitudinal axis to move the discharge end 27 to different 
angular positions by employing a split sleeve 39 provided 
with clamping means 39. - 

Jet device 25 is of the cooled type and includes lon 
gitudinal passageways (not shown) extending from in 
let end 28 to at least adjacent discharge end 27, for con 
ducting a cooling fluid such as water through inlet con 
duit 44 to the discharge end 27 and for returning warmed 
cooling fluid to the inlet end of the device for discharge 
through outlet conduit 45. In addition, the jet device 
includes structure defining a pair of conduits, each formed 
by at least one passageway (not shown) extending from 
the input end 28 to the discharge end 27. The discharge 
end of the jet device thus provides means for mixing 
the fuel and oxygen and for discharging the mixture for 
combustion in the furnace. One of the passageways is 
fed with oxygen controllably supplied by conduit 42 hav 
ing control valve 43 and another confined path receives 
fuel in gaseous or liquid form supplied through conduit 
40 provided with a control valve 4. When liquid fuel 
is used, gaseous oxygen may be used to atomize the fuel 
and the atomization may be accomplished in or adjacent 
the discharge end 27. Whether the fuel is in liquid or 
gaseous form, the mixing with the oxygen may be per 
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formed at or near the discharge end of the jet device or 
outside the furnace such as at the inlet end 28. In the 
latter case, the jet device may include but one passageway 
for feeding the combustible mixture through the jet de 
vice to its discharge end. Obviously, however, the 
combustible mixture is explosive when confined; and 
hence, well-designed equipment is needed when mixing 
upstream from the discharge end. Thus, jet device 25 
may for example comprise three concentric shells: an 
inner passageway through which fuel passes, a middle 
passageway surrounding the inner passageway and through 
which oxygen passes, and an outer passageway for water, 
the outer passageway being closed at discharge end 
27 and divided longitudinally into two separate passage 
ways except at end 27, so that water must pass down to 
end 27 and back when traveling from conduit 44 to con 
duit 45. The inner and middle conduits, of course, are 
open at end 27. 
The embodiment of FIGURES 1, 2 and 3 has the 

tadvantage that it is adaptable to existing installations 
such as present day open hearth furnaces for steel pro 
duction. In accordance with the principles of the present 
invention, however, it will be evident that a relatively 
high proportion of the fuel Supplied to the process should 
be fed through the jet devices rather than through the 
end wall burners. Nevertheless, there remains a certain 
advantage in continuing to supply some of the heat re 
quirements of the process by means of the end waii 
burners rather than entirely through the jet devices, for 
the relatively low temperature flames from the end 
wall burners form in effect a canopy over the relatively 
high temperature flames of the jet device, so that the roof 
refractories are not subjected even to the relatively small 
quantity of high temperature radiation which is never 
theless emitted from the high temperature flames notwith 
standing the fact that Substantially all the heat from 
these flames is transmitted by convection to the charge. 
Thus, although the principal source of heat in this em 
bodiment in the present invention is the jet flames, the 
canopy effect of the end wall burner flames and the re 
Sulting transmission to the charge of heat that might 
otherwise be lost by radiation from the jet flames may 
often make it economically feasible to continue to op 
erate the end wall burners at reduced rates of fuel con 
Sumption. 
The concept of the present invention of conducting 

fuel and oxygen to within a furnace along at least one 
confined path to a point in the furnace spaced from the 
Walls of the furnace and in close proximity with ma 
terial in the furnace and there forming a high tempera 
ture flame which is impinged directly on the material 
may, in accordance with another embodiment of the pres 
ent invention, be employed in conventional open hearth 
furnaces in a manner different from the embodiment 
shown in FIGURES 1, 2 and 3 which makes it possible to 
operate conventional open hearth furnaces according to 
a novel process providing greatly improved production 
even though the major portion of the total fuel input 
of the furnace may be introduced through the conven 
tional end wall burners. In such an embodiment one 
or a plurality of elongated oxy-fuel burners or jet de 
vices are mounted in the roof of a conventional open 
hearth furnace with the longitudinal axis of the oxy 
fuel burners substantially vertically disposed by an ap 
paratus which permits vertical adjustment of the dis 
charge ends of the oxy-fuel burners within the furnace. 
Although FIGURES 4 and 5 of the drawings illustrate 
a still further embodiment of the invention to be de 
scribed in detail below, these figures show the manner 
oxy-fuel burners may be mounted in the roof of a con 
ventional open hearth furnace. The roof 53 of the 
furnace of FIGURE 4 may be considered as the roof of 
a conventional open hearth furnace and a plurality of 
elongated jet devices or oxy-fuel burners 59 are mounted 
through the roof 53 for heightwise adjustment within the 
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6 
furnace. FIGURE 4 illustrates two elongated oxy-fuel 
burners in one half of the furnace and therefore this 
drawing shows an arrangement including four oxy-fuel 
burners mounted in the roof of the furnace. It is to be 
understood that a greater or less number of oxy-fuel 
burners may be employed if desired. The oxy-fuel 
burners 59 extend through mounting means 6 in the 
furnace roof to within the furnace for heightwise move 
ment relative to the furnace roof and means are lo 
cated without the furnace for adjustable positioning the 
Oxy-fuel burner within the furnace; a rack 63 on the 
jet device cooperating with a pinion located within sta 
tionary sleeve 67 and manipulated by a hand wheel 65 
may be provided for the latter purpose. The oxy-fuel 
burners may include a single axially disposed nozzle at 
their discharge ends but it is preferable to employ 
elongated oxy-fuel burners having discharge ends in 
cluding a plurality of nozzles inclined outwardly from 
and Substantially equally spaced about the longitudina 
axis of the burners. The oxy-fuel burners 59, like the 
jet device 25 of FIGURE 1, are provided with oxygen 
and fuel passageways which communicate outside the 
furnace with sources of oxygen and fuel through suitable 
valved conduits. The passageways extend through the 
elongated burners and by means of a suitable mixing 
arrangement a combustible mixture is discharged through 
the nozzles and burned in short, high intensity flames 
extending angularly and downwardly from the discharge 
ends of the oxy-fuel burners. The oxy-fuel burners 59 
are also fed with suitable fluid coolant. Oxy-fuel burners 
disclosed in applicant application Serial No. 101,012, 
filed concurrently herewith, may be used in connection 
with the present invention. 

in operation of a conventional open hearth furnace 
modified to include one or more roof-mounted oxy-fuel 
burners as described above, the oxy-fuel burners are 
moved upwardly in a direction toward the roof of the 
furnace and fuel and oxygen is fed to the oxy-fuel burners 
to provide high intensity, relatively short, flames directed 
downwardly into the furnace, and the end wall burners 
are fired and the furnace is reversed generally in the 
usual manner, however, the oxy-fuel burners, when in 
operation, are independent of furnace reversal. The 
charging of solid material is initiated before or after the 
Oxy-fuel burners are fired and the oxy-fuel burners are 
adjusted heightwise so that the high intensity flames 
impinge directly onto the solid material, the position of 
the oxy-fuel burners being adjusted as required upon 
melting of the solid material. The foregoing operation 
continues until the charging of solid material is com 
plete. For maximum efficiency and temperature the ??? 
fuel burners should be adjusted heightwise to position 
the inner cone of the flame as close as possible to the 
charge as permitted by conditions of melting, temperature 
of the charge, size of area of charge directly affected by 
Oxy-fuel burner flame and metal splash. After completion 
of the Solid charge and banking of the furnace doors, hot 
metal is added to the furnace; fuel to the Oxy-fuel burn 
ers being cut off prior, during or after the hot metal 
additions depending upon conditioning within the furnace. 
Immediately after the hot metal additions the oxy-fuel 
burners may be lowered to within several inches above 
the bath and then oxygen alone is discharged through the 
nozzles onto the bath to effect the required refining of the 
metal. During the refining period the heat input to the 
furnace may be reduced by decreasing the fuel input 
to the end wall burners or if additional heat is required 
fuel may be fed to the oxy-fuel burners. 
The foregoing process results in a material decrease 

in the time required for a heat, that is the period between 
the beginning of the solid charge and tapping. The re 
duced time of the heat is achieved by the use of oxy 
fuel burners which function to transfer rapidly into the 
charge an extraordinary large quantity of heat units. 
However, the remarkable reduction in heat time does not 
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result merely from a more rapid melting of the solid 
charge which would be expected as a consequence of the 
additional heat input but from unobvious resulting factors 
which makes it possible to adopt novel operating pro 
cedures. In particular, the novel process permits the 
hot metal addition to be made immediately after coin 
pletion of the solid charge and obtains a Substantial 
reduction in the refining period as compared to con 
ventional open hearth practice employing oxygen. 

In spite of the fact that substantially greater heat has 
been introduced into the furnace and absorbed by the 
material in the furnace during the charging period, as 
compared to conventional practice, at completion of the 
solid charging the material within the furnace has not 
reached the condition necessary in normal practice for 
the hot metal addition. Thus, by practicing this em 
bodiment of the present invention the charging time and 
melt down time of conventional practice has been re 
duced to the time required to complete the Solid charge. 
The novel process therefore, includes, in addition to the 
unique manner of introducing heat to the material With 
in the furnace through the oxy-fuel burners, the step of 
adding hot metal after completion of the solid charge at 
a time when the temperature of the charge is non-uniform 
(the portions of the charge impinged upon by the high 
intensity flames from the oxy-fuel burners being at a 
higher temperature than portions of the charge removed 
from direct influence of the burners) and before the 
charge attains a substantially uniform temperature which 
is the condition existing when hot metal is added ac 
cording to conventional practice. 
While the greatest efficiency will be realized by adding 

hot metal as soon as possible after completion of the 
solid charging it will be appreciated that delays may exist 
between completion of the solid charge and hot metal ad 
dition. Such delays may be occasioned by required me 
chanical adjustment of equipment, such as the necessary 
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banking of the furnace doors before hot metal additions, 
or may exist merely because a specific schedule of opera 
tion has been arbitrarly adopted. In any event, if the hot 
metal is added after completion of the solid charge but 
before the temperature of the charge becomes Substan 
tially uniform, such as the required condition of the 
charge for hot metal addition under conventional practice, 
substantial savings in time are obtainable and it is to be 
understood that the present process embraces such delayed 
hot metal additions. 
A 200 ton openhearth furnace was operated according 

to the foregoing process producing several heats and the 
average time between the start of the charge and the tap 
was about three hours considering unrelated delays due 
to mechanical difficulties; the period between the initial 
charging and the hot metal addition averaging about 
forty-five minutes and the refining period averaging about 
two hours and fifteen minutes. When this performance 
is compared to operation of the same furnace according 
to normal oxygen practices the great advantages obtained 
by novel process become manifest; with the normal oxy 
gen practice heats of about six hours were required, the 
time between initial charging and hot metal addition 
being about two hours and the refining time about four 
hours. 

In view of the complex nature of the physical change 
and chemical reactions that take place during a heat in 
an open hearth furnace it is not possible to ascertain 
positively the reasons why the great advantages are ob 
tained by the present process. In any event, the obtaining 
of such advantages is possible by the discovery that hot 
metal additions need not be postponed until the charge 
attains critical characteristics accompanied by a sub 
stantially uniform temperature throughout the charge but 
may be made after a predetermined quantity of heat is 
absorbed by the charge without regard to the distribution 
of such heat throughout the charge. In conventional open 
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3. 
hearth furnaces to which the presently described embodi 
ment relates, it is necessary to bank the furnace doors be 
fore hot metal additions and accordingly there would be 
no apparent advantage to supply to the charge the neces 
sary heat units for hot metal additions prior to comple 
tion of the charge even though the unique character of 
the oxy-fuel burners would permit the obtaining of that 
result. Thus, in the present embodiment it is only neces 
sary for optimum performance to apply to the charge the 
necessary heat units for hot metal additions at the time the 
charge is complete. In later described embodiments which 
may be considered as involving further modifications of 
conventional open hearth furnaces, it is practicable to 
supply to the charge the necessary heat for hot metal ad 
ditions, and to add the hot metal, before the solid charge 
is complete, or, as a matter of fact to adopt a procedure 
in which solid charge and hot metal are simultaneously 
introduced into the furnace. Moreover, in accordance with 
the present embodiment, at the beginning of the refining 
stage the material in the furnace has absorbed a greater 
number of heat units than would be the case at the cor 
responding point of a heat according to conventional prac 
tice. The presence of additional heat in the charge, not 
only at the beginning of the refining period but also at 
least throughout a Substantial portion of the refining 
period, is believed to result in more rapid decarburiza 
tion and hence the heat may attain proper temperature 
and composition for tapping at an earlier-time following 
the hot metal addition. Another factor influencing the 
obtained decrease in the refining time results from the 
novel step of charging hot metal at a time when the charge 
is at a Substantially non-uniform temperature, that is, 
When portions of the scrap immediately below the oxy 
fuel burners are at a very high temperature relative to 
other portions of the charge. Charging of hot metal 
under these conditions results in the formation of a foamy 
slag. The problems attendant the presence of a foamy 
Slag in conventional operation of open hearth furnaces 
are not involved when practicing the present embodiment 
in view of the relatively great quantity of heat absorbed 
by the charge, or available for adsorption, and it has been 
discovered that the presence of a foamy slag permits the 
use of higher oxygen flow rates during the refining period, 
as compared to permissible flow rates under conventional 
practice. In actual operation of a 200 ton open hearth 
furnace according to the present method oxygen flow 
rates through each of the two oxy-fuel burners in excess of 
45,000 cubic feet per hour were employed. Such oxygen 
flow rates in the same furnace when operating according 
to conventional practice would result in excessive splash 
ing and resulting roof damage and accordingly could not 
be used. Thus, the high heat content of the charge at 
the beginning of the refining stage and the presence of a 
foamy slag are two of the factors which make it possible 
to reduce the refining period according to the novel 
process. 

It is understood, of course, that in order to achieve the 
full advantages obtainable by practicing the novel proc 
ess it is necessary that the solid charge be completed as 
rapidly as possible and if the time required for the solid 
charging is slow it is possible that the charging time may 
be greater than the time required to introduce the re 
quired heat units into the charge. As mentioned above 
the present process was practiced in a 200 ton open hearth 
furnace employing two roof-mounted (oxy-fuel burners 
While employing normal charging techniques and the 
Solid charging was completed within forty-five minutes at 
which time the furnace was in a condition to receive the 
hot metal additions and flow of fuel to the oxy-fuel burn 
ers could be terminated. However, in open hearth fur 
naces of greater capacity, for example .500 tons, it is con 
ceivable that unless rapid charging techniques are em 
ployed the required heat units may be fed to the charge 
before the solid charging is completed. In such a situa 
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tion, although the hot metal would be added at an earlier 
time as compared to conventional practice and the re 
fining time shortened, the full advantages obtainable from 
the present method could not be realized without employ 
ing a more efficient charging technique. 
The 200 ton open hearth furnace operated in accord 

ance with the present process employed end wall burners 
fed with Bunker C oil and oxygen according to conven 
tional practice. Two oxy-fuel burners, mounted in the 
roof of the furnace for heightwise adjustment, were fed 
with natural gas and oxygen of about 99.5% purity and 
each included a discharge end having six one-half inch 
diameter openings, disposed at 30 relative to the longi 
udinal axis of the burner. During the scrap charging 
the discharge ends of the burner were located at least 
two feet above the scrap, and as the scrap melted the 
burners were lowered to maintain such spacing. After 
the hot metal addition and the beginning of the refining 
stage the discharge ends of the burners were lowered to 
a position about four inches above the bath. The follow 
ing examples comprise data obtained during heats of the 
open hearth furnace described above in which the oil is 
rated at 165,000 B.t.u./gal., the natural gas rated at 1,000 
B.t.u./M c.f.; the oxygen was of a purity of 99.5 percent, 
and in which the natural gas consumed is indicated in 
equivalent gallons of oil based on 150,000 B.t.u./gal, for 
oil: 

EXAMPLE 
Furnace charge: 

Scrap 
NO. 1 baleS ---------------------------- 30,000 
Sab ends –--------------------- 41,000 

Hot metal --------------------------- 160,000 
Lime –------------------------------ 7,500 

Furnace additions: 
Cre ? ???--??????----------????---------pounds- 8,000 

Ladie additions: 
Total metal ------------------pounds-- 1 1,800 

Total metal (furnace charge, furnace and ladle 
additions) ----------------------pounds. 237,600 

Total ingot Weight ------------------ do--- 190,000 
Skull ----------------------------- do-----000,?16 ? 
Total tap Weight -------------------- do206,000 --?--? 
Yield ---------------------------percent- 86.7 
Production rate ---------------- tons/hour. 44.53 

* 4,800 pounds metal. 

Oxygen, oil and natural gas consumption 

A. From start of charge to start of hot metal addition: 
End wall burners 

Oil-224 gallons or 38,960,000 B.t.u. 
Oxygen-none 

OXy-fuel burners 
Natural gas-103 gallons or 15,450,000 B.t.u. 
Oxygen-51,450 cubic feet 

B. From start of hot metal addition to tap: 
End wali burners 

Oil-653 gallons or 104,445,000 B.t.u. 
Oxygen-none 

Oxy-fuel burners 
Natural gas-none 
Oxygen-139,650 cubic feet 

Carbon reduction rate 

Minutes after hot Oxygen flow Ore addition 
metal addition Percent carbon Oxy-fuel (pounds) 

burners (c.f.h.) 

19- 1.39 9,000 ---------------- 
33 60 94,000 4,000 
56- 1.5 94,000 4,000 
78. 0.285 94,000 ---------------- 
84-------------------- 0.07 94000 ? ||---------------- 

5 

20 

O) 
Rate of temperature rise 

MiliteS after oft Temperature, Burner oil flow Oxygen flow 
metal addition. ? F. (g.p.m.) ???-fuel 

burners (c.f.h.) 

2, 635 2 94,000 
2,725 I2 t0 15 94,000 
2,820 1.5 to 6 94,000 
2,865 6 94,000 
2,940 6 94,000 

Chronological heat log 

Minutes 
before hot Event 
metal 

addition 

38---------- Oxy-fuel furniers on, Oxygen, 45,000 c.f.h. Birner and 
natural gas 42,300 c.f.h.. through burners; oil, 10 g.p.m.; 
air, 980,000 c.f.h. 

Start charge. 
Finish charge. 
Oxy-fuel burners lowered to 4 above scrap. 
Bank doors. 
Oxy-fuel burners lowered to 3 above scrap. 
Start hot metal addition. Natural gas off on oxy-?uel 

burners. 
- Finish hot metal addition. Oil increased to 12g.p.m. 

Oxygen to oxy-fuel increased 47,000 c.f.h.. and oxy-fuel 
burners positioned 4-6” above slag. 

Carbon 1.39% 
Temperature 2,635° F. 
Carbon 1.60%. 
Temperature 2,725 F. 
Oil decreased to 5g.p.m., air 820,000 c.f.h. 
4 box ore (i,000 pounds) added. 
% box ore (1,000 pounds) added. 
2-3 box ore (2,000 pounds) added. 
Redifumes coming from stack, same as When 25,000 c.f.h. 0. 
lance Was used. 

Carbon 1.15%. 
Oil reduced to 1.56 gp.m., air; 520,000 c.f.h. 
’Î'emperature 2,820° F. 
One box ore (4,000 pounds) added. 
Oil increased to 6 gpm. 
Temperature 2,865° F. 
Carbon 0.265% (bath clear and settled). 
Bath flat (i.e., less than 0.07% C.). Temperature 2,920 F. 
Temperature 2,940° F. 
Oxygen turned off oxy-fuel burners. 
Tap (heat broke out through tap hole). 

45 EXAMPLE III 
Furnace charge: - 

Scrap 
No. 1 baleS ---------------pounds. 27,000 
Slab ends ------------------do---- 105,000 

50 Hot metal --------------------- do---- 213,000 
Lime ------------------------- do---- 8,000 

Furnace additions: 
Ore ------------------------pounds-- 16,000 

55 Ladle additions: 
Total metal ------------------pounds-- 2,750 

Total metal (furnace charge, furnace and ladle 
additions) ---------------------pounds. 351,350 

Total ingot Weight ------------------ do... 315,200 
'Skull -----------------------------do---- 1,000 

Total tap weight -------------------- do. 36,200 
Yield ---------------------------percent. 90.0 
Production rate ---------???? ? ?? ? = ?tons/hour-- 63.04 

65 l. 3,600 pounds metal. 

70 

Oxygen, oil and natural gas consumption 

A. From start of charge to start of hot metal addition: 
End wall burners 

Oil-321 gallons or 52,965,000 B.t.u. 
Oxygen-9,500 cubic feet 

Oxy-fuel burmers: 
Natural gas-187 gallons or 28,050,000 B.t.u. 
Oxygen-33,150 cubic feet 
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B. From start of hot metal addition to: 
End wall burners: 

Oil-935 gallons or 154275,000 B.t.u. 
Oxygen-14,500 cubic feet 

Oxy-fuel burners: 
Natural gas-None 
Oxygen-177,975 cubic feet 

Carbon reduction rate 

Minutes after hot Oxygen flow 
metal addition oxy-fuel 

burners (c.f.h.) 
Ore addition 

Percent carbon (pounds) 

3.67 9,000 ---------------- 
3.30 94,000 
1.85 94,000 
27 94,000 i, 500 

0.625 94,000 4,500 
0.49 94,000 
0.24 94,000 
0.11 94 000 ? || - - - - - - - - - - - - - - - - 

Rate of temperature rise 

Minutes after hot Temperature, Burner oil flow Oxygen flow 
metal addition o E. (g.p.m.) oxy-fuel 

burners (c.f.h.) 

2,590 94,000 
2,675 6 94,000 
2,740 6 94,000 
2,790 2 94,000 
2,770 2 ?O 8 94,000 
2,830 8 94,000 
2,880 8 94,000 
2,900 6 94,000 

Chronological heat log 

Minutes 
before hot Event 

Imetal 
addition 

Oxy-fuel burners on. Oxygen 45,000 c.f.h/burner, natural 
gas 5.8 equivalent g.p.m. burner. 

End wall burner oxygen at 25,000 c.f.h. oil, 11 g.p.m., air 
970,000 c.f.h. 

Start charge. 
Finish charge. 
Start banking doors. 
Finish bankingdoors. 
Reversal time decreased fro6 to 4 Luinutes. 
Natural gas off oxy-fuel burners. 
Start hot metal. 
Oxygen offend wall burners. - 
increase oxygen to 47,000 c.f.h..foxy-fuel burner. 
Finish hot metal. 
Oxy-fuel burners positioned approximately 6" above slag. 
Oxygen on end vall burners at 25,000 c.f.h.; oil 11g.p.m.; 
air 970,000 c.f.h. ??-?? ? - 

Steel leaking through tap hole. - 
Taip hole seems to be frozen. 
Large amount of red fumes coming from stack. 
Oxygen offend wallburners; oil reduced to 9 g.p.m.; air 
950,000 c.f.h. 

Carbon 3.67%. 
Temperature 2,590°F. 
Oil reduced to 6 g.p.m. 
Carbon 3.30%. 
Start flush. 
Temperature 2,675 F. 
Carbon 1.875%. - Temperature 2,740° F. 
Oil decreased to 2g.p.m. 
3-6 box ore (1,500 pounds) added. 
Carbon 1.27%; temperature 2,790°F. 
1% boxes ore (4,500 pounds) added. 
Oil increased to 8 g.p.m. V- 
Carbon 0.625%. Temperature 2,770 F. 
Carbon 0.49%. 
Temperature 2,830 F. 
Carbon 0.24%. 
Oil reduced to 6.g.p.m. 
Temperature 2,880°F. - 
Oxygen to oxy-fuel burners decreased to 20,000 c.f.h/ 
burner due to difficulty in tapping. 

Carbon 0.11%. 
Oil increased to 8g.p.m. 
Spar additions (5-10 shovels). Ready to tap but difficulty with the tap hole prevented 
tapping. 

Temperature 2,900.F. 
Start actual tap. 
Taip hole frozen. -- . . . 

- - - - - Start steel flowing through tap hole. 

40 

2 
- EXAMPLE II 

Furnace charge: 
Scrap 

23,000 ?--.pOuildS----------?-?----- ?? "NO. ".1 bakeS 
5 . Slab ends -----------------do. 115,000 

Hot metal --------------------- do--- 204,000 
Lime --------------------------do-...- 8,000 

Furnace additions: 
Ore -------------------------pounds... i. 6,000 

10 Total metal (furnace charge, furnace additions) 
pounds-- 349,200 

Total ingot Weight------------------- do---- 269,401 
Skull ------------------------------dO_--2,000 . ?--? 
Butt ------------------------------ do---- 4,591 

15 Total tap Weight -------------------- do---- 275,992 
Yield ---------------------------percent-- 76.84 
Production rate ------------------tons/hour 56.60 

3,600 pounds metal. 
20 Oxygen, oil and natural gas consumption 

A. From start of charge to start of hot metal addition: 
End wall burners 

Oil-301 gallons or 49,665,000 B.t.u. 
Oxygen-10,000 cubic feet 

25 Oxy-fuel burners 
Natural gas-142 gallons or 21,300,000 B.t.u. 
Oxygen-34,800 cubic feet 

B. From start of hot metal addition to tap: 
End wall burners 

30 Oil-886 gallons or 146,190,000 B.t.u. 
Oxygen-9,500 cubic feet 

Oxy-fuel burners: 
Natural gas-86 gallons or 12,900,000 B.t.u. 
Oxygen-188,625 cubic feet 

35 Carbon reduction rate 

Minutes after hot Oxygen ?low Ore addition 
metal addition Percent carbon oxy-fuel (pounds) 

burners (c.f.h.) 

43-------------------- 2.82 96,000 ---------------- 
66-------------------- 2.27 96,000 ---------------- 
70-------------------- 68 90000? :|----------------- 
81-------------------- 20 90000? || ---------------- 
100------------------- 0.26 96,000 6,000 
105------------------- 0.10 90000? {---------------- 

0SSJMSSSMMMSSSGSGGS AA SMMSSGSS GA A SMMMS SSSSSS AAAAA MM Mu uS 
Rate of temperature rise 

Burner oilflow oxygen flOW Minutes after hot. Temperature, 
metal addition o F. (g.p.m.) oxy-fuel 

burners (c.f.h.) 

2,500 8 96,000 
2,590 8 96,000 
2,630 8 96,000 
2, 670 8 96,000 
2,740 6 96,000 

2,740K ???} 96,000 
106------------------- 2,815 6 96,000 
ill------------------- 2,865 8 96,000 

Chronological heat log 

60 Minutes 
before hot Event 
metal 

addition 

Oxygen on oxy-fuel burners at 45,000 c.f.h. Iburner. 
Natural gas on north burner at 31,500 c.f.h. - 
Start charge. 
Natural gas on Southburner at 25,000 c.f.h.. Southburner 
on later than north burner due to Iminor delay. Oil 
increased from 4 to 12g.p.m. Oxygen on end wall burners 
at rate of 25,000 c.f.h.. Air 1,000,000 c.f.h. 

Finish charge. s 
Start to bank doors. 
Lower oxy-fuel burners to 3-4 above scrap 
Start hot metal. 
Air decreased to 860,000 c.f.h. 
Start secondladle hot metal. 
Finish hot metal. End wall burner oxygen reduced to 
20,000 c.f.h. - - 

Natural gas off oxy-fuel burners. 
Natural gas on oxy-fuel. burners again due to large scrap 

pile under oxy-fuel burners. 

65 

70 
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Chronological heat log-Continued 

Minutes 
before hot 

Imetal 
addition 5 

Event 

Natural gas of oxy-fuel burners; oxy-fuel burners lowered 
to bath, oxygen, 48,000 c.f.h. per oxy-fuel burner. 

Oxygen offend wall burners; oil reduced to 10 g.p.m. 
Oil reduced to 6 g.p.m. 
Carbon 2.82%. 
Oil increased to 8 g.p.m. 
Temperature 2,500°F. 
Carbon 2.72%. 
Flush started. 
Temperature 2,590°F. 
Temperature 2,630 F.; Carbon 1.68%. 
Temperature 2,670 F. 
Oil reduced to 6 g.p.m. 
Carbon 1.20%); FeO 33.55. 
Decrease oil to 3g.p.m. 
Temperature 2,740 F. 
Add one box ore; foamy Slag fushed. 
Oil increased to 6 g.p.m. 
Temperature 2,740°F. 
Carbon 0.26; FeO 26.21. 
Spar addition (shovels). 
Carbon 0.10. 
Temperature 2,815 F. 
Increased oil to 8 g.p.m. 
Temperature 2,865°F. 
Tap. 

EXAMPLE IV 
Furnace charge: 

Scrap— 
No. 1 bales --------------- pounds.- 41,600 
Slab ends -- ??? ?? ?- ?- ?- - ??? ???? ? ?- - ??? do--- 119,000 

Hot metal - ????do0 0 0 ? 234 ?? ??? ? 
Lime -------------------------do---- 10,000 

Furnace additions 
Ore --------------------------do---- 4,000 

Ladle additions 
Total metal -------------------- do---- 1,750 

Total metal (furnace charge, furnace and ladle 
additions) ---------------------pounds. 407,150 

Total ingot Weight ------------------do---- 344,000 40 
Skull ----------------------------- do---- 500 
Total tap Weight -------------------- do---- 344,500 
Yield ---------------------------percent. - 84.63 
Production rate ----------------tons/hour-- 54.95 

2,400 pounds metal. 45 

Oxygen, oil and natural gas consumption 

A. From start of charge to start of hot metal addition: 
End wall burners 

Oil-477 gallons or 78,705,000 B.t.u. 
Oxygen-12,000 cubic feet 

Oxy-fuel burmers 
Natural gas-394 gallons or 39,456,000 B.t.u. 
Oxygen-55,525 cubic feet 

B. From start of hot metal addition to tap: 
End wall burners 

Oil-1,129 gallons or 186,285,000 B.t.u. 
Oxygen-3,500 cubic feet 

50 

55 

OXy-fuel burners- 60 
Natural gas-58 gallons or 8,700,000 B.t.u. 
Oxygen-214,350 cubic feet 

Carbon reduction rate 
65 

Minlites after hot Oxygen flow Ore addition. 
metal addition Percent carbon oxy-fuel (pounds) 

burners (c.f.h.) 

40-------------------- 2.770 98,000 ---------------- 70 
52. 2.424 
79 1,388 
95--- w 02 

0.584 ??311 
0.252 ?? ?? 24}{ 

35---- 0, 069 

14 
Rate of temperature rise 

Minutes after hot Temperature, Burner oilflow. Oxygen flow 
metal addition o F. (g.p.m.) oxy-fuel 

burners (c.f.h.) 

2,480 8 98,00) 
2,530 5.8 98,00) 
2, 610 6 to 8 98,000 
2,680 8 98,000 
2,715 8 98,000 
2,780 8 G 6 98,000 
2,810 6 to 5 98,000 
2,880 5 98,000 
2,930 5 98,000 

Chronological heat log 

Minutes 
before hot 

Imetal 
addition 

Event 

Oxy-fuel burners on at 45,000 c.f.h.. burner and total 59,400 
c.f.h.. natural gas. 

Oil 12 g.p.I.; end wall burner oxygen at 20,000 c.f.h. 
Start charge. & 
Finish charge. 
Lower oxy-fuel burners to 3' above scrap. 
Start banking doors. 
Limit Switch outon #1 door, 4 minute delay. 
Finish banking doors. 
Delay 3 minutes to obtain shaker for flush hole. 
Start hot metal. 
Finish hot metal. 
Natu Tal gas off oxy-ftuel burners. 
North oxy-fuelburner lowered to bath. Oxygen flow 49,000 

C.f.h..foxy-fuel burner. 
Oxygen off end wall burners. 
South Oxy-fuel burner lowered to bath (delay caused by 
Shagged cable). 

Oil reduced to 10 g.p.m. 
Carbon 2.770%. 
Oil decreased to 8 g.p.m.; two minute reversals. 
Good flush started. 
Oil increased to 10 g.p.m. 
Carbon 2.424%. 
Temperature 2,480° F. 
Oil decreased to 3.5g.p.m. 
Oil increased to 5g.p.m.; four minute reversals. 
Oil increased to 6 g.p.m. 
Temperature 2,530°F. 
Oil increased to 8 g.p.m. 
Temperature 2,610 F. 
Carbon .388%. 
Temperature, 2,680° F. 
Temperature 2,715 F. 
Carbon 1.012%. 
Oil decreased to 6 g.p.m. 
Temperature 2,780° F. 
3-6 box ore added followed by heavy flush. 
Oil decreased to 5g.p.m. 
Temperature 2,810° F. 
Carbon 0.584%. 
i000# ore added followed by heavy flush. 
Carbon 0.252%. 
Temperature 2,880 F. 
Spar addition (shovels). 
Carbon 0.069%. 
Temperature 2,930 F. 
Oxygen off south oxy-fuel burner. 
Oxygen of north oxy-fuel burner. 
Tap. 

EXAMPLE W 

Furnace charge: 
Scrap 

No. 1 bales --------------pounds.-- 66,000 
Slab ends ----------------- do---- 118,000 

Hot metal --------------------- do---- 206,800 
Line ------------------------- do7,000 --?? 

Furnace additions 
Ore -------------------------do--- 1 12,000 
Laddle additions 
Total metal -------------------- do----, 2,250 

Total metal (furnace charge, furnace and ladle 
additions) ---------------------pounds-- 407,450 

Total ingot Weight ------------------ dol. 342,874 
Skull ----------------------------- doll. 2,000 
Total tap weight ------------------- do---- 344,874 
Yield ---------------------------percent - - - 84.63 

56.2 Production rate ----------------tons/hour 

7,200 pounds metal. 
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Chronological heat log 

Minutes 
before hot 

metal 
addition. 

Event 

Oxy-fuel burners on with oxygen at 38,000 c.f.h/burner and 
natural gas at 7.3g.p.m. total. 

Start charge. 
9xygen on end wallburner at 20,000 c.f.h. 
Oil at 1.9 g.p.m.; 1.2 minute reversals. 
Oxy-fuel burner oxygen increased to 40,000 c.f.h..fburner 
and natural gas decreased to 7.1 g.p.m. total. Finish charge. 

Lower. Oxy-fuel burner to approximately 3% above bath. Finishing banking of doors. 
Oil increased to 12.4 g.p.m.; 4.8 minute reversals. 
Start hot neta. 
Natural gas off of oxy-fuel burners. 
Oxy-fuel burner oxygen increased to 49,500 c.f.h./burner. 
Finish hot metal. 
Qxygen offend wall burners. 
Oil decreased to 10 g.p.m. 
Carbon 2.61%. 
Temperature 2,520° F. 
Çarbon 2.30%. 
Oil decreased to 7.8 g.p.m. 
Temperature 2,600°F. 
Light flush; foam rising rapidly. 
Oil decreased to 3.g.p.m. 
Temperature 2,620 F. 
Carbon, 1.9%. 
Heavy flush. 
6000i bloom butts added. 
Carbon 1.62%. 
Temperatur? 2,670° F. 
8000i bloom butts added. 
Heavy flush at #5 and #3 doors. Oil offend wall burners; both dampers open. 
9000i bloom butts added. 
6000i ore added. 
Oil on at 5g.p.m.; 5 minute reversals. 
Spar-several shovels; oil on at 7.4 g.p.m. 
Carbon-Soft, bath solidified inside i3 and i4 doors. 
Spar-several shovels. 
Oil increased to 9.2g.p.m. 
Temperatur? 2,80°F. 
Oil increased to 11.6 g.p.m. 
Temperature 2,810 F. 
Carbon 0.07%. 
Temperature 2,855 F. 
Spar-shovelled in #3 door, bath appears frozen. 
Temperature 2,885 F. 
Tap (Self tapping heat). 

One of the advantages of the present invention is that 
it enables complete control of the furnace atmosphere, 
even to the point of totally eliminating feed air and in 
troducing substantially all of the furnace atmosphere 
through the jet burners. In view of the fact that air 
is 80% nitrogen, there is thus avoided the problems of 
heating up great masses of nitrogen and recovering its 
heat content, so that the total quantity of gases passing 
through the furnace as furnace atmosphere is enor 
mously reduced, as is also the need for heat exchange 
equipment. Indeed, the elimination or Substantial 
elimination of nitrogen from the burner flame by feed 
ing oxygen of a purity of 90% or greater to the oxy 
fuel burner enables the use of a very much smaller fame 
to supply the same heat values or even substantially to 
increase the heat supplied to the operation by the fiame 
as compared to conventional practice; and this in turn 
makes it possible to play the smaller flame on the ma 
terial from a short distance, thereby to transfer substan 
tially all the heat of the fame to the material by con 
vection rather than by radiation, with the accompanying 
reduction in heat losses and furnace lining damage re 
ferred to above. The possibility of eliminating end wall 
burners and of greatly reducing the size of the flame also 
makes it possible radically to alter the construction of 
the furnace so as to provide a very much simpler struc 
tlre. 

In view of these new considerations, the structure of 
furnaces such as the conventional open hearth furnace 
can advantageously be further modified as shown in the 
embodiment of FIGURES 4 and 5. It will be recognized 
that the structure of FIGURES 4 and 5 maintains the 
overall configuration of an open hearth furnace accord 
ing to FIGURES 1, 2 and 3, but with three principal 
modifications: the end wall burners are eliminated en 

20 

30 
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40 

70 

tirely; the jet devices extend through the roof instead of 
through the end walls; and the checker system is elimi 
nated. 

Referring to FIGURES 4 and 5 in greater detail, there 
is shown an elongated furnace of the open hearth type 
having a bottom 47, a front wall 48, a back wall 49, 
and a pair of end walls 51 only one of which is shown. 
A roof 53 is provided, and the furnace is lined with con 
ventional fire brick so as to provide a hearth. 55 for the 
reception of a charge of material, which is shown in 
the illustrated embodiment during a refining period as a 
bath of molten metal 57. 
A plurality of elongated jet devices 59 is provided, 

Spaced apart lengthwise of the furnace, and each treats 
the subjacent portion of the bath. They extend through 
the roof, however, instead of through the end walls; 
and for this purpose, mounting means 6 are provided 
lengthwise slidably to receive jet devices 59, these mount 
ing means allowing vertical axial movement thereof. 
Each jet device 59 has a rack 63 secured lengthwise 
thereto and in mesh with a pinion rotatable about a hori 
zontal axis by manipulation of a hand wheel 65, the 
pinion and hand wheel assembly being carried by vertical 
sleeve 67 in which jet device 59 and rack 63 are mounted 
for vertical sliding movement. Sleeve 67, in turn, is 
Supported by legs on the furnace, directly above mount 
ing means 61. By this mechanism, manipulation of hand 
wheel 65 will raise or lower jet device 59 as desired. 

in order to provide support for this arrangement, a 
frame 69 of I-beams is provided, including a plurality of 
upright stub columns 7 along the end and side walls of 
the furnace, interconnected at their upper ends by longi 
tudinal beams 73 and transverse beams 75, the beams 
73 and 75 carrying on their upper surfaces deck plates 
77 apertured for the reception therethrough of the jet 
devices. 
As the jet devices of the embodiment of FIGURES 4 

and 5 are not universally movable but only vertically ad 
justable, the flames would tend to be concentrated only 
in a single spot if the lower ends were simply cylindrical 
as in the case of the preceding embodiment. Therefore, 
a flared or bell-shaped configuration is imparted to the 
lower ends of the jet devices, as best seen in section in 
FIGURE 6. As is there shown, each jet device has a 
conical lower end or nozzle 79, and the central conduit 
8E which carries the fuel does not extend down substan 
tially below the cylindrical portion of the jet device. 
Outer conduit 83 follows the upper cylindrical and lower 
conical configuration of the jet device, and it is between 
conduits 8E and S3 that the oxygen passes. The annular 
passageway bounded by conduit 83 terminates down 
ward in a plurality of separate, diverging outlets 85. 
These are directed downward at angles to the horizontal 
of substantially greater than 25. A water jacket 87 
comprises the outer shell of the jet devices and is spaced 
outwardly of conduit 83 so as to provide an upper cylin 
drica and lower conical water chamber which is divided 
lengthwise of the jet device into two separate portions 
that communicate only at the lower end, so as to cause 
the cooling water to follow the path described above in 
connection with FIGURE 1. There is thus provided a 
device in which flames issue from nozzle 79 in down 
wardly divergent relationship so as more uniformly to 
distribute the points of contact of the flame with the 
bath, as indicated by the circles 89 in FIGURE 5. 
The atmosphere of the furnace of FIGURE 4 is com 

prised substantially entirely of the gases introduced 
through jet devices 59 plus the gaseous reaction products 
of those gases with the impurities or other substances in 
the charge. In the case of a steel making operation, for 
example, in which a hydrocarbon fuel is introduced in 
admixture with oxygen through the jets, and in which 
the material removed in vapor phase from the charge 
is considered to be primarily carbon, the furnace atmos 
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phere will be principally carbon monoxide, carbon di 
oxide and water vapor plus excess hydrocarbon fuel or 
eXcess oxygen. The iron oxide may be considered to be 
in solid phase as smoke. The volume of gases that must 
be removed from the furnace is therefore greatly de 
creased, and can be handled by a relatively small dis 
charge conduit 78. There is no need to provide heat 
exchange checker systems for this relatively small vol 
ume of gas, and it can be used directly to heat the sep 
arate components of the fuel or oxygen feed to the jet 
devices, or to preheat the charge. There is thus pro 
vided an arrangement in which conventional furnace 
construction is greatly simplified by the total elimination 
of the usual extensive heat exchange systems and gas 
handling equipment. Of course, the jet devices of FiG 
URE 4 could if desired be replaced by jet devices con 
structed in accordance with FIGURE 1 and extending 
through the end walls or the back wall. 
A less radical departure from present or conventional 

open hearth furnace construction is suggested by a further 
embodiment as seen in FiGURE 7. There, a furnace 9 
is shown in transverse cross-section, the furnace having 
a rear wall 93 and a hearth 95. The checker system for 
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the furnace is preserved, but in modified form. There 
fore, at the ends of the furnace, the gas passageways com 
municate between the interior of the furnace and a siag 
pocket 97 which in turn leads to checkers 99. 
checkers 99 communicate with the ambient atmosphere 
through flues 10. ,, 

Specifically, the modification of FIGURE 7 differs from 
conventional construction in two respects: (1) a substan 
tial portion of the heat requirements of the operation 

The 

25 

is supplied by means of oxy-fuel jet devices of the pres 
ent invention, extending through the roof or the end walls 
or the back wall; and (2) a portion 63 of the checkers 
is eliminated and the wall 5 of the checker chamber 
which serves as the bulkhead is correspondingly changed 
in position as seen in broken lines in FIGURE 7 so as to 
provide a checker chamber of reduced volume corre 
sponding to the reduction in the quantity of heat exchange 
material therein. It will be understood that the elimina 
tion or substantial reduction of the nitrogen in the fur 
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nace atmosphere by the use of oxy-fuel mixtures of the 
present invention enables such provision of small and less 
expensive heat exchange systems. Thus, the embodiment 
of FIGURE 7 is a step midway between the embodiments 
of FIGURES 1 and 4. h- W 
A highly advantageous further embodiment of the in 

vention is shown in FIGURE 8. As is there shown, a 
furnace is provided in the form of a converter 169 having 
downwardly dished bottom 1 and cylindrical side walls 
113 which terminate upward in a conically upwardly con 
verging top. Side walls A3 carry diametrically opposed 
axially aligned trunnions 15 mounted for rotation in 
fixed supports so that converter 1609 may be rocked about 
a horizontal axis. 

Extending down into converter 69 and terminating 
only a short distance above the bath therein is an elon 
gated jet device 117 having a vertically disposed end Sec 
tion 119 substantially within the converter and a hori 
zontal base portion 21. Jet device 7 is carried by a 
sleeve A23 releasably clamped to base portion 2: So that 
upon loosening the sleeve, base portion 21 may rotate 
therein to enable the vertical section i9 to be withdrawn 
from the converter. Sleeve 23, in turn, is supported by a 
vertical rack bar 125 slidably mounted in a trolley that 
rolls on horizontal rails 29. A motor 33i is carried by 
the trolley and drives a pinion 33 in mesh with the rack 
teeth of rack bar 125thereby to raise and lower rack bar 
125 relative to the trolley so as to change the elevation 
of jet device 117. 

Cooling fluid is supplied to jet device 117 through Sup 
ply and return water lines. 35, and the components of the 
combustible mixture are supplied to the jet device through 

45 

50 

55 

60 

70 

75 

within the converter. 

lime or limestone or the like. 

20 
fuel and oxygen lines 37, as in the previous embodi 
netS. 

In operation, after the converter of FIGURE 8 has 
been charged, it is necessary only to roll the trolley along 
rails 129 until section 119 of jet device -117 is directly 
over the mount of converter 69. Motor 131 is then 
actuated to lower the jet device to the desired elevation 

If the converter has been charged 
with scrap or other solid charge, the lower end of section 
259 will initially be higher than is shown in FIGURE 8; 
and after the melting down period is completed, motor 
13i will again be actuated to lower the jet device to the 
position of FIGURE 8 and then at least oxygen is flowed 
through the jet device 117 to effect the refining. If it is 
desired to pour off slag during the heat, the jet device is 
simply raised and the converter tilted to decant the slag. 
At the end of the heat, the jet device is raised and rolled 
away, whereupon the refined metal may be tapped from 
an upright converter or teemed from a tilted converter. 
The application of the present invention to converters 

of the type shown in FIGURE 8 makes possible a great 
advance in the art of pyrometallurgy. Heretofore, the 
use of Scrap in Such converters had been limited for there 
had been no commercially practical way to supply the 
heat needed to enable the. use of solid charge material 
Such as Scrap or ores or the like. By the present inven 
tion, however, there is provided a means both for supply 
ing any portion of or the total heat requirements of the 
process even when a large quantity of scrap is used, and 
for Supplying any portion of or the total atmosphere re 
quirements of the process, regardless of the nature or con 
figuration of the furnace. Thus, for the first time in a 
converter, it is possible to employ large proportions of 
Solid charge materials and thereby obtain the most eco 
nominal charge. - 

It is desirable to recover some of what would other 
wise be the lost heat values of the operation. A further 
embodiment of the invention, designed for this purpose, 
is shown in FIGURE 9. The modification of FIGURE 9, 
uses the same converter, and jet device as in FIGURE 8, 
So that corresponding parts are indicated by primed ref 
erence numerals in FIGURE 9. In addition, in FIGURE 
9, a preheat chamber 39 is provided which is vertically 
elongated and has cylindrical side walls 41 and carries 
a quantity of charge A43 just sufficient for the next heat, 
So that the waste gases from one heat preheat the solid 
charge for the next heat. The bottom of chamber 39 is 
closed by a horizontally slidable gas-permeable grating 
which may be withdrawn to let the charge fall into the 
furnace. The furnace gases thus pass through the grating 
and charge 143 and escape from the top of chamber 139 
by way of discharge conduit 147, whence they may be 
used to preheat the oxygen and fuel or may be discharged 
to the atmosphere. In any event, by this means, the 
heat values of the exiting furnace gas are recovered. 
As the gases escaping from the furnace may not be fully 

burned, further heat values are recovered from these gases 
by Supplying air through a blower 149 to an annular bustle 
pipe 54 that surrounds the lower portion of side walls 
141 and communicates with the interior of chamber 39 
through holes through those side walls. The charge to 
chamber 139 is supplied by means of a hopper 153 which 
Stores a quantity of solid charge such as scrap or ore or 

A discharge assistant is 
provided for the bottom of hopper 453, in the form of a 
horizontally reciprocable plunger 155 which advances ma 
terial from the hopper through a discharge conduit 157 
and thence into chamber 139. The angle of repose of the 
charge in discharge conduit 157 is such that charge ma 
terial does not pass from hopper 153 to chamber 39 in 
the absence of movement of plunger 155. 

In order to assure that a maximum proportion of 
the gases escaping from the furnace passes through the 
charge to preheat the charge, a removable adapted shield 
may be provided to form a confined gas passageway be 
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tween converter 169' and chamber 39. This adapter in 
cludes a pair of opposed generally semi-cylindrical adapter 
halves 59 which have confronting contiguous vertical 
edges, the edges to the right of FIGURE 9 being recessed 
with confronting slots 251 to provide a vertical elongated 
opening in which jet device E7' may be moved. A shield 
163 fixed to horizontal portion 21 of jet device 7 
moves with the jet device and cioses slots E6 in a 1 posi 
tions of the jet device relative to the adapter. On the 
other side of adapted halves 59, to the left of FIGURE 9, 
there is shown the mounting for halves 59 by which they 
swing in clamshell relationship. Both halves ES9 are 
mounted on vertically spaced axially aligned hinges car 
ried at the outer ends of beams 65. An operating rod 
167 individual to each half 159 and pivotally secured 
thereto enables conjoint opening or closing of halves 159. 

Thus, when it is desired to remove jet device 17 from 
converter 69, it is necessary only to open halves 59 by 
manipulation of rods 67, raise the jet device by actuation 
of motor 35’ in an appropriate direction, release sleeve 
123' and move trolley E27 lengthwise of tracks 29 to 
slip the jet device out from under the fixed preheat charn 
ber 39. For adjusting the elevation of the jet device 
With the adapter halves closed, as between various stages 
of a heat, it is necessary only to actuate motor 231 in the 
appropriate direction, whereupon the jet device moves ver 
tically in slots 6. 

Still another of the many forms of furnace in which the 
present invention may be practiced is the electric arc 
furnace. FIGURES 10 and 11 show a direct-arc electric 
furnace 69 modified according to the present invention. 
As is usual in Such furnaces, the furnace structure includes 
a generally circular bottom 57, a cylindrical side wall 
E73 and a domed roof 75. Roof 75 may be removable 
for top charging, if desired, or charging may be effected 
through one or more charging doors 277. A tapping spout 
579 is provided for discharging slag when the furnace is 
rocked on trunnions (not shown) about a horizontal axis, 
or for teening the molten charge Si into molds. Thus 
far, the structure of FIGURES 10 and 11 is merely con 
ventional electric furnace structure. 

Electric furnace structure is ordinarily further charac 
terized by the provision of carbon or graphite electrodes 
extending through the roof; but in the present invention, 
one or more or all of these electrodes are replaced by oxy 
fuel delivery devices as previously described or such oxy 
fuel delivery device or devices may be added. Of course, if 
all the electrodes are replaced with jet devices, the furnace 
is no longer an electric arc furnace. Therefore, the em 
bodiment of FIGURES 10 and 11 should be considered 
not so much an improvement in electric arc furnaces as a 
means for using existing electric furnace capacity for the 
practice of the present invention. 

in accordance with the invention, the structure of FIG 
URES 10 and 11 differs from conventional electric fur 
nace construction in that instead of electrodes, jet devices 
i83 extend through the roof through the electrode open 
ings therein and into the furnace to a point a short dis 
tance above charge 8A. et devices 33 are the same as 
jet devices 59 of FiGURE 4, and are mounted on roof 
i.75 and are vertically adjustable relative to the charge in 
the furnace by neans of mounting means 35 identical to 
the corresponding mounting means of FIGURE 4. In 
FIGURES 10 and 11, all three electrodes are shown re 
piaced by jet devices, but it will also be understood that 
in furnaces having multiple electrodes, less than all the 
electrodes may be replaced. 
The principles of the invention will be more fully un 

derstood from a consideration of the manipulative steps 
associated with an individual heat. For purposes of illus 
tration, the example of an open hearth furnace used for 
steel production will be considered, it being expressly un 
derstood that substantially the same manipulative steps 
apply to the production of other refined metals from which 
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substances other than or in addition to carbon are re 
moved during refining. 

Accordingly, in connection with the embodiment of 
FIGURES 1, 2 and 3, the furnace is charged with lime 
Stone, ore and scrap, and atomized fuel is fed to burner 
9 in a conventional manner so as to produce a relatively 

large, low velocity, low temperature flame. After the 
scrap charge has begun, for example after about one 
fourth of the scrap is charged, oxygen and fuel are fed 
through the jet device to within the furnace to form a rela 
tively smail high velocity high intensity fiame at the dis 
charge end of the jet device. This flame is disposed be 
neath the larger burner flame, and the burner flame, at 
substantially lower temperature, in effect insulates the 
roof from the jet flame, as described above. Using natu 
ral gas as the fuel and assuming for simplicity that natu 
ral gas consists of methane, the oxygen-fuel ratio is regu 
lated to form a stoichiometric mixture of two parts of 
oxygen to one part of methane thereby to provide maxi 
mum heat input. 
The jet device is moved so that its flame end is only 

a short distance from the solid charge; and with the flame 
playing at relatively high velocity and temperature di 
rectly on the charge within the confines of the contour 
of the charge, it is moved about the surfaces of the charge 
within the confines of the contour of the charge in such a 
manner as to melt the Scrap within the shortest period of 
time. Movement of the jet device may be programmed 
by automatic control of the mechanism for imparting dif 
ferent movements to the jet device, or it may be moved 
under manual control at random according to the option 
of the operator. During this stage, the fuel-oxygen ratio 
is usually selected for nearly maximum heat input and for 
providing an oxidizing atmosphere in the furnace to oxi 
dize scrap to the desired degree during the melt down 
period. However, it is possible to vary this ratio so as to 
increase or decrease the oxidizing tendency of the mixture, 
or even to provide a reducing atmosphere, depending on 
the quality and makeup of the scrap in the furnace. Gen 
erally, fine scrap requires more reducing oxy-fuel mix 
tures, while heavy scrap such as ingot butts or slabs re 
quires more oxidizing oxy-fuel mixtures. 
When the charge is fully liquid, the play of the rela 

tively small, short, high velocity and high temperature 
flame on the now-liquid surface of the charge may be 
continued, with the jet tip only a short distance from the 
Surface of the charge and the axis of the jet flame at an 
angle no less than about 25 to the surface of the bath 
and the high velocity flame parting the slag and directly 
contacting the molten metal, until the end of the refining 
period. 
Upon hot metal addition, slag will form over the 

bath but its presence will not decrease heat transfer from 
the flame, since the momentum of the flame at the dis 
charge end of the jet device is sufficient to blow the slag 
from the surface of the metal and allow the flame to in 
pinge directly on the metal. Thus, development of a 
foamy slag presents no problem in practicing the present 
invention and there is no necessity, as in conventional 
operations, to cut back on the fuel input to the furinace 
until the foamy slag condition is corrected. 

In those instances in which the jet device is mounted 
through an end or side wall, it is also advantageous to 
continue movement of the jet device throughout the 
period during which the charge is liquid, as this augments 
the natural circulation of the bath and further reduces the 
total time of the heat. 

If maximum heating effect is required, oxygen and 
fuel together may be continuously fed through the jet 
device during the heat and on into the refining period. 
As the metal bath may require, the fuel may be decreased 
and finally cut off to feed oxygen alone through the jet 
device for the last stages of refining. Of course, as men 
tioned above, abnormal conditions may be corrected by 
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altering the fuel-oxygen ratio from this predetermined 
pattern. 
Thus, a further feature of the present invention is the 

possibility of utilizing oxy-fuel flame during the refining 
period of a heat such that the temperature and the re 
action between oxygen and the impurity in the bath can 
be most effectively controlled. Thus, the refining period 
is in effect begun much earlier in the present invention 
than in processes employing a conventional oxygen jet 
Such as a roof lance. 
As the operations in which the present invention is 

useful are primarily methods for controlling oxidation 
reactions so as to remove metalloids and to apply proper 
heat input to metal baths, a very important feature of 
the present invention resides in the fact that this invention 
provides for the first time an instrumentality for per 
forming both of these two functions. Thus, the present 

0 

invention is characterized by apparatus which may be 
manipulated both to control heat input and to remove 
impurities, either sequentially or concurrently. 

Further possibilities of the present invention involve 
the introduction of materials, other than oxygen and 
fuel through the jet devices. For example, in the case 
of steel making, powdered lime or ore may be intro 
duced in suspension in the oxygen stream. 
The manipulative steps described above are also appli 

cable to the embodiments of FIGURES. 4, 8, 9 and 10, 
except of course that there is no burner flame apart from 
the flames issuing from the jet devices, and apart from 
the fact that the jet devices are not universally movable 
but rather are vertically adjustable along their axes. Thus, 
in the case of these latter embodiments, the jet devices 
will be used in relatively elevated positions during melt 
ing down or other initial stages of a heat, and will be 
used in relatively lowered positions during refining or 
other stages of the heat during which the charge is prin 
cipally in liquid phase. In the case of the embodiments 
of FIGURES 8 and 9, in which the charge in hopper 153 
is preferably of uniform composition and in which it is 
obviously desirable to avoid the introduction of charges 
of different compositions by means of chamber 139, the 
advantages of introducing a portion of the charge in solid 
phase in Suspension in the gaseous material passing 
through the jet device will be particularly apparent, for 
in this way the composition of the charge may be varied 
according to the stage of the heat. 

In the particular case of decarburization during steel 
making, when an oxygen is used, the reaction proceeds 
as follows: - 

However, with the flame of the present invention, con 
sidering, for example, methane to be the fuel, it is be 
lieved that the following reaction takes place: 

CH4--2O2-CO2--2H2O 
and then, in the bath, the further reactions occur as fol 
1ows: 

CO-C-2CO; and 
H2O.--C-CO--H 

The foregoing reactions indicate that with pure oxygen, 
one mol of oxygen removes two mols of carbon while 
vith an oxygen-methane fiame, tvo mols of oxygen re 
move three mols of carbon. There is thus a considerable 
difference between the introduction of an oxygen jet for 
refining purposes and the practice of the present inven 
tion in which the fuel and the oxygen are admixed to 
gether and burned to produce a flame which is used to 
perform a portion of the refining operation. The fame 
of the present invention removes less carbon per mol of 
oxygen and hence gives a much less violent reaction than 
an oxygen jet. This oxy-fuel technique, by lowering the 
carbon reduction rate, substantially adds to the heat in 
put to the bath without reducing carbon too rapidly, with 
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the result that the temperature and carbon level in the 
bath can be more closely controlled. In any event, it is 
evident that by the practice of the present invention the 
total time per heat is greatly reduced. Moreover, com 
parable advantages are obtainable in the case of other 
metals containing other impurities to be removed dur 
ing refining. 
As mentioned above, it is also contemplated by the 

present invention to adjust the oxygen-fuel ratio of the 
oxygen and fuel-fed to the furnace through the confined 
path provided by the jet device in order to control the 
atmosphere and temperature of the furnace in such a 
manner as to meet specific requirements during various 
stages of a heat. For example, when the application of 
maximum heat is desired the oxygen-fuel ratio is adjusted 
to provide a stoichiometric mixture, while if maximum 
heat is not required the ratio is adjusted to provide an 
abundance of oxygen or fuel depending upon whether an 
oxidizing or non-oxidizing atmosphere is desired. Where 
the oxygen-fuel ratio does not provide a stoichiometric 
mixture, the extent the ratio departs from a stoichiometric 
mixture, whether there is an excess of oxygen or fuel, will 
depend upon specific furnace requirements. 

It has been determined that the ratio of oxygen to fuel 
may be maintained in a range of about 0.7 of a stoichio 
metric mixture to about 1.8 of the stoichiometric mixture 
and provide the necessary control of temperature and 
atmosphere during the stages of an open hearth process 
when fuel is required through the jet device. The range 
of oxygen ratios to one part of fuel for various fuels in 
accordance with this formula are as follows: 

Range of oxygen 
ratios (by volume) 

Natural gas ------------------------- 1.3-3.0 
Propane ---------------------------- 3.5-9.0 
City gas ---------------------------- 0.35-0.9 
Oil (Bunker C), cu. ft./gal. ----------- 300-450 

For each fuel, the oxygen ratio providing a stoichiometric 
mixture will comprise the preferred ratio when maximum 
heat is desired. 
The present invention may be practiced by employing 

pure oxygen or impure oxygen within limits which may 
be determined at least in part by the quantity of heat 
the charge may adsorb and by the amount of nitrogen 
that may intimately contact the bath without adversely 
affecting desired characteristics of the product. In gen 
eral, oxygen of a purity above 50% may be employed. 
The purity of the oxygen may be varied throughout the 
process with, for example, oxygen of low purity being 
employed during initial phases of the process when the 
charge is relatively cold and oxygen of high purity being 
used during refining especially when oxygen alone is 
introduced through the confined path. 
As mentioned above the discharge end of the ??? 

fuel burner may be provided with a plurality of discharge 
nozzles positioned about and disposed downwardly and 
outwardly relative to the longitudinal axis of the oxy-fuel 
burner. This type of discharge end produces a plurality 
of flames that impinge upon a substantially circular area 
located below the oxy-fuel burner and substantially con 
centric with its longitudinal axis. In some application 
of single or multiple oxy-fuel burners mounted in the roof 

5 of conventional open hearth furnaces or modified open 
hearth type furnaces according to the present invention, 
it may be desirable to employ oxy-fuel burners having 
discharge ends designed to provide a plurality of flames 

... that will impinge upon a non-circular area in order to 
70 

5 face the end walls of the furnace. 

apply heat directly to a greater area of the charge with 
out damage to the side walls. This may be accomplished 
by positioning the discharge nozzles on the opposite sides 
of the burner which face the side walls of the furnace 
at a less angle than the other nozzles which generally 

Also, the discharge 
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end may be constructed so that the discharge opening of 
the nozzles lie in any desired path. 

If desired the oxy-fuel burners may be used in com 
bination with oxygen lances or the oxy-fuel burners may 
be provided with a separate passageway for oxygen to 
provide for simultaneous heating and refining. 

Moreover, the concept of feeding the total feed through 
the oxy-fuel burners may be employed in conventional 
furnaces with the fuel input being as high as permitted 
by the existing exhaust systern. 
From a consideration of the foregoing, it will be ob 

vious that all of the initially recited objects of the present 
invention have been achieved. 

It is to be understood that the appended claims are to 
be accorded a range of equivalents commensurate in 
scope with the advance made over the prior art. 
What is claimed is: 
1. The method of operating a metallurgical furnace 

of the open hearth type having a bottom, a roof and side 
walls defining a zone and having end wall burners, con 
prising the steps of operating the end wall burners and 
introducing fluid including fuel and oxygen along at least 
one confined path downwardly to within the Zone, burn 
ing the fuel and oxygen in admixture to form a short 
flame beyond the end of the confined path, charging solid 
material including metal into the Zone, operating the end 
wall burners and separately burning the admixture to form 
a short fame while charging the solid material while 
moving the end of the confined path to direct the short 
flame onto solid material beneath the confined path, add 
ing hot molten metal to the Zone upon the completion of 
the charging of solid material, and thereafter continuing 
the introduction of at least oxygen through the confined 
path and directing the resulting stream onto the molten 
metal to refine the metal of the charge. 

2. The process of producing steel comprising charging 
a furnace with solid ferrous metal, mixing in a lance a 
fluid fuel and substantially pure oxygen, causing the lance 
to direct an oxygen fluid fuel flame downwardly upon the 
solid ferrous metal from a location above the solid fer 
rous metal while solid ferrous metal is being charged, 
melting a substantial portion of the solid ferrous metal 
by the fluid fuel oxygen flame emitted by the lance, shut 
ting the fluid fuel off from the lance while continuing 
the flow of oxygen during refining, lowering the lance to 
a position such that the oxygen flow is discharged during 
at least a portion of the refining period in the immediate 
vicinity of the metal bath surface and permitting the oxy 
gen flow from the lance to lower the carbon content of 
the bath. 

3. The process of producing steel in an open hearth fur 
nace comprising charging the furnace with solid ferrous 
metal, mixing in a lance a fluid fuel and substantially 
pure oxygen, causing the lance to direct an oxygen fluid 
fuel flame downwardly upon the solid ferrous metal from 
a location above the solid ferrous metal while Solid fer 
rous metal is being charged, melting a substantial por 
tion of the solid ferrous metal by the fluid fuel oxygen 
flame emitted by the lance, charging molten iron into the 
furnace, shutting the fluid fuel off from the lance while 
continuing the flow of oxygen, lowering the lance to a 
position such that the oxygen flow is discharged in the 
immediate vicinity of the metal bath surface, permitting 
the oxygen flow from the lance to lower the carbon con 
tent of the bath during a refining period, and controlling 
the temperature of the bath during said refining period by 
the addition to the bath of solid ferrous metal. 

4. The process of producing steel in an open hearth 
furnace comprising charging the furnace with solid fer 
rous metal, mixing in a lance a gaseous fue and substan 
tially pure oxygen, causing the lance to direct an oxygen 
fuel flame downwardly upon the solid ferrous metal from 
a location above the solid ferrous metal while the solid 
ferrous metal is being charged, melting a substantial por 
tion of the solid ferrous metal by the oxygen fuel flame 
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emitted by the lance, charging molten iron into the fur 
nace, shutting the gaseous fuel off from the lance while 
continuing the flow of oxygen, lowering the lance to a 
position such that the oxygen flow is discharged in the 
immediate vicinity of the metal bath surface and per 
mitting the oxygen flow from the lance to lower the 
carbon content of the bath. 

5. The process of producing steel in an open hearth 
furnace comprising charging the furnace with solid fer 
rous metal and lime, mixing in a lance a fluid fuel and Sub 
stantially pure oxygen, causing the lance to direct an oxy 
gen fluid fuel flame downwardly upon the solid ferrous 
metal from a location above the solid ferrous metal while 
the solid ferrous metal is being charged, melting a sub 
stantial portion of the solid ferrous metal by the fluid 
fuel oxygen flame emitted by the lance, charging molten 
iron into the furnace, reducing the flow of fluid fuel from 
the ance while continuing the flow of oxygen, lowering 
the lance to a position such that the oxygen flow is dis 
charged in the immediate vicinity of the metal bath sur 
face and permitting the oxygen flow from the lance to 
lower the carbon content of the bath. 

6. The process of producing steel in an open hearth 
type furnace having end wall burners, comprising charg 
ing the furnace with solid ferrous metal, operating the 
end wall burners, feeding through a lance a fluid fuel and 
Substantially pure oxygen, causing the lance to direct an 
oxygen fluid fuel flame downwardly upon the solid fer 
rous metal from a location above the solid ferrous meta 
while the solid ferrous metal is being charged, melting 
a substantial portion of the solid ferrous metal by said 
end wall burners and the fluid fuel oxygen fiane emitted 
by the lance, charging molten iron into the furnace, re 
ducing the flow of fluid fuel from the lance while con 
tinuing the fiow of oxygen, lowering the lance to a po 
sition such that the oxygen flow is discharged in the im 
mediate vicinity of the metal bath surface and permitting 
the oxygen flow from the lance to lower the carbon con 
tent of the bath. 

7. The method of operating a metallurgical furnace 
of the open health type having a bottom, a roof and walls 
defining a zone and having end wall burners, compris 
ing the steps of operating the end wall burners and in 
troducing fluid including fuel and oxygen along at least 
one confined path downwardly to within the zone, burn 
ing the fuel and oxygen in admixture to form a short 
flame beyond the end of the confined path, charging solid 
material including metal into the zone, operating the 
end wall burners and separately burning the admixture 
to form a short flame while charging the solid material, 
moving the end of the confined path to direct the short 
flame onto solid material beneath the confined path, 
adding hot molten metal to the zone upon completion 
of the charging of solid material, and thereafter con 
tinuing the introduction of at least oxygen through the 
confined path and directing the resulting stream onto the 
molten bath to refine the metal of the charge. 

8. The method of operating a metallurgical furnace 
of the open hearth type having a bottom, a roof and 
walls defining a Zone and having end wall burners, com 
prising the steps of operating the end wall burners and 
introducing fluid including fuel and oxygen along at least 
one confined path downwardly to within the Zone, burn 
ing the fuel and oxygen in admixture to form a short 
flame beyond the end of the confined path, charging 
solid material including metal into the zone, operating 
the end wall burners and separately burning the ad 
mixture to form a short flame while charging the solid 
material, moving the end of the confined path to direct 
the short flanne onto solid material beneath the confined 
path and thereafter continuing the introduction of at least 
oxygen through the confined path and directing the re 
Sulting stream onto the molten bath to refine the metal 
of the charge. 

9. The process of producing steel comprising charging 
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a furnace with solid ferrous metal, mixing in a lance a 
fluid fuel and substantially pure oxygen, causing the 
lance to direct an oxygen fluid fuel flame downwardly 

4, 

upon the solid ferrous metal from a location above the 
solid ferrous metal to cause rapid melting of the solid 
ferrous metal, melting a substantial portion of the solid 
ferrous metal by the fluid fuel oxygen flame emitted by 
the lance, reducing the flow of fluid fuel from the lance 
while continuing the flow of oxygen during refining of 
the molten metal, lowering the lance to a position such 
that the oxygen flow is discharged during the refining 
period in the immediate vicinity of the molten metal bath 
surface, thereby lowering the carbon content of the bath 
and adding to the molten bath solid ferruginous material 
during said refining period. 

10. The process of producing steel in an open hearth 
furnace comprising charging the furnace with solid fer 
rous metal, mixing in a lance a fluid fuel and Substan 
tially pure oxygen, causing the lance to direct an oxygen 
fluid fuel flame downwardly upon the solid ferrous metal 
from a location above the solid ferrous metal to cause 
rapid melting of the solid ferrous metal, melting a sub 
stantial portion of the solid ferrous metal by the fluid 
fuel oxygen flame emitted by the lane, reducing the flow of 
fluid fuel from the lance while continuing the flow of oxy 
gen, lowering the lance to a position such that the oxygen 
flow is discharged in the immediate vicinity of the metal 
bath surface and thereby lowering the carbon content of 
the bath. 

15. The process of producing steel in an open hearth. 
furnace comprising the charging the furnace with solid 
ferrous metal, mixing a fluid fuel and substantially pure 
oxygen, directing an oxygen fluid fuel flame resulting from 
said mixture through at least one lance downwardly upon 
the solid ferrous metal from a location above the Solid 
ferrous metal to cause rapid melting of the Solid ferrous 
metal, melting a substantial portion of the solid ferrous 
metal by the fluid fuel oxygen flame emitted by the lance, 
charging molten iron into the furnace, reducing the flow 
of fluid fuel from the lance while continuing the flow of 
oxygen, lowering the lance to a position Such that the 
oxygen flow is discharged in the immediate vicinity of 
the metal bath surface and thereby lowering the carbon 
content of the bath. - 

12. The process of producing steel in an open hearth 
furnace comprising charging the furnace with Solid fer 
rous metal, mixing in a lance a fluid fuel and substantially 
pure oxygen, causing the lance to direct an oxygen fluid 
fuel flame downwardly upon the Solid ferrous metal from 
a location above the solid ferrous metal while solid fer 
rous metal is being charged, melting a substantial portion 
of the solid ferrous metal by the fluid fuel oxygen flame 
emitted by the lance, charging molten iron into the 
furnace, shutting the fluid fuel off from the lance while 
continuing the flow of oxygen, lowering the lance to a 
position such that the oxygen flow is discharged in the 
immediate vicinity of the metal bath surface and thereby 
lowering the carbon content of the bath. - 

3. The process of producing steel in an open hearth 
furnace comprising charging the furnace with solid fer 
rous metal, mixing in a lance a fluid fuel and substantially 
pure oxygen, causing the lance to direct an oxygen fiuid 
fuel flame downwardly upon the solid ferrous metal from 
a location above the solid ferrous metal to cause rapid 
melting of the solid ferous metal, melting a substantial 
portion of the Solid ferrous metal by the fluid fuel oxygen 
fiane emitted by the lance, charging molten iron into 
the furnace, reducing the flow of fluid fuel from the lance 
while continuing the flow of oxygen, lowering the Iance; 
to a position such that oxygen is discharged in the in 
mediate vicinity of the metal bath surface during a refin 
ing period thereby lowering the carbon content of the 
molten bath and controlling the temperature of the molten 
bath during said refining period by the addition to the 
bath of solid ferruginous material. 
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E4. The process of producing steel in an open hearth 
furnace comprising charging the furnace with solid fer 
rous metal, mixing in a lance a fluid fuel and Substan 
tially pure oxygen, causing the lance to direct an oxygen 
fluid fuel flame downwardly upon the solid ferrous metal 
from a location above the solid ferrous metal to cause 
rapid melting of the solid ferrous metal, melting a Sub 
stantial portion of the solid ferrous metal by the fluid 
fuel oxygen flame emitted by the lance, charging molten 
iron into the furnace, reducing the flow of fluid fuel from 
the larce while continuing the flow of oxygen, lowering 
the lance to a position such that the oxygen flow is dis 
charged in the immediate vicinity of the molten metal 
bath surface during a refining period thereby lowering 
the carbon content of the bath and controlling the tem 
perature of the bath during such refining period by the 
addition to the bath of solid iron oxide. 

i5. A method of operating a metallurgical furnace 
comprising the steps of charging the furnace, introducing 
fiuid including fuel and oxygen along each of at least 
one confined path within the furnace, burning the fuel 
and oxygen in admixture to form a short, relatively high 
temperature flame beyond the confined path which im 
pinges on the charged material and increasing the oxygen 
fuei ratio of the mixture during a refining period thereby 
lowering the carbon content of the material in the 
furinace. 

6. A method of operating a metallurgical furnace, 
comprising the steps of establishing in the furnace a 
metallic charge, introducing both fuel and oxygen along 
each of at least one confined path within the furnace to 
a point directly above the charge, and spaced from the 
walls of the furnace and spaced only a short distance 
from the charge, burning the fuel and oxygen in admix 
ture to form a short, relatively high temperature fame 
beyond the confined path, directing the flame downward 
onto the charge with the flame directly contacting the 
charge, and excluding air from continuous entry into the 
furnace to confine entry of gases into the furnace to sub 
stantially the gases entering the furnace along said at 
least one confined path. 

17. A method of operating a metallurgical furnace, 
comprising the steps of establishing in the furnace a metal 
lic charge, introducing both fuel and oxygen along each 
of at least one confined path within the furnace to a point 
directly above the charge and spaced from the walls of 
the furnace and spaced only a short distance from the 
charge, burning the fuel and oxygen in admixture to form 
a short, relatively high temperature flame beyond the 
confined path, directing the flame downward onto the 
charge with the flame directly contacting the charge, and 
Substantially excluding nitrogen from the furnace atmos 
phere. 

i8. A method of operating a metallurgical furnace, 
comprising the steps of establishing in the furnace a metal 
lic charge, establishing in the furnace a first flame, intro 
ducing fuel and oxygen along at least one confined path 
within the furnace to a point directly above the charge 
and spaced from the walls of the furnace and spaced only 
a short distance from the charge, burning the fuel and 
oxygen in admixture to form a second flame beyond the 
confined path, the second flame being Substantially shorter 
and hotter than the first flame, and directing the second 
flane downward onto the charge with the second flame 
directly contacting the charge and disposed beneath the 
first fame. 

19. A method of making steel in an open hearth furnace 
which comprises establishing a charge of ferrous material 
in the furnace, directing a first flame from an end wall 
burner into the furnace, introducing fuel and oxygen along 
at least one confined path within the furnace to a point 
directly above the charge and spaced from the walls of 
the furnace and spaced a substantial distance beyond the 
end Wall burner and spaced only a short distance from 
the charge, burning the fuel and oxygen in admixture to 
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