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This invention relates to blast furnaces; more 
particularly, to a method for charging a blast 
furnace, which, although not limited thereto, is 
especially applicable to blast furnaces for reduc 
ing iron Ores. 

In a blast furnace there is counter-current flow 
of descending materials and rising gases; that is 
to say, the solid materials such as ore, flux, and 
fuel are charged at the top and move down 
Wardly against the flow of gases Which are now 
ing in an upward direction as the result of the 
introduction of air and/or other gases under pres 
sure adjacent the bottom. The temperatures of 
all the solids increase as they descend, reducing 
gas being formed by the reaction of the oxygen 
introduced either in the form of air or as a Sepa 
rate gas with the fuel. This reducing gas in its 
ascension causes reduction of the iron or other 
metal and calcination of the linestone or other 
flux, the reduced metal and resulting gangue 
being melted adjacent the tuyères and drawn off, 
thus making room for the descent of the materials 
thereabove. The more intimate the contact of 
the rising gases with the descending solids of the 
charge, the more rapidly and uniformly are the 
reactions carried on. Under ideal conditions of 
operation there would be substantially uniform 
reaction and downward movement of the charge 
in all parts of the furnace, so that no unreduced 
ore reaches the hearth, the quantity of Coke or 
other fuel being only that necessary to maintain 
the proper temperature and provide a sufficient 
volume of reducing gas to effect the reactions. 
Unfortunately, however, conventional blast fur 
naces and methods of charging fall far short of 
ideal operation, thereby greatly increasing the 
cost of the metal produced as well as resulting 
in excessive 'Wear and tear' On the furnace. 
Many, if not all, of the difficulties encountered 

in blast furnace operation, for example, slips, 
hanging, excessive coke consumption and the like, 
are directly the result of insufficient or improper 
contact between the ascending gases and the de 
Scending Solid materials and this is, in turn, 
largely the result of improper distribution of the 
charge Within the furnace due to undesirable 
Segregations of various components of the mate 
rial. The improper distribution and segregation 
are, in turn, directly traceable to defects in the 
method and apparatus conventionally employed 
to introduce or charge the solid materials into 
the furnace, and/or to the design of the furnace 
with respect to the area of the stock column ad 
jacent to the point of charging relative to the 
effective area of the tuyere activity in the smelt 
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ing Zone. Moreover, conventional charging meth 
Ods and apparatus result in excessive flue dust, 
requiring expensive equipment for its recovery, 
which further reduces the efficiency of the op 
eration. 
Charging of a conventional blast furnace is 

effected by means of a double bell, each bell form 
ing the bottom of a hopper with the upper bell 
and hopper generally being smaller than the lower 
or charging bell and hopper into which the upper 
bell discharges. The upper hopper generally has 
a. Somewhat larger cubical capacity than the skip 
or bucket used to hoist the material to the top 
of the furnace, while the Volume of the charging 
hopper is usually as large as the conventional 
round of materials charged, that is, it may hold 
Several skip loads. In accordance with the usual 
procedure, the upper bell is closed when each skip 
or bucket load is delivered thereto and is opened 
to drop this load into the charging hopper, with 
the charging bell closed, when the skip or bucket 
returns for another load, the charging bell being 
Operated only once or twice for each complete 
charge of materials, commonly spoken of as a 
round. The distribution of each skip load of man 
terial on the large or charging bell is dependent 
upon the slope of the bells, the size of the charg 
ing hopper, sizes of the particles of the material 
charged, and the amount and distribution of the 
material present in the charging hopper from 
previous operations of the smaller bell. Since 
the skip or bucket does not drop the material uni 
formly throughout the cross Sectional area of the 
Smaller hopper and Since different materials have 
different flow properties and different angles of 
repose, the distribution on the Small bell is seldom 
uniform, 
The lack of uniform distribution on the small 

bell results in a corresponding lack of uniformity 
of distribution of the material on the large bell 
which is further accentuated by the mounds and 
hollows made by irregularities of distribution of 
the material previously deposited upon the large 
bell by operation of the small bell. These irregu 
larities in the distribution of the material upon 
the large bell are not corrected when the ma 
terial on the latter is discharged into the furnace 
since the particles of the material are not of uni 
form size. Moreover, the materials charged into 
the furnace are subjected to rising currents of 
gases while dropping from the charging hopper 
which alter the distribution of the materials and 
carry off quantities of the fine particles as dust. 
As a result of the use of a circular bell, the 
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ore, being relatively fine and heavy, is concen 
trated mainly under the lip of the charging bell 
while the larger particles of coke and linestOne 
roll against the furnace wall and into the center 
of the stock column. Broadly speaking, there 
fore, the stock column has the ore deposited in 
a somewhat annular layer of generally doughnut 
shape, thicker under the lip of the bell with coke 
above and below, because the coke occupies about 
three times the space of the ore in each charge, 
the coarse coke and limestone particles being 
disposed in the center and around the Outer cir 
cumference of this doughnut of fine Ore. In 
addition, the annulus or doughnut of fine ore, is 
thicker in some circumferential locations than in 
OtherS. 

It will be apparent, therefore, that the perme 
ability of the stock column. With respect to the 
ascending gases is not uniform. The ore, being 
more dense, the layers thereof offer more re- : 
sistance to gas flow than a corresponding volume 
of coke and this resistance by the ore layers is 
increased when the layers are relatively thick 
and the ore contains a large percentage of fines, 
Investigations have shown that Zones in the stock 
column offering high resistance to gas flow are 
zones of lower degree of reduction than are the 
more permeable zones and hence, when ore is 
charged in the manner just Inentioned, a part of 
the Ore ordinarily must be reduced by direct con 
tact with incandescent carbon lower down in the 
furnace, thus causing excessive coke consumption. 
Moreover, as the Size of the furnaces has in 
creased, the customary procedure has been to in 
crease the size of the charging bell and this has 
increased the volume of the relatively open cen 
ter, thus increasing channeling of gases there 
through With consequent inefficient operation. 
The usual Solution for this increased volume of 
Open Center has been to increase the size of the 
ore charge and to also charge a part of the ore 
in the center of the furnace to reduce the porosity 
in that region. Larger ore charges, however, 
make the ore layers thicker and hence more in 
pervious, thus further contributing to poor gas 
Solid contact and inefficient operation while 
charging Cre to the center of the furnace in 
creases the quantity of ore which reaches the 
Smelting Zone in an unreduced state since in the 
larger furnaces there is an inactive or 'dead' 
center centrally of the tuyeres and -extending 
thereabove. 
Investigations have also shown that when the 

percent reduction of iron ore to metallic iron has 
reached about 80%, due to the action of reducing 
gases, the iron bearing compounds are soft and 
plastic and begin to stick together. Where, there 
is a thick layer of ore, this action is even more 
pronounced and the stock, column stops moving 
loosely and freely and begins to hang until a 
sufficient cavity is formed therebelow to set it in 
motion again. When downward motion does 
begin again, the material tends to drop in a body 
and When this action is of Suficient magnitude, 
it is called a 'slip' which, as is well known, causes 
excessive dust losses and other difficulties. Prior 
attempts to overcome the above mentioned diffi 
culties have been directed primarily towards 
changes in the sequence of charges and to the 
use of distributors. These procedures and de 
vices, however, generally produce uniform. Segre 
gation as contrasted with uniform distribution 
of the materials. That is to say, the ore and other 
materials of the stock column are deposited in 
the furnace in more or less uniform piles rather 
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4. 
than as uniform layers and hence, while Some 
innprovement is effected in the operation, Opti 
mum conditions cannot be reached Or even 
closely approximated. In order to further in 
crease production and effect savings in coke and 
flux, it is necessary to improve the gaS-Solid con 
tact by securing more uniform perimeability in 
the stock column than, can be secured by these 
Conventional expedients. 
An object of this invention is to provide an in 

proved method for charging a blast furnace 
which provides: a better distribution of the na 
terial charged, reduces dusting, and provides bet 
ter gas-Solid contact, thereby reducing the quan 
tity of fuel-consumed per ton of metal produced 
and otherwise increasing the efficiency of opera 
tion. 
Another object of the invention is to provide 

an improved method for charging a blast furnace 
wherein the ore is charged in relatively thin, sub 
stantially uniform layers which are preferably 
annular in Shape, the tranSVerse, dimensions of 
the layers being Sorelated to the tranSVerse-di 
mensions of the Smelting and tuyere zoness as to 
prevent hanging and improve the permeability 
of the Stock Coluimn. 
A further object of the invention is to provide 

an improved method for charging a blast furnace 
as defined in the preceding object wherein the 
Ore is charged in thin layers between layers. of 
coarser coke, while the finer, coke is charged into 
the center of the furnace. 
A still further object of the invention, is to pro 

wide an improved method for charging a blast fur 
nace as defined in the two preceding paragraphs 
and wherein the fux materialis. more uniformly 
distributed throughout the charge. With substan 
tially none of this material in the central section 
or core of the furnace, thereby promoting more 
uniform fluxing action and preventing the center 
of the charge from becoming too. Open orpOroll.S. 
An additional object of the invention is to pro 

Wide an improved method for charging a blast 
furnace. Such that the ore is deposited. Within the 
furnace between two concentric tubes With fine 
Coke charged into the inner tube, whereby the 
ore, fiux, and coarser coke are in relatively thin 
annular layers of Substantially uniform thickness 
With fine coke in the center of such annularlayers. 
A still further object of the invention is to 

provide an improved method for charging a blast 
furnace wherein the materials are periodically 
delivered therein without appreciably altering 
the height of the Stock column so that the perme 
ability of the latter remains substantially con 
Stant. 
The invention further resides in certain novel 

steps of procedure, and further...objects..and, ad 
Wantages thereof Will be apparent to those skilled 
in the art to Which it. pertains from the follow 
ing description of an apparatus by. Which it may 
be performed, described with reference to the 
accompanying drawings in which similar refer 
ence characters represent, corresponding parts 
in the several views and in which: 

Fig. 1 is a somewhat schematic longitudinal 
sectional view through the upper portion of a 
blast Surface illustrating an apparatus for per 
forning the improved method of charging; 

Fig. 2 is an enlarged View of a portion...of the 
structure shown in Fig.1 illustrating the adjus 
table deflector mechanisia positioned to deliver 
material to the central or inner tube; 

Fig. 3 is a transverse sectional view, taken Sub 
stantially on the section indicating line 3-3-of 
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Fig. 2 with the charging bell removed and fur 
ther illustrating the adjustable deflector; 

Fig. 4 is a view similar to Fig. 2 but with the 
deflector mechanism positioned to deliver mate 
rial between the inner and outer tubes; 

Fig. 5 is an enlarged fragmentary longitudinal 
Sectional view of the upper hopper or supply tube 
of the furnace illustrating the manner in which 
a fixed deflector may be employed therein; 

Fig. 6 is a transverse Sectional view taken. Sub 
Stantially on the section indicating line 6-6 of 
Fig. 5; 

Fig. 7 is an enlarged fragmentary longitudinal 
Sectional view of the upper hopper or supply 
tube of the furnace illustrating the mariner in 
which a rotatable scraper or material leveling 
means may be employed therein; 

Fig. 8 is a transverse sectional view taken sub 
stantially on the Section indicating line 8-8 of 
Fig. 7; 

Fig. 9 is a Somewhat schematic longitudinal 
Sectional view through the upper and lower por 
tions of a blast furnace of rectangular cross Sec 
tion illustrating a modification of the improved 
charging method as adapted to such furnace; 

Fig. i0 is a transverse sectional view through 
the tuyeres of the rectangular furnace illustrat 
ing the action thereof, the View being taken Sub 
stantially on the line - O of Fig. 9; 

Fig. 11 is a fragmentary side elevational view 
of the upper or supply hopper, material convey 
ing mechanisms and the material Supply bins 
shown in Fig. 9, the view being taken Substan 
tially on the line - of Fig. 9; 

Fig. 12 is a top plan View of the upper or Sup 
ply hopper and bell of the furnace illustrated 
in Fig. 9, the view being taken substantially on 
the line 2-2 of Fig. 11; 

Fig. 13 is a view similar to Fig. 10 but show 
ing a modified arrangement of the tuyeres for 
a rectangular furnace; and 

Fig. 14 is a view similar to Figs. 10 and 13 but 
showing the arrangement of the tuyeres of a 
furnace having an elliptical croSS Section. 

In accordance with this invention, improved 
distribution of the materials charged, and hence 
improved permeability in the Stock column and 
better gas-solid contact, is accomplished by 

tial operations of the bells. 
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changes in the top of the furnace and changes. 
in the charging methods. Thus, irregularities 
in distribution of the material Over the Smaller 
bell, due to the delivery thereto by the skip or 
bucket, are equalized by making the cross Sec 
tional area of the upper hopper Smaller than 
in conventional constructions or, alternatively, 
means are provided in the upper hopper or Sup 
ply tube to assist the distribution of the mate 
rial therein. Consequently, the material is de 
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livered to the charging bell With a Substantially . 
uniform circumferential distribution. In addi 
tion, the larger or charging bell is preferably 
operated separately for each different type of 
material delivered thereto, i. e., for ore, flux, and 
coke, so that the different materials are charged 
sequentially in layers into the furnace. Alter 
natively, the ore, flux, and coarse coke may be 
deposited on the large bell and charged together 
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into the furnace by one drop or Operation of the 
large bell. Furthermore, the upper portion of 
the furnace is So arranged that the materials 
dropped therein do not fall against rising cur 
rents of gases but instead enter a relatively 
quiescent zone and, in the preferred embodiment, 
the materials are so directed as they fall as to 
aid their distribution and direct them to desired 
predetermined locations. Moreover, the quies 
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6 
cent Zone is so arranged as to provide a constant 
head or height of material within the blast fur 
nace proper, which is unaffected by the Sequen 

In addition, the 
area of the quiescent Zone is so related to the 
areas of the smelting and tuyere Zones that the 
flow of gases is not impeded and the materials. 
moving from the quiescent Zone substantially 
maintain their initial distribution. Within the up 
per portion of the furnace proper. Also, the 
materials are delivered in a manner Such as to 
form an annulus of ore with the relatively fine 
coke preferably being charged centrally there 
of, while the coarse coke and flux materials are 
intermediate the separate layers of ore. Details 
of the manner in which these operations and 
results are achieved will become apparent from 
the following description of the present preferred 
embodiment of the invention and certain modi 
fications thereof. 
In Fig. 1 of the drawings the upper portion of 

a furnace is somewhat schematically illustrated 
in section. The construction comprises the outer 
shell 20, lining 2 ?, and wear plates 22, which are 
provided over a shoulder of the lining adjacent 
to the top of the stock line designated SL. The 
furnace further comprises a closed top with the 
usual gas outlets 23 and 24 intermediate which 
are provided the hoppers and bells generally des 
ignated 25. The charging hopper 26 is formed 
in a conventional manner, with the lower portion 
shaped as an inverted frustum of a cone. The 
opening at the bottom of this hopper is adapted 
to be closed by a conically shaped charging bell 
27. Above and concentric with the charging hop 
per 26 and charging beil 27 is the feed or supply 
hopper 28, which is generally of circular cross 
section but has an inverted frusto-conical lower 
portion the opening of Which is closed by the 
upper or smaller bell 29. Connected with the 
lower or charging bell 2 is an actuating rod 30 
which extends upwardly through the upper bell 
29 and through a hollow actuating tube 3 for the 
latter, the rod 30 and tube 3 being operated by 
conventional mechanisms not shown. The fur 
nace and bells just described are of conventional 
construction with the exception that the feed tube 
or upper hopper 28 is preferably of Smaller diam 
eter than that normally employed. 
In accordance with this invention, the furnace 

just described is provided with a downwardly ex 
tending impervious partition wall 32 formed of 
heat-resistant metal and connected with the top 
of the furnace at its upper end intermediate the 
charging hopper 26 and the gas outlets 23, 24. 
Where the furnace is of circular cross section, as 
shown in Figs. 1-3, this partition wall 32 may be 
in the form of a cylindrical tube, the lower end 
of which is open and extends downWardly into 
the furnace to a point adjacent the wear plates 
22. The lower end of the tube or partition wall 
32 may be supported by radially extending braces 
not shown, if necessary. Disposed within the 
partition wall or tube 32 and concentric there 
With is a second cylindrical tube 33 open at top 
and bottom. With its lower end Substantially co 
planar with the lower end of the partition wall 
or tube 32. This tube 33 is supported from the 
tube 32 by suitable radially extending bracing 
means 34, the upper end of the tube 33 being 
spaced below the lower end of the charging bell 
2 and the diameter of the tube 33 being less than 
the diameter of this bell. 
Intermediate the charging bell 27 and the up- . 

per-end of the tube 33, the interior of the tube 
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32 is provided with an adjustable defecting means 
generally designated 35. As shown in detail in 
FigS. 2 and 3, this adjustable defecting means 35 
preferably comprises a plurality of metal plates 
or vanes 36, the upper edges of which are hinged 
ly connected, as at 3i, to a portion of the wall or 
tube 32, the plates extending downwardly from 
their pivotal connections in overlapping relation 
ship and being adapted to be inclined different 
extents, while maintaining their overlapping re 
lationship, to direct material failing from the 
bell 27 in its descent within the tube 32. To ef 
fect this adjustinent of the deflecting means, a 
plurality of links 38 each has its upper end piv 
otally connected to the inner wall of the tube 32 
and its lower end pivotally connected to a shoe 
member 33. Also pivoted to the shoes 39 are a 
Second set of links 40, the lower ends of which 
are pivoted to an actuating ring 4. In the ill 
lustrated embodiment, the shoes 38 are shown as 
Separate members for each plate 36 with an in 
clined inner face of each shoe engaging a portion 
of the rear surfaces of the corresponding pivoted 
plate 36. It will be understood, however, that 
two or more of the separate shoes may be con 
nected together or a ring member formed of a 
plurality of Segnents may be employed in place 
of Separate Shoes in which event there need not 
be a set of links 3) and 30 for each plate 36. Con 
nected With the actuating ring and extending 
upwardly theirefrom are a plurality of pull rods 42 
which extend through sealing gaskets such as 43, 
the upper ends of the rods 2 being connected 
to a ring 4 which is adapted to be moved up 
Wardly and down Wardly by mechanism not shown. 

In accordance with the preferred procedure of 
this in Vention, the materials such as Ore, coke, and 
fiux Which are to be charged to the furnace are 
delivered to the top thereof in a conventional 
manner, as for example, by the use of a skip or 
bucket, indicated in broken lines at 5 in Fig. 1. 
Since the feed supply hopper 28 has a capacity 
Only slightly greater than that of a skip load and 
since the diameter of the hopper is less than that 
conventionally employed, inequalities in the up 
per level of the material in the hopper as the re 
sult of the directionalized delivery from the skip 
represent only a relatively Small percentage of 
the total depth of the material in the hopper, so 
that the material is substantially unifornly dis 
tributed over the bell 29. As the skip or bucket 
45 returns for another load of material, the bell 
29 is lowered through operation of its actuating 
tube 31, tilis discharging the contents of the hop 
per 28 into the hopper 23, the bell 2 being closed 
at this time. Since the material within the up 
per hopper 23 is substantially uniformly distribu 
ted therein, this material in moving downwardly, 
upon opening of the bell 29, will be substantially 
uniforniny distributed over the bell 2 for the hop 
per 26. 

Preferably the bell 27 is operated after each 
delivery of material to the hopper 26 to, in turn, 
charge the material into the area. Within the 
tube 32. At this time the defecting means 35 
is so positioned, through operation of the ring 
44, that the material discharging from the hop 
per 26 is guided to the desired location within 
the tube S2. That is to say, with the deflector 
35 so disposed that the plates 36 extend Sub 
stantially vertically downwardy, as shown in 
Fig. 4, the distribution of the imaterial discharg 
ing from the hopper 26 is controlled simply by 
the shape of the bell 2, the nature of the mate 
ria, and the dinnensions of the tube 32. Where 
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8 
the particles of the material charged roll easily, 
Such as large coke or relatively large pieces of 
flux, the deflector 35 may be positioned, as just 
mention, to extend Substantially vertically, so 
that the particles Strike the inner Side Wall Gf 
the tube 32 and bound therefrom to their rest 
ing place. However, where the naterial charged 
is relatively fine, as, for example, ore contain 
ing a large perceratage of fines, the deflecting 
nea as 35 may be positioned to intercept the na 
terial as it falls and direct it either against the 
Outer Side Wall of the tube 33 or to intermediate 
positions between the tube 33 and the tube 32. 
The particular position of the defecting means 
is, of course, selected in accordance with the 
material handled and may be varied for each 
Separate operation of the be 2 if the operator 
So desires. 
AS Inentioned above, in the preferred embodi 

ment of the procedure the ore is charged sepa 
rately from the other materials and is so di 
rected by the defector 35 as to form a Sub 
stantially uniform layer of annular form be 
tween the tubes 32 and 33, one of the layers of 
Ore being designated O in Fig. 1. The coke is 
preferably sized to separate the fines therefrom 
prior to charging and the coarse coke is charged 
before and after the ore forming annular layers 
C intermediate the tubes 32 and 33. The fiuxing 
materials raay be charged with the large par 
ticles of coke or may be separately charged in 
terriediate a colke and ore layer. By employ 
ing tube S3 and the defiecting means 35, the large 
particles of coke and of fluxing materials are 
prevented from entering the central portion of 
the furnace, thereby preventing the formation 
of a very porous and relatively unrestricted pas 
Sageway for gases therethrough. 
The fine coke, which was separated before 

charging, is preferably charged into the interior 
of the tube 33 by operation of the bell 2 and ad 
justment of the deflecting means 35 to direct 
the coke falling from the bell into the tube 33, 
See Fig. 2. This fine coke prevents the formation 
of a too porous center in the stock column and 
at the same time eliminates the necessity of 
charging ore to the center to overcome this un 
due permeability, as is customary in conventional 
practice. Moreover, the fine coke provides a 
path of controlled permeability and insures that 
this coke will not interfere with porosity through 
the large particles of coke, flux, and the ore lay 
ers by filling the voids therein. In addition to 
facilitating charging of the fine coke to the cen 
ter, the tube 33 prevents this coke from being 
mixed with the other materials until after the 
materials enter the main body of the furnace 
thereby in Suring that the distribution achieved 
within the tubes 32 and 33 will be substantially 
maintained throughout the descent of the mate 
rials through the upper portion of the furnace, 
since the Several layers are not subjected to 
appreciable agitation as they move downwardly. 

Preferably, the late of charging, by virtue of 
the operation of the skip 45 and of the bells 27, 
29, is Such that the upper level of material with 
in the tube 32 and tube 33 is above the lower 
edges of these tubes during normal operation 
of the furnace. Therefore, since the Wall or tube 
32 is impervious and is sealed to the top of the 
furnace, the zone or enclosed space within the 
tube 32 is substantially free of upwardly rising 
currents of gases, the latter being channeled 
around this zone to the gas outlets 22, 23. There 
fore, the chargiag of materials into this rela 
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tively quiescent zone, which is not in direct com 
munication with the gas outlets, greatly reduces 
dusting and turbulence, thereby insuring a more 
uniform distribution of the materials and mate 
rially reducing loss of fine materials in the form 
of dust. This factor, as well as the control of the 
porosity of the stock column by the layering 
method of charging, enables a larger percentage 
Of Ore fines to be employed than can now be 
utilized with conventional methods and appa 
ratus. 
The materials delivered into the relatively 

quiescent Zone within the tubes 32 and 33 nove 
downwardly during normal Operation of the fur 
nace and maintain the level SL of the stock with 
in the furnace proper substantially constant at a 
point adjacent the lower edge of the tubes, the 
slope of this stock level depending upon the di 
mensions of the tube 32 with respect to the fur 
nace, the angle of repose of material, and the 
like. Since the upper level of materials Within 
the tubes 32, 33 is maintained above the lower 
end thereof, these tubes provide what may, in 
effect, be termed a constant head feeder, since 
the elevation of the stock level S, is not altered 
by variations in the height of the materials with 
in the tubes so long as the upper levels of the na 
terials within the tubes is above the lower edges 
thereof. Moreover, the delivery of the materials 
from Within the tubes 32, 33 into the furnace 
proper is dependent upon the need therefor in the 
furnace as the stock descends therein during op 
eration of the furnace and is not affected by ir. 
regularities in the rate of operating the bells. 
Therefore, the layers of the material established 
Within the tubes are substantially maintained 
within the furnace proper with the result, that 
the stock column has a controlled porosity and 
an Optimum distribution of material for the re 
ducing operation. Since the fine coke within the 
tube 33 has been maintained out of contact with 
the other materials, as the layers thereof were 
being established, the said fine coke tends to con 
tinue as a discrete core at least in the upper por 
tion of the furnace, thereby controlling the 
porosity through this portion of the furnace and 
preventing channeling of the reducing gases 
therethrough. 
The improved method of charging by means of 

the concentric tubes and the deflecting means dis 
closed may be readily employed in a conventional 
furnace without appreciable alteration therein 
since, while the tubes and deflector somewhat de 
Crease the height of the stock column in the fur 
nace, this is compensated for by the improved 
distribution of the charge and controlled porosity 
thereof which affords a more efficient operation 
and removes the necessity of using excessive pres 
Sures on the gases Supplied to the tuyères. In 
Order that the Velocity of the gases issuing from 
the top surface of the stock column be not ma 
terially increased and to obtain optimum use of 
the rising gases, it is desirable that the area, be 
tween the outer surface of the wall or tube 32 and 
the upper portion of the lining 2 above the Wear 
plates 22 be substantially the same as in the area, 
of the furnace below the upper edge of the wear 
plates 22. To accomplish this, the upper portion 
of the furnace above the wear plates 22 may be 
increased in diameter, although by suitable selec 
tion of the diameters of the tubes 32, 33, the in 
Vention may be advantageously employed without 
material alteration in the diameter of the furnace. 
By way of example, it may be stated that the 
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10 
provide an area, which is between 35% and 60% 
of the area of the furnace in the region of the 
wear plates 22, while the inner tube 32 will have 
a diameter such as to be in the order of 5% to 25% 
of this area. For example, Where the diameter of 
the furnace in the region of the wear plates 22 is 
20 feet, the diameter of the outer tube 32 may be 
between 18 and 5.6 feet While the diameter of 
the tube 33 may be from 4% to 10 feet. The cor 
responding diameter of the interior of the fur 
nace above the Wear plates Would then be from 
23.2 to 25.2 V 

The larger the area, within the tube 33 the 
greater is the necessity to slow down flow of gases 
through the corresponding center of the furnace 
by means of the fine coke, while the larger the 
area between the tubes 32 and 33 the thinner can 
be the ore layers deposited therein. These varia 
tions, corresponding with a particular installa 
tion, are under control of the operator by varia 
tion of the amount deposited in each layer and 
by varying the order in which material is deliv 
ered by the skip. That is to say, where a thicker 
layer is to be deposited, an extra skip load of ore 
may be delivered before the coke in which event 
the bell 2 need not be operated for each skip 
load deposited but only when the type of material 
charged is changed. The necessary prerequisite 
is that the ore be spread thinly and uniformly en 
tirely around the periphery of the furnace and 
this is accomplished in a broader and more uni 
form band than is possible without using this 
method. The sizing of the ore and charging the 
coarser portions between the concentric tubes in 
layers renders the resulting bands of ore and coke 
more permeable, while the fine coke charged to 
the center prevents too much of the reducing 
gases from channeling therethrough. Moreover, 
by employing the concentric tubes, the flux ma 
terial such as limestone, which rolls relatively 
easy, is kept out of the center where it would pro 
mote an undesired porosity, the flux material be 
ing more uniformly scattered throughout the 
charge, thereby promoting more uniform fluxing 
action. By proper use of the deflector 35, it is 
possible to control the depositing of the material 
radially in the annulus between 32 and 33 so that 
the ore layer is of uniform thickness or thicker 
at either end or in the middle of the annulus as 
may be desired or necessary for a particular in 
stallation. The resulting more uniform permea 
bility of the stock column promotes more efficient 
and rapid reduction and a more uniform move 
ment of the solid materials in the furnace, there 
by reducing hanging and slipping. . 
As mentioned above, the material should be 

substantially uniformly distributed on the upper 
bell 29 and one way of effecting this is to make 
the upper or supply hopper 28 of smaller di 
ameter than conventionally employed for a 
furnace of given dimensions. Other means for 
effecting this result may be employed with supply 
hoppers of conventional size. Figs. 5 and 6 illus 
trate an example of one such means. As shown 
therein, the wall of the upper hopper 28, which 
may be either small or large diameter, is pro 
vided with a deflector plate 46. Preferably this 
plate is fixed to the wall and extends only 
partially thereabout being located principally on 
the side of the hopper opposite the lower edge 
of the skip or bucket 45. The deflector is inclined 
in Wardly and down Wardly in a manner to de 
flect a portion of the material striking the side 
Wall of the hopper, as it discharges from the 

diameter of the outer tube 32 may be such as to 75 inclined skip, and direct it across the hopper 
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Itowards the opposite side wall thereof. The 
shape and degree of inclination of this deflector 
is, of course, dependent upon the diameter of the 
hopper, the inclination of the skip in its dis 
charging position, and similar factors. 
3Figs. 7 and 8 illustrate a rotatable leveling 

means to distribute the material within the 
hopper 28 and thereby provide a substantially 

... uniform height thereof. As shown therein, a 
rotatable scraping arm or arms 4 are fixed at 
the lower end of a hollow tubes 48 extending up 
wardly in spaced relationship with respect to the 
'bell Operating tube. 3. The upper end of the 
tube :48 is provided with a worm gear 49, the 
tube and gear being supported by bearings 59 
on a stationary supporting plate 5f, the gear 49 
being driven by means of a worm 52 through 
the mechanism not shown, By this arrange 
ment, material delivered to the hopper 28 by 
means of the skip. 45 is levelled by the rotation 
of the blade or blades 47 which may be either 
continuously or intermittently operated. 

It has been found that the effective or active 
area in front of each tuyère is limited. The 
estimated dimensions of this effective or active 
area vary somewhat but evidently does not 
i exceed 6 feet as measured radially of the furnace. 
Consequently, as the diameter of furnaces have 
been increased, to increase capacity, there de 
velops a dead center substantially through the 
heart of the core of the furnace to which the air 
and other gases from the tuyères does not directly 
penetrate. Therefore, with the larger size con 
wentional furnaces operated in the conventional 
manner, ore charged into the center of the 
furnace to control the porosity therethrough 
finds its way to the hearth without being reduced 
and hence must be reduced in this melting or 
Smelting Zone by direct contact with incandescent 
carbon. As is well known, this type of reduction 
is wasteful of coke and slows the Operation. The 
improved apparatus and procedure described 
above with respect to Figs. 1 to 8 overcome this 
'difficulty by keeping the ore out of the center of 
theifurnace and allowing only fine coke to descend 
therethrough where it is available for Supplying 
heat and/or reducing gases upon encountering 
the heat of the melting or smelting zone; the 
ore, being in an annulus, is subjected to the re 
ducing gases during its descent and hence 
reaches the melting zone as metallic iron. Con 
sequently, in addition to the considerations men 
tioned above as determinative of the dimensions 
of the tubes. 32,33, there must also be.considered 
the diameter of the furnace and the correspond 
ing dimension of the “dead center,' as it is called, 
since the diameter of the inner tube 33-should be 
in the order of this dimension. 

In order to eliminate the above-mentioned 
dead center, proposals have been made hereto 
fore for employment of furnaces having either 
rectangular or elliptical hearths. Furnaces of 
this configuration have not, however, been 
adopted probably because of the difficulties of 
properly charging them, since the conventional 
circular bells and hoppers are not adapted there 
to. In accordance with this invention, the im 
proved method of charging may also be adapted 
to use with furnaces of rectangular or elliptical 
cross section which have their tuyères so ar 
ranged as to substantially or completely eliminate 
the dead center. Thus, Fig. 9-shows a furnace 53 
of rectangular configuration having the tuyères 
54 arranged in pairs on opposite sides thereof so 
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Fig. i0, substantially neet. To effect charging of 
Such a furnace, the upper portion thereof. is pro 
vided with a rectangular partition wall 56 inter 
mediate the charging bells and the gas outlets: 57 
and 58, thereby defining an open bottomed enclo 
Sure into which the materials are to be charged, 
this enclosure corresponding to the tube 32 of the 
preferred eroodiment. Since there is now no 
dead center, there is no need for a central tube 
corresponding to the tube 33 and hence, none is 
provided. 
To effect charging of a furnace of this nature, 

the top thereof is provided with a charging 
hopper 59 of generally rectangular cross section 
having downwardly converging side walls, the 
open end being closed by a charging bell 50 of 
Substantially rectangular configuration with 
doWnwardly sloping side Walls. The upper por 
tion of the hopper 59 is in communication with 
-the lower end of a supply or feed hopper 6 which 
may be constructed similar to the charging 
hopper 59 and is provided with an upper or small 
bell-62 similar to the bell 60, the configuration of 
bell 62 being shown in Fig. 12. 

In order to Supply material to the hoppers and 
bells and properly distribute the material there 
in, one or noire conveyors are provided, two such 
conveyors, 63 and 64, being illustrated. These 
conveyors are each preferably positioned to ex 
tend longitudinally with respect to the larger 
transverse dimension of the supply hopper 6 and 
are so constructed that the delivery ends of the 
conveyors are movable backwardly and forwardly 
Over the hopper 6 to deposit the material sub 
stantially uniformly therein. One suitable form 
Of conveyor operating in this manner is of the 
endless belt type in which the forward roller or 
drum for the upper flight of the belt is mounted 
On a reciprocating frame. 
As somewhat schematically illustrated in Fig. 

11, each of the conveyors 63, 64 comprises an 
endless belt 65 trained about supporting rollers 
or drums such as 66, 67 and 68, the belt being 
driven by conventional mechanism, not shown, 
associated with one of the rear belt Supporting 
rollers or drums, not shown. The drum of roller 
66 is supported upon spaced bars 69 and Gad 
jacent the forward ends thereof, these bars being 
longitudinally movable relative to the main frame 
of the conveyor by being movably supported in 
stationary channel shaped members and 72. 
The belt roller or drum 68 is supported by brack 
ets 3 and 4 extending downwardly from the 
stationary channel members if and 2, respec 
tively, while roller or drum 67 is supported for 
movement with the bars 89 and T by being 
journalled in brackets 75 and 6 connected with 
the bars 69 and 79. The hars 69 and are longi 
tudinally reciprocated by any conventional 
mechanism thus moving the delivery end of the 
belt, 65 and the roller 6 from their positions 
shown in full lines in Fig. 11 to the positions 
shown in broken lines in the same figure. Since 
the belt is being driven at the same time, any 
material on its upper surface is deposited in the 
hopper S substantially uniformly throughout 
the cross sectional area, thereof. In view of the 
sloping nature of the bell 62 it is not necessary 
that the belt 66 have a Width equal to that of the 
hopper St nor is it necessary that the belt, be re 
ciprocated a distance equal to the entire length 
Of the hoper. 

Material is preferably supplied to the belt: 65, 
for delivery to the hopper 6, in a manner such 

that the active areas thereof, indicated at 55 in 75 as to provide substantially uniform distribution 
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of the material over the entire width of the belt. 
This is readily effected by employing supply bins 
for the materials the discharge openings of Which 
are substantially equal to the width of the con 
veyor belt. In the illustrated form three such 
Supply bins are indicated for the belt 65, although 
a greater or lesser number may be utilized. AS 
shown, bin is provided with one type or grade 
of ore, bin 78 with a second grade or type of ore, 
while bin 79 may contain pellets or agglomerates 
of fine Ores. 
The conveyor 64 is identical in construction and 

operation with the conveyor 63 and hence will 
not be described in detail. As shown, three Sup 
ply bins are also provided for this conveyor. Bin 
80 may, for example contain fine coke, bin 8 
may contain coarse coke, while bin 82 may con 
tain linestone or other fix material. Of course, 
other materials may be provided in the bins and 
more than one bin may contain the same ma 
terial if desired. The conveyor 64 has the delivery 
end thereof reciprocated over the hopper 6 in 
the same manner as described for conveyor 63, 
one conveyor being advanced while the other is 
being retracted, or remains in its retracted posi 
tion, thereby preventing interference therebe 
tween. 
The actuating rods and tubes for the bells are 

preferably provided with intermediate yoke por 
tions to accommodate the ends of the conveyors 
63 and 64 so that the latter may be reciprocated 
over the hopper 6, as described above. Thus, 
as shown in Fig. 9, the actuating rods 83 for the 
lower be 6 are each provided with an inter 
mediate substantially rectangular shaped yoke 
portion 84 providing an opening for passage of 
the conveyors 63, 84. The actuating tubes 85 for 
the upper bell 62 likewise are each provided with 
a rectangularly shaped yoke portion 86 which 
surrounds the yoke 84. While two spaced rods 
and Surrounding tubes are shown, it will be ap 
parent that a single rod 83 and tube 85 could 
be used if desired, provided the connections to 
the respective bells are such as to prevent tilting 
of the bells. 

In a furnace as shown in Figs. 9 through 12, 
the conveyor belts are preferably sequentially op 
erated to Sequentially deliver ore, coke, and flux 
to the upper hopper 6 when the bell 62 thereof 
is closed, each material thus delivered being equal 
in amount to that necessary to form a layer of 
Such material of desired thickness within the fur 
nace. The bell 62 is then operated after delivery 
of each material and while the belts are not de 
livering material, to deposit the material in the 
hopper 59 upon the bell 69, the latter being closed 
at this time. While the bell 62 is next closed, 
a different materia is delivered to the hopper 
6 by one of the conveyors and the material with 
in the hopper 59 is then delivered to the interior 
of the enclosure provided by the partition 56 by 
operation of the bell 69, the configuration of this 
bell acting to substantially uniformly deposit the 
material in a layer within the enclosure. While 
not shown, it will be apparent that an adjustable 
deflecting means may be employed within the 
tube 56, if desired, to aid in this distribution, 
Instead of sequentially operating the conveyors 
and bells for each material, these devices may be 
Operated to deposit nore than one material at a 
time at one drop or actuation of the bell 60. 
As in the preferred embodiment, the delivery 

of material to the upper hopper and the operation 
of the bells is so timed that the level of material 
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within the enclosure 56 is maintained above the 
lower end of that enclosure so as to segregate the 
interior thereof from the rising gases and Serve 
as a constant head feeder of material to the 
furnace. Therefore, the layered material With 
in the partition or enclosure 56 moves downwardly 
in a uniform manner and without material dis 
turbance between the layers to maintain the stock 
level substantially constant during the normal 
operation of the furnace, this level being indi 

In this form of the 
apparatus as well as in the preferred embodiment, 
the materials are charged substantially without 
Subjection to rising currents of gases and hence 
a more uniform distribution is effected With less 
loss of fine material than in Conventional prac 
tice. Moreover, the layering of the material pro 
vides a controlled porosity throughout the fur 
nace which is further maintained Substantially 
uniform by virtue of the fact that the stock level 
of material within the furnace remains Substan 
tially unaltered even though the rate of operation 
of the bells is not uniform. 
A similar construction to that shown in FigS. 9 

through 12 may be employed for use with a rec 
tangular furnace 88 having staggered tuyeres 89 
as indicated at Fig. 13, it being understood that in 
both of these rectangular furnaces the capacity 
of the furnace is increased by altering only one 
tranSVerse dimension thereof, while maintaining 
the other dimension Substantially equal to the 
effective active area in front of the tuyeres. 
The principles of this invention may also be 

employed with a furnace 9 having an elliptically 
shaped hearth, With the tuyeres 9 arranged as 
indicated in Fig. 4. In this event, the charging 
mechanism would be substantially similar to that 
shown in Figs. 9 through 11 except that the par 
tition wall 56 should preferably be altered to sub 
stantially coincide with the configuration of the 
furnace Wall and the charging hoppers and bells 
should be provided with rounded ends so as to be 
Substantially a flat ellipse in cross section. 

It will be apparent that a furnace constructed 
either as shown in Figs. 1 to 8, or as shown in 
Figs. 9 to 14, and operated in accordance with the 
improved procedure of this invention provides a 
more uniform permeability of the stock column, 
maintains the latter substantially at constant 
height, and enables the material to be charged 
into a relatively quiescent zone, thereby greatly 
reducing dusting. Consequently, the furnace 
may be operated with a more uniform volume 
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and pressure of air or other gas and will produce 
metal of more uniform analysis at a higher pro 
duction rate and with a lower consumption of 
Coke per ton of metal produced. Furthermore, 
Ores containing a larger percentage of fines may 
be employed and slipping, hanging, and other 
Operational difficulties are substantially elimi 
nated. Moreover, the improved procedure and 
apparatus of the preferred form may be employed 
in conventional furnaces without appreciable 
alteration thereof by simply altering the top 
thereof slightly. 

Numerous variations in the method will be 
apparent to those skilled in the art after having 
had the advantage of this disclosure. For ex 
ample, the deflector plates 36 shown in Figs. 1 to 3 
may be individually operated, if desired, by em 
ploying separate actuating rods for the shoe 39 
of each plate. Likewise, the shape of the several 
hoppers and bells may be varied, or means other 
than those shown in Figs. 1, 5 and 7 may be 
employed for effecting a more uniform distribu 
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stion of the material in the upper or feeding hop 
per. Moreover, when employing a rectangular 
or elliptical furnace, the central area of the top 
:may be utilized for the withdrawal of gases, 
“charging then being effected through two Sets 
dfrcharging mechanisms extending longitudinally 
"of the greater transverse dimension of the fur 
nace on either side of the Central area. Further 
imore, the Order of charging the materials may be 
Varied from that disclosed. These and other 
variations, which may be effected by those skilled 
in the art, are contemplated as coming within 
5the scope of the invention, the specific descrip 
3tion...and drawings being intended only as illus 
Strative. 

Having thus described the invention, I claim: 
ii. The method of charging ore, coke and flux 

materials into a blast furnace comprising, sepa 
rating:the coke into portions of fine particles and 
relatively coarse-particles, establishing a first zone 
Substantially free of upwardly rising currents of 
gas within the upper portion of the furnace in 
communication with the charging opening of the 
furnace- and spaced inwardly from the side walls 
of Said 'furnace with the interior of the furnace 
fbeing in communication with the said zone only 
at the lower end of the latter, establishing a sec 
Ond Substantially gas free zone interiorly of the 
sfirst Zone and communicating with the charging 
-opening and the interior of the furnace, the lower 
'ends of said:Zones being at substantially the same 
elevation within the furnace and the cross-sec 
tional area of said Second zone being in the order 
of 5% to 25% of the cross-sectional area of the 
'interior of the furnace adjacent the lower ends 
of said zones, withdrawing the gases from said 
furnace exteriorly of said zones, charging the ore, 
flux and coarse coke into said first zone exteriorly 
of said -second zone and charging the fine coke 
into the interior of said second zone, the rate of 
charging of the materials to said zones being Such 
that the level of material in each is continuously 
maintained-above the lower end thereof thereby 
excluding furnace gases therefrom with the fine 
coke prevented from mixing with the other 
charged material until after passage thereof from 
said zones. 

2. The method of charging ore, coke and flux 
materials into a blast furnace comprising, Sepa 
rating the coke into portions of fine particles and 
relatively coarse particles, establishing a first 
zone substantially free of upwardly rising cur 
rents of gas within the upper portion of the fur 
nace in communication with the charging open 
ing of the furnace and spaced inwardly from the 
sidewalls of the said furnace with the interior 
of the furnace being in communication with the 
said zone only at the lower end of the latter, estab 
lishing a second substantially gas free Zone in 
teriorly of the first zone and communicating with 
the charging "opening and the interior of the fur 
nace, the lower ends of said zones being at sub 
stantially the same elevation within the furnace 
and the cross-sectional area of said second Zone 
being in the order of 5% to 25% of the cross-sec 
tional area of the interior of the furnace ad 
jacent the lower ends of said Zones, withdrawing 
the gases from said furnace exteriorly of Said 
zones, separately charging the ore, flux and coarse 
coke into said first Zone exteriorly of Said second 
zone to provide layers of these materials in Said 
first zone, and charging the fine.coke-only into 
the interior of said second Zone, the rate of charg 

ing; of the materials to said zone being such that 
the level of the material in reach is continuously 
imaintained above the lower end thereof thereby 
excluding furnace gases therefrom with the fine 

5 coke prevented from mixing with the other 
charged materials until after passage thereof from 
Said Zones. 

3. The method of charging ore, coke and flux 
materials into a blast furnace equipped with a 

l0 charging bell, comprising separating the coke into 
portions of fine particles and relatively coarse 
particles, establishing a first zone substantially 
free of upwardly rising currents of gas Within the 
upper portion of the furnace in communication 

15 with the charging bell and spaced inwardly from 
the Sidewalls of the furnace with the interior of 
the furnace being in communication with the Said 
zone only at the lower end of the latter, estab 
lishing a second substantially gas free Zone in 

20 teriorly of the first zone and communicating with 
the charging bell and the interior of the full 
nace, the lower end of said zones being at sub 
stantially the same elevation. Within the furnace 
and the cross-sectional area of Said second ZOne 

25 being in the order of 5% to 25% of the cross-sec 
tional area of the interior of the furnace adjacent 
the lower ends of said Zones, Withdrawing the 
gases from Said furnace exteriorly of Said ZOnes, 
depositing the ore, flux, coarse and fine coke 

30 separately upon the charging bell in a manner to 
provide a substantially uniform distribution of 
each material thereon, sequentially operating the 
charging bell to separately drop the ore, flux and 
coarse coke into said first Zone exteriorly of the 

85 second zone, operating the charging bell to drop 
the fine coke into said second Zone, the rate of 
charging of the materials to Said Zones being Such 
that the level of the material in each is con 
tinuously maintained above the lower end thereof 

40 thereby excluding furnace gases therefrom with 
the fine coke prevented from mixing with the 
other charged materials until after paSSage there 
of from SaidZOneS. 

KENNETH. C. McCUTCHEON. 
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