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1. 
This invention relates to a furnace structure 

and, more particularly, to a continuous kiln in 
Which a charge is treated under controlled condi 
tions. 

Heretofore, continuous kiln structures have 
been of the rotary or fixed types, the operation 
of the former being dependent upon the rotary 
motion, while the latter utilizes a series of Small 
cars or movable platforms to convey the charge 
through the kiln proper. These constructions 
made it necessary to subject the charge at all 
times to the conditions prevailing therein. Al 
though in some constructions provisions are made 
for controlling temperatures at various zones, it 
is easily Seen that the gaseous products of com 
bustion Would flow throughout the furnace in 
terior. For example, in a fixed-type continuous 
kiln, heating gases may be directed only in certain 
portions of the kiln; nevertheless, the charge 
having been moved from the heating station is 
exposed to the action of the surrounding at 
mosphere. 
Warious attempts have been made at zone treat 

ment in a rotary kiln of which the rotary kiln 
having telescopic Sections is an example. In this 
type of construction the rotary kiln is composed 
of two or more telescoping parts wherein provi 
Sions are made, especially at the telescoping joints, 
to inject various gases or fuels, and thereby sub 
ject the charge to controlled conditions. How 
ever, due to the rapid diffusion rate of the gases it 
is extremely doubtful if this practice would be 
Successful. - - - - - - - - - 

It is therefore an object of this invention to pro 
vide a furnace structure in which the charge may 
be continuously treated through various con 
trolled zones. Another object of this invention is 
to provide a kiln in which the charge may be 
heated in one zone, chemically treated in another 
Zone and either cooled or further treated in still 
another Zone. Another object of this invention is 
to provide a continuous kiln which may be main 
tained under reduced pressure. 

It is readily Seen that the advantages ensuing 
from this invention are many, especially in proc 
eSSes requiring progressively controlled condi 
tions. Within this category fall processes con 
cerning roasting of ores, sintering of Ore fines, 
calcining operations, processes requiring reduced 
preSSures, processes requiring heating period foll 
lowed by reducing atmospheres, preheating in 
controlled zones and many otherS. 
With these advantages and other objects in 

view, our invention consists of the arrangement, 
construction and combination of the various parts 

2 
of our improved continuous kiln construction, as: 
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described in this specification, claimed in our 
claims and illustrated in the accompanying 
drawing, in which: 

Fig. 1 is an elevation of the furnace structure 
in cross Section. 

Fig. 2 is a sectional view taken on line 2-2 of 
Fig. 1. 

Fig. 3 is a sectional view of the kiln taken on 
line 3-3 of Fig. 1. 

Fig. 4 is a diagrammatic view of a portion of 
a kiln illustrating motivating power unit and 
pendulum counterweight. 
While other kilns maintain a continuous flow of 

materials by means of small movable cars or by 
full rotational motion, we impart to the charge 
a forward motion by oscillating the kiln through 
an angle of less than 360°, thereby obtaining many 
advantages which were lacking in the former 
practice. .- : 

Reference is made to Fig. 1, illustrating one 
of the many forms of construction by which OS 
cillatory motion is transmitted to the kiln. In 
Fig. 1, the kiln f O is shown mounted in an in 
clined position, and is cradled by two circumfer 
ential rings Securely fixed normal to the axis 
of the kiln. The peripheries of the circumferen 
tial rings travel on pivotally mounted rollers 2. 
In this instance the oscillatory motion is obtained 
by the mechanical means shown herein in which 
the arm 3 is pivotally attached to kiln () and is 
actuated by cam arm 4 by means of a speed re 
ducer 5 and a motor 6. 

Greater detail of the driving mechanism is 
shown in Fig. 2. The pivotally mounted rollers 
f2 positioned on supporting abutments f 7 are 
best shown in Fig. 3. - 
The furnace O is constructed along conven 

tional lines in which 8 is a metallic shell lined 
with suitable refractory material 9. The interior 
of the furnace is, in this instance, divided into 
three compartments by the baffle plates 20 which 
are fastened to the furnace by any suitable meth 
od. These baffle plates control the capacity which 
may be increased or decreased by controlling the 
shape and size of the opening 2 shown in Figs. 2 
and 3. For most efficient service the baffle plates 
are designed so that the opening 21 conforms to 
the general cross section of charge as it is being 
propelled forwardly by oscillatory motion. There 
fore, by increasing or decreasing the opening one 
may control the capacity of the kiln and yet main 
tain a reasonably efficient baffle by which the vari 
ous compartments are isolated from each other. 

Baffle plates 20 divide the furnace into three 
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compartments for carrying out a specific process. 
Compartment 22 is used for heating the charge, 
while compartment 23 provides a chemical treat 
ment chamber and compartment 24, which is not 
lined with refractory material, becomes a cooling 
chamber. . . . . . . S 

In compartment 22, an opening 25 is shown in 
which suitable heating means 26 may be inserted. 
A heating means, burning either Solid, fuid Or. 
gaseous fuel, may be used since connections may 
be made through flexible conduits 27. An ex 
haust stack 28 is also shown in compartment 22 
from which the waste gases may be discharged 
either into the atmosphere or to collecting equip 
ment. In this manner a furnace of this construc 
tion may be used in processes involving gaseous 
by-products. 
Compartment 23 is a chemical treating cham 

ber having at its extremities an inlet 29, and an 
outlet 30 which couple the compartment to treat 
ing gas storage and gas exhausting units through 
the flexible conduits 3. Conpartment 24 nay 
be used as a cooling chamber, as shown, or may 
be constructed similar to compartment 23 to 
thereby subject the charge to further treatment. 
Also, this chamber may be converted to a quench 
ing chamber by attaching either coils or a jacket 
chilled. With brine. 

It is easily seen that in a furnace of this struc 
ture various combinations may be evolved. Where 
by the charge is subjected to numerous combina 
tions of treatments, 
The oscillatory motion of this kiln makes it pos 

sible to completely seal the treating chambers 
from atmospheric conditions. At the extremities 
of the kiln end plates and barrel valves 32 are 
attached so as to provide barometric Seals, 
However, in order that the feed of incoming ma 
terial may be continuous and since the barrel 
valve pivots at the longitudinal axis of the kiln, 
the barrel valve 32 is provided with a fan-shaped 
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hopper 33 or a flexible connection between the 
barrel valve hopper and the supply bin 34. 
Another method of sealing the lower end of 

the furnace may be accomplished by replacing the 
barrel valve with a barometric leg or a gooseneck, 
discharging spout which oscillates in a fluid seal 
ing means and thereby excludes atmosphere from 
the interior. If the interior is to be kept under 
subatmospheric condition, the gooseneck may be 
elongated to provide a suitable barometric leg. 
The fluid in which this gooseneck OScillates may 
be water, oil, molten metal or any fluid suitable 
for the prevailing conditions. 
The production of powdered iron by the reduc 

tion of iron oxide is readily carried out in a kiln 
of the present invention. The charge of iron OX 
ide is fed into the furnace through the barrel 
valve 32 and flows countercurrently to the heat 
produced by the burners. The powdered oxide 
is constantly agitated by the OScillating motion 
of the furnace and in this manner all particles 
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are heated to temperatures that are dependent 
on the length of the heating chamber and heat 
ing means. The heated oxide is then subjected 
to reducing atmosphere in the adjacent cham 
ber. In chamber 23 the heated oxide is reduced 
by hydrogen, the hydrogen being kept at a slightly 
positive pressure by means of the supply line 29. 
The reduced charge then enters compartment 24 
and is cooled to atmospheric temperature under 
conditions preventing reoxidization. 
The level of the oxide and the design of the 

baffle are such that a relatively positive seal is 
maintained at the openings 2 . However, since 

70 

75 

4. 
positive pressure of hydrogen is maintained in 
compartment 23 and as the oxide powder is very 
porous, small quantities of hydrogen Will perme 
ate the adjacent chambers. The small quantity of 
hydrogen which escapes to the heating chamber 
iwill, of course, burn and is of little consequence; 
likewise that which escapes into a lower cham 
ber provides a reducing atmosphere while the 
powdered iron is cooling to room temperature. 
Through the use of a suitable barrel Valve or 

barometric leg, low pressures are obtained with 
in the operating kiln so that low-pressure re 
duction of certain ores may be accomplished. 
Processing of this type would, however, eliminate 
the baffle plate and the use of flame-producing 
heating means, and resistant heaters are there 
fore substituted. The charges of raw materials 
and residues are conveyed through the sealing 
means described above, While the gaseous prod 
ucts are exhausted by one or more Outlets to 
suitable condensing equipment or collectors. . 

It is therefore easily seen that the efficiency 
in recovery of gaseous by-products is extremely 
high, that the kiln is sealed at all times and that 
the gases may be withdrawn and recovered by 
conventional methods. - - 

A feature that may be incorporated in this in 
vention is an adaptation of the pendulum as 
shown in Figs. 1 and 4 in which the Weight 35 
is suspended from the kiln at any convenient po 
sition by the rigid members 36. The use of a 
counterweight of this type in kilns is, of course, 
limited to a kiln structure of the character de 
Scribed. 

It is apparent that substantial inertia must be 
overcome both at start and end of each OScilla 
tion. This factor, therefore, requires power 
equipment of greater capacity than ordinarily 
necessary for plain rotary motion. The pendu 
lum counterweight in conjunction. With a var 
iable speed motor more easily overcomes the in 
ertia; and in fact, power savings are considerable 
since a pendulum, once having been started, re 
quires only a fraction of the energy to maintain a 
given amplitude than was required to raise it to 
its starting position. 
According to the pendulum formula, 

the period T is directly dependent on the length 
(l) of the pendulum, at times extending below the 
floor level, is adjusted to the frequency of oscil 
lation of the kiln. In practice the power means 
does not bear directly the load of stopping and 
starting the kiln, but rather supplements the 
pendulum. 

It has been shown that this specialized con 
tinuous furriace, when operated through an angle 
of rotation of less than 360, functions SucceSS 
fully and that many combinations and variations 
of processing various materials are easily ef 
fected. By inaparting oscillating motion to a fur 
nace, we have been able to conduct these several 
processes continuously with many added advan 
tages. . 
We have made possible the use of gases, fluids. 

or solids as heating a material for fuel and the 
placement of burners at any point throughout 
the length of the furnace. The temperature con 
trol and the differentials are successfully main 
tained in the various zones; a complete sealing 
of the furnace is effected; the ability to main 
tain controlled atmospheres in the various zones. 
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and collection of gases by-products have been 
obtained. 
Some changes may be made in the arrange 

ment, construction and combination of the vari 
ou.S. partS of Our improved stiructure Without de 
parting from the Spirit of the invention and it 
is our intention to cover by the claims such 
changes aS may be reasonably included within 
the scope thereof, 
The invention claimed is: 
1. In a continuous charging and discharging 

kiln Structure, in combination, an elongated, 
cylindrical structure having an oblique axis of 
rotation, Supporting abutments having rollers 
mounted thereon on which the cylindrical struc 
ture rotates, power means attached to said struc 
ture providing rotation, a pendulum counter 
Weight rigidly attached to said structure, length 
of Said counterweight adjusted to give a period 
coinciding with the period of said kiln, heating 
means mounted within said structure, means 
Sealing said kiln from the atmosphere during ro 
tation, and said rotation being oscillatory motion. 

2. In a continuous charging, and discharging 
kiln, in combination, an elongated, cylindrical 
structure having an oblique axis of rotation, Sup 
porting abutments having rollers mounted there 
on on which the kiln structure rotates, heating 
means mounted Within Said kiln structure, charg 
ing and discharging Sealing means attached to 
the ends of said kiln, said kiln having an interior 
lined with refractory, baffles extending down 
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Wardly dividing the kiln into at least two com 
partments, said baffles forming with a charge a, 
Seal permitting Separate reactions in each comi 
partilent, one of Said compartments comprising 
a heating chainber and at least one of the other 
Compartments being a reacting chamber, said 
compartments having inlets and outlets through 
which fuels, treating atmospheres, and exhaust 
productS are continuously passing to and from 
Said kiln, Said inlets and outlets connected to the 
kiln by flexible conduits, and means to rotate 
said kiln in an oscillatory cycle. 

3. In a continuous charging and discharging 
kiin, in coinbination, an elongated, cylindrical 
structure having its axis oblique to the floor level, 
Supporting abutments having rollers mounted 
tiereoi on Which the kiln rotates, baffle plates di 
viding said kiln into compartments, said baffle, 
plates forming With a continuously moving 
charge a seai permitting Separate reactions in 
each of said compartments, a refractory lining 
in each of Said compartments, heating means 
mounted in the uppermost and charge receiving 
compartment, other compartments comprising 
treating and ... Cooling chambers, said chambers 
having inlets and outlets for introducing and 
exhausting gases through flexible conduits, 
means for Sealing the ends of Said kiln while pro 
widing a continuous flow of material, and means 
to rotate said kiln in an oscillatory cycle. 

DAN L, NEWKRK, 
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