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N.Y., a corporation of Delaware -: , , 

Application December 15, 1941, serial No. 422,930 

This invention relates to the treatment of fine 
ly-divided metallic materials by reduction, roast 
ing, or other metallurgical or chemical process, 
and has particular reference to methods and ap 
paratus for reducing metallic compounds, and is 6. 
so described herein as illustrative of the inven 
tion, but it is to be understood that the invention is not limited to that use. - - - - - - - 

of the finely-divided charge on a hearth, prefer 
ably horizontal, by means of gases while the 
charge is caused to move over the hearth. Mov 
ing charge hearths of this general nature have 
been known heretofore and may be classified 
according to the mode of advancement of the 
charge. According to one method, the hearth is 
vibrated in such a way that the finely-divided 
charge advances thereover during reduction, and 
Hardy Patent No. 2,236,474 and/or Brassert Pat 
ent No. 2,296,498, disclose examples of the appli 
cation of this method. Another method involves propulsion of the charge along the hearth by 
directional jets of gas under pressure and may 
be effected by reducing gas impulses as in 
simonds Patent No. 1802,959, or by constant re- 2 ducing gas flow imparting directional movement 
to the finely-divided charge, and Brassert Patent 
No. 2,296,498 and/or Brassert and Hartley Patent 
No. 2,316,664 disclose examples of the application 
of this method. 
These prior arrangements are satisfactory for 

certain purposes but are not usable under all 
conditions and are expensive to manufacture, 
maintain and operate. Thus, the vibrating hearth is expensive, because it requires costly 3. 
temperature-resistant alloys and refractories, 
while in the gas propulsion hearth the metallic 
particles are likely to flow back into and thus clog the gas jet openings during interruptions in 
smaller than the smallest particles of the charge, again requiring expensive heat-resisting alloys 
and refractories in order to obtain the accurate ly-sized jet openings required. Also, where very 
fine materials are treated, which means 100 to 200 mesh, the number of apertures required for 
the necessary gas volume would be excessive. 
Furthermore, even if jet openings of sufficiently 
small size could be 'economically practicable, it 
would be difficult to keep them open because of 
the tendency toward carbon deposit and corrosion 
under the rigorous operating conditions to which 
the hearth would be subjected. Also, it is diffi 
cult to supply sufficient heat by means of the preheated reducing gases without liability of frit 

4 Claims. (C123-1) 

eneral the invention relates to treatment 

operation, unless the jet openings are made 40 . . ." 

ting drisintering in the charge itself or in the 
jet openings or on the walls of the hearth. 

Nevertheless, the general charge propulsion 
lethod has ny advantages and the gas agita 

od in particular is simple and superior 
the method arge propulsion by vibration 

of the hearth, providing that the hearth is prop 
erly constructed and operated. Thus, an impor 

. . . . . . . . in in proper construction and 

along the hearth in the nature of a desirable 
flowing action. For example, I have found that 

20 for many ores and fine particle sizes, the ore 
bed shoul a thickness between four and 

- olume of gas which can 
: blown through the ore bed. However, if the 

ore bed is toothin in relation to the gas pressure, 
the dust-losses may become too great with fine 

proportionately high gas pressure is 
- - - - - - - - - - - - - armeate the bed with resultant gas 
conduit leakages, and dust losses also result when the gas breaks through the heavy charge. 
A primary object of the present invention, 

e, is to provide a method by which finely 
'es and other metallic compounds can 

ed gases in a horizontal ough which the charge 
it a state similar is caused to flow by inducin 

to fluidity by means of 

urnaces described above. 
vention is to provide 

hearth over which 
, or other mate 

ihe hearth, particularly hargetherefrom. 
invention is to provide 

structure which, al 55 tilitigh 
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orifices, can nevertheless maintain uniform agi 
tation throughout the whole area of a relatively 
deep charge on the hearth without the necessity 
of using excessive pressure and volume of gas. 
Another object is the provision of a hearth 

structure capable of being blown from relatively 
few gas orifice openings, and which at the same 
time will eliminate depressions that trap the ore 
and interfere with its continuous forward travel, 
and which, when the ore feed is shut off, may be 
emptied and cleaned by continuing the flow of 
gas through the hearth. 
Another object is the provision of a hearth 

structure wherein gas openings of desirable width 
may be sealed against back leakage of a finely 
divided charge, but without an attendant forma 
tion of pockets wherein the charge may frit or 
obstruct flow or prevent any cleaning. 

O. : 

pressure, correlated to the particle size and weight 
of the charge, so that a state of fluency is im 
parted thereto resembling fluidity, with the re 
Sult that the entire charge will progress with a 
flowing motion at predetermined speed from one 
end of the hearth to the other while the particles 
thereof are being reduced to metal. The gas 
openings are relatively wide and horizontally-di 
rected and are not necessarily designed to impart 
directional propulsion to the charge, the permea 
tion of the charge and the construction and ar 
rangement of the hearth causing the natural flow 
of the fine materials without the provision of 

15 
positive or directional means urging the charge 
in the desired direction. With this arrangement, 
preheated reducing gas may be employed without 
liability of fritting or sintering of the charge in 
or near the gas openings, and the horizontal dis 

Another object is the provision of a hearth 
structure in which gas slots and preheat passages 
may be laid open and made accessible for periodic 
inspection and cleaning, if desired, by a simple 
removal of the hearth surface structure. 

... Another object is the provision of a furnace 
structure in which the above objectives may be 
completely attained, not only in metal construc 
tion but with equal safety and facility in refrac 
tory materials. - Another object is to provide a furnace hearth 
primary heating means and substructure where 
by the hearth and the reducing gas for individual 
slot connections may at the same time be efficient 
ly preheated between the inlet at which the cold 
gas volume is controlled and its exit to the indi 
vidual slot Sections. 
Another object is to provide a reducing furnace 

in which speed of reduction is made possible by 
the use of a reducing gas high in H2 and CO and 
very low in Na, together with Satisfying a peak 
portion of the heat demand throughout the length 
of the charge, by a secondary heating means, 
supplying radiant heat from direct partial com 
bustion of spent reducing gases blowing up from 
and protecting the charge against reoxidation. 
Another object is to provide a safe method of 

supplying secondary heat by direct partial com 
bustion, preferably of spent reducing gases, above 
the charge whereby the radiant heat created is 
transferred directly into the charge in the fur 
nace while the sensible heat of the gases is ex 
changed to the ore ahead of the furnace, thereby 
obtaining high overall efficiency. 
Another object is to provide a controllable sec 

ondary heat source by which heat input can be 
varied throughout the length of the furnace to 
suit the demands of the reducing charge, or as 
may be desired to modify or control the rate of 
reaction throughout the charge. 
Another object is to provide. a method and 

means whereby part of the dust loss in the dirty 
exit reducing gas from the furnace is trapped in 
the ore drying operation by these gases and thus 
also to make one set of gas cleaning apparatus 
take care of both reducing furnace and ore dry 
ingapparatus requirements. 
These and other objects of the invention are 

obtained in a furnace of the horizontal hearth 
type, as distinguished from vertical shaft or ro 
tary kiln type furnaces, and in which the hearth 
contains a series of adjacent parallel, preferably 
V-shaped longitudinal troughs through which the 
material flows from the charging to the dis 
charging end of the furnace, and from the bottom 
of each of which the permeating reducing gas is 
sues with sufficient volume and under sufficient 

20 

25 

30 

35 

40. 

position of the latter precludes back flow and 
clogging of the gas passages for any reason. Also, 
since the gas is not employed for direct or posi 
tive propulsion of the charge, the pressures need 
not be great, no greater than is necessary to ob 
tain the fluid simulation of the charge which is a 
concomitant of the desired thorough permeation. 
of the charge by the reducing gas. In conjunc 
tion with the hearth, primary indirect heating 
means and Secondary heating means for the 
charge are provided, as well as means for trans 
ferring the sensible heat in the spent gases to the 
cold charge, including a gas cleaning system for 
the spent gases, which are recovered and regen 
erated for reuse. 

It will be seen that the present invention pro 
vides a very simple and effective method of pro 
Curing continuous and economical reduction of 
finely-divided ores or other reducible metallic. 
compounds of a wide range of particle sizes, since. 
the pressures and volume of gas can be adjusted 
to suit reducing and charge permeation require 
ments without regard to forcible directional pro 
pulsion requirements of the moving charge meth 
Ods heretofore known, the gas pressure and vol 
une being merely correlated to the weight of the. 
column of charge above the gas openings. The 
apparatus in which this method is practiced has 
no moving parts and is extremely simple in con 
struction, and may be made of inexpensive mater 
rials. Its construction enables compact arrange 

50 
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60 

ment. Over a heat exchanger structure whereby 
minimum heat losses and maximum heat recovery 
are provided. The hearth may be readily re 
moved, section by section, for repair inspection 
and replacement, and remains clean at all times. 
It may be cleared of the charge for inspection 
without manual effort and when cleared will be. 
Clean and ready for reuse in a short time. 

For a more complete understanding of the in-. 
vention, reference may be had to the accom 
panying drawings, in which: 

Figure. 1 is a vertical longitudinal section 
through the reducing apparatus of this inven 

65 

O 

s 

tion for operation in accordance with the method 
thereof, certain of the items being shown sche 
matically; - 

Fig. 2 is a vertical section through the furnace, 
including the reducing gas preheater, as seen. 
along the line 2-2 of Fig. 1; 

Fig. 3 is a plan view of the hearth as seen along. 
the line 3-3 of Fig. i. 

Fig. 4 is an enlarged plan view of the hearth, 
as seen along the line 4-4 of Fig. 1, with certain 
of the hearth rib sections removed to show the arrangement of the gas discharge slots and gas 
preheating fues; - 



Eig;5 is an enlarged vertical transversesection: 
through the hearth floor and the upper portion'. 
of: the reducing gas preheater, as seen along the: 
line:5-5 of Fig. 7; 

Fig. 6 is: an is enlarged longitudinal. section 
through the discharge end of the hearth, as seen. : 
along the line: 6-6 of Fig. 7; and 

Fig.:7 is a plan view of a. modified form of 
hearth providing means for rapid removal of the 
entires chargei: 
In its preferred embodiment, the reducing fur 

naces of this invention is contained in a suitable: 
casing. supported by bottom beams 2, buckstays. 
beams: 3, and top tie beams. 4. The casing con 
tains the combustion chamber 5, and air preheat 
ing: recuperator 6, and is preferably made pres 
sure-tight to permit the combustion chamber 5. 
and: the: gas... preheating... structure, under: the: 
hearth, as, described, later, to be put under an . 
equalizing pressure: if desired. Any variation 
required in the pressure of the reducing gas Sup 
plied to the hearth may thus be offset by varying 
the waste gas pressure so as to reduce the differ 
ential pressure: across the gas. preheating struc 
ture practically to zero, whereby the danger, of 
leakage losses, or pressure-damage can be elimi 
nated. - 

The furnace casing is provided with an insula 
tion lining 7 and refractory Walls 9 disposed inte-... 
riorly of the insulation. Thes, bottom of the fur 
nace consists of a suitable refractory base. C, 
resting on an insulating concrete slab.8, and the 
top of the furnace comprises a series of arches: 
t , preferably of the suspended type of construc 
tion. The roof arches are also preferably fin 
ished with the insulation but do not necessarily. 
needia pressure tight casing cover, since the re 
ducing gas' above: the charge on the hearth may 
be maintained substantially at atmospheric pres 
Se: 

A. refraetory: arch 2-forms: the bottom of the 
combustion chamber 5 and the top. of the 3 air, 
preheater chamber 6. The top of the combustion 
chamber, preferably consists: of a suspended arch 
3 placed at, or below the level of the furnace 
hearth, thereby permitting the use of access doors : 

at the feed end of the furnace hearth. Similar 
access doors: 7 are: provided at the discharge, end 
of the furnace. Near the discharge end of the 
frnace, the roof structure is arranged to form. 
an outlet 5 for the spent reducing gas which is. 
removed from the furnace as later described, 
through the insulated duct. 6. Peep-sight con 
nections 8 are provided along the sides of the 
furnace to enable the operator to observe: the 
action of the charge on the hearth. 
In its preferred form the refractory hearth. 

consists of a series of parallel ribs 9a, of triangul 
lar section forming V-shaped longitudinal chan 
nels 9, although they may have any other suit 
able contour, disposed side by side: across the 
width of the furnace hearth, as shown in Figs.. 
2 and 3: Horizontal slot openings 20 at the bot 
tom of each hearth channel introduce preheated 
reducing gas into the charge on the hearth. The 
gas slots 20, narrow vertically and wide horizon 
tally, are suitably spaced longitudinally of the 
hearth and are staggered with respect to the slots 
in the adjacent row, as indicated in Fig. 4. Each 
slot is supplied with preheated gas from a corre 
sponding flue passage 22 to insure uniform gas. 
distribution with resultant complete agitation in 
the charge from end to end of the hearth chan 
nels 9. - 
The channel-forming ribs. 9a rest on a cap 

2,488157: 
structure"38; above: preheatifiuleities: forming the: 
reducing gas preheating:flue:passages. 22. Thie 
ribs. 9a are preferably made: in sections corres, 
Sponding to the spacing. Offlues 22 or multiples. 
thereof. The ends of the rib. sections. 9a have: 
tongue and groovejoints. 9b, which may be sealed: 
to prevent short-circuiting of reducing gas: :"The: 
bottom of the rib. sections 9a, and top of cap. 
structure:38 are provided with tongue and groove, 

10: joints:38aifor;the same reason. . . 
The spacing of the hearth channels 9 is de 

pendent on the spacing of gas supply flues. 22, or. 
vice versa. Preferably the hearth channel spac- . 
ing will be made to suit the flue spacing of stand 

5:ard heat, exchange, structures, but in any event, 
Will be made the minimum dimension...consistent . 
with gas: manifold: piping. Space... requirements 
under the furnace. The minimum width, and 
Spacing provides...a maximum charge: Volumeland." 

205the least dead space, as represented by the areas: 
of rib' sections: 9a, for any given total. width: 
hearth. With a given" depth of charge. 
The Ore, ... or other metallic compound to be 

reduced, With or without admixed carbon, is sup 
25 splied to the furnace at the feed end of the hearth. 

through, a feed, chute. 29, which is adapted to. 
spread theoreto, all the channels'.9 across thes. 
width of the furnace. An adjustable gate means.". 
30, operated by suitable adjusting means 3, is: 

5: 

30::provided for the regulation of the depth of the 
charge, at the feed end of the hearth. Near the: 
discharge. end of the hearth the "reduced ore is: 
preferably collected in transverse troughs 32 de 
livering to the discharge drop chute 33. Reducing. 

352 gaSadmitted to flues 34 under transverse troughs: 
32 is used primarily to control the discharge flow . 
of reduced product...A. discharge regulating gate 
35 may be provided for additional regulation of 
the product discharge. This gate may be opers 

40...ated by suitable regulating means 36 extending: 
through a gas tight connection 37 to cooperate: 
With the gate 35 on the inside of the furnace. 
The Supply of gas to the individual sets of slots. 

20...is admitted by: individual, connections 43 be-, 
... low the furnace through inlet pipes 42 to the pre 
heating flues. 22. The gas is supplied to each pair. 
of transverse rows of fues. 22 through a manifold 
44, and is metered to inlet pipes 42, through a . 
fixed or variable orifice 45 set to a desired maxi 
imum rate of gas flow. Each of the several mani. 
folds 44 extends across the Width of the furnace, 
and is supplied from a longitudinal-supply mania 
fold. 46 extending along, the entire length of the 
furnace. Each transverse manifold 44 is equipped: 

... with a regulating valve 4 for control of total gas. 
flow to corresponding length sections of the 
hearth." The sectional regulating, valves 4 are 
preferably all disposed out beyond one side of the 
furnace to permit key-manipulation by means of 
handles. 41a by an operator standing on a plate 
form above and alongside the furnace, where he 
may at the same. time observe the effect of the 
volume regulation through the peep-sights f8. 
The flues 22 may be filled with a series of suit. 

ably shaped refractory fillers' 22d, to increase the 
velocity and create turbulence in the rising gases: 
and thereby.improve the rate of heat transfer to: 
them, similar to the practice in modern blast 
furnace Stoves. 
The reducing gas in fues. 22 is preheated by, 

hot gases flowing around them from the comr, 
bustion chamber 5, through a series of horizontal. 
passes, 25, 26, 27, and 28. The cap structure. 
38 for the gas preheater on which the hearthribi 

is sections 9a rest is of refractory material and is 

45. 

50 

55 

60 
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of such thickness that the rate of heat transmis 
sion through the hearth to the ribs. 9a and 
channels 9 supporting the charge can be held 
at substantially the same temperature as that 
of the reducing gas entering the charge. 
for the reason that in order to effect rapid heat 
transfer, a temperature differential of several 

This is 

hundred degrees may be necessary between the 
waste gases surrounding the upper ends of the 
preheating fues, and the temperature of the re 
ducing gas leaving the files. It would be a dis 
advantage to allow the top of the hearth struc 
ture to reach a temperature very much higher . 
than that of the reducing gas or the desired tem 
perature in the charge, since there is danger of 
Sticking or fritting to the hot surfaces. - 
The heating gases flowing around reducing gas 

ducing gas from the furnace. Air and gas are 
introduced under controlled pressure through 
suitable burners 56. The hot products of com 
bustion pass from the combustion chamber 5 
through the opening 5 directly into the waste 
gas passages 25 circulating back and forth 
through the preheater courses around flues 22 
as described previously, whereby the Column of 
reducing gas rising in flues 22 is first heated by 
the cooler combustion products and finally by 
the hottest gases immediately before it is pro 
jected into the charge, meanwhile increasing its 
pressure as it is heated. From the last course 
28 the combustion gases pass down into the 
air preheater 6 after which they exhaust to a 
stack flue 58. The stack flue 58 is preferably 
equipped with a regulating damper 59 for the 
purpose of maintaining the required back pres 
sure of waste gases all the way back to the fur 
nace combustion chamber 5. Waste gases are 
discharged to the atmosphere through a suitable 
stack 60. - - 

The air preheater 6 is preferably built as an 
integral part of the reducing furnace to simplify 
the construction requirements necessary for 
holding the unit at a controlled pressure above 
atmospheric to minimize leakage losses, as pre 
viously mentioned. In the preferred form shown, 
air preheater 6 consists of suitable vertical metal 
tubes 48 supported between upper and lower deck 
plates 49 and 50. The deck plates 49 and 50 are 
provided with vertical thimbles 5, and the top 
of the tubes with sealing collars 52 so that by fillr 
ing the deck plates with a layer of sand or other 
suitable material, the connections may be sealed 
against leakage. 
The furnace waste gas passes down through 

the air preheater tubes 48, and the space around 
the tubes is preferably divided into a number of 
passes for the air by means of horizontal baffles 
53. Air is supplied to the bottom pass from a 
blower 54 and leaves the preheater from the top 
pass to enter an insulated air duct 55, which ex 
tends along the length of the furnace to supply 
air for supporting gas combustion at the burners 
56 of the preliminary combustion chamber 5 and 
for the secondary partial combustion under the 
furnace roof arches if, as will be described later. 
The furnace top or roof construction consists 

of a series of fiat sloping arches each. So in 
clined as to reflect heat diagonally downwardly 
toward the charging end of the hearth. Pre 
heated air from preheater 6 may be introduced 
under each arch from manifold duct 55 through supply ducts 63 and 62 to multiple ports 
or openings 6i. A series of these openings 6. 

O: 

5, 

8. 
extends across the width of the furnace under 
the arch to obtain proper air distribution. The 
port Openings 6 are Supplied from the ducts 62 
which are insulated manifolds, preferably formed 
as an integral part of the furnace Support struc 
ture by extending the function of the top tie 
beams 4 which, by proper disposition will serve 
to provide framing for the manifolds 62, 
as shown. Each connection 63 is equipped with 
regulating means 64 which may consist of a 
butterfly or other suitable type of valve, by which 
the volume of air admitted to the manifold and 
consequently the degree of combustion of the 
combustible excess reducing gas and gaseous 
reduction products can be controlled. The fur 
nace roof arches f are so arranged that the low 

- point of each succeeding arch is higher than that 
flues 22 are supplied by combustion chamber 5 
which is preferably fired by cleaned spent re 

20 : 

25 

30. 

35 

40. 

45 

50. 

55 

60 

65 

70 

s 

of the previous arch, thereby preventing undule: 
increase in the velocity of the gas flowing toward 
the gas outlet 5 near the discharge end of the 
furnace. 
The spent gases from the furnace leave at the 

outlet 5, thence out through a duct 6 and 
through a blower 65 exhausting to the rotary 
ore dryer 66. The gases are exhausted from the 
dryer 66 through the fan 67 and pass on to the 
gas cleaning equipment 68 for removal of en 
trained dust and to cool the gas and condense 
moisture from the reaction and partial combus 
tion. Part of the gas from the cleaning equip 
ment 68 is supplied by pipe if to the burners 56 
of the combustion chamber 5 as previously de 
scribed, and the remainder to meet the heat re 
quirements of the gas reforming apparatus 69. 
A portion of the cleaned gas may also be recircl 
lated back to the furnace through the reducing 
gas main 70 to supply the manifolds 46 and 44. 
The spent gas main 70 will preferably be con 
nected to, and supply, about the first third of the 
length of the hearth, where it may be desired to 
use clean spent gas or an admixture of spent gas 
to fresh reducing gas. 
The ore for the reduction process may be fed 

in finely-divided state to the dryer 66 through a 
feeder 72 from a storage bin T3. If desired, a 
small percentage of finely-divided carbon to aid. 
in the reduction of the metal may be admixed 
with the ore in the bin 73. The feeder 72 is pref 
erably arranged to provide a seal against ingreSS 
of air or the escape of spent reducing gases from 
the dryer 66, and may be driven by a variable: 
speed gear and motor unit 74, which may be con 
trolled to hold the rate of the ore feed at a Wol 
ume in accordance with the rate of reduction 
taking place in the furnace. The dried ore dis 
charges from dryer 66 through the distributing 
chute 29 to feed all the channels 9 across the 
width of the furnace. A small percentage of car 
bon may also be added at 29a if desirable, in ad-. 
dition to or instead of at the bin 73. 
The product from the furnace hearth falls. 

through the discharge opening or duct 33 as pre 
viously described, thence out through the botton 
of the furnace, and through a connecting chute 75. 
to suitable briquetting machine or other compact 
ing means 76, wherein the substantially reduced 
powdered product is compacted into a form suit-, 
able for further processing. The briquetting mas. 
chine 76 is equipped with a sealed diseharge. 
to prevent the escape of reducing gases and to 
permit pressing or working the powder in a hot, 
reducing atmosphere. The compacted product is 
preferably quenched and discharged through a 
conveyor 78. 

In operation of the apparatus of this invention 
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in accordance with the method of this invention, 
;the reducing gas at approximately, the reducing 
temperature of the charge particles flows through 
the horizontal slots 20 and percolates upwardly 
in contact with the particles of the charge in the 
V-shaped channel troughs 9. The gas issues at 

i ong the hearth, which precludes channeling, and the gas exits are stag 
gered so that they do not oppose each other. The 
gas is supplied in volumes, and pressure corre-l 
lated to the charge weight and particle size so 
that as the gas flows through the interstices be 
tween the particles they are buoyed up in a state 
of suspension imparting a state of fluency to the 
charge resembling fluidity. As this hot gas 
emerges from slots 20 it expands and imparts a 
current to the fluent bed which may be described 
as moving upwardly at the center, diverging into 
two streams near the surface of the bed to travel 
laterally in opposite directions for a short dis 
tange and then downwardly to meet at the center 
sof the channel 49 for repetition of the cycle, as 
is indicated by the arrows in Fig. 6. 
The level of the bed at the charging end is 

maintained higher than at the discharge end, as is 
indicated in an exaggerated-way in Fig. 1, so that 
a pressure head is produced. In view of the 
fluency of the material, the entire bed flows lon 
gitudinally of the hearth under this pressure head. 
The rate of longitudinal flow of the fluent bed is 
..controllable by means of the gas pressure and 
volume at the discharge end-of the hearth, as will 
be described. 
In view of this longitudinal flow of the bed, 

there is Superimposed on the general transverse 
particle movement shown in Fig. 6-a gradual lon 
gitudinal movement toward the discharge end of 
the furnace, whereby the particles in each chan 
nel 9 described paths, generally resembling 
double inverse spirals as they advance from the 
tfeed to the discharge end of the hearth, as indi 
'cated generally by the arrows in Fig. 3. This 
movement may be likened to that of two opposite ly rotating, parallel screws. 
. Another result of this.-rotating, double. helica 
acurrent-effect, causing...the general rise and fall 
of all particles throughout the depth of the 
charge, is to progressively and repeatedly...expose 
all of the charge to the radiant heat directed 
sdown-upon it from the roof arches ff. Thus, the 50 
radiant heat is more effeetive than if it had to penetrate, a relatively static bed. 
This radiant heat is the reflected heat pro 

duced by the partial combustion of, or combus 
tion of a part of the reducing, gases at the top of 5 
the furnace, air, from: duct. 55 being supplied 
thereto for this purpose. The reducing gas-burns 
under the ceiling of the furnace and its heat is 
reflected downwardly, on the charge in the man 
iner, described...By regulating valves 64, the sup 
ply of air. to the several archest, may be altered 
.to suit the heat requirement of the various sec 
tions, of the hearth. Thus if more heat is re 
quired at the center of the hearth, more air sup 
plied to the centerarch through. corresponding 
valves. 34, results, in combustion of a greater vol 
line of gas at that point, with, consequent inten 

tus. Thus, even where the ore and gas are pre 
heated, the heat input may be insufficient to 
complete reduction in many cases, and in other 
cases, if sufficient heat is supplied in this way, 

is the aforementioned fritting and sintering result. 
With the auxiliary radiant heating arrangement 
of this invention, excessive preheating and large 

at into the charge may 
an ideal economical oper 
g the gas and charge and 
le of gas, and such oper 
the present invention 

d is flow is effected 
Irnace while the gas is cold and 

instant pressure and volume. Con 
eed of charge travel may be obtained 

h valves 47 near 
channels 9 to the vol 

ased on the time re 
omplete reduction to 

ct. 
d that the arrangement of the 
arth, is such that if gas flow 

nd were stopped, the charge at 
this point would come to rest, preventing exit 
charge flow from the furnace. This follows even 

S0 if the balance of the charge is held in a state 
of agitation equal to fluidity. As a further aid 
in the control of charge flow, provision may be 
'made, as previously described, for varying the 
difference in head between the ore feed inlet and 35 reduced-products outlet ends of the hearth by 
means of the adjustable inlet gate 3 and outlet 
gate 35. . . . 
The control of charge flow may also be aided 

the di 

by building the furnace and hearth at a slight 
40 inclination from the horizontal, as determined by 

experience, or the entire furnace unit may be 
mounted on-adjustable:supports, to obtain the 
effect desired. These latter means, however, 
would at best provide for relatively fixed condi 

...tions and would be cumbersome to adjust, and 
hence are not as desirable as the preferred em 
ibodiment described herein. 

In order that the charge may be removed 
quickly from the hearth to permit inspection and 

i repair, thereof, the slots,207 maybe given a slight 
forward inclination as shown in Fig. 7, whereby 
the charge may becaused to progress even when 

cing gases leaving the fur 
cribed through duct 6 

... -- the predeyer,66, which is preferably 
of a type wherein the h9t.spent reducing gases 
pass-through the ore, whereby the sensible heat 

t is used to preheat...and drive off moisture from 
the ore. If chemical water and/or CO2 are pres 
ent, these may also be driven off, and a small sified reflected heat for the center arch it. percentage of reduction may also be accomplished, 

This method of supplying additional heat to mperature is raised by par the charge from.. without the charge is important 7 
for, by means of it, adequate heat is supplied to 
the whole or any part of the charge to completely 
reduce it, but without, the danger of fritting and sintering With consequent clogging, and sticking 
of the particles, to each other, and to the appara 

2he spent, reducing gases. If 
the ore and is to be elimi 

nated in the same drying apparatus used for dry 
ing and calcining the spent gases used for this 
purpose must be completely burnt, preferably with 

75 an excess of air (roasting); because: the elimina 
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tion of sulphur to SO, occurs in an oxidizing at 
mosphere. In any case, only part of the spent 
gases may be used for one preparation, the bal 
ance may be taken directly to the cleaning ap 
paratus for use in preheating the fresh reducing 
gas and air. The ore feed to the dryer 66 is 
maintained by the feeder 12 at a rate which can 
be set or varied in accordance with the furnace 
capacity as affected by the raw materials used 
and the product to be made. The hotore from the dryer drops down through the shortest pos 
sible chute 29 directly into the furnace. Thus, 
the length of hot gas and of hot ore paths is 
reduced to the minimum by the flow circuits made 
possible with the furnace and drying-reduction 
gas cycle according to the present invention, re 
Sulting in proportionately decreased heat losses. 

In the present invention there is thus provided 
a permeable hearth, which permits controllable 
charge movement induced by reducing gas agita 
tion producing a state equal to fluidity; which is 
not restricted as to width of gas slot opening; 
which can use a varying depth of charge; which 
Will allow rabbling if desired; which will not per 
mit charge backflow; which is cleanable and may 
with reasonable ease be opened for inspection; 
which is not restricted to metallic construction; 
and wherein the method of heating eliminates 
excessively hot surfaces in contact with the re ducing charge and excessive preheat in reducing 
gaSeS. . . . . . . . . . s. . ... -- 

The present invention, by taking advantage of 
the continuous stream of reducing gas blowing 
up from the charge and creating a protective 
blanket above it, making use of indirect partial 35 
combustion of this gas under radiant arches, thus 
provides an efficient direct secondary heat source 

...to supply any deficiency from an indirect pri 
mary heating means, whereby the total heat re 
quirement of the reducing operation can be met 40 
With good economy, especially as the gas cycle 
preferably also includes a subsequent means for 
transfer of the exit spent gas sensible heat to raw 
Oe ... - - 

It will be evident that by the cycle of gases 
provided only one gas cleaning system is re 
quired, whereas if the ore were preheated by hot 
gases from some other source, it would be neces 
Sary to provide separate sets of cleaning appara 
tus for both furnace and dryer with proportion 
ately higher installation, maintenance and oper 
ating costs. At the same time a certain portion 
of the entrained dirt in the exit spent gas from 
the furnace Will be trapped by the charge in the 
dryer and thus be recycled directly to the furnace 
with the net dust loss lowered accordingly. 
The invention by its combination heating 

method eliminates as far as possible the losses 
connected with indirect firing where the gas 
must first be cleaned, cooled and rehandled. At 
the same time it avoids the retarding effect asso 
ciated with contacting the charge by high nitro 
gen gas or by excess CO2 and H2O products of . 
combustion, such as much slower operation, 
lower output and proportionately higher heat. 
consumption. . . . . . . - 

It will also be evident that the heat input 
throughout the length of the furnace may in the 
present invention be adjusted by regulating the 
admission of combustion air to the different 
arches so as to release radiant heat into the 
charge as desired to meet or modify the require 
ments of the reaction zones throughout the length of the hearth. By thus using a responsive 
Secondary heating means, a degree of control 75 
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12 
throughout the process is attained which has not 
heretofore been possible in furnaces employing, 
gaseous reductants. 
While a preferred embodiment of the inven 

tion has been illustrated and described herein, 
it is to be understood that the invention is not 
limited to structural details of apparatus or to 
the reduction of ores, but is applicable to the 
treatment of finely-divided materials while aer 
ated in the manner described. For example, the 
process is equally applicable to, and the appara 
tus may be used for other metallurgical or chemi 
cal treatments, such as roasting fine ores, the 
various steps involved in nickel carbonyl treat 
ment, and the like, 

I claim: 
1. The method of treating finely-divided ma 

terial, which comprises feeding a layer of the 
material upon a horizontally placed hearth pro 
vided with V-shaped troughs extending from the 
feed end to the discharge end of the hearth, 
so injecting a stream of fluidizing gas into and 
transversely of the bottom of the trough at 
spaced points along the length of the trough and 
into the layer from below the same that the in 
terstices between the particles on the hearth are 
permeated by the gas and the particles in the 
layer are suspended therein and by so injecting 
the gas, causing said particles - so suspended 
therein to describe a circular path beginning ap 
proximately at the bottom of the layer, progress 
ing upwardly toward the top thereof, there divid 
ing into two streams moving oppositely in a di 
'rection transverse to the hearth, and then de 
scending independently toward the gas stream 
for merging near the source of gas injection to 
repeat the cycle, and simultaneously causing the 
bed to progress longitudinally of the hearth, 
whereby the particles describe a generally double 
inverse helical movement. - 2. In an apparatus for treating finely divided 
material with a reagent gas, the combination of 
an elongated substantially horizontally extend 
ing hearth, comprising a plurality of troughs, 
orifices in the bottom portion of said troughs, a 
hood over said hearth comprising a plurality of 
reversed arches extending transversely of the 
troughs, inlets for the admission of a combustion 
supporting gas between the arches at high points 
in the hood, and an outlet for gases in the hood 
in the end portion of the furnace. 

3. In apparatus for treating finely divided ma 
terial with heated gases, the combination of a 
chamber, a substantially horizontal hearth com 
prising a trough, gas inlet nozzles in the bottom 
of said trough horizontally directed into said 
trough so as to direct the gases against the walls 
thereof and then upwardly through the finely 
divided material in said trough, feeding means in 
one portion of said chamber and discharge means 
in another portion of said chamber, said hearth 
feeding means, and discharge means being so 
constructed that said finely divided material will 
flow through said chamber by gravity. 

4. In apparatus for treating finely divided ma-. 
terial with heated gases, the combination of a 
chamber with a substantially horizontal hearth 
comprising a trough, gas inlet nozzles in the 
bottom of said trough and horizontally directed 
into said trough, some of said nozzles being di 
rected in one direction and others being directed 
in Substantially the opposite direction, so as to 
direct the gas in generally opposite directions and 
then upwardly through the material in the 
trough, feeding means in one portion of said 
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chamber and discharge means in another portion 
of said chamber, said hearth feeding means, and 
discharge means being so constructed that said 
finely divided material will flow through said 
chamber by gravity. s 

CARL J, WESTING. 
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