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The blast furnace is still the most economical means 
for smelting iron in locations where coking coal and 
good quality iron ore in lump form are available without 
excessive transportation costs. Not all locations have 
these advantages; and additional problems are presented 
by the growing cost of lump iron ore, and the increasing 
availability of ore substances which, while high in iron 
(before or after beneficiation), are nevertheless in a fine 
ly divided form unsuitable for use in the blast furnace. 
Much work has been done in an endeavor to convert 
such ores or ore derivatives into coherent masses of a 
size which will not be carried out of the furnace with 
the blast. 

There are locations where a supply of coking coal is 
not available, but where a gaseous fuel such as natural 
gas is plentiful and cheap, and where ores may be obtained 
(especially where finely divided) at moderate cost. These 
considerations have led to substantial research into ways 
of reducing iron ores in fluidized-solids reactors by means 
of reducing gases. Various procedures have been de 
veloped, including ones in which the processing gases 
are recirculated and treated in a closed recirculatory 
system, and including those in which the processing gases 
are essentially sent through the reactor a single time 
only. - 

Processes of the first type generally require a very 
large capital outlay, especially since it is necessary to 
treat the gases both inside and outside the recirculatory 
system. Processes of the second type have also gen 
erally required a large capital outlay, and they have 
the further disadvantage of producing large quantities 
of tail gases which must be used or disposed of else 
where. - 

It is a basic object of this invention to provide a 
procedure of the second type which is higher in efficiency 
and therefore lower in cost than other procedures of 
the type for various reasons but especially because all 
of the combustible values of the gases employed in it 
are utilized in the process itself. 

It is also a basic object of the invention to provide 
an apparatus for the purpose described which will in 
volve less capital outlay per unit of iron produced than 
has been possible hitherto. - 
These and other objects of the invention, which will 

be set forth hereinafter or which will be apparent to 
the skilled worker in the art upon reading these speci 
fications, are accomplished by that procedure and in 
the use of that apparatus of which an exemplary embodi 
ment will now be described. The drawing is a diagram 
matic representation of the apparatus assembly. The 
entire description which follows is intended to be taken 
as an example of the practice of the invention in the 
best form known to the inventors. V v 
The process involves the use of gaseous fuel under 

pressure. The fuel will normally be natural gas con 
sisting essentially of methane, although if available other 
hydrocarbon gases may be employed such as ethane, 
butane, propane, and mixtures. . . 

It is desirable to maintain in the reactor a pressure 
of substantially 25 to 100 p.s.i.a. Natural gas is obtain 
able under these pressures; but the pressure of any avail 
able gas can be increased by the use of a pump. With 
some natural gases it is desirable to pass them first 
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2 
through a desulfurizer indicated in the drawing at 1. 
The desulfurizer may be of any of the types known in 
the art such as, but without limitation, a desulfurizer 
employing oxide of iron. 
The pressurized gas is next sent through a steam 

methane reformer 2, employing a catalyst as well known 
in the art. Fuel entering at 3 is burned to heat the gases 
in the reformer and to provide the required endothermic 
heat of reaction. Coils of tubing 4 in the upper part 
of the reformer constitute, a boiler. When water is in 
troduced into the coils, steam is generated, some of 
which is sent to the reformer with the natural gas through 
a conduit 5. Excess steam can be drawn off at 6 and 
used for heating or the production of power. 

In the steam-methane reformer, the natural gas is 
converted into gases having a high reducing potential 
as respects iron oxide at the proper temperature provid 
ing the moisture content is low enough. The most 
effective way of drying the gases is by means of a gas 
cooler 7 in which the gases are cooled by means of Water 
to a temperature of about 100° F. with consequent con 
densation of moisture. A typical but non-limiting gas 
composition after cooling consists of 6.9% CO2, 15.1% 
CO, 70.9% H, 0.8% HO, 6.2% CH4, and 0.1% N. 

It is necessary to reheat the processing gas to a tempera 
ture of about 1600 F. before it is sent to the reactor. 
For this purpose there is shown in the drawing a pre 
heating furnace 8 utilizing fuel entering at 9. The gases 
are carried to a reactor 10 through conduit means 11. 
The finely divided iron ore which is usually received 

in a damp or wet condition is passed first through a 
drying kiln 12 and then over a screen 13. Any ore ma 
terials which cannot pass the screen are sent through 
a mill A4 for crushing, and are delivered to a second 
screen 15. Any suitable mill may be employed for crush 
ing, including rod mills, ball mills, swing-hammer mills 
and the like. There is a return 16 for over-sized materials 
from the second screen 15 to the entrance side of the 
mill. Only those ore materials which are capable of 
passing the screens are delivered by a conduit 17 to 
an ore preheater 18. The mesh sizes of the screens 
may be chosen by the skilled worker in the light of the 
fluidization conditions to be encountered. Twenty mesh 
screens may usually be used; but larger, or smaller mesh. 
sizes may be chosen. In the ore preheater, in which 
the finely divided ore substances are subjected to con 
tinuous agitation, or to fluidization, the materials are 
heated to a temperature of about 1100-1300 F. by 
the direct combustion of a fuel with air. Air is shown. 
entering at 9 and fuel at 20. The preheated ore is de 
delivered by a suitable conduit or conduits 21 to the 
upper part of the reactor 10. The delivery means in 
cludes one or more lockhoppers 22, the purpose of which 
is to pressurize the heated ore so as to convey it into 
the reactor. Any suitable gas, stripper 22a may be in 
serted between the ore preheater and lock hoppers to 
prevents the reactor atmosphere from becoming con 
taminated with the atmosphere in the ore preheater. 
The atmosphere in the reactor is strongly reducing, 
whereas the atmosphere in the ore preheater is usually 
oxidizing, inasmuch as complete combusition of the fuel 
is desired. 
Where in the drawings the ore materials are indicated 

as delivered by conduit means, it will be understood that 
these may include any suitable conveying and lifting 
mechanisms, whether mechanical (such as bucket eleva 
tors) or gas pressure delivery means, and are also inclu 
sive of gravitational delivery means. 
The treated gases, as has been indicated, enter the 

reactor 10 at a temperature usually between 1400 and 
1700 F. A single multi-bed reactor has been indicated. 
in the drawing. There may be more than one of such. 
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(F) producing the reducing atmosphere for use in step 
(B) by the steam reformation of a gas whereby a 
gaseous mixture consisting principally of hydrogen 
and carbon monoxide is obtained, 

(G) applying heat to said gas in admixture with steam 
during said reformation, by the combustion of a 
gaseous fuel, 

(H) employing as said gaseous fuel a portion of the 
atmosphere derived from step (D), 

(I) cooling the said reformed gaseous mixture to re 
move moisture therefrom, 

(J) and thereafter reheating the said reformed gaseous 
mixture before transferring it to the said reducing 
zone for the performance of step (B). 

3. The process claimed in claim 2, wherein the reheat 
ing of said reformed gaseous mixture in step (J) is ac 
complished through the burning of a gaseous fuel with 
air, the said gaseous fuel being derived in part at least 
from the atmosphere of step (D). 

4. The process claimed in claim 3 including the further 
steps of: 

(K) drying the finely divided ore prior to the preheat 
ing of step (A) by burning a gaseous fuel with air 
in a drying Zone, and 

(L) transferring at least a portion of the atmosphere 
from step (D) to the said drying Zone and burning it 
with air therein to produce the heat required for 
drying, so that combustible values in the atmosphere 
from step (D) are used up in steps (A), (H), (J) 
and (K) in the formation of products of combustion 
substantially devoid of reducing values, whereby all 
combustible values in any gases produced in the 
process will be consumed therein. 

5. In apparatus for the reduction of finely divided iron 
ore in a fluidized-solids reactor, by means of reducing 
gases passing through the reactor a single time only, the 
combination of a fuel fired ore preheater, a fluidizing 
reactor, means for delivering heated ore from the ore pre 
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heater to the reactor through a means for preventing 
commingling of the atmospheres of the reactor and the 
preheater, a gas cooler, means for delivering tail gases 
from the reactor to the gas cooler, an ore cooler, means 
for delivering reduced ore from the reactor to the ore 
cooler, means for delivering cooled tail gases from the gas 
cooler to the ore cooler wherein said cooled gases are 
commingled with the reduced ore whereby to cool it to a 
temperature below the reoxidation temperature, and 
means for delivering gases from the ore cooler to the 
ore preheater for combustion with air in the preheater. 

6. Apparatus as claimed in claim 5 including means 
for delivering to said reactor reducing gases at a high 
temperature, Said means comprising in the order named 
a steam methane reformer for converting gaseous fuel 
into a gaseous mixture containing relatively large quanti 
ties of carbon monoxide and hydrogen, a gas cooler for 
removing moisture from said gaseous mixture, and a pre 
heating furnace for Said gaseous mixture. 

7. Apparatus as claimed in claim 6 including means for 
delivering gases from said ore cooler to said steam-meth 
ane reformer and said gas preheating furnace. 
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