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[57] ABSTRACT 
A process for the direct production of steel from partic 
ulate iron oxides or concentrates including two major 
steps in which in Step (1) the iron oxides are converted 
to iron carbide and in Step (2) steel is produced directly 
from the carbide in the basic oxygen furnace or the 
electric furnace. In the production of the carbide the 
oxides are reduced and carburized in a single operation 
using a mixture of hydrogen as a reducing agent and 
carbon bearing substances such as propane primarily as 
carburizing agents. Iron carbide thus produced is intro 
duced as all or part of the charge into a basic oxygen 
furnace to produce steel directly without the blast fur 
nace step. In order to make the steel making process 
auto-thermal, heat is supplied either by using the hot 
iron carbide from Step ( 1) or preheating the iron car 
bide or by including sufficient fuel in the- iron carbide to 
supply the required heat by combustion. 

94 Claims, 1 Drawing Figure 

SCHEIMTIC FLOWSPIEET FOR DIRECY STEELIMK'NG PROCESS 

macore m o \(‘7' 
examine " u.‘ 

":9 

um FLUIDIZED 

ccuctu are umt L'mu‘“ 
tee. npco 

mm! 
A 
1 

t : 
p"; mun ______, 

cum 

2%... IITAL run: 

an autumn 
‘OF o. 

STEEL 



us. Patent Sep. 16,1986 Re. 32?24'/ 

SCHEMATIC FLOWSHEET FOR DIRECT STEELMAKING PROCESS 

H .cc>.co2,c»~a4 H2O 

CO+CO2+CH¢ H2 . H2O HEAT ‘ 
EXCHMGE scnueesn 

“29 

mom on: ‘ FLUIOIZEO 
couceum'fs ' 5E0 umr "5m 

Hz+CO*C0g*CH4 ' HZ+CO 
MAKEUP 

A 
| 

r g . 

F05: co COOL mo ______1 
CLEAN 

scan HOT 
METAL FLUX i 

5LAG____ uoomeo 0: 
GOP 

STEEL 



Re. 32,247 
1 

PROCESS FOR THE DIRECT PRODUCTION OF 
STEEL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention lies in the ?eld of the pyrometallurgy 

of ferrous metals. 
2. Description of the Prior Art 
The increasing necessity of using low grade iron ores 

for making steel because of the depletion of high grade 
ores, and economic factors, have created a demand for 
reduction of the costs in producing steel from iron ore. 
Efforts to reduce costs have been directed to the elimi 
nation of the use of the highly fuel-consuming blast 
furnace. The present invention is directed to elimination 
of the use of the blast furnace by converting the iron 
oxide to the carbide followed by producing steel di 
rectly from the carbide in the basic oxygen furnace. The 
conversion of iron oxides to carbides for various pur 
poses has received some attention in the past but there 
has been no known activity toward producing steel 
directly from the carbide in a basic oxygen furnace. 
US. Pat. No. 2,780,537, the closest prior art known, 

discloses a process for converting iron oxides to car 
bides in a ?uidized bed process in which carbon monox 
ide is used as the chief reducing and carburizing gas. 
The patent teaches that the reducing gas cannot contain 
hydrogen in an amount more than 50 percent by volume 
of the carbon monoxide content. It also refers to the 
prior art disclosing the use of hydrogen in a fluidized 
bed as a reducing gas for iron oxides having a low iron 
content. The reference alludes to use of the iron carbide 
product for making "metallic iron" and in an “iron 
production furnace" operating below the melting point 
of iron or steel, however, there is no teaching of use of 
the product for introduction into a fully molten steel 
system such as the basic oxygen furnace or electric 
furnace. Other somewhat remote prior art discloses 
processes for converting metallic iron to iron carbide 
rather than conversion of iron oxide to the carbide. 

Still other prior art discloses ?uid bed processes for 
the direct reduction of iron oxides to metallic iron 
which in turn could be further converted to carbide. 
However, these other direct reduction processes have 
the disadvantages that the product may be pyrophoric 
in some cases requiring briquetting, and stickiness is not 
completely eliminated in some processes so that difficul 
ties arise with the fluid bed process. 

lt is an object of this invention to provide a process 
for making steel from iron oxide without the use of a 
blast furnace. 

it is another object of this invention to provide a 
successful process for making steel from iron oxide by 
?rst converting the oxide to the carbide, followed by 
introducing the carbide directly into the basic oxygen 
furnace to produce steel. 

SUMMARY OF THE INVENTION 

A process for the direct production of steel from 
particulate iron oxides or concentrates which comprises 
(i) converting the oxides to iron carbide in a single step 
in a fluidized bed at low temperatures with a mixture of 

30 

40 

45 

50 

55 

65 

2 
reducing and carburizing gases followed by (2) direct 
conversion of the carbide to steel in a basic oxygen or 
electric furnace. 
The reducing and carburizing temperature of Step (ll 

cannot exceed about 1300’ F. with a preferred tempera 
ture range being about 900°-l200° F. The carburizing of 
the reduced iron to carbide may be conducted so that 
enough carbon is left in the iron carbide product to 
supply sufficient heat upon combustion in the basic 
oxygen furnace to make the process auto-thermal. The 
CO/CO; and hydrogen to water vapor ratios of the 
gases in the reaction of Step (I) are maintained at a point 
below which oxidation of iron carbide occurs. 

Off-gases from the steel making step, about 90 per 
cent carbon monoxide, may be circulated for use as part 
of the reducing gas for the reduction and carburizig step 
in the ?uidized bed. Material balance calculations show 
that the carbon content of the off-gas is sufficient to 
supply all of the carbon necessary for the reduction and 
carburization step. Accordingly, when Steps 1 and 2 are 
performed in conjunction with each other as one con 
tinuous operation, all of the carbon necessary for Step l, 
subject to slight operating losses, may be provided by 
continuous cycling of the off-gas from Step 2 to Step l. 
This eliminates the necessity for adding carbon to Step 
l with the exception of small losses occurring in normal 
operations. The result is that the carbon originally 
added to Step i to make iron carbide may be used over 
and over by recovering it in Step 2 in the off-gas as steel 
is produced and reusing it in Step 1 to make more car 
bide. When the steps are performed in conjunction with 
each other added heat is not required to make the pro 
cess auto~thermal, as the product going directly from 
Step 1 to Step 2 is at a temperature which eliminates the 
necessity for adding heat. When Steps 1 and 2 are per 
formed separately then the hot off-gas from Step 2 may 
be used for preheating iron carbide or heat added by 
other means as necessary to make the steel making pro 
cess auto-thermal. 
The iron carbide produced in Step 1 is added directly 

as the charge to the basic oxygen or electric furnace 
along with ?uxing agents, alloying material and other 
conventional additives to produce steel directly with 
elimination of the conventional blast furnace step. Heat 
is supplied to the charge when necessary in various 
ways to make the process auto-thermal. These ways 
may include direct heating, addition of fuel such as 
carbon, or producing sufficient free or combined car 
bon in the carbide as it is produced, or others. Sensible 
heat from the off-gas of the BOF may be used and the 
off-gas may be partially burned to provide heat to the 
charge. If the latter is done the CO/CO; ratio in the 
combustion gases must be maintained below that at 
which iron carbide will decompose at the required pre 
heat temperature. 

BRIEF DESCRIPTION OF THE DRAWING 

The single drawing is a schematic ?owsheet for the 
direct steel making process of the invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The invention will be described in detail in conjunc 
tion with the accompanying drawing. 
The basic oxygen and electric furnace processes re 

ferred to herein for making steel are well known in the 
prior art. The basic oxygen process or basic oxygen 
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furnace process differs chie?y from Bessemer convert 
ers and open hearth furnaces in that the reactant used to 
oxidize the carbon and certain impurities (sulfur, phos 
phorus, etc.) in the charge is not air, but oxygen. The 
oxygen is introduced by blowing it with a lance onto or 
below the surface of the molten iron. 
The iron carbide produced by the process described 

herein is a mixture of carbides havig the molecular 
formulas FegC and F€3C content being predominant. 
The ?uidized bed reactor referred to herein is of the 

conventional type in which ?nely divided feed material 
on a grate or other perforate support is ?uidized by 
upwardly ?owing gases which may include or entirely 
comprise the reactant gases. Auxiliary equipment in 

4 
are carbon monoxide and carbon dioxide when carbon 
containing reducing gases are used. 
The preferred carburizing gas which is mixed with 

the reducing gas is propane, although carbon monoxide 
or other hydrocarbon gases, or solid carbon, may be 
used with the lower alkyl hydrocarbon gases being 
preferred. A wide range of carbonaceous materials may 
be used so long as they supply carbon to form iron 
carbide. 
By proper balancing of the ratios of the hydrogen and 

carbon bearing materials, it is possible to restrict the 
hydrogen to a reducing function and the carbon to a 
carburizing function. This can readily be done by main 
taining quantities of hydrogen bearing gases which are 

cludes heating and temperature control and monitoring 15 in excess of the quantities of the carbon bearing gases. 
equipment, heat exchangers, scrubbers, cyclones, gas Because of the equilibrium conditions involved in 
cycling equipment, and other conventional equipment. hydrogenecarbon-oxygen gas systems, the required hy 
Some of this auxiliary equipment is shown schemati- drogen-carbon ratios will automatically require that 
cally in the ?owsheet. methane be present in the gas system. The quantity of 

In this speci?cation and the claims the reduction and 20 methane present will be a function of carbon to hydro 
carburization step is referred to as Step I and the steel gen ratios, as well as temperature and pressure condi 
making step as Step 2. The term “hydrogen bearing tions. 
gas" includes hydrogen gas alone and the term “carbon Representative tests and results from an extensive test 
containing material“ includes carbon alone. program using the reduction and carburization proce~ 

Step I of the overall process is the conversion of the 25 dure described above in a ?uid bed reactor are pres 
oxides in the iron ore concentrate to iron carbide in the ented in the following Table I. 

TABLE I 
EXAMPLES OF Fe3C PRODUCTION 

Test Feed Gas Additions Off-gas Analysis‘ Pro 
No. Type Mesh Rate H1 CJHg N2 Temp H; N; CH4 CO CO; duct 
FB- of Ore Size Ore g/min l/min l/min l/min ‘F. % % % % % % C Remarks 

30 Hematite -20 + 100 0 2.5 1.0 0.5 1168 77.0 0.5 6.3 8.9 2.0 4.35 Final red in 
reactor 5.02% C 

36 Hematite —20 + ICU 0 2.5 1.0 0.5 H70 72.0 — 5.2 13.2 2.9 5.02 Good clean FegC 
produced 

378 Hematite -20 + 100 0 2.5 1.0 0.5 1012 72.1 - 6.5 7.8 3.4 8.96 Good Fe3C satur 
ated with excess C 

383 Hematite -20 + 100 0 2.5 1.0 0.5 1031 72.6 - 6.4 10.6 4.0 4.94 Good Fe3C 
39B Hematite -20 + 100 0 2.5 1.0 0.5 1108 69.3 - 7.9 12.2 4.4 467 Good Fe3C 
40 Hematite -20 + 100 2.7 2.5 1.0 0.5 1112 62.5 - 6.7 16.1 6.7 4.77 Good Fe3C 
41B Magnetite -20 + 100 0 2.5 1.0 0.5 1103 67.5 - 6.0 11.6 3.9 4.69 Good Fe3C 
41c Mtgtietite -325 3.2 2.5 1.0 0.5 1130 513.3 - 6.1 21.4 6.8 5.42 Good Fe3C 

‘The balance of gas in water vapor. 

?uidized bed unit shown in the ?owsheet. The conver 
sion process must be carefully controlled to provide a 
product suitable for use in the basic oxygen or electric 45 The carbon content in the ?nal product varies as the 
furnace. The iron carbide is desirable for use in these 
processes because it is non-pyrophoric and resistant to 
weathering which permits transport for long distances 
and storage for reasonable periods. 
The oxides are reduced to iron and the iron con 

verted to the carbide in a continuous process in the ?uid 
bed reactor in which the reducing [the] and carburiz 
ing gases are added together. In order to prevent any 
sticking caused by the transient presence of metallic 
iron the temperature is maintained below about 1300‘ F. 
at all times and preferably in the range of about 
900'-1200° F. 
Hydrogen is preferably used as the reducing gas al 

though carbon monoxide or hydrocarbon gases or mix 
tures of hydrogen with CO and hydrocarbon gases may 
be used. The flowsheet shows the use of hydrogen and 
carbon monoxide with water being given off. Hydrogen 
is preferred as the reducing gas because the oxidation 
product of hydrogen, which is water, may be easily 
removed form the furance off-gas thus permitting recy 
cling of the balance of the gas without the need for 
extensive complicated and expensive chemical systems 
for removing the oxidation products of carbon which 
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percent iron oxide in the feed materials varies. Lower 
grade ores with lower iron contents will automatically 
yield products with lower carbon contents. 
The volume of hydrogen in the hydrogen-carbon 

monoxide reducing and carburizing mixture in the ?uid 
ized unit should exceed the volume of ‘carbon monox~ 
ide, the preferred amount of hydrogen being over about 
60 percent by volume of the carbon monoxide present. 
The results show production by Step 1 of the process 

of clean iron carbide which is highly suitable for use in 
the basic oxygen or electric furnace. X~ray diffraction 
analysis showed the carbon to be present as iron carbide 
with no nonpyrophoric. Stimulated weathering tests 
showed that the product was stable in oxidizing atmo~ 
spheres containing water vapor up to a temperature of 
250° C. 
The results also show that Step 1 of the process is 

highly successful in producing iron carbide directly 
from iron oxides when operated within temperature 
ranges of about 1020' F.‘1l70' F. using hydrogen to 
water vapor ratios between 5 to l and 8 to l and CO/ 
CO; ratios between about 1 to l and 5 to 1. As stated 
herein, Step 1 can be successfully operated within a 
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temperature range of about 900°—l300° F., a hydrogen 
to water vapor ratio of about 2.5 to l to about 8 to l and 
a CO/CO; ratio of about I to 1, up to about 4 to 1. 
Under these conditions, methane will be present in 
quantities ranging from 1 to 70 percent by volume of the 
gas system containing the prescribed amounts of hydro 
gen, weater vapor, CO, and CO2. It was found that Step 
1 would not operate outside these ranges to successfully 
produce iron carbide. 

Step 2 of the overall process is the conversion of the 
iron carbide to steel in the basic oxygen furnace. Be 
cause of the nature of the basic oxygen furnace process, 
special conditions apply to the processing of iron car 
bide to steel by this process as compared to other steel 
making processes in furnaces. 

If Steps 1 and 2 are close-coupled so that the iron 
carbide comes out of the ?uid unit at an elevated tem 
perature of about 1100°—1300° F. and at that tempera 
ture is added directly to the basic oxygen furnace, then 
the heat calculations show that no added heat is re 
quired and the process is continuous and auto-thermal. 
The modi?cation shown in the ?owsheet wherein the 

off-gases are being sent directly to the ?uidized bed unit 
is used when Steps 1 and 2 are close-coupled in time. In 
this modi?cation of the process substantially all of the 
carbon used in the ?uidized bed unit to convert the 
oxides to iron carbide is recovered as CO ion the fur 
nace and recycled to the ?uidized bed unit to be reused 
in again making iron carbide. 

If for purposes of transport or storage the Step 1 
product becomes or is cooled before Step 2, then heat 
must be readded either in the form of reheating the 
product or adding extra fuel to Step 2. 
Heat balance calculations show that at ambient tem 

perature iron carbide does not contain sufficient fuel 
value so that the reaction taking place in the basic oxy 
gen furnace is autothermal without adding heat to the 
charge. 
The additional heat required to make the reaction 

self-sustaining may be supplied in a number of ways. 
The off-gas from the basic oxygen furnace produced by 
the processing of iron carbide contains about 90 percent 
carbon monoxide in addition to substantial sensible heat. 
The sensible heat may be used through heat exchangers 
or otherwise to heat the incoming iron carbide. By 
burning part of the off-gas, sufficient heat is achieved 
for augmenting the sensible heat to effect the required 
preheating of the incoming iron carbide charge to make 
the process auto-thermal. Under some conditions the 
sensible heat alone is sufficient. The heat for the pre 
heating can be obtained entirely from combustion of the 
off-gas. The preferred preheat temperature range is 
from about 1300' F. to about 2000' F. 

Tests conducted with iron carbide in a gaseous me 
dium simulating that of the combustion products from 
partial combustion of the off-gas showed that the iron 
carbide is not only stable under these conditions but 
actually ioncreased in carbon content from 5.9 to 7.1 
percent due to the formation of the FegC carbide from 
the normally predominant Fe3C. To achieve this result 
the CO/CO; ratio ion the combustion gas must be be 
tween 1 to l and 2 to 1 when attaining preheat tempera 
tures of 900'-l300' . 
Adding heat to make the process auto-thermal can be 

supplied wholly or in part by direct heating of the FegC 
charge with an external heat source. Sufficient carbon 
may be added to the iron carbide to provide the re 
quired additional heat by combustion during the pro 
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6 
cess. The amount of carbon added varies from about 3 
to 5 weight percent of the iron carbide charge. The 
carbon may be added directly to the iron carbide by 
preheating the iron carbideoxide in carbon bearin g 
gases having a CO/COZ ratio greater than 1 to 1. 

Heat may be supplied by reaction of the basic oxygen 
furnace off-gas with incoming iron carbide. The neces 
sary carbon content of the iron carbide to furnish the 
required heat upon combustion can be supplied during 
Step 1 of the process described above by adjusting the 
content of the carbonaceous material in the reacting gas 
mixture of the ?uidized bed to provide for the produc 
tion of sufficient FegC in the Fe3C product. As shown 
in the flow sheet, hot scrap metal may be added to the 
basic oxygen furnace charge. 

Step 2 of the process may also include the addition of 
pig iron to the carbide charge in the basic oxygen and 
electric furnaces. A signi?cant advantage of this feature 
is that iron carbide can then be added for cooling in an 
amount three times that of scrap iron which can be 
added to conventional basic oxygen furnace prcesses 
for cooling. Iron carbide for this purpose can be added 
in an amount up to about 60 percent by weight of the 
iron carbide-pig iron charge. One advantage of this is 
that present pig iron furnaces can be continued in opera 
tion in conjunction with the present process. 
The invention includes all of the above procedures 

alone or combined for providing the necessary heat for 
the iron carbide charge to make the reaction in the basic 
oxygen furnace auto-thermal. 

If Step 2 is conducted in the electric furnace, any 
extraneous heat required may be supplied by means of 
the electrical evergy normally used in this type of fur 
nace. 

Step 1 of the process provides a convenient and effec 
tive means for concentrating low grade non-magnetic 
ores to separate the iron ore from the gangue. As the 
iron carbide produced from non-magnetic ores is mag 
netic it is only necessary to process non-magnetic ore, 
such as, oxidized taconites, in accordance with Step 1 to 
convert the iron oxide therein to iron carbide and sub 
ject the treated ore to magnetic separation to separate 
the magnetic iron carbide from the gangue. The iron 
carbide recovered may then be used in Step 2 of the 
process of the invention. 
A number of advantages of the invention are appar 

ent from the above description. Its principal advantage 
is that it eliminates the expensive intermediate blast 
furnace step in converting iron ore to steel. When the 
two steps are performed in conjunction no added heat is 
necessary for the second step and carbon monoxide 
from the second step provides the necessary carbon for 
carbonization of reduced continuously in both steps. 
Step 1 includes the production of water as a by-product, 
thus simplifying the recovery of by-product carbon 
containing gases. This step can be performed to give a 
product having a high enough ratio of FezC to Fe3C to 
provide a high enough carbon content in the charge for 
the basic oxygen furnace to make the steel making pro 
cess auto-thermal. 
Advantages of Step 2 are that it provides sources of 

heat for making this step auto-thermal without the use 
of extra materials, i.e., sensible heat from the off-gases 
can be used or the CO in the off-gases can be burned to 
provide the necessary heat, or the CO can be reacted 
with the iron carbide from Step 1 to raise the ratio of 
FeZC to Fe3C in the charge so that sufficient carbon will 
be available for combustion to supply the augmenting 
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heat to make Step 2 auto-thermal. When pig iron is 
added to the charge, large amounts of iron carbide can 
be added for cooling. The overall process is practically 
pollution-free and provides for maximum conservation 
and reuse of non-product reactants. A further advan 
tage of the overall process is that it results in a saving in 
transportation costs when the carbide is made near the 
mine before transport to the steel making furnace as iron 
carbide represents a higher percentage of usable mate 
rial than the oxide. 
What is claimed is: 
1. A process for the direct production of steel from 

iron oxides which comprises: 
a converting the iron in the oxides to iron carbide by 

reducing the oxides and converting the iron to iron 
carbide in one step in o ?uidized bed with a mixture 
of hydrogen-bearing gas and a carbon-containing 
material where the hydrogen serves only as a reducing 
material and the carbon-containing material serves 
only to provide carbon for the iron carbide; and 
converting the iron in the iron carbide directly to 
steel in [the basic oxygen] a steetmaking furnace. 

2. The process of claim 1 in which in step (b) the 
conversion is accomplished by oxidizing the carbon in 
the iron carbide to carbon monoxide with the heat re 
leased thereby providing heat for operation of [the] a 
basic oxygen furnace. 

3. A process for the direct production of steel from 
iron oxides which comprises: 

a reducing the oxides and converting the iron to iron 
carbide in one step ion a ?uidized bed with a mix 
ture of hydrogen bearing gas and a carbon contain 
ing material which provides carbon for the iron 
carbide, the hydrogen being present in an amount 
exceeding 50% of the CO present; and 

b. adding the iron carbide to a basic oxygen furnace 
and processing it to steel by the basic oxygen fu 
rance process without the addition of external heat 
to the furnace. 

[4. The process of claim 3 in which steps (a) and (b) 
are performed in conjunction and the iron carbide of 
step (a) is added directly to the basic oxygen furnace 
without substantial heat loss so that the process is auto 
thermal] 

S. The process of claim [4] 3 in which the iron 
carbide is at a temperature between about 900' F. to and 
1300" F. when it leaves step (a). 

6. The process of [4] 3 in which off-gas is cycled 
from step (b) to step (a). 

7. The process of claim 6 in which the off-gas pro 
vides substantially all of the carbon for step (a). 

8. The process of claim 3 in which in step (a) the ratio 
of hydrogen to formed water in the reaction medium of 
the ?uidized bed is maintained from about 2.5 to 1 to 
about 8 to l and the CO/COrhydrOgen/HZO ratios 
being essentially in equilibrium with methane. 

9. The process of claim 3 in which the volume of 
hydrogen exceeds the volume of CO in said fluidized 
bed. 

10. The process of claim 3 in which the carbon con 
taining material is solid carbon. 

11. The process of claim 3 in which the carbon con 
taining material is lower alkyl hydrocarbon gas. 

12. The process of claim 11 in which the gas is pro 
pane. 

13. The process of claim 8 in which the temperature 
of the reaction gas mixture is between about 900' F. and 
1300° F. 

b. 
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8 
14. The process of claim 3 in which the iron carbide 

of step (a) has lost heat before step (b) is performed and 
sufficient heat in a preheat step is added to it for step (b) 
to render the reactions occurring in the conversion of 
the iron carbide to steel in the basic oxygen [furance] 
furnace auto-thermal. 

15. The process of claim 14 in which the iron carbide 
charge is preheated to a temperature [between about 
1300" F. and] about 2000' F. 

16. The process of claim 14 in which at least part of 
the heat for the preheat step is derived from off-gases 
from step (b). 

17. The process of claim 14 in which at least some of 
the heat for the preheat step is derived from sensible 
heat in the off-gases. 

18. The process of claim 14 in which at least some of 
the heat for the preheat step is derived from combustion 
of CO in the off-gases. 

19. The process of claim 18 in which the CO/CO; 
ratio in the gas combustion products is maintained from 
about 1:1 to about 2:1 when attaining preheat tempera 
tures of 900°~l300° F. 

20. The process of claim 14 in which the heat for the 
preheat step is provided by reacting at least part of the 
off-gas to produce FegC in the iron carbide from step 
(a). 

21. The process of claim 20in which the composition 
of the reactive medium of step (a) is adjusted to provide 
the required amount of FegC in the iron carbide charge. 

22. The process of claim 3 in which the iron carbide 
of step (a) has lost heat before step (b) is performed and 
sufficient fuel is added to it to provide additional heat 
upon combustion in the process to render the reactions 
occurring in the conversion of the iron carbide to steel 
in the basic oxygen furnace autothermal. 

23. The process of claim 22 in which the fuel is car~ 
bon. 

24. The process of claim 23 in which the carbon is 
added in an amount from about 3 to 5 weight percent of 
the iron carbide charge. 

25. The process of claim 23 in which the carbon is 
added directly to the iron carbide charge. 

26. The process of claim 3 in which molten pig iron is 
added to the iron carbide charge in step (b) and iron 
carbide is used to control the temperature of the melt. 

27. The process of claim 26 in which the temperature 
controlling iron carbide is added in an amount up to 
about 60 weight percent of the iron carbide-pig iron 
charge. 

28. A process for conversion of iron oxides to iron 
carbide which comprises reducing the oxides and con 
verting the iron to iron carbide in one step in a fluidized 
bed with a mixture of hydrogen and a carbon containing 
material which provides carbon for the iron carbide, the 
mixture containing hydrogen in an amount over 60 
percent by volume of the carbon monoxide present. 

29. The process of claim 28 in which the ratio of 
hydrogen to formed water in the reaction medium of 
the ?uidized bed is maintained from about 2.5 to l to 
about 8 to l and the ratio of CO/COZ is maintained from 
about 1 to l to about 4 to l, the prescribed CO/ 
COg-hydrogen/HgO ratios being essentially in equilib 
rium with methane. 

30. The process of claim 28 in which the carbon con 
taining material is solid carbon. 

31. The process of claim 28 in which the carbon con 
taining material is a lower alkyl hydrocarbon gas. 
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32. The process of claim 31 in which the gas is pro 
pane. 

33. The process of claim 28 in which the temperature 
of the mixture is between about 1100° F. and about 
l300° F. 

34. A process for converting iron carbide to steel ion 
the basic oxygen furnace by the basic oxygen furnace 
process. said process comprising the step of augmenting 
the heat produced in the conversion process which is 
produced by oxidizing the carbon in the iron carbide, 
with additional in a preheat step, to make the process in 
the basic oxygen furnace autothermal. 

[35. The process of claim 34 in which the heat is 
added in a preheat step.] 

36. The process of claim [35] 34 in which the tem 
perature of the iron carbide charge is [between about 
1300" F. and]about 2000° F. before it is added to the 
basic oxygen furnace. 

37. The process of claim [35] 34 in which the pre 
heat step is performed by directly heating the iron car 
bide charge. 

38. The process of claim [35] 34 in which at least 
some of the heat for the preheat step is derived from 
sensible heat in the off-gases. 

39. The process of claim [35] 34 in which at least 
some of the heat for the preheat step is derived from 
combustion to CO in the off-gases. 

40. The process of claim 39 in which the CO/COZ 
ratio in the gas combustion products is maintained from 
about 1:1 to about 2:1 when attaining preheat tempera 
tures of 900°-l300° F. 

41. The process of claim [35] 34 in which the heat 
for the preheat step is provided by reacting at least part 
of the off-gas with the iron carbide from step (a) to 
produce FezC. 

42. The process of claim 34 in which said heat is 
agmented by adding a fuel to the iron carbide charge for 
combustion during the conversion step. 

[43. The process of claim 42 in which sufficient fuel 
is added to the charge to provide additional heat upon 
combustion in the process to raise the temperature of 
the charge to at least about 1100‘ F.] 

44. The process of claim 42 in which the fuel is car 
bon. 

45. The process of claim 44 in which the carbon is 
added in an amount from about 3 to 5 weight percent of 
the iron carbide charge. 

46. A process of making steel from iron carbide in the 
basic oxygen furnace which comprises adding pig iron 
to the iron carbide charge and controlling the tempera 
ture of the charge by the addition of iron carbide. 

47. The process of claim 46 in which the pig iron is 
added in an amount up to about 40 weight percent of the 
charge and the temperature controlling iron carbide is 
added in an amount up to about 60 percent of the iron 
carbide-pig iron charge. 

48. A process for concentrating non-magnetic low 
grade iron ores which comprises converting the iron 
oxide in the ores to iron carbide and separating the iron 
carbide and gangue by subjecting the treated ores to 
magnetic separation. 

49. The process of claim 48 in which the iron oxides 
are converted to iron carbide in one step in a ?uidized 
bed with a mixture of hydrogen bearing gas and a car‘ 
bon containing material which provides carbon for the 
iron carbide. 
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50. The process of claim 49 in which hydrogen is 

present in an amount of over 60 percent by volume of 
carbon monoxide in the fluidized bed. 

[51. A process for the direct production of steel from 
iron oxides which comprises: 

a. converting the iron in the oxides to iron carbide; 
and 

b. converting an iron in the iron carbide directly to 
steel in an electric furnace] 

52. [A] The process [for the direct production of 
steel from iron oxides which comprises: 

a. reducing the oxides and converting the iron to iron 
carbide in one step in a ?uidized bed with a mixture 
of a hydrogen bearing gas and a carbon containing 
material which provides carbon for the iron car 
bide,] of claim 1 or claim 54 wherein the hydrogen 
[being] is present in an amount exceeding 50% of 
the CO present[; and] . 

[b. adding the iron carbide to the electric furnace 
and processing it to steel in an electric furnace] 

[53. The process of claim 52 in which steps (a) and 
(b) are performed in conjunction and the iron carbide 
produced in step (a) is added directly to the electric 
furnace without substantial heat loss.] 

54. In a process for the production of steel in which iron 
oxide is ?rst convened to iron carbide in a ?uidized bed 
utilizing carbon monoxide as a reducing agent, and the 
formed iron carbide is then converted to steel in a steel 
making furnace, the improvement comprising: 

utilizing hydrogen as the reducing agent and restricting 
the carbon monoxide to a carburizing function. 

55. The process of claim 1 or claim 54 in which hydro~ 
gen- and carbon~containing gases are in equilibrium with 
methane in the ?uidized bed. 

56. The process of claim I in which water is withdrawn 
from the ?uidized bed and carbon-containing gases are 
reused therein. 

57. The process of claim I or claim 54 in which the 
volume of hydrogen in the ?uidized bed exceeds the volume 
of carbon monoxide. 

58. The process of claim 1 or claim 54 in which the 
reducing reaction in the ?uidized bed is conducted at a 
temperature below that at which transient metallic iron 
would cause sticking. 

59. The process of claim I or claim 54 in which the 
reducing reaction in the fluidized bed is conducted at a 
temperature below about 1300' F1 

60. The process of claim 1 or claim 54 in which the 
reducing reaction in the ?uidized bed is conducted at a 
temperature of at least about 900’ F. 

61. The process of claim I or claim 54 in which ojY-gas 
is cycled from the steelmaking furnace to the ?uidized bed. 

62. The process of claim 61 in which said ofjlgas con 
tains about 90%carbon monoxide. 

63. Theprocess of claim 62 in which substantially all the 
carbon necessary for providing carbon for the formation of 
iron carbide in the fluidized bed is supplied by the carbon 
monoxide in said off-i gas. 

64. The process of claim I or claim 54 in which the iron 
carbide produced in the ?uidized bed comprises a mixture 
of FezC and Fe3C. 

65. The process of claim 64 in which Fe3C is predomi 
nant. 
66 The process of claim I or claim 54 conducted in a 

basic oxygen furnace. 
67. The process of claim 66 wherein the iron carbide 

charge added to the furnace contains a su?iciently high 
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FegC. to Fe3C ratio and is at a temperature su?icient to 
make the process in the furnace autothermal. 

68. The process of claim I or claim 54 conducted in an 
electric furnace. 

69. The process of claim I or claim 54 in which carbon 
for the formation of iron carbide is added to the ?uidized 
bed in the form of solid carbon. 

70. The process of claim 1 or claim 54 in which carbon 
for the formation of iron carbide is added to the ?uidized 
bed in the form of carbon monoxide. 

71. The process of claim I or claim 54 in which carbon 
for the formation of iron carbide is added to the ?uidized 
bed in the form of a lower alkyl hydrocarbon gas. 

72. The process of claim I or claim 54 in which carbon 
for the formation of iron carbide is added to the ?uidized 
bed in the form of propane. 

73. The process of claim I or claim 54 in which the 
hydrogen to water vapor ratio in the ?uidized bed is main 
tained from about 5 to l to about 8 to I. 

74. The process of claim I or claim 54 in which the 
hydrogen to water vapor ratio in the ?uidized bed is main 
tained from about 2.5 to l to about 8 to 1. 

75. The process of claim I or claim 54 in which the CO 
to C01 ratio in the ?uidized bed is maintained from about 
1 to l to about 5 to l. 

76. The process of claim 1 or claim 54 in which the C0 
to CO2 ratio in the fluidized bed is maintained from about 
I to l to about 4 to I. 

77. The process of claim or claim 54 in which in the 
?uidized bed the ratio of hydrogen to formed water in the 
?uidized bed is maintained from about 2.5 to I to about 8 
to 1 and the C0 to C02 ratio is maintained from about 1 
to l to about 4 to l. the prescribed CO to C02 and hydro 
gen to H2 ratios being essentially in equilibrium with meth 
one. 

78. The process of claim 55 in which the concentration of 
methane in the fluidized bed is maintained between about 
I and about 70 volume percent. 

79. The process for the direct production of steel from 
iron oxides which comprises: 

(a( contacting the iron oxides in a ?uidized bed at a 
temperature between about 900' FI and about 1300' 
F. with hydrogen gas and carbon-containing materials 
present in sufficient relative quantities to ensure that 
the hydrogen reduces the iron oxides to carbon car 
bides with concomitant formation of water. and the 
carbon of the carbon-containing materials is used only 
toprowide carbon to the iron carbide and not to extract 
oxygen from the iron oxide: wherein water is with 
drawn from the system and the balance of the gases 
are reused; and wherein the hydrogen- and carbon 
containing gases in the ?uidized bed are in equilib 
rium with methane: and 

(b) converting the iron carbide directly to steel in a steel 
making furnace. 

80. The process of claim 79 in which in step (a) the 
volume of hydrogen exceeds 50% of the volume of carbon 
monoxide in the ?uidized bed. 
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81. The process of claim 79 in which in step (a) the 

volume of hydrogen exceeds the volume of carbon mono 
zide in the ?uidized bed. 

82. The process of claim 79 in which off-gas is cycled 
from step (b) to step (a). 

83. The process of claim 79 in which the steel making 
furnace is a basic oxygen furnace contains sufficient FegC. 
and is at a temperature suf?cient to make the process in 
the basic oxygen furnace auiothermal. 

84. The process of claim 79 in which in the ?uidized bed 
the hydrogen to water vapor ratio is maintained from about 
5 to I to about 8 to I and the CO to CO2 ratio is main 
tained from about I to I to about 5 to l. 

85. A steel making process utilizing an iron oxide feed 
comprising: 

(a) reducing the iron oxide to be converted to steel to iron 
carbide in a ?uidized bed. at a temperature below that 
which would cause transiently-formed metallic iron to 
be sticky, with a reducing agent consisting essentially 
of hydrogen, in the presence of a carbon-containing 
material which supplies carbon for the formation of 
the iron carbide; wherein the hydrogen is present in an 
amount in excess of 50% of the CO present, the ratio 
of hydrogen to formed water in the reaction medium 
of the ?uidized bed is maintained from about 2.5 to I 
to about 8 to 1 and the CO to CO1 ratio is maintained 
from about 1 to l to about 4 to I, the prescribed CO 
to CO2 and H; to 11:0 ratios being essentially in 
equilibrium with methane; 

(b) withdrawing H2O from step (a); 
(c) feeding the formed iron carbide to a steelmaking 
furnace to produce steel; and 

(d) recycling carbon monoxide off-gases from step (c) to 
step (a) to supply carbon necessary for the formation 
of the iron carbide. 

86. The process of claim 85 in which the steelmaking 
furnace is a basic oxygen furnace or an electric furnace. 

87. The process of claim 85 or claim 86 in which the 
, temperature in the ?uidized bed is maintained between 
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about 1020' F. and about 1170'’ F. 
88. The process of claim 85 or 86 in which carbon for the 

formation of iron carbide is supplied to the ?uidized bed in 
the form of propane. 

89. The process of claim 28 in which water and iron 
carbide are the only products withdrawn from the system. 

90. The process of claim 28 in which the temperature of 
the ?uidized bed is maintained at a temperature below that 
at which transient metallic iron would cause sticking. 

91. The process of claim 90 in which the temperature in 
the ?uidized bed is maintained at at least about 900° F. 

92. The process of claim 28 in which the iron carbide 
produced comprises a mixture of FezC and Fe3C. 

93. The process of claim 92 in which the major propor 
tion of the iron carbide is FegC. ‘ 

94. The process of claim 28 or claim 49 in which the 
carbon of the carbon-containing is restricted to the function 
of supplying carbon to the iron carbide and does not act to 
reduce the iron oxides 
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