
6                                        1,111,969            Run
Calcium       Magnesium           No.            Ore             Oxide
Oxide        Tendency to Bog              1.    Hammersly
0.01           0.01        None              2       Sibuguey
0.23           0.11        None              3       Cerro Bolivar
0.01           0.02        Slight              4       Steep Rock
0.17           0.06        Slight              5       Wabana
1.7            0.2         Moderate              6      Wabush
0.03           0.01        Slightly more than 



moderate              7       Santa Ines            2.7            1.4
Total bog in 58               8       Carol Lake            0.22
0.22        Total bogin 10
min.       From these data it is clear that bound alkaline  the ore whilst
reducing oxides in the reduction     earth metal oxides or complexes
provide no  zones to lower stages of oxidation or to metal-     benefit to
the process, and often ores contain-  lic iron.
45 5   ing the most alkaline earth metal oxides, or    2. The process as
claimed in claim 1 where-     carbonates, are the most difficult to reduce
in the said alkaline earth metal oxides or car-     without bogging. As
will be noted by reference  bonates, or precursors thereof, are added to
to the table, Carol Lake ore is such an ore,  the said ferrous reduction
zone.     and certainly one would not expect the Santa    3. The process as
claimed in claim  1 or  50 10  Ines ore to have presented such difficulties
if  claim 2 wherein the said alkaline earth metal     the bound calcium
oxide and magnesium oxide  oxides or carbonates, or precursors thereof, are
had provided benefits.                        of particle size not
exceeding 48 mesh.       It has been concluded and firmly established    4.
The process as claimed in any of the pre- 



that the alkaline earth metal oxides and car-  ceding claims wherein the
amount of the said  55 15  bonates must be present in admixture with the
alkaline earth metal oxide or carbonate, or pre-     fluidized ore at the
time of reduction to pro-  cursors thereof, is from 0.05 to 5% by weight
vide benefits, whether added ab initio or gen-  based on the weight of the
iron ore.     erated in situ from an added material capable   5. The
process as claimed in any of claims     of providing compounds which can
degenerate  1, 3 or 4 wherein ferric oxide is reduced to  60 20  into
alkali and alkaline earth metal oxides and  a lower state of oxidation in
the said ferric     carbonates.                                   reduction
zone and hydrogen is burned with       Many commercial mixtures and
naturally  an oxygen-containing gas to provide heat for     occurring
materials which provide these com-  the process and to maintain an
operating tem-     pounds can also be added after pulverization,  perature
of from  about 1300[err]F to about 65 25  to the process, e.g., limestone,
oyster shells and  1600[err]F in the ferric reduction zone, providing
clam shells.                                  a plurality, of ferrous
reduction zones operated        WHAT WE CLAIM IS: -
at from about 1300[err]F to about 1500[err]F where-        1. A process for
the production of iron by  in ferrous oxide is reduced to metallic iron
direct reduction of particulate oxidic iron ores  and adding to one or more
of the ferrous re-  70 30  comprising the steps of fluidizing iron oxides
duction zones the said alkaline earth metal ox-      solids particles with
upwardly flowing hydro-  ides or carbonates, or precursors thereof.
gen containing gases in a plurality of staged   6. The process as claimed
in claim 5 where-      fluidized reduction zones, including a ferric  in
the amount of the said alkaline earth metal      reduction  zone  operating
at temperature  carbonate or oxide, or precursors thereof, is  75 



35  ranging from about 1000[err]F to about 1800[err]F  from 0.1 to 1.5%  by
weight based on the      and a ferrous reduction zone operating at tem-
weight of the iron ore and its particle size is      peratures from about
1300[err]F to about 1500[err]F,  not more than 325 mesh.      wherein there
is pre-mixed with the iron ore    7. The process as claimed in any of the
pre-      or added to a fluidized bed in one or more of  ceding claims
wherein the said alkaline earth  80 40  the fluidized iron oxide reduction
zones, alka-  metal oxide or carbonate, or precursors there-      line
earth metal oxides or carbonates, or pre-  of, is an oxide or carbonate of
calcium or      cursors thereof, sufficient to inhibit bogging of
magnesium, or mixtures or precursors thereof.              6
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benefit to the process, and often ores contain-  lic iron.
45  5  ing the most alkaline earth metal oxides, or    2. The process as
claimed in claim 1 where-      carbonates, are the most difficult to reduce
in the said alkaline earth metal oxides or car-      without bogging. As
will be noted by reference  bonates, or precursors thereof, are added to
to the table, Carol Lake ore is such an ore,  the said ferrous reduction
zone.      and certainly one would not expect the Santa    3. The process
as claimed in claim  1 or  50  10  Ines ore to have presented such
difficulties if  claim 2 wherein the said alkaline earth metal      the
bound calcium oxide and magnesium oxide  oxides or carbonates, or
precursors thereof, are      had provided benefits.
of particle size not exceeding 48 mesh.        It has been concluded and
firmly established   4. The process as claimed in any of the pre-      that
the alkaline earth metal oxides and car-  ceding claims wherein the amount
of the said  55  15  bonates must be present in admixture with the
alkaline earth metal oxide or carbonate, or pre-      fluidized ore at the
time of reduction to pro-  cursors thereof, is from 0.05 to 5% by weight
vide benefits, whether added ab initio or gen-  based on the weight of the
iron ore.      erated in situ from an added material capable    5. The
process as claimed in any of claims      of providing compounds which can
degenerate  1, 3 or 4 wherein ferric oxide is reduced to  60 20  into
alkali and alkaline earth metal oxides and  a lower state of oxidation in
the said ferric      carbonates.
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materials which provide these com-  the process and to maintain an
operating tem-      pounds can also be added after pulverization,  perature
of from  about 1300[err]F to about 65 



25  to the process, e.g., limestone, oyster shells and  1600[err]F in the
ferric reduction zone, providing      clam shells.
a plurality of ferrous reduction zones operated        WHAT WE CLAIM IS: -
at from about 1300[err]F to about 1500[err]F where-        1. A process for
the production of iron by  in ferrous oxide is reduced to metallic iron
direct reduction of particulate oxidic iron ores  and adding to one or more
of the ferrous re-  70 30  comprising the steps of fluidizing iron oxides
duction zones the said alkaline earth metal ox-      solids particles with
upwardly flowing hydro-  ides or carbonates, or precursors thereof.
gen containing gases in a plurality of staged  6. The process as claimed in
claim 5 where-      fluidized reduction zones, including a ferric  in the
amount of the said alkaline earth metal      reduction  zone  operating  at
temperature  carbonate or oxide, or precursors thereof, is 75 35  ranging
from about 1000[err]F to about 1800[err]F  from 0.1 to 1.5% by weight based
on the      and a ferrous reduction zone operating at tem-  weight of the
iron ore and its particle size is      peratures from about 1300[err]F to
about 1500[err]F,  not more than 325 mesh.      wherein there is pre-mixed
with the iron ore    7. The process as claimed in any of the pre-      or
added to a fluidized bed in one or more of  ceding claims wherein the said
alkaline earth  80 40  the fluidized iron oxide reduction zones, alka-
metal oxide or carbonate, or precursors there-     line earth metal oxides
or carbonates, or pre-  of, is an oxide or carbonate of calcium or
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1,111,969                                         7        8. The process
as claimed in claim 7 where-  claims and substantially as hereinbefore de-
in the said metal oxide or carbonate is magne-  scribed.    sium oxide or
magnesium carbonate or a mix-    ture thereof.
K. J. VERYARD, 5     9. The process for the production of sponge
15, Suffolk Street,     iron by direct reduction of particulate oxide
London, S.W.1.,     iron ores as claimed in any of the preceding
Agent for the Applicants.            Printed for Her Majesty's Stationery
Office by the Courier Press, Leamington Spa, 1968.           Published by
the Patent Office, 25 Southampton Buildings, London, W.C.2, from which
copies may be obtained.    


