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PROCESS FOR SPONGE IRON (71)   We, MIDREX  CORPORATION, a  least two
relatively large holding tanks, one corporation organised under the laws of
the  of which is onstream while the other is be- Delaware, United States of
America, of  ing emptied of its passivated sponge iron One NCNB Plaza,
Charlotte North Caro-  particles.                                 55 5 lina
28280, United States of America, do    It is an aim of the invention to
provide hereby declare the invention, for which we  a process whereby
sponge iron particles may pray that a patent may be granted to us,  be
passivated in a continuous manner. and the method by which it is to be per-
According to the invention, we provide formed, to be particularly described
in and  a process for passivating active sponge iron  60 10 by the
following statement:-             particles including the steps of: This
invention relates generally to a pro- cess for passivation of directly
reduced   maintaining a continuously gravitation- metallic or sponge iron
particles and more    ally descending column of sponge iron particularly to
a continuous process there-    particles within  a vertically  oriented  65
15 for.                                       housing; In recent years
there has been a great    continuously  circulating   a  gaseous deal of
activity in the production of iron    medium around a circuit in part of
which particles, pellets, briquets, and the like (and    it passes upwardly
through the descend- fines associated therewith) from the direct   ing
column;                        70 20 reduction of iron oxide pellets or
natural    maintaining a predetermined temperature ores, which hereinafter
will be collectively    of introduction of at least [err] referred to as
sponge iron particles. Utilizing    of the gaseous medium to the column,
sponge iron particles allows one to produce    adding oxygen to the gaseous
medium at steel by feeding such pellets directly to an  a predetermined
rate of at least 0.004  75 25 electric arc furnace without the high capital
cubic feet of oxygen per pound of sponge investment required in large steel
plants.  iron being passivated; and One of the problems associated with the
maintaining a predetermined flow rate of use of sponge iron particles is
their inherent    the circulating gaseous medium  in the nature to
reoxidize upon exposure to am-    column.                              80
30 bient conditions. Such reoxidation causes problems relative to the
shipment of these    The invention may be carried out in particles, whether
by barge, railway, trucks  certain equipment, a preferred embodi- or the
like. There have been many attempts  ment of which will be described in
detail to overcome, or diminish, the reoxidation of  herein and illustrated
in the accompany- 85 35 sponge iron particles through the use of  ing
drawing which is a diagrammatic re- organic and inorganic coatings, and by
re-  presentation of one non-limiting example ducing the exposed surface
area. Most of  of apparatus for carrying out a passiva- these attempts have
been relatively un-  tion process according to the invention. successful as
they fail to substantially pas-    There is shown in Figure 1 an en- 90 40
sivate the particles and/or the resulting pro-  closed vessel or housing 10
for contain- cess is too expensive. Additionally, most of  ing a
gravitationally descending bed of the investigators have worked with small
sponge iron particles 11. A feed hopper quantities of materials which do
not ex-  12 for receiving active sponge iron par- hibit characteristics of
sponge iron par-  ticles connects to a feed pipe 13 for feed- 95 45 ticles
when stored in bulk quantities.    ing particles into vessel 10. Feed pipe
13 More recently, sponge iron particles have  extends below the top of the
vessel to been successfully passivated in batch type  create a gas exit
chamber 14 between the sequences by introducing a gas containing  top of
the vessel and an angle of repose oxygen into a bed of such particles con-
of the particles indicated at 15. A belt 100 50 tained within a batch type
holding tank. feeder or other type discharge feeder 16 Such processes must
necessarily employ at  serves  to  withdraw  passivated  sponge    2
1,445,650                                      2 iron particles from
vessel 10  through a    It has been found that effective passiva- discharge
pipe 17.  The feeder 16 con-  tion can be accomplished by maintaining the
nects to a particle discharge rate measur-  particles at a temperature in
the range of 



ing device 18 such as would be conven-  125[err]. during the exposure
period. 5 tional for a belt type weigh scale. A gas  At 100[err]F.,
exposure to oxygen does not 70 introduction member 19, shown as an in-
effectively passivate in a two day period. At verted "V" cross, serves to
provide means  200[err]F. and higher, the passivation is effec- for
introducing gas into the bed of par-  tive but there is a tendency, to
oxidize more ticles in the lower region of  vessel 10.  of the iron than is
desired in order to 10  A  gas offtake 20 connects to gas exit  achieve
effective passivation .              75 chamber 14 and a gas intake 21
connects    During exposure in the above preferred to gas introduction
member 19.  A  re-  temperature range of 125[err] the circulating fan 30
serves to recirculate gas  oxygen consumption necessary to achieve from
offtake 20 to gas intake 21 to cause  effective passivation is in the range
of .004 15 generally upward gas flow in  vessel 10 in  to .01 cubic feet of
oxygen per pound of 80 countercurrent relationship to the gravi-  sponge
iron particles. This is equivalent to tational descent of the sponge i n
particles. oxidation of from about 0.1 percent to 0.25 The gas
recirculation syste  shown in-  percent of the iron in the particles.
cludes an indirect heat exchanger 31 for    During the exposure period it
has been 20  heating or cooling gas withdrawn from off-  found that oxygen
concentrations in the  85 take 20. This heat exchanger can, for ex-  range
of 500 parts per million to 20,000 ample, be a conventional fin tube type
sup-  parts per million are effective in achieving plied either with a
heating med um such as  passivation. However, the oxidation  re- steam from
a source 32 or a cooling medium   action is exothermic and oxygen
concentra- 25  such as water from a source  3, with as-  tions in the range
of 500 to 2,000 parts per 90 sociated control valves 32 and 35. A re-
million are preferred in order to limit the circulating gas flow metering
de ice 36 such  initial reaction rate and resultant temper- as a venturi
meter is provided  ith a flow  ature rise. measuring device 37. A
recirculating gas    In order to establish and maintain the 30 flow control
valve 38 serves to control the  temperature of the particles in the
preferred  95 gas flow in a manner hereinaft  described  range in the
subject invention without de- A  gas temperature sensor 39 such as a
pendence upon incoming particle temper- thermocouple is connected to a
emperature  ature, it is necessary that not only the tem- controller 40
which serves to  control the  perature of the incoming gas be controlled 35
action of valves 34 or 35 de ending on  within the range but also the
thermal cap- 100 whether the recirculating gas  eeds to be  acity of the
gas must be at least equal to the heated or cooled in heat exchanger 31, in
thermal capacity of the particles. With an order to maintain a desired gas
emperature  equal thermal capacity, a [err]F. change in at sensor 39. An
oxygen containing gas  gas temperature is the same amount of heat 40  such
as air is admitted to the ecirculating  as [err]. change in particle
temperature. The 105 gas stream from a source 50 throrugh a con-  specific
heat of sponge iron is approximately trol valve 51 in a controlled m   er
to be  0.12 Btu per pound per degree F. and the hereinafter described.
specific heat of all gases is approximately Sponge iron particles in the
form of re-  .0185 Btu per cubic foot per degree F., in a 45  duced pellets
or lump made  from  oxide  temperature range of 125[err]F. to  175[err]F.
110 pellets or lump ore, as produce  and when  Thus, approximately 0.12
divided by .0185, initially exposed to air will oxi  e at dif-  or 6.5
cubic feet of gas will have the same ferent rates depending upon the
hysical and  thermal capacity as one pound of sponge chemical properties of
the oxide material,  iron. 50 such as its porosity and gangue  ontent. In
Referring to the drawing, the preferred 115 many tests in the laboratory
and in the field method of operation will now be described. on a commercial
scale, it has been dis-    The temperature of the recirculated gas covered
that active sponge ir n particles  being introduced to the bed of particles
can be effectively passivated wi  minimum  through member 19 is controlled
by the 55 oxidation by exposure to a gas containing  action of temperature
control 40 acting 120 oxygen for a one to two day period under  upon
heating control valve 34 or cooling controlled oxygen and temperature con-
control valve 35 in a conventional manner ditions. During such exposure,
very thin  to maintain the temperature of introduction skin of magnetite is
formed on the sponge  in the preferred range of 125[err] 60 iron surface
throughout the interior of the    The admission of oxygen to the recircu-
125 particles which inhibits further oxidation  lated gas from source 50 is
controlled by the During the exposure, the particles progres-  action of
particle discharge rate measuring sively passivate and consume oxygen at a
device 18 acting upon control valve 51 in a declining rate which approaches
zero after  conventional manner to admit between .004 65  one to two days.
and .01 cubic feet of oxygen per pound 130    3
1,445,650                                     3 of particles being
discharged by discharge  within the scope of the subject invention. feeder
16. Alternatively, control valve 51    It is thus the essence of the
subject in- 65 



can be acted upon by an oxygen analyzer-  vention to provide a process for
the con- controller (not shown) to maintain the oxy-  tinuous passivation
of sponge iron particles gen level in the range of 500 to 2,000 parts  by
the use of a precisely controlled gaseous per million in the recirculated
gas. The fan  medium. 30, in addition to providing the means for
70 gas recirculation also serves to mix the    WHAT WE CLAIM IS: - freshly
admitted oxygen with the recircu-    1. A  process for passivating  active
10 lated gas.                               sponge iron particles including
the steps The flow rate of the recirculating gas is  of:- controlled by the
action of particle discharge                                   75 measuring
device 18 acting upon flow mea-    maintaining a continuously gravitation-
suring device 37 which in turn acts upon   ally descending column of sponge
iron 15 flow control valve 38 in a conventional    particles within  a
vertically  oriented manner to maintain a flow of at least 6.5    housing;
cubic feet of recirculated gas per pound of    continuously  circulating
a  gaseous 80 particles being  discharged  by discharge    medium around a
circuit in part of which feeder 16.                                 it
passes upwardly through the descend- 20    As a part of the research work
carried    ing column; out in conjunction with the subject inven-
maintaining a predetermined temperature tion, a sponge iron activity test
procedure    of introduction of at least [err] 85 was developed to check
the activity when    of the gaseous medium to the column; exposed to air.
This test procedure consists    adding oxygen to the gaseous medium at 25
of filling a one quart container with sponge    a predetermined rate of at
least 0.004 iron particles, then putting on a tight lid    cubic feet of
oxygen per pound of sponge having an inelt and an outlet valve, purging
iron being passivated; and       90 with nitrogen and then closing both
valves.    maintaining a predetermined flow rate of The container is
weighed and then brought    the circulating gaseous medium  in the 30 to a
controlled temperature of 100[err]F. in an    column. oven and allowed to
equalize for a few hours to insure that all of the particles are at   2. A
process according to claim  1 in  95 100[err]F. The container is then
purged with  which the predetermined temperature is in air, one of the lid
valves is then closed and  the range of 125[err]. 35 a manometer pressure
indicating gauge is   3. A process according to claim 1 or 2 connected to
the other valve which is left  in which the rate of oxygen addition is in
open. As oxygen from the air in the con-  the range of .004 to .01 standard
cubic feet 100 tainer is consumed, the pressure in the con-  of oxygen per
pound of sponge iron being tainer declines. From the rate of decline of
passivated. 40 the pressure, the rate of oxygen consumption    4. A process
according to claim 1 or 2 is calculated, and the activity of the sponge  in
which the rate of oxygen addition is suffi- iron is expressed in terms of
cubic feet of  cient to maintain an oxygen concentratiton 105 oxygen
consumed per hour per ton of sponge  in the range of 500 to 2,000 parts per
mil- iron particles.                         lion in the gaseous medium
being introduced 45    As a tyical example of the effectiveness  to the
column. of the passivation process of the present in-    5. A process
according to claim  1 in vention, fresh active sponge iron particles  which
the predetermined flow rate of the re- 110 exposed to 500 parts per million
of oxygen  circulating gaseous medium in the column in nitrogen for 1, 2
and 3 days at 125[err]F.  is at least about 6.5 standard cubic feet per 50
had the following activities:             pound of sponge iron discharged
from the housing. Fresh     8.8                  6. A  process for
passivating  active 115 1 Day    0.15                sponge iron particles
substantially as herein- 2 Days   0.037               before described with
reference to the ac- 55              3 Days   0.031
companying drawing. 7. Sponge iron particles passivated by The invention
has been described with  the process of any preceding claim.    120
reference to a preferred embodiment. Ob- viously modifications and
alterations will         For the Applicants, 60 occur to others upon
reading and under-             D. YOUNG & CO., standing the disclose set
forth herein. It is    Chartered Patent Agents, my intention to include all
such modifica-         9 & 10, Staple Inn, tions and alterations insofar as
they come        London, WC1V 7RD. Printed for Her Majesty's Stationery
Office by Burgess & Son (Abingdon), Ltd.-1976. Published at The Patent
Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies may
be obtained.    of particles being discharged by discharge  within the
scope of the subject invention. 



feeder 16. Alternatively, control valve 51    It is thus the essence of the
subject in- 65 can be acted upon by an oxygen analyzer- vention to provide
a process for the con- controller  (not shown) to maintain the oxy-
tinuous passivation of sponge iron particles 5 gen level in the range of
500 to 2,000 parts by the use of a precisely controlled gaseous per million
in the recirculated gas. The fan  medium. 30, in addition to providing the
means for                                       70 gas recirculation also
serves to mix the    WHAT- WE CLAIM IS: freshly admitted oxygen with the
recircu-    1. A  process for passivating  active 10 lated gas.
sponge iron particles including the steps The flow rate of the
recirculating gas is  of:- controlled by the action of particle discharge
75 measuring  device 18 acting upon flow mea-    maintaining a continuously
gravitation- suring device 37 which in turn acts upon   ally descending
column of sponge iron 15 flow contro1 valve 38 in a conventional
particles within  a vertically  oriented manner to  maintain a flow of at
least 6.5    housing; cubic feet of recirculated gas per pound of
continuously  circulating   a  gaseous 80 particles being discharged by
discharge    medium around a circuit in part of which feeder 16.
it passes upwardly through the descend- 20   As a part of the research work
carried    ing column, out in conjunction with the subject inven-
maintaining a predetermined temperature tion, a sponge iron activity test
procedure    of introduction of at least [err] 85 was developed to check
the activity when    of the gaseous medium to the column; exposed to air.
This test procedure consists    adding oxygen to the gaseous medium at 25
of filling a one quart container with sponge    a predetermined rate of at
least 0.004 iron particles  then putting on a tight lid    cubic feet of
oxygen per pound of sponge having an inelt and an outlet valve, purging
iron being passivated; and       90 with nitrogen and then closing both
valves.    maintaining a predetermined flow rate of The container is
weighed and then brought    the circulating gaseous medium  in the 30 to a
controlled temperature of 100[err]F. in an    column. oven and allowed to
equalize for a few hours to insure that all of the particles are at   2. A
process according to claim  1 in  95 100[err]F. The container is then
purged with  which the predetermined temperature is in air, one of the lid
valves is then closed and  the range of 125[err]F. to 175perr[F. 35 a
manometer pressure indicating gauge is   3. A process according to claim 1
or 2 connected to the other valve which is left  in which the rate of
oxygen addition is in open. As oxygen from the air in the con-  the range
of .004 to .01 standard cubic feet 100 tainer is consumed, the pressure in
the con-  of oxygen per pound of sponge iron being tainer declines. From
the rate of decline of  passivated. 40 the pressureithe rate of oxygen
consumption    4. A process according to claim 1 or 2 is calculated, and
the activity of the sponge  in which the rate of oxygen addition is suffi-
iron is expressed in terms of cubic feet of  cient to maintain an oxygen
concentratiton 105 oxygen consumed per hour per ton of sponge  in the range
of 500 to 2,000 parts per mil- iron particle".                         lion
in the gaseous medium being introduced 45   As a tyical example of the
effectiveness  to the column. of the passivation process of the present in-
5. A process according to claim  1 in vention, fresh active sponge iron
particles  which the predetermined flow rate of the re- 110 exposed to 500
parts per million of oxygen  circulating gaseous medium in the column in
nitrogen for 1, 2 and 3 days at 125[err]F  is at least about 6.5 standard
cubic feet per 50 had the following activities:            pound of sponge
iron discharged from the housing. Fresh     8.8                 6. A
process for passivating  active 115 1 Day    0.15              sponge iron
particles substantially as herein- 2 Days   0.037              before
described with reference to the ac- 55             3 Days   0.031
companying drawing. 7. Sponge iron particles passivated by The invention
has been described with  the process of any preceding claim.    120
reference to a preferred embodiment. Ob- viously modifications and
alterations will         For the Applicants, 60 occur to others upon
reading and under-            D. YOUNG & CO., standing the disclose set
forth herein. It is   Chartered Patent Agents. my intention to include all
such modifica-         9 & 10, Staple Inn, tions and alterations insofar as
they come        London, WC1V 7RD. Printed for Her Majesty's Stationery
Office by Burgess & Son (Abingdon), Ltd.-1976. Published at The Patent
Office, 25 Southampton Buildings, London, WC2A lAY, from which copies may
be obtained.    


