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COMPLETE SPECIFICATION

Reduction of Oxidic Iron Ores

We, EssO RESEARCH AND ENGINEERING
CoMPANY, a Corporation duly organised and
existing under the laws of the State of Dela-
ware, United States of America, of Elizabeth,
New Jersey, United States of America, do
hereby declare the invention for which we pray
that a patent may be granted to us, and the
method by which it is to be performed, to be
particularly described in and by the following
statement : —

This invention relates to the production of
sponge iron by reaction of oxidic iron ores by
contact with reducing gases. In particular, it
relates to an improved iron ore reduction pro-
cess wherein fluidized iron ores are metallized
by direct contact with hydrogen, carbon mon-
oxide, or mixtures of these and other gases.

The production of sponge iron by reduction
of oxidic iron ores, i.c., ores containing or con-
sisting essentially of oxides of iron, in beds
fluidized by upwardly flowing gases, at tem-
peratures ranging generally from about 1000°
F. to about 1800°F., is well known to the art.
Moreover, such processes wherein the fluidized
beds are staged as separate reduction zones,
and the zones operated at the same or different
elevated temperatures generally within this
given range is also known. '

. In a typical staged fluidized iron ore reduc-
tion process, iron oxides are, e.g., provided:
in a first fluidized bed wherein the oxides are
reduced from the ferric state to magnetic oxide
of iron; in a second fluidized bed wherein
magnetic oxide of iron is reduced to ferrous
oxide; and in a third zone wherein ferrous ox-
ide is reduced to metallic iron. The separate
stages may be operated at the same or different
elevated temperatures, and one or a plurality
of ferric reduction zones or ferrous reduction
zones may be provided. A burning zone where-
in the reducing gas, e.g., hydrogen, is burned
with an.oxygen-containing gas, e.g., air, may
be provided or may be combined with a ferric
reduction zone to provide heat for the reaction.

[Price 4. 6d.]

In all such processes it .is desired to have
sufficiently high temperature to achieve maxi-
murm reduction, and to achieve same smoothly
and efficiently. One would expect to achieve
maximum reduction by increasing the tem-
perature of the reaction, and for the reaction
to proceed at a faster rate with increasing tem-
perature. However, high temperatures can
produce bogging or, if the temperature be-
comes sufficiently high, sintering of the ore,

Bogging is a phenomenon manifested by a

“stickiness” occurring at the surfaces of the
individual solids iron ore particles. It is postu-
lated, and fairly well supported, that the sur-
faces of the individual ore particles become
covered, in whole or in part dependent on tem-

perature, with crystalline forms of iron. These'

crystalline forms, microscopic in character,
take on the appearance of nodules or
“whiskers” extending outwardly from the indi-
vidual particles. The microscopic appearance
of the individual ore particles with projecting
deposits or nodular growths, in fact, is not too
different from.that of certain forms of vegeta-
ble or plant leaves which contain potassium
oxalate or calcium carbonate growths. Because
of these claw-like projections, or reactive spots,
the particles tend to attach one to another upon
contact $o that individual iron or particles
cling or weld together to form aggregates or
agglomerates.
against proper fluidization of the particles and
hence bogging, or loss of fluidization of the
bed occurs. This phenomenon is not unlike sin-
tering of the particles in its effect, but differs
from sintering inasmuch as the latter is caused
by an actual melting of the reduced iron upon
the surfaces of the particles, this causing the
individual particles to cling one to another to
also produce agglomeration. .
Bogging, then, is a very undesirable pheno-
menon and the tendency of an ore to bog in-
creases with increasing temperature, especially
as the degree of metallization increases. High

Such phenomenon militates

Application made in United States of America (No. 398,073) on 2! Sept., 1964.
Application made ! United States of America (No.422,559) on 3/ Dec., 1964.
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oxi de and mmehe Eisiths dicieats of i priess. Withcaybhﬂﬁgfaefemp@iturlas’ ﬁﬁgﬁfgsmﬁzsaﬂoﬁter eof, are
had pr o P d eadtaiy oreefeigs, Sarol Lake ore, the tendency = 1000°F to ab@tﬁt @Q"ngd efegp@g;;get - )
0 evated tempergtyre t .
exceedi ng &éc% r th1s reason Dfi % rﬁgthw(pgo&%out t’?w?# ergéxis pr:'i:‘-S hed . 4.
The proces &usdﬁld orkl WY il ﬁmp lmized with the iron. ore, or added to a flui-
ore reductlon process dized bed in one or more of the fluidized iron =~
15 The present invention has for its primary oxide reduction zones, alkaline earth metal ox- : 80: .-
objective a solution of the problem of bogging. = ides or carbonates, or precursors thereof,
In particular, jts objective is to provide the sufficient to inhibit bogging of the ore whtlst
art with a simplified, new and novel fluidized reducing oxides in the reduction zones to lower
iron ore reduction process wherein bogging is - stages of oxidation or to metallic iron,
20 inhibited and, in some cases, completely. elimi- It is generally desirable to employ concen- 85
"7 nated so that more elevated temperatures can  trations of the additives ranging at least from -
be used and the process operated more effec- about 0.05 to about 5. 0 per cent, based on
tively for longer periods. A further object is the welght of the iron ore feed. Greater con-
to provide such ‘process wherein significant centrations can.be used if desired; but, except
25 amounts of sulfur are eliminated from iron in the instance of very stubborn ores, such 90
orés and product quality improved. A specific amounts of additives are not required. In most -
object is to provide an improved process instances it is found suitable to ‘employ concen-
wherein the tendency toward bogging is inhib- trations ranging from about 0.1 to about 1.5 .
ited or eliminated in the several stages of a  per cent'of the additive, and even more prefer- :
30 fluidized iron ore reduction process’ wherein ably from about 0.5 to 1 per cent, based on 95
oxidic iron ores are treated with a reducmg the weight of iron ore. _ ’
gas, or gases, to_successively reduce the iron Additives suitable for use in accordance with
oxides to lower stages of oxidation; and finally the present invention include oxides and car-
to metallic iron. An even more specific’ ob;ect. bonates of Group II A metals of the Periodic ..
35 relates to such process providing a series of Chart of the Elements, (sce Inorgamc Chem- 100
" staged reaction zones wherein 3 significant por-  istry, Ephraim, 1934 at page 844) i.e., alkaline
tion of hydrogen is used as the reducing gas, earth metal oxides and carbonates whether
and especially wherein hydrogen is burned in added to the process ab initio or generated
direct contact with the iron ore. in situ, Exemplary of such compounds are the
40.  These and other ob)ects are achieved in ac- . oxides and carbonates of beryllium, calcium, 105
- cordance with the present invention which con- magnesium, strontium and barium, and includ- =
temiplates the use of a novel class of agents ing mixtures of any-of such compounds thh
or additives added to or otherwise ‘mixed with other substances or with each other, '
_ 'ﬂuldlzed oxidic i iron ore-in a reduction process - Particularly preferred classes of compounds, -
45 even in very minor or minute concéntrations, b_c_cat;se of their extremely high effectiveness’ 110
" to'inhibit or prevent bogging of the particulate  in reducmg bogs, even when used in very small
ore. It has thus been found that small quanti- conéentrations, are the carbonates andoxides’
ties of very finely ground alkaline earth metal of calcium and magnesium. The oxides and-
oxides and carbonates, or mixtures thereof, can carbonates. of magnesium' are outstandmg in. .
50 be directly added to a fluidized iron ore reduc-  theit- effectiveness even when used in minute 115
* tion bed, or admixed with an iron feed, to’ concentrations. These preferred classes of com-
inhibit: and. in some mstances to entﬂ'ely pre—- pounds, partlcularly the oxides and carbonates’
vent bogging. of magnesium, are’ also outstanding ‘from the
“The reasons for the effectiveness of these  cost:effectiveness standpoint and are readity . -
55 added ‘agents in inhibiting or preventing bog- avallable as stable articles of commerce. 120
ging are not fully understood. While applicant In a fluidized iron ore reduction process;
does not desire to be bound by any theory especially when operated at the higher tem- - -
of mechamsm, it is believed that the novél ad- peratures, it is known that added alkaline earth
ditives of this invention chemically react with, metal carbonates: thermally decompose to ox-'
60 alter, or otherwise poison the nodular growths ides, and 1t has been observed that process 125
- of active sites on'the surface of the individual operation is generally at least slightly im-
iron ore particles which form as temperature proved after the conversion has taken place.
is increased. Because of this poisoning effect, The effect is even more marked in the use
the normal tendency of the particles to stick' of the carbonates of calcium and magnesium. R
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¢ 25 oxides and carbonates, concentrations should iron oxides solids particlés are contacted with 90
A be even greater to achieve the same degree upwardly flowing hydrogen-containing gases
i of effectiveness. It is very preferable, in any and a plurality of staged zones are provided.
L event, that the particle size should be much The zones contain .fluidized beds operated at
; finer than 14 mesh and should range from varying temperatures and the ore is at different-
30 about 48 mesh (297 microns) and finer. Con-' stages of reduction. Also the reducing gas in 95
¥ siderably better: results, however, are achieved contact with the beds is at a different stage
' when the particle size is even finer and ranges of oxidation within the Zones. There is provid-
from about 325 mesh (105 microns) and finer.. ed,: in accordance with such embodiment, one-
Even greater benefits are obtained when the or more ferric reduction zones operated at
35 fineness is measured down in the micron range, temperatures ranging from about 1000°F. to' 100
and even in the sub micron particle size range.” about 1800°F. and one or more ferrous reduc-
In fact, it has been found that generally the tion zones operated at temperatures ranging
finer the particle size the:more effective is a° from about ‘1300°F. to about 1500°F. The al-
given additive in the prevention of bogging. Kkaline earth metal oxides and carbonates may .
40 The additives of this invention, including be added to the burning zone or to the ferric 105
especially those preferred classes, are prefer- reduction zone which also serves as a burning
ably added directly to the ferrous reduction zonme. .The additive, however, is preferably-
zone or bed wherein the tendency to bog is. added directly to the ferrous reduction zone,
the most severe. In certain circumstances, how- or Zones. . - : .
45 ever, it may be desirable to add all or a portion The following nonlimiting - examples and 110
; of the additives to the ferric zone of bed, or pertinent demonstrations bring out the more
to a-burning bed, which precedes other beds salient features and provide a better under-
or zones, and wherein temperatures: can range’ standing of the invention. S
from about 1000°F. to about 1800°F. A burn- A large quantity of raw Carol Lake ore is
.50 ing bed is one wherein a portion of the hydro- pulverized in a ball mill, to particle size rang- 115
gen is burned with an oxygen-containing gas, ing from about 75 to 210 microns, and divided
e.g., air, so that the heats of combustion are into several like portions. This ore is one well
imparted to the fluidized iron ore bed. The known as possessing a severe tendency to bog.
combustion can be under oxidizing or reducing - A portion of the ore is charged into a flui-
55 conditions, i.e., in an excess or deficiency of dized iron ore reactor or reduction process 120
the oxygen-containing gas, so that the oxidic wherein is provided a series of four staged flui-
iron ore will be oxidized or reduced. Where dized zones, two ferric reduction zones and
the bed is operated under reducing conditions, two ferrous reduction zones. The ore is flui-
it constitutes also a ferric reduction zone and dized by an upwardly flowing gas- initially
60 can be succeeded by an additional ferric reduc-  sixty per cent hydrogen and forty per cent nit- 125
tion zone, or zones, and by a ferrous reduction rogen. The gas flowed from a zone containing :
zone, or zones. In certain circumstances €.g., an iron ore at a lower level of oxidation to
wherein the ore contains undesirable sulfur or the next higher level of oxidation, ie., from
sulfides, however, it is preferred to operate the the bottom to the top of the reactor. In the
65 rning bed under oxidizing conditions to re- top ferric zone the partially oxidized gas is 130
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IVEIQHESI umS5  reduction stages, wherein ferric oxides are re- 4 . ExaMpLE 3 55
O e duced es to magnetic o H?! % tmns of the
are operated at 1300°F. as are the ferrous re- process of Example-l is further éxtended to
duction stages wherein the ferrous oxide is re- 1570°F. and the same amount of calcium car-
duced, in the final stage, to provide 94 per bonate added to the process, there is no evi- _
10 cent metalhzatxon dence-of boggmg at the end of a 180 mmute- 60
- Pursuant to operating- at such condmons, period. - '
the ferrous reduction beds showed signs of ~.. EXAMPLE 4 - '
bogging within about ten minutes and are se- 'When Example 1 is repeated except that
verely and totally bogged in only twenty magnesium carbonate is successively dadded to
20 minutes of continuous operation. - the process in 1.5, 3.0 and 5.0 per cent concen- 65
ExAMPLE 1 trations, equally. good benefits are also ob-
The foregoing demonstration is repeated in tained. The tendency to bog is considerably
precise detail employing a second portion of = reduced and operating time is significantly ex-
the ore except in this instance one per cent tended in each instance. :
15 of calcium oxide powder, based on the weight 'Further ‘comparative data are set fotth 70
of iron ore feed, ground to a particle size dis- hereafter to show the advantages of the present -
tribution of about 80 to 200 microns, is added novel classes of additives in inhibitingbogging..
to and continuously charged into the top or Also, the cutstanding eﬁectweness of magne-
first burning ferric reduction zone. At the end sium oxide (MgO) and magnesium carbonate,
25 of a twenty-four hour period, when the test even as contrasted with calcium oxide (CaO) 75 -
is arbitrarily terminated, there is not the slight-- is shown. In the following runs, a different
est evidence of bogging or of any tendency ore — viz., Cerro Volivar ore — is employed.
toward bogging. The beds appeared normal While the tendency of the ore to bog occurs
and the process functioned normally in every at higher temperature. than with the Carol _ -
30 way. The improvement is thus at least a 7200 Lake ore ‘and the bogging: tendency is some- 80
per cent improvement over the foregoing de- what Tess: severe, nevertheless, in these runs the
monstration,: and clearly evidences the advan- temperature is upped to ani extremely high pla-
tages of the present process. Moreover, un- téau— viz., 1600°F. — which would normal-
desirable sulfides are essentially eliminated lyinduce qmte severe bogging. _
35 from the ore, and the iron oré product is im-  In these runs a Cerro Bolivar ore is pulver- 85
proved to the extent that, after briquetting, it ized as in Example 1, divided into several por-
1s ready for charging to a blast furnace without tions, and separately reduced with a 60:40
any necessity of adding a fluxing agent. hydrogen : nitrogen gaseous-mixture. To cer-
_ - ExAMPLE 2 * tain of the oré portions is added calcium oxide
40  When Example 1 is repeated with another and magnesium oxide in different states of 90
portion of ore at a tem adpera’cure of 1400°F. fineness. A sufficiently high initial temperature,
and calcium carbonate added in one per cent ie., 1400°F.,, is selected so. that the unit is
concentration, there is yet no bogging or tend-" on the verge of a bog. Upon the feeding of
ency toward bogging at the end of a _twenty-  the ore portions into the process, the tempera=-
45 four hour period.. - ture is raised to 1600°F. Bogging then occurs. 95.
In sharp - contrast, however, when this after a time in most instances (37 minutes:

. demonstration is repeated at this high tempera- where no additive is employed), the results be- -
ture without calcium- oxide addition, severe mg shown in the table below; - -
bogging occurs at the end of only eleven

50 minutes. .
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1 Hamrer sl y 0.01 0.01 None

2 Si buguey 0.23 0.11 None

3 - Cerro Bolivar 001 0..02 Sl iﬁghf

4 ~Steep Rock 0. 17 0. 06 Sli ght

5 \Wibana 1.7 0.2 -« Mbder at e

6 Wabush 0. 03 0.01 Slightly nore

t han '

nmoder at e -~ — i Santa laeflllgsg' Rt 134
Total bog 158 .8 Carol Lake T&kzz

0.22 : Tot al bogi n 10 : '
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reduci ng oxi des in THe FEOULFJ

provi de no

10

15

-]

o ~gartt wErah—uxrdes-or—cunp;exes
zones to | ower fes of oxidation or to netal 3
5 1%, Coarse CaO (Commercnal Grade) 65
- (65 © 200 Mesh)
6 1% Ca0O 88
(259, Finer than 400 Mesh)
7 1% CO 144
(100%, Finer than 400 Meshy
8 19 CaO 245
(I Micron Average Particle Size}
9 0.1% MgO 288
{1 Micron Average Particle Size}
- 10 0.1% MgO %300
o (100%, Finer than 400 Mesh).
11 0.29% MgCO, *285 -
(100%, Finer than 400 Mesh}
12 0.5%, MgO *355.4
(31% Finer than 325 Mesh}
13 19, MgO : *645 4
(319, through 325 Meshy :
14 0.05% MgO 62
(Less than 400 Mesh)

*No bog at the end of the period shown, when the test is ariﬁit'rérily terminated.

These data clearly show the tremendous
effectiveness of very small particle size and
also the far greater effectiveness of magnesium
oxide (or carbonate) even as contrasted with
calcium oxide which, in itself, is a superb addi-
tive. Thus, very fine magnesium oxide is-more
effective even at 0.1 per cent concentration

_(Example 10 vis-a-vis Example 7) than cal-

cium oxide of equivalent partche size at the
1 per cent level. In fact, magnesium oxide at
smaller particle size is even more effective,
€.g., even at the 0.5 per cent level, than a
codrser commercial grade calcium oxide even

~at the 1 per cent level. It is also shown that

magnesium oxide approaches the lower thresh-
old of effectiveness at the 0.05 per cent level
at these conditions.

Tt will also be observed that magnesium caz-
bonate has about the sameé effectiveness as
about one-half the amount of magnesium ox-
ide. The magnesium carbonate, it is believed,
breaks down to magnesium oxide in the pro-
cess and, of ‘course, one part of the carbonate
promdes about one-half part of the: correspond—

ing oxide. It'is believed,.in fact, that all of the
alkaline earth metal carbonates break down to
the corresponding oxide after a relatively short
induction period. Hence, any compound or
material which will form a sufficiently fine al-
kaline earth metal oxide in situ in proper con-
centrations will provide benefits.

This discovery of inhibiting bogging in this
relatively simple manner is indeed surprising
for the results of chemical analyses are often
reported as showing iron ores as containing
certain alkaline earth metal oxides, e. g cal-
cium oxide and magnesium oxide. It is also
known, however, that there is- no relauonshlp
between the reported content of these sub-

stances within the ore and tendency to bog.

In fact, 4 few selected data of runs are ngen
to illustrate this phenomenon.

A series of runs was conducted on several
different types of iron ore at 1300°F. for a
period, when poss1ble, of 4—1/2 hours in a
staged fluidized iron ore reactor as described
in Example I. The followmg table gives the
results of those rans.

35

45
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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, dre 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
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the bound calcium oxide and magnesium oxide oxides or carbonates, ot precursors thereof, are
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