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"METHOD FOR OBTAINING MAGNETITE

Prior art

Red mud develops in the aluminum production according to the Bayer method.
Chemically considered, red mud is a mixture mainly composed of iron(lll) oxides
or hydroxides, respectively, titanium oxides, alumina residues, quartz sand,
calcium oxide and sodium oxide. Due to its high content of residual caustic soda
lye, it additionally has a strongly basic pH value in the range between 11 and 13.
The name red mud originates from the red color caused by iron(lll) oxide. To each
produced ton of aluminum, according to the quality of the used bauxite, 0.5 to 1.5
tons of red mud arise as a non-avoidable attendant. The amount of red mud
arising each year in this manner is several millions of tons and presents a serious
economical and ecological problem together with the amounts of red mud already

present in the meantime.

Heretofore, red mud is essentially regarded as waste and therefore fed to
disposal. Therein, the disposal of the red mud is mostly effected by storage in
sealed disposal sites. This form of storage is costly and expensive since large
deposition site areas and plants are required and high cost is incurred for the
transport of the red mud. Additionally, the long-term cost incurred by the
deposition can only difficultly be calculated and present an additional economical
problem besides the various ecological problems. Therefore, there is increased
interest to feed red mud to an economically advantageous use to relevant extent.
Particularly in the course of increasing raw material shortage, deposition of
millions of tons of a material such as red mud containing several valuable
products is to be deemed little reasonable. Since red mud contains a proportion of
30 % to 60 % of iron(lll) compounds in the form of hematite (Fe,03) and goethite
(FeO(OH)) according to the quality of the originally used bauxite, it lends itself to
recovery of iron or iron ore, respectively, in particularly advantageous manner.
However, therein, the processing of the red mud is aggravated among other

things by the particles of the red mud having a very small diameter on average in
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the range between 0.1 and 1.0 um conditioned by the manufacturing process.
Particularly separation of the iron(lll) compounds from the residual mineral stock
not containing iron therefore presents a complex technical problem and could not

be resolved heretofore in satisfactory manner.

In GB 731 923 a method for thermal treatment of thermally reactive, finely
distributed solid particles is disclosed. Therein, among other things, red mud from
the Bayer method can be introduced into a fluidized-bed reactor and be
maintained in a pseudo-liquid fluidized-bed state by means of a gas stream
conducted through the red mud from below. For starting the reaction, the formed
aerosol has to be heated to a predetermined temperature, and this temperature
has to be maintained as constant as possible during the reaction in order that
conversion of hematite to magnetite can occur. For heating the reaction mixture to
the target temperature, therein, either preheating of the gas stream, injection and
combustion of fossil fuels in the reaction room or combination of both is provided.
In case that the reaction proceeds exothermic and the predetermined temperature
is exceeded due to the arising amount of heat, the invention provides that the
excess amount of heat is absorbed by inert solids disposed in the fluidized-bed
reactor. Alternatively, it is provided that cooling water is injected into the reaction

room or additional cooling, inert solids are admixed.

In this method, the circumstance is to be regarded as disadvantageous that the
method does not disclose any possibility of separating the iron containing
components of the red mud. Furthermore, it is to be regarded as disadvantageous
that an expensive plant is required for performing the method by the requirement
of a fluidized-bed reactor, which requires elaborate control technique for
maintaining the fluidized-bed state and for exact temperature control of the
fluidized bed, has a high energy requirement and consumes large amounts of
fossil fuels. Additionally, goethite also present in the red mud cannot be converted
into magnetite by the method, such that the method can only be performed with

high losses of iron containing valuable products.
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Therefore, an aspect of the present invention provides a large-technically realizable
method, which allows an extensive, economically and ecologically advantageous
recovery of the iron containing components of red mud and is suitable both for coping
with the annually arising amounts of red mud and for processing the already

deposited red mud.

Presentation of the invention

The present invention provides a method for obtaining magnetite by means of red
mud which is produced by the Bayer method used for aluminum production, wherein
the method includes at least the reduction of hematite and/or goethite to magnetite
with at least one reductant, the method comprising:
a) mixing the red mud with the reductant, wherein the reductant includes at
least a vegetable oil and/or a fat ;
b) combusting the reaction mixture with controlled air supply during a
predetermined time interval in a predetermined temperature range;
¢) separating the solid components from the reaction mixture;
d) crushing the solid components; and
e) separating at least a first component including at least magnetite and at least
a second solid component,
wherein in step b), the air supply is controlled such that the reaction proceeds at first
under over-stoichiometric conditions and subsequently under sub-stoichiometric

conditions.

Advantageous developments with convenient and non-trivial further developments of
the invention are described in the further claims.

According to the invention, red mud produced by the Bayer method used for
aluminum production is employed in a method for obtaining magnetite, which
includes at least the reduction of hematite and/or goethite to magnetite with at least
one reductant, wherein the reductant includes at least a vegetable oil and/or a fat
and/or carbon. Such a method offers various advantages. Magnetite is the
thermodynamically most stable iron oxide and has a spinel structure AB;O4, in which

iron(11) ions occupy the octahedral places and iron(ill) ions occupy the tetrahedral
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places. In contrast to hematite and goethite, magnetite is highly ferromagnetic. The
method according to the invention therefore allows by conversion of the iron
containing components separation of the red mud into magnetizable iron ore and a
non-magnetizable low-iron residual mineral stock presenting in turn a valuable
product and being variously usable. Vegetable oils are worldwide available in great
variety and in large amounts. The Federal Environmental Agency categorizes
vegetable oils for example in the water hazard classification 1 and thus as only low
hazardous to water. Thereby, in economically and ecologically advantageous,
particularly simple and sustainable manner, the possibility is opened to exploit

regrowing biological compounds as an environmentally friendly alternative to fossil

mineral oils for obtaining iron ore.
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Another advantage is in the possibility to be able to perform the method both
continuously and discontinuously. Since, moreover, it is not required to employ
highly pure oils as reductants, further cost can be saved by the use of roughly
pressed or contaminated vegetable oils. In this manner, even waste products of
the vegetable oil industry can be fed to a sustainable utilization and be used for
obtaining iron ore. The use of these compounds thus presents another simple,
globally applicable as well as economically and ecologically advantageous
possibility of reaction direction and obtaining iron ore. Since vegetable oils are
worldwide available, the method according to the invention is also suitable for
application in remote processing plants. Alternatively or additionally, vegetable or
animal fats, respectively, can also be used. Since alumina factories producing red
mud in processing bauxite to alumina usually employ carbon-fired boilers for the
heating steam generation, the employment of carbon as a biogenic hydrocarbon
offers the advantage that the transport amount merely has to be correspondingly
increased. In countries such as Australia or Brasilia where inexpensive hard coal
of high quality is virtually unlimited available, thereby, significant reduction of the

process cost is achieved.

In an advantageous development of the invention, a palm oil and/or a soya oil
and/or a rape oil is used as the vegetable oil. Particularly palm oils, soya oils or
rape oils are suitable for use within the scope of the method according to the
invention, since, economically considered, they are inexpensive and globally
available educts. Additionally, as already mentioned, they are appreciated as
largely unproblematic under environmental aspects due to their biological

degradability.

In another advantageous development of the invention, the method includes the
following steps: a) mixing the red mud with the reductant, b) combusting the
reaction mixture with controlled air supply during a predetermined time interval in
a predetermined temperature range, c¢) separating the solid components from the
reaction mixture, d) crushing the solid components, and e) separating at least a

first component including at least magnetite from at least a second solid
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component. The advantages of this approach are clearly apparent to the person
skilled in the art. The intense mixing of the red mud with the reductant can be
effected directly in a usual, technically non-sophisticated reaction vessel without
previous processing steps. Therein, suitable reactor types include for example
continuous-flow reactors, rotary kilns or all of the other suitable reactor devices.
The conductance of reaction itself is effected in simple manner by combustion of
the reaction mixture. Therein, it is advantageously provided that the reaction is
effected during a predetermined time interval with controlled air supply in a
predetermined temperature range in order to be able to direct the proceeding of
reaction in controlled manner depending on the employed educts. Additionally, at
least the vegetable oil or fat, respectively, functions as an oxygen source together
with various oxides from the red mud itself. The solid components of the
developed reaction mixture are separated from the liquid and gaseous
components, respectively, after proceeding of the reaction. Therein, the end of the
reaction can be determined in particularly simple manner by the color change
from red (Fe,0s3) to black (Fe;0.). The separation of the solid from the liquid
and/or gaseous components is performed in simple manner with the aid of a solid
separator and/or gas separator coupled to the reaction vessel. However, further
suitable separating devices are also conceivable. According to the selected
educts and reaction conditions, after separation, the solid components can be
present in a form partially clotted or bound together. Therefore, the method
provides crushing of the solid components in step d) for facilitating and improving
the further processing. For this, the mass can be milled in known manner,
whereby the original, fine particles develop again. From the thus obtained
powdered mixture of the solid components, in the last step of the method, at least
a first component including at least magnetite is separated from at least a second
component. Thereby, decomposition of red mud into iron ore and a low-iron
residual mineral stock is achieved and extensive utilization of the various red mud

components is permitted.

In another advantageous development of the invention, it is provided that in step

b) of the method the air supply is controlled such that the reaction proceeds under
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sub-stoichiometric conditions. In this manner, one advantageously obtains
generation of additional valuable products together with the use of vegetable oils
and/or fats and/or carbon as the reductant. The thus selected reaction conditions
result in a reaction sequence similar to the production of wood gas and provide
various utilizable compounds such as elemental carbon, carbon dioxide, carbon
monoxide, methane, ethene, hydrogen and water steam. The developing
elemental carbon advantageously serves as an additional reductant and
accelerates the reaction. Additionally, by control of the oxygen supply, possibility
of control of the reaction temperature can be realized in simple and inexpensive
manner. The additionally developing valuable products can be separated and fed

to further purposes of use in known manner.

In another advantageous development of the invention, it is provided that the
predetermined temperature range in step b) of the method is at least 650 °C
and/or at most 1000 °C. Therein, the conductance of the reaction in the
mentioned temperature range advantageously ensures that the reaction
conditions can be selected depending on the character and requirements of the
used reductant, thereby ensuring a variable, simple and cost-reducing possibility

for optimum process direction.

In another advantageous development of the invention, it is provided that
combustion gases developing in step b) of the method are returned into the
reaction mixture. Since various further oxidizable hydrocarbon compounds such
as methane or ethene develop in the reaction besides carbon dioxide, return of
these gases into the reaction room allows a complete oxidation and thereby an

optimum yield of thermal process energy.

In another advantageous development of the invention, it is provided that the
combustion gases returned in step b) of the method include at least carbon
monoxide and/or hydrogen. Therein, each one of the two compounds acts as an
additional reductant. The combustion gas return thus provides for complete

utilization of the utilizable reaction products and reaction energy on the one hand
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as well as for an accelerated conversion of hematite and/or goethite into
magnetite on the other hand. Additionally, further cost reduction is achieved due
to the reduced requirement for reductant. The combustion gas return thus
advantageously allows a faster, more beneficial and ecologically optimized

process configuration.

In another advantageous development of the invention, it is provided that the
method includes an additional step f) before step c), in which the air supply is
controlled for a time interval to be determined such that the reaction proceeds
under stoichiometric and/or over-stoichiometric conditions. This is advantageous
particularly towards the end of the reaction since incompletely oxidized
compounds such as for example elemental carbon or compounds originating from
the combustion gas return such as carbon monoxide are completely combusted
by supply of a stoichiometric or over-stoichiometric amount of oxygen,
respectively. In this manner, besides utilization of the maximally obtainable
thermal energy, complete reduction of the iron(lll) compounds can also be
achieved. The over-stoichiometric reaction direction additionally allows the
transformation of all of the hydroxides present in the red mud into corresponding
oxides and thereby achieves a dramatic decrease of the alkalinity of the highly
alkaline red mud, which in turn presents one of the main problems of the red mud
utilization. Thus, the subsequent separation or division of the solid components,
respectively, is also facilitated since the solid phase only includes oxides or

silicates well to handle.

In another advantageous development of the invention, it is provided that step e)
of the method includes the use of a magnetic separator. By the reduction of the
non-magnetic compounds hematite and/or goethite to the highly ferromagnetic
magnetite, the use of a device using this physical characteristic for separation is
of particular advantage. In an ore separated in this manner, the concentration of
pure magnetite with at least 90 % is about two times as high as in qualitatively
high-grade natural ore. Thus, technically particularly simple and inexpensive

possibility can be provided to separate the red mud virtually quantitatively into
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qualitatively high-grade, magnetizable iron ore and into components not
containing iron with the aid of a magnetic separator. However, the use of
alternative or additional separating methods making use of other physical or
chemical differences of the compounds to be separated such as for example

flotation separating methods is also conceivable.

In another advantageous development of the invention it is provided that in step
a) at least one further component including at least calcium carbonate is
additionally admixed to the red mud and the reductant. Therein, the calcium

carbonate can be advantageously introduced in the form of limestone and serves

as a reaction promoter. Thus, it allows a more complete and faster conductance of

reaction using an inexpensive starting material, whereby further savings for the
entire process can be achieved. In another advantageous development of the
invention, it is provided that the second component separated in step e) of the
method includes at least one cement addition material. Therein, the low-iron
residual mineral stock particularly lends itself to the cement addition material.
Without separation of the iron containing component, red mud could not be used
for this purpose since complex reactions referred to as corrosion would occur by
the high iron content. Particularly in combination with additional admixture of
calcium carbonate in step a) of the method, thus, the mineral formation is
promoted and one obtains a hydraulic cement finding use in the construction
industry as one of the most important binders due to its high strength and
durability. However, the subsequent or additional addition of a certain mass
proportion of calcium carbonate or limestone, respectively, is also conceivable,
wherein a final concentration of about 10 % (w/w) has proven particularly

advantageous.

In another advantageous development of the invention, it is provided that the
cement addition material includes silica and/or silicates and/or aluminosilicates.
Thereby, with the aid of the method according to the invention, virtually all of the
minerals can be obtained from red mud, which are of crucial importance to the

particular characteristics of cement. Portland cement is for example composed of
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ca. 58 to 66 % calcium oxide (CaO), 18 to 26 % silica (SiO), 4 to 10 % alumina
(Al,03) and 2 to 5 % iron oxide (Fe,03). In the manufacturing process of cement,
first of all, di- and tricalcium silicate (2 / 3 CaOxSiQ,), tetracalcium aluminate
ferrite (4 CaOxAl,0;xFe;0;) and tricalcium aluminate (3 CaOxAl,O3) form from
these main components. By admixture of further compounds to the cement
addition material, moreover, the chemical and physical characteristics of the
cement to be manufactured can be specifically influenced. Thus, extensive
utilization of all of the red mud components is achieved by the method according

to the invention.

Further advantages, features and details of the invention are apparent from the

following descriptions of several embodiments.

Example 1:

Red mud with a water content of about 30 % is mixed with rape oil in the weight
ratio of 2:1 to 10:1 in a quartz glass vessel. The reduction of the iron(lll)
compounds is started by igniting the rape oil. The end of the reaction can be
determined by the color change from red (Fe,O3) to black (Fe;O,). Complete
conversion of the iron(lll) compounds can be achieved optionally by further
addition of rape oil. After cooling, the solid, black-yellowish phase is first
separated from potentially present liquid residual components by filtration. The
thus obtained particles bound together are crushed in a mill and after milling
separated into magnetite and non-magnetic cement raw materials (silicates and

sand) with the aid of a magnetic separator.

Example 2:

Red mud from bauxite decomposition contains iron oxides/hydroxides in the form
of the minerals hematite Fe,O3; and goethite FeO(OH) in 42-50 % (w/w), clay
minerals of the aluminosilicate group above 30 % (w/w), SiO, in amounts between

5 and 10 % (w/w) and lime from the recovery of caustic soda lye in 3-5 % (w/w).
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The water content of red mud usually is between 25 and 40 % (v/w). This mineral
mixture is homogeneously mixed with waste fats or waste vegetable oils,
respectively, such as frying oil, in a mixer without heat supply. The supplied
proportion of vegetable oil or vegetable fat, respectively, should be at least 20 %

(w/w) in order to ensure a self-supporting combustion.

Subsequently, the pasty red mud mass is guided into a pellet press via a
transporting screw, in which pellets for combustion are produced, wherein
reduction of the aqueous components occurs by pressing. After further drying, the
pellets are transported to a pellet furnace with residual heat and combusted there
with controlled oxygen supply. Therein, first, for a time period of 10-20 min., it is
worked with excess of air or oxygen, respectively, wherein combustion
temperatures of about 900-1000 °C are reached. Under these conditions, various
materials contained in the red mud are oxidized, wherein reduction from hematite
to magnetite is partially already observed, because the oxygen penetration into
the interior of the pellets is obstructed. Subsequently, the air supply is reduced
such that the reactions proceed under sub-stoichiometric conditions. Thereby, the
reaction temperature can decrease down to ca. 650 °C, thereby occurring
pyrolysis of the still present organic components in parallel, and CO,, H, and CO
are allowed to develop. Additional CO is formed from CO, and developed free

carbon in further reaction by the Boudouard reaction.

From this step on, the combustion gases are returned into the furnace to ensure
the reducing action particularly of the gases H, and CO for the transformation of
hematite into magnetite. Therein, an alternating operation with sub- or over-
stoichiometric air supply, respectively, has proven advantageous in order to avoid
the formation of too much of carbon and thus the formation of iron carbides. The
result of the method depends on the operational parameters, the composition of
the red mud, the mass proportion and the type of the vegetable oil, the reaction
temperature and the control of the air supply. Already in the simplest design of the
method with permanent excess of air, according to laboratory results, up to 75 %

magnetite and 8 % ilmenite are found in the separated magnetic mineral.
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Subsequent to the reduction, the reduced fine powder is transported into a cooling
drum with heat exchanger and after sufficient cooling fed to a magnetic separator
in the next stage. It separates the components magnetite and ilmenite (iron

titanium ore) due to their highly magnetic characteristics.

There remain non-magnetic clay minerals, quartz and lime as well as small
amounts of non-magnetic iron ore. The clay minerals can be employed as a
cement addition, since their chemical composition largely corresponds to the
materials occurring in cement, and so-called iron cement can be produced. By
addition of further burnt lime, the hydraulic character of the cement addition can
be matched to the respective requirement. Moreover, the non-magnetic mineral
residue is usable as a water retainer, soil improver or mineral fertilizer due to the

clay minerals, the lime content and the iron content.

Example 3:

The general conductance of the method corresponds to that delineated in the
previous embodiment. However, instead of a vegetable oil or a fat, respectively, a
solid press residue from the vegetable oil production or wood chips are mixed to
the red mud of the order of up to 20 % (w/w) as the reductant. This organic
addition is combusted and results in complete oxidation occurring only with high
excess of air. Under nearly stoichiometric conditions, on the contrary, reduction of
the iron ores to magnetite to a proportion of at least 75% occurs. With deficiency
of air, coking products develop. Too high carbon proportion results - as already
mentioned - in formation of non-magnetic carbides of the iron as manifests in

reduction of the magnetically separable amount of red mud mineral mixture.

Example 4:

In the present case, the method already known from the previous embodiments is

performed with powdered carbon as the reductant. For performing, red mud is
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mixed with 3-20 % (w/w) powdered carbon in a pre-mixer and guided to a rotary kiln
via a drying screw preheated with waste heat. The redox reactions are continuously
effected in this furnace optionally with or without aid of a supporting fire. Alumina
factories usual at present dispose of calcination furnaces with capacities of up to

8000 t per day. This technology can be employed here without great modification.

The process sequence is advantageously designed allothermic, since at the same
time both highly exothermic reactions such as the oxidation of the carbon (C + O; —»
CO;) and endothermic reactions such as the formation of carbon monoxide according
to the Boudouard reaction (2 CO « C + CO;) occur. The reduction of the iron(lll)
compounds to magnetite is at least 75 % under these conditions, but can be easily
increased up to 90 % and more by measures usual in the art.

Subsequently, the reduced fine powder is transported into a cooling drum with heat
exchanger and after sufficient cooling fed to a magnetic separator in the next stage. It
separates the components magnetite and ilmenite (iron titanium ore) from the non-
magnetic residual mineral stock due to their highly magnetic characteristics, which
essentially includes non-magnetic clay minerals, quartz, lime as well as small

amounts of non-magnetic iron ore.

The clay minerals can be employed as a cement addition since their chemical
composition largely corresponds to the materials occurring in cement, and thus so-
called iron cement can be produced. By addition of further burnt lime, the hydraulic
character of the cement addition can be matched to the respective requirement.
Moreover, the non-magnetic mineral residue can be used as a water retainer due to
the clay minerals or as a soil improver or mineral fertilizer, respectively, due to the
lime and iron content, respectively.

Throughout this specification the word "comprise", or variations such as "comprises"
or "comprising", will be understood to imply the inclusion of a stated element, integer
or step, or group of elements, integers or steps, but not the exclusion of any other

element, integer or step, or group of elements, integers or steps.
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All publications mentioned in this specification are herein incorporated by reference.
Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all
of these matters form part of the prior art base or were common general knowledge
in the field relevant to the present invention as it existed in Australia or elsewhere

before the priority date of each claim of this application.

It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as broadly described. The
present embodiments are, therefore, to be considered in all respects as illustrative

and not restrictive.
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The claims defining the invention are as follows:

1. A method for obtaining magnetite by means of red mud which is
produced by the Bayer method used for aluminum production, wherein the method
includes at least the reduction of hematite and/or goethite to magnetite with at
least one reductant, the method comprising:

a) mixing the red mud with the reductant, wherein the reductant includes at

least a vegetable oil and/or a fat ;

b) combusting the reaction mixture with controlled air supply during a

predetermined time interval in a predetermined temperature range;

c) separating the solid components from the reaction mixture;

d) crushing the solid components; and

e) separating at least a first component including at least magnetite and at

least a second solid component,
wherein in step b), the air supply is controlled such that the reaction proceeds at
first under over-stoichiometric conditions and subsequently under sub-
stoichiometric conditions.

2. The method according to claim 1, wherein a palm oil and/or a soya oil
and/or a rape oil is used as the vegetable oil.

3. The method according to either claim 1 or claim 2, wherein the
predetermined temperature range in step b) is at least 650 °C and/or at most 1000
°C.

4, The method according to any one of claims 1 to 3, wherein combustion

gases developing in step b) are returned into the reaction mixture.

5. The method according to claim 4, wherein the returned combustion

gases include at least carbon monoxide and/or hydrogen.

6. The method according to any one of claims 1 to 5, wherein step e)
includes use of a magnetic separator.
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7. The method according to any one of claims 1 to 6, wherein in step a), at
least one further component including at least calcium carbonate is additionally

admixed to the red mud and the reductant.

8. The method according to claim 7, wherein the second component

separated in step e) includes at least one cement addition material.

9. The method according to claim 8, wherein the cement addition material

includes silica and/or silicates and/or aluminosilicates.

10. The method according to claim 1 and substantially as described herein

with reference to the accompanying examples.
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