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MAGNETITE PRODUCTION FROM BAUXITE RESIDUE

RELATED APPLICATIONS:

This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Patent Application No. 62/596,160, filed December 8, 2017, entitled "MAGNETITE
PRODUCTION" incorporated herein by reference in entirety.

BACKGROUND

Processing of bauxite employed for production of alumina yields a residual red
mud. The worldwide annual rate of red mud generation is approximately 120 million
tons, and most of this is stockpiled. Red mud is rich in elements like aluminum,

titanium and rare-earths, in addition to the major iron-bearing constituents.

SUMMARY

A low-temperature leaching operation employs a raw, red mud slurry taken
directly from aluminum production for oxalic acid leaching of ferric oxalate. Residual
calcium, titanium, aluminum and other rare earths are also recoverable in a secondary
stream. Monitoring and control of the pH of the leach solution yields soluble ferric
oxalate without high temperatures or specific radiation or light sources. Addition of
iron powder results in precipitation of ferrous oxalate, isolated by magnetic separation
from the iron powder which recirculates in the solution. Magnetite may then be
produced by heating the ferrous oxalate in low pO2 conditions.

Configurations herein are based, in part, on the observation that conventional
approaches to red mud by-products of aluminum production typically discard the red

mud (Bauxite Residue, or BR) as a waste product. BR typically contains a small but
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significant quantity of Iron, Aluminum, Titanium, Calcium and other rare earths
amenable to refinement and harvesting. Unfortunately, conventional approaches to BR
processing suffer from the shortcoming that high temperatures and specialized light
sources are required, limiting cost effectiveness of BR recycling. The BR must also be
transported from an aluminum refining facility to a secondary plant for processing,
further mitigating cost advantages of recycling. Configurations herein substantially
overcome the shortcomings of conventional BR usage by providing a low temperature
leaching and precipitation process for ferric oxalate, a precursor to magnetite. The low
temperature process receives hydrated red mud slurry directly from an aluminum plant.
PH monitoring, rather than high temperature or radiation, support the precipitation of
ferrous oxalate from the ferric oxalate in the leach solution, and the hydrometallurgical
processing of red mud slurry avoids the need for drying or high temperatures associated
with conventional pyrometallurgic processing of BR.

In further detail, configurations herein employ a hydrothermal extraction process
for red mud to obtain selectivity between various metallic constituents and produce
valuable by-products, including fine particulate magnetite, titanium, aluminum and rare
earth components. The method for extracting ferrous oxalate from red mud includes
adding oxalic acid to raw red mud to form a leach solution, and monitoring and
controlling the pH of the leach solution to maintain the pH between 1.5-3.0. Following
leaching, iron powder is added to the leach solution for combining with ferric oxalate in
the leach solution. Ferrous oxalate is precipitated from the leach solution, the iron
powder is separated from the ferrous oxalate via magnetic separation, and the iron

powder returned to continue precipitation of ferrous oxalate.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, features and advantages of the invention will
be apparent from the following description of particular embodiments of the invention,

as illustrated in the accompanying drawings in which like reference characters refer to



CA 03085182 2020-06-08

WO 2019/113444 PCT/US2018/064477

10

15

20

25

the same parts throughout the different views. The drawings are not necessarily to
scale, emphasis instead being placed upon illustrating the principles of the invention.

Fig. 1 is a context diagram of a containment apparatus suitable for use with
configurations herein.

Fig. 2 is a flowchart of magnetite production from red mud using the
containment apparatus of Fig. 1; and

Fig. 3 shows an example processing of red mud into ferrous oxalate for

magnetite production according to the flowchart of Fig. 2.

DETAILED DESCRIPTION

Depicted below is example of a red mud processing apparatus for receiving red
mud directly on-site with an aluminum refining facility. The disclosed apparatus is
scalable and adapted to receive and use red mud slurry directly, without any drying. An
oxalic acid solution may be adjusted to accommodate any hydration shortcomings and
achieve an appropriate solution ratio with the red mud. As the process is
hydrometallurgical, rather than pyrometallurgical, the ferrous oxalate is generated by
varying the pH at relatively low temperatures. In conventional approaches to BR
processing, refinement and recycling, high temperatures and radiation are often
employed, resulting in substantial CO and COz generation. Other approaches employ
strong acids without regard to pH monitoring and control.

Conventional approaches to red mud recycling include usage of iron scraps for
raw material input. Strong acids without regard to pH monitoring or control are
required to accommodate the large iron pieces. Other approaches employ UV or IR
radiation, rather than pH manipulation, and sources with a greater carbon composition.
Wet magnetic separation may also be employed. Different forms of iron oxalate (such
as iron (IIT) oxalate) may result.

U.S. Publication No. 20170320751 (Amiran) teaches magnetite production
using a pyrometallurgical reduction procedure with coke and later modified with a

mixture of CO/CO; at 1100 °C.
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WIPO publication No. Application WO/2017/163094 teaches a process where
pyrometallurgical reduction of hematite in red mud to magnetite wherein an aluminum
and titanium suspension was achieved after washing with hydrochloric acid.

Fig. 1 is a context diagram of a containment apparatus suitable for use with
configurations herein. The disclosed process may be performed as a closed system or
as a stream of red mud and leachate, however the containment apparatus is beneficial
for illustrating the principles of the disclosed approach.

Leaching experiments were carried out using a three necked flat bottomed flask
as a containment apparatus 100. A condensation distillation column 110 connected
through one end was continuously supplied 112 with cold distilled water. A pH meter
120 and a thermocouple 130 (thermometer) were inserted through the other accesses.
The containment apparatus 100 is assisted with a silicone oil bath 102 for better
temperature control.

A magnetic stir bar 104 assists in magnetic separation of iron particles 140 and
ferrous oxalate 150, discussed further below. The use of a magnetic stirrer 106 or other
magnetic separation, in conjunction with iron particles for combining with ferric
oxalate, provides selectivity and purity of the resulting ferrous oxalate 150. Responsive
to the pH meter 120, maintaining the pH results in formation of insoluble ferrous
oxalate from soluble ferric oxalate in the leach solution, and is performed at a
temperature around 90-95° C.

The low temperature, pH monitored approach allows for co-locating a
containment apparatus for the red mud and precipitated ferrous oxalate with an
aluminum refining operation for receiving the raw red mud from the co-located
aluminum refinement. In contrast to conventional approaches, this avoids the need to
transport the red mud to a furnace or similar facility for heating, and allows for
performance of precipitation in ambient visible light and an absence of UV lighting.
Red mud may be taken directly in a slurry form from the aluminum processing and fed
into the containment apparatus.

Fig. 2 is a flowchart of magnetite production from red mud using the

containment apparatus of Fig. 1. Fig. 2 shows a general, scalable approach to the

4-
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example containment apparatus of Fig. 1. Referring to Figs. 1 and 2, at step 210, red
mud is received in a slurry form from an aluminum refinery. An example arrangement
employs comminuted Jamaican red mud grinded to a Pgo of 75 microns. Alternatively,
raw red mud in a hydrated slurry resulting from a waste stream in aluminum refinement
is received, and this red mud slurry can be input directly at step 210 since the approach
is hydrometallurgical process, and no drying is required before processing. Any
intended hydration may be compensated in the leach step below.

Oxalic acid 212 is added at step 214 for oxalic acid leaching. Hematite present
in red mud, Alumina, and Titania are selectively leached and converted to soluble Ferric
oxalate, aluminium oxalate and titanium oxalate respectively. Calcium and other rare
earth salts present in red mud form insoluble oxalates and separate as the residue 216.

During the leaching, feedback from pH meter 120 is employed for maintaining
the pH of the leach solution in a range between 1.5 - 3.0. In some configurations, this
includes monitoring and controlling the pH of the leach solution to a range between 2.0-
2.5. Hydrochloric acid may be added for reducing the pH of the leach solution to the
desired range. The temperature of the leach solution is maintained between 80-100°C,
typically around 90°C, while leaching ferric oxalate. Some configurations will benefit
from maintaining the temperature of the leach solution between 90-95° C during
leaching of the ferric oxalate.

In the example of Fig. 1, the parameters used for leaching include temperature =
95 °C, oxalic acid concentration of 2.5 M, time of reaction= 2.5 h, pulp density= 15 %
(g of red mud per 100 ml solution) and pH= 1.5-2. The residue may contain some
undissolved Al and Ti: a probable second leach in the system could be conducted to
extract the reminder Al and Ti. Therefore, in some arrangements, a secondary recycling
stream 216 may be extracted including residues of Al, Ti, Ca and rare earths (REs) from
insoluble oxalates remaining in the leach solution. A portion of the leach solution
including aluminum and titanium may therefore be harvested. The resulting leachate
includes ferric oxalate and dissolved Al and Ti, shown at step 218.

In a second stage at step 220, ferric oxalate present in the leachate is selectively

precipitated as insoluble ferrous oxalate utilizing Fe powder 222. The iron powder 222

-5-
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is added to the leach solution to combine with the ferric oxalate to form ferrous oxalate.
The precipitate contains ferrous oxalate and unutilized Fe powder. Al and Ti remain
unprecipitated in the pregnant leach solution 224. In an example configuration, the
precipitation conditions were: Temperature = 50 °C, pH = 4.5-5, time= 4h, Fe/Ferric ion
ratio = 3:1. The result was substantially pure ferrous oxalate 226 without any tramp
aluminum or titanium.

Magnetic classification is conducted on the residue containing ferrous oxalate
and unutilized iron powder, as shown at step 228. Magnetic separation is conducted
using a suitable magnetic field, and the ferrous oxalate 226 is separated in the non-
magnetic fraction. The iron separated as the magnetic part can be reutilized 230 in the
precipitation process 220.

Substantially pure ferrous oxalate is employed in magnetite production. Heating
the precipitated ferrous oxalate in pO? is performed at step 232 for generating magnetite
250. In an example configuration, this includes heating in the range of 500-1300° C. In
the disclosed example, the separated ferrous oxalate is heated in an N atmosphere (low
pO2) in a vertical tube furnace. Magnetic nano particulates with high purity are
obtained, exhibiting >99 % pure magnetite.

Fig. 3 shows an example processing of red mud into ferrous oxalate for
magnetite production according to the flowchart of Fig. 2. Referring to Figs. 2 and 3, at
step 300, raw red mud is gathered as a byproduct form aluminum refining. The oxalic
acid leaching process 310 commences with addition of oxalic acid with the red mud to
form a leach solution 350-1 at the disclosed parameters for time, temperature, pH and
pulp density. After 2.5 hours leaching, filtration occurs with the leach solution 350-2,
yielding leachate 218 and leach residue 216, including iron 8%, calcium 17%,
aluminum 7%, titanium 4% and other rare earths at 7600 ppm.

The leachate 218 includes the ferrous oxalate 226, to which the iron powder 222
is added for ferrous oxalate precipitation step 320, as solution 350-3. Following
filtering of the ferrous oxalate 226, Al and Ti may be recovered from the remaining

pregnant leach solution 224.
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described with references to embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



CA 03085182 2020-06-08

WO 2019/113444 PCT/US2018/064477

10

15

20

25

CLAIMS

What is claimed is:
1. A method for extracting ferrous oxalate from red mud, comprising:
adding oxalic acid to raw red mud to form a leach solution;
monitoring and controlling the pH of the leach solution to maintain the pH;
adding iron powder to the leach solution for combining with ferric oxalate in the
leach solution;
precipitating ferrous oxalate from the leach solution; and
separating the iron powder from the ferrous oxalate via magnetic separation, the

iron powder returned to continue precipitation of ferrous oxalate.

2. The method of claim 1 further comprising maintaining the pH of the leach

solution in a range between 1.5 - 3.0.

3. The method of claim 1 further comprising maintaining the temperature of the
leach solution between 80-100°C during leaching of the ferric oxalate and maintaining

the temperature at least at 50°C during precipitation of the ferrous oxalate.

4. The method of claim 1 wherein the raw red mud is a hydrated slurry resulting

from a waste stream in aluminum refinement.

5. The method of claim 1 further comprising removing at least a portion of the

leach solution including aluminum and titanium.

6. The method of claim 1 further comprising extracting a secondary recycling
stream including residues of Al, Ti, Ca and rare earths from insoluble oxalates

remaining in the leach solution.
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7. The method of claim 1 further comprising monitoring and controlling the pH of

the leach solution to a range between 2.0-2.5 for leaching ferric oxalate.

8. The method of claim 6 further comprising maintain the temperature of the leach

solution between 90-95° C during leaching of the ferric oxalate.

9. The method of claim 6 further comprising adding hydrochloric acid for reducing

the pH of the leach solution.

10. The method of claim 1 further comprising heating the precipitated ferrous

oxalate in pOz for generating magnetite.

11. The method of claim 10 further comprising heating in the range of 500-1300° C

12. The method of claim 1 wherein maintaining the pH results in formation of

insoluble ferrous oxalate from soluble ferric oxalate in the leach solution.

13. The method of claim 1 further comprising receiving the raw red mud as a

byproduct form aluminum refining.

14. The method of claim 13 further comprising co-locating a containment apparatus
for the red mud and precipitated ferrous oxalate with an aluminum refining operation

for receiving the raw red mud from the co-located aluminum refinement.

15. The method of claim 1 further comprising performing precipitation in ambient

visible light and an absence of UV lighting.

16. A method for extracting ferrous oxalate from red mud, comprising:

adding oxalic acid to a hydrated slurry of red mud to form a leach solution the
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slurry resulting from a waste stream in aluminum refinement;

monitoring and controlling the pH of the leach solution to maintain the pH of the
leach solution in a range between 1.5 - 3.0;

maintaining the temperature of the leach solution between 80-100°C during
leaching of the ferric oxalate;

adding iron powder to the leach solution for combining with ferric oxalate in the
leach solution;

precipitating and filtering ferrous oxalate from the leach solution; and

separating the iron powder from the ferrous oxalate via magnetic separation, the

iron powder returned to continue precipitation of ferrous oxalate.

-10-
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