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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a method of preparing iron oxide nanoparticles, and more particularly, to a
method of preparing iron oxide nanoparticles, iron oxide nanoparticles prepared thereby, and an anode material including
the iron oxide nanoparticles.

Description of the Related Art

[0002] Recently, as issues, such as the depletion of fossil fuels and environmental destruction, have emerged, many
researchers have devoted to develop alternative energies that may replace fossil fuels. As a kind of such alternative
energies, a significant amount of research into secondary batteries that are applicable to various fields has been con-
ducted.
[0003] The application fields of secondary batteries have been further expanded to batteries for vehicles and batteries
for power storage as well as typical portable systems.
[0004] A secondary battery may be composed of a cathode, an anode, an electrolyte solution, and a separator, and
among these, components that mostly affect the battery may be the cathode and the anode in which electrochemical
reactions actually occur.
[0005] A graphite material has mainly been used as the anode due to its competitiveness in terms of stability, lifetime,
and price. However, as high-capacity batteries, which may be used in electric vehicles and batteries for power storage,
have been increasingly required, research into developing a new anode material having high theoretical capacity has
emerged.
[0006] In line with such requirements, metal oxides have recently received attention as a high-capacity anode active
material, and particularly, iron (III) oxide (Fe2O3) among these oxides has received attention as an anode material due
to its high theoretical capacity (1007 mAh/g).
[0007] However, since capacity and cycle efficiency may decrease during a charge/discharge process when a particle
diameter of the metal oxide is large (>1 mm), research into preparing nanometer-sized iron oxide particles by various
chemical syntheses has continued.
[0008] As a synthesis method of the iron oxide nanoparticles, a method has been known, in which a ferrous hydroxide
(Fe(OH)2) aqueous solution, which is prepared by adding sodium hydroxide to a ferric salt aqueous solution, is irradiated
with ultrasonic waves.
[0009] However, with respect to a typical synthesis method of iron oxide, difficult synthesis conditions (inert atmosphere)
must be maintained and an expensive high purity raw material must be used. In addition, since the particles obtained
by the irradiation of ultrasonic waves may not be uniform and may have poor crystallinity, the application range thereof
may be narrow. Also, since it takes a long time to irradiate with ultrasonic waves, mass production may be impossible.
[0010] Furthermore, since iron (III) oxide nanoparticles prepared by a typical method may be difficult to be prepared
as nanoparticles having a fine and uniform particle size, cracks may occur in an electrode due to volume expansion and
shrinkage of the electrode during a charge/discharge process. Thus, capacity loss is high and cycle efficiency rapidly
decreases.
[0011] Therefore, development of a method of preparing iron oxide nanoparticles is urgent, in which limitations of a
typical preparation method of iron oxide nanoparticles, such as complex process and long preparation time, may be
addressed, particle diameter and shape of powder may be uniformly controlled, and simultaneously, capacity loss may
be low even during numerous charge/discharge processes.
[0012] Colloids and Surfaces A: Physicochemical and Engineering Aspects, Volume 70, 167-169, discloses a process
for the preparation of hematite by adding sodium sulfate to a well-stirred mixture of ferric chloride and sodium hydroxide
and reacting the mixture in a laboratory oven at 100°C for 8 days.
[0013] Journal of Physical Chemistry C, Vol. 116, No. 30, 16276-16285, discloses a hydrothermal process for fabrication
of hematite nanostructures with narrow size distribution by using poly (vinylpyrrolidone) as surfactant and sodium acetate
as precipitation agent.

SUMMARY OF THE INVENTION

[0014] An aspect of the present invention provides a method of preparing iron oxide nanoparticles, in which mass
production may be possible by a simple process condition and capacity loss may be low even during numerous charge/dis-
charge processes.
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[0015] Another aspect of the present invention provides iron oxide nanoparticles prepared by the above method and
an anode material including the iron oxide nanoparticles.
[0016] Another aspect of the present invention provides an anode for an electrochemical device that is formed of the
above anode material and an electrochemical device including the anode.
[0017] According to an aspect of the present invention, there is provided a method for preparing iron (III) oxide nan-
oparticles, the method comprising:

preparing a ferric chloride (FeCl3) aqueous solution;
preparing a sodium hydroxide (NaOH) aqueous solution;
mixing both aqueous solutions;
adding a sodium sulfate (Na2SO4) aqueous solution while stirring a mixed aqueous solution prepared by the mixing;
and
reacting the mixed aqueous solution having the sodium sulfate aqueous solution added thereto in an electric con-
vection oven, wherein a concentration of the FeC13 aqueous solution is in a range of 2 M to 3 M,
a concentration of the NaOH aqueous solution is in a range of 5 M to 6 M, and
a concentration of the Na2SO4 aqueous solution is in a range of 0.5 M to 1 M,
wherein a volume ratio of the ferric chloride aqueous solution:the sodium hydroxide aqueous solution:the sodium
sulfate aqueous solution is 10:9:x,
where x satisfies 0<x<1
wherein the reacting is performed in a temperature range of 100° C. to 105°C. for 90 hours to 150 hours at atmospheric
pressure, wherein a particle diameter of the iron oxide nanoparticles is in a range of 500 nm to 1 mm, and wherein
the iron oxide nanoparticles have a round oval shape.

[0018] According to a method of the present invention, iron oxide nanoparticles may be prepared in which particle
diameter and particle distribution of the powder may be controlled by a simple preparation process and capacity loss
may be low even during numerous charge/discharge processes. Also, an anode having excellent capacity and stability,
and an electrochemical device including the anode may be prepared by using the iron oxide nanoparticles.
[0019] Further embodiments are disclosed in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a scanning electron microscope (SEM) image of iron oxide nanoparticles prepared by a method of the
present invention;
FIG. 2 is a scanning electron microscope (SEM) image of iron oxide nanoparticles prepared by a method of the
present invention; and
FIG. 3 is a graph comparing the results of the measurement of capacities of secondary batteries prepared in Example
1 and Comparative Example 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0021] Hereinafter, the present invention will be described in detail.
[0022] The present invention provides a method for preparing iron (III) oxide nanoparticles, the method comprising:

preparing a ferric chloride (FeCl3) aqueous solution;
preparing a sodium hydroxide (NaOH) aqueous solution;
mixing both aqueous solutions;
adding a sodium sulfate (Na2S04) aqueous solution while stirring a mixed aqueous solution prepared by the mixing;
and reacting the mixed aqueous solution having the sodium sulfate aqueous solution added thereto in an electric
convection oven, wherein a concentration of the FeCl3 aqueous solution is in a range of 2 M to 3 M,
a concentration of the NaOH aqueous solution is in a range of 5 M to 6 M, and
a concentration of the Na2SO4 aqueous solution is in a range of 0.5 M to 1 M,
wherein a volume ratio of the ferric chloride aqueous solution:the sodium hydroxide aqueous solution:the sodium
sulfate aqueous solution is 10:9:x,
where x satisfies 0<x<1
wherein the reacting is performed in a temperature range of 100° C. to 105°C. for 90 hours to 150 hours at atmospheric
pressure, wherein a particle diameter of the iron oxide nanoparticles is in a range of 500 nm to 1 mm, and wherein



EP 2 891 629 B1

4

5

10

15

20

25

30

35

40

45

50

55

the iron oxide nanoparticles have a round oval shape.

[0023] Specifically, in the method of the present invention, a concentration of the FeCl3 aqueous solution is in a range
of 2 M to 3 M and a concentration of the NaOH aqueous solution is in a range of 5 M to 6 M. Also, a concentration of
the Na2SO4 aqueous solution is in a range of 0.5 M to 1 M, and for example, may be 0.6 M.
[0024] In this case, when the concentration of the FeCl3 aqueous solution is 2 M or less or 3 M or more, metal oxide
having a particle diameter of 1 mm or more may be synthesized. Also, when the concentration of the NaOH aqueous
solution is 6 M or more, a pH level of the synthesized aqueous solution may be increased and thus, metal oxide may
not be synthesized. Furthermore, when the concentration of the Na2SO4 aqueous solution is 1 M or more, metal oxide
having a uniform shape may not be prepared. In this case, a sodium phosphate (Na2PO4) aqueous solution may be
used instead of the Na2SO4 aqueous solution.
[0025] In the method of the present invention, the ferric chloride aqueous solution, the sodium hydroxide aqueous
solution, and the sodium sulfate aqueous solution are mixed in a volume ratio of 10:9:x (where x satisfies 0<x<1).
[0026] In this case, when the volume ratio of the ferric chloride aqueous solution to the sodium hydroxide aqueous
solution is outside the above range, metal oxide may not be prepared. Also, when the volume ratio of the sodium sulfate
aqueous solution is greater than 1, this may act as a factor that may change the shape of the metal oxide, and thus,
particles having a very small diameter may be prepared.
[0027] Furthermore, the reacting are performed in a temperature range of 100°C to 105°C, and may be performed at
a temperature of 102°C for 90 hours to 150 hours at atmospheric pressure, for example, about 90 hours to 100 hours.
The method of the present invention may further include cooling a solid product obtained after the completion of the
reaction, and then washing and drying the solid product. In this case, the washing may be sequentially performed using
water and ethanol.
[0028] Also, the present invention may provide iron oxide nanoparticles in which particle diameter and particle shape
are uniformly controlled by the method of the present invention.
[0029] Specifically, the particle size (diameter) of the iron oxide nanoparticles thus obtained is in a range of 500 nm
to 1 mm. In a case where the particle diameter of the iron oxide nanoparticles is further decreased to less than 500 nm
or is greater than 1 mm, capacity retention ratio and cycle efficiency may be rapidly decreased during a charge and
discharge process.
[0030] Also, the particle shape of the iron oxide nanoparticles is round oval.
[0031] As described above, according to the present invention, iron oxide nanoparticles may be prepared, in which
the particle diameter and particle shape are controlled only by the simple preparation process, and a secondary battery
with low capacity loss even during the numerous charge/discharge processes may be prepared using the iron oxide
nanoparticles.
[0032] That is, with respect to typical iron oxide nanoparticles, capacity may decrease and exfoliation of an electrode
may occur due to volume expansion during a charge and discharge process. However, in the present invention, iron
oxide particles having a very small diameter (a few nm) may form oval-shaped particles having a diameter of 1 mm or
less, and at this time, tiny spaces in the particles may act as a buffer for the volume expansion of individual metal oxide
particles having a diameter of a few nm (se FIG. 1). Therefore, typical limitations, such as the decrease in capacity
during the charge and discharge process and the exfoliation of the electrode, may be improved.
[0033] Also, the present invention may provide an anode material including the iron oxide nanoparticles.
[0034] In this case, the anode material further includes a conductive agent, a binder, or optionally, a filler, in addition
to the iron oxide nanoparticles.
[0035] The iron oxide nanoparticles is added in an amount of 40 wt% to 65 wt% based on a total weight of the anode
material. In the case that the amount of the iron oxide nanoparticles is 40 wt% or less, high capacity may not be achieved.
In the case in which the amount of the iron oxide nanoparticles is 65 wt% or more, cycle stability may not be realized
due to the limitation that the exfoliation of the electrode may occur in an initial second cycle.
[0036] Furthermore, the conductive agent may be typically added in an amount ranging from 1 wt% to 30 wt% based
on the total weight of the anode material. The conductive agent is not particularly limited so long as it does not generate
chemical changes in the battery as well as having conductivity. Examples of the conductive agent may be graphite such
as natural graphite and artificial graphite; carbon black such as acetylene black, Ketjen black, channel black, furnace
black, lamp black, and thermal black; conductive fibers such as carbon fibers and metal fibers; metal powder such as
fluorocarbon powder, aluminum powder and nickel powder; conductive whiskers such as zinc oxide whiskers and po-
tassium titanate whiskers; conductive metal oxide such as titanium oxide; a conductive material such as a polyphenylene
derivative, etc.
[0037] The binder is a component that assists in bonding between the iron oxide nanoparticles and the conductive
agent and bonding with respect to a current collector, and the binder may be typically added in an amount ranging from
1 wt% to 30 wt% based on the total weight of the anode material. Examples of the binder may be polyvinylidene fluoride,
polyvinyl alcohol, carboxymethyl cellulose (CMC), starch, hydroxypropyl cellulose, regenerated cellulose, polyvinylpyr-
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rolidone, tetrafluoroethylene, polyethylene, polypropylene, ethylene-propylene-diene terpolymer (EPDM), sulfonated
EPDM, styrene-butadiene rubber, fluorine rubber, various copolymers, etc.
[0038] The filler is selectively used as a component that prevents the expansion of the electrode and is not particularly
limited so long as it does not generate chemical changes in the battery as well as being a fibrous material. Examples of
the filler may be olefin-based polymers such as polyethylene and polypropylene; and fibrous materials such as glass
fibers and carbon fibers.
[0039] Also, the present invention may provide an anode for an electrochemical device in which the current collector
is coated with the anode material.
[0040] For example, a slurry is prepared by dissolving the anode material of the present invention in a solvent, an
anode current collector is coated with the slurry, and the anode may then be prepared by drying and rolling the anode
current collector.
[0041] The anode current collector is not particularly limited so long as it does not generate chemical changes in the
battery as well as having conductivity. Examples of the anode current collector may be at least any one selected from
the group consisting of stainless steel, nickel, copper, titanium, and an alloy thereof. In general, the anode current
collector may have a thickness of 3 mm to 500 mm.
[0042] Also, the present invention may provide an electrochemical device composed of the anode including the anode
material, a cathode, a separator, and a non-aqueous electrolyte solution.
[0043] The electrochemical device may be a lithium secondary battery.
[0044] In this case, the electrochemical device may be prepared by a typical method.

Examples

[0045] Hereinafter, the present invention will be described in detail, according to examples and comparative examples.
The invention may, however, be embodied in many different forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these example embodiments are provided so that this description will be thorough
and complete, and will fully convey the scope of the present inventive concept to those skilled in the art.

Example 1

1-1. Preparation of Iron Oxide Nanoparticles

[0046] A 2 M ferric chloride (FeCl3) aqueous solution, a 6 M sodium hydroxide (NaOH) aqueous solution, and a 0.6
M sodium sulfate (Na2SO4) aqueous solution were introduced into a reactor at a volume ratio of 10:9:1, and the aqueous
solutions were then uniformly mixed using an impeller. The mixed solution was put in an electric convection oven at
102°C and reacted for 96 hours to obtain a solid product.
[0047] The solid product was cooled, and then sequentially washed using water and ethanol. Thereafter, iron oxide
nanoparticles (particle diameter: 500 nm) were obtained by drying the product in a vacuum drier (see FIG. 2).

1-2. Preparation of Battery

[0048] The iron oxide nanoparticles prepared above, a conductive agent (Super P), and a binder (KF 1100) were
mixed at a weight ratio of 65:10:25 to prepare a slurry. A copper current collector was coated with the slurry and then
dried in a vacuum oven at 120°C for 12 hours or more.
[0049] A lithium metal was used as a counter electrode, and 1 M LiPF6 /ethylene carbonate (EC) : ethyl methyl
carbonate (EMC) (volume ratio 1:1) was used as an electrolyte to prepare a coin-type half cell.

Example 2

[0050] The iron oxide nanoparticles prepared in Example 1-1, a conductive agent (Super P), and a binder (KF 1100)
were mixed at a weight ratio of 40:30:30 to prepare a slurry. A copper current collector was coated with the slurry and
then dried in a vacuum oven at 120°C for 12 hours or more.
[0051] A lithium metal was used as a counter electrode, and 1 M LiPF6 /ethylene carbonate (EC) : ethyl methyl
carbonate (EMC) (volume ratio 1:1) was used as an electrolyte to prepare a coin-type half cell.

Comparative Example 1

[0052] 50 nm iron oxide nanoparticles prepared by a typical method, a conductive agent (Super P), and a binder (KF
1100) were mixed at a weight ratio of 65:10:25 to prepare a slurry. A copper current collector was coated with the slurry
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and then dried in a vacuum oven at 120°C for 12 hours or more.
[0053] A lithium metal was used as a counter electrode, and 1 M LiPF6 /ethylene carbonate (EC) : ethyl methyl
carbonate (EMC) (volume ratio 1:1) was used as an electrolyte to prepare a coin-type half cell.

Experiment 1

[0054] Performance of the secondary batteries prepared in Example 1, Example 2, and Comparative Example 1 were
evaluated as follows: The batteries were charged and discharged in a charge and discharge range of 2.0 V to 0.005 V
(vs. Li/Li+) for 10 cycles, and at this time, current density was 0.1 C. The results of initial charge and discharge efficiencies
of the secondary batteries are presented in Table 1 below. Also, the results of charge and discharge using the battery
of Example 2 are presented in a graph of FIG. 3.

[0055] As illustrated in Table 1, it may be confirmed that the batteries prepared in Examples 1 and 2 maintained a
capacity retention ratio of 90% or more even after the 10th cycle, but the capacity retention ratio of the battery of
Comparative Example 1 prepared using the 50 nm iron oxide nanoparticles was rapidly decreased after the 10th cycle.

Claims

1. A method of preparing iron (III) oxide nanoparticles, the method comprising:

preparing a ferric chloride (FeCl3) aqueous solution;
preparing a sodium hydroxide (NaOH) aqueous solution;
mixing both aqueous solutions;
adding a sodium sulfate (Na2SO4) aqueous solution while stirring a mixed aqueous solution prepared by the
mixing; and
reacting the mixed aqueous solution having the sodium sulfate aqueous solution added thereto in an electric
convection oven,
wherein a concentration of the FeCl3 aqueous solution is in a range of 2 M to 3 M,
a concentration of the NaOH aqueous solution is in a range of 5 M to 6 M, and
a concentration of the Na2SO4 aqueous solution is in a range of 0.5 M to 1 M,
wherein a volume ratio of the ferric chloride aqueous solution:the sodium hydroxide aqueous solution:the sodium
sulfate aqueous solution is 10:9:x,
where x satisfies 0<x<1
wherein the reacting is performed in a temperature range of 100° C. to 105° C. for 90 hours to 150 hours at
atmospheric pressure,
wherein a particle diameter of the iron oxide nanoparticles is in a range of 500 nm to 1 mm, and
wherein the iron oxide nanoparticles have a round oval shape.

2. The method of claim 1, further comprising cooling a solid product obtained after the reacting, and washing and
drying the solid product.

3. Iron (III) oxide nanoparticles prepared by the method of claim 1, wherein a particle diameter of the iron oxide
nanoparticles is in a range of 500 nm to 1 mm, and wherein the iron oxide nanoparticles have a round oval shape.

[Table 1]

Example 1 Example 2 Comp.Ex.1

1st cycle
Discharge capacity 1318 mAh/g 1460 mAh/g 1481 mAh/g

Charge capacity 1008 mAh/g 1027 mAh/g 750 mAh/g

2nd cycle
Discharge capacity 1004 mAh/g 1.044 mAh/g 841 mAh/g

Charge capacity 963 mAh/g 993 mAh/g 312 mAh/g

10th cycle capacity 904 mAh/g 894 mAh/g 62 mAh/g

Capacity retention ratio 93.8% 92.3% 19.9%
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4. An anode material comprising the iron (III) oxide nanoparticles of claim 3, wherein the anode material further com-
prises a conductive agent, and a binder, and
wherein the iron (III) oxide nanoparticles are included in an amount of 40 wt % to 65 wt % based on a total weight
of the anode material.

5. The anode material of claim 4, wherein the conductive agent is included in an amount of 1 wt % to 30 wt % based
on a total weight of the anode material, and
the binder is included in an amount of 1 wt % to 30 wt % based on the total weight of the anode material.

6. An anode comprising the anode material of claim 4.

7. An electrochemical device composed of an anode, a cathode, a separator, and a non-aqueous electrolyte solution,
wherein the anode is the anode of claim 6.

8. The electrochemical device of claim 7, wherein the electrochemical device is a lithium secondary battery.

Patentansprüche

1. Verfahren zum Herstellen von Eisen(III)oxid-Nanoteilchen, wobei das Verfahren umfasst:

Herstellen einer wässrigen Eisen(III)chlorid-Lösung (FeCl3);
Herstellen einer wässrigen Natriumhydroxid-Lösung (NaOH);
Mischen der beiden wässrigen Lösungen;
Zufügen einer wässrigen Natriumsulfat-Lösung (Na2SO4), während eine gemischte wässrige Lösung, hergestellt
durch das Mischen, gerührt wird; und
Umsetzen der gemischten wässrigen Lösung mit der zugefügten wässrigen Natriumsulfat-Lösung in einem
elektrischen Konvektionsofen,
wobei eine Konzentration der wässrigen FeCl3-Lösung in einem Bereich von 2M bis 3M ist,
eine Konzentration der wässrigen NaOH-Lösung in einem Bereich von 5 M bis 6 M ist, und
eine Konzentration der wässrigen Na2SO4-Lösung in einem Bereich von 0,5 M bis 1 M ist,
wobei ein Volumenverhältnis der wässrigen Eisen(III)chlorid-Lösung: der wässrigen Natriumhydroxid-Lösung:
der wässrigen Natriumsulfat-Lösung 10:9:x ist,
wobei x0<x<1 erfüllt,
wobei die Umsetzung durchgeführt wird in einem Temperaturbereich von 100°C bis 105°C für 90 Stunden bis
150 Stunden bei atmosphärischem Druck,
wobei ein Teilchendurchmesser der Eisenoxid-Nanoteilchen in einem Bereich von 500 nm bis 1 mm ist, und
wobei die Eisenoxid-Nanoteilchen eine runde ovale Form aufweisen.

2. Verfahren nach Anspruch 1, weiter umfassend ein Kühlen eines festen Produkts, das nach der Umsetzung erhalten
wird, und Waschen und Trocknen des festen Produkts.

3. Eisen(III)oxid-Nanoteilchen, hergestellt durch das Verfahren nach Anspruch 1, wobei ein Teilchendurchmesser der
Eisenoxid-Nanoteilchen in einem Bereich von 500 nm bis 1 mm ist, und wobei die Eisenoxid-Nanoteilchen eine
runde ovale Form aufweisen.

4. Anodenmaterial umfassend die Eisen(III)oxid-Nanoteilchen nach Anspruch 3, wobei das Anodenmaterial ferner ein
leitfähiges Mittel und ein Bindemittel umfasst, und
wobei die Eisen(III)axid-Nanoteilchhen in einer Menge von 40 Gew.% bis 65 Gew.%, basierend auf einem Gesamt-
gewicht des Anodenmaterials, eingeschlossen sind.

5. Anodenmaterial nach Anspruch 4, wobei das leitfähige Mittel in einer Menge von 1 Gew.% bis 30 Gew.%, basierend
auf einem Gesamtgewicht des Anodenmaterials, eingeschlossen ist, und
wobei das Bindemittel in einer Menge von 1 Gew.% bis 30 Ges.%, basierend auf dem Gesamtgewicht des Ano-
denmaterials, eingeschlossen ist.

6. Anode umfassend das Anodenmaterial nach Anspruch 4.
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7. Elektrochemische Vorrichtung, zusammengesetzt aus einer Anode, einer Kathode, einem Separator und einer nicht
wässrigen Elektrolytlösung,
wobei die Anode die Anode nach Anspruch 6 ist.

8. Elektrochemische Vorrichtung nach Anspruch 7, wobei die elektrochemische Vorrichtung eine Lithiumsekundärbat-
terie ist.

Revendications

1. Procédé de production de nanoparticules d’oxyde de fer (III), le procédé comprenant les étapes consistant à :

produire une solution aqueuse de chlorure ferrique (FeC13) ;
produire une solution aqueuse d’hydroxyde de sodium (NaOH),
mélanger les deux solutions aqueuses ;
ajouter une solution aqueuse de sulfate de sodium (na2SO4) tout en mélangeant une solution aqueuse mixte
préparée par le mélange ; et
faire réagir la solution aqueuse mixte contenant la solution aqueuse de sulfate de sodium ajoutée à celle-ci
dans un four électrique à convection,
dans lequel une concentration de la solution aqueuse de FeC13 se situe dans la plage de 2 M à 3 M,
une concentration de la solution aqueuse de NaOH se situe dans la plage de 5 M à 6 M, et
une concentration de la solution aqueuse de Na2SO4 se situe dans la plage de 0,5 M à 1 M,
dans lequel le rapport de volume de la solution aqueuse de chlorure ferrique : solution aqueuse d’hydroxyde
de sodium : solution aqueuse de sulfate de sodium est de 10/9/x,
où x satisfait à 0 < x < 1
où la réaction est réalisée dans une plage de température de 100 °C à 105 °C pendant 90 heures à 150 heures
à la pression atmosphérique,
où un diamètre de particule des nanoparticules d’oxyde de fer se situe dans la plage de 500 nm à 1 mm, et
où les nanoparticules d’oxyde de fer ont une forme onde-ovale.

2. Procédé selon la revendication 1, comprenant en outre le refroidissement d’un produit solide obtenu après la réaction,
et le lavage et le séchage du produit solide.

3. Nanoparticules d’oxyde de fer (III) produites par le procédé selon la revendication 1, un diamètre de particule des
nanoparticules d’oxyde de fer se situant dans la plage de 500 nm à 1 mm et les nanoparticules ayant une forme
ronde-ovale.

4. Matériau d’anode comprenant les nanoparticules d’oxyde de fer (III) selon la revendication 3, le matériau d’anode
comprenant en outre un agent conducteur et un liant ; et
les nanoparticules d’oxyde de fer (III) étant contenues en une quantité de 40 % en poids à 65 % en poids par rapport
au poids total du matériau d’anode.

5. Matériau d’anode selon la revendication 4, dans lequel l’agent conducteur est incorporé en une quantité de 1 % en
poids à 30 % en poids par rapport au poids total du matériau d’anode, et
le liant est incorporé en une quantité de 1 % en poids et de 30 % en poids par rapport au poids total du matériau
d’anode.

6. Anode comprenant le matériau d’anode selon la revendication 4.

7. Dispositif électrochimique composé d’une anode, d’une cathode, d’un séparateur et d’une solution d’électrolytique
non aqueuse,
dans lequel l’anode est l’anode selon la revendication 6.

8. Dispositif électrochimique selon la revendication 7, ledit dispositif électrochimique étant une batterie secondaire au
lithium.
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