US 20230117352A1

a2 Patent Application Publication o) Pub. No.: US 2023/0117352 A1

asy United States

ZHANG et al.

43) Pub. Date: Apr. 20, 2023

RED MUD-BASED COMPOSITE CALCIUM
FERRITE AND PREPARATION METHOD
AND USE THEREOF

(54

(71)

Applicant: University of Science and Technology
Beijing, Beijing (CN)

(72) Inventors: Yanling ZHANG, Beijing (CN); Zheng

ZHAO, Beijing (CN); Weifeng

ZHANG, Beijing (CN); Kan YU,

Beijing (CN); Yao ZHANG, Beijing

(CN)

(21) 17/964,973

(22)

Appl. No.:
Filed: Oct. 13, 2022

(30)
Oct. 19, 2021

Foreign Application Priority Data
((O11)) 202111215491.8

Publication Classification

(51) Int.CL

(52) US.CL
CPC ... CO4B 35/2633 (2013.01); C04B 2235/3274

(2013.01); C04B 2235/6583 (2013.01)

57 ABSTRACT

Provided is a red mud-based composite calcium ferrite and a
preparation method and use thereof. The preparation
method of the red mud-based composite calcium ferrite
includes the following steps: mixing red mud and a calcium
source, and roasting an obtained mixture in an oxygen-con-
taining atmosphere to obtain the red mud-based composite
calcium ferrite; where the calcium source is selected from
the group consisting of lime and calcium carbonate. In the
present disclosure, the composite calcium ferrite is prepared
using a solid waste red mud, with a greatly reduced cost of
raw materials; on the other hand, compared with traditional
calcium ferrite, the composite calcium ferrite mainly has
phase structures of CaFe,O,4, CayFeAlOs, and Ca,Fe,0s.
Therefore, the composite calcium ferrite has a lower melting
point, a higher lime dissolution efficiency, and better fluxing
and dephosphorization effects during primary smelting and
refining of molten steel, and has broad prospects for use in

C04B 3526 (2006.01) industry.
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RED MUD-BASED COMPOSITE CALCIUM
FERRITE AND PREPARATION METHOD
AND USE THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This patent application claims the benefit and
priority of  Chinese  Patent  Application  No.
202111215491.8, filed on Oct. 19, 2021, the disclosure of
which is incorporated by reference herein in its entirety as
part of the present application.

FIELD OF THE INVENTION

[0002] The present disclosure relates to the technical field
of metallurgy, in particular to red mud-based composite cal-
cium ferrite and a preparation method and use thereof.

BACKGROUND OF THE INVENTION

[0003] Calcium ferrite is a well-known and excellent flux
and dephosphorization agent in steel making. Calcium fer-
rite has a low melting point and a high lime dissolution effi-
ciency, providing excellent thermodynamic and kinetic con-
ditions for dephosphorization of the steel making.

[0004] At present, calcium ferrite on the market is gener-
ally prepared from an iron concentrate powder and lime that
are expensive, resulting in a high cost of the steel making.

SUMMARY OF THE INVENTION

[0005] An objective of the present disclosure is to provide
red mud-based composite calcium ferrite and a preparation
method and use thereof. The red mud-based composite cal-
cium ferrite has a low cost and better fluxing and depho-
sphorization effects during steel making.

[0006] To achieve the above objective, the present disclo-
sure provides the following technical solutions.

[0007] The present disclosure provides a preparation
method of red mud-based composite calcium ferrite, includ-
ing the following steps:

[0008] mixing red mud and a calcium source, and roasting
an obtained mixture in an oxygen-containing atmosphere to
obtain the red mud-based composite calcium ferrite; where
the calcium source is selected from the group consisting of
lime and calcium carbonate.

[0009] Preferably, an amount of the red mud may be in a
molar content of Fe,Os, and an amount of the calcium
source may be in a molar content of CaQ; and the Fe,05
and the CaO may have a molar ratio of 1:(0.8-1).

[0010] Preferably, the roasting may be conducted at
1,000° C. to 1,200° C. for 0.5hto 2 h.

[0011] Preferably, the preparation method may further
include pressing the mixture into a mass before the roasting.
[0012] Preferably, the red mud may have greater than
40 wt% of the Fe,O5 and 10 wt% to 15 wt% of the Al,Os.
[0013] Preferably, the lime may have greater than 80 wt%
of available calcium oxide, and the calcium carbonate may
have greater than 50 wt% of the available calcium oxide.
[0014] Preferably, the oxygen-containing atmosphere may
include an air atmosphere or an oxygen atmosphere.

[0015] The present disclosure further provides red mud-
based composite calcium ferrite prepared by the preparation
method, including CaFe,0,, Ca,FeAlOs, and Ca,Fe,Os.
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[0016] Preferably, the red mud-based composite calcium
ferrite may include 5% to 15% of the CaFe,0,, 5% to
15% of the Ca,FeAlOs, and 70% to 90% of the Ca,Fe,Os
by mass percent.

[0017] The present disclosure further provides use of the
red mud-based composite calcium ferrite in steel making.
[0018] The present disclosure provides a preparation
method of red mud-based composite calcium ferrite, includ-
ing the following steps: mixing red mud and a calcium
source, and roasting an obtained mixture in an oxygen-con-
taining atmosphere to obtain the red mud-based composite
calcium ferrite; where the calcium source is selected from
the group consisting of lime and calcium carbonate. In the
present disclosure, the composite calcium ferrite is prepared
using a solid waste red mud, with a greatly reduced cost of
raw materials; the red mud-based composite calcium ferrite
has a melting point of 1,050° C. to 1,100° C., and phase
structures of mainly CaFe,0,4, CaFeAlOs, and Ca,Fe;0s.
Compared with ordinary calcium ferrite having a melting
point of 1,150° C. to 1,250° C., the composite calcium fer-
rite has a lower melting point, a higher lime dissolution effi-
ciency increased by about 25%, and better fluxing and
dephosphorization effects during the steel making.

[0019] Further areas of applicability will become apparent
from the description provided herein. It should be under-
stood that the description and specific examples are intended
for purposes of illustration only and are not intended to limit
the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above, as well as other advantages of the pre-
sent disclosure, will become readily apparent to those
skilled in the art from the following detailed description,
particularly when considered in the light of the drawings
described hereafter.

[0021] FIG. 1 shows an X-ray diffraction (XRD) pattern
of a red mud raw material used in Example 1, composite
calcium ferrite prepared in Examples 1 to 2, and calcium
ferrite prepared in Comparative Example 1; and

[0022] FIG. 2 shows results of a dephosphorization test in
Test Example 1, where the dephosphorization effects are
obtained by adding three dephosphorization agents Fe,Os
+ CaO, Fe,03 + CaO + pure calcium ferrite, and Fe,O3 +
CaO + composite calcium ferrite, respectively.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The following detailed description and appended
drawings describe and illustrate various embodiments of
the invention. The description and drawings serve to enable
one skilled in the art to make and use the invention, and are
not intended to limit the scope of the invention in any man-
ner. In respect of the methods disclosed, the steps presented
are exemplary in nature, and thus, the order of the steps is
not necessary or critical unless otherwise disclosed.

[0024] The present disclosure provides a preparation
method of red mud-based composite calcium ferrite, includ-
ing the following steps:

[0025] mixing red mud and a calcium source, and roasting
an obtained mixture in an oxygen-containing atmosphere to
obtain the red mud-based composite calcium ferrite; where
the calcium source is selected from the group consisting of
lime and calcium carbonate.
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[0026] In the present disclosure, the red mud and the cal-
cium source are mixed to obtain the mixture.

[0027] In the present disclosure, the red mud is preferably
an industrial solid waste red mud produced by aluminum
production; and the red mud has preferably greater than
40 wt% of the Fe,O5 and preferably 10 wt% to 15 wt% of
the Al,Os. Further, the red mud includes preferably: Fe,Os:
>40 wt%, Al,O5: 10 wt% to 15 wt%, SiO,: 2 wt% to 5 wte,
TiO,: 4 wt% to 5 wt%, and Na,O: 1 wt% to 2 wt%. The red
mud has a moisture content of preferably less than 8 wt%.
The red mud has a particle size of preferably less than 200
mesh.

[0028] In the present disclosure, the calcium source is
selected from the group consisting of lime and calcium car-
bonate; the lime has preferably greater than 80 wt% of avail-
able calcium oxide, and the calcium carbonate has prefer-
ably greater than 50 wt% of the available calcium oxide.
The lime and the calcium carbonate each have a moisture
content of preferably less than 1 wt%. The calcium source
has a particle size of preferably less than 200 mesh.

[0029] In the present disclosure, controlling the moisture
content of the red mud and the calcium source within the
above range can prevent a mass ratio from being unbalanced
and prevent adverse effects on the equipment.

[0030] In the present disclosure, an amount of the red mud
is in a molar content of Fe,Os, and an amount of the calcium
source 18 in a molar content of CaO; and the Fe;O5 and the
CaO have a molar ratio of preferably 1:(0.8-1), more prefer-
ably 1:(0.85-0.95), and further more preferably 1:0.9. By
controlling the molar ratio of the Fe,O; to the CaO in the
above range, it is further ensured that the main phases of the
product are calcium ferrite (CaFe,O, and Ca,Fe,0s) and
calcium aluminoferrite (Ca,FeAlOs).

[0031] In the present disclosure, there is no special
requirement for a mixing method, and any method known
in the art capable of uniformly mixing can be used. In an
example, the mixing is conducted by a mixer for 2 min.
[0032] In the present disclosure, the mixture is preferably
pressed into a mass, and then roasted in an oxygen-contain-
ing atmosphere to obtain the red mud-based composite cal-
cium ferrite.

[0033] In the present disclosure, there is no special
requirement for a method for pressing into the mass, and
any method for pressing into the mass well known in the
art can be used. There is no special requirement for a size
and shape of the mass; in an example, specifically the mix-
ture is pressed into a cylindrical block of D10 mmxH10 mm.
The mixture of red mud and calcium source has a certain
strength by pressing into the mass, which facilitates sinter-
ing, with tighter bonding and a better reactivity.

[0034] In the present disclosure, the roasting is conducted
at preferably 1,000° C. to 1,200° C., more preferably
1,050° C. to 1,150° C., and further more preferably
1,100° C. for preferably 0.5 h to 2 h, more preferably 1.0 h
to 1.5 h. The roasting temperature is obtained by heating at
preferably 5° C./min. The oxygen-containing atmosphere is
preferably an air atmosphere or an oxygen atmosphere.
[0035] In the present disclosure, during the roasting, the
Fe>O;5 and the Al,O3 in the red mud react with the CaO to
form phases mainly including CaFe,0,, Ca,FeAlOs, and
Ca2F6205.

[0036] In the present disclosure, there is no special
requirement for roasting equipment, and any high-tempera-
ture heating equipment well known in the art can be used. In
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an example, the roasting is conducted preferably in a hori-
zontal high-temperature resistance furnace.

[0037] In the present disclosure, after the roasting, an
obtained solid phase is preferably cooled to obtain the red
mud-based composite calcium ferrite.

[0038] In the present disclosure, the red mud-based com-
posite calcium ferrite is prepared from the industrial solid
waste red mud as a raw material. The red mud produced
during production of alumina by a Bayer process has a
high Fe,O3 content. These Bayer red mud materials can be
directly used as raw materials to prepare the composite cal-
cium ferrite after air-drying (a moisture content of less than
8%), with a production cost being much lower than that of
general calcium ferrite products on the market.

[0039] The present disclosure further provides red mud-
based composite calcium ferrite prepared by the preparation
method, including CaFe,0O,, CaFeAlOs, and Ca,Fe,0Os.
The red mud-based composite calcium ferrite includes pre-
ferably 5% to 15% of the CaFe,O,, 5% to 15% of the
Ca,FeAlOs, and 70% to 90% of the CaFe,Os by mass per-
cent. In an example, the composite calcium ferrite includes
12% of the CaFe;0,, 10% of the Ca,FeAlOs, and 72% of
the Ca,Fe,Os, or includes 15% of the CaFe,0,4, 10% of the
Ca,FeAlOs, and 70% of the Ca,Fe,Os, and other reactants
as a balance.

[0040] In the present disclosure, the red mud-based com-
posite calcium ferrite includes the main phases of including
CaFe,0,, CaFeAlOs, and CayFe;Os; compared with cal-
cium ferrite, the composite calcium ferrite has a lower melt-
ing point and a higher lime dissolution efficiency. When
being used as a flux and/or a dephosphorization agent in
the steel making, the composite calcium ferrite can effec-
tively shorten a smelting cycle and greatly improve a depho-
sphorization efficiency.

[0041] The present disclosure further provides use of the
red mud-based composite calcium ferrite in steel making.
The composite calcium ferrite is preferably used as a flux
and/or a dephosphorization agent in the steel making. The
steel making includes preferably primary smelting and/or
refining. The present disclosure has no particular require-
ment on the implementation of the use, as long as the imple-
mentation of the use may be well known in the art.

[0042] The red mud-based composite calcium ferrite and
the preparation method and the use thereof as provided by
the present disclosure will be described in detail in connec-
tion with the following examples, but they should not be
construed as limiting the claimed scope of the present
disclosure.

Example 1

[0043] a. Bayer red mud of a domestic enterprise (includ-
ing Fe,05: 65 wt%, Al,O3: 12 wt%,- Si0,: 3 wt%, TiO;:
4 wt%, and Na20: 1.5 wt%) and a lime powder were
finely ground, and sieved with a 200-mesh sieve to collect
a material under the sieve; according to a molar ratio of
Fe,03 and CaO at 1:1, 100 g of the red mud and 30 g of
the lime powder were mixed well with a mixer for 2 min,
and pressed into a cylindrical block of D10 mmxH10 mm.
[0044] b. The block was placed into a horizontal high-tem-
perature resistance furnace, heated to 1,100° C. at 5° C./
min and held in an air atmosphere for 2 h; an obtained
solid phase was cooled to obtain red mud-based compo-
site calcium ferrite, denoted as 1,100° C.-30% CaO,
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including 12% of the CaFe,O,4, 10% of the Ca,FeAlOs,
and 72% of the Ca,Fe,Os.

Example 2

[0045] a. Bayer red mud of a domestic enterprise (includ-
ing: Fe,03: 65 wt%, AL,O3: 12 wt%,-Si0,: 3 wt%, TiO,:
4 wt%, and Na20: 1.5 wt%) and a lime powder were
finely ground, and sieved with a 200-mesh sieve to collect
a material under the sieve; according to a molar ratio of
Fe,03 and CaO at 1:0.8, 100 g of the red mud and 25 g of
the lime powder were mixed well with a mixer for 2 min,
and directly put into a crucible without briquetting.

[0046] b. The crucible was placed into a horizontal high-
temperature resistance furnace, heated to 1,100° C. at
5° C./min and held in an air atmosphere for 2 h; an
obtained solid phase was cooled to obtain red mud-
based composite calcium ferrite, denoted as 1,100° C.-
25% CaO, including 15% of the CaFe,04, 10% of the
Ca,FeAlOs, and 70% of the Ca,Fe,Os.

Comparative Example 1

[0047] Calcium ferrite was prepared from pure Fe,O3 and
CaO, including the following steps:

[0048] 74.1 g of a Fe,O3 powder and 25.9 g of a CaO
powder were stirred for 2 min, thoroughly mixed, and
pressed into a cylindrical block of D10 mm x HI10 mm;
the block was placed into a horizontal high-temperature
resistance furnace, heated to 1,200° C. at 5° C./min and
held in an air atmosphere for 2 h; an obtained solid phase
was cooled to obtain calcium ferrite, denoted as 1,200° C.-
calcium ferrite, including 25% of the CaFe,O, and 75% of
the C32F6205.

Structural Characterization

[0049] The red mud raw materials used in Example 1, the
red mud-based composite calcium ferrite prepared in Exam-
ples 1 to 2, and the calcium ferrite prepared in Comparative
Example 1 were characterized by XRD, and results were
shown in FIG. 1. As can be seen from FIG. 1, comparing
the raw materials and the pure calcium ferrite, in the product
of the present disclosure prepared from the red mud and the
lime by calcining: in addition to a similar phase of the cal-
cium ferrite, there are also a Ca,FeAlOs phase, and there is
no unreacted Fe,Os.

Test Example 1

[0050] A dephosphorization test was conducted on pig
iron blocks with initial [P] content of 0.20 wt% to 0.25 wt
%, [C] content of 4.0 wt%, and [Si] content of 0.4 wt% at
1,410° C., where the pig iron blocks were divided into three
groups added with Fe,O; + CaO, Fe,O3 + CaO + pure cal-
cium ferrite, and Fe,O5 + CaO + red mud-based composite
calcium ferrite of Example 1. The total contents of initially-
contained Fe,O; and CaO contained in the three groups
were controlled to be consistent. Specifically, the depho-
sphorization agent Fe,O; + CaO accounted for 20% of an
molten iron mass, where there were 85% of the Fe,O5, and
15% of the CaO; a total addition amount of the Fe,O; + CaO
+ pure calcium ferrite accounted for 20% of the molten iron
mass, where there were 67% of the Fe, 05, 8.4% of the CaO,
and 24.6% of the pure calcium ferrite; an addition amount of
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the Fe,O3 + CaO + red mud-based composite calcium ferrite
of Example 1 accounted for 20% of the molten iron mass,
where there were 66.5% of the Fe,0Os, 7.8% of the CaO, and
25.7% of the red mud-based composite calcium ferrite of
Example 1; after taking molten iron samples at (0 min,
5 min, and 10 min of reaction, a [P] content of the molten
iron was measured, and dephosphorization effects under
three different conditions were compared. The results were
shown in FIG. 2.

[0051] It can be seen from FIG. 2 that under high phos-
phorus conditions, the first type Fe,O5; + CaO represents the
most commonly-used method for dephosphorization in steel
making, with an endpoint [P] content of 0.123 wt% within
10 min. The second type is added with part of the pure cal-
cium ferrite, with an addition amount controlled at 25%, and
an endpoint [P] content within 10 min is 0.0995 wt%, such
that the dephosphorization effect is better than that of the
first type. The third type is added with the composite cal-
cium ferrite prepared in Example 1, and an endpoint [P]
content within 10 min is 0.0215 wt%, such that the depho-
sphorization effect is better than that of the first two types. In
summary, the red mud-based composite calcium ferrite of
the present disclosure has a high dephosphorization effi-
ciency and excellent effect.

Test Example 2

[0052] Based on the performance test of Test Example 1: a
dephosphorization test was conducted on pig iron blocks
with initial [P] content of 0.20 wt% to 0.25 wt%, [C] content
of 4.0 wt%, and [Si] content of 0.4 wt% at 1,410° C., and
Fe,03 + CaO + red mud-based composite calcium ferrite of
Example 2 was added. The addition amount of the depho-
sphorization agent accounted for 20% of a mass of the mol-
ten iron; there were 66.5% of the Fe,Os, 8.5% of the CaO,
and 25% of the red mud-based composite calcium ferrite of
Example 2; after reaction for 10 min, a molten iron sample
was collected, and a [P] content of the molten iron was mea-
sured; the [P] content was 0.032 wt% to reach an acceptable
level.

[0053] As can be seen from the above examples and com-
parative examples, the present disclosure provides a pre-
paration method and use of the composite calcium ferrite.
The composite calcium ferrite has a low cost and better flux-
ing and dephosphorization effects during steel making.
[0054] The above descriptions are merely preferred imple-
mentations of the present disclosure. It should be noted that
aperson of ordinary skill in the art may further make several
improvements and modifications without departing from the
principle of the present disclosure, but such improvements
and modifications should be deemed as falling within the
protection scope of the present disclosure.

What is claimed is:
1. A preparation method of red mud-based composite cal-
cium ferrite, comprising the following steps:

mixing red mud and a calcium source, and roasting an
obtained mixture in an oxygen-containing atmosphere
to obtain the red mud-based composite calcium ferrite;
wherein the calcium source is selected from the group
consisting of lime and calcium carbonate;

an amount of the red mud is in amolar content of Fe,O5, and
an amount of the calcium source is in a molar content of
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CaQO; and the Fe,O5 and the CaO have a molar ratio of
1:(0.8-1);

the roasting is conducted at 1,000° C. to 1,200° C. for0.5h

to2h;
the red mud has greater than 40 wt% of the Fe,O; and 10 wt
% to 15 wt% of the Al,O3;

the red mud-based composite calcium ferrite comprises 5%
to 15% of CaFe,0,, 5% to 15% of Ca,FeAlOs, and 70%
to 90% of Ca,Fe,O5 by mass percent, and has a melting
point of 1,050° C. to 1,100° C.

2. The preparation method according to claim 1, further
comprising pressing the mixture into a mass before the
roasting.

3. The preparation method according to claim 1, wherein
the lime has greater than 80 wt% of available calcium oxide,
and the calcium carbonate has greater than 50 wt% of the
available calcium oxide.

4. The preparation method according to claim 1, wherein
the oxygen-containing atmosphere comprises an air atmo-
sphere or an oxygen atmosphere.

5. Red mud-based composite calcium ferrite prepared by
the preparation method according to claim 1, comprising
CaFe,0,, CasFeAlOs, and Ca,Fe,0s; wherein the red mud-
based composite calcium ferrite comprises 5% to 15% of the
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CaFe;0,, 5% to 15% of the Ca,FeAlOs, and 70% to 90% of
the Ca,Fe,Os by mass percent.

6. The red mud-based composite calcium ferrite according
to claim 5, further comprising pressing the mixture into amass
before the roasting.

7. The red mud-based composite calcium ferrite according
to claim 5, wherein the lime has greater than 80 wt% of avail-
able calcium oxide, and the calcium carbonate has greater
than 50 wt% of the available calcium oxide.

8. The red mud-based composite calcium ferrite according
to claim 5, wherein the oxygen-containing atmosphere com-
prises an air atmosphere or an oxygen atmosphere.

9. Use of the red mud-based composite calcium ferrite
according to claim 5 in steel making.

10. The use according to claim 9, further comprising press-
ing the mixture into a mass before the roasting.

11. The use according to claim 9, wherein the lime has
greater than 80 wt% of available calcium oxide, and the cal-
cium carbonate has greater than 50 wt% of the available cal-
cium oxide.

12. The use according to claim 9, wherein the oxygen-con-
taining atmosphere comprises an air atmosphere or an oxygen
atmosphere.
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