EP 4 190 927 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 4 190 927 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
07.06.2023 Bulletin 2023/23

(21) Application number: 21908615.4

(22) Date of filing: 09.08.2021

(51)

(86)

(87)

International Patent Classification (IPC):
C22C 1/06 (2006.01) C22C 1/10(2023.01)
C22C 21/00(2006:07) C22C 32/00 (2006.01)

International application number:
PCT/CN2021/111633

International publication number:
WO 2022/134610 (30.06.2022 Gazette 2022/26)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 27.12.2020 CN 202011571152

(71) Applicants:
* Alumics Materials Institute, Shanghai Jiao Tong
University (Anhui, Huaibei)
Huaibei, Anhui 235047 (CN)

(74)

Anhui Xiangbang Composite Materials Co., Ltd.
Huaibei, Anhui 235047 (CN)

Inventors:

WANG, Haowei
Anhui 235047 (CN)
WANG, Jianzhong
Anhui 235047 (CN)
LI, Aiping

Anhui 235047 (CN)

Representative: Ipside
7-9 Allées Haussmann
33300 Bordeaux Cedex (FR)

(54)

METHOD FOR AUTONOMOUSLY PRODUCING ALUMINUM-BASED COMPOSITE MATERIAL

IN SITU WITH MELT CONTROL UNDER ELECTROMAGNETIC STIRRING

(67)  The invention provides a method of in-situ
self-generating aluminum-based composite material by
melt control with electromagnetic stirring, including the

following steps: providing a vacuum tank having an im-

mersion tube and an air extraction port, wherein the im-
mersion tube is configured to be immersed in an alumi-
num melt in an aluminum melting furnace; a graphite ro-
tator for argon rotary blowing; an electromagnetic stirring
device disposed below the aluminum melting furnace;
after melting the pure aluminum or aluminum alloy matrix
in the aluminum melting furnace, adding reaction salt and
reaction promoters to react; immersing the immersion
tube of the vacuum tank into the aluminum melt and vac-
uuming the vacuum chamber; dropping down the graph-
ite rotator and the rotating rod passing through the vac-
uum chamber of the vacuum tank via the sealing bearing
at the top of the vacuum tank and inserting the spray
head into the bottom of the aluminum melt for argon rotary
blowing; starting the electromagnetic stirring device for
electromagnetic stirring of the aluminum melt.
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Description

Technical Field

[0001] This invention relates to aluminum-based com-
posite material, in particular to the preparation of alumi-
num-based composite material involving in-situ self-gen-

eration.

Background of the Invention

[0002] Inthein-situself-generation of aluminum-based
composite material, chemical reactions takes place be-
tween different elements or chemicals under certain con-
ditions, and one or more types of ceramic phase particles
are generated in the aluminum matrix, so as to achieve
the purpose of improving the performance of a single
metal alloy. The composite material prepared through in-
situ self-generation has enhancement particles with no
contamination on their surface, and the compatibility of
the matrix and enhancement particles is better. By se-
lecting the reaction type and controlling the reaction pa-
rameters, in-situ enhancement particles of varied types
and quantity can be obtained.

[0003] However, the in-situ self-generated aluminum-
based composite material has higher requirements for
conditions including degassing and impurity removal in
the preparation process. Otherwise, the size and distri-
bution of the reinforced phase particles in the prepared
composite material will be less uniform, the mass fraction
will be less. The mechanical property of the material will
be reduced: the metal texture is deteriorated, the casting
performance becomes poor.

[0004] In the prior art, an inert gas rotary blowing tech-
nology is used to perform an aluminum melt degassing
process. The core component is a hollow rotating rod
with a rotary spray head at one end, i.e. the rotator. When
in operation, the rotator is inserted into the aluminum
melt, and the inert gas is blown in through the middle
channel of the rotating rod and is sprayed out by the
rotary spray head. The formed bubbles are scattered into
a large number of small bubbles due to high-speed rota-
tion of the spray head. Hydrogen in the aluminum melt
will attach to these small bubbles and separate into hy-
drogen gas. In this case, the impurities in the aluminum
melt will be absorbed by these bubbles and float to the
liquid surface, achieving the purpose of degassing and
impurity removal.

[0005] Inthe prior art, aluminum melt degassing rotator
is mostly made of graphite. The graphite material has
excellent thermal shock resistance, and is machinable.
In addition, the molten aluminum does not infiltrate the
graphite material. However, the defect of the graphite
material is that it does not resist high temperature oxida-
tion and a graphite rotator needs to be replaced only for
14 -20 days.

[0006] Therefore, how to further improve the uniform
distribution of enhanced phase particles is also a problem
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to be solved by a person skilled in the art.

Summary of the Invention

[0007] In order to achieve the above objects, the
present invention provides, in a first aspect, a system of
in-situ self-generating aluminum-based composite ma-
terial by melt control with electromagnetic stirring, which
includes an aluminum melting furnace containing alumi-
num melt; a vacuum tank having an immersion tube and
an air extraction port, wherein the immersion tube is con-
figured to be immersed in an aluminum melt in an alumi-
num melting furnace and the air extraction portis config-
ured to vacuum the vacuum tank ; a graphite rotator for
argon rotary blowing having a rotating rod and a spray
head, wherein the graphite rotator is configured to be
inserted into the bottom of the aluminum melt passing
through a vacuum chamber of the vacuum tank via a
sealing bearing provided at the top of the vacuum tank;
an electromagnetic stirring device disposed below the
aluminum melting furnace.

[0008] Further, the electromagnetic stirring device in-
cludes an inductor and a frequency converter connected
to the inductor.

[0009] In a second aspect, the present invention pro-
vides a method for in-situ self-generating aluminum-
based composite material by melt control with electro-
magnetic stirring, comprising the following steps:

(1) providing a vacuum tank having an immersion
tube and an air extraction port, wherein the immer-
sion tube is configured to be immersed in an alumi-
num meltin an aluminum melting furnace; a graphite
rotator for argon rotary blowing having a rotating rod
and a spray head, wherein the graphite rotator is
configured to be inserted into the bottom of the alu-
minum melt passing through a vacuum chamber of
the vacuum tank via a sealing bearing provided at
the top of the vacuum tank; an electromagnetic stir-
ring device disposed below the aluminum melting
furnace;

(2) after melting the pure aluminum or aluminum al-
loy matrix in the aluminum melting furnace, adding
reaction salt and reaction promoters to react;
(3)immersing the immersion tube of the vacuum tank
into the aluminum melt and vacuumizing the vacuum
chamber through the air extraction port;

(4) dropping down the graphite rotator, making the
rotating rod pass through the vacuum chamber of
the vacuum tank via the sealing bearing at the top
of the vacuum tank and insert the spray head into
the bottom of the aluminum melt for argon rotary
blowing;

(5) starting the electromagnetic stirring device for
electromagnetic stirring of the aluminum melt.

[0010] Preferably, the argon flow rate of argon blowing
is 7-12L / min, and the stirring speed is 270-320r / min.
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[0011] Preferably, the reaction promoters include
NajAlFg, LiF3, and LiClzin a massratio of 2.2:1:1-3.8:1:1.
[0012] Preferably, the reaction salt includes NaBF,
and Na,TiFg with a mass ratio of 1.2:1-1.8:1. Preferably,
the amount of the reaction promoters is 8-12 wt% of the
reaction salt.

[0013] Preferably, a pulsed magnetic field with an in-
tensity of 2-4T is applied in the reaction process.
[0014] Preferably, a high-energy ultrasonic field with
an intensity of 200-1800 W/m?2 is applied in the reaction
process.

[0015] Preferably, the reaction time is 10 min-30 min.
[0016] According to the present invention, a vacuum
environment in a vacuum tank and an immersion tube
which is sealed by aluminum melt is generated by air
extraction. The vacuum environment reduces oxygen,
hydrogen partial pressure, and improves degassing con-
ditions. Meanwhile, the graphite rotating rod enters the
aluminum melting furnace through the vacuum chamber
without contacting oxygen in the whole process, prevents
the oxidation of the graphite rotator and greatly prolongs
its service life.

[0017] According to the present invention, by simulta-
neously performing electromagnetic stirring and argon
blowing, the stirring motion of the aluminum melt is en-
hanced, which is advantageous in that the distribution of
the reinforcing phase particles is more uniform, and the
reaction conditions of degassing and impurity removal
are further improved.

[0018] Inthe presentinvention, an appropriate amount
of magnesium is added to the composite material. The
particles generated will first adsorb magnesium in the
molten aluminum to reduce their surface energy. Thus
the particles can attain a better combination with alumi-
num. In this case, magnesium is served as a means for
reducing particle surface energy and preventing agglom-
eration and the particle sedimentation is effectively re-
duced. Due to the addition of magnesium, the viscosity
of the molten aluminum is increased. According to the
Stock formula, if the viscosity of the composite material
is increased, the moving speed of the particles will be
reduced. Therefore, agglomeration will not be caused by
mutual contact until a long time, and the composite ma-
terial will be more easily captured by the crystal grains
of the alpha-Al in the solidification process to form a uni-
form and stable reinforced matrix.

[0019] In general, the in-situ generated TiB, particles
have a diameter of about 1 micron, and the particles of
this size do not sink in the molten aluminum. However,
due to the fact that the particles are often generated on
a certain local area (the interface between molten salt
and molten aluminum), agglomeration occurs frequently
due to high local concentration. Once agglomeration ap-
pears, it is very difficult to be separated and refined, and
segregation takes place during sedimentation and solid-
ification. By applying the pulsed magnetic field with an
intensity of 2-4T and the high-energy ultrasonic field with
an intensity of 200 -1800 W/m2, the protection effect of
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the reaction molten salt is leveraged. On one hand, the
contact opportunity of the molten salt and the molten alu-
minum is increased, and the reaction is accelerated and
the TiB, particles generated in situ are uniform and fine.
On the other hand, the diffusion of the particles from the
high-concentration region of the reaction to the low-con-
centration region is promoted and the TiB2 particles are
uniform and dispersed, and the sedimentation of the
composite material is also relieved to a certain extent.
[0020] Referencing to the figures, conceptions, specif-
ic structures and technical effect, the present invention
will be further described to provide a thorough under-
standing of the purpose, features, and effects of the in-
vention.

Brief Description of the Drawings

[0021]

FIG. 1 provides a schematic diagram of a system of
in-situ self-generating aluminum-based composite
material by melt control with a vacuum tank in a pre-
ferred embodiment of the present invention.

FIG. 2 provides a schematic diagram of a system of
in-situ self-generating aluminum-based composite
material by melt control with electromagnetic stirring
in a preferred embodiment of the present invention.
FIG. 3 provides a schematic diagram of a system of
in-situ self-generating aluminum-based composite
material by melt control with continuous treatments
in a preferred embodiment of the present invention.
FIG. 4 provides a schematic diagram of a system of
in-situ self-generating aluminum-based composite
material by melt control with continuous treatment in
a preferred embodiment of the present invention.
FIG. 5 is a schematic diagram of the graphite rotator
in FIG. 4;

FIG. 6 provides a schematic diagram of a system of
in-situ self-generating aluminum-based composite
material by melt control with permanent magnetic
stirring in a preferred embodiment of the present in-
vention;

FIG. 7 is a schematic diagram of the graphite rotator
in FIG. 6.

Detailed Description of the Preferred Embodiments

[0022] A plurality of preferred embodiments of the
present invention are described below with reference to
the drawings, which makes its technical content more
clear and convenient to understand. The present inven-
tion may be embodied in many different forms of embod-
iments, and the scope of protection of the present inven-
tion is not limited to the embodiments set forth herein.

Embodiment 1

[0023] As shown in FIG. 1, the pure aluminum or alu-
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minum alloy matrix is melted at 700 -760°C. The alumi-
num melting furnace 1 containing the aluminum melt 2
is placed on the hydraulic lifting platform 10. The reaction
salt and the reaction promoters are added for reaction.
The hydraulic lifting platform 10 is lifted so that the im-
mersion tube 5 of the vacuum tank 3 disposed above the
aluminum melting furnace 1 isimmersed in the aluminum
melt 2. The vacuum chamber 8 of the vacuum tank 3 is
vacuumized through the air extraction port 4, and then
the aluminum melt 2 enters the vacuum tank 3 under the
action of atmospheric pressure.

[0024] Thereafter, argon rotatory blowing is applied on
the aluminum melt. The graphite rotator is dropped down
and the rotating rod 6 of the graphite rotator passes
through the vacuum chamber 8 through the sealing bear-
ing 7 arranged at the top of the vacuum tank 3 and nozzle
9isinserted into the bottom of the aluminum melt 2. Then
argon is blown in through the middle channel of the ro-
tating rod 6, and is ejected by the rotating spray head 9.
The formed bubbles are scattered into a large number
of small bubbles due to the high-speed rotation of the
spray head 9. Hydrogen in the aluminum melt will attach
to these small bubbles and separate into hydrogen gas,
while adsorbing impurity particles in the aluminum melt
to float together to the liquid surface. Most of the bubbles
enter the vacuum chamber 8 and are then discharged
through the air extraction port 4. A vacuum environment
in the vacuum tank and the immersion tube which is
sealed by aluminum melt is generated by air extraction.
The vacuum environment reduces oxygen, hydrogen
partial pressure, and improves degassing conditions.
Meanwhile, the graphite rotating rod enters the aluminum
melting furnace through the vacuum chamber without
contacting oxygen in the whole process, thus prevents
the oxidation of the graphite rotator and greatly prolongs
its service life.

[0025] In a preferred embodiment according to the in-
vention, the argon flow rate of argon blowing is 7-12L /
min, and the stirring speed is 270-320r / min.

[0026] In a preferred embodiment according to the in-
vention, the reaction promoters include NajAlFg, LiF,
and LiCl; in a mass ratio of 2.2:1:1-3.8:1:1.

[0027] In a preferred embodiment according to the in-
vention, the reaction salt includes NaBF, and Na,TiFg
with a mass ratio of 1.2:1-1.8:1.

[0028] In a preferred embodiment according to the in-
vention, the amount of the reaction promoters is 8-12
wt% of the reaction salt.

[0029] In a preferred embodiment according to the in-
vention, a pulsed magnetic field with an intensity of 2-4T
is applied in the reaction process.

[0030] In a preferred embodiment according to the in-
vention, the reaction time is 10 min-30 min.

Embodiment 2

[0031] As shown in FIG. 2, the pure aluminum or alu-
minum alloy matrix is melted at 700 -760°C. The alumi-
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num melting furnace 1 containing the aluminum melt 2
is placed on the hydraulic lifting platform 10. The reaction
salt and the reaction promoters are added for reaction.
The hydraulic lifting platform 10 is lifted so that the im-
mersion tube 5 of the vacuum tank 3 disposed above the
aluminum melting furnace 1 is immersed in the aluminum
melt 2. The vacuum chamber 8 of the vacuum tank 3 is
vacuumized through the air extraction port 4, and then
the aluminum melt 2 enters the vacuum tank 3 under the
action of atmospheric pressure.

[0032] Thereafter, argon rotatory blowing is applied on
the aluminum melt. The graphite rotator is dropped down
and rotating rod 6 of the graphite rotator passes through
the vacuum chamber 8 through the sealing bearing 7
arranged at the top of the vacuum tank 3 and nozzle 9
is inserted into the bottom of the aluminum melt 2. Then
argon is blown in through the middle channel of the ro-
tating rod 6, and is ejected by the rotating spray head 9.
The formed bubbles are scattered into a large number
of small bubbles due to the high-speed rotation of the
spray head 9. Hydrogen in the aluminum melt will attach
to these small bubbles and separate into hydrogen gas,
while adsorbing impurity particles in the aluminum melt
to float together to the liquid surface. Most of the bubbles
enter the vacuum chamber 8 and are then discharged
through the air extraction port 4. A vacuum environment
in the vacuum tank and the immersion tube which is
sealed by aluminum melt is generated by air extraction.
The vacuum environment reduces oxygen, hydrogen
partial pressure, and improves degassing conditions.
Meanwhile, the graphite rotating rod enters the aluminum
melting furnace through the vacuum chamber without
contacting oxygen in the whole process, thus prevents
the oxidation of the graphite rotator and greatly prolongs
its service life.

[0033] An electromagnetic stirring device is arranged
below the aluminum melting furnace including an induc-
tor 12 and a frequency converter 11, which are used for
enabling the aluminum melt to generate stirring motion
under the action of electromagnetic force.

[0034] In a preferred embodiment according to the in-
vention, the argon flow rate of argon blowing is 7-12L /
min, and the stirring speed is 270-320r / min.

[0035] In a preferred embodiment according to the in-
vention, the reaction promoters include NasAlFg, LiF3,
and LiCl; in a mass ratio of 2.2:1:1-3.8:1:1.

[0036] In a preferred embodiment according to the in-
vention, the reaction salt includes NaBF, and Na,TiFg
with a mass ratio of 1.2:1-1.8:1.

[0037] In a preferred embodiment according to the in-
vention, the amount of the reaction promoters is 8-12
wt% of the reaction salt.

[0038] In a preferred embodiment according to the in-
vention, a pulsed magnetic field with an intensity of 2-4T
is applied in the reaction process.

[0039] In a preferred embodiment according to the in-
vention, the reaction time is 10 min-30 min.
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Embodiment 3

[0040] As shown in FIG. 3, the pure aluminum or alu-
minum alloy matrix is melted at 700 -760°C. The alumi-
num melting furnace 1 containing the aluminum melt 2
is placed on the hydraulic lifting platform 10. The reaction
salt and the reaction promoters are added for reaction.
The hydraulic lifting platform 10 is lifted so that the im-
mersion tube 5 of the vacuum tank 3 disposed above the
aluminum melting furnace 1 isimmersed in the aluminum
melt 2. The vacuum chamber 8 of the vacuum tank 3 is
vacuumized through the air extraction port 4, and then
the aluminum melt 2 enters the vacuum tank 3 under the
action of atmospheric pressure.

[0041] Thereafter, argon rotatory blowing is applied on
the aluminum melt. The graphite rotator is dropped down
and the rotating rod 6 of the graphite rotator passes
through the vacuum chamber 8 through the sealing bear-
ing 7 arranged at the top of the vacuum tank 3 and nozzle
9isinserted into the bottom of the aluminum melt2. Then
argon is blown in through the middle channel of the ro-
tating rod 6, and is ejected by the rotating spray head 9.
The formed bubbles are scattered into a large number
of small bubbles due to the high-speed rotation of the
spray head 9. Hydrogen in the aluminum melt will attach
to these small bubbles and separate into hydrogen gas,
while adsorbing impurity particles in the aluminum melt
to float together to the liquid surface. Most of the bubbles
enter the vacuum chamber 8 and are then discharged
through the air extraction port 4. A vacuum environment
in the vacuum tank and the immersion tube which is
sealed by aluminum melt is generated by air extraction.
The vacuum environment reduces oxygen, hydrogen
partial pressure, and improves degassing conditions.
Meanwhile, the graphite rotating rod enters the aluminum
melting furnace through the vacuum chamber without
contacting oxygen in the whole process, thus prevents
the oxidation of the graphite rotator and greatly prolongs
its service life.

[0042] An electromagnetic stirring device is arranged
below the aluminum melting furnace including an induc-
tor 12 and a frequency converter 11, which are used for
enabling the aluminum melt to generate stirring motion
under the action of electromagnetic force.

[0043] An outlet flow channel 13 is provided on an up-
per portion of the wall of the aluminum melting furnace
1. The outlet flow channel 13 is provided with a shut-off
sliding plate 131. An inlet flow channel 14 is provided at
the bottom of the wall of the aluminum melting furnace
1. The inlet flow channel 14 is provided with a shut-off
sliding plate 141. After a complete treatment for a furnace
of aluminum melt is done, the shut-off sliding plates 131,
141 on the aluminum melt outlet flow channel 13 and the
inlet flow channel 14 are opened. The untreated alumi-
num melt is introduced from the inlet flow channel 14 at
the bottom of the furnace, meanwhile the processed alu-
minum melt in the aluminum melting furnace flows out
from the outlet flow channel 13. When a set volume of
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the untreated aluminum melt has flown into the aluminum
melting furnace 1, the flow shut-off sliding plates 131,
141 are closed, and the above treatments are performed
again. Therefore, continuous treatments of the aluminum
melt under a vacuum condition can be realized with no
need to repeat vacuum pumping for a next furnace of
aluminum melt, thereby greatly saving the process prep-
aration time and energy consumption.

[0044] In a preferred embodiment according to the in-
vention, the argon flow rate of argon blowing is 7-12L /
min, and the stirring speed is 270-320r / min.

[0045] In a preferred embodiment according to the in-
vention, the reaction promoters include NajAlFg, LiFj,
and LiCl; in a mass ratio of 2.2:1:1-3.8:1:1.

[0046] In a preferred embodiment according to the in-
vention, the reaction salt includes NaBF, and Na,TiFg
with a mass ratio of 1.2:1-1.8:1.

[0047] In a preferred embodiment according to the in-
vention, the amount of the reaction promoters is 8-12
wt% of the reaction salt.

[0048] In a preferred embodiment according to the in-
vention, a pulsed magnetic field with an intensity of 2-4T
is applied in the reaction process.

[0049] In a preferred embodiment according to the in-
vention, the reaction time is 10 min-30 min.

Embodiment 4

[0050] As shown in FIG. 4, the pure aluminum or alu-
minum alloy matrix is melted at 700 -760°C. The alumi-
num melting furnace 1 containing the aluminum melt 2
is placed on the hydraulic lifting platform 10. The reaction
salt and the reaction promoters are added for reaction.
The hydraulic lifting platform 10 is lifted so that the im-
mersion tube 5 of the vacuum tank 3 disposed above the
aluminum melting furnace 1 is immersed in the aluminum
melt 2. The vacuum chamber 8 of the vacuum tank 3 is
vacuumized through the air extraction port 4, and then
the aluminum melt 2 enters the vacuum tank 3 under the
action of atmospheric pressure.

[0051] Thereafter, argon rotatory blowing is applied on
the aluminum melt. The graphite rotator is dropped down
and the rotating rod 6 of the graphite rotator passes
through the vacuum chamber 8 through the sealing bear-
ing 7 arranged at the top of the vacuum tank 3 and nozzle
9is inserted into the bottom of the aluminum melt 2. Then
argon is blown in through the middle channel of the ro-
tating rod 6, and is ejected by the rotating spray head 9.
The formed bubbles are scattered into a large number
of small bubbles due to the high-speed rotation of the
spray head 9. Hydrogen in the aluminum melt will attach
to these small bubbles and separate into hydrogen gas,
while adsorbing impurity particles in the aluminum melt
to float together to the liquid surface. Most of the bubbles
enter the vacuum chamber 8 and are then discharged
through the air extraction port 4. A vacuum environment
in the vacuum tank and the immersion tube which is
sealed by aluminum melt is generated by air extraction.
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The vacuum environment reduces oxygen, hydrogen
partial pressure, and improves degassing conditions.
Meanwhile, the graphite rotating rod enters the aluminum
melting furnace through the vacuum chamber without
contacting oxygen in the whole process, thus prevents
the oxidation of the graphite rotator and greatly prolongs
its service life.

[0052] As shown in FIG. 5, the graphite rotating rod 6
includes an inner pipe 65 and an outer pipe 63. An argon
blowing passage 64 is provided between the inner pipe
65 and the outer pipe 63. The outer pipe 63 is connected
to the argon blowing pipe 631 through a rotating joint 62.
The inner pipe 65 is connected to the powder conveying
cabin 61. The powder conveying bin 61 is connected to
the powder conveying pipe 611. The inner pipe 65 pro-
vides a powder delivery passage 66.

[0053] Argon blows in through the argon blowing pipe
631 and the outer pipe 63. The alloy powder 9 in the
powder conveying bin 61 is blown into the aluminum melt
2 through the powder conveying pipe 611 and the inner
pipe 65.

[0054] Preferably, the outer tube 63 is made of graph-
ite, while the inner tube 63 is made of a metal material
such as copper or steel to improve the wear resistance
of the inner tube 63 to deal with high pressure gas and
powder erosion.

[0055] Preferably, the powder conveying pipe 611 and
the argon blowing pipe 631 share the same argon gas
source.

[0056] In a preferred embodiment according to the in-
vention, the argon flow rate of argon blowing is 7-12L /
min, and the stirring speed is 270-320r / min.

[0057] In a preferred embodiment according to the in-
vention, the reaction promoters include NasAlFg, LiF3,
and LiCl; in a mass ratio of 2.2:1:1-3.8:1:1.

[0058] In a preferred embodiment according to the in-
vention, the reaction salt includes NaBF, and Na,TiFg
with a mass ratio of 1.2:1-1.8:1.

[0059] In a preferred embodiment according to the in-
vention, the amount of the reaction promoters is 8-12
wt% of the reaction salt.

[0060] In a preferred embodiment according to the in-
vention, a pulsed magnetic field with an intensity of 2-4T
is applied in the reaction process.

[0061] In a preferred embodiment according to the in-
vention, the reaction time is 10 min-30 min.

Embodiment 5

[0062] As shown in FIG. 4, the pure aluminum or alu-
minum alloy matrix is melted at 700 -760°C. The alumi-
num melting furnace 1 containing the aluminum melt 2
is placed on the hydraulic lifting platform 10. The reaction
salt and the reaction promoters are added for reaction.
The hydraulic lifting platform 10 is lifted so that the im-
mersion tube 5 of the vacuum tank 3 disposed above the
aluminum melting furnace 1 isimmersed in the aluminum
melt 2. The vacuum chamber 8 of the vacuum tank 3 is
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vacuumized through the air extraction port 4, and then
the aluminum melt 2 enters the vacuum tank 3 under the
action of atmospheric pressure.

[0063] Thereafter, argon rotatory blowing is applied on
the aluminum melt. The graphite rotator is dropped down
and the rotating rod 6 of the graphite rotator passes
through the vacuum chamber 8 through the sealing bear-
ing 7 arranged at the top of the vacuum tank 3 and nozzle
9is inserted into the bottom of the aluminum melt 2. Then
argon is blown in through the middle channel of the ro-
tating rod 6, and is ejected by the rotating spray head 9.
The formed bubbles are scattered into a large number
of small bubbles due to the high-speed rotation of the
spray head 9. Hydrogen in the aluminum melt will attach
to these small bubbles and separate into hydrogen gas,
while adsorbing impurity particles in the aluminum melt
to float together to the liquid surface. Most of the bubbles
enter the vacuum chamber 8 and are then discharged
through the air extraction port 4. A vacuum environment
in the vacuum tank and the immersion tube which is
sealed by aluminum melt is generated by air extraction.
The vacuum environment reduces oxygen, hydrogen
partial pressure, and improves degassing conditions.
Meanwhile, the graphite rotating rod enters the aluminum
melting furnace through the vacuum chamber without
contacting oxygen in the whole process, thus prevents
the oxidation of the graphite rotator and greatly prolongs
its service life.

[0064] As shown in FIG. 7, the graphite rotating rod 6
includes an inner pipe 65 and an outer pipe 63. An argon
blowing passage 64 is provided between the inner pipe
65 and the outer pipe 63. The outer pipe 63 is connected
to the argon blowing pipe 631 through a rotating joint 62.
The inner pipe 65 is connected to the powder conveying
cabin 61. The powder conveying bin 61 is connected to
the powder conveying pipe 611. The inner pipe 65 pro-
vides a powder delivery passage 66.

[0065] Argon blows in through the argon blowing pipe
631 and the outer pipe 63. The alloy powder 9 in the
powder conveying bin 61 is blown into the aluminum melt
2 through the powder conveying pipe 611 and the inner
pipe 65.

[0066] Preferably, the outer tube 63 is made of graph-
ite, while the inner tube 63 is made of a metal material
such as copper or steel to improve the wear resistance
of the inner tube 63 to deal with high pressure gas and
powder erosion.

[0067] Preferably, the powder conveying pipe 611 and
the argon blowing pipe 631 share the same argon gas
source.

[0068] AsshowninFIG.6,atrack 17 ofthe permanent
magnet stirring device is disposed below the aluminum
melting furnace 1. Amotor 18, a transmission belt 19 and
a permanent magnet device 15 are provided on the car-
rier 16 which can move on the track 17. When the per-
manent magnet stirring device operates, the carrier 16
moves below the aluminum melting furnace 1in advance.
Then the motor 18 drives the permanent magnet device
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15 to rotate through the transmission belt. In this case,
the magnetic field of the permanent magnet device 15
interacts with the aluminum melt 2 to generate amagnetic
force to push the aluminum melt 2 to undergo a stirring
motion.

[0069] In a preferred embodiment according to the in-
vention, the argon flow rate of argon blowing is 7-12L /
min, and the stirring speed is 270-320r / min.

[0070] In a preferred embodiment according to the in-
vention, the reaction promoters include NasAlFg, LiF3,
and LiCl; in a mass ratio of 2.2:1:1-3.8:1:1.

[0071] In a preferred embodiment according to the in-
vention, the reaction salt includes NaBF, and Na,TiFg
with a mass ratio of 1.2:1-1.8:1.

[0072] In a preferred embodiment according to the in-
vention, the amount of the reaction promoters is 8-12
wt% of the reaction salt.

[0073] In a preferred embodiment according to the in-
vention, a pulsed magnetic field with an intensity of 2-4T
is applied in the reaction process.

[0074] In a preferred embodiment according to the in-
vention, the reaction time is 10 min-30 min.

[0075] In other embodiments, the aluminum melting
furnace may also be disposed on a lifting platform. The
lifting platform is provided with a rotatory platform. The
rotatory platform can rotate relative to the lifting platform
under the driving of the motor. The aluminum melting
furnace is fixedly disposed on the rotatory platform. When
argon blowing is performed on the molten aluminum in
the aluminum melting furnace, the aluminum melting fur-
nace rotates along with the rotating platform. The rotation
of the aluminum melting furnace will drive the molten alu-
minum in the aluminum melting furnace, especially the
portion of the molten aluminum adjacent to the furnace
wall, to rotate as well, so as to overcome the defect that
this portion of molten aluminum is less subjected to the
rotatory effect by argon blowing.

[0076] The foregoing detailed description describes
preferred embodiments of the invention. It should be un-
derstood that many modifications and variations can be
made in accordance with the concepts of the present
invention without creative efforts by those of ordinary skill
in the art. Accordingly, all the modifications and altera-
tions of the device and method made by those skilled in
the art without departing from the spirit shall be deemed
as still within the scope of the invention as defined by the
appended claims.

Claims

1. A method of in-situ self-generating aluminum-based
composite material by melt control with electromag-
netic stirring is characterized by comprising the fol-
lowing steps:

(1) providing a vacuum tank having an immer-
sion tube and an air extraction port, wherein the
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immersion tube is configured to be immersed in
an aluminum melt in an aluminum melting fur-
nace; a graphite rotator for argon rotary blowing
having a rotating rod and a spray head, wherein
the graphite rotator is configured to be inserted
into the bottom of the aluminum melt passing
through a vacuum chamber of the vacuum tank
via a sealing bearing provided at the top of the
vacuum tank; an electromagnetic stirring device
disposed below the aluminum melting furnace;
(2) melting the pure aluminum or aluminum alloy
matrix in the aluminum melting furnace, then
adding reaction salt and reaction promoters to
react;

(3)immersing the immersion tube of the vacuum
tank into the aluminum melt and vacuuming the
vacuum chamber through the air extraction port;
(4) dropping down the graphite rotator to make
the rotating rod pass through the vacuum cham-
ber of the vacuum tank via the sealing bearing
atthe top of the vacuumtank and insert the spray
head into the bottom of the aluminum melt for
argon rotary blowing;

(5) starting the electromagnetic stirring device
for electromagnetic stirring of the aluminum
melt.

A method of in-situ self-generating aluminum-based
composite material by melt control with electromag-
netic stirring according to claim 1, wherein the argon
flow rate of argon blowing is 7-12L / min, and the
stirring speed is 270-320r / min.

A method of in-situ self-generating aluminum-based
composite material by melt control with electromag-
netic stirring according to claim 2, wherein the reac-
tion promoters include Na3AlFg, LiF3, and LiCl; in a
mass ratio of 2.2:1:1-3.8:1:1.

A method of in-situ self-generating aluminum-based
composite material by melt control with electromag-
netic stirring according to claim 3, wherein the reac-
tion salt includes NaBF, and Na,TiFg with a mass
ratio of 1.2:1-1.8:1.

A method of in-situ self-generating aluminum-based
composite material by melt control with electromag-
netic stirring according to claim 4, wherein the
amount of the reaction promoters is 8-12 wt% of the
reaction salt.

A method of in-situ self-generating aluminum-based
composite material by melt control with electromag-
netic stirring according to claim 5, wherein a pulsed
magnetic field with an intensity of 2-4T is applied in
the reaction process.

A method of in-situ self-generating aluminum-based
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composite material by melt control with electromag-
netic stirring according to claim 6, wherein a high-
energy ultrasonic field with an intensity of 200-1800
W/m2 is applied in the reaction process.

A method of in-situ self-generating aluminum-based
composite material by melt control with electromag-
netic stirring according to claim 7, wherein the reac-
tion time is 10 min-30 min.
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