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(57) The application provides a composite induction
heating susceptor and a preparation method thereof. The
composite induction heating susceptor is obtain by mix-
ing and sintering a first susceptor material and a second
susceptor material. According to the composite induction
heating susceptor, susceptor with different temperature
control ranges and Curie temperatures can be achieved
through adjusting and adapting the components and
proportions of the two materials, greatly enhancing the
applicability of the susceptor and breaking the limitations
in the selection of the second susceptor material that
determines the temperature point for the susceptor tem-
perature control. The sintering process forms a single-
layer composite material, allowing the overall structure of
the susceptor to have homogeneous material properties.
The susceptor has a uniform heat distribution, and the
aerosol formed is stable and consistent.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Chinese patent application No. 202210999605.0, filed on August 19, 2022, and
titled "COMPOSITE INDUCTION HEATING SUSCEPTOR, PREPARATION METHOD THEREFOR AND USE THERE-
OF", the content of which is hereby incorporated herein in its entirety by reference.

TECHNICAL FIELD

[0002] The present application relates to the technical field of induction heating materials, in particular to a composite
induction heating susceptor, preparation method thereof, and use thereof.

BACKGROUND

[0003] Currently, a wireless temperature-controlled susceptor for induction heating an aerosol-generating substrate
typically adopts a single-material stainless-steel strip or a double-layer metal foil susceptor. The double-layer metal foil
susceptor is fabricated by combining a first susceptor material and a second susceptor material with different Curie
temperatures, using discrete patching or multilayer bonding.
[0004] The use of a single-material stainless-steel susceptor controlled by apparent ohmic resistance for temperature
regulation has the drawback of limited temperature control precision. Moreover, since stainless-steel is an iron-based alloy
with a high Curie temperature, when a single-layer stainless-steel strip is employed as a susceptor, it only functions to
generate heat to form aerosol, without being able to limit the maximum temperature based on the material’s inherent
properties. As a result, a temperature threshold control program must be integrated into the microcontroller, which adds
complexity to the structure of the induction heating device.
[0005] In the double-layer or multi-layer metal foil susceptor, the first susceptor material is often aluminum, iron,
stainless-steel, or the like, while the second susceptor material is typically nickel, a nickel alloy, etc. The temperature
control logic of such a two-layer or three-layer bonded susceptor relies on the resistance-temperature curve of the
susceptor, which has a minimum resistance value near the Curie temperature of the second susceptor material. By
monitoring changes in this apparent resistance, the susceptor temperature can be determined, so as to achieve
temperature regulation. The temperature point for the temperature control of the susceptor is determined by the Curie
temperature of the second susceptor material. However, the variety of materials that can be used as the second susceptor
material is limited, in which the materials whose Curie temperatures exactly meet the required temperature threshold for
aerosol formation are even fewer. Therefore, this temperature control method is limited in selection of the second
susceptor material. Furthermore, susceptors fabricated using physical bonding methods may suffer from issues such as
uneven temperature fields, susceptor deformation, or even cracking, which can reduce the service life of the susceptor,
due to differences in the physical properties of the two susceptor materials.

SUMMARY

[0006] Therefore, the technical problem to be solved by the present application is to overcome the limitation in selection
of the second susceptor material determining the temperature point for the temperature control of the susceptor, in the
double-layer or multi-layer metal foil susceptor in the prior art, and to address the issues such as uneven temperature
fields, susceptor deformation, or even cracking arising from the physical bonding preparation method. In view of this, a
composite induction heating susceptor, preparation method thereof, and use thereof are provided.
[0007] In view of this, the present application provides the following technical solutions:
[0008] The present application provides a composite induction heating susceptor, whose raw materials include a first
susceptor material and a second susceptor material, which are mixed and sintered to obtain the composite induction
heating susceptor.
[0009] Optionally, the Curie temperature of the first susceptor material is in a range from 400 °C to 1000 °C.
[0010] Optionally, the first susceptor material is at least one selected from stainless-steel, carbon steel, iron, and an iron-
based alloy.
[0011] Optionally, the Curie temperature of the second susceptor material is in a range from 200 °C to 400 °C, and
preferably, is above 380 °C.
[0012] Optionally, the second susceptor material is at least one selected from nickel, a nickel-based alloy, and an Invar
alloy.
[0013] Optionally, a mass ratio of the first susceptor material to the second susceptor material is (3 to 7) : (7 to 3).
[0014] The present application further provides a method for preparing the composite induction heating susceptor as
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described above, including the following steps:

S1: mixing the first susceptor material and the second susceptor material and slurrying to obtain a mixed slurry;
S2: tape casting the mixed slurry to form green bodies, stacking and warm isostatic pressing the green bodies to obtain
a pre-sintered body; and
S3: de-binding and sintering the obtained pre-sintered body.

[0015] Optionally, the warm isostatic pressing is performed at a temperature in a range from 65 °C to 85 °C for a period of
time in a range from 0.1 hours (h) to 1 h at a pressure in a range from 5 MPa to 45 MPa.
[0016] Optionally, the de-binding is performed at a temperature in a range from 250 °C to 550 °C for a period of time in a
range from 1 h to 10 h; and/or
the sintering is performed at a temperature in a range from 1100 °C to 1400 °C for a period of time in a range from 0.5 h to 15
h.
[0017] The present application further provides use of the above-described composite induction heating susceptor, or
the composite induction heating susceptor obtained through the above-described preparation method, in the field of
electromagnetic induction heating.
[0018] Specifically, the slurrying step in step S1 follows conventional slurry preparation processes in the field, typically
by mixing metal powders with an organic solvent and a dispersant, and then ball milling the mixture. A typical, non-limiting
example of the slurrying step involves uniformly mixing the first susceptor material and the second susceptor material,
adding ethyl acetate, n-butanol, a 5% PVB solution, and an OP dispersant, and then ball milling the mixture in a ball mill to
obtain the slurry.
[0019] The composite induction heating susceptor provided by the present application can be in the form of sheet, tube,
needle, pin, mesh, filament, granule, cup form, etc.
[0020] The composite induction heating susceptor provided by the present application can be used in scenarios
requiring temperature controlled induction heating, such as susceptor materials for induction heating in electronic
cigarettes to generate aerosol, susceptor materials for medical nebulization to generate aerosol, beauty devices, and
so on.
[0021] The temperature control logic of the composite induction heating susceptor provided by the present application is
as follows:
In the initial heating stage, the susceptor is heated, and the electronic controller detects an initial apparent current. As the
temperature of the susceptor increases, the magnetic reluctance of the induction metal sheet increases, and correspond-
ingly the electronic controller detects a decrease in apparent current. When the temperature of the susceptor continues to
rise and approaches the Curie temperature of the low Curie temperature material in the composite induction heating
susceptor, the low Curie temperature material starts to lose magnetism, resulting in a decrease in overall magnetic
reluctance of the susceptor, and correspondingly the electronic controller detects a gradual increase of the apparent
current. At this time, a minimum current turning point (I1) appears. In the subsequent heating stage, the electronic
controller detects a one-to-one correspondence between the apparent current and the temperature of the susceptor. This
one-to-one correspondence can be used to establish a standard curve for wireless temperature control. As the
temperature continues to rise, the low Curie temperature material continues to lose magnetism, causing a sharp decrease
in heating efficiency of the low Curie temperature material, while the magnetic reluctance of the high Curie temperature
material increases with the increase of the temperature. The combined characteristics of magnetic reluctance varying with
temperatures of the low and high Curie temperature materials lead to the appearance of a current turning point (I2). The
currents I1 and I2 are characteristic properties of the heating element. As the current continues to increase, the
electromagnetic induction heating is dominated by the high Curie temperature material. With the heating temperature
continues to rise, the magnetic reluctance of the high Curie temperature material increases, which will result in current
decrease. It can be understood that in the final heating stage, the high Curie temperature material heats in form of a porous
framework. In other words, as the low and high Curie temperature materials are uniformly mixed, once the low Curie
temperature material is fully demagnetized, only the high Curie temperature material remains to heat. By excluding the low
Curie temperature material, the rest is equal to a porous "high Curie temperature material" framework. The heating
efficiency of this structure sharply decreases, making the current no longer rise significantly and the temperature reach a
maximum temperature, i.e., a maximum threshold temperature, thereby achieving the temperature control. The composi-
tion and ratio of different susceptor materials in the composite induction heating susceptor provided by the present
application can be adjusted to regulate the standard curve and the maximum threshold temperature.
[0022] The temperature control logics in the prior art include two types:
One type involves the conventional double-layer physical bonded susceptor, which includes a first susceptor material and
a second susceptor material. During the preheating period of the susceptor assembly starting from room temperature, the
resistance-temperature curve (as shown in FIG. 5, with reference to Chinese patent document CN112739229A) of the
susceptor assembly has a minimum resistance value within a ±5 °C temperature range around the Curie temperature of
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the second susceptor material. This minimum resistance value is used to identify a specific temperature for temperature
control. In this typeof susceptor, the first susceptor material is primarily responsible forheating, while the second susceptor
material acts as a temperature marker. At the Curie temperature of the second susceptor material, the magnetic properties
of the second susceptor material change from ferromagnetic or ferrimagnetic to paramagnetic, accompanied by a
temporary change in resistance of the material. By monitoring the corresponding current change induced by the induction
source, at what time the second susceptor material reaches its Curie temperature can be detected, thus identifying at what
time the second susceptor material reaches the predetermined working temperature. However, this temperature control
logic can only identify the temperature point by the Curie temperature of the second susceptor material, which is limited by
the material, and as there is only one temperature point, it cannot achieve temperature control over a temperature range.
[0023] The other type involves the single stainless-steel sheet susceptor. During the heating process in an induction
heating device, there is a strict monotonic relationship between the temperature of the susceptor and the apparent ohmic
resistance determined by the DC voltage supplied by the DC power and the DC current from the DC power. Since each
single value of the apparent ohmic resistance corresponds to a unique temperature, this strict monotonic relationship
allows the temperature of the susceptor to be determined based on the apparent ohmic resistance without direct contact
with the induction heating device. This temperature control logic needs an obvious change in the apparent ohmic
resistance of the stainless-steel sheet corresponding to temperature. In the correspondence relationship of common
stainless-steel sheets, the change in apparent ohmic resistance within a given temperature range is usually too small,
making the temperature control difficult to be precise.
[0024] The technical solutions provided in the present application have the following advantages:
The composite induction heating susceptor provided by the present application is obtained by mixing the first susceptor
material and the second susceptor material and then sintering the mixture. Byadjusting the components and proportions of
the two materials, susceptors with different temperature control ranges and Curie temperatures can be achieved, greatly
enhancing the applicability of the susceptor and breaking the limitation in selection of the second susceptor material, which
determines the temperature point for the susceptor temperature control. The obtained susceptor has a stable current-
temperature linear relationship, and this new control logic can realize temperature control of the susceptor in electro-
magnetic induction heating. Moreover, the sintering process forms a single-layer composite material, achieving a
susceptor with homogeneous material properties of the overall structure, ensuring that the susceptor does not deform,
bend, or crack during use. The susceptor has a uniform heat distribution, and the aerosol formed is stable and consistent.
[0025] Based on the composite induction heating susceptor provided in the present application, through further
limitation of the first and second susceptor materials, physical properties of the susceptor, such as thermal expansion
coefficient, strength, toughness, magnetic properties, and electrical performance, can be uniformly controlled and
adjusted according to application requirements, thereby broadening the application range.
[0026] The method for preparing the composite induction heating susceptor involves evenly mixing the metallic powders
of the first and second susceptor materials, slurrying the mixture, and then shaping, de-binding, and sintering the slurry
according to a needed shape, thereby finally obtaining the composite induction heating susceptor. This method is simple
and mature, and in post-processing (such as rolling treatment), the process is simple and easy to implement, significantly
reducing manufacturing costs.
[0027] In use of the composite induction heating susceptor provided by the present application, the composite induction
heating susceptor has a monotonic and stable current-temperature curve within a specific temperature range during
electromagnetic induction heating. In the stage where the current changes, the one-to-one corresponding temperature
range can be used as the temperature control range of the susceptor. Additionally, the temperature of the susceptor will not
increase when reaching a certain temperature even with continuous current supply, thus establishing a maximum
protection temperature. By monitoring the heating current, the temperature control of the susceptor can be achieved
to realize the purposed of temperature control. In the electromagnetic induction heating process, a one-to-one corre-
spondence between the current and the temperature exists, allowing for temperature control within a specific range
through the current-temperature correspondence relationship and thus ensuring high temperature control accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In order to more clearly describe the technical solutions in the embodiments of the present application or the prior
art, the drawings to be used in the description of the embodiments or the prior art will be described briefly. Apparently, the
drawings described below are merely for some embodiments of the present application. For ordinary skilled persons in the
art, other drawings can also be obtained based on the following drawings without creative work.

FIG. 1 shows a current-temperature correspondence curve of a susceptor during electromagnetic induction heating
according to Example 1 of the present application.
FIG. 2 shows a current-temperature correspondence curve of a susceptor during electromagnetic induction heating
according to Example 2 of the present application.
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FIG. 3 shows a current-temperature correspondence curve of a susceptor during electromagnetic induction heating
according to Example 3 of the present application.
FIG. 4 shows a current-temperature correspondence curve of a susceptor during electromagnetic induction heating
according to Example 4 of the present application.
FIG. 5 shows a resistance-temperature curve of a susceptor prepared by conventional physical bonding, during
electromagnetic induction heating.

DETAILED DESCRIPTION

[0029] The following examples are provided to facilitate the understanding of the present application, neither to limit the
best modes nor restrict the content or protection scope of the present application. Any product, which is the same as or
similar to the present application, derived from the teachings of the present application or obtained by combining the
features of the present application with those of other prior art, all falls within the protection scope of the present application.
[0030] In the examples, where specific experimental steps or conditions are not described, the processes can be carried
out according to conventional experimental steps or conditions as described in literature in the field. The reagents or
instruments for which manufacturers are not specified are all common products that can be purchased from the market.

Example 1

[0031] The present example provides a composite induction heating susceptor including following materials:
The two components of the susceptor were a low Curie temperature material and a high Curie temperature material. The
low Curie temperature material was nickel, and the high Curie temperature material was stainless-steel. The stainless-
steel can be 400-series stainless-steel, and in this example, was 430 stainless-steel.

1) 50 g of nickel powder and 50 g of 430 stainless-steel powder were mixed, and 30 g of ethyl acetate, 20 g of n-butanol,
3 g of a 5% PVB solution, and 1 g of OP dispersant were added into the mixture. Then, the resulting mixture was put into
a ball mill for 3 h of ball milling to obtain the slurry.
2) The slurry was tape casted into green bodies, and then the green bodies were stacked and warm isostatic pressed
to obtain a single-layer pre-sintered body. The warm isostatic pressing was carried out at 75 °C for 0.5 h under the
pressure of 40 MPa.
3) The pre-sintered body was put into a vacuum furnace for de-binding and sintering, during which the temperature
was raised to 450 °C at a rate of 3 °C/min, and held at 450 °C for 60 minutes, then raised to 1250 °C at a rate of 5 °C/min,
and held at 1250 °C for 30 min before the sintered body was cooled with the furnace.
4) The sintered body was taken out from the furnace, and cut into the desired finished susceptor.

[0032] When heated by electromagnetic induction (with an electromagnetic heating frequency of 6.78 MHz), the two-
component composite induction heating susceptor prepared according to the two components and the method above
exhibits a monotonic and stable current-temperature correspondence (as shown in FIG. 1, where I1 and I2 are the current
turning points, and the corresponding temperatures are T1 and T2). The temperature range defined between the
temperatures corresponding to the current sudden changes (i.e., the temperature range between T1 and T2 corresponding
to I1 and I2) can be used as the temperature control range of the susceptor. Additionally, the composite material susceptor
has a maximum achievable temperature characteristic, meaning that the current and temperature will both stop increasing
as shown in FIG. 1. This characteristic provides a self-protection function for temperature regulation within the susceptor
assembly.

Example 2

[0033] The present example provides a composite induction heating susceptor, which is different from Example 1 in that
the mass ratio of nickel to 430 stainless-steel was 44.5:55.5.
[0034] The current-temperature correspondence curve of the susceptor of the present example obtained during
electromagnetic induction heating is shown in FIG. 2.

Example 3

[0035] The present example provides a composite induction heating susceptor, which is different from Example 1 in that
430 stainless-steel was replaced with 420 stainless-steel.
[0036] The current-temperature correspondence curve of the susceptor of the present example obtained during
electromagnetic induction heating is shown in FIG. 3.
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Example 4

[0037] The present example provides a composite induction heating susceptor, which is different from Example 1 in that
nickel was replaced with 1J36 nickel alloy.
[0038] The current-temperature correspondence curve of the susceptor of the present example obtained during
electromagnetic induction heating is shown in FIG. 4.

Test Example (Test Example for Example 2)

[0039] The heating body provided in Example 2 of the present application was tested, with the following procedure:

Step 1: the prepared induction metal sheet was cut into standard sizes of 8.6 mm in width and 16 mm in length.
Step 2: a thermocouple was attached to the standard sized metal sheet to measure the temperature.
Step 3: the induction heating sheet with the attached thermocouple was secured at the center of an electromagnetic
induction heating coil.
Step 4: the voltage of the coil was set to 7.8 V, and the currentof the coil was respectively set to 2.1 A, 2.15 A, 2.2 A, 2.25
A, and 2.3 A, and stable temperatures of the thermocouple at different currents were recorded. Each stable
temperature was measured after 60 seconds of heating.
Step 5: steps 1 to 4 were repeated to test four heating sheets, and the consistency of the heating sheets was
evaluated.

[0040] The test results are as follows: For a single heating sheet, the current has a one-to-one correspondence with the
temperature of the susceptor sheet. For different heating bodies (four randomly selected heating sheets for consistency
evaluation), the heating bodies exhibit good consistency. The temperature deviations of different metal sheets at various
currents in temperature control were within ±3°C, as shown in the table below. The temperature deviations of other
examples in temperature control were also within ±3°C and are not specifically shown.

Table 1

Set Current 1# (°C) 2# (°C) 3# (°C) 4# (°C) Consistency (temperature deviation) (°C)

2.1 201 203 202 199 201±2

2.15 210 213 211 209 211±2

2.2 221 220 223 219 221±2

2.25 230 233 229 227 230±3

2.3 240 243 241 237 240±3

[0041] From the current-temperature correspondence curves obtained in the above examples, it can be seen that
according to the composite induction heating susceptor provided by the present application, through adjusting and
adapting the components and proportions of the two materials, susceptors with different temperature control ranges and
Curie temperatures can be achieved, greatly enhancing the applicability of the susceptor and breaking the limitation in
selection of the second susceptor material, which determines the temperature point for the susceptor temperature control.
[0042] Clearly, the above examples are only provided for the purpose of illustrating and are not intended to limit the
implementation. For those skilled in the art, other variations or modifications can be made based on the above description.
It is neither necessary nor possible to enumerate all possible embodiments. Any obvious modifications or variations
derived from the above are all within the protection scope of the present invention.

Claims

1. A composite induction heating susceptor, whose raw materials comprise a first susceptor material and a second
susceptor material, which are mixed and sintered to obtain the composite induction heating susceptor.

2. The composite induction heating susceptor according to claim 1, wherein a Curie temperature of the first susceptor
material is in a range from 400 °C to1000 °C.

3. The composite induction heating susceptor according to claim 2, wherein the first susceptor material is selected from
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the group consisting of stainless-steel, carbon steel, iron, an iron-based alloy, and any combination thereof.

4. The composite induction heating susceptor according to claim 1, wherein a Curie temperature of the second
susceptor material is in a range from 200 °C to 400 °C, and preferably, is above 380 °C.

5. The composite induction heating susceptor according to claim 4, wherein the second susceptor material is selected
from the group consisting of nickel, a nickel-based alloy, an Invar alloy, and any combination thereof.

6. The composite induction heating susceptor according to any one of claims 1 to 5, wherein a mass ratio of the first
susceptor material to the second susceptor material is (3 to 7) : (7 to 3).

7. A method for preparing the composite induction heating susceptor according to any one of claims 1 to 6, comprising:

S1: mixing the first susceptor material and the second susceptor material and slurrying to obtain a mixed slurry;
S2: tape casting the mixed slurry to form green bodies, stacking and warm isostatic pressing the green bodies to
obtain a pre-sintered body; and
S3: de-binding and sintering the obtained pre-sintered body.

8. The method according to claim 7, wherein the warm isostatic pressing is performed at a temperature in a range from 65
°C to 85 °C for a period of time in a range from 0.1 h to 1 h at a pressure in a range from 5 MPa to 45 MPa.

9. The method according to claim 7, wherein the de-binding is performed at a temperature in a range from 250 °C to 550
°C fora period of time in a range from 1 h to 10 h; and/or the sintering is performed at a temperature in a range from 1100
°C to 1400 °C for a period of time in a range from 0.5 h to 15 h.

10. Use of the composite induction heating susceptor according to any one of claims 1 to 6 or the composite induction
heating susceptor prepared by the method according to any one of claims 7 to 9 in the field of electromagnetic
induction heating.
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