Europaisches

Patent Translate

European
Patent Offlce

Office européen
des brevets

Powered by EPO and Google

Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant
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DESCRIPTION CN120681759A

A rapid preparation method for silicon carbide particles based on flash Joule heating process
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[n0001]

This invention relates to the field of silicon carbide preparation, and specifically to a rapid

method for preparing silicon carbide particles based on flash Joule heating.

KRB MR RS E N, B R—MET R AR R T Z RSN RS 75 %o

[0003]

Background Technology

BHREA

[n0002]

As one of the strategic materials of the new era, silicon carbide has a series of excellent
physical and chemical properties, such as excellent mechanical properties, high thermal
conductivity, small coefficient of thermal expansion, stable chemical inertness, low oxidation
rate, high breakdown field strength, and can be used as a reinforcing material. Silicon carbide
has great application prospects in fields such as structural materials, coatings, catalysts, and

high-power devices.
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Numerous methods exist for preparing silicon carbide particles, but many of these methods,
such as carbothermal reduction and chemical vapor deposition, are often limited in practical
applications due to issues such as harsh reaction conditions, complex processes, high costs,
or long preparation cycles. They cannot meet the requirements of modern society for silicon

carbide material preparation.
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Therefore, a simple method is needed to prepare silicon carbide materials that requires no

complicated conditions, has a shorter cycle, and is economical and practical.

HWFERA—TMERERZY. ARER. SFLAMNE S5 7AH & DimiEERE,

[n0003]

The flash Joule heating method is an emerging material preparation technique with

advantages such as simple process, short cycle and low cost. It is currently mainly used in the
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field of high-efficiency graphene preparation. By using the voltage stored in the device
capacitor, preparation can be completed in less than one second, which is a high efficiency
that no other silicon carbide preparation method has. The method has a wide range of raw
materials to choose from, low material cost and equipment cost, and has good flexibility and

economy.

INAEERER—MHTHAIMAGIEFER, BETZESE. BEE. BARHAE, BrEENAE
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[0006]

Summary of the Invention

REAAR

[n0004]

To address the aforementioned problems, this invention provides a rapid preparation method
for silicon carbide particles based on flash Joule heating. By simply mixing raw materialsin a

solid phase and loading them into a custom-made quartz tube, which is then clamped onto a
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device base, silicon carbide particles can be prepared in less than one second. This method
features a short preparation cycle, low process cost, and simple process steps, effectively

addressing the shortcomings of many current silicon carbide preparation technologies.
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[n0005]

To achieve the above-mentioned objectives, the technical solution adopted by this invention

is as follows:

NTEE ERLEREN, NEARANKRALGRNT:

[0009]

This solution provides a method for preparing silicon carbide particles based on flash Joule

heating technology, including the following steps:
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[0010]

Step (1): Weigh the raw materials (which can be Si powder and conductive carbon black) at a
mass ratio of 1:1 (with excess carbon component), and then mix and grind the raw materials

evenly in a mortar or a ball mill.

B (1) : BEYE (FTASKHKRSSERE) BREELL]1 RASIE) NMER, @I

FRER GBS S SRI KBTI ERN T RS

[0011]

Step (2): Fill the mixed raw materials into a custom quartz tube (6mm or 12mm in diameter)
and place graphite/copper electrodes of the same diameter at both ends to complete the

filling;

ZE (2) . BESEHMEEANEFAREAR (HERAN6mmI12mm) HERKBNBEERZNGE

AR/ R BN STARIR ;

[0012]
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Step (3): Place the quartz tube containing the raw material on the equipment base, adjust the
sample resistance to 1-3Q by controlling the electrode pressure on both sides of the quartz
tube (the resistance may vary depending on the carbon source), place it in the reaction vessel,

connect the positive and negative electrodes, and evacuate the reaction vessel.

SE 3) . FEARMNARERETREREL, B3zt aRERNERENPTIFBEE

1-30 (IRIBEAEGRERRIBFRAE) REERNETEZIENBR, ARRNEHEST;

[0013]

Step (4): Charge the flash Joule heating device to the set voltage of 150V, set the voltage
release time to 400ms, and perform flash discharge operation on the sample to complete the

reaction;

SEB (4) . WAREERISEHITREEIREBELSN, REBEMKEYEN400ms, XFmi#ET

PRI BRI, STRURIY;

[0014]
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Step (5): After waiting for the discharge in step (4) to be completed and cooled, the productin
the quartz tube is taken out. At this time, the main components of the product are silicon
carbide and graphene. Pure phase silicon carbide is obtained by calcining the product in air at

800°C to remove the graphene in the product.

FB (5) | BFF{IR 4) HETEHLANE, WEAREFY; R~ EERD IR
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[n0006]

Furthermore, the silicon-containing raw materials used in step (1) of this method include, but
are not limited to, Si powder, SiO<sub>2</sub> powder, SiO powder, silicon-containing
industrial waste, etc.; the carbon-containing raw materials include, but are not limited to,

carbon black, graphite, porous carbon biochar, industrial carbon-containing waste, etc.

H—H, KFEFLTR (1) FEANSERMHEEERIRTSIK. SiO<sub>2</sub>#3. SiO

B, SRIVENS; SHENQEEFRTRE. B8, SAMENR. TUARHENS,

[n0007]
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Furthermore, the customized reaction quartz tube size in step (2) of this method includes, but
is not limited to, 6mm and 12mm, which can be selected according to the volume of the raw

materials.

=M, XGEPTR 2) HEFRNARERTEFERRT6mm. 12mm, mJREREHFR

prirs 2N

[n0008]

Furthermore, in step (4) of this method, the discharge voltage parameter can be 100~180V,

preferably 150V, and the discharge time can be 300~1000ms, preferably 400ms.

H—DH, AGERFSE (4) RREBEESHAETLIN100~180V, iEI150V, HREERYE]ATE

300~1000ms, fi£/3400ms,

[n0009]

Furthermore, in step (5) of this method, the purification and calcination parameters are 800°C

for 30 min.

HE—DH, AGERSE (5) PAWRIFESE9800°C, 30min,
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[n0010]

In summary, the present invention has the following advantages:

LR EFR, AEARERLUTMRR:

[0020]

This invention provides a rapid preparation method for silicon carbide particles based on
flash Joule heating. Using low-cost flash Joule heating equipment, silicon carbide particles
can be prepared in less than one second without pretreatment, catalyst, template, or cooling

time, and the process steps are very simple.

RNRPRME T —METRANEERAT ZHRUHEBRN R ESE, RANKNMERINACERRIL
&, ELFTIE. TFRENT. TERR. TRL2NNENERT, EFRE—FREAFIESER

rEFt, HEIZPB+HESR,

[n0011]

The flash Joule heating process used in this invention has strong scalability. Industrial-scale
production can be achieved by modifying the sample introduction method or increasing the

size of the quartz tube. At the same time, there are various raw material options, and
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inexpensive industrial waste can be used for preparation, which greatly reduces costs and is

environmentally friendly.

KNEPRAFRERBNNNEERIZARENT BY, EdEiudFn sl KaRERTH LRI~ LK
MIRER, FENEMENERZE, ATUERRMNIILERETHIE, AKRLDTNEHENAR

MRE X

[0022]

Attached Figure Description

P 352 BE

[n0012]

Figure 1is a simplified flowchart of a rapid preparation method for silicon carbide particles

based on flash Joule heating process;

EILA—METRIEERT Z ISR RES & 75 AR E R RIEE;

[0024]
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Figure 2 is a circuit diagram of the flash heating device;

B2 RAI% & R R IEE

[0025]

Figure 3 is a TEM image of the silicon carbide particles obtained in Example 1.

B3 S L IR PSR L FE BRI TEME

[0026]

Figure 4 shows an HRTEM image of the silicon carbide particles obtained in Example 1 (SiC as

determined by interplanar spacing measurement).

El4 9L LR Sk (b hEFRI HRTEME] (4233 & E (Bl EENE 79 SiC)

[0027]

Detailed Implementation

BiALER
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[n0013]

To make the objectives, technical solutions, and advantages of this invention clearer, the

invention will be further described in detail below with reference to embodiments.

NTERRANBR. IARAERMFREMERZHEBE, UTEEEMHE, NALRBEITH—PIFAR
BHo

It should be understood that the specific embodiments described herein are only for
explaining the present invention and are not intended to limit the present invention. That is,
the described embodiments are only some embodiments of the present invention, and not all

embodiments.

R HIRREE, LEAAFRiEIRRY BAARSSHE G A LA LPR, HAAATIREARLR, RIFffArISKiEfI{X

XB A RHA—ER LR, AR EERBYSEHER,

[n0014]

Therefore, the following detailed description of the embodiments of the present invention is
not intended to limit the scope of the claimed invention, but merely to illustrate selected

embodiments of the invention.
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TS & BARVEE Lt

Based on the embodiments of the present invention, all other embodiments obtained by
those skilled in the art without inventive effort are within the scope of protection of the

present invention.

BT ARLBRRISERER, ANTMIRAARELE ML LSS AR FRRSHFRE Hthstrefl,

BT AR PRRIFBSERE,

[0030]

Example

SEE {5

[n0015]

This example provides a rapid preparation method for silicon carbide particles based on flash

Joule heating, as shown in Figure 1, including the following steps:

KEIRB—FETNSCEEARA T ZUMAETAIRERE57A, NELIFR, S2FUTTR:
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[0032]

Step (1): Weigh 20mg of each of the raw materials (Si powder and conductive carbon black) at
a mass ratio of 1:1 (excess carbon component), and then mix and grind the raw materials

evenly and thoroughly using a mortar and pestle.

B (1) : BEH SHRESSHERRER) RERELNLIZIE20mg (RASIE) &, BEBIHH

REESHENSRDES;

[0033]

Step (2): Fill the mixed raw materials into a custom quartz tube (6 mm in diameter) and place

copper electrodes of the same diameter at both ends to complete the filling;

ZR (2) | FREERAEEANEHREREAN (ERA6mm) HEMIRBRNEEEZIVIHERTHRE

18,

[0034]
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Step (3): Place the quartz tube containing the raw material on the equipment base, adjust the
sample resistance to 1-3Q by controlling the electrode pressure on both sides of the quartz
tube, place it in the reaction vessel, connect the positive and negative electrodes, and

evacuate the reaction vessel.

SE 3) . FEARMNARERETREREL, B3zt aRERNERENPTIFBEE

1-30,MEERNEFEREABR, ARRNEMAEST;

[0035]

Step (4): Charge the flash Joule heating device to the set voltage of 150V, set the voltage
release time to 400ms, and perform flash discharge operation on the sample to complete the

reaction;

SEB (4) . WAREERISEHITREEIREBELSN, REBEMKEYEN400ms, XFmi#ET

PRI BRI, STRURIY;

[0036]
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Step (5): After waiting for the discharge in step (4) to be completed and cooled, the productin
the quartz tube is taken out. At this time, the main components of the product are silicon
carbide and graphene. Pure phase silicon carbide is obtained by calcining the product in air at

800°C to remove the graphene in the product.

FB (5) | BFF{IR 4) HETEHLANE, WEAREFY; R~ EERD IR

WHESRER, BIXE=YETSH U800 CIRIS U X A=Y A S GG E AitrR i,

[0037]

Example

SEHEL!

[n0016]

This example provides a rapid preparation method for silicon carbide particles based on flash

Joule heating, as shown in Figure 1, including the following steps:

KEIRM—FETNSEEARA T ZRIMAETAIRER &5 7E, NELIFR, S2FUTTR:

[0039]

16-01-2026 - Page 17



Step (1): Weigh 20mg of each of the raw materials (SiO<sub>2</sub> powder and conductive
carbon black) at a mass ratio of 1:1 (excess carbon component), and then mix and grind the

raw materials evenly and thoroughly using a mortar and pestle.

FE (1) : BEREE (SiO<sub>2</sub>¥KR5FHERE) LRMELL11ZTE20mg (ED I

8) &, BImHERESHENITIES;

[0040]

Step (2): Fill the mixed raw materials into a custom quartz tube (6 mm in diameter) and place

copper electrodes of the same diameter at both ends to complete the filling;

SR (2) | FEERMEEANEHAREA (ERN6mm) HERRBNEEERZIVAERTTME

I

[0041]

Step (3): Place the quartz tube containing the raw material on the equipment base, adjust the
sample resistance to 1-3Q by controlling the electrode pressure on both sides of the quartz
tube, place it in the reaction vessel, connect the positive and negative electrodes, and

evacuate the reaction vessel.
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SR (3) | BREERMNARERETREREL, Bzt ARERNEREDRLHFRBEE

130, MEERNEFERIEHNBR, ARRNEHEST;

[0042]

Step (4): Charge the flash Joule heating device to the set voltage of 150V, set the voltage
release time to 400ms, and perform flash discharge operation on the sample to complete the

reaction;

SR (4) | MAEEERIREHITREBRIRERELSV, 1%EBEMKREE400ms, XiFamdE T

IR BRI, STRURI;

[0043]

Step (5): After waiting for the discharge in step (4) to be completed and cooled, the productin
the quartz tube is taken out. At this time, the main components of the product are silicon
carbide and graphene. Pure phase silicon carbide is obtained by calcining the product in air at

800°C to remove the graphene in the product.

FB (5) | BFF{IR 4) HETEHLNE, WEAREFEFY; YR EERD IR

WHESAREE, BIXNYETTH U800 CIRIFR U X IR A S G152 Aramm i,
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