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DESCRIPTION CN119591096A

An integrated apparatus and method for simultaneously preparing graphene and silicon

carbide nanowires via flash Joule heating.

— MR EE ARG & A2 E R EAR LN — R &R A

[0001]

Technical Field
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ARG

[n0001]

This invention belongs to the field of composite material manufacturing, and specifically
relates to an integrated device and method for simultaneously preparing graphene and

silicon carbide nanowires by flash Joule heating.

FERPABTESMEFIETIE, 554 k—MRNZEERERNHIE A2 ERREN RGN —A K
RERFEo
[0003]

Background Technology

BREEA

[n0002]

Graphene is a material with a two-dimensional honeycomb lattice structure composed of
carbon atoms with sp2 hybrid orbitals. It has excellent electrical conductivity, thermal

conductivity, piezoelectric properties and optical properties.
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AEFEE—MERRF Usp2 B AN _ FESIREEENAE, BENENSEMEE. &
SR, ERMREEUREF SRR,
Common methods for preparing graphene include mechanical exfoliation, chemical vapor

deposition, and chemical reduction.

ENNHEARENTEZEEBITMRRE. KFHERIRE HFEERZES.

Among them, mechanical exfoliation has low yield, is difficult to prepare large-area graphene,
and the exfoliated graphite lacks uniformity; chemical vapor deposition has high equipment
costs and high operational requirements, and is not suitable for large-scale production;
chemical reduction usually has many structural defects, and also has the problem of residual

reducing agent contaminating the material.

Hep, MRS E-ER, ¥URHSAENEEE, BRBNAERZIITMN; KFUARENL
BAAHIREERS, FEEGAMERER;, WFEREZEEFERSNEWRG, RREFEERET

BISRMERIR,

[n0003]

Silicon carbide is a wide-bandgap semiconductor composed of silicon and carbon. It has high

covalent bond energy and a stable structure. One-dimensional silicon carbide nanomaterials
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have unique physicochemical properties, excellent mechanical properties and high electrical

conductivity.

fixfehE R BHEMMANNEFRF SE, BERESNEMBEMIBENEN, —4ERICESHRMER
BIRSRUIRCFE R, KRS EN SRR,
Common methods for preparing silicon carbide nanowires include carbothermal reduction,

chemical vapor deposition, electrospinning, and sol-gel methods.

B RAHIFRICENREN T EZEEGMMIEFE. WFESHETINE. BEHLE. BRERE
Fo

Among them, the carbothermal reduction process involves multiple reactions, making the
production process complex and unable to be mass-produced; the chemical vapor deposition
method requires precise control of temperature and pressure, the required equipment is
expensive, and the deposition rate is slow; the electrospinning method has low production
efficiency and complex equipment; the sol-gel method requires relatively expensive
precursors and catalysts, as well as complex post-processing, resulting in high costs and

significant environmental impact.
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Hep, BRAREESEIRESZN R, I8, TEARNRERS; WFERIREZERH
EHIREMES, FRRIREHRE, TREEE; BRGLEEFNERR, RESR,; BRERES

BAGENIRENELT, ARFREERNENE, NERE, NFREMA,

[n0004]

Currently, most methods for preparing graphene and silicon carbide nanowires are still in the
laboratory stage, and they are inefficient and costly. Achieving industrial production of

graphene and silicon carbide nanowires still faces many challenges.

B, SEASBEMREENRERGTEZRZSLTERRENE, BURR. BAE, ERaHEMR
EEgN R 2 TV L P A E IR 1T 2 Pk

Flash Joule heating is a novel material preparation technology that can instantly heat
materials to extremely high temperatures (up to 3000K or more), enabling the preparation of
high-quality, low-defect graphene. At the same time, this rapid heating and cooling process
also helps to form silicon carbide nanowires. Compared to traditional heating methods, flash
Joule heating technology requires simpler equipment and has lower maintenance costs; the
heating process can be precisely controlled by adjusting the current, making it easy to
automate and become intelligent; and it does not produce exhaust gas or other harmful
emissions, making it more environmentally friendly. However, existing flash Joule heating

technology only focuses on the preparation of a single product. In practice, a large amount of
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energy is dissipated through thermal radiation, and there are certain requirements for the
conductivity of the material. Non-highly conductive materials need to introduce conductive
additives or substrates, which leads to impurities and makes it difficult to obtain independent
products. Currently, the flash evaporation Joule heating method for preparing nanomaterials
such as graphene suffers from low energy utilization, and it is difficult to meet specific
conductivity requirements when preparing nanomaterials with non-highly conductive
precursors such as silicon carbide nanowires. Therefore, it is of great significance to study a
synthesis process for nanomaterials with high energy utilization, high production efficiency

and adaptability to various non-highly conductive precursors.

INZEEARAZ— MR EIMARIERA, reEBERMEIARERSRE (AA3000K L),
REEHIEERE. RRENAERK. BN, XMRENARNERIIZDLEB TR IEEAXK
o MIRTEHMARIN, NEEEARAPMFRERNEE, HPAARIE; mMAudigebiEd
BERIETIRITRRES], BTERESUNERNL; FITERESHEMESTHR, ENTEHFRE
Ko AT, MANZEEARARRETE 6T, ALFIERREREBEIIEFINAI
¥R, BEXNMESEME—ENERX, FESSEMHEEIINGEFITIHER, XSEHMMELL
RIFIRIIY). B, NREENREHEASGFIHAMAEERENAXISHRE, BFlE

AN AR A FIFEFEAMRENARMEELUR B ERNBSRER, RAit, HR—IiraEEF A
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[0007]

Summary of the Invention

RARE

[n0005]

To address the problems existing in the prior art, this invention proposes an integrated
equipment and method for simultaneously preparing graphene and silicon carbide nanowires
via flash Joule heating. This method is adaptable to the processes of various non-highly
conductive precursor nanomaterials and can simultaneously prepare high-quality, low-defect
graphene and silicon carbide nanowires without requiring prolonged high-temperature

heating, thus meeting the needs for high-efficiency, low-cost, and easily scalable production.

HNMBRAREFENRR, RERRE—MRAZREERCER GG 2GR AR LN —F L
BIE, AENSZMIFEFEMEENARMANIZ, EBEATERNESRMANBERT,

FENGIEESRE. RRENABFEMMAENRE, HESUE. BlA. ZHMELHEZFR,

[n0006]

This invention is achieved through the following technical solution:

16-01-2026 - Page 7



AR EEE TR R AR F LI

[n0007]

An integrated device and method for simultaneously preparing graphene and silicon carbide
nanowires by flash Joule heating includes a vacuum system, a detection system, a central

control system, a discharge system, a heating tube, a reaction tube, and a deposition tube.

—MNREEREEN G & AR RAESRREN—HRIRERG A, BEEZSRS. RNRS.

RRIFHE RS WEBERG. MAE. REE. TTRE;

[n0008]

The vacuum system includes a fixing device, a vacuum chamber, and a vacuum pump. The
fixing device is used to fix the heating tube, reaction tube, deposition tube, and electrodes
inside the vacuum chamber. The vacuum chamber is connected to the vacuum pump, which

extracts air from the vacuum chamber.

EFRZAEVHEREERE. ETH. BEER; BEEERTEEMAE. RNE. NMIREMBRBET
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[n0009]

The detection system includes a vacuum pressure gauge, an infrared thermometer, and a
circuit monitoring device. The vacuum pressure gauge is connected to the vacuum chamber
to measure the air pressure inside the chamber. The infrared thermometer is connected to the
vacuum chamber to measure the temperature inside the heating tube, reaction tube, and
deposition tube. The circuit monitoring device measures the voltage, current, and resistance
across the conductive carbon source inside the heating tube. The detection system monitors

the reaction data and transmits it to the central control system via electrical signals.

RNAREERETENR. A9NNERN. BRENEE;, EXENRERAETHNERTHEASE
8, DINRKGERE=RUEMRE. RNENTRE , BRI ENEMRERNFER

RRImEYEBE. BRMER, NRSmNRNERE, BdBESERERPREFRRY;

[n0010]

The central control system plays the role of command transmission and data processing in
the entire equipment, and connects the detection system and the discharge system. The
central control system selects appropriate discharge parameters based on the resistance data
transmitted by the receiving circuit monitoring device, and transmits charge and discharge
commands to the discharge system. When the discharge system discharges, the central

control system receives the temperature data from the infrared thermometer and the real-
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time voltage and current data from the circuit monitoring device, and makes corresponding
feedback to adjust the new discharge parameters and transmit charge and discharge
commands in a timely manner. After the discharge is completed, the central control system

records and organizes the reaction data of the detection system.

hRIFHRAEEEMLE PRI SEE. BURLIENER, EEONAS. WMERS; PRIFHR
SRIERU R mNEE R ERRIEEFESENRESY, ARERSERTRERS, HER
SENEBRT, AR RGRRLIINIRN AR E SR B N BERISEAY R, BRNEE, F&EY

MEANRIBATHERESHH T ERNESRS, REERRIERABERNARS R NIGE;

[n0011]

The discharge system includes an inductor, a charging device, and electrodes. The inductor
receives instructions from the central control system and controls the rapid closing of the
control circuit switch to control the charging and discharging time and voltage of the charging
device. The charging device consists of capacitors used to store and release electrical energy.
The charging device is connected to electrodes made of pure copper with threads, which can
be fixed to the fixing device by nuts. At the same time, it clamps the conductive carbon source

inside the heating tube, and the resistance is controlled by the degree of clamping.
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MERACERREE. TBREE. Bk, BREERNPRITFEIRSIES, THBEAXNEREHA
BRI TEEENTREBNENEE, TEREEHERAN, BTEMENERER, TEEEE
PR, FEEIREBATEGIR, FHIEY, EdBSEETEERE, FRXENMAEANNFEIR,

B sk X2 E i FEE

[n0012]

The heating tube is made of quartz and contains a conductive carbon source. When the
discharge system discharges, the current passes through the conductive carbon source to

generate Joule heat, and the heat is transferred to the reaction tube and the deposition tube.

HHIHI
e
=

IMAEBRARGIR, ENERESERER, WERAFANEN, BEREISERREFEEEHR,

PMEEERNENTRER;

[n0013]

The reaction tube is made of quartz, and conductive plugs are installed on both sides of the
tube opening. The conductive plugs are made of pure copper and are connected to
electrodes. They have an auxiliary Joule heating effect on the mixed carbon source and silicon
source inside the tube. A row of several frusto-shaped holes is opened at the top of the tube
wall. The reactants inside the tube react with heat and sublimate into a gaseous state, which

enters the deposition tube through the small holes for deposition.
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RMEBRARGIR, EOMMNERSFEEL, FHEEXRAHRIN, EZER, WERRGIIFEME
REAHBEEMAMER, EEELAAE—HETRGRI, EARNIRARNAALERS

&, @B/ NLENTRERITIAIR;

[n0014]

The deposition tube is made of quartz, and insulating plugs made of glass fiber are installed

on both sides of the tube opening. These insulating plugs are used to fix the reaction tube and
the deposition tube, and at the same time prevent the reaction gas from escaping. The inside
of the tube wall is coated with a catalyst. After the reaction product gas enters the deposition

tube, it adheres to the inside of the tube wall and deposits to form the product.

AR E ARG, MG LSEL, LEELRRIBAERIN, BTREERNENTIRE,
ERPILIER N EREER, EERFEELT, RNERYSEENTIREENETEEERAIREM

o

[n0015]

An integrated apparatus and method for simultaneously preparing graphene and silicon

carbide nanowires via flash Joule heating includes the following steps:
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[n0016]

Step 1: Select a suitable conductive carbon source, pre-treat the conductive carbon source to

make it into powder, fill it into the heating tube, and press it with electrodes;

TR— EERAENSERR, NSEIREITILME, FINMARREZTEMRENR, BEBIBIRE

-

[n0017]

Step 2: Select suitable carbon and silicon sources, pre-treat them to make powder, and mix
them evenly in a fixed ratio to fill the lower half of the reaction tube, ensuring that the small
holes in the tube wall are directly above. Insert conductive plugs and insulating plugs to seal

the reaction tube and deposition tube respectively.

SR EESENRNER, MREHITHERIE, SIRMRRHIZEELFIISRSERERN

BERTHE, RIEIRNEEENUATIELS, EANSBEXIMNELSIE LD HEHH R N EM R
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Step 3: Fix the heating tube, reaction tube, and deposition tube to the fixing device using
electrodes. Measure the resistance across the electrodes using a circuit monitoring device. Set
appropriate discharge parameters in the central control system. Place the fixing device inside
the vacuum chamber and below the infrared thermometer. Close the vacuum chamber door

and valves. Control the discharge system to charge.

SE=. BFNMAE. RNE. MREBIBNEEEEEEE, BIERNVEENSEBRMRKE
fH, AREFIRFKESERESYE, FEEEERETETEAHETLINUEN TG, XHAES

FRFEIMIE], ERRERGTRE;

[n0019]

Step 4: Open the vacuum pump valve and power switch to perform the vacuuming operation.
Observe the reading on the vacuum pressure gauge on the vacuum chamber. After the air

pressure reaches the required range, close the vacuum pump valve and power switch.

RN {TARERNENIMERAXHITHETRE, URETHLAETENROTY, ESEE

FERESCERERABEE R EIRFX;

[n0020]
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Step 5: The central control system transmits a discharge command to the discharge system,
first performing a short-term high-voltage discharge on the heating element, and then

performing an intermittent short-term low-voltage discharge on the heating element.

SRAE. HPRIZFIRFRAKERSGERRERS, SMNMAESITENESERE, BXNHRERHR

1B BRI AT AT BRI B ;

[n0021]

Step Six: During the discharge process, the infrared thermometer of the detection system
records the temperature distribution at the heat source in real time, and transmits the
measurement data to the central control system in real time. The central control system
monitors the reaction temperature in real time and provides corresponding feedback: when
the temperature at the heat source location is detected to be below the reaction range, it
outputs a command to the discharge system to increase the discharge voltage; when the
temperature is detected to be above the reaction range, it decreases the discharge voltage to

bring the temperature at the heat source location back to the set range.
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FEN MEIREPRNARHLINIRNSEHERAFELRE D, BUERRKLIERHAEH
ERRIERIRSE, PIRIFHIRFLNSNRMNEELS BAENRRIG: NEIRRUEREAREE RN
Xialhy, MRERGHELIES, WAKBEBEE, RUFIEEEERNXEN, B/REBERE, FRR

MNEREREISEXEA;

[n0022]

Step 7: The central control system records and organizes the reaction data of the detection
system, observes the reaction through the observation port of the vacuum chamber door, and

repeats step 5 as needed;

FERE: AREFRFICRABEQNRSRNEE, BIETHEAUROMNTERNEESR, RIES

MEESEA;

[n0023]

Step 8: Open the vacuum chamber valve to release pressure, open the vacuum chamber door,
remove the heating tube and reaction tube through the slide rail separation fixing device
bracket, collect the product in the deposition tube, remove the conductive plug and

insulating plug, and collect the product in the reaction tube.
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SR\ fITAEZRETAME, FTHAEZMEE), EdENDBEEEE R MAEN R

g, BRERIIMMERNERY), IFESFHEEXINELSEL, BERIIRNERTY,

[n0024]

Compared with the prior art, the present invention has at least the following advantages and

effects:

KEBA/NFIUERK, ELDASNWTRRRIR:

[n0025]

This invention utilizes the principle of Joule heating for heating, which can raise the
temperature to the reaction temperature in a short time and has high thermal efficiency. It

can achieve uniform heating while reducing heat loss during the conduction process.

NREAFM AEBMARREHITIR, RBEENERFEEEASERMEE, BEERENMA

R, EEBSSIISIMANRNELD TAREREEZSIEFRIHK;
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This invention solves the problem that Joule heating technology is inconvenient for non-
highly conductive precursors by separating the heating zone and the reaction zone, and can

simultaneously prepare two different nanomaterials.

FEABEIDBEMAX S RNEKERTIFSSEREENERAEEMRKARNER, JUARNEE

PR ERIRAA L 5

[n0027]

This invention uses a layered tube design to allow the reaction products to grow in the
deposition zone. Compared with the traditional vapor deposition method, it has lower
equipment requirements, does not require long-term high-temperature heating, and has

lower energy consumption costs.

FEAEIDEERITMERNFYEARKER, HRTEASETIRENEEERTE, FEEK

HASRINAR, HEFERIASE;

[n0028]

This invention features a simple structure and ease of manufacturing. It can be modified at a
low cost as needed to replace raw materials for the preparation of other nanomaterials. At the

same time, the technical means are simple and easy to implement, and the operation is
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simple and suitable for automation and large-scale production. It represents a significant and

substantial improvement over existing technologies.

KFRPABEMER. ZTHENRR, AJMRFENESTRIEMANNE, SREAGEHEMIK
ME, RRBRAFEREEZT, BIERRESBEIME. MWRK, ENTFIERAREERENLLMEH

Zo

[0032]

Attached Figure Description

P 352 BE

[n0029]

Figure 1 is a schematic diagram of the overall structure of an integrated equipment for the

simultaneous preparation of graphene and silicon carbide nanowires by flash Joule heating.

Bl —MNZEBERER NG & AR E RN R AN — RS EBAEDREE;

[n0030]
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In Figure 1, the numbers represent: 1-vacuum system; 2-detection system; 3-central control
system; 4-discharge system; 5-heating tube; 6-reaction tube; 7-deposition tube; 1-1-fixing
device; 1-2-vacuum chamber; 1-3-vacuum pump; 2-1-vacuum pressure gauge; 2-2-infrared

thermometer; 2-3-circuit monitoring device.

Bl1HmSRLE:. 1-ET RS, 2-0NARS; 3-HRITHRS; 4-MEBRS; 5-IRAE,; 6-RNE; T-
MRRE; 1-1-BEEE; 1-2-8551, 1-3-BETR; 2-1-ETENIR; 2-2-458WEN; 2-3-EBER LR

®E,

[n0031]

Figure 2 is a process flow diagram of an integrated equipment and method for simultaneously

preparing graphene and silicon carbide nanowires by flash Joule heating.

ER2B—MNZREE AR HIE AR E KRR R AN — R K& R G EZ T ZRZEE,

[n0032]

Figure 3 is a circuit diagram of the discharge system 4;

E3EMEARFANERTEE;
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[n0033]

In Figure 3, the numbers indicate: 4-1-Inductor; 4-2-Charging device; 4-3-Electrode.

B3RS R 4-1-BREE; 4-2-5BEE; 4-3-B1ik

[n0034]

Figure 4 is a schematic diagram of the structure of heating tube 5, reaction tube 6, deposition
tube 7, and electrode 4-3; in the figure, washer 1-1-1, spring 1-1-2, nut 1-1-3, conductive plug 1-

1-4, and insulating plug 1-1-5 belong to the fixing device 1-1 part;

E4ZMMES. RNE6. MIRET. BR4-3NEHREE; EPREEL-1-1. #F1-1-2. B&1-1-

3. BEBEk1-14, #5iEK1-1-5BTEEEEL-15849;

[n0035]

The numbers in Figure 4 represent: 5-heating tube; 6-reaction tube; 7-deposition tube; 1-1-1-
washer; 1-1-2-spring; 1-1-3-nut; 1-1-4-conductive plug; 1-1-5-insulating plug; 4-3-electrode; 6-

1-several frustum-shaped holes.
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B4RESTRT: S-IARE; 6-RNE; T-ARE; 1-1-1-8E; 1-1-2-#%F; 1-1-3-88; 1-14-%

BEEK; 1-1-5-4B4x3EK; 4-3-8i%; 6-1-ETEG /Lo

[0040]

Detailed Implementation

BALiER

[n0036]

The present invention will now be described in further detail with reference to the

accompanying drawings and embodiments.

TEES GBI SRS 4 A& BRE#H—F B9IF 4RI PR,

[n0037]

Example

SEE

[n0038]
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As shown in Figure 1, this invention discloses an integrated device and method for
simultaneously preparing graphene and silicon carbide nanowires by flash Joule heating,
including a vacuum system 1, a detection system 2, a central control system 3, a discharge

system 4, a heating tube 5, a reaction tube 6, and a deposition tube 7.

NELFRTR, NREARFT —MNZEEERERNGIEARIERAENREN— R LIRERTGE,

BIEET RS, RS2, PRIEFIRS3. WERSF4. MHAES. RNE6. JIRET;

[n0039]

Vacuum system 1 includes a fixing device 1-1, a vacuum chamber 1-2, and a vacuum pump 1-
3; the fixing device is used to fix the heating tube 5, reaction tube 6, deposition tube 7 and
electrode 4-3 in the vacuum chamber, and the vacuum chamber is connected to the vacuum

pump to extract air from the vacuum chamber.

B RARIGEEEREL-1. ETHE1-2. ETR]1-3; BEREATEEMAES. RNE6. R

BTHEBER4-3SHETETHEA, ETHERATR, BdETRENETER

H}
A

[n0040]

The detection system 2 includes a vacuum pressure gauge 2-1, an infrared thermometer 2-2,

and a circuit monitoring device 2-3. The vacuum pressure gauge is connected to the vacuum
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chamber 1-2 to measure the air pressure inside the vacuum chamber. The infrared
thermometer is connected to the vacuum chamber to measure the temperature inside the
heating tube 5, the reaction tube 6, and the deposition tube 7. The circuit monitoring device
measures the voltage, current, and resistance across the conductive carbon source inside the
heating tube. The detection system monitors the reaction data and transmits it to the central

control system 3 via electrical signals.

WNRIREERETENR2-1. DINEN2-2. BRENERE2-3;, ETENREZETHEL-2,
ERTHAASEE, DINURGERETRNENMAES. RNEHARETNRE, BRENEE
MEMRERNFEICRRIRIEBE. BRMER, NRGEmNRNERE, BdBESERERRE

HRSE3;

[n0041]

The central control system 3 plays the role of command transmission and data processing in
the whole equipment, and connects the detection system 2 and the discharge system 4. The
central control system selects appropriate discharge parameters based on the resistance data
transmitted by the receiving circuit monitoring device 2-3, and transmits charge and
discharge commands to the discharge system. When the discharge system discharges, the
central control system receives the temperature data of the infrared thermometer 2-2 and the

real-time voltage and current data of the circuit monitoring device, and makes corresponding
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feedback to adjust the new discharge parameters and transmit charge and discharge
commands in a timely manner. After the discharge is completed, the detection system

reaction data is recorded and sorted out.

hRIFHRFBEBRMREFE L. BUBRIENER, EEONAR2. MBRA4; FRE
H R SRIER BRI NEE2- 3R EASIEER S ENKNEBESE, MRERSELRTH LD

<, MEBERFHRER, RRERIRFERWLIINIEN2-20VREEEM BRI ERSEE. B
MEHE, HRIHEEANRETHNRESEA CTETHESGRS, HMEERFIERAZELNRS

e N ERHE 5

[n0042]

The discharge system 4 includes an inductor 4-1, a charging device 4-2, and an electrode 4-3.
The inductor receives instructions from the central control system 3 and controls the rapid
closing of the control circuit switch to control the charging and discharging time and voltage
of the charging device. The charging device is composed of capacitors and is used to store and
release electrical energy. The charging device is connected to the electrode, which is made of
pure copper and has threads. It can be fixed to the fixing device 1-1 by the nut 1-1-3, and at
the same time clamps the conductive carbon source in the heating tube 5. The resistance is

controlled by the degree of clamping.
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MERFACIEBEREES-1. TERXES-2. BIR4-3; BREERNPRITRIRFIES, 1THIBK
FRAOEFA SR TEEENFTREBREMEBE, TEREEHERAMN, BTFEMEMNERE
BE, FERBEEEBN, BIRBAREFEIN, FEBY, JEdBEF1-13EETREEHEEL-1, FEiY%k

ZIMNARESHNSBIR, B EEERHBMHE;

[n0043]

The heating tube 5 is made of quartz and contains a conductive carbon source. When the
discharge system 4 discharges, the current passes through the conductive carbon source to
generate Joule heat, and the heat is transferred to the reaction tube 6 and the deposition tube

1.

IARESHARGIN, ERNEESEIE, NERAZ4NEN, ERBEISHERETEEER, A8

BIPERERNECHIIMAETA;

[n0044]

The reaction tube 6 is made of quartz, and conductive plugs 1-1-4 are installed on both sides
of the tube opening. The conductive plugs are made of pure copper and are connected to

electrodes 4-3. They have an auxiliary Joule heating effect on the mixed carbon source and

16-01-2026 - Page 26



silicon source inside the tube. There is a row of several frusto-shaped holes 6-1 on the top of
the tube wall. The reactants inside the tube react with heat and sublimate into silicon carbide

gas, which enters the deposition tube 7 through the holes for deposition.

RNECHARTIRN, EOMNEESEEKX]L-1-4, SEELRAAHIN, EEERL-3, WERE
BiENEREAMMEENAER, EEE LA —HETRER/L6-1, ERNRNYIZHAKR

NHFALERRESE, BLNFLENAIRETHITR;

[n0045]

The deposition tube 7 is made of quartz, and insulating plugs 1-1-5 are installed on both sides
of the tube opening. The insulating plugs are made of glass fiber and are used to fix the
reaction tube 6 and the deposition tube, while preventing the reaction gas from escaping. The
inner wall of the tube is coated with a catalyst. After the reaction product gas enters the

deposition tube, it adheres to the inner wall of the tube and deposits to form the product.

TARETHARGIR, EOMMRELEEX]-1-5, BEELRBIBAAEGIN, BTFEERNEGHN
TRE, ENPERNSERSR, EERFEEET, REERMTEENTRERREEEERNT

R0

[n0046]
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A detailed process for an integrated device and method for simultaneously preparing

graphene and silicon carbide nanowires via flash Joule heating includes the following steps:

—MANREECEAEN G & ARG EAREN— R ORER T ANREFRE, S2EUTY

Z:

[n0047]

Step 1: Select carbon black as the conductive carbon source, heat and dry the carbon black to
make it into powder, which is called material A. Take 1g of material A and fill it into the

heating tube, and press it through the electrode.

TR— EFRREBFEASEICR, WREBHITIMATIRGE, GRHFRK, iS/FAR, ERARI1gRT

EMAEAR, BIBIRESR;

[n0048]

Step 2: Select carbon nanotubes as the carbon source and silicon powder as the silicon
source. Take 1g of carbon nanotubes and 4g of silicon powder, add them to 100g of distilled
water and stir for 30min. Place them in an oven at 140°C and dry for 6h. Take them out and
make them into powder, which is called material B. Take 1.5g of material B and fill it into the

lower half of the reaction tube, ensuring that the small hole in the wall of the reaction tube is
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directly above. Insert conductive plugs and insulating plugs to seal the reaction tube and the

deposition tube respectively.

TR EERWAREFAER, EREARR, E1ghkHREMAgREMIMN100gZBK R
30min, MRABFE140°CIHTOh/SERLFIRKIRIR, 1IB1EBEL, EXBHILSgIERERNERNTHE,

RIERNEEENLAUTIELS, EASBEINESEL D HARNENNRE;

[n0049]

Step 3: Fix the heating tube, reaction tube, and deposition tube to the fixing device using
electrodes. Measure the resistance across the electrodes using the circuit detection system to
be 8+0.5Q. Set the high voltage (160V) discharge time to 0.5s and the low voltage (120V)
discharge time to 50ms, with a discharge cycle of 0.1s and 5 discharge cycles. Place the fixing
device inside the vacuum chamber and below the infrared thermometer. Close the vacuum

chamber door and valves, and control the discharge system to charge.

TER=. FNAE. RNE. MREBIBREEERERE, @B BRI RSN E BRI mERE
7£8£0.5Q, HIUTHIRIILTE = EEI60VEITK0.5s, REMBELI20VREEK50ms, KER
HA0.1s. TMEXRESR, KEEEERETETHERNAETAINNENTSG, XABRZIEFM IR

'], IEHIRERGTE;
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[n0050]

Step 4: Open the vacuum pump valve and power switch to perform the vacuuming operation.
Observe the reading of the vacuum pressure gauge on the vacuum chamber. After the air

pressure reaches a vacuum level of 0.1MPa, close the vacuum pump valve and power switch.

RN {TARERNENMERAXHITHETRE, URETHLAETENROTY, ESEE

FEETE0.IMPafa X HIE =RV M IR X;

[n0051]

Step 5: The central control system transmits a discharge command to the discharge system,
first performing a short-term high-voltage discharge on the heating element, and then

performing an intermittent short-term low-voltage discharge on the heating element.

TRA: APFREEFIRFRAKNBRGEHRERS, SNMAERITENESERE, BXMRERHR

i BRI R E R BRI 5

[n0052]

Step Six: During the discharge process, the infrared thermometer of the detection system

records the temperature distribution at the heat source in real time, and transmits the
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measurement data to the central control system in real time. The central control system
monitors the reaction temperature in real time and provides corresponding feedback: when
the temperature inside the heating tube is not 2700+ 100°C, and the temperature in the
reaction tube and the deposition tube is not 14001+100°C, it outputs a command to the
discharge system to increase the 5V discharge voltage; when the temperature is detected to
be outside the reaction range, it decreases the 5V discharge voltage to bring the temperature

at the heat source back to the set range.

TEN MEBEIREPRNRFENLINLRIEIERAFELIREE D, KFUEBREERA T
ERRIFEGRIRSE, PRIFHIRFENSNRMEELS EAENRRE . NEIMARAEREEREE
2700£100°C. RMEFMARERIAEI1400£100°CH, MKBRFMLIES, WASVIKEBBEE, &

MEGREE N RN XEE, BUNSVREBBE, ERRUERERIZIREXEA;

[n0053]

Step 7: The central control system records and organizes the reaction data of the detection
system. The reaction is observed through the observation port of the vacuum chamber door.

If there is little product in the deposition tube, repeat step 5.

TRE. ARIEFHRFICRABELNRSRNEE, BIETHAIMROMTRNER, ARE

RNERRIDNEES R ;
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[n0054]

Step 8: Open the vacuum chamber valve to release pressure, open the vacuum chamber door,
remove the heating tube and reaction tube through the slide rail separation fixing device
bracket, collect the B material product in the deposition tube, disassemble the conductive

plug and insulating plug, and collect the A material product in the reaction tube.

FRI\. fTAEZRARNTAEE, FTAEZAEME ), EdENDBEERE R MAEM RN

B, WERIIMIREABRIERY), IFESBEEXMAESEL, WESEIRNERNARSY.

[n0055]

Obviously, the above embodiments of the present invention are merely examples for clearly
illustrating the present invention, and are not intended to limit the implementation of the

present invention.

£, REBHN ERKLHEGINZE R T FRHAALBEFRERZEF], MmAIER AR ABIISLHEA AT
PRRE o
For those skilled in the art, various obvious changes, readjustments, and substitutions can be

made without departing from the scope of protection of this invention.
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NFARRMENEERARAGRY, EBHITEMAENTH. EMARNEAMASRER LA
RIFSEEL
Itis neither necessary nor possible to exhaustively list all possible implementation methods

here.

XELERWIEEMNAERNE#SG TS A
Any modifications, equivalent substitutions, and improvements made within the spirit and
principles of this invention shall be included within the scope of protection of the claims of

this invention.

RERRAFHMRN ZRFF RV R, FRBRMEUGAE, YN ESERLANFERBR

PSEREZ A,
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