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DESCRIPTION CN119591095A

An apparatus and method for preparing graphene by plasma-assisted flash Joule heating

—MEFB RN REERG EARRENRENRTTE

[0001]

Technical Field

ARG

16-01-2026 - Page 1



[n0001]

This invention belongs to the field of composite material manufacturing, and particularly

relates to the preparation of flash graphene.

KFERPBBTESMHEFIEIIE, TEIK—MARAGEEIHE.

[0003]

Background Technology

BHREA

[n0002]

Graphene is a two-dimensional material composed of carbon atoms with sp<sup>2</sup>
hybrid orbitals. Its unique structure gives it outstanding mechanical, electrical, and chemical

properties.

AEHE—MEET Lsp<sup>2</sup>ZRWCHEHMBI —4ME, RARNGMESERIILAES
HEBM. BFE. LFEER,

These properties make it a promising field in materials science, energy, and biomedicine.
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XEBUERETEMHARE. B8R, EMEFSFIEEET A=,
Traditional methods for synthesizing graphene are divided into top-down exfoliation and
bottom-up growth. The high defects caused by the top-down method and the high cost

required by the bottom-up method have limited the large-scale production of graphene.

BRENERENGZESNE LM THBMBE TN LEEK, BLEM N ESBNERESETmWLR
ER RS AR IR T ARG ARMEER,

Flash joule heating technology is an innovative technique for directly synthesizing large-scale
graphene from low-cost carbon sources. It can convert various carbon sources into high-
purity graphene in less than 100 milliseconds. This technology is highly efficient, pollution-

free, and produces high-purity products, and is hailed as a revolutionary technology.

INZEEARAZR — MR ANIRE RS RANRA 2GR, AIEARE/100=2F AR EA

REMRECABAER R R, ERAMES. TSR, FOLES, WENEMMERR.

[n0003]

The carbon sources selected for flash Joule heating equipment typically contain many

impurities. The traditional method for removing impurities is low-voltage discharge
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pretreatment. Although this method can quickly remove most of the impurities from the
carbon source, it still has the following shortcomings: First, the resistivity of the sample after
low-voltage discharge pretreatment is significantly lower than that before pretreatment. The
excessively low resistivity makes it difficult for the sample to rise to the corresponding
temperature during flash Joule heating, thus making it difficult for the selected carbon source
to be converted into graphene. Second, the energy generated by low-voltage discharge is
relatively low, which may result in incomplete removal of impurities. In particular, for
impurities that are tightly bound to the sample or difficult to decompose, low voltage may not

provide enough energy to decompose or detach them from the sample.

NEREBRISEMENNICREESBIFSZ R0, LRRRGENRBERERLRE, 2R%GE
AJ LURERR AR A D2~ ET, BNEUTARZA: F—, RBEREFIEEHFRERER
L EmAREENTRE, IRNEREZSEFRENZEEAIRFHRUASERNEE, MME
PMEERBCRELIR AR R, $=, REBERBE~ERNEERNKRIR, FTESERAERABEY
R, THENFRESERES REIMEUADBENARR, REEDERITEREEBRIEEREEDHE

Bl B A o

[n0004]

Plasma technology is an applied science that involves the fourth state of matter - plasma.
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EEFARAR—ME MR ENS-FE FERNNARE,
Plasma is composed of ions, electrons, and neutral particles. It is highly reactive and can

produce various impurity removal effects under the influence of electromagnetic fields.

FBEFHEEBEF. BFNRERTAR, BESEEN, EEBESIER T ESMERNGERY

FRo

[n0005]

Compared to traditional low-voltage discharge pretreatment for impurity removal, plasma
impurity removal is highly efficient, does not cause surface damage, and does not change the

sample resistance value.

HRTFERNREERETLIERE, FEFERRANES. FERRERA, BERNEEmEE
B
Therefore, it is proposed to use plasma purification treatment instead of traditional low-

voltage discharge pretreatment.

Eitt, IMRAEFS FARFELIERABERIERERELE,
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However, plasma impurity removal technology is limited to the sample surface. For some
powdery or granular samples, plasma is difficult to effectively remove impurities.
Furthermore, combining plasma purification with flash evaporation and Joule heating would
create a more complex process and prolonged contact with air, negatively impacting the final

purity of the graphene.

PAM, FBEFERRERANXBTHFRRE, NTF—ERRRETRCREm, FEFEEUNFmET

BRHIRRGE, IS, BRFEFERGRRGESNEZEERDERHTT, BEERAIREIREUKRS

H}

SSHY KA Bl AR ER = X R G RYAE S A S E R0,

[n0006]

Therefore, this patent abandons the traditional graphene preparation method and
innovatively improves the flash evaporation Joule heating equipment, combining it with
plasma technology. This overcomes the problem that plasma purification technology cannot
effectively remove impurities from powdered samples, and designs a device for directly

synthesizing high-purity graphene from carbon sources with many impurities.

RABES, ZlTFEFEBRREATEMNMARRE @A TERRROENRE, &t —MM

R ZHREEE NS AR A RRVILE,
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[0009]

Summary of the Invention

RARE

[n0007]

To address the problems existing in the prior art, this invention provides a device and method
for preparing graphene by plasma-assisted flash Joule heating. This method can effectively
remove impurities from the sample by fully contacting the powdered sample with plasma
without changing the initial sample resistance value, thus achieving an ideal pretreatment

effect.

HWIMERAFENER, NRBRUE—MESFRENZEEATSAS2HNIRERGE, BE%
TEARRZNREFERERENERT, MBFEFESHRRFRETRIEM, BRGEFRTFHR
Fi, XEEERFAL IR

Meanwhile, the equipment can continuously perform flash evaporation after plasma
treatment, keeping the sample in a vacuum state during the reaction stage, effectively
isolating it from the external environment, and ensuring the purity and preparation efficiency

of the sample.
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BIRHZIZE A UEES FALIEEREIMMHAITNZDE, EERERNMBLTESRE, G50t
S55%RIMEMERE, RIETHFRBAERMSIERER,
Furthermore, the tubular rotary reaction device used in this invention has the characteristics

of simple structure and easy manufacturing, and can be modified as needed.

sk, ARBAFERANERRERNEEREGEMES. ZTHIGHER, AHRFERHFITHE,

[n0008]

This invention is achieved through the following technical solution:

R EE TR AR HKLIL:

[n0009]

A device and method for preparing graphene by plasma-assisted flash Joule heating,
characterized in that it includes a central control system, a vacuum system, a signal

acquisition system, a power supply system, and a tubular rotary reaction device;
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—MEFEFAEBNREEAGIEAERIENRTE, EFILEET. SFFRIEFHRS. EZR

[n0010]

The central control system plays the role of transmitting commands, real-time monitoring,
signal acquisition, and alarm processing in the entire equipment. It connects to the
spectrometer, voltage and current sensors, and power supply system of the signal acquisition

system.

RRIFHRFEERMEPEITES<S. LHnE. ESRE. RELENER, ERESXER

SRR, EESRERAFHBENBRIERLSE. HERS;

[n0011]

The vacuum system includes a vacuum chamber, a vacuum pump, and a vacuum gauge. The
vacuum chamber houses the tubular rotary reactor and has two exhaust valves on its outer
wall. These valves allow the internal atmospheric pressure to be adjusted to match the
external atmospheric pressure after the reaction. The vacuum chamber's excellent
airtightness isolates the internal atmosphere from the external atmosphere, preventing the
introduction of external impurities. The vacuum pump is connected to an exhaust valve on

one side of the vacuum chamber's outer wall to remove impurities and maintain the required
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vacuum level during the reaction. The vacuum gauge is located above the vacuum chamber

and provides real-time feedback on the vacuum level inside the chamber.

HXRAGEEETM, BEER, AETR;, ETRATHRESIRRRNEE, IMERERTHSE,
AERNEREAXSEITESHRATEETE, ETRRIFNSEMIREASASINESIR
HRRE, BRTINARESERSIN; EEREZRETEIINE—MB—THSE, BTFRERRRS

FE, ARE\ERNMNIBFRENETE; EZXRUTETH LS, BTERRIGERNETE;

[n0012]

The signal acquisition system is used to acquire temperature, voltage, and current signals
during the reaction process and transmit them to the central control system. The signal
acquisition system includes an infrared thermometer, voltage and current sensors. The
infrared thermometer is embedded in the top groove of the vacuum chamber in the vacuum
system and is connected to the central control system. The voltage and current sensors can
measure the voltage on both sides of the sample and the current passing through the sample,
and thus measure the resistance value of the sample. The voltage and current sensors are also
connected to the two copper electrodes of the tubular rotary reaction device and the central

control system.
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EEXRERAZGATRERMIEFIRE. BE. BRES, ARECREFRIZFIRSE, EESXE
RS ERIINRN. BEMBERERSE, LINRNBRANEZERFEFETENREMEZS, 54
RIFHIRGARE, BEMEREREFATLUNLFRRMEYEENESFmBIER, Hma LU G

BYEBFR{E, EBEMERLREREREIURERIMEENR N HERS P RIEG RS,

[n0013]

The power supply system is used to provide electrical energy to the tubular rotary reactor and

is connected to the tubular rotary reactor and the central control system.

HERFERATHERRRAEERMER, HBRAGERERRRNEE. PREFRY;

[n0014]

The tubular rotary reaction device includes a base plate, slide rail, double-ended studs,
double-ended stud fixing device, electrode fixing device, copper electrode, transmission fixing
device, inner and outer tube fixing device, inner tube, outer tube, inductor coil, and inductor

coil fixing device.

BVt R R E BERIR. B, KB, BCKEREERE. BREERE. Bk, ZaE

EEE. NINEBEIEREE. NE. IMNE. BRAE. BRAEETEEE;
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[n0015]

The base plate is used to support other components in the tubular rotary reactor and is
bonded to the slide rail, double-headed stud fixing device, transmission fixing device, and
inner and outer tube fixing device. The base plate is made of wood, but the material can be

selected according to actual needs.

RIRATAHERE RN EZBEFIEMEMT, 58 TKBERERE. FHBERE. NIMNE

BIERBEEEME, KRIRAKRSG, BaRIESLIRFEEEEME;

[n0016]

The slide rail allows the electrode fixing device to slide within a certain range, preventing the
electrode fixing device from falling off the slide rail and from colliding with the transmission

fixing device or the inner and outer tube fixing device.

BANEBRREEREE—ECENER, EEREEERET ENBNFEEAELESEEERE.

RIMNERBIEEERRIE;

[n0017]

16-01-2026 - Page 12



The double-ended stud is used to control the position of the electrode fixing device. The
geometric orientation of the double-ended stud is fixed by the double-ended stud fixing
device. The two ends of the double-ended stud have threads in different directions, which
mesh with the left and right electrode fixing devices respectively. It can rotate under the drive

of the motor inside the transmission fixing device.

BEKBEATIEHRREERENME, PERIEFR VA UENCKIEFEEREFEE, Wk
MinE B L REAREREN, 23 TFEARTBEREERERERS, EEMEEEENEEIAIHL

TR LADES

[n0018]

The electrode fixing device is used to fix the copper electrode. It consists of a trapezoidal
bracket, a sector-shaped chuck, a handle, and a spring. By rotating the handle, the precise
height of the copper electrode can be adjusted so that the copper electrode and the inner

tube remain coaxial.

BREEEERTEEREBR, AHEXER. BRFE. FM. BEAR, BIRHHFN, AIETIHE

BIREEHSE, ERERSAERTERMO;

[n0019]
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The transmission fixing device consists of a fixed bracket, a motor, and bearings. The bearings
are embedded in the round hole at the top of the fixed bracket, and the motor is located
inside the fixed bracket. The transmission fixing device can completely fix the outer tube and

make the inner tube rotate axially under the drive of the motor.

ZoEERERBESSR. Brpil. HMAER, HARNEESZ R ESNELZFR, B TEE

XIERAER, FHEEREREINETEREE, FENEEBIHNFER N aMREE;

[n0020]

The inner and outer tube fixing device consists of a fixing bracket and bearings. The bearings
are embedded in the round holes at the top of the fixing bracket. The bearings in the inner
and outer tube fixing device are at the same height and coaxial with the bearings of the
transmission fixing device. The inner tube is used to place the sample and serves as the actual
reaction site of the sample. It is made of quartz. The two ends of the inner tube are embedded
in two horizontal bearings on both sides. The two ends of the outer tube are respectively
embedded in the arc-shaped grooves of the transmission fixing device and the inner and outer

tube fixing device.

WIMEBIEEEMEIESS. HAHLMN, MEARABERLBHRELZS, RIMNEREEEFRIH

ASEoEEREWALTE—SEARMC, NERTHRERR, FARMIKIRRMNALEN,
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FRAER, NEMRRNRMIKFHER AR, SMEREDHRANFEERE. AINEREREE

R IRz M Z

[n0021]

The inductor coil is used to generate plasma, and the inductor coil fixing device is used to fix
the inductor coil. Its two ends are respectively connected to the transmission fixing device

and the inner and outer tube fixing device.

BRABBTCEEFE T, EREGEEEEERTRREAENERE, EMino3EREEEREES

RIMERBIERE.

[n0022]

An apparatus and method for preparing graphene by plasma-assisted flash Joule heating,

characterized by the following steps:

—MEFEFRRBNREERGIEAERINENRT A, ERIEETRAUTSE:

[n0023]

Step 1: Select a suitable carbon source, such as carbon black, anthracite, metallurgical coke,

or biomass;
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TR—. ERGERHCR, MxRER. THIE. A& £UK;

[n0024]

Step 2: Place the carbon source in the middle of the inner tube of the tubular rotary reactor;

TR BiFERNENRE R NEENAE REIE;

[n0025]

Step 3: Move the electrode fixing device to both sides, put the copper electrode into the
electrode fixing device, and adjust the height of the copper electrode by rotating the handle

to make it coaxial with the inner tube.

TR=. BREREEEEBHERN, FRERBINEREEEER, BIREFHETRERNS

B, Ez5RERMD;

[n0026]
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Step 4: Place the tubular rotary reaction apparatus into the vacuum chamber, turn on the
infrared thermometer, and adjust the position of the tubular rotary reaction apparatus so that
the light spot of the infrared thermometer passes through the outer tube and illuminates the

middle position of the inner tube, so as to measure the temperature of the reaction sample.

SENY: EXNRERNEERNETHEF, FTADIINEN, BARENRERNEENMUE, (£LI5

MERNAERETINE, RETEAERHBMUE, AN RN FmaERNE;

[n0027]

Step 5: Open the exhaust valve on the outer wall of the vacuum chamber that is connected to
the vacuum pump, close the exhaust valve on the outer wall of the vacuum chamber that is
connected to the outside, close and lock the vacuum chamber door, start the vacuum pump,
and turn off the vacuum pump when the pressure reaches about 10 mmHg. Then close the

exhaust valve connected to the vacuum pump.

TRAE: {TAEZRINESETREENHSE, XAETHINESINTRERNHSE, KEHIE

BEZTEM], BohETR, HMELIOMmHgERXHETR, XHAS5ETREENHSIE;

[n0028]

16-01-2026 - Page 17



Step Six: By issuing commands through the central control system, high-frequency alternating
current is supplied to the inductor coils in the tubular rotary reactor using the power supply

system to generate plasma;

SEN BIPREFRSEMG S, MAHBRSNERERNEEFBERABRHSININ

B, FEFBEFE;

[n0029]

Step 7: By issuing a command through the central control system, the power supply system
supplies power to the motor of the tubular rotary reactor, causing the inner tube containing
the powder sample to rotate for a period of time, so that the powder sample can come into

full contact with the plasma.

TEBRE: BIRRERIRGEMMNGS, FRAHBRSEMNENIEE RV EERNEINIEE, EEEHK

HmBYANE R H T —RISE, MREFmAISEFREF AT EM;

[n0030]
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Step 8: Stop supplying power to the inductor coil of the tubular rotary reactor, and use the
power supply system to supply power to the motor of the tubular rotary reactor. Push the
clamping device to press the electrodes at both ends together. When the resistance is

adjusted to 1 ohm by controlling the pressure, stop supplying power to the motor.

TR\ FIENENRE RNEERNEREEMRE, FRHBRFENENIEE R NEER BT

B, HEEXREERWREBERESR, @BIizhEDFAZBEEZIREN, FIEXEHIHE;

[n0031]

Step 9: Input the corresponding parameters of flash Joule heating into the central control
system, and issue a command to the power supply system through the central control system
to supply power to the copper electrodes in the tubular rotary reactor. The sample is
instantaneously heated by Joule heating at 120V, so that the sample rises to a high
temperature of about 3000°C in 0.1 seconds and cools to room temperature at an extremely

fast rate.

TEN: BRREFIRGMANNREEARANBN S, BdPREFHRFANEBRSEEMS S, (it
BARAAWNENEE RNEBEPRRERME, F120VEBETHERH#ITHENEEMR, FERE

0.1FAFAZELI3000°CHIEIR, HURRNEELNEER;
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[n0032]

Step 10: Turn off the power supply system and observe the sample temperature measured by
the infrared thermometer. When the temperature reaches about 25°C, open the exhaust valve
on one side of the vacuum chamber that connects to the outside. When the air pressure inside
the vacuum chamber is balanced with the outside air pressure, open the vacuum chamber

door and then take out the sample.

TR+ RHAMERYE, WRLINWRMNFENLRFREE, SREERIZ25°CH, ITARTA

MSSNRBERHSE, FETSHERNIESINTUEBFERITAETER], BEREER.

[n0033]

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

effects:

KEA[TIUERK, ELVASUTMRRRMR:

[n0034]

This invention combines plasma technology with flash Joule heating technology, allowing the

reaction raw materials to undergo plasma treatment before undergoing Joule heating
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reaction, replacing the traditional low-voltage discharge pretreatment process. This results in
more thorough impurity removal and effectively improves the problem of uncontrollable

sample resistance before flash evaporation.

KTERFBSFEFERARSANZEEREAELE S, EFRMEAHITEEFESLIE, FEHITE
BARMN, ABTREANREERBEMGETZ, EREEGREAIRK, BRNE T RNEFFmER

{EARRIZRYIA)RR ;

[n0035]

This invention keeps the entire reaction process in a vacuum, effectively isolating the reaction
sample from the outside world and avoiding the influence of external conditions on the purity

of the product.

RERAEBNRUIEREBLTEERES, ERMFESMSINUERE, BR T IR

BN

[n0036]

This invention utilizes a transmission and fixing device to rotate the inner tube, causing the

sample inside the inner tube to continuously tumble and achieve full contact with the plasma.
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FRPFBEMEEEEENERD), ENEENERFSE, RESFBFETOIERIIR

xR

[n0037]

This invention utilizes a clamping device to press the copper electrode against the sample. By
adjusting the resistance through the applied pressure, the subsequent flash evaporation
Joule heating step can be carried out uninterrupted after plasma treatment, thus achieving

continuous reaction and significantly improving experimental efficiency.

RPN AEREEFEREREEFm, BIEMNNEDETER, IESFEFELEEE T

TETRONEZEEASRE, KT RNIERRSRHT, BERE T LENE;

[n0038]

The invention has a relatively simple structure and the technical means are simple and easy to

implement, and it has outstanding substantial progress compared with the prior art.

REPAMSHENER, RAFEEESZTT, AN TIUERAREGRENLEMEHRD

[0042]
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Attached Figure Description

P 352 B

[n0039]

Figure 1 is a schematic diagram of the overall structure of a device for preparing graphene by

plasma-assisted flash Joule heating;

IR —MEEFHREMNEEEAS&EA2ENRERAEHREE;

[n0040]

In Figure 1, the numbers represent: 1-Central control system; 2-1-Vacuum chamber; 2-2-
Vacuum pump; 2-3-Vacuum gauge; 2-4-Exhaust valve; 3-1-Infrared thermometer; 3-2-Voltage

and current sensor; 4-Power supply system; 5-Tube rotary reaction device.

ElRESHRL. I-RREFRS; 2-1-EZFHE; 2-2-HEER BEZR; 2-4-HRR; 3-1-£05M80

mY; 3-2-BEEMERESE; 4-BRASR; S-ERERNESE;

[n0041]
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Figure 2 is a process flow diagram of the equipment and method for preparing graphene by

plasma-assisted flash Joule heating;

ERER—MEFBEFEHBNZEEAGEARHRINKER G AL ZRER;

[n0042]

Figure 3 is a cross-sectional view of a tubular rotary reactor used in a plasma-assisted flash

Joule heating method for preparing graphene.

E3 e — S T AR E B S E RIS R A B R e R A B MR E,;

[n0043]

The numbers in Figure 3 represent: 5-1-base plate, 5-2-slide rail, 5-3-double-ended stud, 5-4-
double-ended stud fixing device, 5-5-electrode fixing device, 5-6-copper electrode, 5-7-
transmission fixing device, 5-8-inner and outer tube fixing device, 5-9-inner tube, 5-10-outer

tube, 5-11-inductor coil, 5-12-inductor coil fixing device;
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ER3HHESRT: 5-1-KMR. 5-2-7BH. 5-3-VEKIEHE. 5-4-JKBEFEERE. 5-5-BIREEERE.
5'6'%|E_|EE$&\ 5'7'1§Ej.]@/'_‘£%§\ 5'8"7;'9'\%@#_?%%\ 5‘9"*,','::\ 5‘10‘9|\¢q\ 5‘11‘%@2&\ 5‘

12-BBREEEEEE;

[n0044]

Figure 4 is an enlarged view and a cross-sectional view of the electrode fixing device in a
tubular rotary reactor, which is part of an equipment and method for preparing graphene by

plasma-assisted flash Joule heating.

B4R —MEFBFEHEBNZEEAGEARBINEE LG EET RN E PR EREERER

AT S HIAE

[n0045]

The numbers in Figure 4 represent: 5-5-1-trapezoidal bracket, 5-5-2-fan-shaped chuck, 5-5-3-

handle, 5-5-4-spring;

El4hmSRL: 5-5-1-8 %58, 5-5-2-BA K&, 5-5-3-FH. 5-5-4-38%;

[n0046]
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Figure 5is an enlarged view and a cross-sectional view of the transmission and fixing device in
a tubular rotary reactor, which is part of an equipment and method for preparing graphene by

plasma-assisted flash Joule heating.

ESE— B F AR EEE AR RENEE RIS R R EFNEHETEEN
BAIE S EIRE,;
[n0047]

In Figure 5, the numbers represent 5-7-1-fixed bracket, 5-7-2-motor, and 5-7-3-bearing.

BS54RS RR5-T-1-BEZZE. 5-7-2-Bptl. 5-7-3-Fh&,

[0052]

Detailed Implementation

BiALR

[n0048]
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The technical solutions of the embodiments of the present invention will be further described

in detail below with reference to the accompanying drawings.

TERE S MBI 48 & B SSE G BV R AR 75 SRt — 2 B9iF it

[n0049]

As shown in Figure 1, this invention discloses an apparatus and method for preparing
graphene by plasma-assisted flash Joule heating, including a central control system 1, a
vacuum system 2, a signal acquisition system 3, a power supply system 4, and a tubular rotary

reaction device 5.

%1, HTRSK2. ESRERAKI. HEBERAL EXNRERNEES

[n0050]

The central control system 1 plays the role of transmitting commands, real-time monitoring,
signal acquisition, and alarm processing in the entire equipment. It connects to the
spectrometer 3-1 of the signal acquisition system, the voltage and current sensors 3-2 of the

signal acquisition system, and the power supply system 4.
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PRIFFIZGIEBRMGEPRIGESGS. KEEE. ES5XRE. RELENER, ERESXE

AZBCIENE-1. EESREARHBENBERIEKE3-2. HERYHM;

[n0051]

The vacuum system includes a vacuum chamber 2-1, a vacuum pump 2-4, and a vacuum
gauge 2-3. The vacuum chamber 2-1 is used to house the tubular rotary reaction apparatus 5.
Two exhaust valves 2-4 are installed on its outer wall to adjust the atmospheric pressure
inside the chamber to balance with the external atmospheric pressure after the reaction. The
excellent airtightness of the vacuum chamber 2-1 isolates the internal atmosphere from the
external atmosphere, preventing the introduction of external impurities. The vacuum pump 2-
2 is connected to the vacuum chamber 2-1 and is used to remove impurities from the chamber
and maintain the required vacuum level during the reaction. The vacuum gauge 2-3 is
connected to the vacuum chamber 2-1 and is used to provide real-time feedback on the

vacuum level inside the chamber.

BEFRAEEETE2-1, EXR2-4, ETFR2-3; ETH2-1ATHREEN R RNEES, FME

BRI HRIE2-4, AIERNEFERNARSERTESINARSERTE, E=RE2-1RFHIENMNR]
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RAEASASHRIFERE, BRTINIRETERSIN; BEER2-2EZAETHE2-1, BTRHAER

[EHE, ARERMIEPAFNETE; ETER2-3EEETHE2-1, ATERRIGERNEST

@

[n0052]

The signal acquisition system 3 is used to acquire temperature, voltage, and current signals
during the reaction process and transmit them to the central control system 1. The signal
acquisition system 3 includes an infrared thermometer 3-1 and a voltage and current sensor 3-
2. The infrared thermometer 3-1 is embedded in the top groove of the vacuum chamber 2-1 in
the vacuum system and is connected to the central control system 1. The voltage and current
sensor 3-2 can measure the voltage on both sides of the sample and the current passing
through the sample, and thus measure the resistance value of the sample. The voltage and
current sensor 3-2 is also connected to the two copper electrodes 5-6 of the tubular rotary

reaction device and the central control system 1.

EEXRERAGBATRERNIEFIRE. BE. BRAES, AREEREFREHRSL, E5
RERYIBEBLINWENI-1. BEMEBREHE3-2, AINRNI-IBRANBEZERGHETFE2-1HY
TERMIEZ R, SHhRITFIRGIAEE, EMEREREE3- 20T LN L @M MR B EMES Y
BOR, SEMA LU mAvEBrR(E, BEMERE REE3-2ENERETUIeR R N E BRI 1R R

5-6 5 RITHIRSL;
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[n0053]

Power supply system 4 is used to provide electrical energy to tubular rotary reactor 5. Power

supply system 4 is connected to tubular rotary reactor 5 and central control system 1.

HERFIBTHENIRE RNEESREBEE, HERFRIERERERVEERS. PRIEHFH RS

1;

[n0054]

The tubular rotary reaction device 5 includes a base plate 5-1, a slide rail 5-2, a double-ended
stud 5-3, a double-ended stud fixing device 5-4, an electrode fixing device 5-5, a copper
electrode 5-6, a transmission fixing device 5-4, an inner and outer tube fixing device 5-8, an
inner tube 5-9, an outer tube 5-10, an inductor coil 5-11, and an inductor coil fixing device 5-

12.

BN RN EESEIERRS-1. BI5-2. BCELIBAES-3. WEkBHEETEEES-4. BIRETEREES-
5. $FEEMR5-6. EEIETEEES-4. NINEETEES-8. NES-9. IMES-10. HBRELZLES-11. B

ZEEEEES-12;

[n0055]
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The base plate 5-1 is used to support other components in the tubular rotary reaction device 5
and is bonded to the slide rail 5-2 and the double-headed stud fixing device 5-4. The base

plate 5-1 is made of wood, but the material can be selected according to actual needs.

FRIRS- 1A FAHE N R N EESFEMERM:, 5/835-2. MKEFEIEEES-4BEHME, K

R5-1AKS, BARIELRFEEEEM;

[n0056]

The slide rail 5-2 allows the electrode fixing device 5-5 to slide within a certain range,
preventing the electrode fixing device 5-5 from falling off the slide rail 5-2 and from colliding

with the transmission fixing device 5-7 and the inner and outer tube fixing device 5-8.

BIS-2EBREERES-STE—ECERNER, EERREERE-STENBINS-2FHEET ESE

HEEREES-T. NIMNERIEEES-8MRIE;

[n0057]

The double-ended stud 5-3 is used to control the position of the electrode fixing device 5-5.

The geometric orientation of the double-ended stud 5-3 is fixed by the double-ended stud
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fixing device 5-4. The two ends of the double-ended stud 5-3 have threads in different
directions, which mesh with the left and right electrode fixing devices 5-5 respectively. It can

rotate under the drive of the motor 5-7-2 inside the transmission fixing device.

MEKERAES- 3 F b AR E E R E S-SRI E, XSKIBAES-3RY L1175 11 R WK AR 1T (B e 5 B 5-4 PR [E]
E, VEKBEES-3MmAA A BEARERMEY, D3 TFAEARITEREEREES-SHEERS, EEEIERE

H BRI EBES-7-289 50 T oI LUEEE

[n0058]

The electrode fixing device 5-5 is used to fix the copper electrode 5-6. It consists of a
trapezoidal bracket 5-5-1, a fan-shaped chuck 5-5-2, a handle 5-5-3, and a spring 5-5-4. By
rotating the handle 5-5-3, the precise height of the copper electrode 5-6 can be adjusted so

that the copper electrode 5-6 and the inner tube 5-9 remain coaxial.

BIREEREES-SATEIEfHER5-6, BIFAZXER5-5-1. B, R&E5-5-2. FAK5-5-3. #EE5-5-44

Y, B FEIFNS-5-3, FIEATIRERS-6BEHEE, EHBER5-65RES-IREFFEMD;

[n0059]

The transmission fixing device 5-7 consists of a fixed bracket 5-7-1, a motor 5-7-2, and a

bearing 5-7-3. The bearing 5-7-3 is embedded in the round hole at the top of the fixed bracket.
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The motor 5-7-2 is located inside the fixed bracket 5-7-1. The transmission fixing device 5-7
can completely fix the outer tube 5-10 and make the inner tube 5-9 rotate axially under the

drive of the motor 5-7-2.

BB RES-THEIEZER5-7-1. Bohil5-7-2. HAS-7-3405K, HAS-7-3MMANEEZ R LEE
fLZH, BEN5-T-20 I FEEZER5-T-1788, EZEERES-TAEINES-10T2BIE, HERE

5-97E EBENL5-T- 209 oh AR ARl

[n0060]

The inner and outer tube fixing device 5-8 consists of a fixing bracket 5-7-1 and a bearing 5-7-
3. The bearing 5-7-3 is embedded in the round hole at the top of the fixing bracket 5-7-1. The
bearing 5-7-3 in the inner and outer tube fixing device is at the same height and coaxial with
the bearing 5-7-3 in the transmission fixing device. The inner tube 5-9 is used to place the
sample and serves as the actual reaction site of the sample. It is made of quartz. Both ends of
the inner tube 5-9 are embedded in two horizontal bearings 5-7-3 on both sides. Both ends of
the outer tube 5-10 are embedded in the arc-shaped grooves of the transmission fixing device

5-7 and the inner and outer tube fixing device 5-8, respectively.

RINERBIEREES-8HEE 2 S5-7-1. HAK5-7-340R%, 3HAS-7-3M NEEZ55-7-1 EEMEFLZ

&, RINERBIEREEFRVHAS-T-35EHEEXREMAS-T-30FR—=EBRMD, RES-9ORT
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MEEHm, FAFmIERRNAZEN, MEAER, RNES-IMimER NN NH#&S-7-3

N, IMES-10MIR DA BRNZEIEERES-7. NIMNEREREES-8HINFZMIEZH;

[n0061]

Inductor coil 5-11 is used to generate plasma, and inductor coil fixing device 5-12 is used to fix
inductor coil 5-11. Its two ends are respectively connected to transmission fixing device 5-7

and inner and outer tube fixing device 5-8.

BREAES-1IATFEFEF, BEREBEEERES-12ATREAES-11NEE, ERinsd 3%z

FHEEEES-TSAIMNERIEEES-S,

[n0062]

A specific process for a plasma-assisted flash Joule heating method for preparing graphene

includes the following steps:

—MEBEFHRBAEREEAGIEA2GRINEE LG EZNERRIE, SEUTIR.

[n0063]

Step 1: Weigh 0.1g of carbon black.
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TBR— FREX0.1g7E.

[n0064]

Step 2: Place the carbon black into the middle of the inner tube of the tubular rotary reactor.

TR BREBNENIER RNEENAEREIIE,

[n0065]

Step 3: Move the electrode fixing device to both sides, put the copper electrode into the
electrode fixing device, and adjust the height of the copper electrode by rotating the handle

to make it coaxial with the inner tube.

TR=. FBEREEREEHERN, FFEBRBANEREERETR, Bt FRETRERNS

TE‘_, FZz5RERMIC

[n0066]

Step 4: Place the tubular rotary reaction apparatus into the vacuum chamber, turn on the
infrared thermometer, and adjust the position of the tubular rotary reaction apparatus so that
the light spot of the infrared thermometer passes through the outer tube and illuminates the

middle position of the inner tube, so as to measure the temperature of the reaction sample.
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SR ENRERNEEMNETES, FTHIINNERN, PFRENRERNEENMUE, FI5h

MRNAERETINE, RETEAERHBMUE, AN RN FmEERNE,

[n0067]

Step 5: Open the exhaust valve on the outer wall of the vacuum chamber that connects to the
vacuum pump, close the exhaust valve on the outer wall of the vacuum chamber that
connects to the outside, close and lock the vacuum chamber door, start the vacuum pump,
and turn off the vacuum pump when the pressure reaches about 10 mmHg. Then close the

exhaust valve connected to the vacuum pump.

\

TRA: IIARTRIINESETRBENAINE, XARTHEINESINTRERHNIR, REAFDE

BT, BHHETR, BENIOMmHgXAATR, XA5ETREENHSE,

[n0068]

Step Six: By issuing commands through the central control system, high-frequency alternating
current is supplied to the inductor coils in the tubular rotary reactor using the power supply

system to generate plasma.
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SEN BERRERIRFEMMNGES, FRAHBRI N E e kN EE R BREBRESINON

B, FEFEFE

[n0069]

Step 7: By issuing a command through the central control system, the power supply system
supplies power to the motor of the tubular rotary reactor, causing the inner tube containing
the powder sample to rotate for a period of time, so that the powder sample can come into

full contact with the plasma.

TRE: BERRIEFRIRFEMNG S, FMAHRBRENENRE REENEYIHE, EREHK

BN EIER AR —KRATE, MARFMAISFEF AT ER,

[n0070]

Step 8: Stop supplying power to the inductor coil of the tubular rotary reactor, and use the
power supply system to supply power to the motor of the tubular rotary reactor. Push the
clamping device to press the electrodes at both ends together. When the resistance is

adjusted to about 1 ohm by controlling the pressure, stop supplying power to the motor.

SR\ FIENENRE RNEERNEREEMRE, FRHBRANENIRE RNEER BT

B, HEEZREERMREBERESR, BIizEDRZEBEZEINEAGR, FIEXBENIHE,
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[n0071]

Step 9: Input the corresponding parameters of flash Joule heating into the central control
system, and issue a command to the power supply system through the central control system
to supply power to the copper electrodes in the tubular rotary reactor. The sample is
instantaneously heated by Joule heating at 120V, so that the sample rises to a high
temperature of about 3000°C within 0.1 seconds and cools to room temperature at an

extremely fast rate.

TEN: BRRZFEIRGHMNNREEANEN S, BdPREFHRFENEBRSEEMNG S, it
BRI EIRE R NEEPRIIRAERME, F120VEETNEFRHAITHRENEEMR, EERE

0.1FRFAZELI3000°CHIEIR, HIURRIEE LNEER,

[n0072]

Step 10: Turn off the power supply system and observe the sample temperature measured by
the infrared thermometer. When the temperature reaches about 25°C, open the exhaust valve
on one side of the vacuum chamber that connects to the outside. When the air pressure inside
the vacuum chamber is balanced with the outside air pressure, open the vacuum chamber

door and then take out the sample.
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TB+: XAMBERY, WRLINRNFRNLAEREE, HREEEIN25°CH, IFESHE—

MSSNRBERHSE, FETHERRESINTUEBFERITARETER], BEEREED.
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