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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

or financial decisions, should not be based on machine-translation output.

DESCRIPTION CN115318219A

Needle electrode discharge tube and Joule heating equipment suitable for flash Joule heating

process

ERARFEEMATZHHREBRREBEREEMRILE

[0001]

Technical Field
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ARG

[n0001]

This invention belongs to the field of electrical equipment technology, specifically relating to
a needle electrode discharge tube and a Joule heating device suitable for flash Joule heating

process.

FERPABTHEIKERATE, BESTLR—MERNNEENATIZHRERMBEREEMMRIL

o

[0003]

Background Technology

BREEA

[n0002]

Rice University has developed a new process that can extract valuable metals from electronic

waste.
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FETRFF LN —FE T2 UM B FEYPRIENENERE.
This process, known as flash Joule heating, consumes 500 times less energy than current

methods.

XTI R AASCEE R, HaedEt H717575K50015,
Flash Joule heating was originally developed using graphene produced from carbon from

sources such as waste food.

Nt EEMARY 2 AEY 8 mIFKRMIRP =LA EF.

However, Rice's researchers modified the methods for recovering minerals such as sodium,
platinum, gold, and silver from electronic waste. The method works by heating electronic
waste to a temperature of 3,400 Kelvin (5,660 degrees Fahrenheit). This involves the high-
temperature evaporation of metal. Then, the gas is transported from the flash chamber to the
cold trap through a vacuum. Once inside the cold trap, the metallic gas will condense back
into the solid metal. The recycled metal mixture in the trap can then be further purified to

produce individual metals.

PAM, RUTBIRARARIAR T MEFEY)REURE MR TE, M. 5. MR &I ENTIE

[RIBZREFEYMAZIZ, 400/RX (5, 660%EKE) FrE. XMSRELAER. AR, SUE
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HEMNNFEEREELEMT. —BENLEH, ERSERIRELEFERET. A5, A

—TRERPNEREREEY), UFEEITER,

[n0003]

In addition to recovering metals from electronic waste, researchers have also found that the
flash Joule reaction reduces the lead concentration in charred remains to below 0.05 parts

per million.

fR 7 MBFEYIFTERERIEREI, HRAREELR, REERMEFRENSEZPEREREIES
5320.054 o

This is a safe enough level to dispose of waste in agricultural soil. The levels of other toxic
metals, such as arsenic and mercury, can also be reduced by using additional flashes. Since
each flash lasts less than a second, this can be done quickly. This process can transform a
major source of toxic waste into a useful resource, turning the largest source of waste into a
treasure trove. This will reduce the need to mine ores from remote and dangerous locations,

strip the earth's surface, and exploit vast amounts of water resources.
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XR— T RBREMKE, ALREYLEERI+EF, HthEFSERE (WHMK) WEEWA
OB ERERIMYRICRF R, BTFSNACITHEAE -, XAURERHT, X IR LR
EERYNEERFRLENERNAR, EXESANEYIREEN T ER, XD MRIZH B

WG ARFR. FEMKKRENFAREKERNLENLE,

[n0004]

For applications using flash Joule heating to produce graphene from various carbon sources,
existing technologies lack discharge tubes capable of mass production of graphene, and lack
Joule heating equipment that can ensure the continuous discharge efficiency of the discharge
tubes. Traditional Joule heating equipment is difficult to reach temperatures above 3000K
instantaneously, and the discharge energy, discharge voltage, and discharge time are

uncontrollable, making it difficult to monitor the discharge temperature.

HUFABAAEEMATLZRMSHORE~AZHENGT S, WERATRIVEZEHEMHEESTE
BRVREEE, ROEEBRENBEESNEBLFNRNEENRLE, SHREEMPRILEEESE

REI3000KLAERYRE, BMERRE. MERE. MEREAREE, KREEEMEUEN.

[0007]

Summary of the Invention
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RARE

[n0005]

The purpose of this invention is to overcome at least one of the above-mentioned problems
existing in the prior art and to provide a needle electrode discharge tube and a Joule heating

device suitable for flash Joule heating process.

FERPNBNETFRRED—INIERAFEEN LREH, RE—ERACEBMATIZRHR

BIRREEREEMNRILE.

[n0006]

To achieve the above-mentioned technical objectives and effects, the present invention is

implemented through the following technical solution:

AR EREARBR, KE EREANR, FEAASEIUTRAGTERSENR:

[0010]

This invention provides a needle-shaped electrode discharge tube suitable for flash Joule
heating technology. The needle-shaped electrode discharge tube includes an upper

electrode, an upper tube body, a lower tube body, and a lower electrode. Both the upper and
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lower tube bodies are open tube bodies, and the outer diameter of the upper tube body
matches the inner diameter of the lower tube body. The upper electrode is installed at the
end of the upper tube body away from the opening, and the lower electrode is installed at the
end of the lower tube body away from the opening. Each of the upper and lower electrodes
has a plurality of needle-shaped electrodes evenly distributed circumferentially in the portion
of its respective tube body. The positions of the needle-shaped electrodes in the upper and

lower electrodes are staggered.

KRRPRE—MERANCEEMATZHHREBERNEBE, ZIPRBRNBERE LER. EEH.
TEFNTER, i EEEMTERIAAOER, B LEFNIMEES TEFNRNIZEEES, i
R EERMUTFIREFONRBRES LB, FIR TEFRITZEAONRRRES TER, Fdt
Bik. TERSBEUTHAEEXRPRITAEETERARIIDHAVEHIRER, P EBRk. TEIK

FRFHREBRA ERE E

[n0007]

Furthermore, in the needle electrode discharge tube applicable to the flash Joule heating
process described above, both the upper tube body and the lower tube body are ceramic

tubes.

H—H, ERERRNNEEMATZHNHREBRNEBESR, MR EERNTERYNEEE,
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[n0008]

Furthermore, in the needle electrode discharge tube applicable to the flash Joule heating

process described above, the needle electrode is a platinum electrode.

HE—Di, ERERACEEMATZHIHRBRREBER, FrdRsHREIRIHER,

[n0009]

The present invention also provides a Joule heating device applicable to the flash Joule
heating process, characterized in that: the Joule heating device includes a trolley frame, and a

parallel capacitor bank is installed in the lower layer inside the trolley frame;

REAERE—MERNFEEMALZNEEMRKE, HFEET: ZEENRSSEEHEER

MZR, FrRETNZRAS T EREEHEKEREA;

[0014]

The trolley-type frame has a vacuum pump, a DC contactor, an adjustable power inductor, a
power resistor, a freewheeling diode, a thyristor rectifier power supply, and a low-voltage
switching power supply installed in its middle layer. One end of the DC contactor's electrode

is connected to the positive terminal of a parallel capacitor bank via a wire, and the other end
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is connected to the adjustable power inductor via a wire. The adjustable power inductoris a
power inductor whose inductance is adjustable according to the discharge time requirement,
and a power resistor and a freewheeling diode protection circuit are connected in parallel at

both ends.

FIREET SRR FEREEET R, BEAEME. AIRRER. IRER. R RE. fiE

FREMERNREFXBIR; FRRBEREARSENER— SLSHEXBRANEREER, 5—

i@ S5 AIEIRBRRERE; Frd e iAThER BRI BRERERENBIZERAIANIIRER, &

ImHEX BB, SR _IRERIFEBE;

[0015]

The upper layer inside the trolley-type frame is equipped with a vacuum experimental
chamber, and needle-shaped electrode discharge tubes are installed inside the vacuum

experimental chamber via discharge clamps.

PRREZEINIZRAR LEREERET RN, PRARETRNEAEIBET NEBERARER HAERNE
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Furthermore, in the Joule heating device applicable to the flash Joule heating process
described above, a discharge resistor is installed in parallel on each electrode of the parallel
capacitor bank, the negative terminal of the parallel capacitor bank is connected to the
negative terminal interface of the vacuum experimental chamber by a wire, and the output
terminal of the adjustable power inductor is connected to the positive terminal interface of

the vacuum experimental chamber by a wire.

H—H, ERERANCEEMATZHNEEMMLES, AAAKERTENS—BREHRKRER
MILEEFE, FridHEXEBAARNMIRASLAERERTRIOMRRNARED, FrdrlEThER BRI ik

MSLEEEAETREMRNIERED,

[n0011]

Furthermore, in the Joule heating equipment applicable to the flash Joule heating process
described above, the vacuum pump is connected to the top cover of the vacuum experimental
chamber via a vacuum pipeline, the vacuum pump provides a vacuum environment inside the
vacuum experimental chamber, and the top cover of the vacuum experimental chamber is

equipped with a vacuum pressure gauge and an air inlet valve.

16-01-2026 - Page 10



HE—IH, ERERANEEMATZHEEMMLES, MAETRARTEREREETRIM
MWEE, MAETSRAETENAABREETHE, FIRETERAN EERRERETEIRNH

o

[n0012]

Furthermore, in the Joule heating equipment applicable to the flash Joule heating process
described above, the thyristor rectifier power supply provides charging current for the parallel
capacitor bank, and the low-voltage switching power supply provides control power for the

entire equipment.

H—TH, ERERANNEBEMATZHNEEMALET, FRaizEERERAHKERHIRMER

BBE, FIRREFRERABMLEREESEIR;

[0019]

The upper back of the trolley-type frame is equipped with a circuit breaker, voltmeter,
ammeter and indicator light, and the lower back of the trolley-type frame is equipped with a

fast discharge switch, dual remote control switch and potentiometer.

PR ZEIUHIZR BB LA R BMigds. BER. BRAKRNETIT, M EEINRES THRER

PORBEBFFR. WER R XM B2 ;
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[0020]

The circuit breaker provides power supply switching for the entire equipment; the voltmeter
is connected in parallel across the parallel capacitor bank to measure the voltage of the

parallel capacitor bank.

PRRBTERZZ N B Mg SR EBEEET; FMABERAKTHEXRTAMK, BT NEHKESAER

E;

[0021]

The ammeter is connected in series with the output terminal of the thyristor rectifier power
supply and is used to measure the charging current of the thyristor rectifier power supply to

the parallel capacitor bank.

PR RR BT AR AR R LR, BTNEREEERERNHEXEFHNTEER;

[0022]

The indicator light is a small incandescent lamp connected in parallel to the two poles of the
parallel capacitor bank to assist in indicating the energy storage status of the parallel

capacitor bank.
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PRRETRAT NI IRLT, HEXTHEXRBEMK, MEsRHRKEBERAEEFMEIBE .

[n0013]

Furthermore, in the Joule heating device applicable to the flash Joule heating process
described above, the fast discharge switch is connected in series with a power resistor, and
the fast discharge switch is connected to the two poles of the parallel capacitor bank to

quickly release the remaining electrical energy in the parallel capacitor bank.

H—H, ERERRNNCEEMATZHNEEMMLES, FIRREREFRBHKENREME, Frt

REREFRERTHKBEAMKR, BTRERBHKBEATFREVEEE;

[0024]

One of the dual-channel remote control switches is connected to the power supply interface
of the thyristor rectifier power supply to control the start and stop of the thyristor rectifier
power supply, and the other is connected to the control terminal of the DC contactor to

control the on and off of the DC contactor.

PR E T T R E P —RIER T rAEEERERAOMHERD, BTEHAEEERERNEE, 5
—EER T EREARSRETR, BT EREARZRa0mEEan;
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[0025]

The potentiometer is connected to the control interface of the thyristor rectifier power supply

and is used to control the output current of the thyristor rectifier power supply.

PRI SRERE T AT M BEIRAVIEHEIEO, BT el EOm s IRAY R A/

[n0014]

Furthermore, in the Joule heating equipment applicable to the flash Joule heating process
described above, the discharge fixture consists of a base plate, a slider, a screw bracket, a
copper screw, and a spring. The slider is mounted on the base plate and can slide freely left
and right on the base plate and lock at any position. A screw bracket is fixed on the slider, and
a copper screw is mounted on the screw bracket. A spring is mounted on the copper screw.
The copper screw has a symmetrical structure and carries a needle-shaped electrode

discharge tube in the middle.

H—, ERERRNNEEMATZHNEEMMLES, FrRREBERARER. BR. BISZEE.
IRMRETAIEE AR, FIRRIR ELRREBIR, FMAEREBERIR EAABRBMHEBEESME
PilE, FRBIR EEIERBEIXR, FIRBEI R LG HET], FMAIRT] L 2EFHE, ik

BT AERNMEN, REEFETHRBRNEE.
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[n0015]

Furthermore, in the Joule heating equipment applicable to the flash Joule heating process
described above, the Joule heating equipment is equipped with a capacitor energy storage
inductor power control system for ensuring continuous discharge efficiency. The capacitor
energy storage inductor power control system includes a thyristor rectifier power supply, a
thyristor controller, an anti-reverse diode a, an optocoupler a, an adjustable power inductor,
an inverter power controller, a needle electrode discharge tube, an optocoupler b, an anti-

reverse diode b, and a capacitor bank.

HE—IH, ERERACEEMATZHEEMMLES, FMAEREMRIRERE R TREESME
TRRERNBAERBRINRITE RS, FIREAHEERRNRITH ARG BEAITEEREIR, 7T
EERIEE. R IkEa. JSABGEFXa. FIAREBR. PTEREH SR sHRBIREREBE. 7

WmEFXRb. BIRA-IREbMERAE;

[0028]

The thyristor rectifier power supply is connected to AC mains power, and the rectifier output
is controlled by the thyristor controller to supply power to the capacitor bank; the capacitor

bank discharges the needle electrode discharge tube through a series adjustable power
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inductor, and the adjustable power inductor can adjust the inductive reactance to control the
discharge time. The capacitor bank controls the power by adjusting the capacitance and the

charging voltage.

FRAeT R EREA AT E, HAEEEHSSITHE R AR ARE; FridEF A Ed S
EXRYRIATHER BN PR EBRR B EH#ITIRE, PMARNEIIERBREEEEE R A/ NS B

8], FIABRABIAERE. TEEENSRIEEREIERITHE

[0029]

The inverter power controller can feed the energy stored after the power inductor is working

back to the thyristor rectifier power supply for the next capacitor energy storage.

PR T HE R SR A I8 G Th R R TR /e R RV RE 2 MR Al izt BOR R IR A T TR B hEEE,

[n0016]

The beneficial effects of this invention are:

RREBNEmMRE !

[0031]
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1. The needle-shaped electrode discharge tube provided by the presentinvention has a
reasonable structural design. The discharge tube is mainly composed of two ceramic tubes,
upper and lower. The outer wall of the upper tube can be embedded in the inner wall of the
lower tube to form a working discharge space. The upper and lower detachable structure is
conducive to rapid loading and unloading. The electrode in the discharge tube is a needle-
shaped platinum electrode. With the help of a capacitor bank, high-voltage discharge can be

achieved, and the temperature can reach more than 3000K in milliseconds.

1. ARBARHVTPRERBEESHSITEIE, HNBEEXEHA L TR IEEERAR, LERFIH
Er LA N EFRNELRTFMETE, ETHRADNEHENFRER DR, HBERNBRA

TR, EESRASRARLISERBEZMBIAE LUAZI3000K ERRE,

[n0017]

2. The Joule heating device provided by this invention is an ultra-high voltage discharge
heating device, which has the characteristics of controllable discharge energy, discharge
voltage and discharge time, and can measure discharge time and discharge temperature. The
whole process is automatically controlled or manually remote controlled, and the electrical
performance is safe. Compared with traditional Joule heating devices, the device has better
safety and controllability, which provides a guarantee for the batch, stable and controllable

preparation of graphene.
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2. SRPRENSEENRIKENESEEREMMILE, BEREEE. WEBE. KERERE
=, AETUERENENRERE, 2IEEMLERRALERES, BS%eRe, B

SEENMRIRE, ’RERSUNTEMNEL, AftEN. REFEHEASBHREM 7RI

[n0018]

3. The discharge clamp of the Joule heating device of the present invention is reasonably
designed. Before use, disconnect all power supplies, check the voltmeter and indicator lights,

and ensure that the capacitor is in an uncharged state.

3. ARBEEMMSENREREISTRIE, EARKMARERER, REBERNIETLT, RIE
BALTFRAERRS.

The target reactant (carbon source) is loaded into the needle electrode discharge tube. The
needle electrode discharge tube is placed in the middle of the discharge fixture. The slider
spacing is adjusted, and the two ends are held in place by copper screw heads. The springis in

a properly compressed state.

EHRERMEBERENERREY) R , BiPRERRBEEETRERARE, HEBRE

BB, FASHBITKINERR, BELTEIERRS.
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Place the discharge fixture in the vacuum experimental chamber, connect the two copper
screws to the positive and negative electrodes in the experimental chamber with wires, and

close the top cover.

RREXEETETLNMT, BRKFZELASHERELNMRPNENBR, T LE,
Close the air inlet valve, connect the power supply to the equipment, turn on the circuit

breaker, and turn on the vacuum pump.

KAFESIE, BBIREEIR, HEhReE, FTAESER
Observe the vacuum gauge reading and turn off the vacuum pump after the vacuum is

reached.

M|EERIET, FHAZEETSRKSEXRHARER

'-||

Turn on the first remote control switch to connect the thyristor rectifier power supply to

charge the capacitor.

RS —BREEX, B@AHITHERERNBEETE,
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By observing the ammeter and voltmeter, the charging current can be adjusted using a

potentiometer.

MEREMRMEER, AIABASREAZETBERA,.
After charging to the target voltage, turn off the first remote control switch and disconnect the

thyristor rectifier power supply.

FrBEEMBEER, XAF—HBETHX, WHATIEEEREIR,
Turn on the second remote control switch to connect the DC contactor and instantly perform
Joule discharge on the target reactant (carbon source). After the reaction is complete, turn off

the second remote control switch and disconnect the DC contactor.

IS ZREE X, HBERERes, RENEmREY) (R #E#TEERE, RNTTHEXH
FETRREIETX, MR REMES.

After shutting off the circuit breaker and opening the air inlet valve, wait for the pressure
inside the vacuum test chamber to balance with the external pressure before opening the top

cover and taking out the discharge clamp.
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XiAUTEEES, FTAHSRFETZRMERNEAMNINBFEEE, FTHLSE, BUHKREBEEE,
Release the slider, remove the needle-shaped electrode discharge tube, and obtain the

prepared graphene.

FFER, BHIPREBRKNEE, [EGETFNaERK,

[n0019]

Of course, any product implementing this invention does not necessarily need to achieve all

of the above advantages at the same time.

B, EHARANE—FmAAR—EFRTEBINEE U LA R,

[0035]

Attached Figure Description

Py ET35E B

[n0020]
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To more clearly illustrate the technical solutions of the embodiments of the present invention,
the accompanying drawings used in the description of the embodiments will be briefly
introduced below. Obviously, the drawings described below are only some embodiments of
the present invention. For those skilled in the art, other drawings can be obtained based on

these drawings without creative effort.

AT EFRMR AR LBALEOINRATL SR, TEFXN LR REEERRME (FE RN E,
EM&z R, TEEAFMENNEARRAN -5, XFAMAEBRAAREH, TG

eSS BAIRE ) & r] LURIEX LM E RS H AR M EL.

[n0021]

Figure 1 is a schematic diagram of the needle-shaped electrode discharge tube in this

invention;

BEl1AELZBARIHRERREENEHRRE;

[0038]

Figure 2 is a front view schematic diagram of the Joule heating device in this invention;
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B2 & B B IAG & I T,

[0039]

Figure 3 is a side view of the Joule heating device in this invention;

B3 A4 &R EE MM &N REE;

[0040]

Figure 4 is a schematic diagram of the discharge fixture in this invention;

B4 4 A& BRRM B R ANENTREE;

[0041]

Figure 5 is a block diagram of the capacitor energy storage inductor power control system in

this invention;

EI5 4 A& BAR B AL BRI R ITHI RSBV A RER;

[0042]

The attached diagram lists the components represented by each number as follows:
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B, BIRSARCRIEAFIRNT:

[0043]

01-Trolley-type frame, 02-Parallel capacitor bank, 03-Vacuum pump, 04-DC contactor, 05-
Adjustable power inductor, 06-Power resistor, 07-Freewheeling diode, 08-SCR rectifier power
supply, 09-Low-voltage switching power supply, 10-Vacuum experimental chamber, 11-
Discharge clamp, 12-Bleeding resistor, 13-Negative interface, 14-Vacuum tubing, 15-Vacuum
pressure gauge, 16-Inlet valve, 17-Positive 18-Circuit breaker, 19-Voltmeter, 20-Ammeter, 21-
Indicator light, 22-Fast discharge switch, 23-Dual remote control switch, 24-
Polypotentiometer, 25-Base plate, 26-Slider, 27-Screw bracket, 28-Copper screw, 29-Spring,
30-Needle-shaped electrode discharge tube, 301-Upper electrode, 302-Upper tube body, 303-

Lower tube body, 304-Lower electrode, 305-Needle-shaped electrode.

01-HEZETMIZR, 02-HEXEBAH, 03-HE=R, 04-ERiER2E, 05-AIFTHERER, 06-IH=EE[E,
07-ZUR—IRE, 08-FIFHEEMEBIR, 09-REFXEIR, 10-HEXLEA, 11-MERXRE, 12-HKE
fH, 13-fatkiEO, 14-ETEK, BTENR, 16-#HSIRA, 17-EREO, 18-#iikas, 19-8BE
&, 20-HRE&R, 214647, 22-REMEFXR, 23-WEREILAX, 24-8B1I88, 25- KR, 26-&
R, 27-9BFTZ2R, 28-3@#RF], 29-3%, 30-FPIRERMEE, 301- LBK, 302-LEK, 303-T&

&, 304-TEEMR, 305-FHREBK.
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[0044]

Detailed Implementation

BiAELERl

[n0022]

The technical solutions of the present invention will be clearly and completely described
below with reference to the accompanying drawings of the embodiments of the present
invention. Obviously, the described embodiments are only some embodiments of the present

invention, and not all embodiments.

TERESRNRALEGIFME, NARASHGIFNRASTZHITER. TBMER, B4,
EIRR SSRGS A R EA—E8 5 L, MAE2ERRISSHEG,

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

invention.
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BTARRPAFRILES, SMAEERAARTLEFHENERSEIARE TAARSHFIEEE LN

51, &R/ T A A&BRRIFBISERE,

[n0023]

Example 1

SEhtEf—

[0047]

As shown in Figure 1, this embodiment provides a needle-shaped electrode discharge tube
suitable for flash Joule heating process. The needle-shaped electrode discharge tube 30
includes an upper electrode 301, an upper tube body 302, a lower tube body 303, and a lower
electrode 304. Both the upper tube body 302 and the lower tube body 303 are open tube
bodies, and the outer diameter of the upper tube body 302 and the inner diameter of the
lower tube body 303 are matched. The upper electrode 301 is installed at the end of the upper
tube body 302 away from the opening, and the lower electrode 304 is installed at the end of
the lower tube body 303 away from the opening. Each of the upper electrode 301 and the

lower electrode 304 has a plurality of needle-shaped electrodes 305 that are uniformly
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distributed in a circumferential direction in the part of its respective tube body. The positions
of the needle-shaped electrodes 305 in the upper electrode 301 and the lower electrode 304

are staggered.

SNELFR, AKEFHRE—MERANNEEMAT ZHNHRERKEBEE, ZIPRBRREE3I0EE
FEBIR301. EEA302. TEA303FTEK304, EEEXR302F TEX3I0IAFAOER, B LERK
302099MES TEMIMNAFEERS, LEAR302UTFZEAONIRERER LEKR301, TERX
30U TFZEA OIS L EE FTHER304, EEIKR301. TERIM4ZBEATREEFRFEHOTHRE

ETE2RAMHIHHAVFHIRER305, £EKR301. TEKR304FHFHREBIR305UEHEEEF

[n0024]

In this embodiment, both the upper tube 302 and the lower tube 303 are ceramic tubes.

LGP, EEER302MTEAR30IABEE.

[n0025]

In this embodiment, the needle electrode 305 is a platinum electrode.

ASEREFIFR, $HRER305 5B R,
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[n0026]

In this embodiment, the outer wall of the upper tube 302 can be embedded in the inner wall of
the lower tube 303 to form a working discharge space. The detachable upper and lower

structure design is conducive to rapid loading and unloading.

AR, LEA3025MER AR T EA303NER AT EMETIE, L TFHARNNERILITEF

FHREFEFHEF

[n0027]

Example 2

SShEI —

[0052]

As shown in Figures 2 and 3, this embodiment provides a Joule heating device suitable for
flash Joule heating process. The Joule heating device includes a trolley frame 01, and a

parallel capacitor bank 02 is installed in the lower layer inside the trolley frame 01.
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SNERMEZFR, AKMFRHE—INERNAEEMATZNEEMMLE, ZEBNRIREERE

HWZETNIZR01, HEDTNZR0IA TRLEEEHEKEEH02,

[n0028]

The trolley-type frame 01 houses a vacuum pump 03, a DC contactor 04, an adjustable power
inductor 05, a power resistor 06, a freewheeling diode 07, a thyristor rectifier power supply 08,
and a low-voltage switching power supply 09 in its middle layer. One end of the DC contactor
04 is connected to the positive terminal of the parallel capacitor bank 02 via a wire, and the
other end is connected to the adjustable power inductor 05 via a wire. The adjustable power
inductor 05 is a power inductor whose inductance is adjustable according to the discharge
time requirement, and a power resistor 06 and a freewheeling diode 07 are connected in

parallel across its two ends for protection circuitry.

\

HEIWIROIAMBFELEEETR03. B304, AIATNRBRR05. HXREBFE06. LUK

BEO07. FIEERARIROSTREF XEIR09; EEMIZ04NER—InEIFLSHEKBEEH2H

IEREERE, 5—imBdFES5rETERERR0SERE; AFRBRSHBRERFEREIEER

AIARIHREBR, MimHEKENRBHE06. SR IRETRIF R,

[n0029]
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The upper part of the trolley-type frame 01 is equipped with a vacuum test chamber 10, and a
needle-shaped electrode discharge tube 30 is installed inside the vacuum test chamber 10

through a discharge clamp 11.

HENRIAMB LEREFETLHAML0, ETLIMIONEHEIHERALIILEEGFHRERK

BHE30,

[n0030]

In this embodiment, a discharge resistor 12 is installed in parallel on each electrode of the
parallel capacitor bank 02. The negative terminal of the parallel capacitor bank 02 is
connected to the negative terminal interface 13 of the vacuum experimental chamber 10 by a
wire. The output terminal of the adjustable power inductor 05 is connected to the positive

terminal interface 17 of the vacuum experimental chamber 10 by a wire.

ASEHEFIR, HEREFALANE—BIR EHERRERMKEBHEL2, HEXEFHNNIRMAFLER

BT R0AR1089MAREO13, mIiETIERERKOSHH hinM FLAERERT KM 1009 EREO

[n0031]
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In this embodiment, the vacuum pump 03 is connected to the top cover of the vacuum test
chamber 10 via the vacuum pipeline 14. The vacuum pump 03 provides a vacuum
environment inside the vacuum test chamber 10. The top cover of the vacuum test chamber

10 is equipped with a vacuum pressure gauge 15 and an air inlet valve 16.
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[n0032]

In this embodiment, the thyristor rectifier power supply 08 provides charging current for the
parallel capacitor bank 02, and the low-voltage switching power supply 09 provides control

power for the entire device.

ARSI, AHEEEREIROSNHEXERH2RMFTEER, REFXBROINBMRERMAE
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[0058]
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The upper back of the trolley rack 01 is equipped with a circuit breaker 18, a voltmeter 19, an
ammeter 20 and an indicator light 21, and the lower back of the trolley rack 01 is equipped
with a fast discharge switch 22, a dual-channel remote control switch 23 and a potentiometer

24.

HENEZR01E I LA RERAMEKEE18. BERLI. BAR20MIETIT2L, HEANEEIEHTA

LEAREREBEFFR22. WEREEFFR23ME(I2824;

[0059]

Circuit breaker 18 provides power supply switching for the entire equipment; voltmeter 19 is
connected in parallel across the parallel capacitor bank 02 to measure the voltage of the

parallel capacitor bank 02.

HTERER 18 N B MR BIRME @R, BERIIHKTHEXERHO2LMK, AT NEHKEEH2E

E;

[0060]

Ammeter 20 is connected in series with the output terminal of the thyristor rectifier power
supply 08 to measure the charging current of the thyristor rectifier power supply 08 to the

parallel capacitor bank 02.
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[0061]

Indicator light 21 is a small incandescent lamp connected in parallel to the two poles of
parallel capacitor bank 02 to assist in indicating the energy storage status of parallel capacitor

bank 02.

WERT219/0 B BIRET, HEXTHEXBRRLH02MR, HBNERHEKERH2REEFMHEE .

[n0033]

In this embodiment, the fast discharge switch 22 is connected in series with a power resistor
and is connected to the two poles of the parallel capacitor bank 02 to quickly release the

remaining electrical energy in the parallel capacitor bank 02.

ARLHEGIR, REREBFR22BEEINREM, REMEFR22EZTHEXBEFH2MK, ATIR

RN BB A HO2PRIRAVERE;

[0063]
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One of the dual-channel remote control switches 23 is connected to the power supply
interface of the thyristor rectifier power supply 08 to control the start and stop of the thyristor
rectifier power supply 08, and the other is connected to the control terminal of the DC

contactor 04 to control the on and off of the DC contactor 04.

BB EIT T R 23H P —RRIEE T AT ROR B IR08AY M RO, AFizh eIz R IR08H/S

%, Z—RERTEREMBANERRE, RATFEHERZRIZ04r7EET;

[0064]

Potentiometer 24 is connected to the control interface of the thyristor rectifier power supply

08 and is used to control the output current of the thyristor rectifier power supply 08.

F{UAR 241 T AT R EIR08AVIERIZO, BT Rzt A EIR08A BRI A/,

[n0034]

As shown in Figure 4, the discharge fixture 11 consists of a base plate 25, a slider 26, a screw
bracket 27, a copper screw 28, and a spring 29. The slider 26 is mounted on the base plate 25.
The slider 26 can slide freely left and right on the base plate and can be locked at any position.
The screw bracket 27 is fixed on the slider 26. The copper screw 28 is mounted on the screw

bracket 27. The spring 29 is mounted on the copper screw 28. The copper screw 28 has a
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symmetrical structure and carries the needle-shaped electrode discharge tube 30 in the

middle.

SNEAFRR, MMAERAIIRRERR25. HR26. BEIXZ027. fHIRTI28 2948 R, KiR25 L% &
BiBR26, ER268EBERR EAGEHBEhHREBEERMAEDLLE, BR26 LEE GBI
27, $BETR5227 LR RAMIEET28, TMRFT28 L REHME29, HIREET28NAANIREN, sl
HAETHKEBRREE30,

The needle-shaped electrode discharge tube 30 has connecting seats at the outer ends of the
upper tube body 302 and the lower tube body 303 respectively. The inner ends of the copper
screws 28 on both sides are restricted to rotate in the corresponding connecting seats. In this
way, the opening and closing of the needle-shaped electrode discharge tube 30 can be

realized by using the copper screws 28.

ORI EI0F L EA302. TEM30389IMNRD AR EEEEE, WIFTARTEETT28M A inERsE

SHERGITEX M AVER R, X BRI 28 A S EHIKEBRIREE E3089H &,

[n0035]

As shown in Figure 5, the Joule heating equipment is equipped with a capacitor energy
storage inductor power control system to ensure continuous discharge efficiency. The

capacitor energy storage inductor power control system includes a thyristor rectifier power
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supply, a thyristor controller, an anti-reverse diode a, an optocoupler switch a, an adjustable
power inductor, an inverter power supply controller, a needle electrode discharge tube, an

optocoupler switch b, an anti-reverse diode b, and a capacitor bank.

NESFR, REMRIZERE B TREESHB TR B A HEERRINRITH RSR, BEME6E
BRNEFEHASGEERITHERER. mJiKErheE. Rk Ea. K5 Xa. AFTHE

BB, PEEREHE. sPRERBREE. SEBEHXb. BRAZIREDMEBEA;

[0067]

The thyristor rectifier power supply is connected to AC mains power, and the rectifier output
is controlled by the thyristor controller to supply power to the capacitor bank. The capacitor
bank discharges to the needle electrode discharge tube through the series adjustable power
inductor. The adjustable power inductor can adjust the inductive reactance to control the

discharge time. The capacitor bank controls the power by adjusting the capacitance and the

charging voltage.

AIEREEABEREEIOATE, AREEEHISERERBDABRAME; BRHETHEXAFH
HER BRI TR ERREEHITHE, AJENREREBRERANITHRENE, BREEY

HEAE, FHEENSEHERIEIE;
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[0068]

The inverter power controller can feed the energy stored after the power inductor has been in
operation back to the thyristor rectifier power supply for the next capacitor energy storage,

ensuring continuous discharge efficiency.

BT RITHIZR e R R B R TR ER R ERIR A TR RA T T REEME6E, RIEES

HEBTIEE,

[n0036]

One specific application of this embodiment is:

A SEHEFI R — N BIAR A

[0070]

The method for mass-producing graphene using the Joule heating equipment provided in

Example 2 specifically includes the following steps:

MSEnef —IREMEEMPIS SR EEAEHENTGE, EREENTIER:
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[0071]

1) Grind the organic carbon material and graphite into powder and sieve them through a 200-
400 mesh sieve, and then dry them until the moisture content is less than 100 ppm; the
organic carbon material is an organic compound with a carbon content of more than 50%,

including but not limited to: coke, coke, acrylonitrile and viscose fiber.

1) BENmRIR. AEEHEBEE200~4008mEHITIRD, HFEIMT, HFEKDSERT
100ppm; BHBYIRAMSERTS0NENNEY), BFEEFRRT: B, SR, BLNRLT

o#;

[0072]

2) The treated organic carbon material and graphite powder are mechanically mixed at a
mass ratio of 3~5:1 for a period of time, and then filled into the needle electrode discharge
tube. The two ends are pressed with copper screws of the discharge clamp. The resistance

measured by the multimeter is no greater than 1kQ.

2) BRAEEENHYER. AEEMERELL3~5: INWILE—EE, MEREFISHRERREE

&, FSKUMEXRANTFEEIIESR, BHRKRIGHEBRAKRTKO;

[0073]
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3) Place the discharge fixture into the vacuum test chamber and continue to evacuate until

the target vacuum level is less than 10 Pa;

3) FREXRAMNETRER, FEmETERIRETE/\F10Pa;

[0074]

4) Select a capacitor with a total capacity of 100mF in parallel, adjust the inductance to 24mH,
and charge and discharge it 2-4 times at 100V under vacuum conditions; then charge it at
250V, adjust the inductance to 12mH, and operate the remote control to perform Joule fast

discharge to obtain high-quality graphene deposits.

4) ERHKSBTENIOOMFHEBERSE, FHEERIARE24mMH, FEZFMHTU100VERERIE2-4
R BLLSOVEETRE, BEBAEEL2MH, BREERSHITERRENRE, BeEESmamRn

BEIHTRYo

[n0037]

The preferred embodiments of the present invention disclosed above are merely for the

purpose of illustrating the present invention.
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L RFFRYZS & BRR SE e R FE BhigER 4 & BA,
The preferred embodiments do not describe all the details, nor do they limit the invention to

specific implementation methods.

Rk KHEfIH 2B IFRBOAFTERIAT, BAMRGENIZABRRXABMEREHS o
Obviously, many modifications and changes can be made based on the contents of this

instruction manual.

B, RIERHABNAS, AIFRZAMERNEN,
These embodiments are selected and specifically described in this specification in order to
better explain the principles and practical applications of the present invention, so that those

skilled in the art can better understand and utilize the present invention.

i BRI BN A BIAAXLESIRES], BA T BIFRRA L PANRENLIRNAE, MMfERERA
T A A G RER A IR RN FI B A & PR,

This invention is limited only by the claims and their full scope and equivalents.

RPN ZFBER PR H 2 CE M FRARIR S
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