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DESCRIPTION CN120557943A

Sleeve-type flash Joule heating device and heating method

EENNEEEMARERINAT A

[0001]

Technical Field

ARG
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[n0001]

This invention relates to the field of high-temperature material synthesis equipment

technology, and in particular to a sleeve-type flash Joule heating device and heating method.

KRB REEMEEREERAT, THESR—MEEVAEREEMMAEE RN %,

[0003]

Background Technology

BHREA

[n0002]

Flash Joule Heating (FJH) technology has shown significant advantages in the preparation of
advanced materials such as graphene, carbon nanotubes and silicon carbide due to its

millisecond-level heating rate (>10"4 K/s) and ultra-high energy density (>1 kW + h/kg).

INIREEEMN#A(Flash Joule Heating, FUH) S AR HEZMRARIRE(> 10MK/s)NBSEERE

(>1kW - h/kg), EARERH. MIPKERBMESEMENGIEFRREEZNE.
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[n0003]

Traditional Joule heating devices mostly adopt a single-layer tube structure, which directly

applies ohmic joule heating to the raw material through high-voltage pulses (>500V).

EREEMAREESXRARERENSEN, BISEMSR(>500V) BN RETEMREEE o
However, such designs have inherent drawbacks: due to the uneven resistivity distribution of
raw materials and the hysteresis effect of thermal diffusion, the radial temperature gradient
can reach hundreds of degrees (taking 1500°C as an example), which leads to lattice distortion

and performance degradation of the material.

PR, WEIRITHFEERRME . BTFREBERS BRI BUREMN, RrEEMERE LR
ELAE(BA1500°CTR AfB), SEMHE SETIIERES Ko

In response, related technologies have attempted to introduce an alumina ceramic isolation
layer to homogenize heat flow and regulate the uniformity of the thermal field. However, at
high temperatures (>1200°C), the ceramic material partially decomposes to form micron-sized
residual particles (such as AI203—AIl+02 1), which contaminate the synthesis product and

reduce its purity to below 95%.
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X, HXEAZHSINALEEEREREUILHR, AERZISIS%, B&ET(>1200°C)H
BEMIED 2R KR TR B TR (INAI203—A1+02 1), RISFREM=YHEEEAEEI5% L

o

[n0004]

Further research revealed that the traditional single-pulse excitation mode has an inherent
limitation: during millisecond-level heating, the rate of Joule heat generation inside the raw
material and the loss of external heat radiation are difficult to dynamically balance, resulting

in a non-uniform temperature field distribution of "high in the center and low at the edge".

—PHRAI, FRBRTHHRANFESRER: A2EVEMAIREF, FRERAEEERERRE

REINIPIBSHIRARE LIS TS, SEEEZEM P OS-B&R" #IARIS N,

[0007]

Summary of the Invention

REAAR

[n0005]
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The present invention aims to solve at least one of the technical problems existing in the prior

art.

REREEEMRRINERARPEERIRARRZ—,
Therefore, the purpose of this invention is to provide a sleeve-type flash Joule heating device
and heating method, which aims to solve the problem of uneven temperature field

distribution in existing Joule heating devices.

AL, AEANBNETRE—TMEENNREEMMEBERINAGZ, EERANEEENAEE

mEHD AR,

[n0006]

This invention proposes a sleeve-type flash Joule heating device, which includes a conductive
sleeve, two first electrodes, two second electrodes, and a power supply system. The
conductive sleeve is used to load the reaction raw materials, and the reaction raw materials
contain conductive materials or conductive structures. The two first electrodes are electrically
connected to both ends of the conductive sleeve along its axial direction. The two second
electrodes are electrically connected to both sides of the conductive material or conductive
structure along its axial direction. The power supply system is connected to the two first

electrodes to form a first heating branch and to the two second electrodes to form a second
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heating branch. The power supply system is adapted to provide direct current to the first and
second heating branches. The power supply system includes a DC high-voltage pulse
controller, which is adapted to control the on/off state of the first and second heating
branches. A time-delay relay is provided on the second heating branch to control the

conduction sequence of the second heating branch.

KFEPBIRL T —MEEXNEREEMAKE, EEIANEREENMAEECRESBEEE. BTE—=8
R MTE_BRNHERS; SEEERTEIARNEN, REFEHNIKEGSEMHRSHBE
H; MITE—BRDISSEEERNMAMRIREER,; WNE_BRD55SEMEEGBEERIH
AAMNEEE; HERESMIF—BIRER, ERFE—IIAZE; BEHERFSMINE_BIRE
1, S ZMAKER; HERHETHRF—MAZRME_MAZRIEHERSE; Hf, HERSR
BEERSEMRERIZE, BERSENGRERIZRE FEH S — 1A BN E ZMMAZIRAERT,; 5=

AR EIR BRI, LUETHEH% A BE S @ F.

[n0007]

According to the sleeve-type flash Joule heating device of the present invention, two sets of
electrodes are connected to the reaction raw materials (conductive materials or conductive
structures) through conductive sleeves to construct two independent Joule heating circuits,
one inside and one outside. The reaction raw materials are preheated by Joule heating

through the outer conductive sleeve, and then the inner Joule heating is started. By utilizing
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the dual thermal field coupling design, the temperature uniformity of the thermal field can be

improved.
RIERLZANEENNREENREE, SHEESRNESEMES S BLEM) 5 7EER
HEER, MWEAIMIMRIZEENMRALR, BIPESEEEEETARNEE, BRIRNEEEN

i, MANARZBEIRIT, EBRARIRNERESSIM,

[n0008]

According to some embodiments of the present invention, the conductive bushing is made of

hydrostatic graphite or tungsten.

RIEER AR —LESLHES, SFREEXRAFEAEMHEESEM .

[n0009]

According to some embodiments of the present invention, the wall thickness of the
conductive sleeve is b, and b=10mm; the diameter is d, and 100mm<d<200mm; the height

is h,and 300mm<h<800mm.

16-01-2026 - Page 7



RIEA RN LG, SEEENEENDb, BFEb=10mm; HiZAd, B#ERE

100mm<d<200mm; EEHNh, B#FEE300mm<h<800mm,

[n0010]

According to some embodiments of the present invention, the power supply system includes
an input power supply and a rectifier circuit, the rectifier circuit including a transformer and a
rectifier; the input power supply provides alternating current; the transformer is used to
adjust the voltage of the alternating current; the rectifier is used to rectify the regulated

alternating current into direct current.

RIEAABARY—LESLhED], MEBRFEERARRNEMABR, EREREETESRNERSE, WA

N

RN E,; EESATRBERENEE;, BRASATHEERNRBERNERE,

[n0011]

According to some embodiments of the present invention, the power supply system further

includes a battery pack, which is connected in parallel with the rectifier circuit.

RIEASAZBARY—LESChE], MEBRRTEESEMNE, FRMASERBRHKILE,

[n0012]
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According to some embodiments of the present invention, the reaction raw materials are

filled in polyethylene bags, and the polyethylene bags are filled in conductive sleeves.

RIEA LRI —LESLHES], RNEHEETRIBRF, RIGREETEEEER,

[n0013]

According to some embodiments of the present invention, spiral grooves are formed on the

surfaces of both the first electrode and the second electrode.

RIEA A BARY—LESEhE], F—FERME BRI REIIT A BIeEiE.,

[n0014]

According to some embodiments of the present invention, the pitch of the spiral channelis 0.5

mm and the depth is 0.1 mm.

RIEA A BRRY—LESEhE], BIEBERVIEEE/0.5mm, REH0.1mm,

[n0015]
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This invention also proposes a flash Joule heating method, which utilizes the aforementioned
sleeve-type flash Joule heating device. The flash Joule heating method includes the following

steps:

AEAERE T —MIAREEMAGE, NALREEXNNEEEMAEE, WEREBMASG EEE

UTTR:

[n0016]

The first heating branch is activated, and the reactants are preheated using a conductive

sleeve for 0.1 to 1 second.

SEEMAXE, KFNASEEEXNRNERBETMMA, FI0ARREN0.1~1F);

[n0017]

The second heating branch is activated to flash-heat the reaction raw materials for a period of

0.5to 1 second.

SEFE AR, NRMNERBEITREMMA, WA E0.5~1F,

[n0018]
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According to some embodiments of the present invention, while the reactants are being flash-

heated, the reactants are also being heated using a conductive sleeve.

RIEAABARY—LESChEl], M RNEFREITRARIIARE, REFASBEEEN R NERZETM

A

ino

[n0019]

Additional aspects and advantages of the invention will be set forth in part in the description
which follows, and in part will be obvious from the description, or may be learned by practice

of the invention.

A& BRRIMIIN S EAM AR E TEERFE DG, BORBN TENMATRERE, Si@dsk
BRRYSSEL 7 AR E,
[0023]

Attached Figure Description

P EI35E B

[n0020]

16-01-2026 - Page 11



The above and/or additional aspects and advantages of the present invention will become
apparent and readily understood from the description of the embodiments taken in

conjunction with the following drawings, in which:

R PRy LA/ MM S AN RME S TEMENSEINERF R ERRAENEZIEME, H

e

[n0021]

Figure 1 is a schematic diagram of a sleeve-type flash Joule heating device according to some

embodiments;

EllERE—LELEfNEENNEREEMARERNTEE;

[n0022]

Figure 2 is a schematic diagram of the temperature distribution when the sleeve-type flash

Joule heating device of the present invention is heated compared with the prior art.

EREARANEENANEREENMARESMERAHITNAREVEE S HREE;

[n0023]
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Figure 3 is a comparison diagram of the radial temperature distribution when the sleeve-type

flash Joule heating device of the present invention is heated with the prior art.

ERBEARANEENNREEMARE SMAERANHITINAREEERZRAD A LE;

[n0024]

Figure label:

FYEIARIC:

[n0025]

1. Conductive sleeve; 2. Reaction material; 3. First electrode; 4. Second electrode; 5. DC high

voltage pulse controller; 6. Time delay relay; 7. Transformer; 8. Rectifier; 9. Battery pack.

SHEE];, RNEFEH2; F—8BIK3; FTBER4; BERaEIPTHIE5; ER4kEE86; TEEET;

Bnes8; B9,

[0030]

Detailed Implementation
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BiALkER

[n0026]

The embodiments of the present invention are described in detail below, examples of which
are shown in the accompanying drawings, wherein the same or similar reference numerals
denote the same or similar elements or elements having the same or similar functions

throughout.

TNEIFAER AR BBRYSEREG], FridSSraflRvROITEREGRY, ERBRELXERTEMBIRSE
TR SR TTH S B B R RIS AT R TT i

The embodiments described below with reference to the accompanying drawings are
exemplary and are only used to explain the present invention, and should not be construed as

limiting the present invention.

TEHEISEWERRRIKENIZTEIMER, XATHERERLME, MAERANEZHERIRE,

[n0027]

The sleeve-type flash Joule heating device according to an embodiment of the present

invention is described below with reference to FIG1.
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TEZSZE ERRIEAZALIEINEENNREENREE,

[n0028]

This invention proposes a sleeve-type flash Joule heating device, which includes a conductive
sleeve 1, two first electrodes 3, two second electrodes 4, and a power supply system. The
conductive sleeve 1 is used to load the reaction raw material 2, and the reaction raw material
2 is provided with a conductive material or conductive structure. The two first electrodes 3 are
electrically connected to the two ends of the conductive sleeve 1 along their axial direction.
The two second electrodes 4 are electrically connected to the two sides of the conductive
material or conductive structure along their axial direction. The power supply system is
connected to the two first electrodes 3 to form a first heating branch. The power supply
system is also connected to the two second electrodes 4 to form a second heating branch. The
power supply system is adapted to provide DC power to the first heating branch and the
second heating branch. The power supply system includes a DC high-voltage pulse controller
5, which is adapted to control the on/off state of the first heating branch and the second
heating branch. A time-delay relay 6 is provided on the second heating branch to control the

conduction sequence of the second heating branch.
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FEPBIRL T —MEEANREEMAKE, EEANNREENMAXESESBEEEL RIME—H
3. MIE_BRANEERY;, SEEEIRTEARNER2, RNEF2ARERESEMASS
LM, MINE—HBR3DISSFEEEINMRAMIREERE,; MPME_EBR4IDHSFEMEETE
LARVHR M IERE ; HEBRFESMINE—BIR3ER, THE—MHAXER; BEHEBERGSHEIE
—BIRAER, TERME AR ; HERGETRE—MAZIRME _MAZRREEERSE; H

B, HEBERGEEERSERERIZES, BERSEMCPEHIZE5E T RIS 1AM E Ik

Sk ERAVIRAT; BN LISERERMEE6, LIS TIEHE AR SENF.

[n0029]

According to the sleeve-type flash Joule heating device of the present invention, the reaction
raw material 2 is disposed inside the conductive sleeve 1, and the reaction raw material 2 is
mixed with conductive material or conductive structure; the conductive sleeve 1 is connected
to the power supply system through two first electrodes 3 to form a first heating branch.
When the first heating branch is turned on, the conductive sleeve 1 heats up due to the
current, which heats the reaction raw material 2 inside; the conductive material or conductive
structure in the reaction raw material 2 is connected to the power supply system through two
second electrodes 4 to form a second heating branch. When the second heating branch is
turned on, the conductive material or conductive structure heats up and heats the reaction

raw material 2.
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RIERLZANEENNREENREE, RNRE2IEETSEEELIAN, RNFE2TRSESE
MEIESREN; SEEELREIRINE—BIR3SHBRSERE, TAE—MAXEK, F—MHx
BSEN, SEEEIRTHEAFERALR, XREMRNEM2EZMMMER; REERM2FHSEMS
FIESREWBIRNE _BIR4SHEBERFER, TAEZMARE, FTMARRSEN, S8
MRS S B R M & N R 2 BN ARER.

The DC high-voltage pulse controller 5 controls the on/off state of the first heating branch and
the second heating branch, injects pulse energy into the first heating branch and the second
heating branch, and controls the timing and duration of the pulse voltage signal. The time
delay relay 6 controls the pulse sequence of the two heating branches, and can control the

second heating branch to conduct with a delay relative to the first heating branch.

B m BRI 28 512 55 — NI AT B AN 55 TN S BRAVIEHRT, X455 —hnPAsZ BRANSE NS RSt
MpKEEEFEN, EHIBCPREESHNRENZIFINK, ERLREIR6ITHIR IR B PITE
BYRr, BT LA S Z NS BRI 55— NS BRIE AT T8,

When the first heating branch is turned on, the conductive sleeve 1 preheats the reaction
material 2 under the action of current. After the second heating branch is turned on with a
delay, the conductive material or conductive structure flash-heats the reaction material 2

under the action of current.
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FBIMAXRAESEN, SEEEIEERERERA THRNMER2HTIINR, $IMMAZRIERSE

&, SEMASSBEMEERER TN RER2HTAEINR

[n0030]

According to the sleeve-type flash Joule heating device of the present invention, two sets of
electrodes are connected to the reaction raw material 2 (conductive material or conductive
structure) through the conductive sleeve 1, respectively, to construct two independent Joule
heating circuits inside and outside. The reaction raw material 2 is preheated by the outer
conductive sleeve 1, and then the inner Joule heating is started. By utilizing the dual thermal

field coupling design, the temperature uniformity of the thermal field can be improved.

RIEFLANEENNREEMAEE, BITEEEISRNERN2(SEMANSBEN) D 5EE
LR, WEAMMRIIEEMALR, BINESFEEEIREMARNER2, BEIRNE

FEMA, MANZREIRITT, RBRAPIIEESSMN,

[n0031]

In some embodiments, the resistivity of the conductive sleeve 1 is p<sub>1</sub>, and

satisfies p<sub>1</sub><5X10<sup>-6</sup>Q * m, exhibiting low resistance
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characteristics; the resistivity of the conductive material or conductive structure in the
reaction raw material 2 is p<sub>2</sub>, and satisfies p<sub>2</sub>>1X10<sup>-3<

/sup>Q + m, exhibiting high resistance characteristics.

F—ELEGISR, SEEEINEEZXNp<sub>1</sub>, HiFEp<sub>1</sub><5X10<sup>-6<
/sup>Q - m, EEREMAERY,;, RNER2BNFEMEHSBEEWIERZEHp<sub>2</sub>,
Bi#Rp<sub>2</sub>>1X10<sup>-3</sup>Q * m, BEESEMEFE,

The first heating branch is turned on first, and the low resistance of the conductive sleeve 1
can generate a large current (>2000A) for preheating. The second heating branch is turned on
with a delay. Through the high resistance of the anti-conductive material or conductive
structure, local energy focusing can be achieved, and finally a temperature compensation
effect is formed in the central region of the reaction raw materials, suppressing heat loss at

the edge.

B—MAZRMAATFE, FASEEEIRRERFEAT LA EF(>2000A) M0, ERIE
BIMALE, Bk FEMHSHSEEMNSERISS, RBLNEMEERE, REATERNER

RO RCREAMERA, HEFOASIRR.

[n0032]
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In the above embodiment, the conductive sleeve 1 is used to preheat the reaction material 2
in the initial pulse stage, so that the reaction material 2 is preheated to 500°C to 800°C. After a
delay of 0.1 to 1 second, the reaction material 2 completes flash heating in the second pulse
stage. The flash heating time is 0.5 to 1 second, so that the reaction material 2 is preheated to

above 1500°C.

ERLEFIF, FESEEE RPN R MRE2FEFTIMNR, ERNER2FAEE
500°C~800°C, 0.1~1#iEiRfE, RMIFX27EE ZRKPM ERSERIAIRMFR, RIEMNFETE]/90.5~1
#, fERNEM2FFEZE1500°CLL L,

After testing, as shown in Figures 2 and 3, Figure 2(a) is a schematic diagram of the
temperature distribution of the device during heating in the prior art; Figure 2(b) is a
schematic diagram of the temperature distribution of the sleeve-type flash Joule heating
device of the present invention during heating; Figure 3 is a comparison diagram of the radial
temperature distribution of the sleeve-type flash Joule heating device of the present
invention and the prior art during heating. This gradient heating mode can improve the radial
uniformity of the temperature field of the reaction raw material 2 to within =10%, while the
temperature field uniformity of the traditional conductive sleeve 1 Joule heating structure is
above £30%. Compared with the prior art, this embodiment can significantly improve the

uniformity of the temperature field.
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3, dNE2. E3FR, E2(a)@RARARHTIMANEERNEESHREE; E2(b)E4%H
MWEENNEREEMAEENAREREDHRERE; BE3RAAANEENNEREEMAEESH
BRARHTMANEERA DB LLE; ZEEMPE I UUER N ER2BRE SRR SR
AZEXI0%LA, MEASEEEIRBEMAEWRRETHNSMEL30%U L, BRTFRERA,

ZASEHER AT LU R Z 1R AR E AR S,

[n0033]

Furthermore, in use, the sleeve-type flash Joule heating device of the present invention
dynamically adjusts the pulse width and voltage amplitude of the two sets of electrodes
according to the real-time load impedance, distributes pulse energy, ensures that the total

energy density is greater than 1.5 kW + h/kg, and avoids electrode overload and ablation.

H—TH, ZEANEENAREEMPEETEAN, BERSENPITH35RIESLE 12 fBHzh
SRR ARRNBOPEENBEREE, SEChrEE, RIRSZEEZEEXRTL5KW - h/kg, [FRTE
o BB AR F R,

In some embodiments, the DC high-voltage pulse controller 5 controls the pulse width to be
0.5 to 1 second, controls the voltage amplitude of the first heating branch to be 540V to 800V,
and controls the voltage amplitude of the second heating branch to be 800V to 1350V, so as to

meet the thermal reaction requirements.

16-01-2026 - Page 21



L5l R, EREERCPEHIZESERIROREEEN0.5~11), EHIE— Az RV EEREN

540V~800V, =% NN ERAIEBEIREI800V~1350V, LUHRHRRMNER,

[n0034]

According to some embodiments of the present invention, the conductive sleeve 1 is made of

hydrostatic graphite or tungsten.

RIEARARBBIN—LX5E6, SREELIXAREASMESESRHIRK.
In this embodiment, the conductive sleeve 1, made of hydrostatic graphite or tungsten

material, has high conductivity and high temperature resistance.

FEASEREGIS, RABEAEMANEMHFIKRINGEEE1IRESRESENNE RERE.

[n0035]

According to some embodiments of the present invention, the wall thickness of the
conductive sleeve 1is b, and b=10mm; the diameter is d, and 100mm<d<200mm; the

heightis h, and 300mm<h<800mm.
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RIEARABBIN—LXhEG, SREEINERND, BHEb=10mm; HEZAd, B#HE
100mm<d<200mm; EEHNh, B#FEE300mm<h<800mm,

In this embodiment, the structural dimensions of the conductive sleeve 1 are set as described
above, which can achieve a smaller resistance while ensuring structural strength, so as to

have good conductivity.

FEALEANF, SEEEINGHRINLLRIRE, AINEFRIESHRERNELM E, KIB/EISE

fH, LUAEREFHIFEMEEE.

[n0036]

According to some embodiments of the present invention, the power supply system includes
an input power supply and a rectifier circuit, the rectifier circuit including a transformer 7 and
a rectifier 8; the input power supply provides alternating current; the transformer 7 is used to
adjust the voltage of the alternating current; the rectifier 8 is used to rectify the regulated

alternating current into direct current.

RIEA RPN —LESEhE ], HEBERAREERNBRNBERBE, BRBREETERTAERES;
MANBRIRERE; TESRTATRERIRENSEE; BREsATRHAERNRBEERNER

o
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In this embodiment, the input power supply is connected to the rectifier circuit, which is
connected to the first heating branch and the second heating branch. The rectifier circuit can

adjust the heating voltage and convert AC power to DC power.

AR, MANRRSERBRIER, ERBRERS —MAZRNE ZMHAZER, BRERA
PURZENMABE, FHRZRERANERE,

In some embodiments, the input power supply can be 380V industrial power, which is
convenient to obtain; the transformer 7 is a three-phase transformer 7, with the secondary
winding connected in a star configuration, and the transformer 7 can boost the voltage to
400V~1000V; the rectifier 8 is a full-wave rectifier 8 composed of six diodes, which can rectify
the boosted AC power into DC power, and the voltage range of the rectified DC power is

540V~1350V.

F—E5EfP, MARRAEA3SVIIT VAR, BNEHE; TEHENEA=HERESRT, REE
HUERERE, TERTAILKEEASE400V~1000V; BRBJIEANNZIREHRHNERER

228, AILIRAERRIREERNERE, BEREHNERERNBETEEN540V~1350V,

[n0037]

It should be noted that if the input power is drawn from the grid, fluctuations in the grid input

voltage (above £15%) will be directly coupled to the heating circuit, causing local
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temperature drift (>+10%), which will seriously affect the batch consistency of the

synthesized products.

FEIENE, MABRRESEENIE, BRAABEKN(E15%LU L) SEEBSEMMAMLER, 5|

A BEbmEEB(>£10%), MEREERFY8vHR—E.

[n0038]

To address the aforementioned problems, according to some embodiments of the present
invention, the power supply system further includes a battery pack 9, which is connected in

parallel with the rectifier circuit.

Tt ERiplE, ARIEARLEAN LG, HERREROEERMA, FHEMAISEMBIRFHEK
1”8,
In this embodiment, the rectifier circuit and the battery pack 9 are connected in parallel to

form a hybrid power supply topology circuit.

TR, BRBRSERMAIHEK, HAMRSHEIRIMNEER,
When the grid voltage fluctuates or the rectifier circuit malfunctions, the battery pack 9

responds quickly to compensate for voltage drops and uses its equivalent internal resistance
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to suppress grid voltage fluctuations and current fluctuations, thereby improving current
stability to £2%. At the same time, it can also compensate for the transient power shortage of

the transformer 7 through its fast response characteristics.

HENEEKDHERERFEN, SRMAINREELN, sJUMREBEERE, FHHAEFMNFEIDE
EBRKChERE, SIBRESD, ATLURABERREEEL2%,; ERERLUEE RIRMAAFE(MEEE
ERTESIHIRIRO,

The fast response characteristic of battery pack 9 means that battery pack 9 can output a

500A pulse current within 5 seconds.

= Rt AH RV IR N 455 1% = 5 E FE thZH ORI 72 570 %A tH S00ARK A FE 7o

[n0039]

Specifically, the positive terminal of the DC output of the three-phase full-wave rectifier circuit
is electrically connected to the positive bus of the battery pack 9, and the negative terminal of
the DC output of the three-phase full-wave rectifier circuit is electrically connected to the

negative bus of the battery pack 9, forming a stable parallel power supply architecture.
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Bifith, ZHASKERBRERAHIRERS S BEMAINIERGLBMEERE, =HeKERER
Bttt impy ik 5 & Bt AR A B I ERE, RIS ERFEX MBI,

When the three-phase full-wave rectifier circuit is in operation, its DC output charges the
battery pack 9 through the parallel power supply architecture; when the three-phase full-
wave rectifier circuit is not in operation or the output is abnormal, the battery pack 9
discharges to the DC bus through the parallel power supply architecture, and supplies power
to the first heating branch and the second heating branch in combination with the DC output

of the three-phase full-wave rectifier circuit.

=M RERERLTFTIERSE, HEREDEIFTAHEXHERRSEMAITHE;, S=1
SRERERLTIFTERSSHEEEN, BRtASEEPMRHKEERMERFLNE, &
BEESRER B B R B SE — NS B E AN BRI,

The battery pack 9, through its energy storage characteristics and in conjunction with the
parallel power supply architecture, suppresses DC bus current fluctuations and effectively
prevents inrush currents, maintaining the stability of the Joule heating current, thus ensuring

the consistency and repeatability of the thermal reaction process.

S EMAGET HEREFMES TSP AH B BIRMEEER, MHERSLBERKMAH G LS

RN, 4EEMARRNRENE, ERARMIEEET—HMNAIEEN,
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[n0040]

Among them, the equivalent internal resistance of battery pack 9 is less than 0.189Q, ensuring
high-efficiency output and reducing energy loss; the battery capacity is designed to be at least
5Ah to ensure stable system operation and the ability to perform multiple high-intensity
discharges; the output voltage of battery pack 9 is adapted to the voltage range after
rectification by the rectifier circuit, specifically 540V~1350V; battery pack 9 can pass a
maximum current of 500A within 5 seconds in a single working cycle and support at least 5

such working cycles.

Heh, SHEMAMNFUALME/NTF0.1890, WREMEEMLF IV EERK; BABTERITEIDRE
5Ah, LUREERFZNIREZITSZRERENENGES; SR BAMMEBEENVERBRERE
HEBETEE, B{&N540V~1350V; EEMAREBTERE—TIFEIRFR, F5HAREITREIA500AR

B, HZFEDSRXFRNIERER.

[n0041]

According to some embodiments of the present invention, the reaction raw material 2 is filled

in a polyethylene bag, and the polyethylene bag is filled in the conductive sleeve 1.

RIEAR RPN —LESTHER], RNMEM2ZEIRTRIGRT, BRIBREETREREELIA.
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In this embodiment, a polyethylene bag is used to hold the reaction material 2. The
polyethylene bag is placed between the conductive sleeve 1 and the reaction material 2,
which can serve as a spacer and facilitate the process of filling the reaction material 2 into the

conductive sleeve 1.

TEARLFEGIR, FARZEREERNER?2, BROBERATFREEELISRNER2ZE, AIUEE
EIfRERA, FEIAILENRNEE2ZIEESBEE1IFNIREIRE,

Furthermore, during the flash heating process, the polyethylene bag generates short-chain
hydrocarbon gas (C<sub>x</sub>Hy) through pyrolysis. This gas can serve as a reducing
atmosphere to protect the reaction raw material 2, and can also eliminate the contact
thermal resistance between the conductive sleeve 1 and the reaction raw material 2 through

the vaporization expansion effect.

H—PH, FTREMPUEETR, RBIIGERE IR LTRSS (C<sub>x</sub>Hy), BERILL
EAEESFFRIPRNER2, XAJLOBE LKA ERSEEE LS R NRE 28 AU AR,
Furthermore, during the flash heating process, the polyethylene bag will eventually undergo
complete pyrolysis and transformation, decomposing into CO<sub>2</sub> and H<sub>2<
/sub>0 without leaving any residue. Therefore, it will not contaminate the synthesized

product or affect its purity.
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EH—M, FAERMANESER, BRIGEREEXSTeRMBEN, 9#EHC0<sub>2</sub>Fl
H<sub>2</sub>0, FBEXFRY, MMAZSREM™, FEEMEHYINAE,
In some embodiments, the thickness of the polyethylene bag may be configured to be 0.025

mm to 0.3 mm.

F—ELmEfP, RIBRNEERMEEN0.025mm~0.3mm,

[n0042]

It should also be noted that in Joule heating technology, existing electrode structures are
prone to arcing under ultra-high current (>1000A) due to uneven current density distribution
on the contact surface (standard deviation >15%), which can easily cause electrode erosion

and shorten lifespan.

EREEZIEZNE, TEEMANBXKATR, NEERENREREEREES B REE

>15%), TEBEEMA(>1000A) N5 5% BINKE, S EBERIEMRMNGFn4EE,

[n0043]
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To address the above-mentioned problems, according to some embodiments of the present
invention, spiral grooves are formed on the surfaces of both the first electrode 3 and the

second electrode 4.

3t ERiplE, ARIEALEARN—LLhEH, $—BR3ME ZBIR4ANREIIF KRG ZIEEE,
In this embodiment, by setting a spiral channel, the local current path can be changed, the
edge effect can be dispersed, the current can be distributed more evenly, and the anti-arc

performance can be improved.

FEAKEAF, BIIRERREEA ULTFEEREER, 2BASUN, ERERAEISIMIHE,

ANt RE,

[n0044]

According to some embodiments of the present invention, the pitch of the spiral channelis 0.5

mm and the depth is 0.1 mm.

IRIEZAS & BARY—LEESChtEfsl, $EnerEERvIZErE/90.5mm, REH0.1mm,
In this embodiment, the spiral channel is constructed with the above-mentioned dimensions,

which can effectively optimize the current distribution and reduce the contact resistance.
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EASERGIS, BieEEiEn ERRS, ATUBERMRAERDH, BEREMAERR,

Tests show that, compared to planar electrodes, this embodiment can reduce the standard
deviation of current density distribution from 15% to less than 5% of that of traditional planar
electrodes. Combined with timing pulse control, the lifespan of the electrode in this
embodiment can be increased to more than 1,000 cycles, compared to the lifespan of less
than 200 cycles of traditional electrodes. At the same time, the electrode in this embodiment

can reduce the contact resistance to below 50 pQ.

MASE, BT FEER, FLREHTLREEREEDHINEEMETRTERIIS%EEZES5%LL
N, SEiFiRiEs], ERTERBRET200RMNERE, ALMEGHINBIREHRUIRAE

1000°REAL; [EBY, A<SEREFIRY AR AT AR RIEAR A ZE50u0L T

[n0045]

According to some embodiments of this application, the first electrode 3 and the second
electrode 4 can be made of copper-tungsten alloy or graphite, which have good electrical

conductivity, thermal conductivity and high temperature resistance.
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RIEAFRIER— LR, F—HIR3ME ZBIRIFRAFLESENAESK, BARFNSHE

. SFREURNEEERE.

[n0046]

In combination with the above embodiments, the present invention solves the problems of
uneven temperature and power grid fluctuation in traditional flash Joule heating devices
through multiple technical innovations such as internal and external dual thermal field
coupling design, timed pulse energy injection, hybrid power supply topology circuit, and anti-
arc electrode optimization, and significantly improves the quality of products synthesized

using the sleeve-type flash Joule heating device of the present invention.

HE ERREHEG], AARBIRNNPUTREBEIRIT. NFEUIOTEEEIN. BEHEHRINERUKL
MR UESTEACH, FRT FRNREEMAREFERNRERAIMBRIKEE, &

ZRA T AT LARENNREEMREE ST YIRERE.,

[n0047]

This invention also proposes a flash Joule heating method, which utilizes the aforementioned
sleeve-type flash Joule heating device. The flash Joule heating method includes the following

steps:
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KRR RE T —MAREEMRG R, NALREEXNNEREEMAEE, WEREBMAL EEE

UTTR:

[n0048]

The first heating branch is turned on, and the reaction raw material 2 is preheated using the

conductive sleeve 1 for 0.1 to 1 second;

SEEMAXE, KANASEEE 1IN RNMERF2HTIRMA, FINMAESEN0.1~1F);

[n0049]

The second heating branch is activated to flash-heat the reaction material 2 for0.5to 1

second.

SEEMNFAKES, MR FER2EITIAERINAR, RN E0.5~1F),

[n0050]

According to the flash Joule heating method of the present invention, the first heating branch
containing the conductive sleeve 1 is first turned on, so that the conductive sleeve 1 preheats
the reactant 2. The low resistance of the conductive sleeve 1 generates a large current, and

the reactant 2 can be preheated to 500-800°C within 0.1 to 1 second, which can realize the
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initial temperature rise of the reactant 2 from the outside to the inside and establish an initial
temperature gradient. Then, the second heating branch containing the reactant 2 is turned
on, and the high resistance of the conductive material or conductive structure in the reactant
2 is used to realize local energy focusing, which flash heats the central region of the reactant
2. The central region is heated to above 1500°C within 0.5 to 1 second, which can realize the
further temperature rise of the reactant 2 from the inside to the outside and can homogenize

the radial temperature field.

RIEARAZBRRAREEMMAG A, AFESEEEIFENS—MIAXE, ESEEEINRNER2

500~800°C, REWSSLINRMNIFEEI2BMNARNSANYIS G, BIVIGEERE,;, BSBRNEE
2PRTERYSE ZNASZER, FIARNEE2ANSEME RS EESMNEEESESINEHMEERE,

X [ MR A2 RO KA AT IRLER AN, 0.5~ 1R AR OXKIENINFREL500°CLA L, BILASCIL & MRS
2HAENSANE—T R, BEBIIINEEEET.

This method reduces the temperature gradient and significantly improves the uniformity of
the temperature field by using staged heating and combining internal and external heat

sources.

K7 REI DM ERMAMAINMVRESH A, BIBEERE, EBEZRSEETIIYIL.
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[n0051]

As shown in Figures 2 and 3, it is clear that compared with the prior art, the present invention

can significantly improve the uniformity of temperature distribution.

SNE2. BE3FR, ALUBAERL, HHbIERAR, FAREBEZRMAREED BT,

[n0052]

According to some embodiments of the present invention, while the reactant 2 is being flash-

heated, the reactant 2 is also being heated using the conductive sleeve 1.

IRIEA & AR —LESCifl, X R N EE2FITIARMANGEE, HEFBSBEEES 1IN RNEE2EHT
Iz

In this embodiment, during flash heating, the conductive sleeve 1 and the internal conductive
material or conductive structure are heated simultaneously. The conductive sleeve 1 can
maintain the temperature of the reaction material 2 in the edge area, compensate for the heat
exchange loss between the reaction material 2 and the external environment through the

conductive sleeve 1, suppress heat edge loss, thereby reducing the temperature gradient and
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improving the uniformity of temperature distribution. The conductive sleeve 1 and the
internal conductive material work together to achieve more precise temperature distribution

control.

FEARSEHEGIS, REMAR, ¥SEEEINABSFEMHURTEEHENFEAITINR, SEEE
1REBAERNOSGXIERNEM2IERE, (MERNEFEFETSEEE1SIMNIIRERIASIRL, 1
RIPIAGIRR, MTREERE, RAREDHINSNE; SEEEINRESEMEAZANREE

A, SMERHIEE D HES,

[n0053]

Furthermore, at the end of flash heating, the heating branch of the reactant 2 can be
disconnected first, and then the heating branch of the conductive sleeve 1 can be
disconnected. The uniformity of temperature distribution can be further improved by using

the heating of the conductive sleeve 1.

H—DH, ERRINAERET, PTLUCRNMER2BMASTE, BiASEEE1NMATES,

NASHEEEIMRHA—TRARE SIS,

[n0054]
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In the description of this invention, it should be understood that the terms "center,"

"longitudinal," "lateral," "length," "width," "thickness," "upper," "lower," "front," "rear,"

inner,

"left," "right," "vertical," "horizontal," "top," "bottom, outer," "clockwise,"

"counterclockwise," "axial," "radial," and "circumferential" indicate the orientation or
positional relationship based on the orientation or positional relationship shown in the
accompanying drawings. They are used only for the convenience of describing this invention
and simplifying the description, and are not intended to indicate or imply that the device or

element referred to must have a specific orientation, or be constructed and operated in a

specific orientation. Therefore, they should not be construed as limitations on this invention.

AEALBRREAT, FEEFNZE, AME PO Ym” wmmT KET O BEET BET

B = S TR = A < N -3 = R S i U A - S v R S (: 5
ERSET HRT FRRT ERT FETHAURUEXRRAETHEFI RS USUEXR,
XA T ETHERELBAME KRR, MARIETHERFENERENTHAONEERENSGL. X

FERI G (UMNSHIRIE, EICREEERRE NN A L BRRIFR S,

[n0055]

In the description of this invention, "first feature" and "second feature" may include one or

more of the features.
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TEARLKBAERF, “S—FE “ESIFE AIUEE— I HEESMZHE.

[n0056]

In the description of this invention, "a plurality of" means two or more.

EELBRREAT, “Z1 BEXER IR L,

[n0057]

In the description of this invention, the first feature being "above" or "below" the second
feature may include the first and second features being in direct contact, or it may include the
first and second features not being in direct contact but being in contact through another

feature between them.

EARLKRANERF, FAEEETHIE 2L 5 2T aUEEE—ME I aEEE, b

AL EHEE—ME IR HEEERMmEEI e Z a5 SMIEER,

[n0058]
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In the description of this invention, the terms "above," "over," and "on top" for the first
feature and the second feature include the first feature being directly above or diagonally

above the second feature, or simply indicate that the first feature is at a higher horizontal

level than the second feature.

EARRBARERF, F—HEEETHE 28 “£EF7 N A S IEEE THEEL

BAFHLET, FERREAHEKFBESTE L.

[n0059]

In the description of this specification, references to terms such as "an embodiment," "some

embodiments," "illustrative embodiment," "example," "specific example," or "some
examples," etc., refer to specific features, structures, materials, or characteristics described in
connection with that embodiment or example that are included in at least one embodiment

or example of the present invention.

TEARRBBRERS, SEARNE “—EEf” X REESERGT R “BER
17 =5 ‘R FHMARIESE SR EMFISRAIEARNEAHE. S, MESERREET
RPN ED—PEREFISREI.

In this specification, the illustrative expressions of the terms used above do not necessarily

refer to the same embodiments or examples.
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EXREARHR, W ERRNENTREYRARFA—EISNEERISLHEGI TR,
Furthermore, the specific features, structures, materials, or characteristics described may be

combined in any suitable manner in one or more embodiments or examples.

MmE, ERNEMEFIE. £, MEEERRAUEEAN— IS EHFSRFFRUEENAR
6o
[n0060]

Although embodiments of the invention have been shown and described, those skilled in the
art will understand that various changes, modifications, substitutions and alterations can be
made to these embodiments without departing from the principles and spirit of the invention,

the scope of which is defined by the claims and their equivalents.

REBLRHAEA T A LBBRIKLIES, AMRBIEBEAASIFTILIEE: TR E A% BANREN
mENER TR XELEAIFITSHEN. Bk, BRANTE, XLRIEERRFERRESF

[EHIFRTE
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