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DESCRIPTION CN120698437A

A method for preparing lignin hard carbon anode materials by Joule thermal flash

evaporation

— IR E R E R S AR BRI AR T 0A

[0001]

Technical Field
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ARG

[n0001]

This invention belongs to the field of anode material preparation technology, specifically
relating to a method for preparing lignin hard carbon anode materials by Joule thermal flash

evaporation.

IERPAB T ARMESIERARIIE, BESNR—MEERNZEGIEARRRER AR %,

[0003]

Background Technology

BRERA

[n0002]

The rechargeable secondary battery industry has experienced explosive growth over the past

decade.

EIENTEE, AJRBEREMTIERTEERRE K,
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The anode of the battery is usually derived from the pyrolysis of a carbon source with an

aromatic topology.

BBV PARIE E RIR T B E 5 SHhINEREGRRY P AR,
Common precursors include natural graphite, biomass-derived, resin-based, coal-based, and

organic polymers.

ERRRABERAGE. EYRITE. MEEE. EENENRSY,
Compared to the high cost of organic materials and the non-renewable nature of coal-based
materials, biomass materials have significant advantages in battery anode materials due to

their abundant energy and low cost.

S5ENYNERANEENTRATBEMAEL, EYMEMENERFEENRANERETRBARMEFL

ETEEMRE.

[n0003]

Lignin is the only aromatic polymer in nature with a three-dimensional network structure, and

its carbon content is as high as 60%.

16-01-2026 - Page 3



ARREANEBARTHE—BEE =ZLNBEWN S BEEN FREY, BAREPREERIL60%,

In recent years, significant progress has been made in the research on the application of lignin
in anode materials. However, due to the heterogeneity of lignin itself and the cohesiveness of
its aromatic ring structure, the changes of lignin during heating are complex. During the
carbonization process, the carbon layers tend to be ordered and graphitized, which is not

conducive to the storage of sodium ions.

EJVERTFARRRERRMAPHNARRERG TRANHEE, BERETARZERSHNERENES
BEREWHIRERNE, ARREMAIEFHNENERERN, KERFREMIKIRETR, MREMRTEFE

MMBEL, FHTHEFER

[n0004]

To address the aforementioned problems, one potential solution is to increase the heating

rate.

AT R ERFERRR, —NEERNFRERERSINAER,

However, the cost of achieving rapid heating in a high-temperature furnace is enormous.
When heated in a high-temperature furnace, the generated small gaseous molecules are
easily carried away by the flowing protective gas, thus reducing the total output. In addition,

slow annealing may exacerbate the accumulation of carbon layers, and the electrical
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conductivity of carbon materials obtained by direct pyrolysis is not ideal, which cannot meet

the requirements of high-rate charge and discharge.

PAT, EEERPFERREMANREZEARR. BRISBIPMAN, mEN[TNDFEZHK
MEABRIPSERRTE, NIRRT 278, I, REBRAAIEZMEREEIR, EEMAME

A R G RAEE, TRERESERTHENER,

[0007]

Summary of the Invention

RBPAAR

[n0005]

[Technical Issues]

[BeARIR)E]

[n0006]
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The present invention aims to address the problem that when preparing anode materials
from lignin, the high cost and low total yield are caused by using a high-temperature furnace
for rapid heating during the carbonization process of lignin, and the potential for increased
carbon layer accumulation during slow annealing. Furthermore, the conductivity of carbon
materials obtained by direct pyrolysis is not ideal and cannot meet the requirements of high-

rate charge and discharge.

KRB REIZRUARREHEARME, KRFEROIRET, ERSRPSIIREMMAE A
= SFER, BEEZRIERAFIEIMEIRENER, EEARIBMHEBSENES, fEHES

RERFEHERER,

[n0007]

[Technical Solution]

[RARFGE]

[n0008]
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To address the aforementioned problems, this invention provides a method for preparing
lignin hard carbon anode materials by Joule thermal flash evaporation. This invention utilizes
Joule heating to achieve rapid temperature rise, resulting in a fast reaction time and high

reaction temperature.

AT R ER R, REBRMT —MEERNZGZSRKRREHRARMENG %, XLBEFNBEE
IIFRELIVRREFAR, ZFHERNTEIR, RN EES.
Under the influence of an electric field, lignin recombine and stacks into vortex carbon layers,

forming a three-dimensional continuous carbon network.

TERGNERT, KREREAHMSHRERE, AHN=HEELSRIRME,

This ultrafast method can alleviate the carbon layer buildup phenomenon during lignin

pyrolysis.
XMFBIR 77 AP AR R R AT IZH R EHERIM R,
[n0009]

This invention provides a method for preparing lignin hard carbon anode materials by Joule

thermal flash evaporation, which mainly includes the following steps:
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NRPRME T —MEEANERIERREBRRARMEINTG Z, TERBNTIER.

[n0010]

(1) React lignin with alkaline solution, then add acid, and wash with water and dry to obtain

dried lignin;

(DREARRESHBERRN, BIMANE, £3KETRSETFIRARE;

[n0011]

(2) The dried lignin obtained in step (1) is preheated in a tube furnace to obtain a hard carbon

precursor;

QBT B(DFFIEEINTFEARRREENFPINMR, SEIEERAIE;

[n0012]

(3) The hard carbon precursor obtained in step (2) is placed in a graphite mold and carbonized

by Joule heat flash evaporation to obtain lignin hard carbon anode material.

16-01-2026 - Page 8



Q)L B (Q2)FFAFERAE AN A SZRAR, BIEERNZHAITRN, FEIARREEmR DR

Flo

[n0013]

In one embodiment of the present invention, in step (1), the lignin is one or more of alkali

lignin, enzymatically hydrolyzed lignin, organic solvent lignin, and sulfate lignin.

AEALBAN—MLEANR, TER(Q)F, FIRRREARARER. BREARE. BIUATIARE.

IRERER AR B ZR A —ThE S 7,

[n0014]

In one embodiment of the present invention, in step (1), the mass concentration of alkali in

the alkaline solution is 10-30%, and the alkali is one or more of NaOH and KOH.

TEARRAN—MLEA R, TE(Q)P, BRPHEHAREREN10~30%, HANaOH. KOHHHY

—ThE S,

[n0015]

In one embodiment of the present invention, in step (1), the acid is one or more of HCl and

H<sub>2</sub>SO<sub>4</sub>, and the mass concentration of the acid is 5-20%.
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EARPN—HLEAR, PE(Q)PR, FHRERIHCL H<sub>2</sub>SO<sub>4</sub>HBy—

MBS, BREIBIEIRE5~20%:

[n0016]

In one embodiment of the present invention, in step (2), the preheating temperature of the

tubular furnace is 700-900°C.

FEALBAN—MLES R, TEQ)F, EXVFTMACRENT00~900°C,

[n0017]

In one embodiment of the present invention, in step (2), the preheating time of the tubular

furnace is 1 to 4 hours; the heating rate is 2 to 10 °C/min.

EARLKRAN—MEEAINR, SEQ)FR, EVPTINABEEIN1~4h; FRERH2~10°C

/mine

[n0018]
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In one embodiment of the present invention, in step (3), the temperature for carbonization by
Joule flash evaporation is 1000-1600°C; the heating rate is 100-140°C/min; and the time is 1-5

min.

FEARLEN MBSV, ZEQ)HR, SERRAZEHTTIRCIEE1000~1600°C; MAEEH

100~140°C/min, BfjEA1~5mino

[n0019]

In one embodiment of the present invention, in step (3), the voltage for carbonization by
Joule flash evaporation is 3-5V, the current is 300-500A, the output power is 1.5-4.5kW, and

the pressure is 20-35MPa.

TEALBAN—MLEANR, TEE)F, KERREHITIICAIEEN3~5v, BiRi7300~500A,

e IhER1E1.5-4.5kw, ES7E20~35MPa,

[n0020]

In one embodiment of the present invention, in step (3), Joule thermal flash evaporation is

performed for carbonization cycles 2 to 6 times.
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TEARLKRAN—MEEAINR, TEE)FR, FERREHITRKETF2~6K,

[n0021]

The present invention provides a lignin hard carbon anode material prepared by the method

described above.

A& PRIR M EIRPMR 77 AR &R BRI AR B R EIR T iR A1 KL

[n0022]

This invention provides the application of the lignin hard carbon anode material described

above in sodium-ion batteries.

& BRIR M EIRPMRRI AR B R BERR A IR A S F B R BRI A o

[n0023]

[Beneficial Effects]

[(BmMR]

[n0024]
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(1) This invention utilizes the abundant carbon content on lignin to remove non-carbon
components on lignin through Joule flash evaporation, thereby reconstructing and regulating
the hard carbon structure of lignin to form advanced carbon materials with high crystallinity

and structural order.

()A&RBFAARRE LFENHSE, BIRERNERGEEFRARE LIRS, ERMIEEA

FRERBBEREE, R4S R EMNENE FERIN SR,

[n0025]

(2) The present invention utilizes the control of the number of Joule heating cycles to control
the carbon structure, and the prepared lignin hard carbon anode material exhibits the control

of the graphite order of the carbon layer.

(2)Zs % BRF X SR B ANAEIF R ERBVIALE, XIREGMEITIRE, PREISERARRRER AR BRI

NiENEEEFEREE.

[n0026]

(3) The present invention adjusts the carbon structure by the number of Joule heating cycles,

resulting in a short reaction time and increased efficiency.
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()= AREEIEEMANBIRREA RGN, RNEERE, RILABEEM,

[n0027]

(4) This technology uses Joule heating to achieve rapid heating. This method has a fast
reaction time and a high reaction temperature. Compared with the radiation cooling method
of traditional high-temperature furnaces, blackbody radiation can release most of the heat
within milliseconds. Under the action of the electric field, lignin is reorganized and stacked
into vortex carbon layers, forming a three-dimensional continuous carbon network. This
ultrafast method can alleviate the carbon layer accumulation phenomenon in the lignin
pyrolysis process. The lignin hard carbon anode material prepared by Joule thermal flash
evaporation in this invention can promote its application in energy conversion and open up a

new path for the high-value conversion of traditional fossil fuels.

(4) A ARAEEMARLIRER, &G EARNEEIR, RMEES, SEASRPIVESS
AIELL, REES T UEZEVRARRARORE, EBEHHERT, KLRREAHESHRER
B, WR=HELSRVRMGE, XMERGETUEEARZABEIREFREHERNAR, ~LAED
FEEANENENARREER AR LUEH HERRRECPRINAE, AESRamsnsEiEs

LFFBE 7 FBVIE R,
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[0031]

Attached Figure Description

LRSS

[n0028]

Figure 1 is a scanning electron microscope image of the lignin hard carbon anode material of

Example 1.

E 14 5L 55 109 AR BT BB A Ak A7 BBV IR R SR A

[0033]

Detailed Implementation

BiALER

[n0029]

Material characterization of this invention:
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AR PAMEIRAE :

[n0030]

The microstructure of the material was observed using a transmission electron microscope

(JEOL, JEM-2100).

KEAEST T B (JEOL,JEM-2100) MMM B9 HIRLEH

[n0031]

Conductivity was measured using a four-point probe (RM 3000+, Jandel Engineering, UK).

S REAESIRFHY(RM 3000+,Jandel Engineering, U.K.)

Measurement.

M

[n0032]

The method for preparing lignin used in this invention is as follows:
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AR PRFT A EIBIAR B R BRI & 5 7AW TR

[n0033]

Extraction method of alkali lignin: Add wood chips and 15% NaOH solution to a rotary cooker

and heat at 160°C for 120 min with stirring.

ABERNEINAG A BARR515%NaOHBRMA RIS ZER R, £160°C T MM
120min.

After the cooking pot has cooled to room temperature, the solid residue is removed by
filtration and washed with deionized water. The washing liquid is mixed with the filtrate and

poured into 5000 mL of distilled acid water (pH=2) to precipitate lignin.

FERRRRINESR, BIIERBEAXRREFRAEBEFKLF BRFRERRESEEAN
5000mLERIBER7K A (pH=2) LUTE AR &,

After the precipitate precipitates out, the solid is obtained by filtration. The precipitate is
collected by filtration and washed with a large amount of deionized water until the filtrate is

neutral. Then, it is freeze-dried to obtain brown lignin.
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s, HEFEEE, BdTERETEHRAREEZEF/KUE BRIERAFE, BELE

FIRLERBIRBRERZE,

[n0034]

Extraction method of enzymatic hydrolysis lignin: Weigh 60g of enzymatic hydrolysis residue
(purchased from Costson Biotechnology, Enzymatic lignin) and pulverize it to 100 mesh using
a micro pulverizer. Dry it under vacuum at 100°C for 12h. Then add it to a stainless steel high-
pressure reactor. Add 1.2L of 50% ethanol solution at a solid-liquid ratio of 1:20 (i.e., 1g of
solid raw material to 20mL of solution). Add 6g of NaOH as a catalyst. After mixing, heat to

220°C and react at 300r/min for 2h.

SRR ZRBVIEEN 7% . FREN6OgESf#TRBE(WETRAFRSEY, BB RKBZEEnzymatic) ARHE
KPERIEEL008, 100°CTFEZFIEL2h; ARRBEMAFTENSERNER, LRERLEL : 20
(EN1gEARRENIAN20mLAR) ML 2LIAFI D E50% N ZE2E R, BIIN6g NaOHIE L,
RS EMHE220°C, 7£300r/min FRz2h,

After the reaction was completed, the solution was cooled to room temperature and filtered
to separate the lignin solution from the insoluble matter. 5% H<sub>2</sub>SO<sub>4</sub>
was added to the filtrate, and a solid was precipitated. The filtrate was separated and
subjected to vacuum distillation to recover ethanol. The solid was washed with water until

neutral and then dried at 100°C to obtain lignin.
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RNERE, BEER, T8, BAREARSFEINIE, BRRPMANRES #5%HIH<sub>2<
/sub>SO<sub>4</sub>, #TthEK, HELERHAITHEZRBOWZE, BiAKEEREE, T

100°CFIEFISE KRR,

[n0035]

Extraction method of lignin by organic solvent: Add wood chips and ethanol solution (ethanol:

water 7:3) into a rotary cooker and heat at 70°C with stirring for 120 min.

N#E120min,

The following steps are the same as the alkali lignin extraction method.

TS RERARRRI %o

[n0036]

Extraction method of sulfate lignin: Wood chips and cooking liquor prepared by 18% sodium
hydroxide (Na<sub>2</sub>0), 20% sodium sulfide and deionized water are loaded into a

cooking tank, and then the cooking tank is placed into a rotary cooker for cooking.
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MEREARRRNIRING A AR S5H18% AR WIN(Na<sub>2</sub>01t). 20%iRAMMEEF

The following steps are the same as the alkali lignin extraction method.

AT BERA R RIRING 7o

[n0037]

The Joule heating device is from Hefei In-situ Technology Co., Ltd., CIS-JH3.2.

FEHMARERB SIERUBRABERAT, CIS-JH3.2,

[n0038]

Example 1

SKhEI 1

[n0039]
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(1) Weigh 10g of alkali lignin and place it in a three-necked flask. Add 50mL of deionized water
and adjust the pH to 10 using 20wt% sodium hydroxide solution. Stir at 75°C until the lignin is
completely dissolved. Adjust the pH to 2 using 10wt% hydrochloric acid. Wash with deionized

water 3 times and freeze dry to obtain dried lignin.

(1)FREX10ghRARBREZE F =0, MASOMLEFFK, EA20wt%EEMNARIETIpHA
10, 7S CTHHEEARRERTLBHE, FHALOWNEHREREATPHA2, BEBFKIFIR, RF

FIRREITFIEARE;

[n0040]

(2) The dried lignin obtained in step (1) is heated in a tube furnace at 800°C with a heating rate

of 5°C/min and a heating time of 2h to obtain lignin carbon precursor.

2B F B (1) BT IEARRFEENPFB00°CRE TR, FHREZFN5°C/min, INFABTEN

2h, FEIARBRZEATIENE;

[n0041]

(3) The lignin carbon precursor (5.2g) obtained in step (2) is placed in a graphite mold and
carbonized in a Joule heating device. The carbonization temperature is 1200°C; the heating

rate is 120°C/min; the holding time is 3min; the Joule heating voltage is 5V; the current is
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350A,; the output power is 3.5kw; and the pressure is 25MPa. The Joule thermal carbonization

cycle is repeated 3 times.

BRI R )FEMARREMATIREK(S.2g) MNAEERS, TEEMPAEEH TR, WMUEEN
1200°C; NOFAREA120°C/min, fR:EBTE)}I3min, FEENIFARBEASY, BIRAH350A, HHINERE
3.5kw, EF17E25MPa; FRERERITEIRREIX,

As shown in the scanning electron microscope in Figure 1, the carbon layer is dispersed with
little accumulation, indicating that the Joule heating flash evaporation method for preparing
lignin hard carbon materials can effectively improve heating efficiency, reduce carbon layer

accumulation, and thus increase electrical conductivity (conductivity of 3.45X 1013 S/m).

NEFHEEBRATR, HIMBmESE, HRMKRDER, WA T REMRRZESIEARRERME

BV 7T ARI LI RMBVR S MR, IR D IREERLETIE IS B (FEERN3.45X1013S5/m),

[n0042]

Example 2

SEhE {512

[n0043]
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(1) Weigh 10g of enzymatically hydrolyzed lignin and place it in a three-necked flask. Add
50mL of deionized water and adjust the pH to 10 using 15wt% potassium hydroxide solution.
Stir at 75°C until the lignin is completely dissolved. Adjust the pH to 3 using 10wt%

hydrochloric acid. Wash twice with deionized water and freeze dry to obtain dried lignin.

(1)REX10gBE AR RERE F=O6A, MMASOMLEEFK, FEHRLSwWwtNSEAHERIET pH
710, FETS°CTFHHBEEARARRETDBMHE, FA10WtRNHRERETIpHA3, AEBFKTRIR, R

HTIRRETIEARRE;

[n0044]

(2) The dried lignin obtained in step (1) is heated in a tube furnace at 700°C with a heating rate

of 5°C/min and a heating time of 3h to obtain lignin carbon precursor.

Q)BT R(L)FINTFIEARREEFFRT00°CRE TR, AREEN5°C/min, INFAETE

3h, FEIARBRZEMATIEE;

[n0045]

(3) The lignin carbon precursor (5.4g) obtained in step (2) is placed in a graphite mold and

subjected to Joule heating carbonization at a carbonization temperature of 1000°C, a heating
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rate of 130°C/min, a holding time of 4min, a Joule heating voltage of 5V, a current of 350A, an
output power of 3.5kw, and a pressure of 30MPa; the Joule heating carbonization cycle is

repeated 3 times.

()L B (2)FEINARRRREIRIA(5.4g) RN RIEAR, #HITEEMBRK, WREBEEN
1000°C; MOPVEREEH130°C/min, (REAEIA4min, EEMMEBERSY, BRA350A, KHIHEE

3.5kw, E/7E30MPa; FEEMERLIEIFRERIR,

[n0046]

Example 3

K3

[n0047]

(1) Weigh 10g of organic solvent lignin and place it in a three-necked flask. Add 50mL of
deionized water and adjust the pH to 10 using 15wt% sodium hydroxide solution. Stir at 75°C
until the lignin is completely dissolved. Adjust the pH to 2 using 15wt% sulfuric acid. Wash

with deionized water 4 times and freeze dry to obtain dried lignin.
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(D)FFER10gBEMAFIARERE F=OKMAE, MASOMLEEFK, EAISWtORISRMHNARIET
pHA10, FETS°CTHHEEAGRTERME, ERAISWtUNRIRERIFATIpHN2, BEBEFKILF4

R, RETERSETEARE;

[n0048]

(2) The dried lignin obtained in step (1) is heated in a tube furnace at 900°C with a heating rate

of 8°C/min and a heating time of 3h to obtain lignin carbon precursor.

Q)BT R(1)FNTFIEARREEPFI00°CRE TR, AREFENEC/min, NNFAETE

3h, FEIARBRZEATIEN;

[n0049]

(3) The lignin carbon precursor (5.0g) obtained in step (2) is placed in a graphite mold and
subjected to Joule heating carbonization at a temperature of 1400°C, a heating rate of 120°C
/min, a holding time of 4min, a Joule heating voltage of 5V, a current of 400A, an output power

of 4.5kW, and a pressure of 30MPa. The Joule heating carbonization cycle is repeated 5 times.

B FTR(Q)FRRIARBRZAIIRE(5.0g) MNA2EAH, HITEEMMRK, MKEEN
1400°C; MNPUEE/9120°C/min, R:EBSEIA4min, EEMMREBENSY, BEFR400A, BHINFE

4.5kw, ES17E30MPa; EERILTEIFXESR,
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[n0050]

Example 4

SEhtEf4

[n0051]

(1) Weigh 10g of sulfate lignin and place it in a three-necked flask. Add 50mL of deionized
water and adjust the pH to 10 using 15wt% sodium hydroxide solution. Stir at 75°C until the
lignin is completely dissolved. Adjust the pH to 3 using 10wt% hydrochloric acid. Wash with

deionized water 5 times and freeze dry to obtain dried lignin.

(1)FREX10ghiBR B AR RE F=CFMF, MASOMLEBEFK, EALSWtOHNEEMKARIET
pHA10, ETS° CTHHEEARRTEAM, EA10Wt%RIEERETIpHA3, BEBFKITARS

R, RETERSETEARE;

[n0052]

(2) The dried lignin obtained in step (1) is heated in a tube furnace at 800°C with a heating rate

of 6°C/min and a heating time of 4h to obtain lignin carbon precursor.
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2B P R(1) BT IEARRFEEENPHB00°CEE MR, FHREFN6°C/min, INFABTEN

4h, FEIARBEBRATIRIA,

[n0053]

(3) The lignin carbon precursor (5.1g) obtained in step (2) is placed in a graphite mold and
subjected to Joule heating carbonization at a carbonization temperature of 1000°C, a heating
rate of 140°C/min, a holding time of 3min, a Joule heating voltage of 5V, a current of 350A, an
output power of 2.5kW, and a pressure of 20MPa; the Joule heating carbonization cycle is

repeated twice.

)T RQ)FRMIARRFAIIRAE(S.1g) MNG2EAF, HITEEMMRK, MXEEN
1000°C; MNPMEE/9140°C/min, R:EBSEIZAI3min, EEMMREBENS, BFRA350A, BHINFE

2.5kw, EF17E20MPa; FRERERLEIRRE2X,

[n0054]

Example 5

KIS

[n0055]
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(1) Weigh 10g of alkali lignin and place it in a three-necked flask. Add 50mL of deionized water
and adjust the pH to 10 using 20wt% sodium hydroxide solution. Stir at 75°C until the lignin is
completely dissolved. Adjust the pH to 2 using 10wt% hydrochloric acid. Wash with deionized

water 3 times and freeze dry to obtain dried lignin.

(1)FREX10ghRARBREZE F =0, MASOMLEFFK, EA20wt%EEMNARIETIpHA
10, 7S CTHHEEARRERTLBHE, FHALOWNEHREREATPHA2, BEBFKIFIR, RF

FIRREITFIEARE;

[n0056]

(2) The dried lignin obtained in step (1) is heated in a tube furnace at 800°C with a heating rate

of 5°C/min and a heating time of 2h to obtain lignin carbon precursor.

2B F B (1) BT IEARRFEENPFB00°CRE TR, FHREZFN5°C/min, INFABTEN

2h, FEIARBRZEATIENE;

[n0057]
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(3) The lignin carbon precursor (5.2g) obtained in step (2) is placed in a graphite mold and
subjected to Joule heating carbonization at a temperature of 1300°C, a heating rate of 130°C
/min, a holding time of 2min, a Joule heating voltage of 5V, a current of 350A, an output power

of 3.5kW, and a pressure of 25MPa; the Joule heating carbonization cycle is repeated twice.

Q)RS E(2)FHMIARREMAEIRAK(5.28) MINAREAF, #HITEEMMIRK, REEER
1300°C; MNFAREA130°C/min, REEEIF2min, SEEMMABERNSY, BRA350A, HHIHZEE

3.5kw, ESI7E25MPa; EHFAMRIEIRREL2R,

[n0058]

Example 6

SEhtEf516

[n0059]

(1) Weigh 10g of alkali lignin and place it in a three-necked flask. Add 50mL of deionized water
and adjust the pH to 10 using 20wt% sodium hydroxide solution. Stir at 75°C until the lignin is

completely dissolved.
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(1)¥FEX10ghARRZREF=OKMAA, MASOMLEEFK, FEA20wt% NS E A RIATIpHA
10, E75°C T EEARRERTLBHE.
The pH was adjusted to 2 using 10 wt% hydrochloric acid, and the mixture was washed three

times with deionized water and then freeze-dried to obtain dried lignin.

EA10Wt%RERERIE T pHA2, BEBFKERIR, RETRF[EITEARE.

[n0060]

(2) The dried lignin obtained in step (1) is heated in a tube furnace at 800°C with a heating rate

of 5°C/min for 2 hours to obtain lignin carbon precursor.

2B PR (1)FINTIEARRFZENPHE00°CEE TR, FHEEZF5°C/min, INFAETEN

2h, FEIKRBZRIRATIER,

[n0061]

(3) The lignin carbon precursor (5.2g) obtained in step (2) is placed in a graphite mold and
subjected to Joule heating carbonization at a temperature of 1400°C, a heating rate of 140°C
/min, a holding time of 5min, a Joule heating voltage of 5V, a current of 350A, an output power

of 3.5kW, and a pressure of 25MPa. The Joule heating carbonization cycle is repeated 5 times.
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()BT RQ)FHMIARFIAIEMAK(5.28) MNAREAF, HITEEMMRRK, MKEEN
1400°C; AIFERE140°C/min, fREBTEIZISmin, EEMPEEASY, BRA350A, HHINERE

3.5kw, E/7E25MPa; FREMERLIBEIFRERSR,

[n0062]

The embodiments provided above are not intended to limit the scope of the present

invention, nor are the described steps intended to limit the order of their execution.

PAEFriR Y SEREGIFH IR A ARSI ZS R BRFR SR BVSERE, FREARRYZ B AR Z A ARG EH TR
o

Any obvious modifications made to this invention by those skilled in the art based on existing
common knowledge also fall within the scope of protection defined by the claims of this

invention.

RPIRAARESME 2N B IR AN LB EMHZ RS, TENELZBRNFIERBAAARER R

PSEREZ A,
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