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Notice

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 CN118996481A

A Joule thermal flash mass production method for biomass carbon-based composite

materials and its applications

—MEERZNREET S EYRMEESMHNENA

[0001]

Technical Field
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ARG

[n0001]

This invention relates to the field of electrocatalytic materials technology, specifically to a
Joule thermal flash mass production method for preparing biomass carbon-based composite

materials and its applications.

KBRS R B EMMEH AT, BEA—MEEREANERZEHSEYERMES SMEREN

Fo

[0003]

Background Technology

BREEA

[n0002]

Generally, the yield ratio between corn and corn stalks is roughly 1:0.8, which means that

about 231 million tons of corn stalks can be harvested each year.
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—MRIERT, EREEKETFZERIFELLHIAEN1:0.8, XERESFAIWIRLI2.31ZMEXK

+
Ho

Straw residues are a byproduct of agricultural resources in many regions and are widely used

in many agricultural industries.

B EREME TSRV FRNE~am, TIFSRW I HFE T 2R A,
However, the most common method of utilization at present is burning straw back into the
field, which not only has a low resource utilization rate but also brings a lot of CO2 emissions,

causing secondary damage to the environment.

PAM, HElREANFBAEHARER, MUERCAARREZHRAECO<sub>2</sub>HF

M, MIFEEN R E.

[n0003]

Currently, various CO2 emission reduction and utilization schemes have been proposed, such

as carbon capture and storage technology and electrochemical CO2 reduction technology.

Bal, AMNB&IRE T ZMCO<sub>2</sub>mAMFM ARG R, FlilizAmERMEFRA. B

2 CO<sub>2</sub>FrEE RS,
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Among these technologies, the use of carbon-based materials for CO_NER4 adsorption,

conversion and storage is generally considered a promising approach.

EXLER AR, EiRIAAFRREME#T{TCO<sub>2</sub>Ikki. ¥HFEFE—MAEFRI =N

BNk

[n0004]

Research has found that biomass carbon-based materials co-doped with nickel and nitrogen

exhibit particularly outstanding CO<sub>2</sub>RR performance.

MREZM, BERTEHFEESRNEYIRREME AR LAHBRCO<sub>2</sub>RRIERE,
However, its preparation process has many problems, such as complicated operation, long
preparation process, low product yield, and large batch-to-batch variability, which prevents

biomass carbon-based catalysts from being widely used in the market.

BHHIETZEEESNE, TEBREED. fIEREEK. =W=g). HRERMAER
R, EIFEYBRmEENFIERFEZH IR A,
Therefore, to realize the industrial application of agricultural waste, the problem of large-

scale preparation must first be solved. In recent years, the application of methods such as
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laser induction, high-voltage pulse, and Joule rapid heating has gradually become a new
approach for the research on the large-scale preparation of solid carbon-based materials. In
recent years, the Joule rapid heating method has been considered an innovative and efficient
method based on electric Joule heating. The target temperature can be reached in an ultra-
short processing time, which can overcome the problem of uneven distribution of active sites
caused by differences in thermal migration rate. Rapid recombination of carbon structures
can be achieved through instantaneous high-energy and high-heat methods, thereby enabling

the functional modification and large-scale preparation of biomass carbon-based materials.

b, ELMRIVEFYN TN AANE T REENGIEED, EFER, BOER. SHE
BRI E B IREINAE 77NN BAZ D B RHEY A EREMRHER. HFEK, £ER
IR EZRINAN R —METEEEMANLIFESNN TG E. B UTEERERNLIENERNAR B AR
mE, XAURRATAIBRRERSBRELARIGAIINER, BIBREEE. SR

FERAIKRIMEHIRIEELS, NTSEIMEYIBREMFIBINREEIRN Z 2 &,

[0007]

Summary of the Invention

REAAE
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[n0005]

The purpose of this invention is to address the shortcomings of traditional corn stalk
electrocatalysts, such as complex preparation steps and low efficiency, by utilizing the Joule
rapid heating method to achieve efficient and large-scale preparation of electrocatalysts
using corn stalks as precursors, thereby realizing the industrial-scale, kilogram-scale

preparation of biomass carbon-based materials.

FRPNBERHMNERERAETRELTNHETRES, BMERRTFRE, FAKEREMPCE
SEMEHAENUTRKFETF ARIIRAEBEMCO2MELTIRIFIE, SIMEMRMEMBN I K. &

Frék &

[n0006]

To achieve the above-mentioned objectives, the present invention provides the following
technical solution: a Joule thermal flash mass production method for preparing biomass

carbon-based composite materials, comprising the following preparation steps:

NTFRMERLEAER, FEABRHINTRALRE: —MEBRZNREZEHFEEYIRMEE 5

K, SEUTHIETR:

[n0007]
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(1) The corn stalks were ball-milled for 30-60 minutes, then crushed and passed through a 200-
mesh sieve. After ultrasonic washing with deionized water, the stalks were filtered, the solid

was collected, and freeze-dried to obtain corn stalk powder.

(13 ERFEFF#ITIKE30~60min, PEEMIEE20087E, SEBFKEBELF, I8, WERK, 2

TR, SERETHR;

[n0008]

(2) The corn stalk powder was calcined to obtain corn stalk carbon precursor;

QB ERBHHREITIRE, SEAKETHEIEY;

[n0009]

(3) Mix the corn straw carbon precursor with an alkali source evenly, and then activate it by

calcination to obtain intermediate A;

BB EAREITHRAIRY SHRIRESYS, MEEERREW, SPEIA;

[n0010]
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(4) Disperse intermediate A in hydrochloric acid solution, acid wash for 2 h, wash with 50 wt%
ethanol aqueous solution until the pH of the washing solution is 7, dry at 80°C for 24-48 h to

obtain biomass carbon powder;

(4) B REIAD BT EEARS, BRIE2h, A50wt% CEEKBRFERFRPHAT, 80°CHIE

24~48h, 1FEYIFRRKD;

[n0011]

(5) Mix biomass carbon powder, dicyandiamide and nickel chloride hexahydrate evenly to

obtain a mixture;

(S)VRFEMIRRN . WERRM;VKERLRREESHS, JFEEY;

[n0012]

(6) The mixture is subjected to Joule calcination to obtain a biomass carbon-based composite

material.

(O EEMHITEERIRE, SEVEMEESMH,

[n0013]
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Furthermore, the ultrasonic rate in step (1) is 21 kHz and the duration is 2 to 3 hours.

H—PH, TR(1FIRERERN21kHz, BEf2~3h,

[n0014]

Furthermore, the freeze-drying temperature in step (1) is -45°C and the time is 24 to 48 hours.

H—PH, TR(1)FRLFETIREEN-45°C, BYE7924~48h,

[n0015]

Furthermore, the mass ratio of corn stalks to deionized water in step (1) is 5-8:10-15.

H—TH, PR()FMRERBHSEBFKBRELN5~8:10~15

[n0016]

Furthermore, the calcination conditions in step (2) are: nitrogen atmosphere, temperature of

500°C, and time of 5h.

H—PH, PRQFIBEBEIFRE: SFARS. ‘mEHN500°C. BEA5h,
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[n0017]

Furthermore, the calcination conditions in step (3) are: nitrogen atmosphere, heating rate of

5°C/min, temperature of 800°C, and time of 2h.

H—PH, PRE)FMBEBEHFE: SEART. FHRERA5C/min BENB00°C. BYEN

2ho

[n0018]

Furthermore, the alkali source in step (3) is potassium hydroxide, and the mass ratio of corn

straw carbon precursor to potassium hydroxide is 1:2.

H—TH, TRE)MAEFEASELH, ERETRARYSSaUHRNRELN1:2,

[n0019]

Furthermore, in step (5), the mass ratio of biomass carbon powder, dicyandiamide, and nickel

chloride hexahydrate is 1-5:0.28-0.56:1.18-2.37.

H—PH, DR PMREYIRIR. WEEMKERURENHRELL)91~5:0.28~0.56:1.18~2.

37,
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[n0020]

Furthermore, the Joule calcination temperature in step (6) is 500-1000°C and the heating time

is 1-10 seconds.

H—PRH, TR(6)FMAEEREE/500~1000°C. FRAEIH1~10s,

[n0021]

Compared with existing technologies, the beneficial effects achieved by this invention are as
follows: This invention adopts the Joule rapid heating method, uses corn stalks as raw
materials, and introduces nitrogen and nickel sources to achieve flash mass production of
biomass carbon-based composite materials, realizing a virtuous cycle of "taking from carbon
and using it for carbon"; in addition, this invention has the characteristics of mild processing
conditions, short reaction time, low energy consumption, and environmental friendliness,

and is suitable for mass production, with certain application prospects.

S5MERARELL, SRBAFMREINEENRE: ALXRARAEEREMHRE, FAERBEHAERM,
SINRENFR, KIMNRZEFEEMRMEESME, EUMAR “RZ2FH, AZTR R
METEIR; IbSh, AKRBRABMERMEM. RNERE. R, MERFNER, ERTAHMEE

=, B—ENNARR.
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This study not only provides new ideas for improving the preparation efficiency of biomass
carbon-based materials, but also enables the efficient electrochemical reduction and

resource utilization of CO<sub>2</sub>.

BIARAR, MMYAUNRSEYSREM SRR & WK R R ER, MARTIUKICO<sub>2<

[sub>ER B EBALFE R ZRICF Ao

[0025]

Attached Figure Description

P 352 BE

[n0022]

The accompanying drawings are provided to further illustrate the invention and form part of
the specification. They are used together with the embodiments of the invention to explain

the invention and do not constitute a limitation thereof.

MBI AR MM A LPRRH—T IR, FEMARPBHI—E077, SAKPRARYSEHES]—R TRERA

KB, FAMIRRX A A& EBRRI PR,
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In the attached diagram:

EMEA:

[n0023]

Figure 1 shows the XRD patterns of the biomass carbon-based composite materials prepared

by the Joule heating method in Examples 1-3;

E1 AR50 1- 3R BB RUERIER EYI T IE S SMEIRIXRDEE;

[n0024]

Figure 2 shows the SEM image of the biomass carbon-based composite material prepared by

the Joule heating method in Example 1;

E2 AR EH 1R EERERIENEYRIREE S FEIISEMEE;

[n0025]

Figure 3 shows the Faraday efficiencies of CO and H<sub>2</sub> in the biomass carbon-

based composite materials prepared by the Joule heating method in Examples 1 and 4.
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E3AKEAL. AREEREHEHNEYIRBES SMERCOMH<sub>2</sub>BYERI B R,

[0030]

Detailed Implementation

=N

[n0026]

The technical solutions of the present invention will be clearly and completely described
below with reference to the embodiments of the present invention. Obviously, the described
embodiments are only some embodiments of the present invention, and not all

embodiments.

ol

TERBEESARRALMEG, NALPLHFIPNRAAZZHITER. TEMIER, B8, FriedRaIk
TGN B AR EA—EF 53 S5, MAREERRIKHES,
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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BT ARRPAFRILES, SMAEERARARTLE ML LNERGEIRIE TARSHVFTE EfthSthE

51, #BETALKRBRIPEEE,

[n0027]

Example 1

SEhEf)1

[n0028]

(1) The corn stalks were ball-milled for 45 min, then pulverized and passed through a 200-
mesh sieve, washed with deionized water at 21 kHz for 2.5 h, filtered, and the solid was dried
at -45 °C for 36 h to obtain corn stalk powder; the mass ratio of corn stalks to deionized water

was 7:12.

(I EKFETFHITIKEASmIin, FEEMFI20080, 2EBFK, F21kHZEBREEF2.5h, JiE,

EXE{R, F-45°CFIE36h, JRERETHMR; MAERETSEBFKHNRELNT:12;

[n0029]
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(2) The corn stalk powder was calcined at 500°C in a nitrogen atmosphere for 5 hours to

obtain corn stalk carbon precursor.

QB ERBEHHARTS500°CHRIFE T#H1TRIE, BEIA5h, [FERBMHEREIRY;

[n0030]

(3) Mix the corn stalk carbon precursor with potassium hydroxide evenly, and calcine and
activate it at 800°C at 5°C/min under a nitrogen atmosphere for 2 hours to obtain intermediate

A; the mass ratio of the corn stalk carbon precursor to potassium hydroxide is 1:2.

(VR ERBMHMABSEA/LTESYS, ERARET, LS C/minARES00°C, #ITIREE

£, BYEIA2h, [FHEMIA; PR ERETREIEYS SR UHIIRELH1:2;

[n0031]

(4) Disperse intermediate A in hydrochloric acid solution, acid wash for 2 h, wash with 50 wt%
ethanol aqueous solution until the pH of the washing solution is 7, dry at 80°C for 36 h to

obtain biomass carbon powder;
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(4)BREMAD T HEOS R, BIE2h, FAS0wt% JERKARTGFERFBRPHAT, 80°CTIR

36h, FEYGIRK;

[n0032]

(5) Mix biomass carbon powder, dicyandiamide and nickel chloride hexahydrate evenly to
obtain a mixture; the mass ratio of biomass carbon powder, dicyandiamide and nickel

chloride hexahydrate is 1:0.28:1.18;

(5)REY RN, WM/ SKERUFERSINS, BESY,;, £YRRM. WERMSKERL

BRARELE91:0.28:1.18;

[n0033]

(6) The mixture is heated to 700°C within 5 seconds and subjected to Joule calcination to

obtain biomass carbon-based composite material, namely Ni/NC-5-700.

(6 BEYESSN, FRET00°C, #HITEERER, SEYMRMESESHMEL, BINi/NC-5-7000

[n0034]

Example 2
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SEhE {512

[n0035]

(1) The corn stalks were ball-milled for 45 min, then pulverized and passed through a 200-
mesh sieve, washed with deionized water at 21 kHz for 2.5 h, filtered, and the solid was dried
at -45 °C for 36 h to obtain corn stalk powder; the mass ratio of corn stalks to deionized water

was 7:12.

(I E KRBT HITIKEASmin, FEEMFI20087, 2EBFK, F2lkHZEBEEF2.5h, TiE,

ERE{R, F-45°CFIE36h, JRERETHMR; MAERETSEBFKHNRELLNT:12;

[n0036]

(2) The corn stalk powder was calcined at 500°C in a nitrogen atmosphere for 5 hours to

obtain corn stalk carbon precursor.

QB EARBHHRTS500°CHR[IFE T#HTEREE, BEAN5h, [FERBEHHREIRY;

[n0037]
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(3) Mix the corn stalk carbon precursor with potassium hydroxide evenly, and calcine and
activate it at 800°C at 5°C/min under a nitrogen atmosphere for 2 hours to obtain intermediate

A; the mass ratio of the corn stalk carbon precursor to potassium hydroxide is 1:2.

(PR ERFBEMHMABRSEA/LTESYS, ERARET, LS C/minARES00°C, #ITIRRE

£, BSiE2h, FHEMA; FrRd ERBEHHRARYS SR LHNRELEN1:2;

[n0038]

(4) Disperse intermediate A in hydrochloric acid solution, acid wash for 2 h, wash with 50 wt%
ethanol aqueous solution until the pH of the washing solution is 7, dry at 80°C for 36 h to

obtain biomass carbon powder;

(4) K EIAD T EHREART, BRIE2h, AS0wWt% ZEKARTFERFRPHAT, 80°CTFIE

36h, FEYGIRK;

[n0039]

(5) Mix biomass carbon powder, dicyandiamide and nickel chloride hexahydrate evenly to
obtain a mixture; the mass ratio of biomass carbon powder, dicyandiamide and nickel

chloride hexahydrate is 1:0.28:1.18;
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(5)RBEY RN, WM/ SKERUFERSITS, BESY,; £YRinM. WERMSKERL

BRAREL91:0.28:1.18;

[n0040]

(6) The mixture is heated to 800°C within 5 seconds and subjected to Joule calcination to

obtain biomass carbon-based composite material, namely Ni/NC-5-800.

(6 EEMTESSN, FHRES00°C, HITHEEIRE, SEMRMEAESMEL, BINi/NC-5-800,

[n0041]

Example 3

SEhEf3

[n0042]

(1) The corn stalks were ball-milled for 45 min, then pulverized and passed through a 200-
mesh sieve, washed with deionized water at 21 kHz for 2.5 h, filtered, and the solid was dried
at -45 °C for 36 h to obtain corn stalk powder; the mass ratio of corn stalks to deionized water

was 7:12.
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(I E KRBT HITIKEASmIin, FEEMFI2008, EEBFK, F21kHZEBEEF2.5h, TiE,

ERE{R, F-45°CFIE36h, JFERETHMK; MAERETSEBFKHNRELLNT:12;

[n0043]

(2) The corn stalk powder was calcined at 500°C in a nitrogen atmosphere for 5 hours to

obtain corn stalk carbon precursor.

2B EARBEHHRTS500°CHRIFE T#HITEREE, BEAN5h, [FEREMHHREIRY;

[n0044]

(3) Mix the corn stalk carbon precursor with potassium hydroxide evenly, and calcine and
activate it at 800°C at 5°C/min under a nitrogen atmosphere for 2 hours to obtain intermediate

A; the mass ratio of the corn stalk carbon precursor to potassium hydroxide is 1:2.

(R EARBEHmMAIBRYSSENTESHS, ERAFET, U5°C/minAEZES00°C, #HITIRIEE

£, BYiEIN2h, FHIEWIA; PR ERETREIEYS S8 WRIIRELLN1:2;

[n0045]
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(4) Disperse intermediate A in hydrochloric acid solution, acid wash for 2 h, wash with 50 wt%
ethanol aqueous solution until the pH of the washing solution is 7, dry at 80°C for 36 h to

obtain biomass carbon powder;

(4) B REIAD BT EEARS, BRIE2h, A50wt% CEEKBRFERFRPHAT, 80°CHIE

36h, FEYIBEIRK;

[n0046]

(5) Mix biomass carbon powder, dicyandiamide and nickel chloride hexahydrate evenly to
obtain a mixture; the mass ratio of biomass carbon powder, dicyandiamide and nickel

chloride hexahydrate is 1:0.28:1.18;

(SR EYIEIRKY. B/ VKERUFREGNS, FREEY; EVMERY. NEEM KGR

EABRELL/91:0.28:1.18;

[n0047]

(6) The mixture is heated to 900°C within 5 seconds and subjected to Joule calcination to

obtain biomass carbon-based composite material, namely Ni/NC-5-900.
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(6 EEMTESSH, FHREEI0°C, HITEERE, SEMRmMEAESMEL, BINi/NC-5-900.

[n0048]

Example 4

SEhtEf4

[n0049]

(1) The corn stalks were ball-milled for 45 min, then pulverized and passed through a 200-
mesh sieve, washed with deionized water at 21 kHz for 2.5 h, filtered, and the solid was dried
at-45 °C for 36 h to obtain corn stalk powder; the mass ratio of corn stalks to deionized water

was 7:12.

(1) EAREFEITIKEASmin, FEEHIEFZ2008H, £EXBFK, F21kHZEEEFR2.5h, T8,

ERER, F-45°CFIE36h, JFERBETHMK; MERERETSEBEFKHNRELNT:12;

[n0050]

(2) The corn stalk powder was calcined at 500°C in a nitrogen atmosphere for 5 hours to

obtain corn stalk carbon precursor.
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2R ERFBEHHRTS00°CHIRIRE TEITERIE, BHEIJN5h, FEREMHEREIERY;

[n0051]

(3) Mix the corn stalk carbon precursor with potassium hydroxide evenly, and calcine and
activate it at 800°C at 5°C/min under a nitrogen atmosphere for 2 hours to obtain intermediate

A; the mass ratio of the corn stalk carbon precursor to potassium hydroxide is 1:2.

()R EARBETHAIBEYSIRNTREGYS, ERSFET, MU5°C/minFHREES00°C, #HITHRIE

£, BYiEIJ92h, FHIEMIA; PR ERETIEIEYS S8 WRIIRELEN1:2;

[n0052]

(4) Disperse intermediate A in hydrochloric acid solution, acid wash for 2 h, wash with 50 wt%
ethanol aqueous solution until the pH of the washing solution is 7, dry at 80°C for 36 h to

obtain biomass carbon powder;

(4) KR EIAD TR T EEART, BRIE2h, AS0wt% ZEKARTFEFRFRPHAT, 80°CTFIE

36h, FEYIGIRK;

[n0053]
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(5) Mix biomass carbon powder and dicyandiamide evenly to obtain a mixture; the mass ratio

of biomass carbon powder to dicyandiamide is 1:0.28;

SV FEMBK. WEMESIYY, JFREEY; £V, NEAZIIRE791:0.28;

[n0054]

(6) The mixture is heated to 800°C within 5 seconds and subjected to Joule calcination to

obtain biomass carbon-based composite material, namely NC-5-800.

(6 EEMTESSN, FHRES00°C, HITEERE, SEVRMEESMF, BEINC-5-800,

[n0055]

It will be apparent to those skilled in the art that the present invention is not limited to the
details of the exemplary embodiments described above, and that the present invention can
be implemented in other specific forms without departing from the spirit or essential

characteristics of the present invention.

M FRPHABRARAARMS, BATERARRT ERREHEEEARAT, MEERNSE B LRI

EARGFENERT, EBUEMHEATALIELHAE,
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Therefore, the embodiments should be regarded as exemplary and non-limiting in all
respects, and the scope of the invention is defined by the appended claims rather than the
foregoing description. Thus, it is intended that all variations falling within the meaning and

scope of the equivalents of the claims be included within the invention.

Hit, TIEMB—=KRE, HINEEHEFHIEERSTEURN, MERIFRFIMN, AABAIEE BFRH
RFERMAR LARWRARE, Rt ST EENFEROFEZHHE X EERNRFIEE L ERE
e

Any markings in the claims should not be construed as limiting the scope of the claims.

ARLREANF B K AR A EAIARIC AR 9 BREBIFT 4 B RIARF B Ko
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