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DESCRIPTION CN120646820A

An adsorption-enhanced preparation method for biomass tar-modified flash-evaporated

graphene

— M EYI B ERREE N R A 2 GBI IRFIE SR G E 7T 0E

[0001]

Technical Field
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ARG

[n0001]

This invention relates to the field of graphene technology, specifically to an adsorption-

enhanced preparation method for biomass tar-modified flash-evaporated graphene.

KRS RAZBHERATN, BEA—TEYIREBERIERZE G SERIRAMIE 8 HI & 77 %.

[0003]

Background Technology

BFREERA

[n0002]

With the acceleration of global industrialization, heavy metal pollution has become one of the

major challenges in the environmental field.

fEEEIXKT I LHARRRINE, EXESREMAFRIANERREZ—.
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Heavy metal ions such as lead, cadmium, and mercury are widely present in industrial
wastewater. They are highly toxic, easily accumulate, and are difficult to degrade naturally.
Once they enter water bodies, they can be transferred through the food chain, ultimately

causing serious harm to human health.

EEREBEFUH. W RETTUERKFPIZ2EFE, el lBREESEYE. ZREBEMEUB AR
=, —BENKE, BIREEE, RENAKERER™ERE,
Traditional methods for treating heavy metal wastewater mainly include chemical

precipitation, ion exchange, membrane separation, and adsorption.

EENESREKGEREETZARNFETNEE. BFIWE. ROBEMRMESE,
Among them, adsorption method has attracted widespread attention due to its simple

operation, low cost, high efficiency and ability to achieve deep removal of heavy metal ions.

Hep, IRHCERESRFEE. RARE. MRRSHEAULRESEEFIREARRMREZX

7o

[n0003]
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Graphene, as a novel two-dimensional nanomaterial, possesses high specific surface area,
excellent mechanical properties, good thermal and chemical stability, and abundant surface

functional groups, making it a promising candidate for adsorption applications.

AREFA—MIEN ZHRME, BASILRER. AENNFEE. RFNAREMMLER
Ett, UNFENREERE, FEERMITUSEREEXRNE,

However, most current methods for preparing graphene suffer from problems such as high
cost, complex processes, and serious environmental pollution. Common preparation

methods include chemical vapor deposition, redox method, and mechanical exfoliation.
Chemical vapor deposition requires harsh conditions such as high temperature and high
vacuum, and has high equipment requirements and high cost; although the redox method is
relatively simple to operate, the strong oxidants and reducing agents used can cause
environmental pollution; mechanical stripping has extremely low yield and is difficult to apply

on a large scale.

AT, BRIASENRIERERSEERES. TZ2EHR. MESRTEERR. BRNGIEHE
BREACFSETR. fUERE IMREESF. KFRNRZEERERR. SETSEFTZIFMN,
REERS, WAHR; ANEFEEARARFERENES, EEANBRAMTINTRETSIMNIFRIEMS

gy NURRIE AR RIRIR, MELIKHIERN A,
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[n0004]

Biomass tar is a byproduct of the thermochemical conversion of biomass. It is mainly
composed of various organic compounds, including aromatic hydrocarbons such as benzene,
toluene, and naphthalene, as well as oxygen-containing organic compounds such as phenols,

alcohols, and aldehydes.

EYRERREYIRANFR IR~ ENEFY), TERIMENLESYAHN, BIER. BE,
SEFFRUKEE. B, BRFS88VY.

Traditional methods for treating biomass tar mainly involve physical separation or simple
chemical conversion to separate it into products such as light oil and heavy oil. However,
these methods often fail to fully utilize the high carbon resources in the tar and are prone to
generating secondary pollution during the treatment process. Biomass tar has the
characteristics of high carbon content, high oxygen content, high calorific value, high coating
properties, high foaming properties and low impurities, making it a good carbon source that

can be used to prepare high value-added carbon materials.

16-01-2026 - Page 5



RENEYRERCES ZTEREIVESBNERNUFRN, FHIBNE®. EREF"m,

BEXEFEFEFELZRDFAEMTHERER, BABEIBFEZTETRNSHR. EYREHRA
EEmEE. S88E. SE. SERE. SRAEMENARVFEYE, B—HREFNHCR, AIA

THlESHINE R

[n0005]

Existing technologies for utilizing biomass tar to prepare high-value-added materials have the

following shortcomings:

NERAENREYRE R ESHINEMA TEFEUTAE:

[n0006]

Firstly, although existing research has recognized that biomass tar contains abundant carbon
resources, the utilization of tar is mostly limited to simple physical separation or low-value-
added chemical product production due to traditional processing technology. This has failed
to fully leverage its high carbon characteristics and renewable advantages, making it difficult
to achieve high-value utilization of biomass tar and meet the current requirements for

resource recycling and sustainable development.
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H—, REBEMFTINRIEYIRFEHPESFENHERR, EXRBTERAIZEAR, WEHHFA
REFBERBENYESBRRMMNENK I mE” L, Keexo K EESRFIENATBEMRS,

UK EYREENSEXFAE, TEBRImMNZRBEIFFBNARHELRHEN,

[n0007]

Secondly, traditional methods for preparing graphene have many limitations.

HZ, XWTFARF|ENGIE, ERAEFETESHERML,

Chemical vapor deposition relies on high temperature and high pressure conditions, resulting
in high costs; redox methods use a large number of chemical reagents, causing environmental
pollution; mechanical stripping methods have extremely low yields and are difficult to mass-

produce.

KESHEAREHEESERY, SBETEEH; SRR EERARENERT, ERIFRTHE;
MU R B A= RARR, XELURMEE =,
These limitations restrict the large-scale application of graphene, especially in cost-sensitive

environmental remediation fields.

XEFRIEFFABHENANEN AR EIRE, LTHIENRASRNIFRAIE I,
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[n0008]

Thirdly, in the development of adsorption materials, existing graphene-based adsorbents
have problems such as insufficient surface active sites, poor selectivity for heavy metal ion

adsorption, and difficulty in recycling and reuse.

H=, TR0 AL L, REASHEERMFIFEREEEUSAE. NESEE FRMHHERME
Z. MELUEIEF AR,

This limits its adsorption efficiency and lifespan in practical applications, making it difficult to
meet the demand for efficient, economical, and environmentally friendly removal of heavy

metal wastewater.

XFEHAKGNARNRMERNERSFRRIR, HLUBREN. Z5F. MREFEZEEKNFE

Ko

[n0009]

Given the shortcomings of the existing technologies, there is an urgent need for a method that

can efficiently utilize biomass tar resources, is environmentally friendly, and can produce high-
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quality graphene adsorbent materials on a large scale, so as to realize the high-value
utilization of biomass tar and the efficient treatment of heavy metal wastewater, thereby

promoting technological progress and sustainable development in related fields.

LT EMERARNTE, BRE—HESSNARENRERSE. SOFRETMEKE~S
REAEERIAHNTSA, USRI YRS ANSELNANESRBEKNERARE, EEET

BBYR AL MBI R R

[0012]

Summary of the Invention

YL INES

[n0010]

To address the shortcomings of existing technologies, this invention provides an adsorption-
enhanced preparation method for biomass tar-modified flash-evaporated graphene, which

solves the problems mentioned in the background section.
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HMMERANTE, NRPRET —MEYRERCUENZA B IHENRMIEREIESE, BRTE

RE REARRFrR SRR,

[n0011]

To achieve the above objectives, the present invention provides the following technical
solution: a method for preparing adsorption-enhanced graphene modified from biomass tar,

comprising the following steps:

AEMUEER, KEEBIUTEAFEFT UL : —fEY RS R RAZER E IR M2

BHE, BREUTTR:

[n0012]

Biomass tar is mixed with nitrogen and iron sources and pretreated to obtain a mixed slurry;

REVMREHSRENKIFES, #HITAE, SERGRM,;
[n0013]

The mixed slurry was freeze-dried to obtain a dried sample;
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MFMRRERELEITORTIR, [FEITIEFm;

[n0014]

The dried sample was subjected to sequential heating treatment in an inert gas atmosphere,
heated to a set carbonization temperature at a specific heating rate and held at that

temperature for a predetermined time to obtain a tar carbon precursor.

RArAFEFmEEESAERET, FROHITHRLGE, DFEARRXAEEREREEHRE

FAzEBYiE], 1FEIFR BRI

[n0015]

The tar carbon precursor is subjected to flash Joule heat treatment. By adjusting the
discharge voltage and discharge time, the tar carbon precursor is instantly converted into

modified flash graphene.

ReFmR o XA TR EALIE, BT TR EBEMNRERE, EEnmaRKAEEEY

AERENE A ER,

[n0016]
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Preferably, the biomass tar is a byproduct generated during the thermochemical conversion

of biomass, including tar generated during biomass gasification or pyrolysis.

ks, FREYRERAEMRRUFEZRUIER=ENET~Y, SFEYRSNIAEIIER~
S RIEEH,
[n0017]

Preferably, the nitrogen source is one or more of urea or disodium

ethylenediaminetetraacetate, and the iron source is ferric chloride.

iRy, FrdURARERZ —RIUZER _ SRRy —MEiZ i, FRRsKiR AR,

[n0018]

Preferably, the pretreatment includes ultrasonically dispersing biomass tar with a nitrogen
source and an iron source at room temperature for 10-60 minutes, followed by stirring for 1-6

hours.

fERY, FrATR R BB EY R RS REMKRE R R THITEE DR, BEEN10-

60min, FARLEEEFF1-6h,
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[n0019]

Preferably, the freeze-drying temperature is -40°C to -80°C, and the drying time is 12-48 hours.

kR, PRR2ATIZRVERE /-40°CE-80°C, FIEAT{E]I12-48h,

[n0020]

Preferably, the heating rate is 5-10°C/min, the carbonization temperature is 700-900°C, and

the holding time is 1-3h.

fERY, P mIEFRAS5-10°C/min, :EET00-900°C, REFNEREI1-3h,

[n0021]

Preferably, the flash joule heat treatment specifically involves: placing the tar carbon
precursor in a quartz tube, sealing both ends with graphite plugs, evacuating to a negative
pressure state, connecting a DC power supply, charging through a capacitor bank to a set
discharge voltage, and then discharging instantaneously. The discharge voltage is 130-170V,

and the discharge time is 0.1-1s.
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Ry, FMRRNZEERGERGEN: RERBIEAETARER, AARELHERE, MET
ENERS, BEERER, BIEARATETRENEEEEBRENE, KEEE130-170V,

TREERYIE]90.1-1s,

[n0022]

Preferably, the method further includes a step of testing the adsorption performance of the
modified flash graphene, specifically: mixing the prepared modified flash graphene with a
solution containing heavy metal ions to carry out an adsorption reaction, and calculating the
adsorption capacity and removal rate by measuring the concentration of heavy metal ions in

the solution before and after adsorption.

Ry, EEEMNFIRCE N R A 2HEEITRMEENHTE, BiERN: BHES2RIENER
BRSAETRBTFNARESHITRMRLY, BINERMIIEARPETEBEFRE, TERH

BEMERE

[n0023]

Preferably, the heavy metal ion is one or more of lead ions, cadmium ions, copper ions, or

mercury ions.

s, FIREERBFABEF. BETF. HEFIREFRHN—MESH,
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[n0024]

This invention provides an adsorption-enhanced preparation method for biomass tar-

modified flash-evaporated graphene.

IR EFR M T — MY R R N E A R IR R SR & 5%,

It has the following beneficial effects:

BEUTEmYR:

[n0025]

1. This invention prepares modified flash graphene from biomass tar, realizing the high-value

utilization of biomass tar.

1. AEEEIEYREHANERSIEUENZASEE, ST EYRERNSELTIA.
Transforming it into high-value-added modified flash graphene materials not only solves the
problem of biomass tar treatment, but also avoids environmental pollution problems such as
soil and water pollution caused by direct discharge or simple treatment of tar, resulting in

significant environmental benefits.
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REECASMINERERAZ A RIEME, DMUBRRT EVFE RN IERED, TR T RS HE
EH e E R IEHERAY IR, KEFIMRSREH, AR EERNIFEE.

Meanwhile, compared with traditional methods of preparing graphene using fossil fuels, this
method utilizes renewable biomass resources, reduces dependence on non-renewable energy
sources, conforms to the concept of sustainable development, and helps promote the
development of biomass energy resource utilization technology and the construction of a low-

carbon economy.

B8, MBEESEUNARBARMGIEA2GHINTGE, SFEFARNBENEYRAER, BRTXR
A BERRIKRR, MEAURSLARNIESR, GETHIIEYIFRER RICKRARN R R USRI 5THY

Bigo

[n0026]

2. The present invention modifies biomass tar by introducing nitrogen and iron sources during
the preparation process and combining it with flash evaporation Joule heat treatment,

resulting in modified flash graphene with excellent adsorption properties.
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2. AERBIEHERIZPSIARFENMREN EVFRE RS TNE, HESKEEERLIE, Al
IR MR Z A =GR R L RRIRM TR,

Nitrogen doping introduces abundant nitrogen-containing functional groups to the surface of

graphene. These functional groups can interact strongly with heavy metal ions, greatly

enhancing the adsorption capacity of graphene for heavy metal ions.

RTENBRNARRREEINTEENSAERHE, XEE-RFRBSETREFRERIIAEL
B, AKIERTAZENETERE FHIRMEET.

The addition of an iron source promotes the generation of magnetic nanoparticles, giving the
resulting graphene a magnetic quality. This facilitates solid-liquid separation after adsorption
by applying an external magnetic field, thereby improving the recyclability and reusability of

the adsorbent.

SRR NIRRT AR TR ER, ERISNASGESHYE, ETRTREEIIME

HEMBERDE, &S 7 RHFIRATREMEEFNBZ,

[0030]

Attached Figure Description
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P35t e

[n0027]

Figure 1 is a flowchart of the present invention;

El1 A7 & PRRRIZE;

[n0028]

Figure 2 is a graph of isothermal adsorption curves of Pb<sup>2+</sup> on carbon tarin an

embodiment of the present invention.

B2 7974 & BASE {5 A £ B3 Pb<sup>2+</sup>ZF R ML E

[n0029]

Figure 3 is a kinetic curve of tar carbon to Pb_NER2 in an embodiment of the present

invention;

B39 7 & BASE 5 F 5 B3 Pb<sup>2+</sup>ch 1 F H £ E

[n0030]
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Figure 4 shows the Raman characterization of flash graphene from different samples at

different discharge times in the embodiments of the present invention.

B4 77 & RS e A mIE A E X B A 8] FRYAZE A £IRRH S RIEE;

[n0031]

Figure 5 is a hysteresis loop diagram of the NFe10-800-0.2 sample in an embodiment of the

present invention.

El59 7 R BRSE {7 SN Fe10-800-0. 24 anAYHE Bl 4 El,

[0036]

Detailed Implementation

BxLiEn

[n0032]

The technical solutions in the embodiments of the present invention will be clearly and

completely described below with reference to the accompanying drawings. Obviously, the
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described embodiments are only some embodiments of the present invention, and not all

embodiments.

%

>t

TEREERRBRABNE, NALALEIPHRARLGRH#ITERE. TBMEA, EA, Frigl
RYSEREFIR R B A A BA—ER 0 SEhEfl, MAZ2ERRISEREG

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.

BETARGPAFRILHES, SMAEERARARERE ML LNEMSSEIEIE TARSHVFR R EithSthE

51, #BETALKBBRIPEEE,

[n0033]

This invention provides a method for preparing adsorption-enhanced graphene modified

from biomass tar using flash evaporation, comprising the following steps:

AR AR R H— M EY B AR M N A AR MIE RS 55, EEUTIER:

[n0034]
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Biomass tar is mixed with nitrogen and iron sources and pretreated to obtain a mixed slurry.
Biomass tar is a byproduct of biomass thermochemical conversion, including tar produced

during biomass gasification or pyrolysis.

REVMREHSRENKFES, #ITTAE, SRREERN, EVREMANEYREAEFREIE
REERNRIFY), SEEYIRSESRERIREF R,

The nitrogen source is urea.

RIRN PR o

[n0035]

Specifically, biomass tar is a complex mixture produced during the thermochemical

transformation of biomass (such as gasification or pyrolysis), containing a variety of organic

compounds.
B, EYIRERREMRERCFRM(IN[UTARE)TZF~ENERREY, aBEZMHEN
A=Y/
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By mixing biomass tar with a nitrogen source (urea in this example) and an iron source, and
through pretreatment (such as ultrasonic dispersion and stirring), the various components

can be fully contacted and uniformly dispersed to form a mixed slurry.

REYRERSRR(AGPRARR)MFKFES, BT IR (WNEBAE D EAEE), ATUERMED
FAOEMIIDDE, ERRSKE.
This mixing process facilitates subsequent reaction and processing steps, preparing the

biomass tar for further conversion and modification.

X—RAIRANTRANRNMGESRE, NEYIREMEHE—T RN EES.

[n0036]

The mixed slurry was freeze-dried to obtain a dried sample.

MRERFHEITRATIR, FEITESm.

[n0037]
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The dried sample was subjected to sequential heating treatment in an inert gas atmosphere,
heated to the set carbonization temperature at a specific heating rate and held at the

temperature for a predetermined time to obtain tar carbon precursor.

RBHEEaaBESEasfEl T, oR#TAELE, LREMRERAREIRERWEEHFRETE

Ba], 1SR HERETIRIE;

[n0038]

Specifically, an inert gas atmosphere (such as argon or nitrogen) can prevent the dried sample

from undergoing oxidation with oxygen during high-temperature processing.

Aifith, EEESAEMESHASI)RET, ATUMLEFEFRESELEIEFSESKERKR
R,

By heating the dried sample to a set carbonization temperature at a specific heating rate and
holding it at that temperature for a certain period of time, the dried sample can undergo a

carbonization reaction to form a tar carbon precursor.

B LS ENARERETRFESRARERENHEE, HMRE—ENE, AIUEFEEmAER

UL, FZRER BRI (R,
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This carbonization process is a key step in converting biomass tar into carbon materials with

specific structures and properties, preparing for subsequent flash joule heat treatment.

XS/ EMRERRUARBHESHMMERMMENXESE, ARSENNEEER

R IBHOER

[n0039]

The tar carbon precursor is subjected to flash Joule heat treatment. By adjusting the
discharge voltage and discharge time, the tar carbon precursor is instantly converted into

modified flash graphene.

BRI AR TAREE AL, BT KB B EMRERE], (IR 1L /IeL
(EINE-ZSEfip
[n0040]

Specifically, flash Joule heat treatment is a technique that uses the high temperature and
high pressure conditions generated by an electric pulse to cause an instantaneous structural

transformation in a material.
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Bixth, WZEAEERGIEZ—MH AR ENS RN S EFEEMRBE A EEE TR
Ao

The tar carbon precursor is placed in a specific device (such as a quartz tube), both ends are
sealed with graphite plugs, and a vacuum is drawn to a negative pressure state. Then, a DC
power supply is connected, and the precursor is charged through a capacitor bank to a set
discharge voltage and then discharged instantaneously. The tar carbon precursor is subjected

to high temperature and high pressure.

REmmpRAE TRENREE(WARE)F, AasEkHERE, HHETSEAERE, ARE
BEARRER, BIESRATEZREMBEEEHRENE, FKhaEEESENSEE.

By adjusting the discharge voltage and discharge time, the structure and properties of
graphene can be controlled, thereby achieving the modification and optimization of

graphene.

B IRTIRE BEMRERE], ATLUEHaRRRERMMER, MmSLIxa &R EIEM MK,

[n0041]

The pretreatment process involves ultrasonically dispersing biomass tar with nitrogen and

iron sources at room temperature for 30 minutes, followed by stirring for 4 hours.
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B EEREYRE RS RIEMKRER R FHITER 28, BEEN30min, AEREHH
4h,

The freeze-drying temperature was -60°C, and the drying time was 24 hours.

RIETIREEE -60°C, FIEETiE)24h,
The heating rate is 10°C/min, the carbonization temperature is 800°C, and the holding time is

3h.

FHRIEFR710°C/min, WEENB00°C, fREFRERTE/I3h,

[n0042]

Specifically, the purpose of ultrasonic dispersion and stirring is to fully mix biomass tar with
nitrogen (urea) and iron sources to ensure uniform dispersion of each component and provide

good contact conditions for subsequent reactions.

Bifh, BESBNRFNENSREYRERSRRRR)MKERD RS, BREALADISSD

i, NRSNRNEHRIFIZERET
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Ultrasonic dispersion utilizes the cavitation effect of ultrasound to refine particlesin a
mixture, improve mixing uniformity, and create a more uniform reaction environment for

subsequent chemical reactions.

BEOHEBHBAERKN=UER, EESYTHFHAL, REEEHIE, NEENKFRN

BIEEIN R VIR,

[n0043]

The purpose of freeze drying is to remove moisture from the mixed slurry and obtain a dried

sample.

RETIENENEERESRKEPRKS, BT EER.

Choosing -60°C low-temperature freeze drying can prevent the organic components in
biomass tar from oxidizing or decomposing at high temperatures, while also avoiding adverse
reactions between nitrogen and iron sources at high temperatures, thus ensuring the stability

and activity of the precursor.

PERR-60°CRYIR/ AT, AILLEEYIRERFHENRSESE TREANHIHE, FTBEE

BRRFMFKFEESE FREFTRRE, RIERTRARIZE EMEME.

16-01-2026 - Page 27



[n0044]

The flash joule heat treatment is as follows: the tar carbon precursor is placed in a quartz
tube, both ends are sealed with graphite plugs, a vacuum is drawn to a negative pressure
state, a DC power supply is connected, and the capacitor bank is charged to the set discharge

voltage and then discharged instantaneously. The discharge voltage is 160V and the discharge

time is 0.2s.
NZEEHNIERREN . BEMmaIREETERER, AAaEELERE, HETEAERKS,

EEERER, BIBEARATETRENEBEGERENE, HEEEI60V, KEEN0.2s

[n0045]

Specifically, flash Joule heat treatment utilizes the high temperature and high pressure
conditions generated by an electric pulse to instantly convert tar carbon precursors into

modified flash graphene.

Aisty, NZRSEERGEZF RSB =ENSEMEEFRM, FE Rk IR AR E4% L etz
aEIR,
This method can cause the precursor to undergo structural reorganization in a very short

time, forming graphene with a two-dimensional layered structure.
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X7 RIS TEAR R RV BT Bl ERT IR AR LA E R, oA E AR REMNAER.

[n0046]

Parameter selection: Quartz tube and graphite plug are selected to provide a closed and high-
temperature stable reaction environment. At the same time, the graphite plug can also be

used as an electrode to facilitate energization.

W

k. ARARENARELEZNTRE—BAESERENRNIFR, FINAEHEKIER L
EREER, EFERE,
Vacuuming to a negative pressure state can prevent oxygen and nitrogen in the air from

interfering with the reaction process, ensuring the stability and safety of the reaction.

HEZTENFERSTUERTESFHEIMNA[SFNRAIENTIN, RIERNABEENEZS
o

The discharge voltage of 160V and the discharge time of 0.2 seconds were chosen to provide
sufficient energy in a short time to rapidly heat the tar carbon precursor to a high temperature
state, thereby achieving structural transformation, while avoiding excessive discharge that

could lead to excessive growth or structural damage of graphene.
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TR EBEERE160V, TREERYENEEF0.2F), BT AN BINRMEEBRIEESE, EA MR RE

FERESRAT, EMEWERT, FAMERdERBESRAEHEIT EEKEERIT,

[n0047]

It also includes a step of testing the adsorption performance of modified flash graphene,
specifically: the prepared modified flash graphene is mixed with a solution containing heavy
metal ions to carry out an adsorption reaction, and the adsorption capacity and removal rate
are calculated by measuring the concentration of heavy metal ions in the solution before and

after adsorption.

EEENAENR A SEHTREENRANT R, BEN: BRIERINENEZGERESEES

BEFRARESHITRMRLY, BINERMIEERTPETREFRE, TERMEEMNER

?\;
P48

—t-o

The heavy metalion is lead ion.

ETREFNHEE T

[n0048]
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Specifically, modified flash graphene with excellent adsorption properties is prepared by
mixing biomass tar with nitrogen and iron sources and then performing pretreatment, freeze

drying, carbonization, and flash Joule heat treatment.

Bifth, BIBEYMREESRENTKIFRES, SMAE. RFTER. MUENAZEERLEES
B, flIEHAEENRRMIERERERZEAEE,
This method not only enables the high-value utilization of biomass tar but also reduces

environmental pollution.

BIAENMUSER T EVMRERNSENFIAR, Bb 7RIS,

[n0049]

Graphene adsorbent Pb_NER3 adsorption experiment

AEIFERMFIPb<sup>2+</sup>IRkHfSLLe

[n0050]
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The effects of initial lead concentration, adsorption contact time, adsorption temperature,
initial pH, adsorbent dosage, and Na+ on adsorption capacity and lead removal efficiency

were mainly investigated.

FERN TVIREERE. WRMHEAbETE. RHOEE. #iapH. MR EMNa+ R BEEMBE
3 ESNEALLN

The initial lead concentration ranged from 10 mg/L to 5000 mg/L, the adsorption contact time
ranged from 1 min to 60 min, the adsorption ambient temperature ranged from 25°C to 45°C,
the initial solution pH ranged from 2 to 7, and the adsorbent dosage ranged from 0.33 g/L to

1.67 g/L.

HpiR R E T SEEI10mg/L-5000mg/L, TRMEARET a1 SERE91min-60min, IRFTIFIR

SRR LSEEI}25°C-45°C, FIHA A R pHIE Y9 2- TR M8 N 2 T kBB H0.33g/L-1.6 7g/Lo

[n0051]

All experiments were repeated three times, and the average of the three repeated

measurements was used for data analysis.

FRESEIIEE =R, MESNE =X EHITEEI .
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The measured concentration is calculated using the following formulas to obtain the lead

adsorption capacity (q<sub>e</sub>, mg/g) and removal rate (n, %):

BI U T AN ENRFIRE, LURSHKRME(q<sub>e</sub>, mg/g) M ERFE(n,%):

[n0052]

g<sub>e</sub>=V(C<sub>0</sub>-C<sub>e</sub>)/m

g<sub>e</sub>=V(C<sub>0</sub>-C<sub>e</sub>)/m

[n0053]

nN=(C<sub>0</sub>-C<sub>e</sub>)/C<sub>0</sub>

n=(C<sub>0</sub>-C<sub>e</sub>)/C<sub>0</sub>

[n0054]
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Where: g<sub>e</sub> is the equilibrium adsorption capacity of lead, mg/g; n is the removal
efficiency of lead, %; V is the initial solution volume, mL; C<sub>0</sub> is the initial
concentration of lead solution, mg/L; C<sub>e</sub> is the equilibrium concentration of lead

solution, mg/L; m is the mass of dried adsorbent, g.

He: g<sub>e</sub>NEVFEIRMEE, mg/g; nAMBIERRREER, %; VABARNER,
mL; C<sub>0</sub>ABRIIIGRE, mg/L; C<sub>e</sub>RHARMTFERE, mg/L;

mAFIERMFINEE, g

[n0055]

Isothermal adsorption experiment:

FRIRHISRLE .

[n0056]

Weigh 50 mg of adsorbent into centrifuge tubes, and add 50 mL of lead solutions with
concentrations of 10 mg/L, 40 mg/L, 70 mg/L, 100 mg/L, 150 mg/L, 200 mg/L, 300 mg/L, 500 mg
/L, 750 mg/L, 1000 mg/L, 2000 mg/L, 3000 mg/L, 4000 mg/L, and 5000 mg/L, respectively. Cap
the centrifuge tubes and label them. Place the centrifuge tubes in a constant temperature

shaker set to 25°C, rotate at 150 rad/min, and react for 60 min. Take the filtrate after filtration
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through a 0.22 um pore size membrane and measure the lead content in the filtrate using an

ICP-OES analyzer.

D BFRERIRHMIFISOmg FEOEN, 25IA10mg/L. 40mg/L. 70mg/L. 100mg/L. 150mg/L.
200mg/L. 300mg/L. 500mg/L. 750mg/L. 1000mg/L. 2000mg/L. 3000mg/L. 4000mg/L.
5000mg/LAYSEARSOML, BB OESRHFITICH, BEOEETREIRE N2 CHIERIR 728
B, 3%EAM150rad/min, RE60min, BREZ0.22umILIREELEEHIER, FMAICP-OESTXIIE

RRPHBEE,

[n0057]

The Langmuir isothermal adsorption model is as follows:

HrflangmuirZ B MRG0T :

[n0059]

The Freundlich isothermal adsorption model is as follows:

HeFreundlichF R MIEELI0T

[n0060]
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g<sub>e</sub>=k<sub>f</sub>C<sub>e</sub>

g<sub>e</sub>=k<sub>f</sub>C<sub>e</sub>

1/

[n0061]

Where: g<sub>e</sub> is the equilibrium adsorption capacity of lead, mg/g; q<sub>m</sub>
is the maximum adsorption capacity, mg/g; C<sub>e</sub> is the equilibrium concentration,
mg/L; k<sub>l</sub> is the Langmuir adsorption constant, L/mg; k<sub>f</sub> is the
Freundlich adsorption constant in units of mg<sup>1-n</sup> * L<sup>n</sup>/g; and n is the

Freundlich exponent.
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Hrh: g<sub>e</sub>RiAHFERMBE, mg/g; gq<sub>m</sub>HARAKKIE, mg/g;
C<sub>e</sub>RFELRE, mg/L; k<sub>l</sub>fLangmuirliMi&E%%, L/mg; k<sub>f<
/sub>AFreundlichfz M &£ (I, mg<sup>1-n</sup> * L<sup>n</sup>/g; nAFreundlich}g

Ho

[n0062]

Adsorption kinetics experiment

MR Bt 5 75 2 5%

[n0063]

Weigh 80 mg of adsorbent into centrifuge tubes, add 80 mL of 2000 mg/L lead solution, cap
the centrifuge tubes and label them. Place the centrifuge tubes in a constant temperature
shaker set to 25 °C and shake at 150 rad/min. Take samples at 2 min, 5 min, 10 min, 20 min, 40
min, 80 min, 120 min, 180 min, 280 min, 400 min, 580 min, 720 min and 1440 min respectively.
Filter the filtrate through a 0.22 um pore size membrane and measure the lead content in the

filtrate using an ICP-OES analyzer.

S RIFRER R HEFI80mg F BB A, MIA2000mg/LAVERE&RS0ML, HIFEOEZHINCH, BEO

EEBETFREIGEN25°CHIEERIRTET, ¥EN150rad/minifRSE/RMA, F2min. 5min. 10min.
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20min. 40min. 80min. 120min. 180min. 280min. 400min. 580min. 720min. 1440min%3
AEVE, 20.22umFLIRRTISERIEK, EAICP-OESMUIHUNERKEFIEEE,
The most common quasi-first-order and quasi-second-order kinetic models among many

kinetic models were selected to fit the adsorption data.

PR T E S F IR PR E REE— R FRENE L AR IR MR TIN G

[n0064]

Quasi-first-order dynamic model: <img file="BDA0005457189850000101.JPG" frnum="0001"
he="89"id="0002" img-content="drawing" img-format="tif" inline="yes" orientation="

portrait" pgnum="0002" wi="470"/>

HE—RENIFEE . <img file="BDA0005457189850000101.JPG" frnum="0001" he="89" id="
0002" img-content="drawing" img-format="tif" inline="yes" orientation="portrait" pgnum="

0002" wi="470"/>

[n0065]

Internal diffusion model of adsorbent: g<sub>t</sub>=k<sub>id</sub>t<sup>1/2</sup>+C
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B IR BRE . g<sub>t</sub>=k<sub>id</sub>t<sup>1/2</sup>+C

[n0066]

Quasi-second-order dynamic model: <img file="BDA0005457189850000102.JPG" frnum="
0001" he="76" id="0003" img-content="drawing" img-format="tif" inline="yes" orientation="

portrait" pgnum="0003" wi="1000"/>

HEZRENHFEE . <img file="BDA0005457189850000102.JPG" frnum="0001" he="76" id="
0003" img-content="drawing" img-format="tif" inline="yes" orientation="portrait" pgnum="

0003" wi="1000"/>

[n0067]

Where: q<sub>t</sub> is the amount of lead adsorbed per unit at contact time t (min), ug/g;
g<sub>e</sub>is the equilibrium amount of lead adsorbed per unit, ug/g; k<sub>1</sub>is
the rate constant of the pseudo-first-order kinetic model, min<sup>-1</sup>; k<sub>id</sub>
is the diffusion rate constant within the adsorbent, g + pg<sup>-1</sup> * min<sup>-1</sup>;
Cis a constant, related to the thickness at the boundary, pg/g; k<sub>2</sub> is the rate
constant of the pseudo-second-order kinetic model, g + pg<sup>-1</sup> * min<sup>-1<

/sup>; h<sub>0</sub> is the initial adsorption rate, ug * g<sup>-1</sup> * min<sup>-1</sup>.
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Hep: g<sub>t</sub>A7E#ZARETEIt(min) SRV EAIFRRMIE, ug/g; g<sub>e</sub>ATFEE 1
RIRMIE, ug/g; k<sub>1</sub>AE—REIIFRBRIREEEN, min<sup>-1</sup>;
k<sub>id</sub>TRHMIFIART BORKREE, g+ pg<sup>-1</sup> + min<sup>-1l</sup>; CHE
, SHRVEERX, pug/g; k<sub>2</sub>REZRMNNFREFNEREL, g - pg<sup>-1<
/sup> * min<sup>-1</sup>; h<sub>0</sub>A#EWMIZ, pg + g<sup>-1</sup>+ min<sup>-

1</sup>,

[n0068]

Adsorption thermodynamics experiment

IR B /75 SR B

[n0069]

Weigh 80 mg of adsorbent into centrifuge tubes, add 80 mL of 2000 mg/L lead solution, cap
the centrifuge tubes and label them. Place the centrifuge tubes in constant temperature
shakers set to 25°C, 35°C and 45°C respectively, and shake at 150 rad/min. After 60 min, take
samples, filter the filtrate through a 0.22 um pore size membrane, and measure the lead

content in the filtrate using an ICP-OES analyzer.
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3 RIFRER R MI5FI80mg F /OB A, MIA2000mg/LAVERE&RS0ML, HIFE OEHZHINCH, KHEl
ENFETREIREN25°C. 35°CH45° CHIERIKHEET, ¥EA150rad/miniks7 &M, F60min

[ER 5B, £0.22umfLIZIRTIRRRYIER, ERICP-OESIHCNEISRFRIHEE.

[n0070]

Arrhenius equation: Ink<sub>2</sub>=InA-E<sub>a</sub>/(RT)

e BB AT Ink<sub>2</sub>=|nA-E<sub>a</sub>/(RT)

[n0071]

Gibbs free energy change formula: AG<sup>0</sup>=-RTlnK<sub>D</sub>

EHRATEARET AR :AG<sup>0</sup>=-RTInK<sub>D</sub>

[n0072]

Adsorption equilibrium constant formula: K<sub>D</sub>=q<sub>e</sub>/C<sub>e</sub>

M FEE A K<sub>D</sub>=qg<sub>e</sub>/C<sub>e</sub>

[n0073]
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Van der Hoff equation: InK<sub>D</sub>=-AH<sup>0</sup>/(RT)+AS<sup>0</sup>/R

SEHEKXR AR InK<sub>D</sub>=-AH<sup>0</sup>/(RT)+AS<sup>0</sup>/R

[n0074]

Wherein, k<sub>2</sub> is the rate constant of the pseudo-second-order kinetic model,

g * ug<sup>-1</sup> + min<sup>-1</sup>; A is the pre-exponential factor of the Arrhenius
formula; R is the universal gas constant, 8.314 J » mol<sup>-1</sup> + K<sup>-1</sup>; T is
the reaction temperature, K; E<sub>a</sub> is the activation energy of the adsorption
reaction, kJ « mol<sup>-1</sup>; K<sub>D</sub> is the partition coefficient of the adsorbent;
C<sub>e</sub> is the outlet concentration of the reactor at adsorption equilibrium, ug
/m<sup>3</sup>; AH<sup>0</sup> is the enthalpy change, kJ + mol<sup>-1</sup>;

AS<sup>0</sup> is the entropy change, J * mol<sup>-1</sup>K<sup>-1</sup>.

H, k<sub>2</sub>EZLAOFIREFIREEL, g ug<sup>-1</sup> + min<sup>-1<
/sup>; ANArrheniusATUIERIEIF; RABASAEEL, 8.314J « mol<sup>-1</sup> « K<sup>-
1</sup>; TARMEE, K; E<sub>a</sub>WfftREIKEE, kJ « mol<sup>-1</sup>;
K<sub>D</sub>AMRMIFIRIDECERER; C<sub>e</sub>fMkHi & R 2RI RE, ug
/m<sup>3</sup>; AH<sup>0</sup>MIE%, kJ - mol<sup>-1</sup>; AS<sup>0</sup>/3/H
T, J -+ mol<sup>-1</sup>K<sup>-1</sup>,
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[n0075]

Raman scattering is an effect in which light is scattered by molecules within a transparent
medium, causing a change in its frequency. Raman spectroscopy uses the change in reflected
light energy to represent the rotational and vibrational modes of the lattice or molecules

within the medium.

RISESTN Z Hy0ET BRI R, BT BRAD FESmSBURA TN —N, AISI6E
FIA D RS EREEBMNEUERRTN RAN @RS FRINERE R LR IR R
When photons in a material interact with electrons and incident photons, an inelastic

scattering phenomenon, known as Raman spectroscopy, occurs.

SAMBRNEFSEFHANFAEFREEEERE, SFE—MIFREMERGIIR, BIHIS/tE.

[n0076]

Transmission electron microscopy analysis.

B EBEFERMRI.
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Transmission electron microscopy projects an accelerated and focused electron beam onto a
very thin sample. The electrons collide with atoms in the sample and change direction, thus

producing solid angle scattering.

BHEEREIEEMENRENEFRENTFEENFR L, BFSHFmPHRFHIZEMRZSME,
DN VAN =y E S
The size of the scattering angle is related to the density and thickness of the sample, thus it

can form images with different brightness.

HEANAKNSERNERE. EEEX, R RRERRR GO

[n00T7T7]

Scanning electron microscopy analysis.

RERFERERD .
Scanning electron microscopy (SEM) uses a scanning beam of electrons to scan and image a

sample, allowing for further observation of the sample's surface morphology. It is based on
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the interaction between electrons and matter to obtain various physical information about
the sample. The observation method for testing the surface morphology of a sample can be

simply described as receiving, magnifying, and displaying the information.

HEEREERBEFHNARR, MiFmETRRRG, E—IURERNRETS, HRERBEFS
YIB 2 BRI ERREF mV S MYIRESR, Wi REARBIMES VAT UER A XS B R

W, BMAMERAK.

[n0078]

X-ray photoelectron spectroscopy analysis.

XSS FREIE 7040
X-ray photoelectron spectroscopy analysis uses X-rays to irradiate a sample, causing the inner-

shell electrons or valence electrons of atoms or molecules to be excited and emitted.

XSRS FREIE DT R XS AR Hm, FRFHDFHRNEBFRNBFRALTHR,

Electrons excited by photons are called photoelectrons.

BOLF AR ERBBEFIRAICEF
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The energy of photoelectrons can be measured, and a photoelectron energy spectrum can be
plotted with the kinetic energy/binding energy of the photoelectrons (E<sub>b<
/sub>=h<sub>v</sub>light energy-E<sub>k</sub>kinetic energy-w work function) as the

abscissa and the relative intensity (pulse/s) as the ordinate.

B LUNEYSEBFRIREE, LIEEFMITHRE/REBE(E<sub>b</sub>=h<sub>v</sub>J}iEEE-
E<sub>k</sub>zhgE-wINK £R) JoAELAR, MEXTERE (BXod/s) IR FR e Y BB FEEIEE

This allows us to obtain information about the sample.

MMRFHAEEXER.

[n00T79]

X-ray diffraction analysis.

X ERHTEH 53470

X-ray diffraction is a process in which X-rays of wavelength on the same order of magnitude as
the interatomic distance are emitted into the sample to be tested. The diffraction
phenomenon is produced by the X-rays irradiating the sample, and the distribution and

intensity of the diffraction in space reflect the cellular structure of the sample.
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XSS BB RN A H S R F RIS ERERIRKAIXET L, SR Fmr LTI

R, THEZREIND GRS RN mB RS,

[n0080]

Fourier transform infrared spectroscopy analysis.

BT INEE .

FTIR is an instrument used to analyze the structure and composition of substances. It uses
Fourier transform to convert the infrared radiation absorbed by a substance into a visible light
signal for analysis. Different functional groups correspond to different infrared radiation

absorption.

FTIRE—M BT SRS RSN EE, MEMBEREH TR R UKL IMNEST R E]
WHESHITHH, FRNEREEX N FRELLIM IR
Fourier transform infrared spectroscopy can be used to determine the types and distribution

of functional groups on the surface of different samples.

KABIIHIINCORNEFTNE R mAREE fEEMER D .
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[n0081]

Nitrogen adsorption-desorption test.

TSR BAS- Bt BT
The pore structure of the prepared graphene was characterized using a nitrogen adsorption

/desorption apparatus.

KRR SR/ Bt B Rt Bl & 2 S M FLBR S M 1 TR AE
Based on the measured isothermal adsorption/desorption results, the specific surface area,

total pore volume, and average pore diameter were obtained using the BET method.

RIENSHFER/MRNER, BIBETHERGRER. SABRURLTFHFEZR,

[n0082]

Magnetometer analysis of vibrating samples.

HRohiF aubdoR It I o

VSM can be used to test the magnetic properties of modified graphene.
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VSMAELUA B 4 22 I RIS
When the sample particle size is reduced to the nanometer scale, it exhibits

superparamagnetism.

SRR NEIGRRES, RILITBIMELE,
Superparamagnetism can be identified by temperature dependence and magnetization-

temperature curves.

IR r] OB R E Rt . - R E SRR,

[n0083]

Adsorption experiments of Pb<sup>2+</sup> on carbon tar were conducted, and adsorption
kinetics and isothermal adsorption analyses were performed. The results are shown in Figures
2 and 3. The adsorption capacity of Pb<sup>2+</sup> by NFe10-800 and NFe20-800 was
significantly improved compared with that of NFe0-800, indicating that the introduction of Fe
element has a positive effect on the adsorption performance of Pb<sup>2+</sup> of the

adsorbent.
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X ERHEETTPb<sup>2+</sup>IRMisEs, FEIRTHITIRMIEINFE DA BRI, ERUWE2M
BE3Frx, NFel0-800FINFe20-800%fLtt FNFe0-800HIPb<sup>2+</sup>fiAEE EERS, &
BHFesTRRISIN, XIRMIFIEIPb<sup>2+</sup>MkFi14aER IE MR,

This is because ferric chloride acts as a pore-forming agent in the carbonization of biomass

tar, giving the tar carbon a porous structure that is beneficial for adsorption.

X BT RCKAIEY BRI RIAFLT, EEMMERSmTRMBIFLIREM,
[n0084]

Flash-electrode graphene samples were prepared at different discharge times (0.1s, 0.2s, 0.3s,

0.4s, 0.5s) and Raman characterized them. The results are shown in Figure 4.

&R EHSERRRERE(0.1s. 0.2s. 0.3s. 0.4s. 0.5s) FHINZRAEE, WEHFTHISRIE,

ZRIEA4,

[n0085]

As shown in Figure 4, as the discharge time decreases, graphene obtains a larger 2D peak
intensity, which is beneficial to the increase of I<sub>2D</sub>/I<sub>G</sub> and obtaining

graphene with fewer layers.
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RE4EIA, FEEMRERERE), AEHRSEARR2DIEERE, BFFI<sub>2D</sub>
[/I<sub>G</sub>RUtE K, RIGEHELHAERK,

Meanwhile, compared to Tar-800 and NFe0-800, NFe10-800 and NFe20-800 have lower D peak
intensities, which is beneficial for reducing I<sub>D</sub>/I<sub>G</sub> and obtaining

graphene with smaller defects.

[8Y, #BEbFTar-800FINFe0-800, NFel0-800FINFe20-800iHFE E{RKAIDILEE, HFFI<sub>D<

[sub>/I<sub>G</sub>RyR/ ]\, IRIFIRIGE/ NI EE,

[n0086]

As shown in Figure 5, the hysteresis loop of NFe10-800-0.2 exhibits a typical S-shaped curve

and shows superparamagnetism, indicating good recycling performance.

FES5AIA], NFel0-800-0.2p9MEH I 2MMMBIRSRIghS,, BRI ABINEYE, BERFIEIRIE
BEo

The saturation magnetization is approximately 90 emu/g.

TR EELY7990emu/go
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[n0087]

In summary, the preparation of modified flash graphene using biomass tar as a raw material

achieves the high-value utilization of biomass tar.

SRR BIEYIRERAREGIEENEZRASE, KM TEYREBINSELTRIR.
Transforming it into high-value-added modified flash graphene materials not only solves the
problem of biomass tar treatment, but also avoids environmental pollution problems such as
soil and water pollution caused by direct discharge or simple treatment of tar, resulting in

significant environmental benefits.

RHEECASMINERSIERNZ A RIEME, DMUBRRT EVFE RN IERED, TR T RAEHE
EHE R RN IEHERAY TR, KEFIMRSREH, AR EERNIMEE.

Meanwhile, compared with traditional methods of preparing graphene using fossil fuels, this
method utilizes renewable biomass resources, reduces dependence on non-renewable energy
sources, conforms to the concept of sustainable development, and helps promote the
development of biomass energy resource utilization technology and the construction of a low-

carbon economy.
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B8, BEERUNARFEARBRIEASGNGE, SAEMNATBENEYRANR, BRTXR
A BERERAKRE, MEARSARNIES, BETHIIEYIREERRURARR AR URRRE T

Bigo

[n0088]

Although embodiments of the invention have been shown and described, it will be
understood by those skilled in the art 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 appended claims and their

equivalents.

REBLRHMEAR T A LBHIKHES, NFAMANERBIAARMS, AJUEHEARERLH
RURIEFNAS BB PRI LS E e AT ST, Eok. BT, A&PARYSEE RPN

MERMEERYIRE,
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