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DESCRIPTION CN120619034A

A method for removing heavy metals from fly ash from waste incineration using flash Joule

heating technology

BT RREEMABRARERLUIRER YRR ET BRI A

[0001]

Technical Field
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ARG

[n0001]

This application relates to the field of waste treatment technology, and in particular to a
method for removing heavy metals from fly ash from waste incineration based on flash

evaporation Joule heating technology.

REESRIIR R ARG, THEHSR—METNREEMARAERLILE R VAREE BT
o
[0003]

Background Technology

BREEA

[n0002]

With the continuous acceleration of urbanization, waste incineration, as the main method of
final disposal of municipal solid waste, has played an important role in achieving waste

reduction, harmlessness and energy utilization.
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FEE IR T HIZRARRTINR, HBREREATENEETBRAR RO ER N, ERIMBRRENK. TE
KRR FI BT ERE T EEER.

However, the fly ash produced during waste incineration is enriched with large amounts of
heavy metals (such as Pb, Zn, Cd, Cu, etc.) and harmful substances such as dioxins, and is
listed as hazardous waste in the National Hazardous Waste List, which urgently needs to be

disposed of safely, efficiently and economically.

PAm, HORRRIRRERERN YRR TEETAENEZRE(APb. Zn. Cd. CuF)RIERER

I

iR, ® (BAREREYNRZR) YNEKREY), ZFHTEE., B0 EFHLE,

Existing fly ash treatment technologies include cement solidification, chemical stabilization,
hydrothermal treatment, and high-temperature melting. However, these methods generally
suffer from technical bottlenecks such as high treatment costs, high energy consumption, low
resource recovery efficiency, and high risk of secondary pollution, making it difficult to meet
the current practical needs for the coordinated development of fly ash harmlessness and

resource utilization.

WA CRERABEKEEN. KFRE. KARELRSRARS, EXEFEASBEFTLENRS
=, BEFER. BREBSRRN RS RNEESFRAMT, MLUHE LR YXEE NS E IR INE

A RAIEFRFER,
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[n0003]

Existing technologies for treating fly ash from waste incineration mainly include traditional
cement solidification and chemical stabilization methods and hydrothermal treatment. Both
of these methods suffer from problems such as low treatment efficiency, incomplete removal

of heavy metals, difficulty in resource recycling, and high energy consumption.

MERARTEIIRER VIR IE S EEECIRERIKBEN S U FREN A EFKRLIE, XEFA
ELEIEFFEMENERR. EERBEFAIREK. ZREBCEERUR T ZEESFR,
Specifically, traditional cement solidification and chemical stabilization methods mainly
reduce environmental risks by passivating and burying heavy metals in fly ash, but they
cannot truly remove heavy metals, and the treated material still needs to be safely landfilled,

posing long-term environmental hazards.

BAH, FHRNKEEMSUEFRENAEZEEBIR YVRPESEML. SERFREITEXK,
BRZEEXLMES BRI, BMEFRNFRZSEE, FEKANIFRRER,

Although hydrothermal treatment technology can change the morphological distribution of
heavy metals, it has limitations such as long processing cycles, complex equipment, and
difficulty in scaling up. While high-temperature melting technology can achieve relatively

thorough stabilization of heavy metals, it has high requirements for equipment materials,
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high energy consumption, and high operating costs. Furthermore, under high-temperature
conditions, it is prone to causing chlorine volatilization of heavy metals and abnormal
enrichment of elements such as Cu, resulting in secondary pollution and resource waste. In
addition, existing heat treatment processes generally rely on traditional heating methods,
which have slow heating rates and large heat losses, making it difficult to achieve rapid,
efficient, and synergistic removal of various heavy metals from fly ash, thus restricting the

improvement of fly ash resource utilization.

KRB ARRARNEEZBILS DS, BFELERRK. KEE . HLMIRLFRS,
=RAREABARBRUEEBRIYRIBEN, EMKEMRERS, BEHEK. BITHES,
BESEFU T AESRNRRELANCUFTENREESE, ERRASRNARRE, It
5, MERBEBTZEHBRIERMALIN, FIRERE, PRK, UKW VIXPSHETE

BURRER. B DRI, &IL97T CWRFRLH AKFRRF,

[0006]

Summary of the Invention

RARE

[n0004]
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The present invention aims to solve one of the problems existing in the background art.

KEAERMRESEARFENRRZ—

[n0005]

Therefore, this invention provides a method for removing heavy metals from waste
incineration fly ash based on flash evaporation Joule heating technology. This method has
the advantages of compact structure, rapid processing and high removal efficiency, and is

suitable for the harmless disposal and resource recycling of waste incineration fly ash.

AL, A&BFRE—METRNEREEMARAERIILRE R YA PERBIGE, RHEAREME

R IBRE. BFREESEFENLS, ERTIBRRE YVRNEE ML ENHFRLE.

[n0006]

The technical solution adopted by this invention to solve its technical problem is:

AR R E R AR R BRI AT RE

[n0007]
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A method for removing heavy metals from waste incineration fly ash based on flash Joule

heating technology includes the following steps:

—METHNEAEEMARAREFIIRRER VAR EZEG X, SREUTTE,

[n0008]

Step 1: Mix the fly ash from waste incineration with the conductive heat-generating material

until a mixture is obtained;

TR—, BURBEYRE5SFEPAMIEGYS, SEIREH,;

[n0009]

Step 2: The mixture is subjected to flash joule heat treatment, cooled, and the resulting waste

incineration fly ash residue is obtained.

TR, BIRRESEREITRNZEERLE, RAHSINIRRRE WX TAE,

[n0010]
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Furthermore, the conductive heat-generating material is selected from one or more

combinations of carbon black, graphite, activated carbon, and coke powder.

H—H, FRRSEMAMELERRE. A%, ENR. BHTH—MASHIAS,

[n0011]

Furthermore, the mass ratio of waste incineration fly ash to conductive heat-generating

material in the mixture is 20:1 to 1:1.

H—DH, FTRREGHPLIRREG VRS FHEBAMEIBERELLH20:1~1:1,

[n0012]

Furthermore, the fly ash needs to be dried and ground before being mixed with the
conductive heat-generating material, and the particle size of the fly ash is less than or equal to

100 mesh.

H—LH, TR YIXESFHEBPMELESR, FEHITTIRNMAE, Pt Yxpvii/FEFT100

=P

[n0013]
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Furthermore, prior to step two, the mixture is pretreated to change its resistance to <3Q.

H—H, EFTRTR_AT, WWESFHREITIAE, EEARRIBEEES3O,

[n0014]

Furthermore, the pretreatment method of the mixture is as follows: the mixture is placed in a
quartz tube and connected to the Joule flash evaporation experimental platform. The mixture
sample in the quartz tube is compacted. Then, the quartz tube is placed on the flash Joule
heating device, and the degree of compression of the sample is adjusted until the resistance is

basically stable. The mixture sample is pretreated by low-voltage pulse.

H—DH, FMREEHTAENSINA: FESHBNAREDR, ERERFANZLLTS, ¥aA
REAWESHEMES, ARRKARERETNEEMRLEL, FTEFRNESREE, EEHER

IRE, BIRERCPIE S EHEmE T E,

[n0015]

Furthermore, the parameters for the low-voltage pulse preprocessing are set as follows:
discharge voltage 30-100V, single discharge time 0.1-1s, time interval 0.1-1s, and flash

evaporation 1-3 times.
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H—H, FRRMRERCPINENSHISEN: KMEEBE30~100V, FRBEBE0.1~1s, BIa)iE

fR/90.1~1s, NZERER1~3K,

[n0016]

Furthermore, the parameters of the flash Joule heat treatment are set as follows: discharge

voltage 80-380V, single discharge time 0.1-1s, time interval 0.5-2s, and flash number 1-5 times.

H—H, FRRRZEERGENSHISEN: KEBE80~380V, FRKETEO0.1~1s, BIa)iE

BR/90.5~2s, NZERER1~5K,

[n0017]

The beneficial effects of this invention are that it applies flash evaporation Joule heating
technology to the rapid removal of heavy metals from waste incineration fly ash. By mixing fly
ash with conductive heat-generating materials (such as carbon black, graphite, activated
carbon, etc.) and setting its resistance <3Q as the treatment condition, it achieves high-
temperature treatment in seconds, which significantly promotes the transformation and

efficient volatilization of heavy metals such as Pb, Zn, and Cd.
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FERPNBHRRE, FHRIERKAZEEEMPRANAFLRERE VR ETBRITRERER, @37
RS SHBAME (xR, AR, FUERKF)RS, HFREEBEE<SOUFEARERY, SMWEEE
W32, BEREPb. Zn. CAFEZRBIIESHRANSRIER,

This technology modulates the electrical properties of the mixture through low-pressure

pulse pretreatment, and, combined with precise control of flash evaporation voltage, time,
and frequency, constructs an efficient, low-consumption, and green dry fly ash heavy metal

treatment path.

ERAEIRERCPICEEEREGHEN, SERMIERINAZREE. NEMR, WET -1
M. BFE. FBENTARESBELEREZ.

Specifically,

B{KAY,

[n0018]
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This invention is based on flash Joule heating technology, which can raise the temperature of
fly ash samples to 1000-3000°C in a very short time (seconds). Compared with traditional heat
treatment processes, it significantly shortens the processing time, significantly reduces the
overall energy consumption, avoids the energy waste and equipment heat load caused by

maintaining high temperature for a long time, and improves the processing efficiency.

IRPAETREEEMMAEA, FEREEEIA ()L CRFmRFAEEL000~3000°C, 1BELESE
AEBE T ZRIE4E5E 020 8], BEFREMEERE, 8RR T K a4 RPimRINEERENLE

A, RE 7T AERE,

[n0019]

This invention can effectively promote the high-temperature volatilization or form
transformation of heavy metals such as Pb, Zn, and Cd during flash evaporation, achieving
synergistic removal. Among them, the removal rates of Zn and Cd reached 83.48% and

63.91%, respectively, under the treatment condition of 1000°C.
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KAEBRREBENZIEPRBEREEPD. Zn. CAEEERLINERIFELABASEN, KIHEIER,
HApZnFCdE1000°CRA IR TRIFRZR 573 71:A83.48%F163.91%,
It exhibits good simultaneous processing capability for various heavy metals under different

temperature conditions, and has strong adaptability and controllability.

AREREFAHTHSMETBRIL RIFNED LEET, BEERENENEM RIS,

[n0020]

Joule flash treatment significantly improves the physical structure of fly ash, promotes
particle surface densification and homogenization, increases SiO2 crystallinity, and reduces
chlorides and amorphous substances, providing a better physical basis for the subsequent
resource utilization of fly ash (such as building material raw materials and harmless landfill),

and improves the safety and stability of residues.
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FREAAZRLNE B EDE VREWIEEHN, (EHBIRERENSIIRL, BFASiO<sub>2</sub>
HZREE. HLORUYSIEESYIR, NEETRNFRCANABNEMER. TEMRE)RHTTEE

RUYIIREN, =’A THRENZEMMRE M.

[n0021]

4.
The flash joule heat treatment system used in this invention is an integrated charging-
discharging-reaction chamber system, which occupies a small area, has a high degree of

modularity, and is suitable for various processing scales and different types of fly ash samples.

RAEBFTRANNZEERLIERFHFTE-NEB-RNE—A WA, St RRYEES, EH
FZFMIEMIES REIZE TR Mo
It is easy to operate, has a fast response time, and can be flexibly integrated into existing fly

ash treatment processes, showing good prospects for engineering applications.

BRFER. MARER, AIREEANE YVRAERREZEFR, AERFNIRENARR,

[n0022]
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Compared with wet processes such as cement curing and hydrothermal treatment, this
invention is a typical dry heat treatment process that requires no water input, avoids waste
liquid treatment and equipment corrosion problems, greatly reduces environmental pollution

risks and operation and maintenance costs, and improves overall environmental friendliness.

S5KEEL. KAMEFRZEZTIZMELL, SLARNHEBPTFINRGIEIE, TEKERREN, BRE

R EMISEEHEH, KRR TR SRNQAMGI TIPS, BA 7 BERERF T,

[n0023]

In summary, this invention not only achieves efficient and synergistic removal of multiple
heavy metals from waste incineration fly ash, but also has the advantages of low energy
consumption, strong controllability, usable residue, and low environmental burden. It breaks
through many limitations of existing fly ash thermal treatment technologies and has

significant environmental benefits and engineering application value.
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Zr bR, AABARXEESSSMNIRRER VRFZMESBNEM MBI AR, EREREERE. T
B, FERAA. MRAIENENR, RIKTIE VRALERANEZRIR, BARENIFRNE

5IRNAME,

[0027]

Attached Figure Description

P35t e

[n0024]

The present invention will be further described below with reference to the accompanying

drawings and embodiments.

TELESWEM LG 4<% R —2 i,

[n0025]

Figure 1 shows the SEM+EDS images of waste incineration fly ash before and after treatment

in Example 1.
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E 1 5: 55 10 IR/ fE itk 2% ¥ IR BYSEM+EDSE,

[n0026]

Figure 2 shows the XRD patterns of fly ash from waste incineration before and after treatment

in Example 1.

B2 5= 10 IR Al FE ik 2845 K R BIXRDE,

[n0027]

Figure 3 shows the particle size distribution of fly ash from waste incineration before and after

treatment in Example 1.

B3 5L iR 1 a R BE R S IRBIRLIZ 0 R Bl

[n0028]

Figure 4 shows the pore size distribution of fly ash from waste incineration before and after

treatmentin Example 1.

B4 sEhE ) 10 R/ Rk Ak VIRBIFLIZ 3 R EL.
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[n0029]

Figure 5 shows the Zn metal valence distribution of fly ash from waste incineration before and

after treatment in Example 1.

El5 A 5L f 10 B/ kIR YR ZnE BN S D HE.

[0034]

Detailed Implementation

BixsLien Tl

[n0030]

The invention will now be described in further detail with reference to the accompanying

drawings.

MR S MBI 4<% BBfE#— 2 1 4R35 R,
These accompanying drawings are simplified schematic diagrams, illustrating only the basic
structure of the invention in a schematic manner, and therefore only show the components

relevant to the invention.
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XEEHEYNEURTER, RURBRHNRARLANEEREH, RENERSAREAR X

o

[n0031]

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.

e
52 AN

i

EZ‘K&EHE’\J*EQEEP, %gi@ﬁgﬂg%’ *_\LE “EPIE,\” . “éMI.l':U” . “tﬁir{:ﬂ” . “KE” . [13
“Eg” . “J:” . “—F” . “AH-IIJ-” . “)—é” . “E” . “E” . “gg” . “7kzF” . “]’Ej” .

RTORT L N TImESET O CEERET © HERT . RRT AR FHEREAE
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NEXZNETHERTRHNAUSMLEXRR, NENTETHERASLANEURER, MASIEREE
TATENRENTH O AEBRERN A, DUSERNSUMETNIRE, EILREEEF AL AR
o

Furthermore, features specified as "first" or "second" may explicitly or implicitly include one

or more of those features.

s, BRER “F—" . “EZ7 BRI MBARSE RS EE— 1 HEEZ MZIFI.
In the description of this invention, unless otherwise stated, "a plurality of" means two or

more.

EARAERT, BRESERAE, 21 NSXER PRI L,

[n0032]

In the description of this invention, it should be noted that, unless otherwise explicitly
specified and limited, the terms "installation", "connection" and "linking" should be
interpreted broadly. For example, they can be fixed connections, detachable connections, or
integral connections; they can be mechanical connections or electrical connections; they can

be direct connections or indirect connections through an intermediate medium; and they can

be internal connections between two components.

16-01-2026 - Page 20



EARREARERF, FERANZ, FRIESHRBIMENRE, NME “RE . “HE . &
BT NS RRR, B0, ATLIREEERE, Wel LIS eIiRENER:, Si—AMER; RILUENIME
¥, WeLARHER, AJUEEEEE, WALiEdREETEERE, AIUER N oHREirIE
o

Those skilled in the art can understand the specific meaning of the above terms in this

invention according to the specific circumstances.

N F AR EBRAAGZMES, FAIUERBRERE ERREEARLRAFRIEES X,

[n0033]

A method for removing heavy metals from waste incineration fly ash based on flash Joule

heating technology includes the following steps:

—METHEEEMPARARERIUIRER VAR ESBIGE, SEUTIE:

[n0034]
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Step 1: Mix the fly ash from waste incineration with the conductive heat-generating material
evenly to obtain a mixture. The conductive heat-generating material is selected from carbon
black, graphite, activated carbon, coke powder or a combination thereof, and the mass ratio

of fly ash from waste incineration to conductive heat-generating material is 20:1 to 1:1.

TB—, BHRRE RS SHEAMELESYY, REREGH, Hi, SHERMEEERE. A

=, ER. EHTEAS, HIRRE VRS SEAMEINRELL820:1~1:1,

[n0035]

Step 2, Preprocessing

TE,_, FRE

[n0036]

Before the mixture undergoes flash Joule heat treatment, it is placed in a flash Joule heating

device and pretreated with low-pressure pulses to obtain the mixture.

FESFREITRAZEEALER, FEGHBANNEENRRES, BIRERFILERSES

Flo
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[n0037]

The parameters for low-voltage pulse pretreatment are set as follows: discharge voltage 30-

100V, single discharge time 0.1-1s, time interval 0.1-1s, and flash evaporation 1-3 times.

RERCHTMIBERSENSE . MEBBE30~100V, FRAERE0.1~1s, BYa)E@/0.1~1s,
IRZERER1~3R,
After low-pressure pulse pretreatment, the resistance of the mixture is measured. When the

resistance of the mixture is <3Q, flash joule heat treatment is performed.

[n0038]

Step 3: The mixture is subjected to flash joule heat treatment, cooled, and the resulting waste

incineration fly ash residue is obtained.

SBR=, B RESEREITAZEERLE, RANHSINIRRRE WX AE,
The parameters for flash Joule heat treatment were set as follows: discharge voltage 80-380V,

single discharge time 0.1-1s, time interval 0.5-2s, and flash treatment 1-5 times.
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NZEEEFMENSEISE N B EBE80~380V, FRMERTE0.1~1s, BYE)iafE/90.5~2s,

INZRE1~5R,

[n0039]

To further illustrate the technical solution of the present invention, the following description

is provided in conjunction with specific embodiment 1 and comparative examples 1 to 9.

NH—DRAREANRAT R, UTESEFLHGIL. WLFI1~9#1TiER,
The raw materials, parameters, and steps used in the embodiments are all within the

protection scope of this invention.

SEhEfIFrRANERL SHMPR, HERRBENFRIFEEN.

[n0040]

Example 1

KRt 1

[n0041]
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Fly ash emitted from the municipal solid waste incineration plant of Ordos Urban Mineral
Research and Development Co., Ltd. was selected as raw material. The fly ash contains heavy
metals such as Pb, Cd, and Zn. A pulsed electric flash reactor (model: FJH-2024APlus, Taiyuan
Saiyin New Material Technology Co., Ltd.) was used to treat the fly ash from the waste

incineration.

AR RS R A BRBJEATEERBRTEG HIM YIRIEANEE, % ¥VREaF
Pb. Cd. ZnFEZRE, XAMHBNZERNZE(ES: FIH-2024APlus, KRFRFMEREEGR
N E]) R IBHIIR IR KR

Figure 1(a) is a SEM+EDS image of the fly ash from waste incineration before treatment,
showing the content of some heavy metal elements in the fly ash; Figure 2(a) is an XRD image
of the fly ash from waste incineration before treatment; Figure 4(a) is a pore size distribution
of the fly ash from waste incineration before treatment; Figure 5(a) is a Zn valence state

distribution of the fly ash from waste incineration before treatment.

El1(a) AR RTHIIR TR CIKBISEM+EDSE], AILIERI WP —EEERITENSE; E2(a)Akk
ERIHIRIE R K IRHIXRDE]; El4(a) M BRI AR KIXRIFLIZ D% ; El5(a) MM IRATHIR A X

RHZnERBNESDHE,

[n0042]
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The collected fly ash was dried at 60°C for 12 hours and then ground through a 100-mesh sieve

for later use.

R RER ¥IRTE60° CHRMA T HEF12/\8, FREEZ 1008 &
Weigh 2g of dry fly ash and mix it with carbon black at a mass ratio of 5:1 (i.e., fly ash: carbon
black = 5:1) to obtain a uniform mixture. Then, put the mixture into a quartz tube and connect

it to the Joule heat flash evaporation experimental platform.

MRE2g IR ¥k, SRERRELLS:VES(EN WK : RE=5:1)190FFEER, EEHRSEBMAN
AREDR, EEEEERANZLETE,

First, a graphite electrode is inserted into one end of a quartz tube. Then, 1g of the mixture is
added into the quartz tube, and another graphite electrode is inserted into the other end to
compact the sample. The quartz tube is then placed on a flash Joule heating device, and the
resistance of the sample is measured. By adjusting the knob of the flash Joule heating device,
the degree of sample compression is adjusted, the compression ratio is changed, and the
resistance is adjusted until the resistance is basically stable. Then, the sample is pretreated by
discharging once at a low flash voltage of 60V and flashing once for 1s. After pretreatment, the
resistance of the mixture drops to 3Q, which meets the conditions for subsequent flash Joule

treatment. Excessive resistance will cause a significant reduction in the current during the
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flash treatment process, significantly reducing heat generation and making it impossible to

reach the high temperature required for evaporation or decomposition of heavy metals.

BAEAREN—RHEA—RGEBN, AREAREFMAIZESH, BMAFZ—REASZ—RA

SBERHARFIFRES, ARBARERENEENRREL, MEFE@NEEFEITRN, @&

i

[ERtFmiE60VAYRINZEBETFRELR, AZELR, REBEREN1sHITIAE, FLEEESEEE
fEE3Q0, ARBLNZEFELERMY, BATASSHAZRLIEIREEREZR), EERRRE
Fpk, TRRFERNDREESBFIF SR,

Subsequently, the sample was discharged once at a flash voltage of 150V, flashed once, and
the single discharge time was 1s. The highest temperature generated by Joule heating was

2100°C. After cooling, the waste incineration fly ash residue was obtained and named FJH-

150.

fela, BEFEmENZEBENISOVIRELR, WELR, RRNEBENERNLs, EERATERSEEN

2100°C, A0, SEBIRIEEY VR, HFTSEIRINLRIEKE WRIEER B AFIH-150,

[n0043]

Figure 1(b) shows the SEM+EDS image of the treated waste incineration fly ash. Compared

with Figure 1(a), it can be seen that the content of some heavy metal elements in the fly ash
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has been significantly reduced compared with that before treatment. Figure 2(b) shows the
XRD pattern of the treated waste incineration fly ash. Compared with Figure 2(a), it can be
seen that the peaks of the heavy metal compounds are reduced or even disappeared,
indicating that the heavy metal compounds have been transformed. At the same time, the
crystallinity of SiO2 is improved, which is conducive to the subsequent resource utilization of
fly ash as building material raw material. Figure 3 shows the comparison of fly ash particle size
distribution before and after treatment. After flash evaporation and Joule heating... After
treatment, the fly ash particles melted, agglomerated, or restructured under high
temperature, resulting in the merging of fine particles or an increase in the proportion of
coarse particles. Figure 4(b) shows the pore size distribution of the treated waste incineration
fly ash. Compared with Figure 4(a), it can be seen that after the volatiles such as heavy metal
chlorides in the fly ash detached from the fly ash matrix, pores were left in situ, the micropore
volume increased, and the fly ash structure was reshaped. Figure 5(b) shows the Zn metal
valence state distribution of the treated waste incineration fly ash. Compared with Figure 5(a),
it can be seen that the chemical structure of heavy metal Zn-containing compounds is less

stable, making them more prone to decomposition or volatilization.

El1(b) AR EHIR R E KIKHISEM+EDSE], XEbEL(a)A I UBE VRF—EEZBTRIISEN
RTAERE TRRERRE; E2(b)nbEBEhRITR CKFIXRDE], MLE2(a)rILEIEBENER

BUSYIER), BEEHK, EXBUEGYREI T, FISiO<sub>2</sub>ERERS, BF
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FREVXEARMERSZHREAA; BB3ANLERGYVRAZESMMILE, SFREEERLIE
&, ¥RBHNAESRERTAET AR, RENEWESL, SRATRSHICETRILLHIEM; B4
(b) AR IR EHIRAE IR KIRRIFLIZ D, MELE4(a)RI U Y RESERUFIELYINE VIKER
&, ROIBETFER, MFALERIEM, WREMSEIELE; ES(b)NAERIIRIER VXHNZIneBMN
SOWE, MWEES(Q)AUBETRBE I EMHFEWNREILRR, NMESKEDHEIE

Ko

[n0044]

Comparative Example 1

xFEEfI1

[n0045]

The method for removing heavy metals from waste incineration fly ash provided in this
comparative example is the same as that in Example 1, except that the flash evaporation

voltage is 200V and the resulting waste incineration fly ash residue is named FJH-200.

A3 L BRI BRI IR YRR ER B S ES K fI1A8E, KFURET, WEBEH200V,

PRASHIIRIE IR ¥k 5 & 8n & I FJH-200,
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[n0046]

Comparative Example 2

xFEE12

[n0047]

The method for removing heavy metals from waste incineration fly ash provided in this
comparative example is the same as that in Example 1, except that the flash evaporation

voltage is 250V and the resulting waste incineration fly ash residue is named FJH-250.

AL HHR MBI EBREIR R YR EE BN G A5 KEAI1AER, KAUNET, RHEEEHN250V,

PSR SR R E P JH-250,

[n0048]

Comparative Example 3

XFELHI3

[n0049]
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The method for removing heavy metals from waste incineration fly ash provided in this
comparative example is the same as that in Example 1, except that the flash evaporation

voltage is 300V and the resulting waste incineration fly ash residue is named FJH-300.

AL HUR MBI EBREIR R YR EE BN G A5 KEAI1AER, KAUNET, RHZEEEN300V,

FRISHIIRIE IR ¥ k5% Ed & AFJH-300,

[n0050]

Comparative Example 4

xtEb 4

[n0051]

The method for removing heavy metals from waste incineration fly ash provided in this
comparative example is the same as that in Example 1, except that the fly ash:carbon black

ratio is 3:1, and the resulting waste incineration fly ash residue is named FJH-1.

A3 EE BRI ERRAIR IR YRR ER B S ESKAI1EE, K3URET, Wk RE=3:1,

PRASHIIRIE IR ¥ IR & dp & 7IFJH- 1o
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[n0052]

Comparative Example 5

XFEEHI5

[n0053]

The method for removing heavy metals from waste incineration fly ash provided in this
comparative example is the same as that in Example 1, except that the fly ash:graphite ratio is

5:1, and the resulting waste incineration fly ash residue is named FJH-2.

AL HUR AV EFREIR R YR EZ B F A5 KEHI1IER, KIUET, Wk AZE=51,

PRSI LR IR Ean & AFJH-2,

[n0054]

Comparative Example 6

xFEbfl6

[n0055]
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The method for removing heavy metals from waste incineration fly ash provided in this
comparative example is the same as that in Example 1, except that 0.1g of the mixture is

added to the quartz tube, and the resulting waste incineration fly ash residue is named FJH-3.

AL HHR RV EBRIIR R YRR EZ BTG EZSKEHIIER, KIUFET, EAEREFMA0.1

gREE, FrIFNIRIER I EmRR AFIH-3,

[n0056]

Comparative Example 7

X EEfBI7

[n0057]

The method for removing heavy metals from waste incineration fly ash provided in this
comparative example is the same as that in Example 1, except that 0.5g of the mixture is

added to the quartz tube, and the resulting waste incineration fly ash residue is named FJH-4.

A3 EE G ARRUIR R YRR ER BRI SESKEAI1ERE, XFUET, FREEFMA0S

gRER, FRMRHIRRER YR AR NFIH-4
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[n0058]

Comparative Example 8

XFEEHI8

[n0059]

The method for removing heavy metals from waste incineration fly ash provided in this
comparative example is the same as that in Example 1, except that the sample is discharged
once at a low flash voltage of 30V, and the resulting waste incineration fly ash residue is

named FJH-5.

A3 L BRI EBREIR IR YRR ER B A ES K18 E, XFUET, FEmE30VAR

INZEEBETHRELR, FrFEikRE ¥Ix7AEsn=AFIH-5

[n0060]

Comparative Example 9

XFEEHI9
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[n0061]

The method for removing heavy metals from waste incineration fly ash provided in this
comparative example is the same as that in Example 1, except that the sample is discharged
once at a low flash voltage of 80V, and the resulting waste incineration fly ash residue is

named FJH-6.

A3 L BRI BRI IR YRR ER B A ES KAI1AEE, KIUET, HEmESoVAYR

INZEEBETHRELR, FrFAkRR YIx7xEm=AFIH-6,

[n0062]

Comparative Example 10

XFEEBI10

[n0063]

The method for removing heavy metals from waste incineration fly ash provided in this
comparative example is the same as that in Example 1, except that the sample is discharged
once at a flash voltage of 150V and flashed twice, with a single discharge time of 1s. The

resulting waste incineration fly ash residue is named FJH-7.
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A3 EE IR R EBRIUIR IR YRR EE B GES KEAI1EE, XFURET, BiFEmEREBE

ALS0VIREBLR, WE2R, BRRERIEALs, FRISHIRkIER R Esr & AFIH-T,

[n0064]

Approximately 0.1000 g of the waste incineration fly ash residue obtained from Examples 1, 1,
2,3,4,5,6,7,8,9,and 10 were weighed and placed in a polytetrafluoroethylene digestion
vessel. A mixed acid mixture of 6 mL of high-purity nitric acid (HNO3), 2 mL of high-purity
hydrochloric acid (HCl), and 1 mL of hydrofluoric acid (HF) was added to promote the

complete digestion of the waste incineration fly ash residue.

DAIFREXSEREGIL. XFEEBIL. XFEEFI2. XFELHI3. ITEEfl4. *HECFIS. XFEEBI6. XTEEFIT. XFEEH
8. XFEEHIO. XFELFIL0FRIGHINIIRIE IR ¥ IkT%EL£90.1000g, EFRURIIFHERERETR, MA6MLE
ZHRHER (HNO<sub>3</sub>). 2mLE4EHER(HC)MImMLERER(HF)RVWRESER, LUEHNIRITIE CK
BT EIHR.

After sealing the digestion vessel, place it in a microwave digester and set the program to heat

to 180°C and hold for 20 minutes to complete the digestion.

HRREH EMNRCERRN T, REFRELS0°C. RIE2073 FHHITZRFTThlH R,
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After digestion, allow the solution to cool naturally to room temperature. Transfer the

digestion solution to a 50 mL volumetric flask and dilute to the mark with ultrapure water.

HBEREEARNEER, FERREEESIMLAEMRF, ABAKESEZIEL,
At the same time, multiple sets of heavy metal standard solutions were prepared to establish

a standard curve.

EINECHIZAEEBIVEARR, ATEIITERLZ,

The determination was performed using an ICP-OES instrument. The determination
wavelength and instrument parameters for the target element were set. After instrument
calibration and background correction were completed, the sample solution, blank sample,
parallel sample and spiked recovery sample were injected in sequence to ensure the accuracy

and repeatability of the determination.

fERICP-OESIYERHITINE, =2E BT RIINERKNNBSEH, ERmNERENERRERS,
FOOEFENIRAFRAR. TEF. HATEMMREREE, UBENENERESEE S,
The content of each heavy metal element in fly ash is calculated based on the measured metal

concentration, digestion liquid volume, and sample mass.
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RIENSHEERE. BERERNERLRETE VAPFIEEBTENSE,

[n0065]

The heavy metal content (mg/kg) is calculated using the following formula:

BB E(mg/kg)iZ FTRITE:

[n0067]

Where: C<sub>illl</sub> is the element concentration in the sample solution (mg/L); C<sub>%=
</sub> is the element concentration in the blank solution (mg/L); V is the total volume of the

digestion solution (mL); and m is the sample mass (g).

Hr: C<sub>li</sub>tamdRPATEARE(ME/L); C<sub>ZE</sub>ATHBRFITERE

(mg/L); VABBRZEMER(mL); mAEmERE(g).

[n0068]

Table 1. Parameter data for Example 1 and Comparative Examples 1-10

RISEREGIL, WEEFI1~1058HEER
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[n0070]

Table 2 Comparison of Heavy Metal Removal Rates (%) in Waste Incineration Fly Ash

FONIRBIR KR EERBERFER(%) WL &

[n0073]

Example 1 (150V flash voltage, fly ash: carbon black = 5:1, 1g processing capacity) showed a
moderate overall removal rate of heavy metals (Pb 60.53%, Cd 56.87%), but the difference

was significant after adjusting the parameters.

SCHEGIL(150VIAREBE. (R IRE=5:1. 1glBE)NESBIERREEKEF(Pb 60.53%, Cd
56.87%), MAESHEERESE,

Comparative Example 3 (300V voltage) showed a significant increase in heavy metal removal
rate (Pb 90.46%), indicating that increasing the voltage can effectively enhance the Joule

heating effect and promote the evaporation of heavy metals.

FHEEFI3(300VER R ) E & B EFRF ANEIRF(Pb 90.46%), REAASHEEANBENBUEETRMN, (€

HEZREER.
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Comparative Example 6 (0.1g processing amount) achieved a Ni removal rate of 88.63%,
indicating that reducing the sample amount is beneficial for efficient heat transfer, but in

practical applications, the processing efficiency needs to be balanced.

X EEF6(0. g I E)NIRFFEIX88.63%, PR FMEN TEYATE, BXFNAFFEHLE

Comparative Example 4 (fly ash: carbon black = 3:1) and Comparative Example 5 (carbon
black replaced by graphite) showed that although increasing the carbon black ratio (3:1)
slightly improved the heavy metal removal rate, the effect of graphite decreased due to the
difference in conductivity, confirming that carbon black is more suitable as a conductive

material.

XFELBI4 (KT R B =3: 1) AR L5 (R BB A A SE) WML ER, &RELLFIEME:1)2MBRAEZES
BEGE, EAERASEEERSHRRTR, IEXREBESESFANSEMEL

It is worth noting that Comparative Example 8 (30V pretreatment) had an extremely low heavy
metal removal rate (Cd was only 11.36%) because the resistance was not sufficiently reduced
(resistance after pretreatment was greater than 3Q), highlighting the importance of stabilizing

the resistance during the pretreatment stage.
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BEREENZE, XEEFI8(30VItiE)EEERT 7 FER(FIMEFEEATIO), ELEEMRERE
(CdfX11.36%), MEFHIEMERIZE BENEEM.

In summary, voltage, sample volume, and the ratio of conductive materials are important
factors affecting heavy metal removal, while the resistance of the pretreatment mixture is a
key factor affecting heavy metal removal. Optimization and coordination are needed to

achieve efficient and economical treatment results.

b, BE. FRERSEMHLELRRWETREGNERZRER, MAEESMENBEEZRME

EREMFHIXERR, FRAHDELREIEN. £FHLEHR.

[n0074]

Based on the above-described preferred embodiments of the present invention, and through
the above description, those skilled in the art can make various changes and modifications

without departing from the technical concept of the present invention.

M ER AR A BARIERLHGINET, Bd ERNHBRE, HXITEARTLE UERNMREAI
RARABREREERN, #ITSHFNEEURIEN.
The technical scope of this invention is not limited to the contents of the specification, but

must be determined by the scope of the claims.
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KIMABRRRAMEEEA TNERTIRBB LIRS, SRBINNFIEREEFRBEE KA EE,
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