Europaisches

Patent Translate

European
Patent Offlce

Office européen
des brevets

Powered by EPO and Google

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 CN118359200A

A method for purifying quartz sand using flash Joule heat treatment

— R BINREE M BR AR R A

[0001]

Technical Field

ARG
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[n0001]

This invention relates to the field of quartz sand purification, and specifically to a method for

purifying quartz sand using flash Joule heat treatment.

KBRS AR RATIN, BT R—MF RIAEEEAGIRRAG RIS %

[0003]

Background Technology

BHREA

[n0002]

Flash Joule heating (FJH) technology has become a hot topic in the field of new material
preparation in recent years. Its characteristic is that it can heat and cool materials to

thousands of degrees in a very short time, such as milliseconds.

INREE NS A (FIH)EERB T EM B S MENAREAR, BSREEEN R ERRY

MELHTT ETERNA R,
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This technology has great potential in the preparation of high-entropy materials, the
production of high-quality graphene, the recovery of battery electrode materials, and the

synthesis of special catalysts.

ERATEEEMANGE. ARARBRES. BEEBERMENENL. FHRELTINEHRFAERARE
2,

In addition, Hu Liangbing and others improved the technology and successfully applied it to
the sintering of special ceramics, realizing the ultra-fast heating and cooling treatment of

ceramic materials using this technology.

55, AREFANHEEZXARGERIINATFRHMERENGELS, KT ZRANEEFIRTEIRE

mA IR,

[n0003]

Currently, the purification process of quartz sand in my country usually includes a
combination of techniques such as water quenching, magnetic separation, flotation, acid

leaching, and complexation.

B, RERAARWIZEERENE. Bk, Fik. B2 BaFRAFERNAS,
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Existing processes have very limited effectiveness in removing inclusions and isomorphic

impurities from the interior of quartz sand materials.

MEN T ZNERDMEARHERERRANERRRRRERFIR T2 B R,

To remove internal impurities from quartz sand, a feasible method is to use extreme cooling
and heating techniques to cause the inclusions in the material to burst, thereby creating more
cracks. Patents CN1562743A, CN102180584A, and CN109081352A respectively employ "cold

bursting," "microwave thermal bursting," and "cold-hot collision bursting" methods to
attempt to improve the purification effect by creating cracks on the surface of quartz sand.
However, these methods have not completely solved the problems of insufficient purification

purity and energy consumption caused by long-term extreme heat and deep cryogenic

technology.

N7 ERAEDBIARZBEER, BT RAE AREMR PN ER R EBNMTEE SN ZE—
B{TH A%, EFICN1562743A. CN102180584ALLKZCN109081352AF R RIKAT “BIR3Y” |
“BURRIER 1 REREN WANREEIELGRIREEIEHNEIRFHREANE, BIhKR5E

LR RIRARVAE R E LU KB EMR PR 2 B AR T R AV BEFE R,

[0006]

Summary of the Invention

16-01-2026 - Page 4



ZBAAR

[n0004]

The purpose of this invention is to provide a method for purifying quartz sand using flash
Joule heat treatment, which is time-saving, energy-efficient, and yields high-purity quartz

sand.

RAN BRI RE—MA RN EEROIBIRAG R GE, Z/AFNE, gRR, REHNa

REPAE S,

[n0005]

To achieve the above objectives, the present invention employs the following technical

solution:

FEE ERER, SABRARAUTRARGETUSER:

[n0006]
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A method for purifying quartz sand using flash Joule heat treatment includes the following

steps:

— M BIREREERIBRAARUNTGE, SREUTTR,

[n0007]

(1) The quartz sand raw material is ball-milled and sieved to obtain quartz sand A with a

particle size of less than 100 mesh;

(1) ARDERIATIKE, H0, RS/ T 1008 RIAEA;

[n0008]

(2) Place quartz sand A on a conductive substrate of a Joule furnace, heat it with a voltage of
15-30V and a current of 50-250A for 200ms-1min, and then cool it for no more than 10s to

perform flash Joule heat treatment. After completion, quartz sand B is obtained.

)R AERMAETEEIFNSEER L, XA15~30VAYEE50~250ARE7MNH200ms~1min/g

REAEBI10s, HITAREEHRLIE, TRER[EIAREB;

[n0009]
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(3) Quartz sand B is put into an acid pickling tank and acid leached at 65-85°C with inorganic
mixed acid with a concentration of not less than 4mol/L. After completion, material Cis

obtained.

() AR BN AERERRERNET4mol /LN RBERTE65-85°C T AR, STREEFEIIE

C;

[n0010]

(4) Wash and dry material C to obtain quartz sand D;

(4) R RICHTIR, [EIRRED;

[n0011]

(5) After mixing the quartz sand D with the chlorinating agent, add it to the chlorination
roasting furnace and chlorinate and roast at 1400-1600°C. After completion, cool to obtain

high-purity quartz sand.

) FARUDSRNFESREMAKLIEREPS, E£1400~1600°CFRILIERE, THERIFES

AR,
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[n0012]

Furthermore, in step (1), the silica content in the quartz sand raw material is not less than

98%.

H—H, RS R(1)FaEREHPZENESETMETI8%.

[n0013]

Furthermore, in step (2), the conductive substrate material is one of carbon cloth, carbon

paper, graphite paper, or carbon fiber cloth.

H—Hh, FRRSRQ)FSBERMEIVRM. B, ABRERTERPH—M,

[n0014]

Furthermore, in step (2), there is a conductive substrate on the top and bottom of the Joule

furnace, and the quartz sand A is located between the two substrates.

H—IH, FMASRQ)FEEF LTRERGFERER, ARDARTRERZE,

[n0015]
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Furthermore, in step (2), the flash Joule heat treatment is carried out in a vacuum

environment, and the treatment is performed 1 to 6 times.

H—TH, PRSP EQ2)PAREEROEBETEETIFIREHRHTT, BDEBERENI~6R,

[n0016]

Furthermore, in step (3), the inorganic mixed acid is composed of hydrochloric acid, nitric acid
and hydrofluoric acid, wherein the concentration of hydrochloric acid is not less than 3 mol/L,
the concentration of nitric acid is not less than 0.5 mol/L and the concentration of

hydrofluoric acid is not less than 0.5 mol/L.

H—TH, FrRPZEQ)PLNERBEER. HER. SIRBRAMN, HEPRRERRENET3mol/L. HER

REAREF0.5mol/L. SREEREARETF0.5mol/Lo

[n0017]

Furthermore, the acid leaching time in step (3) shall not be less than 4 hours.

H—TH, Frdd YR (3)PESZE A DT 4h,

[n0018]
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Furthermore, the acid leaching process in step (3) is assisted by ultrasonic treatment at low

frequency (20kHz) and high frequency (40kHz) and pressure treatment at 0.2 to 0.5MPa.

H—H, FrdD R (3)FERI2IIEE PERIZIEBRIA20kHz, BIR40kHZBVERE L1 4HEN 50.2%!

0.5MPapyNEhIE4HE,

[n0019]

Furthermore, the chlorinating agent used in step (5) is either a gaseous chlorinating agent or a
solid chlorinating agent. The gaseous chlorinating agent is one or two of HCl and Cl<sub>2<
/sub>, and the solid chlorinating agent is one or more of NaCl, KCl, and NH<sub>4</sub>Cl.
When using a gaseous chlorinating agent, the quartz sand should be chlorinated and roasted
in an atmosphere where the volume ratio of chlorinating agent to nitrogen is 1:1 to 1:4. When
using a solid chlorinating agent, 1.5% to 4% of the mass fraction of chlorinating agent is mixed

with the quartz sand and then chlorinated and roasted.

s, FrdD R (5)RAMKANTIERSEIUTIHEFKLTT, UEKUFIAHCL Cl<sub>2<
[sub>FHy—FhEgEfH, EfERSRKTIAINaCL KCl. NH<sub>4</sub>CIHEy—Fhai 2, FERSIE
SN BiIEH R DA FRUEFSRIAERLE A L1~ LANSFTHH#HITREEE, FREFRSILH

FHS AR BE D 1.5%4%NRLFI SHRINES EHITRLERE.
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[n0020]

Furthermore, in step (5), the chlorination roasting is carried out using microwave heating, and

the holding time is 2 to 5 hours.

H—H, FridS R (5)RRWIZRRARORMBA, REREH2~5h,

[n0021]

Compared with the prior art, the present invention has the following beneficial effects:

BHNTFTUERAMS, FABREFUTERMR:

[n0022]

Based on the weak electrical conductivity of quartz sand, this invention selects a conductive

substrate as the support for Joule heating. Considering the poor heat transfer performance
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and high melting point of quartz sand, a parameter setting strategy of higher voltage and
current and longer processing time is adopted to reasonably configure the parameters of the

Joule furnace.

RRPKRIEARISIFEIMENTE, &R T SERERAHNDUHTEEMR, KiEGRIMEHE

AMERERE. BRENFSRXATRSEEERR. BRKOERBNSHERE, WEEPEITTS
BHNSHERE.,

[n0023]

2.

2.

This invention utilizes the extremely rapid heating and cooling speed of flash Joule heat
treatment technology to perform extremely hot and cold treatment on quartz sand in a very
short time, greatly shortening the processing time and effectively saving the huge energy
consumption caused by the long heating and cooling process required by traditional extreme

heating and cooling.
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AR PAF RINEEE A ERAA R REERRNG R, ERENNBERNAREEITRAR S

2, WEEAIESERE, MMAERMTE 7RSS F KA RO IET R E KGR,

[n0024]

The rapid heating and cooling rates of flash Joule heating technology far exceed those of
traditional cold and heat treatment processes. The extremely fast heating and cooling rates
can better promote the bursting of quartz sand inclusions and the formation of surface
cracks, thereby effectively exposing internal impurities and facilitating the thoroughness of
subsequent impurity removal. Compared with traditional purification processes, this

improves the purification effect of quartz sand.

INEREEARARREAFRRETEAFEHLIARETZ, RIRNARFRERE, eBEF AR
WEREER UL RERNVEN, HMEEBRNBREERNIIIRE, ETESEFROMERNE, B

RRRAT ZNE T ARAVRAMR,

[n0025]
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Compared with existing technologies that purify quartz sand through hot and cold collision
blasting, the SiO<sub>2</sub> content in the purified quartz sand is about 99.9950%, while
the quartz sand prepared by this invention has a purity of 99.998%, reaching a high-end level.
Moreover, the operation is simple and easy to implement, the process is streamlined, it is easy

to promote, and it has obvious economic and practical value.

FERMEFARBEDS S AHERS ARG HEY, BEiRAENARRFSIO<sub>2</sub>&21E
99.9950% /A, MAskEBHIENAEMLAETE9.998%, XEITEE/KTE, BiRERES1T, IR

f5E, BT, BERENZFERANE,

[n0026]

Furthermore, this invention employs the feature of heating surrounded by a dual conductive
substrate, which ensures that the quartz sand is heated evenly and rapidly. It also uses a
vacuum environment to avoid minor reactions between the protective gas and the material at

excessively high temperatures.
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H—H, AEPARANGEEREEMANER, FARDIMGE, RE, HEAETHIER, #

ZEEERE MRIPSESYIRN D ERN,

[n0027]

Furthermore, the present invention includes a hot-press acid leaching step, in which heating
and pressurization are combined with ultrasonic treatment to further expand the cracks and
defects formed on the quartz sand by Joule heating, thereby increasing the specific surface

area of the material and effectively improving the leaching effect of impurities.

H—Tith, AREAIGERERISTE, MANMERNELERSGIEFE—TT KEEMRL BTG R

ERRRNSTRE, RAVHLERER, BRREARIEMR,

[0031]

Attached Figure Description

Py ET35E B

[n0028]

Figure 1 is a schematic diagram of the process flow of the present invention.
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ElARLZRANTZREREE,

[0033]

Detailed Implementation

BiALER

[n0029]

The present invention will be further described in detail below with reference to specific
embodiments. These descriptions are for explanation purposes only and are not intended to

limit the scope of the invention.

HE SRR GIN AL PREE—T BIFMIREE, FmREXN A LPRERTMAERE,

[n0030]

Referring to Figure 1, the present invention uses coarsely treated quartz sand as raw material.
Taking quartz sand ore produced in a certain place in Shaanxi Province as an example, it is

subjected to one or more of the following methods: crushing, water quenching, magnetic
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separation, flotation, acid leaching, complexation, etc. to remove surface impurities and
perform coarse purification. The silica content in the coarsely purified quartz sand is not less

than 98%.

ZHEL, NEAXAEIHELERHARIMEARE, LREERAEMFR~aaRDy Afl, $HE
IMEE. KA. Wk, FiE. BRIR. BEFANPN—MEESHAES A IBIERENERNZREUHTT

FEIRLE, MRRAENARE P _SUMESETRTI8%.

[n0031]

The method for purifying the coarsely treated quartz sand using flash Joule heat treatment

includes the following steps:

FIARREE AL IR R R ERRN AR AEEEUTIR:

[n0032]

(1) The coarsely treated quartz is ball-milled and sieved to obtain quartz sand A with a particle

size of less than 100 mesh.

(1)L IERRAREITEKE, 0, RENE/NT100B89ERDA;
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[n0033]

(2) Place the quartz sand A obtained in step (1) on a conductive substrate of a Joule furnace
for flash Joule heat treatment. Specifically, use a voltage of 15-30V and a current of 50-250A to
heat for 200ms-1min and then cool for no more than 10s. Quartz sand A is treated once by
heating and cooling down to below 50°C. Repeat the treatment 1-6 times. The ultra-fast
heating and cooling treatment promotes the rupture of gas-liquid inclusions in the quartz
sand, causing more cracks to appear on its surface. After completion, quartz sand B is

obtained.

QBT R(1)MFARMARTEEFNSEER EH#TAREERLGIE, BARA15~30VAYEE.
50~250ABY B ANFA200ms~1min/@/2 i1 RiEBd 10s, ARAZINMAARELANEEEMRT
50°CH—R4E, EELEL-6X, BIBERENAFRGCEEEGRBANTIRERFREK, FHEK

HFEBEZRY, THEFIIGRB;

[n0034]

(3) Quartz sand B is put into an acid pickling tank and acid-leached at 65-85°C for at least 4
hours using an inorganic mixed acid composed of hydrochloric acid, nitric acid and
hydrofluoric acid. During acid leaching, ultrasonic treatment at low frequency 20kHz and high
frequency 40kHz and pressure treatment at 0.2-0.5MPa are used to remove the internal

impurities exposed by the quartz sand after flash Joule heat treatment. The concentration of
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hydrochloric acid in the inorganic mixed acid is not less than 3mol/L, the concentration of
nitric acid is not less than 0.5mol/L and the concentration of hydrofluoric acid is not less than

0.5mol/L. After completion, material C is obtained.

() EARNBIR N EES, FREHE. MRS SRARNTY I EERTE65-85°C T EEE 4h,
B8 2B &1R4M20kHz. S3M40kHZzMEB A A EEEHBY 50.2~0.5MPalyiNE 0 1B 5#B), EMFAREIDE
NEREFAMEEREHMRNEIZE, FAIERANTHER P EEREARET3mol/L. HEERERE

F0.5mol/L. E&RKRERKTF0.5mol/L, ETHREEEIFEIC,

[n0035]

(4) Wash and dry material C to obtain quartz sand D;

(4)ZFRCHTIR, SEIFERMD;

[n0036]

(5) After mixing the quartz sand D with the chlorinating agent, add it to the chlorination
roasting furnace and perform high-temperature chlorination roasting. The chlorination
roasting temperature is 1400-1600°C and the holding time is 2-5h. During the roasting process,
the quartz sand undergoes multiple phase transformations, which can further enrich the

microcracks in the quartz sand. At the same time, it activates isomorphous impurities and
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accelerates their diffusion to the surface. It reacts with the chlorinating agent to generate
easily volatile substances that overflow from the roasting furnace. After completion, cool to

obtain high-purity quartz sand.

) FERWDERUFESEMAIMBERFT, SEIWER, KWEREEN1400~1600°C,
fREASE72~5h, BRIBPAERMEHZRBE, HE—TFEERDPIIMRY, RELSE
FEKRFHEAMEERKRERY &, SRUFIRNERS TELNYIBGEHERE, ThERIFE

(ST SED

[n0037]

Example 1:

SEREFIL:

[n0038]

After coarse purification, the silica content of the quartz sand raw material is 98%, and the

main impurities are Fe: 80ppm and Al: 50ppm.

AR ERATRIRAE: —ENEAER8%, TERESENFe: 80ppm, Al: 50ppm.
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[n0039]

(1) The coarsely purified quartz sand raw material is ball-milled and sieved to obtain quartz

sand A with a particle size of less than 100 mesh.

(1) R AR ARMERFEEITIKE, 5, RISAZ/)\T100889REDA;

[n0040]

(2) Quartz sand A was placed on a carbon cloth conductive substrate in a Joule furnace and
subjected to flash Joule heat treatment twice. The Joule furnace parameters were set as
follows: voltage 25V, current 200A, heating time 30s, cooling time 10s. After completion,

quartz sand B was obtained.

QFARVARTEEIFNRGSEER EHITAEREERGELR, KEEFIPSHN: BE

25V, HBA200A. ANHEYIE)30s, /2#N10s, sEAEFEIAREB;

[n0041]

(3) Quartz sand B is put into an acid pickling tank and acid-leached at 65°C for 6 hours with
inorganic mixed acid. The concentration of hydrochloric acid in the inorganic mixed acid is

not less than 3 mol/L, the concentration of nitric acid is not less than 0.5 mol/L, and the
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concentration of hydrofluoric acid is not less than 1 mol/L. During acid leaching, ultrasonic
treatment at low frequency of 20 kHz and high frequency of 40 kHz and pressure treatment at

0.2 MPa are used as auxiliary treatments. After completion, material C is obtained.

()RR BRNER LEPATHURERE65° CER=6h, THURERPEEIRERET3mol/L. HEER
ERMEF0.5mol/L. E@mERERNMETF1Imol/L, BSHECSKSN20kHz. SIR40kHZAVEER 20124

B150.2MPapyNIEL 24 EE, STREISEIMIRIC,

[n0042]

(4) Wash and dry material C to obtain quartz sand D;

(4) R RICHTIR, FEIRRD;

[n0043]

(5) After mixing quartz sand D with 2.5% ammonium chloride by mass, putitinto a microwave
chlorination roasting furnace and perform high-temperature chlorination roasting at 1500°C

for 5 hours. After the material is cooled, high-purity quartz sand product is obtained.
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5)RFARMDESHREDR2.5%NILRE S RRAFRIIIERLT, E1500°CHITERIUIIERE

5h, F¥IELLARANESAARED M.

[n0044]

The obtained product was tested and found to have a purity of 99.998%, with the main

impurities being Fe: 0.7 ppm and Al: 11 ppm.

MEfF el . HAE999.998%, FEHFIEEFe: 0.7ppm. Al: 1lppm,

[n0045]

Example 2:

SEhtEf2:

[n0046]

(1) The same quartz sand raw material as in Example 1 was ball-milled and sieved to obtain

quartz sand A with a particle size of less than 100 mesh,;

(1)REEEA1—FNARDRAHRTRE, /2, KSR/ T1008ARA;
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[n0047]

(2) Quartz sand A was placed on a carbon cloth conductive substrate in a Joule furnace and
subjected to flash Joule heat treatment twice. The Joule furnace parameters were set as
follows: voltage 15V, current 120A, heating time 30 seconds, cooling time 5s. After completion,

quartz sand B was obtained.

QFAERVARTEEIFNRGSEER EHITAEREERGELR, KEEFIPSHN: BE

15V, EEHR120A. NNFABRTEI30%D, /2AN5s, FER/E1FEIARB;

[n0048]

(3) Quartz sand B was put into an acid pickling tank and acid-leached at 65°C for 6 hours with
inorganic mixed acid. The inorganic mixed acid contained hydrochloric acid with a
concentration of 3 mol/L, nitric acid with a concentration of 0.5 mol/L, and hydrofluoric acid
with a concentration of 1 mol/L. During acid leaching, ultrasonic treatment with a low
frequency of 20 kHz and a high frequency of 40 kHz and pressure treatment with 0.4 MPa were

used as auxiliary treatments. After completion, material C was obtained.
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()G AR BN EFFE ALY RERTESCERIZ06h, TH/EEEPEELRE3mol/L. FHEEKREO0.5
mol/L. S&fE1mol/L, BEERECSIEIN20kHz. S5M40kHZzAYEE L0 IB4HEN 50.4MParyinE4b 12

5B, STEERFIEIMIFIC;

[n0049]

(4) Wash and dry material C to obtain quartz sand D;

(4)ZFRCHTIR, SEIFERMD;

[n0050]

(5) After mixing quartz sand D with 2.5% ammonium chloride by mass, put it into a microwave
chlorination roasting furnace and perform high-temperature chlorination roasting at 1500°C

for 5 hours. After the material is cooled, high-purity quartz sand product is obtained.

BB AERUDSHRED 2. 5%NIRNWIE S FRAFRSWERI, £1500°CHiTE RIS

5h, F¥IRLLAENESAARED M.

[n0051]

The obtained product was tested and found to have a purity of 99.998%, with the main

impurities being Fe: 0.9 ppm and Al: 16 ppm.
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SFR1SF= RGN : HAEEH99.998%, FELXRSEFe: 0.9ppm. Al: 16ppm.

[n0052]

Example 3:

SEhEf3

[n0053]

(1) The same quartz sand raw material as in Example 1 was ball-milled and sieved to obtain

quartz sand A with a particle size of less than 100 mesh;

(1)REEEEA1—HFNARDRAHRTIRE, /2, KSR/ T1008RARA;

[n0054]

(2) Quartz sand A was placed on a carbon cloth conductive substrate in a Joule furnace and
subjected to flash Joule heat treatment once. The Joule furnace parameters were set as
follows: voltage 25V, current 200A, heating time 30s, cooling time 3s. After completion, quartz

sand B was obtained.
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QFAERVARTEEIFNRHSEER EHITHAEREERGELR, KEEBIRPSHN: BE

25V, EB3200A. AN#ABYEI30s, 2#03s, TTR/EREIAREDB;

[n0055]

(3) Quartz sand B was put into an acid pickling tank and acid-leached at 65°C for 6 hours with
inorganic mixed acid. The inorganic mixed acid contained hydrochloric acid with a
concentration of 3 mol/L, nitric acid with a concentration of 0.5 mol/L, and hydrofluoric acid
with a concentration of 1 mol/L. During acid leaching, ultrasonic treatment with a low
frequency of 20 kHz and a high frequency of 40 kHz and pressure treatment with 0.3 MPa were

used as auxiliary treatments. After completion, material C was obtained.

) B AZERBIE N SR ERA T RERTTE65°CERZ6h, THEERPEESRE3mol/L. FHERKREOQ.5
mol/L. E&E1mol/L, , EERESEIM20kHz, E5M40kHzAYEBE LM EHHEN 50.3MPaBIlEL

2R, SEAESEIIRIC,

[n0056]

(4) Wash and dry material C to obtain quartz sand D;

(4)ZFRCHTIR, SEIFERND;
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[n0057]

(5) After mixing quartz sand D with 2.5% ammonium chloride by mass, put it into a microwave
chlorination roasting furnace and perform high-temperature chlorination roasting at 1500°C

for 5 hours. After the material is cooled, high-purity quartz sand product is obtained.

5)RFARMDESHREDR2.5%NILEEBRRAFMRIIERLT, E1500°CHITERIUIIERE

5h, F¥IELLAENESAARED M.

[n0058]

The obtained product was tested and found to have a purity of 99.997%, with the main

impurities being Fe: 0.9 ppm and Al: 19 ppm.

MEF el . HAE999.997%, EFEHRFEIEEFe: 0.9ppm. Al: 19ppm,

[n0059]

Example 4:

SEhtE14
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[n0060]

(1) The same quartz sand raw material as in Example 1 was ball-milled and sieved to obtain

quartz sand A with a particle size of less than 100 mesh;

(1)REEmeA 11— A RDRAHTIRKE, /D, RSN/ T1008RAEA;

[n0061]

(2) Quartz sand A was placed on a carbon cloth conductive substrate in a Joule furnace and
subjected to flash Joule heat treatment three times. The Joule furnace parameters were set as
follows: voltage 25V, current 200A, heating time 40s, cooling time 7s. After completion, quartz

sand B was obtained.

QFAERVARTEEIFNRGSEER EHITAEREERGEIR, KEEBEIPSHN: BE

25V, EER200A. AN#ABYEI40s, 2ANTs, TTR/EREIARIDB;

[n0062]

(3) Quartz sand B was put into an acid pickling tank and acid-leached at 65°C for 6 hours with
inorganic mixed acid. The inorganic mixed acid contained hydrochloric acid with a

concentration of 3 mol/L, nitric acid with a concentration of 0.5 mol/L, and hydrofluoric acid
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with a concentration of 1 mol/L. During acid leaching, ultrasonic treatment with a low
frequency of 20 kHz and a high frequency of 40 kHz and pressure treatment with 0.2 MPa were

used as auxiliary treatments. After completion, material C was obtained.

() AR B NER T tE(FE B AR TE65°CER26h, TABERHERELKE3mol/L. TEHERKREO0.5
mol/L. SE&EE1mol/L, BZITECS1EIN20kHz. S3M40kHZzZEVHERE A IR3EBN 50.2MPary il E4b I8

HBh, STRERFEIMIFIC;

[n0063]

(4) Wash and dry material C to obtain quartz sand D;

(4) R RICHTIR, FEIRRD;

[n0064]

(5) After mixing quartz sand D with 2.5% ammonium chloride by mass, putitinto a microwave
chlorination roasting furnace and perform high-temperature chlorination roasting at 1500°C

for 5 hours. After the material is cooled, high-purity quartz sand product is obtained.
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5)RFARMDESHREDR2.5%NILRE S RRAFRIIIERLT, E1500°CHITERIUIIERE

5h, F¥IELLARANESAARED M.

[n0065]

The obtained product was tested and found to have a purity of 99.998%, with the main

impurities being Fe: 0.6 ppm and Al: 10 ppm.

MEfF il . HAE999.998%, FEHFiEEFe: 0.6ppm. Al: 10ppm,

[n0066]

Example 5:

SEhtEfIS

[n0067]

(1) The same quartz sand raw material as in Example 1 was ball-milled and sieved to obtain

quartz sand A with a particle size of less than 100 mesh,;

(1)REEEA1—FNARDRAHRTRE, /2, KSR/ T1008ARA;
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[n0068]

(2) Quartz sand A was placed on a carbon paper conductive substrate in a Joule furnace and
subjected to flash Joule heat treatment 4 times under vacuum conditions. The Joule furnace
parameters were set as follows: voltage 30V, current 50A, heating time 200ms, cooling time 1s.

After completion, quartz sand B was obtained.

QREZWABTEEPNRASBER L, AESHH THTIVRAEAREIR, REAEFS

#09: BB[E30V. HHR50A. MNFARFEI200ms, 2#1ls, SER/EREIARLB;

[n0069]

(3) Quartz sand B was put into an acid pickling tank and acid-leached at 85°C for 4 hours with
inorganic mixed acid. The inorganic mixed acid contained hydrochloric acid with a
concentration of 4 mol/L, nitric acid with a concentration of 1 mol/L, and hydrofluoric acid
with a concentration of 0.5 mol/L. During acid leaching, ultrasonic treatment with a low
frequency of 20 kHz and a high frequency of 40 kHz and pressure treatment with a pressure of

0.4 MPa were used as auxiliary treatments. After completion, material C was obtained.
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() B AE B NEL AR ERA T EERTES5°CESIR4h, TAIERERERESRE4mol/L. THESRE
1mol/L. E&ER0.5mol/L, E2RESESM20kHz, E5M40kHzAYEEE LM ELHEN 50.4MPapI N ELR:

iR, SEAESEIIRIC,

[n0070]

(4) Wash and dry material C to obtain quartz sand D;

(4)ZFRCHTIR, SEIFERMD;

[n0071]

(5) After mixing quartz sand D with 1.5% potassium chloride by mass, put it into a microwave
chlorination roasting furnace and chlorinate at 1600°C for 3 hours. After the material is cooled,

the high-purity quartz sand product is obtained.

5)FARMDEHREDRLS%HNIUFESBFRAFMKIIIERLT, £1600°CHITERIIIELE

3h, FYIRLLARANESAARED ™ M.

[n0072]

The obtained product was tested and found to have a purity of 99.998%, with the main

impurities being Fe: 0.9 ppm and Al: 13 ppm.
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SFR1SF= RGN : HAEEH99.998%, FELXRSEFe: 0.9ppm. Al: 13ppm.

[n0073]

Example 6:

SEhtEf516 -

[n0074]

(1) The same quartz sand raw material as in Example 1 was ball-milled and sieved to obtain

quartz sand A with a particle size of less than 100 mesh;

(1)REEEEA1—HFNARDRAHRTIRE, /2, KSR/ T1008RARA;

[n0075]

(2) Quartz sand A was placed on a graphite paper conductive substrate in a Joule furnace and
subjected to flash Joule heat treatment 6 times under vacuum conditions. The Joule furnace
parameters were set as follows: voltage 20V, current 100A, heating time 1min, cooling time 5s.

After completion, quartz sand B was obtained.
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QFAERVARTEEIFNASASHER L, TETFHTHITAWEREERLECR, REEEF

SE09. BE20V. HBIR100A. MABEImIn, 2i05s, STRH/EREIGZRLB;

[n0076]

(3) Quartz sand B was put into an acid pickling tank and acid-leached at 70°C for 5 hours with
inorganic mixed acid. The inorganic mixed acid contained hydrochloric acid with a
concentration of 3 mol/L, nitric acid with a concentration of 2 mol/L, and hydrofluoric acid
with a concentration of 2 mol/L. During acid leaching, ultrasonic treatment with a low
frequency of 20 kHz and a high frequency of 40 kHz was used as an auxiliary treatment, and
pressure treatment with 0.3 MPa was used as an auxiliary treatment. After completion,

material C was obtained.

(AR BIRNEAEP AT RERTET0°CERIZ5h, THURERFEFIRE3mol/L. HERIKRE
2mol/L. E®mE2mol/L, EERECERIN20kHz, =3040kHzAVEER L IB4HEN50.3MPaRIINE L IE

5B, STRRREIMIFIC;

[n0077]

(4) Wash and dry material C to obtain quartz sand D;
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(4)ZFRCHTIR, SEIFEMD;

[n0078]

(5) After mixing quartz sand D with sodium chloride and ammonium chloride at a mass
fraction of 2%, put it into a microwave chlorination roasting furnace and perform high-
temperature chlorination roasting at 1400°C for 3 hours. After the material is cooled, high-

purity quartz sand product is obtained.

B AERUDSHRED H2%HIUMNKANRES RN KLIEREIP, £1400°CHITRER

KIER3h, FFELL HEMS S Aa RED ™ o

[n0079]

The obtained product was tested and found to have a purity of 99.998%, with the main

impurities being Fe: 0.9 ppm and Al: 11 ppm.

XS miall: HAE#99.998%, FEHRFEEFe: 0.9ppm. Al: 11ppm,

[n0080]

Example 7:
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SEhEfIT

[n0081]

(1) The same quartz sand raw material as in Example 1 was ball-milled and sieved to obtain

quartz sand A with a particle size of less than 100 mesh;

(1)K RISEHERI 11— A R REIHITIKE, 70, RFAR/NT100BRAREDA;

[n0082]

(2) Quartz sand A was placed on the carbon fiber cloth conductive substrate of the Joule
furnace and subjected to flash Joule heat treatment 5 times under vacuum conditions. The
Joule furnace parameters were set as follows: voltage 15V, current 250A, heating time 1s,

cooling time 10s. After completion, quartz sand B was obtained.

RFERVAETEEIFNMRAEHFHRER L, FETFETHETNREERLESR, RELE

W2 BE1SV. BAR250A. NN#ETE]Ls, 2#110s, EHREEEIAREAB;

[n0083]

(3) Quartz sand B was put into an acid pickling tank and acid-leached at 80°C for 4 hours with

inorganic mixed acid. The inorganic mixed acid contained hydrochloric acid with a
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concentration of 3 mol/L, nitric acid with a concentration of 1 mol/L, and hydrofluoric acid
with a concentration of 0.5 mol/L. During acid leaching, ultrasonic treatment with a low
frequency of 20 kHz and a high frequency of 40 kHz and pressure treatment with a pressure of

0.5 MPa were used as auxiliary treatments. After completion, material C was obtained.

() AR BIRNER KDALY RERTES0°CERIZ4h, THIRERFEEFLIRE3mol/L. HERIKRE
1mol/L. E&ER0.5mol/L, BRZAIECEEIN20kHZ, SHM40kHzEVEE W IR EBY 50.5MPafv il ELL

iR, SERESEIMIRIC,

[n0084]

(4) Wash and dry material C to obtain quartz sand D;

(4)ZFRCHTIR, SEIFERMD;

[n0085]

(5) Place the quartz sand D in a chlorine and nitrogen mixed atmosphere with a volume ratio
of 1:1, and use a microwave chlorination roasting furnace to perform high-temperature
chlorination roasting at 1400°C for 4 hours. After the material is cooled, the high-purity quartz

sand product is obtained.
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(5)FERBDBEFARLALINASSATESTRT, RAMKELEER, E1400°CHTHE

SLIERAh, LR AN S AR R ™Mo

[n0086]

The obtained product was tested and found to have a purity of 99.998%, with the main

impurities being Fe: 0.9 ppm and Al: 11 ppm.

P miell: HAE#99.998%, FEHRFEEFe: 0.9ppm. Al: 11lppm,

[n0087]

Example 8:

SEhtEf518 -

[n0088]

(1) The same quartz sand raw material as in Example 1 was ball-milled and sieved to obtain

quartz sand A with a particle size of less than 100 mesh;
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(1)K RISERER 11— BV AR RMIRITIKE, 70, R/AR/NTLI00BRAREDA;

[n0089]

(2) Quartz sand A was placed between two carbon cloth conductive substrates in a Joule
furnace and flash Joule heat treatment was performed twice under vacuum conditions. The
Joule furnace parameters were set as follows: voltage 15V, current 120A, heating time 50s,

cooling time 8s. After completion, quartz sand B was obtained.

QFARDAETEEIFHFRRASFERARKZE, FESFH TEITHEREERLEIR, REE

Bip£0h: BELSV. BIHR120A. I03A8dE50s, 12#18s, FER/E1SEIARB;

[n0090]

(3) Quartz sand B was put into an acid pickling tank and leached at 65°C for 4 hours with
inorganic mixed acid. The mixed acid contained hydrochloric acid with a concentration of 3
mol/L, nitric acid with a concentration of 0.5 mol/L, and hydrofluoric acid with a
concentration of 0.5 mol/L. During the acid pickling, ultrasonic treatment with a low
frequency of 20 kHz and a high frequency of 40 kHz and pressure treatment with 0.2 MPa were

used as auxiliary treatments. After the process was completed, material C was obtained.
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) B AZERBIE N SR ERA T RERTE6S°CERZ4h, EERHERESRE3mol/L. FEEZRE0.5mol
/L. S&ER0.5mol/L, EEZIEEERIN20kHz. S5M40kHzAYEE A IE5HEN50.2MPaBIhNE 2b I8 4H

B, SERESEIIRIC;

[n0091]

(4) Wash and dry material C to obtain quartz sand D;

(4)ZFRCHTIR, SEIFERMD;

[n0092]

(5) Place the quartz sand D in a mixed atmosphere of hydrogen chloride and nitrogen with a
volume ratio of 1:3, and use a microwave chlorination roasting furnace to perform high-
temperature chlorination roasting at 1600°C for 2 hours. After the material is cooled, the high-

purity quartz sand product is obtained.

—_

O FAERUDETAHMLLNLINIUISATES[AT, FKAMKKLIERP, £1600°CHITE

mRLIERE2h, RN ARSI SAA RN ™Mo

[n0093]
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The obtained product was tested and found to have a purity of 99.998%, with the main

impurities being Fe: 0.9 ppm and Al: 12 ppm.

MERSF= il . HAiE999.998%, FEHFE=EFe: 0.9ppm. Al: 12ppm,

[n0094]

This invention employs flash Joule heat treatment technology. Utilizing the extremely rapid
heating and cooling rates of this technology, it can better promote the bursting of inclusions
in quartz sand and the formation of surface cracks, exposing more internal impurities and
facilitating thorough subsequent impurity removal. Compared to existing technologies that
purify quartz sand through hot-cold collision bursting, which result in quartz sand with a
SIONER content greater than 99.9950%, the quartz sand prepared by this invention achieves a
purity of 99.998%, reaching a high-end level. Furthermore, flash Joule heat treatment
technology has low energy consumption and short processing time, demonstrating significant

economic and practical value.

FRPARANREEHRLERAR, FBEZRARROARRERE, EBiredaRaREnERL

NERERIVEN, BRHESHNRNHRE, ETEEHFFOLRE, ARIERRNETLANIER
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RRARER, HIRARMNARHSIO<sub>2</sub>&EKTF99.9950%, MaAkPHIENAR
BbEARRE7E99.998%, EEI T EimAKF, RRSAREEAMIER AN, LEREE, BAHRE

R R BMNME,
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